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Preface

techniques as the previous edition, the chapters have been 
extensively updated with new data and references to reflect 
advances in care and knowledge that have arisen over the 
past 5 years. In some cases, the chapters have been com-
pletely rewritten. The new edition also contains new chap-
ters dealing with the care of  unique populations, as well as 
newer topics in reconstruction and scarring. As before, 
demonstrative color illustrations are provided throughout 
the book. Moreover, many chapters are accompanied by 
online PowerPoint presentations to aid group discussion, as 
well as video clips to enhance understanding of  complex 
concepts and techniques.

This new edition would not be possible without the many 
respected colleagues and friends who have volunteered 
their time and worked tirelessly to produce the various 
chapters. Grateful acknowledgment is also given to Elsevier 
publishing staff, who have maintained a high standard in 
the development and preparation of  this fifth edition. 
Special thanks are offered to Dr. Derek Culnan, who gra-
ciously assisted in reviewing and updating material 
throughout the book, as well as to Genevieve Bitz and Dr. 
Kasie Cole for editorial assistance. Finally, I wish to thank 
my wife, Rose, for her invaluable support.

Over the past three decades, vast improvements in survival 
from severe burns have been accompanied by a progres-
sively greater understanding of  the complex processes 
underlying this type of  trauma. Basic science, and transla-
tional and clinical discoveries have provided new opportu-
nities to advance burn care along its entire spectrum from 
management of  burn shock, inhalation injury, sepsis, and 
hypermetabolism to scar reconstruction and rehabilitation. 
These and other key aspects of  care, which are the focus of  
this book, share the goal of  providing burn survivors more 
complete recovery from burns so that they can return to 
their communities as fully functioning members. All aspects 
of  the physiological, psychological, and emotional care of  
acutely burned patients evolving through recovery, reha-
bilitation, and reintegration back into society and daily life 
are reexamined in this new, fifth edition.

The objective of  the fifth edition of  this book remains the 
same—to serve as a sophisticated instruction manual for a 
variety of  health care professionals less experienced in 
burns. It is intended to be a resource not only for surgeons, 
anesthesiologists, and residents, but also for nurses and 
allied health professionals. Although this edition of  the 
book covers many of  the same fundamental concepts and 
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In Memorium of Ted Huang, MD
Derek Culnan, MD, Genevieve Bitz, Karel D. Capek, MD, David Herndon, MD

his career. When a surgical fellow once asked if  he could 
assist, Dr. Huang responded, “I’ve been operating on burn 
scars since before you were born. If  I need your help, then 
the patient and I both have a big problem. But, if  you want, 
you can come have fun with me.” We are better for having 
known him, and our principal regret is that we never figured 
out the recipe for his legendary bread, which, as with every-
thing, he doled out generously to family, friends, patients, 
and colleagues. As he would undoubtedly have said, that’s 
how the cookie crumbles. This book is a testimonial to his 
humanity and skill, from those he collaborated with and 
those he mentored. Thank you, Dr. Huang, for everything.

With greatest honor and humility we dedicate this book 
to you.

Last year, returning with his wife from a medical mission 
trip to Taiwan, Dr. Ted Huang died. On that day, we lost a 
colleague; a friend; and a surgeon of  unquestioned skill, 
passion, and knowledge as well as a teacher unstinting in 
his advice and zeal to help others. Following a career as a 
leader in the fields of  gender reassignment and cosmetic 
surgery, Dr. Huang retired to spend the next 20 years 
working to revolutionize the practice of  surgical recon-
struction of  pediatric burns. He left behind a legacy in 
research and surgery in the papers he authored and the 
surgeons he mentored that few can achieve. He was the 
principal author of  the previous four editions of  the recon-
structive section of  this book. Stepping into the OR filled 
him with joy, for he was a man who truly loved and lived 



x

List of Contributors

Mette M Berger MD PhD
Associate Professor, Burn Center Director, Intensive Care 

Service
University Hospital of  Lausanne
Lausanne, Switzerland

Eileen Bernal MD
Resident
University of  Texas Southwestern
Dallas, TX, USA

Genevieve H Bitz
Adjunct Researcher
JMS Burn and Reconstructive Center
Jackson, MS, USA

Fredrick J Bohanon MD
General Surgery Resident
Department of  Surgery
University of  Texas Medical Branch
Galveston, TX, USA

Branko Bojovic MD FACS
Chief  of  Plastic Surgery
Shriners Hospitals for Children–Boston
Member of  the Faculty of  Surgery
Harvard Medical School
Assistant Surgeon
Massachusetts General Hospital
Boston, MA, USA

Ludwik Branski MD
Assistant Professor
Department of  Surgery, Division of  Plastic Surgery
University of  Texas Medical Branch
Staff  Surgeon
Shriners Hospital for Children
Galveston, TX, USA

Elisha G Brownson MD
Burn Critical Care Fellow
Department of  Surgery
Harborview Medical Center
Seattle, WA, USA

Michael C Buffalo DNP RN CCRN (A/P) CEN CPN CPEN 
ACNP ACPNP
Nurse Practitioner
Department of  Surgery
University of  Texas Medical Branch Blocker Burn Unit
Shriners Hospitals for Children–Galveston
Galveston, TX, USA

Rajeev B Ahuja MS MCh DNB FICS FACS FAMS
Senior Consultant in Plastic Surgery
Department of  Plastic Surgery
Sir Ganga Ram Hospital Marg;
Ex-Head, Department of  Burns and Plastic Surgery
Lok Nayak Hospital and Associated Maulana Azad
Medical College
New Delhi, India

J F Aili Low MD PhD
Specialist in Plastic Surgery and Surgery
Associate Professor in Plastic Surgery
Art Clinic Uppsala
Uppsala, Sweden

Brett D. Arnoldo MD, FACS
Professor of  Surgery
Medical Director Parkland Burn Center
UT Southwestern Medical Center
Dallas, TX, USA

Amina El Ayadi PhD
Department of  Surgery
University of  Texas Medical Branch
Shriners Hospitals for Children
Galveston, TX, USA

Sarah E Bache MBChB PhD MRCS Ed
Speciality Registrar in Burns and Plastic Surgery
St Andrew’s Centre for Burns and Plastic Surgery
Broomfield Hospital Chelmsford
Essex, UK

Juan P Barret MD PhD
Head of  Department
Professor of  Surgery
Department of  Plastic Surgery and Burns
University Hospital Vall d’Hebron
Universitat Autònoma de Barcelona
Barcelona, Spain

Robert E Barrow PhD
Retired Professor of  Surgery, Coordinator of  Research
University of  Texas Medical Branch
Shriners Hospitals for Children–Galveston
Galveston, TX, USA

Debra A Benjamin RN MSN
Nursing Program Manager
University of  Texas Medical Branch
Galveston, TX, USA



List of Contributors xi

Janos Cambiaso-Daniel MD
Resident
Division of  Plastic, Aesthetic and Reconstructive Surgery
Department of  Surgery
Medical University of  Graz
Graz, Austria

Stephanie A Campbell BSN RN CCRN
Burn Program Manager
Parkland Regional Burn Center
Parkland Health & Hospital System
Dallas, TX, USA

Leopoldo C Cancio MD FACS FCCM
Colonel, MC, US Army
Brooke Army Medical Center
Fort Sam Houston, TX, USA

Karel D Capek MD
Clinical and Research Fellow,
Surgical Critical Care, Burns, and Reconstruction Shriners 

Hospitals for Children
University of  Texas Medical Branch
Galveston, TX, USA

Kelly D Carmichael MD
Associate Professor
Department of  Orthopaedic Surgery and Rehabilitation
University of  Texas Medical Branch
Galveston, TX, USA

Joshua S Carson MD
Assistant Professor
Division of  Burns, Trauma & Acute CARE Surgery
Department of  Surgery
University of  Florida
Gainesville, FL, USA

Michele Carter PhD
Professor, Institute for the Medical Humanities
Frances C. and Courtney M. Townsend, Sr., MD Professor 

in Medical Ethics
University of  Texas Medical Branch
Galveston, TX USA

Mario M Celis MS PA-C
Department of  Surgery, University of  Texas Medical 

Branch
Shriners Hospitals for Children
Galveston, TX, USA

Jiake Chai MD PhD
Professor of  Burn Surgery
Department of  Burn and Plastic Surgery, Burns Institute 

of  PLA
The First Affiliated Hospital of  PLA General Hospital
Beijing, China

Gp Capt Pallab Chatterjee MS DNB (Gen Surg) DNB 
(Plastic Surgery)
Sr Advisor (Surgery) & Plastic Surgeon
Associate Professor (Surgery)
Command Hospital Air Force
Bangalore, India

Linda Chilton
Registered Nurse, Surgical Nurse Practitioner
Senior SCP (Plastics)
St Andrew’s Centre for Plastic Surgery and Burns
Broomfield Hospital
Chelmsford
Essex, UK

Dai H Chung MD FACS FAAP
Professor of  Surgery
Chairman, Department of  Pediatric Surgery
Vanderbilt University Medical Center
Nashville, TN, USA

Kevin K Chung MD FCCM FACP
Medical Director, Burn ICU
US Army Institute of  Surgical Research
Fort Sam Houston
San Antonio, TX, USA

Audra T Clark MD
Clinical Research Fellow
Department of  Surgery
University of  Texas Southwestern Medical Ceneter
Dallas, TX, USA

Amalia Cochran MD
Associate Professor
Vice Chair of  Education and Professionalism
Department of  Surgery
University of  Utah School of  Medicine
Salt Lake City, UT, USA

April Cowan OTR OTD CHT
Assistant Professor
School of  Health Professions
University of  Texas Medical Branch
Galveston, TX, USA

Robert A Cox PhD
Professor
Department of  Pathology
University of  Texas Medical Branch
Galveston, TX, USA

Beretta Craft-Coffman PA-C
Vice President of  Non-Physician Providers
Burn and Reconstructive Centers of  America
Augusta, GA, USA



List of Contributorsxii

Derek M Culnan MD
Burn, Plastic, and Critical Care Surgeon
JMS Burn and Reconstruction Center
Merit Health Central Hospital
Jackson, MS, USA

Moayad Dannoun MD
Burn Reconstruction Fellow
University of  Texas Medical Branch
Shriners Hospitals for Children–Galveston
Galveston, TX, USA

Alexis Desmoulière PhD
Professor of  Physiology, Faculty of  Pharmacy
University of  Limoges
Limoges, France

Matthias B Donelan MD
Chief  of  Staff
Shriners Hospitals for Children–Boston
Associate Clinical Professor of  Surgery
Harvard Medical School
Visiting Surgeon
Massachusetts General Hospital
Boston, MA, USA

Peter Dziewulski FFICM FRCS (Plast)
Clinical Director, Burn Service, Consultant Plastic and 

Reconstructive Surgeon
St Andrews Centre for Plastic Surgery and Burns
Chelmsford, Essex, UK

Naguib El-Muttardi FRCS
Consultant Plastic and Burns Surgeon
Department of  Plastic Surgery
St. Andrew’s Centre for Burns and Plastic Surgery
Chelmsford, UK

Perenlei Enkhbaatar MD PhD
Professor, Department of  Anesthesiology and Charles 

Robert Allen Professor in Anesthesiology,
The University of  Texas Medical Branch
Galveston, TX, USA

Shawn P Fagan MD
Chief  Medical Officer
Burn & Reconstructive Centers of  America
Augusta, GA, USA

James A Fauerbach PhD
Associate Professor
Department of  Psychiatry and Behavioral Sciences
Johns Hopkins University School of  Medicine
Baltimore, MD, USA

Celeste C Finnerty PhD
Associate Professor
Department of  Surgery
University of  Texas Medical Branch
Shriners Burns Hospital for Children
Galveston, TX, USA

Christian Gabriel MD
The Ludwig Boltzmann Institute for Experimental and 

Clinical Traumatology
Austrian Cluster for Tissue Regeneration
Altenberg, Austria

James J Gallagher MD
Associate Professor
Department of  Surgery
Weill Cornell Medical College
New York, NY, USA

Nicole S Gibran
Director, UW Medicine Regional Burn Center
Professor, Department of  Surgery
Harborview Medical Center
Seattle, WA, USA

Cleon W Goodwin MD
Director, Burn Services
Western States Burn Center
North Colorado Medical Center
Greeley, CO, USA

Jeremy Goverman MD FACS
Assistant Professor of  Surgery
Division of  Burns
Massachusetts General Hospital
Shriners Hospitals for Children
Boston, MA, USA

Ashley N Guillory PhD
Assistant Professor
Physician Assistant Studies
University of  Texas Medical Branch
Galveston, TX, USA

Herbert L Haller MD
Senior Surgeon
UKH Linz der AUVA
Trauma and Burns
Linz, Austria

Houman K Hassanpour BA
Medical Student
School of  Medicine
University of  Texas Medical Branch
Galveston, TX, USA



List of Contributors xiii

Hal K Hawkins PhD MD
Professor, Department of  Pathology
University of  Texas Medical Branch
Galveston, TX, USA

David N Herndon MD FACS
Chief  of  Staff  and Director of  Research, Shriners Hospitals 

for Children–Galveston
Director of  Burn Services, University of  Texas Medical 

Branch
Jesse H. Jones Distinguished Chair in Surgery
Professor, Department of  Surgery and Pediatrics
University of  Texas Medical Branch; 
Professor
Department of  Surgery
University of  Texas Medical Branch
Shriners Hospitals for Children
Galveston, TX, USA

Maureen Hollyoak MBBS MMedSc FRACS
General Surgeon
Brisbane, Australia

Ted T Huang MD FACS (deceased)
Professor
University of  Texas Medical Branch
Shriners Hospitals for Children; 
Clinical Professor of  Surgery
Shriners Burns Hospital
University of  Texas Medical Branch
Galveston, TX, USA

Byron D Hughes MD
Resident, General Surgery
University of  Texas Medical Branch
Galveston, TX, USA

Gabriel Hundeshagen MD
Research Fellow, Department of  Surgery
University of  Texas Medical Branch
Galveston, TX, USA;
Resident, Department of  Hand, Plastic and Reconstructive 

Surgery
BG Trauma and Burn Center Ludwigshafen
University of  Heidelberg, Germany

Mohamed E. Ismail Aly MSc MRCS(Ed) MD 
FRCSEd(Plast)
Consultant Plastic and Burns Surgeon
Royal Manchester Children’s Hospital and Wythenshawe 

Hospital
Manchester, UK

Mary Jaco RN MSN
Hospital Administrator
Shriners Hospitals for Children
Galveston, TX, USA

Marc G Jeschke MD PhD FACS FRCSC
Professor
Department of  Surgery, Division of  Plastic Surgery and

Department of  Immunology
University of  Toronto
Sunnybrook Health Sciences Centre
Toronto, ON, Canada

Carlos Jimenez MD
Associate Professor
Department General Surgery
Shriners Burn Institute
Galveston, TX, USA

Andreas Jokuszies MD
Consultant Surgeon for Plastic, Hand and Reconstructive

Surgery
Department of  Plastic, Hand and Reconstructive Surgery
Burn Center
Hanover Medical School
Hanover, Germany

Lars-Peter Kamolz MD MSc
Professor and Head: Division of  Plastic, Aesthetic and

Reconstructive Surgery,
Department of  Surgery
Medical University of  Graz
Head of  the Research Unit for Safety in Health
Medical University of  Graz;
Deputy Chief  Medical Officer
LKH- University Hospital Graz
Graz, Austria

Jennifer Kemp-Offenberg OTR
Rehabilitation Services Manager
Shriners Hospitals for Children
Galveston, TX, USA

Michael P Kinsky MD
Professor
Department of  Anesthesiology
University of  Texas Medical Branch
Galveston, TX, USA

Gordon L. Klein MD
Professor, Department of  Orthopedics
University of  Texas Medical Branch
Galveston, TX, USA

Makiko Kobayashi PhD
Professor
Department of  Internal Medicine/Infectious Diseases
University of  Texas Medical Branch
Galveston, TX, USA

George C Kramer PhD
Director
Department of  Anesthesiology
University of  Texas Medical Branch
Galveston, TX, USA



List of Contributorsxiv

Maggie J Kuhlmann-Capek MD
Fellow, Division of  Maternal Fetal Medicine
Department of  Obstetrics and Gynecology
University of  Texas Medical Branch
Galveston, TX, USA

Peter Kwan MD PhD
Assistant Professor, Department of  Surgery
University of  Alberta
Edmonton, Alberta, Canada

Jong O Lee MD FACS
Professor
Department of  Surgery
University of  Texas Medical Branch
Shriners Hospital for Children
Galveston, TX, USA

Kwang Chear Lee MD MSc
Clinical Research Fellow, 
University of  Birmingham
Birmingham, UK

Jorge Leon-Villapalos MD FRCS (Plast)
Consultant Plastic and Reconstructive Surgeon, Paediatric 

Clinical Lead
Department of  Plastic Surgery and Burns, Chelsea and 

Westminster Hospital
London, UK

Benjamin Levi MD
Director, Burn/Wound and Regenerative Medicine 

Laboratory
Associate Burn Director
Assistant professor in Surgery
University of  Michigan
Ann Arbor, MI, USA

William C Lineaweaver MD FACS
Medical Director
JMS Burn and Reconstructive Center
Chief  of  Surgery
Merit Health Central Hospital
Jackson, MS, USA

Kimberly M Linticum ACNP-BC
Acute Care Nurse Practitioner
Burn and Reconstructive Centers of  America
Augusta, GA, USA

Jeffrey Lisiecki MD
Resident, Plastic Surgery
University of  Michigan
Ann Arbor, MI, USA

Omar Nunez Lopez MD
General Surgery Resident
Department of  Surgery
University of  Texas Medical Branch
Galveston, TX, USA

Caroline Martinello MD
Assistant Professor
Department of  Anesthesiology
University of  Arkansas for Medical Sciences
Little Rock, AR, USA

J A Jeevendra Martyn MD FCCM
Professor of  Anesthesia, Harvard Medical School
Anesthesiologist, Massachusetts General Hospital
Chief  of  Anesthesiology, Shriners Hospitals for Children
Boston, MA, USA

Arthur D Mason Jr MD (Deceased)
Emeritus Chief
Laboratory Division
US Army Institute of  Surgical Research
Brooke Army Medical Center
San Antonio, TX, USA

Jillian M McLaughlin MD
Clinical Research Fellow
Division of  Plastic Surgery, Department of  Surgery
University of  Texas Medical Branch
Staff  Surgeon, Shriners Hospital for Children
Galveston, TX, USA

Kevin H Merkley MD MBA
Interim Chair, Department of  Ophthalmology
University of  Texas Medical Branch
Galveston, TX, USA

Walter J Meyer III MD
Gladys Kempner and R. Lee Kempner Professor in Child 

Psychiatry, Department of  Psychiatry and Behavioral 
Sciences

Professor, Departments of  Pediatrics and Human 
Biological Chemistry and Genetics

The University of  Texas Medical Branch, Galveston, TX, 
USA

Head, Department of  Psychological & Psychiatric Services 
for Children & Families, Shriners Hospitals for Children, 
Shriners Burns Hospital, Galveston, TX, USA

Esther Middelkoop PhD
Professor Skin Regeneration and Wound Healing
Director Association of  Dutch Burn Centers
Plastic, Reconstructive and Hand Surgery Department, 

Red Cross Hospital, Beverwijk, the Netherlands
Amsterdam Movement Sciences, VU University Medical 

Center
Amsterdam, the Netherlands



List of Contributors xv

Stephen M Milner MBBS MD
Professor of  Plastic and Reconstructive Surgery
Director of  the Johns Hopkins Burn Center
Director of  the Michael D. Hendrix Burn Research Center
Johns Hopkins Bayview Medical Center
Baltimore, MD, USA

Ronald P Mlcak MBA PhD RRT FAARC
Administrative Director, Shriners Hospitals for 

Children–Galveston
Associate Professor, School of  Health Professions, 

Department of  Respiratory Care
University of  Texas Medical Branch
Galveston, TX, USA

Naiem S. Moiemen MSc, FRCS(Plast)
Director, the Scar Free Burns Research Centre.
Honorary Professor, University of  Birmingham;
Consultant, Burns and Plastic Surgeon, University 

Hospital Birmingham
Birmingham Children Hospital
Birmingham, UK

Stephen E Morris
Professor
Medical Director, Burn Center
Department of  Surgery
University of  Utah School of  Medicine
Salt Lake City, UT, USA

David W Mozingo MD FACS
Professor
Department of  Surgery
University of  Florida College of  Medicine
Gainesville, FL, USA

Michael Muller MBBS MMedSci FRACS
Associate Professor in Surgery, University of  Queensland
Professor in Surgery, Bond University
Pre-Eminent Staff  Specialist: General, Trauma and Burns 

Surgeon
Royal Brisbane and Women’s Hospital
Division of  Surgery
Brisbane, Queensland, Australia

Robert F Mullins MD
President and Medical Director
Burn and Reconstructive Centers of  America
Augusta, GA, USA

Kuzhali Muthumalaiappan PhD
Assistant Professor, Department of  Surgery,
Burn and Shock Trauma Research Institute
Loyola University Chicago, Stritch School of  Medicine
Maywood, IL, USA

Andreas D Niederbichler MD
Assistant Professor of  Plastic Surgery, Burn Center
Hanover Medical School
Hanover, Germany

William B Norbury MD
Assistant Professor
Division of  Plastic Surgery, Department of  Surgery
University of  Texas Medical Branch
Staff  Surgeon, Shriners Hospital for Children
Galveston, TX, USA

Sheila Ott OTR
Occupational Therapist
Department of  Occupational Therapy
University of  Texas Medical Branch
Galveston, TX, USA

Christian Peterlik MD
Anesthesiologist
UKH Linz der AUVA
Department of  Anesthesiology and Intensive Care
Linz, Austria

Bruce Philp MA (Cantab) BMBCh (Oxon)  
FRCS(I) FRCS(Plast)
Consultant
Burns, Laser and Reconstructive Plastic Surgeon
St.Andrew’s Centre
Broomfield Hospital
Chelmsford, UK

Craig Porter PhD
Assistant Professor
Department of  Surgery, University of  Texas Medical 

Branch
Shriners Hospitals for Children–Galveston
Galveston, TX, USA

Basil A Pruitt Jr MD FACS FCCM MCCM
Clinical Professor
Dr. Ferdinand P. Herff  Chair in Surgery
UT Health San Antonio
San Antonio, TX, USA

Ravi S Radhakrishnan MD MBA FACS
Associate Professor
Chief, Division of  Pediatric Surgery
Departments of  Surgery and Pediatrics
University of  Texas Medical Branch
Galveston, TX, USA

Ruth B Rimmer PhD
Chief  Executive Officer
Care Plans for Life, LLC
Phoenix, AZ, USA



List of Contributorsxvi

Laura Rosenberg PhD
Chief  Clinical Psychologist
Shriners Hospitals for Children
Clinical Assistant Professor
Department of  Psychiatry & Behavioral Sciences
University of  Texas Medical Branch
Galveston, TX, USA

Marta Rosenberg PhD
Clinical Psychologist
Shriners Hospitals for Children
Clinical Assistant Professor
Department of  Psychiatry & Behavioral Sciences
University of  Texas Medical Branch
Galveston, TX, USA

Arthur P Sanford MD FACS
Associate Professor of  Surgery
Department of  Surgery
Loyola University Medical Center
Maywood, IL, USA

Kwabena O Sarpong MD MPH
Child Abuse and General Pediatrics
Associate Professor Of  Pediatrics
Department of  Pediatrics
University of  Texas Medical Branch
Consultant Physician
Shriners Children’s Hospital
Galveston, TX, USA

Michael A Serghiou OTR MBA
Clinical Care Specialist
Bio Med Sciences Inc.
Allentown, PA, USA

Robert L Sheridan MD
Medical Director of  the Burn Service
Shriners Hospitals for Children
Boston, MA, USA

William C Sherman MD
Burn Fellow
Shriner’s Hospital for Children
Galveston, TX, USA

Edward R. Sherwood MD PhD
Cornelius Vanderbilt Professor
Vice Chair for Research
Department of  Anesthesiology
Department of  Pathology, Microbiology and Immunology
Vanderbilt University Medical Center
Nashville, TN, USA

Lisa W Smith RPH BCPS
Lead Burn Clinical Pharmacist
Doctors Hospital of  Augusta
Augusta, GA, USA

Linda E. Sousse, PhD MBA
Assistant Professor
Department of  Surgery, University of  Texas Medical 

Branch
Shriners Hospitals for Children–Galveston
Galveston, TX, USA

Marcus Spies MD PhD
Head
Department of  Plastic, Hand, and Reconstructive Surgery
Hand Trauma Center (FESSH)
Pediatric Trauma Center
Breast Cancer Center
Krankenhaus Barmherzige Brueder
Regensburg, Germany

Oscar E Suman PhD MS
Professor, Associate Director of  Research
Department of  Surgery, University of  Texas Medical 

Branch
Shriners Hospitals for Children–Galveston;
Professor
Associate Director of  Research, Director of  the Children’s 

Wellness and Exercise Center
Shriners Hospitals for Children
University of  Texas Medical Branch
Galveston, TX, USA

Fujio Suzuki PhD
Professor
Department of  Internal Medicine/Infectious Diseases
University of  Texas Medical Branch
Galveston, TX, USA

Mark Talon, CRNA, MSN, DNP
Chief  Nurse Anesthetist
Shriners Hospital for Children
Galveston, TX, USA

Christopher R. Thomas MD
Robert L. Stubblefield Professor of  Child Psychiatry
University of  Texas Medical Branch
Galveston, TX, USA

Tracy Toliver-Kinsky PhD
Professor
Department of  Anesthesiology
University of  Texas Medical Branch
Scientific Staff
Shriners Hospitals for Children
Galveston, TX, USA

Edward E Tredget MD MSc FRCS(C)
Professor of  Surgery
Director of  Surgical Research
University of  Alberta
Edmonton, Alberta, Canada



List of Contributors xvii

Stefan D Trocmé MD
Cornea Consultant, Professor of  Ophthalmology (Ret.)
Shriners Hospitals for Children
MD Anderson Cancer Center
Case Western Reserve University
Galveston and Houston, TX, USA

Lisa L Tropez-Arceneaux PsyD MSCP
Pediatric Psychologist
New Orleans, LA, USA
APROQUEN Pediatric Burn Center
Department of  Administration
International Consultant
Managua, Nicaragua

Peter M Vogt MD PhD
Professor and Head
Department of  Plastic, Hand and Reconstructive Surgery
Burn Center
Hanover Medical School
Hanover, Germany

Charles D Voigt MD
Burn Research Fellow,
University of  Texas Medical Branch
Shriners Hospitals for Children–Galveston
Galveston, TX, USA

David W Voigt MD
Co-Medical Director Saint Elizabeth’s Regional Burn and 

Wound Care Center
Chief  of  Surgery, CHI Saint Elizabeth’s Regional Medical 

Center
Lincoln, NE, USA

Glen Warden MD MBA FACS
Emeritus Chief  of  Staff
Shriners Hospitals for Children–Cincinnati
Cincinatti, OH, USA

Shelley Wiechman PhD ABPP
Associate Professor, Harborview Medical Center
University of  Washington
Seattle, WA, USA

Mimmie Willebrand MD
Associate Professor
Licensed Psychologist
Department of  Neuroscience, Psychiatry
Uppsala University
Uppsala, Sweden

Felicia N Williams MD
Assistant Professor
Department of  Surgery
North Carolina Jaycee Burn Center
University of  North Carolina, Chapel Hill
Chapel Hill, NC, USA

Stephen Williamson MBA CTBS
Tissue Bank Manager
Shriners Hospitals for Children
Galveston, TX, USA

Steven E Wolf MD FACS
Golden Charity Guild Charles R. Baxter, MD Chair
Professor and Vice-Chairman for Research
Chief, Burn Section, Department of  Surgery
University of  Texas Southwestern Medical Center
Editor-in Chief, Burns
Dallas, TX, USA

Lee C. Woodson MD PhD
Professor of  Anesthesiology, University of  Texas Medical 

Branch
Chief  of  Anesthesia, Shriners Hospitals for Children
Galveston, TX, USA

Sue M. Woodson PHD MLIS
Associate Director for User Services and Collections
William H Welch Medical Library
Johns Hopkins University
Baltimore, MD, USA

Paul Wurzer MD
Resident
Division of  Plastic, Aesthetic and Reconstructive Surgery
Department of  Surgery
Medical University of  Graz
Graz, Austria

David Yngve MD
Professor Orthopaedic Surgery
Department General Surgery
Shriners Burn Institute
Galveston, TX, USA

Ramón L. Zapata-Sirvent MD FACS
Burn Reconstruction Clinical and Research Fellow
Department of  Surgery
University of  Texas Medical Branch
Shriners Hospital for Children
Galveston, TX, USA



xviii

Video Table of Contents

50 Reconstruction of the Head and Neck After Burns
MATTHIAS B DONELAN and BRANKO BOJOVIC

Video 50.1:  Demonstrating The Function of The Scars After 
Treatment

Video 50.2:  Demonstrating The Function of The Grafts After 
Treatment

17 Diagnosis and Treatment of Inhalation Injury
LEE C WOODSON, LUDWIK K BRANSKI, PERENLEI ENKHBAATAR and 
MARK TALON

Video 17.1:  Severe Inhalation Injury and change of Oral to 
Nasal Endotracheal tube with Bronchoscope

Video 17.2:  Dynamic Airway Obstruction during Inhalation

47 Burn Rehabilitation Along the Continuum of Care
MICHAEL A SERGHIOU, SHEILA OTT, CHRISTOPHER WHITEHEAD, 
APRIL COWAN, SERINA MCENTIRE and OSCAR E SUMAN

Video 47.1: Burn Hand Splint

Video 47.2: Exercise Testing

Video 47.3: Face Mask Fabrication

Video 47.4: Preparatory Prosthetics



xix

List of Video Contributors

Sheila Ott OTR
Occupational Therapist
Department of  Occupational Therapy
University of  Texas Medical Branch
Galveston, TX, USA

Michael A Serghiou OTR MBA
Clinical Care Specialist
Bio Med Sciences Inc.
Allentown, PA, USA

Oscar E Suman PhD MS
Professor, Associate Director of  Research
Department of  Surgery, University of  Texas Medical 

Branch
Shriners Hospitals for Children–Galveston
Galveston, TX, USA
Professor
Associate Director of  Research, Director of  the Children’s 

Wellness and Exercise Center
Shriners Hospitals for Children
University of  Texas Medical Branch
Galveston, TX, USA

Mark Talon CRNA
University of  Texas Medical Branch
Galveston, TX, USA

Christopher Whitehead PT
Rehabilitation Services Department,
Shriner’s Hospital for Children – Galveston
Galveston, TX, USA

Lee C Woodson MD
Chief  of  Anesthesia
Shriners Hospitals for Children
Galveston, TX, USA

Branko Bojovic MD FACS
Chief  of  Plastic Surgery
Shriners Hospitals for Children–Boston
Member of  the Faculty of  Surgery
Harvard Medical School
Assistant in Surgery
Massachusetts General Hospital
Boston, MA, USA

Ludwik K Branski MD
Assistant Professor
Department of  Plastic Surgery
University of  Texas Medical Branch
Shriners Hospitals for Children–Galveston
Galveston, TX, USA

April Cowan OTR OTD CHT
Assistant Professor
School of  Health Professions
University of  Texas Medical Branch
Galveston, TX, USA

Matthias B Donelan MD
Chief  of  Staff
Shriners Hospitals for Children–Boston
Associate Clinical Professor of  Surgery
Harvard Medical School
Visiting Surgeon
Massachusetts General Hospital
Boston, MA, USA

Perenlei Enkhbaatar MD PhD
Charles Robert Allen Professor in Anesthesiology
Department of  Anesthesiology,
University of  Texas Medical Branch
Galveston, TX, USA

Serina McEntire PhD
Associate Professor
Valdosta State University
Valdosta, GA, USA



1

A Brief History of Acute Burn 
Care Management
LUDWIK K. BRANSKI, DAVID N. HERNDON, and ROBERT E. BARROW
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recognized for his pioneering research in treating burns “by 
cleansing, exposing the burn wounds to air, and feeding 
them as much as they could tolerate.”7 In 1962, his dedica-
tion to treating burned children convinced the Shriners of  
North America to build their first Burn Institute for Chil-
dren in Galveston, Texas.7

Between 1942 and 1952, shock, sepsis, and multiorgan 
failure caused a 50% mortality rate in children with burns 
covering 50% of  their total body surface area (TBSA).8 
Recently burn care in children has improved survival such 
that a burn covering more than 95% TBSA can be survived 
in more than 50% of  cases.9 In the 1970s, Andrew M. 
Munster (Fig. 1.3) became interested in measuring quality 
of  life after excisional surgery and other improvements led 
to a dramatic decrease in mortality. First published in 1982, 
his Burn Specific Health Scale became the foundation for 
most modern studies in burns outcome.10 The scale has 
since been updated and extended to children.11

Further improvements in burn care presented in this 
brief  historical review include excision and coverage of  the 
burn wound, control of  infection, fluid resuscitation, nutri-
tional support, treatment of  major inhalation injuries, and 
support of  the hypermetabolic response.

Early Excision

In the early 1940s, it was recognized that one of  the most 
effective therapies for reducing mortality from a major 
thermal injury was the removal of  burn eschar and imme-
diate wound closure.12 This approach had previously not 
been practical in large burns owing to the associated high 
rate of  infection and blood loss. Between 1954 and 1959, 
Douglas Jackson and colleagues at the Birmingham Acci-
dent Hospital advanced this technique in a series of  pilot 
and controlled trials starting with immediate fascial exci-
sion and grafting of  small burn areas and eventually cover-
ing up to 65% of  the TBSA with autograft and homograft 
skin.13 In this breakthrough publication, Jackson concluded 
that “with adequate safeguards, excision and grafting of  
20% to 30% body surface area can be carried out on the 
day of  injury without increased risk to the patient.” This 
technique, however, was far from being accepted by the 
majority of  burn surgeons, and delayed serial excision 
remained the prevalent approach to large burns. It was 
Zora Janzekovic (Fig. 1.4), working alone in Yugoslavia in 
the 1960s, who developed the concept of  removing deep 
second-degree burns by tangential excision with a simple 
uncalibrated knife. She treated 2615 patients with deep 
second-degree burns by tangential excision of  eschar 
between the third and fifth days after burn and covered the 

The recognition of  burns and their treatment is evident in
cave paintings that are more than 3500 years old. Docu-
mentation in the Egyptian Smith papyrus of  1500 BC advo-
cated the use of  a salve of  resin and honey for treating
burns.1 In 600 BC, the Chinese used tinctures and extracts
from tea leaves. Nearly 200 years later, Hippocrates
described the use of  rendered pig fat and resin-impregnated
bulky dressings, which was alternated with warm vinegar
soaks augmented with tanning solutions made from oak
bark. Celsus, in the 1st century AD, mentioned the use of
wine and myrrh as a lotion for burns, most probably for
their bacteriostatic properties.1 Vinegar and exposure of  the
open wound to air was used by Galen (130–210 AD) as a
means of  treating burns, while the Arabian physician
Rhases recommended cold water for alleviating the pain
associated with burns. Ambroise Paré (1510–1590 AD),
who effectively treated burns with onions, was probably the
first to describe a procedure for early burn wound excision.
In 1607, Guilhelmus Fabricius Hildanus, a German
surgeon, published De Combustionibus, in which he dis-
cussed the pathophysiology of  burns and made unique con-
tributions to the treatment of  contractures. In 1797,
Edward Kentish published an essay describing pressure
dressings as a means to relieve burn pain and blisters.
Around this same time, Marjolin identified squamous cell
carcinomas that developed in chronic open burn wounds.
In the early 19th century, Guillaume Dupuytren (Fig. 1.1)
reviewed the care of  50 burn patients treated with occlusive
dressings and developed a classification of  burn depth that
remains in use today.2 He was perhaps the first to recognize
gastric and duodenal ulceration as a complication of  severe
burns, a problem that was discussed in more detail by
Curling of  London in 1842.3 In 1843, the first hospital for
the treatment of  large burns used a cottage on the grounds
of  the Edinburgh Royal Infirmary.

Truman G. Blocker Jr. (Fig. 1.2) may have been the first
to demonstrate the value of  the multidisciplinary team
approach to disaster burns when, on April 16, 1947, two
freighters loaded with ammonium nitrate fertilizer exploded
at a dock in Texas City, killing 560 people and injuring more
than 3000. At that time, Blocker mobilized the University
of  Texas Medical Branch in Galveston, Texas, to treat the
arriving truckloads of  casualties. This “Texas City Disaster”
is still known as the deadliest industrial accident in Ameri-
can history. Over the next 9 years, Truman and Virginia
Blocker followed more than 800 of  these burn patients and
published a number of  papers and government reports on
their findings.4–6 The Blockers became renowned for their
work in advancing burn care, with both receiving the
Harvey Allen Distinguished Service Award from the Ameri-
can Burn Association (ABA). Truman Blocker Jr. was also
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excised wound with skin autograft.14 Using this technique, 
burned patients were able to return to work within 2 weeks 
or so from the time of  injury. For her achievements, in 
1974, she received the ABA Everett Idris Evans Memorial 
Medal and, in 2011, the ABA lifetime achievement award.

In the early 1970s, William Monafo (Fig. 1.5) was one of  
the first Americans to advocate the use of  tangential exci-
sion and grafting of  larger burns.15 John Burke (Fig. 1.6), 
while at Massachusetts General Hospital in Boston, reported 
unprecedented survival in children with burns of  more 
than 80% TBSA.16 His use of  a combination of  tangential 
excision for the smaller burns (Janzekovic’s technique) and 
excision to the level of  fascia for the larger burns resulted 
in a decrease in both hospital time and mortality. Lauren 
Engrav et al.,17 in a randomized prospective study, com-
pared tangential excision to nonoperative treatment of  
burns. This study showed that, compared to nonoperative 
treatment, early excision and grafting of  deep second-
degree burns reduced hospitalization time and hypertro-
phic scarring. In 1988, Ron G. Tompkins et al.,18 in a 

statistical review of  the Boston Shriners Hospital patient 
population from 1968 to 1986, reported a dramatic 
decrease in mortality in severely burned children that he 
attributed mainly to the advent of  early excision and graft-
ing of  massive burns in use since the 1970s. In a random-
ized prospective trial of  85 patients with third-degree burns 
covering 30% or more of  their TBSA, Herndon et al.19 
reported a decrease in mortality in those treated with early 
excision of  the entire wound compared to conservative 
treatment. Other studies have reported that prompt excision 

Fig. 1.1 Guillaume Dupuytren. 

Fig. 1.2 Truman G. Blocker Jr. 

Fig. 1.3 Andrew M. Munster. 

Fig. 1.4 Zora Janzekovic. 
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throughout Europe, but because the results were extremely 
variable it quickly fell into disrepute. J. S. Davis resurrected 
this technique in 1914 and reported the use of  “small deep 
skin grafts,” which were later known as “pinch grafts.”22 
Split-thickness skin grafts became more popular during the 
1930s, due in part to improved and reliable instrumenta-
tion. The “Humby knife,” developed in 1936, was the first 
reliable dermatome, but its use was cumbersome. E. C. 
Padgett developed an adjustable dermatome that had cos-
metic advantages and allowed the procurement of  a consis-
tent split-thickness skin graft.23,24 Padgett also developed a 
system for categorizing skin grafts into four types based on 
thickness.25 In1964 J. C. Tanner Jr. and colleagues revolu-
tionized wound grafting with the development of  the 
meshed skin graft;26 however for prompt excision and 
immediate wound closure to be practical in burns covering 
more than 50% of  the TBSA, alternative materials and 
approaches to wound closure were necessary. To meet these 
demands, a system of  cryopreservation and long-term 
storage of  human skin for periods extending up to several 
months was developed.27 Although controversy surrounds 
the degree of  viability of  the cells within the preserved skin, 
this method has allowed greater flexibility in the clinical use 
of  autologous skin and allogenic skin harvested from cadav-
ers. J. Wesley Alexander (Fig. 1.7) developed a simple 
method for widely expanding autograft skin and then cover-
ing it with cadaver skin.28 This so-called “sandwich tech-
nique” has been the mainstay of  treatment of  massively 
burned individuals.

In 1981, John Burke and Ioannis Yannas developed an 
artificial skin that consists of  a silastic epidermis and a 
porous collagen–chondroitin dermis and is marketed today 
as Integra. Burke was also the first to use this artificial skin 
on very large burns that covered more than 80% of  the 
TBSA.29 David Heimbach led one of  the early multicenter 
randomized clinical trials using Integra.30 Its use in the 

of  the burn eschar improves long-term outcome and cos-
mesis, thereby reducing the amount of  reconstructive pro-
cedures required.

Skin Grafting

Progress in skin grafting techniques has paralleled the 
developments in wound excision. In 1869, J. P. Reverdin, a 
Swiss medical student, successfully reproduced skin grafts.20 
In the 1870s, George David Pollock popularized the method 
in England.21 The method gained widespread attention 

Fig. 1.5 William Monafo. 

Fig. 1.6 John Burke. 

Fig. 1.7 J. Wesley Alexander. 
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burn centers today. With the introduction of  efficacious 
silver-containing topical antimicrobials, burn wound sepsis 
rapidly decreased. Early excision and coverage further 
reduced the morbidity and mortality from burn wound 
sepsis. Nystatin in combination with silver sulfadiazine has 
been used to control Candida at Shriners Burns Hospital for 
Children in Galveston, Texas.42 Mafenide acetate, however, 
remains useful in treating invasive wound infections.43

Nutritional Support

P. A. Shaffer and W. Coleman advocated high caloric feeding 
for burn patients as early as 1909,44 and D. W. Wilmore 
supported supranormal feeding with a caloric intake as 
high as 8000 kcal/day.45 P. William Curreri (Fig. 1.8) retro-
spectively looked at a number of  burned patients to quantify 
the amount of  calories required to maintain body weight 
over a period of  time. In a study of  nine adults with 40% 
TBSA burns, he found that maintenance feeding at 25 kcal/
kg plus an additional 40 kcal/% TBSA burned per day 
would maintain their body weight during acute hospitaliza-
tion.46 A. B. Sutherland proposed that children should 
receive 60 kcal/kg body weight plus 35 kcal/% TBSA 
burned per day to maintain their body weight.47 D. N. 
Herndon et al. subsequently showed that supplemental par-
enteral nutrition increased both immune deficiency and 
mortality and recommended continuous enteral feeding, 
when tolerated, as a standard treatment for burns.48

The composition of  nutritional sources for burned 
patients has been debated in the past. In 1959, F. D. Moore 
advocated that the negative nitrogen balance and weight 
loss in burns and trauma should be met with an adequate 
intake of  nitrogen and calories.49 This was supported by 
many others, including T. Blocker Jr.,50 C. Artz, 51 and later 
by Sutherland.47

coverage of  extensive burns has remained limited partly
due to the persistently high cost of  the material and the
need for a two-stage approach. Integra has since become
popular for smaller immediate burn coverage and burn
reconstruction. In 1989, J. F. Hansbrough and S. T. Boyce
first reported the use of  cultured autologous keratinocytes
and fibroblasts on top of  a collagen membrane (composite
skin graft; CSS).31 A larger trial by Boyce32 revealed that the
use of  CSS in extensive burns reduces the requirement for
harvesting of  donor skin compared to conventional skin
autografts and that the quality of  grafted skin did not differ
between CSS and skin autograft after 1 year. The search for
an engineered skin substitute to replace all of  the functions
of  intact human skin is ongoing; composite cultured skin
analogs, perhaps combined with mesenchymal stem cells,
may offer the best opportunity for better outcomes.33,34

Topical Control of Infection

Infection control is an important major advancement in
burn care that has reduced mortality. One of  the first topical
antimicrobials, sodium hypochlorite (NaClO), discovered in
the 18th century, was widely used as a disinfectant through-
out the 19th century, but its use was frequently associated
with irritation and topical reactions.35 In 1915, Henry D.
Dakin standardized hypochlorite solutions and described
the concentration of  0.5% NaClO as most effective.36 His
discovery came at a time when scores of  severely wounded
soldiers were dying of  wound infections on the battlefields
of  World War I. With the help of  a Rockefeller Institute
grant, Dakin teamed up with the then already famous
French surgeon and Nobel Prize winner Alexis Carrel to
create a system of  mechanical cleansing, surgical débride-
ment, and topical application of  hypochlorite solution,
which was meticulously protocolized and used successfully
in wounds and burns.37 Subsequently concentrations of
sodium hypochlorite were investigated for antibacterial
activity and tissue toxicity in vitro and in vivo, and it was
found that a concentration of  0.025% NaClO was most
efficacious because it had sufficient bactericidal properties
but fewer detrimental effects on wound healing.38

Mafenide acetate (Sulfamylon), a drug used by the
Germans for treatment of  open wounds in World War II,
was adapted for treating burns at the Institute of  Surgical
Research in San Antonio, Texas, by microbiologist Robert
Lindberg and surgeon John Moncrief.39 This antibiotic
would penetrate third-degree eschar and was extremely
effective against a wide spectrum of  pathogens. Simultane-
ously, in New York, Charles Fox developed silver sulfadiazine
cream (Silvadene), which was almost as efficacious as
mafenide acetate.40 Although mafenide acetate penetrates
the burn eschar quickly, it is a carbonic anhydrase inhibitor
that can cause systemic acidosis and compensatory hyper-
ventilation and may lead to pulmonary edema. Because of
its success in controlling infection in burns combined with
minimal side effects, silver sulfadiazine has become the
mainstay of  topical antimicrobial therapy.

Carl Moyer and William Monafo initially used 0.5% silver
nitrate soaks as a potent topical antibacterial agent for
burns, a treatment that was described in their landmark
publication41 and remains the treatment of  choice in many Fig. 1.8 P. William Curreri.
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Fluid Resuscitation

The foundation of  current fluid and electrolyte manage-
ment began with the studies of  Frank P. Underhill, who, as 
Professor of  Pharmacology and Toxicology at Yale, studied 
20 individuals burned in a 1921 fire at the Rialto Theatre.52 
Underhill found that the composition of  blister fluid was 
similar to that of  plasma and could be replicated by a salt 
solution containing protein. He suggested that burn patient 
mortality was due to loss of  fluid and not, as previously 
thought, from toxins. In 1944, C. C. Lund and N. C. Browder 
estimated burn surface areas and developed diagrams by 
which physicians could easily draw the burned areas and 
derive a quantifiable percent describing the surface area 
burned.53 This led to fluid replacement strategies based on 
surface area burned. G. A. Knaysi et al. proposed a simple 
“rule-of-nines” for evaluating the percentage of  body 
surface area burned.54 In the late 1940s, O. Cope and F. D. 
Moore (Figs. 1.9 and 1.10) were able to quantify the amount 
of  fluid required per area burned for adequate resuscitation 
from the amount needed in young adults who were trapped 
inside the burning Coconut Grove Nightclub in Boston in 
1942. They postulated that the space between cells was a 
major recipient of  plasma loss, causing swelling in both 
injured and uninjured tissues in proportion to the burn 
size.55 Moore concluded that additional fluid, over that col-
lected from the bed sheets and measured as evaporative 
water loss, was needed in the first 8 hours after burn to 
replace “third space” losses. He then developed a formula 
for replacement of  fluid based on the percent of  the body 
surface area burned.56 M. G. Kyle and A. B. Wallace showed 
that the heads of  children were relatively larger and the legs 
relatively shorter than in adults, and they modified the fluid 
replacement formulas for use in children.57 I. E. Evans and 
his colleagues made recommendations relating fluid 
requirements to body weight and surface area burned.58 
From their recommendations, intravenous infusion of  

Fig. 1.9 Oliver Cope. 

Fig. 1.10 Francis D. Moore. 

Fig. 1.11 Charles R. Baxter. 

normal saline plus colloid (1.0 mL per kg/% burn) along 
with 2000 mL dextrose 5% solution to cover insensible 
water losses was administered over the first 24 hours after 
burn. One year later, E. Reiss presented the Brooke formula, 
which modified the Evans formula by substituting lactated 
Ringer’s for normal saline and reducing the amount of  
colloid given.59 Charles R. Baxter (Fig. 1.11) and G. Tom 
Shires (Fig. 1.12) developed a formula without colloid, 
which is now referred to as the Parkland formula.60 This is 
perhaps the most widely used formula today and recom-
mends 4 mL of  lactated Ringer’s solution per kg/% TBSA 
burned during the first 24 hours after burn. All these for-
mulas advocate giving half  of  the fluid in the first 8 hours 
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parenchymal injury that results in early acute respiratory  
death.64

With the development of  objective diagnostic methods, 
the incidence of  an inhalation injury in burned patients 
can now be identified and its complications identified. 
Xenon-133 scanning was first used in 1972 in the diagno-
sis of  inhalation injury.65,66 When this radioisotope method 
is used in conjunction with a medical history, the identifica-
tion of  an inhalation injury is quite reliable. The fiberoptic 
bronchoscope is another diagnostic tool that, under topical 
anesthesia, can be used for the early diagnosis of  an inha-
lation injury.67 It is also capable of  pulmonary lavage to 
remove airway plugs and deposited particulate matter.

K. Z. Shirani, Basil A. Pruitt (Fig. 1.13), and A. D. Mason 
reported that smoke inhalation injury and pneumonia, in 
addition to age and burn size, greatly increased burn mor-
tality.68 The realization that the physician should not under-
resuscitate burn patients with an inhalation injury was 
emphasized by P. D. Navar et al.69 and D. N. Herndon et al.70 
A major inhalation injury requires 2 mL per kg/% TBSA 
burn more fluid in the first 24 hours after burn to maintain 
adequate urine output and organ perfusion. Multicenter 
studies looking at patients with acute respiratory distress 
syndrome (ARDS) have advocated respiratory support at 
low peak pressures to reduce the incidence of  barotrauma. 
The high-frequency oscillating ventilator, advocated by C. J. 
Fitzpatrick71 and J. Cortiella et al.,72 has added the benefit of  
pressure ventilation at low tidal volumes plus rapid inspira-
tory minute volume, which provides a vibration to encour-
age inspissated sputum to travel up the airways. The use of  
heparin, N-acetylcysteine, nitric oxide inhalation, and 
bronchodilator aerosols have also been used with some 
apparent benefit, at least in pediatric populations.73 Inhala-
tion injury remains one of  the most prominent causes of  
death in thermally injured patients. In children, the lethal 
burn area for a 10% mortality without a concomitant 

after burn and the other half  in the subsequent 16 hours. 
Baxter and Shires discovered that after a cutaneous burn, 
not only is fluid deposited in the interstitial space, but 
marked intracellular edema also develops. The excessive dis-
ruption of  the sodium–potassium pump activity results in 
the inability of  cells to remove excess fluid. They also showed 
that protein, given in the first 24 hours after injury, was not 
necessary and postulated that, if  used, it would leak out of  
the vessels and exacerbate edema. This was later substanti-
ated in studies of  burn patients with toxic inhalation inju-
ries.61 After a severe thermal injury fluid accumulates in the 
wound, and, unless there is adequate and early fluid replace-
ment, hypovolemic shock will develop. A prolonged sys-
temic inflammatory response to severe burns can lead to 
multiorgan dysfunction, sepsis, and even mortality. It has 
been suggested that, for maximum benefit, fluid resuscita-
tion should begin as early as 2 hours after burn.9,62 Fluid 
requirements in children are greater with a concomitant 
inhalation injury, delayed fluid resuscitation, and larger 
burns.

Inhalation Injury

During the 1950s and 1960s, burn wound sepsis, nutri-
tion, kidney dysfunction, wound coverage, and shock were 
the main foci of  burn care specialists. Over the past 50 
years, these problems have been clinically treated with 
increasing success; hence a greater interest in a concomi-
tant inhalation injury evolved. A simple classification of  
inhalation injury separates problems occurring in the first 
24 hours after injury, which include upper airway obstruc-
tion and edema, from those that manifest after 24 hours. 
These include pulmonary edema and tracheobronchitis, 
which can progress to pneumonia, mucosal edema, and 
airway occlusion due to the formation of  airway plugs 
from mucosal sloughing.63,64 The extent of  damage from 
the larynx to tracheobronchial tree depends on the solu-
bility of  the toxic substance and the duration of  expo-
sure. Nearly 45% of  inhalation injuries are limited to the 
upper passages above the vocal cords, and 50% have an 
injury to the major airways. Less than 5% have a direct 

Fig. 1.12 G. Tom Shires. 

Fig. 1.13 Basil A. Pruitt. 
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agent human recombinant growth hormone, the synthetic 
anabolic testosterone analog oxandrolone, insulin, and the 
glucose uptake modulator metformin, have all shown some 
beneficial effects in reducing the hypermetabolic response 
in burn patients.

Conclusion

The evolution of  burn treatments has been extremely pro-
ductive over the past 50 years. The mortality of  severely 
burned patients has decreased significantly thanks to 
improvements in early resuscitation, infection control, 
nutrition, attenuation of  the hypermetabolic response, and 
new and improved surgical approaches. In burned children, 
a 98% TBSA burn now has a 50% survival rate.74 It is hoped 
that the next few years will witness the development of  an 
artificial skin that combines the concepts of  J. F. Burke 29 
with the tissue culture technology described by E. Bell.85 
Inhalation injury, however, remains one of  the major deter-
minants of  mortality in those with severe burns. Further 
improvements in the treatment of  inhalation injuries are 
expected through the development of  arterial venous 
carbon dioxide removal and extracorporeal membrane oxy-
genation devices.86 Research continues to strive for a better 
understanding of  the pathophysiology of  burn scar con-
tractures and hypertrophic scarring.87 Although decreases 
in burn mortality can be expected, continued advances to 
rehabilitate patients and return them to productive life are 
an important step forward in burn care management.
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Hypermetabolic Response 
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catecholamines as the primary mediator of  this hypermeta-
bolic response and suggested that catecholamines were five- 
to sixfold elevated after major burns, thereby causing an 
increase in peripheral lipolysis and catabolism of  peripheral 
protein.78 In 1984, P. Q. Bessey demonstrated that the stress 
response required not only catecholamines but also cortisol 
and glucagon.79 Wilmore et al. examined the effect of  
ambient temperature on the hypermetabolic response to 
burns and reported that burn patients desired an environ-
mental temperature of  33°C and were striving for a core 
temperature of  38.5°C.80 Warming the environment from 
28°C to 33°C substantially decreased the hypermetabolic 
response, but did not abolish it. He suggested that the 
wound itself  served as the afferent arm of  the hypermeta-
bolic response, and its consuming greed for glucose and 
other nutrients was at the expense of  the rest of  the body.81 
Wilmore also believed that heat was produced by biochemi-
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Optimal treatment of  severely burned patients requires 
significant healthcare resources and has led to the develop-
ment of  highly specialized burn centers over the past 
decades. Centralizing services to regional burn centers has 
made implementation of  multidisciplinary acute critical 
care and long-term rehabilitation possible. It has also 
enhanced opportunities for study and research over the 
past several decades. This has led to great advances both in 
our knowledge and in clinical outcomes, with further 
advancements being expected.

Implementation of  a wide range of  medical discoveries 
and innovations has improved patient outcomes following 
severe burns over the past half  century. Key areas of  
advancements in recent decades include fluid resuscitation 
protocols; early burn wound excision and closure with 
grafts or skin substitutes, nutritional support regimens, 
topical antimicrobials and treatment of  sepsis, thermally 
neutral ambient temperatures, and pharmacological mod-
ulation of  hypermetabolic and catabolic responses. These 
factors have helped to decrease morbidity and mortality 
following severe burns by improving wound healing, reduc-
ing inflammation and energy demands, and attenuating 
hypermetabolism and muscle catabolism.

Melding scientific research with clinical care has been 
promoted in recent burn care history largely because of  
the aggregation of  burn patients into single-purpose units 
staffed by dedicated healthcare personnel. Dedicated burn 
units were first established in Great Britain to facilitate 
nursing care. The first U.S. burn center was established at 
the Medical College of  Virginia in 1946. The same year, 
the U.S. Army Surgical Research Unit (later renamed the 
U.S. Army Institute of  Surgical Research) was established. 
Directors of  both centers and later, the founders of  the burn 
centers at  University of  Texas Medical Branch in 1947 and 
Shriners Hospitals for Children–Galveston in 1963 empha-
sized the importance of  collaboration between clinical care 
and basic scientific disciplines to improve the patient’s  
outcome.1

The organizational design of  these centers engendered a 
self-perpetuating feedback loop of  clinical and basic scien-
tific inquiry. In this system, scientists receive first-hand 
information about clinical problems, while clinicians receive 
provocative ideas about patient responses to injury from 
experts in other disciplines. Advances in burn care attest to 
the value of  a dedicated burn unit organized around a col-
legial group of  basic scientists, clinical researchers, and 

Introduction

Severe burn injuries evoke strong emotional responses in
most people including health professionals who are con-
fronted by the specter of  pain, deformity, and potential
death. Intense pain and repeated episodes of  sepsis, followed
by either death or survival encumbered by pronounced dis-
figurement and disability, have been the expected sequelae
to serious burns for most of  mankind’s history.1 However,
these dire consequences have been ameliorated so that,
although burn injury is still intensely painful and tragic, the
probability of  death has been significantly diminished.
During the decade prior to 1951, young adults (15–43
years of  age) with total body surface area (TBSA) burns of
45% or greater had a 49% mortality rate (Table 2.1).2 Forty
years later, statistics from the pediatric and adult burn units
in Galveston, Texas, show that a 49% mortality rate is asso-
ciated with TBSA burns of  70% or greater in the same age
group. Over the past decade, these mortality figures have
improved even more dramatically, so that almost all infants
and children can be expected to survive when resuscitated
adequately and quickly.3 Although improved survival has
been the primary focus of  burn treatment advancement for
many decades, today the major goal—since survival rates
have highly increased—is rehabilitation of  burn survivors
to maximize quality of  life and reduce morbidity.

Such improvement in forestalling death is a direct result
of  the maturation of  burn care science. Scientifically sound
analyses of  patient data have led to the development of
formulas for fluid resuscitation4–6 and nutritional support.7,8

Clinical research has demonstrated the utility of  topical
antimicrobials in delaying onset of  sepsis, thereby contrib-
uting to decreased mortality of  burn patients. Prospective
randomized clinical trials have shown that early surgical
therapy is efficacious in improving survival for many burned
patients by decreasing blood loss and diminishing the
occurrence of  sepsis.9–14 Basic science and clinical research
have helped decrease mortality by characterizing the patho-
physiological changes related to inhalation injury and sug-
gesting treatment methods that have decreased the
incidence of  pulmonary edema and pneumonia.15–18 Scien-
tific investigations of  the hypermetabolic response to major
burn injury have led to improved management of  this life-
threatening phenomenon, not only enhancing survival,
but also promising an improved quality of  life.19–32
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clinical caregivers, all asking questions of  each other, 
sharing observations and information, and seeking solu-
tions to improve patient welfare.

Findings from the group at the Army Surgical Research 
Institute point to the necessity of  involving many disciplines 
in the treatment of  patients with major burn injuries and 
emphasize the utility of  a team concept.1 For this reason the 
International Society of  Burn Injuries and its journal, 
Burns, as well as the American Burn Association and its 
publication, Journal of  Burn Care and Research, have publi-
cized the notion of  successful multidisciplinary work by 
burn teams to widespread audiences.

Members of a Burn Team

The management of  severe burn injuries benefits from con-
centrated integration of  health services and professionals, 
with care being significantly enhanced by a true multidis-
ciplinary approach. The complex nature of  burn injuries 
necessitates a diverse range of  skills for optimal care. A 
single specialist cannot be expected to possess all skills, 
knowledge, and energy required for the comprehensive care 
of  severely injured patients. For this reason, reliance is 
placed on a group of  specialists to provide integrated care 
through innovative organization and collaboration.

In addition to including burn-specific providers, the burn 
team consists of  epidemiologists, molecular biologists, 
microbiologists, physiologists, biochemists, pharmacists, 
pathologists, endocrinologists, and numerous other scien-
tific as well as medical specialists. Because burn injury is a 
complex systemic injury, the search for improved treat-
ments leads to inquiry from many approaches. Each scien-
tific finding stimulates new questions and the potential 
involvement of  additional specialists.

At times, the burn team can be thought of  as including 
the environmental service workers responsible for cleaning 
the unit, the volunteers who may assist in a variety of  ways 
to provide comfort for patients and families, the hospital 
administrator, and many others who support the day-to-
day operations of  a burn center and significantly impact the 
well-being of  patients and staff. However, the traditional 
burn team consists of  a multidisciplinary group of  direct-
care providers. Although burn surgeons, plastic surgeons, 
nurses, nutritionists, and physical and occupational 

therapists form the skeletal core; most burn units also 
include anesthesiologists, respiratory therapists, pharma-
cists, spiritual therapists, and music therapists. The increas-
ing number of  survivors has consequently also added 
psychologists, psychiatrists, and, more recently, exercise 
physiologists to the burn team. In pediatric units, child life 
specialists and school teachers are also significant members 
of  the team of  caregivers.

Patient satisfaction can be formally measured through 
questionnaires to provide positive feedback to caregivers 
and highlight potential areas of  improvement. Allowing 
patients to feel as if  they are part of  decisions about their 
care, listening and responding to concerns, providing 
encouragement, and displaying empathy are all important 
for maintaining satisfaction in patients and their families. 
These approaches also reduce fear, apprehension, and 
misunderstandings.

Healing relies on a complex array of  factors. These 
include individual factors such as motivation, pre-existing 
health status, obesity, malnutrition, comorbidities, family 
support, and social support. They also include wider soci-
etal factors such as reintegration, individual perception, 
and coping strategies as well as factors specific to the  
mechanism of  injury such as trauma, bereavement, grief, 
and loss.

Patients and their families are infrequently mentioned as 
members of  the team but are obviously important in influ-
encing the outcome of  treatment. Persons with major burn 
injuries contribute actively to their own recovery, and each 
brings individual needs and agendas into the hospital 
setting that may influence the way treatment is provided by 
the professional care team.33 The patient’s family members 
often become active participants. This is even more impor-
tant in the case of  children, but is also true in the case of  
adult patients. Family members become conduits of  infor-
mation from the professional staff  to the patient. At times, 
they act as spokespersons for the patient, and, at other 
times, they become advocates for the staff  in encouraging 
the patient to cooperate with dreaded procedures.

With so many diverse personalities and specialists poten-
tially involved, purporting to know what or who constitutes 
a burn team may seem absurd. Nevertheless, references to 
“burn teams” are plentiful, and there is agreement on the 
specialists and care providers whose expertise is required for 
the optimal care of  patients with significant burn injuries 
(Fig. 2.1).

BURN SURGEONS

Ultimate responsibility and overall control for the care of  a 
patient lies with the admitting burn surgeon, the key figure 
of  the burn team. The burn surgeon is either a general 
surgeon or plastic surgeon with expertise in providing 
emergency and critical care, as well as in performing skin 
grafting and amputations. The burn surgeon provides lead-
ership and guidance for the rest of  the team, which may 
include several surgeons. The surgeon’s leadership is par-
ticularly important during the early phase of  patient care 
when moment-to-moment decisions must be made based 
on the surgeon’s knowledge of  physiologic responses to 
injury, current scientific evidence, and appropriate medical/
surgical treatments. The surgeon must not only possess 

Table 2.1 Percent total body surface area (TBSA) burn 
producing an expected mortality of 50% in 1952, 1993, 
and 2006

Age (years)
1953†

(% TBSA)
1993*
(% TBSA)

2006°
(% TBSA)

0–14 49 98 99

15–44 46 72 88

45–65 27 51 75

65 10 25 33

†Bull, JP, Fisher, AJ. Annals of Surgery 1954;139.
*Shriners Hospital for Children and University of Texas Medical Branch,

Galveston, Texas.
°Pereira CT et al. J Am Coll Surg 2006; 202(3): 536–548 and unpublished data. 

PP. 1138–1140 (PC65).
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comfort for burned patients, not only in the operating room, 
but also during the painful ordeals of  dressing changes, 
staple removal, and physical exercise.

NURSES

Nurses represent the largest single disciplinary segment of  
the burn team, providing continuous coordinated care to 
the patient. The nursing staff  is responsible for technical 
management of  the 24-hour physical treatment of  the 
patient. They control the therapeutic milieu that allows the 
patient to recover. They also provide emotional support to 
the patient and patient’s family.34 Nursing staff  are often the 
first to identify changes in a patient’s condition and initiate 
therapeutic interventions. Because recovery from a major 
burn is rather slow, burn nurses must merge the qualities 
of  sophisticated intensive care nursing with the challenging 
aspects of  psychiatric nursing. Nursing case management 
can play an important role in burn treatment, extending 
the coordination of  care beyond hospitalization through 
the lengthy period of  outpatient rehabilitation.

PHYSICAL AND OCCUPATIONAL THERAPISTS

Occupational and physical therapists begin planning thera-
peutic interventions at the patient’s admission to maximize 
functional recovery. Burned patients require special posi-
tioning and splinting, early mobilization, strengthening 
exercises, endurance activities, and pressure garments to 
promote healing while controlling scar formation. These 
therapists must be very creative in designing and applying 
the appropriate appliances. Knowledge of  the timing of  
application is necessary. In addition, rehabilitation thera-
pists must become expert behavioral managers since their 
necessary treatments are usually painful to the recovering 
patient who will resist in a variety of  ways. While the patient 
is angry, protesting loudly, or pleading for mercy, the reha-
bilitation therapist must persist with aggressive treatment 
to combat quickly forming and very strong scar contrac-
tures. The same therapist, however, is typically rewarded 

knowledge and skills in medicine, but also be able to clearly 
exchange information with a diverse staff  of  experts in 
other disciplines and lead the team. The surgeon alone 
cannot provide comprehensive care but must be wise 
enough to know when and how to seek counsel as well as 
how to clearly and firmly give directions to direct activities 
surrounding patient care. The senior surgeon of  the team 
is accorded the most authority and control of  any member 
of  the team and thus bears the responsibility and receives 
accolades for the success of  the team as a whole.33

PLASTIC SURGEONS

Next to burn surgeons, who are particularly involved in the 
immediate and acute phase of  surgical treatment, are the 
plastic surgeons, who are typically involved instead in long-
term surgical treatment. The plastic surgeons aim to deliver 
care that yields the best functional and aesthetic results for 
the burn survivor. The burn surgeon should always work in 
close collaboration with the plastic surgeon. Most burn sur-
geons are plastic surgeons, but in instances where this is not 
the case, the presence of  plastic surgeons in the team is 
essential. Ideally, this collaboration should start during the 
initial phase of  surgical treatment. The plastic surgeon’s 
duty is primarily to care for the patient in terms of  func-
tional improvement through surgeries that aim to lessen 
scarring and decrease the functional limitations created by 
scarring. This surgical treatment often requires numerous 
operations that may take place for years after the burn 
injury.

ANESTHESIOLOGISTS

An anesthesiologist who is an expert in the altered physio-
logic parameters of  burned patients is critical to the sur-
vival of  the patient who usually undergoes multiple acute 
surgical procedures. Anesthesiologists on the burn team 
must be familiar with the phases of  burn recovery and the 
physiologic changes to be anticipated as burn wounds heal.1 
Anesthesiologists play significant roles in facilitating 

BA

Fig. 2.1 (A, B) Experts from diverse disciplines gather together with common goals and tasks and overlapping values to achieve their objectives. 
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interventions provide continuous sensitivity in caring for 
the emotional and mental well-being of  patients and their 
families. These professionals must be knowledgeable about 
the process of  burn recovery as well as human behavior 
to make optimal interventions. They serve as confidants 
and supports for patients, families of  patients, and, on 
occasion, other burn team members.35 They often assist 
colleagues from other disciplines in developing behav-
ioral interventions for problematic patients, allowing the 
colleague and patient to achieve therapeutic success.36 
During initial hospitalization, these experts manage the 
patient’s mental status, pain tolerance, and anxiety level to 
provide comfort to the patient and facilitate physical recov-
ery. As the patient progresses toward rehabilitation, the 
role of  the mental health team becomes more prominent 
in supporting optimal psychological, social, and physical  
rehabilitation.

SPIRITUAL THERAPISTS

Not all patients and relatives are religious, but for those 
who are religious, the presence of  a spiritual therapist can 
be extremely important and can help to overcome or deal 
with the difficult times the burn survivors are experienc-
ing. The power and efficacy of  prayer and religious-spiritual 
involvement during illness and recovery have been often 
discussed and have been demonstrated to be very impor-
tant for many patients.37 For these reasons, hospitals and 
especially burn centers should have a spiritual therapist in 
the team to assist not only the burn survivors but also their  
relatives.38

MUSIC THERAPISTS

Music therapy is the use of  music interventions to accom-
plish individualized goals within a therapeutic relationship 
between the patient and the figure of  the music therapist. 
The principal goals and interventions can be designed to 
promote wellness, manage stress, alleviate pain, express 
feelings, enhance memory, improve communication, and 
promote physical rehabilitation.39 As reported, music 
therapy can improve a patient’s range of  motion and help 
during the hospitalization and rehabilitation periods.40 The 
music therapist has an important role to play for burn 
patients and should be considered an essential member of  
the burn team.

STUDENTS, RESIDENTS, AND FELLOWS

Medical students, graduate students, postdoctoral fellows, 
and residents are vital members of  the burn care team. 
Burn care professionals often do not have the time or 
energy to perform activities outside of  work hours or 
set responsibilities. However, these young students, 
fellows, and residents frequently have the time, energy, 
and desire to take on additional work, whether in the 
form of  clinical work or research. The close working 
relationship between these individuals and the rest of  
the burn care team yields numerous benefits, includ-
ing the conception of  new clinical and translational 
questions that, when answered, directly improve patient  
care.

with adoration and gratitude from an enabled burn 
survivor.

RESPIRATORY THERAPISTS

Inhalation injury, prolonged bed rest, fluid shifts, and the 
threat of  pneumonia, all concomitant with burn injury, 
render respiratory therapists essential to the patient’s 
welfare. Respiratory therapists evaluate pulmonary mechan-
ics, perform therapy to facilitate breathing, and closely 
monitor the status of  the patient’s respiratory functioning 
and improvements during the recovery.

EXERCISE PHYSIOLOGIST

The exercise physiologist has recently been recognized as a 
key member of  the comprehensive burn rehabilitation 
team. Traditionally, exercise physiologists study acute and 
chronic adaptations to a wide range of  exercise conditions. 
At our institution, the exercise physiologist performs clini-
cal duties and conducts clinical research.

Clinical duties include monitoring and assessing cardio-
vascular and pulmonary exercise function, as well as muscle 
function. Additional clinical duties include writing exercise 
prescriptions for cardiopulmonary and musculoskeletal 
rehabilitation. Clinical research conducted by the exercise 
physiologist mainly focuses on the effect of  exercise on burn 
sequelae and the mechanisms by which exercise can reduce 
or reverse burn-induced catabolic and hypermetabolic con-
ditions and improve a patient’s quality of  life.

There is no licensing body or requirements for exercise 
physiologists to practice their profession. However, many 
organizations, such as the American College of  Sports Med-
icine and the Clinical Exercise Physiology Association, offer 
national certifications. These certifications include the exer-
cise test technologist, exercise specialist, health/fitness 
director, and clinical exercise specialist. We recommend 
that if  the exercise physiologist is primarily involved in clini-
cal duties, he or she should have a minimum of  a master’s 
degree and be nationally certified by a well-known and 
respected organization. If  clinical or basic research will be 
part of  his or her duties, then we recommend a doctorate 
degree as well as a national certification.

NUTRITIONISTS

A nutritionist or dietitian monitors daily caloric intake and 
weight maintenance. These specialists also recommend 
dietary interventions to provide optimal nutritional support 
to combat the hypermetabolic and catabolic responses to 
burn injury. Caloric intake as well as intake of  appropriate 
vitamins, minerals, and trace elements must be managed to 
promote wound healing and facilitate recovery. Nutrition-
ists and exercise physiologists may work together in imple-
menting methods to increase daily physical activity (caloric 
expenditure) to counteract any sequelae due to a sedentary 
lifestyle.

PSYCHOSOCIAL EXPERTS

Psychiatrists, psychologists, and social workers with  
expertise in human behavior and psychotherapeutic 
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culture, problem-solving approach, and language.48 For the 
team to benefit fully from the expertise of  its members, 
every expert voice must be heard and acknowledged. Team 
members must be willing to learn from each other, eventu-
ally developing their own culture and language that all can 
understand. Attitudes of  superiority and prejudice are most 
disruptive to the performance of  the team.

Disagreement and conflict will be present, but these can 
be expressed and resolved in a respectful manner. Research 
suggests that intelligent management of  emotions is linked 
with successful team performance in problem-solving and 
conflict resolution.49 When handled well, conflicts and dis-
agreements can increase understanding and provide new 
perspectives, in turn enhancing working relationships and 
leading to improved patient care.50

The acknowledged formal leader of  the team is the senior 
surgeon, who may find the arduous job of  medical and 
social leadership difficult and perplexing (Fig. 2.1). Empiri-
cal studies indicate, with remarkable consistency, that the 
functions required for successful leadership can be grouped 
into two somewhat incompatible clusters: (1) directing the 
group toward tasks and goal attainment and (2) facilitating 
interactions among group members and enhancing their 
feelings of  worth.44,47,50

At times, task-oriented behavior by the leader may clash 
with the needs of  the group for emotional support. During 
those times, the group may inadvertently impede the suc-
cessful performance of  both the leader and the team by 
seeking alternate means of  establishing feelings of  self-
worth. When the social/emotional needs of  the group are 
not met, the group begins to spend more time attempting 
to satisfy individual needs and less time pursuing task-
related activities.

Studies of  group behavior demonstrate that high-
performance teams are characterized by synergy between 
task accomplishment and individual need fulfillment.44,51 
Since one formal leader cannot always attend to task and 
interpersonal nuances, groups informally or formally allo-
cate leadership activities to multiple persons.44,46,47 Accord-
ing to the literature in organizational behavior, the most 

Dynamics and Functioning of the 
Burn Team

Gathering a group of  experts from diverse disciplines does 
not form a team.41 In fact, the diversity of  the disciplines, 
along with individual differences in gender, ethnicity, 
values, professional experience, and professional status, 
render such teamwork a process fraught with opportunities 
for disagreements, jealousies, and confusion.42 The process 
of  working together to accomplish the primary goal (i.e., 
returning burn survivors to a normal, functional life) is 
further complicated by the fact that the patient and the 
patient’s family must collaborate with these professionals. 
It is not unusual for the patient to attempt to diminish his 
or her immediate discomfort by pitting one team member 
against another or “splitting” the team. Much as young 
children will try to manipulate parents by first going to one 
and then the other, patients will complain about one staff  
member to another or assert to one staff  member that 
another staff  member allows less demanding rehabilitation 
exercises or some special privilege.43 Time must be devoted 
to a process of  trust building among the team members. It 
is also imperative that the team communicate openly and 
frequently or the group will lose effectiveness.

Communicating and discussing a daily, weekly, and long-
term management plan among team members allows for 
clarification and organization of  early plans to flag issues 
early on with regard to further surgery, rehabilitation, dis-
charge planning, nutritional goals, patient understanding, 
and patient compliance. Such issues are all simultaneously 
addressed in a holistic approach.

The group becomes a team when they share common 
goals and tasks as well as when they have overlapping 
values that will be served by accomplishing their goals.44,45 
The team becomes an efficient work group through a 
process of  establishing mechanisms of  collaboration and 
cooperation that facilitate focusing on explicit tasks rather 
than on covert distractions of  personal need and interper-
sonal conflict.44,46 Work groups develop best under condi-
tions that allow each individual to feel acknowledged as 
valuable to the team.47

Multidisciplinary burn care involves taking into account 
all aspects of  patient care when treatment decisions are 
made as well as considering subsequent effects and conse-
quences of  decisions. With good communication and coor-
dination among all team members, the team can optimize 
outcome for a patient in every aspect of  their care (Fig. 2.1).

Research into the area of  multidisciplinary teams has 
highlighted the wide application of  such teams in health-
care settings as well as some of  the shortcomings affecting 
their efficacy.41 Clearly defining the various components of  
these teams will allow improved analysis. Some of  the 
factors that are useful for assessing how well a team is func-
tioning are listed in Box 2.1.

A burn team has defined and shared goals with clear 
tasks. For a group of  burn experts to become an efficient 
team, skillful leadership that facilitates the development of  
shared values among team members and ensures the vali-
dation of  team members as they accomplish tasks is neces-
sary. The burn team consists of  many experts from diverse 
professional backgrounds; each profession has its own 

(From Al-Mousawi et al., Burn Teams and Burn Centers,52 adapted from 
Schofield & Amodeo41)

Box 2.1 Factors for analyzing multidisciplinary 
team effectiveness and function

Size of team
Composition (professions represented)
Specific responsibilities
Leadership style (individual or co-leadership/voluntary or 

assigned/stable or rotating/authoritarian or nonauthoritarian)
Scope of work (consultation or intervention or both/idea 

generating/decision-making)
Organizational support
Communication and interactional patterns within the team (e.g., 

frequency/intensity/type)
Contact with the patient, family, or care system (e.g., frequency/

intensity/type)
Point in treatment process when team is involved (e.g., intake 

through to discharge, one phase only, only if case not 
progressing)
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continue improving and understanding the rehabilitation 
and emotional, psychological, and physiologic recovery of  
burn patients. Tremendous scientific and technological 
advances have led to dramatic increases in the survival of  
burn victims.

Wider issues to be considered by leaders in the field 
include burn prevention, access to care in rural regions and 
developing countries, and promotion of  investment and 
funding for burn care. Centralization of  care at burn centers 
as well as enhanced care have provided tremendous oppor-
tunities for research and education.

We hope that, in the future, scientists and clinicians will 
follow the same model of  collaboration to pursue solutions 
to the perplexing problems that burn survivors must 
encounter. Physical discomforts such as itching still inter-
fere with patient rehabilitation. New techniques for control-
ling hypertrophic scars and surgical reconstruction could 
do much to diminish disfigurement.52 The use of  treatments 
to attenuate hypermetabolism, use of  anabolic agents,19,27 
and supervised strength and endurance training22,23 are all 
currently being investigated as means of  enhancing the 
well-being of  survivors of  massive burn injuries. Further 
development of  psychological expertise within burn care 
and increased public awareness of  the competence of  burn 
survivors may ease the survivor’s transition from an inca-
pacitated patient to a functional member of  society. We 
hope that, in the future, burn care will continue to devote 
the same energy and resources that have produced such 
tremendous advances in saving lives and optimizing the 
quality of  life for survivors.

Complete references available online at 
www.expertconsult.inkling.com

effective leader is one who engages the talents of  others and 
empowers them to utilize their abilities to further the work 
of  the group.44,46 Failure to empower the informal leaders 
limits their ability to contribute fully.

For the identified leader of  the burn team (i.e., the senior 
surgeon) to create a successful, efficient burn team, the 
leader must be prepared to share leadership with one or 
more “informal” leaders in such a way that all leadership 
functions are fulfilled.44,46,47 The prominence and identity of  
any one of  the informal leaders will change according to 
the situation. The successful formal leader will encourage 
and support the leadership roles of  other members of  the 
team, developing a climate in which the team members are 
more likely to cooperate and collaborate toward achieve-
ment beyond individual capacity.

For many physicians, the concept of  sharing leadership 
and power initially appears threatening, for it is the physi-
cian, after all, who must ultimately write the orders and be 
responsible for the patient’s medical needs. However, 
sharing power does not mean giving up control. The physi-
cian shares leadership by seeking information and advice 
from other team members and empowers them by validat-
ing the importance of  their expertise in the decision-making 
process. However, the physician maintains control and 
responsibility over the patient’s care and medical 
treatment.

Summary

Centralized care provided in designated burn units has pro-
moted a team approach to both scientific investigation and 
clinical care that has demonstrably improved the welfare of  
burn patients. Multidisciplinary efforts are imperative to 
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are interesting. The total number of  burns have generally 
decreased in those aged 0–45, whereas the total number of  
burns in those older than 45 have increased dramatically, 
31% from 2005 to 2014 in those aged 46–65, and 12% in 
those aged over 65 (Table 3.1).

The spike seen in total injuries between 2010 and 2012 
is parallel with burns in those aged 0–4 but has settled back 
to a 6% decline in this age group from that in 2005. For 
those aged 5–18, we see a similar steady decline in the 
number of  burns, and also in those aged 19–45. However 
the numbers of  burns in those aged 46–65 and in those 
older than 65 years have seen a steady and dramatic 
increase. When indexed to population, this is almost com-
pletely accounted for by the increase in population in these 
age groups. Therefore no increase in per capita rate has 
occurred, and the increased numbers are from an increase 
in the population of  those aged over 45 years.

When considering plans in health care utilization to 
respond to changes in the incidence of  burns, strategies 
should be for the total number of  burns likely to be encoun-
tered. For regional plans, per capita estimations should be 
used as specific regions grow and contract. In this light, the 
past 10 years have seen a significant decrease in the total 
number of  burns in those aged 45 years and younger. Popu-
lations in the United States are generally stable for these age 
groups in the past 10 years, thus the decline in total 
numbers of  burns must be attributed to cultural changes 
and prevention efforts, both legislative and educational. 
Therefore future resource utilization for the care of  burns 
in this age group in the United States will likely continue to 
diminish unless some change occurs in the population. 
However those older than 45 years continue to increase in 
many areas, and thus considerations might be made to plan 
for further growth in burns in older persons.

We then analyzed the epidemiologic data from the 
National Burn Repository (NBR) available from the Ameri-
can Burn Association for the years 2006–2015.2 In this, we 
examined recent trends in burn incidence and qualities in 
the United States. The NBR contains data from 96 of  the128 
self-designated burn centers in the United States as well as 
7 burn centers in Canada, Sweden, and Switzerland. Of  
these 96 centers, 65 were verified as a burn center using 
American Burn Association criteria. The data we include 
here come only from the reporting US centers.

The distribution of  burns among age groups in the NBR 
data has more granularity than does the WISQAR data. 
Burn distribution has a major grouping in those younger 
than 10 years of  age. Those aged 11–20 have a smaller 
incidence, which then increases in those aged 21–60; 

Introduction

In 2014, approximately 200,000 deaths occurred in the
United States from all injuries, and 31 million sustained
nonfatal injuries. In a population of  318,857,056 persons,
this represents a per capita death rate from injury of
0.063% (or approximately 6 per 10,000), and a nonfatal
injury rate of  9.73% (or approximately 1 in 10). Therefore
injury is common but related death is uncommon. For inju-
ries from fire and burns specifically, 3,194 deaths occurred
(1/100,000 population), which represented 1.6% of  all
injury fatalities but only 1.3% of  injuries. In all, 408,945
nonfatal burns occurred in the United States in 2014,
giving a rate of  0.129% of  persons in the United States
sustaining a burn, or about 1 per 1000.

We constructed trend lines in addition to the preceding
data in the rate of  reported injuries and death since 2005.
These data were found on the WISQAR database produced
by the U.S. Centers for Disease Control and Prevention
(CDC).1 We found that total injuries were relatively
unchanged in this period from 2005 to 2009, then saw a
large spike (a 10% increase) from 2010 to 2012. This spike
has since receded (Fig. 3.1). When seen on a per capita
basis, a 7.5% increase in the rate of  reported injury occurred
in the 2010–2012 period; therefore the spike in reported
injuries was not from an increase in population; this is an
interesting societal trend. Of  further interest is the increase
in injury fatalities which began at the same time and is
mostly associated with an increased injury mortality rate (a
12.3% increase from 0.57% to 0.64%). This continues to
rise despite a subsequent decline in total and per capita
injuries. Whether this is from an increase in injury severity
or age distribution cannot be answered in these data. A
potential reason is a perceived increase in the use of  pallia-
tive withdrawal of  care, suggesting that those who might
live with known treatments are unnecessarily adding to the
mortality rate.

The incidence of  total burns saw a similar spike in the
2010–2012 period, but this was not reflected in the per
capita statistics, likely because of  blunting by the relatively
low incidence of  burns (Fig. 3.2). Interestingly burn fatali-
ties continue to decrease overall with a flattening trajectory
in 2013–2014. The per capita numbers also showed a
decline that has leveled at 0.001% (1 in 100,000). What is
not seen is an increase in burn fatality rate that is evident
in the all-injury fatality rate.

Burns occur unequally among the age groups in the
WISQAR data, and the interim changes from 2005 to 2014
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Fig. 3.1 Injury statistics taken from the WISQARS database maintained by the U.S. Centers for Disease Control and Prevention. Panel A describes the 
total number of reported injuries from the period 2005–2014. The y-axis is the total number of injuries. The trendline is the moving average of the 
adjoining two values. Panel B describes the per capita incidence of reported injuries in %, calculated by dividing the number of injuries by population 
for that year. Panel C describes the total number of fatalities ascribed to injury for the years 2005–2014. Panel D is the injury fatality rate by year cal-
culated by dividing the number of fatalities by the number of reported injuries. Panel E is the injury fatalities per capita, calculated by dividing the 
number of fatalities by the population for that year. 
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Fig. 3.2 Burn injury statistics taken from the WISQARS database maintained by the U.S. Centers for Disease Control and Prevention. Panel A describes 
the total number of injuries from the period 2005–2014. The y-axis is the number of injuries, with the included trendline the moving average of the 
two adjoining values. Panel B describes the per capita incidence with a trendline similarly calculated. Panel C is the number of fatalities with Panel D 
as the corresponding fatality rate. Finally, Panel E is the per capita burn fatalities. 
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Table 3.1 Burn Mortality Rates Over Time.

BURNS ALL FATAL

Age Year Nonfatal Fatal Total Mortality (%) Population Per Capita Burn (%) Per Capita Burn (%)

0–4 2005 71935 279 72214 0.4 19917400 0.36 0.0014
2006 64821 250 65071 0.4 19938883 0.33 0.0013
2007 63207 266 63473 0.4 20125962 0.32 0.0013
2008 60571 219 60790 0.4 20271127 0.30 0.0011
2009 58400 208 58608 0.4 20244518 0.29 0.0010

5-yr Avg 63787 244 64031 0.4 20099578 0.32 0.0012
2010 61091 212 61303 0.3 20201362 0.30 0.0010
2011 67225 172 67397 0.3 20125958 0.33 0.0009
2012 68130 141 68271 0.2 19980310 0.34 0.0007
2013 63297 165 63462 0.3 19867849 0.32 0.0008
2014 57117 151 57268 0.3 19876883 0.29 0.0008

5-yr Avg 63372 168 63540 0.3 20010472 0.32 0.0008

10-yr Avg 63579 206 63786 0.3 20055025 0.32 0.0010

5–18 2005 74159 312 74471 0.4 57831395 0.13 0.0005
2006 66652 279 66931 0.4 58119881 0.12 0.0005
2007 61400 300 61700 0.5 58288081 0.11 0.0005
2008 63831 229 64060 0.4 58421598 0.11 0.0004
2009 52910 208 53118 0.4 58424283 0.09 0.0004

5-yr Avg 63790 266 64056 0.4 58217048 0.11 0.0005
2010 60711 198 60909 0.3 58480960 0.10 0.0003
2011 61699 187 61886 0.3 58193935 0.11 0.0003
2012 62847 154 63001 0.2 58091861 0.11 0.0003
2013 58077 197 58274 0.3 58038492 0.10 0.0003
2014 55991 170 56161 0.3 57932325 0.10 0.0003

5-yr Avg 59865 181 60046 0.3 58147515 0.10 0.0003

10-yr Avg 61828 223 62051 0.4 58182281 0.11 0.0004

19–45 2005 208907 929 209836 0.4 112647339 0.19 0.0008
2006 203442 878 204320 0.4 112514315 0.18 0.0008
2007 191442 874 192316 0.5 112442872 0.17 0.0008
2008 182288 694 182982 0.4 112505361 0.16 0.0006
2009 173432 717 174149 0.4 112716130 0.15 0.0006

5-yr Avg 191902 818 192721 0.4 112565203 0.17 0.0007

2010 190820 632 191452 0.3 112814655 0.17 0.0006
2011 194082 627 194709 0.3 113358991 0.17 0.0006
2012 197541 549 198090 0.3 114032337 0.17 0.0005
2013 181735 620 182355 0.3 114758868 0.16 0.0005
2014 178110 628 178738 0.4 115429655 0.15 0.0005

5-yr Avg 188458 611 189069 0.3 114078901 0.17 0.0005

10-yr Avg 190180 715 190895 0.4 113322052 0.17 0.0006

46–65 2005 70827 1028 71855 1.4 70711525 0.10 0.0015
2006 72704 1124 73828 1.5 72928734 0.10 0.0015
2007 74386 1132 75518 1.5 74994337 0.10 0.0015
2008 79990 1110 81100 1.4 76870172 0.11 0.0014
2009 74215 1035 75250 1.4 78416768 0.10 0.0013

5-yr Avg 74424 1086 75510 1.4 74784307 0.10 0.0015
2010 79685 1068 80753 1.3 79661338 0.10 0.0013
2011 84717 1095 85812 1.3 81352090 0.11 0.0013
2012 82370 1044 83414 1.3 82417467 0.10 0.0013
2013 79213 1120 80333 1.4 82497447 0.10 0.0014
2014 92813 1081 93894 1.2 82759431 0.11 0.0013

5-yr Avg 83760 1082 84841 1.3 81737555 0.10 0.0013

10-yr Avg 79092 1084 80176 1.4 78260931 0.10 0.0014

>65 2005 22054 1183 23237 5.1 34408940 0.07 0.0034
2006 22277 1136 23413 4.9 34878099 0.07 0.0033
2007 20393 1196 21589 5.5 35379955 0.06 0.0034
2008 23449 1127 24576 4.6 36025708 0.07 0.0031
2009 22034 1026 23060 4.4 36969830 0.06 0.0028

Continued
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increase significantly with burn size (as expected), which 
was almost linear with increasing burned area (regression 
formula y = x – 13.7, r2 = 0.97) (Fig. 3.4). This is a change 
from previous mortality rates, which was mostly a first-
order distribution. According to this formula, probability of  
mortality for a burn (without considering age) can be esti-
mated at %TBSA burned minus 14.

We did a probit analysis on the overall mortality data 
which revealed an LD50 for a 55% TBSA burn among all 
age groups. Thus a 55% TBSA burn would be expected to 
have a mortality rate of  50%; this is an improvement from 
previous reports.3 When the Baux score (age plus TBSA 
burned) was examined for mortality, a 50% mortality was 
reported at about 105 and a 90% mortality was reported  
at 130.

Demography

Geographic and housing tract location significantly influ-
ences the rate of  house fires and the subsequent death rates 
from associated burns. Age of  the home, economic status, 
number of  vacant houses, and immigration status affect 
the house fire rate.4–5 House fire death rates are higher in 

Table 3.1 Burn Mortality Rates Over Time.—cont’d

BURNS ALL FATAL

Age Year Nonfatal Fatal Total Mortality (%) Population Per Capita Burn (%) Per Capita Burn (%)

5-yr Avg 22041 1134 23175 4.9 35532506 0.07 0.0032
2010 19872 1083 20955 5.2 37587223 0.06 0.0029
2011 21465 1087 22552 4.8 38690658 0.06 0.0028
2012 26219 1021 27240 3.7 39590103 0.07 0.0026
2013 25449 1114 26563 4.2 41334875 0.06 0.0027
2014 24914 1164 26078 4.5 42858762 0.06 0.0027

5-yr Avg 23584 1094 24678 4.5 40012324 0.06 0.0027

10-yr Avg 22813 1114 23926 4.7 37772415 0.06 0.0030
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Fig. 3.3 Burn-specific injury statistics taken from the WISQARS data-
base. These are the number of recorded injuries in each age group. 
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Fig. 3.4 Reported mortality by burn size. 

thereafter the total numbers decline (Fig. 3.3) for a bimodal
distribution when grouped in this way. Among these, 67%
were in men, which is similar to previous reports of  burns
by gender. In terms of  ethnicity, 58% of  burns in the United
States were in European-Americans, 21% in African-
Americans, 13% in Hispanic-Americans, 5% in other eth-
nicities, and 3% in Asian-Americans.

Most burns were below 10% total body surface (TBSA),
which included 78% of  the burned population. Another
14% measured 11–20% TBSA, and the remaining 8% were
greater than 20% TBSA. These numbers are all from desig-
nated burn centers, and it is likely that many additional
burns below 10% TBSA were treated in nonburn centers.
With this in mind, it is likely that almost all burns over 10%
were treated at burn centers, thus the distribution in the
NBR data is likely to be biased to larger burns from the true
incidence in the United States.

Most burns were the result of  injuries due to fire and
flame at 41% of  the total. Scalds accounted for another
33%, followed by contact with hot objects at 9%, and then
chemical and electrical burns at 3% each. Overall mortality
for those with burns was 3.1% during this period, which
declined by almost 25% from 4.0% in 2006. Mortality was
generally higher in women, except in 2015. Deaths did
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geographic area from a low rate of  1.4/100,000 population 
in North America to a high of  10.8/100,000 population in 
Africa.1,10 It has been estimated that 113,108 children aged 
18 and younger were treated for burns in the United States 
in 2014. Of  those injuries, approximately 60% were scald 
burns in those under 5 years of  age; contact burns, 20%; 
fire/flame, 15%; and 5%, other.2 For those aged 5–18, scalds 
accounted for approximately 33% of  injuries; fire/flame, 
45%; contact, 10%; and other, 12%, demonstrating a shift 
from scalds to fire and flame with increasing age. In 2013, 
334 children died from fires or burns, and 44% of  these 
were 4 years of  age and younger.9

Scald burns are the most common cause of  burns in the 
particularly young. The occurrence of  tap water scalds can 
be prevented by adjusting the temperature settings on hot 
water heaters or by installing special faucet valves so that 
water does not leave the tap at temperatures above 120°F 
(48.8°C).9,11 All code-making bodies at the national and 
regional levels have established standards for new or recon-
structed dwellings requiring antiscald technology and a 
maximum water temperature of  120°F.

Home exercise treadmills represent a recently identified 
source of  burns in pediatric patients. The injuries are a con-
sequence of  contact with a moving treadmill and almost 
always involve the upper extremity (97%), often the volar 
surface of  the hand.12 Approximately 50% undergo surgical 
intervention in the form of  skin grafting, and some develop 
hypertrophic scars.13

ELDERLY

The elderly represent an increasing population segment, as 
previously described, and they have an increased preva-
lence in the burned population due to increased numbers 
as well as increased risk of  being burned. Furthermore mor-
tality from burns increases with age. The WISQAR data 
demonstrate that about 6% of  all burns occur in those older 
than 65 years, although other reports from single centers 
approach 16% of  all admissions for burns,14 and mortality 
in this age group is significantly higher than that of  all 
other ages, at 4.7% of  all over 65 years of  age who are 
burned compared to between 0.4% and 1.4% in all other 
age groups.

Interestingly the rates of  burn by gender are almost even 
in the elderly who are burned, 51% in men and 49% in 
women. In an older paper, it was noted that 67% of  injuries 
in the elderly are caused by flame or explosion, 20% by 
scalds, 6% by electricity, 2% by chemicals, and 6% by other 
causes. Forty-one percent of  the injuries occurred in the 
bedroom and/or living room, 28% out of  doors or in the 
workplace, 18% in the kitchen, 8% in the bathroom, and 
5% in the garage or basement. Seventy-seven percent of  the 
patients had one or more preexisting medical conditions.15 
Examination of  predictors of  mortality revealed that the 
usual signals such as increasing age, burn size, and inhala-
tion injury continue to remain the most useful in this age 
group, but each of  these had much more impact on mortal-
ity than in other age groups, as reflected by the much higher 
mortality rate.14 Several authors reported lower mortality 
rates in the elderly than expected from standard prediction 
models, such as those from Bull, ASBI, and Ryan,16 indicat-
ing that we are improving in this age group as well.

the Eastern part of  the United States, particularly the 
Southeast, compared to the West.6 Cooking is the leading 
cause of  house fires in the United States: 46% of  house fires 
and 44% of  fire-related injuries are by this cause.7 Another 
leading cause of  house fires is from heating equipment at 
16% of  instances. Other causes include electrical system 
fires (9%), intentional fires (8%), and fires from cigarette 
smoking (5%). Interestingly the cause of  fire with the 
highest mortality is that from cigarette smoking, compris-
ing 22% of  residential fire-related deaths (Table 3.2). The 
ratio of  deaths compared to other causes is also much 
higher in this group, at 4.4.

Gratifyingly the number of  residential fires has dramati-
cally decreased since 2004, falling 22%; similarly related 
fire death rates have fallen by the same amount. Injuries, 
however, have only gone down by 7%, suggesting that in 
those fires that do occur, more injuries are occurring.8 
Interestingly fire death rates are reduced by 50% with 
working fire alarms.9 When the rate of  fire deaths is consid-
ered by state, we find these are highest in Alabama, Alaska, 
Arkansas, District of  Columbia, Mississippi, Oklahoma, 
Tennessee, and West Virginia. The lowest rates are Arizona, 
California, Colorado, Florida, Massachusetts, Nevada, New 
Jersey, Texas, and Utah.

The economic consequences of  residential fires are also 
great. The highest fire-related losses in recent history were 
in 2008, with $16.7 billion in property damage and other 
direct costs. This has significantly fallen since then, with a 
reported $11.5 billion in losses in 2013.8 The healthcare 
costs of  burns are also prodigious. Each year in the United 
States, 40,000–60,000 people undergo in-hospital care for 
burns. The average charges for hospital care of  a burned 
patient range from $47,557.00 to $1,203,410.00 (average 
$92,377), with much higher costs incurred by patients 
with extensive burns. The length of  hospital stay ranges 
from one day to hundreds of  days (mean 9.7), and, for 
patients 80 years and older is more than twice as long as 
that for children under 5.2

High-Risk Populations

CHILDREN

The number of  pediatric burn patients admitted to hospitals 
is influenced by cultural differences, resource availability, 
and medical practice. Consequently the number of  pediatric 
burn patients admitted to a hospital for treatment varies by 

Table 3.2 Causes of Burn Injuries.

Fires 
(%)

Injuries 
(%)

Deaths 
(%)

Odds Ratio 
of Death

Cooking Equipment 46 44 19 0.4

Heating Equipment 16 12 19 1.2

Electrical Equipment 9 9 16 1.8

Intentional 8 7 14 1.8

Smoking 5 10 22 4.4
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of  burned patients had injuries of  more than 40% TBSA, 
and only 21% had burns of  less than 10% TBSA. After 
institution of  garment and fire-extinguisher policies, in the 
1982 Israeli conflict those same categories of  burns repre-
sented 18% and 51%, respectively, of  all burn injuries.

Modern weaponry may have eliminated the differential 
incidence of  burns between armored fighting vehicle per-
sonnel and those in other combat elements. One of  every 
seven casualties had burns in the British and Argentinean 
forces in the 1982 Falkland Islands conflict in which there 
was little if  any involvement of  armored fighting vehi-
cles.24,25 Conversely only 36 (7.8%) burns were sustained in 
the total 458 casualties in the U.S. Forces during Operation 
Desert Shield/Desert Storm in 1990–1991, in which there 
was extensive involvement of  armored fighting vehicles.

In the most recent armed conflicts, Operations Iraqi 
Freedom and Enduring Freedom, the U.S. Army Burn Center 
(U.S. Army Institute of  Surgical Research [ISR]) in San 
Antonio, Texas, provided care for all military patients who 
sustained burns. Trained burn surgeons from the ISR pro-
vided care at the Burn Center in San Antonio; at a general 
hospital in Landstuhl, Germany, while in transit from the 
theater of  operations to the continental United States; as 
well as at the Level III hospital in-theater (Balad, Iraq). 
During this conflict, approximately 900 combat casualties 
were admitted to the burn center, among whom 34 expired 
(3.9%).27 Interestingly another 11 expired within 10 years 
of  injury from either a drug overdose (5), another combat 
injury (3), or a motor vehicle crash (3).28 Therefore about 
10% of  deaths occurred from self-induced overdose, which 
should be investigated further and mitigated. On average, 
definitive care was administered in the United States within 
96 hours of  injury, which was accomplished through active 
use of  the Global Patient Movement Regulating Center and 
the Burn Flight Team. This team consists of  Army person-
nel who work with existing Air Force crews to support and 
rapidly transport severely burned patients from theater. 
In this conflict, more than 250 critically ill patients were 
transported successfully, with only one mortality during the  
flight.29

The U.S. Army Burn Center maintains readiness by 
caring for civilians in south Texas, and this activity contin-
ued during the conflict. When examined, these two popula-
tions who were cared for by the same personnel with the 
same equipment showed no differences in outcomes when 
those of  the same ages were compared. Interestingly the 
burn size distributions of  both groups were the same and 
were similar to that reported from the general databases at 
the beginning of  this chapter.30

Burn Etiologies

FIRE/FLAME

Flame is the predominant cause of  burns (43%) in patients 
admitted to burn centers, particularly in the adult age 
group.2 Misuse of  fuels and flammable liquids is a common 
cause of  burns, constituting 66% of  flame injuries.31 The 
predominant affected population is young men, and the 
distribution of  burn sizes is similar to that of  all burns.32 
However mortality rates are higher than in the general 

A recently identified factor in burns in the elderly are
those in relation to dementia. Harvey and others identified
a 1.6 odds ratio of  burns between the aged with and without
dementia. In addition, the burns were more likely to be
larger, were more likely associated with ignition of  clothing
or scalds, and hospital length of  stay was twice as long.17

DISABLED

The disabled are a group of  patients considered to be burn-
prone and are often injured in the home in incidents associ-
ated with scalds. From a report in 1993, the effects of
disability and preexisting disease in those patients are
evident in the duration of  hospital stay (27.6 days on
average) and the death rate (22.2%) associated with the
modest average extent of  burn (10% TBSA).18 Another
report on burns in generally elderly patients with dementia
(who were also disabled) emphasized prevention measures
to reduce the incidence of  burns when such patients are
performing the activities of  daily living.19

MILITARY PERSONNEL

In wartime, military personnel are at high risk for burns
both related to combat and nonintentional causes. The inci-
dence of  burns is associated with the types of  weapons
employed and combat units engaged and has ranged from
2.3% to as high as 85% in a number of  conflicts over the
past 8 decades. The detonation of  a nuclear weapon at Hiro-
shima in 1945 instantaneously generated an estimated
57,700 burned patients and destroyed many treatment
facilities, which thereby compromised their care.20 In the
Vietnam conflict, as a consequence of  the total air superior-
ity achieved by the U.S. Air Force and the lack of  armored
fighting vehicle activity, those with burns constituted only
4.6% of  all patients admitted to Army medical treatment
facilities from 1963 to 1975.21 Approximately 60% of  the
13,047 burned patients were nonbattle injuries. Further-
more in the Panama police action in late 1989, the low
incidence of  burns (only 6 or 2.3% of  the total 259 casual-
ties had burns) has been attributed to the fact that the
action involved only infantry and airborne forces using
small-arms weaponry.

Burns during conflicts have not always been this low, as
exemplified by the Israeli conflicts of  1973 and 1982, and
the British Army of  the Rhine experience in World War II.
Both of  these conflicts were dense, with personnel in
armored fighting vehicles who had a relatively high inci-
dence of  burns.22,23 Burns have also been common injuries
in war at sea, such as in the Falkland Islands campaign of
1982: 34% of  all casualties from the British Navy ships
were burns.24,25 The increased incidence of  burns, 10.5%
and 8.6% in the Israeli conflicts of  1973 and 1982, respec-
tively, as compared to the 4.6% incidence in the 1967 Israeli
conflict, was considered to reflect what has been termed
“battlefield saturation” with tanks and antitank weap-
onry.22,26 Decreasing incidence of  burns in armored vehicle
combat has been attributed to enforced use of  flame-
retardant garments and the effectiveness of  an automatic
fire extinguishing system within tanks.26 Those factors have
also been credited with reducing the extent of  the burns
that did occur. For example, in the 1973 Israeli conflict 29%
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particularly in children younger than 5 years of  age and in 
the elderly.

CONTACT

Contact burns are the third most encountered cause of  
injury and are most common in children and young adults. 
For children, the incidence is higher due to lack of  safety 
awareness and grasping hot objects. Another cause recently 
identified was contact burns due to glass-fronted fire-
places.44 In this study, 402 children were identified with this 
injury in the United States in a 5-year period. This rate was 
20 times higher than that estimated by the U.S. Consumer 
Product Safety Commission.

For younger adults, motorcycle exhaust pipes are another 
common cause of  injury related to the use of  vehicles. In 
Greece, the incidence of  burns from motorcycle exhaust 
pipes has been reported to be 17/100,000 person-years, or 
208/100,000 motorcycle-years. The highest occurrence 
was in children. In adults, the incidence is 60% higher in 
women than in men. As anticipated, the most frequent 
location of  the burns was on the right leg below the knee, 
where contact with the exhaust pipe occurs. The authors 
concluded that a significant reduction of  incidence could be 
achieved by wearing long pants and by the use of  an exter-
nal exhaust pipe shield.45

WORK-RELATED BURNS

Work-related burns account for 20–25% of  all serious 
burns and also account for about 2% of  all workplace 
injuries.46 Interestingly, in a recent study from Michigan, 
accommodation and food services as well as the health-
care and social assistance industries accounted for more 
than 50% of  the injuries.47 Restaurant-related burns, par-
ticularly those due to deep fryers, represent a major and 
preventable source of  occupational burn morbidity and, 
in restaurants, account for 12% of  work-related injuries.6 
Other significant causes of  work-related injuries are associ-
ated with electrical injuries, chemical injuries, and contact 
burns. Also as anticipated, the risk of  burns due to hot 
tar is greatest for roofers and paving workers. Of  all inci-
dents involving roofers and sheet metal workers, 16% are 
burns caused by hot bitumen, and 17% of  those injuries are 
of  sufficient severity to prevent work for a variable period  
of  time.

CHEMICAL BURNS

Chemicals are a well-known cause of  burns, and these 
burns are generally caused by either acidic or alkali chemi-
cals, although chemical burns can also occur with organic 
solvents. In a recent review of  the literature for chemical 
burns, the reported percentage of  burns related to chemical 
agents is between 2% and 10% of  injuries. Most of  those 
affected are men who were injured either in the workplace 
or domestic setting. Acids caused about 25% of  the inju-
ries and bases 55%.48 The limited extent of  burns reported 
from chemicals may be affected by many being treated as 
outpatients.

The greatest risk of  injury due to strong acids occurs in 
patients who are involved in plating processes and fertilizer 

burn population (50% increase), and length of  hospital stay 
is up to twice as long as for other causes of  burns. This 
might be related to a higher incidence of  full-thickness 
burns due to the higher temperatures associated with gaso-
line, which results in more excision and grafting proce-
dures, ICU care, and the like.33 Because of  these findings, 
the use of  gasoline for purposes other than as a motor fuel, 
and any indoor use of  a volatile petroleum product, should 
be discouraged as part of  any prevention program.

Another commonly encountered cause of  flame burns is 
that associated with automobile crashes. A comprehensive 
study done in Germany demonstrated that about 1% of  car 
crashes had associated burns; these injuries were more 
common in frontal and high-energy collisions.34 In a review 
of  178 patients who had been burned in an automobile 
crash, it was noted that slightly more than one-third had 
other injuries, most commonly involving the musculoskel-
etal system, and that approximately 1 in 6 had inhalation 
injury (1 in 3 of  those who died).35 A review of  patients 
admitted to a referral burn center revealed that burns sus-
tained while operating a vehicle involved an average of  
more than 30% TBSA and were associated with mechanical 
injuries (predominantly fractures) much more frequently 
than those burns incurred in the course of  vehicle mainte-
nance activities, which involved an average of  less than 
30% TBSA.36

Automotive-related flame burns can also be caused by 
fires and explosions resulting from “carburetor-priming” 
with liquid gasoline, although this is much less common 
now that almost all automobile engines are equipped with 
fuel injectors. The burns sustained in boating accidents are 
also most often flash burns due to an explosion of  gasoline 
or butane and typically affect the face and hands.37

The ignition of  clothing is the second leading cause of  
burn admissions for most ages. The fatality rate of  patients 
with burns due to the ignition of  clothing is second only to 
that of  patients with burns incurred in house fires.9 More 
than three-quarters of  deaths due to the ignition of  cloth-
ing occur in patients older than 64.6 Clothing ignition 
deaths, which were a frequent cause of  death in young girls, 
have decreased as clothing styles have changed and are 
now rare among children, with little overall gender differ-
ence at the present time.

SCALD

Burns due to hot liquids cause approximately 33% of  all 
burns in any age group, but this incidence in much higher 
in children, particularly those under 4 years of  age, at 
up to 60% of  admissions.38–40 These injuries are gener-
ally partial-thickness; however full-thickness injury can 
occur. In particular, full-thickness burns have a much 
higher incidence with hot oil burns. Young children are 
most commonly injured by pulling a container of  hot 
liquid onto themselves,40 while older children and adults 
are most commonly injured by improper handling of  hot oil  
appliances.41–43

Burns from scalds and contacts with hot materials cause
approximately 100 deaths per year.6 The case fatality rate
of  scald injury is low (presumably due to the usually modest
extent and limited depth of  the burn), but scalds are major
causes of  morbidity and associated healthcare costs,
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down to less than 30 deaths per year in the United States. 
Most lightning strikes (70%) occur between clouds; however 
approximately 30% hit the ground or other site. In the 
United States, these are most common in Florida and the 
Southeast coast and occur most often in the warmer 
months. Only about 3–5% of  injuries result from a direct 
lightning strike; instead most of  the energy is mediated by 
other objects, such as the ground or a tree.58 Most injuries 
in survivors are superficial, and deep injuries are rare.

Lightning injuries and deaths occur most often in indi-
viduals who work outside or participate in outdoor recre-
ational activities. Thus men are five times more likely to be 
struck by lightning than are women.59 In some older studies, 
the annual death rate from lightning was greatest among 
those aged 15–19 years (6 deaths per 10 million popula-
tion; crude rate: 3 per 10 million) and is seven times greater 
in men than in women. Approximately 30% of  those struck 
by lightning die, with the greatest risk of  death being in 
those patients with cranial or leg burns. Fifty-two percent 
of  patients who died from lightning injury were engaged in 
outdoor recreational activity, such as playing golf  or fishing, 
and 25% were engaged in work activities when struck.60

FIREWORKS

Fireworks are another seasonal cause of  burns. Approxi-
mately 8% of  patients with fireworks injuries undergo hos-
pitalization for care, and approximately 60% of  those 
injuries are for burns of  specific areas, mostly those of  the 
hands, head, and eyes.61 Other data estimate that 1.86–5.82 
fireworks-related burns per 100,000 persons occurred in 
the United States during the Fourth of  July holiday.62 Spar-
klers, firecrackers, and bottle rockets caused the greatest 
number of  burns.63 Of  note, the incidence of  injuries has 
decreased by 30% over the past 25 years. Boys, especially 
those aged 10–14, are at the highest risk for fireworks-
related injuries. Children aged 4 and under are at highest 
risk for sparkler-related injuries.9 Proposed prevention mea-
sures include reducing the explosive units per package, 
package warnings, and limiting the sale of  the devices to 
children.64

INTENTIONAL BURNS

Burns can be intentional, either self-inflicted or done pur-
posefully by another. It is estimated that 4% of  burns (pub-
lished range 0.37–10%) are self-inflicted. The region of  the 
world has great import in determining the rates of  inten-
tional burns, with a particularly high rate in young women 
in India and middle-aged men in Europe. The average burn 
size in intentional burns is larger than other causes, at 
approximately 20% TBSA. The reasons for intentional 
burns, specifically assaults, are reported to be due to conflict 
between persons including spouses, elderly abuse, and eco-
nomic transactions. For self-inflicted injuries, these are 
related to domestic discord, difficulty between family 
members, and social distress from unemployment. Mortal-
ity rates worldwide for intentional burns are reported at 
65%.65 Rates for Europe and the United States are also 
higher, with a twofold increase in the risk of  mortality com-
pared to nonintentional injuries.66 Data from the NBR in 
2007 indicated that 3% of  admitted burns were intentional, 

manufacture, whereas the greatest risk from alkalis is asso-
ciated with soap manufacturing and in the home with the
use of  oven cleaners. The greatest risk of  organic solvent
injuries is associated with the manufacture of  dyes, fertil-
izers, plastics, and explosives, and that for hydrofluoric acid
injury is associated with etching processes, petroleum refin-
ing, and air conditioner cleaning. Anhydrous ammonia
injury is most common in agricultural workers and cement
injury (an alkali injury with associated thermal injury) is
most common in construction workers.

ELECTRICAL CURRENT INJURY

Electrical current is another cause of  injury seen in burn
centers. Approximately one-third of  electrical current inju-
ries occur in the home, with another one-quarter occurring
on farms or industrial sites and the rest occurring in the
occupational setting.6 A once common cause of  electrical
injury by household current occurred in children who
inserted uninsulated objects into electrical receptacles or bit
or sucked on electrical cords in sockets, resulting in oral
commissure burns;49 this has significantly diminished with
the universal adoption of  alternating electrical current for
household use. Low-voltage direct current injury can be
caused by contact with automobile battery terminals or by
defective or inappropriately used medical equipment such
as electrical surgical or external pacing devices,50 or defi-
brillators.51 Although such injuries may involve the full
thickness of  the skin, they are characteristically of  limited
extent.

Employees of  utility companies, electricians, construc-
tion workers (particularly those working with cranes), farm
workers moving irrigation pipes, oil field workers, truck
drivers, and individuals installing antennae are at greatest
risk of  work-related high-voltage electric injury.52 The
greatest incidence of  electrical current injury occurs during
the summer as a reflection of  farm irrigation activity, con-
struction work, and work on outdoor electrical systems and
equipment.53

During the period 1994 to 2008, 26 patients with high-
voltage injury and 30 with low-voltage injury were treated
at a regional burn center. Mortality was only 3.6%, which
is likely biased in that those who died at the scene of  injury
were not included.54 In another study, about one-half  of
patients with high-voltage injury underwent fasciotomy,
and, even so, amputation was necessary in almost all of
these. Of  note, about 15% developed some long-term neu-
rologic deficit, and 3% developed cataracts.55 Another study
reported the outcome of  195 patients with high-voltage
electrical injury treated at a single burn center during a
19-year period. A total of  187 (95.9%) of  the 195 patients
survived and were discharged. Fasciotomy was undertaken
in the first 24 h following injury in 56 patients, and 80
patients underwent an amputation because of  extensive
tissue necrosis. The presence of  hemochromogens in the
urine predicted amputation with an overall accuracy of
73.3%.56

LIGHTNING BURNS

Death due to lightning strikes has now fallen to the third
most common cause of  death during storms57 and is now
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protective services were required in two cases. The authors 
of  that study concluded that abuse was likely to be under-
reported because of  poor understanding of  risk factors and 
a low index of  suspicion on the part of  the entire spectrum 
of  healthcare personnel.

HOSPITAL BURNS

Patients may also sustain burns while in the hospital for 
diagnosis and treatment of  other disease. Approximately 
2% of  surgical anesthesia malpractice claims involve fire 
incidents, and 85% of  these were in head and neck surgery. 
These were most commonly associated with the use of  elec-
trocautery around oxygen sources.75,76 Application of  
excessively hot soaks or towels or inappropriate use of  heat 
lamps or a heating blanket are other causes of  burn injury 
to patients.77 Localized high-energy ultrasound may also 
produce coagulative necrosis, as exemplified by full-
thickness cutaneous injury and localized subcutaneous fat 
necrosis of  the abdominal wall in a patient who had received 
focused-beam high-intensity ultrasound treatment for 
uterine fibroids.78 A common cause of  burn injury, particu-
larly in disoriented hospital or nursing home patients, is the 
ignition of  bed clothes and clothing by a burning cigarette. 
Smoking should be banned in healthcare facilities or at least 
restricted to adequately monitored situations.

Burn Patient Transport 
and Transfer

As noted earlier, distance between viable burn centers and 
variable population density implies that many burned 
patients undergo transfer to burn centers from other loca-
tions. For transfer across short distances and in congested 
urban areas, ground transportation is frequently the most 
expeditious. For longer distances, aeromedical transfer for 
major burns is often indicated when ground transportation 
takes more than 2 hours.79 In the United States, helicopters 
are most frequently employed for distances of  less than 200 
miles. The instance of  vibration, poor lightning, restricted 
space, and high noise make in-flight monitoring and thera-
peutic interventions difficult, a fact that emphasizes the 
importance of  carefully evaluating the patient and modify-
ing treatment prior to the transfer. If  distances of  more than 
200 miles are considered, fixed-wing aircraft are often a 
better option. The patient compartment of  such an aircraft 
should be well lighted, permit movement of  attending per-
sonnel, and have some measure of  temperature control. In 
general, burned patients travel best in the immediate period 
after the burn injury has occurred, as soon as hemody-
namic and pulmonary stability has been attained. This is 
particularly true in those with inhalation injury, whereby 
an increased mortality rate was shown in those taking more 
than 16 hours to arrive at definitive care.80

Physician-to-physician case review to assess the patient’s 
need for and ability to tolerate aeromedical transfer, prompt 
initiation of  the aeromedical transfer mission, examination 
of  the patient in the hospital of  origin by a burn surgeon 
from the receiving hospital and correction of  organ dys-
function prior to undertaking aeromedical transfer, and in-
flight monitoring by burn-experienced personnel ensure 

with about 50% self-inflicted and the other 50% from
assault. Similar to the prior report, burn size was on average
22% TBSA compared to 11% for nonintentional and exhib-
ited a fourfold higher mortality rate.67

In some other studies, interesting findings were noted. In
those with self-inflicted injuries, 43% occurred at home and
another 33% occurred while in a psychiatric institution.
Importantly 73% had a history of  psychiatric disease; these
were predominantly affective disorders or schizophrenia in
the suicide attempts and personality disorders in self-
mutilation. Also, 55% of  suicide attempts had previously
attempted suicide; 66% of  the self-mutilators had made at
least one previous attempt at self-mutilation. The authors
concluded that the very fact of  self-burning warranted psy-
chiatric assessment.68

Assault by burning is most often caused by throwing
liquid chemicals at the face of  the intended victim or by the
ignition of  a flammable liquid with which the victim has
been doused. These types of  injuries are generally rare in
the developed world but are quite common in low- and
middle-income countries.65 In those injuries that do occur
in such places as the United States, most are African-
American women who were unemployed and are associ-
ated with premorbid substance abuse.69 Occasionally
injuries will be induced by spouses characteristically
dousing the face or genitalia.70 In India, a common form of
spouse abuse is burning by intentional ignition of  clothing.
When such burns are fatal, they have been called “dowry
deaths” because they have been used to establish the wid-
ower’s eligibility for a new bride and her dowry.

Child abuse represents a special form of  burns perpe-
trated by parents, siblings, caregivers, or child care person-
nel. Child abuse has been associated with teenage parents,
mental deficits in either the child or the abuser, illegitimacy,
a single-parent household, and low socioeconomic status,
although child abuse can occur in all economic groups.
Abuse is usually inflicted on children younger than 2 years
of  age who, in addition to burns, may exhibit signs of  poor
hygiene, psychological deprivation, and nutritional impair-
ment.71 The most common form of  child abuse involving
burns is caused by hot water in bathing. In a recent report,
it was noted that about 5% of  pediatric burn admissions
were associated with abuse, and most were due to scalds
(90%). Mortality was double that of  patients with nonin-
tentional injuries (5.4% vs. 2.3%).72

A distribution typical of  child abuse immersion scald
burns (i.e., feet, posterior legs, buttocks, and hands) should
heighten the suspicion of  child abuse. The presence of  such
burns mandates a complete evaluation of  the circum-
stances surrounding the injury and the home situation.
The importance of  identifying child abuse in the case of  a
burn injury resides in the fact that if  such abuse goes unde-
tected and the child is returned to the abusive environment,
there is a high risk of  fatality due to repeated abuse.

Elder abuse can also take the form of  severe burn. A
congressional report published in 1991 indicated that 2
million older Americans are abused each year, and some
estimates claim a 4–10% incidence of  neglect or abuse of
the elderly.73 A recent retrospective review of  28 patients 60
years and older admitted to a single burn center during a
calendar year identified self-neglect in seven, neglect by
others in three, and abuse by others in one.74 Adult
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should be prepared for such an event with established plans 
that are reviewed regularly and drilled.

Outcome Analysis in Burns

The importance of  the extent of  injury to burn outcomes 
was recognized by Holmes in 1860, and further evidence 
was produced to relate either measured area or the specific 
parts of  the body to outcomes in the latter 19th and early 
20th centuries.89,90 Formal expression of  burn size as a per-
centage of  total body surface area, however, awaited the 
work of  Berkow in 1924.91 Although not well known, this 
single finding in accurately estimating severity of  injury 
made burns the first form of  trauma in which the injury 
was measured and easily communicated. This measure-
ment, then, was the first “trauma score” and made assess-
ing burn size the basis for the accurate prediction of  
mortality, direct comparison of  populations of  burned 
patients, and the measurement of  the effects of  treatment 
on outcomes.

The earliest comprehensive statistical technique used for 
such assessment was univariate probit analysis.92,93 Before 
the age of  desktop computing, this approach was quite labo-
rious and thus uncommon. An early attempt at multivari-
ate evaluation was made by Schwartz, who used probit 
plane analysis to estimate the relative contributions of  
partial- and full-thickness burns to mortality.94 The advent 
of  computers of  suitable power and the further develop-
ment of  statistical techniques has reduced the difficulty of  
analyzing burn mortality, removed the necessity for arbi-
trary partitioning, and made these techniques much more 
accessible.

One of  the first comprehensive analyses of  this sort was 
done on a population of  8448 patients admitted for burn 
care to the U.S. Army ISR between January 1, 1950, and 
December 31, 1991. To ensure the validity of  such studies, 
an important first step is to achieve uniformity among the 
population to be analyzed. Variables of  interest include time 
from injury, burn size, and age; these patients were encoun-
tered between the day of  injury and day 531 after burn 
(mean 5.86 days, median 1 day), with burns averaging 
31% (range 1–100%, median 26%) TBSA. The ages were 
biphasic, with one peak at 1 year of  age and another at age 
20; the mean age of  the entire population was 26.5 years 
(range 0–97 years, median 23 years). From this group, 
7893 (93.4%) who had flame or scald burns were selected, 
excluding patients with electrical or chemical injuries. 
Some of  these were from the Vietnam conflict and were first 
transferred to Japan and then selectively transferred to the 
Institute; arriving late at the Institute biased this cohort 
toward survival. To account for this, the analysis focused on 
the 4870 with flame or scald burns who reached the Insti-
tute on or before the second day after burn. Burn size in 
these patients averaged 34% TBSA (range 1–100%, median 
29%), and age was again biphasic, with peaks at 1 and 21 
years and a mean of  27.1 years (range 0–93 years, median 
24 years).

Between 1950 and 1965, most of  the admissions were 
young soldiers; mean age approximated 22.5 years and was 
relatively stable. During the succeeding decade, this value 
rose to an irregular plateau centering on 30 years of  age, a 

both continuity and quality of  care during the transport 
procedure. During the first half  of  the Iraq/Afghanistan 
conflicts (2003–2007), the U.S. Army ISR Burn Care Flight 
Teams using such a regimen completed 380 patient trans-
fers from theater to the burn center in San Antonio using 
dedicated burn transport teams including physicians, 
nurses, respiratory therapists, and support personnel. One-
third of  the patients (33.6%) received ventilatory support 
throughout the transport, but no in-flight deaths occurred.81 
This demonstrates that burned patients can be transported 
safely throughout the world if  indicated.

Mass Casualties

Mass casualty incidents may be caused by forces of  nature 
or by accidental or intentional explosions and conflagra-
tions. Interest in man-made mass casualties has been 
heightened by recent terrorist activities and the threat of  
future incidents. The incidence of  severe burns in a mass 
casualty incident varies with the cause of  the incident, 
the magnitude of  the inciting agent, and the site of  occur-
rence (indoors vs. outdoors). The terrorist attacks in which 
airplanes laden with aviation fuel crashed into the Penta-
gon and the World Trade Center on September 11, 2001, 
produced 10 and 39 patients with burns, respectively, for 
treatment at burn centers.82,83 Since then, many events 
have occurred throughout the world, with the most recent 
taking place at a festival in Taiwan in 2015, where 499 
persons were burned who were between the ages of  12 and 
38: 281 sustained burns over 40% TBSA. These patients 
were distributed between many hospitals, and the eventual 
mortality rate was 3%, akin to that normally seen in burn 
centers. The assembled response was massive, including 
thousands of  providers, and was effectively coordinated at 
the federal level.84 Another prominent burn event occurred 
in Bali, in 2002, caused by an explosion and fire that killed 
more than 200 people and generated 60 burn patients 
who, after triage and emergency care, were transported 
by aircraft to Australia and treated at various hospitals.85 
The casualties produced in terrorist attacks often have 
associated blast injury and mechanical trauma in addition  
to burns.

Recent nonterrorist mass casualty incidents have been of
greater magnitude in terms of  numbers of  burn casualties.
In the Station nightclub fire in Warwick, Rhode Island, in
February 2003, 96 people died at the scene and 215 people
were injured. Forty-seven of  the 64 burned patients were
evaluated at one burn center and admitted for definitive
care.86 Additionally an explosion at a pharmaceutical plant
in North Carolina in January 2003 killed 3 and injured
more than 30 to an extent that necessitated admission to a
hospital. Ten of  the injured patients, all with inhalation
injury and 6 with associated mechanical trauma, required
admission to the regional burn center.87

To deal effectively and efficiently with a mass casualty
situation burn treatment facilities must have an operational
and tested mass casualty disaster plan and be prepared to
provide burn care to a highly variable number of  patients
injured in either natural or man-made disasters.88 In reality,
mass casualty events are likely to involve some form of
burns, particularly in those with explosions. All regions
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spanning 1969 to 1974 and decreased steadily after that 
time. Mortality peaked at 46% during those years. The 
two datasets are shown together in Fig. 3.5C and suggest 
a crude index of  the results of  burn care in this popula-
tion. When comparing the polynomial lines derived from 

change reflecting a greater number of  civilian admissions 
and increasing age in the military population.

Fig. 3.5A shows the variation in mean burn size during 
the study interval, and Fig. 3.5B shows the roughly paral-
lel mortality. Mean burn size peaked in the two intervals 
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Fig. 3.5 U.S. Army Institute for Surgical Research Burn Incidence and Outcomes Data (1950–1988). Panel A describes the mean burn size encountered 
among admissions. The figure includes a polynomial trendline. Panel B shows the overall mortality rate and also includes a polynomial trendline. Panel 
C is a combination of these curves over time and shows both trendlines. 



3 • Epidemiological, Demographic and Outcome Characteristics of Burns26

risk occurring over time from 1950 to 2013. In this analy-
sis, only patients admitted to the burn center on the day of  
burn or 1 or 2 days after burn were included. Furthermore 
only patients with fire/flame and scald injuries were 
included; those with electrical, chemical, or other thermal 
processes and exfoliative dermatitides were excluded. 
Patients of  all ages and burn sizes were included. Mortality 
was assessed as death at any time during the index hospi-
talization at the burn center, regardless of  cause.

Data were analyzed using binomial logistic regression 
(backward likelihood-ratio method). In the analysis, age 
was represented as cubic age function, given by the equation

Age Function

AGE AGE AGE= − ∗ + ∗ − ∗( )5 14 100 7 10000 1002 3

This permits use of  a single term that captures the observa-
tion that the relationship between age and outcome is not 
linear but rather “bathtub-shaped,” with a nadir at about 
20 years and a leveling off  in advanced age.95 Year of  admis-
sion was entered into the analysis as a categorical variable, 
permitting calculation of  odds ratios for mortality for each 
individual year from 1950–2013.

A total of  9755 patients met study inclusion criteria and 
were analyzed. The mortality rate was 18.1%. The mean 
age was 31.6 years (standard deviation [SD] 19.8 years). 
Mean total burn size was 24.4% (SD 23.5%). Odds ratios 
of  mortality as a function of  year of  admission are shown 
in Fig. 3.6. The graph is remarkable for two peaks in mor-
tality risk, marked “A” and “B.” Peak A, in the late 1950s 
and early 1960s, represents increased mortality associated 
with invasive Gram-negative burn wound infections. This 
peak was followed by a striking decrease in mortality risk 
in 1964 with the introduction of  topical mafenide acetate 
cream for antimicrobial chemoprophylaxis. Peak B, in 
1969–72, reflects the emergence of  other virulent Gram-
negative organisms less sensitive to mafenide acetate (e.g., 
Klebsiella spp.). With the introduction of  silver sulfadiazine 
cream, first as a single agent and then as an alternating 

the data, it appears that a separation favoring improved 
survival occurred in about 1970. This was about the 
time of  the development of  effective topical antimicrobial 
chemotherapy.

Raw percent mortality, even in conjunction with burn 
size, is never an adequate index of  the effectiveness of  treat-
ment since the frequency of  death after burn injury is also 
determined by prior patient condition, age, inhalation 
injury, and the occurrence of  pneumonia and burn wound 
sepsis. Each of  these elements, except for prior condition, 
can be addressed in analysis, but only burn size, age, and 
the presence or absence of  inhalation injury are known at 
the time of  admission. Furthermore the definition of  signifi-
cant comorbidities and development of  complications are 
constantly being revised, making addition of  these to pre-
diction formulas difficult, and this must be kept in mind by 
the reader.

For a uniform population of  specific age, a plot of  the 
relationship between burn size and percent mortality is 
S-shaped, or sigmoid: small burns produce relatively few
deaths, but, generally, as burn size increases mortality rises 
steeply and then plateaus as it approaches its maximum of  
100%. Of  note, in our recent analysis presented early in the 
chapter (Fig. 3.4), this appears to be more linear as burn 
size increases when age is not considered. When age is 
added, children and young adults will fit this more accu-
rately, and older adults will have a more first-order distribu-
tion. When these are added, the curve flattens, yielding that 
is seen in Fig. 3.5. Although this experience conforms with 
that of  most burn centers in the United States, it should be 
noted that there are still many areas of  the world where the 
survival of  patients with burns of  more than 40% TBSA is 
rare.

The U.S. Army Burn Center (at the U.S. Army ISR, Fort 
Sam Houston, Texas) is the second oldest continuously 
operating burn center in the United States. Thus data from 
this burn center provide an invaluable opportunity to 
understand long-term changes in patient care and their 
effects on outcome. To further address the changes previ-
ously found up to 1991, we analyzed changes in mortality 
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probably occur as inhalation injury and pneumonia come 
under better control and new wound coverage techniques 
are developed, but such improvement will be harder won 
and smaller in magnitude. Preservation of  function, recon-
struction, and rehabilitation, areas which have received less 
attention in the past, appear the more likely primary targets 
of  future burn research and may be expected to materially 
enhance the quality of  life for burn survivors.

Complete references available online at 
www.expertconsult.inkling.com

agent along with mafenide acetate, a subsequent decline 
in mortality risk occurred. Further decreases in mortality 
risk were observed with the introduction and then essen-
tially standardized use of  burn wound excision in the late 
1970s, enhanced infection control in the early 1980s, 
and improvements in mechanical ventilation in the early 
1990s. The reduction in mortality risk has been maintained 
over the past two decades.

Conclusion

Much has been accomplished in acute burn care during the 
past half  century, and further improvement in outcome will 
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and should be applied to burn prevention because they 
highlight that society is capable of  reducing injury and can 
do so at more than one stage of  an injury event.

Public health is the effort organized by society to protect, 
promote, and restore the people’s health. The public health 
model of  injury prevention and control is divided into:

■ surveillance,
■ interdisciplinary education and prevention programs,
■ environmental modifications,
■ regulatory action, and
■ support of  clinical interventions.2

Prevention strategies are commonly described as either 
passive or active. Passive or environmental intervention is 
a strategy that provides protection against injury and 
requires little to no cooperation or action from the individ-
ual at risk.2 Examples of  passive burn prevention strategies 
include building codes requiring smoke alarms, sprinkler 
installation, and factory-adjusted water heater tempera-
ture. Active prevention measures are voluntary, and they 
emphasize education to encourage people to modify unsafe 
behavior. Examples are home fire drill plans and wearing 
goggles and gloves when handling toxic chemicals. Passive 
prevention is more effective because active prevention can 
be a very difficult strategy to maintain, especially over a 
long period of  time5 (Fig. 4.1).

Identified prevention strategies can also be classified as 
primary, secondary, and tertiary, and these are similar to 
the Haddon Matrix phases of  injury. Primary prevention is 
preventing the event from ever occurring. Secondary pre-
vention includes reducing the severity of  injury via acute 
care of  the injury. Tertiary prevention concentrates on pre-
venting or reducing disability.6

Burn Intervention Strategy

Prevention science has turned attention away from indi-
vidual blame and the attitude that injuries are random 
“accidents” and toward the view that sociopolitical involve-
ment is necessary.7 All burn injuries should be viewed as 
preventable. Prevention programs should target high-risk 
groups and also be implemented with patience, persistence, 
and precision.5 The current approaches to burn prevention 
will be discussed in the framework of  the five E’s of  Injury 
Prevention: Epidemiology, Engineering, Enforcement, Edu-
cation, and Evaluation (Fig. 4.2).8

■ Epidemiology: identify the demographics and situa-
tions involved with burn injuries.

■ Engineering: focuses on modification of  the phys-
ical environment. Examples include fire-resistant 

Introduction

Prevention is the cure for the epidemic disease of  injury.1

Burns are one of  the most devastating of  all injuries and a
major global public health issue. Treatment of  burn injuries
has historically received more focus than burn prevention,
but this perspective is starting to shift. Burn centers and
other partners in burn prevention efforts face a number of
challenges including scarce resources, legislative delays,
and the need to develop high-quality research methodology
to further define the ideal ways to educate and promote
safety. Despite these challenges, the potential impact of
burn injury prevention efforts is now being recognized and
examined on a larger scale.

Injury Prevention Models

The science of  injury prevention emerged in the middle of
the 20th century. Injuries became recognized as avoidable
events resulting from a combination of  adverse environ-
mental conditions, equipment, behavior, and personal risk
factors, rather than unpredictable accidents.2 William
Haddon developed a system, known as the Haddon Matrix,
to apply the principles of  public health to the problem of
road traffic safety.3 Since its introduction, it has been used
as a means of  developing ideas to prevent injury of  all types.
The matrix enables analysis of  the contributing factors of
the injury in relationship to the phases of  the injury event.
The contributing factors studied are:

a. The host or injured person,
b. The agent or vehicle,
c. The physical environment,
d. The social environment.

The identified phases of  an injury event are:

a. Pre-event: preventing the causative agent from reach-
ing the susceptible host.

b. Event: includes transfer of  the energy to the victim.
Prevention efforts in this phase operate to reduce or
completely prevent the injury.

c. Post-event: determines the outcome once the injury
has occurred. This includes anything that limits
ongoing damage or repairs the damage. This phase
determines the ultimate outcome.4

The resulting matrix provides a tool to identify strategies
and priorities for injury prevention, areas of  needed
research, and how to best allocate resources (Table 4.1).
Haddon further described 10 general strategies for injury
prevention and control (Box 4.1). Both of  these models can
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Epidemiology

Prevention program planning begins with an assessment 
identifying the scope of  the problem, the mechanisms of  
injury, and the populations at risk. With this information 
strategic designing and implementation can be directed at 
reducing the risk of  injury or death. Epidemiologic data 
specific to burn injuries are accessible through multiple 
sources including the National Burn Repository, state and 
local health departments, and reports from the National 
Fire Protection Association (NFPA).9

OVERVIEW OF BURN INJURIES IN THE 
UNITED STATES

In the United States in 2014, the leading causes of  injury 
deaths, in order of  magnitude, were motor vehicle colli-
sions, falls, drowning, and fire/burns.10 This same year, fire 
departments responded to an estimated 1,298,000 fires, 
which is an increase of  4.7% from the previous year.11 The 
American Burn Association estimates that, in 2016, there 
were 486,000 burn injuries that received medical treat-
ment and 3275 fatalities due to fire or smoke inhalation. 
This represents a death due to fire every 2 hours and 41 
minutes.12 Approximately 40,000 people were hospitalized 
because of  a burn injury. More than 60% of  the acute hos-
pitalizations for burn injury were admitted to the 128 burn 
centers in the United States. These centers average more 
than 200 admissions annually, while the other 4500 U.S. 
acute care hospitals average less than three burn admis-
sions per year. In addition to the human cost, fires in 2014 
in the United States resulted in $11.6 billion in property 
loss.11

upholstery and bedding, child-resistant multipurpose 
lighters, and insulated electric wire.

■ Enforcement: influences behavior with laws, building
codes, and regulations. Examples include requiring fire 
escapes and sprinklers/smoke alarms in motels, hotels, 
and homes.

■ Education: influences behavior through knowledge
and reasoning. Examples include fire safety education 
programs, public television programs.

■ Evaluation: assessment of  the impact of  a prevention
strategy and areas of  success or reasons for failure.

From Haddon W. Advances in the epidemiology of injuries as a basis for 
public policy. Public Health Rep. 1980;95:411–421.

Box 4.1 General Strategies for Burn Control

Prevent creation of the hazard (stop producing firecrackers)
Reduce amount of hazard (reduce chemical concentration in 

commercial products)
Prevent release of the hazard (child-resistant butane lighters)
Modify rate or spatial distribution of the hazard (vapor-igni-

tion-resistant water heaters)
Separate release of the hazard in time or space (small spouts 

for hot water faucet)
Place barrier between the hazard and the host (install fence 

around electrical transformers, fire screen)
Modify nature of the hazard (use low conductors of heat)
Increase resistance of host to hazard (treat seizure disorder)
Begin to counter damage already done by hazard (first aid, 

rapid transport, and resuscitation)
Stabilization, repair/rehabilitation of host (provide acute care; 

burn center and rehabilitation)

STRATEGIES TO REDUCE
HARM FROM INJURIES

PARAMETERS OF
INJURY OCCURRENCE

Education

Product design/
environmental change

Legislation and regulation

Pressure groups
Lobbying

ACTIVE

PASSIVE

Agent

Host

Environment

Fig. 4.1 Strategies to reduce harm from injury. (From Atiyeh BS, Costa-
gliola M, Hayek SN. Burn prevention mechanisms and outcomes: pitfalls, 
failures and successes. Burns 2009;35(2):181-193.)

Epidemiology

Engineering

Enforcement

Education

Evaluation

Prevention
Strategies

Fig. 4.2 The five ‘E’s of injury prevention. (From Judkins DG. Fifteen tips 
for success in injury prevention. J Trauma Nurs. 2009;16(4):184–193.)

Table 4.1 The Haddon Matrix for Burn Control

Agent or Vector Host Environment Physical Social

Pre-event Fire-safe cigarette Control seizure Nonslip tub surface Legislation—factory preset water heater thermostats

Event Sprinklers, smoke detectors Flame-retardant cloths Fire escapes Fire drill education

Post-event Water First aid antibiotics EMS Emergency and rehabilitation services

Matrix adapted from Haddon W. Advances in the epidemiology of injuries as a basis for public policy. Public Health Rep. 1980;95:411–421.
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help. From 2007 to 2011, adults older than 65 were more 
than 2.4 times as likely as the general population to die 
in fires. For adults over 85, this increased to 3.6 times as 
likely.13 A review from a U.S. burn center between 1990 
and 1994 found that the most common cause of  death 
for elderly women with burns was from cooking-relating 
injuries resulting in ignition of  clothing.28

The risk of  home fire death or injury in the United States 
also varies by race and socioeconomic status. African 
Americans were approximately twice as likely to be killed or 
injured in home fires as the overall population. The home 
fire death rate for African-American children under 15 
years was four times higher than the rate for white children 
of  the same age. This disturbing pattern also holds true for 
older African Americans over the age of  65 who had a 
home fire death rate three times as high as their white 
counterparts.13

Differences in fire incidence can also be seen regionally 
in the United States. The Northeast and the Midwest had 
the highest fire incident rate per thousand people at 4.6 and 
4.4, respectively. The Midwest had the highest civilian death 
rate per million population at 12.5. Smaller communities 
have more fire incidents and deaths per capital, perhaps due 
to more limited access to fire departments and burn care 
centers. Communities of  fewer than 2500 people had a fire 
rate of  10.3 events per thousand population and 19.8 
deaths per million population, while communities with 
10,000 or more had a rate of  about 3 events per thousand 
population and about 8 deaths per million population.11

Continued epidemiological assessment of  burn injuries at 
the national level is critical for purposes such as planning 
federal legislation efforts, providing statistics for public 
awareness campaigns, and helping learners understand the 
scope of  the problem when providing burn prevention edu-
cation. Knowledge of  the state of  burn injuries nationwide 
also provides a baseline for epidemiologic assessment at the 
local level. Burn centers and other safety advocates passion-
ate about burn prevention often start local programs with 
limited time, staff, and funds. To maximize resources, careful 
planning begins with first identifying a burn injury, popula-
tion, and mechanism of  injury to be the focus of  the local 
prevention strategy. Local epidemiologic data can be 
obtained through a burn center’s registry program. Some 
local statistics may also be obtained through the state or 
city fire marshal’s office.

Computerized mapping systems, or geographic informa-
tion systems (GIS), have emerged over the past two decades 
as a potentially powerful epidemiological assessment tool 
for injury prevention. Using GIS, data can be geocoded by 
location and analyzed for spatial relationships between 
factors such as socioeconomic status, race, and injury 
rates.29 In 2003, Williams et al. identified zip codes in St. 
Louis that had the highest frequencies of  pediatric burn 
injuries and then used GIS to pinpoint specific block areas 
that were at the highest risk.30 More recently, researchers 
from the University of  Louisville School of  Nursing and the 
Department of  Geography and Geosciences partnered up to 
create a fire risk model using GIS. Primary maps of  data for 
seven identified risk factors were combined using an over-
laying technique to create a summation map (Fig. 4.3). A 
fire incidence map was also created (Fig. 4.4). Analysis 
showed a strong positive correlation between the high-risk 

COMMON MECHANISMS OF INJURY

The most common mechanisms of  burns leading to admis-
sion to a burn center in 2015 were fire/flame (43%), scald
(34%), contact (9%), electrical (4%), and chemical (3%).
The most common places of  these injuries were in the home
(73%), at work (8%), on the street/highway (5%), and in
recreational areas (5%).12 The most common fire incident
that firefighters were called for was outside fires, followed by
structure fires and vehicle fires.12

House fires are by far the leading cause of  fire deaths. In
2014, residential fires represented 83% of  fatalities. The
leading cause of  home fires from 2007 to 2011 was cooking
equipment, whereas the largest share of  home fire deaths
was caused by smoking materials.13 Heating equipment
was the second leading cause of  home fires, deaths, and
injuries. Sixty-four percent of  the people killed and 51% of
people injured in home fires were somehow involved in the
ignition, such as leaving cooking unattended or a space
heater or candle close to something flammable. About one-
third (36%) of  home fire deaths occurred while the victim
was trying to escape and another third (34%) while the
victim was sleeping. Only 3% of  fire fatalities occurred while
the person was engaged in fire control, but 35% of  nonfatal
injuries were sustained trying to control the fire. Smoke
inhalation causes a larger share of  deaths and injuries than
do burns. From 2007 to 2011, 48% of  fire deaths were due
to smoke inhalation alone, 24% were due to both burns and
smoke inhalation, and 28% were due to burns alone.13

HIGH-RISK POPULATIONS

Identifying susceptible population groups and significant
risk factors is crucial in planning prevention strategies.14

Studies conducted in both industrialized and developing
nations have found similar risk factors including the
extremes of  age, low income, lack of  education, unemploy-
ment, large families, single parents, illiteracy, low maternal
education, substandard living conditions, not owning a
home, not having a telephone, and overcrowding.15–17 Pre-
vention should aim at modifying these risk factors and tar-
geting these vulnerable populations.5,15,16,18,19

In regards to age as a risk factor, infants and toddlers
under the age of  4 years suffer a disproportionally higher
number of  burns.18,20–22 The 2015 National Burn Reposi-
tory Annual Report reveals that the most frequent cause of
burn injuries in children under 5 is scalding.23 In the United
States, fires and burns were the third leading cause of  unin-
tentional injury death in 2006 for kids 1–9 years of  age.6

The incidence of  burns decreases at the age of  4 years and
starts to increase again after the age of  15, a phenomenon
thought to be due to more exposure to hazards, risk-taking
and experimentation, and initiation of  employment during
adolescence.24 Children are also at risk for intentional burn
injuries, which account for an estimated 10% of  all abuse
cases.25 These victims are typically less than 2 years of  age,
and the most frequent mechanism of  nonaccidental burn
is a scald from immersion into hot water.

People over the age of  60 also represent a disproportion-
ally higher percentage of  hospitalizations due to burns.26,27

This is attributed to slowed behavioral responses, mental
and physical disabilities, isolation, and difficulty in accessing
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limited resources with the potential to have the greatest 
impact.29

Engineering and Enforcement

In several areas of  burn prevention efforts, the manipu-
lation of  products or the physical environment (engineer-
ing) is closely linked with legislative efforts (enforcement). 
Engineering and enforcement strategies often require 
more resources and government involvement, but they are 
thought to be more effective than passive effort.5 Smoke 
alarms, fire sprinklers, fabric flammability standards, fire-
safe cigarettes, and water temperature controls are historical 
examples that may provide insight as the burn community 
examines where to focus resources in the future.

SMOKE ALARMS

Smoke alarms act as an early warning of  fire, alerting resi-
dents of  the need to exit a house or building. Fatalities from 
house fires decreased by almost half  after the rise in popu-
larity of  smoke detectors in the 1980s and 1990s. This 
decline in home fire deaths is largely attributed to the wide-
spread adoption of  smoke alarms, although other notable 
changes during this time period included child-resistant 
lighters and flame-resistant upholsteries.32 It has been 
reported that 96% to 97% of  households now have at least 
one smoke alarm installed, leaving an estimated 5 million 
homes still unprotected. Households with no smoke alarms 
are twice as likely to experience a home fire fatality than are 
those with a working smoke alarm.33 Most states have laws 
requiring smoke alarm installation for specific conditions 
such as new buildings, tenant buildings, and multiple 
family dwellings.32 Some community-based efforts at pro-
viding and installing smoke alarms have been successful  
in reducing the risk of  fire-related deaths and injury. 

areas on both the risk factor and fire incidence maps and 
identified census tracts that were potentially at the highest 
risk of  experiencing fires (Fig. 4.5).31 Prevention strategies 
can then be designed to target etiologies and population 
characteristics or behaviors that are specific to those areas. 
The use of  GIS is an exciting example of  how thoughtful 
epidemiological assessment could lead to the focused use of  

Low Risk
Medium Risk
High Risk
Severe Risk

Fig. 4.3 The summed risk scores were separated into risk categories 
ranging from low to severe risk. The map shows each census tract’s risk 
category based on a color gradient, where darker shading represents 
higher risk. (From Lehna C, Speller A, Hanchette C, Fahey E, Coty M-B. 
Development of a fire risk model to identify areas of increased potential 
for fire occurrences. J Burn Care Res. 2016;37(1):12–19.)

0.00-30.14
30.15-43.78
43.79-70.12
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Fire Incidence Rate

Fig. 4.4 The fire incidence rate for each census tract is shown with 
darker shading representing higher fire incidence rates. (From Lehna C, 
Speller A, Hanchette C, Fahey E, Coty M-B. Development of a fire risk model 
to identify areas of increased potential for fire occurrences. J Burn Care Res. 
2016;37(1):12–19.)

Cluster of High Rates

Fig. 4.5 Clusters of significantly high fire incidence rates are shown in 
shading. (From Lehna C, Speller A, Hanchette C, Fahey E, Coty M-B. Devel-
opment of a fire risk model to identify areas of increased potential for fire 
occurrences. J Burn Care Res. 2016;37(1):12–19.)
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been little evolution of  these standards over the years. 
Between 1997 and 2006, there were still an average of  
4300 burn injuries annually related to the ignition of  cloth-
ing, and almost all of  the garments involved were within 
the minimum clothing flammability standards. Despite the 
expansion of  the initial legislation beyond clothing to other 
textiles (e.g., carpets, mattresses, upholstered furniture, 
tents, curtains, sleeping bags), it is estimated that 50% of  
fire deaths in the United States involved the ignition of  
materials included in the Flammable Fabrics Act.40 The only 
notable evolution of  these early efforts has occurred with 
children’s sleepwear. In the 1970s, regulations were intro-
duced that required children’s clothing from size 0 to 14 be 
able to self-extinguish. The introduction of  flame-resistant 
sleepwear demonstrated a significant decrease in the inci-
dence of  burn injuries and deaths related to children’s 
pajamas in the 1970s and 1980s. It is believed that parents 
began to substitute other clothing as sleepwear due to 
limited flame-resistant pajama choices and also a desire for 
nontreated cotton fabrics. In 1996, restrictions were relaxed 
to allow exemptions for sleepwear for children 9 months 
and under and also for any tight-fitting sleepwear of  any 
size. It is thought that tight-fitting clothing decreases the 
risk of  the garment coming into contact with an ignition 
source and may also slow the burn of  the material due to 
less oxygen between the clothing and the skin.39 There have 
been no other major legislative or industry-driven efforts to 
improve the safety of  fabrics offered to consumers, place 
additional warning labels, or educate the public regarding 
the flammability of  fabrics. This is concerning because the 
number of  clothing-related injuries and deaths has 
remained steady for decades. With 74% of  burn injuries 
from clothing ignition related to daywear garments, and 
75% of  deaths in those 65 years and older, there is clear 
potential for growth in the area of  both passive and active 
prevention strategies in this area.40 Public understanding 
of  the risks of  flammable clothing and knowledge of  current 
regulations is thought to be low.41

FIRE-SAFE CIGARETTES

Home fires originating from smoking materials comprise 
only 5% of  all fires reported annually in the United States 
but are the leading cause of  fire fatalities in the home.42,43 
An estimated two-thirds of  deaths related to smoking 
involved the ignition of  furniture upholstery or mattresses 
and bedding.43 The idea of  “fire-safe” or reduced ignition 
propensity (RIP) cigarettes was first proposed in the 1920s 
as a way to reduce the number of  forest fires and was later 
recognized as a potential way to reduce the number of  burn 
injuries and deaths related to smoking materials.44 Design 
factors such as the circumference of  the cigarette, type of  
paper used, and presence of  a filter or accelerant can all 
influence the rate of  burn. Assisted by legislative efforts 
addressing production and testing in the 1980s and 1990s, 
it was shown that slow-burning or self-extinguishing ciga-
rettes could be produced without a large economic impact 
on manufacturers or a change in taste for consumers.44 
After years of  failed bills attempting to require tobacco com-
panies to produce safer cigarettes and a decade of  stalled 
efforts to standardize testing for RIP cigarettes, legislation 
finally began to gain traction in 2003. By 2011, all 50 

Operation Installation (OI), a Dallas-based community
smoke alarm program, is an excellent example of  how a
partnership between community organizations can reduce
risk of  harm and death from fires. The program was
designed, implemented, and evaluated through a collabora-
tion of  the Injury Prevention Center of  Greater Dallas, the
Dallas Fire Rescue Department, and the Dallas chapter of
the American Red Cross. From 2001 to 2011, OI installed
lithium-powered smoke alarms in 8134 homes located in
high-risk areas. The incidence of  house fire-related deaths
and injuries in the program houses was then compared to
the 24,346 nonprogram houses in the same census tracts,
with an average of  5.2 years of  follow-up. The adjusted
analysis revealed that the incidence of  house fire-related
deaths and injuries in the OI houses was 68% lower.34 This
risk of  fire-related injury or death in the OI houses was
shown to begin increasing again at around 5 years after
installation.34 Ten years after installation, OI performed an
evaluation on 198 smoke alarms and found that although
108 were still present, only 44 were still functioning. Most
of  the nonfunctioning smoke alarms had the battery
removed or had been disconnected, revealing a potential
area for targeted education and an indication that tamper-
proof  smoke alarms could be useful.35

FIRE SPRINKLERS

Fire sprinklers are highly effective at reducing property
damage and deaths from fires when present and working.
From 2007 to 2011, only 10% of  structure fires reported
that fire sprinklers were present. Although most fire deaths
and burn injuries occur in the home, only 6% of  the struc-
ture fires with sprinklers present were houses. Having fire
sprinklers installed in the home was shown to reduce the
death rate per fire by 82%.36 Despite this significant reduc-
tion in harm, only California and Maryland have currently
passed statewide legislation requiring residential fire sprin-
klers in all new-construction one- and two-family homes.
An example of  using economic incentive as a complemen-
tary burn and fire prevention strategy is the reduction in
home owner’s insurance offered to some policy holders who
install fire sprinklers in their home. One review concluded
that the average discount in the United States for this safety
feature is 7%.37 While laws exist requiring the installation
of  automatic fire sprinklers in new nonresidential build-
ings, retrofitting older high-rise buildings is costly and not
currently mandatory. In September 2015, the Fire Sprin-
kler Incentive Act was introduced into Congress. This legis-
lation would strengthen the tax incentives for building
owners by allowing 100% expensing of  the cost of  the auto-
matic fire sprinkler system and a 15-year depreciation
recovery.38

FABRIC FLAMMABILITY

Inspired by a series of  injuries and deaths related to rayon-
pile fabrics, the U.S. government formally recognized the
risks of  flammable clothing with the passage of  the Flam-
mability Fabrics Act in 1953.39 This was the beginning of  a
passive prevention strategy to prevent burn injuries and
deaths from clothing catching on fire. Although flammabil-
ity standards were developed and standardized, there has
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containing more than 2 g of  powder, and firework building 
kits.45 The impact of  legislation suggests a reduction in the 
number of  fireworks-related injuries. In the United 
Kingdom, the number of  firework injuries fell from 707 in 
2001 to 494 in 2005, presumably due to the creation of  
firework legislation during that time.51 After the repeal of  a 
law banning private consumer fireworks in Minnesota in 
2002, there was a 100% increase in the number of  annual 
fireworks-related injuries.52

Education

Education is an active prevention process that requires 
behavior modification from the targeted population. Public 
education programs aimed at reducing the incidence and 
severity of  burn injuries in the United States can be imple-
mented at the local, state, regional, or national level. At the 
national level, the American Burn Association (ABA) spon-
sors Burn Awareness Week annually, a public campaign to 
promote safe practices and prevent burn injuries. The ABA 
Burn Prevention Committee also recently partnered with 
Safe Kids Worldwide, the International Association of  Fire 
Fighters Charitable Foundation Burn Fund, the Federation 
of  Burn Foundations, and the International Association of  
Fire Chiefs to create the National Scald Prevention Cam-
paign. The website flashsplash.org provides scald preven-
tion resources for burn centers, the public, and the media. 
Many burn centers used these resources for local preven-
tion activities during Burn Awareness Week 2016.53 The 
National Fire Protection Association also sponsors a Fire 
Prevention Week with a special emphasis on one area of  
prevention each year. Social media is also a rapidly evolving 
and widely accessible platform that may present novel ways 
for burn prevention education. In 2013, there were 21 
videos on YouTube with technically accurate information 
regarding prevention and first aid for pediatric burns.54 Use 
of  the Internet and social media is a potentially effective and 
easy to way to disseminate information and raise public 
awareness regarding burn prevention and treatment, 
although validation of  the material by qualified providers 
will be a challenge.

Many burn centers are providing general burn preven-
tion education to the community through health fairs, 
public gatherings, and community classes. Some centers 
have assessed their community, identified specific educa-
tional gaps, and chosen to provide focused education to a 
target population.

In New York City, researchers noted that burns were the 
third leading cause of  injury-related death among seniors 
65 years and older. When surveyed, less than 20% of  local 
seniors had received any fire safety education within the 
last 5 years. A community-based initiative was designed to 
reach older adults at recreational centers in this area. After 
reviewing the common etiologies for this age group, a pre-
sentation that focused on fire safety and the prevention of  
scald burns was designed. Over the course of  several 
months, the presentation was given at 64 senior centers to 
2196 older adults. Almost three-quarters of  seniors who 
participated in and evaluated the program reported that 
they had learned something new about fire and burn safety. 
Eighty-five percent of  respondents also reported a high 

states had passed laws making RIP cigarettes mandatory (a 
cigarette must burn out 75% of  the time when not in active 
use). In 2013, the National Fire Protection Agency released 
a report crediting this legislative effort with an astounding 
30% reduction in smoking-material fire deaths from 2003 
to 2011.43 Although the long-term decrease in smoking-
related fires seen over the past few decades is likely related 
to fewer people smoking, the decline in the smoking rate 
during the 2003 to 2011 time period was only 4%, leading 
researchers to believe that fire-safe cigarettes can be cred-
ited for this decrease in incidence.43 Although the engineer-
ing to produce safer cigarettes was identified years ago, 
implementation did not happen until legislative enforce-
ment occurred.

WATER TEMPERATURE REGULATIONS

According to the 2015 National Burn Repository Annual 
Report, 34% of  burn admissions reported from 2005 to 
2014 were scald injuries.23 Most scald injuries are related 
to cooking or hot liquids in the kitchen, mechanisms that 
are often related to behavior and can be difficult to prevent 
with engineering or enforcement strategies. Estimates for 
the amount of  burn injuries related to hot water from a 
tap vary from 12% to 25%.45 There is an opportunity to 
prevent scald burns related to tap water with passive engi-
neering and enforcement strategies. An animal study was 
performed to identify how long exposure to water at differ-
ent temperatures took to result in a partial-thickness burn. 
If  the temperature of  the water was 140°F (60°C), it took 
only 3 seconds of  exposure to result in a burn. When the 
water was decreased to 120°F (49°C), it took 10 minutes 
to cause significant thermal injury to the skin.46 Histori-
cal efforts to reduce water temperature in facilities and 
homes include regulating the temperature setting of  hot 
water heaters and requiring the instillation of  antiscald 
devices at taps.47 It was demonstrated in Washington state 
in the 1980s that requiring newly installed home hot water 
heaters to be set at 120°F significantly lowered the mean 
household water temperature and reduced the incidence of  
tap water injuries.48 Despite evidence that this strategy can 
be effective, no nationally recognized and enforced standard 
exists today. Almost all U.S. states have legislation related to 
water temperature, but many do not regulate water temper-
ature in the home. Types of  facilities that are often subject 
to state regulations commonly include schools, child care 
facilities, and nursing care facilities. Although some plumb-
ing codes at the city or state levels also address water tem-
perature, these also vary widely in source, regulation, and  
enforcement.47

FIREWORKS REGULATION

Injuries from fireworks are a problem in several countries 
because they are commonly used during national holidays 
and traditional festivals.49 In the United States, the Fourth 
of  July has more fires reported than on any other day of  the 
year.50 Fireworks often result in hand burns, but flame 
burns also occur when clothes catch fire. In an attempt  
to decrease fireworks-related injuries, the United States  
prohibits the sale of  certain types of  fireworks including
reloadable shells, cherry bombs, M-80 salutes, firecrackers
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prevention program, rather than a rigid process used only 
after program implementation. Evaluation of  epidemiologic 
data provides the focus for prevention programs. Once the 
target etiology and population is identified, potential strate-
gies for reducing the incidence of  injury must then be 
examined. As discussed previously, Haddon’s Matrix can be 
used to organize strategies by injury factors into pre-event, 
event, and post-event. Each area then becomes a potential 
target for prevention intervention, and practical strategies 
to impact each area should be considered. Each strategy can 
then be assessed for feasibility and sustainability. When 
designing the program, it is essential to create measurable 
objectives to be evaluated after implementation.58 Although 
historically scientific evaluations of  burn prevention efforts 
were not prevalent in the literature, recent reviews suggest 
this is beginning to change. Determining if  prevention 
strategies are reducing the incidence of  burn injuries can 
be challenging, especially at the local level. It is important 
to remember that decreasing incidence is not the only 
metric available for analysis. Intermediate outcomes, such 
as an increase in knowledge or a change in behavior, may 
also be evaluated.8 While it might take years to analyze the 
impact of  a scald prevention campaign on the incidence of  
scald injuries in a community, an increase in behaviors 
known to prevent scald burns, such as using the back 
burners of  the stove and turning the pot handles when 
cooking with children present, could be more quickly and 
easily evaluated. An increase in knowledge regarding scald 
prevention could be evaluated with a pre- and post-test. It 
should be noted that an increase in burn prevention knowl-
edge has not always correlated with a behavior change or 
decrease in burn incidence.5

Global Burn Prevention

Although the focus of  this chapter was primarily the United 
States, the global incidence of  fire and burn injuries in com-
parison is noteworthy. Worldwide in 2004, it was estimated 
that approximately 11 million people sought care for burn 
injury, which exceeds the combined incidence of  HIV and 
tuberculosis. Approximately 90% of  burns injuries as well 
as burn deaths occur in low- to middle-income countries, 
with the highest prevalence in the Western Pacific, Eastern 
Mediterranean, and Southeast Asia regions.18 These 
impoverished areas often suffer from substandard living 
conditions, overcrowding, and illiteracy, which have been 
shown to be risk factors for burns. They also often lack the 
needed infrastructure to reduce the incidence and mini-
mize the damage of  burns. Access to burn care is also often 
very limited.15,16,59 It costs about U.S.$1,000 per patient 
per day to provide adequate burn care in the developed 
world, which is clearly not possible for most developing  
nations.60,61

The common mechanisms of  burns are also often differ-
ent between the developed and developing worlds. In the 
developing world, the use of  kerosene lamps and stoves is 
much more common and will likely continue for years to 
come. There is slow progress in providing electricity to 
homes in low-income countries, but millions of  people still 
depend on kerosene for heat, light, and cooking.62 A review 
of  11,196 burn admissions in New Delhi, India, in 2002 

likelihood of  incorporating the new knowledge into their
daily lives.55

Firefighters have also recently been the target of  an active
prevention strategy. Thousands of  firefighters suffer smoke
inhalation or burn injuries, with an average of  100 fatali-
ties each year.56 A national program, It Happened in
Seconds, was developed by a multidisciplinary team of  burn
professionals and firefighters to provide better situational
awareness, instruction on the appropriate use of  personal
protective gear, and other strategies for burn prevention
while working. The program was first taught to a group of
core trainers representing different regions across the
United States. As a result, more than 9000 firefighters had
been through the course as of  2015. The impact of  this
program on local and national rates of  firefighter burn inju-
ries and death will be monitored.56

In another example of  targeted education in burn pre-
vention, a burn center identified that Amish children were
at particularly high risk for scald burns and injuries related
to the ignition of  clothing or highly flammable materials.
A lack of  fire and burn education in Amish schools was
also noted. A tool designed to improve burn prevention
knowledge in Amish children, a storyboard with magnets,
was created in collaboration with an Amish community
and pilot tested. A subsequent multicenter pre- and post-
testing of  15 Amish schools across eight states demon-
strated that the tool was highly successful in increasing
burn prevention knowledge in Amish children in grades 1
through 8.57

Another education strategy that should not be over-
looked is the use of  burn center staff  to teach burn preven-
tion education not only to patients and their families, but
also to the community at large when participating in out-
reach events or engaging on social media. It is reasonable
for burn center staff  members to incorporate prevention
teaching into their daily practice when caring for patients,
although it is possible that many frontline staff  have never
received formal injury prevention training.1 A multicenter
assessment of  the fire safety and burn prevention knowl-
edge of  multidisciplinary burn team members was recently
performed and analyzed. While many of  the respondents
reported confidence in their level of  prevention knowledge,
the average score on the assessment was only 61.5%, indi-
cating the need to provide more accurate information to
burn center staff.1 It is recommended that burn prevention
programs should be supported by the burn center team and
not solely the responsibility of  a designated educator. Hos-
pitals should consider prevention education for burn center
staff  to prepare them to provide updated information on the
major fire safety and burn prevention topics in a variety of
situations. The ABA Burn Prevention Committee provides
several ways to increase fire safety and burn prevention
knowledge, including a newsletter, prevention tip sheets,
and other resources on the ABA website, and prevention-
focused sessions at the ABA Annual Meeting.1

Evaluation

The evaluation of  prevention programs is critical in the shift
from anecdotal practices to evidence-based strategies. Eval-
uation should be viewed as a continuous component of  any
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Future

The relatively small size of  the burn community and the 
sometimes large geographic distance between neighboring 
burn centers can make it challenging for burn center staff  
to share prevention ideas and resources. An emerging 
theme in injury prevention literature is an emphasis on 
partnerships within a community. It is acknowledged that 
fire prevention and burn prevention efforts are often closely 
linked. Burn centers participating in prevention strategies 
can partner with local fire departments for joint projects 
and assist each other with efforts toward a common goal: 
reducing injuries and deaths from fire and flame. Other 
potential partners for burn center prevention programs 
include local and national safety associations and child 
advocacy organizations. Although difficult to evaluate, it 
has been noted that characteristics such as inclusivity, 
enthusiasm, and cultural competence among prevention 
program leaders can increase the success of  the program.65

Burn injuries and deaths are a world health problem that 
represents a major global challenge. Coordination of  pre-
vention strategies on both national and international levels 
is necessary. Passive prevention programs are most effective 
but can be slow to implement and heavy on resources. 
Active prevention can be tedious and requires significant 
organizational support. Both measures should be utilized 
and are not mutually exclusive. Evaluation of  the success 
of  prevention efforts is also of  utmost importance, although 
this can be quite difficult. Despite the many challenges, 
burns should be viewed as preventable, and efforts to 
decrease their incidence and severity should be continued 
at all levels. Prevention is an area of  focus where creative 
and enthusiastic leaders have the opportunity to grow this 
movement by implementing innovative strategies, design-
ing thoughtful evaluations, and sharing the results to move 
the science of  burn injury prevention forward.
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found that more than 80% of  burns were due to flames, and 
35% of  these were attributed to malfunctioning kerosene 
stoves.59 A similar study in Sri Lanka found that 41% of  
accidental burns requiring medical attention were due to 
flame from a kerosene bottle lamp.63 Three approaches to 
prevention of  kerosene lamp and stove burns have been 
discussed and include educational campaigns teaching safe 
use, use of  safer oil, and the provision of  an inexpensive and 
safer lamp to families. A kerosene educational program in 
low-income South Africa resulted in a significant increase 
in self-reported knowledge and safety practices, but there 
are no data showing if  this affected kerosene burn injury 
incidence.62 The use of  safer oil, such as coconut and sesame 
oil, has not been adopted because these alternatives are too 
heavy to rise to the top of  wicks and do not provide as much 
heat and light. There is an ongoing program in Sri Lanka to 
provide safe and inexpensive kerosene lamps to poor fami-
lies. The lamp was designed by a surgeon in the region in 
1992. He designed it to be compact and heavy to avoid 
tipping over, with two flat sides to prevent rolling if  it does 
tip over. It also has a screw top lid to prevent fuel spillage 
and much stronger glass. More than 775,000 “safe bottle 
lamps” were distributed in Sri Lanka as of  2010, and this 
has been credited in the media with a significant reduction 
in burn injuries and fires, although no formalized data have 
been collection.60

The proportionally high incidence of  burns in the devel-
oping world highlights the importance of  primary burn 
prevention efforts in these regions.64 The World Health 
Organization has developed a Burn Plan that is organized 
into seven main components corresponding to the chal-
lenges in global burn prevention and care (advocacy, policy, 
data and measurement, research, prevention, services, 
capacity building). Accurate data on the incidence and 
causes of  burn injuries are scarce for many developing 
countries, and incomplete reporting of  burn events results 
in an underestimate of  the extent of  this public health issue. 
This understandably makes the development and enact-
ment of  effective burn prevention strategies very difficult, 
but very essential.
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patients is considered. Finally, the special case of  humani-
tarian crisis response is discussed. Every disaster we have 
studied is somewhat different. There is, however, a common 
theme running through all of  them: Prior planning and 
realistic training are essential to success.

Definitions

A shared language is critical for the process of  planning for 
and responding to a disaster. The following provides a basic 
vocabulary for burn mass casualty and disaster response.

Mass casualty event: an emergency in which there is a 
greater number of  victims than can be accommodated by 
the rescue forces and their supplies.1 Infrastructure in the 
affected area is intact. With force mobilization, the crisis 
can be mastered. The period of  mismatch between supply 
and demand is short. The goal is to reestablish treatment 
according to principles of  individual medicine as quickly 
as possible and without transferring the supply–demand 
mismatch from the scene to hospitals. The challenge to 
save as many lives as possible, even disregarding the 
medical needs of  an individual, stands in contrast to the 
paradigms of  individual medicine in which any individ-
ual life claims the maximum medical effort. The proce-
dure for this challenge is selection of  patients—triage, 
based on urgency of  medical procedures, chance of  
success, and distribution among the available qualified 
treatment centers (see later discussion).

Disaster: an event in which infrastructure is at least partly 
destroyed or degraded and that cannot be handled by 
regional rescue means alone. The first goal is to reestab-
lish the minimal level of  infrastructure required to 
provide basic medical care. (This is different from mass 
burns treatment in a resource-poor country, where infra-
structure never existed.) One way to treat burns success-
fully in a disaster is to bring infrastructure, staff, and 
materials to the area to treat burns. Another is to move 
victims to a place with existing infrastructure. The 
maximum treatment possible locally is determined by the 
degree of  infrastructure and resources in, or brought to, 
the disaster area.

Although mass casualty events remain in the purview of  
local rescue organizations, disasters are for regional or 
national authorities. This means different ways of  han-
dling the situation and different funding resources.

Mass burn casualty disaster: defined by the American 
Burn Association (ABA) as “any catastrophic event in 

Disclaimer: The opinions or assertions contained herein
are the private views of  the authors, and are not to be con-
strued as official or as reflecting the views of  the Depart-
ment of  the Army or the Department of  Defense.

Introduction

Mass casualty events and disasters are marked by a period
of  mismatch (disproportion) between supply and demand.
Rescue organizations must work to reduce the duration of
this period of  mismatch. During the acute phase, actions
follow the principles of  disaster medicine: The goal is to save
as many lives as possible even if  it means postponing care
for an individual patient. After the mismatch between
supply and demand has been addressed, the principles of
individual medicine can be restored. One goal in mass casu-
alty care is to minimize the period of  time it takes to restore
care to the individual medicine paradigm. This period’s
length depends on such structural aspects as the existence
and validity of  a disaster plan, a regard for disaster capacity
in health planning, and the educational level of  medical
services. These facts are often neglected in disaster plan-
ning, from the political aspect of  planning and from the
practical aspect of  disaster capacity.

Ideally, treatment should be based on the state of  the art
in medical science. During a disaster, treatment with the
“best available means” may weaken the quality of  care for
individuals. Therefore, in mass casualties and disasters, the
infrastructure of  a country or region may be unable to cope
with a higher number of  victims of  special trauma types
while maintaining the state of  the art. When it is predict-
able that the state of  the art cannot be maintained in a
jurisdiction because of  dwindling resources, help from
other jurisdictions must be planned and coordinated—the
time for international cooperation has come! Such instances
include mass casualties with burn injuries. Resources avail-
able for specialized treatment are limited, but the demands
of  state-of-the-art treatment are high, meaning that even a
small number of  victims from one accident can push an
area’s or country’s burn treatment system to its limits.

The purpose of  this chapter is to introduce concepts of
disaster medicine as applied to burn patients. A glossary of
disaster medicine terms is provided. Examples of  major
burn disasters and the lessons learned are described. Phases
in the typical response to a disaster are summarized. Special
aspects of  emergency care during a disaster are discussed.
The role of  communication in disaster response is detailed.
The strategic approach to matching burn resources and
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which the number of  burn victims exceeds the capacity 
of  the local burn center to provide optimal burn care.”2 
Capacity includes the availability of  burn beds, burn sur-
geons, burn nurses, other support staff, operating rooms, 
equipment, supplies, and related resources. This defini-
tion is inapplicable where, as in Germany, a central burn-
bed bureau always organizes the distribution of  burn 
victims; the definition supposes a very different degree of  
preparedness in these countries.

Triage: the process of  sorting individual patients into cat-
egories according to priority of  treatment. An example of  
triage categories is delayed, immediate, minimal, and 
expectant (DIME). Several factors influence triage deci-
sions; these include available resources, number of  
patients, the severity of  injury of  each patient, and the 
timeframe during which the injuries must be addressed. 
Triage is not a one-time event, but it should be repeated 
throughout the mass casualty event (see later).

Basic capacity: the normal number of  patients who can 
be treated, based on the availability of  burn beds, burn 
surgeons, burn nurses, other support staff, operating 
rooms, equipment, supplies, and related resources

Capacity utilization: the degree of  utilization of  burn 
beds in a center over a certain time. This should be 
expressed as use of  intensive-care burn beds and other 
beds. The average value over a year gives an overview of  
a burn center’s disaster capacity.

Actual capacity: the number of  burn patients that a 
center can admit on an actual day. It varies daily, can 
depend on the season, and is likely to fluctuate with sea-
sonal or accidental presence or absence of  severe patients.

Surge capacity: the increased capacity available in mass 
casualties and disasters. In burns, it is defined by the ABA 
as the capacity to handle, in a disaster, 50% more than 
the normal maximum number of  burn patients.3 Surge 
capacity must be developed and maintained, requiring 
action by health systems. Surge capacity must include 
continued medical care for all other patients. Elective 
medical and surgical care can be postponed temporarily 
to maintain surge capacity. When capacity is breached, 
patients must be transferred safely to other treatment 
facilities.

Sustained capacity: the maximum capacity that a burn 
center can sustain over a longer time without lowering 
treatment quality.

Burn capacity of  a health system: the total capacity of  
burns that can be treated in a national health system. 
This capacity should be known; it should take into 
account the various requirements of  burn treatment, 
such as the number of  victims needing intensive care. 
The average capacity utilization over the year is part of  
resource planning for a health system.

Time to establish surge capacity: how much time a burn 
center needs to rise to maximum surge capacity. A good 
parameter is the number of  complete burn teams avail-
able at various hours. This number is highly important 
in a hospital’s organization of  care.

National Disaster Medical System (NDMS): manages a 
country’s national medical system in disasters. In the 
United States, the NDMS is a function of  the Federal 
Emergency Management Agency (FEMA) under the 
Department of  Homeland Security. It acts as a partner of  

the U.S. Department of  Health and Human Services 
(HHS), the Department of  Defense (DoD), and the Depart-
ment of  Veterans Affairs (VA).3 Other countries’ struc-
tures are comparable. The U.S. NDMS has three functions: 
(1) medical response at the disaster site, (2) transport of
patients to unaffected areas, and (3) definitive medical 
care in unaffected areas.

Burn specialty team (BST) or burn assessment team 
(BAT): a special form of  disaster medical team that pro-
vides expertise in burns. In the United States, a BST con-
sists of  15 burn-experienced medical and nonmedical 
staff. These teams do not exist in many countries. Such 
teams can be formed only when burn experts are numer-
ous enough and not already engaged in other aspects of  
disaster response.

Technical relief: the general “civil defense” functions 
required to support disaster response. In Germany, these 
functions are provided by the Bundesanstalt Technisches 
Hilfswerk and include lighting, debris removal, search 
and rescue, flood mitigation, electricity, water supply, 
sewage disposal, catering, command center support, 
communications, logistics, equipment repair, and trans-
portation of  supplies. In the United States, these func-
tions are provided by FEMA or by equivalent agencies at 
the state and local levels.

The Historical Record

Even with the best preparation, a disaster remains a disaster 
for a certain period; the goal is to minimize that period. 
Although retrospectively correcting problems is impossible, 
lessons learned from the past should be applied to the future. 
Recurring themes that appear in the following case studies 
include the following:

■ Communication problems
■ Need to send major burn patients to burn centers
■ Need for central incident command post
■ Movement of  patients to hospitals by private vehicles
■ Importance of  control of  traffic leaving the disaster area
■ Lack of  coordination of  patient evacuation from the

scene
■ Value of  retriage out of  the disaster area to other burn

centers
■ Infection control problems; multidrug-resistant

organisms
■ Lack of  experience in burns by nonburn providers
■ Need for psychological support of  providers
■ Value of  international teamwork

TERRORIST ATTACKS

New York City—September 11, 2001

In New York, two hijacked airliners were flown directly into
the Twin Towers of  the World Trade Center. Although many
were injured or killed, few survivors had severe burns.4 The
victims were sent mainly to two burn centers, although
more centers were easily reachable.5 Nineteen were seen at
New York Presbyterian Hospital; there, the victims’ average
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wave of  patients arrived.9 Palmer et al9 describe a need for 
improvement mainly in military–civilian communication. 
Communication in the hospital also was problematic: 
Mobile phones had no reception, there was no time to read 
electronic texts, and land lines were not mobile. ADF pro-
vided satellite phones to the medical staff  for communica-
tion between the hospital in Bali and ADF.

Madrid, Spain—March 11, 2004

Bomb attacks on four commuter trains killed 191 and 
injured 2051 of  6000 persons present. Thirteen bomb bags 
each contained 10 kg of  dynamite plus fragments. Three 
bombs failed to explode. Of  the 191 dead, 175 died instantly, 
and 16 died later. It was not known that unexploded bombs 
remained on the trains while ambulance staff  worked. 
Ambulance staff  worked without coordination and were 
oblivious to overall medical priorities. Patients with only 
minor injuries were transported. Ambulances ran out of  all 
medical supplies. No joint field medical command post was 
set up.

Patients were taken to 15 hospitals in Madrid and two 
field hospitals, ranging from 5 to 312 patients each.10 Com-
munication problems in hospitals11 and among organiza-
tions arose. Only 33% of  patients were transported in 
ambulances under medical control; 67% found their way to 
hospitals without triage and medical or organizational 
control. Most went to the nearest hospital, which received 
patients with both serious and minor injuries.12 Of  312 
patients taken to Gregorio Marañón University General 
Hospital, 45 had burns. The most common injuries were 
tympanic perforation (in 41%), chest injury (40%), frag-
ment injury (36%), extremity fracture (18%), eye injury 
(16%), head injury (12%), abdominal injury (5%), and 
amputation (5%).

London, England—July 7, 2005

Four bombs in the transit system killed 56 (53 at the scene) 
and wounded 775.13 Train bombs exploded in three loca-
tions; the fourth bomb exploded on a double-decker bus. 
The number of  explosion sites was initially unclear because 
passengers left the subway at various exits. Triage was per-
formed; 55 patients were classified as severely wounded (P1 
and P2). Communication was difficult: All but one mobile-
telephone network failed; radio communication between 
the scenes and ambulance control was very difficult. The 
fire brigade established an inner cordon and ascertained 
that there were no signs of  chemical substances threaten-
ing the rescuers, but the presence or absence of  more bombs 
was not confirmed before rescue work began. Patients 
mainly in triage groups 1 and 2 were transported to six 
university hospitals after minimal triage and treatment.14

INDOOR FIRES

Gothenburg, Sweden—October 30, 1998

Fire in an overcrowded discothèque during a Halloween 
party killed 61 teenagers at the scene; 2 died later; 235 were 
wounded (Fig. 5.2). Initial information was poor, resulting 
in incorrect alerts. There was no triage officer at the scene. 
Hospital disaster plans in some cases were unknown or not 
implemented. Preexisting disaster plans had the same 

age was 44 years, and the burn size averaged 52.7%.6 In 
total, 39 burns were reported by nine hospitals; 27 patients 
were admitted. Although enough burn beds within 1 hour’s 
transport were available, only 26% of  burned patients were 
triaged first to burn centers. Two thirds of  burn injuries 
were ultimately treated in a burn center. The usual portion 
of  burn victims triaged to burn centers in New York City in 
a year is 75.2%.6 BST-1 from Boston, Massachusetts, 
responded to this event within hours (Fig. 5.1).

Kuta, Bali, Indonesia—October 12, 2002

A suicide bomber detonated a backpack bomb in a night-
club. People fled to the outside, where a car bomb exploded. 
There were 202 deaths and an additional 209 injured. The 
Australian Defence Force (ADF) initiated Operation Bali 
Assist, the largest Australian aeromedical evacuation since 
the Vietnam War.7 An aeromedical staging facility (ASF) 
was prepared in a Bali airport hangar, whence 5 C-130 
planes flew 61 Australian patients to Royal Darwin Hospital 
(RDH). Of  the 61 patients, 28 had major injuries (Injury 
Severity Score >16). At RDH, 55 escharotomies were per-
formed, along with 43 other surgical procedures. Three 
patients had been intubated in Bali; 12 more were intubated 
at RDH. Within 36 hours after first admission to RDH and 
62 hours after the bombing, 48 patients were evacuated to 
burn centers. There were no “walking wounded.” BATs 
were used for initial care at RDH.8

Eleven patients were transferred to Concord Repatriation 
General Hospital.5 Burn injuries ranged from 15% to 85% 
total body surface area (TBSA), mostly full-thickness burns. 
All patients showed injuries from both the first and second 
blasts. There were complications from infections with Aci-
netobacter baumannii and Pseudomonas aeruginosa and from 
fragment injuries. Many ophthalmic injuries occurred, 
some being detected only later.

Royal Darwin Hospital received its first information about 
the incident from a patient who had been treated in Bali and 
then fled to Australia. The hospital learned nothing of  the 
number of  patients or the severity of  injuries before the first 

Fig. 5.1 New York, New York, 2001. Triage station set up by Burn Spe-
cialty Team 1 from Boston, Massachusetts. (Courtesy of Robert L. Sheri-
dan, MD. Reprinted with permission from Sheridan R, Barillo D, Herndon 
D, et al. Burn specialty teams. J Burn Care Rehabil 2005;26:170-173.)
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RIH numbered 47. TBSA averaged 18.8%. There were 33 
burns of  less than 20% TBSA, 12 with TBSA of  21–40%, 
and 2 of  greater than 40% TBSA. Of  32 patients presenting 
with inhalation injuries, 28 required intubation; 12 needed 
escharotomies; and in just 6 weeks, 184 bronchoscopies 
were necessary.20 Retrospective analysis called for improve-
ment in communication with the disaster scene and in spe-
cific instructions for patient transport.20

Buenos Aires, Argentina—December 30, 2004

Fire at the overcrowded República Cromañón nightclub 
killed 194 and injured 714 of  3000 present.21 CO and 
hydrogen cyanide poisoning were the main causes of  death. 
At the scene, 46 ambulances and 8 fire crews sent the 
victims to the 8 closest hospitals, which were overwhelmed 
by critically ill patients within 2 hours. In Buenos Aires city, 
38 hospitals were engaged and another 5 elsewhere in 
Buenos Aires province.

Ramos et al describes the experience of  Argerich Hospi-
tal,21 to which 74 patients were taken. All had inhalation 
injuries. There were no severe burn injuries. Eighteen 
patients (24%) were pronounced dead on arrival. Twenty-
five showed respiratory insufficiency and reduced level of  
consciousness and were intubated. Initially, 22 patients 
were sent to the ICU; the 14 sent to the operating room for 
mechanical ventilation were transferred to other hospitals 
in Buenos Aires Province within 48 hours.

Kiss Nightclub Fire, Santa Maria, Rio Grande do Sul, 
Brazil—January 27, 2013

In this fire, 242 people were killed, and more than 630 
others were wounded because of  the use of  fireworks. Fire-
fighters had to create a hole in the outer wall to help people 
to escape. From the estimated 1200–1300 people present 
in the disco, 169 were hospitalized because of  inhalation 
injuries and burns.22 The extent of  the disaster was not 
communicated to the response workers. Triage was hin-
dered by crowded bystanders and victims. The military 
police had to hinder relatives from entering the disaster 
site that was filled with smoke and toxic gases. Many of  
them were in critical conditions, emergency departments 
(EDs) of  5 hospitals, and ICUs of  6 hospitals, and all of  the 
emergency units were crowded. Fifty-four patients had to be 
transported by helicopters and ground transport to hospi-
tals in Porto Alegre and Caxias do Sul and Cachoera do Sul 
and Canoas. Transport was supervised and coordinated by 
a Brazilian Air Force officer and the Brazilian government 
corporation responsible for operating the main commercial 
airports. The main issues were with command and control 
at the incident scene and the absence of  a disaster plan.23

Colectiv Nightclub Fire, Bucharest, Romania— 
October 30, 201524

Fire in the nightclub caused by fireworks during a show 
killed 26 on the spot, 38 died in hospitals, and 184 were 
injured. About 200–400 people present in the club were 
engulfed in a stampede when they realized there was fire. 
The fire started at 22:30, first and emergency call was sent 
over 112. The first ambulances arrived 12 minutes later. A 
field hospital was set up. Resuscitation of  the unconscious 

personnel simultaneously performing conflicting roles. 
Within 2 hours, 150 patients were admitted to four Swedish 
hospitals. Thirty-one patients presented with significant 
burn injuries; 11 patients were transferred secondarily to 
other burn centers in and outside Sweden.15

Despite the initial chaos at the scene, there were timely 
escharotomies and triage in the hospitals before transfer to 
burn centers. Inhalation injuries were diagnosed in 158; 54 
of  them were treated simply with suction and expectorants. 
In 51 of  61 deaths, carbon monoxide (CO) was the cause. 
Eleven patients were transferred secondarily to burn centers 
in four other cities, one in Norway.16 All 11 had second- or 
third-degree burns of  more than 20% of  the TBSA.

Volendam, the Netherlands—January 1, 2001

A fire at a New Year’s Eve party killed 8 and injured 203 
of  350 present.17 An early error in directing emergency 
traffic caused transportation chaos. Emergency-services 
tents were insufficiently staffed, and tent placement was 
problematic. In all, 241 patients went to hospitals: 110 
by ambulance, 18 by bus, and 113 by self-referral to the 
nearest hospital.18 Of  182 admitted, 112 went to inten-
sive care units (ICUs). Nineteen hospitals provided initial 
care. The closest hospital, receiving 73 patients, was  
overwhelmed.

After primary treatment in the hospitals, burn specialists 
did tertiary triage, distributing patients to hospitals and 
burn centers in and outside the Netherlands. Burn center 
criteria were adapted on the basis of  both burn extent and 
inhalation injury: The indications for burn center treat-
ment were greater than 30% TBSA burn with inhalation 
injury.

Warwick, Rhode Island—February 20, 2003

Fire at The Station, a nightclub, killed 100 and injured 215 
of  439 present. The building totally collapsed within 30 
minutes. Rhode Island Hospital (RIH) first became aware of  
this incident from breaking news on television;19 shortly 
after, RIH got official notification that 200–300 burn 
victims were expected. A triage site was established. Sixteen 
area hospitals evaluated 215 patients. Patients admitted to 

Fig. 5.2 Pope Air Force Base, North Carolina, 1994. Airport fire trucks 
extinguish a burning aircraft at the scene of the crash. Rescue efforts 
were aided by combat medics who were preparing to participate in 
parachute operations. (Reprinted with permission from the Fayetteville 
Observer Times.)
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liquid expanding vapor explosion after 15 minutes. Sixty-
nine patients were admitted mainly to Dicle University 
Faculty of  Medicine and Diyarbakir Training and Research 
Hospital, including 62 male and 7 female patients. The 
average TBSA was 51 ± 32%, including 4 patients with 
minor burns (<2%), 9 with moderate burns (2–10%), and 
56 with severe burns (>10%). In 75%, fasciotomies had 
to be performed. Twenty-seven (48%) required endotra-
cheal intubation, and 13 (23%) needed tracheostomy. A 
total of  76% of  the patients with severe burns had to be 
transferred to a burn ICU. Forty-seven (68%) of  the patients 
were distributed to 14 different locations. The overall mor-
tality rate was 49%. The length of  hospital stay was 19.4 
± 19.8 days for the survivors and 6.4 ± 4.2 days for those  
who died.

Ramstein, West Germany—August 28, 1988

Aircraft collisions and crashes during an air show killed 70 
and injured more than 1000 of  300,000 present (Fig. 5.4). 
Three pilots and 67 spectators died; 346 others had serious 
injuries. Cooperation was hindered by medical systems that 
were not adapted to each other. On day 1, 12 hospitals were 
treating the injured; on day 2, 28; and on day 3, 74.28

Outpatients numbered 213; 146 were admitted as inpa-
tients; 84 others were transferred to ICUs. There were 112 
with mechanical injuries only; 263 had isolated burn inju-
ries; 68 had both mechanical and thermal injuries.28 
Patients with burns of  less than 20% TBSA numbered 209 
(79.5% of  263). Patients with TBSA of  20–49% numbered 
37; 3 of  them died. Six of  9 patients with TBSA of  50–70% 
died. Another 8 patients, with TBSA greater than 70%, 
died. Of  the 68 patients with combined injuries, 55 had 
TBSA less than 20%. Three of  the 9 with TBSA of  20–40% 
died. No patient with combined injuries and TBSA burns 
greater than 40% survived.

The burn center at Ludwigshafen received 28 victims. 
The existing emergency plan was activated; overstaffing 
occurred on the first day. Initial care in the burn unit was 
provided in the normal way, not according to emergency 
plans. Experienced burn teams evaluated the patients. The 
disaster plan worked, but incomplete initial documentation 
greatly increased the next days’ workload. During 

was tried; the effect was not described.19 At 23:30, the 
police isolated a perimeter of  several streets around the 
night club. Seventy-five special vehicles of  the Inspectorate 
for Emergency Situations and 57 SMURD trucks and ambu-
lances were in place. A total of  500 emergency service per-
sonal were mobilized. Victims accessed hospitals driven by 
bystanders, taxis, and ambulances. Twelve hospitals 
received between 57 and 15 victims each, and some had to 
be redistributed to other hospitals because of  overburden-
ing. Ventilation devices had to be moved from other hospi-
tals to the places they were needed. After 1 week, victims 
were distributed to burn centers in Israel, The Netherlands, 
Belgium, Austria, the United Kingdom, Norway, Germany, 
and France. Patients died during or immediately after the 
transport because of  the severity of  their injuries.24 In 
Bucharest, enzymatic debridement was used to reduce the 
logistic challenge. There were problems in identifying 29 of  
146 hospitalized victims because of  the severity of  their 
burns. On March 14, 2016, the last victim treated in a 
Romanian hospital died.

TRANSPORTATION CRASHES

Alcanar, Spain—July 11, 1978

A tanker truck carrying liquefied flammable gas exploded 
beside the Los Alfaques campground, killing 102 at the 
scene and injuring 288; eventually, the dead totaled 215 
(Fig. 5.3).25,26 The burning tanker divided the scene into two 
parts. The 58 patients transported north to Barcelona 
received adequate care before transfer. The 82 patients 
taken south to Valencia received minimal treatment before 
and during transport. Both Valencia and Barcelona had 
state-of-the-art burn centers. There was no significant dif-
ference in age or the extent and depth of  burns between 
these two groups. After the first 4 days, Barcelona’s survival 
rate was 93%, and Valencia’s was 45%. Ultimately, the mor-
tality rate did not differ.

Lyce Diyarbakir, Turkey—July 21, 201427

A driver of  a liquid petroleum gas tanker lost control over 
the vehicle and caused an over roll followed by a boiling 

Fig. 5.3 Ufa, Russia, 1989. Invasive Gram-negative burn wound infec-
tion may be particularly common after a disaster. (Photo courtesy of U.S. 
Army.)

Fig. 5.4 Ufa, Russia, 1989: U.S. and Russian teams perform burn wound 
care. (Photo courtesy of U.S. Army.)
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EXPLOSIONS

San Juanico, Mexico—November 19, 198432

An 11,000-m3 mixture of  propane and butane exploded in 
San Juan Ixhuatepec (population, 40,000), causing one of  
the most severe explosion disasters in history and register-
ing 5 on the Richter scale. In a 25-acre (10-hectare; 
100,000-m2) area, 7000 persons needed medical help and 
2000 required hospitalization, with 625 severe thermal 
injuries. Thirty-three hospitals were involved, with trans-
portation by 363 ambulances and helicopters. Sixty thou-
sand people were evacuated. About 23,000 needed help 
with smaller injuries, lodging, and food.

The magnitude of  the event meant that during the first 
hour, total chaos reigned, and rescue work was unguided. 
Secondary explosions, heat from fire, and debris forced res-
cuers into temporary retreat to avoid risking more lives. 
Private vehicles fleeing the disaster zone obstructed relief  
and evacuation traffic. After triage and initial care, victims 
were distributed to 33 hospitals, most of  them in Mexico 
City. Within 3 days, burn patients had been distributed to 
12 hospitals with good burn facilities. After 5 days, only 
300 of  the 625 burn patients were still in burn units: 140 
had died, and 185 had been sent to other hospitals. There 
were “rather few” very extensive and deep burns and very 
few who needed respirator care.

Centro Médico reported 37 severe burns admitted because 
of  a silo explosion 3 days before and received 88 more burn 
patients from San Juanico. The facility mobilized additional 
staff  and prepared additional beds near the burn unit. Only 
2 of  the 88 victims had airway injuries requiring tracheos-
tomy and ventilation. This burn unit’s usual capacity is 48 
beds; the maximum number of  patients simultaneously 
treated was 136. Fifteen patients died within 4 days, whose 
burns exceeded 60% TBSA.

Piper Alpha, North Sea—July 6, 198833

An oil fire and gas explosion on an oil rig killed 167 and 
injured 189. Information about the event reached Aber-
deen Royal Infirmary in Scotland by television. Sixty-three 
were rescued; of  22 who went to the hospital, 15 were 
admitted, 11 to the burn unit. There were severe thermal 
injuries from molten helmets on victims’ heads. All patients 
had some degree of  inhalation injury.

All patients were operated on within 72 hours. Opera-
tions were performed by two teams working in two areas 
simultaneously. The high number of  dead took a grave toll 
on the medical and lay teams’ psyches. Psychiatrists, psy-
chologists, and social workers were engaged. The retrospec-
tive recommendation is to distribute patients among other 
units. News media were a problem, as was the administra-
tion’s lack of  awareness of  the need to maintain the high 
staffing levels for a long time. Knowledge of  basic burn pro-
cedures (e.g., escharotomies and the way to treat a burn) is 
important.

Bashkir Autonomous Soviet Socialist Republic— 
June 4, 1989

Two trains were passing a methane–propane pipeline when 
it exploded, killing 575 and injuring 623.34 Intravenous 
(IV) fluid resuscitation was initiated for most patients. Those 

treatment, there were no problems with the expanded 
nursing staff. Qualified medics who worked double shifts for 
weeks were exhausted. Heavy use of  burn beds caused 
cross-infection problems. The senior surgeon on duty on 
day 1 concluded that patients should have been transferred 
to other burn units, where free beds were available.28

Kerosene caused difficulties in respiration and in function 
of  patients’ kidneys, livers, and central nervous systems. 
Evaluating cyclic carbohydrates in the blood soon after the 
incident may be important for prognosis.29

Pope Air Force Base, North Carolina—March 23, 1994

Two planes collided in the air, attempting to land on the 
same runway. The C-130E was able to land; the F-16D, 
whose crew ejected, slid into a parked, fully fueled C-141 
cargo plane with a crew aboard (see Fig. 5.2). Five 
hundred paratroopers, waiting 50–70 feet from the plane, 
were sprayed with a fireball of  burning aviation fuel, 
with flying debris, and with the F-16’s 20-mm ammu-
nition, which began cooking off  from the heat.30 Fifteen 
to 30 minutes after the incident, casualties arrived at 
Womack Army Medical Center (WAMC), a 155-bed hos-
pital 5 minutes away. Fifty-one patients were treated and 
released; of  55 admitted, 25 went to ICUs. Six patients 
needing urgent surgery were sent to nearby hospitals. 
Seven patients were sent to the closest civilian burn center, 
Jaycee Burn Center at the University of  North Carolina at  
Chapel Hill.31

One U.S. Army Burn Flight Team arrived 4 hours after the
accident and another after 9 hours. Escharotomies were
reevaluated; some had to be repeated. Resuscitation was
guided by urine output, but fluid amounts initially were not
documented. Use of  the Parkland formula (4 mL/kg/TBSA),
rather than the modified Brooke formula (2 mL/kg/TBSA),
along with untrained personnel’s overestimation of  TBSA,
contributed to overresuscitation. Forty-one patients were
transferred to the U.S. Army Institute of  Surgical Research
(USAISR) Burn Center for treatment, of  whom 13 required
mechanical ventilation. Patients assessed as having non-
survivable injuries stayed at WAMC.

Points from Mozingo et al’s31 review include the
following:

■ Initially, patients with the largest burn sizes were trans-
ferred to a nearby civilian burn center. Most of  them later
died. This sapped resources in the burn center with little
impact on outcome.

■ Use of  different resuscitation formulas caused
difficulties.

■ Patients with obviously lethal injuries were not trans-
ported. This did not meet expectations of  the referring
hospital (WAMC).

■ Several burn victims remained at WAMC without burn
specialists because all the burn specialists were needed at
the USAISR.

■ There was a lack of  burn experience and training at
WAMC. Knowledge deficits were noted in techniques
(e.g., escharotomy).

■ Training of  nonsurgical staff  in Advanced Trauma Life
Support (ATLS) and Advanced Burn Life Support (ABLS)
was needed because the surgical staff  was busy doing
emergency procedures.
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ambulances, fire trucks, and police cars; landing and take-
off  of  helicopters; decontamination areas; areas for triage, 
treatment, and minor injuries; and a temporary morgue. 
Divide the scene into rescue areas, and make schedules for 
technical-support teams.

In this phase, cooperation among medical teams, fire bri-
gades, police, and technical-relief  teams is crucial. Local 
command, control, and communication (C3) structures 
must be established; they are the coordination hub for pre-
clinical treatment. A central C3 structure coordinates pre-
clinical and clinical treatment and transport and 
disseminates up-to-date information. At hospitals, disaster 
plans are implemented, and staff  is called in.

SEARCH AND RESCUE

The first goal of  search and rescue (SAR) is to bring victims 
to a safe casualty collection point (CCP) out of  the way of  
imminent danger (hostile action or environmental hazards). 
In-field triage and tagging must occur at the CCP. This 
primary evaluation should take less than 30 seconds per 
patient and should be limited to life-threatening conditions.

TRIAGE AND FIRST AID

Triage is a process whereby patients are sorted according to 
treatment priority, the purpose of  which is to do the greatest 
good for the greatest number. Several schemes exist to 
define levels of  triage. The Advanced Disaster Medical Response 
course37 is field oriented and outlines the following:

■ Level 1 triage occurs at the point of  injury.
■ Level 2 triage occurs at the scene (or nearby) by the most

experienced medical provider.
■ Level 3 triage is performed to determine evacuation

priorities.

The Fundamental Disaster Management course37 is ICU ori-
ented and describes the following levels of  triage:

■ Primary triage occurs at the scene.
■ Secondary triage occurs upon arrival at the hospital.
■ Tertiary triage occurs in the ICU.

Finally, the ABA approach is burn center oriented and
defines the following:

■ Primary triage is that occurring at the disaster scene or
at the ED of  the first receiving hospital.

■ Secondary triage is the selection for transfer of  burn
patients from one burn center to another when surge
capacity is reached.

Clearly, triage is not a one-time operation but has to be
repeated at each step of  the way. There are several different 
algorithms for triage. Paramedics may use simple triage and 
rapid treatment (START) in both emergency medicine and 
mass casualties. The sensitivity for START varies from 
85%38 to 62%.39 Medic in-field triage is another approach. 
This is done in an established triage area by medics assisted 
by teams of  helpers. It consists of  a brief  history (time of  
accident, mechanism of  injury, condition, how the patient 
was found, primary measures taken, actual discomfort, pre-
existing condition, medications, and allergies) and a quick 
head-to-toe examination:

with serious but potentially survivable injuries were then
evacuated to Chelyabinsk, Sverdlovsk, and Ufa. Later, the
military and Aeroflot took most of  them to Gorky, Lenin-
grad, and Moscow. Most had burns of  30–40% TBSA.
Several international teams deployed to assist.35 In Ufa, a
team from Galveston, Texas, under Dr. David Herndon
found four children with burns of  30–68% TBSA and 12
with moderate burn size (15–30% TBSA). The team began
treatment in cooperation with Russian personnel; the
earlier, conservative therapy was changed to an operative
one, using dermatomes and meshers brought from Galves-
ton. A U.S. Army team was deployed to treat adults in Ufa.
The U.S. Army selected 28 patients for burn-wound excision
and coverage. The team reported many infected wounds
(see Fig. 5.3). A microbiological program was set up. Cross-
infection between burn victims was common, mostly by
multiresistant Pseudomonas and Staphylococcus spp. Local
therapy was done with mafenide acetate and silver sulfadia-
zine (SSD) (see Fig. 5.4).35 This effort was one of  the very
successful international joint operations in a burn
disaster.36

Phases of Mass Casualty Events

CHAOS AND ALARM

Initially, information about the event is unavailable; even
those involved often cannot verify the incident’s dimensions
and sometimes cannot even describe the location. False
information leads to inaccurate alerts and is disastrous for
all who then must cope with unexpected situations.15,18

Questions to be answered include the exact time, place, and
type of  accident; the estimated number of  casualties and
expected pattern of  injuries; hazards (e.g., contamination,
toxic smoke); and the number of  persons potentially
exposed.

Immediately after the accident, victims often flee to the
nearest hospitals, overcrowding them before any official
alarm. This influences the execution of  emergency plans
because everyone is busy with arriving victims, and there
may be no resources available to carry out those plans.
Contaminated victims can bring severe risks to hospitals;
this can cause a partial loss of  medical resources.

ORGANIZATION

After verification, the incident command system and the
in-field command post must be established and must coor-
dinate the work of  rescue, security, medical, and technical
relief  teams to enable working in the damaged area and to
protect the teams and their work from hazards, violence,
and distracting demands made by victims and their friends
and relatives.

Medical care at the scene and in alerted hospitals should
be established. First, the scene must be cleared of  further
hazards, or rescue workers must be outfitted for the risk. A
cordon should be established to control victims’ departure
to hospitals and to prevent onlookers’ and news media’s
interference in rescue work.

Traffic regulation must begin, and all teams must under-
stand it: It must include movement and assembly of
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prepared and IV fluids warmed up. Ambulance doors should 
be kept closed to retain heat! The transport order must 
accord with urgency status determined in triage.

Transporting the dead steals resources from the living. 
The dead, and where they are found (important for iden-
tification41) should be registered; when they have to be 
removed, they should be taken to a temporary morgue.

One strategy for distributing patients from a mass casu-
alty event is based on proximity to the scene and classifies 
hospitals as first, second, or third line. As much as possible, 
first-line hospitals (those closest to the scene) should be 
avoided. They will be overcrowded with people arriving as 
walking wounded or by private vehicles and will have been 
neither triaged nor registered.3,16 Second-line hospitals are 
the main destinations for those in need of  emergency treat-
ment. Third-line hospitals, those far from the incident, are 
ideal for patients in triage group 3 (“delayed treatment,” 
“walking wounded” with only minor burns). Mass trans-
port means (e.g., buses) can be used.

BURN CENTER REFERRAL

Central incident command should already know the 
number of  available burn beds and at least the number and 
locations of  victims. Burn extent and severity, need for ven-
tilator support, quality of  treatment for shock, CO poison-
ing, and quality of  escharotomies all must be evaluated 
with the goal of  getting reliable data. BATs may play a role 
in this phase by gathering information from outlying hos-
pitals and assisting in emergency care. With central collec-
tion and distribution of  data, the best treatment option 
allowed by the resources available can be chosen for the 
patient. This can be supported by information technology 
(IT) solutions that enable central registration of  burn 
cases.42

Depending on resource availability, burn patients are 
either distributed to burn centers with free resources or, 
when burn-center resources are limited, criteria for burn-
center treatment must be established. These criteria should 
include burn size, age, and the need for ventilator support. 
The survival grid published by the ABA is recommended for 
this purpose.2 Patients meeting these criteria are to be 
transported to burn units; the rest either stay in the primary 
hospital or are transferred to nonburn centers.

Whether to transport patients whose care has been clas-
sified as futile to burn centers must be decided in advance. 
They are a burden for the primary hospital in terms of  
workload, psychological effect, and legal aspects.31 In burn 
centers, they tie up resources needed for treating patients 
who are likelier to survive. The pairing of  two recommenda-
tions in the United States—to send any third-degree burn 
to a burn center and not to send to a burn center anyone 
with a severe, life-threatening, nonsurvivable burn—may 
produce conflict. At any rate, these patients, their relatives, 
and the staff  caring for them need both psychosocial support 
and support from experienced burn personnel.

EVACUATION TO OTHER BURN CENTERS

Depending on the number of  casualties and the available 
burn beds, it may be necessary to transfer patients out of  
the local burn center. There are three possible scenarios:

■ Physical examination—external bleeding; penetrating
injuries; thermal burns; chemical burns; neurologic
status; and investigation of  head, spine, thorax, abdomen, 
pelvis, and extremities

■ Vital signs, including respiration rate, pulse oximetry,
and temperature

■ Burn size is estimated by the rule of  nines, and there is
evaluation of  suspected inhalation injury and of  the need 
for intubation.

Triage classifies patients according to the following treat-
ment urgency groups shown in Table 5.1. An easy-to-
remember acronym is DIME, which stands for delayed, 
immediate, minimal, and expectant. The main factors to 
consider in burn patient triage are TBSA burn and age.

Emergency treatment at the scene is done in a treatment 
area by appropriately trained providers. Burns needing 
treatment for shock or intubation should be classified for 
urgent treatment. Because of  the need to resuscitate as 
soon as possible, resuscitation should begin here!

In mass casualties, cardiopulmonary resuscitation (CPR) 
is not performed as it binds resources for mostly futile efforts 
for victims initially classified as dead (no ventilation after 
airway opened, no pulse). This is especially after rescue from 
indoor fires (because deadly CO poisoning can be assumed) 
and in the setting of  massive trauma.40

Triage group 4 (in Austria, Germany, Switzerland, and 
some other countries) includes the unsalvageable, who 
deserve “expectant” treatment. This may be controversial 
because the duration of  the disparity between supply and 
demand should be short and, when the period is over, this 
group’s priority may change to 1 or 2. Group 4 needs staff  
at least for comfort care. Dead victims need neither staff  nor 
transports in the acute phase.

If  available, tags are attached to each patient. Tags are 
used not only to indicate triage category but also to provide 
each patient with a unique number. These tags facilitate 
victim identification and registration; tell about patients’ 
history, medical treatment, injuries, urgency of  treatment, 
and classification of  injury; and specify the hospital for 
treatment. The tags must not be removed until all the fol-
lowing have occurred: hospital arrival, identifying the 
patient, and registering the tag number and treatment data.

INITIAL TRANSPORT

For burn patient transport from the scene to the hospital, 
ambulance heating should be maximized to avoid cooling 
the patients. Warming pads and extra blankets should be 

Table 5.1 Triage Color Code and Urgency

Group START Medic Triage

1 Immediate Immediate

2 Urgent Urgent (2a and 2b)

3 Delayed Delayed

4 Expectant

4 Expectant or dead

No number, no color Dead
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psychologically and to reflect on its effects. Optimally, it is 
conducted near the site of  the event and begins within the 
first 24–72 hours. The preferred approach is one-on-one 
interviews and small-group sessions, after which the psy-
chosocial specialist decides whether debriefing should be 
offered. It is suggested to contact people again after 4–6 
weeks for reevaluation.40

The Critical Incident Stress Debriefing (CISD) system has 
three parts—preparation, attendance, and aftercare. CISD 
is offered by many institutions and organizations. Although 
minimum standards are rather clear, quality control is 
sometimes lacking.40

Emergency Care: Special 
Considerations in Disasters

FIRST AID

Bystanders, hurt and unhurt, give first aid according to 
their experience and training. Basic measures that can be 
performed by trained lay persons include the following:

■ Stop bleeding.
■ Open the airway.
■ Extinguish fire on persons; cool wounds while preventing 

hypothermia.
■ Prevent wound contamination.

In mass casualty events, clean polyethylene film (e.g.,
Saran wrap, a plastic wrap used for food) is suggested for 
protection of  areas other than the face. This occlusive dress-
ing prevents wound dehydration and evaporative heat loss. 
Care must be taken not to stop circulation or hinder 
ventilation.

FLUID RESUSCITATION

An approach to initial care of  burn patients in EDs is pro-
vided in Tables 5.2 and 5.3. To simplify fluid resuscitation 
by nonburn providers, who possibly have to resuscitate a lot 
of  patients at the same time, Chung et al46 implemented a 
new formula known as the rule of  10 (for adult patients 
weighing between 40 and 80 kg):

■ Estimate burn size to the nearest 10.
■ % TBSA × 10 = Initial fluid rate in milliliters per hour.
■ For every 10 kg above 80 kg, increase the rate by 100

milliliters per hour.

During the next hours, fluid administration should be
adjusted to physiologic response. The target is a urinary 
output of  30–50 mL/h. The crystalloid infusion rate (e.g., 
lactated Ringer’s solution [LRS]) is adjusted up and down 
by about 25% every hour or two to achieve this goal. The 
formula is not suitable for resuscitation of  burned children 
(weighing <40 kg body weight); for children, a weight-
based formula should be used along with a maintenance 
fluid.

Mass casualty events and disasters make it difficult to 
provide fluid resuscitation at the right time and in sufficient 
quantities. A 70-kg patient with a 40% TBSA burn, for 
example, needs approximately 6000 mL of  LRS during the 
first 8 hours. Because supply is a bottleneck in disasters, 

1. If  the number of  patients is within the local burn cen-
ter’s surge capacity, then the local burn center can do 
primary stabilization and treatment and afterwards can 
decide whether to distribute some patients to other burn 
centers.

2. If  the number of  patients exceeds the surge capacity of
the local burn center but can be handled by the national 
system of  burn centers, then initial care must occur in 
local trauma centers or burn centers. Dispersal of  
patients to national burn centers must come later.

3. If  the number of  victims exceeds national resources,
international resources must be evaluated to determine 
which patients are to be treated in burn centers nation-
ally and which could be evacuated internationally. This 
scenario can be facilitated by preexisting conventions 
and treaties.

SECONDARY TRANSPORT

During transport, the patient must be protected from bacte-
rial contamination and from cooling. This requires special
dressings and devices that prevent cooling. Klein and asso-
ciates reported that the most common complications during
air transport were loss of  venous access and inability to
secure an airway. Hypothermia below 35°C was reported in
about 10%, mostly in patients with larger TBSA burns.43

TRANSPORT HOME

For patients whose treatment occurred far from their
homes, transport to home hospitals should be arranged.
Central disaster management must conduct a general
survey of  treatment centers to identify survivors and space
available in the home area. Patients should be transported
if  they are stable and the situation in the home area is suit-
able. Transport funding must be obtained.

LONG-TERM FOLLOW-UP AND REHABILITATION

After treatment in a burn center, further care must be
planned. Regular follow-ups, surgical interventions, reha-
bilitation, and psychosocial support must be initiated. These
should be long-lasting measures to give the patient a point
of  care that she or he trusts.

Rehabilitation must be coordinated for all patients. The
primary shortage in burn beds will be followed by a second-
ary shortage in rehabilitation centers. Follow-ups must be
planned far into the future; projects should be established
and funded. Care—physical, psychological, and social—
should be given not only to the victims but also to their
relatives.

DEBRIEFING

Debriefing is part of  psychosocial preventive care in emer-
gency response. Staff  in mass casualties have a higher risk
of  illness than the average population. Contributing factors
include the need to make triage decisions, bad information,
lack of  routine, lack of  resources, inability to provide help,
and contact with aggressive news media.44,45 Debriefing
allows those involved in the incident to overcome the event
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TBSA) has been underused. This mainly reflects concerns 
about disturbed gastric emptying and impaired peristalsis 
after the burn injury, exacerbated by the side effects of  
opioid analgesics. In the early 1970s, Monafo resuscitated 
a small group of  adults and children with burns of  22–95% 
TBSA using a 600-mOsm/L hypertonic oral solution.47 In 
the 1990s, experience with early enteral feeding48 demon-
strated that, if  feeding is begun no more than 2 hours post-
burn, the gastrointestinal effects are favorable, and even 
major burns could be managed with enteral, rather than 
parenteral, feeding.

Today, the main focus is on the World Health Organiza-
tion’s oral resuscitation solution (ORS). It is a small packet 
containing glucose, sodium, potassium, chloride, and 
buffer, with a slightly hypertonic osmolarity of  331 mmol/L 
when dissolved in water. It was first developed to treat the 
massive loss of  volume and electrolytes in cholera, dysen-
tery, and so on. With a feeding catheter placed in the intes-
tine of  40% TBSA burned anesthetized pigs, Thomas et al 
demonstrated resuscitation with the WHO ORS according 
to the Parkland formula.49 Michell et al reported similar 
results.50 El-Sonbaty reported good results using WHO ORS 
for oral resuscitation of  children with burns of  10–20% 
TBSA.51 More research into both the ideal enteral fluid and 
the quantities to administer is necessary. But in early burn 
resuscitation in disasters with IV fluid shortages, there may 
be a role for oral rehydration solutions, such as the WHO 
ORS or one of  the following:52,53

■ 5.5 g of  salt as undissolved tablets swallowed with 1 L of
water

■ 1 L of  water with 1 tsp of  salt (or 1/2 tsp of  salt and 1/2
of  baking soda) and 8 tsp of  sugar

■ 1 L of  LR with 8 tsp of  sugar.

The importance of  beginning fluid resuscitation (orally,
enterally, or intravenously) as early as possible must be 
emphasized.

AIRWAY MANAGEMENT

In burn disasters, oxygen and ventilators often are scarce, 
increasing the importance of  correctly assessing which 
patients need oxygen or intubation.

OXYGEN

In disasters, oxygen (O2) requirements rise rapidly. Deliver-
ing small bottles of  liquid O2 is logistically difficult; the avail-
able capacity is strained by the weight, space, and the need 
to refill bottles. Even hospitals’ large bulk liquid-oxygen 
systems may be damaged or inaccessible. In such cases, 
alternatives must be implemented as soon as possible. Por-
table bulk systems (1000–5000 L of  liquid oxygen) or 
mobile cylinder banks are helpful, but are often unavailable 
in disasters.

Two other options are portable oxygen generators (POGs) 
and nonportable oxygen generators, often used in military 
field hospitals. If  electrical power is present, oxygen genera-
tors can deliver oxygen with a concentration of  93% or 
more. They can be connected to patients or ventilators. 
With a booster system to provide enough pressure, oxygen 
generators can be used to refill oxygen tanks.

Table 5.2 Primary Assessment of Burns in Hospitals

■ A—Airway
■ Intubation?
■ Tracheotomy
■ Inhalation

■ B—Breathing
■ Pneumothorax
■ Escharotomy thorax
■ Remove necrotic plates from thorax

■ C—Circulation
■ Resuscitation fluid
■ TBSA recalculated
■ Urine output
■ Core temperature
■ Hemorrhage
■ Escharotomy

• D—Disability
■ CO—Carboxyhemoglobin
■ Hydrogen cyanide
■ Shock
■ Trauma

■ E—Environment
■ Additional injury
■ (Trauma CT scan)

CO, Carbon monoxide; CT, computed tomography; TBSA, total burn surface 
area.

Table 5.3 Important Items During Primary Hospital
Assessment in Burns

VENTILATION

■ If ventilation is impaired: Check the need for intubation,
tracheotomy, or coniotomy.

■ If patient is intubated and ventilation is disturbed: Check tubus
position; exclude pneumothorax; consider thoracic escharotomies
and fasciotomies.

■ Check for inhalation injury and aspiration: Bronchoscopy may
be needed.

■ If carboxyhemoglobin is high: Oxygen appliance is needed.

CIRCULATION

■ If perfusion of extremities is disturbed or pressure is high: Check
the need for escharotomy and fasciotomy.

■ Recalculate TBSA.
■ Recalculate fluid requirement: Present corrected fluid amount.
■ If blood pressure is disturbed: Correct fluid administration. Other

medication? Additional injuries?

ORGAN PERFUSION

■ Check urine output.
■ Core temperature: Warm up.

OTHER INJURIES

■ Is other medical treatment (besides burn treatment) necessary?
Complete the diagnosis and give treatment according to urgency.

LOCAL TREATMENT

■ Clean; apply disinfectants: Take primary swabs.

NUTRITION

■ Nasogastric or nasoenteric tube in intubated patients.

TBSA, Total burn surface area.

facility with how to resuscitate patients using fluids other
than LRS may be important.

ORAL RESUSCITATION

Since the development of  IV resuscitation formulas in the
early 1950s, oral resuscitation in major burns (>15–20%
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experience showed that an uncoordinated surge in blood 
donation may generate, several weeks later, an unusual 
drop in the supply.56 Managing blood in disasters and catas-
trophes is therefore a tricky matter.57

Hospital blood banks possess a certain inventory, which 
usually is not more than the amount of  blood products 
needed for 2–3 normal days, including additional units for 
major trauma. Burn disasters immediately deplete the 
available stocks and lead to urgent requests to the local 
blood center. Triaging mass casualties, especially in burn 
disasters, results in the dissemination of  patients to differ-
ent trauma centers, so that multiple hospital blood banks 
are involved. High-volume and high-priority requests con-
centrate in a spiraling sequence in one blood center, which 
is greatly strained to coordinate the distribution to its hos-
pital blood banks.

Supplies are usually sufficient to meet the urgent first 
requests, but many blood centers hold an average of  blood 
products to meet the regular demand of  1 week or less. 
Burn disasters are characterized by the urgent need for 
platelet products and erythrocyte concentrates in the early 
phase. A blood center’s stocks may be depleted within 
hours—platelets first and then erythrocyte concentrates. 
Plasma products are usually available even in bigger 
disasters.

Deliveries from other blood centers and national coordi-
nation may help to mitigate the center’s own insufficiency. 
More often, a blood center acts without information about 
the disaster and the estimated need for blood products. 
Communication between emergency services and blood 
centers is rare.

WOUND CARE AND ESCHAROTOMIES

Whereas courses such as ABLS emphasize early transfer of  
individual patients to a burn center, where debridement of  
wounds and escharotomies (if  needed) are done by the burn 
experts, this may not be possible in a mass casualty event. 
Initial wound debridement should be thorough and aggres-
sive and should use a surgical antiseptic such as chlorhexi-
dine gluconate solution. After debridement, the patient 
should be prescribed a topical antimicrobial. SSD (Silvad-
ene, Flamazine) has the advantage of  widespread availabil-
ity and familiarity. Mafenide acetate (Sulfamylon; Mylan 
Institutional, Rockford, IL) has the advantage of  deep pen-
etration into eschar. A silver-impregnated dressing (Silver-
lon; Argentum Medical, Geneva, IL; others) is a less 
labor-intensive option than the creams. For mass casualty 
situations, SSD with cerium nitrate (Flammacerium; Alli-
ance Pharma, Chippenham, United Kingdom) is an attrac-
tive option based on the concept that the resulting eschar 
may permit a delay in excision with diminished ill effect.58 
An enzymatic debriding agent, NexoBrid (MediWound Ltd, 
Yavne, Israel), is under evaluation as a topical alternative 
to surgical wound debridement, which would be useful in 
mass casualty events.

Communication

Communication is an essential component of  successful 
disaster response and a component that frequently 

For safe work with diminished resources, there are several 
requirements: organizing a sufficient supply, ensuring the 
right connections between the systems, rechecking differ-
ent systems during exercises, and evaluating actual oxygen 
needs to minimize wasted gas.54

ANESTHESIA

In disasters with few fully equipped anesthesia worksta-
tions, relatively stable patients without threatened airways 
or inhalation injuries and no major surgery of  thorax or 
abdomen can be managed safely with (1) ketamine, (2) ket-
amine and midazolam, or (3) ketamine and low-dose pro-
pofol.55 Ketamine preserves spontaneous ventilation; airway 
reflexes are mostly intact. The drug induces dissociative 
anesthesia and is a potent analgesic. Increasing central 
sympathetic tone helps stabilize hemodynamics. It is a 
bronchodilator but increases mucus production. It there-
fore may require concomitant administration of  glycopyr-
rolate or atropine. To avoid dysphoria and hallucinations, it 
can be combined with midazolam (0.03–0.15 mg/kg) or 
low-dose propofol (0.25–0.5 mg/kg). As a racemate, ket-
amine has a loading dose of  0.25–1 mg/kg IV or 0.5–2 mg/
kg intramuscularly for analgesia; the anesthetic dose is 
0.75–3 mg/kg IV. S (+) ketamine, with less psychomimetic 
effect, can be administered at half  the dose of  the racemate. 
The effect lasts 5–15 minutes.

Acute surgery of  wounds on upper and lower limbs and 
reduction of  open fractures can be done under peripheral 
single-shot regional anesthetic techniques if  the region 
where the block must be performed is clean and not burned. 
The same can be done with smaller burns on the 
extremities.

The availability of  ventilators and anesthesia machines 
depends on the scale of  disaster. If  field hospitals are 
required, providers must be familiar with the equipment 
available therein. First-line field anesthesia machines are 
draw-over systems. They are used in the forward deployed 
medical units in the army but also in civil units like the 
German Red Cross “ziviles Feldlazarett.” Their main advan-
tage is their extremely low weight (5 lb or 2.3 kg). For ven-
tilation in a controlled mode, however, they have to be 
connected to a ventilator. Another disadvantage is their 
failure to meet American Society of  Anesthesiologists (ASA) 
safety standards. Therefore, training with the devices is dif-
ficult and requires connection to the safety and monitoring 
systems of  standard anesthesia machines.

Recently, field-deployable versions of  standard anesthesia 
machines were developed and introduced. They are of  a 
robust and lightweight design, are able to operate under 
extreme temperatures, have extended battery capacities, 
require little maintenance, and are able to ventilate in dif-
ferent modern ventilation modes. The same applies to some 
modern transport ventilators, which are easy to transport 
and able to replace a heavy ICU ventilator.

BLOOD

Few publications describe the responsiveness and efficacy of  
transfusion services in catastrophes and disasters. Blood 
supply is mentioned as scarce in the first and prolonged 
phases of  disaster response.12 But the 9/11 terror 
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interorganizational communication. In Europe, TRSs are 
being established for emergency organizations.

Satellite Telephone

Satellite phones are independent of  local infrastructure and 
can be helpful in cases of  uncertain or overloaded infra-
structure. However, even a call made from a satellite phone 
will not go through if  the telephone system at the receiving 
end is not functioning.

Internet

Internet communication is an option only if  connections 
are intact.64 The Internet can be helpful in building up 
information structures for victims’ relatives and to provide 
information to large audiences.

Electronic News Media

These are important in disasters, especially when locales 
must be evacuated and when staff  are needed. News reports 
sometimes constitute burn centers’ first information source 
about incidents before the official alarm arrives.

COMMUNICATION WITH NEWS MEDIA

News media shape the public face of  the disaster. Informa-
tion should originate from a desire to be as correct and as 
complete as possible.59 Training in crisis communication 
should be given. The central incident command should 
appoint spokespersons to provide regular, scheduled press 
conferences and bulletins. The press should be kept away 
from victims and their relatives. The hunt for headlines does 
not stop at the hospital door.

When spokespersons start their work, they should express 
first their concern about the situation and their condo-
lences to those who have lost loved ones; they should provide 
assurance that everything possible is being done to help.

Methods of  supplying information to the media include 
websites, press releases, press conferences, and radio and 
television interviews.

The media want people for interviews and photos. This 
should be kept in mind and prepared for, with forethought 
given to what aspects can be discussed without causing 
problems. The following is a list of  things to avoid when 
interacting with the press:59

■ Guessing; presenting your own theories; communicating
falsehoods

■ Becoming upset or angry
■ Using jargon
■ Discussing classified information
■ Saying, “No comment”
■ Speaking about issues outside your area of  expertise.

Communication with the media should be done in an
environment outfitted for information transfer by media 
and away from patient treatment areas.

COMMUNICATION WITH RELATIVES 
AND FRIENDS

Centers should be established at hospitals for friends and 
relatives to gather in private. Crisis counselors and com-
munication tools (e.g., telephones) should be available here. 

malfunctions during a crisis. Hospitals and burn centers 
often learn first of  an incident through the media or other 
unofficial channels.19 Victims arriving on their own some-
times give the first information.9 News media also can be 
faster than the designed information structure sometimes 
video is a better source of  information than mere words. 
When patients arrive tagged or telling certain stories, it 
indicates a mass casualty event. Measures to establish hos-
pital preparedness should be taken, including checking sup-
plies and the local situation and not allowing staff  to go 
home after shifts until the situation is cleared.

Crisis communication is the exchange of  information 
among public authorities, organizations, news media, and 
affected individuals and groups—before, during, and after 
a crisis.59

MEANS OF COMMUNICATION

In disasters and mass casualties, many factors increase the 
need for communication—and communication resources 
are limited. Sequential failure of  various communica-
tion methods was described in many disasters such as 
Enschede,60,61 London, and Madrid.10,11 Communication 
problems are reported in almost all mass casualties and 
disasters.

Cellular Telephone

Cellular networks usually are overwhelmed because victims, 
news media, relatives, friends, and others all quickly begin 
dialing to or from cell phones. This leads to breakdown 
within minutes. Cell phones should not be used near explo-
sive devices;62 a 50-ft (15.2-m) safety radius is suggested. 
People trying to use cell phones may be endangered by secu-
rity forces, who know that cell phones can be used to trigger 
bombs. In case of  suspected bombs, cell phones can be 
jammed by security forces.63 Amateur videos, often shot on 
cell phones, are important in mass casualties for recon-
structions and intelligence.

Conventional Telephone

In most hospitals, the number of  incoming and outgoing 
landlines is limited. A manual switchboard, as opposed to 
automatic switching, can become overloaded very quickly. 
For alerting staff, an alarm server with call-center function 
makes sense.

Voice over Internet Protocol

Voice over Internet Protocol (VoIP) permits conference 
calls. For security reasons, public VoIP systems are usually 
disabled in hospital IT systems.

Two-Way Radio

Reception and transmission can be poor or nonexistent 
indoors and underground (e.g., 9/11, London). In hospitals, 
the number of  persons who can talk at the same place and 
time over one circuit can be limited, causing problems when 
an area includes many persons exchanging information.

Trunked Radio System

Such systems use computer control to allow almost unlim-
ited talk groups with only a few channels. Relief  units  
use trunked radio systems (TRSs) for intra- and 
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above the normal capacity can cause complications, such 
as an infection control problem.28

THE ROLE OF TRAUMA CENTERS

Trauma centers will always be part of  disaster response. 
Trauma centers, being much more numerous than burn 
centers, can cope more easily with initial treatment of  an 
unknown number of  casualties.66 In special cases, patients 
with combination injuries (e.g., mechanical injuries) may 
benefit from transfer to a trauma unit.

Although initial care of  burns is part of  ATLS, many 
emergency doctors, trauma surgeons, and other medical 
personnel are not experienced in burns.31 Trauma centers 
without burn units therefore need support from experts and 
seem to be the place where BATs can be most effective. BATs 
act as experts and can support other surgeons. Because 
they are busy not with details but with directing treatment 
by others, they are in a position to improve results. They 
also can help determine the extent and severity of  burns for 
central data collection and for redistribution of  patients to 
burn centers or other hospitals. This assumes that BATs are 
readily deployable on short notice.3,8

THE ROLE OF BURN-BED DATABASES

Burn-bed databases are a necessity for knowing quickly 
who should go where. These databases should include the 
different burn-bed types (adult or pediatric; ICU or ward). It 
takes too much time during an incident to ask each center 
individually how many beds are free for use; therefore, an 
online system is preferable.

At present, few data exist on the real availability of  burn 
beds in case of  disaster. Germany has the highest ratio of  
burn beds to population. In the Enschede fireworks explo-
sion, Germany could offer 19 burn ICU beds of  127 for 
adults and 15 for children.61 There are national burn-bed 
bureaus in Germany and the United Kingdom, and there 
are networking facilities for cooperation (e.g., the Mediter-
ranean Burns Club).

THE ROLE OF INTERNATIONAL COOPERATION

Transfer of  burn patients across international boundaries 
has worked well in some mass casualty events, particularly 
in Europe. The European Union has a “Community Mecha-
nism for Civil Protection,” which regulates disaster support 
among nations both in and outside the European Union. 
This process covers sending disaster-relief  staff  to countries 
with disasters, but it does not address transferring victims 
to other countries. There are exchange treaties between 
some countries, and there is actual cross-border hospital 
cooperation, but there is no general regulation thereof.

Humanitarian Crises

A humanitarian crisis is an event causing critical threats to 
health, safety, or human well-being, usually over a wide 
area. For burn injuries, armed conflicts and natural disas-
ters are the likeliest forms. Natural disasters can not only be 
directly linked to fire (as in wildfires) but also cause burn 

Access to this area should be restricted to identified relatives
and friends. Information here should be exact, honest, and
never speculative. A contact person for relatives and friends
should be nominated. Relatives coming to visit their badly
injured loved ones should be given psychosocial help and
should be supported by the offer of  guest rooms and con-
tinuous, fact-based information. Patients and relatives
should be protected from news media, which often consti-
tute a big problem in this phase.

Strategies for Distribution of
Patients and Resources

Fundamental to disaster planning and response are strate-
gies for admitting burn patients, for redistributing burn
patients away from the disaster zone, and for bringing addi-
tional resources into the disaster zone. Strategies differ by
country, depending on the resources available. A funda-
mental principle in any successful disaster strategy is that
of  a tiered response. This means that higher and higher tiers
of  support are brought into play as the magnitude of  the
event increases. Most mass casualty events are handled at
the local level; regional, national, and then international
resources are programmed as needed.

THE ROLE OF BURN CENTERS

Individual-medicine criteria for admitting to burn centers
are rather extensive. For example, the German-Speaking
Association for Burn Treatment (DGV) and the European
Burns Association (EBA) have guidelines stating that burns
in functionally or aesthetically important areas should be
treated in burn centers regardless of  their degree and
extent. According to the ABA, all third-degree burns should
be treated in burn centers. It may not be possible to follow
these guidelines in mass casualties and disasters, at least
not initially; the available burn beds must be filled by victims
who will get the maximum survival advantage from burn
center treatment.

In theory, admitting all burn patients to burn centers is
reasonable in resource-rich jurisdictions, with many burn
centers, many burn beds, and lots of  staff. In reality, the
availability of  burn beds varies among nations. Usually it
can be assumed that burn beds are in short supply and high
demand. Even in the United States, many burn centers have
fewer than 15 beds65 and even fewer ICU beds.

The advantages of  admitting all burn patients to burn
centers are lost when the number of  victims is so high that
quality cannot be maintained. Burn center staff  then get
tied up treating many patients with non-life-threatening
burns. Likewise, admitting only the most severely burned
patients to burn centers is of  little use, as demonstrated in
the case of  Pope Air Force Base. There, an influx of  lethally
injured patients monopolized the Jaycee Center’s resources.
Burn beds are scarce and so must be reserved for victims
with the best chance of  survival. The ABA published a
benefit-to-resource ratio table to optimize this process.

Transferring patients elsewhere can be reasonable even
for burn centers because surge capacity cannot be main-
tained indefinitely. “Medical vanity” should never be a
reason to avoid transferring patients elsewhere. Workload
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In other words, relatively low-cost interventions (e.g., 
prevention of  invasive Gram-negative burn wound infec-
tion by use of  topical antimicrobial burn creams and basic 
hygiene) are likely to have a greater impact than some of  
the higher cost, high-tech interventions.74

Conclusions

Recent events have raised worldwide awareness of  burn 
disasters. Ongoing wars and terrorist attacks, along with 
several indoor fires, have shown that preparedness for such 
events is necessary.75,76 No one is immune to such risks. The 
question is not whether such disasters will happen but 
when they will happen and how we can cope.

Preparedness requires plans, and it requires staff, stuff, 
and structure (the three Ss). Plans include international 
disaster plans, national disaster plans, coordinated disaster 
plans at the state level, and local disaster plans for locales 
and institutions. Structure is the national or international 
health system. Stuff  is emergency supplies ready for disas-
ters. Staff  includes medical, paramedical, rescue, and 
technical-relief  organizations. On the basis of  these plans, 
legal preconditions must be established, and resources must 
be planned and funded. Both the planning and the execu-
tion require money, which is an investment in a society’s 
future and security.

Burn societies can aid this procedure because they com-
prise the experts in these fields. Planning without the 
experts in burn treatment is futile, but working on their 
own, burn experts lack the resources to plan for mass 
casualties.

Disaster drills for hospitals and rescue organizations must 
be performed realistically. Education in burn treatment 
(e.g., Advanced Burn Life Support (ABLS), Emergency Man-
agement of  Severe Burns (EMSB)) is essential for effective 
coping with mass casualties—not only for medical staff  but 
also for hospital administrations. Burn surgeons are scarce 
in burn disasters, and surgeons are not the only personnel 
to be trained. We encourage readers to learn from the expe-
riences described in this chapter; we hope that these experi-
ences will motivate them to plan assiduously and to train 
diligently.

Complete references available online at 
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injuries through atypical use of  energy: When people are 
not used to open fire but they need it because their electric-
ity resource has failed, burn incidence rises. The same 
happens when people try to get electricity by throwing 
wires over power lines. After a severe storm, the increased 
use of  internal-combustion emergency generators and 
internal-combustion power saws causes a higher rate of  
burn injuries and of  burns related to burn accelerants.67

In disasters and humanitarian crises, medical treatment 
can often begin only after minimal infrastructure and order 
are reestablished. Where looting or political or religious 
rivalry occurs, medical work can be dangerous.68 Therefore, 
cooperation with security forces, at least in the early stages, 
may be necessary.69 Minimum requirements for work are 
shelter, safe water, food, and electricity.70 One of  the basic 
problems in medical aid work in disasters and low-resource 
countries is sterility: There usually is a high rate of  infec-
tions with hepatitis and HIV, which must not be spread.71 It 
may be helpful to conceptualize burn injuries during a 
humanitarian crisis as follows:

■ Those that can be treated with minimal efforts (e.g., by
clean dressings and available analgesics).

■ Those that are not survivable without specialized care.
Such specialized care must first be instituted.

■ Those that cannot be treated successfully in this environ-
ment. Patients must be transported to facilities where
successful treatment can be performed and is funded, or
they are deemed futile, and “comfort care” should be
provided.

To prepare medical systems for burn treatment during a
humanitarian crisis, history provides data on what inter-
ventions are most likely to improve outcome at the lowest 
cost. At the end of  World War II, only 50% of  young adult 
patients survived burns of  greater than 40% TBSA.72 Step-
wise improvements in survival were the result of  the follow-
ing advances:73

■ Fluid resuscitation techniques
■ Safe blood support
■ Topical antibacterial treatment with mafenide acetate or

silver-containing products
■ Early excision and grafting; cadaver skin as a temporary

skin substitute
■ Enteral nutrition
■ Improvements in mechanical ventilation and general

critical care.
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body proportions, do not follow the rule-of-nines. A more 
accurate method of  estimating burn size is the Lund-
Browder chart.1 It is important to note that hand size may 
overestimate the size of  the burn,2 and both the rule-of-
nines and Lund-Browder chart may have significant error 
when estimating the burn size of  obese patients.3,4 There-
fore, it is important to understand that these methods of  
determining burn involvement are not exact and to know 
the limits of  your facility and staff.

DEPTH OF THE BURN

The depth of  the burn injury is important to note during 
the evaluation of  the patient because it is recommended 
that any patient with a third-degree burn be referred to a 
burn center due to the additional care needed. First-degree 
burns and third-degree, full-thickness burns are relatively 
easy to identify at the time of  presentation. First-degree 
burns, like sunburns, only involve the epidermis and are 
dry, painful, and do not blister. Third-degree burns involve 
the epidermis, dermis, and the subcutaneous tissues. These 
wounds can appear black, white, or leathery, and they will 
not blanch to the touch or be sensate or painful (Fig. 6.1). 
It is still possible to elicit pain because manipulation of  a 
full-thickness burn may stimulate the edges of  the burn, 
which is inflamed and sensate. Second-degree burns can be 
divided into superficial partial-thickness and deep partial-
thickness injuries. The difference between these two can be 
subtle during the initial evaluation. All partial-thickness 
burns will be painful and moist and can have blisters (Fig. 
6.2). However superficial wounds will have clear fluid in 
blisters, and deeper wounds may have bloody fluid with late 
presentation. Superficial wounds will also blanch to pres-
sure as opposed to deeper wounds. Occasionally wounds 
that appear perfused with ruptured blisters that initially 
appear to be superficial may progress to a more severe 
injury due to thrombosis of  the small blood vessels in the 
wound, leading to the wound becoming a deeper injury.5,6 
Superficial partial-thickness wounds will heal within 3 
weeks, while deep partial-thickness wounds may take 
longer to heal or require excision and grafting.

Burn injuries can be divided into three zones (Fig. 6.3). 
At the point of  greatest damage is the zone of  coagulation, 
in which there is irreversible tissue damage. Surrounding 
this is the zone of  stasis, an area of  the wound that can 
potentially necrose with inadequate treatment or heal if  the 
area is properly perfused. Should the patient be underresus-
citated, this region of  the burn wound may progress to 
become part of  the zone of  coagulation. The third zone, at 
the edge of  the burn injury, is the zone of  hyperemia, which 
will likely heal with treatment if  the region maintains per-
fusion and infection is not involved.7

Introduction

Many small burn injuries can be treated in the outpatient
clinic once it is determined that there are no other injuries,
complicating medical problems, or suspicion of  abuse. As
with burn care in the hospital setting, the goals of  outpa-
tient burn care are to adequately heal wounds with minimal
scarring or deformity, as well as reducing pain, the risk of
infection, and impaired function. To achieve these, outpa-
tient burn care encompasses wound management, rehabili-
tation, and psychosocial support.

Outpatient burn care extends to follow-up treatment of
patients with larger burns following discharge. Care for
these patients is similar, with evaluation for proper wound
healing and monitoring for areas that may need surgical
revision, along with ongoing physical and psychosocial
therapy and scar control management.

Who Can Be Managed as
an Outpatient?

Patients should be carefully evaluated to determine whether
outpatient management of  the burn would be sufficient for
the course of  medical treatment. Careful medical history
and physical examination will help to guide decision-
making whether the patient should be admitted or can be
treated as an outpatient. Important factors to note include
the extent and depth of  burn injury, cause of  the burn,
associated trauma, and premorbid diseases. Patients who
require intravenous fluid resuscitation should be treated in
the hospital, as should those in whom it will be difficult to
properly manage pain as an outpatient. However, once
resuscitated and pain controlled with oral pain medication,
subsequent treatment may be performed in the community
setting depending upon the severity of  the burn injury. The
American Burn Association (ABA) provides guidelines to
assist in identifying patients who should be referred for
treatment at a burn center, and this will be discussed in
more detail later (Table 6.1).

PERCENT OF THE BURN

The ABA recommends referral to a dedicated burn center
for all patients with greater than 10% total body surface
area (TBSA) burn.1 The TBSA may be estimated by using
the Wallace “rule-of-nines”(2), or the “rule-of-palm,” which
estimates the body surface area involvement by using the
size of  the patient’s palm and fingers, with the thumb
extended and all fingers adducted, as a guide to estimate
approximately 1% of  the TBSA for that patient. The rule-of-
palm is useful especially in children who, because of  their
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DISTRIBUTION OF THE BURN

According to ABA guidelines, burns involving the hands, 
feet, face, genitalia, and perineum, and those that cross 
major joints should also be treated in a burn center.8 Lasting 
damage to these areas can have a severe impact on patient 
outcomes. Impairments to the hands can affect grip and 
can therefore have deleterious effects upon the ability to 
work or handle activities of  daily living. Burns of  the feet or 
those that cross joints can severely limit mobility, while 
burns to the face can impair vision and the ability to eat, as 
well as having an emotional impact due to altered appear-
ance. Finally burns to the genitalia and perineum can 
restrict patient autonomy, hindering urinary and sexual 
function or the ability to defecate. While burns to these 
areas may not necessitate specific inpatient treatment, they 
should be treated at a burn center with the proper resources 
to handle the special reconstructive and rehabilitative needs 
of  these patients.

Special consideration should be given to burns that are 
completely circumferential around a part of  the body, such 
as a limb or the trunk. Due to the tissues beneath the wound 
becoming edematous, circumferential wounds can cause 
increased pressure, resulting in compartment syndrome 
and leading to ischemia.9 The classic symptoms are the five 
“P’s” which are pain, pallor, paresthesia, pulselessness, and 
paralysis. The physician should have a high index of  suspi-
cion for compartment syndrome, which necessitates inpa-
tient treatment.

INJURING AGENT

Electricity

Fatal cardiac dysrhythmias are a major risk following elec-
trical injury; therefore all patients with electrical injuries 
should have an electrocardiogram (ECG) performed, and all 
meet the criteria for referral to a burn center. Injuries due 
to low voltages are usually smaller, therefore, these patients, 
as long as no ECG abnormalities are present and no loss of  
consciousness occurred, can be treated as an outpatient 
should there be no other indication for admission.10 The 
presence of  dysrhythmia, ECG abnormalities, or a history 
of  loss of  consciousness is grounds for admission to the 
hospital for monitoring. A common means of  injury from 

Table 6.1 American Burn Association Burn Center 
Referral Criteria.

BURN INJURIES THAT SHOULD BE REFERRED TO A BURN 
CENTER INCLUDE:

1. Partial thickness burns greater than 10% total body surface area
(TBSA)

2. Burns that involve the face, hands, feet, genitalia, perineum, or
major joints

3. Third-degree burns in any age group
4. Electrical burns, including lightning injury
5. Chemical burns
6. Inhalation injury
7. Burn injury in patients with preexisting medical disorders that

could complicate management, prolong recovery, or affect 
mortality

8. Any patient with burns and concomitant trauma (such as
fractures) in which the burn injury poses the greatest risk of 
morbidity or mortality. In such cases, if the trauma poses the 
greater immediate risk, the patient may be initially stabilized in a 
trauma center before being transferred to a burn unit. Physician 
judgment will be necessary in such situations and should be in 
concert with the regional medical control plan and triage 
protocols.

9. Burned children in hospitals without qualified personnel or
equipment for the care of children

10. Burn injury in patients who will require special social, emotional,
or rehabilitative intervention

Fig. 6.1 Third-degree burn. Note the leathery appearance of this burn. 

Fig. 6.2 Second-degree burn. 

Zone of coagulation

Zone of stasis

Zone of hyperemia

Fig. 6.3 Zones of injury. 
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should be injected with calcium gluconate to alleviate pain 
as well as prevent tissue necrosis.15 The author uses intra-
arterial calcium gluconate, slowly injecting into the artery 
supplying the affected part until the patient is pain-free. 
This may have to be repeated in a few hours. Dermal expo-
sure to hydrofluoric acid results in the absorption of  the 
dissociated fluoride anion and subsequent insoluble salt 
formation by binding with calcium and magnesium. The 
patient may then develop hypocalcemia and hypomag-
nesemia accompanied by hyperkalemia due to potassium 
efflux from cells. Hypocalcemia is the main cause of  death 
following hydrofluoric acid poisoning via the induction 
of  fatal dysrhythmias. As little as 1% TBSA exposure to 
50% concentration hydrofluoric acid or 5% TBSA expo-
sure to any concentration is enough to result in poten-
tially fatal hypocalcemia.16 Identification of  the chemical 
and communication with local poison control centers is 
recommended if  needed. After the appropriate removal of  
the causative chemical, treatment is the same as for any  
other wound.

RESPIRATORY COMPLICATIONS

Inhalation injury is one of  the criteria for referral to a 
burn center, and the physician must have a high index of  
suspicion concerning inhalation injury and carbon mon-
oxide poisoning based on the circumstances surrounding 
the burn injury because there may be little to no exterior 
sign of  injury.17,18 The sequelae of  both of  these complica-
tions may not be initially present and may develop over 
time. Of  note, airway obstruction may occur following 
burns of  the oropharynx, face, or neck as the tissues of  
the upper airway become edematous.19 Therefore, observa-
tion is warranted if  there is any suspicion of  inhalation  
injury.

ASSOCIATED TRAUMA

Due to the often accidental nature of  burn injuries, there is 
frequently concomitant trauma at the time of  presentation. 
Assessment should be made whether the associated trauma 
or the burn injury is of  greater threat to the patient’s mor-
bidity or mortality, with the decision of  the need for direct 
admission or stabilization and referral to a burn center 
made at the discretion of  the treating physician.8

COMORBID DISORDERS

A comprehensive medical history of  the burned patient 
should be performed to identify those with preexisting 
medical conditions that would complicate the ability to 
properly care for the patient in a community setting or have 
an impact on recovery, morbidity, and mortality.

The stress of  the burn may exacerbate previous medical 
conditions such as diabetes mellitus, asthma, or coronary 
artery disease.

SOCIAL CIRCUMSTANCES

Proper outpatient management of  burns requires that 
there are sufficient resources available to care for the wound 
and provide for proper follow-up care. Such resources 

low-voltage energy sources is that of  children sucking on a 
defective electrical cord, resulting in damage to the lips, 
tongue, gums, or dentition. Such patients may need admis-
sion because oral intake may be hindered. Such injuries to 
the mouth are at risk of  resulting in rupture of  either the 
superior or inferior labial arteries, especially from days 4 
through 7 post burn (Fig. 6.4). If  treating as an outpatient, 
the caregiver should be educated on this risk and instructed 
in proper first aid, which consists of  pinching the labial 
commissure between the index finger and thumb.

All patients exposed to high-voltage electricity should be 
referred to a burn center due to increased deep-tissue injury 
and subsequent increased amputation rates, organ failure, 
and mortality as compared to patients with comparable 
TBSA thermal burns.10

Chemicals

While not caused by thermal injury, chemical burns are 
treated by burn surgeons, and chemical injury is one of  the 
criteria for referral to a burn center. Initial management of  
a patient with a chemical injury involves brushing off  dry 
chemicals and copious flushing of  areas affected by wet 
chemicals.11,12 The author recommends flushing until the 
patient is pain-free, and, with alkaline exposure, until the 
skin pH is 7, which is the pH of  water. The normal skin pH 
is around 5, but once the pH has reached 7 further injury 
seems unlikely. As with thermal injuries, prompt irrigation 
of  chemical injuries results in decreased full-thickness 
injury as well as shorter hospital stays.13 Irrigation of  the 
chemical burn may need to continue in excess of  1 hour.14 
In the author’s experience, it often takes longer in alkaline 
exposures to reach a pH of  7.

Specific considerations need to be made depending on the 
causative substance. Phenol compounds do not flush well 
with water, so polyethylene glycol or vegetable oil followed 
by water lavage may be used. Water needs to be avoided 
if  metallic sodium or potassium is suspected because the 
resultant exothermic chemical reaction may worsen the 
burn injury. Hydrofluoric acid injuries are treated with 
calcium following water lavage, and a calcium gel can be 
used to cover the injury. Some recommend that the tissues 

Fig. 6.4 Labial burn. 
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Management of Minor Burns

COOLING THE BURN

First aid for burn wounds should begin with removing 
clothing from the burned area and subsequently cooling 
the wound with cool, running tap water or saline.20–22 The 
burn wound should be cooled as close to the time of  injury 
as possible because damage continues while the tissue 
remains above 44°C.23 A study by Rajan et al. has shown 
that even cooling initiated 60 min following burn injury 
will still have a beneficial effect on burn wound outcomes.24 
Excessive cooling, such as through the use of  ice, may actu-
ally result in a deeper wound when compared to uncooled 
burn wounds in an animal model.25

Cooling is also important in the first aid of  thermal inju-
ries because cooling stabilizes mast cells in the skin, result-
ing in decreased histamine release and subsequent reduced 
edema of  the burn wound. The application of  cool, moist 
compresses can also be effective in relieving the pain associ-
ated with partial-thickness burns.26–29 While patients with 
large surface area involvement may experience hypother-
mia if  too aggressively cooled, patients who are eligible to 
be treated as an outpatient, with a smaller TBSA, should 
have little risk of  this occurring. It is still prudent to monitor 
the patient’s core temperature during active cooling.

A limit to the surface area that is cooled is arbitrary, 
but a practical limit is about 10% of  the TBSA. A recent 
study concluded that 20 min was the optimal time to cool 
a burn.30

PAIN CONTROL

First-line treatment for pain in the emergency setting is 
usually narcotics. Intravenous doses of  morphine can be 
given incrementally to titrate for the desired effect. Other 
pain relief  options include acetaminophen with codeine, 
oxycodone, or similar analgesics that can be used individu-
ally or in combination. However due to growing concerns 
about the overuse of  opioids and the risk of  addiction and 
overdose, the physician may consider the use of  medica-
tions such as acetaminophen or nonsteroidal antiinflam-
matories (NSAIDs), especially in smaller burns that are 
more appropriate for outpatient management. Partial-
thickness wounds are the most painful burn wounds 
because the injury leaves the wound without epidermis. 
The pain is severe initially, but will partially subside in the 
following hours. During dressing changes or physical activ-
ity when the wound is manipulated, pain will again be exac-
erbated. Wounds with eschar will not be painful unless the 
eschar is removed or separated, exposing the viable tissue 
beneath.31 Therefore additional analgesia may be required 
during physical activity and dressing changes. Should oral 
medication be unable to control the patient’s pain, the 
patient should be admitted for adequate pain management. 
For additional information on management of  pain in the 
burn patient, see Chapter 63.

BLISTERS

There is no clear consensus on the management of  blisters, 
and therefore treatment depends on the experience of  the 

include either persons, such as family members or visiting 
nurses, who can assist with dressing changes, as well as the 
ability to easily access medical care and receive proper reha-
bilitation and psychosocial services. Should these resources 
be unavailable to the patient in the community setting, 
referral to a burn center should be considered.

Of  serious concern when considering the social circum-
stances surrounding the patient is the possibility that the 
injury was nonaccidental. If  there is any suspicion that the 
injury to the patient was intentional, admission to the hos-
pital and notification of  the proper agencies is warranted 
for their protection (Figs. 6.5 and 6.6).

HOSPITAL RESOURCES

Available resources should be taken into account in the 
decision-making process. Pediatric burn patients should be 
treated at hospitals with qualified personnel and equipment 
to treat children.

Fig. 6.5 Nonaccidental scald burn. Note the area that is not burned on 
this child. She was held down in a tub of hot water. The area of the 
buttocks that is not burned was in contact with the bottom of the tub 
and the heat had dissipated, thus not burning the child. 

Fig. 6.6 Nonaccidental contact burn. This burn was caused by a clothes
iron; note the triangular shape.
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triple-antibiotic ointment (containing neomycin, bacitracin 
zinc, and polymyxin B sulfate) and Polysporin (containing 
polymyxin B sulfate and bacitracin zinc), which both have 
coverage against gram-positive cocci and some aerobic 
gram-negative bacilli. When using these compounds, small 
superficial pustules may form on uninjured or healed skin 
due to yeast. Discontinuation of  the compound will clear 
these pustules. When compared to petrolatum-impregnated 
gauze alone, the addition of  a topical antibiotic ointment 
may decrease odors. For partial-thickness facial burns, bac-
itracin can be applied several times a day without a second-
ary dressing, making it less likely the patient will attract 
unwanted attention from strangers.

DRESSING THE WOUND

There are few comparative studies concerning available 
wound dressing options therefore individual preference and 
comfort will be the determining factors in which option is 
selected. Wound dressings primarily serve to protect the 
wound from the outside environment, decrease pain, absorb 
drainage, and provide a moist environment to promote 
wound healing. Whatever dressing is used, as long as these 
qualities are met, the wound should properly heal. As 
Ambroise Paré said, “Je le pansai, Dieu le guérit” (“I treated 
him, but God healed him”).45

Management of  first-degree wounds may include the use of  
emollients or light dressings if  needed. Follow-up care 
should monitor how the wound is healing.

Second-degree wounds can be managed with daily 
washing of  the wound, along with the use of  emollients 
and dressings that are changed daily. Alternatively these 
wounds can be covered with a polyurethane foam dress-
ing, biologic dressing (discussed later), a silver-impregnated 
dressing, alginate dressing, or a 3% bismuth tribromo-
phenate and USP petrolatum gauze. These allow for longer 
intervals between dressing changes and outpatient visits, 
and they are helpful in areas that require long travel times 
for patients to be seen in the outpatient setting. As with 
first-degree wounds, follow-up care of  second-degree burns 
should monitor the progression of  wound healing. Third-
degree wounds, if  small, will heal by epithelial ingrowth 
and contraction. However most will require referral for sur-
gical intervention.

Patients should be seen at follow-up within several days 
in order to examine the progression of  wound healing.  
The follow-up visit also serves to confirm the patient’s 
adherence to wound care instructions and provides the 
opportunity to ensure the proper resources are available to 
the patient to provide an adequate environment for proper 
healing. Should any concerns arise, changes to the treat-
ment plan, including types of  dressing or frequency of  visits, 
may be needed to optimize care. Otherwise, weekly intervals 
of  follow-up visits provide adequate wound observation.

SYNTHETIC WOUND DRESSINGS

Synthetic wound dressings are popular in the treatment of  
superficial, partial-thickness burn wounds because they 
reduce pain, reduce healing time, and cost less than their 
biologic alternatives. There are many products in this cat-
egory, with the following discussion representing a small 

burn care team. Options for blister management include
leaving the blister intact,32 removing the blistered skin
during the initial wound care,33 removing the blister at a
later time,34 or aspirating the fluid from the blister.32 Labora-
tory studies suggest that blister fluid may have detrimental
effects via suppression of  immunologic responses and
inhibited fibrinolysis.33 Others advocate that the blister can
be left intact to serve as a biological wound dressing, with
spontaneous resorption of  the blister fluid beginning within
1 week. The devitalized skin from a ruptured blister can also
be left in place in a similar fashion to serve as a dressing.
The author removes blisters that are felt likely to rupture on
their own and leaves the others intact, but covers them with
an antimicrobial dressing.

CLEANSING THE WOUND

For thermal injuries, cleansing of  the burn would should be
performed using room temperature to tepid (100°F) sterile
water or normal saline with a mild soap. In injuries involv-
ing tar or asphalt, cooling should be performed first, and the
solidified tar or asphalt should be removed through the use
of  a solvent. Solvents with affinity for the substance to be
removed should be used. One such product is Medi-Sol
Adhesive Remover, a nontoxic, nonirritating, citrus-based
Category I Medical Device solvent approved by the U.S. Food
and Drug Administration (FDA), which has been shown to
be effective in the removal of  both tar and asphalt.35 Other
options include using polysorbates (a class of  emulsifiers),
which can be used on their own or in conjunction with
topical antibiotics, and topical antibiotics in petroleum jelly.
However these options may require multiple applications to
be effective.36,37 The author prefers the use of  mineral oil
because it is inexpensive and works well without causing
additional skin irritation.38

TOPICAL AGENTS

Antibacterial agents are used to prevent burn wound infec-
tions.39 Prophylactic use of  topical agents such as these
have not shown benefit in preventing infections or septice-
mia versus other dressing options, such as petrolatum-
impregnated gauze40,41; however the author recommends
that these substances should be used when the physician
has suspicion that an infection is present. Should topical
antimicrobial agents be warranted, there are several options
available. A popular agent used in the treatment of  burn
wounds is 1% silver sulfadiazine, which has antiseptic prop-
erties due to the presence of  silver, but also results in delayed
wound healing.42,43 This delay in wound healing has been
shown to be alleviated through the co-administration of
nystatin or aloe vera in an animal model.44 Use of  silver
sulfadiazine should be discontinued once reepithelialization
is noted because the agent impairs epithelialization. If  the
wound is covered with eschar, however, silver sulfadiazine
may be used with few side effects. Care must be taken that
the patient is not allergic to sulfa products or that the patient
is not pregnant, nursing, or an infant under 2 months of
age due to the risk of  kernicterus.

Combinations of  antibiotics in ointments have been of
increasing interest because there have been no noted effects
on wound healing in these medications. Examples include
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accumulation of  excess wound exudate. When applied to 
the wound surface, Suprathel becomes translucent, allow-
ing for the wound to be visually inspected for healing and 
infection without removal of  the dressing. The dressing is 
applied to the burn wound after débridement and is left in 
place without changing because it will detach on its own as 
reepithelialization occurs. Petroleum gauze is placed on top 
of  the Suprathel, which is then held in place by gauze and 
elastic bandages. During follow-up visits, everything except 
the Suprathel and petroleum gauze may be removed and 
changed to allow inspection of  the wound. In unpublished 
data from our institution comparing Suprathel with Mepilex 
AG, Suprathel was shown to be a safe alternative wound 
dressing with similar healing time; however it has signifi-
cant advantages, such as reduced pain and decreased 
wound bed disturbance due to the ability to leave the dress-
ing in place. These results are similar to those reported in 
comparison with other wound dressings.53–56

Hydrocolloid Dressings

Hydrocolloid dressings are composed of  cross-linked matrix 
gelatin, pectin, and carboxymethyl-cellulose and can be for-
mulated in wafers, pastes, or powders. They adhere to the 
burn wound on their own and provide a moist environment 
by trapping water in the matrix, thereby promoting wound 
healing. Compared with 1% silver sulfadiazine, these dress-
ings show improvements in wound healing and reductions 
in pain and number of  dressing changes.57,58 Such dress-
ings can be used for small partial-thickness burns and can 
be left in place for several days.

SYNTHETIC TISSUE-ENGINEERED 
WOUND DRESSINGS

Biobrane

Biobrane is a biosynthetic skin consisting of  an outer sili-
cone membrane and an inner nylon mesh bonded with 
porcine dermal collagen. This dressing allows gases to per-
meate it, but not liquids or bacteria.59 This helps to keep the 
burn wound moist to improve healing, but care must be 
taken to not cover infected wounds or those with eschar or 
debris. The wound must also have sensation and appropri-
ate capillary blanching and refill; thus, its use for partial-
thickness wounds. When used in this manner, compared to 
1% silver sulfadiazine, Biobrane resulted in decreased pain, 
reduced pain medication requirements, and decreased 
healing time.42,60 At the time of  writing, Biobrane is not 
currently available in the United States, but the manufac-
turer indicates that it, or a newer product called Perme-
aDerm, will be available shortly.

After cleansing the wound, Biobrane is applied so that it 
overlaps itself  and is fixed to the surrounding unburned 
skin with sterile strips of  tape or with drops of  cyanoacry-
late adhesive. Then the wound is dressed and splints applied 
if  the wound crosses a joint to prevent shearing. Within a 
day, the Biobrane should be adherent to the wound surface, 
although any loose sections can be trimmed and new Bio-
brane applied. At follow-up, sterile fluid accumulating 
underneath the Biobrane can be aspirated and purulent 
fluid drained by opening the Biobrane. After reepithelializa-
tion, the Biobrane can be removed gently.

selection of  what is available. Choice of  dressing is at the
discretion of  the provider based on personal preference and
experience.

Mepitel

Mepitel is a wound contact dressing that adheres to dry skin
but not to the wound bed. After application, it can be left in
place for up to 2 weeks. Secondary dressings may be placed
on top of  the Mepitel. These secondary dressings may then
be changed when necessary, leaving the Mepitel in place
and not disturbing the wound bed.46 In a comparison with
silver sulfadiazine, Mepitel has been shown to decrease
healing times in pediatric burn patients.47

Mepilex AG

Mepilex AG is a synthetic wound dressing commonly used
in the treatment of  partial-thickness burn wounds. It is
composed of  three layers, with a silicone layer facing the
wound, an absorbant polyurethane foam layer, and a pro-
tective waterproof  film to keep the wound environment
moist while allowing gases to permeate the dressing.48 The
foam layer in this dressing contains silver sulfate, providing
antimicrobial action. After cleansing of  the wound, the
dressing is cut to size and applied onto the burn wound,
followed by wrapping with gauze and elastic bandages to
hold the dressing in place. Follow-up visits for dressing
changes can be scheduled for every 3–7 days. In a recent
randomized study comparing Mepilex AG with silver sulfa-
diazine, it was shown that a significantly higher number of
burn wounds treated with Mepilex AG had healed after 1
week, although overall healing rates were similar.48 In the
same study, patients with Mepilex AG reported less pain
associated with dressing changes.

Acticoat

Acticoat is a dressing composed of  three layers, with an
inner layer of  rayon/polyester and outer layers of  polyeth-
ylene coated with elemental silver. This silver is ionized into
its bactericidal form when the dressing is moistened. The
dressing can be left in place longer, requiring dressing
changes every 3–7 days depending on which form of  Acti-
coat is chosen. The dressing must be kept moist to be active.
Studies suggest that Acticoat may reduce healing time
when compared with silver sulfadiazine.49,50

TheraBond 3D

TheraBond 3D is a woven, silver-impregnated fabric with a
perforated wound contact surface. The dressing is designed
to allow fluid and exudate from the wound to be transferred
through the dressing to an absorbent, secondary dressing.
This dressing can be left in place for up to 14 days.51

Silverlon

Silverlon is a silver-nylon dressing that has been used exten-
sively in the treatment of  burn wounds in the military.52

Similar to other listed wound dressings, Silverlon may be left
in place for 3–7 days between dressing changes.

Suprathel

Suprathel is a newer synthetic burn wound dressing con-
sisting of  a thin, porous membrane composed of  polylactic
acid. The porous nature of  the membrane prevents the
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outpatient setting to monitor for changes in the appear-
ance. Early discolorations are likely to occur in the first few 
days following injury after injured blood vessels thrombose 
and wound perfusion is decreased. Discolorations, includ-
ing black or gray spots, are suspicious for infection, and 
patients should be admitted and wound biopsies and micro-
biological studies performed for proper treatment of  the 
infection.76

VACCINATIONS

All burn wounds are susceptible to tetanus infection.77 If  
the patient has not received a dose of  tetanus toxoid within 
the past 5 years, then tetanus immunization should be 
administered. For patients who have received less than 
three doses or have unknown immunization status, both 
tetanus toxoid and tetanus immune globulin can be given.78

INSTRUCTIONS AND FOLLOW-UP CARE

Before discharge from emergency care, patients should be 
instructed in proper techniques for wound care, positioning, 
and physical therapy. Warning signs of  infection should also 
be described, and patients should be instructed about whom 
to contact for appropriate medical care if  signs of  infection 
occur. Finally physicians should ensure that patients have 
adequate pain medication and wound dressings.

DEFINITIVE WOUND CLOSURE

The goal for wound closure is to have all burn wounds 
healed within 1 month, which is easily attainable by the 
outpatient with smaller burns. Burn wounds that heal 
spontaneously within 3 weeks will have better outcomes, 
such as improved elasticity and reduced risk of  hypertro-
phic scarring or pigmentation changes. Poorly healing 
wounds that take longer, however, have increased risk of  
scarring79 or pigmentation alterations. In addition, wounds 
that take a very long time to heal spontaneously may have 
unstable epithelium. Careful attention should be paid to 
the rate of  wound healing during follow-up appointments 
because wounds that are healing slowly may have improved 
outcomes with excision of  necrotic and granulation tissue 
with subsequent grafting.80–82 At 10 days after burn injury, 
partial-thickness wounds without necrotic tissue that 
show evidence of  squamous reepithelialization should heal 
within the month. Reepithelialization can be recognized by 
small opalescent islands of  epithelium scattered across the 
wound. If  these features are not seen, the partial-thickness 
wound may be a deeper injury that would benefit from 
surgery. The author tells patients, “If  your burn heals in 
less than 2 weeks, it is better off  without an operation. If  it 
takes more than 3 weeks, it is better off  with an operation.”

PRURITUS

Itching is a common sequela of  healing burn wounds and 
may persist after the wound has healed. Pruritus causes sig-
nificant distress in burn patients, and resultant scratching 
may result in reopened wounds. Pruritus is more common 
in children, most frequently affects the lower extremities 
compared to the upper extremities, and rarely involves the 

BIOLOGIC WOUND DRESSINGS

Allogenic Amnion

Allogenic amnion is a biologic wound dressing composed
of  the innermost fetal amniotic membranes whose first
reported use was in 1910,61,62 although its use as a tem-
porary burn wound covering was first described in 1952.63

Following donor screening, the amniotic membrane is
harvested during caesarian section, and the donor tissue
is screened for transmissible diseases.62,64 For additional
information on the harvesting of  amnion, see Chapter 14.
Amnion can be used in the treatment in partial-thickness
burns, where it has been shown to promote wound healing,
relieve pain, reduce scar formation, and reduce burn wound
infections.62,63,65–70 It can also be used as a temporary dress-
ing to protect a clean, excised wound prior to skin grafting.71

Xenograft

In the treatment of  partial-thickness burns, porcine xeno-
graft reduces pain and decreases hypertrophic scarring.72,73

It has been shown to be as effective as either human
allograft or human fibroblast-derived temporary skin sub-
stitute, with the advantage of  being more cost-effective.74

The application is the same as discussed in the section on
Biobrane.

Allograft

The authors do not recommend the use of  allograft in
small burn wounds, such as those that would be treated in
an outpatient setting, due to high cost and limited supply.
The application and use is the same as for xenograft, just
discussed.

ELEVATION OF THE BURNED PART

Edema is one of  the main sources of  pain following burn
injury, therefore reduction of  this edema is an effective
method of  pain control. Injured extremities may be kept
immobile by the patient in an effort to reduce discomfort,
but this may result in exacerbation of  edema and therefore
pain. To relieve edema, injured parts should be placed
slightly above the level of  the heart. Regular exercise and
physical therapy are also important factors in reducing
edema. Should edema persist for longer than 3 days in
patients with small burns, the likely culprit is immobiliza-
tion and dependent positioning.

INFECTION AND USE OF SYSTEMIC ANTIBIOTICS

The use of  prophylactic topical or systemic antibiotics has
not been shown to decrease the incidence of  burn wound
infections, sepsis, or mortality40,75 and should therefore
only be used when there is clinical suspicion for infection.
Although the risk of  developing sepsis is quite low in
patients who are able to be treated in the outpatient setting,
patients should be instructed in the warning signs for infec-
tion before discharge. Patients should be advised to contact
the physician should they experience temperatures higher
than 38°C, malaise, increasing pain, erythema, foul odor,
or anorexia.

Wounds should be examined both at follow-up by the
physician and by those performing dressing changes in the
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indicated initially, such as in burns that cross joints or those 
that involve the hands or feet. When treating those with 
burns of  the face, speech pathologists may need to be 
referred. Just as with patients treated in the hospital, outpa-
tients should be monitored for hypertrophic scarring and 
contractures, as surgical intervention may be required.89

Outpatient Treatment of 
Moderate and Major Burns

Some patients with larger burns may be treated with out-
patient care later in the course of  their treatment.90 Physi-
cians may opt for this course due to the advantages of  
decreased costs and increased physical and emotional 
comfort for the patient, along with decreased exposure to 
drug-resistant organisms. Outpatient treatment may be 
appropriate for patients when intravenous fluid resuscita-
tion has been completed, the patient is able to receive ade-
quate nutrition enterally, pain is controlled, and there is no 
present wound or systemic infection. Should these condi-
tions be met, the physician may opt to complete wound care 
and physical and occupational therapy in the ambulatory 
setting.

Conclusion

This chapter discussed the options for outpatient manage-
ment of  the burn patient. Depending on the expertise of  the 
treating physician and the resources of  the facility, some or 
all the options may be available. If  the patient fails to meet 
criteria for referral to a burn center and does not require 
admission for another reason, outpatient management is 
appropriate, following these recommendations for immedi-
ate treatment:

■ Wash the wound with soap and water.
■ Dress with an appropriate dressing, as discussed earlier.
■ Place the wound in Xeroform with a secondary dress-

ing; having the patient follow-up in 24–48 hours is 
reasonable.

■ If  the Xeroform is adherent, it can be left in place and
trimmed as it lifts off; if  not, an alternate dressing 
should be considered.

■ Another option is to use a silver-impregnated
dressing.

■ Depending on the dressing selected, the patient may
follow-up in 3–7 days.

■ If  resources are available, daily to twice-daily wound
cleansing and dressing changes may be utilized with 
follow-up in 1–3 days.

■ Burns that do not heal in 2 weeks should be referred to
a designated burn center for evaluation.

Complete references available online at www.expertconsult.
inkling.com

face.83 Environmental triggers may bring on or exacerbate 
pruritus, including heat, physical activity, or stress. For 
most patients, the pruritus is worst immediately following 
wound healing and diminishes after healing is complete, 
sometimes lasting up to 18 months. In those with persis-
tent itching, one should consider an ongoing psychosocial 
trigger.

Pruritus is a primary sensory modality that has multiple 
causative factors, such as the increased synthesis of  hista-
mine in burn wounds, as well as bradykinin and 
endopeptides.84–86 Management of  itching may include 
antihistamines, cool compresses, or lotions as needed. Most 
commonly, the initial treatment is diphenhydramine hydro-
chloride,83 which also provides mild sedation that may be 
of  benefit. Other antihistamines, such as cyproheptadine or 
hydroxyzine hydrochloride, may also be used as the physi-
cian feels appropriate. Analgesics may alter the perception 
of  itching, and combinations of  the two medications may 
be considered. Environmental treatments may include air 
conditioning, cool compresses, and loose fitting, soft cotton 
clothing. Other options include aloe vera, which is antiin-
flammatory and antimicrobial,87 or skin moisturizing 
creams that are free of  alcohol. Penicillin may even be used 
in the management of  pruritus; Phillips and Robson88 noted 
in a study of  post-burn hypertrophic scars that these scars 
were more frequently colonized with β-hemolytic strepto-
coccus, Staphylococcus aureus, and S. epidermidis. Because 
inflammation is a major source of  pruritus, 250 mg of  oral 
penicillin was given twice daily along with topical aloe vera 
to reduce itching. For further information on the treatment 
of  pruritus in burns, see Chapter 63.

TRAUMATIC BLISTERS IN  
REEPITHELIALIZED WOUNDS

During reepithelialization, the thin epithelium may be 
easily damaged by itching or trauma brought about by, for 
example, movement, resulting in traumatic blisters that 
may rupture. As healing progresses, this epithelium will 
strengthen and traumatic blisters will stop occurring. Rup-
tured blisters can be left exposed to form a crust, or a light 
dressing may be applied.

REHABILITATIVE PHYSICAL CARE

Prior to discharge, plans for rehabilitative care should be 
made for the patient to ensure that there is access to this 
necessary part of  burn treatment. Although burns treated 
in the community tend to be of  smaller area, rehabilitation 
should still be utilized to preserve and restore both strength 
and function in the burned area.89 The patient should also 
be instructed in range of  motion and strength exercises to 
perform on his or her own.

Strength, range of  motion, and function should be con-
tinually assessed at follow-up visits, and if  there are compli-
ance issues or worsening function, referral for physical and 
occupational therapy may be warranted. Depending on the 
location of  the burn injury, supervised therapy might be 
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should be removed because they can retain heat and 
produce a tourniquet-like effect with digital vascular ische-
mia.5 If  water is readily available, it should be poured 
directly on the burned area. Early cooling can reduce the 
depth of  the burn and reduce pain, but cooling measures 
must be used with caution since a significant drop in body 
temperature may result in hypothermia with ventricular 
fibrillation or asystole.6 Cold water treatment over large 
body surfaces has been shown to trigger clinically relevant 
hypothermia.6 Ice or ice packs should never be used because 
they may cause further injury to the skin or produce 
hypothermia.

Initial management of  chemical burns involves remov-
ing saturated clothing, brushing the skin if  the agent is a 
powder, and irrigation with copious amounts of  water, 
taking care not to spread chemical on burns to adjacent 
unburned areas. Irrigation with water should continue 
from the scene of  the accident through emergency evalua-
tion in the hospital. Efforts to neutralize chemicals are con-
traindicated due to the additional generation of  heat, which 
would further contribute to tissue damage. A rescuer must 
be careful not to come in contact with the chemical (i.e., 
gloves, eye protectors, etc. should be worn).

Removal of  a victim from an electrical current is best 
accomplished by turning off  the current and by using a 
nonconductor to separate the victim from the source.7

Onsite Assessment of 
a Burned Patient

Assessment of  a burned patient is divided into primary and 
secondary surveys. In the primary survey, immediate life-
threatening conditions are quickly identified and treated. 
The primary survey is a rapid, systematic approach to 
identify life-threatening conditions. The secondary survey 
is a more thorough head-to-toe evaluation of  the patient. 
Initial management of  a burned patient should be the same 
as for any other trauma patient, with attention directed 
at airway, breathing, circulation, and cervical spine  
immobilization.

PRIMARY ASSESSMENT

Exposure to heated gases and smoke from the combustion 
of  a variety of  materials results in damage to the respiratory 
tract. Direct heat to the upper airways results in edema 

Introduction

Advances in trauma and burn management over the past
three decades have resulted in improved survival and
reduced morbidity from major burns. The cost of  such care,
however, is high; it requires conservation of  resources such
that only a limited number of  burn intensive care units with
the capabilities of  caring for such labor-intensive patients
can be found; hence, regional burn care has evolved. This
regionalization has led to the need for effective prehospital
management, transportation, and emergency care. Pro-
gress in the development of  rapid, effective transport
systems has resulted in marked improvement in the clinical
course and survival for victims of  thermal trauma.

For burn victims, there are usually two phases of  trans-
port. The first is the entry of  the burn patient into the emer-
gency medical system with treatment at the scene and
transport to the initial care facility. The second phase is the
assessment and stabilization of  the patient at the initial care
facility and transportation to the burn intensive care unit.1

With this perspective in mind, this chapter reviews current
principles of  optimal prehospital management, transporta-
tion, and emergency care.

Prehospital Care

Immediate burn care by first responders is important and
can vastly alter outcomes, and it can significantly limit
burn progression and depth. The goal of  prehospital care
should be to ease the burning process as well as prevent
further complications and secondary injuries from burn
shock. Identifying burn patients appropriately for immedi-
ate transfer is an important step in reducing the morbidity
and mortality.2 Prior to any specific treatment, a patient
must be removed from the source of  injury and the burning
process stopped. As the patient is removed from the injuring
source, care must be taken so that a rescuer does not become
another victim.3 All caregivers should be aware of  the pos-
sibility that they may be injured by contact with the patient
or the patient’s clothing. Universal precautions, including
wearing gloves, gowns, masks, and protective eye wear,
should be used whenever there is likely contact with blood
or body fluids. Burning clothing should be removed as soon
as possible to prevent further injury.4 It has been shown that
prompt removal of  clothing after scald injuries may reduce
postburn morbidity.5 All rings, watches, jewelry, and belts
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established, Ringer’s lactate (LR) solution should be infused 
at the following rates:

■ 14 years and older: 500 mL/h
■ 6–13 years old: 250 mL/h
■ 5 years and younger: 125 mL/h

Prehospital care of  wounds is basic and simple because it
requires only protection from the environment with an 
application of  a clean dressing or sheet to cover the involved 
part. Covering wounds is the first step in diminishing pain. 
If  it is approved for use by local/regional EMS, narcotics 
may be given for pain, but only intravenously in small doses 
and only enough to control pain.13 It has been shown that 
despite training of  medical staff, provision for analgesia for 
children with burns is lacking and needs further clarifica-
tion.14 Intramuscular (IM) or subcutaneous routes should 
never be used because fluid resuscitation could result in 
unpredictable patterns of  uptake.5 No topical antimicrobial 
agents should be applied in the field.5,15 The patient should 
then be wrapped in a clean sheet and blanket to minimize 
heat loss and to control temperature during transport.

Transport to Hospital Emergency 
Department

Rapid, uncontrolled transport of  a burn victim is not the 
highest priority, except in cases where other life-threatening 
conditions coexist. In the majority of  accidents involving 
major burns, ground transportation of  victims to a hospital 
is available and appropriate. Helicopter transport is of  
greatest use when the distance between an accident and a 
hospital is 30–150 miles or when a patient’s condition war-
rants.15 Whatever the mode of  transport, it should be of  
appropriate size and have emergency equipment available 
as well as trained personnel, such as a nurse, physician, 
paramedic, or respiratory therapist.

An estimate of  burn size and depth assists in making a 
determination of  severity, prognosis, and disposition of  a 
patient. Burn size directly affects fluid resuscitation, nutri-
tional support, and surgical interventions. The size of  a 
burn wound is most frequently estimated by using the rule-
of-nines method (Fig. 7.1). The American Burn Association 
identifies certain injuries as usually requiring a referral to 
a burn center. Patients with these burns should be treated 
in a specialized burn facility after initial assessment and 
treatment at an emergency department. Questions about 
specific patients should be resolved by consultation with a 
burn center physician (Box 7.1).4,16

Keeping the Patient Warm and Dry

Hypothermia is detrimental to traumatized patients and 
can be avoided or at least minimized by the use of  sheets 
and blankets. Wet dressings should be avoided.

Pain Control

The degree of  pain experienced initially by the burn victim 
is inversely proportional to the severity of  the injury.11 No 
medication for pain relief  should be given intramuscularly 
or subcutaneously. For mild pain, acetaminophen 650 mg 
orally every 4–6 hours may be given. For severe pain, mor-
phine, 1–4 mg intravenously every 2–4 hours, is the drug 

formation, which may obstruct the airway. Initially, 100% 
humidified oxygen should be given to all patients when no 
obvious signs of  respiratory distress are present. Upper 
airway obstruction may develop rapidly following injury, 
and the respiratory status must be continually monitored 
in order to assess the need for airway control and ventilator 
support. Progressive hoarseness is a sign of  impending 
airway obstruction. Endotracheal intubation should be 
done early before edema obliterates the anatomy of  the 
area. Intubation should be performed by the most experi-
enced provider.4,8

The patient’s chest should be exposed in order to ade-
quately assess ventilatory exchange. Circumferential burns 
may restrict breathing and chest movement. Airway 
patency alone does not assure adequate ventilation. After 
an airway is established, breathing must be assessed in 
order to ensure adequate chest expansion. Impaired ventila-
tion and poor oxygenation may be due to smoke inhalation 
or carbon monoxide intoxication. Endotracheal intubation 
is necessary for unconscious patients, for those in acute 
respiratory distress, or for patients with burns of  the face or 
neck that may result in edema, which causes obstruction of  
the airway.4,8 The nasal route is the recommended site of  
intubation. Assisted ventilation with 100% humidified 
oxygen is required for all intubated patients.

Blood pressure is not the most accurate method of  
monitoring a patient with a large burn because of  the 
pathophysiologic changes that accompany such an injury. 
Blood pressure may be difficult to ascertain because of  
edema in the extremities. A pulse rate may be somewhat 
more helpful in monitoring the appropriateness of  fluid  
resuscitation.9

If  a burn victim was in an explosion or deceleration acci-
dent, there is the possibility of  a spinal cord injury. Appro-
priate cervical spine stabilization must be accomplished by
whatever means necessary, including a cervical collar to
keep the head immobilized until the condition can be
evaluated.

SECONDARY ASSESSMENT

After completing a primary assessment, a thorough head-
to-toe evaluation of  the patient is imperative.10 A careful
determination of  trauma other than obvious burn wounds
should be made. As long as no immediate life-threatening
injury or hazard is present, a secondary examination can
be performed before moving the patient; precautions such
as cervical collars, backboards, and splints should be used.11

Secondary assessment should examine the patient’s past
medical history, medications, allergies, and the mecha-
nisms of  injury. Any suspicion of  nonaccidental injury
should lead to immediate admission of  a child to the hospi-
tal, irrespective of  how trivial the burn injury is, and noti-
fication of  social services.12

There should never be a delay in transporting burn
victims to an emergency facility due to an inability to estab-
lish intravenous (IV) access. If  the local/regional emergency
medical system (EMS) protocol prescribes that an IV line is
started, then that protocol should be followed. The Ameri-
can Burn Association recommends that if  a patient is less
than 60 min from a hospital, an IV is not essential and can
be deferred until a patient is at the hospital. If  an IV line is
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of  choice, although meperidine (Demerol) 10–40 mg by IV 
push every 2–4 hours may be used.5 Recommendations for 
tetanus prophylaxis are based on the patient’s immuniza-
tion history. All patients with burns should receive 0.5 mL 
of  tetanus toxoid. If  prior immunization is absent or unclear, 
or if  the last booster was more than 10 years ago, 250 units 
of  tetanus immunoglobulin is also given.5

Transferring a Burn Patient

The appearance of  burned skin is rather obvious and has 
the potential to mask or cover any other potential inju-
ries that the burn patient could have. The burn patient 
is a trauma patient with burns and should be promptly 
and effectively evaluated to include other potential inju-
ries. It is important to establish effective communication 
between the transferring unit and the receiving center. The 
American Burn Association has referral guidelines that 
identify those patients needing to be transferred to a burn  
center.7,16

Once the need to transfer the patient is identified, the 
transferring process begins. The doctor-to-doctor referral 
process starts with the initial care facility. Available phone 
numbers and doctor information should be available to 
centers, and the center should promptly call and ask for all 
the information needed for the transfer.

The referring physician should give a brief  and concise 
history of  the event that includes the time of  injury and all 
resuscitation efforts prior to the call. The ABCs of  trauma 
resuscitation should be discussed and the most current vital 
signs and physical examination findings should be pre-
sented. The accepting facility should then fill out an intake 
form that details all the information. Understanding the 
patient’s current status is essential for a successful and 
uneventful transfer. It is imperative that physicians partici-
pate in the process by adding to the already available infor-
mation gathered by other personnel.

Transferring a patient without the needed information 
can potentially lead to bad outcomes and/or unnecessary 
expense. For example, a burn patient with an underlying 
anoxic brain injury could be transferred to a burn center 
when instead the diagnosis of  brain death could have been 
made at the initial care facility.

Physicians can access patient information utilizing differ-
ent technologies. Although a doctor-to-doctor phone call is 
preferred by many, today’s technology allows patient data, 
including pictures and laboratory results as well as any 
other clinical information needed to further assess the 
patient’s needs, to be transferred.17 While some physicians 
still prefer the immediacy of  the telephone, secure elec-
tronic messaging tools are beginning to supplement phone 
calls and beepers to facilitate communication among 
physicians.7,18

Privacy and Security Issues

Perhaps the most fundamental choice physicians must 
make when selecting tools to communicate electronically 
with each other and with patients is how they will manage 
the privacy and security of  the information exchanged.
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Fig. 7.1 Estimation of burn size using the rule-of-nines. (From American 
Burn Association. Advanced Burn Life Support Providers Manual. Chicago, IL: 
American Burn Association; 2011)

From American Burn Association. Advanced Burn Life Supporters Manual. 
Chicago, IL: American Burn Association; 2011.

Box 7.1 Criteria for Transfer of a Burn Patient to 
a Burn Center

■ Second-degree burns >10% total body surface area (TBSA)
■ Third-degree burns
■ Burns that involve the face, hands, feet, genitalia, perineum,

and major joints
■ Chemical burns
■ Electrical burns including lightning injuries
■ Any burn with concomitant trauma in which the burn injuries

pose the greatest risk to the patient
■ Inhalation injury
■ Patients with pre-existing medical disorders that could

complicate management, prolong recovery, or affect mortality
■ Hospitals without qualified personnel or equipment for the

care of critically burned children
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Whether or not electronic communication is encrypted 
or secure, physicians should guard against being lulled by 
the casual nature of  e-mail which, unlike a conversation or 
phone call, is not erased from a computer’s hard drive when 
deleted and is potentially discoverable in litigation.

In the future, the use of  telemedicine may allow more 
accurate and timely access to critical information that may 
adjunct the care given during the golden hour of  trauma 
care. In the absence of  a skilled burn specialist, the use of  
telemedicine services can expedite the process and aid in the 
treatment plan. Telemedicine has already gained accep-
tance and support from many public funding projects. It is 
considered user-friendly, almost infinitely adaptable, and 
cost effective.20

Transportation Guidelines

The primary purpose of  any transport teams is not to bring 
a patient to an intensive care unit but to bring that level of  
care to the patient as soon as possible. Therefore, the critical 
time involved in a transport scenario is the time it takes to 
get the team to the patient. The time involved in transport-
ing a patient back to a burn center becomes secondary. 
Communication and teamwork are the keynotes to an effec-
tive transport system.

When transportation is required from a referring facil-
ity to a specialized burn center, a patient can be fairly well 
stabilized before being moved. Initially, the referring facil-
ity should be informed that all patient referrals require 
physician-to-physician discussion. Pertinent information 
needed includes patient demographic data, time, date, 
cause and extent of  burn injury, weight and height, baseline 
vital signs, neurological status, laboratory data, respiratory 
status, previous medical and surgical history, and allergies.

A referring hospital is informed of  specific treatment pro-
tocols regarding patient management prior to transfer. To 
ensure patient stability, the following guidelines are offered:

■ Establish two IV sites, preferably in an unburned upper
extremity, and secure IV tubes with sutures.

■ Insert a Foley catheter and monitor for acceptable
urine output (30 mL/h adult; 1 mL/kg/h child.

■ Insert a nasogastric tube and ensure that the patient
remains NPO.

■ Maintain body temperature between 38°C and 39.0°C
(taken rectally).

■ Stop all narcotics.
■ For burns less than 24 hours old, only use LR solution.

The staff  physician will advise on the infusion rate,
which is calculated based on the percentage of  total
body surface area burned.

Following physician-to-physician contact and collection 
of  all pertinent information, the physicians will make rec-
ommendations regarding an appropriate mode of  transpor-
tation. The options are based on distance to a referring unit, 
patient complexity, and comprehensiveness of  medical care 
required. Options include:

■ Full medical intensive care unit transport with a com-
plete team consisting of  a physician, a nurse, and a 
respiratory therapist from the burn facility

The Health Insurance Portability and Accountability Act 
(HIPAA) is technology neutral, in that it does not require 
any set form of  encryption or information safeguarding. It 
is also scalable, in that it allows small practices to do what 
they can afford to do without requiring them to purchase 
expensive communication security systems.17,19

For electronic communications, the physician should 
have an informed consent form signed by each patient spe-
cific to the form of  communication being used, such as 
e-mail. The form should verify the patient’s e-mail address;
should discuss the security risks involved (e.g., that other 
parties on the patient’s end might have access to their 
e-mail accounts and that standard [unencrypted, nonse-
cure] e-mail can be intercepted by unintended parties); 
should discuss allowable content of  the communication; 
and should include a provision to hold the physician harm-
less if  security is breached.

While there is no private right of  action under the HIPAA 
(i.e., a patient cannot sue physicians for breach of  HIPAA’s 
privacy or security provisions), the federal agencies that 
oversee the HIPAA have recently announced plans to step 
up their audits, and they could conduct an inquiry if  a 
patient files a complaint. Although federal investigations 
seem more likely to focus on hospitals than physician offices, 
carelessness could also have legal repercussions. For 
example, information could be sent to the wrong recipient 
because of  failure to verify the address field before sending 
the message. Physicians using standard e-mail should use 
as many practical safeguards as possible to minimize liabil-
ity exposure. This could include a privacy and security dis-
claimer footer on each e-mail, requesting the patient’s 
permission before continuing to respond to certain issues by 
e-mail, limiting the amount of  medical detail in the mes-
sages, and password-protecting e-mail access on office and 
home workstations, as well as on portable devices such as 
PDAs and Blackberries, in case they are lost.

Another way to alleviate security or HIPAA compliance 
concerns is to leave out protected health information (PHI) 
in standard e-mail: data that both personally identifies a 
patient and reveals a specific diagnosis or condition. While 
standard e-mail works and is offered free of  charge by 
service providers such as Yahoo, Gmail, Comcast, and many 
others, vendors of  secure messaging networks are quick to 
point out multiple deficiencies (Box 7.2).

Box 7.2 Deficiencies of Electronic Mail Services 
for the Transmission of Medical Information

■ Lack of encryption or authentication
■ Can be used by anyone to access a physician if they simply

know the physician’s e-mail address
■ Have no “terms of service” or legal disclaimers to protect

physicians
■ Can easily expose patient e-mail addresses and identities to

unintended third parties
■ Can breach patient privacy by using employer e-mail networks
■ Offer no charge capture function
■ Have no template or medical records features
■ Lack of consistency with HIPAA or medical liability insurance

company standards
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Because all the care rendered by a transport team outside 
a hospital is given as an extension of  care from a 
transporting/receiving facility, specific steps must be taken 
to protect staff  and physicians from medical liability and to 
provide consistent care for all patients. Strict protocols are 
used to guide all patient care; team members should be in 
constant communication with an attending physician 
regarding a patient’s condition and the interventions to be 
considered. Team members must be proficient in a number 
of  procedures that may be needed during transport or while 
stabilizing a patient prior to transport. To keep up with 
current technology and changes, team members should be 
included in discussions of  recent transports and current 
management techniques so that they can discuss patient 
care issues, receive ongoing in-service education, and par-
ticipate in a review of  the quality of  transports.

MODES OF TRANSPORTATION

Once the need for transport of  a burned patient is estab-
lished, the decision must be made concerning what type of  
transportation vehicle is to be used (Table 7.1). There are 
two models of  transport commonly used: ground 
(ambulance/transport vehicle), air (helicopter, fixed wing), 
or a combination of  both. Factors to be considered when 
selecting a mode of  transportation are the condition of  the 
patient and the distance involved. The level of  the severity 
of  the burn mandates the speed with which the team must 
arrive in order to stabilize and transport a patient.

Ground Transport

Ground transport should be considered to cover distances 
of  70 miles or less; however sometimes a patient’s condition 
may require air transport, particularly helicopter transport, 
even though the distance is within the 70-mile range. The 
ground transport vehicle should be modified with special 
equipment needed for intensive care transport, and there 
must be enough room to comfortably seat team members 
and hold equipment.

Air Transport

Air transport is used primarily when long distances or the 
critical nature of  an injury separate a team from a patient. 
Air transport does, however, present its own unique set of  
problems. Aviation physiology is a specialty unto itself, and 
the gas laws play an important role in air transport and 
must be taken into consideration.

Dalton’s law states that, in a mixture of  gases, the total 
pressure exerted by the mixture is equal to the sum of  the 
pressures each would exert alone.21 This is important when 
changing a patient’s altitude because as altitude increases, 
barometric pressure decreases. The percentage of  nitrogen, 
oxygen, and carbon dioxide remain the same, but the partial 
pressures exert change.22

Altitude is an important factor in the oxygenation of  a 
transported patient, and constant monitoring by a team is 
required under such circumstances. Boyle’s law states that 
the volume of  gas is inversely proportional to the pressure 
to which it is subject at a constant temperature. This gas 
law significantly affects patients with air leaks and free air 
in the abdomen because, as altitude increases, the volume 
of  air in closed cavities also increases.23 For this reason, all 

■ Medical intensive care transport via fixed wing aircraft
or helicopter with a team from the referring facility

■ Private plane with medical personnel to attend patient
■ Commercial airline
■ Private ground ambulance
■ Transport van with appropriate personnel.

TRANSPORT TEAM COMPOSITION

Because stabilization and care for a burned patient is so
specialized, team selection is of  the utmost importance. Tra-
ditionally, these patients were placed in an ambulance with
an emergency medical technician and transported with
little effort made to stabilize the patient prior to transfer. As
levels of  care and technology have evolved, the need for
specialized transport personnel has increased. Today most
transport teams are made up of  one or more of  the follow-
ing healthcare members: a registered nurse, a respiratory
therapist, and/or a staff  physician or house resident.
Because a large number of  burned patients require some
type of  respiratory support due to inhalation injury or
carbon monoxide intoxication, the respiratory therapist
and nurse team have proved to be an effective combination.
The background and training of  nurses and therapists
differ in many ways, so such a team provides a larger scope
of  knowledge and experience when both are utilized. Team
members ideally should be cross-trained so that each
member can function at the other’s level of  expertise.

TRAINING AND SELECTION

Because the transport team will work in a high-stress envi-
ronment, often with life-or-death consequences, these indi-
viduals must be carefully selected. The selection process
should involve interviews with a nursing administrator, a
director of  respiratory therapy, and a medical director of  a
transport program.

Minimum requirements for transport team members
should include:

■ Transport nurse qualifications:
■ a registered nurse;
■ minimum of  6 months burn care experience;
■ current cardiopulmonary resuscitation (CPR)

certification;
■ advanced cardiac life support (ACLS) or pediatric

advanced life support (PALS) certification;
■ ability to demonstrate clinical competency;
■ observation of  two transports;
■ a valid passport for international response.

■ Transport respiratory therapist qualifications:

■ registered respiratory therapist with 6 months burn
care experience;

■ licensed by appropriate regulatory agency as a respi-
ratory care practitioner;

■ have current BLS;
■ ACLS or PALS certification;
■ ability to demonstrate clinical competency;
■ observation of  two transports;
■ demonstrate a working knowledge of  transport

equipment;
■ a valid passport for international response.
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disadvantages include noise, vibrations, reduced air speed, 
small working space, lower weight accommodation, and 
high maintenance requirements.24

When long distances must be traveled (more than 150 
miles) or when increased altitude is necessary, fixed-wing 
aircraft are considered a viable mode of  transport for 
patients. The advantages of  using fixed-wing aircraft 
include long-range capabilities, increased speed, ability to 
fly in most weather conditions, control of  cabin pressure 
and temperature, larger cabin space, and more liberal 
weight restrictions. Disadvantages of  fixed-wing aircraft 
include the need for an airport with adequate runway 
length, difficulty in loading and unloading patients and 
equipment, and the pressure of  air turbulence and noise.

EQUIPMENT

Because medical equipment used in intensive care units has 
evolved tremendously in the past 10 years, there is no 
reason that these advances should not be extended to the 
equipment used in a transport program. The transport team 
must be able to provide ICU-level care whenever needed. 
Most hospitals are well stocked and able to provide neces-
sary supplies for initial patient stabilization and resuscita-
tion; however, specialty items relating to the care of  burn 
patients may not be present or adequate to meet the needs 
of  burn victims. It is imperative that adequate equipment 
be available to handle any situation that may arise during 
a transport process (Fig. 7.2). Extra battery packs and elec-
trical converters on fixed-wing aircraft are recommended 

air that can be reached should be evacuated prior to an 
increase in altitude. Intrathoracic air and gastric air must 
be removed via functional chest tubes or nasogastric tubes 
and periodically checked during transport. Other factors 
that should be considered during air transport are reduced 
cabin pressure, turbulence, noise and vibration, changes in 
barometric pressure, and acceleration/deceleration forces. 
Physiologic changes that affect a patient and team members 
include middle ear dysfunction, pressure-related problems 
with sinuses, air expansion in a gastrointestinal tract, and 
motion sickness. Utilizing transport vehicles that have pres-
surized cabins can reduce or eliminate most of  these 
problems.21–23

Helicopters and Fixed-Wing Aircraft. Helicopters and 
fixed-wing aircraft have both advantages and disadvan-
tages related to patient care. Helicopters are widely used for 
short-distance medical air transport. Medical helicopters, 
because they are usually based on hospital premises, have 
no need to use airport facilities or ambulance services and 
therefore reduce team response time. Helicopters are able to 
land close to a referring hospital. Additionally, helicopters 
provide ease in loading and unloading patients and equip-
ment.24 The disadvantages of  helicopter transport include 
its limited range, usually less than 150 miles,24 and its non-
pressurized cabin, which limits the altitude at which patients 
can be safely carried. The low-altitude capabilities also 
subject the aircraft to variability in weather (i.e., fog, rain, 
and reduced visibility); therefore, helicopter flights experi-
ence much more interference due to weather. Other 

Table 7.1 Transport Criteria: Mode and Team Composition, Burns ≤6 Days Postburn

Weight (kg) % Burn Distance (miles) Teama Transport Mode

≤3 Any ≤75 C Van, helicopter
76–250 C Turboprop airplane
≥251 C Learjet

3.1–20 ≤10 ≤75 N-RT Van, helicopter
76–500 N-RT Commercial flight or turboprop airplane
≥501 N-RT Commercial airplane or Learjet

>10 ≤75 C Van, helicopter
76–250 C Turboprop airplane

≥251 C Learjet

≥20 ≤20 ≤75 N Commercial flight or turboprop airplane

76–500 N-RT

≥501 N-RT Commercial airplane or Learjet

>20 ≤75 N Van, helicopter

76–500 C Turboprop plane

≥501 C Jet

If any of the following criteria exist, the transport shall be changed to the fastest mode with a complete team:
■ depressed mental status;
■ drug depression;
■ respiratory support;
■ unstable cardiovascular system;
■ presence of associated diseases;
■ decreased urine output/unresponsiveness to appropriate fluid administration;
■ absent or marginal venous access;
■ hypothermia unresponsive to corrective measures.

aC, complete team (doctor, nurse, respiratory therapist); N, nurse; RT, respiratory therapist.
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(Percussionaire Corporation, Sand Point, ID) is a portable 
pressure-limited time-cycled ventilator and is approved for 
in-flight use by the US Air Force. The transport ventilator 
weighs 1.5 pounds (0.68 kg), can be set to provide respira-
tory rates of  between 6 and 250 breaths per minute and 
provides tidal volumes of  between 5 and 1500 cc. This ven-
tilator is powered entirely by oxygen and requires no electri-
cal power. All timing circuit gases are delivered to the patient 
so that operation of  the ventilator does not consume addi-
tional oxygen. The inhale to exhale (I:E) ratios are preset at 
the factory from 1 : 1 at frequencies of  250 cycles per minute 
to 1 : 5 at a rate of  6 cycles per minute. As a result, breath 
stacking and undesired overinflation due to air trapping 
may be avoided.23–25

Stabilization

One of  the primary reasons for a specialized transport team 
is so that a patient can be transported in as stable condition 
as possible. Current practice has evolved to embrace the 
concept that events during the first few hours following 
burn injury may affect the eventual outcome of  the patient; 
this is especially true with regard to fluid management and 
inhalation injury. Stabilization techniques performed by the 
transport team have been expanded to include procedures 
that are usually not performed by nursing or respiratory 
personnel. Such techniques include interpreting radio-
graphs and laboratory results and then conferring with 
fellow team members, referring physicians, and the team’s 
own medical staff  to arrive at a diagnosis and plan for sta-
bilization. The transport team may perform such proce-
dures as venous cannulation, endotracheal intubation, 
arterial blood gas interpretation, and management of  
mechanical ventilators. Team members may request new 
radiographs to assess catheter or endotracheal tube place-
ment or to assess the pulmonary system’s condition. Team 
members may aid in the diagnosis of  air leaks (pneumotho-
rax) and evacuate the pleural space of  the lung by needle 
aspiration as indicated. All of  these procedures may be 
immediately necessary and life-saving. Cross-training of  all 
team members so that they are able to perform the others’ 
jobs is recommended to safeguard patients in the event that 
any team member becomes incapacitated during transport. 
All these skills can be learned via experience in a burn 
intensive care unit, through formal training seminars, and 
via a thorough orientation program. Mature judgment, 
excellent clinical skills, and the ability to function under 
stress are characteristics needed when selecting candidates 
for a transport program.

Patient Assessment Prior to 
Transport to a Specialized  
Burn Care Unit From a  
Referring Hospital

Initial assessment on arrival of  a flight team should include 
a list of  standard procedures for determining a burned 
patient’s current condition. First, a thorough review of  the 
patient’s history concerning the accident and past medical 

due to long transport times and delays caused by unforesee-
able circumstances of  weather or logistics.

Portable Monitor

A portable electrocardiogram (ECG) monitor capable of  
monitoring two pressure channels should accompany all 
patients in transport. This allows for continuous monitor-
ing of  heart rate, rhythm, and arterial blood pressure. The 
second pressure channel may be used for patients with a 
pulmonary artery catheter or those who need intracranial 
pressure monitoring. This monitor should be small and 
lightweight but able to provide a display bright enough to 
be seen from several feet away. The monitor should have its 
own rechargeable power supply that continuously charges 
while connected to an alternating current (AC) power 
supply. One suitable unit is the Protocol Systems Propaq 
106 portable monitor. This monitor has two pressure chan-
nels; it provides a continuous display of  ECG; heart rate; and 
systolic, diastolic, and mean blood pressure; it can display 
temperature and oxygen saturation; and it is also capable 
of  operating a non invasive blood pressure cuff. High and 
low alarms for each monitored parameter can be set, 
silenced, or disabled by a trained operator.

Infusion Pump

Continuous delivery of  fluids and pharmacological agents 
must not be interrupted during transport. Infusion pumps 
can be easily attached to stretchers and are usually capable 
of  operating for several hours on internal batteries. These 
devices should have alarms to warn of  infusion problems 
and should be as small and lightweight as possible.

Ventilator

Size, weight, and oxygen consumption are the primary con-
cerns in selecting transport ventilators. A weight under 5 
pounds (2.2 kg) is desirable, and a ventilator’s dimensions 
should make it easy to mount or to place on a bed. Orienta-
tion of  controls should be along a single plane, and inad-
vertent movement of  dials should be difficult.23 The 
ventilator breathing circuit and exhalation valve should be 
kept simple, and incorrect assembly should be impossible. 
One type of  transport ventilator that has become popular is 
the TXP transport ventilator. The TXP transport ventilator 

Fig. 7.2 Typical equipment used in transport of a patient. 
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circulation should be kept in the field and en route to the 
hospital. This information is vital for a referring facility to 
better understand and anticipate the condition of  the 
patient. Additionally, all treatments, including invasive pro-
cedures, must be recorded, along with a patient’s response 
to these interventions.

Summary

Burn injuries present a major challenge to a health care 
team, but an orderly, systematic approach can simplify sta-
bilization and management. A clear understanding of  the 
pathophysiology of  burn injuries is essential for providing 
quality burn care in the prehospital setting, at the receiving 
health care facility, and at the referring hospital prior to 
transport. After a patient has been rescued from an injury-
causing agent, assessment of  the burn victim begins with a 
primary survey. Life-threatening injuries must be treated 
first, followed by a secondary survey, which documents and 
treats other injuries or problems. Intravenous access may 
be established in concert with logical/regional medical 
control and appropriate fluid resuscitation begun. Burn 
wounds should be covered with clean, dry sheets, and the 
patient should be kept warm with blankets to prevent hypo-
thermia. The patient should be transported to an emer-
gency room in the most appropriate mode available.

At the local hospital, it should be determined if  a burn 
patient needs burn center care according to the American 
Burn Association Guidelines. In preparing to organize the 
transfer of  a burn victim, consideration must be given to 
the continued monitoring and management of  the patient 
during transport. In transferring burn patients, the same 
priorities developed for prehospital management remain 
valid. During initial assessment and treatment and through-
out transport, the transport team must ensure that the 
patient has adequate airway/breathing, circulation, fluid 
resuscitation, urine output, and pain control. Ideally, trans-
port of  burn victims will occur through an organized, 
protocol-driven plan that includes specialized transport 
mechanisms and personnel. Successful transport of  burn 
victims, whether in the prehospital phase or during inter-
hospital transfer, requires careful attention to treatment 
priorities, protocols, and details.

Complete references available online at 
www.expertconsult.inkling.com
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history must be done. This process provides the transport 
team with an excellent base from which to begin to formu-
late a plan of  action. The patient will certainly have been 
diagnosed by a referring physician; however a transport 
team often finds problems overlooked in initial evaluations. 
Since burn care is a specialized field, modes of  treatment 
may vary greatly outside the burn treatment community. 
Frequently, a referring hospital is not well-versed in the 
treatment of  burn victims and should not be expected to 
display the expertise found among clinicians who work 
with such patients every day. Thus the next step in stabiliz-
ing a burn patient is a physical assessment done by the 
transport team. These procedures should always be per-
formed in the same order and in a structured fashion. 
Assessment of  a burn patient begins with the ABCs of  a 
primary survey, including airway, breathing, circulation, 
cervical spine immobilization, and a brief  baseline neuro-
logical examination. All patients should be placed on sup-
plemental oxygen prior to transport in order to minimize 
the effects of  altitude changes on oxygenation. Two IV lines 
should be started peripherally with a 16-gauge catheter or 
larger. Ideally, IV lines should be placed in nonburned areas 
but may be placed through a burn if  they are the only sites 
available for cannulation. Intravenous lines should be 
sutured in place because venous access may not be available 
after the onset of  generalized edema. The fluid of  choice for 
initial resuscitation is LR solution.

In addition to initial stabilization procedures, blood 
should be obtained for initial laboratory studies if  not 
already done. Initial diagnostic studies include hematocrit, 
electrolytes, urinalysis, chest X-ray, arterial blood gas, and 
carboxyhemoglobin levels. Any correction of  laboratory 
values must be done prior to transfer and verified with 
repeat studies. ECG monitoring should be instituted on any 
patient prior to transfer. Placement of  electrode patches 
may be a problem because the adhesive will not stick to 
burned skin. If  alternative sites for placement cannot be 
found, an option for monitoring is to insert skin staples and 
attach the monitor leads to them with alligator clips. This 
provides a stable monitoring system, particularly for the 
agitated or restless patient who may displace needle elec-
trodes. A Foley catheter with an urometer should be placed 
to accurately monitor urine output. Acceptable hydration 
is indicated by a urine output of  more than 30 mL/h in an 
adult (5 mL/kg/h) and at least 1 mL/kg/h in a child.

With the exception of  escharotomies, open chest wounds, 
and actively bleeding wounds, management during trans-
port consists of  simply covering wounds with a topical anti-
microbial agent or a biological dressing. Wet dressings are 
contraindicated because of  the decreased thermoregula-
tory capacity of  patients sustaining large burns and the 
possibility of  hypothermia. To combat the problem of  a 
gastric ileus, a nasogastric tube should be inserted in all 
burn patients in order to decompress the stomach. This is 
especially important for patients being transferred at high 
altitudes. Hypothermia can be avoided or minimized by the 
use of  heated blankets and/or aluminized Mylar space blan-
kets. The patient’s rectal temperature must be kept between 
37.5°C and 39.0°C.

A clear, concise, chronological record of  the mechanism 
of  injury and assessment of  airway, breathing, and 
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multiple mediators of  inflammation, with effects on both the 
microcirculation and the function of  the heart and lungs.  
Subsequently burn shock continues as a significant patho-
physiologic state even if  hypovolemia is corrected. Increases 
in pulmonary and systemic vascular resistance (PVR, SVR) 
and myocardial depression occur despite adequate preload 
and volume support.7–11 Such cardiovascular dysfunc-
tions can further exacerbate the whole-body inflamma-
tory response into a vicious cycle of  accelerating organ 
dysfunction.6,7,12

This chapter examines our current understanding of  the 
pathophysiology of  the early events in burn shock, focusing 
on the many facets of  the microcirculatory, organ, and sys-
temic effects resulting directly from burns and circulating 
mediators. Intracellular pathways are not presented.

Inflammatory shock mediators, both local and systemic, 
that are implicated in the pathogenesis of  burn shock 
include histamine, serotonin, bradykinin, nitric oxide, 
oxygen radicals, tumor necrosis factor (TNF), interleukins, 
and products of  the eicosanoid acid cascade including 
prostaglandins and thromboxanes. Additionally certain 
hormones and mediators of  cardiovascular function are 
elevated several fold after burn injury: these include epi-
nephrine, norepinephrine, vasopressin, angiotensin II, and 
neuropeptide-Y. Other mediators and unknown factors yet 
to be defined are also involved.

Hypovolemia and Rapid 
Edema Formation

Burn injury causes extravasation of  plasma into the burn 
wound. Extensive burn injuries are hypovolemic in nature 
and are characterized by hemodynamic changes similar to 
those that occur after hemorrhage, including decreased 
plasma volume, cardiac output, and urine output and an 
increased SVR with resultant reduced peripheral blood 
flow.5,7,13–15 However, whereas in hemorrhage there is a fall 
in hematocrit with blood loss due to autotransfusion of  
interstitial fluid into the vasculature, in burn shock hema-
tocrit may rise due to plasma extravasation. This is particu-
larly common when fluid therapy is inadequate.

As in the treatment of  other forms of  hypovolemic shock, 
the primary initial therapeutic goal is to promptly restore 
intravascular volume and to preserve tissue perfusion and 
minimize tissue ischemia. However burn resuscitation is 
complicated not only by severe burn wound edema, but also 
by extravasated and sequestered fluid and protein in 
unburned soft tissue. Large volumes of  resuscitation solu-
tions are required to maintain intravascular volume during 
the first several hours after an extensive burn.

Introduction and Historical Notes

Extensive cutaneous thermal injury invariably results in the 
severe derangements of  cardiovascular function and end-
organ perfusion known as burn shock. Shock is an abnormal 
physiologic state in which tissue perfusion is insufficient for 
oxygen and nutrient delivery and cellular waste removal. 
Before the 19th century, investigators demonstrated that, 
after a burn, fluid is lost from the blood and the blood 
becomes thicker; in 1897, saline infusions for severe burns 
were first advocated.1,2 Frank Underhill derived a more com-
plete understanding of  burn pathophysiology3 when he 
demonstrated that unresuscitated burn shock was associ-
ated with increased hematocrit values, which are second-
ary to fluid and electrolyte loss after burn injury. Thus 
increased hematocrit values after severe burn injury are a 
consequence of  a plasma volume deficit. Cope and Moore4 
furthered these finding, demonstrating that the hypovole-
mia of  burn injury resulted from fluid and protein translo-
cation into both burned and unburned tissues.

Animal and clinical studies have established the impor-
tance of  fluid resuscitation for burn shock. Investigations 
have focused on correcting the rapid and massive fluid 
sequestration in the burn wound and the resultant hypovo-
lemia. The literature contains a large experimental and 
clinical database on the circulatory and microcirculatory 
alterations associated with burn shock and edema genera-
tion in both the burn wound and unburned tissues. Sub-
stantial research has focused on identifying and defining 
the mechanisms and effects of  the many inflammatory 
mediators produced and released after burn injury.4

Burn shock occurs from the coalescence of  three car-
dinal causes: (1) hypovolemia resulting from intravascu-
lar fluid leaking into the interstitial space causing burn 
edema, (2) cardiac depression due to humoral factors and 
loss of  preload, and (3) increased systemic vascular resis-
tance. Later in the resuscitation process vasoplegia can 
replace the increase in system vascular resistance. Burn 
shock is a complex process of  circulatory and microcir-
culatory dysfunction that is not easily or fully repaired by 
fluid resuscitation. Severe burn injury results in significant 
distributive shock and substantial tissue trauma, both of  
which cause the formation and release of  many local and 
systemic mediators.5–7 Burn shock results from the inter-
play of  direct tissue injury, hypovolemia, and the release of  

Note: The opinions or assertions contained herein are the private views of
the authors, and are not to be construed as official or as reflecting the
views of  the Department of  the Army or the Department of  Defense.
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Edema develops when the rate at which fluid is filtered 
out of  the capillaries exceeds the flow in the lymph vessels. 
Edema formation often follows a biphasic pattern. An 
immediate and rapid increase in the water content of  
burned tissue is seen in the first hour after burn injury.15,18 
A second and more gradual increase in fluid flux of  both the 
burned skin and unburned soft tissue occurs during the first 
12–24 hours after burn injury.6,16 The amount of  edema 
formation in burned skin depends on the type and extent of  
injury,14,16 on whether fluid resuscitation is provided, and 
on the type and volume of  fluid administered.17 Fluid resus-
citation elevates blood flow and capillary pressure thereby 
contributing to further fluid extravasation. Without sus-
tained IV replacement of  intravascular fluid losses edema 
formation is somewhat self-limited, as tissue blood flow and 
capillary pressure decrease.

Edema formation in thermally injured skin is character-
ized by an extremely rapid onset. Tissue water content can 
double within the first hour after burn.14,18 Leape found 
a 70–80% increase in water content in a full-thickness 
burn wound 30 minutes after burn injury, with 90% of  
this change occurring in the first 5 minutes.15,19,20 There 
was only a modest increase in burn wound water content 
after the first hour in nonresuscitated animals. In resus-
citated animals or animals with small wounds, adequate 
tissue perfusion continues to “feed” the edema for several 
hours. Demling et al.16 used dichromatic absorptiometry 
to measure edema development during the first week after 
an experimental partial-thickness burn injury on one hind 
limb in sheep. Although edema formation was rapid, with 
more than 50% occurring in the first hour, maximum 
water content was not present until 12–24 hours after 
burn injury. The mass of  the burned tissue is significantly 
less than that of  the remainder of  the body. As such most 
fluid shifts likely occur from the blood into the unburned 
tissue due to the humoral actions of  inflammatory 
mediators causing endothelial activation and glycocalyx  
injury.

Normal Microcirculatory 
Fluid Exchange

An understanding of  the physiologic mechanisms of  the 
rapid formation of  burn edema requires an understanding 
of  the mechanisms of  microvascular fluid balance. Under 
physiologic steady-state conditions blood pressure in capil-
laries causes filtration of  fluid into the interstitial space. The 
bulk of  the filtrate is removed from the interstitial space by 
lymphatic drainage.21–23 Fluid transport across the micro-
circulatory wall in normal and pathological states has been 
described by the original “classic” Starling equation that did 
not include the glycocalyx:

J K P Pv f c if p if= − − −[( ) ( )]σ π π

Starling sought to explain the interaction of  physical 
forces that govern fluid transfer between intravascular and 
extravascular compartments. Jv is the flux (flow rate) of  
fluid that crosses the microvasculature barrier. Kf  is the cap-
illary filtration coefficient, which is the product of  the 
surface area and hydraulic conductivity (water permeabil-
ity) of  the capillary wall; Pc is the capillary hydrostatic pres-
sure; Pif  is the interstitial fluid hydrostatic pressure; πp is the 
colloid osmotic pressure of  plasma; πif  is the colloid osmotic 
pressure of  interstitial fluid; σ is the osmotic reflection coef-
ficient. Edema occurs when the lymphatic drainage rate (JL) 
does not keep pace with the increased Jv (Fig. 8.1). Fig. 8.1 
shows the key structures and microvascular forces of  the 
classic Starling equation.

There is now evidence that suggests the plasma colloid 
osmotic pressure does not exert its full effect at the capillary 
wall because of  a protective barrier that excludes protein: 
the glycocalyx on the luminal endothelium.24–26 The effec-
tive colloid osmotic absorptive force is generated by the gra-
dient across the glycocalyx. However the role of  the 
glycocalyx in burns is largely unexplored. It remains useful 
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and venous pressures decrease. However in studies using 
the vascular occlusion technique in the scalded hindlimb of  
dogs, Pc doubled from approximately 25 mm Hg to approxi-
mately 50 mm Hg during the first 30 minutes after burn 
injury and slowly returned to baseline over 3 hours.28

INTERSTITIAL HYDROSTATIC PRESSURE (Pif)

Burned tissue has been demonstrated to have a significantly 
decreased interstitial hydrostatic pressure. Using micropi-
pettes and a tissue oncometer, Lund29 reported that dermal 
Pif  was rapidly reduced from its normal value of  −1 mm Hg 
to less than −100 mm Hg in isolated nonperfused samples 
of  skin. This large negative interstitial hydrostatic pressure 
constitutes a powerful “suction force” or imbibition pres-
sure promoting microvascular fluid filtration and sustained 
burn wound edema. In vivo measurements show a tempo-
rary reduction of  −20 to −30 mmHg; the less negative Pif  in 
vivo is due to the continued tissue perfusion and fluid 
extravasation that relieves the imbibition pressure. Kinsky30 
reported a continued negative pressure providing a partial 
explanation for the sustained edema during the first 4 hours 
post injury.

The mechanism for the large decrease in Pif  is due, at least 
in part, to the release of  cellular tension exerted on the col-
lagen and microfibril networks in the connective tissue via 
the collagen-binding β1-integrins. This tends to expand the 
interstitial space and induces the imbibition pressure. The 
integrins are transmembrane adhesion receptors that 
mediate cell–cell and cell–matrix adhesion, thereby allow-
ing the glycosaminoglycan ground substance, which is nor-
mally underhydrated, to expand and take up fluid.31 McGee 
et al. confirmed this hydration potential with T2-weighted 
MRI32 and noted that it is reversible by application of  nega-
tive pressure treatment. This supports the mechanism of  
interfascial rather than colloidal osmotic fluid transfer as a 
mechanism for burn edema and supports the collagen 
structural transitions as therapeutic targets.33

OSMOTIC REFLECTION COEFFICIENT (σ)

The osmotic reflection coefficient is an index of  the propor-
tion of  the full osmotic pressure generated by the concen-
tration gradient of  plasma proteins across the microvascular 
blood-to-tissue barrier. A value of  σ = 1.0 represents a 
barrier impermeable to protein but permeable to water and 
σ = 0 represents a barrier that is completely permeable to 

to review each term of  the classic Starling equation and its 
role in burn edema before addressing the possible the impli-
cations of  a modified Starling equation.

Mechanisms of Burn Edema

Transvascular blood-to-tissue transport of  fluid and protein 
increase with elevation in Kf, Pc, or πif, and with decreases 
in Pif, or σ. Burn edema is unique in its rapidity compared 
to other types of  edema because it is only in burn edema 
that all of  these variables change significantly in the direc-
tion required to increase fluid filtration. Each Starling vari-
able is discussed individually next.

CAPILLARY FILTRATION COEFFICIENT (Kf)

Burn injury causes direct and indirect mediator-modulated 
changes in the permeability of  the blood–tissue barrier of  
the capillaries and venules. Arturson and Mellander27 
showed that, in the scalded hindlimb of  dogs, Kf  immedi-
ately increased two to three times, suggesting that the 
hydraulic conductivity (water permeability) of  the capillary 
wall increased. Kf  is a function of  both hydraulic conductiv-
ity and the capillary surface area. Thus local vasodilation 
and microvascular recruitment contribute to the increased 
Kf  in addition to increased hydraulic conductivity. Measur-
ing Kf  and the rate of  edema formation (Jv) allowed Artur-
son and Mellander to determine the changes in transcapillary 
forces necessary to account for the increased capillary filtra-
tion. Their calculations indicated that a transcapillary pres-
sure gradient of  100–250 mm Hg was required to explain 
the extremely rapid edema formation that occurred in the 
first 10 minutes after a scald injury. They concluded that 
only a small fraction of  the early formation of  burn edema 
could be attributed to the changes in Kf  and permeability. 
They further suggested that osmotically active molecules 
generating sufficiently large osmotic reabsorption pressures 
are released from burn-damaged cells. This hypothesis was 
never confirmed, and subsequent studies described herein 
show that large increases in filtration forces result from an 
increased Pc, and from a large decrease in Pif  (Table 8.1).

CAPILLARY PRESSURE (Pc)

In most forms of  shock, arteriolar vasoconstriction results in 
transfer of  less arterial pressure to the capillaries; capillary 

Table 8.1 Effect of Burn Injury on Changes in the Classic Starling Equation Variables

Variable Normal or Baseline Post-Burn Δ References

Pc ~25 mm Hg ~50 mm Hg ↑ ~25 mm Hg 28

ΠP 25–30 mm Hg 15 to 18 mm Hg ↓ ~10 mm Hg 22, 36, 37

Pif −2 to 0 mm Hg ~100 mm Hg non-resuscitated
non-perfused skin and −5 mm Hg perfused skin

↓ ~100 mm Hg
↓ 3–5 mm Hg

29, 30

Πif 10–15 mm Hg 13–18 mm Hg in burn wound
↓ and with resuscitation hypoproteinemia in unburned skin

↑ ~3 mm Hg 22, 35, 37

σ ~0.9 ~0.5 ↓ ~0.4 22, 28, 34, 35

Kf ~0.003 mL/min/mm Hg/100 g (leg) ↑ 2–5× 27
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of  plasma despite an increased permeability. The osmotic 
reflection coefficient, σ, decreases with burns but never 
equals zero; thus protein concentration in capillary filtrate 
is always less than in plasma even in burn-injured skin.35 
Compared to unburned skin, the πi remains significantly 
higher in the burn wound, supporting the view that sus-
tained increases in protein permeability contribute to the 
persistence of  burn edema.13,22,30 However, compared with 
the large changes in Pc and particularly Pif, increased micro-
vascular protein permeability is not the predominant mech-
anism for the early, rapid rate of  edema formation in injured 
skin.43

ENDOTHELIAL DYSFUNCTION AND THE 
GLYCOCALYX

Demling and colleagues44,45 suggested that the edema 
caused by burns and hypoproteinemia alone could be par-
tially attributed to alterations in the structure of  intersti-
tium increasing water transport and hydraulic conductivity 
across the entire blood–tissue–lymph barrier. Similar 
changes occur when hypoproteinemia is induced by plas-
mapheresis. Several clinical and animal studies have estab-
lished that maintaining higher levels of  total plasma protein 
concentration can ameliorate the overall net fluid retention 
and edema.6,46,47 Endothelial activation and endothelial 
dysfunction play a major role in burn edema and the resul-
tant distributive shock, particularly as it pertains to edema 
remote from the area of  direct thermal trauma. Turk et al. 
prospectively investigated the endothelial dysfunction asso-
ciated with burn injury in a cohort of  burned patients in 
which they demonstrated an in vivo alteration of  flow-
mediated dilation reaching a nadir on post burn day 7. 
These clinical data support experimental findings on endo-
thelial dysfunction after burn injury.48 The value of  colloid 
osmotic pressure under the glycocalyx (πg) before or after 
burn injury has not been measured.

Plasma is further diluted and πp is further reduced after 
crystalloid resuscitation. Increased fluid filtration is less due 
to the fall in πp and more likely attributed to increased Kf 
and reductions in Pif and σ due to a damaged glycocalyx.

Many of  these changes in endothelial and interstitial 
function can be attributed to the glycocalyx—a glycopro-
tein and polysaccharides layer on the luminal side of  endo-
thelial cells that maintains the barrier between the 
endothelium and plasma by reducing the osmotic gradient 
and thereby reducing filtration. The thickness of  the glyco-
calyx varies from 20 nm in capillaries to 3000 nm in larger 
vessels. Based on studies of  the glycocalyx, the paradigm of  
the classic Starling equation of  microcirculatory forces has 
been challenged, and a revised equation has been proposed. 
Levick and Michel, along with others, proposed the revised 
Starling equation shown here and in Fig. 8.2:25,49–51

Jv K P Pf c if= − − −[( ) ( )]σ π πp g

In the revised Starling equation the fluid flux across the 
blood–tissue barrier is driven primarily by differences in 
hydrostatic pressures, (Pc − Pif) and by a colloid osmotic 
gradient between the fluid in the glycocalyx and just below 
the glycocalyx (πp − πg). Further studies by Kozar et al.52 
have demonstrated that crystalloid resuscitation of  hemor-
rhagic shock in rats causes a loss of  glycocalyx that can be 

protein and water. The reflection coefficient is traditionally
attributed to the endothelial cellular junctions but may well
be primarily determined by the glycocalyx. In skin, the
normal σ of  albumin is reported to be 0.85–0.99.22,34

Thermal injury causes an increase in capillary permeability
to protein, resulting in a reduced σ, an effective reduction
in the absorptive oncotic gradient across the microvascular
barrier, and a resulting increase in net fluid filtration.
Lymph sampled from burned skin has shown elevated
protein concentrations consistent with the large and sus-
tained increases in capillary permeability,14,34,35 whereas a
transient and smaller increase in microvascular permeabil-
ity occurs over 8–12 hours following injury in other soft
tissue not directly burned.35 Pitt et al.28 estimated the σ for
skin from dog hindpaw using a lymph wash-down tech-
nique and reported a normal σ of  0.87 for albumin and a
reduction to 0.45 after scald injury.

PLASMA COLLOID OSMOTIC PRESSURE (πp)

The normal plasma protein concentration of  6–8 g/dL and
its associated πp of  25–30 mm Hg, would produce a signifi-
cant transcapillary absorptive force counterbalancing the
other Starling forces that favor filtration.13,22 However, the
glycocalyx blocks most of  the impact of  πp on transendothe-
lial fluid movement,24–26 as described later. Plasma colloid
osmotic pressure decreases in nonresuscitated burn-injured
animals as protein-rich fluid extravasates into burn wounds
and a significant volume of  protein-poor interstitial fluid
initially enters the circulation from transvascular reabsorp-
tion and lymph of  unburned tissue, such as skeletal
muscle.13,36–38 Plasma is further diluted and πp is further
reduced after crystalloid resuscitation. Increased fluid filtra-
tion is less due to the fall in πp and more likely attributed to
increased Kf, reductions in Pif and σ due to a damaged gly-
cocalyx. Initial therapy with colloid solution has always
been advocated by some clinicians6 but is often delayed
8–24 hours after injury based on the reasoning that nor-
malization of  microvascular protein permeability in injured
tissue must occur before colloid therapy is cost effective.7

However, the ability of  plasma protein and, in particular,
albumin to repair the permeability of  the glycocalyx sug-
gests a rationale for the earlier use of  albumin therapy for
burn resuscitation. Evidence for the use of  albumin for
resuscitation is also covered in Chapter 9 on burn
resuscitation.39–41 Animal studies have shown that albumin
use during burn resuscitation does not reduce the edema in
the tissue of  burn wounds, but it does reduce total fluid
needs and thus reduces edema in unburned tissues.42 Fur-
thermore, as discussed later, albumin can have a trophic
effect on the endovascular glycocalyx, acting to stabilize it.

INTERSTITIAL COLLOID OSMOTIC
PRESSURE (πif)

The πif  in skin is normally 10–15 mm Hg or about one-half
that of  plasma.13,22 Experimental studies in animals using
lymph as representative of  interstitial fluid suggest that the
colloid osmotic pressure in lymph from burned skin initially
increases 4–8 mm Hg after burn injury.35 With crystalloid
resuscitation, πp and πif  decrease because the protein con-
centration of  microvascular filtrate remains less than that
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microvascular permeability of  the lung (lymph from caudal 
mediastinal node) showed no increase. Maximum increased 
lymph flow and tissue water content were observed to cor-
relate with the severe hypoproteinemia that occurred 
during the early resuscitation period of  a 40% burn injury 
in sheep.7,54

The mechanism by which burn injury induces microvas-
cular hyperpermeability remote from the injury has been 
the subject of  extensive study utilizing plasma from burned 
animals transfused into unburned recipients by Kremer et 
al.55 These transfusions cause endothelial activation, 
albumin leakage, and leukocyte adhesion and rolling via an 
undefined transfused circulating factor. This model allows 
testing of  the effects of  various inhibitory and therapeutic 
agents in ameliorating the resultant physiologic derange-
ments. High-dose vitamin C, an antioxidant, administered 
to the recipient rat was found to significantly reduce capil-
lary leakage but not leukocyte-endothelial interactions.55,56 
Ketanserin, a 5-HT2a antagonist, reduced plasma extravasa-
tion and leukocyte-endothelial interactions after burn 
plasma transfer.57 These findings were further confirmed 
with the serotoninergic receptor-blocking agents cinanse-
rin and methysergide.58,59 When the burn wounds of  donor 
burned rats were bathed in cerium nitrate, a topical antimi-
crobial and putative anti-inflammatory agent, the resulting 
plasma no longer induced injury in transfused rats.60 In 
further burn plasma transfer studies Hernekamp et al.61,62 
also demonstrated that the cholinergic anti-inflammatory 
pathway stimulated by cbp-choline or pretreatment with 
physostigmine can similarly attenuate albumin efflux and 
leukocyte adhesions.

Altered Cellular Membranes and 
Cellular Edema

In addition to a loss of  microvascular barrier integrity, 
thermal injury also causes changes in the cellular mem-
brane. In skeletal muscle cellular transmembrane poten-
tials decrease at sites distant from the injury.9 It would be 
expected that the directly injured cell would have a damaged 
cell membrane thus increasing sodium and potassium 
fluxes and resulting in cellular swelling. However this 
process also occurs in cells that are not directly heat-injured. 
Micropuncture techniques in hemorrhaged animals have 
demonstrated partial depolarization in the skeletal muscle 
membrane potential of  −90 mV to levels of  −70 to −80 mV; 
cell death occurs at −60 mV. These shock-induced decreases 
in membrane potentials are associated with increases in 
intracellular water and sodium.63–65 Similar alterations in 
skeletal membrane functions and cellular edema have been 
reported in hemorrhagic shock63,65 and in cardiac, liver, and 
endothelial cells.66–68 Action potentials become dampened 
or nonexistent, with likely delays in signal propagation in 
nerves, brain, skeletal muscle, heart, diaphragm, and 
gastrointestinal organs. Encephalopathy, muscle weakness, 
impaired cardiac contractility, and gut dysfunction are 
associated with major burn injury and may be due in part 
to reduced membrane potentials.

Early investigators of  this phenomenon postulated that a 
decrease in adenosine triphosphate (ATP) levels or ATPase 
activity was the mechanism for membrane depolarization. 

largely prevented by plasma resuscitation. Fig. 8.3 shows a 
photomicrograph of  the glycocalyx.

Unburned Tissue

Generalized edema in soft tissues not directly injured is 
another characteristic of  large cutaneous burns. Brouhard 
et al.53 reported increased water content in unburned skin 
even after a 10% total body surface area (TBSA) burn, with 
the peak edema occurring 12 hours postburn. Arturson 
reported an increased transvascular fluid flux (lymph flow) 
from unburned tissue and a transient increase in permea-
bility as measured by an increase in the lymph concentra-
tion of  plasma protein and macromolecular dextran infused 
as a tracer.14,34 Harms et al.35 extended these findings by 
measuring changes in lymph flow and protein transport in 
noninjured soft tissue for 3 days after injury. They found 
that skin and muscle permeability (flank lymph from sheep) 
were elevated for up to 12 hours postburn for molecules the 
size of  albumin and immunoglobulin G, but the 
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Fig. 8.2 The forces of the New Starling Equation taking into account 
the role of the glycocalyx. 

Fig. 8.3 A healthy vascular endothelium showing the fuzz-like coat of 
transmembrane and membrane bound molecules of the glycocalyx.  
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stabilizers when tested in animal models.74 Friedl et al.42 
demonstrated that the pathogenesis of  burn edema in the 
skin of  rats appears to be related to the interaction of  his-
tamine with xanthine oxidase and oxygen radicals. Hista-
mine and its metabolic derivatives increased the catalytic 
activity of  xanthine oxidase in rat plasma and in rat pulmo-
nary artery endothelial cells.76 In thermally injured rats, 
levels of  plasma histamine and xanthine oxidase rose in 
parallel, in association with the increase in uric acid. Burn 
edema was greatly attenuated by treating rats with the 
mast cell stabilizer cromolyn, complement depletion, or the 
H2 receptor antagonist cimetidine but was unaffected by 
neutrophil depletion.76–78 Despite encouraging results in 
animals, beneficial antihistamine treatment of  human 
burn injury has not been demonstrated.

PROSTAGLANDINS

Prostaglandins are potent vasoactive autocoids synthesized 
from the arachidonic acid released from burned tissue and 
inflammatory cells, and they contribute to the inflamma-
tory response following burn injury.79,80 Activated macro-
phages and neutrophils infiltrate the wound and release 
prostaglandin as well as thromboxanes, leukotrienes, and 
interleukin-1 (IL-1). These wound mediators have both 
local and systemic effects. Prostaglandin E2 (PGE2) and leu-
kotrienes LB4 and LD4 increase microvascular permeability 
both directly and indirectly.81 Prostacyclin (PGI2) is pro-
duced in burn injury and is also a vasodilator, and it may 
cause direct increases in capillary permeability. PGE2 
appears to be one of  the more potent inflammatory prosta-
glandins, causing postburn vasodilation and increased 
microvascular surface area in wounds that, when coupled 
with the increased microvascular permeability, amplifies 
edema formation.82,83 Prostacyclin (PGI2) is a vasodilator 
and may cause increases in capillary permeability.

THROMBOXANE

Thromboxane A2 (TXA2) and its metabolite, thromboxane 
B2 (TXB2) are produced locally in burn wounds by plate-
lets.74 Vasoconstrictor thromboxanes may be less important 
in edema formation; however by reducing blood flow they 
can contribute to a growing zone of  ischemia under the 
burn wound and may be responsible in part for the conver-
sion of  a partial-thickness wound to a deeper, full-thickness 
wound. The serum level of  TXA and TXA2/PGI2 ratios are 
significantly increased in burn patients.84 Heggers showed 
that TXB2 is released at the burn wound and is associated 
with local tissue ischemia, while thromboxane inhibitors 
prevented the progressive dermal ischemia associated with 
thermal injury and thromboxane release.85,86 The TXA2 
synthesis inhibitor anisodamine also showed beneficial 
microcirculatory effects by restoring the hemodynamic and 
rheological disturbances toward normal. LaLonde83 showed 
that topically applied ibuprofen (which inhibits the syn-
thesis of  prostaglandins and thromboxanes) reduces both 
local edema and prostanoid production in burned tissue 
without altering systemic production. On the other hand, 
systemic administration of  ibuprofen did not modify early 
edema, but did attenuate the postburn vasoconstriction 
that impaired adequate oxygen delivery to tissue in burned 

However more recent research suggests that it may result
from an increased sodium conductance in membranes or
that an increase in sodium–hydrogen antiporter activity is
the primary mechanism.64,67 Resuscitation of  hemorrhage
rapidly restores depolarized membrane potentials to normal,
but resuscitation of  burn injury only partially restores the
membrane potential and intracellular sodium concentra-
tions to normal levels, demonstrating that hypovolemia
alone is not totally responsible for the cellular swelling seen
in burn shock.69 A circulating shock factor(s) is likely to be
responsible for the membrane depolarization.70–72 When
plasma from a burn-injured animal is superfused to an iso-
lated muscle preparation, membrane depolarization occurs.
Furthermore, the depolarization can be reversed by chang-
ing the superfusate to normal plasma or saline.69 Surpris-
ingly the molecular characterization of  such circulating
factors has not been elucidated, suggesting that they have
a complex and perhaps dynamic structure. Data suggest a
large molecular weight, greater than 80 kDa.73 Membrane
depolarization may be caused by different factors in differ-
ent states of  shock. Very little is known about the time
course of  the changes in membrane potential in clinical
burns. Furthermore, we do not know the extent to which
the altered membrane potentials affect total volume require-
ments and organ function in burn injury.

Inflammatory Mediators of
Burn Injury

Many local and circulating mediators are produced in the
blood or released by cells after thermal injury. These media-
tors play important but complex roles in the pathogenesis
of  edema and the cardiovascular abnormalities of  burn
injury. For example, mediators alter vascular permeability
and transvascular fluid flux, either directly or indirectly, by
increasing the microvascular hydrostatic pressure and
surface area via the arteriolar vasodilation superimposed
on an already injured endothelial barrier. The exact
mechanism(s) of  mediator-induced injury are of  consider-
able clinical interest because this understanding would
allow for the development of  pharmacologic modulation of
burn edema and shock by mediator inhibition. Unfortu-
nately most strategies directed at mediator blockage have
only been effective in small localized burn wounds in
patients or in animal studies and have had no clinical
impact on the care of  patients with major burns.

HISTAMINE

Histamine is a key mediator of  very early increases in micro-
vascular permeability following thermal injury. Histamine
is released from mast cells in thermally injured skin; however
the increase in histamine levels and its actions are only
transient. Histamine causes large endothelial gaps to tran-
siently form as a result of  the contraction of  venular endo-
thelial cells.74,75 Histamine is released from mast cells in
thermally injured skin; however the increase in histamine
levels and its actions are only transient. Histamine also can
cause the rise in capillary pressure (Pc) by arteriolar dilation
and venular contraction. Reductions in localized edema
have been achieved with histamine blockers and mast cell
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SEROTONIN

Serotonin is released early after burn injury.92 This agent is 
a smooth-muscle constrictor of  large blood vessels. Antise-
rotonin agents such as ketanserin have been found to 
reduce peripheral vascular resistance after burn injury but 
not to reduce edema.92 On the other hand, pretreatment 
with methysergide, a serotonin antagonist, reduces hyper-
emic or increased blood flow response in the burn wounds 
of  rabbits and reduces burn edema.90 Ferrara et al.93 found 
a dose-dependent reduction in burn edema when methyser-
gide was given to dogs prior to burn injury but claimed that 
this was not attributable to blunting of  the regional vasodi-
lation response. Zhang et al. reported a reduction in skin 
blood flow after methysergide administration to burned 
rabbits.94

CATECHOLAMINES

Circulating catecholamines epinephrine and norepineph-
rine are increased several fold after burn injury.6,95,96 On  
the arteriolar side of  the microvessels these agents cause 

sheep.87 Although cyclooxygenase inhibitors have been 
used after burn injury, they have not entered into routine 
clinical use.

KININS

Bradykinin is a local mediator of  inflammation that increases 
venular permeability. It is likely that bradykinin production 
is increased after burn injury, but its detection in blood or 
lymph can be difficult because of  the simultaneous increase 
in kininase activity and the rapid inactivation of  free kinins. 
The generalized inflammatory response after burn injury 
favors the release of  bradykinin.88 Pretreatment of  burn-
injured animals with aprotinin, a general protease inhibi-
tor, should have decreased the release of  free kinin, but no 
effect on edema was noted.89 On the other hand, pretreat-
ment with a specific bradykinin receptor antagonist was 
reported to reduce edema in burn wounds in rabbits (Table 
8.2).90 Tao et al. demonstrated that blocking neurokinin-1 
decreased the vascular permeability tissue around the 
wound and remotely in the jejunum of  burned rats and 
that treated rats recovered more quickly than controls.91

Table 8.2 Cardiovascular and Inflammatory Mediators of Burn Shock

Mediators
Central Cardiovascular Effects 
(at High Concentrations) Load Tissue Effects References

Histamine ↓ Blood pressure; hypovolemia Arteriolar dilation; Venular constriction
↑ Blood flow
↑ Permeability

42, 74, 76, 77, 92, 160

Prostaglandin E2 (PGE2) ↓ Systemic arterial and pulmonary 
arterial blood pressure

Vasodilation
↑ Blood flow
↑ Permeability

74, 79, 85

Prostacyclin (PG12) ↓ Blood pressure ↑ Permeability 81, 83

Leukotrienes
 LB4

 LD4

Pulmonary hypertension 74

Thromboxane A2 (TXA2)
Thromboxane B2 (TXB2)

GI ischemia
Pulmonary hypertension

Vasodilation
↑ Blood flow
↑ Permeability

84–87

Bradykinin ↓ Blood pressure
Hypovolemia

Vasodilation, ↑ Permeability 74, 160

Serotonin ↑ Permeability 92–94

Catecholamines
 Epinephrine
 Norepinephrine

↑ Heart rate
↑ Blood pressure
↑ Metabolism

Vasoconstriction (receptors); Vasodilation (β2 
receptors in muscle); block ↑ permeability due to 
histamine & bradykinin via β receptors

74, 161

Oxygen radicals:
 Superoxide
 Anion (O2

−)
 Hydrogen peroxide 

(H2O2)
 Hydroxyl Ion (OH−)
 Peroxynitrite (ONOO−)

Cardiac dysfunction Tissue damage
↑ Permeability

42, 74, 76, 97, 99, 100

Platelet aggregation factor ↑ Blood pressure Vasoconstriction 89, 113

Angiotensin II GI ischemia
↑ Blood pressure

Vasoconstriction 114, 115, 117

Vasopressin GI ischemia
↑ Blood pressure

Vasoconstriction 117

Enhanced microvascular blood flow typically opens recruits capillaries and increases surface area of exchange vessels.
Permeability refers to protein permeability of the microvascular barrier, which is often linked to hydraulic conductivity.
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endothelial cells.42,76 The use of  antioxidants has been 
extensively investigated in animals, and some clinical trials 
suggest benefit.

Antioxidants (vitamin C and E) are routinely adminis-
tered to patients at many burn centers. High doses of  anti-
oxidant ascorbic acid (vitamin C) have been found to be 
efficacious in reducing fluid needs in burn-injured experi-
mental animals when administered postburn.101–104 Beyond 
the action of  vitamin concentrations are the use of  high 
doses (e.g., 66 mg/kg per hour) of  vitamin C, which was 
shown to, effectively reduce volume requirements in one 
clinical trial but was ineffective, in others, albeit with some-
what different doses.102,105 High-dose vitamin C has been 
receiving wider clinical use, but the burn community awaits 
more definitive trials.

NITRIC OXIDE

Nitric oxide (NO) is a significant inhibitor of  vascular 
smooth muscle tone and thus is a proximate cause of  vaso-
plegia and distributive shock following burn injury. Block-
ade of  guanylate cyclase with methylene blue as a treatment 
for vasoplegia has been described in several small case 
series.106 NO has also been shown to be a significant driver 
of  pulmonary dysfunction in inhalation injury. In an ovine 
model, blockade of  inducible nitric oxide synthase (iNOS) 
and neuronal nitric oxide synthase (nNOS) fully prevented 
increases in pulmonary shunt, peak inspiratory pressure, 
and lung lymph flow and attenuated the decline in the 
PaO2–FiO2 ratio.107

Both beneficial and deleterious effects of  NO have been 
described during the acute phase of  burn shock. NO gener-
ated simultaneously with the superoxide anion can lead to 
the formation of  peroxynitrite (ONOO−). The presence of  
nitrotyrosine in burned skin found in the first few hours 
after injury suggests that peroxynitrite may play a deleteri-
ous role in burn edema.108 Blockade of  NOS did not reduce 
burn edema, whereas treatment with the NO precursor 
arginine reduced burn edema.109 NO may be important for 
maintaining perfusion and limiting the zone of  stasis in 
burn skin.110 An ONOO− decomposition catalyst adminis-
tered following smoke inhalation injury and burn was able 
to significantly reduce pulmonary microvascular hyperper-
meability and improved pulmonary function in an ovine 
model.111 A further study showed that low-dose arginine 
vasopressin given from 1 hour for up to 24 hours post 
smoke inhalation and burn injury in sheep significantly 
reduced NO plasma levels and edema formation.112 Both the 
beneficial and deleterious effects of  NO have been described 
to occur during the acute phase of  burn shock and thus the 
long-term benefits of  an acute NO reduction remain con-
troversial. In brief, the value of  acute NO reduction in burns 
remains controversial.

PLATELET AGGREGATION FACTOR

Platelet aggregation (or activating) factor (PAF) can increase 
capillary permeability and is released after burn injury.89,113 
Ono et al.113 showed in scald-injured rabbits that TCV-309 
(Takeda Pharmaceutical Co Ltd., Japan), a PAF antagonist, 
infused soon after burn injury, blocked edema formation 
in the wound and significantly inhibited PAF increase in 

vasoconstriction via α1-receptor activation, which tends
to reduce capillary pressure, particularly when combined
with the hypovolemia and reduced venous pressure of  burn
shock.74 Reduced capillary pressure may limit edema and
may induce transvascular refill of  protein-poor interstitial
fluid reabsorbed from unburned skin, skeletal muscle, and
visceral organs, especially in under-resuscitated burn shock.
Even in nonresuscitated animals, plasma protein concen-
tration falls. Furthermore, catecholamines, via β-agonist
activity, may also partially inhibit increased microvascu-
lar permeability induced by histamine and bradykinin.74

These potentially beneficial effects of  catecholamines may
not be operative in directly injured tissue and may also be
offset in unburned tissue by the deleterious vasoconstrictor
and ischemic effects. The hemodynamic effects of  catechol-
amines will be discussed later in the chapter.

REACTIVE OXYGEN SPECIES

Reactive oxygen species (ROS), also know as oxygen radi-
cals, play an important inflammatory role in all types of
shock, including burn shock. These short-lived elements
are highly unstable reactive metabolites of  oxygen; each
one has an unpaired electron, making all of  them strong
oxidizing agents.97 Superoxide anion (O2

−), hydrogen perox-
ide (H2O2), and hydroxyl ion (OH−) are produced and
released by activated neutrophils after any inflammatory
reaction or reperfusion of  ischemic tissue. The hydroxyl ion
is believed to be the most potent and damaging of  the three.
Evidence that these agents are formed after burn injury is
the increased lipid peroxidation found in circulating red
blood cells and biopsied tissue.76,97,98

Antioxidants, namely agents that either bind directly to
the oxygen radicals (scavengers) or cause their further
metabolism, have been evaluated in several experimental
studies.99,100 Catalase removes H2O2 and superoxide dis-
mutase (SOD), lessens radical O2

−, and is reported to reduce
plasma loss after burn injury in dogs and rats.76,99

The plasma of  thermally injured rats showed dramatic
increases in levels of  xanthine oxidase activity, with peak
values appearing as early as 15 minutes after thermal
injury. Excision of  the burned skin immediately after the
injury significantly diminished the increase in plasma xan-
thine oxidase activity.42,76 The skin permeability changes
were attenuated by treating the animals with antioxidants
(catalase, SOD, dimethyl sulfoxide, dimethylthiourea) or an
iron chelator (DFO), thereby supporting the role of  oxygen
radicals in the development of  vascular injury as defined by
increased vascular permeability.76 Allopurinol, a xanthine
oxidase inhibitor, markedly reduced both burn lymph flow
and levels of  circulating lipid peroxides and further pre-
vented all pulmonary lipid peroxidation and inflammation.
This suggests that the release of  oxidants from burned
tissue was in part responsible for local burn edema, as well
as for systemic inflammation and oxidant release.98 The
failure of  neutrophil depletion to protect against the vascu-
lar permeability changes and the protective effects of  the
xanthine oxidase inhibitors (allopurinol and lodoxamide
tromethamine) suggests that plasma xanthine oxidase is
the more likely source of  the oxygen radicals involved in the
formation of  burn edema. These oxygen radicals can
increase vascular permeability by damaging microvascular
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Hemodynamic Consequences

The cause of  reduced cardiac output (CO) during the resus-
citative phase of  burn injury has been the subject of  consid-
erable debate. There is an immediate depression of  cardiac 
output before any detectable reduction in plasma volume. 
The rapidity of  this response may result from impaired 
neurotransmission of  cardiac signaling and increased after-
load due to vasoconstriction. Soon after injury a develop-
ing hypovolemia and reduced venous return undeniably 
contribute to the reduced cardiac output. The subsequent 
persistence of  reduced CO after apparently adequate fluid 
therapy, as evidenced by restoration of  arterial blood pres-
sure and urinary output, has been attributed to circulating 
myocardial depressant factor(s), which possibly originates 
from the burn wound.10,11 Demling et al.16 showed a 15% 
reduction in CO despite aggressive volume replacement 
protocol after a 40% scald burn in sheep. However there 
are also sustained increases in catecholamine secretion and 
elevated systemic vascular resistance for up to 5 days after 
burn injury.95,116 Michie et al.121 measured CO and SVR 
in anesthetized dogs resuscitated after burn injury. They 
found that CO fell shortly after injury and then returned 
toward normal; however reduced CO did not parallel the 
blood volume deficit. They concluded that the depression 
of  CO resulted not only from decreased blood volume and 
venous return, but also from an increased SVR and from the 
presence of  a circulating myocardial depressant substance. 
After the resuscitation phase of  burn shock, patients need 
a supranormal CO. This is associated with a hypermeta-
bolic state and systemic inflammatory response syndrome 
(SIRS).

MYOCARDIAL DYSFUNCTION

Increases in the afterload of  both the left and the right heart 
occur due to elevated SVR and PVR. Stroke volume and CO 
can be maintained despite contractile depression by aug-
mented adrenergic stimulation, albeit at a cost of  increased 
myocardial oxygen demands. The right ventricle has a 
minimal capacity to compensate for increased afterload. 
Myocardial function can be compromised after burn injury 
due to direct depression of  contractility shown in isolated 
heart studies.122,123 In severe cases, desynchronization of  
the right and left ventricles is deleteriously superimposed on 
a depressed myocardium.124 Howard et al.125 demonstrated 
both systolic and diastolic dysfunction in burn-injured chil-
dren during the first few weeks post injury. Burn injury of  
greater than 45% TBSA can produce intrinsic contractile 
defects. Several investigators reported that aggressive early 
and sustained fluid resuscitation failed to correct left ven-
tricular contractile and compliance defects.123,124,126 These 
data suggest that hypovolemia is not the sole mechanism 
underlying the myocardial defects observed with burn 
shock. Serum from patients failing to sustain a normal 
CO after thermal injury have exhibited a markedly nega-
tive inotropic effect on in vitro heart preparations, which 
may be due to the circulating shock factor described 
earlier.69,127 In other patients with large burn injuries and 
normal cardiac indices, little or no depressant activity was  
detected.

the damaged tissue in a dose-dependent manner. In con-
trast, the SOD content in the group treated with TCV-309 
was significantly higher than that of  the control group. 
These findings suggest that the administration of  large 
doses of  a PAF antagonist immediately after injury may 
reduce burn wound edema and the subsequent degree of  
burn shock by suppressing PAF and superoxide radical  
formation.

ANGIOTENSIN II AND VASOPRESSIN

Angiotensin II and vasopressin or antidiuretic hormone 
(ADH) are two hormones that participate in the normal 
regulation of  extracellular fluid volume by controlling 
sodium balance and osmolality through renal function 
and thirst.74 During burn shock, sympathetic tone is high 
and volume receptors sense hypovolemia, both of  which 
elevate angiotensin II and ADH to supranormal levels in the 
blood. Both are potent vasoconstrictors of  terminal arte-
rioles with less effect on the venules. Angiotensin II may 
be responsible for the selective gut and mucosal ischemia, 
which can cause translocation of  endotoxins and bacte-
ria and the development of  sepsis and even multiorgan 
failure.114,115 In severely burn-injured patients angiotensin 
II levels were elevated two to eight times normal in the first 
1–5 days after injury, with peak levels occurring on day 
3.116 Vasopressin had peak levels of  50 times normal upon 
admission and declined toward normal over the first 5 days 
after burn injury. Along with catecholamines, vasopressin 
may be largely responsible for increased SVR and increased 
left heart afterload, which can occur in resuscitated burn 
shock. Sun et al.117 used vasopressin-receptor antagonists 
to improve hemodynamics and survival time in rats with 
burn shock, whereas vasopressin infusion exacerbated  
burn shock.

OTHER MEDIATORS

Hydrogen sulfide (H2S) is a small-molecule mediator receiv-
ing increased attention in inflammatory shock. It is capable
of  both inducing and inhibiting inflammation. Murine data
support H2S as being an endogenous inflammatory media-
tor increasing both pro-inflammatory cytokine levels and
NF-κB signaling. Studies are similarly being carried out to
define concentrations and clinical utility for its anti-
inflammatory characteristics.57 Hu et al. used a 50% TBSA
burn-injured dog model and reported that use of  a nicotinic
agonist with resuscitation increased survival, improved
hemodynamics, increased plasma volume and urine output,
and decreased TN-α, IL-1, and lactic acid.118 Wiggins et al.
elucidated a role of  metalloproteinases (MMP) in lung edema
and endothelial damage when a culture of  lung endothelial
cells had increased MMP activity and decreased tissue
inhibitor of  metalloproteinases (TIMP-2) after burn serum
exposure. These cells had increased monolayer permeabil-
ity, damaged adhesion junction proteins, and incited actin
stress fiber formation. This damage was inhibited effectively
by exogenous TIMP-2.119 Endothelin-1 has been shown to
play a role in alveolar fluid clearance and pulmonary
edema. ET-1 inhibits alveolar fluid clearance by inhibition
of  amiloride-sensitive epithelial sodium channels and
increases capillary pressure.120
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There are several organs particularly susceptible to 
ischemia, organ dysfunction, and organ failure when burn 
resuscitation is delayed or inadequate. These include the 
kidney and the gastrointestinal tract. Renal ischemia can 
result directly from hypovolemia and increased sympathetic 
tone, but elevations in plasma hemoglobin, and particu-
larly myoglobin, correlate with increased renal failure.140,141 
Renal failure rates have declined dramatically because of  
standardized regimens of  adequate fluid therapy, but when 
therapy is delayed or associated with hypotension acute 
renal failure is not uncommon.140–142

Mesenteric vasoconstriction can occur despite appar-
ently “adequate” resuscitation.115,143 Bacterial and endo-
toxin translocation that can contribute to the development 
of  sepsis is one consequence of  visceral ischemia.

Encephalopathy is not uncommon after large cutaneous 
burns, particularly in children, but the exact cause remains 
unclear. Studies in anesthetized sheep subjected to a 70% 
TBSA scald show that cerebral autoregulation is well main-
tained in the immediate postburn period, but 6 hours after 
resuscitation increased cerebral vascular resistance reduced 
cerebral blood flow by 50%.144

PULMONARY CIRCULATION AND LUNG EDEMA

In large burns there is a pronounced increase in PVR that 
corresponds with the increased SVR.7,54 In contrast to the 
systemic circulation, however, pulmonary edema is unusual 
and typically does not occur until after the fluid resuscita-
tion phase is complete. Pulmonary wedge pressure is 
increased more than left atrial pressure after experimental 
burn injury due to postcapillary venular constriction.54,145 
By increasing capillary pressure, venular constriction may 
contribute to pulmonary edema. It is likely that some degree 
of  left heart failure also contributes to the increased capil-
lary pressure. However hypoproteinemia may be the great-
est contributing factor to postburn pulmonary edema.146 
Analysis of  lung lymph sampled in large animal models 
after 40% TBSA burn injury showed no evidence of  
increased microvascular permeability. Furthermore, lung 
lymph flow may increase considerably to counteract inter-
stitial fluid accumulation. As a result, clinical studies of  
burn-injured patients suggest that, in the absence of  inha-
lation injury, the lungs do not typically develop edema.147,148 
Pulmonary dysfunction associated with inhalation injury 
is discussed in a separate chapter.

FLUID OVERLOAD AND ABDOMINAL 
COMPARTMENT SYNDROME

Prompt and adequate fluid resuscitation has undoubtedly 
improved the outcome of  burn-injured patients, and 
Chapter 9 describes resuscitation strategies in detail. Despite 
the advances in burn shock resuscitation, massive edema 
of  both burned and unburned tissues continues to be a 
repercussion of  large-volume fluid resuscitation.

It is now clear that there is a trend toward providing fluid 
in excess of  the published formula, which has been termed 
“fluid creep.”149 Over-resuscitation and the resulting edema 
are fraught with complications. The problems of  the over-
resuscitated burn patient may include optic neuropathy 
due to intraocular hypertension,150 pulmonary edema,151,152 

Traber and colleagues studied intact, chronically instru-
mented sheep after a 40% TBSA flame burn injury and 
smoke inhalation injury, and after smoke inhalation injury 
alone. They found that contractile force was reduced after 
either burn injury or inhalation injury alone.128,129 Horton 
et al.130 demonstrated decreased left ventricular contractil-
ity in isolated, coronary-perfused guinea pig hearts har-
vested 24 hours after burn injury. This dysfunction was 
more pronounced in hearts from aged animals and was not 
reversed by resuscitation with isotonic fluid. It was largely 
reversed by treatment with 4 mL/kg of  hypertonic saline 
dextran (HSD) but only if  administered during the initial 
4–6 hours of  resuscitation.131,132 These authors also effec-
tively ameliorated the cardiac dysfunction of  thermal injury 
with infusions of  antioxidants, arginine, and calcium 
channel blockers.132–134 Cioffi and colleagues,135 using an ex 
vivo myocardial preparation, observed persistent myocar-
dial depression after burn when the animals received no 
resuscitation after injury. As opposed to most studies, Cioffi 
reported that immediate and full resuscitation totally 
reversed abnormalities of  contraction and relaxation after 
burn injury. Murphy et al.136 showed elevations of  a serum 
marker for cardiac injury, troponin I, for patients with a 
TBSA burn of  greater than 18%, despite good cardiac 
indices. Resuscitation and cardiac function studies empha-
size the importance of  early and adequate fluid therapy and 
suggest that functional myocardial depression after burn 
injury may be minimized in patients receiving prompt and 
adequate volume therapy.

The primary mechanisms by which burn shock alters 
myocardial cell membrane integrity and impairs mechani-
cal function remain unclear. Oxygen-derived free radicals 
may play a key causative role in the cell membrane dysfunc-
tion that is characteristic of  several low-flow states. Horton 
et al. showed that a combination therapy of  free radical 
scavengers SOD and catalase significantly improved burn-
mediated defects in left ventricular contractility and relax-
ation when administered along with adequate fluid 
resuscitation. Antioxidant therapy did not alter the volume 
of  fluid resuscitation required after burn injury.137

Increased Systemic Vascular Resistance and 
Organ Ischemia

CO may remain below normal after adequate volume 
replacement in burn patients and experimental animals. 
Increased afterload after burn injury is the result of  
release of  catecholamines, vasopressin, angiotensin II, and 
neuropeptide-Y.116,117 These agents cause contraction of  the 
arteriolar smooth muscle, which is systemically manifested 
by increased afterload and SVR. The increased SVR after 
burn injury is also, in part, the result of  increased blood 
viscosity secondary to the hemoconcentration.

Hilton and others performed experiments in anes-
thetized dogs in which infusion of  various peripheral 
vasodilators improved CO after burn injury.121,138 They 
demonstrated a reduction in the SVR and augmented CO 
after verapamil, but the myocardial force of  contraction 
remained depressed. Pruitt et al. demonstrated the utility 
of  a vasodilator, hydralazine, to reduce SVR and augment 
CO (with the caveat that hypovolemia should first be  
corrected).139
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Secondary to the thermal injury there is release of  
inflammatory mediators and stress hormones. These circu-
lating mediators deleteriously increase microvascular per-
meability and alter cellular membrane function by which 
water and sodium enter cells. Circulating mediators also 
favor renal conservation of  water and salt, impair cardiac 
contractility, and cause vasoconstriction. The end result of  
this complex chain of  events is decreased cardiac output, 
end-organ ischemia, and metabolic acidosis. Without 
early and effective resuscitation these derangements can 
result in organ dysfunction, cardiovascular collapse,  
and death.

Resuscitation is a double-edged sword in that it increases 
edema in both burned and unburned tissue. Edema likely 
contributes to decreased tissue oxygen diffusion and further 
ischemic injury to already damaged cells. Research should 
continue to define better treatments that ameliorate burn 
shock and burn edema. The success of  this research will 
require the identification of  key circulatory factors that 
alter microvascular permeability, cause vasoconstriction, 
depolarize cellular membranes, and depress myocardial 
function. Cellular or systemic methods to prevent the release 
or block the activity of  specific mediators are needed.

Complete references available online at 
www.expertconsult.inkling.com
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the need for prolonged mechanical ventilation or tracheos-
tomy,153 graft failure, or the need for fasciotomy of  unin-
jured extremities154 due to massive edema.

The most life-threatening complication of  edema, with a 
mortality rate of  75%, is abdominal compartment syn-
drome (ACS).155 Intra-abdominal hypertension (IAH) is 
defined as an intra-abdominal pressure of  more than 12 cm 
H2O and is most often seen during the acute resuscitation 
phase up to 48 hours postburn.156 ACS is sustained IAH of  
greater than 20 mmHg combined with new organ failure 
(e.g., elevated peak inspiratory pressures or oliguria despite 
aggressive fluid resuscitation). The syndrome typically leads 
to multiple organ dysfunction, characterized by impaired 
renal and hepatic blood flow, bowel ischemia, pulmonary 
dysfunction, depressed cardiac output, elevated intracranial 
pressures, and death.157,158 ACS can occur after major 
abdominal trauma or surgery; the condition in the absence 
of  abdominal injury is known as secondary ACS.159 A 
review showed that the prevalence of  ACS is between 4% 
and 17% in the severely burned.155 The use of  albumin 
during resuscitation may reduce the risk of  ACS.41 Massive 
edema of  burned and unburned tissues continues to be a 
problem in burn-shock resuscitation.

Conclusion

Thermal injury results in massive fluid shifts from the cir-
culating plasma into the interstitial space of  both burned 
tissue and (in burns >20–30% TBSA) unburned tissue, 
causing hypovolemia and edema. Changes in the variables 
comprising the Starling equation favor fluid extravasation 
from blood to tissue. In burned tissue rapid edema forma-
tion is predominantly due to the development of  strongly 
negative interstitial fluid pressure and, to a lesser degree, by 
an increase in microvascular pressure and permeability. In 
uninjured soft tissues, increased microvascular permeabil-
ity is mainly the result of  glycocalyx loss and endothelial 
activation. The type, volume, and timing of  fluid used to 
resuscitate affect the magnitude of  these fluid shifts.
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helpful to understanding their advantages and limitations. 
Intravenous fluid resuscitation for the treatment of  burns 
owes much to early investigations of  the pathophysiology 
and treatment of  cholera. In 1831, O’Shaughnessy, an Irish 
physician, performed studies of  the chemical and micro-
scopic features of  the blood in cholera patients. Based on 
these studies, he proposed “the injection into the veins of  
tepid water holding a solution of  the normal salts of  the 
blood.” He did canine experiments of  this novel therapy but 
did not apply it to humans. One year later, Thomas Latta, a 
Scottish physician, read about O’Shaughnessy’s work and 
treated patients with cholera using rectal, oral, and then 
intravenous saline solutions.8 In 1906, Dr. Haldor Sneve of  
St. Paul, Minnesota, described the use of  saline solutions, 
including enemas, for the treatment of  burns.9 His common-
sense recommendations were not followed for years because 
the prevailing point of  view at the time was that the main 
cause of  death in patients with extensive burns was not 
hypovolemia but the absorption of  toxic substances from 
the burned skin (“toxemia”).10 This belief  led to the wide-
spread adoption of  tanning agents such as tannic acid,11 
the purpose of  which was to “fix” the toxins and prevent 
them from entering the bloodstream.

Subsequent mass-casualty disasters and armed conflict 
both contributed to resuscitation advances. On November 
27, 1921, the Rialto Theatre in New Haven, Connecticut, 
caught fire, killing 6 and injuring 80. Dr. Frank Underhill 
examined 21 survivors who were admitted following the 
fire. Underhill was a veteran of  World War I and had previ-
ously reported on the effects of  chemical warfare agents on 
the lungs. He drew a parallel between the process whereby 
the lungs are flooded with fluid following inhalation of  toxic 
gases and that by which edema forms in wounds follow-
ing thermal injury. He reported that the more severe the 
burn, the more severe the hemoconcentration (increased 
hemoglobin), and that fluid replacement must be rapid 
and is of  paramount importance in survival. Additionally 
he reported that blister fluid was similar in composition 
to plasma and that the fluid lost could be replaced with 
an intravenous physiologic salt solution, supplemented 
rectally, orally, and subdermally.12 Oral and rectal infu-
sions were de-emphasized until recently, when their 
utility in austere and combat-casualty-care scenarios was  
revisited.13

In 1931, Alfred Blalock built on Underhill’s reports by 
performing experiments in which anesthetized dogs sus-
tained burns of  approximately one-third of  the TBSA, local-
ized to one-half  of  the body (right or left). The animals were 
not resuscitated. After a period of  observation (6–26 hours), 
the animals were euthanized, bisected, and the carcasses 
weighed. Thus he quantified the amount of  fluid lost across 
the burn wounds, which averaged 3.34% of  the total body 
weight. This fluid loss was accompanied by a mean increase 
in the hemoglobin level of  48%. Blalock speculated that this 

Introduction

Burns in excess of  about 20% of  the total body surface area 
(TBSA) cause shock, manifested by decreased circulating 
blood volume, decreased cardiac output (CO), and inade-
quate end-organ perfusion. Fluid resuscitation to address 
burn shock is one of  the key lifesaving interventions in the 
early care of  burn patients. Inadequate or delayed fluid 
resuscitation causes organ failure and death.1 On the other 
hand, provision of  excessive amounts of  fluid (overresusci-
tation), by augmenting edema formation and engendering 
complications such as compartment syndromes, also 
increases morbidity and mortality.2 Thus the overarching 
goal of  fluid resuscitation is to achieve a careful balance 
between the two extremes of  over- and underresuscitation; 
in other words, “to maintain vital organ function at the 
least immediate or delayed physiologic cost.”3

The primary cause of  burn shock is a reduction in the 
circulating blood volume due to loss of  fluid similar in com-
position to plasma across the microvasculature. Thus burn 
shock is hypovolemic shock. Such fluid loss occurs primarily 
in burned tissues but also, for larger burns, in unburned 
tissues as well.4 The term “leaky capillaries” is often used 
to describe this complex process (for details, see Chapter 8, 
Pathophysiology of  Burn Shock and Burn Edema). Other 
factors that contribute to burn shock include intense vaso-
constriction during the immediate postburn hours, causing 
increased afterload,5 and a decrease in intrinsic myocar-
dial contractility.6,7 These three factors—hypovolemia, 
vasoconstriction, and decreased myocardial contractility—
contribute to decreased CO. The aims of  fluid resuscitation 
are simultaneously (1) to counteract the loss of  circulating 
blood volume with intravenous fluids; (2) to monitor the 
physiologic response frequently and diligently; (3) to alter 
treatment strategy based on physiologic response (e.g., by 
titrating the fluid infusion rate hourly); and (4) to antici-
pate, guard against, and correct the effects of  edema for-
mation. This could be summarized as follows: burn shock 
mandates simultaneous fluid resuscitation and edema manage-
ment strategies.

Early Approaches to Fluid 
Resuscitation

A wide variety of  resuscitation formulas dominates much 
of  the discussion on the treatment of  burn shock (Table 
9.1). Knowledge of  how these formulas came about is 

Note: The opinions or assertions contained herein are the private views of
the authors, and are not to be construed as official or as reflecting the
views of  the Department of  the Army or the Department of  Defense.
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process, rather than toxemia, was sufficient to explain the 
resultant postburn hypotension.10 Further experiments 
involving excision of  the burn wound as well as cross-
transfusion (of  burned to unburned dogs) supported his 
hypothesis.10

With World War II on the horizon, and following battles 
such as the Battle of  Britain in 1940 and the attack on Pearl 
Harbor in 1941, there was great urgency to develop effective 
methods to care for wartime burn casualties. Meanwhile 
plasma now became available for intravenous administra-
tion. Several formulas were developed for burn-shock resus-
citation using plasma. One recommended enough plasma 
to maintain the peripheral circulation, evidenced by the 
ease with which blood could be drawn by a needle prick. 
Others were based on calculations that incorporated the 
hematocrit and/or the protein levels in the blood.14 The 
burn-size-based formulas we use today originated from a 
conference on January 7, 1942, of  the National Research 
Council (NRC). This committee stated that a burn patient 
should receive 500 mL of  plasma initially, followed by 
100 mL of  plasma per TBSA burned during the first 24 h 
post burn. Other fluids (normal saline or dextrose) should 
not normally exceed the plasma dose.15 Interestingly, 
Harkins (who participated in the NRC meeting) described 
a First Aid Formula at the same time that recommended 
half  this amount, or 50 mL/TBSA of  plasma. In addition, 
patients should receive about 1000 mL of  normal saline 
solution and “large amounts” of  dextrose, preferably by  
mouth.14,16

These preparations were tested when, on November 28, 
1942, the Cocoanut Grove nightclub in Boston caught fire, 

killing 492 people and injuring hundreds more in the dead-
liest nightclub fire in U.S. history. Patients were resuscitated 
with plasma, which, however, was provided by the blood 
bank diluted with equal volumes of  normal saline.17 Dr. 
Cope at the Massachusetts General Hospital provided in 
the first 24 hours 50 mL of  plasma plus 50 mL saline for 
every 1% TBSA burned, followed by adjustments based on 
hemoconcentration.18 Dr. Lund at the Boston City Hospital 
did not use a formula to guide resuscitation, but rather 
clinical parameters such as heart rate, blood pressure, and 
hematocrit.19

Later, Cope and Moore reported the first burn formula 
based on burn surface area for fluid therapy, recommending 
that 75 mL plasma and 75 mL noncolloid isotonic fluid be 
administered for every 1% TBSA burned in the first 24 
hours, with one-half  being given in the first 8 hours and 
the remaining being given in the next 16 hours. This prac-
tice of  providing half  of  the fluid needs within the first 8 
hours remains a feature of  nearly all modern burn resusci-
tation formulas. Additionally, 2000 mL fluid was to be 
given on each day to maintain urine flow, preferably by 
mouth.16

These formulas were based on a normal-sized adult and 
could be unfavorable at the extremes of  weight. Thus for-
mulas based on both weight and TBSA were developed.

Dr. Everett Evans developed one such formula. This 
formula predicts infusion of  1 mL/kg per TBSA of  normal 
saline and an equal part colloid, plus 2000 mL of  5% dex-
trose in water (D5W), in the first 24 hours. This is followed 
by 0.5 mL/kg per TBSA of  saline and an equal part colloid 
and of  D5W in the second 24 hours.20

Table 9.1 Common Burn Resuscitation Formulas

Formula First 24 Hours Post Burn Next 24 Hours Post Burn

Evans Formula NS: 1 mL/kg/%TBSA burn NS: 0.5 mL/kg/%TBSA burn

Colloid: 1 mL/kg/%TBSA burn Colloid: 0.5 mL/kg/%TBSA burn

D5W: 2000 mL D5W: 2000 mL

Brooke Formula NS: 1.5 mL/kg/%TBSA burn NS: 0.5 mL/kg/%TBSA burn

Colloid: 0.5 mL/kg/%TBSA burn Colloid: 0.25 mL/kg/%TBSA burn

D5W: 2000 mL D5W: 2000 mL

Modified Brooke 
Formula

LR: 2 mL/kg/%TBSA burn LR: None

Colloid: None Colloid: 0.3–0.5 mL/kg/%TBSA burn

Parkland Formula LR: 4 mL/kg/%TBSA burn LR: None

Colloid: None Colloid: 5% albumin given at 0.3–1 mL/kg/%TBSA 
burn/16 per hour

Shriner’s Cincinnati
(For Children)

LR: 4 mL/kg/%TBSA burn + 1500 mL/m2, 1
2  given over first 8 h and the 

remaining over the next 16 h (older children)

LR: 4 mL/kg/%TBSA burn + 1500 mL/m2 + 50 mEq sodium bicarbonate for 
the first 8 h, followed by LR alone in second 8 h, followed by 5% 
albumin in LR in third 8 h (younger children)

Galveston Formula
(For Children)

LR: 5000 mL/m2 burn + 2000 mL/m2 total, 1
2  volume in first 8 h, followed 

by remainder in 16 h.

From Hansen SL. From cholera to “fluid creep”: a historical review of fluid resuscitation of the burn trauma patient. Wounds 2008;20(7): 206–213. For earlier 
version of the Cincinnati formula, see Merrell SW, Saffle JR, Sullivan JJ, et al. Fluid resuscitation in ther mally injured children. Am J Surg. 1986;152(6):664–669.  
For earlier version of the Galveston formula, see Carvajal HF. Fluid resuscitation of pediatric burn victims: a critical appraisal. Pediatr Nephrol. 
1994;8(3):357–366.

D5W, 5% Dextrose in water; LR, lactated Ringer’s solution; NS, normal saline; UO, urinary output; TBSA, total body surface area.
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50–69% TBSA, and 0.5 mL/kg per TBSA for 70–100%  
TBSA.27

Today, crystalloid solution, mainly in the form of  LR  
(see later discussion), is predominately used for burn resus-
citation in the United States. Most burn centers use some 
colloid according to physician discretion or other rule.28 The 
Parkland and modified Brooke formulas are the two most 
commonly used formulas to start fluid infusion rates. The 
2012 American Burn Association consensus statement on 
quality improvement in fluid resuscitation concluded that 
evidence is lacking to recommend a standard of  care.29 On 
the other hand, the current Advanced Burn Life Support 
Guidelines recommend starting with the modified Brooke 
formula at 2 mL/kg per TBSA.30 For both formulas, half  of  
the volume is programmed for delivery during the first 8 
hours post burn and half  during the second 16 h post burn. 
Subsequent adjustment of  the fluid infusion rate is made 
based on clinical status (see later discussion), and no abrupt 
change is normally made at the postburn hour 8.

To simplify fluid calculation in adults, Chung and col-
leagues at the USAISR recently described a “Rule of  Tens”: 
initial fluid rate (in mL/h) = TBSA × 10. Thus a patient with 
a 30% burn would be started at 300 mL/h. In addition, 
patients weighing more than 80 kg receive an additional 
100 mL/h for each additional 10 kg. This estimate provides 
an initial infusion rate that lies between the Parkland and 
Brooke estimations for 88% of  patients.31 We emphasize 
that this formula is appropriate only for adults (weight 
≥40 kg).

Children

Formulas have been developed specifically for resuscitation 
of  children. Graves et al. at the USAISR performed a retro-
spective review of  children weighing less than 25 kg who 
were resuscitated with the pediatric modified Brooke 
formula. This formula estimates 3 mL/kg per TBSA of  LR 
for the first 24 hours, with half  given over the first 8 hours;32 
LR is then titrated based on urine output (UO; target UO, 
0.5–1.5 mL/kg per hour). Children are also given 5% dex-
trose in one-half  normal saline (D5W1

2NS) at a mainte-
nance rate, which is not titrated. The actual volume of  LR 
infused was, on average, 3.91 mL/kg per TBSA (3.78 in 
those whose UO was within the target range). Maintenance 
fluids added an additional 2.39 mL/kg per TBSA to the 
total.33 The 2011 Advanced Burn Life Support manual rec-
ommends the use of  this 3 mL/kg per TBSA burned formula 
for children, with the addition of  maintenance fluid of  
D5WLR.30

The Shriner’s Cincinnati and Galveston pediatric formu-
las account for the larger body surface area-to-weight ratio 
of  children. For the first 24 hours post burn, the Cincinnati 
formula provides 4 mL/kg per TBSA (with half  given in the 
first 8 hours), plus maintenance needs (MN), plus evapora-
tive losses (EL). Here, MN = (1500 mL) × (body surface area 
in m2), and EL = 35 + (TBSA burned in %) × (body surface 
area in m2).34

For the first 24 h post burn, the Galveston formula pro-
vides 5000 mL × (TBSA burned in m2) + 2000 mL × (body 
surface area in m2), with half  given in the first 8 hours post 
burn.35,36

BROOKE AND PARKLAND FORMULAS

The original Brooke formula of  1953 represents the begin-
ning of  a transition away from colloid use during the 
first 24 hours. In that formula, fluid needs for the first 
24 hours are estimated as 2 mL/kg per TBSA: 0.5 mL/kg 
per TBSA is given as colloid, and 1.5 mL/kg per TBSA as  
crystalloid.21

Moyer eschewed the use of  colloids for burn shock resus-
citation, stating that crystalloid solutions alone, such as 
lactated Ringer’s (LR), were sufficient to correct what he 
termed “sodium deficit shock.”22 G. Tom Shires and col-
leagues reported that hemorrhagic shock involved a loss 
not just of  blood, but also of  functional extracellular fluid 
(ECF) volume. This led to the use of  large volumes of  LR in 
the Emergency Department for the treatment of  trauma 
patients.23 Further studies showed that this depletion of  
ECF was accompanied by a decrease in the transmem-
brane potential difference and by intracellular sodium  
influx.24

In 1968, Baxter and Shires extended these findings to 
thermal injury. They measured the ECF in animals and 
humans, demonstrating that restoration of  the functional 
ECF with LR could be performed, required infusion of  a 
greater volume (4 mL/kg per TBSA) than recommended by 
the extant burn formulas, and led to a more rapid correc-
tion of  both CO and metabolic acidosis.6 This occurred 
despite a plasma volume deficit that persisted at the end of  
the first 24 hours post burn. During the second 24 hours 
post burn, plasma became effective as a volume expander 
and was indicated to correct this deficit. This was the origin 
of  the widely used Parkland formula.25

Soon after Baxter’s work, Pruitt and colleagues at the 
U.S. Army Institute of  Surgical Research (USAISR) reported 
that varying the dose of  colloid infused during the first 
24 hours postburn did not further increase the plasma 
volume, meaning that colloid was no more effective than 
crystalloid during this period. During the second 24 h post 
burn, colloid did become more effective.5 Estimation of  
fluid needs as 2 mL/kg per TBSA and elimination of  colloid 
during the first 24 hours, became known as the modi-
fied Brooke formula. Also at the USAISR, Goodwin et al. 
conducted a randomized controlled trial comparing resus-
citation with and without albumin from the time of  admis-
sion. The colloid group received 2.5% albumin in LR from 
the start of  resuscitation, whereas the crystalloid group 
received LR alone. They found that patients who received 
early albumin (1) had more rapid restoration of  CO, (2) 
received a lower fluid volume during the first 24 hours, (3) 
had increased extravascular lung water on days 3–7 post-
burn, and (4) had increased in-hospital mortality.26 These 
data, combined with the earlier study by Pruitt et al., bol-
stered the argument against albumin use during the first  
24 hours.

Both the Parkland and modified Brooke formulas rec-
ommend crystalloids during the first 24 h; administration
of  colloids (i.e., 5% albumin) is reserved until the second
24 hours. This point should be underscored: these are
not colloid-free, but delayed-colloid formulas. The modi-
fied Brooke formula provides a sliding scale for albumin
dosing during the second 24 hours, as follows: 0.3 mL/
kg per TBSA for 30–49% TBSA, 0.4 mL/kg per TBSA for
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compartment syndrome (ACS)—e.g., patients with large 
burns whose early resuscitation hours feature rapid escala-
tion in the infusion rate—early colloid use is reasonable. 
Consistent with this idea, an approach taken at the Univer-
sity of  Utah burn center involves use of  “albumin rescue” 
when the fluid infused-to-UO ratio increases above expected 
levels.40,43

Five percent albumin in NS is the most commonly used 
colloid for burn resuscitation today. In a previous era in 
which albumin was not widely available and donor screen-
ing was rudimentary, infusion of  plasma was associated 
with a high risk of  hepatitis transmission. Today the avail-
ability of  safe FFP should cause us to raise the question of  
whether FFP offers advantages over albumin or LR. Pati 
et al. found that FFP or Kcentra (a factor concentrate) may 
be superior to albumin in protecting against increases in 
endothelial permeability induced by vascular endothelial 
growth factor-A (VEGF-A) or by trauma/hemorrhage.44 
Also in hemorrhagic shock models, Peng and colleagues 
observed that FFP compared to LR decreases pulmonary 
shedding of  syndecan-1 from the endothelium, reduces 
endothelial permeability, and decreases neutrophil infiltra-
tion.45 These findings in hemorrhagic shock indicate that 
more work on the microvascular effects of  FFP during burn 
resuscitation is needed.

Compared with albumin and FFP, there is currently less 
enthusiasm for the use of  hetastarch solutions such as 6% 
hydroxyethyl starch (HES) for burn shock resuscitation. 
Vlachou et al. in the United Kingdom resuscitated 26 adults 
with Hartmann’s solution or with a combination of  two-
thirds Hartmann’s solution and one-third HES. They found 
that the HES group received less fluid (263 mL vs. 307 mL/
kg).46 On the other hand, a Swiss trial in 48 patients com-
pared LR versus 6% HES for the first 72 hours post burn. 
They found no difference in volume requirements, renal 
function, acute respiratory distress syndrome (ARDS), 
length of  stay, or mortality.47 A Cochrane review concluded 
that HES solutions increase the risk of  acute kidney injury 
and the need for renal replacement therapy.48 As a conse-
quence of  these and other studies, the European Medicines 
Agency stated in 2013 that HES should not be used in criti-
cally ill, septic, or burns patients.49

Another approach to reducing the infused volume during 
burn resuscitation is the use of  hypertonic saline. While 
Shires, Baxter, and colleagues were advocating the rapid 
correction of  the extracellular sodium deficit with large 
volumes of  LR by means of  the Parkland formula, Monafo 
argued that hypertonic lactated saline solution, given 
intravenously and orally, could just as easily correct the 
sodium deficit while avoiding the administration of  exces-
sive volumes. His fluid contained 300 mEq/L of  sodium, 
200 mEq/L of  lactate, and 100 mEq/L of  chloride.50 Several 
burn centers have routinely used hypertonic saline during 
resuscitation. For example, Warden at the Cincinnati Shrine 
used LR plus 50 mEq of  sodium bicarbonate per liter, which 
results in a mildly hypertonic solution, for the first 8 hours 
postburn.51

During fluid resuscitation using hypertonic solutions, the 
extracellular fluid volume deficit is partially corrected by 
means of  water flux from the intracellular to the extracel-
lular space, in response to the increased extracellular 
sodium concentration.32 The serum sodium should be 

Choice of Fluid

LR is the most frequently used crystalloid solution for burn
shock resuscitation. Normal saline (NS) was used in the
past, but has been criticized primarily because (1) it may
decrease renal blood flow and glomerular filtration rate,
thus increasing the risk of  acute kidney injury; and (2) in
large volumes, it may cause hyperchloremic metabolic aci-
dosis. Clinical trials of  NS versus balanced crystalloid solu-
tions such as LR or Plasma-Lyte in nonburn patients are
contradictory,37 and there are no studies in burn patients.
Because LR is slightly hypotonic, it may increase brain
water content and intracranial pressure (ICP).38 This may
explain, in part, the concerning finding of  increased ICP in
some burn studies (see later discussion). LR contains a
racemic mixture of  D- and L-lactate isomers. Ayuste and
coauthors reported that resuscitation with standard (i.e.,
racemic) LR was associated with lung and liver apoptosis,
which was prevented by removal of  the D-lactate isomer
from the LR.39 Plasma-Lyte has an electrolyte composition
and an osmolality that is closer to that of  plasma, and it
contains gluconate and acetate instead of  lactate.37 However
there are no studies comparing Plasma-Lyte to LR in burn
patients.

Although crystalloid is the mainstay of  burn shock
resuscitation, the debate concerning if, when, and how
much colloid is needed has continued. There are several
systematic approaches to colloid use, including (1) immedi-
ate (use colloids during all hours of  burn resuscitation), (2)
early/rescue (use colloids when resuscitation is becoming
excessive, typically starting at 8–12 hours post injury), and
(3) late (do not use any colloids for resuscitation during the
first 24 hours).28,40 Increasingly a rational approach to
identifying those patients who may benefit from early
colloid use is followed at many burn centers.

Demling and colleagues developed an ovine model with
chronic lymph fistulas and described the dynamics of  edema
formation in burned and unburned tissues. Measurement
of  lymph flow rates (QL) and the lymph-to-plasma protein
ratio (CL/CP) revealed that the ability of  the microvascula-
ture to retain plasma proteins began to recover between 8
and 12 hours post burn in unburned but not in burned
tissue.41 This provides evidence that a colloid-containing
solution may be more effective than a crystalloid solution
beginning about 8–12 hours post burn.

In a prospective randomized trial, O’Mara and colleagues
compared fresh frozen plasma (FFP) resuscitation and crys-
talloid resuscitation.42 In this trial, the FFP group received
a mixture of  75 mL/kg FFP (titrated to maintain a UO of
0.5–1.0 mL/kg per hour) plus 2000 mL LR (83 mL/h),
while the crystalloid group received LR according to the
Parkland formula (titrated to maintain a UO of  0.5–1.0 mL/
kg per hour). The crystalloid group required significantly
more fluid than the FFP group (260 vs. 140 mL/kg). FFP
resuscitation was associated with a lower peak intra-
abdominal pressure (16 vs. 32 mm Hg). Furthermore the
crystalloid group developed elevated creatinine, blood urea
nitrogen (BUN), and peak airway pressure, whereas the FFP
group developed only elevated peak airway pressure.

This and similar studies suggest that, particularly in
patients who are at risk for complications like abdominal
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electrolytes, and sugars. The sugar component is important 
because it increases the uptake of  sodium across the intes-
tinal mucosa. If  enteral resuscitation is performed via a 
nasogastric tube, frequent (e.g., hourly) monitoring of  
gastric residual fluid volumes is recommended, especially 
during the initial hours post burn.

Patients at Increased Risk During 
Resuscitation

Patients with significant comorbidities (e.g., heart failure, 
cirrhosis, preexisting renal insufficiency, morbid obesity62) 
often do not respond in the usual way to fluid resuscitation 
and may benefit from closer monitoring, as described later.63 
Patients at the extremes of  age—the very young and the 
very old—are less tolerant of  “swings” in volume status; 
that is, their ability to compensate for hypovolemia or 
hypervolemia is limited, and they are particularly “volume 
sensitive.” Again, closer attention to detailed monitoring is 
warranted in these patient populations.

Baxter reported that patients with inhalation injuries 
and large burns have the greatest fluid requirements in the 
burn population.64 Most studies have reported increased 
fluid requirements of  20%–30% when compared to equal-
size burns without inhalation injury.65 However, this 
response is unpredictable, such that a modification of  the 
burn resuscitation formulas because of  inhalation injury is 
not commonly recommended.

Patients whose resuscitation is delayed may require more 
fluids than suggested by the formulas and may have 
increased complications because of  the deleterious effects 
of  prolonged ischemia followed by reperfusion.58 Again, no 
modification of  practice is commonly recommended in this 
scenario. Patients with a mechanism of  injury suggesting 
risk of  mechanical trauma and who do not respond to 
resuscitation in the usual fashion, may have a missed injury 
and ongoing bleeding. Patients with clinically evident myo-
globinuria, as may occur following high-voltage electric 
injury, are typically given fluids at an increased rate in order 
to decrease pigment deposition in the renal tubules, with a 
target urine output of  75–100 mL/h in adults.66

Monitoring Resuscitation

Optimizing resuscitation—that is, ensuring administration 
of  sufficient volume to achieve organ perfusion at the lowest 
physiologic cost—requires hourly monitoring (UO, hemo-
dynamics, and clinical signs of  adequate perfusion) and 
titration of  fluid based on these endpoints. The most com-
monly used assessments are vital signs, laboratory assays, 
and UO. The primary index of  the adequacy of  resuscitation 
is most often the UO, with the rationale that it is a surrogate 
metric for glomerular filtration rate, renal blood flow, and 
CO. Recommended UO is 30–50 mL/h in adults, 0.5 to 
1.0 mL/kg per hour in children of  less than 30 kg, and 1.0 
to 2.0 mL/kg per hour in infants. Recent trends have many 
burn caregivers targeting the lower values of  these ranges. 
UO is usually recorded hourly; however studies validating 
this frequency are lacking. UO may fail as an index of  resus-
citation adequacy in patients with renal failure and in those 

monitored during hypertonic resuscitation, since a level of
greater than 160 mEq/L has been associated with adverse
renal and cerebral effects.52

Huang and colleagues described a study in which a first
cohort of  patients was treated with LR, a subsequent cohort
was treated with hypertonic saline (290 mEq/L), and a
third cohort was treated with LR. The hypertonic patients
had a fourfold increase in the risk of  renal failure and twice
the mortality.53 This experience dampened enthusiasm for
hypertonic saline. However Oda et al. reported a prospective
study of  burn patients resuscitated either with hypertonic
lactated saline (HLS) or with LR. The concentration of
sodium decreased from 300 to 150 mEq/L with each sub-
sequent liter or two administered. Patients who received
HLS had a lower prevalence of  intra-abdominal hyperten-
sion and received less fluid (3.1 vs. 5.2 mL/kg per TBSA).54

Thus there may be a role for hypertonic saline resuscitation
in those patients who are particularly volume sensitive or
at risk of  overresuscitation.52

A different approach to hypertonic therapy in burn shock
is to use the much more concentrated fluid, hypertonic
saline dextran (HSD), which consists of  7.5% normal saline
and 6% dextran-70 and whose sodium concentration is
1280 mEq/L. Elgjo and colleagues in an ovine model dem-
onstrated that 4 mL/kg of  HSD given 1 hour postburn
rapidly restored CO and reduced early, but not late, fluid
requirements.55 In a follow-up study, this group showed
that the fluid-sparing effect of  HSD could be sustained to 48
hours by use of  a second dose given when net fluid accu-
mulation reached 20 mL/kg.56 We do not have clinical trials
of  HSD use in burn shock resuscitation.

Route of Administration

A survey of  burn specialists performed by Greenhalgh
revealed that the peripheral intravenous route (70%) is pre-
ferred for burn resuscitation. However, central venous
access is often used (48%).57 In cases of  severe injury with
widespread deep burns and edema, use of  peripheral veins
may not be possible. As a temporary option, intraosseous
access may be lifesaving, but flow rates are limited due to
the hydraulic resistance of  the bone marrow. Later, central
venous access can be established in the intensive care
setting.

Early initiation of  fluid resuscitation (within the first
hours of  burn injury) is essential for the prevention of
organ failure,1,58 but may be difficult to achieve in austere
environments, combat casualty care, and mass-casualty
events. Here enteral or oral resuscitation should be consid-
ered and may be effective for burns between 10% and 40%
TBSA.59,60 Clinical use of  enteral resuscitation of  burns was
described by several early authors, including Fox in 1944.61

Its utility might be limited by ileus and reduced gastric func-
tion. The effectiveness and safety of  enteral resuscitation
merit further investigation.13

There are no burn-specific oral/enteral fluid resuscitation
solutions. World Health Organization (WHO) oral rehydra-
tion solution is available as a dry powder that is reconsti-
tuted with clean water. It was originally developed for
treatment of  dehydration secondary to cholera. These, and
commercially available solutions, contain sodium, other
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this regard. In that study of  successful resuscitations, the 
plasma volume deficit persisted until after 48 hours post 
burn, and CO remained below baseline levels until 36 hours 
post burn.

Echocardiography has largely replaced the PAC for the 
cardiac evaluation of  selected burn patients.75 Transtho-
racic echocardiography (TTE) provides information on 
volume status and cardiac function. TTE can be performed 
easily without the need for preassessment sedation. Never-
theless, TTE should be performed by well-trained clinicians 
to minimize user-dependent errors.76 A further advantage 
of  echocardiography, in comparison to PAC and TPTD, is 
that it can help diagnose heart failure and determine the 
response to inotropes. Further prospective randomized con-
trolled trials comparing different echocardiography tech-
niques are warranted.75

An increase in the hematocrit (or hemoglobin) during 
burn shock likely indicates a worsening plasma volume 
deficit. For this reason, early treatises on burn resuscitation 
recommended following this value as an index of  volume 
status.21 Certainly it can provide supportive information, 
bearing in mind that a decrease in hematocrit below normal 
levels is frequently seen as resuscitation continues, reflect-
ing red blood cell damage.5

Fluid Creep and Edema 
Management

During resuscitation, the desire to maintain adequate per-
fusion of  vital organs and the failure to titrate fluid input 
appropriately can lead to overresuscitation.40 “Fluid creep” 
was first described by Pruitt as a recent trend toward infus-
ing greater volumes of  fluid than those predicted by the 
burn formulas, leading to organ dysfunction or even life-
threatening complications.2 Overresuscitation may lead to 
ACS,77 airway and pulmonary edema,78 extremity compart-
ment syndrome (ECS),79 orbital compartment syndrome,80 
and cerebral edema. The risk of  cerebral edema is particu-
larly underappreciated. Gueugniaud et al. observed ele-
vated ICP in patients with a TBSA of  greater than 60% and 
no history of  head injury, peaking on day 2 postburn.81 
Shin et al. in an ovine 70% TBSA model showed an increase 
in ICP and a decrease in cerebral blood flow at the end of  6 
hours postburn, with increased brain water content at 
autopsy.82 Ding and colleagues conducted studies in a rat 
model and demonstrated increased blood–brain barrier per-
meability post burn that could be prevented by tumor 
necrosis factor-α (TNF-α) or matrix metalloproteinase-2 
blockade.83 Gatson et al. demonstrated increased brain 
cytokine levels in burned rats and their blockade with 
17-β-estradiol.84

To this list of  early complications, we should add the 
effect of  wound edema on the progression of  injury depth 
and on the success of  wound healing,50 the importance of  
which to survival cannot be overstated.85

These complications are highly morbid, and strenuous 
efforts to forestall them are a critical aspect of  burn shock 
resuscitation in the modern era. For example, ACS in burn 
patients, when treated by laparotomy, carries a near 100% 
mortality in many series. ECS (in burned or unburned 
limbs) may be detected late, leading to muscle necrosis, 

whose UO is elevated by the use of  a diuretic, alcohol intoxi-
cation, or glycosuria. In these patients, alternate methods
of  monitoring are recommended.

UO is only one metric of  adequate perfusion. Heart rate,
blood pressure, central venous pressure, and echocardiog-
raphy can serve as indices of  cardiovascular status, particu-
larly in patients with large burns and complex comorbidities.
These variables must be considered in the context of  burn
shock physiology, however. For example, a well-resuscitated
adult with extensive burns should have a heart rate in the
100–130/min range. This is because of  the massive release
of  catecholamines caused by injury and because of  the rela-
tive hypovolemia that characterizes a prudent resuscita-
tion. A mean arterial pressure (MAP) of  60 mm Hg is a
reasonable target for most patients, but some patients will
tolerate a MAP as low as 50–55 mm Hg and still achieve
adequate UO, cerebral perfusion, and decreasing lactic
acidosis.

Laboratory values are an important assessment tool.
Complete blood count, electrolytes, glucose, and acid–base
status should be monitored frequently, although evidence
regarding the optimal frequency of  measurement is lacking.
Lactate and base deficit (BD) are often used as indices of  the
adequacy of  global perfusion. Elevated BD and serum
lactate correlate with larger burn size, inhalation injury,
greater fluid requirements, and mortality.1,67,68 In a prospec-
tive study of  BD and outcomes in burn patients, Cartotto
et al. reported that patients with worse BD had greater fluid
requirements as well as higher rates of  sepsis, ARDS, and
multiple organ dysfunction syndrome.69 Kamolz et al.
showed that lactate levels and the rate of  lactate clearance
are useful markers of  shock and resuscitation status.70

Additionally, they demonstrated that if  the lactate levels
were normalized within 24 hours the survival rate was
68%, compared to 32% if  lactate normalization did not
occur within 24 hours.

The pulmonary artery catheter (PAC) was used for
decades during resuscitation to measure pulmonary capil-
lary wedge pressure, systemic and pulmonary vascular
resistances, CO, and oxygen consumption, a practice now
largely limited to research applications. Transpulmonary
thermodilution (TPTD) is a less invasive option that requires
one access point via a central venous line as well as one
access point via a peripheral artery. Commercial TPTD
monitors also provide beat-to-beat estimates of  CO (based
on arterial waveform contour analysis). In addition, one
can measure global end-diastolic volume (GEDV), a marker
of  cardiac preload, as well as extravascular lung water, a
marker of  pulmonary edema. Sánchez et al. showed that
TPTD, but not MAP or UO, accurately detected hypovolemia
during acute resuscitation (within 24 hours of  burn).71 A
recent study in burned children by Kraft et al. confirmed
these findings.72

How best to use TPTD or PAC data during resuscitation is
not obvious. Attempts to “normalize” the CO or the GEDV
during the first 24 hours postburn are often ill-advised
because they may lead to overresuscitation with no net
improvement in outcome.73 Rather, an understanding of
the expected dynamics of  the successfully resuscitated
average patient may allow a determination of  whether a
given patient is “on course” or “off  course” with respect to
his progress.74 Information from Pruitt et al.5 is helpful in
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Pruitt’s, which suggest that most can be resuscitated with 
slightly less than 3 mL/kg per TBSA.87

While there are no randomized controlled trials to suggest 
the superiority of  one burn formula over another, Chung 
et al. retrospectively analyzed data from combat casualties 
treated in Iraq. Clinical practice guidelines in place during 
the war recommended that burn patients be resuscitated 
using 2–4 mL/kg per TBSA. In practice, the resuscitation of  
most of  these patients was initiated at either 2 or 4 mL/kg 
per TBSA. This permitted comparison of  the modified 
Brooke and the Parkland formulas. Patients in both groups 
received more than predicted by the formulas: those started 
at 2 mL/kg per TBSA received 3.8 mL/kg per TBSA, whereas 
those started at 4 mL/kg per TBSA received 5.9 mL/kg per 
TBSA. Patients started at 2 mL/kg per TBSA were less likely 
to exceed the Ivy Index than were those started at 4 mL/kg 
per TBSA (29% vs. 57%).88 This suggests that one answer 
to fluid creep is to initiate resuscitation using the more con-
servative modified Brooke formula.

Faraklas et al. and Cancio et al. suggested that clinicians 
may be more aggressive at increasing fluid infusion rates 
initially than they are at decreasing fluid infusion rates 
later.89,90 Furthermore Faraklas et al. concluded that seri-
ously injured patients, pediatric patients, and patients with 
combinations of  burns and inhalation injuries are more 
prone to fluid creep. Greater fluid volumes were associated 
with significantly more escharotomies and complications as 
well as longer hospital stays.

In 2004, Sullivan et al. suggested that fluid creep might 
be associated with increased administration of  opioids 
during burn shock resuscitation, a phenomenon termed 
“opioid creep.”80 They compared fluid requirements in a 
cohort of  burn patients who received low doses of  opioids 
(treated in 1975) to those in a group of  patients (treated in 
2000) who received four times higher doses of  opioids. A 
significant correlation was noted between opioid dose and 
fluid requirements within the first 24 hours of  acute hospi-
talization. Nevertheless opioids remain a crucial part of  
pain management in severely burned patients.91 The car-
diovascular effects of  opioids and benzodiazepines need to 
be considered, and the amount given must be strictly 
monitored.

Lawrence et al. described a “colloid rescue” in which they 
provided 5% albumin to patients who were requiring exces-
sive amounts of  crystalloids; this approach permitted a sub-
sequent reduction in crystalloid infusion rates.43 The use of  
colloids should be considered in patients heading toward 
fluid needs in excess of  Parkland volume estimates (see 
earlier discussion), particularly after the first 8–12 hours 
postburn have passed.41

Pharmacologic and 
Extracorporeal Adjuncts

There is a limited role for vasoactive medications during 
burn shock resuscitation. Traditionally we have been reluc-
tant to use vasoconstrictors such as norepinephrine or vaso-
pressin during burn shock, recognizing that many of  these 
patients respond to injury and hypovolemia with intense 
catecholamine release and vasoconstriction. However, on 
a case-by-case basis, such agents may be useful to support 

nerve injury, and possibly limb loss.79 Ivy observed that risk 
of  ACS increases when the infused volume exceeds 250 mL/
kg during the first 24 hours postburn.77 For this reason, 
that volume is often referred to as the “Ivy Index.” Early 
identification of  patients who are on course for a resuscita-
tion in which the Ivy Index will be exceeded may permit 
corrective actions to decrease the infusion rate and preclude 
or promptly address these complications. Such corrective 
actions include (1) strategies to reduce the fluid infusion 
rate and (2) strategies to address edema.

A reduction in fluid infusion rate may be possible by (a) 
initiation of  colloids, (b) tolerance of  a subtarget UO, (c) 
initiation of  continuous renal replacement therapy to 
address acidosis or renal insufficiency, (d) initiation of  high-
dose ascorbic acid, and/or (e) a diagnostic work up for non–
volume-related causes of  shock, such as echocardiography 
to assess cardiac function and the need for inotropes.

Strategies to reduce edema formation or to address its 
effects include (a) aggressive elevation of  burned extremi-
ties; (b) monitoring of  extremity compartment pressures 
and/or physical exam, with escharotomies or fasciotomies 
as needed;86 (c) monitoring of  the bladder pressure to diag-
nose intra-abdominal hypertension (IAH); (d) use of  
sedation/paralysis/positioning to reduce IAH; (e) place-
ment of  a diagnostic peritoneal lavage (DPL) catheter con-
nected to intravenous tubing to permit evacuation of  ascites 
and reduction in IAH; and (f) measurement of  intraocular 
pressures and lateral canthotomy for orbital compartment 
syndrome.80

Fig. 9.1 shows a plot of  actual 24-h volumes infused for 
burn resuscitation when LR was used and hourly rates were 
adjusted based on UO. Data are from all studies that were 
identified between 1980 and 2015. Clearly most studies 
report volumes that exceed Parkland estimations. While 
these data suggest a trend toward increased fluid volumes, 
more striking are the wide variations reported for mean 
values and the large standard deviations reported for most 
individual studies. These data stand in sharp contrast to 
Baxter’s original publications that suggest most patients 
can be resuscitated with 4 mL/kg per %TBSA burned,25 and 
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Fig. 9.1 Scatter plot and regression of published studies showing
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mated using the Parkland and Brooke formulae. Studies were from
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%TBSA burned. (Unpublished data, Kramer GC et al.)
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acute kidney injury (Acute Kidney Injury Network [AKIN] 
level 3, or level 2 with shock). These patients were initiated 
on CRRT on mean hospital day 17 ± 24. Compared to his-
torical controls, they had better mortality; fewer of  the 
patients with shock required vasopressors at 24 hours. The 
authors speculated that the mechanism of  action for this 
improvement could be nonspecific removal of  cytokines.98 
Application of  these findings to patients with refractory 
burn shock and who do not meet AKIN criteria for CRRT 
would be based on this hypothesis.

Extracorporeal blood purification aims to remove inflam-
matory mediators and/or other molecules from the circula-
tion by means other than CRRT. Linden and colleagues 
evaluated a novel extracorporeal cytokine-adsorbing 
column, CytoSorb (CytoSorbents Corporation, Monmouth 
Junction, NJ), in a porcine model of  smoke inhalation injury 
and 40% TBSA burns. This column removed interleukin-1b 
(IL-1b), IL-6, IL-10, and myoglobin from the extracorporeal 
circuit but did not reduce systemic levels. Thus more work 
would be needed to optimize factors such as therapy dura-
tion, blood flow rate, and possibly device size.99

Protocol-Driven and 
Computerized Resuscitation

Nurse-driven burn resuscitation using hourly flow charts is 
an approach to achieving tighter control of  fluid therapy. 
Nurse-implemented protocols allow nurses to make timely 
and effective changes to the resuscitation rates without 
having to wait for physicians’ orders, which can delay 
needed adjustments in therapy. Additionally these protocols 
diminish the effects that experience and/or comfort level 
have on titration (a new nurse or intern may be reluctant 
to make significant changes). Faraklas and colleagues insti-
tuted a nurse-driven resuscitation protocol (Fig. 9.2) as a 
performance-improvement project and showed excellent 
protocol adherence. However, large-volume fluid resuscita-
tion still occurred in patients with the largest burns or with 
inhalation injury.90

A logical next step to paper protocols is a computerized 
decision-support system (CDSS). A CDSS is an open-loop 
system that provides recommendations to the clinical team 
using data obtained from the patient. Salinas et al. devel-
oped an algorithm that calculates, on an hourly basis, the 
infusion rate most likely to achieve a UO within the target 
range during the next hour. The inputs used by the algorithm 
include the linear trend in the past three urine outputs, the 
burn size, the time post burn, and the current fluid infusion 
rate. The algorithm was implemented in software and was 
shown to decrease the total volume delivered while increas-
ing the percentage of  time during which UO rates achieved 
the target range. Ventilator days and ICU length of  stay 
were also decreased.100 Although encouraging, the study 
was small and awaits validation in larger trials.

Hourly adjustments in the fluid infusion rate are based 
on a convenient but arbitrary time interval, whereas the 
kidneys respond to changes in volume status more rapidly. 
Thus there may be value in developing a closed-loop system 
that continuously measures UO and automatically makes 
corrections to the infusion rate on a more frequent basis. 
Closed-loop fluid resuscitation systems have been shown to 

a minimally acceptable mean arterial blood pressure while
volume resuscitation proceeds.92 Likewise, cardiac ino-
tropes such as dobutamine (or agents which reduce after-
load, such as hydralazine) should be used with caution in
hypovolemic burn patients since afterload reduction in this
population may precipitate overt hypotension.5 However, in
volume-replete patients whose CO remains low, inotropes
may be appropriate. The choice of  vasoactive medication
may be facilitated by echocardiography.

High-dose ascorbic acid (vitamin C) has been used as a
pharmacologic adjunct during burn resuscitation. Its pro-
posed mechanism of  action is that it is a free-radical scav-
enger capable of  reducing post-burn lipid peroxidation and
microvascular leakage. At a dose of  66 mg/kg per hour
(begun as soon as possible after admission), it was evaluated
in a prospective randomized controlled trial by Tanaka and
colleagues. They showed that high-dose ascorbic acid sig-
nificantly reduced 24-hour fluid requirements (from 5.5 to
3.0 mL/kg per TBSA), weight gain, and edema. Addition-
ally, treated patients had fewer ventilator days, less lung
water, lower rates of  acute lung injury, and lower levels of
serum malondialdehyde, a marker of  oxidative stress. The
ascorbic acid group, although given significantly less fluid
than the control group, had comparable hemodynamics
and hourly UO.93 Dubick and coworkers reported that, in an
ovine model of  burns, high-dose isotonic ascorbic acid
reduced total volume infused over the 48-hour study. Fur-
thermore the treatment group had markedly elevated
plasma antioxidant potential and reduced lipid peroxida-
tion.94 A small retrospective study yielded similar findings.95

Specifically ascorbic acid-treated patients had significantly
lower resuscitation volumes and reduced vasopressor use.
These studies suggest that high-dose ascorbic acid holds
promise in resuscitation, but a multicenter trial is yet to be
performed. Ascorbic acid may act as an osmotic diuretic,
which may affect the use of  UO as an index of  resuscitation
adequacy. Also, institution of  this drug upon admission,
rather than at some later time point when a patient appears
to be failing resuscitation, makes sense considering its anti-
oxidant mechanism of  action.

Extracorporeal adjuncts to burn resuscitation include
therapeutic plasma exchange (TPE), continuous renal
replacement therapy (CRRT), and extracorporeal blood
purification. TPE has been used at a small number of  burn
centers for the treatment of  patients who are not respond-
ing to resuscitation appropriately. In TPE, the patient’s
plasma volume is replaced with FFP. The basis for this inter-
vention is the concept that burn shock is mediated, in part,
by circulating cytokines and other factors that can be
removed by TPE. Neff  et al. reported on experience with 21
patients who underwent TPE when the volume received
exceeded 1.2 times the goal of  3 mL/kg per TBSA at any
given point during the first 24 hours, along with other evi-
dence of  failure such as oliguria or hypotension. TPE was
associated with increases in blood pressure and in UO, and
decreases in the intravenous fluid rate and lactate. There
was no difference in mortality with a control group.96 Klein
et al. applied TPE to 37 patients who typically were receiv-
ing twice the volume predicted by the Parkland formula.
Findings were similar to those of  Neff  et al.97

There are no data on the utility of  CRRT for the treatment
of  burn shock. Chung et al. reported on burn patients with
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A closed-loop system may be particularly valuable in non- 
burn-center settings or mass-casualty scenarios, where 
burn expertise is lacking, diluted, or degraded. However a 
closed-loop system should not replace careful patient moni-
toring and should enhance, rather than reduce, a provider’s 
situational awareness. Such systems must allow the 

be effective (in maintaining resuscitation targets) and effi-
cient (in reducing volume delivered) in large-animal models 
of  both burn injury and hemorrhage.101 Closed-loop systems 
could reduce much of  the bedside caregiver’s time in mea-
suring and transcribing UO and making manual adjust-
ments in infusion rates, allowing more time for other tasks. 

Protocol for fluid resuscitation of the adult burn patient:
begin LR using burn center fluid resuscitation calculations

STEP ONE

Infuse at calculated rate as ordered by MD.
Measure urine output after one hour

REPEAT STEP ONE EVERY HOUR UNTIL:

CALL PHYSICIAN
Vitals signs stable: HR < 140, BP > 90/60, SaO2 > 90

Vitals unstable:
HR > 140, < 60
BP < 90/60
SaO2 < 90

Urine output
< 15 mL

Urine output < 15 mL/h
for two or more hours
despite increasing fluid
rate

CALL PHYSICIAN:
Check urinary
catheter, assess
breath sounds, vital
signs, bladder
pressure. Consider
albumin protocol

Fluid resuscitation is
complete: switch patient to
maintenance IV of D5/0.45
NaCl + 20 mEq KCI/liter at
calculated maintenance rate

Patient may need colloid
resuscitation: CALL PHYSICIAN
to discuss. Check foley catheter,
vital signs, bladder pressure

If patient again develops
oliguria or hemodynamic
instability, CALL PHYSICIAN.
Restart patient on LR at
current rate and return to
STEP ONE

Albumin protocol: begin a
combination of 5% albumin at 1/3
of currnet IV rate, plus LR at 2/3
current rate. Repeat STEP ONE.
Decrease IV as tolerated,
maintaining the ratio of 1/3
albumin: 2/3 LR until maintenance
rate is maintained for 2 hours

Switch IV fluid to plain LR and
repeat STEP ONE

Calculated maintenance rate
is reached and held for 2
hours AND patient is at least
24 hours post-burn

Patient requires increasing fluids
or more than twice current
calculated rate for 2 or more
hours

Increase IV
rate by 20%
or 200 mL/h
(whichever is
more)

Increase IV
rate by 10%
or 100 mL/h
(whichever is
more)

Decrease IV
rate by 10%
or 100 mL/h
(whichever is
more)

Decrease IV rate every 1/2 hour
by 10% or 100 mL/h, whichever
is more. Measure blood sugar,
lactate, hemoglobin. Call
physician with quesitions

Leave IV as is

Urine output
15–30 mL

Urine output
30–50 mL

Urine output
50–200 mL

Urine output
> 200 mL

Fig. 9.2 Adult Fluid Resuscitation Protocol used at University of Utah. The pediatric protocol differs from the adult protocol in that urine output is 
targeted to 1.0–1.9 mL/kg per hour, and patients younger than 2 years receive 25 mL/h of 5% dextrose in lactated Ringer’s (LR) throughout resuscita-
tion. (From Faraklas I, Cochran A, Saffle J. Review of a fluid resuscitation protocol: “fluid creep” is not due to nursing error. J Burn Care Res. 
2012;33(1):74–83.)
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multitude of  strategies designed to improve resuscitation, 
with no single approach having universal acceptance. More 
important than any formula or technology is a diligent 
burn team of  physicians and nurses assessing the overall 
adequacy of  hemodynamics and end-organ perfusion and 
making adjustments as needed.

Complete references available online at 
www.expertconsult.inkling.com

caregiver to override the computer and regain manual 
control.102

Conclusion

Fluid resuscitation is the important first step in the critical 
care of  burn patients. There is still great controversy sur-
rounding optimal resuscitation of  patients: there are a 
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body image and affects interpersonal interactions. The 
largest organ in the human body, skin is comprised of  two 
layers: the epidermis and the dermis. Epidermal thickness 
varies among different body parts: from 0.05 mm on the 
eyelids to over 1 mm on the soles.5 Most skin thickness 
comes from the dermis, which varies with age, gender, and 
body location.

Epidermis derives from ectoderm; the principal cell is the 
keratinocyte, but epidermis also contains melanocytes, 
Langerhans cells, Merkel cells, and inflammatory cells. 
Keratinocytes begin their division and differentiation at the 
stratum basale and migrate progressively outward over 2–4 
weeks6 through the stratum spinosum, the stratum granu-
losum, the stratum lucidum, and the stratum corneum, at 
which point they are flattened anuclear cornified struc-
tures. In a wound with a sloughed epidermal basal layer, 
keratinocytes proliferate and migrate from the wound edges 
and epidermal appendages (hair follicles, sweat glands, and 
sebaceous glands) to achieve epithelialization. Melanocytes 
produce melanin pigment essential for protection against 
ultraviolet radiation, and Langerhans cells and other 
inflammatory cells perform phagocytosis and antigen pre-
sentation. After injury, melanocytes regenerate more slowly 
and less predictably, leading to potential permanent pigment 
changes.7,8

Epidermal projections (rete ridges) interdigitate with 
dermal projections (papillae) at the basement membrane 
zone, which connects the epidermis and dermis via 
keratinocyte-derived collagen VII anchoring fibrils, critical 
structures that stabilize the epidermal–dermal junction.9,10 
Since anchoring fibrils take several months to mature 
during wound healing, minor shearing forces cause shear-
ing, blistering, and epidermal loss.

The dermis is comprised of  the superficial papillary and 
deeper reticular dermis, separated by a capillary plexus that 
delivers necessary nutrients to dermal cellular structures. 
The abundant extracellular matrix, comprised primarily of  
collagen and elastin fibers, provides the dermal structure; 
organized collagen fiber orientation provides tensile 
strength11 and elastin fibers impart cutaneous elastic recoil 
properties. Glycosaminoglycans and proteoglycans, such as 
hyaluronic acid and chondroitin sulfate, attract water to 
maintain matrix hydration, provide absorption, and regu-
late cellular cross-talk by binding and releasing inflamma-
tory mediators.12,13 Protein turnover, accounting for the 
high plasticity of  skin, increases with mechanical stress and 
responses to injury.14 After wounding, microvascular endo-
thelial cells mediate local and systemic inflammatory 
responses and eventually proliferate and migrate to form 

Introduction

Advances in the resuscitation of  burn patients have
greatly improved survival so that death from burn shock
has become uncommon. In the 21st century, prompt func-
tional recovery for the burn patient hinges on proper early
management of  the burn wound. The greatest advance in
burn care to date has been the institution of  early surgical
burn wound excision with an immediate or delayed wound
closure strategy individualized to each patient.1-4 For years,
burns were treated by daily washing, removal of  loose dead
tissue, and application of  some sort of  topical nostrum until
wounds healed or granulated. Superficial dermal burns
healed within 2 weeks, and deep dermal burns healed over
many weeks if  infection could be prevented. Full-thickness
burns lost their eschar in 2–6 weeks by bacterial enzyme
production and daily bedside debridement; split-thickness
skin grafts were applied usually 3–8 weeks after injury.
A 50% graft survival rate was acceptable, and repeated
grafting eventually closed the wound. The prolonged and
intense inflammatory response led to hypertrophic scars,
contractures, and considerable physical and psychological
disability.

Burns that heal within 3 weeks generally do so without
significant hypertrophic scarring or functional impairment,
although long-term pigmentation is unpredictable. Burns
needing longer than 3 weeks to heal often result in unsightly
hypertrophic scars and functional impairment. State-of-
the-art burn care now involves early excision and grafting.
The challenge is to define “early.” Knowing which burn
wounds benefit from early excision and grafting requires
understanding of  skin biology and pathophysiological
changes caused by thermal injury. In spite of  ongoing
efforts to objectively assess wound depth, the standard tech-
nique for determining burn depth in the 21st century
remains clinical assessment of  the wound by a burn
specialist.

Pathophysiology of the
Burn Wound

SKIN BIOLOGY

Skin protects against fluid and electrolyte loss, infection,
and radiation and provides thermal regulation. Skin contact
provides clues to the surrounding environment through
touch, perception of  temperature, and pain. In addition,
skin appearance is a major determinant of  identity and
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new vessels during angiogenesis.15 Sensory nerves, which 
traverse into the epidermis, also play a significant role after 
injury, as they mediate pain and itching, modulate inflam-
mation, and influence the remodeling phase of  wound 
healing.16,17 The dermis, like other mesoderm-derived struc-
tures, heals not by regeneration but by fibrosis and 
scarring.

Pathophysiological Changes of 
Thermal Injury

Applied heat at the cellular level causes denaturation of  
proteins and loss of  plasma membrane integrity. Tempera-
ture and duration of  contact have a synergistic effect; cell 
necrosis occurs after 1s of  exposure at 156°F (69°C), or 
after 1h at 113°F (45°C).18 Following a burn, necrosis 
occurs at the center of  the injury and becomes progressively 
less severe at the periphery. Jackson’s description in 1953 
of  the three zones of  injury remains our conceptual under-
standing of  the burn wound (Fig. 10.1).19 The zone of  
coagulation at the center of  the wound has no remaining 
viable cells. A mix of  viable and nonviable cells, capillary 
vasoconstriction, and ischemia characterizes the surround-
ing zone of  stasis; this “at-risk” zone may convert to necro-
sis in the presence of  hypoperfusion, desiccation, edema, or 
infection. Approximately half  of  the cells in the zone of  
stasis undergo apoptosis or necrosis as a result of  oxidative 
stress, ongoing inflammation, and decreased blood flow due 
to microthrombosis.20 Systemic factors such as advanced 
age, diabetes, and other chronic illnesses increase risk for 
“conversion.” Efforts to enhance wound healing have 
focused on prevention of  necrosis in the zone of  stasis since 
medical care has little impact on the outcome of  the zone 
of  coagulation. Protection of  this sensitive area is achieved 
with adequate fluid resuscitation, avoidance of  vasocon-
striction and edema, and prevention of  infection.21,22 
Optimal wound care consists of  nondesiccating dressings, 
topical antimicrobials, and regular monitoring of  the 

wound.23–25 At the periphery of  the burn wound, the zone 
of  hyperemia contains viable cells with vasodilation medi-
ated by local inflammatory mediators. Tissue in this zone 
usually recovers unless complicated by infection or 
hypoperfusion.

Interest in cooling of  the wound to minimize the extent 
of  injury can be traced to antiquity26 but, firm evidence of  
its efficacy is lacking. Cooling immediately after injury 
should not supersede other priorities in the evaluation of  
the injured patient. The optimal temperature and duration 
of  cooling is unknown27–29 but excessive or prolonged 
cooling may be harmful in that it promotes vasoconstric-
tion and systemic hypothermia.30,31 Current guidelines of  
the American Burn Association recommend limiting 
cooling to 30 min in the management of  minor burns.32 
Modalities to improve dermal perfusion and block injury 
from released inflammatory mediators have also garnered 
much interest. Whereas beneficial effects of  many pharma-
cologic agents such as heparin, steroidal and nonsteroidal 
anti-inflammatory agents, thromboxane inhibitors, and 
epidermal growth factor have been reported,20,33 all remain 
investigational since none has demonstrated clinical 
validity.

Assessment of Burn Depth

CLINICAL OBSERVATION

Burn injury may involve one or both layers of  the skin and 
may extend into the subcutaneous fat, muscle, and even 
bony structures.34 Burns involving only the outer layers of  
the epidermis (first-degree burns) are erythematous and 
very painful, but do not form blisters. Most sunburns fit this 
category of  superficial, epidermal injury. Within 3–4 days, 
the dead epidermis sloughs and is replaced by regenerating 
keratinocytes. These burns are not included in burn size 
calculations for estimates of  injury severity and resuscita-
tion fluid estimations.

Superficial dermal burns (superficial second-degree 
burns) extend into the papillary dermis and characteristi-
cally form blisters. Blistering may not occur immediately 
after injury, and burns initially perceived to be superficial 
might subsequently be diagnosed as dermal burns. The 
wound bed underlying a blister on a superficial partial 
thickness burn is pink, wet, and hypersensitive to touch. 
Debriding the blister may be painful due to the currents of  
air passing over the wound. These wounds blanch with 
pressure because of  vasodilation and increased blood flow 
in the dermis compared to normal skin. With appropriate 
wound care, superficial dermal burns usually heal within 2 
weeks without risk of  scarring and therefore do not require 
operation.

Deep dermal burns (deep second-degree burns) extend 
into the reticular dermis and generally take 3 or more 
weeks to heal. They blister, but the underlying wound 
surface appears mottled pink and white immediately fol-
lowing the injury (Fig. 10.2A). When pressure is applied to 
the burn, capillaries refill slowly or not at all. The wound 
is often less sensitive to pinprick than the surrounding 
normal skin. By postburn day 2, the wound may be white 
and dry (Fig. 10.2B). As a rule, most partial-thickness 

Fig. 10.1 Jackson’s three zones of injury on an ankle burn: (A) the zone
of coagulation; (B) the zone of stasis, and (C) the zone of hyperemia.
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ADJUNCTS TO CLINICAL EVALUATION

The search for technologies to obtain a more precise method 
to diagnose burn depth surged when the benefits of  early 
operation were recognized. Multiple modalities have been 
trialed, including thermography, photometry, nuclear 
imaging, pulse-echo ultrasound, and, more invasive than 
the aforementioned, serial tissue biopsy.43–45 These tech-
niques take advantage of  the ability to detect dead cells or 
denatured collagen (biopsy, ultrasound, vital dyes)19,46–49; 
wound color (light reflectance)50; physical changes, such as 
edema (magnetic resonance imaging)51; and altered blood 
flow (fluorescein, laser Doppler imaging, and thermogra-
phy).52–54 Unfortunately, none of  these techniques has 
proved superior to serial clinical assessment by an experi-
enced burn provider. Several groups have recently reported 
clinical benefit with the use of  noncontact laser Doppler 
imaging in indeterminate thickness burns.37,43,55 This tech-
nique provides a color perfusion map of  the burn that can 
be assessed without direct contact with the skin surface, 
making this test well tolerated; furthermore, serial exams 
can track dynamic changes in wound bed perfusion. 
Although identified as an accurate measurement tool, non-
contact laser Doppler imaging remains an adjunct, rather 
than a substitute, for clinical assessment.56

Mechanisms of Thermal Injury

FLASH AND FLAME BURNS

Flash and flame burn injuries represent approximately 40% 
of  the admissions to American regional burn centers.57 
Explosions of  natural gas, propane, gasoline, and other 
flammable liquids cause intense heat for a very brief  time, 
causing flash burns. Flash burns often result from an inap-
propriate use of  a flammable liquid as a fire accelerant on 
camp, trash, and brush fires. For the most part, flash burns 
reach progressive layers of  the dermis in proportion to the 
amount and kind of  fuel involved. Gasoline, especially, has 
highly flammable vapors that are 3–4 times denser than air. 
At room temperature, gasoline vapors diffuse above ground 
and accumulate in enclosed spaces. Clothing, unless it 
ignites, is protective in flash burns. Thus, a flash burn injury 
distribution typically involves exposed skin, with the deepest 
areas facing the source of  ignition. If  a flash burn causes 
clothing or hair to catch on fire, the injury will be more 
typical of  a flame burn. Whereas such flash burns generally 
heal without extensive skin grafting, they may cover large 
areas and may be associated with thermal injury to the 
upper airway.

Flame burns invariably involve deep dermal or full-
thickness injury because of  prolonged exposure to intense 
heat. Although the incidence of  injuries from house fires 
has decreased with the advent of  smoke detectors, careless 
smoking, improper use of  flammable liquids, automobile 
accidents, and clothing ignited from stoves or space heaters 
still exact their toll. Patients whose bedding or clothes have 
been on fire usually sustain some full-thickness burns. 
Victims of  house fires with prolonged exposure to flames or 
heat due to immobility, intoxication, or confusion caused by 
hypoxemia or carbon monoxide toxicity are also prone to 

burns that have not healed by 3 weeks should be excised  
and grafted.

The most difficult management decision involves inter-
mediate partial-thickness burns. The determining factor as 
to whether these burns heal in 3 weeks may be less than a 
millimeter. These burns are aptly called “indeterminate” 
burns because their healing potential becomes evident with 
serial assessments over several days after injury. Histologic 
studies suggest that burn injury is a dynamic process that 
peaks around 3 days after injury.35–37 Initial evaluation by 
an experienced surgeon as to whether an indeterminate 
dermal burn will heal in 3 weeks is only 50%–70% 
accurate.38–40

Partial thickness scald burns usually should be 
managed nonoperatively for 10–14 days, unless they are 
obviously full thickness. However, these burns should 
be excised and grafted once it is clear that they will not 
heal by 3 weeks.41 Serial clinical exams for partial thick-
ness burns for 2 weeks after injury have been associated 
with excision of  significantly smaller areas or avoidance of   
surgery entirely.

Full-thickness burns (third-degree burns) involve the 
entire cutaneous layer and may extend into the superficial 
subcutaneous tissue. Their appearance may be charred, 
leathery, dry, firm, and depressed when compared to adjoin-
ing normal skin. Noncharred full-thickness burns can be 
deceptive. Like deep dermal burns, they may be mottled in 
appearance. They rarely blanch on pressure and may have 
a dry, white appearance. In some cases, the burn may 
appear translucent with clotted vessels visible. These 
wounds are insensate to light touch and pinprick. Some 
full-thickness burns, particularly immersion scalds or 
“bake” injuries (caused by convective heat), may have a red 
appearance and can be confused with a superficial dermal 
burn by an inexperienced observer; these burns do not 
blanch with pressure. Most full-thickness burns should 
undergo early excision and grafting to minimize infection 
and hypertrophic scarring and to expedite patient recovery. 
Deeper burns that involve adipose tissue (fourth-degree 
burns), muscle (fifth-degree burns), and bone (sixth-degree 
burns) also require surgical management.42

a b

Fig. 10.2 Lower extremity deep dermal burn: (A) on day of presenta-
tion wound has a wet, pink and moist appearance; (B) on day 3 post-
injury wound has a mottled appearance with both moist pink and dry 
white areas. 
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indeterminate dermal burns. A common example is a 
toddler who reaches above head level and spills hot water; 
his face bears a superficial burn, the trunk burn is of  inde-
terminate thickness, and skin under his diaper has a deep 
dermal burn.

Immersion scalds are often deep because of  prolonged 
skin exposure, although the water temperature may not be 
as high as with spill scalds.59,60 They occur in individuals 
who do not perceive the discomfort of  prolonged immersion 
(i.e., diabetic patients or spinal cord injury patients with 
peripheral neuropathy), or who are not able to escape from 
the hot water (i.e., young children, elderly, or people with 
physical and cognitive disabilities). This latter group of  vul-
nerable individuals is susceptible to nonaccidental scald 
burns,61,62 which account for about 2% of  all children 
admitted to our burn center. Circumferential extremity 
injuries, symmetrical burns to a child’s buttocks and 
perineum represent a few injury characteristics that should 
raise suspicion of  nonaccidental trauma (Fig. 10.3). Allega-
tions of  abuse should include expert burn wound assess-
ment by an experienced burn surgeon who is familiar with 
burn distribution and etiologies.

Grease and hot oils cause deep dermal or full-thickness 
injuries. During cooking, grease and hot oils are usually 
heated to a level below their smoke point to avoid unpleas-
ant odors from their decomposition. The smoke point is 
350°F (177°C) for butter, 400° F (204°C) for lard, and 
450°F (232°C) for corn oil. Cooking oils reach their flash 
point at 600°F (316°C). Domestic grease burns occur in a 

have deeper burns. In one study of  several burn centers, 
28% of  flame burns occurred in patients with high blood 
ethanol level, and 51% of  victims in fires behaved inappro-
priately when trying to escape.58 Loss of  consciousness 
exposes victims to convective heat inside a burning room. 
This type of  “bake” injury may deceptively appear shallow 
with intact epithelium to the inexperienced observer but is 
really a full-thickness burn.

SCALDS

Hot water scalds are the next most common cause of  burns 
in the United States, representing approximately one third 
of  cases.57 Despite educational programs, the epidemiology 
and incidence of  scalds worldwide has changed very little. 
The depth of  scald injury depends on the water tempera-
ture, skin thickness, and duration of  contact. Water at 
140°F (60°C) creates a deep dermal burn in 3 s but causes 
the same injury in 1 s at 156°F (69°C).(18) Freshly brewed 
coffee from an automatic percolator is generally about 
180°F (82°C). Once in the pot, coffee temperature approxi-
mates 160°F (70°C). Boiling water often causes a deep 
dermal burn, unless the duration of  contact is very short. 
Soups and sauces, which are thicker due to proteins and oil, 
remain in contact longer with the skin and invariably cause 
deep dermal burns. Exposed areas tend to incur shallower 
burns because clothing (such as diapers and socks) retains 
heat and keeps the liquid in contact with the skin longer. 
Consequently, scalds are often a mosaic of  superficial and 

B

A

Fig. 10.3 Immersion scald burns: (A) on a child; arrows denote sparing of bilateral popliteal fossae: the child by reflex bent his knees to avoid contact
with the hot water; (B) pattern of nonaccidental trauma: line denotes water level, note soles of feet and buttocks are spared as they were pressed
against the bottom of the tub.
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burn must be considered. Deep palm burns may epithelial-
ize from the wound edges, allowing granulation tissue 
development to lead to palmar contracture and permanent 
disability. However, burn excision and grafting with either 
thick split-thickness or full-thickness grafts67,68 results in 
loss of  sensory nerve endings unique to glabrous skin 
(Pacinian and Meissner’s corpuscles). Therefore, an obser-
vation period of  3–4 weeks with meticulous wound care 
and aggressive exercise provides a prudent compromise.

CHEMICAL BURNS

Chemical burns caused by strong acids or alkalis often 
result from industrial accidents, drain cleaners, assaults, 
and the improper use of  harsh solvents. Chemical burns 
cause progressive tissue damage until the chemicals are 
inactivated by reaction with the tissue or by dilution by 
copious water. Although circumstances vary, acid burns 
are usually more self-limiting than alkali burns. Acid tends 
to “tan” the skin, creating an impermeable barrier that 
limits further penetration of  the acid. Conversely, alkali 
combines with cutaneous lipids to create soap and thereby 
continues “dissolving” tissue until it the reagent is neutral-
ized. A full-thickness chemical burn may appear deceptively 
superficial, clinically appearing as a mild brownish discol-
oration of  the skin (Fig. 10.5). The skin may appear intact 
for the first few days postburn and later will slough 
spontaneously.

Initial management consists of  diluting the agent with 
copious water for at least 15–20 min, preferably at the site 
of  the accident; to this end, many industrial workplaces are 
now equipped with showers and eye wash stations. An 
important exception to immediate irrigation is exposure to 
a chemical powder, such as dry concrete, cement, and 
sodium hydroxide; in this instance, it is critical to brush the 

predictable pattern, attributed to patients trying to carry 
the burning pan of  grease outdoors instead of  putting the 
lid on the pan and extinguishing the fire. The majority of  
patients sustain an isolated upper extremity burn, but inju-
ries may involve the face, lower extremities, or trunk. 
Approximately 30%–40% of  grease burns require excision 
and grafting.63,64

Tar and asphalt represent a special kind of  scald. The 
“mother pot” at the back of  the roofing truck maintains tar 
at a temperature of  400–500°F (204–260°C). Burns 
caused by tar directly from the “mother pot” are invariably 
full-thickness. By the time tar is spread on the roof, its tem-
perature has diminished to the point where most of  the 
burns are deep dermal in nature. Initial evaluation and 
injury depth assessment requires tar removal with applica-
tion of  a petroleum-based ointment that is reapplied every 
2–4 hours until the tar has dissolved. Medi-Sol adhesive 
remover spray (Orange-Sol, Gilbert, AZ, USA) successfully 
removes tar without injury to the burn wound.

CONTACT BURNS

Contact burns resulting from hot metals, plastic, glass, or 
hot coals are generally small but are challenging in that the 
injury is often very deep (Fig. 10.4). The temperature of  the 
material and the duration of  contact determine burn depth. 
Molten materials in industrial accidents instantaneously 
cause a burn extending below the dermis. An unconscious 
victim with prolonged contact to a hot surface will often 
sustain a burn extending into fat and sometimes muscle. 
Industrial accidents involving presses or other hot, heavy 
objects may cause both contact burns and crush injuries. 
In these circumstances, the clinician must anticipate the 
possibility of  extensive myonecrosis and myoglobinuria 
despite the relative small size of  the wound. Contact burns 
with a hot muffler or engine block are usually full-thickness 
and often require serial surgeries to achieve wound closure.65

In toddlers, contact burns often involve palms and fingers 
when the child puts his hands on a wood-stove, fireplace 
insert, clothing iron, or oven door.66 With aggressive wound 
care and hand stretching, most intermediate-depth palm 
burns heal in about 3–4 weeks. Beyond this time, careful 
consideration of  management of  the unhealed deep palm 

Fig. 10.4 Deep contact burn in an elderly patient who was uncon-
scious next to a space heater. Arrows denote the imprints of the space 
heater grill on his lateral thigh. 

Fig. 10.5 Chemical burn on lower extremity from cement. The discol-
oration of the skin is characteristic of a full-thickness chemical burn. 
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parts including fingers, hands, forearms, and feet also gen-
erate more intense heat with less dissipation and subse-
quently sustain more injury than the trunk, which may 
dissipate enough current to prevent extensive damage to 
internal viscera (unless the contact wound is on the 
abdomen or chest).84–86 Arc electrical burns that result 
because current takes the most direct path occur at joints 
in close apposition at the time of  injury, such as the popli-
teal fossa with a bent knee, the antecubital fossa with a 
flexed elbow, and the axilla with the shoulder adducted.

There are two indications for early operation in a patient 
with electrical burns: acidosis or myoglobinuria that will 
not clear with standard resuscitation techniques or the 
development of  compartment syndrome. In these circum-
stances, urgent fasciotomy, major debridement, and ampu-
tation may be needed. If  immediate decompression or 
debridement is not required, definitive operations can be 
performed 3–5 days after injury, before bacterial contami-
nation occurs and after the tissue necrosis is delineated.87,88 
Extraordinary measures, such as vascular grafting for 
clotted arteries or free tissue transfer may sometimes be 
indicated,89,90 but the zone of  injury should be defined 
before assuming that vascular anastomoses will remain 
patent. Extensive operative salvage in lieu of  a well-fitting 
prosthesis may increase morbidity and prolong the patient’s 
recovery.
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agent off  before irrigation since moisture activates the 
chemical. A paper pH test applied to the burn surface can 
verify that the agent has been neutralized. Attempts to neu-
tralize alkalis with acids (and vice-versa) are contraindi-
cated because the ensuing exothermic reaction leads to a 
thermal injury superimposed on the chemical burn.

Hydrofluoric acid represents a unique and very destruc-
tive chemical, one that is widely used in the circuit board 
etching process, cleaning solvents, and paint removers. 
Fluoride ions penetrate the skin, binding with cellular 
calcium and magnesium and causing progressive deep 
tissue destruction as sequential cells undergo necrosis.69,70 
Fluoride is also a metabolic poison that inhibits key enzymes 
of  cellular metabolism. A 10% TBSA hydrofluoric acid burn 
may be life-threatening due to systemic hypocalcemia71 
and may indicate urgent surgical wound excision. A patient 
may not become symptomatic for several hours after expo-
sure, when severe pain develops in the involved fingers; 
unfortunately, delayed or inadequate treatment may lead to 
amputation. Older recommendations of  calcium-containing 
topical gels and direct injection of  calcium gluconate into 
the involved tissue72,73 have largely been replaced by intra-
arterial infusion of  calcium gluconate74–77 which results in 
immediate cessation of  pain and minimal tissue destruction 
and may be discontinued when acute symptoms resolve.

ELECTRICAL BURNS

Electrical burns are thermal burns from very high-intensity 
heat generated as the patient’s body becomes an accidental 
resistor. Many electrical burns are work-related (i.e., con-
struction workers, field workers, linemen, utility and elec-
trical workers). Evaluation of  the injured patient in these 
settings must account for associated trauma because these 
injuries may have occurred in association with associated 
myoclonic contractions or a fall.

Low-voltage injuries (<440 volts) rarely cause significant 
damage beyond deep thermal burns at contact points. An 
exception is the child who chews on an active electrical 
connection78; the child’s saliva completes the circuit 
between the positive and neutral leads, causing a severe 
burn inside the mouth and lip. Eschar separation at the  
oral commissure 7–10 days after injury may be associated 
with brisk labial artery bleeding that requires hemostasis  
by digital pressure to the corner of  the mouth.79 Burns 
involving the oral commissure are at high risk for late con-
tracture and warrant an aggressive splinting and exercise 
regimen.80,81

High-voltage injuries (>1000 volts) are more apt to cause 
deep tissue destruction. In this setting, extensive deep tissue 
destruction may take place underneath a relatively small, 
innocuous-appearing wound (Fig. 10.6). High resistance at 
skin contact points is partially protective because a dry cal-
loused hand may provide twice the resistance of  normal 
skin and five times the resistance of  wet skin. High resis-
tance within the body causes more harm due to conversion 
of  electrical energy to heat in proportion to current and 
electrical resistance. Hence even when superficial muscle 
appears uninjured, deep muscle necrosis may occur adja-
cent to bone, which has high resistance.82,83 Smaller body 

A B

Fig. 10.6 High-voltage contact point on a hand: (A) prior to, and (B) 
after débridement. Once wound is debrided, much deeper injury to 
tendon and bone is revealed. 
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reduction in colony counts, breaks down and removes bio-
films, and purges the devitalized tissue that pathogens thrive 
upon.8 Systemic antimicrobials kill and suppress the invad-
ing pathogens accessing perfused areas of  tissue. Quantita-
tive wound culturing enables effective diagnosis and directed 
application of  the most efficacious antimicrobial with the 
lowest toxicity. Coordinated critical care, therapy, and nutri-
tion ensure that the wounds have a sufficient supply of  
nutrients and immune-cell–laden blood to clear pathogens, 
expand skin grafts, and reepithelialize wounds.

Prevention of Infection

Prevention is the optimal way to minimize infection.9 Patho-
gens can be carried into or transmitted around the unit by 
staff, by visitors, or on equipment. Patients should have 
single rooms separated from other rooms by a door. Positive 
pressure in the rooms further aids in minimizing bacterial 
contamination. Patient rooms should undergo a daily 
cleaning in addition to deep cleaning upon patient dis-
charge. This terminal cleaning should include washing the 
walls and ceiling and should be done 72 hours prior to 
admitting another patient to avoid the transfer of  more 
virulent strains.10 Another important prevention measure 
is the use of  contact precautions with all patients, including 
gowns and gloves. These items should be donned before 
entering and doffed prior to exiting the room, regardless of  
the bacteriological status of  the particular patient. Routine 
hand hygiene before and after patient interaction is also 
mandatory to prevent infection. Dressing materials, sup-
plies, devices, and equipment must not be shared between 
patients. Bathing, showering, tubbing, mobile diagnostic 
equipment, and operating facilities should be decontami-
nated between each patient use. Furthermore, fomites, such 
as ties, rings, watches, and cell phones, should be prohibited 
since these are possible pathogen vectors.11,12 Water and air 
filters ought to screen particles down to 0.2 and 0.3 µm, 
respectively, be changed monthly, and be cultured routinely 
as part of  infection control monitoring. By maintaining 
these strict measures, transmission of  infectious organisms 
between patients can be limited.13

Diagnosis of Burn 
Wound Infection

Diagnosis of  burn infection in burn wounds can be compli-
cated. The typical cytokine and immune cascades that 

Introduction

Skin is the first immune defense mechanism and functions
as a barrier against microorganisms. Infections are a signifi-
cant problem once open wounds compromise this barrier.
According to the U.S. National Burn Repository, the four
leading causes of  burn morbidity are (1) pneumonia, (2)
cellulitis, (3) urinary tract infections, and (4) burn wound
infections. Infections are a primary factor contributing to
mortality, accounting for 51% of  deaths in burn patients,
as discussed in both Chapters 30 and 32, on multisystem
organ failure and critical care, respectively.1–3

A cutaneous burn is initially sterile as commensal skin
flora are killed with the skin in the thermal event. Unfortu-
nately the burn wound provides optimal bacterial growth
conditions due to a reduced blood supply and a nutrient-
rich environment, leading to rapid wound colonization.
The 2007 American Burn Association Consensus Confer-
ence defined wound colonization as follows: (1) low con-
centrations of  bacteria on the wound surface, (2) absence
of  invasive infection, and (3) less than 105 organisms per
gram tissue.3 In a superficial burn, skin flora can survive in
hair follicles and sebaceous glands in the same manner as
keratinocytes to repopulate a physiological microbiome.4-6

However, burns are customarily colonized by pathogens
from the environment, the patient’s gut, or the naso-
oropharyngeal tract.

A race thus exists between the patient and the pathogen
to dominate the wound surface. In the log phase growth,
bacteria double 2–3 times per hour; consequently a single
bacterium can become 10 million in 1 day, far faster than
any human cell can multiply.7 Therefore colonization can
quickly become an infection capable of  converting partial-
thickness into full-thickness burns by causing vessel throm-
bosis and necrosis in viable tissues in the wound penumbra.
Gram-positive bacteria tend to colonize an affected area first,
with subsequent colonization by gram-negative bacteria.
Delayed treatment risks colonization by extended-spectrum
pathogens, bloodstream invasion, and the development of
sepsis, all of  which increase the likelihood of  death.2

The model of  burn care advocated throughout this text is
to rig this race for wound dominance in favor of  the patient.
Early wound excision eliminates the devitalized tissue that is
the main reservoir for pathogen nourishment and habitat.
Prompt autografting reestablishes skin barrier function and
denies pathogens access to the host. Topical antimicrobials
suppress bacterial growth and colony counts while allowing
host fibroblasts and keratinocytes to proliferate and cover
the wound. Assiduous washing technique allows 2-log
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of  invasion is present, systemic antibiotics should be admin-
istered and the wound excised.6,19,20

Studies by Robson demonstrated that if  burn wound 
colony counts from biopsies or after cleaning of  the surface 
of  the wound are greater than 105/g tissue, the graft sur-
vival rate is only 19%, whereas colony counts of  less than 
105/g tissue are associated with a 94% chance of  graft sur-
vival.21 Sensitivities to available antibiotics, both systemic 
and topical, should instruct therapy. In the setting of  resis-
tant organisms, antibiotic synergy testing is advised. Thus 
the ultimate diagnosis of  burn wound infection and the 
guidance of  antimicrobials are directed by culture data.

Physical examination of  the patient also provides valu-
able insight into the infectious nature of  the burn wound. 
Burn wound erythema is a physiologic phenomenon pro-
duced sterilely by the liberation of  inflammatory mediators 
from tissues surrounding the burn area and must not be 
confused with cellulitis. Normally this erythema presents 
within 2–3 days of  the burn injury and resolves by 1 week 
post burn (Fig. 11.2). The best differential diagnosis comes 
from clinical palpation: erythema lacks significant indura-
tion or tenderness compared to an infectious process like 
cellulitis.8

Cellulitis is a noninvasive infection of  the tissues sur-
rounding the burn wound.3 Cellulitis can be caused by a 
variety of  pathogens.6 This infection is characterized by 
edema, hyperesthesia, erythema, induration, and tender-
ness detectable upon examination (Fig. 11.3). The color of  
the wound contour and the odor from the wound may also 
raise suspicion of  cellulitis. Furthermore it can have a lym-
phangitic component. Particular attention should be given 
to elderly patients and diabetic patients due to the ease and 
speed with which infections progress in these populations. 
Cellulitic burn wounds benefit from systemic antimicrobials 
to cover likely causative agents in addition to standard burn 
treatments, such as topical antimicrobials or surgical exci-
sion and grafting. Progression of  cellulitis despite antibiot-
ics must always trigger suspicions of  resistant organisms, 
such as methicillin-resistant Staphylococcus aureus (MRSA), 
and these organisms should be covered empirically.6

Graft ghosting (impetigo) is a wound infection that can 
cause late graft loss (Fig. 11.4). This phenomenon can 
occur after spontaneous closure of  a partial-thickness 
wound, following loss of  previously adherent graft sites, 
and in skin donor sites. Characterized by multiple small 
abscesses, graft ghosting can lead to the complete destruc-
tion of  the healed wound.6 The culprit typically responsible 
for this condition is S. aureus, particularly MRSA. The diag-
nosis is essentially clinical and can be confirmed by cultur-
ing. Treatment requires regular dressing changes, 
débridement of  abscesses, local disinfection, and applica-
tion of  topical antimicrobials, such as mupirocin.

Toxic shock syndrome (TSS) is a complication of  severe soft 
tissue infections (SSTI), which occurs predominately in 
small burns. This syndrome results from colonization with 
TSS toxin-1–producing S. aureus. This disease is primarily 
seen in young children with burns covering less than 10% 
of  the total body surface area (TBSA) and that would oth-
erwise be expected to heal without problems. The incidence 
is approximately 2.6% with a mean age of  2 years. TSS is 
clinically characterized by a prodromal period lasting 1–2 
days with pyrexia, diarrhea, vomiting, and malaise. While 

create the typical presentations of  infection known to all 
doctors are often initiated in the burn patient via the elabo-
ration of  damage-associated molecular patterns (DAMPS) 
and pathogen-associated molecular patterns (PAMPS) from 
burn wounds. This complicates diagnoses of  infection and 
sepsis in the burn patient where clinical signs, such as ele-
vated temperature or tachycardia, are normal components 
of  burn pathophysiology, as discussed in Chapter 29 on 
hypermetabolism.

Wound culturing is a critical tool to guide the treatment of  
burn wounds and to determine what bacteria are coloniz-
ing the burn wound. In patients with major burns, the 
wound usually becomes colonized 5–7 days after injury.6 
Since most initial infections in burn patients derive from 
endogenous bacteria flora, it is good clinical practice to 
perform initial wound cultures upon patient admission. 
This screening should include swabs of  both sides of  the 
groin and axilla, as well as of  the nose and throat.14 In addi-
tion, at each burn excision, and whenever suspicion of  
invasive infection warrants, quantitative tissue cultures 
may be helpful.

Wound appearance and odor changes can help to diag-
nose wound colonization versus wound infection (Fig. 
11.1). Kwei et al. described three main methods that exist 
for culturing a wound: qualitative (presence or absence of  
growth), semi-quantitative (grading of  the bacterial pres-
ence as scanty, few, moderate, or numerous), and quantita-
tive (an absolute quantity is determined).15,16 Swabs are 
useful but limited since they cannot distinguish between 
infection and colonization and are only accurate for the 
region sampled. These problems are mitigated by perform-
ing multiple tissue biopsies, which can reveal significant 
quantitative differences in different areas.17 Although 
quantitative cultures are more expensive, bacterial counts 
have been shown to correlate with histological evidence of  
wound infection in approximately 80% of  cases after biop-
sies are taken or after sterilization of  the surface with anti-
microbials.6,18 Histological examinations can be used to 
confirm invasive bacterial infection when counts exceed 
105 organisms per gram of  tissue. If  histological evidence 

Fig. 11.1 Burn wound colonization. Flame burn to the left medial arm
depicted post-burn day 7. The eschar has degraded but is still present.
However, the surrounding tissue is not cellulitic.
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partial-thickness burns progress to full-thickness necro-
sis and begin expanding into unburned tissues. The 2007 
American Burn Association Consensus Conference defined 
invasive infections as follows: “the presence of  pathogens in 
a burn wound at concentrations sufficient in conjunction 
with depth, surface area involved, and age of  patient, to 
cause suppurative separation of  eschar or graft loss, inva-
sion of  adjacent unburned tissue or cause the systemic 
response of  sepsis syndrome.”3 Goal-standard diagnosis is 
made with histologic examination; however, clinical exam 
and quantitative cultures usually suffice (Fig. 11.6). It 
should be noted that sepsis does not always develop during 
invasive infections (Fig. 11.7). Treatment must be immedi-
ate and include aggressive surgical intervention augmented 
by the administration of  systemic and topical antimicro-
bials. If  no culture results are initially available, a broad-
spectrum empirical therapy against fungi, drug-resistant 
gram-positive and -negative organisms should be initiated 
until culture data become available. Surgical extirpation 
must be aggressive and encompass excision of  all necrotic 
and infected tissue, including fascia and muscle when war-
ranted. Definitive wound coverage is not always indicated 
in this extirpative operation as dressing changes and hydro-
therapy may be needed to further decrease heavy bacte-
rial loads. In cases where tissue has already been excised 
or there is a life-threatening infection, limb amputation 
may be indicated. Topical antimicrobials and assiduous 
washing technique are indicated after extirpation to sup-
press microbial growth. However, the optimal methodology 
is to prevent infection, with swift action being taken should 
an infection arise.23

Sepsis and septic shock are complicated diagnoses in burn 
patients because large burns create a systemic inflamma-
tory response syndrome (SIRS) and hypermetabolism of  
their own, as discussed in Chapter 8 on the etiology of  
shock. This hypermetabolism is a natural part of  the body’s 

a rash is often present, at this stage, the burn appears clean 
(Fig. 11.5). Shock subsequently develops in untreated cases, 
but determining the cause of  shock to be TSS can be com-
plicated in this early phase of  the patient’s presentation 
when a litany of  potential and more common etiologies of  
shock exist. Once shock has developed, mortality can be as 
high as 50%. Awareness and aggressive action are the prin-
cipal safeguards against the development and progression 
of  TSS. A possible diagnosis of  TSS should be considered in 
small burns where the patient is unexpectedly in shock. 
Because MRSA has emerged as the most commonly identi-
fied cause of  SSTI, initiation of  empiric anti-MRSA antimi-
crobials is warranted in all cases of  suspected TSS.19,22

Invasive wound infections manifest clinically with wound 
color changes, exudate, and odor. Within a short time, 

BA

Fig. 11.2 Burn wound erythema. A hot oil scald burn on the lateral thigh is depicted with (A) surrounding erythema noted on post-burn day 2. (B) 
Resolution of redness and healing on post-burn day 12. 

Fig. 11.3 Burn wound cellulitis. Cultures demonstrated Staphylococcus 
aureus. Clinical findings include increased pain, local inflammatory 
signs, and fever. Treatment includes systemic and topical antibiotics, 
excision, and autografting. 
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burden in the wound and periwound areas while allowing 
skin grafts to proliferate and cover the wound. Systemic 
antimicrobials are administered to treat invasive pathogens 
and prevent or reduce the systemic spread of  infection.

TOPICAL ANTIMICROBIAL COMPOUNDS

Topical antimicrobial compounds have significantly reduced 
burn mortality.7,27 However, no single agent is entirely effec-
tive. Each possesses its own spectrum, advantages, and dis-
advantages. Some retard wound healing while others have 
systemic metabolic effects on the patient. Recent studies have 
demonstrated that some agents used in the past are now 
ineffective in inhibiting bacterial growth.28,29 Wounds may 
be dressed with any topical agent when quantitative culture 
counts persist at less than 102/g tissue. However, higher 
colony counts warrant culture-directed topical antimicro-
bial selection. Topical antimicrobial agents fall into five major 
classes, each possessing different antimicrobial spectra, dura-
tion of  action, penetration, and toxicities (Box 11.2).

Soaps are the first form of  topical antimicrobial and are 
employed during washing. They are effective in disrupting 
biofilms and washing pathogens from the patient. Biofilms 
are coherent clusters of  bacterial cells embedded in a bio-
polymer matrix that, compared with planktonic cells, resist 
host defenses and show increased tolerance to topically 
(antiseptics) and systemically (antibiotics) administered 
antimicrobials, thus creating the perfect environment for 
bacterial growth.30 Biofilm bacteria are extremely difficult 
to remove, requiring surgical or sharp instruments and/
or mechanical wound débridement and washing with soap 
and water. According to recent recommendations, burn 

compensatory mechanism to burn injury and can last for 
up to a year following the insult, making it difficult to fit 
shock in burn patients into the definitions of  sepsis and 
septic shock established by the Society of  Critical Care 
Medicine.24–26 Patients with high concentrations of  bacteria 
in the burn wounds in conjunction with delayed admission 
to a burn center or delayed removal of  burned tissues are 
at the greatest risk of  developing sepsis.8 Rapid and com-
plete closure of  deep burns is the best defense against this 
condition. An additional factor influencing the develop-
ment of  sepsis and increasing mortality during hospitaliza-
tion in patients with equal burn sizes is decreased lean body 
mass. The identification of  parameters associated with 
sepsis in burn patients is extremely important and ongoing. 
The American Burn Association Consensus Conference in 
2007 provided criteria (Box 11.1).3 These criteria are useful 
markers and indicators for sepsis but are by no means 
gospel. A skilled physician must take these factors into 
account along with changes in the patient’s clinical condi-
tion over time to make a presumptive diagnosis of  sepsis. 
Aggressive treatment should be initiated and de-escalated 
based upon definitive diagnosis and patient response.

Treatment of Burn 
Wound Infections

Treatment of  burn wound infections is multimodal. Surgi-
cal débridement and assiduous washing technique decrease 
the bacterial and nutritive burden. Aggressive grafting 
denies the pathogens wound surface area to colonize and 
infect. Topical antimicrobial compounds reduce pathogen 

BA

Fig. 11.4 Burn wound impetigo. Right hand in a 13-year-old boy with 85% TBSA burn, third-degree to the hands shown (A) 4 months post-burn at 
hospital discharge. (B) Three weeks later the patient presented with reopening of the previously taken skin grafts to the hand and clinical impetigo. 
Cultures were positive for MRSA, and the patient was treated with vancomycin, mupirocin, and tub therapy. 
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Fig. 11.5 Toxic shock syndrome (TSS) rash. Cutaneous rash commonly seen in patients with TSS. This rash does not universally appear in cases of TSS. 
Patients with small burns developing shock should be evaluated and treated for TSS with excision, grafting, and vancomycin. (A) A 13-year-old girl 
presenting TSS rash following a 10% TBSA burn. (B) The typical macular erythroderma lesions. (C) A hematoxylin and eosin 4× magnification micrograph 
of a TSS rash lesion showing an epidermal blister. (D) Further hematoxylin and eosin 40× magnification micrograph with low inflammation. (Courtesy 
of Omar P. Sangüeza, MD; Professor and Director of Dermatopathology, Wake Forest University School of Medicine, North Carolina.)

Fig. 11.6 Gram-negative bacilli invading deep viable tissue. Histopath-
ologic confirmation is the gold standard test to diagnose burn wound 
infection by bacteria in viable tissue. Shown is a typical hematoxylin 
and eosin stained section at 1000× magnification. 

Fig. 11.7 Invasive burn wound infection. Seventy-five percent TBSA
full-thickness burns with wound sepsis due to Enterococcus faecalis and
Enterobacter cloacae. Prompt excision, homografting, hemodynamic
support, and systemic antibiotics controlled the infection. This patient
was subsequently autografted and survived.
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and is described as full-strength Dakin’s Solution. Studies 
have demonstrated full-strength to be tissue toxic, as are 
the pharmacy-available half- and quarter-strength Dakin’s 
solutions, though they are effective antimicrobials. Investi-
gations by Heggers and coworkers established the efficacy 
of  NaOCl at a concentration of  0.025%, or one-twentieth 
Dakin’s.23,37,38 Buffered one-twentieth Dakin’s was formu-
lated to mimic normal human physiologic parameters, 
with the added benefits that it is a broad-spectrum anti-
septic, yet nontoxic to fibroblasts nor inhibiting of  wound 
healing. It is bactericidal against P. aeruginosa, S. aureus, 
methicillin-resistant staphylococci, enterococci, and other 
gram-negative and gram-positive organisms, and it may 
be used separately or in combination with other agents.23 
Subsequently Carrel and Dakins developed oxychlorosene 
(Clorpactin) to allow longer tissue half-life, neutral pH, and 
lower tissue toxicity. It is used intravesicularly and intrare-
nally to control hemorrhage in genitourinary cancer cases 
and has been recently resurging as a topical antimicro-
bial.39 It has been demonstrated to be nontoxic to skin grafts 
when tested as a wound irrigant.40 Currently products are 
coming to market using hypochlorous acid as an active oxi-
dizing agent in pH-neutral, isotonic formulations.41,42 While 
of  interest as topical antimicrobials for burn wounds, they 
lack the century-long experience of  sodium hypochlorite 
solutions and so require further research.

Povidone-iodine (Betadine) is another halide used as a 
topical antimicrobial; it is available as a liquid or an oint-
ment in varying concentrations. It has a broad-spectrum of  
activity, covering gram-positive and gram-negative bacteria, 
yeast, and fungi. Quantitative bacteriological assessments 
imply that iodine is most efficacious when administered 
every 6 hours. Topical application of  this agent can be 
painful. The iodine component of  this topical agent may 
be absorbed more extensively in burn wounds, resulting 
in iodine toxicity, renal failure, acidosis, and dermatitis (in 
intact skin). Furthermore povidone-iodine is cytotoxic to 
fibroblasts and keratinocytes. However, it remains a highly 
effective disinfectant when used on intact skin.43,44

Acetic acid, also called ethanoic acid or vinegar, is a col-
orless topical agent used as a disinfectant for skin and soft 
tissue infections. It is effective against gram-negative bacte-
ria, especially P. aeruginosa. Its clinical antibacterial efficacy 
requires a minimum concentration of  0.5%.45 Philips et al. 
reported the use of  acetic acid as a topical agent for the treat-
ment of  superficial wounds infected by Pseudomonas46; later 
Sloss et al. investigated topical use of  acetic acid at concen-
trations between 0.5% and 5%.47 Sloss showed all strains of  
Pseudomonas exhibited a minimum inhibitory concentra-
tion (MIC) of  2% in vitro, yet other studies determined a 
concentration of  3% acetic acid to have bacteriostatic activ-
ity, including against multiple antibiotic-resistant strains of  
Pseudomonas.45,48 The results of  in vitro studies indicate that 
acetic acid is toxic to fibroblasts and substantially decreases 
cell viability, effects that increase with the concentration. 
Although these results are not considered decisive for the 
treatment of  burn wounds, a surgeon should always con-
sider the eventual cytotoxic interaction, especially on fresh 
skin grafts, while using acetic acid.49

Silver ions are a common topical heavy metal antimicro-
bial. Silver is delivered as solutions, creams, or bound to 
dressing materials. The silver ions bind to proteins and 

wounds not associated with clinical signs or symptoms of  
infection yet suspected of  having biofilm should be treated 
with débridement, antimicrobial dressings, antiseptic 
soaks, and thorough cleansing with antiseptic products to 
prevent bacterial growth.31 Findings from Kennedy and col-
leagues support the significant role played by biofilms in 
burn wound sepsis and the importance of  early excision 
and closure of  the wound.32 Herndon et al. demonstrated 
that washing burn wounds with soap and water using 
assiduous washing techniques can cause a 2-log reduction 
in bacterial counts over 48 hours, improving autograft take 
by infected wounds.8

Many oxidative halides are used as topical antimicrobials. 
Classically sodium hypochlorite (Dakin’s solution) has been 
employed due to its broad bactericidal range and effective 
dissolution of  biofilms.33–36 Commercially available Clorox 
bleach is 5.25% NaOCl; the original Carrel-Dakin’s Solu-
tion used in World War I was diluted with water to 0.5% 

Box 11.1 The 2007 American Burn Association 
Consensus Conference Definition of Sepsis.3

“Sepsis is a change in the burn patient that triggers the concern 
for infection. It is a presumptive diagnosis where antibiotics are 
usually started and a search for a cause of infection should be 
initiated. While there is need for clinical interpretation, the 
diagnosis needs to be tied to the discovery of an infection 
(defined below). The definition is age-dependent with 
adjustments necessary for children.

The trigger includes at least three of the following of sepsis:

I. Temperature >39mpera<36.5er
II. Progressive tachycardia

A. Adults >110 bpm
B. Children >2 SD above age-specific norms (85% age-

adjusted max heart rate)
 III. Progressive tachypnea

A. Adults >25 bpm not ventilated
i. Minute ventilation >12 L/min ventilated

B. Children >2 SD above age-specific norms (85% age-
adjusted max respiratory rate)

 IV. Thrombocytopenia (will not apply until 3 days after initial
resuscitation)
A. Adults <100,000/mcl
B. Children <2 SD below age-specific norms

V. Hyperglycemia (in the absence of pre-existing diabetes
mellitus)
A. Untreated plasma glucose >200 mg/dL or equivalent

mM/L
B. Insulin resistance – examples include

i. >7 units of insulin/h intravenous drip (adults)
ii. Resistance to insulin (>25% increase in insulin

requirements over 24 hours)
 VI. Inability to continue enteral feedings >24 hours

A. Abdominal distension
B. Enteral feeding intolerance (residual >150 mL/h in children

or 2ce (residual er 24 hours
C. Uncontrollable diarrhea (>2,500 mL/d for adults or

>400 mL/d in children)
In addition, it is required that a documented infection (defined 

below) is identified
A. Culture positive infection, or
B. Pathologic tissue source identified, or
C. Clinical response to antimicrobials.
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some yeasts, such as C. albicans. However, recent reports 
of  P. aeruginosa resistance and inadequacy against some 
strains of  Klebsiella have emerged. More frequent dress-
ing changes are required if  a creamy exudate develops. 
Although this topical agent is facile in use and reduces 
pain, it retards wound healing.53 Unlike mafenide acetate, 
tissue-penetration of  silver sulfadiazine is limited to the 
surface epidermal layer, and it is not associated with acid–
base disturbances or pulmonary fluid overload. It can be 
used separately or in combination with other antibacterials. 
An adverse drug reaction may be a reversible granulocyte 
reduction due to silver toxicity, although this is controver-
sial and transient.7,27 Over multiple applications a pseudoe-
schar of  silver sulfadiazine cream builds up on the wound, 
making assessment of  the wound depth difficult because it 
then bears a strong resemblance to burn eschar. This limits 
the utility of  this topical agent in our center.

Over the past decades there has been a proliferation of  
silver-containing dressings formulated to remain in place 
over a prolonged period. On superficial burns, these dress-
ings are utilized as functional skin substitutes to permit 
re-epithelialization in a bacterially suppressed, moist envi-
ronment. Many centers employ silver-containing dressings 
rather than applying solutions of  topical antimicrobials like 
silver nitrate because they are easier to manage, have more 
consistent antimicrobial levels, and are generally less messy. 

enzymes, damaging those systems, and to DNA, resulting 
in an antimicrobial effect via a heavy metal oxidative 
pathway.50 In debrided wounds, a 0.5% silver nitrate 
(AgNO3) solution is a potent disinfectant. It does not injure 
regenerating epithelium in the wound and is bacteriostatic 
against S. aureus, E. coli, and P. aeruginosa. AgNO3 has 
limited wound penetration because the silver binds rapidly 
to the surface proteins.27 Its hypotonic nature can cause 
osmolar dilution, resulting in hyponatremia and hypochlo-
remia, so serum electrolytes must be monitored. AgNO3 
turns black when exposed to light or on contact with tissues 
or chlorine-containing compounds, but this is nontoxic. It 
can be combined with miconazole powder to yield an 
aqueous solution of  0.5% silver nitrate and 2% miconazole 
for greater efficacy in preventing bacterial and fungal over-
growth in burn wounds.51 Klebsiella spp., Providencia spp., 
and other Enterobacteriaceae are less susceptible to 0.5% 
AgNO3 than other bacteria. Rarely the combination of  
0.5% AgNO3 solution with Enterobacter cloacae or other 
nitrate-positive organisms can cause methemoglobinemia 
by converting nitrate to nitrite in the body.52

Silver sulfadiazine (Silvadene, Thermazine, Flamazine, 
SSD), a 1% water-soluble cream, is a combination of  sul-
fadiazine and silver with antimicrobial efficacy lasting up 
to 24 hours. While most effective against P. aeruginosa and 
the enterics, silver sulfadiazine has great utility against 

Box 11.2 Topical Antimicrobial Agents.

CLASS AGENTS ANTIMICROBIAL SPECTRUM GRAFT TOXICITY SYSTEMIC TOXICITY

Soaps Johnson’s Baby Shampoo Broad-spectrum + Biofilm Low None

Oxidative Halides Full-Strength Dakin’s Solution 
(0.5% NaOCl)

Broad-spectrum + Biofilm High Hyponatremia

1/20th Buffered Dakin’s 
Solution (0.025% NaOCl)

Broad-spectrum + Biofilm Low None

Oxychlorosene (Clorpactin) Broad-spectrum + Biofilm Low None

Hypochlorous acid Broad-spectrum + Biofilm Unk. Unk.

Povidone-iodine (Betadine) Broad-spectrum High High

Acids Acetic Acid 0.5% Bacteriostatic Low None

Acetic Acid 2% Bacteriostatic Moderate Moderate

Acetic Acid 3% Bacteriostatic High High

Heavy Metals Silver Nitrate 0.5% Broad-spectrum None Electrolyte imbalance

Silver Sulfadiazine (Silvadene) Broad-spectrum None Low

Silver Releasing Dressings Broad-spectrum None Low

Xeroform - Bismuth 
tribromophenate

Limited Bacteriostatic Low None

BIPPS - Bismuth subnitrate and 
iodoform

Bacteriostatic High High if >1% TBSA

Antibiotics Mafenide acetate (Sulfamylon) Broad-spectrum Low Metabolic acidosis

Gentamicin sulfate (Gentamicin) Broad-spectrum Low Low

Bacitracin/polymyxin 
(Polysporin)

Broad-spectrum Non-toxic Low

Nitrofurazone (Furacin) Broad-spectrum, no Pseudomonas Low Low

Mupirocin (Bactroban) Broad-spectrum, no Pseudomonas Moderate Moderate

Nystatin 100,000 U/g 
(Mycostatin)

Weak Antifungal Low Low

Nystatin 6,000,000 U/g Strong Antifungal Low Low



11 • Treatment of Infection in Burn Patients 100

Bacitracin/polymyxin (Polysporin) ointment is commonly 
used to prevent mechanical shear and suppress bacterial 
growth on newly grafted tissue. Both drugs are cell wall 
lytic agents, and polymyxin is a topical analogue of  colis-
tin, discussed in the systemic antimicrobial section. Drug 
concentrations available in the ointment do not treat infec-
tion. However, many surgeons rely on this topical agent for 
skin graft coverage as it is nontoxic and maintains the moist 
wound environment needed for epithelial growth. Effective-
ness in contaminated or infected burns post excision can be 
enhanced by use in combination with other agents, such as 
silver nitrate or mafenide. Prolonged use is associated with 
hypersensitivity development.

Nitrofurazone (Furacin), available as an ointment, solu-
tion, or cream, has been proved effective in the treatment 
of  methicillin-resistant staphylococci. Furthermore, nitrofu-
rantoin was demonstrated to be 75% effective against gram-
negative bacterial isolates other than P. aeruginosa, whereas 
bacitracin/polymyxin was only 21% effective.3

Mupirocin (Bactroban, pseudomonic acid A) is an anti-
biotic derived from the Pseudomonas fluorescens capsule and 
inhibits isoleucyl t-RNA synthetase and thus bacterial protein 
synthesis.61 It is the topical treatment of  choice for MRSA 
infections, gram-positive microbes, and intranasal carriage.62 
Mupirocin inhibits wound healing by a half-life of  2 days com-
pared to controls, but the breaking strength of  the wound is 
significantly enhanced.63 Due to rapid development of  resis-
tance, mupirocin should not be used for longer than 10 days.

Nystatin (Mycostatin, Nilstat) is an antifungal antibiotic 
produced by Streptomyces noursei. Nystatin is the highly 
potent topical equivalent of  Amphotericin-B; both exert anti-
fungal activity by binding to ergosterol and lysing fungal cell 
membranes. Low-dose applications of  100,000u/g as creams, 
lotions, or ointments are used as prophylaxis against fungal 
growth. Treatment with pure nystatin powder at a concentra-
tion of  6,000,000 U/g on burn wounds has proved effective 
in eradicating invasive fungal infections. This novel applica-
tion is not only effective superficially but also eradicates inva-
sive clusters of  fungi in deep wound tissues, as documented by 
pathological examination.64 The application of  the powder is 
easy and does not produce pain, discomfort, or impair wound 
healing. All previously autografted areas heal uneventfully.64 
Liquid nystatin ‘swish and swallow’ is used prophylactically 
to prevent the oral or perineal overgrowth of  yeast and fungi 
in patients receiving multiple systemic antibiotics.64

SYSTEMIC ANTIMICROBIALS IN BURN PATIENTS

Long maligned, routine prophylactic use of  antibiotics is 
well indicated for select burn patients. Whereas prophylac-
tic antibiotics may be warranted for patients arriving from 
endemic areas, with penetrating traumas, open fractures, 
or from highly contaminated scenes, no prophylactic anti-
biotic treatments are typically initiated at admission or for 
routine perioperative prophylaxis. This is principally to 
avoid creation of  antibiotic resistances with more difficult 
subsequent treatment. Additionally thermal wounds are 
normally aseptic in the first hours following injury as the 
burn sterilizes the wound surfaces.65,66

Empiric antibiotics are indicated in the setting of  clini-
cally suspected invasive wound infections, suspected sepsis, 
or septic shock. These antibiotics should broadly cover 

The antimicrobial actions of  the dressings derive from the
silver ions, so their spectrum is thus defined. Each product’s
dressing substrate and particular silver formulation provide
different dressing characteristics; however, the release and
efficacy of  silver against bacteria in wounds have not been
largely studied or reported. Furthermore there are to date
no large-scale studies defining the supremacy of  any par-
ticular product, so preference of  the practitioner and cost
typically define use. It is important to remember that no
dressing, no matter how well marketed, replaces the tenets
of  burn surgery: aggressive débridement of  devitalized
tissue, coverage of  wounds with skin, assiduous wound
cleansing to remove pathogens and contaminants, and
physical examination.

Bismuth is another heavy metal commonly employed as
a topical antimicrobial. It is bacteriostatic against enterics,
but not cytotoxic to dermal fibroblasts and does not inhibit
wound healing.54 It is usually used on the commercially
available dressing Xeroform, a gauze impregnated with
bismuth tribromophenate and petroleum jelly. Bismuth is
also delivered in conjunction with iodine in the compounded
paste, BIPP (1 part bismuth subnitrate, 1 part liquid paraf-
fin, and 2 parts iodoform). We have used BIPP effectively
on thousands of  patients treated in our hospital for more
than 50 years. Coated liberally on cotton gauze, this paste
is used to dress small, débrided areas of  exposed bone and
tendons.55,56 BIPP should not be applied to areas greater
than 1% TBSA, and the course of  treatment should be as
brief  as possible to limit the risk of  bismuth toxicity.57,58 In
our experience, this compound prevents the development of
infection and promotes the prodigious formation of  granu-
lation tissue, thereby permitting split-thickness skin grafting
over surfaces conventionally described to be ungraftable.

Antibiotic-based topical antimicrobials define the fourth
major class, and their mechanism of  action is determined
by the specific biochemistry characteristic of  each particu-
lar agent. Mafenide acetate (Sulfamylon), available both as
an 8.5% water-soluble cream and a 5% aqueous solution,
is among the most commonly employed topical agents.
While broad-spectrum, mafenide is particularly effective
against all strains of  Pseudomonas and Clostridium.59 The
cream is applied twice a day and has the advantage that it
does not require a dressing to adhere to wounds. Studies
have reported that the use of  5% mafenide acetate solution
in patients with major burns results in a 33% reduction
in death.6 When used as a solution, an eight-ply dressing
should be resaturated with fresh solution every 8 hours to
remain above MIC. Mafenide has excellent tissue penetra-
tion, including eschar. This penetration makes it the topical
agent of  choice for deep ear burns because it effectively pre-
vents invasive chondritis. It can cause pain on application
and, like other sulfa drugs, can lead to allergic reactions.
Since mafenide can inhibit carbonic anhydrase, metabolic
acidosis can develop. Furthermore protracted use may lead
to the growth of  C. albicans. While it can be used with other
antimicrobials, mafenide acetate retards wound healing
and reduces the breaking strength of  healed wounds.27

Gentamicin sulfate (Gentamicin) is an aminoglycoside
available as a 0.1% water-soluble cream or solution. It has
broad-spectrum bactericidal activity against aerobes and
is often deployed against P. aeruginosa. However, resistance
can develop and sensitivities should be monitored.60
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polymerase and blocking RNA transcription.69 Due to its 
high resistance pattern when employed alone, rifampin 
must be used in conjunction with other antiinfectives, such 
as sulfamethoxazole-trimethoprim (Bactrim) or levofloxa-
cin, in the treatment of  MRSA. Linezolid is a bacteriostatic 
synthetic antibacterial agent of  a newer class of  antibiotics, 
the oxazolidinones, developed for MRSA, methicillin-
resistant S. epidermidis, enterococci, and staphylococci. 
Linezolid inhibits bacterial protein synthesis by binding to 
the 50S ribosomal subunit to prevent translation.69 Adverse 
effects of  linezolid include myelosuppression (e.g., anemia, 
leukopenia, pancytopenia, and thrombocytopenia), which 
is generally reversible on discontinuation of  the drug, and 
Clostridium difficile colitis. A weak, nonselective, and revers-
ible inhibitor of  monoamine oxidase, linezolid may cause 
increased serotonin serum levels and serotonin syndrome 
in patients on various serotonin reuptake inhibitors, such 
as fluoxetine and sertraline. Prolonged use also carries a 
risk of  polyneuropathy.

Invasive wound infections, graft loss, sepsis, and septic 
shock from suspected gram-positive bacteria should be 
treated empirically with intravenous vancomycin until 
culture-directed de-escalation can occur. Vancomycin is 
bactericidal, preventing gram-positive bacterial cell wall 
glycopeptide polymerization thereby producing immediate 
inhibition of  cell wall synthesis and lysing the cytoplasmic 
membrane.69 As a time-dependent antimicrobial, serum 
levels of  this drug must unceasingly exceed the MIC to 
provide sufficient bactericidal activity. Due to the wide vari-
ability in vancomycin elimination among burn patients, the 
dosage must be individualized to optimize serum concentra-
tions by serially following trough levels, with a typical goal of  
10–15 µg/mL for most burn wound infections. Due to poor 
penetration, certain compartments, such as the lungs and 
central nervous system, require higher trough concentra-
tions to achieve therapeutic levels of  vancomycin; in cases 
of  pneumonia or meningitis, concentrations of  15–20 µg/
mL are recommended.70

Alarmingly, gram-positive strains resistant to vancomy-
cin, such as vancomycin-resistant Enterococcus (VRE) and 
vancomycin-intermediate S. aureus (VISA), have emerged. 
These bacteria are often susceptible to linezolid, as discussed 
earlier, as well as to tigecycline, daptomycin, quinupristin-
dalfopristin, and dalbavancin, which have been developed 
specifically to tackle this problem. Working closely with a 
clinical pharmacist who can help establish an antibiotic and 
dosing regimen best fitting the specific resistance pattern in 
a given patient is critical.

Gram-negative infections more frequently require admis-
sion and intravenous antibiotics. While empiric therapy 
should be directed by local antibiogram, consideration 
must also be given to additive toxicity when combined with 
empiric gram-positive agents. In our hospital, we empirically 
use imipenem/cilastatin due to their low nephrotoxicity 
when used in conjunction with vancomycin.71 De-escalation 
and discontinuation of  antibiotics should occur as soon as 
cultures, wounds, and physiology warrant. Because gram-
negative bacteria frequently become multidrug-resistant, 
testing for synergy between different classes of  antibiotics 
is advisable.

Third- and fourth-generation cephalosporins and 
extended-spectrum penicillins are the antibiotics of  choice 

all likely infecting organisms and be instituted as a com-
ponent of  multimodal critical and surgical care of  the
burned patient. Clinical response should be followed to
ensure adequate treatment and antibiotics de-escalated as
soon as possible based on culture findings. After time and
culture data allow definitive diagnosis of  infection, culture-
directed treatment antibiotics should be continued for a
finite treatment course, until cultures return negative or the
wounds close.67

Greatly altered in burn patients, pharmacokinetics and
pharmacodynamics require regular evaluation by a skilled
clinical pharmacologist to ensure safe and effective drug
dosing.68 During the resuscitative phase of  burn injury,
which occurs within the first 48 hours post-trauma, burn
shock can decrease blood flow to organs and tissues.68 Drug
treatments during this phase result in a slower distribution
rate, slower renal and hepatic elimination, and delayed
absorption of  enteral, subcutaneous, and intramuscular
drugs. After 24–48 hours, the patient enters the hypermeta-
bolic phase, discussed extensively in Chapters 29 and 32
covering the hypermetabolic response, endocrine function,
and critical care. During this period, burn patients exhibit
increased blood flow to organs and tissues, an increased
internal core temperature, and hypoproteinemia and edema
formation.68 Intravenous drugs have a shorter half-life due
to the enhanced glome rular filtration rate and elimination
of  renally excreted drugs. Antibiotic treatments in these
patients must be administered at higher doses and/or fre-
quency. Time-dependent, renally excreted antibiotics, such
as vancomycin, must be carefully monitored to ensure they
exceed the MIC of  the bacteria. Oral drugs will also exhibit
greater absorption from the gastrointestinal tract and a
faster onset of  action.68 The hypermetabolic phase causes
hypoalbuminemia and raises the levels of  acute-phase pro-
teins.68 Albumin binds to acidic and neutral drugs, such as
aminoglycosides, vancomycin, aztreonam, and cefotetan;
consequently in hypoalbuminemia more free drugs are cir-
culating so a lower dose will be required for therapeutic
effect. Conversely acute-phase proteins bind tightly to basic
drugs, such as penicillins and cephalosporins, resulting in
less free drug and necessitating higher drug dosages to
produce a therapeutic effect. The hepatic response occur-
ring during the hypermetabolic phase will present as a
decrease in phase 1 metabolism, such as oxidation, reduc-
tion, or hydroxylation of  a drug by the cytochrome P450
system, affecting many antibiotics, such as the quinolones
and the macrolides. The decreased activity of  these hepatic
drug–metabolizing enzymes, as well as their decreased
hepatic clearance and prolonged half-life, may produce sys-
temic toxicity. However, phase 2 metabolism in the liver,
such as conjugation reactions between the drug and the
endogenous substrate, will not be impaired.68 In light of  the
myriad of  changes, care in the modern burn unit is greatly
enhanced by the active participation of  a pharmacist famil-
iar with systematic drug level monitoring in burn patients.

Selection of  systemic antibiotics is based on the likely
etiologic organism, local antibiogram, and systemic toxicity.
In the setting of  an outpatient with cellulitis around a burn
wound, empiric gram-positive coverage to include MRSA is
indicated. We routinely cover these outpatients with
rifampin, a bactericidal antibiotic inhibiting RNA synthesis
by binding to the β-subunit of  the DNA-dependent RNA
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Antifungal treatment is complicated by the limited 
number of  agents and their relative toxicities. The most 
commonly used antifungal agent, fluconazole, has excel-
lent activity against C. albicans and low toxicity. However, 
non-albicans Candida spp. are increasingly frequent causes 
of  invasive candidiasis, and these are resistant to flucon-
azole.78 The Infectious Disease Society of  America advocates 
echinocandins as the best empiric treatment for yeast infec-
tions, as most yeast are susceptible to them.79 However, these 
are recommended only until cultures become available. Cul-
tures should be performed frequently in these patients since 
resistance can develop quickly.80,81 There is an increased 
prevalence of  Candida spp. with greater antimicrobial resis-
tance and higher mortality rates than C. albicans, such as C. 
tropicalis and C. krusei.82,83 Ponziconazole and voriconazole, 
both azoles, are the treatment of  choice for invasive Asper-
gillus and Fusarium. They are also effective against infec-
tions caused by Candida spp., including fluconazole-resistant 
ones. However, azoles have unpredictable, nonlinear phar-
macokinetics with extensive interpatient and intrapa-
tient variation in serum levels. Due to this and numerous 
drug–drug interactions, therapeutic drug monitoring is  
crucial.84,85

For decades Amphotericin B dexolate (AmBd), an intrave-
nous polyene analogue of  nystatin, has been the standard 
choice for intravenous treatment of  life-threatening inva-
sive molds. This drug is associated with significant toxicity, 
including infusion-related events and dose-limiting renal 
dysfunction.86 Three new lipid formulations of  amphoteri-
cin B (AmB lipid complex [ABLC], AmB colloidal dispersion, 
and liposomal AmB [AmB-L]) offer several advantages over 
AmBd, including increased daily doses of  the parent drug 
(up to 10–15-fold), high tissue concentrations in reticuloen-
dothelial organs, a decrease in infusion-related events (espe-
cially with ABLC and AmB-L), and a marked decrease in 
nephrotoxicity.86 These lipid drugs are more expensive, but 
their enhanced safety profiles make them the new standard 
for treating invasive molds, particularly Mucor. The most 
successful treatment for fungal infection is prevention via 
swift removal of  all burned tissue and closure of  wounds 
with autografts. In the presence of  active mold infections, 
voriconazole is the first-line treatment, followed by ABLC. 
An echinocandin, such as caspofungin, can be considered 
for combination treatment of  Aspergillus and Fusarium.71 
Fusarium spp. have demonstrated innate resistance to 
Amphotericin.87

Pathogens will continue to evolve novel resistance mecha-
nisms more rapidly than researchers can develop antibiotics. 
In the dire case where no antibiotic susceptibility exists for 
an infecting pathogen, it is important to remember excision 
of  infected tissue, graft coverage of  wounds, and topical care 
remain effective treatment plans. Barret and Herndon noted 
that aggressive, early surgical treatment reduced wound 
culture counts from greater than 105/g to less than 104/g 
and yielded excellent skin graft take. In contrast, poorer 
skin graft take occurred in patients with initial counts of  
greater than 106/g, but were reduced to 104/g only after 
delayed surgical excision, thus underscoring the correlation 
between early and aggressive wound excisions and better 
patient outcomes in the treatment of  severe burns.8,15 While 
infections can become overwhelming, there is no bacterial 
resistance mechanism to the surgeon’s knife.

for many burn centers for empiric coverage of  gram-
negative infections due to their broad coverage and low
toxicity. Fourth-generation cephalosporins (e.g., cefepime),
extended-spectrum β-lactamase inhibitor penicillins (e.g.,
piperacillin-tazobactam and ticarcillin-clavulanate), and
most importantly the carbapenems (e.g., imipenem/
cilastatin, meropenem, and ertapenem) are important
tools in eradicating gram-negative infections. Newer fifth-
generation cephalosporins were developed to treat resistant
Pseudomonas; unfortunately novel resistance patterns are
already emerging.72 These antibiotics are time-dependent
and most efficacious when serum concentrations between
dosing intervals are maintained at 1–2 times the MIC; thus
extended infusions over 3–4 hours or continuous infusion
may be necessary to keep concentrations above MIC, par-
ticularly when a pathogen is near the resistance threshold.72

In perforating the cell wall, penicillins are often synergistic
with intracellular antibiotics, such as aminoglycosides, and
testing is warranted in the setting of  highly or pan-resistant
organisms.73,74

Aminoglycosides remain effective for significant sus-
ceptible gram-negative infections. Much of  critical care
has moved to once-daily dosing of  these concentration-
dependent antibiotics since it is as effective and less toxic
than conventional dosage intervals. Pooled data from ran-
domized controlled studies in adults showed that once-daily
administration of  aminoglycosides is associated with similar
or greater efficacy (e.g., bacteriologic and/or clinical cure),
less nephrotoxicity, and no greater risk of  ototoxicity than
administration of  multiple daily doses.69 Some clinicians
remain concerned that traditional dosing intervals may be
preferable in severe infections or in patients with unpre-
dictable pharmacokinetics, as described in burn patients.75

Therefore monitoring aminoglycoside serum concentrations
and/or the peak serum concentration to MIC ratio in burn
patients with life-threatening infections, suspected toxicity
or nonresponse to treatment, decreased or varying renal
function, and increased aminoglycoside clearance is well
indicated.

Multidrug-resistant (MDRO) and pan-drug-resistant
(PDRO) gram-negative organisms are increasingly preva-
lent. Many of  these islets have sensitivities to polymyxins,
a class of  cell-wall intercalating antibiotics that includes
the topical agent polymyxin-B and its intravenous analogue
colistimethate sodium (colistin, polymyxin-E).71 These anti-
biotics were largely abandoned in the 1970s due to con-
cerns of  toxicity when Kunin and Bugg showed polymyxin
accumulation highest in the kidney and brain tissues, fol-
lowed by liver, muscle, and lung. It was also reported that
colistimethate appeared to increase the incidence of  C.
difficile colitis, renal dysfunction, and neuropathies pro-
portionately to the duration of  its use.76,77 However, colis-
timethate use against MDRO has surged due to a lack of
other systemic options. Branski et al. reported that, in
118 patients with life-threatening MDRO gram-negative
infections, colistimethate provided an important salvage
option for burn patients with otherwise incompletely
treated infections. They further found that hepato-, neuro-,
and nephrotoxicity were no different in matched patients
treated with or without colistimethate, indicating con-
cerns from 40 years ago might be unfounded with modern
critical care.71
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be responsible for sepsis leading to burn-related death.2,18 
Both local environments and gastrointestinal tracts (via 
translocation of  endogenous gastrointestinal flora) are 
believed to be the primary sources of  this bacterium. This 
species has a predilection for moist environments, and 
human burn wound exudates have been shown to stimu-
late the expression of  virulence factors of  P. aeruginosa, the 
pathogen chiefly responsible for nosocomial respiratory 
tract infections.96 Additionally it breeds invasive and trou-
blesome wound infections in burn patients. A superficial 
wound infection caused by P. aeruginosa typically will have 
a yellow-green color and noxious fruity smell.97 This may 
become an invasive infection, ecthyma gangrenosum, 
causing purplish-blue ‘ ‘punched-out’ ’ lesions in the skin, 
and, if  local thrombosis of  vessels is present, the wound 
requires immediate dif  local t to remove newly necrotic 
tissues (Fig. 11.8). Empiric treatment for P. aeruginosa infec-
tion has evolved from aminoglycosides to antipseudomonal 
β-lactams, such as piperacillin/tazobactam, cefepime, and 
carbapenems.98 The increasing prevalence of  MDRO P. aeru-
ginosa requires the expanding use of  antibiotics based on 
culture data, employment of  fifth-generation cephalospo-
rins, use of  synergistic antibiotic coverage, and use of  colis-
timethate, as discussed in the systemic antimicrobial 
section. This rapidly evolving and virulent pathogen is best 
eradicated by rapidly closing wounds to deny the bacterium 
access to any susceptible wound surface.

Acinetobacter spp. are gram-negative rods used commer-
cially to convert wine to vinegar and are native flora of  the 
respiratory tract, skin, gastrointestinal tract, and genitouri-
nary tract. This organism may lead to numerous opportu-
nistic infections, including pneumonia and infections of  the 
surgical site and urinary tract.99 Second only to P. aerugi-
nosa in prevalence, this pathogen has an enhanced capacity 
for transfer between patients due to its ability to survive in 
both dry and wet conditions and equally on animate and 
inanimate objects, whether metal or plastic, making noso-
comial transmission a major concern.100,101 Acinetobacter 
spp. have been isolated from diverse clinical sources, includ-
ing the upper and lower respiratory tracts, the urinary 
tract, and surgical and burn wounds, as well as in bactere-
mias secondary to intravenous catheterization. An agent of  
low virulence, it has a predilection for infecting patients 
with dysfunctional host defense mechanisms. Although 
traditionally susceptible to ceftazidime and ciprofloxacin, 
Acinetobacter has developed resistance to such an extent 
that only carbapenems (e.g., imipenem and meropenem) 
can now be relied on to treat these infections. In cases of  
MDRO Acinetobacter, colistin has become the rescue treat-
ment, as with Pseudomonas infections.71,102

Stenotrophomonas maltophilia (also known as P. malto-
philia or Xanthomonas maltophilia) is an aerobic gram-
negative bacillus responsible for nosocomial infections in 
immunocompromised patients.103 Increasingly reported in 
burn patients, this pathogen causes life-threatening infec-
tions which are very difficult to clear due to the particularly 
obturant biofilm Stenotrophomonas produces.104 Addition-
ally S. maltophilia is inherently resistant to a variety of  
antimicrobial agents, such as aminoglycosides, β-lactam 
agents, and carbapenems. The most common types of  infec-
tions caused by S. maltophilia are wound and bacteremia; 
pneumonia and generalized infections associated with this 

Specific Pathogens in
Burn Wounds

Staphylococcus aureus, gram-positive cocci in clusters,
remains the chief  cause of  burn wound infection and is a
well-documented opportunistic pathogen in humans.18,88

Colonization with these bacteria in an uninjured individual
is usually asymptomatic, but they are a source of  opportu-
nistic infection that can lead to severe illness and death,
especially in burn patients.89 Staphylococcus produces viru-
lence factors, such as proteinases, coagulases, and hyal-
uronidases, that enable it to invade local tissues and
disseminate hematogenously, causing generalized systemic
infection and sepsis.90 The most common infections of
Staphylococcus spp. are septicemia, cellulitis, impetigo,
scalded skin syndrome, and postoperative wound infec-
tions. However, puerperal sepsis, pneumonia, osteomyelitis,
endocarditis, and burn wound infection are the most grave.
Exotoxins, which are produced by pathogenic strains of
staphylococci, include a pyrogenic toxin, a dermonecrotiz-
ing toxin, and leukocidin. In addition to the exotoxin
TSST-1, these organisms can produce enterotoxins A, B,
and C, risk factors for TSS in susceptible patients.91 Staphy-
lococcus spp. generally produce penicillinases that make
natural penicillins ineffective and thus require treatment
with penicillinase-resistant penicillins, such as oxacillin.
MRSA is now the predominant isolate, with rates of  infec-
tion greater than 50% in burn units.92,93 Empiric coverage
should be vancomycin for intravenous therapy or Bactrim
and rifampin orally, as detailed earlier, based on the local
antibiogram and patient cultures.

Streptococci were once the leading cause of  burn wound
infection but are now less prevalent. Arranged in chains,
these gram-positive cocci are particularly virulent when
infecting a burn wound and quantitatively do not require
less than 105 CFU/g tissue to prevent wound closure. A
mere few β-hemolytic streptococci can cause wound infec-
tion, failure of  a primary closure, and loss of  a skin graft.9

The major infecting species are Streptococcus pyogenes (also
referred to as group A streptococci and the most problem-
atic) and S. agalactiae (group B streptococci).94 Natural
penicillins, such as penicillin G and penicillin V, and first-
generation cephalosporins are bactericidal to these species.
While resistance to these penicillins or cephalosporins has
not yet emerged, culture and antibiotic sensitivity data
should be followed.

Enterococci are important inciters of  gram-positive burn
wound infection. Encouragingly a recent review comparing
sepsis mortality between consecutive decades (1989–1999
and 1999–2009) found a steep decline in the rate of  infec-
tion with enterococci (25% to 2%, respectively), perhaps
stemming from the more liberal use of  vancomycin of  recent
years.2 However, with the increasing prevalence of
vancomycin-resistant enterococci, VRE mortality rates are
now greater than those of  MRSA (58% and 33%, respec-
tively).95 While most Enterococcus spp. respond to vancomy-
cin, VRE is treated with linezolid, a combination of  ampicillin
and aminoglycosides, or quinupristin/dalfopristin (Synercid).
De-escalation is advised as soon as indicated by culture data.

Pseudomonas is not just the most ubiquitous gram-
negative burn wound pathogen, but also the most likely to
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to a larger array of  MDRO and PDRO.108 Carbapenem-
resistant Enterobacteriaceae (CRE) are increasing in inci-
dence and in many cases require treatment with colistin.

Anaerobic bacteria, such as Bacteroides spp. and Fusobac-
terium spp., are rarely a cause of  invasive burn infection. 
These bacteria are normal flora from the oropharyngeal 
cavity to the gastrointestinal tracts. Anaerobic flora are 
responsible for 2%–5% of  surgical wound infections in the 
oropharyngeal area109,110 and 10%–15% of  wound infec-
tions in the gastrointestinal and urogenital tracts.111 In 
burn patients, anaerobic infections are usually associated 
with avascular myonecrosis secondary to electrical injuries, 

pathogen are less common.105,106 Infections are sensitive to 
trimethoprim-sulfamethoxazole alone or used with levoflox-
acin, and sensitivities should be monitored. Aggressive sur-
gical dulfamethox and assiduous washing technique with 
soap and water are vital to combat the resultant biofilm.

Enterobacteriaceae, such as Escherichia coli, Klebsiella spp., 
Enterobacter spp., Serratia marcescens, and Proteus spp., are 
often revealed as the cause of  burn wound infections and 
other nosocomial infections in burn patients.107 Although 
these pathogens have greater sensitivity to antibiotics than 
other gram-negative bacteria, emerging resistance patterns 
to carbapenems and fourth-generation cephalosporins led 
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Fig. 11.8 Ecthyma gangrenosa. A tissue-invasive burn wound infection here seen in a 7-year-old girl transferred to our hospital after a 6-week treat-
ment at another hospital. Note the (A) extensive greenish and slime-coated wound consistent with an invasive wound infection. The patient died 
subsequently from an overwhelming hematogenously spread pneumonia. (B) The vessel wall at 40× magnification micrograph shows a clear bacterial 
infiltration. (C) A typical purplish ecthyma gangrenosa lesion in a 35-year-old man. (C courtesy of Omar P. Sangüeza, MD; Professor and Director of Der-
matopathology, Wake Forest University School of Medicine, North Carolina.)
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blood cultures from ICU patients; however, invasive infec-
tion with molds such as Aspergillus is correlated more closely 
with death.121 Candidemia warrants retinal examination 
for retinal plaques, as further discussed in Chapter 43 on 
burn injuries of  the eye (Fig. 11.11)

Most patients infected with molds are exposed to spores 
in the environment at the time of  injury, from either rolling 
on the ground or extinguishing flames in contaminated 
surface water. Other environmental foci have been cited as 
the source of  nosocomial mold infection, including bandag-
ing supplies left open to the air, heating and air-conditioning 
ducts, and floor drains.110,115 Once colonized, hyphae extend 
into subcutaneous tissue, stimulating an inflammatory 
response. This phenomenon is diagnostic of  mold wound 
infection. Vascular invasion and systemic dissemination are 
common and often accompanied by thrombosis and avas-
cular necrosis, clinically observed as rapidly advancing dark 
discolorations of  the wound margins or well-described 
lesions120 (Fig. 11.10). Treatments for yeasts and molds 
vary greatly due to the vastly different pathogenicities of  
these organisms. Yeasts found in burn wounds are more 
often associated with colonization and do not represent 
infection. Treatment is usually considered when the same 
yeast is identified at multiple sites, and topical treatment is 
applied liberally; if  invasive infection is considered systemic, 
antifungals are administered. In contrast, the identification 
of  mold in a burn wound is a very serious condition. Often 
invasive, infection with mold requires radical débridement 
including amputation and high-dose topical and systemic 
antifungals, such as 6,000,000 U/g nystatin powder.64 
Hyphae invading live tissues and blood vessels should be 
considered a surgical emergency and treated aggressively. It 
is essential to work closely with a pathologist to make rapid 
diagnosis of  invasive mold and ensure complete surgical 
resection at the margin, as one would resect a malignant 
cancer.

Viral infections, particularly Herpesviridae, have become 
more significant causes of  morbidity. Prospective and retro-
spective assays of  sera have documented a large incidence 
of  subclinical viral infections. In one of  the first large retro-
spective studies from the 1980s, Linnemann et al. found a 
fourfold increase in anti-cytomegalovirus (CMV) antibodies 
in 22% of  patients, increased herpes simplex virus (HSV) in 
8%, and a rise in varicella-zoster (VZV) titers in 5%.122 The 
study continued in a prospective manner, with 33% of  the 
children developing CMV infection, 25% developing her-
petic infection, and 17% developing adenovirus infection.122 
The most common cause of  viral infection is reactivation of  
latent infection due to the debilitated, immunosuppressed 
state of  the patient after a substantial injury. Herpes viruses, 
especially HSV and VZV, have by far the greatest occur-
rence, but CMV is not unusual.

CMV infection frequently occurs concurrently with bac-
terial and fungal infections but rarely alters the patient’s 
clinical course. Kealey and coworkers showed that, in addi-
tion to blood transfusions, cadaver skin is a principal source 
of  CMV infections in burn patients.123 Overall seropreva-
lence in burn patients ranges between 37% and 73%.124,125 
Gong and coworkers studied the reactivation rate and 
found 108 of  180 patients to be positive at admission.126 
Linnemann and colleagues determined that primary infec-
tion or reactivation of  CMV was reported with an overall 

frostbite, or cutaneous flame burns with concomitant 
crush-type injuries.112 With the advent of  early excision and 
grafting, the incidence of  anaerobic infections in thermal 
injury has been reduced significantly. If  anaerobic infection 
is suspected, it is vital that collected specimens be placed in 
appropriate transport tubes void of  oxygen. In these cases, 
broad-spectrum antibiotics covering anaerobes should be 
given until sensitivities are available to ensure the adminis-
tration of  the appropriate drug.113,114

Fungal wound infection and colonization have become 
increasingly prevalent following the introduction of  topical 
antibacterials and liberal use of  broad-spectrum antibiot-
ics.115 This has resulted in a surge in invasive fungal infec-
tion linked to higher death rates, regardless of  the extent of  
the burn, coincident inhalation injury, or patient age.116 In 
a recent review of  15 burn units, fungi were isolated at least 
once from 6.3% (435/6,918) of  patients,117 with positive 
cultures being most commonly obtained from the wound 
itself  followed by (in order of  decreasing frequency) respira-
tory, urine, and blood specimens.118 Yeasts are identified 
primarily on the basis of  specific biochemical tests, but both 
macroscopic and microscopic morphologies are also used to 
make final identification (Fig. 11.9). Mold identification is 
based on growth rate, colony structure, microscopic/
microscopic appearance, dimorphism at different incuba-
tion temperatures, and inhibition of  growth by cyclohexi-
mide, as well as various biochemical tests (Fig. 11.10).119

Early diagnosis of  fungal infection can be difficult because 
clinical symptoms frequently mimic low-grade bacterial 
infections. Routine culture techniques may require 7–14 
days to identify fungal contaminants, delaying initiation of  
treatment.118 In contrast to bacterial sepsis, venous blood 
cultures might not reflect the causative fungal organism.120 
For this reason, arterial blood cultures and retinal examina-
tion for characteristic candidal lesions can be useful. Candida 
spp. are the most common fungal colonizers of  the burn 
wound, although fungi like Aspergillus spp., Penicillium spp., 
Rhizopus spp., Mucor spp., Rhizomucor spp., Fusarium spp., 
and Curvularia spp. can also be present, and they have a 
vastly greater invasive potential than yeasts.110,115 Candida 
albicans is the fourth most frequently identified pathogen in 

Fig. 11.9 Candida Infection in a healing second-degree burn wound.
Pain and itch is usually present in this kind of infection. Treatment with
silver sulfadiazine mixed with Mycostatin was effective in controlling
Candida in this patient.
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Fig. 11.10 Diagnosis of invasive mold infection. Invasive mold infection carries a significant increase in morbidity and mortality. Physical examination 
reveals (A) a left forearm and hand wound with macroscopical fungal growth (a white, fluffy appearance) and necrotic borders before repeated surgical 
débridement. Diagnosis on histological examination is critical to guide both surgical treatment as well as selection of antifungal therapy. Below are 
40× magnification micrographs of (B) Aspergillus, (C) Mucor, and (D) Fusarium findings. (B, C, D courtesy of Omar P. Sangüeza, MD; Professor and Director 
of Dermatopathology, Wake Forest University School of Medicine, North Carolina.)
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CMV infection incidence was reported at 1 : 280 and 1 : 870 
in German and U.S. burn centers, respectively. When testing, 
70% of  German and 19% of  U.S. burn centers used serol-
ogy, 52% German and 25% U.S. centers used body fluid 
viral isolation, and 43% German and 6% U.S. centers used 
leukocyte CMV-DNA analysis. Two-thirds of  the German 
and half  of  the U.S. centers distinguished infection from 
disease. A total of  43% German and 19% U.S. centers would 
subsequently treat the established disease; however, no dif-
ferences were observed in mortality.136 CMV infection is an 
undesirable outcome and should always be considered in 
cases of  unexpected fever and hepatitis, especially in burned 
children.122

Treatment of  CMV infection is commonly initiated with 
intravenous acyclovir or its longer-acting oral prodrug 
valacyclovir, despite both demonstrating only moderate 
anti-CMV activity. This is because they are inexpensive and 
readily available in most hospitals. Less obtainable intra-
venous ganciclovir, a medication designed for CMV, is the 
agent of  choice for treatment of  patients with symptoms 
of  significant CMV infection.137 Valganciclovir, the longer 
acting oral prodrug of  ganciclovir, has similar efficacy to 
intravenous ganciclovir but does not require a chemother-
apy hood for preparation by the pharmacy. Thus valgan-
ciclovir has emerged as the drug of  choice whenever oral 
therapy is possible.138–140 Prophylactic therapy against CMV 
is not recommended in burned patients.

Viral infections arising in healing burn wounds are 
often attributed to HSV, particularly on the face and geni-
tals. These infections most commonly manifest as vesicles 
in healing partial-thickness burns or split-thickness donor 
sites (Fig. 11.12). Partial-thickness burns and donor sites 
infected with herpes may convert to full-thickness inju-
ries requiring skin grafting for ultimate closure. Skin graft 
donor sites can convert to full-thickness injury, also requir-
ing grafting to close.8 In the immunocompromised burn 
patient, the infection usually starts with the formation of  
vesicles at the edge of  the wound, with these vesicles then 
coalescing into a confluent raw area. A near-total loss of  
epidermal coverage can occur (Fig. 11.13). Other epithe-
lial surfaces, such as oral or intestinal mucosa, can also 
be involved, potentially causing erosion and perforation. 

frequency of  33%.122 In this study, prospective analyses 
“directly correlated CMV infection with more severe burns, 
more skin grafts, and subsequent higher numbers of  blood 
transfusions.” In contrast Rennekapff  and coworkers found 
in 2007 a seroconversion rate between 18% and 22% for 
burn patients seronegative for CMV prior to burn injury.127 
CMV inclusions may be identified in the cells of  multiple 
organs but have not been reported in the burn wound.128 
Immunocompromised patients have a higher frequency of  
CMV infection, resulting in a broad range of  adverse condi-
tions from febrile illness to systemic infections with organ 
involvement.129 CMV infection has also been associated 
with unexplained fever and lymphocytosis, as seen by a 
concomitant rise in specific antibodies.122,128 Systemic CMV 
disease is an unusual occurrence; the majority of  patients 
who demonstrate increased CMV-specific antibody sustain 
more limited CMV infections. The absence of  reports of  
severely burned patients with increased CMV antibodies 
suggests that most of  these infections are subtle and have 
been overlooked by past studies. Nevertheless a higher 
number of  CMV copies per milliliter of  blood is associated 
with a higher rate of  major infections, more ventilator days, 
and longer hospitalizations.130,131

Generalized, nonhealing burn wounds have been associ-
ated with CMV-related pathological changes in endothe-
lial and periendothelial cells.124 Inclusion bodies consistent 
with CMV infection, as well as CMV antigens, have been 
detected by immunohistochemical staining of  a skin biopsy 
from a transplanted cadaver allograft (from a CMV-positive 
donor) on a severely burned adult male; however, the 
relationship of  the CMV infection to necrosis, inflamma-
tion, and increased vascularity evident in infected skin is 
unknown.132 Severe burn injury has been shown to predis-
pose experimental animals to murine CMV infection, which 
is associated with greater susceptibility to sepsis.133,134

Tennenhaus and colleagues surveyed and evaluated U.S. 
and German burn centers for awareness, perception, diag-
nosis, and treatment of  CMV in patients with burn injury.135 

Fig. 11.11 Candidal retinopathy. Yeasts are an increasingly common 
infectious agent in burn patients. Funduscopic examination is critical 
to diagnose candidal retinal implants and determine the length and 
success of antifungal treatment. The picture reveals the typical multi-
ple creamy white intra retinal lesions with hemorrhage. 

Fig. 11.12 Herpetic wound infection. Herpes simplex virus type I infec-
tion in a patient with 35% partial-thickness and full-thickness burns. 
Extreme pain and itching are typical of this infection. 
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cultures, PCR has thus become the standard in our burn 
center.

Increased mortality, extensive visceral involvement, and 
necrotizing tracheobronchitis have become associated with 
herpetic infections post-burn in recent years. Fidler and 
colleagues performed a retrospective study characterizing 
the incidence, presentation, and outcome of  14 patients 
with facial herpes rashes out of  95 severely burned intu-
bated adults. Rashes attributed to herpetic infections were 
found to be present in at least 15% of  patients, but no dif-
ference in mortality or length of  stay between patients 
with or without the infection was detected.143 Necrotizing 
hepatic and adrenal lesions may lead to multisystem organ 
failure. Mortality in patients with disseminated infection is 

The clinical manifestations of  lesions may be preceded 
by unexplained fever unresponsive to routine antibiotic  
coverage.141

Tzanck smears, viral cultures, and polymerase chain 
reaction (PCR) are the methods of  choice to diagnose her-
petic infections. Tzanck smears are a rapid, inexpensive, and 
minimally invasive tool used to detect infections by cytology 
over the course of  the past last century (Fig. 11.14). While 
they lack the diagnostic precision necessary to discriminate 
between different types of  Herpesviridae or even primary 
versus recurrent infections, they can reveal active infec-
tions that warrant treatment.142 Viral cultures are effec-
tive means of  diagnosis, but they take several days and are 
expensive. More sensitive than smears and quicker than 

D

C

BA

Fig. 11.13 Fulminant herpetic infection. A 13-month-old girl with 80% TBSA scald burn who developed a fulminant herpes simplex II infection 2 weeks 
after admission. (A) Ten days post-burn, prior to clinical manifestation of infection. (B) Post-burn day 18. Full manifestation of herpetic lesions that 
affect the entire body surface area and convert previously healed areas into open wounds. (C) The left arm, which was used twice as a donor site for 
split-thickness skin graft (days 4 and 11) prior to herpetic infection. The image is from day 17, with initial manifestation of herpetic infection with red 
macules. (D) Day 18 post burn; 30 hours later, conversion to confluent defects with near total loss of epidermis. 
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Fig. 11.14 Tzanck smear. This cytology can be performed rapidly as a 
touch prep or as a scraping smear of a suspicious lesion. The Tzanck 
smear should be performed on a fresh blister. Once identified: 1. Gently 
deroof the lesion with a scalpel. 2. Scrape the base of the lesion. 3. 
Smear the tissue onto a clean microscope slide. 4. Allow it to dry in the 
air. 5. Fix the specimen with preservatives. 6. Stain the slide and analyze 
it under microscope. Pathognomonic multinucleated giant cells are 
diagnostic of a herpetic infection. While not determinant of the type 
of herpes simplex virus, a test can be performed in minutes inexpen-
sively, and a positive result indicates treatment. 

approximately twice that expected for patients of  similar 
age and burn size.

Split-thickness grafts provide adequate coverage of  previ-
ously infected herpetic wounds,144 but the coverage is fre-
quently associated with secondary graft loss and the need 
for reoperation and patch grafting. Furthermore skin graft 
donor sites can convert to full-thickness injuries due to 
active herpetic infection. As such, skin donor sites should 
not be harvested for grafting for 10–14 days following 
infection resolution.145 In burn patients with active her-
petic infection, intravenous acyclovir or valacyclovir should 
be administered systemically for no less than 10 days and 
often longer.146 Recent studies indicate that valacyclovir has 
greater bioavailability and steadier plasma concentration 
than acyclovir. While the best treatment remains controver-
sial, both are acceptable for herpetic infection.147

VZV infection (chickenpox) is prevalent among school-
aged children and rapidly spreads through inhalation of  the 
virus. While rare in burned patients, VZV infections can be 
life-threatening in immunocompromised hosts, and small 
epidemics have occurred within pediatric burn units.144 In 
the nonimmunized pediatric population, acute VZV infec-
tion directly correlates with morbidity and mortality.148 
Characteristic fluid-filled lesions appear in healed or healing 
partial-thickness burns, as well as in uninjured epithelium 
and mucous membranes. Owing to the fragility of  newly 
healed or healing skin, the vesicles are much more destruc-
tive in injured than uninjured skin and may present as hem-
orrhagic, oozing pockmarks prone to secondary infection 
and subsequent scarring. Neovascularized skin grafts may 
be lost, and further grafting procedures should be delayed 
until the lesions are quiescent. Antiviral treatment with 
acyclovir is indicated in case of  infection and, as suggested 
by Sheridan and colleagues, should be given prophylacti-
cally to nonimmunized pediatric patients.148 The thera-
peutic effect of  antiviral agents administered post-burn 

remains to be fully elucidated, as recently elaborated by 
Wurzer and Lee.149

Infections From Sources Other 
Than Wounds in the Burn Patient

Pneumonia is a leading cause of  morbidity and mortality 
in burn patients.1 Inciting infectious organisms can enter 
the lung either through direct contamination of  the airway 
or hematogenously. Mechanical ventilation increases the 
risk of  pneumonia; patients should be extubated as soon 
as clinically possible to prevent ventilator-assisted pneu-
monia (VAP), as discussed in Chapter 32 on critical care. 
Inhalation injury further increases the risk of  VAP. Carry-
ing a worse prognosis than pneumonias originating in the 
airways, the hematogenous etiology of  pneumonia presents 
later in the hospital course and is often bilateral. Etiological 
organisms typically match those colonizing or infecting the 
burn wounds. Centers for Disease Control clinical diagnos-
tic criteria of  pneumonia are as follows: (1) chest X-ray 
revealing a new and persistent infiltrate, consolidation, or 
capitation3,95 (Fig. 11.15); (2) sepsis (as defined for burn 
patients); and (3) a change or purulence in expectorated 
or aspirated sputum. If  two of  these criteria are found, a 
clinical diagnosis of  pneumonia is then made, and, prior to 
the start of  antimicrobial treatments, specimens should be 
collected for microbial analysis.

Tracheal aspirate, bronchoalveolar lavage (BAL), or pro-
tected bronchial brush (PBB) is performed to obtain a speci-
men. In burn patients, the possibility exists to use surface 
quantitative wound cultures (QWC) to predict pathogens 
found in VAP. Ramzy et al. investigated the relationship 
between burn wound flora and microbial pathogens in the 
tracheobronchial tree and found a 48% match. However, 
when strict quantitative criteria were applied, the match 

Fig. 11.15 Left lower pneumonia. Burn patient with typical radio-
graphic picture of lobar pneumonia. The diagnosis of pneumonia in 
patients with inhalation injury and respiratory distress syndrome is still 
arduous. 
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Cultures should be performed of  both the blood and cathe-
ters for evaluation as potential causes of  sepsis. When there 
is concern of  sepsis, dogmatic culturing of  removed vascu-
lar access devices and blood is crucial to proper burn criti-
cal care. Rates of  catheter-associated infection and septic 
thrombophlebitis in burn patients are as high as 57%.153–155 
One of  the following two criteria must be met to diagnose 
a bloodstream infection: (1) the patient has two or more 
positive blood cultures for a known pathogen or one positive 
blood culture in the presence of  sepsis, or (2) the patient has 
a common skin contaminant cultured from two or more 
blood cultures on separate occasions, as well as sepsis.3 The 
bloodstream infection is considered primary if  the same 
organism has not been cultured at another site. If  the same 
organism is cultured at an alternate location, the blood-
stream infection is considered secondary. A catheter-related 
bloodstream infection is present if  a patient has sepsis and 
no other source of  infection and if  the signs of  sepsis resolve 
within 24 hours of  catheter removal. Unfortunately these 
administrative definitions do not often comport with the 
patient’s clinical course and, generally, CLABSI is overdi-
agnosed. However, it is imperative to place the concerns of  
proper patient care and diagnosis exemplified by potential 
source control, early empiric antibiotics, and liberal use of  
cultures above inaccurate administrative definitions that 
fail to improve patient health.

Franchesi and coworkers156 reported a 50% correspon-
dence between the organisms cultured from the tip and 
connectors of  the catheter within 2 days of  placement. 
Furthermore, they found that a negative correlation existed 
between the frequency of  catheter infection and the dis-
tance separating the point of  catheter insertion from the 
burn wound. These data support the hypothesis that cath-
eter infections arise primarily from burn wound contami-
nation migrating to the catheter tip. Serious complications 
can often be avoided by following strict aseptic techniques. 
General guidelines for protecting against catheter-related 
infections are157: training health care staff  on the correct 
procedures for inserting and maintaining catheters, includ-
ing indications and suitable infection control practices; use 
of  a mask, hat, gown, sterile gloves, and drapes during place-
ment of  CVCs; use of  2% chlorhexidine to prevent infection; 
and avoiding routine CVC changes. In the event that infec-
tion continues despite adhering to the guidelines, use short-
term CVCs coated with an antibiotic, antiseptic, or both.

Suppurative thrombophlebitis should be suspected 
in patients with persistent positive blood cultures in the 
absence of  signs of  local infection. Often suppuration can 
occur subsequent to catheter removal, so cultures at the 
time of  removal may be unreliable predictors of  infection. 
Gross clinical signs of  suppurative thrombophlebitis are fre-
quently not present.158 Upon confirmation of  the diagnosis, 
immediate operative excision is essential to prevent progres-
sive sepsis. Entire excision of  a vein to the port of  entry into 
the central circulation may be necessary because phlebi-
tis tends to migrate to vein valves, leaving an apparently 
normal vein between infected foci. The subcutaneous tissue 
and skin should be packed open where a grossly purulent 
vein is removed and allowed to granulate and close by sec-
ondary intention (Fig. 11.16).

Gastrointestinal infections can limit clinical examina-
tion, thereby complicating burn care. Like all patients, 

rate fell to 14%. Burn size and inhalation injury had no
significant effect on match rate.150 The difference between
qualitative and quantitative match rates suggests cross-
colonization between the burn wound and tracheobron-
chial tree but little to no cross-infection. Thus both QWC
and BLF cultures must be performed when determining
antimicrobial specificity in the burned patient. However,
wound cultures can be helpful in guiding empiric treatment
for VAP and should be covered until BAL or PBB samples
allow for culture-directed therapy.

BAL and PBB are recommended over tracheal aspirate for
definitive diagnosis and treatment of  VAP.151 Positive micro-
biological results are tracheal aspirate showing 105 or more
colony-forming units (CFU); BAL, 104 or more organisms;
and PBB, 103 or more organisms. The data subsequently
modify the clinical diagnosis in one of  three ways:

■ If  a pathogen is isolated in sufficient quantities, then
the clinical diagnosis is confirmed.

■ If  the clinical diagnosis was strong but the microbio-
logic data fail to confirm, then the diagnosis is probable.

■ With low or moderate clinical suspicion, but with the
presence of  a positive specimen, the pneumonia diag-
nosis is possible.

In many quality assurance programs, a clinical diagnosis
cannot be vacated by a lack of  confirmation by the micro-
biology report, often resulting in inappropriately diagnosed
and treated VAP.3 In a 2005 study, Wahl and colleagues
reported that negative BAL results (<104 CFU) reduced the
clinical VAP diagnosis rate by 21%. Negative BAL results
prompted the discontinuation of  antibiotics administered
based on clinical suspicion of  VAP. In this study, none of  the
patients whose antibiotics were discontinued had antibiot-
ics restarted based on clinical grounds.152

Regardless the tenets of  pneumonia treatment remain
consistent with standard critical care. Broad-spectrum anti-
biotics are instituted empirically to cover all likely etiologic
agents. Utilization of  ventilator support allows the patient
to oxygenate and ventilate. Clinical diagnosis is made and
confirmed with tracheal or bronchial cultures. Antibiotics
are changed to treat the identified etiologic pathogen and
discontinued after a finite course or when cultures are nega-
tive and the clinical condition resolved.67

Bloodstream infections in burn patients develop from
a myriad of  sources: burn wounds, urinary tract infec-
tions, pneumonias, translocation from the gut, or from the
intravenous and intra-arterial lines essential to their care.
Treatment of  bloodstream infections is the same as for all
infections: source control by removal of  possible etiological
causes, early institution of  broad-spectrum antibiotics cov-
ering likely organisms, cultures of  the blood and potential
sources to make a definitive diagnosis, tailoring antimicro-
bials to the cultures, and discontinuation of  the antibiotics
following the course of  treatment.67 In most major burn
patients, vascular access devices are requisite for treat-
ment. Many central venous catheters (CVCs) must be placed
through burned tissue or cannot have standard dressings
applied due to poor skin quality or wound therapy. These
limitations are known to increase central line–associated
bloodstream infection (CLABSI) risk but are required for
care. If  burn patients demonstrate symptoms of  SIRS or
sepsis, their catheters should be removed or changed.
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Fungi can lead to urinary tract infections in burn patients. 
These organisms are often introduced via the prolonged or 
unnecessary use of  urinary catheters. This underlines, once 
again, the importance of  infection prevention following the 
guidelines repeated earlier (e.g., aseptic techniques, cath-
eter care, routine urine monitoring, and early removal). In 
some burn patients, especially those with genital burns or 
protracted shock, a prolonged catheterization may be well 
indicated, balancing the elevated risk of  infection against 
the care benefit. If  infection develops, patients should have 
their catheters removed or changed, urine cultured, appro-
priate empiric antibiotics administered, and then culture-
directed antimicrobials utilized. In cases of  highly resistant 
pathogens, urinary catheters may need to be discontinued, 
with the patient only intermittently catheterized.163

Chondritis typically occurs in full-thickness injuries to 
the ear resulting in infection of  the auricular cartilage. 
The auricles have a comparatively low blood supply, and 
chondritis frequently follows tissue ischemia. Chondritis 
usually presents 3–5 weeks after thermal injury but may 
be seen earlier and may develop following partial-thickness 
injuries. Mafenide acetate cream has become the topical 
agent of  choice for burned cartilaginous surfaces like the 
ear because it coats and adheres to the irregular surfaces 
well while deeply penetrating the wound and saturating 
the cartilage to prophylactically guard it against infection. 
With its use, the incidence of  suppurative chondritis has 
significantly decreased164 (Fig. 11.17). Chondritis presents 
with dull pain and a warm, red, tender, and edematous 
ear. Appropriate antibiotics should be immediately admin-
istered, and, if  there is an identifiable site, the abscess 
immediately excised and drained, with culture and sensi-
tivity obtained. Should induration and tenderness persist, 
a more extensive débridement is imperative. Generally the 
helix is bivalved at the posterior helical margin and all 
necrotic cartilage débrided. Difficulty may arise in distin-
guishing between viable and necrotic tissue, and normal 
cartilage is frequently sacrificed to ensure débridement. 
However, infected cartilage is usually soft, whereas normal 
cartilage will feel granular on curettage. If  appropriate and 
sufficient excision of  the necrotic tissue is not performed, 
the auricle can auto-amputate and suppurative chondritis 
can invade the mastoid bone, potentiating the formation of  
intracranial abscesses.165

Ophthalmic infections occur from injuries suffered in the 
initial trauma, from corneal exposure due to poor lid func-
tion due to edema or facial burns, herpetic reactivation, 
or hematogenous spread of  infection. Corneal injury can 
lead to bacterial infection with subsequent corneal perfo-
ration and loss of  the eye. The cornerstone of  treatment 
is prevention through treatment of  abrasions with topical 
antimicrobial agents, early eyelid release, and vigilance in 
protecting against risk of  exposure trauma.166 In incapaci-
tated patients, the entire burn team must be vigilant and 
monitor the eye for injuries and infection. This topic is dis-
cussed in depth in Chapter 43 on burn injuries of  the eye.

Suppurative sinusitis is an uncommon infection but can 
cause ICU sepsis. In patients with no identifiable source of  
sepsis, diagnosis can be made based on X-rays or CT scans. 
Therapy with broad-spectrum antibiotics and promotion of  
drainage should be initiated immediately. Surgical drainage 
of  the involved sinuses may be necessary if  the infection is 

those burned can develop conditions such as appendici-
tis, intussusception, ileus, and bowel obstruction. Ascetic 
fluid or peritoneal dialysis fluid can also become infected. 
Larger burns are associated with episodes of  hypoperfusion, 
leading to sloughing of  intestinal mucosa. Heme-positive 
mucoid, watery stools, abdominal distension, and dimin-
ished bowel sounds often characterize this condition. Diar-
rhea is a common issue, and osmotic causes from feeds 
should be excluded by testing for reducing substances. C. 
difficile is a well-known entity in critically ill patients, espe-
cially those with a history of  antibiotic use and in immuno-
compromised patients. Current guidelines for the treatment 
of  the first episode of  C. difficile include oral or intravenous 
metronidazole, oral or rectal vancomycin, and fidaxomi-
cin.159 Possible complications due to C. difficile infections 
can be pseudomembranous colitis with the potential to 
progress to fulminant toxic colitis and bowel perforation. 
Should any of  these develop, subtotal or total abdominal 
colectomy with an ileostomy may be required.160 A loop ile-
ostomy with colonic lavage using postoperative vancomycin 
colonic flushes via the ileostomy is an alternative surgical 
approach with perhaps lower morbidity and mortality.161

Necrotizing enterocolitis can occur in patients severely 
granulocytopenic from any cause, including burn. Splenic 
enlargement and tenderness are often present, along with 
high fever. Chest X-ray may reveal an elevated left hemi-
diaphragm, basilar pulmonary infiltrates, atelectasis, or a 
left pleural effusion, while abdominal X-rays can demon-
strate a shift of  the colon and stomach down and to the 
right, extraintestinal or bowel wall gas, or air–fluid levels 
in the upper left quadrant. Ultrasonography and computed 
tomography (CT) are the preferred diagnostic techniques 
for the determination of  suspected splenic abscess and nec-
rotizing enterocolitis. As with all infections, initial antibiotic 
therapy should have a broad spectrum of  activity. A combi-
nation of  antibiotics with activity against both aerobic and 
anaerobic gram-negative bacilli would be most appropriate. 
Free air or suspected necrotic bowel due to an unresolving 
lactic acidosis are indications for a laparotomy.162

Genitourinary infections occur from indwelling urinary 
catheters or hematogenous dissemination of  bacteria. 

Fig. 11.16 Suppurative thrombophlebitis. Infection was noted along 
the length of vein. Proper treatment is total excision of the vein from 
the site of infection to the point of entry into central circulation. 
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adult population. In the United States, the incidence is much 
lower, but since people with HIV do get burned, care of  this 
disease in the burn unit is worth consideration. HIV seems 
to have an additive effect on the immunosuppression of  the 
burn, as reflected in the CD4/CD8 cell counts. In a 2003 
prospective study from Zimbabwe, Mzezewa and colleagues 
found that graft survival after split-thickness skin grafting 
of  burn wounds in HIV-infected patients was impaired and 
hospital stay was prolonged, with significant alterations in 
the levels of  pro- and antiinflammatory cytokines.169 The 
authors concluded that HIV infection results in immune 
dysregulation, which might be related to impaired skin graft 
survival. Recent data have emerged describing a substantial 
burden of  sepsis in the infected population receiving highly 
active antiretroviral therapy, in addition to a much poorer 
prognosis in this group compared with the uninfected pop-
ulation. Although there is a lack of  literature regarding 
the implications of  antiretroviral medications on burned 
patients and the effect on wound healing and graft take, 
using antiretroviral therapy to reduce septic incidences 
should be considered.170

Conclusion

Treatment of  infection in the burn patient follows the same 
algorithm dominating treatment of  all infections in every 
critically ill patient: (1) early source control, (2) culture 
identification of  infecting microbes, (3) early institution of  
empiric antimicrobials with subsequent transition to 
culture-directed antibiotics when sensitivities are ascer-
tained, and (4) discontinuation of  antimicrobials following 
the administration of  a sufficient course or when the 
wounds are closed. The considerations specific to burn care 
are (1) source control is determined by excising the burn 
wound and covering it with skin graft, (2) aggressive use of  
quantitative wound cultures guides antimicrobial selection, 
and (3) careful and frequent evaluation to diagnose sepsis 
and treatment with empiric antibiotics when indicated.

unresponsive to the antibiotics. In the ICU, transnasal intu-
bation and the use of  nasogastric or nasoduodenal tubes for 
enteral feeding are considered risk factors. However, in 25 
years of  routine nasotracheal intubations and routine pro-
longed nasojejunal and nasogastric tube placements, we 
have not encountered a single case of  suppurative sinusitis 
in Galveston. Oral intubation and nasogastric feeding may 
be employed as temporary measures, but if  sinusitis becomes 
complicated and prolonged treatment is necessary, then a 
tracheostomy and/or orogastric feeding is indicated.

Folliculitis is an infection commonly occurring on the 
scalp, male face, and scalp skin graft donor sites. As in the 
case of  impetigo, cultures commonly reveal S. aureus, partic-
ularly MRSA (Fig. 11.18). Treatment consists of  twice-daily 
cleansing with soap and water, unroofing any abscesses, 
and twice-daily application of  mupirocin. Shaving the hair 
is helpful both prophylactically and for treatment. Keratin-
ocytes in the viable hair shafts allow rapid reepithelial-
ization once bacterial counts are brought under control. 
Excision and grafting is rarely required.

Tetanus is a rare complication of  burn wounds in the 
developed world. Routine prophylaxis at admission with 
0.5 mL tetanus toxoid is given, if  it has not been admin-
istered in the previous 3 years.167,168 In addition, if  the 
patient’s last booster was more than 10 years prior, 250 U 
of  tetanus antitoxin is also administered. Should Clostrid-
ium tetani, an anaerobic gut flora of  ruminants, colonize 
or infect a burn wound in an unvaccinated individual, 
the resulting intoxication can lead to a horrific and easily 
avoided mortality.

HIV infection is endemic in areas such as sub-Saharan 
Africa; some countries have rates of  35%–39% in the total 

Fig. 11.17 Left ear with suppurative chondritis. Chondritis seen 3 
weeks after flame burn to the left ear. Note the erythema and drainage 
from the helical rim. 

Fig. 11.18 Chronic folliculitis of the scalp. Hairs from hair-bearing areas 
are embedded in the granulation tissue of converted second-degree 
burns and donor sites, and microorganisms are entrapped, prolonging 
the healing process. Shaving of the affected area, topical treatment 
with mupirocin, and cleansing with soap and water typically resolve 
this problem in several days to a week. 
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tailoring of  antimicrobials to the patient’s infecting micro-
biota, thereby reducing toxicity from superfluous antibiot-
ics. All vascular access devices removed from a burn patient 
should be cultured to ensure that any colonizing or infect-
ing bacteria are identified, correct diagnoses are made, and 
antimicrobial sensitivities are monitored.

Due to their hypermetabolic states, determining when a 
burn patient is septic is complicated. When a presumptive 
diagnosis of  sepsis is made, broad-spectrum coverage should 
be instituted to cover all likely pathogens. The choice of  
initial agent is based on the local antibiogram; in many 
burn centers, carbapenems and vancomycin are appropri-
ate choices. Once sensitivities return, empiric antibiotics 
should be de-escalated.

The ultimate infection control method in burn care is 
closing the burn wound with skin. In the setting of  pan-
resistant organisms, this is the only treatment. Every time 
the patient has skin available for grafting, this opportunity 
must be exploited to reduce the wound surface area avail-
able to pathogens and provide definitive prophylaxis and 
treatment of  burn wound infections.

Complete references available online at 
www.expertconsult.inkling.com

All eschar must be excised as quickly as possible, ideally 
within the first 48 hours post-burn, because eschar pro-
vides an ideal microbial culture medium. Burn wounds 
should be closed as rapidly as feasible with autograft. The 
tenet, “every donor, every time” should be employed in all 
large burns: every area of  donor skin should be harvested 
and autograft applied at every operation. When insufficient 
autograft is available to cover the wounds, homograft 
should be used to temporize wounds. Homograft overlay of  
widely expanded autograft, in the methodology of  Alexan-
der, is an effective way to limit the wound surface area avail-
able to pathogens and maximize utilization of  finite donor 
areas, as detailed in Chapter 12 on operative wound man-
agement. Every moment a burn wound lacks a complete 
epithelial surface, there is a cumulative risk for wound 
infection and resistant organisms to take hold. Source 
control is also obtainable by assiduous washing and débrid-
ing in hydrotherapy, which has been demonstrated to be an 
indispensible component of  modern burn care. High con-
centrations of  antimicrobials can and should be delivered 
topically to burn wounds for colonization and infection 
treatment and for prophylaxis.

Aggressive use of  quantitative wound cultures is the 
standard of  care in modern burn wound management, and 
sensitivities determined from these studies direct effective 
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Improved mortality, shorter hospital length of  stay, and 
fewer metabolic complications were noted when early exci-
sion was retrospectively compared with late excision.7 In 
another study, 32 children with an average age of  7 years 
and mean burn size of  65% (TBSA) who underwent either 
total excision or serial debridement were studied. Mortality, 
overall blood loss, and cumulative operating time were 
equivalent.8 The early excision group, however, had their 
length of  hospital stay almost halved (97 ± 8 days vs. 57 ± 
5 days). Since then, hundreds of  children with burns of  
more than 30% TBSA treated with early excision have dem-
onstrated a hospital length of  stay of  less than 1 day/% 
TBSA burned.9

Tompkins et al. demonstrated that mortality of  adult 
burn patients at Massachusetts General Hospital improved 
from 24% in 1974 to 7% in the time period from 1979 to 
1984 after implementation of  prompt eschar excision and 
immediate wound closure.10 This study was later expanded 
to include 85 patients aged 17–55 years.11 Those patients 
aged 17–30 years without inhalation injury showed signifi-
cantly reduced mortality of  9% if  treated by early excision, 
compared to 45% when treated conservatively. Patients 
with a concomitant inhalation injury or aged over 30 years, 
however, had no survival benefit from early excision.

In children with burn injuries, Xiao-Wu et al. showed 
that delays in the excision of  extensive burn were associ-
ated with longer hospitalization, delayed wound closure, 
increased rates of  invasive wound infection, and increased 
incidence of  sepsis.12

Munster et al. demonstrated a statistically significant 
decrease in hospital length of  stay correlating with a 
decrease in the interval between surgical interventions over 
a 14-year period.13 Other variables such as burn size, inha-
lation injury, and age remained unchanged during the 
same time period; mortality rate decreased significantly.

Elderly burn patients have also been shown to benefit 
from early excision. Deitch et al. demonstrated that early 
surgical excision in patients with an average age of  68 led 
to 40% reduction in mean hospital length of  stay compared 
to the national average and reduced mortality.14 Many 
studies show that early excision can be safely performed in 
the elderly with clear benefits of  reducing hospital length 
of  stay and the number of  septic episodes.15–19

Hypertrophic scar formation is common following burn 
injuries, with dark-skinned patients more prone to hyper-
trophic scar development. However the most important 
factor in the development of  hypertrophic burn scars is 
delayed wound healing. Deitch et al. demonstrated that in 
wounds requiring more than 10 days to heal, the risk of  
hypertrophic scarring is significant and rises to 80% if  
healing is delayed beyond 21 days.20 Operative treatment 
also limits the duration of  pain caused by the burn wound.

Introduction

Surgery for burn injury is a key component to the multidis-
ciplinary care of  the burn patient. It usually involves early
procedures such as escharotomy and fasciotomy when indi-
cated, followed by burn excision. Early intervention in the
form of  early burn wound excision and grafting has dra-
matically changed the outcome and survival of  the burn
patient.1

Following burn injuries, tissues affected, including skin,
promote an inflammatory response at the junction between
the eschar and the underlying viable tissue. The presence
of  microorganisms within the eschar attracts polymorpho-
nuclear leukocytes that release large amounts of  proteolytic
enzymes and inflammatory mediators. Subsequent enzy-
matic action results in separation of  the eschar, leaving
granulation tissue. In large surface area burns, the inflam-
matory response at the burn injury site develops into a sys-
temic response.

Mediators such as prostanoids, thromboxane, histamine,
cytokines, and tumor necrosis factor are produced and
released from the burn site. The serum levels of  these medi-
ators increase proportionally to the skin surface area of  the
burn. The hypermetabolic response with increased protein
catabolism, increased energy expenditure, weight loss, poor
wound healing, and immune depression continues until the
outpouring of  mediators abate.2,3

Advantages of Operative Wound
Management

Early excision and skin grafting to achieve wound closure
have been shown to reduce infection rates, reduce length
of  hospital stay, and improve survival in burn patients.
Pediatric burn patients in particular have benefited from
timely surgical intervention.4,5 There has been a remark-
able increase in the total burn surface area (TBSA) associ-
ated with a 50% mortality risk over recent decades. It is
now fairly unusual for a child to succumb to burn injuries
of  any size, even in association with an inhalation injury
(Tables 12.1 and 12.2). Early prompt fluid resuscitation,
appropriate critical care, nutritional support, and treat-
ment of  infections have also played a major role in this
achievement.

Early operative intervention, however, remains the major
contributor to this major advance in burn care. In 1974,
Burke and colleagues reported on the results of  total exci-
sion of  full-thickness burns where allografts were applied to
cover burn wounds following excision; allograft rejection
was controlled using immunosuppressants.6
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TANGENTIAL EXCISION

Tangential excision, as a technique, is the meticulous 
removal of  burned skin while preserving underlying viable 
tissue. Body contours are better preserved with tangential 
excision than with fascial-level excision, which removes 
underlying subcutaneous fat; hence, it is the standard exci-
sion technique for burns.

Tangential excision was originally described by Janze-
kovic, who observed that deep skin graft donor sites could 
be grafted with thinner split-thickness skin grafts taken 
from another area.23 Later she extended this concept to 
partial-thickness burns by repeatedly excising thin layers of  
the burned skin until viable tissue was reached (Fig. 12.1). 
Then split-thickness skin grafts were immediately applied.

The technique of  tangential excision and autografting of  
partial-thickness burns was a major advance in burn care 
at the time. Prior to its introduction, only full-thickness 
burns were excised, including subcutaneous fat and accom-
panying lymphatics down to the underlying layer of  invest-
ing fascia (Fig. 12.2). Janzekovic analyzed the results of  the 
use of  tangential excision in more than 2000 patients. She 
found that, compared to fascial excision, hospital length of  
stay, pain, and reconstructive procedures were decreased.24

A number of  different instruments can be used to perform 
tangential excision of  the burn wound. The Goulian knife, 
Watson knife, and the Versajet Hydrosurgery System are 
used for tangential excision (Fig. 12.3).25 Deep partial-
thickness burns are debrided down to white, viable dermis 
with punctate bleeding. In full-thickness burns, excision 
continues layer by layer until viable subcutaneous tissue 
with a yellow glistening appearance is encountered. Dull 
yellow color, purple discoloration, or thrombosed vessels 
indicate nonviable tissues that are not suitable for grafting 
and require deeper excision (Fig. 12.4). When excision is 
performed on limbs with a pneumatic tourniquet, these fea-
tures are particularly important.

There are noninvasive imaging tools available for predict-
ing burn depth and healing time in adult burns. These 
include laser Doppler imaging (LDI), which is the current 
gold standard; infrared thermography (IRT); and spectro-
photometric intracutaneous analysis (SIA). LDI uses a low-
intensity laser beam to scan across the tissue surface. Laser 
is both absorbed and scattered by tissue matrix and the 
blood flow in the vessels. Flux is then determined by process-
ing the photocurrent resulting from both absorbed and 
scattered light. The device generates a colored map of  the 

Table 12.1 Mortality Following Burn Over Time for 
Different Age Groups, Shown as the Burn Size at Which 
50% Live or Die

Age [years]

LA50 (% TBSA)

1942–1952 1980–1991 1992–2004

0–14 49 98 99

15–44 46 70 88

45–64 27 46 75

>65 10 19 33

TBSA, Percentage of total body surface area burned; LA50, lethal burn area 
for a 50% mortality.

From Branski LK, Barrow RE, Herndon DN, unpublished data, 1992–2004.

Table 12.2 Pediatric-Specific Mortality Rates Over Time; Near-Total Early Excision Is the Basis of These Excellent Results.

Years

MORTALITY SORTED BY BURN SIZE (% TBSA)

<20% n 21%–40% n 41%–60% n 61%–100% n

1980–1985 <0.1% 889 1% 230 8% 105 33%  95

1986–1990 <0.1% 571 1% 224 4% 117 19%  88

1991–1995 <0.1% 522 2% 192 8%  94 20%  78

1996–2000 <0.1% 635 1% 222 3% 133 19% 114

2001–2004 2%  83 2% 121 26%  91

n, Total number of patients admitted with respective burn size in given period.
Mortality and pediatric burn patients, Shriners Burn Institute, Galveston, Texas.

In conclusion, early burn wound excision is lifesaving, 
offers improved cosmetic and functional outcomes, and is 
cost-effective.

Techniques of Burn 
Wound Excision

EXCISION OF A SMALL BURN

Operative intervention is indicated without delay once the 
burn injury is determined to be a “deep” injury. Deep burn 
injuries are clearly either full-thickness or deep partial-
thickness burns that are unlikely to heal within 3 weeks 
and are typically flame or contact burns. Heimbach et al. 
noted that deep partial-thickness burns did not convert to 
full-thickness burns when topical antimicrobials were used 
to control infection.21 Although these wounds eventually 
healed after several weeks, they showed persistent blister-
ing, pruritus, hypertrophic scar formation, and poor func-
tional outcomes. These observations prompted a prospective 
trial of  early excision and grafting versus nonoperative 
treatment of  indeterminate depth in burns of  less than 20% 
TBSA.22 Shorter hospitalization, lower cost, and reduced 
time away from work, but greater use of  blood products 
were seen in patients treated with early excision. Those 
patients treated nonoperatively required more late skin 
grafting to achieve wound closure and developed more 
hypertrophic scars.
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perfusion.27,28 SIA is used in the diagnosis of  pigmented skin 
lesions such as melanoma. It uses spectrally filtered images 
using polarized light ranging from 400 to 1000 nm. A 
complex set of  mathematical algorithms determines the 
melanin and hemoglobin content of  the epidermis and pap-
illary dermis, then presents them in high-resolution images. 

wound correlating with the extent of  the injury. LDI can be 
a useful tool in surgical decision-making in indeterminate-
depth burns.26

IRT uses the heat signature resulting from tissue perfu-
sion to predict the depth of  burn injury. Superficial burns 
retain a bright color compared to the surrounding normal 
tissue due to increased perfusion, whereas deeper burns 
appear darker in color due to decreased or lack of  

A B

C D

Fig. 12.1 (A–D) Schematic representation of tangential excision; sequential slices are taken until punctate hemorrhage is evident (From Janzekovic Z. 
A new concept in the early excision and immediate grafting of burns. J Trauma. 1970 Dec;10(12):1103–1108.)

Fig. 12.2 Fascial-level excision using cutting diathermy and an incor-
porated smoke evacuator. 

Fig. 12.3 A selection of hand-cutting dermatomes available for use for 
tangential excision. Most have the ability to set the aperture to the 
desired depth, while the Goulian has a large series of blade changeable 
guards. 
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ischemic areas are transformed into portals for invasive 
wound infection. The disadvantages of  fascial excision are 
lymphedema due to the interruption of  the subcutaneous 
lymphatics and contour deformities due to the loss of  sub-
cutaneous fat.

CONTROLLING BLOOD LOSS DURING 
BURN EXCISION

Excision of  large burns can result in considerable, if  not 
massive, blood loss. Tangential excision can lead to large 
blood loss unless measures are taken to limit hemorrhage. 
The simplest measure is to operate within 24 h of  the burn 
injury. Vasoactive metabolites, in particular the potent 
vasoconstrictor thromboxane, are in abundance during 
this time to limit blood loss.32 Desai et al. demonstrated in a 
prospective trial of  318 pediatric patients with burns of  
more than 30% TBSA that early excision of  burns is associ-
ated with an overall reduction in blood loss. The average 
blood loss per surface area excised (mL/cm2) was compared 
at various post-burn excision time points. The total blood 
loss during excision performed within the first 24 hours 
after burn was 0.4 mL/cm2 excised, compared to 0.75 mL/
cm2 excised if  performed between days 2 and 16 post burn. 
The blood loss dropped to 0.49 mL/cm2 excised if  the pro-
cedure was performed after the 16th day. Overall mortality 
was 5% for an average burn size of  60% TBSA. Early exci-
sion had no adverse effect on mortality. Very early excision 
led to a halving of  blood loss for both large and small 
burns32,33 (Fig. 12.5).

Other factors associated with increased blood loss during 
excision of  burns are old age, male gender, larger body size, 
large full-thickness burns, high wound bacterial count, 
total area excised, and operative time.33

Several techniques to reduce blood loss during burn 
wound excision can be employed in the operating room. 
Adjunctive measures to limit blood loss include tourniquets 
for the extremities, pre-debridement tumescent infiltration 
with epinephrine solutions, topical application of  epineph-
rine 1: 10 000–1: 20 000, fibrin sealant, autologous platelet 

The additional analysis of  pigment available using SIA may 
more accurately indicate the depth of  burn compared with 
perfusion alone.29

Ultrasounds with frequencies higher than 20 MHz have 
shown promising results in quantitative assessment of  burn 
depth in animal models.30 Currently only LDI has been vali-
dated for use in burn depth assessment.29 It has been shown 
to reduce wound healing time in patients requiring surgery 
with a potential cost saving of  about $1200 per patient.31 
Unfortunately LDI costs in excess of  $70,000 in addition to 
annual servicing costs.

FASCIAL EXCISION

Skin and subcutaneous tissue are excised en-bloc using 
electrocautery in fascial excision. This involves excision of  
the full thickness of  the integument, including all subcuta-
neous tissues down to the investing deep fascia. It is usually 
performed to reduce blood loss in extensive burns or in cases 
of  severe infection to control the source of  infection.

Fascial excision can limit the amount of  blood loss 
because control of  the deeper perforating vessels is achieved 
during the excision, bypassing the extensive capillary 
network present in the skin and subcutaneous tissue. 
Fascial excision is also required for areas where subcutane-
ous tissue has been involved in the burn injury. The advan-
tages of  this technique include improved graft take on fascia 
and reduced blood loss.

Fascial excision is also indicated in cases of  life-threatening 
invasive wound infection or sepsis, particularly fungal 
infections such as Aspergillus and Mucor, and in cases of  
failed graft take in extensive burns in critically ill patients. 
Episodes of  sepsis lead to ischemic necrosis of  the subcuta-
neous fat due to poor peripheral perfusion and microvascu-
lar stasis. This represents a considerable problem in patients 
with extensive burns leading to late graft loss, and the 

Fig. 12.4 A deep flame burn on the left thigh that is in the process of 
being debrided. The wound has been tumesced with 1 : 1 000 000 epi-
nephrine in normal saline and shows minimal bleeding. The lower part 
of the wound demonstrates residual dead dermis with dull appearance 
and staining from lyzed cells. The area just above demonstrates shiny 
yellow, living fat and (mostly) surviving shiny white dermis with a few 
patches needing another slice. 
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Fig. 12.5 Blood loss is almost halved by operating within 24 hours of 
injury. (From Desai MH, Herndon DN, Broemeling L, Barrow RE, Nichols RJ 
Jr, Rutan RL. Early burn wound excision significantly reduces blood loss. 
Ann Surg. 1990 Jun;211(6):753–759; discussion 759–762.)
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application of  skin grafts. This may be a practical approach 
in cases of  large surface area excision, where coagulopathy 
can develop due to large blood loss or hypothermia. The 
authors of  this chapter adhere to a hemoglobin (Hgb) 
threshold of  7 for transfusion. One study suggested a pos-
sible decrease in infection rate when compared to a more 
liberal transfusion strategy.34

TECHNIQUES OF WOUND CLOSURE

Once procured, the autograft skin can be used in different 
ways depending on the size of  body surface area burned 
that requires grafting.

Autografts are classified as full- or split-thickness depend-
ing on the depth of  dermal layer included when harvesting 
the skin. Full-thickness autografts have better cosmetic 
results and reduced scarring compared to split-thickness 
autografts because the dermis provides flexibility and elas-
ticity. The main caveat is that the increased amount of  
dermis in the full-thickness autograft can compromise its 
own viability during the imbibition, inosculation, and neo-
vascularization phases of  graft take. The donor site com-
pletely devoid of  dermis must be closed primarily or grafted. 
Therefore, split-thickness skin grafts are mainly used in the 
treatment of  extensive burn injuries.

If  the burn is small, skin grafts can be applied without 
meshing as a “sheet.” The advantage of  nonmeshed skin is 
better cosmetic outcomes. The disadvantage is the possible 
accumulation of  seroma or hematoma underneath the skin 
graft that can compromise the apposition of  the skin graft 
to the wound bed. Seroma or hematoma should be identi-
fied and removed by aspiration with a 25- or 27-gauge 
needle. The skin graft can be secured to the wound bed with 
quilting sutures or the application of  a bolster dressing, 
which can reduce shearing of  the skin graft. These grafts 
are best laid perpendicular to the long axis of  limbs, particu-
larly across joint flexural creases, which is in line with the 
general rule of  placing potential scars perpendicular to the 
dominant muscle contraction in the area, thus reducing  
the degree of  contracture if  it occurs. Possible exceptions 
are the dorsum of  the hand and forearm, where one may 
contend that longitudinally placed grafts are cosmetically 
superior.

In large burns where donor sites are limited, autografts 
are usually meshed. This allows the autograft skin to be 
expanded to cover a wider area compared to its original size. 
The most commonly utilized mesh ratios are 2 : 1 and 4 : 1, 
although other ratios of  expansion can be employed. The 
main advantages of  2 : 1 meshed autograft skin is the ease 
of  handling and application and the extensive network of  
slits that allows drainage of  seroma or hematoma. The 
main disadvantage is that the interstices leave a visible 
pattern once healed. Much larger areas can be covered 
when autografts are meshed 4 : 1 or greater and widely 
expanded. This widely meshed skin graft requires an overlay 
coverage of  nonexpanded allograft skin to decrease the risk 
of  graft loss, and this is applied over the autograft skin in a 
sandwich pattern (Fig. 12.7).35 The large interstices, which 
require a considerable amount of  time to heal by epitheli-
alization; the need for an allograft skin overlay; and the less 
desirable cosmetic result limit the use of  4 : 1 meshed auto-
graft skin to massively burned patients. Even in massive 

gel, calcium-enriched alginate sheets, and immediate ban-
daging with delayed grafting.

The application of  tourniquets to the extremities is a very 
effective method of  minimizing blood loss, especially for 
excision of  burns involving hands and digits. As with 
tumescent infiltration, the absence of  bleeding can make 
the estimation of  the right depth of  excision difficult. To 
counteract this, the tourniquet can be released briefly to 
check the adequacy of  excision and then reinflated. The 
larger vessels are controlled by electrocautery or ligation 
and the wound is covered with sheets of  calcium alginate 
or sponges, which are soaked in epinephrine solution. Fol-
lowing the release of  the tourniquet, the limb should be 
elevated for about 10 min prior to graft application.

Tumescent solution made of  epinephrine containing 
saline can be injected into the burn wound prior to excision. 
This technique is particularly useful for burn excision of  
areas such as the trunk, scalp, and face; 1.6 mL of  1 : 1000 
epinephrine (0.8 mL in pediatric patients) is added to 
500 mL of  0.45% normal saline solution. The resulting 
local vasoconstriction will minimize blood loss, and one-way 
syringes, such as the Multi-Ad Fluid Dispensing System or 
a pneumatic infuser, can make the injection process easier 
(Fig. 12.6).

Monitoring the patient’s hemodynamics is necessary 
because epinephrine may cause tachycardia and hyperten-
sion, which can worsen bleeding. Another drawback of  this 
technique is that the lack of  bleeding from the wound bed 
may make the adequacy of  excision difficult to assess.

When dealing with large areas of  disrupted capillaries, 
one of  the most effective ways to safely limit blood loss is 
rapid excision followed by coverage with epinephrine-
soaked sponges or gauze and compressive bandages.

Delayed grafting after excision is used in some centers to 
limit blood loss. In case of  delayed skin grafting, the wound 
bed needs to be kept moist and clean prior to skin grafting. 
The wound can be covered with bulky cotton dressings with 
tubes through the dressing to the wound surface for con-
tinuous or intermittent irrigation with antibiotic solution. 
The patient returns to the operating room within 24 h and 
undergoes a second procedure of  procurement and 

Fig. 12.6 An infuser device. 
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treatment of  burns can provide the highly desired charac-
teristics of  normal dermis. Integra is a dermal substitute 
composed of  a porous matrix of  cross-linked bovine colla-
gen and glucosaminoglycans providing a scaffold for cellu-
lar invasion and capillary growth. It is applied to the wound 
bed following burn excision, and the matrix is fully incor-
porated into the wound bed in 2–3 weeks; then, thin split-
thickness autograft skin is applied. Except for a possible 
increased risk of  infections, the use of  Integra is safe and 
effective.38 Skin graft take is usually aided by the use of  
negative-pressure wound therapy such as VAC Therapy 
(Fig. 12.8).39

Another dermal analog available for the treatment of  
full-thickness burns is Alloderm, consisting of  cadaveric 
dermis devoid of  cells and epithelial elements. Its applica-
tions are similar to other dermal analogs, and it has shown 
favorable results.40

CULTURED EPIDERMAL AUTOGRAFTS

Cultured epidermal autografts (CEA) remain an important 
tool in the management of  patients with massive burns. In 
full-thickness burns involving more than 90% TBSA, it may 
be the only treatment available, given that procurement of  

burns, the face, neck, and hands are still grafted with non-
meshed split-thickness skin graft due to the unacceptable 
outcome of  using widely meshed skin grafts in these areas.

The Meek technique, which was later modified by Kreis 
et al., is another tool to cover extremely large burn surface 
areas.36,37 It uses autografts cut into small squares with 
the aid of  a dermatome and a cork board. The squares 
are then pressed onto prefolded pleated gauze that is 
expanded in all four directions, leaving uniformly distrib-
uted islands of  autograft skin that are then applied to the 
wound bed. Ratios of  expansion can vary from 3 : 1 to 9 : 1. 
This technique has similar disadvantages to 4 : 1 meshed  
autografts.

Advances in Wound Closure

DERMAL REPLACEMENT

The flexibility, elasticity, and strength of  normal skin are 
provided mainly by the dermis. Excision of  full-thickness 
burn removes the entire dermis, and the lack of  the dermal 
layer prevents the healed skin from having the properties of  
normal skin. The use of  dermal replacements in the 
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Fig. 12.7 (A) Schematic representation of “sandwich” technique of allograft overlay. (B) Sandwich technique on the chest of a boy with massive deep 
burn having a return surgery a week after sandwich grafting. Most of the (fresh) allograft has vascularized with one piece obviously whiter than the 
rest. The mesh pattern of the underlying widely meshed autograft is visible. (From Alexander JW, MacMillan BG, Law E, Kittur DS. Treatment of severe 
burns with widely meshed skin autograft and meshed skin allograft overlay. J Trauma. 1981 Jun; 21(6): 433–438.)
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Fig. 12.8 (A–C) Deep flame burn on a boy’s chest treated with early excision and Integra with VAC. (D) The silicone layer being removed on day 12 
ready for thin grafting with well-vascularized dermal template underneath. (E) The pleasing final result. 
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sites are limited. A limiting factor to repeat grafting is the 
healing time of  the donor sites. Donor site healing is a result 
of  migration and proliferation of  the epithelial cells from 
hair follicles, sweat glands, and sebaceous glands within the 
dermis. Early re-epithelialization after a week can allow 
reprocurement of  thin split-thickness skin grafts from 
donor sites.

MANAGEMENT OF DONOR SITE

Careful management of  the donor site is required to expe-
dite wound healing. Smaller donor sites can be treated with 
occlusive or adherent dressings such as Opsite or Biobrane. 
Another technique is the use of  alginate sheets or hydrocol-
loid dressings, which produce a moist environment that 
promotes healing and diminishing pain. The wounds can 
be also covered with gauze impregnated with an oil-based 
ointment. The most common examples are Xeroform or 
locally prepared dressing containing olive oil, petrolatum, 
lanolin, and the chemotactic agent “Sudan red.” Silver-
impregnated dressings such as Acticoat, Mepilex Ag, or 
Aquacel Ag seem to diminish bacterial overgrowth and can 
be used directly on the donor site. The healing time of  donor 
sites depends on the depth of  skin graft, vascularity of  the 
donor site, wound management, and general condition of  
the patient.

DRESSINGS

After burn excision and skin grafting, the grafts are covered 
with nonadherent dressings. At our institution, gauze 
impregnated with a petrolatum-based ointment and a 
mixture of  an antibacterial (Polymyxin/Bacitracin) and an 
antifungal (Mycostatin) is used. This is followed by the 
placement of  a layer of  fluff  gauze and an elastic bandage. 
With areas of  the body prone to shearing, such as the back 
and axilla, the application of  a bolster dressing to protect 
the skin grafts can be beneficial. The application of  negative-
pressure wound therapy can also be useful in splinting and 
protecting the grafts. Dressings are usually removed on 
postoperative day 3. This time frame is normally sufficient 
to allow for adherence of  the skin graft to the wound bed.

TEMPORARY SKIN SUBSTITUTES

Providing wound coverage with skin substitutes, even if  it 
is temporary, has many advantages. Wound coverage pre-
vents water and electrolyte losses as well as tissue desicca-
tion, therefore maintaining a moist environment that 
allows faster epithelial cell migration and proliferation. 
Other benefits include reducing pain, creating a barrier to 
bacterial contamination, and preventing protein loss. Avail-
able temporary skin substitutes are either biological, such 
as allografts, xenografts, or amniotic membrane, or artifi-
cial, such as Biobrane.

Allografts remain an effective temporary burn wound 
coverage after excision if  autograft skin is not available.48 
Allograft skin can be stored in a cryopreserved state for 
an extended period of  time and become adherent and 
vascularized when applied to a viable wound bed. This 
process can also serve as a test for wound bed viability 
after burn excision, with immune rejection occurring 

the unburned skin will not be sufficient to cover the patient’s
wounds.

Munster has shown that the use of  CEA in the massively
burned patient reduced mortality.41 CEA requires two 2 ×
6-cm full-thickness unburned skin specimens. The skin is
processed and cultured in vivo in the presence of  murine
fibroblasts to promote growth. The culture is expanded over
a period of  3 weeks until thin sheets of  keratinocytes, 2–8
cells thick, are available for grafting. Shearing and blister-
ing are common problems for many months following
application. The long-term survival of  CEA in extensively
burned patients has been reported at between 5% and 50%
in the literature, and CEA applied to areas such as the back,
buttocks, and posterior lower extremities are prone to
shearing and graft loss. Barret et al. compared the use of
CEA with widely meshed autograft skin and allograft skin
overlay in a group of  children with more than 90% TBSA.42

Once healed, the CEA has a better cosmetic result than
healed 4 : 1 meshed autograft skin but is associated with
longer hospital length of  stay and increased number of
reconstructive procedures. Despite these limitations, includ-
ing substantial cost, series from different burn centers have
shown promising results when used in conjunction with
allograft dermis. Sood et al. reported a graft take rate of
greater than 72%.43

Tissue engineering technology is a rapidly advancing
field where fetal skin constructs have been successfully
introduced 44 and reproduced in vitro using genetic replica-
tion.45 Bilaminar cultured skin substitutes showed promis-
ing results,46 and, recently autologous engineered skin
substitutes reduced mortality and requirements for donor
skin in full-thickness burns of  greater than 50% TBSA.47

SKIN PROCUREMENT

Many factors are considered when choosing the best donor
site for skin grafting. Donor sites represent new wounds that
would add significant morbidity to the patient; patients
usually complain of  more pain at the donor site compared
to the burn wound or graft site. Whenever possible, skin
grafts should be obtained from donor sites matching the
color of  the recipient area. The face and neck should be
grafted with skin obtained from the area above the line of
the nipple for the best color match. Thigh, hip, and back are
commonly used as donor sites because the skin is flat for
easy procurement, and scars are easily covered under cloth-
ing. The scalp may represent an ideal donor site because it
is associated with less pain and faster healing, given the rich
blood supply. The subsequent scar can be hidden after the
regrowth of  hair.

Good quality skin grafts of  consistent depth are obtained
using an electric or pneumatic-powered dermatome. The
depth of  the skin harvest can be precisely adjusted, with
thickness usually between 0.006 and 0.018 inches.

Patients with extensive burns have few potential avail-
able donor sites. Anatomical regions that are usually spared
and represent viable options for skin graft are the axilla, the
mons pubis, and the scrotum. Given the irregular topogra-
phy, tumescent fluid can be infiltrated to facilitate skin graft
procurement.

In extensively burned patients, multiple operations are
required to achieve complete wound coverage since donor
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EXTENSIVE BURNS

Patients with burns of  greater than 40% TBSA pose unique 
challenges with increased demands for donor sites, which 
are of  limited availability. Ideally, near-total excision should 
be completed as soon as possible in the first few days follow-
ing injury, definitely within a week. The back, buttocks, and 
posterior thighs are covered with autograft skin taken at 
thickness between 0.008 and 0.010 inch and meshed at an 
expansion ratio of  4 : 1. Allografts are the best option to 
apply as an overlay to protect widely meshed autografts.

Consideration needs to be given to the use of  dermal 
replacement therapies (e.g., Integra). Dermal replacements 
are an expensive option but produce good results in relation 
to scarring. Integra is a bilaminar composite that has a neo-
dermis of  bovine collagen held in a matrix pattern of  shark 
cartilage chondroitin-6-sulfate. A layer of  rubberized sili-
cone is press sealed as a top layer. The abdomen, anterior 
thigh, forearm, leg, and male chest are sites where Integra 
can be easily applied (Fig. 12.9).

. The neo-dermis is vascularized from the underlying 
wound bed, and the process takes 2–3 weeks to complete. 
The neo-dermis often develops a pink or plum color due to 
staining of  the matrix during the vascularization process. 
If  hematoma or seroma develops, it can be aspirated with a 
27-gauge needle, or the overlying Integra is incised, the
hematoma removed, and the edges are stapled down.

The neo-dermis is “ready” or adequately vascularized 
when it has a straw color. Close inspection under magnifica-
tion will reveal widespread telangiectasia. The second-stage 
operation involves gentle removal of  the silicone layer and 
application of  0.006-inch autograft skin, which can be 
meshed up to an expansion ratio of  3 :1. CEA has been used 
as epidermal cover for vascularized Integra neo-dermis.55

Debate continues regarding the role of  Integra in wound 
coverage of  patients with burns of  greater than 70% TBSA. 
The incidence of  failure due to infection rises dramatically as 
the burn size approaches greater than 75% TBSA. The first 
priority remains excision of  all the burn wounds, wound 
coverage with autografts, and application of  allografts to 
the remaining areas, with a return to the operating room 
planned once used donor sites are healed.

The Operating Room

The burn operating room is usually an extension of  the 
burn intensive care unit. Large, heated, humid, and well-lit 
rooms are ideal for burn surgery. The procedures are long, 
intense, and require multiple individual setups for different 
types of  equipment and instrumentation.

A very important perioperative issue for safe manage-
ment of  a patient undergoing extensive burn excision is the 
maintenance of  body temperature. The patient is usually 
completely exposed with little intact skin, particularly after 
procurement of  donor skin, leading to rapid heat loss. A 
number of  strategies can be used to counteract heat loss 
and maintain normothermia. The operating room should 
be warmed to 32°C, since the latent heat of  water evapora-
tion is 31.5°C. Above this temperature, the energy source 
for evaporation will come from the environment rather 
than the patient. Radiant heaters are useful in perioperative 
thermoregulation. Other adjunctive measures include the 
use of  space blankets, aluminum foil coverings, plastic 

3–4 weeks after application. When allografts are used as 
a temporary coverage to the face and hands, they should 
be applied as sheet grafts. This prevents the formation of  
granulation tissue between the interstices, which can cause 
scarring and poor cosmetic outcome following definitive  
autografting.

Xenografts are another option for temporary wound cov-
erage. Only porcine xenograft skin is currently available for 
clinical use.49 Their main application is on partial-thickness 
burns following superficial debridement, as well as on donor 
sites. As with allografts, xenografts become adherent and 
provide the benefits of  temporary wound coverage, such as 
pain control, while the underlying wound re-epithelializes, 
but the xenograft does not vascularize.

Amniotic membrane can also be used to provide tempo-
rary coverage to superficial burns. Given its flexibility and 
pliability, amniotic membrane is useful for application on 
irregular surfaces such as the face. Despite not reducing 
healing time or scarring, it provides some of  the benefits of  
wound coverage and reduces the number of  dressing 
changes required until healing is achieved.50

Management of Specific Types
of Burns

SCALD BURNS

Small or moderate size scald burns have been shown to be
the exception to the general rule of  early excision. Young
children who had scald burns up to 20% TBSA required less
area to be excised and had smaller blood loss if  operated on
in the second or third week post burn.51

A subsequent prospective trial randomized 24 children to
early or late excision if  their scald burn was of  clinically
indeterminate depth.52 There was no significant wound
infection or sepsis resulting from late excision. Only half  of
the delayed excision group ultimately required surgical
intervention, and a significantly smaller area of  excision
was necessary.

In light of  the previous evidence, children with scald
burns of  less than 20% TBSA can be appropriately treated
with a topical antimicrobial such as silver sulfadiazine for
about 2 weeks. This approach needs to be balanced with the
knowledge that the longer a wound remains open, the
greater the inflammatory response and subsequent scar for-
mation. A number of  techniques are available to cover the
partial-thickness burn. When successful, they have the
advantage of  reducing the pain associated with frequent
dressing changes. Biobrane is a useful dressing for smaller
and more superficial wounds.53

At the time of  the first wound dressing application, all
loose skin and blisters are removed to leave a clean, moist
surface. Biobrane is a nylon/silicone bilaminated composite
skin substitute that becomes adherent to the exposed
dermis, thereby acting as a neo-epidermis. Lal et al. reported
no increase in infection rates using Biobrane.54 Infections
occur rarely as a result of  nonadherence and accumulation
of  fluid. Other alternatives include the use of  silver-
impregnated dressings such as Acticoat, allografts, and
xenografts.
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normal serum levels, and this was an indication of  the net 
positive protein balance.56 The usual hospital length of  stay 
of  42 days for a 30 kg patient with a 60% TBSA burn was 
reduced to 32 days. This remarkable decrease in length of  
hospital stay produced a net saving of  15% in total hospital 
costs, and mortality was reduced from 45% to 8%.57 
Although it must be acknowledged that two European 
studies in critically ill adults of  mixed etiology showed 
increased mortality among the GH-treated groups, this 
experience has not been repeated in the extensively burned 
pediatric population in North America.58 Other anabolic 
agents have shown promise as a means of  stimulating 
wound healing in severely injured catabolic burn patients.59 
Oxandrolone 20 mg/day has demonstrated a positive effect 
on protein kinetics and wound healing in clinical trials.60,61 
In oxandrolone-treated severely burned adults, donor site 
healing was accelerated by 20% compared to nontreated 
patients.59 Although these pharmacological agents provide 
great support to the extensively burned patient, they are 
only an adjunct to early near-total excision and prompt 
wound coverage.

Operative Management of Burns 
Involving Special Areas

THE HAND

Survival after serious burns has improved dramatically over 
the past 30 years; however despite generally satisfactory 
long-term quality of  life, many patients will have significant 
physical disabilities. Many of  these disabilities can be traced 
to compromised hand function following severe burn 

sheets over the head and face, and heated intravenous fluids 
at 38°C. Repeated applications of  warm sterile blankets, 
forced air warming systems, warm irrigation fluids, and 
active heating via either infrared or ceramic heaters have 
also been used.

The ideal operating room environment should allow only 
minimal evaporative loss from the patient. Reliable vascular 
access is required, and the central access lines should be 
sutured securely to prevent dislodgment during patient 
positioning.

The Operation

At our institution, excision commences with the patient in 
the prone position, during which excision of  the shoulders, 
back, buttocks, and upper thighs is performed. Wide-
meshed autografts with allograft overlay are applied. If  
insufficient autografts are available, the excised wound is 
covered with allografts. Other alternatives include skin sub-
stitutes such as Integra, xenografts, or allografts. Dermal 
replacement materials are prone to failure due to increased 
rates of  infection in extensive burns, particularly on dorsal 
surfaces, but can be applied selectively on ventral surfaces. 
Sutures are inserted in a row along the posterior axillary 
lines and tied over the bulky gauze dressing as a bolster to 
prevent shearing of  skin grafts on the back and buttocks. 
The patient is then placed in the supine position

As soon as donor sites are healed, patients return to the 
operating room for further autografting and replacement of  
nonadherent allografts or infected skin substitutes. In chil-
dren with considerably extensive burns, treatment with 
recombinant human growth hormone (GH) demonstrated 
donor site wound healing was accelerated by 25%. GH-
treated patients required less infused albumin to maintain 

BA

Fig. 12 9 (A,B) High-voltage electrical flash burn treated by fascial excision and Integra. Flat anterior surfaces are particularly amenable to use of Integra. 
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amputation if  digital escharotomies were performed on cir-
cumferentially burned digits.62 However, particularly in 
small children, improperly performed digital escharotomies 
can result in significant injury, and therefore caution must 
be used. When digital perfusion remains inadequate despite 
decompression of  the arm, forearm, and hand, escharoto-
mies of  full-thickness burns of  the digits should be per-
formed. Longitudinal incisions are carefully made with 
pinpoint electrocautery mid-laterally between the neuro-
vascular bundle and the dorsal extensors, avoiding both 
structures. A single longitudinal incision is made on the 
radial aspects of  the thumb and little finger and the ulnar 
aspects of  the digits. This places the incisions on the side of  
the digit with the least functional importance should the 
digital nerve be exposed by separation of  edematous tissue 
after escharotomy. The central digital incision can be 
extended proximally onto the dorsum of  the hand between 
the metacarpals to enhance decompression (Fig. 12.10B).

The line of  incision along a given digit can be found by 
putting the fingers in maximal flexion, marking the lateral 
extensions of  the flexor wrinkles and completing them to a 
continuous line (Fig. 12.10C).63 Meticulous hemostasis is 
maintained throughout the procedure, and the outcome of  
decompression is confirmed using Doppler.

Escharotomy can generally be performed at the bedside 
or in the emergency department under moderate seda-
tion supplemented with sub-eschar injections of  local 
anesthetic. Some patients will require general anesthesia 
in the operating room for the procedure to be performed  
appropriately.

Fasciotomy might be required for edema developing 
within the fascial compartments of  the forearm and hand. 
Clinically this is often seen following high-voltage electrical 
injuries or exceptionally deep thermal injuries. Upper 
extremity fasciotomy may include volar and dorsal decom-
pression, carpal tunnel release, and dorsal hand fasciotomy. 
A curvilinear incision is ideal for volar exposure of  the com-
partments of  the forearm. This approach allows access to 
all individual muscle bundles in the volar forearm. It also 
allows decompression of  the carpal tunnel through a 
palmar extension of  the incision, and creates a well-
vascularized skin flap to cover the median nerve at the wrist 

injuries. If  optimal function is to be restored after extensive 
burn injuries, proper care of  the injured hand is essential. 
These early efforts should be directed at preservation of  
tissue, maintenance of  normal hand anatomy, and develop-
ment of  a strategy for wound closure.

Escharotomy and Fasciotomy

A critical part of  the initial care of  hand burn is to maintain 
soft tissue perfusion in the acute phase following the burn 
injury. Decompression of  high compartment pressure 
caused by burned skin and tissue edema is an area in which 
early surgical intervention can produce a remarkable differ-
ence to the final outcome of  hand function. Hands at risk 
of  ischemia include circumferential or near-circumferential 
burns, very deep burns, and any electrical injuries involv-
ing high- or intermediate-range voltage. It is important to 
elicit clinical signs of  ischemia subtler than the loss of  pal-
pable pulse at the wrist. Mean arterial pressure in the 
central vascular system is three times higher than capillary 
pressure, and blood flow can be maintained in these vessels 
despite impaired flow in distal soft tissues. If  the hand is 
warm, soft, and has pulsatile flow detectable by Doppler in 
the palmar arch and the digital vessels, and it has a normal 
pulse oximetry signal at the tip of  the digit, then flow is 
adequate. As flow becomes progressively impaired, the 
hand will become firm and cold, with decreased Doppler 
flow and loss of  the pulse oximetry signal. Decompression 
should be performed to prevent otherwise avoidable ische-
mic injury as a result of  compartment syndrome. Pressure 
measurement confirmation is generally not required if  
serial examinations suggest diminished tissue perfusion.

Escharotomy should be performed using electrocautery. 
Longitudinally oriented medial and lateral incisions are 
made through eschar on the arm and forearm, stopping at 
the metacarpophalangeal joints of  the first and fifth digits 
(Fig. 12.10A).

The hand is then re-examined for perfusion prior to per-
forming hand and digital escharotomies. If  blood flow is 
restored adequately following arm and forearm decompres-
sion, additional escharotomy may be unnecessary.

The efficacy and safety of  digital escharotomies are 
debatable. One study demonstrated a reduced incidence of  

A B C

Fig. 12.10 (A) Arm escharotomy. (B) Hand escharotomy. (C) Finger escharotomy. (From fig. 61.6ABC in Green DP, Pederson WC, Hotchkiss RN, et al. ed.
Green’s operative hand surgery, Philadelphia: Elsevier/Churchill Livingstone; 2005:2164.)
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to reduce blood loss, and tangential excision is performed 
until a bed of  viable tissue is encountered. Viability is rec-
ognized by the appearance of  a pearly white moist dermis, 
punctate bleeding, or the presence of  bright yellow subcu-
taneous fat without thrombosed small vessels or extravas-
cular blood staining. Recognition of  viable tissue in an 
exsanguinated extremity under tourniquet is an acquired 
skill that greatly facilitates low-blood-loss excisions.

The hand is then wrapped in epinephrine-soaked gauze 
prior to deflation of  the pneumatic tourniquet. After 
5–10 min to allow for spontaneous hemostasis, definitive 
hemostasis is secured with careful use of  pinpoint electro-
cautery. The hand is covered with sheet autograft skin. 
Finally grafted hands are covered with a gentle compressive 
gauze wrap and placed in a thermoplastic splint in position 
of  function. Hands are elevated and immobilized for 3–4 
days prior to reinstituting passive and active hand therapy.

Only about 15% of  palmar burns require grafting. 
Because the palmar skin is much thicker than the dorsal 
skin, it is not uncommon to wait for 2–3 weeks before a 
decision to graft is made. Palmar burns that require skin 
grafting are usually covered with thick, split-thickness 
sheet autografts if  the defect is large, and full-thickness 
autografts if  the defect is small. In deep palmar burn inju-
ries with loss of  range of  motion, the hand is splinted 
with metacarpophalangeal joints (MCPJ) in exten-
sion, both during topical care of  the burn and following 
surgery. Skin grafts from the instep area have been advo-
cated for aesthetic reasons, but functional results with 
full-thickness or thick split-thickness grafts are generally  
acceptable.

upon completion of  the fasciotomy. When needed, straight 
linear incisions are adequate for decompression of  the 
dorsal aspect of  the forearm, and inter-metacarpal incisions 
on the hand allow decompression of  the intrinsic muscles 
of  the hand.

Techniques of Excision and Grafting

It has become increasingly clear that allowing hand injuries 
to heal by secondary intention over the course of  many 
weeks produces poor long-term aesthetic and functional 
results.64 Usually surgery is indicated for any deep dermal 
or full-thickness hand burn that will not promptly heal 
within 3 weeks. This need is apparent to an experienced 
examiner within 5 days of  the injury (Fig. 12.11).

The skin on the dorsum of  the hand is much thinner than 
the palmar skin. There is a general consensus that earlier 
surgery is associated with a better functional outcome and 
a reduced need for reconstructive procedures in the future.

Different options for wound coverage include split-
thickness autografts, full-thickness autografts, and groin or 
abdominal flaps. Split-thickness nonmeshed autograft is the 
optimal coverage for most hand burns. Full-thickness grafts 
are ideally reserved for palmar surface burns, particularly 
deep wounds of  limited extent, or for reconstructive opera-
tions. Groin and abdominal flaps can be useful when man-
aging isolated injuries with exposed tendons without 
paratenon, exposed bone without periosteum, or exposed 
neurovascular bundles.

Deep partial and full-thickness hand burns generally 
require tangential excision and autografting. These proce-
dures are ideally performed under a pneumatic tourniquet 
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Fig. 12.11 Deep dermal burn of the dorsal hand that underwent excision and grafting. (A) Post-burn day 7. (B) 6 weeks post injury.
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for 2–3 weeks may facilitate healing with improved stability. 
If  the overlying extensor mechanism is damaged in an open 
PIPJ, a partially functional joint can sometimes be salvaged 
by K-wire fixation for 2–3 weeks, which may allow granula-
tion tissue to bridge the open joint; this can subsequently be 
skin-grafted.

Techniques to Salvage Length in Fourth-Degree 
Hand Burns

In the presence of  fourth-degree burns involving the under-
lying extensor mechanism, joint capsule, and bone, man-
agement can be more complex with less satisfactory 
outcomes. Patients with small surface area burns are can-
didates for early debridement with groin or abdominal flap 
coverage (Fig. 12.12).65

A common pattern is deep dorsal burn with exposure of  
the proximal interphalangeal joints, and dorsal phalanges 
with viable volar tissue. If  these wounds are kept moist and 

Hands are splinted in the position of  function: the MCPJ 
at 70–90 degrees of  flexion, the interphalangeal joints (IPJ) 
in extension, the wrist in 20 degrees of  extension, and the 
thumb in palmar abduction and external rotation. Special 
attention should be given to the position of  the fifth digit 
because it is particularly prone to flexion contractures 
resulting in fixed IPJ flexion. In the hand, failure of  early 
wound closure may compromise the ability to participate in 
early physical therapy and possibly compromise long-term 
outcomes.

If  the extensor mechanism is compromised by direct 
injury or subsequent desiccation and rupture, the dorsal 
collateral bands migrate volarly, and the proximal interpha-
langeal joint (PIPJ) develops a flexion contracture from 
which recovery might be impossible. In some cases, this 
unfortunate sequence of  events can be prevented by ensur-
ing prompt coverage of  the PIPJ. If  the depth of  injury com-
promises the extensor mechanism, splinting in extension 
and inserting axial Kirschner wire (K wires) across the joint 

C
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Fig. 12.12 Abdominal flap coverage of fourth-degree dorsal finger burns. (A) Deep dorsal burns and intraoperative positioning of the hand on the
abdomen. (B) Flaps in position. (C) Final result.
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insertion can be helpful to maintain the IPJ position while 
metacarpophalangeal joint flexion is maintained with the 
splints. Wires are passed axially from the tip of  the finger 
proximally, stopping when the PIPJ is immobilized. Auto-
grafting is performed whenever possible, and exposed joints 
and bones are allowed to granulate and subsequently are 
covered with autograft skin (Fig. 12.13). Joints that remain 
unstable following coverage are fused by open arthrodesis 
at a later stage.

clean, with position of  function maintained, often the avas-
cular tissue will granulate and can be skin grafted with an 
acceptable result.

When the extensor mechanism is exposed, maintaining 
the position of  function during granulation tissue forma-
tion is critical to the final outcome. Granulation tissue for-
mation may be facilitated by meticulously debriding 
remnants of  burned cortical bone. Positioning may not be 
reliable when only splints are used, therefore K-wire 

C
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Fig. 12.13 Preservation of digital length in fourth-degree dorsal burn of the hand in a 9-year-old boy with 85% TBSA burn. (A) Day 7 post-burn. (B)
Day 12 post-burn. (C) Day 61 post-burn.
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is more appropriate to preserve viable dermis, which is 
essential for optimal results (Fig. 12.14).

Previously described “water dissectors” such as the Ver-
sajet Hydrosurgery System can also be used in areas of  
contour for more controlled and precise excision, thus 
avoiding potential injuries to viable deeper layers.

Owing to the rich capillary networks in the face, large 
amounts of  blood may be lost at the time of  the excision. 
Epinephrine clysis is an appropriate pre-emptive measure to 
reduce blood loss during facial excision.69,70 Epinephrine-
moistened topical sponges are helpful, and electrocautery 
can be useful for accurate hemostasis.

Placement of  skin grafts on the face should be carried out 
with respect to aesthetic units, where sheet autografts are 
placed to reconstruct an entire aesthetic unit. For aesthetic 
purposes the face is divided into cosmetic units (Fig. 
12.15),71 and the periorbital, nasal, and upper cheek areas 

THE SCALP

Scalp and skull burns are a major challenge due to the loca-
tion of  these injuries representing a complex wound with 
the possibility of  injury to underlying structures. These 
injuries can be classified into two groups: injuries limited to 
soft tissue and injuries that involve the calvarium. Surgical 
management of  the burned scalp can vary from simple soft 
tissue debridement and skin grafting to management of  
complicated calvarial bone injury.

Scalp burns without bony involvement are treated simi-
larly to any other burn, with debridement and skin grafts 
or flap coverage.66 There are several classifications for scalp 
burn wounds based on the depth and extent of  the injury. 
Calvarial burn that does not involve the inner table can be 
managed by careful burring and skin grafting. The use of  a 
fine diamond-tipped drill allows controlled layer-by-layer 
removal of  nonviable bone without risking penetration into 
the intracranial cavity. Complex defects involving full-
thickness bone loss with exposure of  the dura will require 
reconstruction using local, regional, or free flaps.

The use of  bone grafts or tissue expanders is deferred 
until after the acute burn phase. The priority is wound 
debridement and adequate coverage without compromising 
the underlying tissues. Surgical debridement includes the 
removal of  necrotic soft tissue and bone, avoiding injury to 
the dura. Surgical excision stops at a viable layer to apply a 
skin graft.

Central nervous system infections are a possible compli-
cation, and antibiotic prophylaxis should be considered 
prior to the procedure.

THE FACE

Burns to the face can have potentially devastating conse-
quences to the patient and can adversely impact the patient’s 
return to premorbid activity. Attention to details, adequate 
excision, wound coverage and postoperative management 
are essential in the preservation of  vital functions and cos-
mesis.67 Facial burns can involve injuries to vital structures 
such as the upper airway and sensory organs such as the 
eyes and ears.

There have been no large randomized outcome trials 
comparing early excision and grafting of  the face compared 
to grafting after eschar separation and granulation tissue 
formation. Most authors have applied the general principle 
of  early excision to prevent contractures and provide the 
best aesthetic outcome, with a suggested maximal waiting 
period of  18 days.68

Once a decision has been made to proceed with excision 
and grafting, site and thickness of  donor skin need careful 
consideration. If  possible, the donor skin should be pro-
cured from the area above the line of  the nipples for the best 
color match. Skin grafts from the scalp provide excellent 
color match but carry a risk of  follicle transplantation if  
taken too deeply and subsequent hair growth of  the recipi-
ent site and alopecia of  donor site. An alternative site is the 
upper back.

Excision of  facial burns can be performed using various 
methods; the mainstay of  excision remains use of  the 
Goulian/Weck knife. If  there are any doubts regarding the 
depth of  the burn, tangential excision using a Goulian knife 

Fig. 12.14 Tangential excision being applied with a Goulian knife to 
the chin. Previous grafting had been largely successful. The instrument 
is useful for small and tricky areas. 
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Fig. 12.15 Aesthetic units of the face. (A) Frontal view. (B) Lateral view. 
(From McCauley RL, Obeng MK. Reconstruction of cheek deformities. In: 
McCauley RL, ed., Functional and aesthetic reconstruction of burned patients. 
Boca Raton, FL: Taylor and Francis Group; 2005: 270.)



12 • Operative Wound Management 129

GENITAL BURNS

Genital burns can produce significant morbidity and long-
term consequences for mobility, urine elimination, and 
sexual function. Spontaneous epithelialization will likely 
occur with scald burns in this region owing to the rich 
supply of  hair follicles and skin appendages.

Recommendations for acute management include selec-
tive urethral catheterization to allow urine collection and 
urethral stenting in the case of  circumferential constricting 
burns.

Most partial-thickness burns of  the scrotum will heal 
spontaneously because scrotal skin is thick and contains 
multiple hair follicles. Testicular function should be evalu-
ated by measuring stimulated testosterone levels if  testicu-
lar injury is suspected.78

Small full-thickness burns to the scrotum can be excised 
and closed primarily, and large full-thickness burns will 
require skin grafting. Along the shaft of  the penis, full-
thickness burns are excised using Goulian knife or Versajet 
and grafted using unmeshed split-thickness skin grafts. 
Full-thickness burns involving foreskin can be managed 
with circumcision because phimosis is a common sequela.

Scald burns to the genitalia are best managed conserva-
tively because they are usually partial thickness and heal 
with acceptable outcomes. Deep burns to the glans penis 
may be allowed to demarcate and proceed to eschar separa-
tion, then the underlying granulation tissue is skin grafted 
later. Full-thickness burns to the labia majora should be 
excised and grafted as a delayed procedure to avoid scar 
contractures in the long term.

Perianal burns are seen in association with extensive 
burns in adults and in children with scald burns. Early exci-
sion and grafting is recommended to prevent bacterial colo-
nization and infection from fecal contamination. Some 
centers recommend bowel diversion to aid healing and graft 
take.79 If  skin graft failure occurs, it is important to try 
regrafting because prolonged healing time by secondary 
intention can cause perianal circular contractures.

THE BREAST

The scarring and disfigurement associated with breast 
burns can be a source of  significant psychological stress in 
developing girls and young women.80 All efforts should be 
made to preserve the breast bud in prepubescent girls and 
the breast mound in a postpubertal women. Small burns, 
especially linear ones, may be excised and closed primarily 
or allowed to form scar and later excised.

The nipple-areola complex, especially in women, requires 
particular attention; it is best left un-excised because healing 
can occur from the deep glandular structures that are 
usually preserved.

Conclusion

One of  the most important components of  modern burn 
care is early operative wound management. The available 
evidence is clear that prompt burn wound excision and 
closure is lifesaving for massively burned patients. Skin sub-
stitutes and dermal replacement have made operative 

are grafted as a single aesthetic unit.71 Grafts should be 
taken as widely as possible to reduce the number of  seams 
between the grafts, then secured with sutures, glues, or 
fibrin sealant.

The use of  fibrin sealant, a hemostatic adjunct and adhe-
sive underlay, has been shown in studies to reduce seroma 
and hematoma formation as well as minimize the need for 
staples or sutures, producing equal or better outcome.72 
Medical-grade glue such as 2-cyano-butyl acrylate (Histo-
acryl) can be used to secure the edges of  skin grafts.

Once the skin grafts are secured in place, tubes and lines 
should be positioned appropriately to avoid disruption of  
the grafts. Nasal septal ties can be used to secure the endo-
tracheal tube and avoid facial ties that can disrupt the skin 
grafts.

Sheet grafts on the face should be evaluated frequently 
for fluid collection or hematoma, which can be drained with 
a small-gauge needle. Some centers delay autografting the 
face to reduce graft loss from hematoma formation. Tempo-
rary wound coverage with allografts remains a good option 
until definitive coverage.73

In areas of  extensive soft tissue injury with no underlying 
bony injuries, such as the buccal area, acute reconstruction 
with regional or free tissue transfer can be considered. If  the 
maxillary sinuses are exposed, the dead space may be filled 
using free vascularized omental transfers, as described in 
cases of  facial trauma.74

EYELIDS

Deep burns to the eyelids should be excised and grafted early 
because they can result in cicatricial ectropion, leading to 
lagophthalmos, exposure keratitis, corneal ulceration, and, 
ultimately, perforation leading to blindness.75 Post-burn 
cicatricial ectropion is a serious complication, with uncon-
scious ventilated patients at particular risk. Release of  burn 
scars and full-thickness skin grafts to the lower eyelids and 
split-thickness skin grafts to the upper lids should be under-
taken as soon as the condition is diagnosed.76

Ophthalmic lubricant drops and ointments should be 
applied frequently to keep the eyes moist to avoid exposure 
keratitis, especially in unconscious patients. If  post-burn 
ectropion develops, early tarsorrhaphy or release of  the 
contracted eyelids may be necessary.

Tarsorrhaphy can be carried out at the bedside under 
local anesthesia. A U-stitch is placed using a fine non-
absorbable suture at the lid margin, anterior to the gray 
line to avoid corneal irritation. The upper and lower 
eyelids are approximated at their lateral and/or medial 
portions. Lateral tarsorrhaphy is more commonly used. 
The suture should be secured through material such as 
a rubber pledget to prevent the suture from being pulled 
through skin. The suture should incorporate the ridge of  
tarsus but not traverse it, and an adequate tarsorrhaphy 
will permit the passive closure of  the eyelids to protect  
the cornea.

Upper and lower eyelid releases can be carried out using
local flaps, full-thickness skin grafts, or split-thickness skin
grafts. Full-thickness eyelid defects require layered recon-
struction using hard palate mucosa or acellular dermis as
the inner lamella and split skin grafts or local skin flaps as
the outer lamella.77
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treatment. J Burn Care Rehabil. 2003;24(1):42-48. (Paper on dermal 
regeneration template.)

Herndon DN, Barrow RE, Rutan RL, et al. A comparison of  conservative 
versus early excision. Therapies in severely burned patients. Ann Surg. 
1989;209(5):547-553, discussion 552–553.

Janzekovic Z. The burn wound from the surgical point of  view. J Trauma. 
1975;15(1):42-62. (Classic paper on early excision and immediate 
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Supp DM, Boyce ST. Engineered skin substitutes: practices and potentials. 
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wound care even more accessible in terms of  providing tem-
porary wound coverage. This offers an alternative to topical 
antimicrobial therapy and conservative management for 
full-thickness wounds.

Complete references available online at 
www.expertconsult.inkling.com

Further Reading
Desai MH, Herndon DN, Broemeling L, et al. Early burn wound excision 

significantly reduces blood loss. Ann Surg. 1990;211(6):753-759, dis-
cussion 759–762. (Paper on early burn excision and decreased blood 
loss.)

Heimback DM, Warden GD, Luterman A, et al. Multicenter postapproval 
clinical trial of  Integra dermal regeneration template for burn 



130.e112 • Operative Wound Management

29. Burke-Smith A, Collier J, Jones I. A comparison of  non-invasive
imaging modalities: Infrared thermography, spectrophotometric 
intracutaneous analysis and laser Doppler imaging for the assessment 
of  adult burns. Burns. 2015;41(8):1695-1707.

30. Lin YH, Huang CC, Wang SH. Quantitative assessments of  burn
degree by high-frequency ultrasonic backscattering and statistical 
model. Phys Med Biol. 2011;56(3):757-773.

31. Hop MJ, Stekelenburg CM, Hiddingh J, et al. Cost-effectiveness of  laser 
Doppler imaging in burn care in the Netherlands: a randomized con-
trolled trial. Plast Reconstr Surg. 2016;137(1):166e-176e.

32. Desai MH, Herndon DN, Broemeling L, et al. Early burn wound exci-
sion significantly reduces blood loss. Ann Surg. 1990;211(6):753-
759, discussion 759-762.

33. Hart DW, Wolf  SE, Beauford RB, et al. Determinants of  blood loss
during primary burn excision. Surgery. 2001;130(2):396-402.

34. Jeschke MG, Chinkes DL, Finnerty CC, et al. Blood transfusions are
associated with increased risk for development of  sepsis in severely 
burned pediatric patients. Crit Care Med. 2007;35(2):579-583.

35. Alexander JW, MacMillan BG, Law E, Kittur DS. Treatment of  severe
burns with widely meshed skin autograft and meshed skin allograft 
overlay. J Trauma. 1981;21(6):433-438.

36. Meek CP. Successful microdermagrafting using the Meek-Wall micro-
dermatome. Am J Surg. 1958;96(4):557-558.

37. Kreis RW, Mackie DP, Vloemans AW, Hermans RP, Hoekstra MJ. 
Widely expanded postage stamp skin grafts using a modified Meek 
technique in combination with an allograft overlay. Burns. 1993; 
19(2):142-145.

38. Heimbach DM, Warden GD, Luterman A, et al. Multicenter postap-
proval clinical trial of  Integra dermal regeneration template for burn 
treatment. J Burn Care Rehabil. 2003;24(1):42-48.

39. McEwan W, Brown TL, Mills SM, Muller MJ. Suction dressings to
secure a dermal substitute. Burns. 2004;30(3):259-261.

40. Sheridan R, Choucair R, Donelan M, et al. Acellular allodermis in
burns surgery: 1-year results of  a pilot trial. J Burn Care Rehabil. 
1998;19(6):528-530.

41. Munster AM. Cultured skin for massive burns. A prospective, con-
trolled trial. Ann Surg. 1996;224(3):372-375, discussion 375-377.

42. Barret JP, Wolf  SE, Desai MH, Herndon DN. Cost-efficacy of  cul-
tured epidermal autografts in massive pediatric burns. Ann Surg. 
2000;231(6):869-876.

43. Sood R, Balledux J, Koumanis DJ, et al. Coverage of  large pediatric
wounds with cultured epithelial autografts in congenital nevi and 
burns: results and technique. J Burn Care Res. 2009;30(4):576-586.

44. Hohlfeld J, de Buys Roessingh A, Hirt-Burri N, et al. Tissue
engineered fetal skin constructs for paediatric burns. Lancet. 
2005;366(9488):840-842.

45. Pouyani T, Papp S, Schaffer L. Tissue-engineered fetal dermal matri-
ces. In Vitro Cell Dev Biol Anim. 2012;48(8):493-506.

46. Supp DM, Boyce ST. Engineered skin substitutes: practices and poten-
tials. Clin Dermatol. 2005;23(4):403-412.

47. Boyce ST, Simpson PS, Rieman MT, et al. Randomized, paired-site
comparison of  autologous engineered skin substitutes and split-
thickness skin graft for closure of  extensive, full-thickness burns. J 
Burn Care Res. 2016;38(2):61-70.

48. Bondoc CC, Burke JF. Clinical experience with viable frozen human
skin and a frozen skin bank. Ann Surg. 1971;174(3):371-382.

49. Sheridan RL, Tompkins RG. Skin substitutes in burns. Burns. 
1999;25(2):97-103.

50. Branski LK, Herndon DN, Celis MM, et al. Amnion in the treatment of
pediatric partial-thickness facial burns. Burns. 2008;34(3):393-399.

51. Irei M, Abston S, Bonds E, et al. The optimal time for excision of  scald 
burns in toddlers. J Burn Care Rehabil. 1986;7(6):508-510.

52. Desai MH, Rutan RL, Herndon DN. Conservative treatment of
scald burns is superior to early excision. J Burn Care Rehabil. 
1991;12(5):482-484.

53. Barret JP, Dziewulski P, Ramzy PI, et al. Biobrane versus 1% silver
sulfadiazine in second-degree pediatric burns. Plast Reconstr Surg. 
2000;105(1):62-65.

54. Lal S, Barrow RE, Wolf  SE, et al. Biobrane improves wound healing
in burned children without increased risk of  infection. Shock. 
2000;14(3):314-318, discussion 318-319.

55. Boyce ST, Kagan RJ, Meyer NA, Yakuboff  KP, Warden GD. The 1999
clinical research award. Cultured skin substitutes combined with 
Integra Artificial Skin to replace native skin autograft and allograft 
for the closure of  excised full-thickness burns. J Burn Care Rehabil. 
1999;20(6):453-461.

References
1. Ong YS, Samuel M, Song C. Meta-analysis of  early excision of  burns.

Burns. 2006;32(2):145-150.
2. Lee JO, Herndon DN. Modulation of  the post-burn hypermetabolic

state. Nestle Nutr Workshop Ser Clin Perform Programme. 2003;8:39-
49, discussion 56.

3. Herndon DN, Tompkins RG. Support of  the metabolic response to
burn injury. Lancet. 2004;363(9424):1895-1902.

4. Bull JP, Fisher AJ. A study of  mortality in a burns unit: a revised esti-
mate. Ann Surg. 1954;139(3):269-274.

5. Muller MJ, Herndon DN. The challenge of  burns. Lancet.
1994;343(8891):216-220.

6. Burke JF, Bondoc CC, Quinby WC. Primary burn excision and immediate
grafting: a method shortening illness. J Trauma. 1974;14(5):389-395.

7. Pietsch JB, Netscher DT, Nagaraj HS, Groff  DB. Early excision of  major
burns in children: effect on morbidity and mortality. J Pediatr Surg.
1985;20(6):754-757.

8. Herndon DN, Parks DH. Comparison of  serial debridement and
autografting and early massive excision with cadaver skin overlay in
the treatment of  large burns in children. J Trauma. 1986;26(2):149-
152.

9. Herndon DN, Barrow RE, Rutan RL, et al. A comparison of  conserva-
tive versus early excision. Therapies in severely burned patients. Ann
Surg. 1989;209(5):547-552, discussion 552-553.

10. Tompkins RG, Burke JF, Schoenfeld DA, et al. Prompt eschar excision:
a treatment system contributing to reduced burn mortality. A statis-
tical evaluation of  burn care at the Massachusetts General Hospital
(1974–1984). Ann Surg. 1986;204(3):272-281.

11. Thompson P, Herndon DN, Abston S, Rutan T. Effect of  early excision
on patients with major thermal injury. J Trauma. 1987;27(2):205-207.

12. Xiao-Wu W, Herndon DN, Spies M, Sanford AP, Wolf  SE. Effects of
delayed wound excision and grafting in severely burned children. Arch
Surg. 2002;137(9):1049-1054.

13. Munster AM, Smith-Meek M, Sharkey P. The effect of  early surgical
intervention on mortality and cost-effectiveness in burn care, 1978-
91. Burns. 1994;20(1):61-64.

14. Deitch EA, Clothier J. Burns in the elderly: an early surgical approach.
J Trauma. 1983;23(10):891-894.

15. Deitch EA. A policy of  early excision and grafting in elderly burn
patients shortens the hospital stay and improves survival. Burns.
1985;12(2):109-114.

16. Kara M, Peters WJ, Douglas LG, Morris SF. An early surgical approach
to burns in the elderly. J Trauma. 1990;30(4):430-432.

17. Scott-Conner CE, Love R, Wheeler W. Does rapid wound closure improve
survival in older patients with burns? Am Surg. 1990;56(1):57-60.

18. Hunt JL, Purdue GF. The elderly burn patient. Am J Surg.
1992;164(5):472-476.

19. Ikeda J, Sugamata A, Jimbo Y, Yukioka T, Makino K. A new surgical
procedure for aged burn victims: applications of  dermolipectomy for
burn wounds and donor sites. J Burn Care Rehabil. 1990;11(1):27-31.

20. Deitch EA, Wheelahan TM, Rose MP, Clothier J, Cotter J. Hypertrophic
burn scars: analysis of  variables. J Trauma. 1983;23(10):895-898.

21. Heimbach DM. Early burn excision and grafting. Surg Clin North Am.
1987;67(1):93-107.

22. Engrav LH, Heimbach DM, Reus JL, Harnar TJ, Marvin JA. Early
excision and grafting vs. nonoperative treatment of  burns of
indeterminant depth: a randomized prospective study. J Trauma.
1983;23(11):1001-1004.

23. Janzekovic Z. A new concept in the early excision and immediate
grafting of  burns. J Trauma. 1970;10(12):1103-1108.

24. Janzekovic Z. The burn wound from the surgical point of  view.
J Trauma. 1975;15(1):42-62.

25. Klein MB, Hunter S, Heimbach DM, et al. The Versajet water dis-
sector: a new tool for tangential excision. J Burn Care Rehabil.
2005;26(6):483-487.

26. Park YS, Choi YH, Lee HS, et al. The impact of  laser Doppler imaging
on the early decision-making process for surgical intervention in
adults with indeterminate burns. Burns. 2013;39(4):655-661.

27. Prindeze NJ, Fathi P, Mino MJ, et al. Examination of  the early diag-
nostic applicability of  active dynamic thermography for burn
wound depth assessment and concept analysis. J Burn Care Res.
2015;36(6):626-635.

28. Prindeze NJ, Hoffman HA, Ardanuy JG, et al. Active dynamic ther-
mography is a sensitive method for distinguishing burn wound con-
version. J Burn Care Res. 2015;37(6):e559-e568.



130.e2 12 • Operative Wound Management

56. Gilpin DA, Barrow RE, Rutan RL, Broemeling L, Herndon DN. Recom-
binant human growth hormone accelerates wound healing in chil-
dren with large cutaneous burns. Ann Surg. 1994;220(1):19-24.

57. Singh KP, Prasad R, Chari PS, Dash RJ. Effect of  growth hormone
therapy in burn patients on conservative treatment. Burns. 
1998;24(8):733-738.

58. Ramirez RJ, Wolf  SE, Barrow RE, Herndon DN. Growth hormone
treatment in pediatric burns: a safe therapeutic approach. Ann Surg. 
1998;228(4):439-448.

59. Demling RH, Orgill DP. The anticatabolic and wound healing effects
of  the testosterone analog oxandrolone after severe burn injury. J Crit 
Care. 2000;15(1):12-17.

60. Wolf  SE, Thomas SJ, Dasu MR, et al. Improved net protein balance,
lean mass, and gene expression changes with oxandrolone treatment 
in the severely burned. Ann Surg. 2003;237(6):801-810, discussion 
810-811.

61. Rodeberg DA, Easter AJ, Washam MA, et al. Use of  a helium-oxy-
gen mixture in the treatment of  postextubation stridor in pediatric 
patients with burns. J Burn Care Rehabil. 1995;16(5):476-480.

62. Salisbury RE, Taylor JW, Levine NS. Evaluation of  digital escharotomy 
in burned hands. Plast Reconstr Surg. 1976;58(4):440-443.

63. Robson MC, Smith DJ Jr, VanderZee AJ, Roberts L. Making the burned 
hand functional. Clin Plast Surg. 1992;19(3):663-671.

64. Goodwin CW, Maguire MS, McManus WF, Pruitt BA Jr. Pro-
spective study of  burn wound excision of  the hands. J Trauma. 
1983;23(6):510-517.

65. Hanumadass M, Kagan R, Matsuda T. Early coverage of  deep hand
burns with groin flaps. J Trauma. 1987;27(2):109-114.

66. Spies M, McCauley RL, Mudge BP, Herndon DN. Management of  acute 
calvarial burns in children. J Trauma. 2003;54(4):765-769.

67. Leon-Villapalos J, Jeschke MG, Herndon DN. Topical management of
facial burns. Burns. 2008;34(7):903-911.

68. Leon-Villapalos J, Eldardiri M, Dziewulski P. The use of  human deceased 
donor skin allograft in burn care. Cell Tissue Bank. 2010;11(1): 
99-104.

69. Hughes WB, DeClement FA, Hensell DO. Intradermal injection of  epi-
nephrine to decrease blood loss during split-thickness skin grafting. J 
Burn Care Rehabil. 1996;17(3):243-245.

70. Sheridan RL, Szyfelbein SK. Staged high-dose epinephrine clysis is safe 
and effective in extensive tangential burn excisions in children. Burns. 
1999;25(8):745-748.

71. Acikel C, Peker F, Ulkur E. Skin grafting of  the naso-orbital region as
a single aesthetic unit. Burns. 2001;27(7):753-757.

72. Foster K, Greenhalgh D, Gamelli RL, et al. Efficacy and safety of  a fibrin 
sealant for adherence of  autologous skin grafts to burn wounds: results 
of  a phase 3 clinical study. J Burn Care Res. 2008;29(2):293-303.

73. Horch RE, Jeschke MG, Spilker G, Herndon DN, Kopp J. Treatment of
second degree facial burns with allografts–preliminary results. Burns. 
2005;31(5):597-602.

74. Jurkiewicz MJ, Nahai F. The omentum: its use as a free vascularized
graft for reconstruction of  the head and neck. Ann Surg. 1982;195(6): 
756-765.

75. Barrow RE, Jeschke MG, Herndon DN. Early release of  third-degree
eyelid burns prevents eye injury. Plast Reconstr Surg. 2000;105(3): 
860-863.

76. Astori IP, Muller MJ, Pegg SP. Cicatricial, postburn ectropion and expo-
sure keratitis. Burns. 1998;24(1):64-67.

77. Jiaqi C, Zheng W, Jianjun G. Eyelid reconstruction with acellular
human dermal allograft after chemical and thermal burns. Burns. 
2006;32(2):208-211.

78. Alghanem AA, McCauley RL, Robson MC, Rutan RL, Herndon DN.
Management of  pediatric perineal and genital burns: twenty-year 
review. J Burn Care Rehabil. 1990;11(4):308-311.

79. Quarmby CJ, Millar AJ, Rode H. The use of  diverting colostomies in
paediatric peri-anal burns. Burns. 1999;25(7):645-650.

80. Foley P, Jeeves A, Davey RB, Sparnon AL. Breast burns are not benign: 
long-term outcomes of  burns to the breast in pre-pubertal girls. 
Burns. 2008;34(3):412-417.



131

Anesthesia for Burned Patients
LEE C. WOODSON, EDWARD R. SHERWOOD, MICHAEL P. KINSKY, MARK TALON, 
CAROLINE MARTINELLO, and SUE M. WOODSON

13 

Patients suffering burn injuries often require surgical 
treatment for years after the initial injury in order to correct 
functional and cosmetic sequelae. Anesthetic management 
for reconstructive burn surgery presents many special prob-
lems11 but this chapter will concentrate on the care of  acute 
burn patients. The acute phase of  burn injury is defined as 
the period from injury until the wounds have been excised, 
grafted, and healed.

Modern burn care depends on coordination of  a multidis-
ciplinary team including surgeons, intensivists, nurse cli-
nicians, nutritionists, rehabilitation therapists, pulmonary 
care therapists, and anesthesia providers. Rational and effec-
tive anesthetic management of  acute burn patients requires 
an understanding of  this multidisciplinary approach so 
that perioperative care is compatible with the overall treat-
ment goals for the patient. The current standard of  surgical 
treatment calls for early excision and grafting of  nonviable 
burn wounds, which may harbor pathogens and produce 
inflammatory mediators with systemic effects resulting in 
cardiopulmonary compromise. After an extensive burn 
injury, the systemic effects of  inflammatory mediators on 
metabolism and cardiopulmonary function reduce physi-
ological reserve, and the patient’s tolerance to the stress of  
surgery deteriorates with time. Assuming adequate resusci-
tation, extensive surgery is best tolerated soon after injury, 
when the patient is most fit. However it must be recog-
nized that the initial resuscitation of  patients with large 
burns results in large fluid shifts and may be associated 
with hemodynamic instability and respiratory insufficiency. 
Reynolds et al. reported that more than half  of  deaths after 
burn injuries occur due to failed resuscitation.6

Effective anesthetic management of  patients with exten-
sive burn injuries requires an understanding of  the patho-
physiological changes associated with large burns and 
careful preoperative evaluation to assure that resuscitation 
has been optimized and an appropriate anesthetic plan has 
been formulated.

Preoperative Evaluation

The preoperative evaluation of  burn patients requires 
knowledge of  the continuum of  pathophysiological changes 
that occur in these patients from the initial period after 
injury through the time that all wounds have healed. The 
dramatic changes that occur in all organ systems following 
burn injury directly affect anesthetic management. The fol-
lowing discussion will describe the pathophysiological 
changes that occur in the acutely burned patient as they 
relate to the preoperative evaluation. In addition to the 
routine features of  the preoperative evaluation, evaluation 
of  acute burn patients requires special attention to airway 

 Videos available at www.expertconsult.inkling.com

Introduction

Continuous improvement in burn care since World War
II has resulted in a steady increase in the rate of  survival
after large burn injury.1 These improvements have been
attributed to aggressive fluid resuscitation, early excision
and grafting of  burn wounds, more effective antimicrobials,
advances in nutritional support, and development of  burn
centers. Today most patients with more than 80% total
body surface area (TBSA) burned will survive if  promptly
treated in a modern burn unit with adequate resources. In
their study of  risk factors for death following burn inju-
ries Ryan et al. identified three variables that can be used
to estimate the probability of  death: age greater than 60
years, burns of  more than 40% TBSA, and the presence
of  inhalation injury.2 Mortality increased in proportion
to the number of  risk factors present: 0.3%, 3%, 33%, or
approximately 90% mortality depending on whether zero,
one, two, or three risk factors were present, respectively.
The incidence of  mortality is also influenced by significant
coexisting disease or delays in resuscitation. O’Keefe et al.
observed an approximately twofold higher death risk of
death in women aged 30–59 years compared with men
with similar burns and age.3 Although it has been assumed
that very young children are also at increased risk of  death
from burn injuries, Sheridan et al. found very low rates of
mortality in children younger than 48 months who had
suffered large burns.4 One group that has not benefited as
much from advances in burn care is the elderly. The morbid-
ity and mortality (as expressed as lethal dose 50 for burns)
associated with serious burns in elderly patients has not
improved over the past three decades.5 Some burn patients
develop refractory burn shock soon after injury and cannot
be resuscitated.6

Major burn injury results in pathophysiological changes
in virtually all organ systems. Box 13.1 lists and Figs. 13.1
and 13.2 illustrate some of  the challenges presented by the
acutely burned patient during the perioperative period. In
addition to the predictable challenges relating to airway
management, monitoring, and vascular access, patient
positioning requires close communication and teamwork.
Burns involving posterior areas may require turning the
patient to the prone position for optimal access (Fig. 13.1).
Vascular catheters and the endotracheal tube must be
secured with confidence and due care given to these life
lines during patient turning. Several highly informative
reviews of  anesthetic management for burn surgery have
been written during the past decade, each with its own
special areas of  concentration.7–10
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Box 13.1 Perioperative Challenges in the Acute 
Burn Patient

■ Compromised airway
■ Pulmonary insufficiency
■ Altered mental status
■ Associated injuries
■ Limited vascular access
■ Rapid blood loss
■ Impaired tissue perfusion due to:
■ Hypovolemia
■ Decreased myocardial contractility
■ Anemia
■ Decreased colloid osmotic pressure
■ Edema
■ Dysrhythmia
■ Impaired temperature regulation
■ Altered drug response
■ Renal insufficiency
■ Immunosuppression
■ Infection/sepsis

Fig. 13.1 Many of the technical challenges regarding airway 
management, intravenous access, application of monitors, tempera-
ture regulation, and expectation of extensive bleeding associated with 
anesthetic care of patients with major burn injury. 

Fig. 13.2 Occasionally patients requiring burn wound excision present 
with special needs, as with this 3-day-old patient. Cardiovascular, 
hepatic, and renal physiological systems are immature, and vascular 
access adequate to keep up with extensive blood loss can be techni-
cally difficult. 

Box 13.2 Major Preoperative Concerns in 
Acutely Burned Patients

Age of patient
Extent of burn injuries (total body surface area)
Burn depth and distribution (superficial or full thickness)
Mechanism of injury (flame, electrical, scald, or chemical)
Airway patency
Presence or absence of inhalation injury
Elapsed time from injury
Adequacy of resuscitation
Associated injuries
Coexisting diseases
Surgical plan

Box 13.3 Functions of Skin

1. Protection from environmental elements (e.g., radiation,
mechanical irritation, or trauma)

2. Immunological: antigen presentation, antibacterial products
(sebum), barrier to entry of pathological organisms

3. Fluid and electrolyte homeostasis: helps maintain protein and
electrolyte concentrations by limiting evaporation

4. Thermoregulation: helps control heat loss through sweating
and vasomotor regulation of superficial blood flow

5. Sensory: extensive and varied sensory organs in skin provide
information about environment

6. Metabolic: vitamin D synthesis and excretion of certain
substances

7. Social: appearance of skin has strong influence on image and
social interactions

management and pulmonary support, vascular access, 
adequacy of  resuscitation, and associated injuries. The 
severely burned patient presents with numerous preopera-
tive concerns, as listed in Box 13.2. The preoperative evalu-
ation must be performed within the context of  the planned 
operative procedure, which will depend on the location, 
extent, and depth of  burn wounds; time after injury; pres-
ence of  infection; and existence of  suitable donor sites for 
autografting.

INITIAL EVALUATION OF BURN INJURY

Destruction of  skin by thermal injury disrupts the vital 
functions of  the largest organ in the body. The skin provides 
several essential protective and homeostatic functions (Box 
13.3). Treatment of  patients with burn injuries must com-
pensate for loss of  these functions until the wounds are 
covered and healed. As a barrier to evaporation of  water, 

the skin helps maintain fluid and electrolyte balance. Heat
loss through evaporation and impairment of  vasomotor
regulation in burned skin diminishes effective temperature
regulation. The skin’s barrier function also protects against
infection by invading organisms. Wound exudate rich in
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must also be assessed. The level of  required support may 
range from supplemental blow-by or mask oxygen to intu-
bation and ventilation with high positive end-expiratory 
pressure (PEEP) and FIO2. Acute lung injury can occur from 
inhalation of  chemical irritants, systemic inflammation 
from burn wounds or difficulties with resuscitation, or 
ventilator-induced injury. Common pathologies include 
upper airway thermal injury, pulmonary parenchyma 
damage from chemical irritants or inflammation, and lower 
airway obstruction from mucus plugs and epithelial casts, 
as well as pulmonary edema due to acute lung injury or 
volume overload. With very high levels of  PEEP or peak 
inspiratory pressure, it must be determined if  the anesthesia 
ventilator is adequate or if  an ICU ventilator will need to be 
brought to the operating room. If  the patient is intubated 
at the time of  the preoperative evaluation, it is essential to 
know what the indications for intubation were so that an 
appropriate plan for postoperative support can be made.

There is general recognition that smoke inhalation injury 
increases morbidity and mortality for burn patients.13 The 
presence of  an inhalation injury in combination with a 
cutaneous burn increases the volume of  fluid required for 
resuscitation by as much as 44%.14 Numerous studies have 
also shown an increased incidence of  pulmonary complica-
tions (pneumonia, respiratory failure, or acute respiratory 
distress syndrome [ARDS]) in patients with burns and inha-
lation injury when compared with burns alone.15 Sequelae 
of  inhalation injury include upper airway distortion and 
obstruction from direct thermal injury as well as impaired 
pulmonary gas exchange due to effects of  irritant gases on 
lower airways and pulmonary parenchyma. These two 
components of  the inhalation injury have separate time 
courses and pathophysiological consequences.

Foley described the findings of  335 autopsies performed 
on patients who died from extensive burns.16 Intraoral, 
palatal, and laryngeal burns were not uncommon among 
patients with inhalation injuries. The most common sites of  
laryngeal injury were the epiglottis and vocal folds where 
their edges were exposed. In contrast, thermal necrosis 
below the glottis and upper trachea was not observed in any 
of  these patients. The lower airways are nearly always pro-
tected from direct thermal injury by the efficiency of  heat 
exchange in the oro- and nasopharynx unless the injury 
involves steam or an explosive blast. This has been demon-
strated in an experimental model.17 Inhalation injury to the 
lower airways and pulmonary parenchyma is, therefore, 
almost always due to the effect of  toxic or irritant gases.

Clinical suspicion of  inhalation injury is aroused by the 
presence of  certain risk factors such as history of  exposure 
to fire and smoke in an enclosed space or a period of  uncon-
sciousness at the accident scene, burns including the face 
and neck, singed facial or nasal hair, altered voice, dyspha-
gia, oral and/or nasal soot deposits, or carbonaceous 
sputum. The earliest threat from inhalation injury, aside 
from asphyxia or systemic poisoning, is upper airway 
obstruction due to edema. Early or prophylactic intubation 
is recommended when this complication threatens. However 
exposure to smoke does not always lead to severe injury 
and, in the absence of  overt evidence of  respiratory distress 
or failure, it may be difficult to identify patients who will 
experience progressive inflammation and ultimately require 
intubation of  the trachea. In a retrospective study, Clark 

protein depletes plasma proteins when large body surface 
areas are injured.

In addition to loss of  important functions of  the skin, 
extensive burns result in an inflammatory response with 
systemic effects that alter function in virtually all organ 
systems. Preoperative evaluation of  the burn patient is 
guided largely by a knowledge of  these pathophysiological 
changes.

Much of  the morbidity and mortality associated with 
burn injuries are related to the size of  the injury. The extent 
of  the burn injury is expressed as the TBSA burned. Esti-
mates of  TBSA burned are used to guide fluid and electro-
lyte therapy and to estimate surgical blood loss. These 
estimates can be made with Lund Browder charts developed 
from age-specific nomograms (Fig. 13.3). Simplified “Rule 
of  Nines” charts are available in emergency departments 
for rapid estimates of  TBSA involvement. A knowledge of  
the burn depth is also critical to anticipating physiological 
insult as well as planned surgical treatment. First-degree or 
superficial second -degree burns may heal without scarring 
or deformity and do not require surgical excision. Deeper 
second-degree and third-degree burns require surgical 
debridement and grafting with associated surgical blood 
loss.

Accurate estimates of  blood loss are crucial in planning 
preoperative management of  burn patients. With extensive 
wound excision or debridement, large amounts of  blood 
can be lost rapidly. Adequate preparation in terms of  moni-
tors, vascular access, and availability of  blood products is 
essential. Surgical blood loss depends on area to be excised 
(cm2), time since injury, surgical plan (tangential vs. fascial 
excision; Fig. 13.4), and presence of  infection.12 Blood loss 
from skin graft donor sites will also vary depending on 
whether it is an initial or repeat harvest. These variables are 
valuable predictors of  surgical blood loss, which is a critical 
factor in planning anesthetic management (Table 13.1).

AIRWAY AND PULMONARY FUNCTION

Special attention must be paid to the airway and pulmonary 
function during preoperative evaluation. Burn injuries to 
the face and neck can distort anatomy and reduce range of  
mobility in ways that make direct laryngoscopy difficult or 
impossible. Specific alterations include impaired mouth 
opening and edema of  the tongue, oropharynx, and larynx, 
as well as decreased range of  motion of  the neck. The tissue 
injury and sloughing present after severe facial burns may 
make mask ventilation difficult. Inhalation injury may 
impair pulmonary gas exchange and lead to respiratory 
insufficiency or failure. The level of  respiratory support 

Table 13.1 Calculation of Expected Blood Loss

Surgical Procedure Predicted Blood Loss

<24 h since burn injury 0.45 mL/cm2 burn area

1–3 days since burn injury 0.65 mL/cm2 burn area

2–16 days since burn injury 0.75 mL/cm2 burn area

>16 days since burn injury 0.5–0.75 mL/cm2 burn area

Infected wounds 1–1.25 mL/cm2 burn area
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BURN DIAGRAM Shriners Burns Institute – Galveston Unit

Burn Estimate – Age vs. area
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Fig. 13.3 Modified Lund and Browder for use at Shriners Hospital, Galveston. Relatively precise estimation of the percent of total body surface area 
affected by burns is possible with the use of the chart, which normalizes areas of different surface structures with changes that occur with age. A more 
rapid estimate can be made using a “Rule of Nines” chart that only distinguishes between infants and adults. 
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sheep model.26 They observed four discrete but overlapping 
phases of  injury described as exudative, degenerative, pro-
liferative, and reparative. During the first 48 hours the exu-
dative phase was characterized by polymorphonuclear 
(PMN) infiltration, interstitial edema, loss of  type I pneumo-
cytes, and damage to the tracheobronchial epithelium in 
the form of  focal necrosis, hemorrhage, and submucosal 
edema. The degenerative phase occurred between 12 and 
72 hours and was characterized by progressive epithelial 
damage with shedding of  necrotic tissue and formation of  
pseudomembranes and casts. Hyaline membranes devel-
oped over alveolar surfaces. Macrophages began to accu-
mulate to begin absorption of  necrotic debris. A proliferative 
phase was described between days 2 and 7, during which 
type II pneumocytes and macrophages proliferated. After 
the fourth day, reparative changes were observed with 
regeneration of  epithelium from spared epithelium from the 
orifices of  glands.

Several reviews provide lucid descriptions of  pathophysi-
ological changes resulting from smoke inhalation.27–29 
Decreased dynamic compliance increases the work of  breath-
ing. Increased closing volume and decreased functional 
residual capacity lead to atelectasis and shunt resulting in 
hypoxia. Airways become plugged by sloughed epithelium, 
casts, and mucus. Impaired ciliary action exacerbates the 
airway obstruction by decreasing the clearance of  airway 
debris. These changes lead to further shunt and allow colo-
nization and pneumonia. Treatment for inhalation injury 
is empiric and supportive with tracheal intubation and 
mechanical ventilation. The application of  aggressive pul-
monary toilet, high-frequency percussive ventilation, and 
respiratory therapy protocols designed to mobilize obstruct-
ing debris are also highly beneficial. As with treating ARDS, 
it has been suggested that reduced tidal volumes and 
airway pressures may limit ventilator-induced lung injury 
in patients with smoke inhalation injury.30,31 Recently, 
however, Sousse et al. examined the effect of  reduced tidal 
volumes on clinical outcomes in patients with inhalation 
injury requiring mechanical ventilation. Historical controls 

et al. reported that 51% of  their patients exposed to smoke 
inhalation did not require intubation.18 Unnecessary intu-
bation in the presence of  an inflamed laryngeal mucosa 
risks further damage to the larynx and subglottic area.19,20

Traditional clinical predictors of  airway obstruction 
have been found to be poor predictors of  airway compro-
mise in patients with risk factors for inhalation injury.21,22 
More objective criteria for evaluation of  the risk of  airway 
obstruction are often needed. Hunt et al. found fiberoptic 
bronchoscopy to be a safe and accurate method for diag-
nosis of  acute inhalation injury.23 They described obser-
vations of  severe supraglottic injuries associated with 
mucosal edema obliterating the piriform sinuses and 
causing massive enlargement of  the epiglottis and aryte-
noid eminence. Haponic et al. made serial observations by 
nasopharyngoscopy in patients at risk for inhalation injury 
and found distortions of  the upper airway described as com-
pliant, edematous mucosa of  the aryepiglottic folds, and 
arytenoid eminences that prolapsed to occlude the airway 
on inspiration.24 Progressive upper airway edema in these 
patients was correlated with body surface area burned, 
resuscitative volume administered, and rate of  infusion of  
resuscitative fluids. For patients who are at risk for inhala-
tion injury but lack definitive indications for intubation, 
fiberoptic nasopharyngoscopy is effective in identifying 
impending airway compromise. Serial exams may help 
avoid unnecessary intubations and at the same time iden-
tify progressive inflammatory changes and allow intubation 
before severe airway obstruction and emergent conditions  
develop.20

Lower airway and parenchymal injuries develop more 
slowly than upper airway obstruction. Prior to resuscitation 
clinical signs and symptoms relating to respiratory func-
tion, chest x-ray, and blood gas analysis may be within 
normal limits despite significant injury that eventually pro-
gresses to respiratory failure requiring intubation and 
mechanical ventilation.25

Linares et al. studied the sequence of  morphological 
changes following smoke inhalation in an experimental 

BA

Fig. 13.4 (A) An important determinant of bleeding is surgical technique. Here the burn wound is excised tangentially with a Watson knife down to 
viable tissue, which is recognized by bleeding. (B) Bleeding during burn wound excision is less when the wound is excised down to the fascial layer, 
as in this image. Notice also the thick gelatinous layer of edematous tissue beneath the burn wound compared with the unburned tissue at the left 
of the image. 
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Sulfur donors such as sodium thiosulphate (adults 25 mL 
of  50% solution or pediatrics 1.65 mL/kg of  25% solution) 
accentuate the bodies’ enzymatic conversion of  cyanide to 
thiocyanate in the presence of  the mitochondrial enzyme 
rhodanese, thus decreasing its toxicity and increasing  
elimination.36,37

EFFECT OF BURN INJURY ON CIRCULATION

Thermal injury has profound effects on the systemic circu-
lation, and hemodynamic management is a major compo-
nent of  perioperative care. The skills and clinical experience 
of  anesthesiologists match very well with the needs of  
patients presenting with serious burn injury, and anesthe-
siologists are often asked to participate in the initial resus-
citation. Patients may also require surgical intervention 
such as escharotomy, fasciotomy, or wound excision during 
the first 24 hours after injury; that is, during the initial fluid 
resuscitation. Because of  this, it is important for anesthesi-
ologists to understand the fundamentals of  burn resuscita-
tion. It is also critical for the anesthesiologist to be able to 
evaluate the quality of  the resuscitation and assess the 
hemodynamic status and physiological reserve of  the 
patient after the initial acute resuscitation. These require 
familiarity with phasic changes in cardiovascular function 
that follow major burn injuries.

During the first few days after a large burn injury there 
is a biphasic change in cardiovascular function. With loss 
of  fluid from the vascular space, hypovolemia develops 
quickly without aggressive replacement. This is associated 
with decreased cardiac output and increased systemic resis-
tance. Over the next 2–3 days, if  resuscitation is successful, 
this pattern is reversed. A hyperdynamic pattern develops 
with significantly elevated cardiac output and decreased 
systemic vascular resistance. Evaluation of  physiological 
status and planning for perioperative care requires knowl-
edge of  these changes.

After massive thermal injury, a state of  burn shock devel-
ops due to intravascular hypovolemia and, in some cases, 
myocardial depression. This state of  burn shock is charac-
terized by decreased cardiac output, increased systemic vas-
cular resistance, and tissue hypoperfusion.38,39 Intravascular 
hypovolemia results from alterations in the microcircula-
tion in both burned and unburned tissues, leading to the 
extensive loss of  intravascular fluid to the interstitium. 
Cutaneous lymph flow increases dramatically in the imme-
diate post burn period and remains elevated for approxi-
mately 48 hours.40 The forces responsible for this massive 
fluid shift involve all components of  the Starling equilib-
rium equation,41

J K P Pv f c if c i= − − −[ ) )],( (σ π π

where Kf is the capillary filtration coefficient, Pc is the capil-
lary pressure, Pif  is the interstitial hydrostatic pressure, σ s 
the reflection coefficient for protein, πc is the plasma colloid 
osmotic pressure, and πi the interstitial colloid osmotic pres-
sure. The specific alterations include:

■ Increase in microvascular permeability (kf  and σ) due
primarily to the release of  local and systemic inflam-
matory mediators;

were patients previously ventilated with tidal volumes of
15 mL/kg. Outcomes of  these patients were compared with
current patients receiving 9 mL/kg. Patients in the group
with lower tidal volumes required fewer ventilator days and
had a lower incidence of  atelectasis and ARDS.32 Where
the pathophysiology of  ARDS relates primarily to alveolar
flooding with protein rich fluid, smoke inhalation injury
involves more small airway obstruction (cast and necrotic
debris) resulting in increased airway resistance, decreased
compliance, and V/Q mismatch. It may be that these two
disease processes require different treatments.

Carbon monoxide (CO) and cyanide are two major toxic
components of  smoke. The burn patient with evidence of
smoke inhalation injury should be evaluated for the pres-
ence of  toxicity resulting from these compounds. CO binds
hemoglobin 200 times more avidly than oxygen.33 There-
fore CO markedly impairs the association of  oxygen with
hemoglobin and decreases oxygen-carrying capacity. CO
also shifts the oxy-hemoglobin dissociation curve to the left,
thus decreasing the release of  oxygen into tissues. These
factors result in decreased oxygen delivery to tissues and, at
critical levels, lead to anaerobic metabolism and metabolic
acidosis. Signs and symptoms of  CO poisoning include
headache, mental status changes, dyspnea, nausea, weak-
ness, and tachycardia. Patients suffering CO poisoning have
a normal PaO2 and oxygen saturation by routine pulse
oximetry. They are not cyanotic. Carboxyhemoglobin must
be detected by co-oximetry. Carboxyhemoglobin levels
above 15% are toxic and those above 50% are often lethal.
The major treatment approach is administration of  100%
oxygen and, in severe cases, hyperbaric treatment to
increase the partial pressure of  oxygen in blood.34

Cyanide is also a component of  smoke, resulting from the
burning of  certain plastic products.35 Cyanide directly
impairs the oxidative apparatus in mitochondria and
decreases the ability of  cells to utilize oxygen in metabolism.
These alterations result in conversion to anaerobic metabo-
lism and the development of  metabolic acidosis. Signs and
symptoms include headache, mental status changes,
nausea, lethargy, and weakness. Hydrogen cyanide levels
above 100 ppm are generally fatal.36,37

Treatment of  cyanide toxicity begins with a high inspired
oxygen concentration, which may increase intracellular
oxygen tension enough to cause nonenzymatic oxidation
of  reduced cytochromes or displace cytochrome oxidase
and potentiate the effects of  administered antidotes. Phar-
macological intervention includes methemoglobin genera-
tors such as the nitrates (amyl nitrite inhalation 0.2 mL,
or sodium nitrite, intravenous 10 mL of  3% solution for
adults and 0.13–0.33 mL/kg of  3% solution for pediat-
rics) and dimethylaminophenol (3.25 mg/kg) to increase
methemoglobin levels. Methemoglobin competes with
cytochrome oxidase for cyanide. However excessive levels
of  methemoglobin lead to decreased oxygen-carrying
capacity and may be toxic. Direct binding agents have a
high affinity for cyanide. Di-cobalt edetate (20 mL of  15%
solution for adults or 0.3–0.5 mL/kg of  15% solution for
pediatrics) is extremely rapid in action but has significant
toxicity, whereas hydroxocobalamin (adults 5–10 g or pedi-
atrics 70 mg/kg), the precursor of  vitamin B12, has been
shown to be safe with few systemic side effects, is actively
metabolized by the liver, and avoids renal absorption.
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develops over the following 2–3 days that is supported by a 
variety of  inflammatory mediators. This state of  systemic 
inflammation has been termed the systemic inflammatory 
response syndrome (SIRS) and is characterized in burned 
patients by tachycardia, a marked decrease in systemic vas-
cular resistance, and increased cardiac output. SIRS is 
expressed as a continuum of  severity ranging from the pres-
ence of  tachycardia, tachypnea, fever, and leukocytosis to 
refractory hypotension, and, in its most severe form, shock 
and multiple organ system dysfunction. In thermally 
injured patients, the most common cause of  SIRS is the 
burn itself; however, sepsis (SIRS with the presence of  infec-
tion or bacteremia) is also a common occurrence.

As a result of  these pathophysiological mechanisms, 
burns involving more than 20% of  the patient’s TBSA will 
produce a state of  burn shock. In patients with reduced 
physiologic reserve this can occur with less extensive burns 
(e.g., 10% TBSA burned). Initial survival from this insult 
requires aggressive replacement of  intravascular fluid. At 
the same time overresuscitation can cause serious morbid-
ity which, in extreme cases, can be lethal. Several resuscita-
tion protocols utilizing various combinations of  crystalloids, 
colloids, or hypertonic fluids have been developed as guides 
for administration of  the large amounts of  fluid needed by 
patients with acute burns (Table 13.2). Alvarado and col-
leagues have provided a history of  the evolution of  these 
protocols.57 As these authors point out, little theoretical 
progress has been made in our understanding of  burn 
resuscitation since current protocols were introduced in the 
1970s. As a result, considerable controversy continues 
regarding such basic decisions as to what fluids to use or 
what physiological variables to use to titrate volume replace-
ment. Whereas in the past colloid solutions were often 
avoided during the first 24 hours after burn injury, colloids, 
especially as albumin or plasma, are returning into favor.

Isotonic crystalloid is still the most commonly used fluid 
for resuscitation in U.S. burn centers. The most popular 
fluid resuscitation regimen, the Parkland Formula, uses iso-
tonic crystalloid solutions and estimates the fluid require-
ments in the first 24 hours to be 4 mL/kg per TBSA burned. 
Another popular formula is the modified Brooke formula 
recommending 2 mL/kg per TBSA burned. With both of  
these protocols, half  is given during the first 8 hours and 
half  given over the next 16 hours. The American Burn 
Association “consensus formula” recommends resuscita-
tion with 2–4 mL/kg/TBSA burned.58

These formulas are only estimates, and fluid require-
ments will vary considerably among patients with similar 
percentage of  TBSA burned for a variety of  reasons; rates 
and volumes must be titrated according to the patient’s 
response. Fluid administration is generally titrated to main-
tain mean blood pressure above 70 and urine output at 
30–50 mL/h in adults and 0.5–1.0 mL/kg per hour in pedi-
atric patients. The use of  invasive hemodynamic monitors 
allows targeting of  determinants of  oxygen delivery, which 
should intuitively lead to more physiologically precise resus-
citation. Such efforts, however, have not improved clinical 
outcome and have generally resulted in more aggressive 
fluid administration and consequent overresuscitation.59,60

When evaluating the quality of  resuscitation, estimates 
of  fluid requirements based on these protocols can reveal 
significant departure from predicted needs. Review of  the 

■ Increase in intravascular hydrostatic pressure (Pc) due
to microvascular dilatation;

■ Decrease in interstitial hydrostatic pressure (Pi);
■ Decrease in intravascular oncotic pressure (πc) due to

leakage of  protein from the intravascular space
■ Relative increase in interstitial oncotic pressure due to

a smaller decrease in interstitial oncotic pressure (πi)
compared to intravascular oncotic pressure (πc).

The leakage of  protein and fluid into the interstitial space
often results in a washout of  interstitial colloid and mark-
edly increased lymph flow. The net effect of  these changes
is the development of  massive edema during the first 24–48
hours after thermal injury with a concomitant loss of  intra-
vascular volume. The hypotension associated with burn
injury is also due, in part, to myocardial depression. It has
been 50 years since Baxter and colleagues first described
burn-induced cardiac dysfunction.42 They postulated that a
circulating depressant “factor” was present in the plasma,
resulting in reduced myocardial contractility. Since then,
numerous groups have confirmed similar findings.43,44

Although, this “factor” has not been specifically isolated,
cytokines including tumor necrosis factor-α (TNF-α), inter-
leukin 1-β (IL-1β), gut-derived factors from plasma and
mesenteric lymphatics, and other neurohumoral mediators
have been shown to reduce contractility and relaxation
properties of  the heart.45-49 Both systemic activation and
local tissue levels of  cytokine expression are responsible for
early burn-induced myocardial depression (first 2–6 hours)
that begins to resolve days within days after injury.47 There
is pronounced synergy among burn injury, sepsis, and
other forms of  shock with regard to myocardial depression,
suggesting a common pathway(s) in cardiac dysfunction.

Clinically the incidence of  myocardial dysfunction fol-
lowing severe burn injury and its related sequelae remain
somewhat controversial. Studies have often been small,
underpowered, and use differing methodologies, and data
have been collected at different time periods. Indirect assess-
ments of  ventricular function throughout the acute resus-
citation period using right heart catheterization found that
left ventricular function was hypocontractile in the context
of  high circulating catecholamine levels.6,50 On the other
hand, normal cardiac function has also been reported in the
initial resuscitation period following burn injury. Goodwin
et al., reported an increase in internal fiber shortening
using M-mode echocardiography following burn injury.51

Others reported similar findings at similar time after injury.52

More recently diastolic dysfunction in the resuscitation
period was found to be associated with increased cytokine
levels and death.53 Myocardial injury, indicated by increased
plasma troponin, has also been described and associated
with reduced stroke work and diastolic dysfunction.54

Autopsy data in burns show evidence of  myocardial ische-
mia (30–60% cases, for all age groups), suggesting non–
coronary artery causes for ischemia.55 Myocardial ischemia
is likely from reduced supply (tachycardia) and increased
demand (tachycardia + contractility) due to catecholamine
surge and sympathetic activation. Thus cardiac dysfunc-
tion in the early (ICU) phase is likely due to myocardial
stunning since fibrosis would take longer (e.g., months).56

If  the patient survives the initial burn shock and is ade-
quately resuscitated, a state of  hyperdynamic circulation
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patients.60 When administered specifically for the therapeu-
tic goal of  limiting the volume necessary for resuscitation, 
the use of  colloid solutions is a rational choice for many  
clinicians.

In a prospective randomized study, the use of  plasma for 
volume resuscitation was found to reduce volume infused 
and weight gain along with intra-abdominal pressure and 
the incidence of  abdominal compartment syndrome (see 
later discussion).66 These outcome variables have not been 
used for comparing crystalloid and colloid resuscitation in 
the past. With the trend toward larger volumes for initial 
resuscitation, with associated morbidity, it may be that the 
use of  colloid is beneficial for larger injuries. The use of  
plasma during resuscitation may involve more than just 
volume and increased colloid osmotic pressure. Kozar and 
colleagues demonstrated that plasma but not crystalloid 
resuscitation partially reverses hemorrhage-induced endo-
thelial damage in an experimental animal model.67 Restora-
tion of  the endothelial glycocalyx may help recovery of  the 
capillary function and reduce fluid extravasation.

Crystalloid solutions alone provide adequate intravascu-
lar expansion without unacceptable complications in many 
patients. However not all patients respond favorably to crys-
talloid resuscitation. Box 13.4 provides a list of  a number 
of  factors that can significantly increase the volume of  fluid 
needed for resuscitation. For patients with these features, 
and in other patients for unknown reasons, very large 
volumes of  crystalloid are needed to support blood pressure 
and maintain urine output. In these cases the excessive 
volume of  fluid can result in dangerous morbidity, such as 
abdominal compartment syndrome (Fig. 13.5). For example, 
patients who receive more than 250 mL/kg during the first 
24 hours are at risk for abdominal compartment syn-
drome.68 It is important to recognize when resuscitation is 
difficult so that measures can be taken to limit morbidity. 

patient’s physiological status provides evidence of  over- or 
underresuscitation. Crystalloid solutions generally provide 
adequate volume resuscitation; however the large volumes 
that are needed result in substantial tissue edema and 
hypoproteinemia. In addition, a trend toward administra-
tion of  more fluid than the Parkland Formula would predict 
has been termed “fluid creep.”61 As mentioned earlier, 
overresuscitation can be associated with serious morbid-
ity and even mortality. This has led to a search for inter-
ventions that can reduce the volume of  fluid needed for  
resuscitation.

Although colloid was included in earlier resuscitation 
formulas, it was dropped during the 1970s. An overall 
clinical benefit was difficult to demonstrate for colloid solu-
tions, especially when given during the first 12 hours after 
injury. Pruitt and colleagues reported that the addition of  
colloids to resuscitation fluid during the first 24 hours did 
not increase the intravascular volume more than crystal-
loid fluid alone.62 It was also suggested that colloid use 
could contribute to pulmonary edema during the post-
resuscitation period.51 Because of  the added cost with 
little established benefit, colloid solutions have not been 
used routinely for initial volume resuscitation in burned 
patients in the United States until recently. In 1998, a 
highly publicized Cochrane meta-analysis concluded that 
albumin administration increases mortality in critically ill 
patients, including patients with severe burn injuries.63 As 
relating specifically to burn-injured patients, there were 
serious methodological flaws with this meta-analysis suf-
ficient for most clinicians to discount the Cochrane con-
clusion that albumin administration increases mortality 
among burn patients.64,65 In a recent review, Saffle reported 
that, in nearly all studies of  burn resuscitation, the use 
of  colloid solutions has reduced the volume required as 
well as the complications of  overresuscitation in these 

Table 13.2 Formulas for Estimating Adult Burn Patient Resuscitation Fluid Needs

Colloid formulas Electrolyte Colloid D5W

Evans Normal saline 1.0 mL/kg/% burn 1.0 mL/kg/% burn 2000 mL/24 h

Brooke Lactated Ringer’s 1.5 mL/kg/% burn 0.5 mL/kg 2000 mL/24 h

Slater Lactated Ringer’s 2 liters/24 h Fresh frozen plasma 75 mL/kg/24 h

Crystalloid formulas

Parkland Lactated Ringer’s 4 mL/kg/% burn

Modified Brooke Lactated Ringer’s 2 mL/kg/% burn

Hypertonic saline formulas

Hypertonic saline solution 
(Monafo)

Volume to maintain urine output at 30 mL/h
Fluid contains 250 mEq Na/liter

Modified hypertonic 
(Warden)

Lactated Ringer’s +50 mEq NaHCO3 (180 mEq Na/liter) for 8 hours 
to maintain urine output at 30–50 mL/h

Lactated Ringer’s to maintain urine output at 30–50 mL/h 
beginning 8 hours postburn

Dextran formula (Demling) Dextran 40 in saline—2 mL/kg/h for 8 hours
Lactated Ringer’s—volume to maintain urine output at 30 mL/h
Fresh frozen plasma—0.5 mL/kg/h for 18 hours beginning 8 

hours postburn
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earlier intervention. This study also emphasizes the hetero-
geneity of  the burned patient population with regard to 
response to treatment. This heterogeneity may also explain 
in part why it has been difficult to show benefit from colloid 
administration. It would be difficult to show benefit from an 
intervention if  it is given to a group of  patients comprising 
both responders and nonresponders.

The use of  hypertonic saline, either alone or in conjunc-
tion with colloids, has also been advocated by some in the 
initial resuscitation of  burned patients. Among the poten-
tial benefits are reduced volume requirements to attain 
similar levels of  intravascular resuscitation and tissue per-
fusion compared to isotonic fluids.71 Theoretically, the 
reduced volume requirements would decrease the incidence 
of  pulmonary and peripheral edema, thus reducing the 
incidence of  pulmonary complications and the need for 
escharotomy. Hypertonic saline dextran solutions have 
been shown to expand intravascular volume by mobilizing 
fluids from intracellular and interstitial fluid compartments. 
Although hypertonic saline dextran solutions will tran-
siently decrease fluid requirements, there is potential for a 
rebound in fluid resuscitation needs.72 Therefore most burn 
centers continue to employ isotonic crystalloid fluids rather 
than hypertonic solutions for initial resuscitation of  patients 
in burn shock.

Unfortunately there is no single physiological variable 
that is always reliable as an end point to guide resuscitation 
in acute burn patients. Several variables are used to assess 
the adequacy of  volume resuscitation in burned patients 
(Box 13.5). The overall goal is early volume resuscitation 
and establishment of  tissue perfusion. Traditionally urine 
output (0.5–1 mL/kg per h) and normalization of  blood 
pressure (mean arterial blood pressure of  greater than 
70 mm Hg) have been used as endpoints. However, some 
studies indicate that these parameters may be poor predic-
tors of  adequate tissue perfusion. Jeng and colleagues 
showed that attaining urine outputs of  greater than 
30 mL/h and mean blood pressures of  greater than 
70 mm Hg correlated poorly with other global indicators of  
tissue perfusion such as base deficit and blood lactate 
levels.73 In order to maintain perfusion of  vital organs such 
as heart and brain, blood flow is often redistributed away 
from splanchnic organs. Persistent hypoperfusion of  these 
organs ultimately results in tissue injury and may be a con-
tributing factor to multisystem organ dysfunction. Several 
studies have shown that normalization of  blood pressure, 
heart rate, and urine output alone does not by itself  

Extensive recent experience with burn injuries resulting 
from military conflicts has produced protocols that include 
administration of  albumin for managing patients who do 
not have an adequate response to appropriate volumes of  
crystalloid fluid.69 Likewise many civilian burn centers have 
adopted “colloid rescue” for patients with inadequate 
response to resuscitation. Lawrence and colleagues70 evalu-
ated responses of  burn patients as an hourly ratio (I/O) of  
volume of  fluid infused (mL/kg/%TBSA burned/h) to urine 
output (mL/kg/h). Patients who responded favorably to 
fluid administration maintained a ratio of  less than 0.4, but 
poor responders had progressively increasing ratios to a 
maximum of  1.97. When patients were identified as poor 
responders, 5% albumin was added to their resuscitation 
fluid regimen. After addition of  albumin each of  the patients 
responded with a prompt decrease in the I/O ratio for the 
remainder of  the resuscitation. In this study albumin rescue 
was initiated more than 12 hours after injury. The authors 
noted that these patients still received large volumes of  fluid 
and that this volume might have been reduced if  colloid had 
been given earlier. In the future it may be feasible to recog-
nize poor responders early during resuscitation to allow 

Box 13.4 Factors That May Increase Fluid Needs 
for Resuscitation of Patients with Acute  
Burn Injuries

■ Inhalation injury
■ Delay in resuscitation
■ Crush injury
■ Electrical injury
■ Large full-thickness burns
■ Methamphetamine lab accidents
■ Associated injuries

Fig. 13.5 Large volumes of crystalloid solution required for resuscita-
tion of patients with acute burns can result in compromise of circula-
tion in various compartments. Escharotomies or fasciotomies may be 
required for extremities. Laparotomy may be required for abdominal 
compartment syndrome when other measures do not adequately 
decompress the abdomen. 

Box 13.5 Criteria for Adequate Fluid 
Resuscitation

■ Normalization of blood pressure
■ Urine output (1–2 mL/kg/h)
■ Blood lactate (<2 mmol/L)
■ Base deficit (<−5)
■ Gastric intramucosal pH (>7.32)
■ Central venous pressure
■ Cardiac index (Cl) (4.5 L/min/m2)
■ Oxygen delivery index (DO2L) (600 mL/min/m2)
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muscle tone have been used to reduce intra-abdominal 
pressure. More invasive measures include escharotomies,81 
percutaneous peritoneal dialysis catheter drainage,82 and  
laparotomy.79

Serious burns can also be caused by contact with caustic 
or corrosive chemicals. An increasingly common specific 
example is burns related to the illicit production of  
methamphetamine.83–85 There has been a dramatic increase 
in burn injuries from explosions and fires related to meth-
amphetamine production in illegal labs. Victims of  these 
accidents present unique challenges for a variety of  reasons. 
Substances used in methamphetamine production include 
chemicals that are corrosive and toxic (e.g., anhydrous 
ammonia, hydrochloric acid, red phosphorous, and ephed-
rine). Other ingredients are flammable (acetone, alcohol, 
and gasoline), and explosions can coat the victims with all 
these chemicals. As a result, in addition to the victim’s toxic 
exposure, contacting incompletely decontaminated victims 
of  these accidents has injured first responders and hospital 
workers.86,87

In addition to exposures just described, these patients are 
usually intoxicated with methamphetamine, as demon-
strated by positive urine screen, and may have inhaled toxic 
fumes such as phosphine gas. Santos et al. found the inci-
dence of  inhalation injury twice as great in victims of  
methamphetamine-related burns as in age- and burn-
matched controls.85 Among their patients requiring intuba-
tion for inhalation injury, methamphetamine users also 
required roughly twice as many ventilator days. Clinical 
studies have consistently observed increased fluid require-
ments for resuscitation of  methamphetamine patients.85,86 
For example, Santos et al. found that resuscitation volumes 
were 1.8 times greater for methamphetamine users with 
burns than for controls.85 In addition, methamphetamine 
users with burns experienced more behavioral problems. 
These patients are more often agitated and require restraints. 
Santos et al. reported that all their methamphetamine 
patients required greater than normal doses of  sedatives 
and displayed what they referred to as “withdrawal-type 
syndrome.”85 This behavior may be due to withdrawal of  
methamphetamine from chronic users.

EFFECT OF BURN INJURY ON RENAL FUNCTION

Acute kidney injury (AKI) is a very common and devastat-
ing complication of  severe burn injuries. The incidence is 
often estimated at 30% or more and can increase the mor-
tality in these patients to more than 80%.88 The risk of  AKI 
with burns increases with all the features intuitively associ-
ated with poor outcome. Despite improvements in critical 
care, AKI continues to complicate burn care and increase 
mortality. There have been some indications of  an improve-
ment, however. Jeschke and colleagues have shown a 
decrease in mortality in pediatric burn patients with ARF 
to 56% since 1984.89 Also, Chung and colleagues found 
that early application of  continuous venovenous hemofil-
tration in patients with evidence of  AKI, especially in the 
presence of  inhalation injury, improved survival compared 
with conventional care that included hemodialysis after 
more stringent criteria were met.90

The pathogenesis of  AKI in burn patients is complex and 
can involve a number of  interconnected mechanisms. A 

correlate with improved outcome.74,75 Therefore during the
preoperative assessment of  the burn patient, the anesthesi-
ologist should not base the cardiovascular assessment on
one variable but use a more global approach to evaluating
the patient’s physiological status and reserve.

When vital signs and urine output are within normal
limits, measurements of  metabolic function may provide
more subtle evidence of  impaired perfusion. In burn
patients, tissue perfusion is not uniform. Perfusion of  the
splanchnic beds may be sacrificed in order to maintain the
perfusion of  heart, brain, and kidneys. Blood lactate and
base deficit provide indirect metabolic global indices of
tissue perfusion. Lactic acid is a byproduct of  anaerobic
metabolism and is an indicator of  either inadequate oxygen
delivery or impaired oxygen utilization. In the absence of
conditions such as cyanide poisoning or sepsis that alter
oxygen utilization at the cellular level, lactate level may be
a useful marker of  oxygen availability.76 Wo and colleagues
found serum lactate to be the most predictive index of  ade-
quate tissue perfusion, and a lactate level of  less than
2 mmol/L in the first 24–72 hours after burn injury cor-
related with increased survival.75 Base deficit is another
indirect indicator of  global tissue perfusion. The base deficit
is calculated from the arterial blood gas using the Astrup
and Siggard-Anderson nomograms. Although it is a calcu-
lated and not directly measured variable, base deficit pro-
vides a readily obtained and widely available indicator of
tissue acidemia and shock. Base deficit has been shown to
correlate closely with blood lactate and provides a useful
indicator of  inadequate oxygen delivery. A retrospective
study by Kaups et al. showed that base deficit was an accu-
rate predictor of  fluid requirements, burn size, and mortal-
ity rate.77

Overresuscitation can also be a serious complication of
fluid administration to acute burn patients. Blindness due to
ischemic optic neuropathy has been reported as a complica-
tion of  burn resuscitation.78 Greenhalgh and Warden first
described the association of  increased abdominal pressures
and compartment syndrome with burn resuscitation.79

Several studies since then have described the common
occurrence of  increased intra-abdominal pressure with
large-volume burn resuscitation. Intra-abdominal hyper-
tension is termed abdominal compartment syndrome when
it is associated with impaired respiration, circulation, and
urine output. Mechanical ventilation is impaired by pres-
sure on the diaphragm, circulation is impaired by restricted
venous return due to caval compression, and urine output
is impaired by compression of  renal vessels. When this
pattern presents, the patient should be examined for ele-
vated intra-abdominal pressure. This can be accomplished
by measuring bladder pressure: 50 mL of  saline is instilled
into the bladder through the Foley catheter and the height
of  the saline column above the symphysis pubis is measured
(1.36 cm of  H2O = 1 mm Hg).80 Conservative treatment of
elevated intra-abdominal pressure includes attempts to
limit the volume of  intravenous fluid needed for resusci-
tation. The inclusion of  plasma with resuscitation fluids
has been found to reduce the volume required and was
associated with significantly lower intra-abdominal pres-
sures.66 When intra-abdominal hypertension occurs it can
be relieved to a degree by optimizing sedation and analgesia.
Diuresis with furosemide and muscle relaxants to reduce
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The hypermetabolic pattern also increases caloric needs. 
Numerous studies have shown that optimized nutritional 
care not only can ameliorate the burn-associated state of  
catabolism and immune suppression, but also can improve 
wound healing.96 Oral or enteral feeding is recognized as the 
optimal feeding route of  the burned patient. Frequently the 
acute burn patient is fed continuously over extended time 
periods. If  standard guidelines for perioperative fasting are 
implemented, recurrent operative procedures can signifi-
cantly impinge on the nutritional needs of  the patient and 
ultimately cause a caloric deficit. Each surgical procedure 
requiring general anesthesia theoretically necessitates a 
10-hour interruption of  enteral nutritional support (fasting 
for 8 hours preoperatively and 2 hours postoperatively). To 
avoid this interruption of  nutritional support, continuation 
of  feeding via a post-pyloric feeding tube has been used. One 
study indicates that this practice provides a favorable gut 
oxygen balance.100 Varon et al. reviewed records of  17 
patients fed intraoperatively through post-pyloric feeding 
tubes and 16 patients fasted for surgery. These patients had 
an average of  seven surgical procedures each.101 There were 
no clinical adverse effects with intraoperative feeding, and 
these patients met nutritional goals sooner than patients 
fasted for surgery. Larger studies are necessary to establish 
the safety of  intraoperative  feeding but many practitioners 
consider this safe in the presence of  a cuffed tracheal tube.

Severe insulin resistance with hyperglycemia and con-
current hyperinsulinemia is a key feature of  the metabolic 
alterations of  burn injury.95 Critical care of  burn patients 
often involves parenteral nutritional support and may also 
include insulin infusions. It is important to recognize these 
interventions during the preoperative evaluation of  the 
burn patient in the ICU. Oxygen consumption and glucose 
balance are altered when general anesthesia, muscle relax-
ation, and mechanical ventilation are employed. Increased 
sympathetic tone due to the stress of  surgical trauma can 
also alter glucose production and insulin resistance. These 
changes often result in significant changes in blood glucose 
levels that require treatment.

THERMOREGULATION IN BURN PATIENTS

Maintenance of  proper body temperature is an important 
factor in the care of  severely burned patients. The thermo-
regulatory system is controlled by three major components. 
These include the afferent system that senses changes in 
core body temperature and transmits this information to 
the brain, the central regulatory mechanisms located pri-
marily in the hypothalamus that process afferent input and 
initiate responses, and the efferent limb that mediates spe-
cific biological and behavioral responses to changes in core 
body temperature (Fig. 13.6). Temperature is sensed by Aδ 
and C fibers present in peripheral tissues such as skin and 
muscle, as well as in core tissues such as brain, deep abdom-
inal tissues, and thoracic viscera. The vast majority of  affer-
ent input arises from the core tissues. Because the skin is in 
direct contact with the environment, it senses immediate 
changes in environmental temperature. However the overall 
afferent input of  the skin and other peripheral tissues is 
estimated to be only 5–20% of  total afferent thermoregula-
tory input.102 Therefore loss of  skin following a burn injury 
is not likely to markedly alter overall afferent input. Wallace 

difference between AKI that occurs early after injury has
been distinguished from injury developing later.91 Early AKI
is associated with reduced renal blood flow resulting from
acute burn shock, whereas AKI that occurs later is associ-
ated with sepsis and exposure to nephrotoxic drugs. Early
AKI carries a worse prognosis than the late form.88 Con-
tinuous evaluation of  the patient’s response to fluid resus-
citation is necessary for the early recognition and correction
of  under- or overresuscitation to prevent early AKI.

Another mechanism of  early AKI is caused by myoglo-
binemia resulting from rhabdomyolysis due to compart-
ment syndrome or electrical injury.92,93 Treatment of  this
form of  AKI is difficult. Brown and colleagues found that
rates of  renal failure, dialysis, or mortality were not altered
by treatment of  rhabdomyolysis with bicarbonate and man-
nitol.94 Early diagnosis and treatment of  compartment syn-
drome or muscle damage due to electrical injury is,
therefore, critical to preventing its development.

The presence of  renal failure complicates intraoperative
management. It seriously reduces the margin of  error for
fluid replacement of  blood loss. A central venous catheter
(CVC) to monitor filling pressure may be more useful in
these patients. Electrolyte balance, especially potassium,
should be watched closely and extra caution with dosage
and rate of  administration of  nephrotoxic drugs such as
antibiotics is needed.

METABOLIC CHANGES ASSOCIATED WITH
BURN INJURY

Increased metabolic rate is the hallmark of  the metabolic
alterations that take place after thermal injury. The mag-
nitude of  the hypermetabolism is influenced by the size of
the burn wound, how the burn patient is treated, and the
ambient temperature of  the patient.95,96 Within the range
of  30–70% TBSA burn injury, the hypermetabolism tends
to be proportional to the size of  the burn wound. With
burns beyond this range, the hypermetabolism appears to
plateau and only increases in smaller increments.97 Septic
complication is an important factor that can increase
the metabolic response, as does the physiologic stress of
pain. It has been observed that modern-day treatment of
burn injuries with early excision and closed-wound treat-
ment ameliorates this hypermetabolism.98 Burn patients
increase their metabolic rate in an effort to generate heat
according to a new threshold set point for the body tem-
perature that is influenced by the size of  the burn (see the
section “Thermoregulation in Burn Patients”). The recog-
nition of  this fact has led to an increased awareness of
the importance of  the ambient temperature in modulating
the hypermetabolism of  the burn patient. By indirect calo-
rimetry, patients with major burn injuries treated accord-
ing to current standards have resting energy expenditures
that are 110–150% above values recorded in nonburned
subjects.99

As a result of  this hypermetabolic response, the acutely
burned patient has an increased O2 consumption along
with an increased CO2 production that demands a higher
respiratory effort. The anesthetic care of  the acute burned
patient has to accommodate these changes, and frequently
this has to be done in patients with compromised pulmo-
nary function due to burn injury.
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patients and decrease their ability to respond to their 
primary injury.108

The most important efferent responses to hypothermia 
are behavioral responses such as gaining shelter, covering 
up, and seeking a more desirable ambient temperature. In 
the acute postburn setting, most of  these behaviors are 
impeded by positioning, sedation, and inability to seek a 
more favorable environment. Therefore caregivers must 
be attentive to the patient’s temperature and perception 
of  cold so that measures can be undertaken to optimize 
the patient’s temperature. Cutaneous vasoconstriction is 
another important mechanism for preserving heat and 
core body temperature. In unburned persons, a tempera-
ture gradient of  2–4°C exists between skin and core tissues. 
This gradient is maintained by cutaneous vasoconstriction. 
Without cutaneous vasoconstriction, heat is redistributed 
from the core compartment to the periphery. This heat is 
ultimately lost to the environment. Peripheral vasocon-
striction minimizes temperature redistribution and acts to 
maintain core body temperature. This mechanism of  heat 
preservation is lost with the loss of  large areas of  skin, 
particularly if  cutaneous tissues are excised down to the 
fascial level. The loss of  skin facilitates the loss of  core body 
heat into the environment and places the burn patient at 
risk for core hypothermia. Another mechanism of  heat loss 
in burn patients is evaporation. Burn patients can lose as 
much as 4000 mL/m2 burned per day of  fluids through 
evaporative losses.109 Mechanisms of  nonshivering heat 
production and shivering remain intact in burn patients. 
However, shivering increases metabolic requirements and 
is likely deleterious.

The induction of  anesthesia results in relative ablation of  
thermoregulatory mechanisms and puts the patient at 
further risk for developing hypothermia. Patients under 
general anesthesia exhibit a markedly decreased threshold 
for responding to hypothermia (Fig. 13.7). This is particu-
larly important in burn patients, given their high tempera-
ture set point and the deleterious effects of  further stress 
responses and hypermetabolism. Most anesthetics decrease 
nonbehavioral responses to hypothermia such as vasocon-
striction, nonshivering thermogenesis, and shivering. Of  
course, behavioral responses are ablated during general 
anesthesia. Therefore, it is the responsibility of  the 

and colleagues have shown that burn patients perceive 
changes in ambient temperature as effectively as normal 
controls.103 This is likely due to the retained ability of  burn 
patients to sense changes in core temperature and transmit 
this information to the central nervous system. Central 
control of  temperature is a complicated system that is not 
well understood. The hypothalamus plays an important 
role in temperature regulation, but the complete mecha-
nism of  temperature control is likely to be multifaceted and 
is an area of  intense research. Regardless of  the ultimate 
control mechanisms, temperature control can be divided 
into three main functions: threshold, gain, and maximum 
response intensity.

Threshold encompasses a set point at which responses to 
temperature change are initiated. In normal individuals the 
threshold range is generally near 36.5–37.5°C. In burn 
patients, the threshold set point is higher, and the increase 
is proportional to the size of  the burn. The work of  Caldwell 
and colleagues predicts that the temperature set point will 
increase by 0.03°C/%TBSA burn.104 This increase in tem-
perature threshold appears to be due to the hypermetabolic 
state and the presence of  pyrogenic inflammatory media-
tors such as TNF, IL-1, and IL-6 that are present after 
thermal injury. The elevated temperature set point can be 
decreased by administration of  indometacin, which sug-
gests that prostaglandins act as final common mediators of  
this response.105,106

Gain describes the intensity of  response to alterations in 
temperature. In most cases the gain of  thermoregulatory 
responses is very high, with response intensity increasing 
from 10% to 90% with only a few tenths of  a degree change 
in core temperature. This response is maintained in most 
burn patients, resulting in a further increase in metabolic 
rate.103 Burn patients respond with a brisk increase in heat 
generation and metabolic rate in response to changes in 
core body temperature.103 However work by Shiozaki and 
colleagues has shown that burn patients who are slow to 
respond to postoperative hypothermia are at increased risk 
of  mortality.107 The decreased responsiveness may be due, 
in part, to tissue catabolism, poor nutrition, or sepsis. In 
addition, the response to relative hypothermia is character-
ized by increased catecholamine release, tissue catabolism, 
and hypermetabolism. These responses further stress burn 
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alveolar accumulation of  inhalation agents, which may 
result in an exaggerated hypotensive response during induc-
tion of  general anesthesia.

After approximately 48 hours, the hypermetabolic and 
hyperdynamic circulatory phase is established with 
increased cardiac output, oxygen consumption and core 
temperature. During this phase, increased blood flow to the 
kidneys and liver may increase clearance of  some drugs to 
the point where increased doses are required.112

Many drugs are highly protein bound. Drug effects and 
elimination are often related to the unbound fraction of  the 
drug that is available for receptor interaction, glomerular 
filtration, or enzymatic metabolism. The two major drug-
binding proteins have a disparate response to burn injury. 
Albumin binds mostly acidic and neutral drugs (diazepam 
or thiopental) and is decreased in burn patients. Basic drugs 
(pKa >8, propranolol, lidocaine, or imipramine) bind to α-
acid glycoprotein (AAG). AAG is considered an acute-phase 
protein and its concentration may double after burns. Since 
these drug-binding proteins respond in opposite ways to 
thermal injury it can be expected that changes in drug 
binding and function will depend on which of  these pro-
teins has the highest affinity for the drug in question. 
Martyn et al. observed decreased plasma albumin concen-
tration and increased plasma AAG concentration in burn 
patients.113 These observations were associated with an 
increased unbound fraction for diazepam (bound by 
albumin) and a decreased unbound fraction for imipramine 
(bound by AAG).

Volume of  distribution (Vd) is changed by alterations to 
either extracellular fluid volume or protein binding. Large 
changes in both of  these variables occur with thermal inju-
ries. Drugs with high protein binding and/or a Vd in the 
range of  the extracellular fluid volume may be associated 
with clinically significant alterations of  Vd in burned 
patients. Vd is the most important determinant of  drug 
response following a rapid loading dose. However adjust-
ments in dose to compensate for altered Vd are indicated 
only when Vd for the drug is small (<30 L) because with 
larger Vd only a small fraction of  the drug is present in the 
plasma.111

Clearance is the most important factor determining the 
maintenance dose of  drugs and can influence the response 
to drugs given by infusion or repeated bolus during anes-
thesia. Drug clearance is influenced by four factors: metabo-
lism, protein binding, renal excretion, and novel excretion 
pathways. The characteristic hepatic extraction of  a par-
ticular drug influences changes in its clearance that occur 
after thermal injury. Drugs vary greatly in their extraction 
by the liver. Hepatic clearance of  drugs highly extracted by 
the liver depends primarily on hepatic blood flow and is 
insensitive to alterations in protein binding. Clearance of  
these drugs may increase during the hyperdynamic phase 
when hepatic blood flow is increased. In contrast, clearance 
of  drugs that have a low hepatic extraction coefficient is not 
affected by changes in hepatic blood flow but is sensitive to 
alterations in plasma protein levels.111 For these drugs it is 
the unbound fraction of  the drug that is metabolized. As 
noted, changes in unbound fraction depend on whether the 
drug is bound by albumin or AAG. Changes in protein levels 
produce clinically significant pharmacokinetic changes 
only for drugs that are highly bound (>80%).114

intraoperative caregivers to monitor and maintain patient 
temperature.

Actions such as maintaining higher ambient air tem-
perature, covering extremities and head, applying warm 
blankets, utilizing radiant heaters and forced air warming 
devices, warming fluids and blood, and warming gases are 
usually effective in maintaining core temperature if  applied 
aggressively. Ideally hypothermia should be corrected prior 
to transport to the operating room.110 Hypothermia revealed 
in the preoperative evaluation may be due to inadequate 
resuscitation or metabolic instability. Either situation may 
predispose burn patients to intolerance of  anesthetic drugs 
or the stress of  surgery.

Pharmacological Considerations

Burn injury and its treatment result in physiological 
changes that may profoundly alter the response to drugs. 
These changes alter both pharmacokinetic and pharma-
codynamic determinants of  drug response. Altered drug 
response in burned patients may require deviation from 
usual dosages to avoid toxicity or decreased efficacy.111 The 
complex nature of  the pathophysiological changes and 
interpatient variation in the nature and extent of  burn 
injuries, as well as the dynamic nature of  these changes 
during healing and recovery make it difficult to formulate 
precise dosage guidelines for burn patients. However an 
understanding of  the systemic response to large burn inju-
ries can help predict when an altered drug response can be 
expected and how to compensate.

The two distinct phases of  cardiovascular response to 
thermal injury can affect pharmacokinetic parameters in 
different ways. During the acute or resuscitation phase the 
rapid loss of  fluid from the vascular space due to edema 
formation results in decreases of  cardiac output and tissue 
perfusion. Volume resuscitation during this phase dilutes 
plasma proteins and expands the extracellular fluid space 
especially, but not exclusively, around the burn injury itself. 
Decreased renal and hepatic blood flow during the resusci-
tation phase reduces drug elimination by these organs. 
Also, decreased cardiac output will accelerate the rate of  
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receptors are normally restricted to the neuromuscular 
synaptic cleft, but, in these disease states, new receptors 
are distributed across the surface of  the skeletal muscle 
membrane. The new receptors are also a distinctly different 
isoform (α7AChR) that has been referred to as an imma-
ture, extrajunctional, or fetal receptor. The immature recep-
tors are more easily depolarized by succinylcholine, and 
their ion channel stays open longer. The immature recep-
tors are also strongly and persistently depolarized by the 
metabolite of  acetylcholine and succinylcholine, choline. It 
has been suggested that the hyperkalemic response to suc-
cinylcholine after burn or denervation injury results when 
potassium is released from receptor-associated ion channels 
across the entire muscle cell membrane rather than just 
the junctional receptors. Depolarization persists because 
the channels stay open longer and the breakdown product 
of  succinylcholine, choline, is also a strong agonist for the 
immature receptors.

Cardiac arrest in burned patients after succinylcholine 
administration was first reported in 1958.119 It was not 
until 1967, however, that an exaggerated hyperkalemic 
effect was identified as the cause of  this phenomenon.120,121 
However, considerable individual variability exists, and only 
a few patients in these series developed dangerously high 
potassium levels. The size of  the increase was greatest about 
3–4 weeks after injury. The earliest exaggerated hyperkale-
mic response described occurred 9 days after injury, and 
normal responses were observed in the remaining patients 
in this series for up to 14–20 days.128 The shortest post-
burn interval of  an association of  succinylcholine with 
cardiac arrest was 21 days when a 4-year-old patient expe-
rienced a fatal cardiac arrest during a fourth anesthetic 
induction and intubation with succinylcholine. Contro-
versy has surrounded recommendations regarding the safe 
use of  succinylcholine after burn injury. Various authors 
recommend avoidance of  succinylcholine at intervals 
ranging from 24 hours to 21 days after burn injury.129,130 A 
series of  letters from experts in this area to the editor of  
Anesthesiology illustrates the controversy.131,132 It was 
pointed out by Martyn that, at the time when the mecha-
nism of  the cardiac arrest after succinylcholine was eluci-
dated, surgical treatment of  burns was delayed for 
approximately 2 weeks until the eschar spontaneously 
separated.132 As a result, there are few clinical data regard-
ing potassium changes during this early period. On the 
basis of  indirect evidence from experimental data, Martyn 
recommended avoidance of  succinylcholine starting 48 
hours after injury.132 This seems rational and prudent. 
Brown and Bell described the super-sensitivity of  burned 
pediatric patients to the relaxant effect of  succinylcho-
line.133 They observed more than 90% depression of  muscle 
activity with 0.2 mg/kg succinylcholine without danger-
ous hyperkalemia. Despite these observations Brown and 
Bell state that it is generally advisable not to use succinyl-
choline in patients with large burns. The question remains: 
in the presence of  life-threatening laryngospasm in a burn 
patient, is it acceptable to give a small dose of  succinylcho-
line (e.g., 0.1 mg/kg) to relieve laryngospasm without full 
paralysis and accept a theoretical risk of  treatable hyperka-
lemia in order to treat a real and immediate risk of  asphyxia? 
Administration of  a large dose of  a nondepolarizing relax-
ant requires more time for onset than succinylcholine and 

During resuscitation, renal blood flow may be reduced
and renal excretion of  drugs may be impaired. Later, during
the hypermetabolic phase, renal blood flow is increased as
a result of  the elevated cardiac output. During this period
excretion of  certain drugs can be increased to the point that
the dose may need to be increased. Loirat et al. reported
increased glomerular filtration rates and reduced half-life of
tobramycin in burn patients.115 However, this was age-
dependent and patients over 30 years of  age did not have
increased glomerular filtration or reduced half-life.

Burn patients may also experience altered drug clear-
ance due to novel excretion pathways. Glew et al. found
that 20% of  a daily gentamicin dose was eliminated in the
exudates lost to wound dressings.116 In addition, rapid blood
loss during surgery may speed the elimination of  drugs
when blood loss and transfusion amount, essentially, to an
exchange transfusion.

Hepatic clearance of  drugs with low extraction coeffi-
cients is also sensitive to alterations of  hepatic capacity
(enzyme activity). There is evidence of  impairment of
hepatic enzyme activity in burn patients.111 Phase I reac-
tions (oxidation, reduction, or hydroxylation by the cyto-
chrome P-450 system) are impaired in burn patients,
whereas phase II reactions (conjugation) seem to be rela-
tively preserved.112 However, these generalizations do not
always produce predictable alterations in pharmacokinetic
parameters. For example, contradictory observations of
morphine clearance in burn patients have been reported.
Morphine metabolism is by glucuronidation. This is a phase
II reaction that is normally retained in thermally injured
patients. Morphine clearance in burn patients has been
reported unchanged or decreased.117,118 With so many vari-
ables involved, such as hepatic blood flow, Vd, plasma pro-
teins, multiple drug exposure, and variation in burn injury,
this inconsistency is not surprising. The key to effective drug
therapy in burn patients is to monitor drug effects and care-
fully titrate the dose to the desired effect.

In terms of  anesthetic management, the most profound
and clinically significant effect of  burn injuries on drug
response relates to muscle relaxants. Burn injuries of  more
than 25% TBSA influence responses to both succinylcho-
line and the nondepolarizing muscle relaxants. In burned
patients, sensitization to the muscle-relaxant effects of
succinylcholine can produce exaggerated hyperkalemic
responses severe enough to induce cardiac arrest.119–121

In contrast, burned patients are resistant to the effects of
nondepolarizing muscle relaxants.122–124 These changes are
explained by up-regulation of  skeletal muscle acetylcholine
receptors.125–127

Martyn and Richtsfeld have recently reviewed the mech-
anisms of  exaggerated hyperkalemic responses to succi-
nylcholine.127 There are several disease states, including
burns, denervation, and immobilization, that are associ-
ated with potentially lethal hyperkalemic responses to
succinylcholine. The molecular mechanism appears to be
both quantitative and qualitative changes in skeletal muscle
postsynaptic nicotinic acetylcholine receptors. Animal and
human studies consistently demonstrate an association of
increased numbers of  skeletal muscle acetylcholine recep-
tors with resistance to nondepolarizing muscle relaxants
and increased sensitivity to succinylcholine. In addition,
the distribution of  the new receptors is altered. Nicotinic
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hyperkalemic response to succinylcholine.127 The observa-
tion of  resistance of  a patient to metocurine for up to 463 
days after the burn has been used to suggest that hyperka-
lemic responses to succinylcholine also could persist for 
more than a year.123 However, no pathologic hyperkalemic 
responses to succinylcholine in burned patients have been 
reported more than 66 days after burns.129

In contrast to other nondepolarizing neuromuscular 
blockers, mivacurium dosage requirements in pediatric 
patients appear to be unchanged by the burn injury. The 
time to onset of  drug action, the degree of  paralysis achieved 
by a specific dose, and the rate of  infusion required to main-
tain a given level of  relaxation were all the same in burn 
patients as values reported for nonburned control 
patients.136 Plasma cholinesterase activity is reduced in 
burn patients.137 In a study by Martyn, the observation of  
an inverse relationship between plasma cholinesterase 
activity and recovery time of  25–75% twitch tension sug-
gests that reduction of  metabolic degradation of  mivacu-
rium may compensate for other factors that induce 
resistance to relaxants.136 This observation suggests that 
mivacurium can be administered to burn patients in normal 
doses that would avoid cardiovascular perturbations associ-
ated with required larger doses of  other relaxants in burn 
patients. It also illustrates the complex nature of  altered 
drug responses in burned patients.

Airway Management

If  injuries do not preclude conventional airway manage-
ment (i.e., mask fit, jaw lift, and mouth opening), standard 
induction and intubation procedures are appropriate. Hu 
et al. reported that gastric emptying was not delayed in 
patients with severe burns so that a rapid-sequence induc-
tion is not necessary.138 However, attention should be given 
to gastric residuals during enteric feeding. Development of  
sepsis can slow gastric emptying, which can result in 
retained fluids in the stomach and risk of  aspiration.

When burns include the face and neck, swelling and dis-
tortion may make direct laryngoscopy difficult or impossible. 
In addition, loss of  mandibular mobility may impair airway 
manipulation and make mask ventilation difficult. Fiber-
optic intubation while maintaining spontaneous ventila-
tion is a safe and reliable technique under these conditions. 
Fiberoptic intubation can be performed in awake adults 
but pediatric patients are unable to cooperate and must be 
sedated. Since most anesthetics cause the collapse of  pha-
ryngeal tissues and airway obstruction, they are unsuitable 
for fiberoptic intubation in patients whose airway would be 
difficult to manage with a mask.139 Ketamine, however, is 
unique among anesthetic drugs because it maintains spon-
taneous ventilation and airway patency.140

Ketamine anesthesia has been found safe and effective for 
airway management in infants with difficult airways caused 
by congenital airway anomalies. Reports of  successful 
nasotracheal intubation in infants with congenital airway 
malformations have been made both by manipulations 
guided by fiberoptic nasopharyngoscopy and the conven-
tional technique of  fiberoptic intubation with the endotra-
cheal tube mounted on the fiberscope.141,142 In the latter 
case an ultra-thin bronchoscope (2.7 mm) was required 

produces total paralysis. There is not enough clinical evi-
dence to answer this question conclusively, and, at present, 
it remains a matter of  clinical judgment.

In some cases another clinical choice is now available 
since the U.S. Food and Drug Administration (FDA) approval 
of  sugammadex in December 2015. Sugammadex is a rever-
sal agent with a novel and unique mechanism of  action. 
It is a cyclodextrin that irreversibly chelates aminosteroid 
muscle relaxants by forming a 1 : 1 tight complex (encapsu-
lation) with the relaxant molecule, which reduces the con-
centration of  the free drug in plasma below the minimum 
necessary for muscle relaxation. A Cochrane review found 
sugammadex to be an effective reversal agent without 
evidence of  increased frequency of  adverse effects when 
compared to neostigmine.134 In fact, sugammadex has been 
found to provide more rapid recovery of  more than 90% 
twitch strength than either spontaneous recovery with suc-
cinylcholine or reversal with neostigmine.134 Sugammadex 
has a lower affinity for pancuronium, and higher doses are 
required for this agent than for rocuronium or vecuronium. 
Although the frequency of  adverse effects due to sugam-
madex has been very low, there have been some serious 
complications associated with its administration, includ-
ing anaphylaxis and severe bradycardia requiring chest 
compressions. Another more common issue relates to the 
potential for sugammadex to inactivate hormonal contra-
ceptives. Female patients treated with contraceptives should 
be advised to use an alternative form of  contraception for a 
period after receiving sugammadex.

As of  this writing (January 2017), sugammadex has not 
yet received FDA approval for pediatric patients, and most 
reported pediatric data are in the form of  case reports and 
small studies. The clinical experience with sugammadex in 
children has been reviewed by Tobias.135 Sugammadex has 
been found to be an effective rescue agent in situations 
where pediatric patients cannot be intubated or ventilated. 
It has also proved useful in pediatric patients with neuro-
muscular diseases such as Duchenne muscular dystrophy 
and myotonic dystrophy.135 In some situations rocuronium 
might be an additional choice to relieve laryngospasm in an 
acute burn patient when there is a risk of  intubation or 
ventilation impossibility if  sugammadex is available since it 
can reverse relaxation with rocuronium faster that sponta-
neous recovery from succinylcholine. Still, the onset of  
action for rocuronium is slower than for succinylcholine.

Responses to nondepolarizing relaxants are also altered 
by burn injury. Three- to fivefold greater doses are required 
to achieve adequate relaxation.122 Resistance is apparent by 
7 days after injury and peaks by approximately 40 days. 
Sensitivity returns to normal after approximately 70 days. 
Two reports described slight but measurable resistance to 
nondepolarizing relaxants persisting for more than a year 
after complete healing of  the wounds. The mechanism of  
the altered response appears to involve pharmacodynamic 
rather than pharmacokinetic changes. Up-regulated imma-
ture receptors are less sensitive to nondepolarizing relax-
ants. Burns of  greater than 25% TBSA require higher total 
dose and greater plasma concentrations of  nondepolarizing 
blockers to achieve a given level of  twitch depression.124

Proliferation of  acetylcholine receptors across the muscle 
membrane has been used to explain both resistance to  
nondepolarizing muscle relaxants and the exaggerated
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producing a loop around the nasal septum. Before securing 
with a knot, care should be taken to assure that the uvula 
is not captured in the loop. A knot in the nasal septal tie 
should be snug enough to prevent excessive movement of  
the endotracheal tube but loose enough to prevent ischemic 
necrosis of  the underlying tissues. Nasal endotracheal tubes 
are often avoided in ICUs due to concern for sinusitis. 
However, nasogastric or nasal feeding tubes carry similar 
risk. Over the past 25 years our hospital has had two 
patients with suspected sinusitis. Sinus cultures from these 
patients were negative for bacterial growth (unpublished 
observations). The nasal endotracheal tube is much more 
secure than an oral tube, better tolerated by the patient, and 
the patient cannot occlude the nasal tube by biting it.

A red rubber catheter may also be used to secure an oral 
endotracheal tube (Fig. 13.9). A red rubber catheter is 
placed in a nostril and brought out the mouth by direct 
laryngoscopy and MacGill forceps. A loop is formed which 
the endotracheal tube is secured to with umbilical tape. This 
is very secure and avoids ties around the neck, which can 
irritate wounds and grafts, and the problem of  changing 
head circumference due to formation and resolution of  
edema.

Airway management using a laryngeal mask airway has 
also been used successfully during burn surgery for chil-
dren. McCall et al. reported their experience with 141 
general anesthetics administered to 88 pediatric burn 
patients.145 Nineteen (14.5%) of  the procedures were com-
plicated by respiratory events such as unseating, desatura-
tion, and partial laryngospasm that required intervention. 
Two of  these events required intraoperative intubation 
without sequelae, while all other events resolved with 
therapy. Interestingly the presence of  preoperative respira-
tory problems or face/neck burns did not predict intra-
operative respiratory problems. These authors suggest that, 
in patients with upper airway mucosal injury, laryngeal 
mask airway management may help avoid further 

because a larger fiberscope would not fit through the 
appropriate-sized endotracheal tube. To facilitate intuba-
tion under ketamine anesthesia, topical anesthesia of  the 
larynx with lidocaine prior to instrumentation of  the larynx 
is advised. Since the ultra-thin bronchoscope lacks a 
working channel for administration of  topical lidocaine, 
fiberoptic intubation with the 2.7-mm bronchoscope was 
preceded by nasopharyngoscopy with a 3.5-mm fiberscope 
for administration of  topical lidocaine. At SBH Galveston 
we have also found this technique, utilizing two fiberscopes, 
effective in infants with burn injuries. Wrigley et al. evalu-
ated the use of  a 2.2-mm intubating fiberscope during halo-
thane anesthesia in ASA 1 or 2 children aged 6 months to 
7 years.143 In this series of  40 patients, a number of  com-
plications were experienced including laryngospasm and 
failure to achieve intubation with the fiberscope. This expe-
rience is in contrast to numerous reports of  safe and effec-
tive airway management with ketamine.

Securing an endotracheal tube in a patient with facial 
burns presents a variety of  problems, and numerous tech-
niques have been described.144 Tape will not adhere to 
burned skin and ties crossing over burned areas will irritate 
the wound or dislodge grafts. In addition, if  the head is 
burned, especially if  the patient has also required a large 
fluid resuscitation, then during the first few days after 
injury, the head is swelling due to edema formation or 
shrinking as edema resolves. Under these conditions tape 
surrounding the head will become loose or too tight within 
hours. A useful technique to avoid these problems involves 
the use of  a nasal septal tie with one-eighth-inch umbilical 
tape (Fig. 13.8). The umbilical tape is placed around the 
nasal septum using 8 or 10 French red rubber catheters 
that are passed through each naris and retrieved from the 
pharynx by direct laryngoscopy and McGill forceps. A 
length of  umbilical tape is tied to each of  the catheters, and, 
when the catheters are pulled back through the nose, each 
end of  the umbilical tape is pulled out of  its respective naris, 

BA

Fig. 13.8 A nasotracheal tube can be secured with confidence with a loop of umbilical tape around the bony nasal septum. (A) Red rubber catheters 
have been passed through each naris and retrieved from the oropharynx using McGill forceps. A length of umbilical tape is then tied to each of the 
catheters. When the catheters are pulled from the nose, the umbilical tape can be tied in a loop around the nasal septum. (B) Endotracheal tube, 
nasogastric tube, and duodenal feeding tube are all secured in place after being tied to the septal bridal. When fastened in this manner the endotra-
cheal tube is very secure, and tape or ties do not irritate burn wounds of the face and neck. 
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capnogram. Pulse oximetry in burn patients can be difficult 
when transmission pulse oximetry sites are either burned 
or within the operative field. Reflectance pulse oximeter 
probes are now available, and nasal clip probes are much 
improved (Fig. 13.10 with oral red rubber).

If  direct arterial pressure monitoring is not necessary, a 
blood pressure cuff  can provide accurate measurements 
even if  placed over bulky dressings applied to an extrem-
ity.147 Systolic blood pressures obtained from the pressure at 
which the pulse oximetry signal returns during cuff  defla-
tion have also been found to be accurate.148

When vasoactive infusion is needed or blood loss is 
expected to be rapid and extensive, the blood pressure may 
change more rapidly than the interval between cycles of  
noninvasive blood pressure measurement. In this case an 
arterial catheter can provide direct and continuous mea-
surement of  blood pressure. This monitor can provide much 
more information regarding the patient’s circulatory status 
than just systolic and diastolic blood pressure. The arterial 
pressure wave form is influenced by preload, contractility, 
and vascular tone. Perioperative variation in the rate of  rise 
of  arterial pressure, the area under the pressure wave, posi-
tion of  the dicrotic notch, and beat-to-beat alterations in 
systolic pressure related to respiration all reflect clinically 
significant hemodynamic changes.149 With experience, 
trends in these variables can help guide volume and vasoac-
tive therapy. Display of  the beat-to-beat arterial pressure 
allows measurement of  systolic pressure variation (SPV) 

laryngeal injury that might occur with intubation of  the 
trachea.

Hagberg et al. published a case report describing the suc-
cessful use of  an esophageal tracheal Combitube in a patient 
undergoing elective surgery for burn scars involving the 
mouth.146 The patient had a class IV oral airway by Samsoon 
and Young’s modification of  the Mallampati airway classi-
fication and limited mouth opening. A translaryngeal endo-
tracheal tube was undesirable because tracheostomy had 
resulted in subglottic stenosis that could have been exacer-
bated by an endotracheal tube. After induction with fen-
tanyl and propofol, the Combitube was placed and the 
patient was relaxed with rocuronium and mechanically 
ventilated during the 60 min procedure.

Monitors

As with any critically ill patient suffering from multiorgan 
system involvement, the choice of  monitors in a burned 
patient will depend on the extent of  the patient’s injuries, 
physiological state, and planned surgery. In addition to the 
preoperative pathophysiology associated with thermal inju-
ries, perioperative monitoring must be adequate to assess 
rapid changes in blood pressure and tissue perfusion associ-
ated with the massive blood loss that can accompany exci-
sion of  burn wounds. The minimum standards of  the 
American Society of  Anesthesiologists require monitoring 
of  circulation, ventilation, and oxygenation. Standard 
monitors include electrocardiography (EKG), measurement 
of  systemic blood pressure, pulse oximetry, capnography, 
and inspired oxygen concentration. The ability to measure 
body temperature should be readily available and is highly 
recommended for the burn patient.

Standard EKG gel electrodes usually will not adhere to 
burn patients because the skin is injured or covered with 
antibiotic ointment. For acute burn surgery, surgical staples 
and alligator clips are useful. Respiratory rate can be quan-
titated using bioimpedance from the EKG signal or from the 

Fig. 13.9 An oral endotracheal tube can be secured to a loop created 
by a red rubber catheter (or similar device) passed through the nose 
and brought out the mouth. When the endotracheal tube is fastened 
to this loop there are no ties surrounding the head and neck which can 
irritate burn wounds and disrupt grafts. Note also the nasal pulse oxim-
eter probe, which has undergone significant improvements recently. 
Other sites for pulse oximetry, such as ears and fingers, are frequently 
unavailable in patients with large burns. 
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changes during a 15-min period of ketamine administration to critically 
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1993.)
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to monitor response to therapy. Diuretic therapy for myoglo-
binuria or any other indication will negate the usefulness 
of  urine output as an index of  global perfusion.

Vascular Access

Care of  patients with major burn injury requires secure 
vascular access for resuscitation, blood sampling, hemody-
namic monitoring, and intravenous medication. In patients 
with large burns a CVC can serve several functions. Exten-
sive burns may preclude cannulation of  peripheral veins. A 
CVC sutured in place can provide secure access longer than 
a peripheral catheter can be maintained. Multiport cathe-
ters can provide a monitor of  CVP while infusing blood or 
other fluids and can allow simultaneous infusion of  incom-
patible drugs.

Vascular cannulation of  acutely burned patients can be 
one of  the more technically challenging procedures facing 
the burn care team. Anesthesiologists are often involved  
in the management of  vascular access for burn patients. In 
the pediatric age group the task can be even more difficult. 
Sites for percutaneous insertion of  vascular catheters may 
be involved in the burn and nonburned sites are often dis-
torted by burn wound, edema, or trauma. Early after burn 
injuries burn shock is associated with hypovolemia and 
vasoconstriction, which add to the difficulty. Later in the 
hospital course debridement and scarring further distort 
anatomy.

Because the systemic manifestations of  wound infection 
and SIRS mimic those of  catheter-related bloodstream 
infections, vascular catheters are changed to new sites 
more often than in nonburned patients. In addition, CVCs 
appropriate for ICU care are not always appropriate for 
rapid infusion of  fluid and blood products during surgery, 
often necessitating placement of  new catheters in the oper-
ating room. With hospitalization for major burns lasting 
weeks and months, patients may need multiple cannula-
tions over a prolonged time period. With multiple techni-
cally difficult vascular cannulations over a prolonged period, 
risks of  infectious and mechanical complications are signifi-
cant. In addition to immediate mechanical complications of  
line insertion, repeated cannulation of  vessels can result in 
thrombosis, which can be a source of  embolic events, and 
the vessel can be obliterated, causing venous stasis and lim-
iting future access. These considerations make it necessary 
to minimize the number of  cannulations as much as pos-
sible, especially for patients expected to have a long hospital 
course. Infectious complications are as much a consider-
ation as mechanical complications in burn patients. Open, 
possibly infected wounds near or at the insertion site as well 
as bacteremia that may occur during wound care increase 
the risk of  line infection. Although it is commonly assumed 
that arterial catheters are less susceptible to infection, 
studies show that the rates are similar for arterial and 
central venous catheters.152 However, since the risk of  
mechanical complications for femoral arterial cannulation 
is greater (see later discussion), the risk–benefit relationship 
of  changing sites or exchanging over a wire is less favorable 
for arterial catheters than venous. There is no consensus, 
and a great deal of  variation exists between burn centers 
regarding policies and procedures to minimize these risks.

and other measures sensitive to variation in stroke volume.
These dynamic measures of  the interaction between preload
and stroke volume have been used to predict the response
to fluid volume administration. SPV is the difference
between maximum and minimum systolic blood pressure
during a single cycle of  positive pressure mechanical venti-
lation. Several studies have correlated SPV with cardiac
output response to volume infusion. Tavernier et al. reported
that in septic patients on mechanical ventilation, SPV is a
better predictor of  left ventricular ejection volume response
to volume loading than either pulmonary artery occlusion
pressure or echocardiographic measurement of  left ven-
tricular end diastolic area.150 When hemorrhage is brisk,
the decision to administer volume is not difficult. In other
cases during burn wound manipulation, hypotension and
other evidence of  poor perfusion can occur in the apparent
absence of  significant blood loss. Inappropriate fluid admin-
istration can cause hemodilution, increased cardiac filling
pressure, and fluid overload. Measurement of  central
venous pressure (CVP) can indicate if  there is room in the
intravascular space for volume administration, and dynamic
measures of  fluid responsiveness can identify patients who
will respond to fluid loading with an increase in cardiac
output and tissue perfusion. The use of  these dynamic mea-
sures of  fluid responsiveness, as well as their limitations,
have been reviewed recently.151 However no single physio-
logical variable can be relied on to correct all deficiencies in
perfusion during burn wound debridement. Wound manip-
ulation can release inflammatory mediators and bacterial
products that alter myocardial compliance and contractility
as well as vascular tone. During challenging cases with
brisk bleeding volume replacement alone may not correct
hemodynamic deficiencies. It is necessary to monitor blood
gases, electrolyte changes, and urine output, as well as arte-
rial and central venous pressures. Inadequate tissue perfu-
sion may manifest as metabolic acidosis despite apparently
adequate arterial and central venous blood pressures.

Arterial blood sampling for blood gas analysis can also
provide valuable information regarding pulmonary func-
tion and ventilatory support, acid–base balance, and elec-
trolyte abnormalities. Blood samples from a central vein are
not truly mixed venous, but trends in central venous oxygen
tension can help identify inadequate tissue perfusion. A
CVC sutured into place also provides very secure intrave-
nous access and is an ideal route for administration of  vaso-
active infusions. A pulmonary artery catheter is usually not
required for burn surgery. In some cases, however, the
ability to more closely monitor ventricular function and
oxygen supply/demand relationships may be helpful in the
presence of  pre-existing disease or when large doses of  ino-
tropes or high PEEP is required.

Urine output is the most useful perioperative monitor of
renal function. Urine output of  0.5–1.0 mL/kg per hour is
often recommended as an end point for fluid management
in acute burn patients. Adequate urine output is one
measure of  both renal and global perfusion. When intra-
operative transfusion is planned, examination of  the urine
may be the only reliable indicator of  a transfusion reaction
since signs and symptoms other than hematuria are masked
by general anesthesia or hemodynamic changes associated
with burn surgery. Myoglobinuria may also occur after
burn injury, and, in this case, a Foley catheter is necessary
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Maintaining arterial catheters in burn patients presents 
an additional challenge. Radial artery catheters are prob-
lematic because the hands are often burned, and it is diffi-
cult to maintain them over prolonged periods in burn 
patients. As a result most burn centers rely on femoral 
artery catheters when arterial cannulation is indicated. 
Since the femoral artery is an end artery, mechanical injury 
can lead to the devastating complication of  the loss of  lower 
extremity tissue. For this reason it is essential to have a clear 
indication for arterial cannulation (Table 13.3). In many 
cases clinical decisions can be made with analysis of  venous 
blood samples rather than arterial blood.

Studies in nonburned patients have compared rates of  
infection of  different insertion sites. In nonburned patients 
it is recommended that cannulas not be changed over a wire 
to avoid infection.156 It is also recommended that catheters 
not be changed in response to fever alone, and, when uni-
versal precautions are followed, catheters can be left in 
place for prolonged periods. However in burn patients 
requiring prolonged hospitalization it is often necessary to 
utilize all available sites as catheters are rotated to fresh 
sites. Also, the increased risk of  line infection in patients 
with burns and the confounding signs and symptoms of  
systemic inflammation from the burn wounds that mimic 
catheter-related bloodstream infection make it difficult to 
follow guidelines established for nonburned patients. 
Lozano and colleagues found 9.36 catheter-related infec-
tions per 1000 catheter days when vascular catheter sites 
were changed only with signs of  infection as per guidelines 
from the U.S. Centers for Disease Control and Prevention 
(CDC) but only 3.23 per 1000 catheter days when the sites
were routinely changed every 5 days. As a result, in most 
burn centers, vascular insertion sites are changed more fre-
quently than in ICUs caring for nonburn patients. Many 
centers will also change catheters over a wire and culture 
the catheter tip after a certain period of  time. If  the tip is 
colonized a new site can be cannulated. It is difficult to form 
universal protocols for vascular access in burn patients 
since they comprise such a heterogeneous group. Decisions 
regarding site of  cannulation and when to change sites are 
influenced by multiple factors including which sites are 
available, previous complications, surgical scheduling, ICU 
management (e.g., need for total parenteral nutrition), and 
evidence of  infection (wound- or catheter-related). Inci-
dence of  catheter infection increases when the insertion site 

Early complications of  the placement of  venous catheters 
include trauma, hematoma, bleeding, air embolus, pleural 
effusion, pneumothorax, or pericardial tamponade. Late 
complications include venous thrombosis, infection, and 
infiltration. Complications of  arterial catheters include 
damage to adjacent structures, ischemia to distal tissues, 
and infection.

Ultrasound-guided placement of  vascular catheters is 
now widely recommended.153,154 This technique has been 
found to be faster and associated with fewer complications 
than cannulation with anatomical landmarks. Few studies, 
however, compare ultrasound-guided cannulation out-
comes with other techniques in burn patients. The combi-
nation of  massive edema, hypovolemia, vasoconstriction, 
and acoustic shadows from scars all degrade the ultrasound 
image. Practitioners should not rely solely on one technique 
but should be able to utilize multiple techniques including 
ultrasound, anatomical landmarks, a palpable pulse, and 
pencil Doppler signal to place vascular catheters.

When possible, if  a percutaneous insertion site is involved 
in the burn wound, it is best to have surgical debridement 
accomplished before insertion. This facilitates both ease of  
placement and infection control. Catheter selection must 
take into account multiple clinical needs: blood sampling, 
hemodynamic monitoring, rapid infusion of  large volumes 
of  fluid and blood products, and infusion of  medications 
that may be incompatible with each other. A lumen large 
enough to allow rapid infusion of  volumes appropriate to 
the patient’s size is necessary. When blood loss is expected 
to be extensive, it is helpful to monitor CVP. Although CVP 
correlates poorly with hemodynamic function in popula-
tions of  patients, when hypotension or anemia occur, 
knowledge of  whether the CVP is high or low can help 
decide if  an inotrope is appropriate or if  there is room in the 
vascular space to increase the hematocrit quickly. In addi-
tion, ICU management may require a different catheter. 
Some compromise or a change of  catheters prior to trans-
port to the ICU may be needed.

In recent years peripherally inserted central catheters 
(PICCs) have been used in burn patients. The advantages of  
these devices over conventional CVCs are the ease of  inser-
tion, reduced risk of  some complications of  CVCs, and 
reduced cost. At the time of  this writing the largest study 
of  complications associated with PICCs is by Austin and 
colleagues who described their clinical experience with 53 
patients and reviewed the literature.155 While the use of  a 
PICC avoids some risk of  a CVC, such as pneumothorax or 
hemothorax, the PICC carries its own unique risks. The 
incidence of  catheter-related infections may be similar for 
PICCs and CVCs. Despite the use of  antithrombotic prophy-
laxis upper extremity deep vein thrombosis (UEDVT) that 
can lead to fatal embolic events has been associated with 
PICC placement. Burn patients are often hypercoagulable 
and, as a result, are at risk for occlusive and embolic events. 
Austin et al. found symptomatic UEDVT in 5.5% of  patients 
with PICC lines in place.155 UEDVT associated with PICC 
lines appears to increase with duration longer than 7 days 
and with increasing diameter of  the catheter. Austin and 
colleagues describe the PICC as an accepted standard of  
care for burn patients but not without risk. The decision of  
whether to use a PICC or a conventional CVC must balance 
the risks and benefits of  these devices for each patient.

Table 13.3 Changes That Occur During Storage of 
Whole Blood in Citrate-Phosphate-Dextrose

Days of Storage at 4°C

1 7 14 21

pH 7.1 7.0 7.0 6.9

PCO2 (mm Hg) 48 80 110 140

Potassium (mEq/L) 3.9 12 17 21

2,3-Diphosphoglycerate (µmol/mL) 4.8 1.2 1 1

Viable platelets (%) 10 0 0 0

Factors V and VII (%) 70 50 40 20
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Patient Transport

The safe transport of  a critically ill burn patient to and from 
the operating room can be a formidable task. A methodical 
approach will help to ensure patient safety and the seamless 
maintenance of  respiratory, hemodynamic, and general 
support. Hemodynamic status should be optimized prior to 
patient transport; pharmacological support may be 
required. The American Society of  Anesthesiologists stan-
dards mandate evaluation, treatment, monitoring, and 
equipment appropriate to the patient’s medical condition 
for any transport. Depending on the patient’s condition, 
simple observation may be appropriate. Patients requiring 
supplemental oxygen should be monitored by pulse oxime-
try. Hemodynamic monitoring is guided by the patient’s 
hemodynamic status. Sufficient battery power must be 
available for uninterrupted monitor and infusion pump 
function during transport.

Airway supplies should be readily available, including a 
full oxygen cylinder, a self-inflating Ambu bag with mask, 
and intubation equipment. The patient’s airway and venti-
lation, as well as overall condition, must be continually 
observed by the anesthesia care team. Drugs for resuscita-
tion should accompany the patient on any transport. As 
discussed earlier, hypothermia is poorly tolerated by patients 
with an acute burn injury. It is imperative that patients be 
kept warm during transport in order to avoid increasing 
oxygen consumption and taxing limited metabolic reserve

Selection of Anesthetic Agents

Many anesthetic agents have been used effectively for the 
induction and maintenance of  anesthesia in burn patients. 
Intravenous agents can be used for both induction and 
maintenance, and the specific agent used will depend pri-
marily on the patient’s hemodynamic and pulmonary 
status as well as on the potential difficulty of  securing the 
patient’s airway. Ketamine has many advantages for use in 
the burn patient for induction and maintenance of  anesthe-
sia. As an induction agent, ketamine can be administered 
at a dose of  0.5–2.0 mg/kg. Except in patients who are 
catecholamine depleted, ketamine generally preserves 
hemodynamic stability (Fig. 13.10). In addition, ketamine 
preserves hypoxic and hypercapnic ventilatory responses 
and reduces airway resistance.165 Compared to other IV 
anesthetics, airway reflexes remain more intact after ket-
amine administration. Patients who do not require ventila-
tory support can be allowed to breathe spontaneously, 
which provides an additional margin of  safety should inad-
vertent extubation occur. In fact, some clinicians have 
reported the use of  ketamine anesthesia without instru-
mentation of  the airway.166,167 Patients were allowed to 
breathe spontaneously, and the airway complication rate 
was comparable to that of  intubated patients. The use of  
intramuscular ketamine can be beneficial in securing the 
airway of  pediatric burn patients or uncooperative adults 
who do not have vascular access. Because ketamine pre-
serves spontaneous ventilation and induces dissociative 
anesthesia, it provides good conditions for securing the 
airway by fiberoptic bronchoscopy. When using this 

is in or near burn wounds.157 With limited sites available it 
is tempting to leave catheters in unburned sites longer than 
in sites through burn wounds. Decisions are best guided by 
the general goals of  minimizing infection and mechanical 
complications but should be individualized for each patient’s 
immediate needs.

Although arterial catheters are generally considered less 
likely to be associated with infection, these catheters are 
infected with a frequency similar to CVCs.152 There are 
fewer sites for arterial cannulation, however, and the risk of  
serious mechanical complications of  femoral artery injury 
are potentially greater than with venous catheters. As a 
result, femoral arterial catheters are often left in place 
longer than venous cannulas.

Delayed complications include infection and thrombosis, 
which have been studied by many authors with often con-
flicting results. Many older studies recommend frequent 
catheter changes to decrease the incidence of  infection, but 
several later studies show no increase in infection out to as 
many as 7–10 days. Three large randomized trials demon-
strated no difference in the incidence of  catheter-related 
infections among groups who had lines placed at a new site 
every 7 days and groups who had their lines changed over 
a guidewire every 7 days.158–160 The incidence of  mechani-
cal complications is lower with guidewire exchange rather 
than changing to a new site.161

Vascular catheters that incorporate an antibiotic have 
been found effective in reducing the incidence of  catheter-
related bloodstream infections in burn patients. A prospec-
tive, randomized trial examined the efficacy of  two types 
of  CVCs that incorporate antibiotics: one catheter releases 
silver ions continuously, and the other is impregnated with 
two antibiotics with different mechanisms of  action, rifam-
picin and minocycline. Both catheters were associated with 
low rates of  catheter-related bloodstream infections.162 If  
effective, these catheters can provide two significant clini-
cal advantages. Reduced colonization of  CVCs will reduce 
the risk of  blood-borne infections, and reduced need for 
changes in vascular access sites for infection control will 
reduce the incidence of  mechanical complications of  cathe-
ter insertion. However, as with other clinical decisions with 
burn patients, the data from studies in burn patients make 
it difficult to form guidelines. Studies consistently show 
decreased rates of  bloodstream infection, but the rates of  
infection between burn centers are greater than the effect 
of  using antibiotic-impregnated catheters.163,164 Moreover, 
since catheters are changed much more frequently in 
burn patients, often every 72 hours, and even earlier with 
signs of  infection, the cost benefit in burn patients is not  
established.

When planning vascular access for perioperative anes-
thetic management it is important to be aware of  and take
into account the patient’s hospital course. Choice of  access
site should avoid vessels previously involved in complica-
tions such as thrombosis or vascular injury. Note must be
taken of  when existing catheters were placed and what the
local convention is with regard to timing of  regular changes
of  access sites for infection control. The patient’s hospital
course must also be considered when choosing a catheter.
The catheter should be large enough to transfuse appropri-
ately for the case, but catheters much larger will increase
risk without benefit.
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those with challenging airways, should be monitored 
closely.

Regional anesthesia can be used effectively in patients 
with small burns or those having reconstructive proce-
dures. In pediatric or adult patients having procedures con-
fined to the lower extremities, lumbar epidural or caudal 
anesthesia can provide a useful adjunct for control of  post-
operative pain. In cooperative adult patients with injuries 
confined to lower extremities, epidural or intrathecal anes-
thesia may be used if  no contraindications exist. For upper 
extremity procedures, brachial plexus block may be consid-
ered as the primary anesthetic or as an adjunct for postop-
erative pain control.

Scalp donor sites are particularly painful. Sensory nerves 
to the scalp are superficial and easily blocked with injections 
of  local anesthetic, and this technique has been used for 
awake craniotomy.172 Scalp blocks have been used with 
success at our institution for donor sites in acute patients 
(unpublished observation) and for scalp procedures in 
reconstructive patients.173

Fluid Management

Fluid management and blood transfusion for burn wound 
excision can be quite challenging. Fluid administration 
should be guided not only by intraoperative events but pre-
vious hospital course and ICU treatment goals. If  excision 
is performed during the first 24 hours, perioperative fluid 
management may involve acute resuscitation, and fluid 
needs will exceed replacement of  shed blood. Even after this 
period insensible fluid requirements are increased by large 
open surfaces from excised wounds, hypermetabolic state, 
and hyperthermia. However, early in the patients’ hospital 
course, patients are edematous from the large amounts of  
crystalloid solutions administered during resuscitation. At 
this time additional crystalloid administered during the 
perioperative period may be poorly tolerated and may result 
in complications of  compartment syndrome in extremities 
or the abdomen. After the initial period of  resuscitation ICU 
therapy may include vigorous attempts to reduce edema 
including the use of  diuretics. If  the ICU staff  have been 
administering diuretics to the patients all week in order to 
reduce interstitial edema, it is not helpful when the patient 
receives several liters of  fluid in the operating room. Periop-
erative fluid management must also take into account hypo-
tonic clysis fluids that the surgeons may inject subcutaneously 
to facilitate donor skin harvest with the dermatome. In 
small children the volume of  this fluid can be in excess of  
50 mL/kg. State of  hydration and electrolyte balance must 
be monitored carefully in order to maintain proper fluid 
balance. Although it is important to avoid overhydration, 
aggressive diuresis in the burn ICU may result in a patient 
who presents to the operating room intravascularly hypo-
volemic despite extensive peripheral edema.

Replacement of  surgical blood loss during burn wound 
excision and grafting represents another challenge. Unlike 
most general surgical procedures, during burn surgery it is 
impossible to accurately estimate the amount of  shed blood 
during the procedure. Shed blood is not collected in suction 
canisters where it can be measured. During burn surgery 
shed blood is concealed beneath the patient, in drapes, in 

technique, the addition of  potent volatile agents should be
avoided until the airway is secured because these anesthet-
ics depress respiratory drive and relax pharyngeal muscles,
thus increasing the risk of  apnea, upper airway obstruc-
tion, or laryngospasm. Ketamine can also be utilized, either
alone or in combination with other anesthetics, for mainte-
nance of  anesthesia either by infusion or intermittent bolus.
Ketamine has potent analgesic properties and is used exten-
sively in the operating room as well as for painful dressing
changes and procedures such as line insertion. A drying
agent such as glycopyrrolate (2–5 µg/kg) may be given in
combination with ketamine to reduce ketamine-induced
secretions. Delirium during emergence from ketamine seda-
tion is more common in adults. This is often treated with
midazolam, but dexmedetomidine may be more effective
and also attenuates hypertensive and tachycardic effects of
ketamine.168 Dexmedetomidine also reduces the dose of  ket-
amine required.169

Propofol is the most common intravenous induction
agent used in burn patients. Dose requirements for propofol
will vary over time after the initial burn injury. Initially,
with hypovolemia and reduced cardiac output, a lower dose
may be required but as the hyperdynamic circulatory
pattern develops the Vd and clearance rate for propofol are
increased enough to increase dose requirements.170

Volatile anesthetics may be used for both induction and
maintenance of  anesthesia in burn patients. In pediatric
patients, mask induction with sevoflurane is commonly
used if  the patient does not have injuries that may make
airway manipulation difficult. In the acute setting, an anes-
thetic technique involving nasotracheal intubation after
mask induction with halothane, nitrous oxide, and oxygen
has been described.171 The proponents particularly empha-
size avoiding the potential problems associated with the
ketamine-based technique. However volatile agents produce
dose-dependent cardiac depression and vasodilation. In
addition, hypoxic ventilatory drive is ablated by volatile
anesthetics at low concentrations, and a dose-dependent
depression of  hypercapnic drive also occurs. However, as
maintenance agents, volatile anesthetics have predictable
wash-in and wash-out kinetics and provide a useful adjunct
to other agents when titrated to hemodynamic and ventila-
tory parameters. Of  the volatile agents, nitrous oxide has
the least impact on cardiovascular and respiratory function
and can serve as a useful component of  a balanced anes-
thetic if  the patient’s oxygen requirements permit.

Opioids are important agents for providing analgesia for
burn patients throughout the acute phase of  injury and for
providing postoperative analgesia in patients undergoing
reconstructive procedures. The spectrum of  opioids cur-
rently available provides a wide range of  potencies, dura-
tions of  action, and effects on the cardiopulmonary system.
Burn patients experience intense pain even in the absence
of  movement or procedures, and opioids are the mainstay
for providing analgesia in the acute phase of  burn manage-
ment. Selection of  dosage must take into account the fact
that acute burn patients usually become tolerant to opioids
due to continuous and prolonged administration. Therefore
opioids should be titrated to effect in the acute burn patient.
Most opioids have little effect on cardiovascular function,
but they are potent respiratory depressants. Therefore the
ventilatory status of  patients receiving opioids, particularly
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of  6–6.5 g/dL compared to patients maintained at a hemo-
globin near 10 g/dL.178 However, in general, few outcome 
data exist regarding the optimum transfusion trigger for 
blood transfusion during burn wound excision. Assessment 
of  blood transfusion needs is best determined by evaluating 
the clinical status of  the patient; specifically, assessment of  
ongoing blood losses, preoperative hemoglobin levels, vital 
signs, and urine output. Metabolic evidence of  inadequate 
oxygen delivery such as acidemia and decreasing mixed 
venous oxygen tension provide important information 
regarding the oxygen balance in the patient. Patients with 
coexisting cardiac and pulmonary disease generally require 
higher oxygen-carrying capacity. Oxygen requirements will 
be determined by the type and severity of  coexisting condi-
tions. Overall American Society of  Anesthesiologists guide-
lines indicate that blood transfusion is rarely required at a 
hemoglobin of  10 g/dL or above and is almost always indi-
cated at a hemoglobin of  less than 6 g/dL.179

During excision of  large burn wounds, patients may 
require one or more blood volumes of  transfused blood to 
replace intraoperative blood losses. Massive blood transfu-
sion can be associated with a variety of  complications, and 
the use of  blood products is associated with significant 
financial costs.175 Several means of  decreasing surgical 
blood loss during burn wound excision may be employed, 
such as the use of  tourniquets on limbs and compression 
dressings at sites of  burn wound excision or skin graft har-
vesting.180 Tourniquets have been shown to be an effective 
strategy for decreasing blood loss during burn wound exci-
sion.176 The drawbacks of  tourniquet use are that their 
effectiveness is limited to surgery on the extremities and 
they may interfere with the surgical field. Pharmacological 
interventions that may decrease blood loss include the use 
of  epinephrine-soaked dressings or topical epinephrine 
spray to induce local vasoconstriction. Alternatively subcu-
taneous tissues may be infiltrated with epinephrine-
containing fluids. The use of  epinephrine may be associated 
with tachycardia and hypertension if  significant amounts 
are absorbed into the systemic circulation. However some 
studies have reported that the use of  topical or subcutane-
ous epinephrine in burn patients is not associated with an 
increased incidence of  side effects or complications.181

The effectiveness of  this approach is, however, unclear. A 
recent study showed that the use of  topical epinephrine 
spray or subcutaneous epinephrine infiltration did not 
result in decreased blood loss during burn wound exci-
sion.182 However the data were quite variable, and the 
patients also received topical thrombin. A larger study 
examining the effects of  subcutaneous epinephrine and 
topical thrombin might clarify this issue. In a more recent 
study, Mzezewa and colleagues reported that treatment 
with systemic terlipressin, a vasopressin analog, decreased 
blood loss and transfusion requirements in a cohort of  pedi-
atric and adult burn patients.183 The authors did not report 
significant complications associated with this approach.

BLOOD COMPONENTS

Several blood components are available for replacement of  
losses incurred during burn wound excision. These compo-
nents include whole blood, PRBCs, fresh frozen plasma 
(FFP), platelets, and cryoprecipitates.

sponges, or may be washed down a drain on the operating
table. As discussed earlier regarding the initial resuscita-
tion, there is no one physiological end point to titrate volume
replacement. Arterial pressure may be maintained by vaso-
constriction despite significant hypovolemia, CVP is not a
reliable index of  preload, changes in urine output and
hematocrit lag behind rapid reductions in blood volume,
and metabolic acidosis may indicate deficient perfusion but
does not identify the specific problem. All of  these variables
are useful, however, when evaluated together. Although
systolic blood pressure may be within the normal range,
alterations in the arterial wave form and changes with the
respiratory cycle may indicate hypovolemia. Even though
CVP correlates poorly with hemodynamic function, this
variable is useful in determining if  volume administration
will be tolerated by the patient. If  the perfusion appears
inadequate and CVP is low or normal it is safe to give
volume. If  CVP is elevated, volume administration may
cause pulmonary edema.

The concept of  transfusion trigger with regard to burn
care is discussed in the next section. It must be remembered,
however, that during rapid blood loss the hematocrit may
change more slowly than the blood loss, and often blood
must be administered in anticipation of  the hematocrit
falling below a specific trigger.

BLOOD TRANSFUSION

The need for blood transfusion is usually not a major
concern during the immediate resuscitation phase in
acutely burned patients unless other coexisting trauma
exists. In fact, when the resuscitation is inadequate, the
hematocrit will be elevated. Nevertheless a fall in plasma
hemoglobin concentration can occur during the acute
resuscitative phase due to hemodilution and blood loss from
escharotomies and other invasive procedures.174 However
major blood loss is common during excision and grafting of
burn wounds. Desai and colleagues reported that the
amount of  blood loss during burn wound excision is deter-
mined by the age of  the burn, the body surface area involved,
and whether infection is present (see Table 13.1).12 In
general, more blood loss was observed as the time from
initial injury increased and if  wounds were infected. Trans-
fusion requirements ranging from 0.45 to 1.25 mL of
packed red blood cells (PRBCs) per cm2 burn area were
reported. In another study, Criswell and Gamelli reported
an average transfusion rate of  0.89 mL PRBC/cm2 burn
area in a cohort of  adult burn patients.175 A study by
O’Mara and colleagues showed an average transfusion rate
of  0.65 mL PRBC/cm2 in a heterogeneous group of  burn
patients.176

Controversy exists regarding transfusion triggers and
targets. Some authors advocate allowing hematocrit to
drop to 15–20% prior to transfusion in otherwise healthy
patients undergoing limited excision and transfusing at a
hematocrit of  25% in patients with pre-existing cardiovas-
cular disease.177 The same group proposed maintaining
hematocrit near 25% in patients with more extensive burns
and near 30% if  the patients have pre-existing cardiovascu-
lar disease. A small study by Sittig and Deitch showed fewer
transfused units and no increase in adverse hemodynamic
or metabolic effects in patients transfused at a hemoglobin



13 • Anesthesia for Burned Patients 153

provide oxygen-carrying capacity and, when reconstituted 
with crystalloid or plasma, volume resuscitation.

Fresh Frozen Plasma

In the setting of  burn injury, FFP is most commonly used 
to replace clotting factors during massive blood transfu-
sion. FFP will replace clotting factors as well as protein S 
and protein C by a factor of  2–3% per unit. The initial rec-
ommended volume is 10–15 mL/kg. The use of  FFP varies 
among different burn centers. Plasma is frozen within 6 
hours of  collection, and each unit provides approximately 
250 mL of  plasma containing normal levels of  all coagula-
tion factors. In the setting of  massive blood transfusion, 
FFP administration is indicated if  active bleeding exists 
and laboratory evidence of  coagulation factor depletion is 
shown. A volume of  2–6 units is generally used depend-
ing on the severity of  the coagulopathy. Some practitio-
ners argue that the use of  FFP rather than crystalloid to 
reconstitute PRBCs results in less interstitial edema during 
the postoperative period and may enhance skin graft  
survival.

In the past, guidelines recommended the use of  FFP to 
replace shed blood only for documented coagulopathy due 
to reduced coagulation factors. Recent experiences with 
both civilian and military trauma have led to more liberal 
use of  FFP, and, as a result, early and aggressive use of  FFP 
to treat massive hemorrhage has been associated with 
decreased mortality.184,185 As a result, massive transfusion 
protocols including early use of  blood products other than 
PRBCs to support coagulation (e.g., FFP, platelets, and cryo-
globulin) are now activated for trauma patients requiring 
massive transfusion.186,187 Blood loss during extensive burn 
wound excision often meets criteria for the diagnosis of  
massive transfusion. The physiological status of  trauma 
patients presenting with hypovolemic shock, acidemia, 
hypothermia, and coagulopathy, however, is different from 
the post-resuscitation burn patient. Except in certain emer-
gencies burn patients should have their wounds debrided 
when resuscitation is effective or in the post-resuscitation 
period. Under these circumstances the patient is warm, has 
adequate preload and oxygen-carrying capacity, adequate 
or increased cardiac output, and no coagulation dysfunc-
tion. As a result, all features of  the massive transfusion 
protocol are not necessary initially. At our institution (Shri-
ners Hospital for Children, Galveston) shed blood is initially 
replaced with colloid (2.5% albumin), and the HCt is allowed 
to diminish to a target value appropriate for the patient 
before PRBCs are administered. As a result of  dilution, shed 
blood contains a smaller mass of  RBCs. When shed blood 
reaches 50% of  estimated total blood volume, it is then 
replaced with PRBCs mixed with FFP. Transfusion of  recon-
stituted whole blood in burned children has been shown to 
be safe and efficacious.188 Only if  microvascular bleeding 
occurs along with thrombocytopenia and/or hypofibrino-
genemia are other blood products administered.

Platelets

Platelets are stored at room temperature to maximize viabil-
ity. The incidence of  bacterial contamination increases 
exponentially after 4 days. However refrigerated platelets 
remain viable for only 24–48 hours. Platelets are obtained 
from either units of  whole blood or by apheresis from a 

Whole Blood

Whole blood consists of  unfractionated blood and contains 
all of  the components of  blood including red blood cells 
(RBCs), plasma, platelets, and white blood cells. However 
whole blood stored for more than 24 hours does not contain 
functional white blood cells or platelets (Box 13.6). One unit 
of  whole blood contains approximately 200 mL of  red blood 
cells and 250 mL of  plasma. Whole blood is available in 
some hospitals for large-volume blood transfusions (trauma, 
liver transplantation, burns) and treatment of  hypovolemic 
shock. However, because of  the scarcity of  blood products 
in most communities, whole blood is not readily available. 
Fractionation of  whole blood into its individual compo-
nents is a much more efficient and cost-effective means of  
maximizing blood usage. When available, however, whole 
blood provides an excellent means of  volume expansion and 
to provide oxygen-carrying capacity in patients requiring 
large-volume blood transfusion.

Packed Red Blood Cells

PRBCs are the most common means of  replacing RBC loss 
during surgical procedures. Most of  the plasma and plate-
lets are removed during processing so that PRBCs provide 
few plasma components, clotting factors, or platelets. A 
unit of  PRBCs contains approximately 200 mL of  red cells 
and 50 mL of  residual plasma. A comparison of  PRBC com-
position with whole blood is shown in Table 13.4. PRBCs 

Box 13.6 Indications for Arterial Cannulation

1. Expected blood pressure changes more rapid than the interval
between noninvasive measurements

2. Patient’s fragility and reduced physiological reserve (e.g.,
ischemic or valvular heart disease)

3. Requirement for vasoactive infusions (other than dobutamine)
4. Need for measurement of PaO2 for management of respiratory

support
5. Extremities unavailable for blood pressure cuff

Table 13.4 Comparison of Whole Blood and Packed 
Red Blood Cells

Value Whole Blood
Packed Red 
Blood Cells

Volume (mL) 517 300

Erythrocyte mass (mL) 200 200

Hematocrit (%) 40 70

Albumin (g) 12.5 4

Globulin (g) 6.25 2

Total protein (g) 48.8 36

Plasma sodium (mEq) 45 15

Plasma potassium (mEq) 15 4

Plasma acid (citric/lactic) (mEq) 80 25

Donor/recipient ratio 1 unit per 
patient

1 unit every 
4–6 patients
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Citrate Toxicity

Citrate is universally used as an anticoagulant in the 
storage of  blood because of  its ability to bind calcium that 
is required for activation of  the coagulation cascade. Citrate 
is metabolized by the liver and excreted by the kidneys. 
Patients with normal liver and kidney function are able to 
respond to a large citrate load much better than patients 
with hepatic or renal insufficiency. During massive blood 
transfusion, citrate can accumulate in the circulation, 
resulting in a fall in ionized calcium.192 Hypocalcemia 
can result in hypotension, reduced cardiac function, and 
cardiac arrhythmias. Severe hypocalcemia can also result 
in clotting abnormalities. However, the level of  calcium 
required for adequate coagulation is much lower than that 
necessary to maintain cardiovascular stability. Therefore 
hypotension and decreased cardiac contractility occur long 
before coagulation abnormalities are seen. During massive 
blood transfusion it is generally prudent to monitor ionized 
calcium, especially if  hemodynamic instability is present in 
the hypocalcemic patient.

Potassium Abnormalities

During the storage of  whole blood or packed red cells, potas-
sium leaks from erythrocytes into the extracellular fluid and 
can accumulate to concentrations of  40–80 mEq/L. Once 
the RBCs are returned to the in vivo environment, the potas-
sium quickly reenters RBCs. However, during rapid blood 
transfusion, transient hyperkalemia may result, particu-
larly in patients with renal insufficiency.193 The transient 
hyperkalemia, particularly in the presence of  hypocalce-
mia, can lead to cardiac dysfunction and arrhythmias. In 

single donor. ABO-compatible platelets, particularly if  from 
a single donor, should be used when possible because post-
transfusion viability is improved. One unit of  whole blood 
platelets contains approximately 5 × 1010 platelets in 50 mL 
of  plasma. Most commonly, 6 units of  platelets are com-
bined into a single bag and transfused. A unit of  single-
donor platelets contains about 30 × 1010 platelets suspended 
in 200–400 mL of  plasma. Therefore, 1 unit of  single-
donor platelets is equal to about 6 units of  whole blood 
platelets. One unit of  whole blood platelets will increase the 
platelet count by 5000–10,000/µL.

Cryoprecipitate

Cryoprecipitate is prepared by thawing FFP at 4°C and col-
lecting the precipitate. Cryoprecipitate is rich in factors VIII 
and XIII, fibrinogen, and von Willebrand’s factor. In the 
setting of  massive blood transfusion, it is used primarily to 
treat hypofibrinogenemia. Generally cryoprecipitate is 
administered when plasma fibrinogen levels fall below 
100 mg/dL. One unit of  cryoprecipitate will increase plasma 
fibrinogen levels by 5–7 mg/dL.

COMPLICATIONS OF MASSIVE BLOOD 
TRANSFUSION

Coagulopathy

Coagulopathy associated with massive blood transfu-
sion is due to thrombocytopenia or depletion of  coagu-
lation factors. PRBCs are essentially devoid of  platelets, 
and whole blood stored for more than 24 hours does not 
possess significant numbers of  viable platelets.189 Whole 
blood contains essentially normal levels of  coagulation 
factors with the exception of  the volatile factors V and 
VIII. Because most plasma is removed from PRBCs, they
provide a poor source of  coagulation factors. Massive blood 
loss and transfusion results in dilutional losses of  platelets 
and factors V and VIII, particularly when PRBCs alone  
are utilized.

Thrombocytopenia is the most common cause of  nonsur-
gical bleeding after massive blood transfusion.190 In general, 
15–20 units, or 2–4 blood volumes of  blood or PRBCs, 
must be transfused before bleeding due to thrombocyto-
penia will develop (Fig. 13.11). Observed platelet counts 
usually remain higher than calculated values due to the 
release of  platelets from sites of  sequestration. Bleeding due 
to thrombocytopenia usually develops when the platelet 
count drops below 50,000–100,000 platelets/µL. Replace-
ment of  platelets usually requires transfusion of  6 units of  
whole blood platelets or 1 unit of  single-donor platelets as 
described earlier in this chapter.

Development of  coagulopathy due to depletion of  coagu-
lation factors is also possible during massive blood transfu-
sion. Significant prolongation of  the prothrombin (PT) and 
partial thromboplastin time (PTT) can result after transfu-
sion of  10–12 units of  PRBCs in adults. It has been recom-
mended that FFP be given to correct dilutional coagulopathy 
if  the PT and PTT exceed 1.5 times normal levels.191 It is also 
important to know the fibrinogen level in massively transfused 
patients since hypofibrinogenemia can also result in prolon-
gation of  the PT and PTT. Fibrinogen may be replaced using  
cryoprecipitate.
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Fig. 13.11 Calculated versus observed mean platelet counts in two 
studies of platelet count after massive blood transfusion. (From Reed 
RL, et al. Prophylactic platelet administration during massive transfusion. 
Ann Surg. 1986;203:46.)
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blood transfusion per se. However volume status should be 
monitored closely during large-volume blood transfusion so 
that volume overload may be avoided.

Transfusion-associated acute lung injury (TRALI) is a 
relatively rare complication characterized by acute hypox-
emia and noncardiogenic pulmonary edema occurring 
within 6 hours of  blood transfusion.195 Although relatively 
uncommon, TRALI is among the most common causes of  
transfusion-related mortality.196 The pathogenesis is not 
well understood but is thought to be related to transfusion-
associated inflammatory responses. Although the incidence 
is higher in critically ill patients, specific risk factors are 
difficult to identify and treatment is supportive. In cases of  
transfusion-related lung injury, it is important to rule out 
other causes of  ARDS and the presence of  transfusion-
associated volume overload (TACO).

Transfusion Reactions

Hemolytic transfusion reactions are a relatively rare but 
devastating complication of  blood transfusion. The inci-
dence of  transfusion reactions is approximately 1 : 5000 
units transfused, and fatal transfusion reactions occur at a 
rate of  1 : 100,000 units transfused. Most severe reactions 
result from ABO incompatibility. The most common cause of  
transfusing ABO-incompatible blood is clerical error. There-
fore most hospitals have developed policies that require 
multiple checks of  the blood prior to transfusion. A list of  
blood types and associated circulating antibodies is shown 
in Table 13.5. Massive hemolytic transfusion reactions 
result from destruction of  transfused erythrocytes by cir-
culating antibodies and complement. Many of  the common 
signs and symptoms of  transfusion reactions, such as chills, 
chest pain, and nausea, cannot be detected in a patient 
under general anesthesia. The most commonly recognized 
signs of  transfusion reaction in the anesthetized patient 
are fever, hypotension, hemoglobinuria, and coagulopathy. 
The cornerstones of  treatment are to stop the transfusion, 
protect the kidneys with aggressive hydration and alkaliza-
tion of  urine, and treat existing coagulopathy.197

Delayed hemolytic transfusion reactions can occur in 
patients who have received prior blood transfusions and 
result from a secondary immune response with production 
of  antibodies to blood antigens. This reaction can occur 
from 2 to 21 days after transfusion and should be suspected 
in patients with unexplained decreases in hematocrit during 
the postoperative period. Renal injury is less common than 
in acute hemolytic reactions, but adequate hydration and 

patients with renal insufficiency, potassium load can be 
minimized by the use of  either freshly obtained blood or 
washed packed RBCs. Hypokalemia can also result from 
massive blood transfusion due to reentry of  potassium into 
RBCs and other cells during stress, alkalosis, or massive 
catecholamine release associated with large-volume blood 
loss. Therefore potassium levels should be monitored rou-
tinely during large-volume blood transfusions.

Acid–Base Abnormalities

During the storage of  whole blood, an acidic environment 
develops due to the accumulation of  lactate and citrate with 
a pH in the range of  6.5–6.7. Rapid transfusion of  this 
acidic fluid can contribute to the metabolic acidosis observed 
during massive blood transfusion. However metabolic aci-
dosis in this setting is more commonly due to relative tissue 
hypoxia and anaerobic metabolism resulting from an imbal-
ance of  oxygen consumption and delivery. The anaerobic 
metabolism that occurs during states of  hypovolemia and 
poor tissue perfusion results in lactic acidosis.186 Generally, 
administration of  sodium bicarbonate is not indicated. The 
re-establishment of  tissue perfusion and homeostasis is a 
much more important factor in re-establishing acid–base 
balance. In contrast, many patients receiving massive blood 
transfusion will develop a metabolic alkalosis during the 
post-transfusion phase. This is due to the conversion of  
citrate to sodium bicarbonate by the liver and is an addi-
tional reason to avoid sodium bicarbonate administration 
during massive blood transfusion except in cases of  severe 
metabolic acidosis (base deficit >12).

Altered Oxygen Transport

During the storage of  blood, red blood cell 2,3-diphospho-
glycerate (DPG) levels decline. This results in a shift in the 
oxyhemoglobin dissociation curve to the left. Under these 
conditions, oxygen has a higher affinity for hemoglobin, 
and oxygen release at the tissue level is theoretically dimin-
ished. In clinical practice, this alteration in oxygen affinity 
has not been shown to be functionally significant.

Hypothermia

Rapid infusion of  large volumes of  cold (4°C) blood can 
result in significant hypothermia.194 When added to the 
already impaired thermoregulatory mechanisms in burn 
patients this can result in clinically significant hypother-
mia. Potential complications of  hypothermia include altered 
citrate metabolism, coagulopathy, and cardiac dysfunction. 
During large-volume blood transfusion in burn patients, 
fluids should be actively warmed with systems designed to 
effectively warm large volumes of  rapidly transfused blood. 
In addition, the room temperature should be elevated and 
the patient’s extremities and head covered to minimize heat 
loss. Body temperature should be maintained at or above 
37°C in burn patients.

Pulmonary Complications

Pulmonary edema is a potential complication of  massive 
blood transfusion. This may result from volume overload 
and/or pulmonary capillary leak due to inflammation and 
microaggregates present in transfused blood. Some studies 
have indicated that the incidence of  pulmonary edema is 
more related to the patient’s underlying injury than to 

Table 13.5 Blood Groups and Cross-Match

Blood 
Group

Antigen on 
Erythrocyte

Plasma 
Antibodies

Incidence (%)

Whites African-Americans

A A Anti-B 0.40 27

B B Anti-A 11 20

AB AB None 4 4

O None Anti-A 45 49

Anti-B

Rh Rh 42 17
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is an encouraging sign that the airway may remain patent 
after extubation. The upper airway can also be examined by 
direct laryngoscopy or with an endoscope. In marginal 
cases the endotracheal tube can be removed while an 
exchanger is left in the trachea. Another technique is to 
extubate under direct vision with a bronchoscope with an 
endotracheal tube already loaded on the bronchoscope. 
Especially in small pediatric patients a common reason for 
post-extubation stridor and failed extubation is edematous 
and redundant mucosa over the arytenoid eminences that 
obstruct the glottic inlet during inspiration (Fig. 13.12A, 
video). This condition can be exacerbated by an endotra-
cheal tube that is too large, excessive patient motion due to 
inadequate sedation and analgesia, reflux of  acidic gastric 
contents, and mechanical irritation due to compression of  
the posterior laryngeal structures between the endotra-
cheal tube and gastric tubes. These irritants can also cause 
laryngomalacia in pediatric patients (Fig. 13.12B). If  laryn-
geal obstruction persists despite attention to all these details 
a short course of  steroids is often effective as long as con-
cerns regarding burn wound infection do not preclude the 
use of  steroids (unpublished observations.) Heliox has also 
been used successfully in this situation.199

The decision to extubate must also take into consider-
ation the metabolic state and the burn-related decrease in 
strength of  the patient. Increased generation of  CO2 must 
be matched by increased minute ventilation and respiratory 
effort. Work of  breathing is often also increased by poor 
pulmonary compliance and diaphragmatic elevation due to 
hepatomegaly.200 At the same time skeletal muscle wasting 
and decreased strength are also products of  the catabolic 
state.98 If  the patient’s physiological reserve was marginal 
preoperatively, it may be best to continue mechanical ven-
tilation until extubation criteria can be assessed objectively 
in the ICU.

After transfer of  monitors and ventilatory support in the 
ICU, a full report of  the intraoperative anesthetic course is 
given, along with information about the patient’s current 
condition and therapy. A chest radiograph may be needed 
for vascular catheters placed in the OR to check the position 
of  an endotracheal tube if  the patient will be ventilated 
postoperatively. Laboratory studies, including arterial blood 
gas, blood chemistries, renal function tests, hematocrit, 

alkalization of  urine are usually indicated. Febrile reactions 
are common following blood transfusion and are generally 
due to contaminating leukocytes and leukocyte antigens 
present in transfused blood. Pure febrile reactions usually 
do not require termination of  the transfusion, but the 
patient should be monitored closely to assure that a more 
severe transfusion reaction is not developing.

Infection

Infection is a major problem in burn patients due to dis-
ruption of  the cutaneous barrier and immunosuppres-
sion. Blood transfusion adds to the infection risk. Graves 
and colleagues showed a significant correlation between 
the number of  blood transfusions and infectious compli-
cations in burn patients.198 The most common source of  
major infection from blood products is hepatitis. Hepatitis 
C is the most common offender, followed by hepatitis B. 
The incidence of  hepatitis C is approximately 3 in 10,000 
units transfused. The development of  rigorous screening 
mechanisms has markedly decreased the incidence of  HIV 
infection to 1 in 200,000–500,000 units transfused. Cyto-
megalovirus (CMV) has been identified in blood products 
and could cause clinically significant problems in immuno-
compromised burn patients. However the incidence of  clini-
cally important CMV infection is low in burn patients.

Postoperative Care

Decisions regarding postoperative airway management and 
support of  ventilation depend on several factors. Extubation 
is desirable as soon as it is indicated, but, in burn patients, 
for a number of  reasons it often may be even more impor-
tant not to extubate when it is not indicated. If  the patient 
came to the operating room intubated, the indication for 
intubation must be determined. If  the initial indication has 
resolved, the decision to extubate depends on perioperative 
events. Some patients with neck and facial burns are intu-
bated to protect the airway from obstruction by edema. The 
airway must be examined to be sure edematous pharyngeal 
tissues will not cause obstruction of  the airway when the 
endotracheal tube is removed. Air leaking around a deflated 
endotracheal tube cuff  during positive pressure ventilation 

BA

Fig. 13.12 Dynamic obstruction of the upper airway in a pediatric patient with thermal injury of the larynx. Edematous tissues collapse and obstruct 
during inhalation (A) but expand and allow exhalation (B). 
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first few hours postoperatively in order to maintain ade-
quate oxygen saturation. Airway support may also be nec-
essary initially in these patients until they are more alert 
and responsive.

Finally, burn patients must be recovered in a warm envi-
ronment. Postoperative hypothermia can result in vasocon-
striction, hypoperfusion, and metabolic acidosis and 
exaggeration of  the hyperdynamic and catabolic metabolic 
response to their injury. Radiant heaters, blood and fluid 
warmers, warm blankets, heated humidifiers for gas deliv-
ery, and high room temperature are all useful in the post-
operative period to provide warmth to the recovering 
patient.

Conclusion

Anesthetic management of  the burn patient presents 
numerous challenges. Anatomical distortions make airway 
management and vascular access difficult. Pathophysiolog-
ical changes in cardiovascular function range from initial 
hypovolemia and impaired perfusion to a hyperdynamic 
and hypermetabolic state that develops after the resuscita-
tive stage. These and other changes profoundly alter 
response to anesthetic drugs. Effective anesthetic manage-
ment will depend on knowledge of  the continuum of  patho-
physiological changes, technical skills, proper planning, 
and availability of  proper resources. A team approach is 
necessary, keeping in mind that perioperative management 
should be compatible with ICU management and goals. This 
requires close communication with other members of  the 
burn care team, which is one of  the most important prin-
ciples of  effective anesthetic management of  these chal-
lenging patients.

Complete references available online at 
www.expertconsult.inkling.com

platelet count, and coagulation studies, are sent soon after 
patient arrival to the ICU. These studies are particularly 
important if  massive transfusion was required in the oper-
ating room.

One of  the most important issues in the immediate post-
operative period for burn patients is adequate analgesia and 
sedation, particularly for the intubated and mechanically 
ventilated patient. Debridement of  burned tissue and the 
harvesting of  skin grafts are painful procedures that merit 
ample analgesic doses in order to ensure patient comfort. It 
is not uncommon for burn patients to be quite tolerant to 
narcotic analgesics, especially after they have had several 
operative procedures, and, in this case, larger doses than 
normal are required.

Ongoing blood loss is unfortunately a common problem 
after the excision and grafting of  a large burn wound, even 
when strict attention is placed on intraoperative hemostasis 
by surgical personnel. The burn wounds are necessarily 
excised down to bleeding tissue before skin grafts are 
applied. Massive intraoperative transfusion adds to the 
problem with dilutional thrombocytopenia and coagulopa-
thy. Diligent postoperative care is needed to continually 
assess ongoing blood loss and to transfuse additional blood 
products as they are indicated by clinical course and labora-
tory studies. Postoperative bleeding can be concealed by 
bulky burn dressings. Such bleeding may manifest as hypo-
volemia and hypotension even in the brief  period of  trans-
port from the operating room to the ICU. Monitoring of  CVP 
and urine output also help in guiding postoperative blood 
and fluid therapy.

Adequate ventilation is essential in the postoperative 
period in order to minimize hypoxemia and hypercarbia. 
Blood gases and oxygen saturation can be used as guides to 
ventilator management. Patients with inhalation injury 
benefit not only from rational ventilator management but 
also from a program of  inhaled bronchodilators and muco-
lytics combined with judicious airway suctioning. Extu-
bated patients require supplemental oxygen for at least the 
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rewarming prior to implantation. This was followed by Mor-
ris’s16 report demonstrating the beneficial effects of  using 
allogeneic skin in the treatment of  infected ulcers and other 
contaminated wounds and Shuck et al.’s17 report suggest-
ing the potential use of  allogeneic skin in the treatment of  
traumatic wounds based on their Vietnam War experience. 
These increased uses of  allograft skin led to further research 
into the beneficial effects of  allograft skin on wound healing, 
including its association with a reduced incidence of  bacte-
rial infections18,19 and the stimulation of  wound bed 
neovascularization.20

Bondoc and Burke21 are credited with the establishment 
of  the first functional skin bank in 1971. Their experience 
with allograft skin led to a report of  successful burn wound 
excision and allografting with temporary immunosuppres-
sion in children with extensive injuries.22 Today allograft 
skin remains an ideal temporary cover for extensive or 
excised cutaneous or soft tissue wounds, particularly when 
sufficient autograft skin is not available or when temporary 
wound coverage is desired.

Another biologic dressing with a long history in the treat-
ment of  burned patients is amniotic membrane, with the 
first use for the purpose taking place in 1912 by Sabella a 
few short years after it was originally used in skin transplan-
tation by Davis in 1910.23,24 During the immediate period 
following these reports, the use of  amniotic membranes was 
attempted as permanent skin replacements, although the 
grafts were rejected. In 1952, Douglas was the first to report 
the use of  amniotic membrane as a temporary burn wound 
covering. Since that time, amnion has been one of  the tools 
available in the treatment of  partial-thickness burns. 25–30 
Amnion has been shown to alleviate pain, prevent infec-
tion,23,28,31,32 reduce pruritus,30 and accelerate wound 
healing.24,26,31 Our institution has used amniotic membrane 
for temporary total ocular surface coverage in the treatment 
of  toxic epidermal necrolysis, which has shown improve-
ments in corneal clarity, conjunctival scaring, and dry eye 
symptoms at 3-month follow-up as compared to a histori-
cal group that received maximal medical treatment.33 The 
preparation and storage of  amnion has been a role in many 
skin banks around the world.

The Growth of Skin Banking

The widespread use of  allograft skin in the management of  
patients with extensive burn, traumatic, and soft tissue 
injuries has had a major impact on the number of  skin 
banking facilities over the past two decades or so. Conse-
quently the majority of  skin banks have been founded in 
close proximity to regional burn centers or within the burn 
center hospitals themselves. Skin banks must therefore 
maintain a close working relationship with regional burn 

History

The first skin autograft was described by Reverdin1 in 1871,
and the use of  allograft skin as a clinical method for wound
coverage soon followed.2 In 1874, Thiersch published a
report about a small series of  patients on whom he had used
partial-thickness skin grafts.3 This led to extensive trials of
harvesting extremely thin grafts, leaving some of  the
surface epithelium behind to aid in donor site healing.
Results from the use of  these small, thin grafts, known as
“Thiersch grafts,” “pinch grafts,” “epidermis grafts,” or
“razor grafts” were generally so unsatisfactory for resurfac-
ing large areas that they were typically limited to the treat-
ment of  small ulcerated wounds. The first successful use of
allogeneic skin for burn wound coverage was reported by
Girdner4 in 1881. Five years later, Thiersch described the
histologic anatomy of  skin engraftment which popularized
the clinical use of  split-thickness skin grafts.3

Storage of  human skin did not begin until the early
1900s, when Wentscher5 reported his experience with the
transplantation of  human skin that had been refrigerated
for 3–14 days; however it was not until the 1930s that
blood and tissue banking took their place in the clinical
practice of  medicine. The clinical utility of  allograft skin in
burn wound coverage was first described in 1938, when
Bettman6 reported his success in the treatment of  children
with extensive full-thickness burn injuries. Webster7 and
Matthews8 later described the successful healing of  skin
autografts stored for 3 weeks at 4–7°C; however it was not
until 1949, following the establishment of  the United States
Navy tissue bank, that modern-day skin banking began.

The establishment of  skin banking signaled the begin-
ning of  significant research related to the processing, pres-
ervation, and storage of  human tissues. Baxter9 explored
the histologic effects of  freezing on human skin and discov-
ered that the formation of  ice crystals caused the destruc-
tion of  skin architecture. This was followed in 1952 by the
pioneering research of  Billingham and Medawar10 who
demonstrated that skin could be effectively cryopreserved
using glycerol. Soon afterward, Taylor11 was able to demon-
strate that the addition of  glycerol to storage solutions
decreased ice crystal formation in frozen tissues. These
advancements permitted Brown12 and Jackson13 to popular-
ize the use of  allogeneic human skin grafts as biologic dress-
ings for extensive burns and denuded tissue. By 1966,
Zaroff14 had reported the 10-year experience using allograft
skin in the treatment of  thermally injured patients at the
Brooke Army Medical Center. In this report, he described
the mechanical and physiologic advantages of  allograft skin
as a biologic dressing. In 1966, Cochrane15 reported the
first successful use of  frozen autologous skin grafts follow-
ing controlled-rate freezing in 15% glycerol and rapid
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centers not only to meet the specific needs of  the burn 
surgeon but also to help generate community support for 
skin donation through combined educational outreach 
programs.

From 1969 to 1988, there was a steady growth in the 
number of  skin banks; however this number declined, 
reaching its nadir in 2002. Since that time, however, there 
has been a steady increase in the number of  skin banking 
facilities to its current total of  81 American Association of  
Tissue Banks (AATB)-accredited tissue banks that recover, 
process, store, and/or distribute skin for transplantation. In 
1983, DeClement and May estimated that as much as 
32,000 square feet of  skin might be needed in burn and 
wound care centers.34 Fig. 14.1 shows the total number of  
skin donors as well as total number of  square feet of  skin 
distributed by skin banks throughout the United States and 
Canada from 1995 through 2015.

Role of the American Association 
of Tissue Banks

As skin banking facilities grew in number, it became appar-
ent that policies and procedures required standardization. 
This was quite difficult initially because there was insuffi-
cient data to develop a consensus regarding standards of  
practice. As early as 1976, the AATB had begun to address 
this issue by the formation of  a Skin Council. This provided 
a forum for the discussion of  skin banking practices and 
was complemented by the activities of  the American Burn 
Association’s Skin Banking Special Interest Group. The 
Standards and Procedures Committees were created in 
1977 and produced the first guidelines for tissue banking 
in 1979. The first Standards for Tissue Banking were pub-
lished in 1984, and tissue-specific technical manuals 
(including skin) were developed in 1987. Since that time, 
the Standards have been modified and refined based on con-
sensus and, where available, supportive scientific research, 
with the latest edition, the 14th, released in 2016. In addi-
tion, shortly after the development and promulgation of  its 
Standards for Tissue Banking, the AATB created an inspec-
tion and accreditation committee in 1982 and began con-
ducting voluntary inspections in 1986. This program 
continues today and is important in ensuring that tissue 

banks adhere not only to AATB Standards but also the U.S. 
Food and Drug Administration (FDA) regulations governing 
all aspects of  human tissue banking. In 1992, the AATB 
presented its Year 2000 Plan, outlining the institution’s 
goals of  supporting tissue and cell banks and ensuring the 
safety and quality of  tissues, as well as advancing and 
strengthening the AATB.35 The AATB has worked with 
many organizations, such as the FDA, the Centers for 
Disease Control (CDC), and the American Burn Association, 
to update standards and quickly respond when necessary, 
such as through the timely creation of  instructions and 
methods to screen potential donors for emerging infectious 
diseases, including West Nile, Ebola, and Zika viruses in 
order to reduce risk of  infection.

Clinical Uses of Allograft Skin

COVERAGE OF EXTENSIVE  
FULL-THICKNESS WOUNDS

The increasing use of  allograft skin in specialized burn care 
centers has been one of  the driving forces behind the growth 
and development of  skin banks in the United States. The 
general indications for its use in wound management are 
listed in Box 14.1. Allograft skin possesses many of  the ideal 
properties of  biologic dressings and plays a major role in the 
surgical management of  extensive wounds when autolo-
gous tissue may not be immediately available (Box 14.2). It 
reduces evaporative water loss and the exudation of  protein-
rich fluids, prevents wound desiccation, and suppresses 
microbial proliferation. Wound pain is lessened, and this is 
associated with better patient compliance with occupa-
tional and physical therapy. By restoring the physiologic 
barrier at the wound surface, the allografts reduce heat loss 
through the wound and mitigate the hypermetabolic 
response to burn injury. The frequent and unpredictable 
demand for allograft skin in specialized burn care centers 
has prompted the growth and development of  local and 
regional skin banks throughout the world.

Fresh allograft skin represents the gold standard for all 
biologic dressings employed for temporary wound closure 
based on a number of  its distinctive properties com-
pared to cryopreserved skin (Box 14.3). Its availability is 
critically important for the surgeon faced with the need  
to provide immediate coverage of  large excised burn 
wounds. Fresh allografts become well-vascularized, 
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Fig. 14.1 Skin donation and distribution in the United States and 
Canada from 1995 through 2015. 

Box 14.1 Indications for Allograft Skin Use in 
Wound Management.

■ Coverage of extensive wounds where autologous tissue is not
available

■ Coverage of widely meshed skin autografts
■ Extensive partial-thickness burns
■ Extensive epidermal slough

■ Stevens-Johnson syndrome
■ Toxic epidermal necrolysis
■ Staphylococcal scalded skin syndrome

■ Testing the wound bed’s ability to accept autograft
■ Template for the delayed application of keratinocytes.
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Alternative wound coverings such as Integra dermal 
regeneration template have provided alternatives to 
allograft skin for the treatment of  excised burn wounds in 
patients with extensive full-thickness burn injuries. When 
compared with artificial dermis, fresh, refrigerated allograft 
has been shown to have a better rate of  engraftment than 
the dermal regeneration template.36 A study performed at 
our institution in 2007 indicated that Integra can safely be 
used for wound coverage in children with burns of  more 
than 50% total body surface area (TBSA) burned with an 
associated attenuation of  post-burn hypermetabolism with 
no increased risk of  infection.37

COVERAGE OF WIDELY MESHED  
ZSKIN AUTOGRAFTS AND PARTIAL- 
THICKNESS WOUNDS

Another use of  allograft skin has been its application as an 
overlay on top of  widely expanded, meshed autologous skin 
grafts (Fig. 14.3). This technique was originally described 
utilizing meshed allograft38 and provides immediate, as well 
as both temporary and permanent, wound closure. Our 
institution utilizes 2 : 1 meshed cadaver skin for the cover-
age of  widely expanded autografts (with a ratio greater 
than 2 : 1). Because it is usually less viable than fresh skin, 
it functions more as a biologic dressing than as a temporary 
skin replacement. Its adherence to the underlying wound 
bed results in the relief  of  pain and the limitation of  exuda-
tive and water losses, and it reduces the need for frequent 
dressing changes. As the underlying wound bed reepitheli-
alizes, the allograft slowly separates without disturbing the 
delicate underlying epithelium. These properties of  frozen 
allograft are also utilized in the coverage of  partial-thickness 
wounds. Studies by Rose39 and Naoum40 demonstrated 
more rapid healing times and shorter hospital stays for chil-
dren with extensive partial-thickness burns when treated 
with early wound débridement and allografting compared 
to conventional topical antimicrobial therapy. However due 
to lower costs and ease of  use, Shriners Hospitals for Chil-
dren – Galveston primarily uses xenograft for partial thick-
ness burns.

There has been some concern that allografts may induce 
an inflammatory rejection response resulting in delayed 
reepithelialization of  underlying autografts; therefore the 
use of  lyophilized tissue has been suggested because the 
lyophilization process destroys cellular components and 
results in a diminished immunologic response from the 
graft recipient.41,42 A 2013 study of  11 patients treated 
with lyophilized allograft showed no evidence of  immuno-
logic reactions due to the administration of  allograft.42

TEMPLATE FOR DELAYED APPLICATION OF 
KERATINOCYTES

The clinical use of  cultured epidermal autografts (CEA) in 
the care of  burn patients was first described by O’Connor 
et al.43 in 1981. Since that time, there have been numerous 
reports supporting its use as a permanent skin replacement 
for patients with extensive full-thickness burn injuries. This 
methodology has not been without problems, however, 
with many authors describing variable take rates and insta-
bility of  the grafts. Cuono first advocated the use of  

stimulate neovascularization in the underlying wound 
bed, and prepare the recipient sites for permanent cover-
age with autologous skin. In addition, fresh allografts tol-
erate modest wound contamination and adhere better to 
the freshly excised subcutaneous fat than do cryopreserved 
grafts. The allogeneic skin is usually removed once the 
patient’s donor sites have healed sufficiently for reharvest-
ing or once autologous cultured skin is available for perma-
nent wound closure.

The use of  fresh allografts has become extremely limited 
in recent years, however, due to increased FDA regulations 
put in place to reduce risk of  disease transmission. When 
fresh allograft is not available, cryopreserved skin is an 
excellent alternative for temporary wound coverage. 
Although frozen cryopreserved skin generally has less mea-
surable viability than fresh skin, it is currently difficult to 
maintain continuous and ample stores of  fresh skin beyond 
14 days. It has therefore been standard skin banking prac-
tice to cryopreserve allograft skin within 7–10 days of  
recovery if  it is not going to be utilized within the time 
period that viability can be maintained. Fig. 14.2 depicts 
the quantitative use of  allograft skin and amnion in ther-
mally injured children treated at the Shriners Hospital for 
Children in Galveston, Texas, since 2012.

Box 14.2 Advantages of Human Allograft 
Skin Use.

■ Reduce water, electrolyte, and protein loss
■ Prevent desiccation of tissue
■ Suppress bacterial proliferation
■ Reduce wound pain
■ Reduce energy requirements
■ Promote epithelialization
■ Prepare wounds for definitive closure
■ Provide dermal template for epidermal grafts.

Box 14.3 Advantages of Fresh Allograft Skin.

■ Rapidity and strength of adherence to the wound
■ Control of microbial growth
■ Rapidity of revascularization
■ Reproducible clinical results
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microbial cultures prior to releasing the tissue for trans-
plantation. In fact, the AATB Standards50 require that skin 
be discarded if  pathogenic bacteria or fungi are present. 
This is particularly important given the immuno-
compromised status of  the potential recipient and the 
potential for developing wound sepsis following such 
contamination.

There have also been reports of  viral disease transmission 
by skin allografts. In 1987, Clarke reported what was 
thought to be the transmission of  HIV-1 to a burn patient 
from an HIV-positive donor51; however, the results of  donor 
testing were not known prior to skin use. Moreover, the 
recipient, who had a number of  risk factors for HIV, had not 
been tested prior to receiving the allograft. To date, there 
have been no other reported cases of  HIV or hepatitis trans-
mission from skin allografts.

Kealey et al. have reported the transmission of  cyto-
megalovirus (CMV) from cadaver skin allografts.52 Because 
nearly 23% of  the CMV-negative patients seroconverted, 
they recommended the use of  CMV-negative allograft skin 
for seronegative burn patients. Plessinger et al. reviewed 
479 consecutive skin donors and found 63% of  this pre-
dominantly adult donor pool to be CMV-positive.53 They 
reasoned that while tissue from seronegative donors would 
be ideal for use in seronegative patients, such a practice 
would significantly limit the availability of  fresh allograft 
skin for most thermally injured patients. In addition, 
while there is good evidence to support the transmis-
sion of  CMV by allograft in burn patients, there is little 
evidence that CMV seroconversion is clinically signifi-
cant or affects outcome in thermally injured patients.54,55 
Furthermore Herndon and Rose54 reiterated that the 
benefits of  using cadaver allograft skin for the treatment 
of  burn patients clearly outweigh the small risks associ-
ated with CMV seroconversion. At present, most burn 
surgeons and skin banks recommend that the decision 
regarding the use of  allograft skin from CMV-positive 
donors should be made by the burn/transplanting  
surgeon.

allogeneic skin with CEA, allowing the allograft skin to vas-
cularize before removing the antigenic epidermal layer by 
dermabrasion.44 Hickerson et al. reported results on five 
burn patients demonstrating more than 90% CEA take on 
the allogeneic dermis and supple, durable grafts up to 4 
years postoperatively.45 A recent multicenter randomized 
trial compared patients with full-thickness burns who were 
treated with split-thickness skin autografts to those who 
were additionally treated with CEA. The application of  CEA 
resulted in faster wound epithelialization, improved percep-
tion of  scarring, and improved pigmentation and elasticity 
of  the skin at follow-up.46

ACELLULAR DERMAL MATRIX

The past decade or so has also witnessed the development 
of  an acellular allogeneic dermal matrix (AlloDerm) as a 
template for the simultaneous application of  thin split-
thickness autografts.47 The potential advantage of  the 
dermal template is reasoned to be the use of  a thinner autol-
ogous skin graft resulting in more rapid donor site healing 
and reduced morbidity. A multicenter clinical trial demon-
strated equivalence of  this technique with a standard split-
thickness meshed autograft; however autograft take rates 
were somewhat lower than that for controls and varied 
from center to center.48 In addition, the allogeneic dermal 
grafts measured only 36–116 cm2 and were only evaluated 
up to 180 days post-grafting. AlloDerm has also been used 
as a template for CEA; however there have been only a few 
anecdotal reports related to this potential application.

Potential Disadvantages of 
Allograft Use

INFECTION

Allograft skin has been reported to cause bacterial infec-
tion.49 It is therefore imperative that skin banks perform 

1:1.5 Allograft

3:1 Autograft

Excised wound

Fig. 14.3 Diagrammatic illustration of meshed allograft overlay technique (as described by Alexander et al.). The allograft is generally meshed 1.5 : 1 
or 2 : 1 while the underlying autograft may be meshed 3: 1 or greater. (From Alexander JW, MacMillan BG, Law E, et al. Treatment of severe burns with 
widely meshed skin autograft and widely meshed skin allograft overlay. J Trauma. 1981; 21:433–438.)
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■ Antibodies to hepatitis C virus (anti-HCV)
■ Nucleic acid test (NAT) for HCV
■ Syphilis (a non-treponemal or treponemal-specific

assay may be performed)
■ Nucleic acid test (NAT) for the hepatitis B virus (HBV)

Test kits should be FDA-licensed, approved, or cleared for 
donor screening and, ideally, should be approved for cadav-
eric specimens. Barnett et al. reported their 2-year experi-
ence with cadaveric skin donor discards due to positive 
serologic tests. In that report, they noted that 61 of  813 
donors (7.5%) required tissue discard due to positive sero-
logic tests. A positive hepatitis B core antibody test accounted 
for 52.3% of  the serology-based discards, whereas hepatitis 
B surface antigen testing accounted for 18.1%, and hepati-
tis C, HIV-1/2, HTLV-1, and syphilis tests accounted for 
14.3%, 4.9%, 4.9%, and 5.5%, respectively.60 This finding 
was substantiated by Plessinger et al. in their 5-year review 
of  1235 donors, of  whom 93 7.5%) were deferred based on 
positive serologic tests.61

Although it is also necessary for the tissue bank medical 
director to review the results of  an autopsy (if  one was 
performed), a 10-month follow-up study of  264 donors 
recovered following the 1998 changes in the AATB Stan-
dards revealed that none of  the donors required deferral 
based on autopsy findings alone.61 A review of  468 con-
secutive skin donors and 457 consecutive amnion donors 
recovered by our tissue bank from February of  2014 
through September of  2016 indicated that 50 skin donors 
(10.7%) and 32 amnion donors (7.0%) required discard as 
a result of  the autopsy, serology, DRAI, or physical exam 
findings. 62

SKIN RECOVERY

Once donor screening is complete and proper authorization 
has been obtained, the recovery team must arrange the 
time and location for skin recovery in an appropriate facility 
(i.e., hospital morgue or operating room, medical examin-
er’s office, or the tissue bank). It is extremely important that 
the time of  death and body storage conditions be accurately 
documented because these have a significant bearing on 
skin viability and microbial contamination, as can the time 
from skin recovery to banking.62 Current AATB Standards 
require that skin prep begin within 24 hours of  asystole, 
provided the donor’s body was cooled (e.g., application of  
sufficient amounts of  wet ice or a cooling blanket, cold 
weather conditions) or refrigerated within 12 hours of  
asystole. The skin prep shall begin within 15 hours of  death 
if  the deceased donor’s body has not been cooled or refriger-
ated. If  the donor’s body is cooled for a period of  time then 
not cooled for a period of  time, the time period the donor’s 
body is not cooled cannot exceed 15 cumulative hours.50

In brief, the skin is recovered under aseptic conditions but 
first a thorough physical assessment is necessary to deter-
mine if  the donor should be deferred for other medical 
reasons as well as to determine the quality of  the skin and 
the technical feasibility of  skin recovery by evaluating the 
donor’s size and skin condition. Box 14.4 lists disease states 
that are commonly associated with deferral of  a potential 
skin donor. Blood samples are also obtained for the required 
infectious disease testing. The areas from which the skin is 

REJECTION

While demonstrating many characteristics of  an ideal
wound covering, allograft skin contains Langerhans cells
that express class II antigens on their surface. These cells
reside in the epidermis of  the skin and are ultimately rejected
as the result of  an immunologic rejection response. This
typically results in an acute inflammatory reaction and can
lead to wound infection. Vascularized allogeneic skin grafts
typically remain intact on the wound of  a burn patient for
2–3 weeks, although there have been reports of  allograft
skin survival for up to 67 days due to the inherent immu-
nosuppression of  extensive burn injury.56 Recent improve-
ments in immunonutrition, critical care management, and
a more aggressive surgical approach to definitive wound
closure, however, have made the persistence of  allografts
less predictable.

Efforts to prevent rejection have included methods that
might reduce antigen expression by controlling the activity
of  the Langerhans cells in the allograft skin. Treatment of
the allografts with ultraviolet light irradiation and incuba-
tion of  the skin in glucocorticoids has been reported to result
in a modest prolongation of  allograft survival compared to
nontreated skin; however the utility of  this methodology has
not been substantiated. Other investigators have studied the
effects of  pharmacologic agents to induce immunosuppres-
sion in patients with major burn injuries. Initial clinical
trials reported an improvement in both allograft and patient
survival when children were treated with azathioprine and
antithymocyte globulin57; however this regimen was associ-
ated with azathioprine-induced neutropenia, and the clini-
cal outcomes were not corroborated by others. More recently,
the use of  cyclosporin A was demonstrated to prolong skin
allograft survival in patients with extensive full-thickness
burns.58,59 In these studies, allograft rejection was generally
observed within a few days of  discontinuing treatment;
however there were instances where engraftment persisted
after the completion of  therapy. Further studies of  these and
newer immunosuppressive agents may be warranted.

Technical Aspects of Skin Banking

DONOR SCREENING

It is vitally important that complete and accurate medical
information about the potential tissue donor be obtained to
ensure the safety of  the tissue for transplantation. The
AATB and the FDA require a comprehensive medical and
social history of  the donor. In this regard, the AATB devel-
oped a Donor Risk Assessment Interview (DRAI) with the
cooperation and assistance of  other organ and tissue recov-
ery organizations and the FDA.

A panel of  serologic screening tests for transmissible dis-
eases is required.50 These include:

■ Antibodies to human immunodeficiency virus, types 1
and 2 (anti-HIV-1 and anti-HIV-2)

■ Nucleic acid test (NAT) for HIV-1
■ Hepatitis B surface antigen
■ Total antibodies to hepatitis core antigen (including

both IgG and IgM)
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Microbiologic Testing

After returning to the skin bank, the tissue recovery team 
should obtain cultures for aerobic and anaerobic bacteria, 
yeast, and fungi. Tissue cultures can be obtained by swab-
bing, destructive testing of  companion tissue, or by fluid 
elution.65 Cultures from representative anatomical areas 
shall be obtained prior to processing. Culture methods 
shall be validated to ensure the suitability of  the culture 
method selected. Inhibitory substances (e.g., skin prep 
solution(s), transport media, antibiotics, etc.) that may be 
added to unprocessed skin during recovery or for trans-
port must not interfere with culture results (i.e., produce 
false-negative results). Testing should be conducted in 
accordance with adherence to relevant standards (e.g., 
CAP, ISO, ASTM, AAMI, USP), and the skin should not be 
used for transplantation if  it contains any of  the following  
microorganisms50:

■ Staphylococcus aureus
■ Group A, β-hemolytic Streptococci
■ Enterococcus spp.
■ Gram-negative bacilli
■ Clostridium spp.
■ Fungi (yeasts or molds).

While AATB Standards require that microbiology culture 
results should not be reported before 7 days of  incubation 
before releasing the tissues for transplantation, when fresh, 
non-cryopreserved allograft skin is used for transplantation 
within days of  tissue recovery, the results of  the microbial 
cultures are frequently unavailable. Plessinger et al. 
reviewed the results of  the microbiologic skin cultures from 
219 consecutive skin donors whose tissues were released 
for transplantation prior to the availability of  culture 
results. Although 14.3% of  the cultures were positive for 
microbial growth, only 1.8% of  the cultures identified 
organisms that required subsequent notification of  the 
transplanting surgeon. In each of  these instances, there 
was no adverse outcomes in any of  the patients who received 
the skin transplants.66 These findings were substantiated by 
Britton-Byrd et al.67 in their review of  tissue donors whose 
skin was used after only 3 days of  incubation. They reported 

taken are shaved of  hair and cleansed with an antimicrobial 
agent approved for use in operative procedures (i.e., 
povidone-iodine, chlorhexidine). The tissue recovery tech-
nician wears the appropriate personal protective equipment 
(PPE; i.e., surgical cap, mask with face shield, shoe covers), 
performs a surgical scrub, and dons a sterile gown and 
gloves while the circulating technician completes the 
required documentation of  the tissue recovery as well as 
prepares the tissue and transport containers. This is usually 
followed by a chlorhexidine prep surgical scrub of  the tissue 
donor, rinsing with 70% isopropyl alcohol after the required 
contact time of  the surgical scrub and allowing the skin 
surface to dry. A back table with all the required supplies for 
skin recovery is set up, and the donor is then surgically 
draped. Split-thickness skin grafts are then removed using 
a dermatome at a thickness of  0.012–0.018 inches. The 
width of  the grafts generally should range from 3 to 4 
inches but ideally should be determined by the preference 
of  the transplanting surgeon(s). Skin retrieval sites are 
usually limited to the torso, hips, thighs, and upper calves. 
The amount of  skin obtained may vary depending on body 
habitus, skin defects or lesions, and body geometry; however 
an average yield of  4–6 square feet per donor is not unusual 
for an experienced tissue recovery technician. After tissue 
is obtained from the posterior surfaces, the donor is turned 
to expose the anterior surface, reprepped, and draped prior 
to completing the recovery process. The skin is then placed 
in tissue culture medium and maintained at wet ice tem-
peratures (above freezing to −10°C) during transport to the 
skin bank for processing.63

SKIN PROCESSING

Processing Environment

Skin should be processed under aseptic conditions in a bac-
teriologically and climate-controlled environment (Fig. 
14.4). While current AATB Standards mandate the pro-
cessing of  cardiovascular tissues in a class 100 laminar flow 
environment, no such requirement exists for human skin 
banking. In fact, a study performed by Plessinger et al. failed 
to demonstrate any statistically significant quantitative or 
qualitative difference in microbial growth whether the skin 
was processed and packaged in a class 100 laminar flow 
hood or a class 10 000 clean room.64

Box 14.4 Disease States Commonly Associated 
With Potential Skin Donor Deferral.

■ Extensive dermatitis
■ Acute burn injuries
■ Cutaneous malignancy
■ Poor skin quality
■ Extensive tattoos
■ Collagen vascular disease
■ Toxic chemical exposure
■ Skin infections
■ Extensive skin lesions
■ Extensive skin or soft tissue trauma.

Fig. 14.4 Aseptic tissue processing environment. 
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structural integrity. AATB Standards dictate that refriger-
ated skin should not be stored for longer than 14 days; 
however if  the skin is not to be used “fresh,” it should be 
cryopreserved within 10 days of  recovery if  the nutrient 
medium is changed every 72 hours. If  the medium is not 
utilized or changed in this manner, AATB Standards dictate 
that the skin must be frozen within 96 hours of  recovery.50 
The skin is generally incubated in cryoprotectant solution 
for 30 minutes at 4°C. Skin that is to be frozen may be 
meshed (Fig. 14.5) or kept as a sheet, and it should be folded 
with fine mesh gauze or bridal veil covering the dermal 
surface prior to placement in a flat packet (Fig. 14.6) to 
ensure uniformity of  the cooling process.75 This is followed 
by slow-rate cooling at a rate of  approximately −1°C/min. 
Although computer-assisted, control-rate freezing is 
thought to be optimal, studies have demonstrated that 
cooling in a heat sink box at less than −2°C/min is equally 
effective and does not compromise the metabolic activity of  
the skin.76 The skin is frozen to a temperature of  −70 to 
−100°C prior to placement in either a mechanical freezer

three cases resulting in tissue recall due to positive micro-
biological cultures and concluded that 3-day culture results 
do not result in significant microbiologic contamination of  
allograft skin. White et al.68 have suggested that cadaver 
allograft containing less than 103 organisms per gram of  
tissue can be safely used for temporary wound coverage. 
Despite the results of  these studies, it is strongly recom-
mended that the tissue bank communicate all available 
information regarding donor and tissue suitability to the 
transplanting surgeon so that he or she can adequately 
assess the potential risks and benefits for the recipient.

Maintenance of Viability

Maintenance of  cell viability and structural integrity are 
vital for the engraftment and neovascularization of  allograft 
skin yet there have been no studies that have quantified the 
degree of  viability necessary to ensure allograft take. Post-
mortem time lapse appears to have the single greatest effect 
on skin viability, as May demonstrated that the functional 
metabolic activity of  the skin rapidly declined if  the donor 
was not refrigerated within 18 hours of  death.69,70 The ideal 
nutrient tissue culture medium also has not yet been identi-
fied. Eagle’s MEM and RPMI-1640 continue to be generally 
accepted; however, Cuono demonstrated the potential ben-
efits of  University of  Wisconsin (UW) solution.71 To date, it 
remains unclear which cryoprotectants offer the greatest 
preservation of  cell viability and structural integrity. Glyc-
erol (10%–20%) and dimethylsulfoxide (10%–15%) have 
been reported to maintain skin viability following incuba-
tion times ranging from 30 minutes to 2 hours; however 
the optimal concentrations of  these cryoprotectants have 
not been identified nor have these agents been compared for 
efficacy. Last, factors such as age and gender do not appear 
to influence skin viability.

REFRIGERATION

Refrigeration slows the metabolic rate of  the viable cells, 
and nutrient tissue culture medium supports cellular meta-
bolic activity. “Fresh” allograft skin is typically stored at 4°C 
in tissue culture medium with or without antibiotics. The 
skin should be free-floating in a sterile container with 
approximately 300 mL of  medium per square foot of  skin. 
Recent studies suggest that skin viability can be maintained 
for up to 2 weeks at 4°C if  the nutrient medium is changed 
every 3 days.72,73

It has been common practice to cryopreserve the skin 
within 10 days of  tissue recovery. This has been based on 
the work of  May et al., who demonstrated that glucose 
metabolism declined at a rate of  10%–15% each day during 
refrigerated storage.70 Recently demonstrated has been the 
benefit of  a two-layer storage method utilizing 95% oxygen-
enriched perfluorocarbon (O2PFC) combined with chang-
ing the nutrient medium every 3 days in an effort to prolong 
the viability of  refrigerated skin. This method results in 
maintenance of  skin viability for up to 41–63 days, as well 
as maintenance of  normal skin anatomy.74

CRYOPRESERVATION

When skin is frozen for long-term storage, it is important 
that the methods utilized maintain cell viability and 

Fig. 14.5 Processed tissue after being run through a 2 : 1 mesher. 

Fig. 14.6 Completed, frozen, packaged tissue. 
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and the FDA, which resulted in the FDA’s publication 
of  an interim rule for the regulation of  human tissues 
intended for transplantation in 1993.80 The interim rule 
required that all donors have an accurately recorded 
medical and social history to assure freedom from risk 
factors for or clinical evidence of  hepatitis B, hepatitis  
C, and HIV infection. Since then, the FDA has published 
its proposed final rules concerning establishment regis-
tration and listing, donor eligibility, and good tissue prac-
tices 81. Numerous guidance documents are also posted on  
its website (http://www.fda.gov/BiologicsBloodVaccines/
TissueTissueProducts/default.htm). Burn centers should 
only obtain allograft skin from tissue banks that comply 
with these regulations and preferably from those facilities 
accredited by the AATB. Obtaining tissue that complies 
with FDA regulations is required for burn center verifica-
tion by the American Burn Association.

AMNION PROCESSING

The methods for processing amniotic membranes are 
remarkably similar to that of  cadaveric skin, with only a few 
important differences. First, amniotic membranes are col-
lected from living donors, so first-person consent is obtained 
from the donor prior to caesarean section. Following 
consent, the medical chart is reviewed for exclusionary cri-
teria, and recent physical exam by a physician may be 
examined in lieu of  direct physical examination. The donor 
completes a DRAI form, and blood is collected for serology 
as described in the processing of  cadaveric skin, with the 
addition of  testing for West Nile virus. During the caesarean 
section, the amnion is aseptically collected into a specimen 
container and refrigerated at 0–10°C until the tissue can be 
delivered to the skin bank within hours. From this point, the 
processing of  the amnion is identical to cadaveric skin, with 
the exception that amnion must be frozen within 5 days of  
processing instead of  10 days.

The Future of Skin Banking

Skin banking must continue to evolve as engineered skin 
substitutes enter the clinical arena for the temporary and 
permanent coverage of  partial- and full-thickness wounds. 
Allograft skin has the potential to play a major role in per-
manent skin reconstruction after extensive thermal injury; 
however this will require interactive research with the burn 
centers caring for these patients.

Moving forward, tissue banks have the opportunity to 
play a major role in continued research into regenerative 
medicine, stem cell therapies, and decellularized tissue that 
may provide novel uses for human tissue in the treatment 
of  burns and many other conditions. Application of  mesen-
chymal stem cells has been shown to result in faster healing 
of  burn wounds, decreased inflammation, and improved 
scar quality, as well as improved corneal wound healing.82–84 
Decellularized tissue is an important area of  research for 
tissue banking due to the improved compatibility of  using 
these products in patients. In burn care, decellularized 
human allografts (AlloDerm) and porcine xenografts (Per-
macol) are already in use, although they are under continu-
ing research scrutiny. In addition, research into methods to 

or liquid nitrogen. Skin stored in a mechanical freezer
(below −40°C) can be maintained for up to 5 years.
Although this methodology has been reported to result in
85% retention of  viability, there is a need for research to
determine the optimal technology for skin preservation.77

LYOPHILIZATION

Skin can also be lyophilized by freeze-drying or incubation
in glycerol.78 This process has been reported to decrease
biologic degradation and antigenicity; however this also
results in epidermal cell destruction, the loss of  barrier
function, and resulting poor adherence to the wound bed
and less effective control of  microbial growth. Its clinical
use has been further limited by its high cost of  production
compared to conventional allograft.

IRRADIATION

Human allograft skin can also be treated with γ-irradiation
to significantly reduce and possibly eliminate the risk for
viral disease transmission. The preservative and sterilizing
effects of  this treatment allow it to be stored at room tem-
perature for up to 2 years. One such product, GammaGraft,
has been successfully utilized to treat partial-thickness burn
injuries and skin graft donor sites; however it is not often
utilized to provide temporary coverage for excised full-
thickness burn wounds. Its most common indications,
however, are for the management of  chronic wounds/
ulcers and exposed soft tissues.79

Transport

Refrigerated skin should be transported in tissue culture
medium at wet ice temperatures (above 0–10°C) in an insu-
lated container. Frozen allograft skin is transported on dry
ice in an insulated container to prevent the skin tempera-
ture from rising to greater than −40°C. If  the frozen skin is
thawed at the tissue bank, it should be transported at wet
ice temperatures.

Rewarming

Rewarming of  frozen cryopreserved allograft skin must be
performed in such a manner as to minimize cryodamage
and preserve the structural integrity and viability of  the
skin. Early studies demonstrated that warming rates of
50–70°C/min resulted in 80%–95% graft survival. Subse-
quent research75 has revealed that warming should be per-
formed in 2–4 minutes or less at a temperature of  10–37°C
(127–470°C/min). Rewarming in a microwave oven is not
recommended due to uneven heating and excessive intra-
cellular temperatures.

FDA Regulation of Human
Skin Banking

Concerns related to the potential transmission of  disease
from tissue donors triggered concern within Congress
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and processing while optimizing allograft viability. This will 
become increasingly difficult as it becomes necessary to 
perform additional infectious disease testing procedures to 
ensure recipient safety. To accomplish these goals, it has 
recently become necessary for many skin banking opera-
tions to consolidate, and tissue banks may even begin to 
expand internationally. Such an undertaking could enhance 
tissue supplies and availability and result in increased clini-
cal use by surgeons.

Complete references available online at 
www.expertconsult.inkling.com

preserve tissue will continue to be an important avenue of  
investigation. Tools such as glycerolization and irradiation 
of  tissue produce nonviable tissue, which are useful as tem-
porary wound coverage, as they result in decreased rejec-
tion and reduced risk of  infectious disease transmission.85 
It will become increasingly important for skin banks to 
perform basic science and clinical research (in conjunction 
with burn and wound healing centers) to demonstrate the 
clinical indications and efficacy of  allograft skin products in 
various clinical applications.

Skin banks must also identify ways of  increasing cadav-
eric skin donation, ensuring recipient safety from potential 
disease transmission, and reducing costs of  tissue recovery 
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Temporary Skin Substitutes 
and Dressings

Partial-thickness wounds remain confined to the dermal 
part of  the skin. Usually, these wounds have a good healing 
potential because epidermal cells present in (remnants of) 
sebaceous glands, sweat glands, and hair follicles are avail-
able to close the wound.

In these wounds, the main demands to reach pain reduc-
tion and high-quality wound healing without scarring is to 
warrant undisturbed wound healing. A moist environment 
and protection against bacterial invasion are the most 
important qualities that need to be provided.

Wound dressings for partial-thickness wounds should:

■ Provide a moist environment (migration of  cells is more
difficult if  when there is a dry scab on the wound).3

■ Protect the wound from excessive fluid loss and bacterial
invasion.

■ Require a limited number of  dressing changes (pain
reduction).

Modern wound dressing are able to fulfil these require-
ments. Generally, membranous dressings such as hydrocol-
loids and hydrofibers fulfill these requirements better than 
topical antimicrobial creams such as silver sulfadiazine 
(SSD) cream.4-6 The main indication for temporary skin sub-
stitutes is partial-thickness wounds, of  which donor sites 
are a special category, but essentially are similar wounds.

We can classify temporary skin substitute materials by 
their tissue origin into:

1. Biological tissues, such as allograft, xenograft, and
amnion (keratinocyte sheets and cells)

2. Synthetic materials such as hydrocolloids and
hydrofibers

BIOLOGICAL TISSUES

Allograft

The first type of  membranous wound coverage used was 
human allograft skin. Human allograft is generally used as 
a split-thickness graft after being procured from organ 
donors. When used in a viable fresh or cryopreserved state, 
it vascularizes and remains the “gold standard” of  tempo-
rary wound closures.7-9 It can be refrigerated for up to 7 
days, but it can be stored for extended periods when cryo-
preserved. It is also used in a nonviable state after 

Introduction

STRUCTURE AND FUNCTION OF THE SKIN

Skin, the body’s largest organ, is incredibly complex. Func-
tionally, there are two layers with a highly specialized and
effective bonding mechanism. Numerous appendages tra-
verse the skin, and a rich and reactive capillary network
provides nutrient flow while controlling temperature. The
epidermis, consisting of  the strata basale, spinosum, granu-
losum, and corneum, provides a vapor and bacterial barrier.
The dermis provides strength, mechanical resistance, and
elasticity. The thin epidermal layer is constantly refreshing
itself  from its basal layer, with new keratinocytes undergo-
ing terminal differentiation over approximately 4 weeks to
anuclear keratin-filled cells that make up the stratum
corneum, which provides much of  the barrier function of
the epidermis. The basal layer of  the epidermis is firmly
attached to the dermis by a complex bonding mechanism
containing among others collagen types IV and VII. When
this bond fails, serious morbidity results, as demonstrated
by the disease processes of  toxic epidermal necrolysis (TEN)
(Fig. 15.1)1 and epidermolysis bullosa.2

CONSEQUENCES OF LOSS OF
BARRIER FUNCTION

Loss of  the epidermal barrier has serious adverse physio-
logic effects. Direct and evaporative fluid losses are immedi-
ately seen. If  wounds are large, this quickly leads to
dehydration and shock. Protein losses are also substantial,
leading to loss of  colloid oncotic pressure and secondary
edema. Microorganisms have unimpeded access to the
microcirculation with resulting systemic infection. Deep
tissues become desiccated with secondary cell death and
progression of  wound depth.

Open wounds present a high risk of  fluid loss, high
inflammation, bacterial colonization, infection, and
sepsis, which can lead to a poor prognosis in terms of
prolonged healing times and scarring. Timely wound
closure is therefore one of  the key objectives in modern
burn care.

An increasingly effective group of  temporary and perma-
nent wound coverings is available.

The objective of  this chapter is to review the currently
available strategies for temporary and (semi-) permanent
skin substitutes in terms of  origin of  the material (tissue,
biological, or synthetic material) and wound indication
(partial-thickness vs full-thickness wounds).
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preservation in glycerol or after lyophilization. Viable split-
thickness allograft provides durable biologic cover until it is 
rejected by the host, usually within 3 or 4 weeks. Prolonga-
tion of  allograft survival, through the use of  antirejection 
drugs, has been advocated10 but is not generally practiced 
for fear that antirejection drugs will increase the risk of  
infection.11

A frequently used application of  glycerolized allograft 
skin is as a membranous dressing on partial-thickness 
burns, especially scald burns in children (Fig. 15.2).12 
Modern banking techniques and regulations warrant the 
safety and quality of  banked skin.13 Allograft is also effec-
tively used in combination with meshed autograft in patients 
with large burns, the interstices of  the meshed graft being 
immediately closed by the overlying unexpanded allograft, 
possibly reducing metabolic stress and local wound 
inflammation.

Human Amnion

Human amniotic membrane is used in many parts of  the 
world as a relatively cheap temporary dressing for superfi-
cial wounds.14,15 Amniotic membrane is generally procured 
fresh and used after brief  refrigerated storage.16,17 It can  
also be used in a nonviable state after preservation with 
glycerol.

Beneficial effects have been described in a randomized 
controlled trial comparing amnion membrane with SSD by 
Mostaque et al on partial-thickness burns, with a better 
outcome using amnion membrane on time to epithelializa-
tion, length of  stay (LOS), pain, and frequency of  dressing 
changes.18

The principal concern with amnion is the difficulty in 
screening the material for viral diseases unless preserva-
tion methods can eliminate potential viral contamina-
tion. Without the ability to screen the material in this 
way, the risks of  disease transmission must be balanced 
against the clinical need and the known characteristics of   
the donor.

Xenograft

Although various animal skins have been used for many 
years to provide temporary coverage of  wounds,19 only 
porcine xenograft is widely used today. It has been used as 
primary temporary cover and as a scaffold for dermal regen-
eration efforts.20 Porcine xenograft is commonly distributed 
as a reconstituted product consisting of  homogenized 
porcine dermis that is fashioned into sheets and meshed.21 
Split-thickness porcine skin is also used fresh, after brief  
refrigeration, after cryopreservation, or after glycerol pres-
ervation. It effectively provides temporary coverage of  clean 
wounds such as superficial partial-thickness burns and 
donor sites22 and has been used in patients with TEN.1,23 
Porcine xenograft has been combined with silver to sup-
press wound colonization.24,25 Porcine xenograft does not 
vascularize, but it adheres to clean superficial wounds and 
can provide excellent pain control while the underlying 
wound heals.

SYNTHETIC MATERIALS

Nowadays, synthetic membranous dressings are increas-
ingly capable of  replacing biological membranous dress-
ings. Next to protection against bacteria and fluid loss, pain 
reduction and mechanical protection, they provide a moist 
environment in which wound healing can proceed undis-
turbed. A number of  semipermeable membrane dressings 
can provide a vapor and bacterial barrier and control pain 
while the underlying superficial wound or donor sites heal. 
These typically consist of  a single semipermeable layer that 
provides a mechanical barrier to bacteria and has physio-
logic vapor transmission characteristics.26

The main advantages of  synthetic membranes  
over biological ones are their constant composition, steril-
ity, and availability. Disadvantages include their higher 
costs.

Nevertheless, in a number of  recent studies, superiority 
of  synthetic membranes over topical creams and ointments 
has been shown, especially with regard to healing time, 
LOS, and pain management.4

Some examples are mentioned here:
Biobrane (Smith & Nephew, Andover, MA) is a two-layer 

membrane constructed of  an inner layer of  nylon mesh 
that allows fibrovascular ingrowth and an outer layer 
of  silastic that serves as a vapor and bacterial barrier.27 
It is widely used to provide temporary closure of  super-
ficial burns and donor sites.28 All synthetic membranes 

Fig. 15.1 Patient with toxic epidermal necrolysis. 

Fig. 15.2 Glycerolized allograft on a partial-thickness scald burn. 
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& Nephew), and new materials appear on the market very 
frequently.

Permanent Skin Substitutes

In contrast to partial-thickness wounds, full-thickness skin 
lesions lack the availability of  enough viable epidermal cells 
that could close the wound within a reasonable time frame. 
Therefore, for deep wounds, surgical intervention is indi-
cated. The main purpose of  the surgery is to bring a new 
source of  epidermal cells to the wound to speed up wound 
closure. This can be done in different ways, such as a 

are occlusive and can foster infection if  placed over con-
taminated wounds, especially in the presence of  necrotic 
tissue.29 Appropriate monitoring is essential to their  
proper use.

Another category of  silicone containing dressings is 
formed by the silicone-coated dressings such as Mepitel and 
Mepilex (Mölnlycke, Göteborg, Sweden) (Fig. 15.3) of  which 
advantages are reported in terms of  time to healing, pain 
reduction, and number of  dressing changes.30,31

Hydrocolloid dressings are generally designed with a 
three-layer structure: a porous, gently adherent inner layer; 
a methyl cellulose absorbent middle layer; and a semiper-
meable outer layer. They foster a moist wound environment 
while absorbing exudate. A moist wound environment has 
been found to favor wound healing.32 A variety of  pastes 
and powders made from hydrocolloid materials are also 
widely available. These can be applied to superficial or 
deeper chronic wounds to absorb wound exudate while 
maintaining a moist wound environment.

Hydrofiber dressings absorb wound exudate and have 
been used as temporary wound membranes. When com-
bined with ionic silver (Aquacel-Ag; ConvaTec, Flintshire, 
UK), additional antimicrobial activity is seen. This mem-
brane has been used successfully in some burn programs as 
an adjunct in the management of  partial-thickness burns 
and donor sites (Fig. 15.4).33

Alginate dressings (e.g., Kaltostat, ConvaTec; Comfeel, 
Coloplast, Humlebaek, Denmark) are fibrous dressings 
derived from seaweed. They have a high absorption capacity 
because of  strong hydrophilic gel formation.34 Their use in 
burns is mainly as dressing for donor sites. Not many com-
parative prospective trials are available.

Other synthetic wound dressings include Suprathel  
(a polylactic acid membrane; Polymedics, Denkendorff, 
Germany), Urgotul (polyester mesh impregnated with 
hydrocolloid and petroleum jelly; Urgo Medical, Chenove, 
France), and Allevyn (a polyurethane foam dressing) (Smith 

A B

Fig. 15.3 Mepilex Ag for partial-thickness burn treatment, 7 days after burn. 

Fig. 15.4 Aquacel Burn hydrofiber dressing, 2 days after application on 
a partial-thickness burn. 
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freshly isolated or proliferating epidermal cells to the  
wound bed.46-48

DERMAL CONSTRUCTS

Tissues

Virtually all of  the characteristics of  normal skin that are 
not related to barrier function are provided by the dermis. 
These characteristics include flexibility, strength, heat dis-
sipation and conservation, lubrication, and sensation.

A dermal analog that is—in structure at least—closest to 
the original dermis is based on freeze-dried allogenic dermis. 
This material is intended to be combined with a thin epithe-
lial autograft at the time of  initial wound closure. It is mar-
keted as AlloDerm (LifeCell Corporation, now Acelity, San 
Antonio, TX).49,50 Split-thickness allograft skin is obtained 
from cadaver donors through tissue banks after proper 
screening for transmissible diseases. Using hypertonic 
saline, the epithelial elements of  the grafts are removed and 
the remaining dermis is treated in a detergent to inactivate 
any viruses and the device is freeze-dried. The process is 

split-skin graft, cultured epithelial sheets, carriers or sprays, 
or skin substitutes.35 Furthermore, full-thickness grafts or 
flaps are also used for treatment of  full-thickness wounds of  
limited size.

In addition to providing epidermal coverage, replacement 
of  dermal tissue is also important. From the early studies on 
treatments with cultured epithelial sheets, it is now known 
that even after a prolonged time, the dermal–epidermal 
junction is not fully regenerated, which leaves a rather vul-
nerable skin that is prone to mechanical damage.36 Healing 
of  full-thickness wounds is generally accompanied by scar 
formation. The use of  dermal substitutes in full-thickness 
skin defects may contribute to a better quality of  healing 
with reduced scarring.37,38

EPIDERMAL CELLS AND CONSTRUCTS

For more than 40 years, it has been possible to culture vast 
numbers of  epithelial cells from a small skin biopsy,39,40 and 
this has led to the widespread clinical use of  cultured epi-
thelial grafts to cover burn wounds. Originally, epithelial 
cells were procured from a full-thickness skin biopsy, the 
cells were cultured in medium containing fetal calf  serum, 
insulin, transferrin, hydrocortisone, epidermal growth 
factor, and cholera toxin, overlying a layer of  murine fibro-
blasts that had been treated with a nonlethal dose of  radia-
tion that prevented them from multiplying. After some 
weeks, epithelial sheets were removed from the dishes after 
treatment with Dispase.

When epithelial cultures were first used in patients with 
large burns, it was hoped that they would provide the defini-
tive answer to the clinical problem of  the massive wound.41-43 
With more frequent use of  epithelial grafts, specific liabili-
ties have become apparent, including suboptimal engraft-
ment rates and long-term durability.44,45 However, when 
faced with a very large wound and minimal donor sites, 
epithelial cell wound closure is a useful adjunct to split-
thickness autograft, their liabilities and expense becoming 
more acceptable as wound size increases.

The elimination of  risks of  transmission of  animal derived 
disease components such as viruses or prions to the patient 
nowadays represent serious regulatory and safety issues 
because from a regulatory point of  view, these defined xeno-
biotic materials and cells should not be used for clinical 
treatment of  a patient.

Many of  the imperfections associated with epithelial 
cell wound closure may be attributed to the absence of  a 
dermal element. Epithelial grafts are now commercially 
available, although several early biotech startup compa-
nies providing these services frequently experienced prob-
lems to reach an acceptable level of  funding. The limited 
commercial volume of  the products, high production costs, 
and increasing demands in terms of  regulatory issues rep-
resent some of  the challenges for small biotechnology  
companies.35

New developments in this line are found in eliminating 
the murine fibroblasts and (most of) the animal derived 
products in culture media, reducing culture time by trans-
planting subconfluent (proliferating) cells rather than 
confluent sheets (Fig. 15.5) and by applying spray tech-
niques (Fig. 15.6) (Recell, Avita Medical, Northridge, CA; 
Keraheal, MCTTBio, Seoul, South Korea) to deliver either 

Fig. 15.5 Epidermal cells seeded onto Matriderm dermal matrix. 

Fig. 15.6 Isolation of epidermal cells using a Recell kit. 
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terms of  scar quality even after as long as 12 years later 
(Fig. 15.8).38 Other scaffolds in this same category are Per-
macol (a porcine dermal collagen implant, mainly indicated 
for hernia and abdominal wall repair; Tissue Science  
Laboratories, Hampshire, UK), Renoskin (Symatèse,  
Chaponost, France), Pelnac (Smith & Nephew) (both  
Renoskin and Pelnac are similar to Integra, consisting of  a 
bilayer of  collagen with a silicone top layer), and Novomaix 
(freeze-dried collagen scaffold with elastin fibers; (Matricel, 
Herzogenrath, Germany). Hyalomatrix (Fidia Advanced 
Biopolymers, Italy) consists of  a bilayer of  an esterified hyal-
uronan beneath a silicone membrane. The scaffold delivers 
hyaluronan to the wound bed, and the silicone membrane 
acts as a temporary epidermal barrier.

CELLULAR DERMAL SUBSTITUTES

Although some cellular constructs are or were (Dermagraft 
for chronic wound healing, Transcyte for partial-thickness 
burns; both Smith & Nephew) on the market using dermal 
cells in a scaffold for improving wound healing, most of  
these developments are still in the experimental stage. In 
vivo studies are described using adipose-derived regenera-
tive cells in Integra,62 and attempts were made to design a 
new generation of  skin substitutes based on nanotechnol-
ogy using nanocomposite polymers.63 However, clinical 
safety and effectivity still need to be demonstrated for this 
technology.

A limited number of  burn patients was already treated 
with a construct of  native horse collagen with cells from a 
fetal skin bank.64 Nevertheless, this is not a commercially 
available product yet. Furthermore, an experimental study 
Akershoek and colleagues found superior effects of  autolo-
gous dermal cells over fetal cells when used in a dermal 
substitute (Novomaix).65

The fact that at present cell seeded skin replacement 
constructs fall into the category of  advanced technol-
ogy medicinal products (ATMPs) made it more difficult to 
proceed with these developments into clinical application. 
Production of  these constructs should be strictly controlled, 

intended to provide a nonantigenic dermal scaffold, leaving 
basement membrane proteins (particularly laminin and 
type IV and VII collagen) intact. The material is rehydrated 
immediately before placement on wounds with overlying 
ultrathin epithelial autograft. Clinical experience with this 
material in burn surgery is limited,51 but early experiences 
have been favorable.52,53 Nevertheless, these products now 
seem to be used more in breast reconstructive surgery than 
in acute burns.54 A similar product, based on allogeneic 
dermis preserved in glycerol, is Glyaderm (Euro Tissue Bank, 
Beverwijk, The Netherlands). Also here, antigenicity is 
reduced by washing out the cells and preserving the origi-
nal extracellular matrix. Initial studies on burn patients 
have been performed and reported favorable results.55

Dermal Scaffolds

The first dermal substitute used clinically was “artificial 
skin,” also called Integra (IntegraLife, Plainsboro, NJ); it has 
been used worldwide for several years now for burns as well 
as reconstructive purposes. This material was developed in 
the early 1980s by a biomaterials research team from the 
Massachusetts General Hospital and Massachusetts Insti-
tute of  Technology.56 The research team, led by surgeon 
John Burke from the Massachusetts General Hospital and 
materials scientist Ionnas Yannas from the Massachusetts 
Institute of  Technology, had the goal of  developing a wound 
covering that would both provide a temporary vapor and 
bacterial barrier while providing a scaffold for later dermal 
regeneration. The material was intended to be placed on 
excised burn wounds. The silicone outer layer serves as a 
temporary epidermis and is removed after vascular ingrowth 
into the dermal replacement is completed (usually within 
2–3 weeks). The inner layer of  this material is a 1- to 2-mm-
thick combination of  fibers of  collagen isolated from bovine 
tissue and the glycosaminoglycan chondroitin-6-sulfate. To 
manufacture the device, glycosaminoglycan and collagen 
fibers are precipitated and then freeze dried and cross-linked 
by glutaraldehyde. The outer layer of  the membrane is 
0.009-inch (0.23-mm) -thick polysiloxane polymer with 
vapor transmission characteristics similar to normal epi-
thelium. This membrane is intended to be placed on freshly 
excised full-thickness burns and the outer silicone mem-
brane replaced with a thin epithelial autograft 2–3 weeks 
later.57 Clinical reports in patients with large burns have 
been generally favorable,58-60 although submembrane infec-
tion must be watched for. Integra has also been found to  
be useful in selected burn reconstruction operations  
(Fig. 15.7).61

Whereas Integra is applied in a two-stage operation—
first debridement and application of  the substitute and 2–3 
weeks later removal of  the silicone layer and grafting of  a 
split-thickness skin graft—some substitutes can be applied 
in a one-step procedure. The first dermal substitute that was 
applied in this way was Matriderm (Medskin Solutions, Bill-
erbeck, Germany). Matriderm consist of  bovine collagen 
fibers mixed with 3% elastin hydrolysate, purified and freeze 
dried into a dry scaffold that can be placed on the wound in 
this form immediately or can be prewetted with a saline 
solution. Clinical results indicate a somewhat retarded take 
of  the graft, reflecting the interpositioning of  the unvascu-
larized scaffold between the wound bed and the graft; 
however, this was compensated by a better outcome in 

Fig. 15.7 Scar revision using Integra. 
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gliding function of  the skin. This is especially important 
on anatomical locations where the skin is relatively thin, 
such as the back of  the hand and the tibia. In these areas, 
a scar can easily become attached to underlying tendons 
or bone if  subcutaneous fat is also missing. Recent studies 
have noted beneficial effects on scar quality of  lipo-injection 
with the patient’s own fat, harvested by liposuction.66–68 
Although there is not enough solid clinical evidence yet, the 
data gathered so far indicate that fat grafting could become 
a new technique in improving scar quality and outcome 
after burns. Further research should aim at elucidating the 
best indications, timing and techniques, and frequencies of  
application.

with clinical-grade ingredients for cell culture media. This 
aspect stimulated investing in full skin equivalents rather 
than designing an ATMP for dermal replacement only. 
For developments in full skin equivalents, see the later  
discussion.

SUBCUTANEOUS FAT

Although mostly skin is defined as consisting of  dermis 
and epidermis, in recent years, the subcutis has been noted 
as important for skin function as well. Especially in recon-
structive areas, it has become more clear that subcutane-
ous fat—or the lack of  it—plays an essential role in the 
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Fig. 15.8 Application and long-term results of Matriderm application. A, Full-thickness burn at postburn day (PBD) 3. B, Application of Matriderm 
during surgery, PBD 15. C, Application of split-skin mesh graft over Matriderm in a single stage procedure, PBD 15. D, Five days after grafting. E, Five 
months postoperatively. F, Eighteen months postoperatively. 
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on genes, cells or tissue engineering.” A tissue-engineered 
product may contain or consist of  engineered cells or 
tissues, with the purpose to regenerate, repair, or replace 
a human tissue, and it may contain viable or nonviable 
cells or tissues of  human or animal origin. Therefore, skin 
substitutes containing living autologous cells, of  dermal, 
adipose, or epidermal origin are considered as ATMPs and 
fall under the regulatory issues associated with these. One 
of  the main features of  these regulations is that produc-
tion of  ATMPs for human use must take place under good 
manufacturing practice conditions. For many research lab-
oratories, such conditions are not feasible. Furthermore, 
a considerable administrative burden is represented by 
import and export procedures over international borders. 
Yet given the fact that commercial exploitation of  this 
type of  high technological wound treatment is only pos-
sible in an international context, these hurdles need to be 
overcome to allow a successful market position for these  
products.

Conclusion

Over the past decade, important clinical evidence has been 
gathered on dermal substitutes, and improvement were 
achieved in epidermal analogs, both in culture techniques 
and in application methods. Based on recent reports in pre-
clinical research, we can expect to see further improve-
ments in the next decade in the refinement of  full skin 
equivalents, in incorporation of  skin appendages, vascula-
ture, and nerves.

Another area of  improvement has been the development 
of  the field of  temporary dressings. More synthetic,” well-
controlled dressings were tested in clinical application. The 
incorporation of  “actives” in these dressings, which was 
expected previously, was not realized, however. Rather than 
the addition of  single growth factors in wound dressings, 
the technology of  genetic modification might be one of  the 
new clinical developments in the years to come. Cells (e.g., 
keratinocytes) can be engineered to overexpress platelet-
derived growth factor, human growth hormone, insulinlike 
growth factor 1, and other growth factors.81,82 On the other 
hand, mesenchymal stem cells are another tool that could 
likely lead to innovative technology in burn care.83 When 
these can be developed into a readily applicable source for 
epidermal coverage, the dependence on autologous epider-
mal cells for wound closure will end.

Nevertheless, there is also an ongoing need for more evi-
dence in clinical science, such as on the comparison of  
various temporary or permanent scaffolds in promoting 
wound healing, on the use of  growth factors to stimulate 
the healing process, or on the optimal timing of  physical 
techniques during scar management. Standardized and 
validated outcome measures should definitely receive more 
attention and development in clinical evaluation. Patient-
reported outcomes can be considered an indispensable part 
of  clinical evaluation. Clinical treatment should therefore 
focus not only on the treatment itself  but also on adequate 
outcome evaluation of  therapy.

Complete references available online at 
www.expertconsult.inkling.com

Full Skin Substitutes

Ideally, a skin replacement technique would provide imme-
diate replacement of  both the dermal and epidermal layers.
Combining epithelial cells with a dermal analog in the labo-
ratory seems logical. A completely biological composite skin
substitute, culturing human fibroblasts in a dermal matrix,
and then growing keratinocytes on this, has been developed
by several research groups.69,70

The first full composite skin construct to appear on the
market was Apligraf  (Organogenesis, Canton, MA). It con-
sists of  cultured human foreskin–derived neonatal fibro-
blasts in a bovine type I collagen matrix over which human
foreskin–derived neonatal epidermal keratinocytes are then
cultured and allowed to stratify. Because the cells are allo-
geneic, ultimately, the keratinocytes are rejected; therefore,
for definite wound closure, an autologous source of  kerati-
nocytes needs to be present. Apligraf  is therefore mainly
used in chronic wound healing and not so much for healing
of  full-thickness burns.71

Another bilayered cellular skin substitute is Orcel (Fort-
cell Bioscience, Englewood Cliffs, NJ),72 which contains a
layer of  cultured human allogeneic neonatal dermal fibro-
blasts and a layer of  cultured human allogeneic neonatal
epidermal keratinocytes into a type 1 bovine collagen
sponge. Also here, the cells are of  allogeneic origin and do
not survive for more than 2–3 weeks in a wound. Its working
mechanism is thought to be predominantly through the
excretion of  physiological levels and mix of  growth factors
and cytokines.

Full skin substitutes that make use of  autologous (patient-
own) cells have also been described in recent papers.73-76

Apart from regulatory issues (see later discussion), major
problems in the application of  these constructs are the long
culture times; high costs; and in some cases, the lack of
pigment cells. Nevertheless, these are important develop-
ments because e in the end, they may lead to novel, clini-
cally applicable truly regenerative full skin analogs,
comprising not only dermal and epidermal structures but
also vasculature, skin appendages, and even nerves.77,78

Regulatory Issues

New developments in regenerative medicine have indicated
that the use of  living cells in tissue engineered products
might prove clinical benefit in terms of  promoting wound
healing and reducing scar formation.79 During the past
decade, however, new regulations have become effective,
designating cell-based therapy as ATMPs. The European
Medicines Agency (an agency of  the European Union) is
dedicated to the scientific evaluation and supervision of
market access of  medicines. Also, ATMPs fall into this cat-
egory. Regulation (EC) No. 1394/2007 provides the overall
framework on production and use of  ATMPs in Europe.80 In
the United States, similar tasks are entrusted to the Food
and Drug Administration), where the Office of  Cellular,
Tissue and Gene Therapies exerts the tasks to evaluate and
supervise market access of  ATMP products.

According to the EU Regulation No 1394/2007 defini-
tion, an ATMP is a “medicine for human use that is based
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Texas led to the establishment of  centers for the care of  
burn victims and research into the pathophysiology of  burn 
injury.

In many ways, the September 11, 2001, disaster at the 
Pentagon was similar to these two earlier disasters since the 
burn and inhalation injuries involved combustion of  petro-
leum products. Among the 790 injured survivors of  the 
terrorist attack on the World Trade Center in New York on 
September 11, 49% suffered from inhalation injury. The 
situation was the same as in the Pentagon attack in that 
inhalation injury was seen in some patients who were not 
burned.21

Inhalation injury can be classified as follows: (1) upper 
airway injury, (2) lower airway injury, (3) pulmonary 
parenchyma injury, and (4) systemic toxicity. The extent of  
inhalation damage depends on the fire environment: the 
ignition source, temperature, and the concentration and 
solubility of  the toxic gases generated. For instance, hot air 
and smoke chemical compounds usually cause upper 
airway injury. Water-soluble materials such as acrolein and 
the other aldehydes damage the proximal airways and set 
off  reactions that inflame in the bronchi and parenchyma, 
whereas agents with lower water solubility such as chlo-
rine, phosgene, nitrogen oxide, nitrogen dioxide (N2O3 or 
even N2O4) are more likely to cause insidious injury.22

Pathophysiology

INJURY TO THE OROPHARYNX

Many of  the pathophysiological changes occurring after 
inhalation injury are related to edema formation in the oro-
pharynx, bronchial areas, and parenchyma. This edema 
results from an increased transvascular fluid flux from vas-
cular beds in these respective tissues. Before discussing the 
changes that occur in these structures following inhalation 
injury, a review of  the forces responsible for the variables of  
the Starling-Landis equation should be reviewed23,24:

J K P P COP COPv f c if p if= − − −[( ) ( )]σ

This equation describes the physical forces and physiologic 
mechanisms that govern fluid transfer between vascular 
and extravascular compartments. Jv, the transvascular fluid 
flux, is equal to lymph flow during equilibrium states. As 
transvascular fluid flux increases, interstitial volume also 
increases (edema formation) until a new equilibrium with 
lymph flow occurs. Kf  is the filtration coefficient, an index 
of  the total number of  pores that are filtering. The number 
of  pores could increase if  a larger area of  the microcircula-
tion were perfused or if  there were more pores per given 

Introduction and Epidemiology

It has been more than three decades since Herndon and
colleagues’ first manuscript on inhalation injury was pub-
lished.1 It was initially reported in 1985 that inhalation
injury was a major determinant of  mortality in severely
burned patients.2. The standard of  care has evolved over
time, but inhalation injury still remains a major problem.3.
Although sepsis is reportedly the most frequent cause of
death among burned children,4, roughly two-thirds of
burned patients who have died at the Shriners Hospitals for
Children suffer from inhalation injuries.5 Based on data
from 506,628 admissions to burn units from 1988 to
2008, burn patients with inhalation injury are more likely
to die than those without inhalation injury (P <0.001).6

Furthermore when 791 burned patients from 44 hospitals
were retrospectively reviewed in 2014, the mortality rate of
patients with inhalation injury was 17.9% compared to
0.7% in patients without inhalation injury (P <0.05).7

Smoke inhalation causes 5000 to 10,000 deaths annu-
ally in the United States and more than 23,000 injuries,
including approximately 5000 firefighter injuries.8 In fact,
the United States has the tenth highest fire death rate per
million people among industrialized countries.9 Approxi-
mately 15% of  burned individuals with over 80% total
burned surface area (TBSA) who are admitted to burn
centers in the United States have a concomitant smoke
inhalation injury.6 Greater percentages of  fire victims who
have sustained smoke inhalation are seen in several other
countries.10–13 The lung is a critical organ, and progressive
respiratory failure associated with pulmonary edema is a
pivotal determinant of  mortality.14–16 Although not as
lethal, smoke inhalation alone is a serious problem. Accord-
ing to World Health Organization estimates, more than 4
million people die from household air pollution from cooking
with solid fuels (Fig. 16.1).17

The inhalation of  toxic materials has been of  interest for
a number of  years, particularly because of  the use of  toxic
gases in civilian mass casualty events. In the 1940s, two
very large fires focused attention on smoke inhalation in fire
accidents. The first was a fire at the Cocoanut Grove night-
club in Boston, Massachusetts, where a large number of
people were trapped in a burning building and consequently
sustained severe inhalation injury.18,19 The second disaster
occurred in 1947, in Texas City, Texas.20 A ship loaded with
ammonium nitrate fertilizer exploded in the harbor and set
off  a chain of  explosions and fires among 50 refineries and
chemical plants, resulting in more than 2000 hospital
admissions. Many of  the victims were burned and simulta-
neously inhaled smoke, while many others suffered from
smoke inhalation alone. Disasters like those in Boston and
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and the insult of  fluid administration is massive edema. 
This is probably nowhere more apparent than in soft tissues 
of  the face and oropharynx. The danger to the patient is 
extreme. The edema may obstruct the airway, making it 
not only laborious or impossible to breath, but also diffi-
cult for the anesthesiologist to intubate the patient (Fig. 
16.3A). To avoid this problem, many units prophylactically 
perform tracheostomies on patients who have evidence of  
thermal injury to the upper airway on admission. However 
tracheostomy itself  may present problems. The tube may 
further damage injured areas, especially the larynx.44 It 
may be time to reconsider some of  these practices. Perhaps 
some consideration should be given to fluid resuscita-
tion with colloids, which can prevent some of  this soft 
tissue edema and reduce the volume of  fluids required for  
resuscitation.45,46

INJURY TO THE TRACHEOBRONCHIAL AREA

With rare exceptions such as inhalation of  steam, the injury 
to the airway is usually from chemicals in smoke. The heat 
capacity of  air is low, and the bronchial circulation is very 
efficient in warming or cooling airway gases so that most 
gasses are at body temperature as they pass the glottis.47 
Flames must almost be in direct contact with the airway to 
induce thermal injury.48 The chemicals in smoke depend on 
the materials that are being burned; however, for the most 
part, the host response is similar. In most instances biologi-
cal materials such as cotton fabric, wood, grass, or products 
of  these such as cattle feces (commonly used as fuel in 
developing countries) are the fuel for the fire. Burning of  
these materials produces ROS and RNS, organic acids, and 
aldehydes49 that, upon inhalation, cause damage to the 
respiratory epithelium. The inhaled chemicals interact with 
the airway to induce an initial inflammatory response. In 
sheep that have inhaled cooled cotton smoke, there is 

area of  the microcirculation. These pores are the same size 
as water and electrolytes, as opposed to the larger pores 
associated with permeability to protein. Pc and Pif  are the 
hydrostatic pressures in the microcirculation and intersti-
tial space, respectively. The reflection coefficient, σ, is an 
index of  microvascular permeability to protein. If  σ is 1, the 
membrane is impermeable to protein; when σ is 0, the 
membrane is completely permeable to protein. COPp and 
COPif  are the oncotic or colloid osmotic pressures in the 
plasma and interstitial spaces, respectively.

The major pathophysiology seen in the oropharynx fol-
lowing inhalation injury is induced by microvascular 
changes similar to those seen with thermal injury in other 
areas of  the body. Heat denatures protein that, in turn, 
activates complement. Complement activation causes the 
release of  histamine.25,26 Histamine then causes the forma-
tion of  xanthine oxidase, an enzyme involved in the break-
down of  purines to uric acid.27 During this conversion, 
reactive oxygen species (ROS) are released.28,29 ROS combine 
with NO, constitutively formed in the endothelium, to form 
reactive nitrogen species (RNS).30 The latter produce edema 
in the burned area by increasing the microvascular pres-
sure and permeability to protein.31,32 Eicosanoids and pro-
inflammatory cytokines are also released.33–35 These, along 
with oxygen free radicals and interleukin-8 (IL-8), attract 
polymorphonuclear cells to the area.36 These neutrophils 
then amplify the release of  oxygen radicals, proteases, and 
other materials into burned areas (Fig. 16.2).

The massive edema occurring in the soft tissue of  the 
oropharynx following burns involves most variables in the 
Starling equation. There is a large increase in microvascu-
lar hydrostatic pressure,37 a decrease in interstitial hydro-
static pressure,38 a fall in the reflection coefficient,37 and 
an increase in interstitial oncotic pressure.38,39 The usual 
treatment for burn resuscitation calls for the administra-
tion of  large amounts of  crystalloid solutions, which has 
the effect of  reducing the plasma oncotic pressure.40,41 This 
reduction not only affects the oncotic pressure gradient in 
the microcirculation, but also has been reported to increase 
the filtration coefficient.42,43 The result of  this almost com-
plete breakdown in control of  the microvascular function 

Fig. 16.1 An example of direct exposure to smoke as result of open fire 
using various materials as a fuel. 
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Permeability changes Neutrophil adherence

Fig. 16.2 Mechanism for edema formation in the oropharynx. 
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develop the signs of  pulmonary edema characteristic of  
inhalation injury. Airway inflammation plays a major role 
in the overall response to inhalation injury (Fig. 16.3B  
and C).

As noted, there is a large sustained increase in blood flow 
in the airway following smoke inhalation.58 These changes 
in blood flow are associated with increased bronchial micro-
vascular permeability to protein and small particles59 and 
pressure.60 Simultaneous with changes in bronchial micro-
vasculature function, there is a loss or shedding of  the bron-
chial columnar epithelium.35,50,61 These changes result in 
a perfuse transudate with a protein content similar to an 
ultrafiltrate of  the plasma.62 There are also copious secre-
tions from the goblet cells of  the lining and mucosal epithe-
lium.63 Early in the response, these secretions form a foam 
material in the airway that many have mistaken for severe 
pulmonary edema in patients.64 After several hours the 
transudate/exudate, exfoliated epithelium, secreted mucus, 
and inflammatory cells form obstructive materials in the 
airways.65 The degree of  obstruction at this early stage sta-
tistically correlates with decreasing pulmonary function. 

damage to the tracheobronchial50,51 and alveolar epithe-
lium. Injury and loss of  these cells lead to an intense inflam-
matory response.35

Many of  the studies on bronchial circulation following 
smoke inhalation injury have been performed in sheep 
because these animals have a single bronchial artery52 and 
a single lymphatic draining the lung, thus allowing mea-
surement of  pulmonary transvascular fluid flux.53 In these 
animals, a 10-fold increase in bronchial blood flow occurs 
within 20 minutes of  smoke inhalation.54 These same 
animals demonstrate a sixfold increase in pulmonary trans-
vascular fluid flux and a fall in PaO2/FiO2 to 200 or less, but 
these changes are delayed, occurring around 24 hours after 
injury. Similar findings have been reported in patients with 
smoke inhalation alone or a combination of  large cutane-
ous thermal injury and smoke inhalation.55

Hyperemia of  the airway is such a consistent finding in 
smoke inhalation that it is used to diagnose the injury.56,57 
Other variables that are used include injury in an enclosed 
space, singed nasal hair, and soot in sputum. However these 
latter injuries may be present but the subject may still not 
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Fig. 16.3 Facial and airway injury after burn and smoke inhalation. (A) A facial burn is often associated with thermal injury to the upper airway. (B) 
Hyperemia of airway epithelium. (C) Formation of airway obstructive cast. (A is from Cancio LC. Airway management and smoke inhalation injury in the 
burn patient. Clin Plast Surg. 2009;36(4):555–567.)
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environment has not yet been reported. Airway mucosal 
edema and luminal obstruction following an inhalation 
injury occur alongside airway smooth muscle hyperreac-
tivity. Adrenergic72,73 and antimuscarinic bronchodilator74 
therapies have been shown to be beneficial in reducing ven-
tilatory peak pressure and improving pulmonary function. 
The initial hyperreactive response of  the airways to injury 
and inflammation is followed by a more long-term patho-
genesis of  inhalation injury that includes bronchopneumo-
nia.2 Pneumonia is the leading complication in the critical 
care of  burn victims,75 with the incidence of  pneumonia in 
a burn patient with inhalation injury being two- to fourfold 
greater than that seen in burn patients without inhalation 
injury.15,76 Conceptually the high incidence of  pneumonia 
in burn patients with inhalation injury is associated with 
the loss of  airway epithelium and the essential properties of  
these cells in innate defense. Studies that have focused on 
the repair of  the epithelium after burn injury are limited. 

With increasing time after injury, these obstructive materi-
als formed in the upper airway may appear in the lower 
airway and alveoli.63,66 This obstructive material is prob-
lematic from several stand-points. In some rare instances 
of  severe airway injury these materials can induce total 
obstruction and are life-threatening (Fig. 16.4).67–69 Occlu-
sion of  some of  the bronchi or bronchioles in the setting of  
high NO production can lead to a loss of  hypoxic pulmonary 
vasoconstriction and thus increased shunt fraction. Loss of  
hypoxic pulmonary vasoconstriction has been reported with 
inhalation injury. If  single bronchi are occluded while the 
patient is on a volume-limited ventilator, there may be over-
stretch, and barotrauma to the alveoli of  the nonoccluded 
portion of  the lung can occur. Nebulized anticoagulants 
have been used to combat the upper airway obstruction 
that can occur with severe inhalation injury. These are 
beneficial in reducing cast formation and improving pul-
monary performance,70,71 although their use in the clinical 
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Fig. 16.4 Airway obstructive cast. (A) Macroscopic views of an airway obstructive cast in sheep 48 hours after burn and smoke inhalation injury. (B) 
Macroscopic views of an airway cast taken from a patient with burn and smoke inhalation injury by bronchoscope.69 (C) Microscopic views of bronchi 
totally blocked by obstructive cast in sheep.35 (D) Mucus totally obstructing a bronchiole in a patient after burn and smoke inhalation injury. The tissue 
had been immunostained for mucin 5B, an upper airway-specific mucin subtype.66 (B is from Nakae H, Tanaka H, et al. Failure to clear casts and secretions 
following inhalation injury can be dangerous: report of a case. Burns 2001;27(2):189–191; C is from Cox RA, Burke AS, et al. Acute bronchial obstruction in 
sheep: histopathology and gland cytokine expression. Exp Lung Res. 2005;31(9–10):819–837; D is from Cox RA, Mlcak RP, et al. Upper airway mucus deposition 
in lung tissue of burn trauma victims. Shock 2008;29(3):356–361.)
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FiO2, decreased compliance, and increased edema forma-
tion.96 The delay is dependent on the severity of  the airway 
injury.49,97 Lung injury is associated with an increased pul-
monary transvascular fluid flux.98 The degree of  transvas-
cular fluid is proportional to the duration of  smoke 
exposure49 and is not caused by carbon monoxide (CO) in 
the inhalant gas.99 However the degree of  arterial CO is 
related to severity of  inhalation injury.100 The factors 
responsible for fluid leak are codified in the Starling-Landis 
equation.23,24 The variables of  this equation relate fluid 
movement to pressure and permeability variations. With 
inhalation of  smoke, there is a reduction in the reflection 
coefficient (permeability to protein), an increase in the fil-
tration coefficient (permeability to small particles), and an 
increase in pulmonary microvascular pressure.101,102 
Animals exposed to smoke inhalation injury were also 
noted to have reduced PaO2/FiO2. These variables are more 
severely affected when the inhalation is combined with 
burn injury103 and show a good relationship to histologic 
injury scores and changes in transvascular fluid flux.93 In 
addition, there is a loss of  hypoxic pulmonary vasoconstric-
tion in the injured animals that may help to explain the loss 
of  oxygenation.104

As in the oropharynx, injury to the lung parenchyma is 
associated with PARP activation and 3-nitrotyrosine, and it 
is markedly reduced by the administration of  iNOS or PARP 
inhibitors.92

The venous outflow of  the bronchial circulation drains 
into the pulmonary microcirculation at the precapillary 
level.105 Given that initial damage to the airway appeared to 
drive the pathophysiology of  the parenchyma, investigators 
hypothesized that bronchial blood might deliver cytotoxic 
materials or cells to the pulmonary microcirculation. To test 
this hypothesis, several investigators have tied off  the bron-
chial artery of  sheep and then exposed the animals to 
smoke.59,96,106 Lung parenchymal changes are reduced by 
this approach, affirming the hypothesis. It has also been 
shown that increased bronchial blood flow following smoke 
inhalation injury carries inflammatory mediators to the 
parenchyma, augmenting the injury process.107–109 Recent 
ovine studies demonstrate that nebulized epinephrine (non-
specific adrenergic agonist) has similar effects following 
smoke inhalation injury: reduced airway blood flow, attenu-
ated pulmonary edema, and reduction in proinflammatory 
mediators to levels seen in sheep with ablated bronchial 
circulation.73,110 The latter observation is of  particular clini-
cal importance because the ligation/ablation of  bronchial 
artery is not feasible in clinical practice.

What could be the linkage among the airway, the bron-
chial venous drainage, and parenchymal injury to the lung? 
Neutrophils activated in the bronchial circulation flow out 
into the bronchial venous drainage. Activated polymorpho-
nuclear cells (PMN), especially neutrophils, are stiff. The 
diameter of  neutrophils that have been fixed is approxi-
mately 7 µm.111 Since these cells have been dehydrated in 
alcohol as part of  the fixation process, unfixed cells are 
much larger, on the order of  12 µm. The pulmonary capil-
lary is small, with an average diameter of  6 µm.111 Nor-
mally, large neutrophils can traverse the pulmonary 
capillary by changing shape. However, following injury, 
many of  the neutrophils in the bronchial areas have their 
F-actin activated. As result, these cells are stiff  and cannot

In an ovine model with a selected area of  smoke injury
to the tracheal epithelium, the epithelial repair process
was completed at 18 days.77 Further study by this team
of  investigators revealed that nebulization of  cefazolin and
growth factors78 could improve the rate of  airway healing.
Because of  the effects of  pneumonia and inhalation injury
on burn patient morbidity and mortality, further studies
on the dynamics of  airway damage and airway epithelial
repair following toxic exposure are needed to improve criti-
cal burn care.

The airway is richly innervated with vasomotor and
sensory nerve endings.79 These fibers are known to release
neuropeptides that can engender inflammatory responses.80

Neuropeptides in the upper airway are also involved in
mucus secretion, thus their release and interaction with the
mucosal gland epithelium can increase the early obstruc-
tive pathology that occurs with inhalation injury.81,82

Neuroinflammation is responsible for pathophysiological
changes associated with a number of  clinical conditions
including tissue injury induced by chemicals.83,84 Lange
and colleagues reported that antagonists to substance P
and calcitonin gene-related peptide had a marked effect on
this response when administered to sheep and mice that
were injured with both burn and smoke inhalation.51,85 In
an ovine model, the combination of  burn and smoke inha-
lation injury caused a 10-fold increase in pulmonary trans-
vascular fluid flux and a reduction of  PaO2/FiO2 to 200 or
less. These changes were reversed by neuropeptide receptor
blocking agents.85 Released neuropeptides can activate
nitric oxide synthase (NOS), have chemokine activity, and
change microvascular permeability.86 The resultant activi-
ties lead to the formation of  ROS and RNS.87 Some of  the
latter are very potent oxidants that can damage DNA.30

Damage to DNA triggers activation of  a DNA repair enzyme,
poly(ADP-ribose) polymerase (PARP).88 This enzyme
depletes the cell of  high-energy phosphates and causes the
activation of  nuclear factor-κB (NF-κB)89,90 NF-κB activa-
tion induces upregulation of  inducible NOS (iNOS) and
IL-8, thus accelerating production of  ROS and RNS.91 NO
and 3-nitrotyrosine (an index of  RNS), and iNOS mRNA
and protein have been reported to be in the airway after
smoke inhalation.87,92 Compounds that catalyze the break-
down of  peroxynitrite reduce the response to smoke inhala-
tion. Poly(ADP-ribose) (PAR), the product of  the constitutive
enzyme PARP, is detectable in airway tissues following
smoke inhalation.87 PARP inhibition prevents PAR forma-
tion, NF-κB upregulation, and 3-nitrotyrosine formation.93

Similarly, Lange and colleagues have reported that com-
pounds that inhibit peroxynitrite by catalyzing its rapid
breakdown likewise prevent the formation of  these materi-
als.94 It is interesting to note that mice missing the PARP
genes or given a PARP inhibitor will not show the typical
inflammatory changes usually observed with asthma.95

Thus, in many ways, inhalation of  smoke may be similar to
other forms of  airway injury. The fact that the response to
inhalation injury is driven by neuroinflammation suggests
that the response to smoke from wood or cotton is similar.

INJURY TO THE LUNG PARENCHYMA

As noted earlier, burn and smoke inhalation induce delayed
lung parenchymal changes as reflected by reduced PaO2/
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supplementation with recombinant human antithrombin 
has been shown to attenuate pulmonary edema, downreg-
ulate proinflammatory mediators, and improve pulmonary 
gas exchange.71,122 In pilot clinical studies, antithrombin 
deficiency following cutaneous burn was correlated with 
TSBA, presence of  smoke inhalation, length of  ICU and 
hospital stay, morbidity severity, and mortality.123–126 Recent 
unpublished observations showed that of  six sheep exposed 
to smoke inhalation, all developed some degree of  pulmo-
nary vascular emboli (clot) observable by computed tomog-
raphy scan. The pathophysiology of  acute lung injury 
secondary to burn and smoke inhalation injury is summa-
rized in Fig. 16.5.

In addition to exhibiting a depletion of  antioxidants as 
discussed earlier, burn patients are depleted of  arginine.127 
When arginine levels are low, NOS produces superoxide 
rather than NO.128 Following smoke inhalation, arginase 
activity is also elevated.129 This enzyme also depletes argi-
nine by converting it to ornithine.130 Administration of  
arginine may assist in reducing the oxidation that occurs 
with inhalation injury.131 However the necessity of  admin-
istering arginine as arginine hydrochloride (because of  
solubility) limits the amount that may be given intrave-
nously without producing acidosis.

deform. These stiff  cells are carried to the pulmonary micro-
vasculature where they are captured by the narrow pulmo-
nary capillaries. The activated neutrophils release ROS and 
proteases that damage the parenchyma. The following evi-
dence supports this concept of  neutrophil cytotoxicity. Oxi-
dative processes are well established following inhalation 
injury, with lipid peroxidation and release of  proteolytic 
enzymes following injury.112–114 Moreover, administration 
of  protease inhibitors or ROS scavengers will reduce the 
response to smoke inhalation113,115–117 when activated 
PMNs lose L-selectin on their surfaces. This L-selectin shed-
ding is prevented by treatment with an L-selectin anti-
body,118 which prevents changes in transvascular fluid flux 
and other aspects of  parenchymal damage.119 Final proof  
of  this hypothesis is provided by studies of  how the response 
to inhalation injury is affected by depleting animals of  neu-
trophils. In these studies of  sheep depleted of  their leuko-
cytes, a large portion of  the response to smoke inhalation 
was blocked.120

Coagulopathy has increasingly been described as a criti-
cal complication of  burn and smoke inhalation injury. Fol-
lowing burn injury, there is a hypercoagulable state 
associated with severe deficiency of  the potent endogenous 
anticoagulant antithrombin.121 In preclinical studies, 
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Fig. 16.5 Pathophysiology of burn and smoke inhalation induced acute lung injury. iNOS, inducible nitric oxide synthase; PARP, poly(ADP-ribose) 
polymerase. (From Fishman, ed. Pulmonary diseases and disorders, 5th edn., vol 2., McGraw-Hill Companies, China. ch. 94. 2015: 1428–1440.)
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organ damage, including central nervous system (CNS) 
dysfunction.

The Fire Environment and Toxic 
Smoke Compounds

Smoke toxicity is an increasing concern because modern 
industrial products are changing from woods and natural 
materials toward lighter construction materials, synthetics, 
and petrochemical-based materials. These materials ignite 
and burn two to three time hotter and faster than conven-
tional material and, when heated, emit a gas or smoke that 
is more toxic than natural biological materials. Conse-
quently firefighters have less time to gain control of  a fire, 
and victims are more likely to be incapacitated by breathing 
toxic gases and to sustain smoke inhalation because they 
have less time to escape from the burning area.8 Inhalation 
injury is caused by steam or toxic inhalants such as fumes, 
gases, and mists. Fumes consist of  small particles with 
various adherent irritants or cytotoxic chemicals that are 
dispersed in air. Mists consist of  aerosolized irritant or cyto-
toxic liquids. Smoke consists of  a combination of  fumes, 
gases, mists, and hot air. Heat, toxic gases, and low oxygen 
levels are the most common causes of  death in fires. A large 
variety of  toxic gases and chemicals can be generated 
depending on the fire environment (Table 16.1).

Many of  these compounds may act together to increase 
death, especially CO and hydrogen cyanide (CH).149,150 A 
synergism between these compounds has been found to 
increase tissue hypoxia and acidosis150 and may also 
decrease cerebral oxygen consumption and metabo-
lism.22,151 Hydrogen sulfide would also be predicted to syn-
ergize with CO since both cyanide and hydrogen sulfide are 
inhibitors of  mitochondrial cytochrome oxidase. Victims 
may be incapacitated by the blinding and irritating effects 
of  smoke, as well as by the decreasing oxygen concentration 
that occurs with combustion and results in progressive 
hypoxia.

Toxic gases such as CO and cyanide rarely damage the 
airway, but instead affect gas exchange and produce more 
systemic effects. Thus it is important to obtain information 
on the source of  the fire and the combustion products gen-
erated when treating a fire victim (see Table 16.1). It is also 
important to know the duration of  exposure and the extent 
to which the fire victim was in an enclosed area since this 
relates to the dose of  toxic materials received.

CARBON MONOXIDE

CO is an odorless, colorless gas that is produced by incom-
plete combustion of  many fuels, especially cellulolytic (cel-
lulose) products such as wood, paper, and cotton.152 CO 
toxicity remains one of  the most frequent immediate causes 
of  death following smoke-induced inhalation injury. The 
predominant toxic effect of  CO is attributed to its binding to 
hemoglobin (Hb) to form carboxyhemoglobin (COHb). The 
affinity of  CO for Hb is approximately 200 to 250 times 
higher than that of  oxygen.153 Inhalation of  a 0.1% CO 
mixture may result in generation of  a COHb level as high 
as 50% of  the total Hb. The competitive binding of  CO to Hb 
reduces delivery of  oxygen to tissues, leading to severe 

LONG-TERM EFFECTS OF INHALATION INJURY

When earlier editions of  this book were published, mortal-
ity from inhalation injury was high and the acute inflam-
matory aspects of  the injury were considered a major vector
of  mortality. Now 85% of  our patients survive inhalation
injury.5 Thus the long-term aspects of  this injury are of
considerable interest. When patients are examined years
after burn injury, they demonstrate symptoms of  restrictive
lung disease and reduced diffusion capacity, both of  which
are signs of  lung fibrosis.132 At autopsy, both patients and
animals reportedly show hyaline membrane and deposition
of  collagen in their lungs, changes similar to those seen in
other forms of  acute lung injury.61,129 As stated earlier, two
enzymes compete for arginine: NOS and arginase.134 NOS
forms NO and RNS. Arginase forms ornithine, which is con-
verted into polyamines and proline, leading to the forma-
tion of  collagen.135 When NOS is active, it forms N
(omega)-hydroxy-nor-L-arginine (NOHA). NOHA is broken
down into NO and citrulline. NOHA is a potent inhibitor of
arginase.136,137 Thus, as long as NOS activity is elevated,
arginase is inhibited. It has recently been reported that the
endogenous NOS inhibitor asymmetric dimethylarginine
(ADMA) begins to rise in the lung of  sheep following com-
bined burn and smoke inhalation injury.129 As ADMA
increases, NO production falls and tissue levels of  collagen
increase. The increase in collagen results in hyaline mem-
brane formation and thickening of  the alveolar septum that
interferes with the diffusion of  oxygen into the lung. ADMA
is formed in the lung on a regular basis but it is rapidly
catabolized by dimethylarginine dimethylaminohydrolase
(DDAH).138,139 DDAH is inactivated by oxidation. Following
burn and inhalation injury, lung levels of  DDAH fall as
markers of  oxidation rise, and, as these events occur, levels
of  ADMA, arginase, and collagen increase.129 We have pre-
viously determined that oxidation is such a serious problem
that survival is dependent of  the degree of  oxidation.115 In
addition, it was recently reported that levels of  γ- and
α-tocopherol are markedly depleted in thermally injured
children.140 In sheep depleted of  α- and γ-tocopherols fol-
lowing burn and smoke exposure, the administration of
tocopherol, especially γ- tocopherol, either orally or through
nebulization into the airways (more effective) restored not
only lung levels of  tocopherol, but also normal oxidation
status and pulmonary function during the acute phase of
injury.140–146 Preliminary experiments using the long-term
model reported by Sousse et al. indicate that the nebuliza-
tion of  γ-tocopherol also reduces collagen deposition; blocks
elevation in arginase, proline, and ADMA levels; and
restores DDAH levels.

Finally, recent preclinical ovine studies indicate that
smoke inhalation causes structural damage in the brain as
seen by neuronal and astrocyte death and microhemor-
rhage (unpublished data). It has previously been reported
that smoke-induced oxidative DNA damage in the brain is
extensive, and compromised fidelity of  DNA repair may
underlie neurotoxicity and contribute to delayed death of
hippocampal neurons.147 Furthermore, acute smoke expo-
sure significantly compromises the respiratory capacity of
hippocampal mitochondria.148 These results suggest that
fire victims, especially those with smoke inhalation injury,
should carefully be monitored for possible nonpulmonary
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describes the clinicopathological sequelae in acute CO 
toxicity.159

Symptoms and Diagnosis of Carbon 
Monoxide Poisoning

Symptoms of  CO poisoning predominantly manifest in 
organs and systems with high oxygen utilization. The sever-
ity of  clinical manifestations varies depending on CO con-
centration. For instance, CNS symptoms such as headache, 
confusion, and collapse may occur when the blood COHb 
level is 40–50%. Symptoms such as unconsciousness, inter-
mittent convulsions, and respiratory failure may occur if  
the COHb level exceeds 60%, eventually leading to death if  
exposure continues. The cardiovascular manifestations 
may result in tachycardia, increase in cardiac output, dys-
rhythmias, myocardial ischemia, and hypotension depend-
ing on severity of  poisoning. The correlation between 
clinical manifestation and severity of  CO poisoning is sum-
marized in Table 16.2.

Diagnosis should be based on direct measurement of  
COHb levels in arterial or venous blood by co-oximetry, 
taking into account that venous blood underestimates the 
arterial COHb content.160 Diagnosis may be facilitated by 
use of  on-site portable breath analyzers. The inability to 
differentiate oxyhemoglobin from COHb limits the use of  a 
pulse oximeter. The use of  blood gas analyzers that estimate 
sulfur dioxide (SO2) based on measurement of  dissolved PO2 
should also be avoided. Measuring acid–base balance, 
plasma lactate levels, and bicarbonate is helpful in 

hypoxia, especially in the most vulnerable organs such as 
the brain and heart where oxygen extraction is considerably 
higher than that in most other organs. The oxygen–Hb dis-
sociation curve loses its sigmoid shape and is shifted to the 
left, thus further impairing tissue oxygen availability.149,154 
In addition, the ability of  CO to bind to intracellular cyto-
chromes and to other metalloproteins contributes to CO 
toxicity. This competitive inhibition with cytochrome 
oxidase enzyme systems (most notably cytochromes a and 
P-450) results in an inability of  cellular systems to use
oxygen.154,155 Shimazu and his colleagues have shown that 
extravascular binding of  CO to cytochromes and other 
structures accounts for 10–15% of  total body CO stores. 
This intracellular binding of  CO explains the two-
compartment elimination of  CO from the circulation.156 
Miro and colleagues reported that CO inhibits cytochrome-c 
oxidase activity in lymphocytes.157 The electron chain dys-
function induced by CO may cause electron leakage, leading 
to superoxide production and mitochondrial oxidative 
stress.158

Although smoke inhalation commonly affects the respi-
ratory system, CNS disturbances can also develop. CNS 
signs can be classified as being related to either acute or 
delayed toxicity. The veterinary literature contains a few 
reports on the neurological consequences of  smoke inhala-
tion. In dogs, smoke inhalation produces lesions that are 
consistent with acute CO toxicity. Lesions are confined to 
the caudate nucleus, globus pallidus, and the substantia 
nigra bilaterally, as well as the cerebellum, cerebral cortex, 
and dorsal thalamus. A case report by Kent and colleagues 

Table 16.1 Origin of Selected Toxic Compounds

Gases and 
Chemicals Material Source

Carbon monoxide Polyvinyl chloride
Cellulose

Upholstery, wire/pipe coating, wall, floor, furniture coverings
Clothing, fabric
Wood, paper, cotton

Cyanide Wool, silk, cotton, paper, plastic, polymers
Polyurethane
Polyacrylonitrile
Polyamide
Melamine resins

Clothing, fabric, blankets, furniture
Insulation, upholstery material
Appliances, engineering, plastics
Carpeting, clothing
Household and kitchen goods

Hydrogen chloride Polyvinyl chloride
Polyester

Upholstery, wire/pipe coating, wall, floor, furniture coverings
Clothing, fabric

Phosgene Polyvinyl chloride Upholstery, wire/pipe coating, wall, floor, furniture coverings

Ammonia Wool, silk
Polyurethane
Polyamide
Melamine resins

Clothing, fabric, blankets, furniture
Insulation, upholstery material
Carpeting, clothing
Household and kitchen goods

Sulfur dioxide Rubber Tires

Hydrogen sulfide Wool, silk Clothing, fabric, blankets, furniture

Acrolein Cellulose
Polypropylene
Acrylics

Wood, paper, cotton, jute
Upholstery, carpeting
Aircraft windows, textiles, wall coverings

Formaldehyde Melamine resins Household and kitchen goods

Isocyanates Polyurethane Insulation, upholstery material

Acrylonitriles Polyurethane Insulation, upholstery material

From Prien T, Traber DL. Toxic smoke compounds and inhalation injury: a review. Burns 1988;14:451–460.
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(116.4 mol/L) were significantly higher than those in control 
subjects (5.0 mol/L) and that levels in fire victims who died 
were significantly higher than those in survivors.163 A study 
of  144 fire victims in Dallas County, Texas, showed results 
consistent with the Paris study.164 Elevated CN concentra-
tions are directly related to the probability of  death, suggest-
ing that CN poisoning rather than CO poisoning may be the 
predominant cause of  death in some fire victims. CN also 
played a greater role in mortality following an aircraft fire 
at Manchester International Airport in the United Kingdom 
in 1985. These patients were not severely burned. The large 
majority (87%) of  the 54 individuals who died had poten-
tially lethal levels of  CN in their blood, whereas only 21% 
of  these fire victims had COHb levels exceeding 50%. This 
strongly suggests that, under certain conditions, CN can be 
a more important determinant of  morbidity and mortal-
ity following smoke inhalation than CO, which is usually 
regarded as the primary toxic threat.8 Smoke is also an often 
overlooked source of  CN exposure in terrorist bombings. 
Following the first World Trade Center bombing in 1993, 
traces of  CN were found in the vans where the explosion 
originated. The U.S. Centers for Disease Control and Preven-
tion and the Department of  Homeland Security consider 
CN among the most likely agents of  chemical terrorism.165 
CN possesses all attributes of  an ideal terrorist weapon: it 
is plentiful, readily available, and easily obtainable because 
of  its widespread use in industry and laboratories. In addi-
tion the use of  CN does not require any special knowledge. 
It is capable of  causing mass incapacitation and casual-
ties, and it can cause mass confusion, panic, and social  
disruption.166

Symptoms and Diagnosis of Cyanide Poisoning

Diagnosis at the fire scene may be difficult. Poisoning may 
results in CNS, respiratory, and cardiovascular dysfunction 
due to inhibition of  oxidative phosphorylation, depending 
on the concentration of  CN inhalation (Table 16.3).

Electrocardiographic changes such as S-T segment ele-
vation that mimic an acute myocardial infarction167 may 
be suggestive. Laboratory findings of  anion gap metabolic 
acidosis and lactic acidemia aid in confirming the diagno-
sis.168 Lactic acidosis that is not rapidly responsive to oxygen 
therapy may be a good indicator for CN poisoning.100,163 
Also, an elevated mixed venous saturation is suggestive of  

managing CO poisoning with accompanying lactic or meta-
bolic acidosis. It is important to note that high oxygen con-
centrations are usually administered to the victim in transit 
to the hospital, and some delay from cessation of  exposure 
to measurement of  CO may limit evaluation of  the true 
extent of  exposure.161 A nomogram has been developed 
that can relate the COHb levels of  a patient to the values 
that may have been present at the time of  smoke inhalation, 
and this can be used to estimate the true degree of  inhala-
tion injury.100

HYDROGEN CYANIDE

Hydrogen cyanide (CN), the gaseous form of  cyanide, is gen-
erated by the combustion of  nitrogen- and carbon-
containing substances, such as wool, silk, cotton, and paper 
as well as synthetic substances like plastic and other poly-
mers. Combustion of  these materials may produce the rapid 
and lethal incapacitation of  a victim at the fire source.162 
CN is a colorless gas with the odor of  bitter almonds; 
however it is difficult to detect at the site of  the fire. CN is 
cytotoxic mainly owing to its reversible inhibition of  cyto-
chrome c oxidase, the thermal oxidase of  the respiratory 
chain, through interaction with the ferric ion of  cyto-
chrome a3.161 This suppresses cellular oxygenation and 
causes tissue anoxia. CN also adversely affects a number of  
other enzyme systems. CN is also toxic by virtue of  its com-
bination with essential metal ions, formation of  cyanohy-
drins with carbonyl compounds, and sequestration of  sulfur 
as a thiocyanate.

The importance of  CN in smoke inhalation injuries is 
reflected by a study of  residential fires in Paris, France, 
showing that mean blood CN concentrations in both fire 
victims who survived (21.6 mol/L) and those who died 

Table 16.2 Symptoms and Signs at Varying 
Concentrations of Carboxyhemoglobin (COHb)

COHb % Symptoms

0–10 None

10–20 Tightness over forehead, slight headache, dilation of 
cutaneous blood vessels

20–30 Headache and throbbing in the temples

30–40 Severe headache, weakness, dizziness, dimness of vision, 
nausea, vomiting, collapse

40–50 As above; greater possibility of collapse, syncope, 
increased pulse and respiratory rate

50–60 Syncope, increased pulse and respiratory rate, coma, 
intermittent convulsions, Cheyne-Stokes respirations

60–70 Coma, intermittent convulsions, depressed cardiac and 
respiratory function, possible death

70–80 Weak pulse, slow respirations, death within hours

80–90 Death in less than 1 h

90–100 Death within minutes

From Einhorn IN. Physiological and toxicological aspects of smoke produced 
during the combustion of polymeric materials. Environ Health Perspect. 
1975;11:163–189; and Schulte JH. Effects of mild carbon monoxide 
intoxication. Arch Environ Health 1963;7:524–530.

Table 16.3 Symptoms of Cyanide Toxicity

Symptoms in Low or 
Moderate
Inhaled Cyanide 
Concentrations

Symptoms in Moderate 
or High
Inhaled Cyanide 
Concentrations

Faintness
Flushing
Anxiety
Excitement
Perspiration
Vertigo
Headache
Drowsiness
Tachypnea
Dyspnea
Tachycardia

Prostration
Hypotension
Tremors
Cardiac arrhythmia
Convulsions
Stupor
Paralysis
Coma
Respiratory depression
Respiratory arrest
Cardiovascular collapse
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form ammonium hydroxide, a very caustic alkaline solu-
tion. It causes cutaneous, ocular, and pulmonary injuries. 
Inhaled ammonia can rapidly produce laryngeal injury and 
obstruction. It also causes upper tracheobronchial mucosal 
necrosis with sloughing and severe pulmonary edema.174

There are no specific antidotes to counter the toxicity of  
irritant gases (phosgene, chlorine, and ammonia). Depend-
ing on the severity of  exposure, supportive therapy such as 
airway management and ventilation should be provided. 
Early intubation is required if  any significant upper airway 
symptoms such as stridor are present (Table 16.5).

Complete references available online at 
www.expertconsult.inkling.com

CN toxicity. CN increases ventilation through carotid body 
and peripheral chemoreceptor stimulation. Increasing ven-
tilation may augment toxicity in the early stages. Low levels 
of  CN are routinely found in the blood of  healthy individu-
als at levels of  0.02 µg/mL in nonsmokers and 0.04 µg/
mL in smokers. Toxicity occurs at a level of  0.1 µg/mL, 
and at 1.0 µg/mL death is likely.169 Correlation of  blood CN 
concentrations with clinical symptoms is summarized in  
Table 16.3.

OTHER TOXIC CHEMICALS

Other toxic chemicals may also substantially contribute to 
morbidity and mortality in a burn victim. Hydrogen chlo-
ride is produced by polyvinyl chloride degradation and 
causes severe respiratory tract damage and pulmonary 
edema. Nitrogen oxides may also cause pulmonary edema 
and a chemical pneumonitis, and they may contribute to 
cardiovascular depression and acidosis. Aldehydes such as 
acrolein and acetaldehyde, which are found in wood and 
kerosene, may further contribute to pulmonary edema and 
respiratory irritability. Toxic industrial chemicals such as 
chlorine, phosgene, hydrogen sulfide, and ammonia are of  
great importance. Because of  their widespread availability 
and high toxicity, there is concern that these chemicals may 
be used as weapons by terrorists.165,170

Phosgene is a colorless, nonflammable, heavier-than-air 
gas at room temperature and has an odor of  newly mown 
hay. At temperatures lower than 8°C phosgene is an odor-
less and fuming liquid. The inadequate warning properties 
of  phosgene and the delayed nature of  the symptoms that 
follow exposure make it a potential terrorist weapon.171,172 
Phosgene is only slightly soluble in water, hence its deeper 
penetration in the pulmonary system. On contact with 
water it hydrolyzes into carbon dioxide and hydrochloric 
acid, resulting in direct caustic damage. It also undergoes 
acylation reactions with amino-, hydroxyl-, and sulfhydryl- 
groups of  cellular macromolecules, resulting in cellular 
damage and apoptosis.171,173 Phosgene has delayed effects 
from 20 minutes up to 48 hours depending on the intensity 
of  exposure. Phosgene inhalation produces severe pulmo-
nary edema. Initially victims develop symptoms of  upper 
airway irritation (eye irritation, rhinorrhea, cough) and 
then lower respiratory symptoms such as shortness of  
breath, substernal burning, and chest tightness. The devel-
opment of  overt pulmonary edema within 4 hours of  expo-
sure portends a poor prognosis (Table 16.4).

Chlorine is a greenish-yellow gas, an oxidizing agent, and 
very reactive with water. It has a pungent odor. Upon 
contact with water chlorine liberates hypochlorous acid, 
hydrochloric acid, and oxygen free radicals. It causes irri-
tant effects throughout the respiratory tree but mostly in 
the nasal mucosa and upper airways. It induces cellular 
damage through its strong oxidizing ability.174 Phosgene 
and chlorine gases were extensively used as weapons during 
World War I.

Ammonia is a colorless gas at room temperature with a 
very pungent odor. Ammonia readily dissolves in water to 

Table 16.4 Hydrogen Cyanide Concentrations in Air 
and Associated Symptoms in Humans

HCN 
Concentration 
ppm Symptoms

0.2–5.0 Threshold of odor

10 (TLV-MAC)

18–36 Slight symptoms (headache) after several hours

45–54 Tolerated for 0.5–1 h without difficulty

100 Death in 1 h

110–135 Fatal in 0.5–1 h

181 Fatal in 10 min

280 Immediately fatal

From Einhorn IN. Physiological and toxicological aspects of smoke produced 
during the combustion of polymeric materials. Environ Health Perspect. 
1975;11:163–189; and Kimmerle G. Aspects and methodology for the 
evaluation of toxicological parameters during fire exposure. Polymer 
Conference Series: Flammability Characteristics of Materials. Salt Lake City: 
University of Utah, 1973.

Table 16.5 Mean Levels of Airway Obstruction in 
Uninjured Sheep and 48 h After Burn, Smoke Inhalation, 
and Combined Smoke Inhalation and Burn Injury

AIRWAY LEVEL

Injury Bronchi Bronchiole
Terminal 
Brochioles

Uninjured (n = 5) 2.7 ± 2.4% 1.6 ± 0.9% 0.0 ± 0.0%

Burn alone (n = 6) 4.4 ± 3.5% 2.5 ± 1.5% 0.04 ± 0.1%

Smoke alone (n = 5) 18.1 ± 10.1*† 8.1 ± 3.0%*† 0.3 ± 0.4%*†

Smoke + Burn (n = 7) 29.3 ± 15.1%*† 1.5 ± 6.7%*† 1.2 ± 1.9%*†

Data are presented as mean ± SD (n, number of animals in each group).
*Significantly different from uninjured animas means, Wilcoxon rank sum

test, P < 0.05.
†Significantly different from burn injury, Wilcoxon rank sum test, 

P < 0.05. Cox R et al. Am J Respir Cell Mol Biol 29: 295, 2003.
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instability because volume requirements for resuscitation 
may be increased by as much as 50% when cutaneous 
burns are accompanied by inhalation injury.10,11 Parenchy-
mal injury from inhaled irritants or hot gases can lead to 
impaired gas exchange, pneumonia, and acute respiratory 
distress syndrome (ARDS). When severe, these changes 
increase the risk of  multiorgan failure and mortality. After 
recovery from inhalation injury pulmonary function dis-
orders may persist due to pulmonary fibrosis or bronchi-
ectasis.12 Improvements in the survival of  patients with 
inhalation injury have been attributed to better overall burn 
outcomes, improved ventilator management, and improved 
management of  pneumonias.7

Improvements in the care of  cutaneous burns have out-
paced advancements in the treatment of  inhalation inju-
ries. There are several reasons for this disparity. The 
treatment of  pulmonary parenchymal injury is inherently 
more complex than treatment for cutaneous burns. Necrotic 
skin can be excised and replaced with substitute materials 
or autografted skin, and healing can be observed directly. In 
contrast, treatment of  injured lung involves measures to 
prevent further injury to allow host mechanisms to repair 
injured tissues. Healing of  pulmonary injury is followed 
more indirectly by observations of  blood gas exchange and 
radiographs. Inhalation injury results both from direct 
effects of  heat and chemical irritants as well as from indirect 
effects from an inflammatory response to the initial insult. 
Despite extensive studies, these processes are incompletely 
understood and no specific therapies have been identified.

Because inhalation injury has such broad and critical 
clinical implications, it is important that it be diagnosed as 
early as possible. Early diagnosis can be accomplished by 
recognition of  risk factors revealed by the history and phys-
ical examination and confirmed by diagnostic procedures.

Diagnosis

There is no consensus on the diagnostic criteria for inhala-
tion injury. In the clinical setting the diagnosis is a relatively 
subjective judgment based on history and physical exami-
nation, often confirmed by additional diagnostic procedures 
such as bronchoscopy. One of  the reasons for the lack of  
consensus for early diagnosis is that much of  the impaired 
pulmonary function following inhalation injury results 
from obstruction of  small airways and an inflammatory 
response to the initial direct injury. These changes develop 
over a period of  days after injury. In addition, it is our clini-
cal impression that progressive respiratory failure is not 
always proportional to the intensity of  smoke exposure.13 It 
is also possible for thermally injured patients to experience 
acute lung injury from the systemic effects of  the 

Introduction

Inhalation injury is a nonspecific term that refers to damage
to the respiratory tract or pulmonary parenchyma by heat
or chemical irritants carried into the airways during
respiration.

Along with total body surface area (TBSA) burned and
age, inhalation injury is one of  the three features most asso-
ciated with mortality following thermal insult.1 Issues
related to diagnosis and management of  inhalation injury
have been most recently reviewed by Walker et al.2

Inhalation injury may occur in conjunction with cutane-
ous burns or in isolation. The severity of  injury varies
depending on the chemical composition of  the agent(s)
inhaled, the intensity of  exposure, and pre-existing comor-
bidities. There are three basic classes of  inhalation injury:
direct thermal injury, tissue damage due to inhalation of
chemical irritants, and systemic effects of  inhaled toxins.
The upper airway serves as an efficient heat exchanger that
protects lower structures from extremes of  heat or cold.
Reflex laryngeal closure also protects subglottic areas. As a
result, direct thermal injury is generally restricted to the
upper airway and rarely involves subglottic structures.3

Exceptions are the inhalation of  steam, due to the much
higher specific heat of  water vapor, and blast injuries that
can force hot gases past the glottic opening. Inhaled irri-
tants are generally present in smoke as a mixture of  gases,
fumes, and mists, and the chemical composition of  smoke
produced from various fuels has been described. Fumes
consist of  particles of  various size dispersed in gases. Mists
are aerosolized liquids. The intensity of  exposure along with
the size and chemical composition of  these particles and
droplets determines how far distally they will migrate in the
respiratory tract and, thus, the nature of  the tissue injury.4

Large particles and droplets of  lipid-soluble liquids are more
likely to adhere to airway surfaces and do not reach as far
distally as smaller particles and more water-soluble drop-
lets. Systemic toxicity may occur when toxins such as
carbon monoxide (CO) or cyanide are present in the inhaled
gases.

The reported incidence of  inhalation injuries has varied
greatly over time and from region to region. Smith and
others reported 19.6% incidence among burn patients in
the United States.5 In Israel Haik and colleagues found as
few as 1.9% in association with burns,6 whereas Luo and
others found 8.01% in China.7 Regional differences are to
be expected as a result of  differences in local customs, build-
ing materials, and other factors.

The presence of  inhalation injury is clinically significant
for a variety of  reasons, as listed in Box 17.1. Inhalation
injury has been found to be an independent risk factor
for mortality.8,9 It is also associated with hemodynamic
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nasal hair implies a very intense exposure to heat. When 
gases hot enough to burn tissue are near the airway inlet it 
suggests that oropharyngeal or nasopharyngeal structures 
may also suffer thermal injury. Soot deposits on the face and 
carbonaceous sputum suggests inhalation of  smoke. Phys-
ical examination may reveal signs and symptoms such as 
stridor, hoarseness, drooling, and dysphagia that are con-
sidered classic evidence of  thermal injury to the orophar-
ynx. Presence of  these findings, however, does not always 
indicate that tracheal intubation is necessary.18 However, as 
described below, when patients are considered at risk for 
upper airway thermal injury and occlusion, a priority is to 
evaluate the upper airway for impending occlusion that 
may be prevented by early tracheal intubation.

In addition to the history and physical examination, 
there are diagnostic tools that may be used to confirm a 
diagnosis of  inhalation injury or to follow the progression 
of  injury. Since manifestations of  respiratory dysfunction 
may be delayed after inhalation injury, pulse oximetry and 
arterial blood gas analysis are insensitive indicators of  lung 
injury during the initial stages. Despite this, it is important 
to employ these tools as soon as possible. Early impairment 
of  gas exchange is an ominous sign of  severe injury and 
requires early and aggressive intervention. Diagnosis of  CO 
or cyanide toxicity may be facilitated by blood gas analy-
sis. It is also important to have baseline values to judge 
progress.

Lee and O’Connel assessed the chest radiographs of  45 
patients admitted to their hospital following injury in an 
enclosed space fire.19 Of  those patients, 33 had abnormal 
findings consistent with inhalation injury. They suggested 
that the initial radiograph is an important predictor of  
injury and need for mechanical support of  respiration. 
However, Wittram and Kenny examined admission chest 
radiographs over a 3-year period for all patients requiring 
ventilatory support for inhalation injury.16. Out of  25 
patients, 12 had normal initial chest radiographs despite 
ultimately requiring mechanical ventilation. The initial 
chest radiograph is considered an insensitive early indicator 
of  parenchymal injury after smoke inhalation. Although an 
admission chest radiograph should be obtained in all 
patients suspected of  inhalation injury a normal study does 
not rule out the possibility of  significant pulmonary injury.16

Flexible fiberoptic bronchoscopy was early recognized as 
a powerful tool in the diagnosis of  inhalation injury.20 Fiber-
optic bronchoscopy allows direct visualization of  tissue 
damage to the upper airway and bronchi from heat and 
chemical irritants. This procedure can quickly and reliably 
identify patients with upper airway compromise who will 
benefit from intubation and, at the same time, avoid intuba-
tion of  patients who will not benefit.21 Bronchoscopic evi-
dence of  inhalation injury includes soot deposits, erythema, 
edema (as indistinct tracheal rings and/or blunting of  the 
carina), mucosal blisters and erosions, hemorrhages, and 
bronchorrhea (Fig. 17.1). Flexible fiberoptic bronchoscopy 
has been considered the gold standard for diagnosis of  inha-
lation injury and is often used to confirm the diagnosis of  
inhalation injury.22 However, Hunt noted that, in some 
cases, bronchoscopy performed soon after injury may not 
show mucosal injury.20 In addition, because acute lung 
injury and tracheobronchitis can be a result of  systemic 
inflammation due to cutaneous burns,14,23 endoscopic 

inflammatory response to severe cutaneous burns.14 Thus 
it is not uncommon to see acute lung injury in children 
with large scald burns when inhalation of  hot or caustic 
gases did not occur.15 This makes it difficult to determine 
what component of  respiratory failure is due to inhalation 
injury and what component is an effect of  systemic inflam-
mation associated with large cutaneous burns.

On initial presentation, patients with inhalation injury 
may have relatively normal gas exchange as evaluated by 
arterial blood gas analysis, and the chest radiograph is often 
normal.16 In the absence of  evidence of  respiratory distress 
it is important to recognize features from the history and 
physical examination that reveal risk factors for inhalation 
injury. Normal gas exchange and chest radiograph on 
admission do not rule out significant inhalation injury. 
Early diagnosis is important to recognize the potential for 
airway compromise, manage fluid resuscitation, and to rec-
ognize systemic toxicity that may lead to permanent neuro-
logical deficits if  not promptly treated.

History pertinent to the diagnosis of  inhalation injury 
includes information regarding the mechanism of  injury 
and the intensity of  exposure. Mechanisms of  injury that 
carry significant risk of  inhalation injury include not only 
exposure to smoke from a fire, but blast injury that can force 
hot gases past the larynx, steam burns that can not only 
burn the upper airway but carry heat to structures below 
the larynx, and exposure to caustic fumes, as occurs in 
some industrial accidents. Information regarding the mech-
anism of  injury also includes the source of  combustion, 
which could identify specific chemical irritants. The history 
can also provide information regarding the intensity of  
exposure. Duration of  exposure is an important determi-
nant of  intensity of  exposure. When a victim’s avoidance 
behavior is impaired, as when trapped in an enclosed space, 
intoxicated, unconscious, or in the case of  extremes of  age, 
exposure to injurious inhalants is increased.

History of  the mechanism of  injury is especially impor-
tant in the case of  scalds due to ingestion of  hot liquids. 
Although patients may appear asymptomatic initially, oro-
pharyngeal scalds have led to delayed fatal airway occlu-
sion. Intraoral scalds can present in a manner similar to 
epiglottitis.17 The larynx should be examined for evidence 
of  compromise in all patients who present with significant 
risk (either by history or physical exam) of  intraoral scald.

The physical examination can reveal additional risk 
factors for inhalation injury. We guard our face vigorously, 
and the presence of  burns to the face or singed eyebrows or 

Box 17.1 Clinical Significance of 
Inhalation Injury

■ Increased mortality
■ Airway closure secondary to oropharyngeal edema
■ Increased resuscitation fluid requirements
■ Impaired pulmonary gas exchange
■ Pneumonia
■ Risk of systemic inflammatory response syndrome and

multiorgan failure
■ Chronic pulmonary dysfunction
■ Laryngeal damage
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increased fluid needs has been inconsistent. Endorf  and 
Gamelli found that an initial P:F ratio of  less than 350 was 
a more reliable predictor of  increased fluid requirements 
than was diagnosis of  inhalation injury by bronchoscopy.27 
In their patients, fluid requirements during initial resuscita-
tion were not correlated with severity of  findings at initial 
bronchoscopy. Cancio and colleagues found that diagnosis 
of  inhalation injury per se was not related to increased fluid 
needs but that mechanical ventilation was related.30 They 
suggested that mechanical ventilation may be a surrogate 
variable for more severe inhalation injury, and this could 
explain its closer correlation with fluid needs. These obser-
vations reinforce the possibility that findings of  bronchos-
copy are relatively proximal and may not always reflect the 
severity of  more distal parenchymal injury. Need for 
mechanical ventilation and decreased P:F are more depen-
dent on parenchymal injury and therefore may be more 
accurate predictors of  inhalation injury.

Mackie and colleagues have offered an alternative mech-
anism for increased fluid requirements in burn patients 
who also have inhalation injury.31 They found that venti-
lated patients with burns but no inhalation injury required 
more fluid than did patients with similar burns but who did 
not receive mechanical ventilation. Fluid balance was not 
significantly affected in patients who also had burns, inha-
lation injury, and were mechanically ventilated. Mackie 
suggests that positive pressure ventilation increases intra-
thoracic pressure, which impairs venous return to the 
heart. More intravenous fluid is then required to maintain 
cardiac preload. These findings are consistent with a greater 
effect of  mechanical ventilation on fluid balance than inha-
lation injury.32

Although bronchoscopy does not reliably predict respira-
tory failure, endoscopic assessment of  the upper airway has 
been found to be highly useful in identifying patients with 
glottic or supraglottic changes who would benefit from early 
intubation. Just as important, this exam also helps avoid 
unnecessary intubations that expose patients to serious risk 
without benefit.21

Radionuclide studies represent an additional tool that 
has been used to provide evidence of  pulmonary injury 
distal to the more proximal views permitted by flexible bron-
choscopy. Intravenously administered xenon-133 is 
excreted by the lungs and exhaled. Delayed clearance of  
xenon-133 is a sensitive indicator of  inhalation injury.33 
Lung scintigraphy using technetium-99 aerosol inhalation 
has also been used to identify areas of  pulmonary dysfunc-
tion in patients with respiratory dysfunction after smoke 
inhalation. Delayed clearance and inhomogeneous lung 
distribution of  radioactivity are evidence of  injury.34 These 
studies are sensitive indicators of  inhalation injury, but 
interpretation can be confounded by pre-existing lung 
disease, and it may be difficult to perform these studies in 
critically ill burn patients.

The poor correlation of  clinical outcome with severity of  
bronchoscopic findings in patients with smoke inhalation 
injury has led some clinicians to evaluate the possibility 
that chest computed tomography (CT) could provide more 
accurate prognostic information. CT can reveal regional 
differences in structural changes that impair pulmonary 
function, such as atelectasis, consolidation, and fibrosis, 
more effectively than chest radiographs. Yamamura and 

changes after 36–48 hours may be caused by mechanisms 
other than inhalation of  chemical irritants. As an example, 
a small fraction of  young pediatric patients with large scald 
injuries develop acute lung injury and require mechanical 
ventilation.15 Bronchoscopic examination of  these patients 
can reveal inflammatory changes characteristic of  smoke 
inhalation. Moreover, although fiberoptic bronchoscopy 
can definitively identify tissue damage from inhalation 
injury, it has been recognized that the observed changes are 
relatively proximal and may be more severe than more 
peripheral parenchymal injuries.24 As a result, a broncho-
scopic diagnosis of  inhalation injury does not always iden-
tify which patients will experience progressive respiratory 
dysfunction.

Numerous attempts have been made to grade severity of  
inhalation injury based on bronchoscopic findings in order 
to identify patients who may need increased levels of  support 
regarding airway management, respiratory support, or 
increased volume of  fluid during the initial resuscitation. 
In their retrospective study, Hassan et al. found that mortal-
ity among patients with inhalation injury correlated with 
severity of  bronchoscopic findings.25 However, Spano and 
colleagues also performed a retrospective review to evaluate 
the effectiveness of  bronchoscopy to predict outcomes for 
patients with inhalation injuries.26 They used an abbrevi-
ated injury score (AISD INH) introduced by Endorph and 
Gameli27 that grades the severity of  bronchoscopic findings 
associated with smoke inhalation injury. They also reviewed 
the three previous studies that specifically compared the 
AIS INH with clinical outcome.27–29 All these studies found 
trends that were suggestive of  poorer clinical outcome in 
patients with more severe bronchoscopic changes, but these 
trends were not statistically significant. Spano et al. sug-
gested that further studies to allow refinement in descrip-
tions of  severity grades will be needed before bronchoscopic 
evaluation produces reliable prognostic information.26

It is generally accepted that patients with smoke inhala-
tion injury require increased fluid volume for resuscitation 
of  cutaneous burns.10,11,30 Increases of  up to 40–50% have 
been observed.10 While this has been a fairly consistent 
observation, the value of  bronchoscopy in predicting 

Fig. 17.1 Bronchoscopic view of the trachea from a patient with smoke 
inhalation injury. Note generalized inflammation and erythema. Edema 
is manifest as indistinct tracheal rings and blunting of the carina. There 
are patchy areas of denuded mucosa and a fibrinous exudate is forming 
at the carina 
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inhaled with smoke, as well as carbon particles coated with 
irritants, are deposited in the airways. Aqueous secretions 
of  the mucosa dissolve these irritants, and the respiratory 
mucosa is bathed in relatively concentrated caustic solu-
tions. The initial response to this insult is direct injury to the 
respiratory epithelium, resulting in hyperemia, edema, 
increased mucous secretions, impaired ciliary clearance, 
and bronchoconstriction. Work in experimental animals 
has also demonstrated an early separation of  ciliated respi-
ratory epithelial cells from the basement membrane. This 
results in denuded areas of  the airways and explains the 
copious formation of  protein-rich exudate. Fibrin casts 
tenaciously adherent to the airway surfaces are formed 
from this exudate.

Much of  the morbidity associated with smoke inhalation 
is also the result of  the inflammatory response to the early 
direct effect of  chemical irritants. The inflammatory 
response to smoke inhalation is similar to the injury pro-
duced by aspiration of  acidic gastric contents. The direct 
injury to tissues from the initial insult causes local accumu-
lation of  inflammatory cells and initiation of  a cascade of  
inflammatory mediators that exacerbate and sustain tissue 
damage (see later discussion). Airways become blocked by 
edema, bronchoconstriction, fibrin casts, necrotic debris, 
and inflammatory infiltrate (Fig. 17.2). Degraded surfac-
tant causes alveolar instability and collapse. These changes 
result in impaired hypoxic pulmonary vasoconstriction and 
areas of  atelectasis and in post-obstruction sequestration of  
material that provides a medium for bacterial growth and 
risk of  pneumonia. Impaired function of  alveolar macro-
phages slows the removal of  these materials and facilitates 
the development of  infection. Pulmonary compliance is 
reduced, which can greatly increase the work of  breathing 
or require higher ventilator pressures and associated risk of  
ventilator-induced lung injury.

others used admission chest CT to measure bronchial wall 
thickness in patients with suspected inhalation injury.35 
Increased bronchial wall thickness was associated with 
total number of  ventilator days, ICU days, and pneumo-
nia. Oh and colleagues obtained CT scans shortly after 
admission for patients at risk for smoke inhalation. A 
grading system was used to provide a score for each CT 
scan based on interstitial markings, ground-glass opacifi-
cation, and consolidation. This score was compared with 
clinical outcomes described as a composite endpoint based 
on pneumonia, ALI/ARDS, and mortality. Injury detected 
by bronchoscopy alone was associated with an 8.3-fold 
increase in the composite score, while the combination of  
bronchoscopic evidence of  inhalation injury and a high 
CT score was associated with a 12.7-fold increase in the 
composite endpoint. The authors were cautiously optimistic 
that with additional clinical experience and refinement of  
image analytical techniques, CT scans alone or in combi-
nation with bronchoscopic evaluation may provide more 
accurate early prognosis for patients with smoke inhalation 
injury. The risks of  taking an acutely ill patient to the CT 
scanner were also acknowledged.

Pathophysiology of  
Pulmonary Insufficiency with 
Inhalation Injury

As stated earlier, except in special cases such as inhalation 
of  steam, injury to airways below the larynx and pulmo-
nary parenchyma nearly always results from chemical irri-
tation rather than thermal injury. A number of  reviews are 
available to describe the pathophysiology of  pulmonary 
failure associated with smoke inhalation.4,36,37 Chemicals 

Fig. 17.2 Small airway occluded by inflammatory exudate in a patient who had a smoke inhalation injury. 
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causing activation of  NOS, leading to the formation of  NO. 
It has also been reported that an inhibitor of  the neuro 
isoform of  NOS would block the hyperemia and much of  the 
pathophysiology mentioned earlier, including the loss of  
hypoxic pulmonary vasoconstriction.53,54 These findings 
have led us to the following hypothesis: the chemicals in 
smoke activate sensory nerves to release neuropeptides that 
activate neuronal NOS1 to release NO and superoxide to 
form peroxynitrite, which damages DNA, activating PARP, 
which stimulates NF-κB, which in turn will up-regulate the 
inducible form of  NOS (iNOS), leading to massive formation 
of  ROS and RNS, tissue damage, and hypoxia and dyspnea. 
Some of  the activated polymorphonuclear cells that escape 
from the pulmonary and bronchial circulation into the sys-
temic circulation are carried to systemic organs, promoting 
multiorgan system damage.

Treatment

Currently there are no specific therapeutic interventions for 
inhalation injury, and treatment consists of  supportive 
modalities. However, if  systemic toxicity is suspected (i.e., 
cyanide or CO), there are specific interventions recom-
mended. When mechanical ventilation is required, mea-
sures should be taken to minimize ventilator-induced lung 
injury. Surveillance cultures and other measures should be 
initiated to allow early recognition and treatment of  pulmo-
nary infection.

Treatment should begin at the scene of  injury. Pulmo-
nary function must be supported in coordination with care 
of  cutaneous burns and other possible injuries. The history 
along with a rapid physical examination can identify victims 
at risk of  inhalation injury as well as respiratory insuffi-
ciency and other indications for early intervention. Initially 
special attention must be given to the airway evaluation. 
There are many potential indications for early and even 
prophylactic intubation in victims of  serious burn injury 
(Box 17.2). Early hypoxemia due to impaired gas exchange 
after inhalation injury is an ominous sign, and those with 
respiratory distress that is not corrected by supplemental 
oxygen may require intubation. Patients unable to protect 
their airway owing to diminished mental status due to 
injury or intoxication should be intubated to prevent aspira-
tion. It is recommended that, even in the absence of  inhala-
tion injury, those with large full-thickness burns covering 
30–40% or more of  their total body surface area (TBSA) 
should be intubated because of  the risk of  associated hemo-
dynamic instability.55 Another indication for early prophy-
lactic intubation is the risk of  upper airway occlusion due 

As a result of  these changes pulmonary gas exchange is 
impaired. Atelectasis due to airway obstruction increases 
dead space and shunt to an extent, but the impaired gas 
exchange due to smoke inhalation appears to be primarily 
a ventilation–perfusion imbalance.38 It has been suggested 
that this mechanism of  pulmonary dysfunction is funda-
mentally different from other types of  ARDS.22 Other etiolo-
gies of  ARDS, such as sepsis, involve disruption of  the 
pulmonary capillary membrane and alveolar flooding, 
resulting primarily in true shunt. This distinction can influ-
ence the ventilator strategies employed. Patients with respi-
ratory failure due to smoke inhalation injury have small 
airway obstruction, and care should focus on pulmonary 
toilet together with recruiting and stabilizing alveoli, which 
tend to collapse. By contrast, in ARDS due to other etiolo-
gies the strategy is to concentrate on avoiding ventilator-
induced lung injury. In some burn centers this is a rationale 
for the use of  high-frequency percussive ventilation. Just as 
the bronchi are the focus of  the diagnosis of  inhalation 
injury, it is also the focus of  its pathology.39 The hyperemia 
and edema that are seen in the airway and which are so 
important for the diagnosis of  inhalation injury are the 
result of  an almost 20-fold increase in bronchial blood 
flow.40,41

Following the airway injury, there are changes in the 
lung parenchyma. There is a release of  the chemokine 
interleukin (IL)-8 and an influx of  neutrophils into the 
airway and alveoli. Reactive oxygen (ROS) and nitrogen 
species (RNS) are formed.42 One of  the latter, peroxynitrite, 
damages DNA. DNA damage results in activation of  poly-
(ADP ribose) polymerase (PARP).43 Poly-(ADP ribose) pro-
tects the damaged DNA but also activates the nuclear factor 
(NF)-κB.44 This causes the formation of  the inducible form 
of  nitric oxide synthase (NOS) and additional release of  
IL-8, attracting and activating additional neutrophils and 
forming more reactive nitrogen and oxygen species.45 The 
oxidation, nitration, and nitrosation of  lung tissues results 
in membrane damage, edema formation, and impaired 
oxygen diffusion.46,47 Alveoli that are not ventilated are not 
perfused with blood because alveolar hypoxia causes pul-
monary vasoconstriction. NO released by NOS causes a loss 
of  hypoxic pulmonary vasoconstriction, leading to perfu-
sion of  unventilated alveoli and thus a fall in arterial oxygen 
saturation.48

In experimental animals ablation of  the bronchial blood 
flow will prevent most of  the pathophysiology involved in 
inhalation injury to the pulmonary parenchyma.39,49,50 
These changes in bronchial blood flow are not associated 
with heat. They can be produced in experimental animals 
by smoke that has been cooled to body temperature.41 As 
mentioned earlier, the blood flow to the airway is so effective 
in cooling or heating inhaled air that it is almost impossible 
for heat carried by dry gases to reach the bronchi.3,51 These 
changes in blood flow also appear to be independent of  the 
chemical composition of  smoke because they are mediated 
by neuroinflammation. We have reported that, following 
insufflation of  smoke into deeply anesthetized sheep, the 
airway blood flow increased 10-fold, but, after administra-
tion of  an inhibitor of  the neuropeptide calcitonin gene-
related peptide (CGRP), the smoke-induced hyperemia was 
markedly reduced.52 Neuropeptides (peptides released from 
nerves within the lung tissue) induce vasodilatation by 

Box 17.2 Indications for Early Tracheal 
Intubation after Inhalation Injury

■ Extensive burns over face and neck
■ Overt signs and symptoms of airway obstruction by edema
■ Inability to protect airway from aspiration
■ Significant toxicity from carbon monoxide or cyanide
■ Respiratory failure
■ Hemodynamic instability
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indications for immediate endotracheal intubation. For 
other patients with risk factors for inhalation injury but 
who may only be experiencing mild distress, spirometry 
(flow–volume loops) and/or endoscopic evaluation can be 
used to identify those who have impending airway compro-
mise and will more likely benefit from early prophylactic 
intubation. Those who do not require early intubation can 
be observed and repeat evaluations performed if  their clini-
cal condition changes. An algorithm for airway manage-
ment in burn patients is illustrated in Fig. 17.3.

Another potential complication of  inhalation injury 
requiring early attention is systemic toxicity from CO and/
or cyanide. Intoxication should be considered in all patients 
suspected of  significant exposure to smoke. The predomi-
nant toxic effect of  CO is to prevent binding of  oxygen to 
hemoglobin by the formation of  carboxyhemoglobin 
(COHb). CO has an affinity for hemoglobin approximately 
200 times that of  oxygen. CO can also prevent cellular uti-
lization of  oxygen by binding to mitochondrial cytochromes. 
Early symptoms include headache, nausea, dizziness, and 
lowered mental status. Diagnosis requires direct measure-
ment of  COHb. Conventional pulse oximetry will not distin-
guish between oxyhemoglobin and COHb. COHb can be 
measured by arterial or venous CO oximetry or pulse CO 
oximetry.58

Increased oxygen partial pressure will speed elimination 
of  CO. Oxygen supplementation by face mask is usually suf-
ficient, but in more severe cases (COHb >15%) it may be 
necessary to provide 100% oxygen via an endotracheal 
tube. Hyperbaric oxygen has also been used to treat CO 
poisoning, but there is no consensus on the indications, 
treatment parameters, or outcome benefits.59 Moreover, 
hyperbaric facilities are not widely available.

Cyanide is another toxic component of  smoke, especially 
when the fuel is composed of  certain plastic products. 
Cyanide causes cellular anoxia by binding to mitochondrial 
cytochromes and preventing intracellular oxygen utiliza-
tion. Arterial oxygen partial pressures are not reduced by 
cyanide. Clinical signs of  hypoxia despite adequate arterial 
oxygen tension or metabolic acidosis despite apparently ade-
quate oxygen delivery suggest cyanide toxicity. The earlier 
treatment is initiated, the more likely it will be successful. 
Supplemental oxygen can cause nonenzymatic oxidation 
of  reduced cytochromes, displace cytochrome oxidase, and 
potentiate the effects of  administered antidotes. Pharma-
cological intervention includes methemoglobin genera-
tors such as nitrates (amyl nitrite 0.2 mL by inhalation, or 
sodium nitrite 10 mL of  3% solution intravenous for adults 
and 0.13–0.33 mL/kg of  3% solution for children) and 
dimethylaminophenol (3.25 mg/kg) to increase methemo-
globin levels. Methemoglobin competes with cytochrome 
oxidase for cyanide. Caution is required because excessive 
levels of  methemoglobin lead to decreased oxygen-carrying 
ability of  hemoglobin and may cause toxicity. Some agents 
can bind cyanide directly. Dicobalt edetate (20 mL of  15% 
solution for adults or 0.3–0.5 mL/kg of  15% solution for 
pediatric patients) has a rapid effect but carries a risk of  
toxicity. Hydroxocobalamin (adults 5–10 g or children 
70 mg/kg) is the precursor of  vitamin B12 and has been 
shown to be safe, with few side effects. Sulfur donors such as 
sodium thiosulfate (adults 25 mL of  50% solution or chil-
dren 1.65 mL/kg of  25% solution) accentuate the body’s 

to edema from thermal injury. In some patients with burns 
to the face and neck or after inhalation of  hot gases or 
steam, early intubation can be life-saving. Training sup-
ported by the American Burn Association has encouraged 
early tracheal intubation in patients at risk for airway 
occlusion. However, intubation is not a benign interven-
tion, and there is growing recognition of  the associated 
risks. Eastman and colleagues at the Parkland Burn Center 
published a retrospective study of  pre-burn center intuba-
tions of  burn victims.56 This was in response to what may 
have been a preventable death of  a burn victim intubated 
prior to hospitalization. Out of  879 burn patients intubated 
before admission to hospital, 11.9% were extubated on the 
day of  admission. In addition, 41.1% were extubated within 
48 hours of  injury. It is unlikely that pathological changes 
requiring intubation would resolve so quickly. These find-
ings suggest that many patients may have been exposed to 
the risks of  intubation without commensurate benefit. Box 
17.3 lists risks associated with unnecessary tracheal intu-
bations. Intubation is especially dangerous during trans-
portation outside a hospital. These patients require deep 
sedation to avoid unplanned extubation. With extubation 
during transport, impaired respiratory drive due to sedation 
may cause dangerous hypoventilation. The risk is even 
greater when muscle relaxants are used during transport.

Otolaryngologists at the Baltimore Regional Trauma 
Center used spirometry (flow–volume loops) and flexible 
fiberoptic bronchoscopy to prospectively evaluate indica-
tions for intubation in patients at risk of  inhalation injury.21 
They reported that of  11 patients who were admitted to the 
emergency department with evidence of  inhalation injury, 
six met their institutional criteria for intubation. However, 
when these patients were examined by fiberoptic bronchos-
copy, no significant airway compromise was observed, and 
they were managed safely and effectively without intuba-
tion. The high negative predictive value of  normal flow–
volume loops for airway compromise in patients with 
inhalation injury that they also observed had been previ-
ously reported by Haponik et al.57

Madnani and colleagues have also demonstrated that the 
presence of  signs and symptoms that have been considered 
classic evidence of  inhalation injury does not always predict 
the need for tracheal intubation.18 Further evaluation is 
needed to avoid morbidity associated with unnecessary 
intubations. When burn victims first present, the history 
and physical examination can identify those who are in 
significant respiratory distress or who have other 

Box 17.3 Risks of Unnecessary Tracheal 
Intubation of Burned Patients

■ Impairs communication with patient (impairs history and
consent)

■ Urgent attempts are more likely to fail or cause injury
■ Facial burns make it difficult to secure the endotracheal tube,

and unintended extubations are common
■ Acute burn patients often require heavy sedation when

intubated, which increases morbidity associated with 
unintended extubation

■ A translaryngeal endotracheal tube can exacerbate a laryngeal
injury



17 • Diagnosis and Treatment of Inhalation Injury190

angle to reduce upper airway edema and limit the effect of  
pressure from abdominal contents on the diaphragm. 
Meticulous pulmonary hygiene is a vital component of  the 
management of  inhalation injury. Frequent airway suc-
tioning, chest physiotherapy including percussive and 
coughing techniques, and early mobilization all help clear 
debris and prevent build-up of  secretions, which can cause 
airway obstruction, atelectasis, and predispose to the devel-
opment of  pneumonia.63,64 Care should be taken when suc-
tioning to avoid hypoxia and bradycardia. Preoxygenation 
and suctioning for short periods of  10–15 sec can reduce 
the incidence of  these problems. Postural drainage can be 
useful, although sometimes skin graft location and fragility 
impede use of  this technique.65 Percussive and vibratory 
techniques such as high-frequency chest wall oscillation 
also help clear mucoid secretions.65,66 It is also important to 
maintain good nutritional status in these patients.

Inhalation of  smoke produces damage to the airways 
resulting in sloughing of  epithelial cells, increased micro-
vascular permeability, and a dramatic increase in bronchial 
blood flow.41 As a result, the airways are flooded with plasma 
exudate and cellular debris. This mix combines with mucus 
to form a fibrinocellular cast or pseudomembrane that par-
tially or completely obstructs airways. This process is exac-
erbated by an intense inflammatory infiltrate. In an attempt 
to disrupt this sequence, Desai and colleagues administered 

enzymatic conversion of  cyanide to thiocyanate in the pres-
ence of  the mitochondrial enzyme rhodanese, reducing its 
toxicity and increasing elimination.60

As mentioned earlier, inhalation injury has been consis-
tently observed to significantly increase fluid requirements 
for resuscitation of  patients with cutaneous burns.10 The 
presence of  an inhalation injury might intuitively be viewed 
as an indication to restrict fluids to avoid pulmonary edema. 
In fact, fluid restriction has been found to exacerbate pul-
monary capillary leak and increase lung lymph formation 
in sheep that have sustained cutaneous burns and smoke 
inhalation injury.61 Although it is important to avoid fluid 
overload in all patients, including those with inhalation 
injury, inadequate fluid resuscitation can also cause further 
injury to the lungs of  patients with inhalation injury.62 A 
combination of  cutaneous burns and inhalation injury 
reduces the margin for error in managing fluid resuscita-
tion. It becomes more difficult to reach a balance where 
sufficient volume is administered for resuscitation but not 
so much that it drives up filling pressures, which may 
increase transudation from pulmonary capillaries that 
already have increased permeability.

Supplemental humidified oxygen should be used for 
patients suspected of  having inhalation injury. The humidi-
fication helps prevent inspissation of  the airway secretions. 
The head of  the bed should be placed at a 30- to 45-degree 

Patient at risk for inhalation injury
• Facial burns
• Hoarseness
• Evidence of smoke exposure
• Other classical signs of inhalation injury

ATLS primary survey

ATLS primary survey

Serial exams Intubate

Glottic compromise
due to edema

Mild respiratory distress
No other indications for intubation

Flow volume loops
and/or fiberoptic bronchoscopy

Continued observation
Repeat studies if clinical change

No flow loop evidence
 of obstruction
No compromise by endoscopy

Significant respiratory distress
or other indications for intubation
(massive burns, aspiration risk, etc.)

Mild flow volume changes,
but no significant obstruction
by bronchoscopy

Fig. 17.3 An algorithm to assist airway management decisions in patients at risk for inhalation injury. 
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directed toward early mobilization. In the adult burn popu-
lation, especially those with inhalation injury and at high 
risk for extubation failure who have been receiving mechan-
ical ventilation for more than 24 hours and who have 
passed a spontaneous breathing trial, extubation to preven-
tive noninvasive ventilation is recommended.

The aim is to provide adequate ventilation to maintain 
airway and alveolar patency without exacerbating the pul-
monary injury by overdistension or barotrauma. Ventila-
tion with low tidal volumes (≤ 7 mL/kg) is now generally 
accepted as a routine practice in patients with acute lung 
injury, and most burn centers have adopted this approach 
to reduce ventilator-induced injury. In patients with inhala-
tion injury the small airways may be narrowed by edema 
and bronchospasm, which increases airway resistance and 
hence airway pressures during mechanical ventilation. 
Under these circumstances it is often difficult to provide 
adequate ventilation of  patients with inhalation injury 
with tidal volumes of  less than 7 mL/kg. How this strategy 
applies to patients with inhalation injury has not been 
established.75 Permissive hypercapnia has been found to be 
a safe technique to assist in limiting airway pressures in 
burn patients.76,77 This allows lower airway pressures and 
smaller tidal volumes to be used when ventilating the 
patient and is well tolerated when gradual in onset and the 
pH is kept higher than 7.2–7.25.

A common ventilation strategy is to determine the 
level of  positive end-expiratory pressure (PEEP) by using 
a pressure–volume curve. This helps maintain alveolar 
patency and reduces trauma caused by the shear forces 
imparted as alveoli collapse and are re-expanded with each 
breath. The lower inflection point of  the pressure–volume 
curve of  a mechanical breath is where the slope of  the 
lower curve begins to increase and is the airway pressure 
below which the alveoli collapse. The PEEP value can be 
set just above this pressure. FiO2 should be weaned down 
as tolerated to reduce oxygen-related complications. The 
PaO2 can be maintained between 80 and 100 mm Hg, 
although values of  65–70 mm Hg can support adequate 
tissue oxygenation.

Conventional mechanical ventilation is either volume- 
or pressure-controlled. Volume-controlled ventilation 
delivers a consistent tidal volume and minute ventilation 
to the lungs, but this can result in increased airway pres-
sures depending on the compliance of  the lungs. Pressure-
controlled ventilation limits the inflating pressure used, but 
the tidal volume then varies depending on compliance and 
inspiratory time.77 High-frequency percussive ventilation 
(HFPV) is a ventilatory mode that delivers subtidal breaths at 
a high frequency along with tidal, low-frequency breaths.78 
HFPV has become a preferred mode of  ventilation in some 
burn centers.22 Proponents suggest that HFPV allows gas 
exchange at lower peak and mean pressures and may also 
dislodge and facilitate the removal of  secretions and debris 
in the airways. It appears to be associated with decreased 
work of  breathing, improved oxygenation (higher PaO2/FiO2 
ratios), and lower peak pressures.79,80 Pediatric patients at 
our hospital (SBH-Galveston) managed with HFPV also had 
a significant reduction in the incidence of  pneumonia com-
pared to a conventionally ventilated control group.80

High-frequency oscillatory ventilation (HFOV) uses a 
reciprocating diaphragm to deliver respiratory rates in the 

aerosolized heparin and N-acetylcysteine to slow formation
of  fibrin and thin mucous secretions in pediatric patients
with smoke inhalation injury.67 They observed a decrease in
atelectasis, frequency of  re-intubations, and mortality.
Treatment with aerosolized heparin is utilized in many
burn centers because it is intuitively attractive and does not
affect systemic coagulation. The preclinical and clinical evi-
dence of  the effectiveness of  inhaled anticoagulants for the
treatment of  smoke inhalation has been reviewed by Miller
et al.68 At the time of  writing there were reports of  improved
survival in experimental animals and in patients, along
with improved oxygenation, ventilation, and attenuation of
markers of  lung injury when smoke inhalation injury is
treated with nebulized heparin or other anticoagulants in
various protocols, but no large prospective studies have
been done in burn patients. More recently, in a prospective
randomized trial of  214 mechanically ventilated non-burn
ICU patients, Bandeshe et al.69 examined regular saline
nebulization against unfractionated sodium heparin (5000
iU/2 mL four times daily) and found no difference in terms
of  the development of  ventilator-associated pneumonia
(VAP) or amount of  secretions. They concluded that nebu-
lized heparin cannot be recommended for prophylaxis
against VAP or to hasten recovery from pneumonia in
patients receiving mechanical ventilation.

When chest physiotherapy and pharmacological agents
still fail to facilitate expectoration of  secretions or amelio-
rate cast formation, fiberoptic bronchoscopy can be effective
for removal of  secretions and also to obtain microbiological
specimens through bronchoalveolar lavage in suspected
cases of  pneumonia. Attempts to replace surfactant have
also been studied but are not in widespread clinical use.
Antibiotics are indicated for suspected or proven pulmo-
nary infection.64,70

Mechanical ventilation is indicated when the signs of
respiratory failure are either present or imminent. Indica-
tions include impaired gas exchange due to pulmonary
parenchymal injury, decreased pulmonary compliance, or
impending collapse of  effort due to fatigue. Burns involving
the head and neck may make intubation technically diffi-
cult. In these circumstances avoidance of  muscle relaxants
and the use of  an intubation technique that maintains
spontaneous ventilation is safest. The flexible fiberoptic
bronchoscope is well suited to this task. A nasal endotra-
cheal tube may be preferable for patient comfort, oral
hygiene, and stability. A nasal endotracheal tube can be
secured by a nasal septal bridle, which is much more secure
than tape or ligatures over burned skin and prevents irrita-
tion of  wounds and disruption of  grafts.

Currently there is no consensus on the ideal mode of
mechanical ventilation for burn patients. The intricacies of
mechanical ventilation in burn patients have been reviewed
previously.22,71–73 Recommendations by the American Tho-
racic Society (ATS) and the American College of  Chest Phy-
sicians74 can generally be applied to the population of
mechanically ventilated burn patients: minimize the time
the patient is on the ventilator; conduct a spontaneous
breathing trial with inspiratory pressure augmentation
(5–8 cm H2O) rather than without (using a T-piece or con-
tinuous positive airway pressure [CPAP]); and, for acutely
hospitalized patients who have been mechanically venti-
lated for more than 24 hours, protocolized rehabilitation



17 • Diagnosis and Treatment of Inhalation Injury192

also take into consider the metabolic state and burn-related 
decrease in strength of  the patient. Increased generation of  
CO2 must be matched by increased minute ventilation and 
respiratory effort. Work of  breathing is often also increased 
by poor pulmonary compliance and diaphragmatic eleva-
tion due to hepatomegaly.85 At the same time skeletal 
muscle wasting and decreased strength are also products 
of  the hypermetabolic and catabolic state.86 If  the patient’s 
physiological reserve is marginal it may be best to carefully 
weigh the risks and benefits of  extubation to decide if  it is 
best to continue mechanical ventilation. Once the patient 
is extubated, supplemental, humidified oxygen should be 
provided, and the patient should be carefully observed for 
any signs of  respiratory compromise that might necessitate 
re-intubation.

Extracorporeal membrane oxygenation (ECMO) is a tech-
nique that can be used in patients with severe respiratory 
failure, in which the patient’s blood is circulated through 
an extracorporeal cardiopulmonary bypass circuit that 
facilitates gas exchange through a semipermeable mem-
brane.87 While this is taking place, much lower ventilatory 
pressures and a low FiO2 can be used to allow the lung to 
heal without the additional complications of  mechanical 
ventilation. Anticoagulation is necessary during treatment, 
which makes surgical care of  burn wounds difficult. Asmus-
sen et al. have published a meta-analysis of  experimental 
and clinical evidence available for the use of  ECMO for treat-
ment of  hypoxemic respiratory failure associated with burn 
and smoke inhalation injury.88 Interpretation of  these data 
and evaluation of  the effectiveness of  ECMO in burn patients 
are limited by the small number of  studies and patients. In 
addition, Asmussen and colleagues point out that those 
available studies with designs suitable for comparison were 
performed over a long time period during which ECMO 
techniques and equipment have varied greatly. This, along 
with absence of  control groups, further complicates com-
parisons of  outcomes. As a result, the available literature is 
insufficient to provide guidelines. Further experience and 
research with these improved techniques and equipment is 
necessary.

Opinions on the use of  tracheostomy in burn patients 
are divided and have fluctuated over the years. The most 
common indication is a need for prolonged mechanical ven-
tilation. This allows removal of  the translaryngeal endotra-
cheal tube, which reduces the chance of  laryngeal injury 
and provides a more secure airway. When multiple surgi-
cal treatments are predicted, a tracheostomy tube obvi-
ates the need for repeated intubation for each procedure. 
When prolonged mechanical ventilation is needed, patient 
comfort can also be enhanced with a tracheostomy, and 
pulmonary toilet is facilitated. Owing to high rates of  pul-
monary contamination with burn wound bacterial flora 
and mortality, tracheostomy was discouraged in the past.89 
More recently, with advances in burn care, several studies 
have found that the risk of  pneumonia is not increased by 
tracheostomy in burn patients.90,91 As a result, many burn 
centers routinely perform tracheostomy not only in patients 
who require prolonged ventilation but in those with exten-
sive burns who will require multiple anesthetics for surgical 
procedures. In studies involving small groups of  patients, 
tracheostomy has been used without complications.91 Tra-
cheostomy is an invasive procedure, however, and in larger 

range of  3 to 15 Hz (up to 900 breaths/min) through a
standard endotracheal tube. This rate is so fast that the
airway pressure merely oscillates around a constant mean
airway pressure. A retrospective review of  HFOV in severely
burned pediatric patients showed significant, early, and sus-
tained improvement in oxygenation.81

Airway pressure release ventilation (APRV) is a pressure-
controlled time-cycled mode of  ventilation that also allows
spontaneous breathing during the ventilatory cycle without
changing the preset pressure settings.82 Recruitment of
alveoli and oxygenation occur at a high-pressure setting,
and ventilation occurs by controlled releases to the lower
pressure. The mechanical inspiratory phase can be pro-
longed to achieve higher mean airway pressures without
high peak airway pressures. It has so far shown promising
results in trauma patients and pediatric patients with mild
to moderate lung disease. Comparable or superior oxygen-
ation values were achieved while using lower peak airway
pressures.83 This mode may be useful in the burn popula-
tion as a means to ventilate while reducing barotrauma.

Although it has become standard practice to use tidal
volumes of  7 mL/kg or less when ventilating patients
with acute lung injury or ARDS in order to avoid further
damage to the lung, it is occasionally difficult to maintain
adequate gas exchange with these small tidal volumes. The
hypermetabolic state associated with major burns produces
larger amounts of  CO2 that require higher minute ventila-
tion to excrete. A certain amount of  permissive hypercap-
nia can be tolerated safely,76 which facilitates the use of
lower tidal volumes to an extent, but an additional feature
of  the pathophysiology of  inhalation injury is the small
airway narrowing by edema, bronchospasm, inflamma-
tory infiltrate, fibrinous exudate, and sloughed epithelium.
These small airway changes can require higher pressures
to support ventilation. Sousse and colleagues did a retro-
spective comparison of  clinical outcomes of  patients with
inhalation who were ventilated with high tidal volumes
(15 mL/kg) with patients after a change in practice to
lower tidal volumes (9 mL/kg). In this retrospective study
with historical controls, high tidal volumes were associ-
ated with decreased ventilator days, atelectasis, and ARDS.
The incidence of  pneumothorax was increased with high
tidal volumes.84 Further experience is needed before the
use of  higher tidal volumes becomes a generally accepted
practice.

Mechanical ventilation should be weaned as the patient’s
condition improves and discontinued as soon as it is no
longer necessary. During the weaning process, the FiO2,
PEEP, and rate should be reduced as tolerated until the
patient is capable of  supporting respiratory requirements
without assistance. Criteria for a trial of  extubation include
ability to protect the airway (awake and relatively alert),
cough and deep breath (negative inspiratory pressure
>25 cm H2O), adequate minute ventilation (tidal volume
6 mL/kg and respiratory rate adequate without hypercar-
bia or tachypnea), adequate oxygenation (PaO2 >60 mm Hg
on FiO2 ≤0.4), and hemodynamic stability (no vasoactive
infusions other than lower dose of  dobutamine). The pres-
ence of  acidemia is a relative contraindication to a trial
of  extubation, and the decision should take into consider-
ation the patient’s physiological reserve and the etiology of
the metabolic disturbance. The decision to extubate must
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long-term clinical effects of  inhalation injuries related to 
burns.109 Any study of  long-term changes in pulmonary 
function after inhalation injury must distinguish between 
changes due to the effects of  inhaled irritants at the time of  
injury and those that result from ventilator-induced lung 
injury or acute lung injury due to the systemic inflamma-
tory response syndrome (SIRS) or sepsis. In addition, out-
comes may change over time due to alterations in clinical 
management. Massive burn injury also impairs muscle 
mass and strength along with chest wall compliance, which 
can affect respiratory effort even in the absence of  inhala-
tion injury. As Palmieri has pointed out, none of  the previ-
ous reports of  long-term pulmonary changes after 
inhalation injury relates the degree of  acute pulmonary 
insult to the long-term changes.109 Pre-existing lung disease 
was also not considered in previous studies. Most studies 
involved relatively small groups of  patients studied at differ-
ent times and by different means, which makes it difficult to 
compare results between studies. In a more recent Cana-
dian review of  ARDS incidence in 162 mechanically venti-
lated burn patients, Cartotto et al.110 found a significant 
correlation of  development of  ARDS with the size of  burn 
injury, size of  full-thickness injury, and the duration of  intu-
bation, but not with the incidence of  inhalation injury. The 
authors concluded that ARDS develops early after burn and 
that the extent of  full-thickness burn predicted develop-
ment of  moderate to severe ARDS. Increasing severity of  
ARDS based upon the Berlin definition was associated with 
a significantly greater duration of  mechanical ventilation 
and a trend toward higher mortality.

One way post-injury pulmonary function has been 
shown to be manifest is by a hyperactive or bronchospastic 
condition of  the airways. This was shown to persist for at 
least 6 months in one study, along with inflammatory 
changes in the bronchial mucosa and elevated inflamma-
tory cytokine tumor necrosis-α (TNF-α), interferon (IFN-γ), 
and interleukin (IL)-2 levels in serum and bronchioalveolar 
lavage fluid. The majority of  subjects, however, had normal 
pulmonary function tests.111

Longer-term studies have in some cases shown the devel-
opment of  obstructive and restrictive patterns on pulmo-
nary function testing, indicating that normal lung function 
may not always be regained following recovery from inhala-
tion injury.103,112,113 In a pediatric burn cohort, no differ-
ence in exercise tolerance was noted between children who 
had sustained an inhalation injury and those who had not. 
However, those children who had had an inhalation injury 
achieved their goal with a significantly higher respiratory 
rate and had a higher incidence of  abnormal lung func-
tion.113 Conversely an adult study found no evidence of  
altered respiratory function after inhalation injury or any 
significant exercise intolerance in those tested.114

Damage to the larynx by inhaled toxins and thermal 
injury, and also by intubation as a treatment for inhalation 
injury or upper airway edema, is common and can result in 
persistent hoarseness, dysphonia, or even exercise intoler-
ance due to dyspnea on exertion. Injury to the laryngeal 
mucosa can cause scarring that can affect the flexibility and 
vibratory capacity of  the vocal cords and also their ability 
to open and close properly. Laryngeal morbidity can be 
severe, as seen in Fig. 17.4. As a result, voice production 
may be affected, and this may not resolve without 

patient populations there is a risk of  significant morbidity.
Saffle et al. found that burn patients treated with conven-
tional ventilation were extubated sooner than those ran-
domized to early tracheostomy.92 Because clinical outcomes
were otherwise not different between groups, it appears
that there was no significant benefit of  the more invasive
tracheostomy. In the absence of  clear evidence of  benefit,
the use of  tracheostomy in burn patients remains a matter
of  clinical judgment, but, in each case, the risk of  potential
complications should be considered in the decision.

Potential Future
Therapeutic Strategies

The pathophysiological processes described offer the possi-
bility for future development of  numerous pharmacological
interventions. One of  the most obvious areas for treatment
would be the use of  antioxidants. Burned patients are
immensely depleted of  antioxidants, especially vitamin
E.93,94 In this clinical scenario ROS and RNS play major roles
in organ damage in addition to mediation of  the patho-
physiology.47 Nebulization of  γ-tocopherol, a form of
vitamin E that scavenges both ROS and RNS, has been
shown to be beneficial.95,96 On the other hand, inhibitors of
NOS1,54,97 NOS2,98 and PARP,99 as well as compounds that
catalyze the breakdown of  peroxynitrite, have also been
shown to be effective in reversing the acute changes in
pathophysiology.42,45,98,99

Recently there have been reports that hydrogen sulfide
may have therapeutic benefits in lung injury.100 We have
tested hydrogen sulfide in both murine and ovine models of
burn injury and found therapeutic benefit.101,102 As we have
learned more about the pathophysiology and treatment of
inhalation injury, there have been more survivors. Exami-
nation of  these individuals several years after injury showed
that many had evidence of  excessive deposition of  collagen
in their lungs.103 Perhaps initial treatment of  patients might
have an important effect on long-term pathophysiology.
This is certainly an area for future investigation. NOS, the
enzyme that plays a major role in the acute aspects of
injury, has the amino acid arginine as its substrate, as does
arginase, the enzyme that is the basis of  collagen deposi-
tion.104 Thus inhibition of  NOS could make more arginine
available for the arginase, and hence increase collagen
deposition. In a consensus conference, the faculty from the
Shriners Hospitals met to discuss potential therapies for
inhalation injury.105–108 Clinical trials will be necessary
before the effectiveness of  these novel interventions is
established.

Long-Term Changes in
Pulmonary Function

Although the pathophysiology associated with the acute
phase of  inhalation injury has been studied extensively
both clinically and through experimental models, the same
cannot be said for the long-term alterations in pulmonary
function that occur in the months and years following a
burn and inhalation injury. Palmieri has discussed some of
the theoretical reasons why it is difficult to evaluate the
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with a laryngologist may make such interventions more 
timely.

Complete references available online 
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treatment. Some of  the phonation problems can be helped 
by voice therapy, and some of  the laryngeal scarring may 
be amenable to surgical or laser excision.115 It is important 
to recognize laryngeal injuries as early as possible. When 
recognized, tracheostomy can help minimize exacerbation 
of  the injury from a translaryngeal airway. Consultation 

B
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Fig. 17.4 (A) Thermal necrosis of laryngeal structures as seen in this photograph is an indication for tracheostomy to minimize laryngeal injury. A 
tracheostomy was performed on this patient soon after admission, and, after recovery from his burns and decannulation of his trachea, his voice was 
normal. (B) Thermal and mechanical injury to the larynx can result in posterior glottic scars and webs, as in this endoscopic image. Early diagnosis of 
injury can facilitate care to minimize long-term effects. 
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c. contraction of  the muscles in the chest wall, abdomen, 
and pelvic floor,

d. opening of  the glottis, and
e. a rapid expulsive exhalation phase.

During a cough, alveolar, pleural, and subglottic pres-
sures may rise as much as 200 cm H2O. A failure of  the 
cough mechanism may be due to an impairment of  any step 
in the sequence described. When this occurs, it is necessary 
to perform techniques which are used to improve the cough.

Series of Three Coughs

The patient is asked to start a small breath and small cough, 
followed by a bigger breath and harder cough, and finally a 
very deep breath and hard cough. This technique is particu-
larly effective for postoperative patients who tend to splint 
from pain.2

Tracheal Tickle

The respiratory therapist places their index and middle 
finger flat in the patient’s sternal notch and gently massages 
inward in a circular fashion over the trachea. This is most 
effective with obtunded patients or with patients recovering 
from anesthesia.2

Cough Stimulation

Patients with artificial airways cannot cough normally 
since a tube is placed either between their vocal cords (endo-
tracheal tube) or below their cords (tracheostomy). Ade-
quate pressure cannot be built up without the cords in close 
proximity. A cough may be stimulated by inflating the cuff  
on the tube, giving a large and rapid inspiration with the 
manual resuscitation bag, holding the breath for 1–2 s, and 
rapidly allowing the bag to release and exhalation to ensue. 
This technique is normally performed by two persons, and 
it is made more effective with one therapist performing 
vibration and chest compressions from the time of  the inspi-
ratory hold all during exhalation.2 Cough and deep breath-
ing exercises are encouraged every 2 h to aid in removing 
retained secretions.

CHEST PHYSIOTHERAPY

The definition of  chest physiotherapy has progressed to 
gravity-assisted bronchial drainage with chest percussion 
and vibrations. Studies have shown that the combination 
of  techniques are effective in secretion removal.3–6

Bronchial Drainage/Positioning

Bronchial drainage/positioning is a therapeutic modality 
that uses gravity-assisted positioning designed to improve 
pulmonary hygiene in patients with inhalation injury or 
retained secretions. Studies have shown that a patient’s 

Videos available at www.expertconsult.inkling.com

Introduction

The multitude of  respiratory complications caused by 
smoke inhalation, flame burns, and their treatment epito-
mize the clinical challenges that confront health care 
workers. Smoke inhalation injury and its sequelae impose 
demands on the practitioners who play a central role in its 
clinical management. These demands may range from intu-
bation and resuscitation of  victims in the emergency room 
to assistance with diagnostic bronchoscopies, performance 
of  pulmonary function studies, monitoring of  arterial  
blood gases, airway maintenance, chest physiotherapy, and 
mechanical ventilator management.1 Additional demands 
are placed on the practitioners in the rehabilitation  
phase in determining disability or limitations diagnosed by
pulmonary function studies or cardiopulmonary stress
testing. It is imperative that a well-organized, protocol-
driven approach to respiratory care of  the burn patient be
utilized so that improvements can be made and the morbid-
ity and mortality associated with inhalation injury can be
reduced (Box 18.1). This chapter provides an overview of
the common hands-on approaches to the treatment of
inhalation injury, with emphasis on mucociliary clearance
techniques, pharmacologic adjuncts, mechanical ventila-
tion, infection control, and the late complications associ-
ated with inhalation injury.

Bronchial Hygiene Therapy

Airway clearance techniques are an essential component of
respiratory management of  patients with smoke inhalation.
Bronchial hygiene therapy is a term used to describe several of
the modalities intended to accomplish this goal. Therapeutic
coughing, chest physiotherapy, bronchial drainage and
positioning, percussion and vibration, early ambulation,
airway suctioning, and therapeutic bronchoscopy have
been effective in the removal of  retained secretions.

THERAPEUTIC COUGHING

Therapeutic coughing functions to promote airway clear-
ance of  excess mucus and fibrin casts in the tracheal bron-
chial tree. Impairing the cough mechanism may result in
retained secretions, bronchial obstruction, atelectasis, and/
or pneumonia. A cough can either be a reflex or a voluntary
action. The mechanisms of  a cough include:

a. a deep inspiration,
b. the closure of  the glottis,
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areas and vibrating into the patient, isometrically contract-
ing or tensing the muscles of  their arms and shoulders. 
Mechanical vibrations have been reported to be clinically 
effective. Gentle mechanical vibration may be indicated for 
patients who cannot tolerate manual percussion (Fig. 18.3). 
Chest physiotherapy techniques should be used every 2–4 h 
for patients with retained secretions.

EARLY AMBULATION

Early ambulation is another effective means of  preventing 
respiratory complications. Patients routinely should be 
helped out of  bed on postoperative days 3–5, and they 
should be encouraged to ambulate and sit in a chair. With 
the appropriate use of  analgesics, even patients on continu-
ous mechanical ventilation can be helped out of  bed and 
into a chair (Fig. 18.4). The rocking chair (Fig. 18.5) has 
several beneficial effects:

■ the patient can breathe with regions of  the lungs that
are normally hyperventilated,

■ muscular strength and tone are preserved, and
■ contractions are prevented and exercise tolerance is

maintained.9

arterial oxygenation may fall during bronchial drainage/
positioning.7 Therefore, it is common practice in intensive 
care units to turn patients side to side every 2 h to aid in 
mobilizing secretions (Fig. 18.1).

Percussion

Percussion aids in the removal of  secretions from the tra-
cheal bronchial tree. It is performed by cupping the hand to 
allow a cushion of  air to enter between the therapist’s hand 
and the patient. If  this is done properly, a popping sound 
will be heard when the patient is percussed. There should 
be a towel between the patient and the therapist’s hand in 
order to prevent irritation of  the skin.8 Percussion is applied 
over the surface landmarks of  the bronchial segments that 
are being drained. The hands rhythmically and alternately 
strike the chest wall. Incisions, skin grafts, and bony promi-
nences should be avoided during percussion (Fig. 18.2).

Vibration/Shaking

Vibration/shaking is a movement used to move loose secre-
tions to larger airways so that they can be coughed up or 
removed by suctioning. Vibration involves the rapid shaking 
of  the chest wall during exhalation. The percussor vibrates 
the thoracic cage by placing both hands over the percussed 

Box 18.1 Inhalation Injury Treatment Protocol

■ Titrate humidified oxygen to maintain SaO2s >90%
■ Cough, deep breath exercises every 2 h
■ Turn patient side to side every 2 h
■ Chest physiotherapy every 4 h
■ Aerosolize 3 cc of 20% N-acetylcysteine every 4 h with a

bronchodilator
■ Alternate aerosolizing 5000 units of heparin with 3 cc of

normal saline every 4 h
■ Nasotracheal suctioning as needed
■ Early ambulation on postoperative day 5
■ Sputum cultures for intubated patients every M-W-F
■ Pulmonary function studies prior to discharge and at

outpatient visits
■ Patient/family education regarding inhalation injury
■ The protocol is continued for 7 days.

Fig. 18.1 Patient positioning for secretion mobilization. 

Fig. 18.2 Chest physiotherapy techniques. 

Fig. 18.3 Gentle mechanical chest vibrations. 
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larynx. The operator then listens for air sounds at the 
proximal end of  the catheter. When airflow is felt to be 
strongest and respiratory sounds are loudest, the tip of  the 
catheter is immediately above the epiglottis. On inspiration, 
the catheter is advanced into the trachea. After the vocal 
cords have been passed, a few deep breaths are allowed 
and the patient is reoxygenated. Suction begins while the 
catheter is slowly withdrawn from the trachea. The patient 
should not be suctioned for more than 15 s without being  
reoxygenated.

Suctioning is not without potential hazards.14,15 Compli-
cations include irritation of  the nasotracheal mucosa with 
bleeding, abrupt drops in PO2, vagal stimulation, and bra-
dycardia. Preoxygenating and limiting suction time have 
been shown to decrease or eliminate the fall in the PO2.12–14 
Sputum cultures should be performed for microbiological 
identification when they are clinically indicated.

THERAPEUTIC BRONCHOSCOPY

When all other techniques fail to remove secretions, the use 
of  the fiberoptic bronchoscope may be beneficial. In addi-
tion to its diagnostic functions, bronchoscopy retains 
important therapeutic applications. The fiberoptic broncho-
scope is small in diameter, flexible, and has a steerable tip 
that can be maneuvered into the fourth- or fifth-order 
bronchi for examination or specimen removal. Copious 
secretions encountered in patients with inhalation injury 
may require repeated bronchoscopic procedures when 
more conservative methods are unsuccessful.

PHARMACOLOGIC ADJUNCTS

Bronchodilators can be helpful in select cases. Inhala-
tion injury to the lower airways results in a chemical 
tracheobronchitis, which can produce wheezing and bron-
chospasms. Most drugs used in the management of  bron-
chospasms are believed to control bronchial muscle tone. 
Aerosolized sympathomimetic are effective in two ways: 
they cause bronchial muscle relaxation, and they stimu-
late mucociliary clearance. A newer compound of  note is 
metaproterenol, which is available as a cartridge inhaler, 
as an aerosolized liquid, as a tabular oral medication, or 
as a syrup. The recommended oral dose is 10–20 mg every 
6–8 h, or 1–2 puffs every 3–4 h as an inhaled bronchodila-
tor with a duration of  action of  1–5 h.16

Albuterol can also be aerosolized or be administered 
orally or parenterally. Albuterol is available in a metered 
cartridge inhaler, and its standard dose is 1–2 puffs three to 
four times daily. Aerosolized albuterol has a duration of  
action of  approximately 4–6 h.17

Racemic epinephrine is used as an aerosolized topical 
vasoconstrictor, bronchodilator, and secretion bond breaker. 
The vasoconstrictive action of  racemic epinephrine is useful 
in reducing mucosal and submucosal edema within the 
walls of  the pulmonary airways. A secondary bronchodila-
tor action serves to reduce potential spasms of  the smooth 
muscles of  the terminal bronchioles. Water, employed as a 
diluent for racemic epinephrine, serves to lower both adhe-
sive and cohesive forces of  the retained endobronchial 
secretions, thus serving as a bond-breaking vehicle. Racemic 
epinephrine has also been used for the treatment of  

AIRWAY SUCTIONING

Airway suctioning is another method of  clearing an airway. 
Normal bronchial hygiene is usually accomplished by the 
mucociliary escalator process. When these processes are 
not effective in maintaining a clear airway, tracheobron-
chial suctioning is recommended.10–13 Nasotracheal suc-
tioning is intended to remove accumulated secretions and 
other foreign material from the trachea that cannot be 
removed by the patient’s spontaneous cough or by less inva-
sive procedures. Nasotracheal suctioning refers to the inser-
tion of  a suction catheter through the nasal passages and 
pharynx into the trachea in order to aspirate secretions or 
foreign material.

The first step in this process is to hyperoxygenate the 
patient with 100% oxygen. The patient should be posi-
tioned in the Fowler’s position, and the catheter slowly 
advanced through the nares to a point just above the 

Fig. 18.4 Early ambulation. 

Fig. 18.5 Patient up out of bed, secretions being mobilized by rocking, 
and chest physiotherapy techniques. 
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are recommended for the entire length of  the aerosolized 
treatments.

Mechanical Ventilation

Over the past 30 years, and particularly over the past 
decade, there has been an increase in new ventilation tech-
niques that present alternatives for the treatment of  patients 
with smoke inhalation. Unfortunately, although the number 
of  options available to the clinician has appeared to increase, 
randomized and placebo-controlled clinical trials defining 
the specific role for each mode of  ventilation and comparing 
them to other modes of  ventilation have not been forthcom-
ing. The recommendations from the American College of  
Chest Physicians Consensus Conference on Mechanical 
Ventilation serve as general guidelines.27 The consensus 
concludes:

■ The clinician should choose a ventilator mode that has
been shown to be capable of  supporting oxygenation
and ventilation and that the clinician has experience
in using.

■ An acceptable oxygen saturation should be targeted.
■ Based primarily on animal data, a plateau pressure of

greater than 35 cm H2O is cause for concern. However, 
with clinical conditions that are associated with a
decreased chest wall compliance, plateau pressures
greater than 35 cm H2O may be acceptable.

■ To accomplish the goal of  limiting plateau pressures,
PCO2 values should be permitted to rise (permissive
hypercapnia) unless other contraindications exist that
demand a more normal PCO2 or pH.

■ Positive end-expiratory pressure (PEEP) is useful in
supporting oxygenation. An appropriate level of  PEEP
may be helpful in preventing lung damage. The level of
PEEP required should be established by empirical trials
and reevaluated on a regular basis.

■ Large tidal volumes (10–12 mL/kg) with PEEP may be
needed to improve oxygenation if  the use of  protective
ventilation strategies becomes ineffective. Peak flow
rates should be adjusted as needed to satisfy patient
inspiratory needs.57 Care must be taken to avoid the
consequences of  utilizing high ventilator pressures if
large tidal volumes are required.

Animal studies showed a reduction in ventilator-induced 
injury with a reduction in plateau pressures to 35 cm H2O 
by increasing PEEP and decreasing tidal volume.28 A 
number of  clinical trials have been conducted to support 
this treatment strategy.29–31 A meta-analysis of  these trials 
was conducted by the Cochrane Anesthesia Review Group 
in 2007.32 It showed a reduction in mortality and duration 
of  mechanical ventilation with the use of  plateau pressure 
at less than 30 cm H2O and tidal volume at less than 7 mL/
kg body weight. In light of  this evidence, the tidal volumes 
used when initiating mechanical ventilation should be 
6–8 mL/kg of  predicted body weight. If  the patient becomes 
obstructed with fibrin cast and presents with an acute 
increase in PCO2 and decrease in PaO2, the clinician should 
first provide aggressive pulmonary toilet, then consider 
changing over to volume ventilation with higher tidal 
volumes. If  ventilation continues to worsen, tidal volumes 

postextubation stridor.18 Its mode of  action is thought to be
related to the vasoconstrictive activity, with the resultant
decrease in mucosal edema. Aerosolized treatments may be
given every 2 h as long as the heart rate is not increased.

Hypertonic saline offers a theoretically more effective
form of  mucokinetic therapy. The deposition of  hypertonic
droplets on the respiratory mucosa causes the osmotic
attraction of  fluids from the mucosal blood vessels and
tissues into the airway. Thus, a “bronchorrhea” is induced.
The watery solution helps dilute the respiratory tract secre-
tions and increase their bulk, thereby augmenting expecto-
ration. Furthermore, there is evidence that hypertonic
saline has a direct effect on the mucoprotein DNA com-
plexes, and, by reducing the cohesive intramolecular forces,
the salt helps reduce the viscous properties of  the mucoid
fluid.19 Excessive use of  hypertonic saline is not recom-
mended because burn patients cannot tolerate the sodium
load and may develop edema.

Oxandrolone is a synthetic testosterone analog that has
been shown to significantly reduced hypermetabolism and
significantly increased height percentile, bone mineral
content, lean body mass, and strength in pediatric burn
patients.20 Recently, it has been shown that pediatric
patients treated with oxandrolone for 1 year had signifi-
cantly higher maximum voluntary ventilation compared to
untreated patients. 21 Also, during maximal exercise, the
subjects treated with oxandrolone had a significantly higher
maximal ventilation (VEMax).21 The administration of  oxan-
drolone may be used as an agent in the future to improve
lung function in burned patients.

Aerosolized acetylcysteine is a powerful mucolytic agent
in use in respiratory care. Acetylcysteine contains a thiol
group; the free sulfhydryl radical of  this group is a strong
reducing agent which ruptures the disulfide bonds that give
stability to the mucoprotein network. Agents that break
down these disulfide bonds produce the most effective
mucolysis.22 Of  note, acetylcysteine is an irritant to the
respiratory tract. It can cause mucosal changes, and it may
induce bronchospasms. For this reason, patients are evalu-
ated for signs of  bronchospasms, and a bronchodilator may
be added if  necessary. Acetylcysteine has proved to be effec-
tive in combination with aerosolized heparin for the treat-
ment of  inhalation injury in animal studies.23

Last, heparin and acetylcysteine combinations have been
used as scavengers for the free oxygen radicals produced
when alveolar macrophages are activated either directly by
chemicals in smoke or by one or more of  the compounds in
the arachidonic oxidative cascade.24 Animal studies have
shown an increased P/F ratio, decreased peak inspiratory
pressures, and a decreased amount of  fibrin cast formation
with the heparin and acetylcysteine combination therapy.25

In a retrospective review, Desai et al. have shown that the
use of  heparin and N-acetylcysteine is effective in pediatric
patients with inhalation injury.26 Results indicated a signifi-
cant decrease in the reintubation rates, the incidence of
atelectasis, and improved mortality for patients treated with
the combined therapy. Therefore, a standard treatment for
patients with inhalation injury may include 5000–10,000
units of  heparin and 3 mL normal saline nebulized every
4 h, alternating with 3–5 mL of  20% acetylcysteine for 7
days. This ensures that the patient receives an aerosolized
treatment every 2 h. Baseline and daily clotting analyses
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■ In each case, extra work is imposed on the patient
during spontaneous breaths.

Pressure Control Mode

In pressure-controlled ventilation all breaths are time- or 
patient-triggered, pressure-limited, and time-cycled. The 
length of  inspiration, pressure level, and back-up rate are 
set by the operator. The tidal volume is based on the compli-
ance and resistance of  the patient’s lungs, the ventilator 
system, and the preset pressure.

Pressure Support Ventilation

Pressure support ventilation (PSV) is a pressure-targeted, 
flow-cycled mode of  ventilation in which each breath must 
be patient-triggered. It is used both as a mode of  ventilation 
during stable ventilation support periods and as a weaning 
method.37–41 It is primarily designed to assist spontaneous 
breathing; thus, the patient must have an intact respiratory 
drive.

Advantages include:

■ It is generally considered a comfortable mode of  venti-
lation for most patients,

■ Pressure support reduces the work of  breathing,
■ It can be used to overcome airway resistance caused by 

the endotracheal tube, and
■ Pressure support may be useful in patients who are

difficult to wean.

Disadvantages include:

■ The tidal volume is not controlled and it is dependent
on respiratory mechanics, cycling frequency, and syn-
chrony between the patient and ventilator, and

■ Pressure support may be poorly tolerated in some
patients with high airway resistances because of  the
preset high initial flow rates.

ALTERNATE MODES OF VENTILATION

During the past decade, a new concept of  ventilation has 
emerged in the treatment of  ARDS patients. In severe cases 
of  ARDS, only a small part of  the lung parenchyma remains 
accessible to gas delivered by mechanical ventilation.42,43 As 
a consequence, tidal volumes of  greater than 10 mL/kg may 
overexpand and injure the remaining normally aerated lung 
parenchyma. High airway pressures may result in overdis-
tension and local hyperventilation of  more compliant parts 
of  the lung. Overdistension of  lungs in animals has been 
shown to produce diffuse alveolar damage.44–46 This is the 
primary reason that alternative modes of  ventilation, which 
are all based on a reduction of  end-inspiratory airway pres-
sures and/or tidal volumes delivered to the patient, have been 
developed and are used by many clinicians caring for patients 
with severe forms of  acute or chronic respiratory failure. 
The following four alternative modes of  ventilation will be 
discussed: high-frequency ventilation, high-frequency per-
cussive ventilation, airway pressure release ventilation, and 
volumetric diffusive ventilation.

High-Frequency Ventilation

High-frequency ventilation (HFV) is the administration of  
small tidal volumes of  1–3 mL/kg at high frequencies of  

of  10–12 mL/kg may be needed to provide adequate 
mechanical ventilation.57

MODES OF VENTILATION

Control Mode

In the control mode of  ventilation, the ventilator automati-
cally cycles at a rate selected by the operator. The ventilator
will cycle regardless of  the patient’s needs or desire for a
breath, but it guarantees a minimum level of  minute venti-
lation in the sedated or paralyzed patient. This mode of
ventilation is often utilized in patients with acute respira-
tory distress syndrome (ARDS) because of  the high peak
pressures needed to achieve adequate chest expansion. The
major disadvantage with this mode is that the patient
cannot cycle the ventilator; thus, the minute ventilation
must be set appropriately.

Assist-Control Mode

In the assist-control mode of  ventilation, every breath is
supported by the ventilator and a back-up control rate is set.
The tidal volume, inspiratory flow rate, flow waveform, sen-
sitivity, and control rate are set.33–35 The advantages include
that assist-control ventilation combines the security of  con-
trolled ventilation with the possibility of  synchronizing the
breathing pattern of  the patient and ventilator, and it
ensures ventilation support during each breath. Disadvan-
tages are as follows:

■ Excessive patient work occurs in case of  inadequate
peak flow or sensitivity settings, especially if  the venti-
lator drive of  the patient is increased,33–35

■ It is often poorly tolerated in awake, nonsedated sub-
jects, and it can require sedation to insure synchrony
of  patient and ventilator,

■ It can cause respiratory alkalosis, and
■ It may worsen air trapping with patients with chronic

obstructed lung disease (COPD).26

Synchronized Intermittent Mandatory Ventilation

Synchronized intermittent mandatory ventilation (SIMV)
combines a preset number of  ventilator-delivered manda-
tory breaths of  the present tidal volume with the facility for
intermittent patient-generated spontaneous breaths.36,37

The advantages are as follows:

■ The patient is able to perform a variable amount of
respiratory work, and the security of  a preset manda-
tory level of  ventilation is maintained,

■ SIMV allows for variation in the level of  partial ventila-
tion support from near total ventilation support to
spontaneous breathing, and

■ It can be used as a weaning tool.

Disadvantages include:

■ Hyperventilation with respiratory alkalosis,
■ Excessive work of  breathing due to the presence of  a

poorly responsive demand valve, suboptimal ventila-
tion circuits, or inappropriate flow delivery could occur,
and
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humidification of  the respiratory gases or severe necrotizing 
tracheobronchitis can occur. Special delivery devices for 
providing adequate humidification during HFV are required. 
It is not clear when and how it should be used following 
inhalation injury.54 As the methodology for HFPV evolves, 
it is anticipated that HFPV will play a larger role in the care 
of  select mechanical ventilation-dependent populations.55

Airway Pressure Release Ventilation

Airway pressure release ventilation (APRV) is a pressure-
regulated mode of  ventilation support that allows for time-
cycled decreases in pressure to facilitate CO2 elimination. 
This mode allows spontaneous breathing while limiting 
airway pressures; therefore, it may limit the amount of  seda-
tives or neuromuscular blocking agents needed. APRV is a 
protective ventilator strategy that uses inverse ratio ventila-
tion at two levels of  PEEP. Several limited studies have sug-
gested that APRV may be beneficial for the treatment of  burn 
patients who develop ARDS. Evidence-based recommenda-
tions to use this mode of  ventilation await outcome studies.

VOLUMETRIC DIFFUSIVE VENTILATION

The volumetric diffusive ventilator (VDR) is a pneumatically 
powered, pressure-limited ventilator that stacks oscillatory 
breaths to a selected peak airway pressure by means of  a 
sliding venturi called a phasitron. After inspiration, exhala-
tion is passive and ends at a selected level of  oscillatory 
CPAP.56 Studies comparing VDR to high-volume strategies 
have shown VDR improves gas exchange, decreases peak 
pressures, and lowers mortality. However, there is a need to 
compare VDR to the low tidal volume ventilation practiced 
more recently. Usage of  the VDR requires special training; 
the other disadvantages are the inability to monitor tidal 
and minute volumes and the requirement of  humidified air 
and nebulized saline to prevent airway desiccation.

VENTILATOR SETTINGS

A large multicentered study by the Acute Respiratory Dis-
tress Syndrome Network evaluated the use of  volume ven-
tilation with low versus high tidal volume on ARDS. This 
study documented a decreased incidence of  mortality in 
patients with ARDS who were ventilated with small tidal 
volumes.29 Based on this study in 2000, it has become clini-
cally accepted practice to use low tidal volumes when ini-
tially setting up mechanical ventilation (Table 18.2).

100–3000 cpm.47 This mode of  ventilation is based on a 
marked reduction in tidal volumes and airway pressures, 
and it has the greatest potential for reducing pulmonary 
barotraumas. There are a number of  different types of  high-
frequency ventilation techniques. The two most common 
are high-frequency jet ventilation (HFJV) and high-
frequency percussive ventilation (HFPV).

HFJV is the only high-frequency mode routinely used to 
ventilate patients with ARDS, and it is primarily used in 
Europe.27 This type of  ventilation uses a brief  jet of  gas at a 
high frequency. Comparative data concerning the advan-
tages of  HFJV over conventional ventilation are limited. 
There is no agreement, however, that HFJV is better than 
conventional mechanical ventilation in ARDS.48

HFPV has shown some promise in the ventilation of  
patients with inhalation injury.49–51 HFPV refers to ventila-
tion utilizing the Volume Diffusive Respiration (VDR) venti-
lator, and it oscillates between the inspiratory and expiratory 
airway pressures. Clinical studies indicate that this mode of  
ventilation may aid in reducing pulmonary barotrauma.49,50 
In a retrospective study, Cortiella et al. have shown a 
decreased incidence of  pneumonia, peak inspiratory pres-
sure, and an improved P/F ratio in children ventilated with 
the use of  HFPV compared to controls.52 In the first prospec-
tive randomized study of  HFPV, Mlcak et al. have shown a 
significant decrease in the peak inspiratory pressures 
needed to ventilate pediatric patients with inhalation 
injury.53 No significant differences were found for incidence 
of  pneumonia, P/F ratios, or mortality.

Based on clinical experience, the following guidelines are 
suggested for initial set-up of  the HFPV in children (Table 
18.1). The pulsatile flow (PIP) rate should be set at 20 cm 
H2O, the pulse frequency (high rate) should be set between 
500 and 600, and the low respiratory rate should be set 
between 15 and 20. Oscillatory PEEP levels should be ini-
tially set at approximately 3 cm H2O, and demand PEEP 
should be set at 2 cm H2O. Ventilator settings are adjusted 
based on the patient’s clinical condition and blood gas 
values. To improve oxygenation, the ventilator can be 
switched to a more diffusive mode (increased pulse fre-
quency); to eliminate carbon dioxide, the ventilator can be 
switched to a more convective mode (decreased pulse fre-
quency). With HFPV, subtidal volumes are delivered in a 
progressive stepwise fashion until a preset oscillatory equi-
librium is reached, and exhalation is passive.

Clinicians must be familiar with each technique used  
and its possible limitations. There must be adequate 

Table 18.1 High-Frequency Percussive Ventilation 
Set-Up Guidelines

Variable Settings

Pulsatile Flow Rate (PIP) 20 cm H2O

Pulse Frequency (high rate) 500–600

Low Respiratory Rate 15–20

I : E Ratio 1 : 1 or 2 : 1

Oscillatory PEEP 3 cm H2O

Demand PEEP 2 cm H2O

Table 18.2 Targeted Mechanical Ventilation Guidelines 
in Children

Variable Settings

Tidal Volumes 6–8 mL/kg

Respiratory Rate 12–45 breaths/min

Plateau Pressures <30 cm H2O

I : E Ratio 1 : 1–1 : 3

Flow Rate 40–100 L/min

PEEP 7.5 cm H2O
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areas. Arterial blood gases should be checked after the 
patient has been on the ventilator for approximately 20 min 
and the respiratory rate adjusted accordingly.

Flow Rates

The selection of  peak inspiratory flow rate during volume 
ventilation is primarily determined by the level of  spontane-
ous inspiratory effort. In patients triggering volume breaths, 
patient effort, work of  breathing, and patient ventilator 
synchrony depend on the selection of  peak inspiratory 
flow.34 Peak inspiratory flows should ideally match patient 
peak inspiratory demands. This normally requires peak 
flows to be set at 40–100 L/min, depending on expired 
volume and the inspiratory demand.27

Inspiratory/Expiratory (I:E) Ratio

The time allowed for the inspiratory and expiratory phases 
of  mechanical ventilation is commonly referred to as the 
inspiratory/expiratory (I:E) ratio. The inspiratory part of  
the ratio includes the time to deliver the tidal volume before 
the exhalation valve opens and exhalation begins. The expi-
ratory part of  the ratio includes the time necessary for the 
tidal volume to exit through the exhalation valve before the 
next inspiration begins. The inspiratory time should be long 
enough to deliver the tidal volume at flow rates that will not 
result in turbulence and high peak airway pressures. Typi-
cally, the I : E ratio is 1 : 1 to 1 : 3.62

In severe lung disease, it is acceptable to prolong the 
inspiratory time to allow for better distribution of  gas and 
to enhance oxygen diffusion. When a longer inspiratory 
time is required, careful attention should be given to suffi-
cient expiration to avoid stacking of  breaths and impeding 
venous return. Prolonged inspiratory time creates a more 
laminar flow, which helps to keep the peak pressures lower. 
Fast inspiratory times are tolerated in patients with severe 
airway obstruction. The fast inspiratory time allows for a 
longer expiratory phase, which may help to decrease the 
amount of  overinflation.

Inspired Oxygen Concentration

As a starting point, a patient placed on a ventilator should 
receive an oxygen concentration of  100%. The concentra-
tion should be systematically lowered based on values from 
arterial blood gases. Generally, as a result of  the concerns 
regarding the effects of  high oxygen concentration on lung 
injury, the lowest acceptable oxygen level should be selected 
as soon as possible. In patients who are difficult to oxygen-
ate, oxygen concentrations can be minimized by optimizing 
PEEP and mean airway pressures and selecting minimally 
acceptable oxygen saturation.63

Positive End-Expiratory Pressure

PEEP is applied to recruit lung volumes, elevate mean 
airway pressure, and improve oxygenation.64 The level 
of  PEEP used varies with the disease process. PEEP levels 
should start at 8–10 cm H2O and should be increased in 
2.5-cm increments. Increasing levels of  PEEP, in conjunc-
tion with a prolonged inspiratory time, aids in oxygenation 
and allows for the safe percentage of  oxygen to be used. 
The use of  pressure–volume curves to determine the best 
PEEP level has been recommended to aid in overstretching 
the alveoli. The process of  using the curves is difficult to 

Tidal Volumes

In volume-cycled ventilation, a machine-delivered tidal 
volume is set to be consistent with adequate gas exchange 
and patient comfort. The tidal volume selected for burned 
patients normally varies between 6 and 8 mL/kg of  pre-
dicted body weight. Numerous factors, such as lung/thorax 
compliance, system resistance, compressible volume loss, 
oxygenation, ventilation, and barotrauma, are considered 
when volumes are selected.53 Sousse et al. have recently 
shown that the use of  higher tidal volumes in pediatric burn 
patients with inhalation injury may decrease the incidence 
of  ARDS and atelectasis as well as the number of  days on a 
ventilator when compared to lower tidal volumes.57 Of  criti-
cal importance is the avoidance of  overdistension. This can 
generally be accomplished by ensuring that peak airway 
and alveolar pressures do not exceed a maximum target. 
Many would agree that a peak alveolar pressure greater 
than 35 cm H2O in adults raises concern regarding the 
development of  barotrauma, and ventilator-induced lung 
injury increases.58,59 Expired tidal volumes should be mea-
sured for accuracy at the connection between the patient’s 
wye and the artificial airway.

The range of  tidal volumes will vary depending on the 
disease process, with some diseases requiring maximum 
tidal volumes and others needing less. Severe interstitial 
diseases such as pneumonia and ARDS may require a tidal 
volume of  greater than 8 mL/kg to adequately inflate the 
lungs and improve gas exchange if  protective ventilation 
strategies become inadequate.

Respiratory Rate

Setting of  the mandatory respiratory rate is dependent on 
mode of  ventilation selected, delivered tidal volume, dead 
space-to-tidal volume ratio, metabolic rate, targeted PCO2 
levels, and level of  spontaneous ventilation. With adults, 
the set mandatory rate normally varies between 4 and 20 
breaths/min, with most clinically stable patients requiring 
mandatory rates in the 8–12 range.60 It is important to have 
targeted arterial blood gas values set to aid the clinical team 
in proper management (Table 18.3). Along with the Pco2, 
pH, and patient comfort, the primary variable controlling 
the selection of  the respiratory rate is the development of  
air trapping and auto PEEP.61

The respiratory rates of  children and infants all need to 
be set substantially higher than those of  adults. For pediat-
rics, the respiratory rate can be set from 12 to 45, depend-
ing on the disease state and the level of  targeted PCO2 one 
wishes to achieve. Slower respiratory rates are useful in the 
patient with obstructed airways because slower rates allow 
more time for exhalation and emptying of  hyperinflated 

Table 18.3 Arterial Blood Gas Goals

Variable Goal

pH 7.25–7.45

PO2 55–80 mm Hg or SaO2 of 88–95%

PCO2 35–55 mm Hg (permissive hypercapnia can be used 
as long as pH >7.25)
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intubation.76,77 The incidence of  pneumonia developing is 
estimated to be five times higher for intubated than non-
intubated patients, and tracheostomy increases this risk 
even higher.78 Exposure to respiratory care equipment 
adds an increased risk of  pneumonia above and beyond 
the risk associated with endotracheal intubation.79,80 
After the use of  nebulization equipment in respiratory 
care became popular, several epidemics of  nosocomial 
pneumonia were reported.81 The risk of  pneumonia from 
mechanical ventilators was significant, but it decreased 
with better understanding of  the necessity to decontami-
nate respiratory equipment.82,83 Respiratory care equip-
ment, if  not properly cared for, may provide a source of  
extraneous organisms that can contaminate the patient’s  
respiratory tract.

The potential role of  respiratory care equipment in pro-
viding reservoirs for organisms that are capable of  infecting 
the lungs is well established. This problem, particularly per-
taining to reservoir devices and medications, has been rec-
ognized for a number of  years, and effective control 
strategies have been developed. Most hospitals maintain a 
bacteriological monitoring system, and significant contam-
ination by this route is not likely.84 Nebulization equipment 
delivers a fine-particle aerosol, and, if  contaminated, the 
aerosol droplets may contain bacteria.

Bag-mask units have been shown to allow the persistence 
of  infectious organisms and the subsequent infection of  
other patients on whom the equipment has been later 
used.85 Also, ventilator circuits are inevitably contaminated 
by the patient’s own respiratory tract flora during exhala-
tion and coughing, and the fluid that collects in this tubing 
is thereby contaminated. However, the American Associa-
tion for Respiratory Care evidence-based clinical practice 
guidelines suggest that ventilator circuits should not be 
changed routinely for infection control purposes.86

HANDWASHING

Handwashing is generally considered the single most 
important procedure for preventing nosocomial infections. 
The recommended handwashing procedures depend on the 
purpose of  washing. In most situations, a vigorous brief  
washing with soap and water is adequate to remove tran-
sient flora. Antimicrobial handwashing procedures are 
indicated before all invasive procedures, during the care of  
patients in strict respiratory or enteric isolation, and before 
entering intensive care units. The most commonly used 
agents are 70% isopropyl alcohol, iodophors, and chlorhex-
idine. Scrub regimens such as povidone-iodine surgical 
scrub are appropriate as well.87

CHEMICAL AGENTS FOR STERILIZATION/
DISINFECTION

Disinfectants act to kill microorganisms by several methods:

■ oxidating microbial cells,
■ hydrolyzing,
■ combining with microbial proteins to form salts,
■ coagulating the proteins of  microbial cells,
■ denaturing enzymes, and/or
■ modifying cell wall permeability.88

perform in the clinical setting. However the use of  PEEP trials
can determine the best PEEP without decreasing cardiac
output.

Optimal PEEP is the level of  end-expiratory pressure that
results in the lowering of  intrapulmonary shunting, signifi-
cant improvement in arterial oxygenation, and only a small
change in cardiac output, arteriovenous oxygen content
differences, or mixed venous oxygen tension. To determine
the optimal PEEP for patients with ARDS, the ARDS Network
performed a multicenter, randomized, prospective clinical
trial.64 ARDS patients were treated with 6 mL/kg predicted
body weight tidal volumes and randomized to either low
(5 cm H2O up to 24) or high (12 cm H2O up to 24) PEEP.
The trial showed no effect of  higher levels of  PEEP on dura-
tion of  mechanical ventilation, duration of  nonpulmonary
organ failure, and in-hospital mortality.

EXTUBATION CRITERIA

Standard extubation criteria include a wide variety of  phys-
iologic indices that have been proposed to guide the process
of  discontinuing ventilation support. Traditional indices
include:

■ PaO2/FIO2 ratio of  greater than 250,
■ Maximum inspiratory pressure of  greater than 60 cm

H2O,
■ Vital capacity of  at least 15–20 mL/kg,
■ Spontaneous tidal volume of  at least 5–7 mL/kg,
■ Maximum voluntary ventilation of  at least twice the

minute volume,66–69 and
■ Audible leak around the endotracheal tube must be

present.

In general, these indices evaluate a patient’s ability to
sustain spontaneous ventilation. They do not assess a
patient’s ability to protect the upper airway. For this reason,
traditional indices often fail to reflect the true clinical picture
of  a patient with an inhalation injury. For a complete evalu-
ation prior to extubation, bronchoscopic examination will
aid in determining if  the airway edema has decreased
enough to attempt extubation. Prior to a scheduled extuba-
tion, it is recommended that reintubation equipment be set
up and that the person doing the extubation be experienced
in emergency intubations. If  the patient demonstrates signs
of  inspiratory stridor, the use of  racemic epinephrine by
aerosol has been shown to be effective in reducing mucosal
edema and may prevent the patient from being
reintubated.18

Infection Control of
Respiratory Equipment

Pneumonia has become one of  the most frequent, life-
threatening infections, and its incidence has become an
important determinant of  mortality in burned patients.68

The majority of  pneumonias are nosocomial, occur in
burned patients after 72 h of  hospitalization, and are often
associated with either an inhalation injury or endotracheal
intubation with exposure to respiratory care equipment,
or both.70–75 One of  the most important risk factors predis-
posing to pneumonia in burned patients is endotracheal
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require surgical correction. In the management of  intu-
bated patients, such complications should be mostly pre-
ventable by meticulous attention to the tracheostomy or 
endotracheal tube cuff. Inflation of  the cuff  should be to the 
minimal pressure level consistent with preventing a leak in 
the ventilator at end inspiration.

OBSTRUCTIVE/RESTRICTIVE DISEASE

Chronic airway disease is a relatively rare reported sequel 
of  inhalation injury and its supportive treatment. Spirom-
etry is a useful screening tool for airway obstruction. 
Reports in the literature for adults indicate that lung func-
tion returns to normal after inhalation injury.90,91 However, 
Mlcak et al. reported pulmonary function changes follow-
ing inhalation injury for up to 10 years post-injury in a 
group of  severely burned children.92 In the great majority 
of  cases, eventual resolution of  both symptoms and physi-
ologic abnormalities will occur. During the resolution 
phase, serial measurement of  airflow obstruction should be 
obtained.93 Desai et al. demonstrated that physiologic 
insults that occur as a result of  thermal injury may limit 
exercise endurance in children.94 Data from exercise stress 
testing showed evidence of  a respiratory limitation to exer-
cise. This was confirmed by a decrease in the maximal heart 
rate, decrease in the maximal oxygen consumption, and 
increase in respiratory rate. In the cases of  persistent severe 
respiratory symptoms, the severity of  the impairment 
should be documented and the patient evaluated for a pul-
monary rehabilitation program.

Summary

Inhalation injury and associated major burns provide  
a challenge for healthcare workers who provide direct 
hands-on care. The technical and physiologic problems that 
complicate the respiratory management of  these patients 
require a practical knowledge of  the possible sources of  
nosocomial infections. Patients with inhalation injury  
frequently require the use of  respiratory care equipment 
that, if  not properly cared for, can aid in the spread of  infec-
tions. Important priorities for reducing the risk of  infections 
include an aggressive bronchial hygiene therapy program, 
adherence to established infection control practices, the use 
of  universal precautions during procedures, and meticu-
lous cleaning of  respiratory care equipment, as well as 
routine epidemiologic surveillance of  the established infec-
tion control practices within each institution. It is impera-
tive that a well-organized, protocol-driven approach to 
respiratory care of  the burn patient be utilized so that 
further improvements can be made and the morbidity and 
mortality associated with inhalation injury be reduced.

Complete references available online at www.expertconsult.
inkling.com.
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Aldehydes

Aldehydes contain some of  the most commonly used anti-
microbials in respiratory care practice. These agents achieve
their antimicrobial action through the alkylation of
enzymes.

The cidal action of  glutaraldehyde is accomplished by
disruption of  the lipoproteins in the cell membrane and
cytoplasm of  vegetative bacterial forms. This reaction
between the chemical glutaraldehyde and cell proteins
depends on both time and contact. Items to be disinfected
must be free of  material that would inhibit contact, and
adequate contact time is needed for the chemical reaction
to be complete. Alkaline glutaraldehyde, buffered by a 0.3%
bicarbonate agent, is used as a 2% solution. This solution is
bactericidal, virucidal, and tuberculocidal within 10 min
and produces sterilization when applied for 10–20 h. Equip-
ment disinfected or sterilized with glutaraldehyde should be
thoroughly rinsed and dried prior to use because any residue
would be irritating to mucous membranes.

Glutaraldehyde solutions are commonly used for cold dis-
infection or sterilization of  respiratory care equipment, and
they have a large degree of  safety. These solutions can be
used to disinfect bronchoscopes as well as many of  the
current respiratory supplies.

Alcohols

Alcohols, especially ethylene and isopropyl alcohol, are
perhaps the most commonly used disinfectants. Alcohols as
a chemical family have many desirable characteristics
needed in disinfectants. They are generally bactericidal and
accomplish their bactericidal activity by damaging the cell
wall membrane. They also have the ability to denature pro-
teins, particularly enzymes called dehydrogenases. For
alcohol to coagulate microbial proteins, water must be
present. For this reason, 70% has been considered the criti-
cal dilution for alcohol, with a rapid loss of  bactericidal
activity with dilutions less than 50%. Both ethyl and isopro-
pyl alcohols are rapidly effective against vegetative bacteria
and tubercle bacilli but are not sporicidal.

To be sure that the current infection control practice is
effective in each institution, random microbiological cul-
tures should be done whenever a problem is suspected or to
test the reliability of  the disinfection or sterilization
techniques.

Late Complications of
Inhalation Injury

TRACHEAL STENOSIS

Tracheal complications are commonly seen and consist of
tracheitis, tracheal ulcerations, and granuloma formation.
The location of  the stenosis is almost invariably subglottic
and occurs at the site of  the cuff  of  the endotracheal or
tracheostomy tube.89 Several problems arising after extuba-
tion represent sequelae of  laryngeal or tracheal injury
incurred during the period of  incubation. While tracheal
stenosis or tracheomalacia is usually mild and asymptom-
atic, each can present as severe fixed or dynamic upper
airway obstructions in some patients. These conditions can
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known causes. This definition is very sensitive and non-
specific, and most of  the SIRS criteria are also addressed 
in other scoring systems of  injury-induced physiologic 
derangement, such as the Acute Physiology and Chronic 
Health Evaluation (APACHE), Mortality Probability Model 
(MPM), and Simplified Acute Physiology Severity (SAPS) 
systems. Several investigators have criticized the defini-
tion of  SIRS as being too sensitive and encompassing the 
majority of  ICU patients and certainly the vast majority 
of  patients suffering extensive thermal injury.2,3 The initial 
definition of  SIRS also did not address the continuum of  
disease severity defined for sepsis. Criteria for the diagnosis 
of  severe sepsis included the additional derangements of  
organ dysfunction, hypotension, and hypoperfusion. Evi-
dence of  hypoperfusion included, but was not limited to, 
the presence of  lactic acidosis, oliguria, and altered mental 
status. Septic shock was characterized by hypotension and 
hypoperfusion in patients who were adequately volume 
resuscitated or required treatment with catecholamines or 
other vasoactive drugs to support cardiovascular function. 
Muckart and Bhagwangee,2 in an effort to define a con-
tinuum of  severity for SIRS, later proposed the categories 
of  severe SIRS and SIRS-associated shock. These conditions 
were defined by the same criteria as severe sepsis and septic 
shock in the absence of  demonstrable infection. In its most 
severe form, SIRS can induce organ injury and subsequent 
multiple organ dysfunction syndrome (MODS).

Despite the limitations in the definitions of  SIRS and 
sepsis, most clinicians and investigators generally adopted 
the SIRS concept. However the initial definition and criteria 
were not felt to be optimized. To address these issues, a 
second consensus conference was assembled in 2001.4 The 
goal of  this conference was to revisit the previously defined 
criteria for SIRS and sepsis as well as to determine whether 
revision of  these criteria was indicated. The consensus was 
that the concepts of  sepsis and SIRS are useful, but the 
diagnostic criteria are overly sensitive and nonspecific. The 
participants added additional criteria that defined meta-
bolic, biochemical, and functional alterations associated 
with SIRS and sepsis. Among these were hyperglycemia, 
edema, elevated plasma C-reactive protein (CRP) concen-
tration, coagulation abnormalities, thrombocytopenia, 
ileus, and hyperbilirubinemia. The group further proposed 
a staging system for sepsis and SIRS that could be used to 
stratify patients for prediction of  outcome. This staging 
system, termed PIRO, defined several criteria, including the 
predisposition of  patients to a poor outcome as determined 
by premorbid conditions and possible genetic factors. Other 
factors include the severity and type of  insult, the host 

Introduction

Burn patients, with or without inhalation injuries, com-
monly exhibit a clinical picture that is largely produced by
systemic inflammation. The term systemic inflammatory
response syndrome (SIRS) was introduced to designate the
signs and symptoms of  this condition. SIRS has a continuum
of  severity ranging from physiologic alterations such as
tachycardia, tachypnea, fever, and leukocytosis to refractory
hypotension and, in its most severe form, shock and multiple
organ system dysfunction. In thermally injured patients, the
most common cause of  SIRS is tissue damage caused by the
burn itself. Sepsis, characterized by SIRS in the presence of
infection, is also common in burn patients and is a signifi-
cant cause of  morbidity and mortality. Starting from a local
infection at the burn wound, an infected catheter tip, or
pulmonary infection, the spread of  microbes and their toxins
can further potentiate systemic inflammation. Pathological
alterations of  metabolic, cardiovascular, pulmonary, renal,
gastrointestinal, and coagulation systems occur as a result
of  the hyperactive immune system. This chapter will review
current understanding of  SIRS and the associated immu-
nological, cardiovascular, and pulmonary dysfunction that
occurs following trauma and thermal injury.

Definition of SIRS

The term systemic inflammatory response syndrome (SIRS)
was recommended by the American College of  Chest
Physicians/Society for Critical Care Medicine (ACCP/SCCM)
consensus conference in 1992 to describe a systemic inflam-
matory process, independent of  its cause.1 The proposal
was based on clinical and experimental results indicating
that a variety of  conditions, both infectious and noninfec-
tious (i.e., burns, ischemia–reperfusion injury, multiple
trauma, pancreatitis), induce a similar host response. Two
or more of  the following conditions must be present for the
diagnosis of  SIRS to be made:

■ Body temperature of  greater than 38°C or less than
36°C;

■ Heart rate of  greater than 90 beats/min;
■ Respiratory rate of  greater than 20/min or a PaCO2 of

less than 32 mm Hg;
■ Leukocyte count of  greater than 12,000/µL, less than

4000/µL, or more than 10% immature (band) forms.

All of  these pathophysiologic changes must occur as an
acute alteration from baseline in the absence of  other
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tachycardia in conjunction with signs of  decreased periph-
eral perfusion, such as decreased capillary refill, decreased 
peripheral pulses, decreased urine output, altered mental 
status, and cold/mottled extremities.9

Several studies have been conducted with the goal of  
determining the prognostic value of  the SIRS designation. 
In the acute setting, SIRS has been demonstrated in the 
majority of  critically injured patients, and the intensity of  
the response correlates directly with the severity of  injury.3,10 
The presence of  SIRS within the first 24 hours after severe 
injury has not served as a reliable predictor of  mortality in 
trauma or burn patients.3,10 However, the presence of  shock 
is an important predictor of  poor outcome, particularly 
when associated with MODS.2 In addition, the presence of  
more than two of  the SIRS criteria in the setting of  acute 
injury has correlated with increased morbidity and mortal-
ity.11,12 A study by Rangel-Frausto et al.12 showed that 
trauma patients who did not meet SIRS criteria had a mor-
tality rate of  3%, compared to 6% in those with two SIRS 
markers. Patients with three or four SIRS criteria had mor-
tality rates of  10% and 17%, respectively, whereas those 
with culture-negative shock had a 46% death rate. Haga 
et al.13 have shown that the persistence of  SIRS for more 
than 3 days in surgical patients is a harbinger of  complica-
tions and is associated with increased morbidity. Talmor 
et al.10 reported that persistence of  SIRS to the second post-
operative day in high-risk surgical patients correlated with 
an increased incidence of  MODS. Additional studies have 
shown that persistence of  SIRS criteria for more than 3 days 
in trauma and burn patients is associated with worse 
outcome.13–16 Therefore, three important factors appear to 
determine the effect of  SIRS on the host. The first is the 
severity of  the initial inflammatory response. This response 
is proportional to the severity of  injury, and the presence of  
shock or MODS within the first 24 hours after injury carries 
a poor prognosis. The second determinant is the persistence 
of  SIRS beyond the first few days of  injury. Specifically pro-
longation of  SIRS beyond the second day after severe trauma 
or thermal injury is associated with an increased complica-
tion rate. Factors that appear to be important in reducing 
the incidence of  a prolonged inflammatory state include 
adequate fluid resuscitation within the first 24 hours after 
injury, aggressive excision of  necrotic tissue, and enteral 
feeding.14–16 A third factor is the adaptive capacity of  the 
host. Results of  several studies have shown that extremes 
of  age and the presence of  coexisting disease will diminish 
the adaptive capacity of  the host and predict a worse prog-
nosis for any given severity of  injury.17,18 As noted earlier in 
this chapter, the actual contribution of  SIRS to the patho-
genesis of  sepsis and other forms of  systemic injury are in 
question.8

The Initiating Event

The crucial pathophysiologic event that precipitates sys-
temic inflammation is tissue damage. This can occur both 
as a result of  direct injury to tissues from mechanical or 
thermal trauma and as a result of  cellular injury induced 
by ischemia and reperfusion. Injury results in the acute 
release of  pro-inflammatory cytokines such as tumor necro-
sis factor-α (TNF-α), interleukin (IL)-1, and IL-6. If  injury 

response to injury, and the presence of  organ dysfunction. 
The participants proposed that this model could be used to 
generate more specific criteria for defining the SIRS phe-
nomenon. Although the validity of  this approach remains 
to be established, Rubulotta recently reported that the PIRO 
criteria have predictive value regarding mortality in septic 
patients.5 More recent studies have also validated the PIRO 
model. Macdonald and colleagues reported that the PIRO 
model performed better than SOFA or MEDS scores in pre-
dicting mortality in patients presenting to the emergency 
room with severe sepsis or septic shock.6 Some practitioners 
advocate for the validity and value of  the PIRO system, but 
the system is not widely used in clinical practice.7

Although inflammation is certainly present in patients 
with burn injuries, sepsis, and other severe injuries, the 
contribution of  SIRS to the pathogenesis of  those condi-
tions is under question. The most recent consensus confer-
ence assembled to define clinical criteria for sepsis dropped 
SIRS from the defining criteria.8 The conference partici-
pants defined sepsis as “life threatening organ dysfunction 
due to a dysregulated host response to infection” and noted 
that SIRS criteria have poor predictive validity among 
patients who are infected.

Another pitfall in the designation of  SIRS is the difficulty 
of  applying the initial criteria to children. Some of  the cri-
teria, particularly those for heart and respiratory rates, fall 
within the normal physiologic range for young children. In 
2002, a consensus conference was assembled to define cri-
teria for sepsis and SIRS in children.9 The participants 
defined six age groups based on clinical and physiological 
characteristics (Table 19.1). SIRS was defined as the pres-
ence of  at least two of  the following four criteria, one of  
which must be abnormal temperature or leukocyte count:

■ temperature of  greater than 38.5°C or less than 36°C;
■ tachycardia, defined as a mean heart rate of  greater

than 2 SD above normal for age or for children younger 
than 1 year;

■ bradycardia, defined as a heart rate of  less than 10%
of  normal for age;

■ mean respiratory rate of  greater than 2 SD above
normal for age or requirement for mechanical
ventilation;

■ leukocyte count elevated or depressed for age.

Severe sepsis was defined as sepsis plus one of  the follow-
ing: cardiovascular dysfunction, acute respiratory distress 
syndrome, or two or more organ dysfunctions (respiratory, 
renal, neurologic, hematologic, or hepatic).

The definition of  septic shock is problematic in children 
because children can maintain blood pressure until they 
become severely ill. Therefore hypotension is not a useful 
criterion for diagnosing shock in children. This group pro-
posed criteria for septic shock that included the presence of  

Table 19.1 Pediatric Age Groups for SIRS Criteria

Newborn 0 day to 1 week
Neonate 1 week to 1 month
Infant 1 month to 1 year
Toddler or preschool 2 to 5 years
School age 6 to 12 years
Adolescent 13 to 18 years
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same TLRs that are activated by microbial products. Among 
the proposed endogenous TLR ligands are heat shock pro-
teins (recognized by TLR4 and TLR2), high-mobility group 
box 1 (HMGB1; recognized by TLRs 4 and 2), histones (rec-
ognized by TLR4), and mitochondrial DNA (recognized by 
TLR9).20–22 Activation of  TLR signaling pathways results in 
the transcription of  genes associated with inflammatory 
responses. A second sensing system is comprised of  cyto-
plasmic NOD-like receptors (NLRs) that sense endogenous 
and exogenous ligands during loss of  cellular compartmen-
talization or membrane integrity and cause activation of  
inflammasomes (Fig. 19.3).23 DAMPs that activate NLRs, 
either directly or via adapter molecules, include uric acid, 
endogenous DNA, and adenosine triphosphate (ATP).22 
Inflammasome assembly ultimately results in activation of  
inflammatory caspases such as caspase-1. Activated 
caspase-1, also known as IL-1-converting enzyme, causes 
cleavage of  pro-IL-1 and pro-IL-18 into active mature pro-
teins. The IL-1 and IL-18 produced by this interaction are 
released from cells and facilitate the pro-inflammatory 
response.

SIRS and Immunological 
Perturbations

Inflammatory responses are important for the early ini-
tiation of  tissue repair and activation of  innate immune 
cells in response to local infection. Cytokines such as IL-6, 
TNF-α, and IL-1 recruit and activate macrophages and 
neutrophils at sites of  infection. To prevent tissue damage 
caused by prolonged or excessive inflammation, local anti-
inflammatory responses are initiated to resolve the early 

is severe, as in extensive thermal injury, a profound release 
of  cytokines and noncytokine mediators of  inflammation 
occurs, resulting in the induction of  a systemic inflamma-
tory reaction. The ability of  the host to adapt to this sys-
temic inflammatory response depends on the magnitude 
and duration of  the response as well as the adaptive capac-
ity of  the host. If  the insult and the host’s response to it are 
beyond the adaptive capacity of  the host, or if  adequate 
resuscitation is not promptly initiated, organ injury may 
ensue during the early post-injury period. Factors that have 
been implicated in the worsening or prolongation of  SIRS 
include inadequate resuscitation during the acute phase 
following thermal injury, persistent or intermittent infec-
tion, ongoing tissue necrosis, and translocation of  bacteria 
or endotoxin across the bowel.18,19

The actual mechanisms that initiate trauma-induced 
inflammation at the cellular and molecular levels are 
becoming increasingly understood. Two primary sensing 
systems have been identified. Toll-like receptors (TLR) 
respond to endogenous cellular factors that are produced or 
released following tissue trauma. TLR are expressed by leu-
kocytes and some parenchymal cells. They allow the host to 
sense the presence of  microbes via pathogen-associated 
molecular patterns (PAMPs) and initiate an innate immune 
response (Fig. 19.1). TLR also have the ability to respond to 
endogenous ligands that are leaked from cells upon their 
destruction by burn injury. These molecules are referred to 
as damage-associated molecular patterns (DAMPs) and are 
typically intracellular molecules with normal cellular func-
tions (Fig. 19.2). As cells are damaged by thermal injury, 
these molecules are released into the extracellular matrix. 
Due to their normal intracellular localization, these mol-
ecules are recognized as danger signals and can bind to the 
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Fig. 19.1 Toll-like receptor signaling. Toll-like receptors (TLR) are membrane-associated receptors that recognize microbial products and endogenous 
products released during tissue injury, allowing the host to recognize the presence of microbes or tissue injury. TLR activation initiates intracellular 
signaling pathways that facilitate transcription of pro-inflammatory gene products. (From Kawai T, Akira S. TLR Signaling. Cell Death Differ. 2006; 
13:816–825.)



19 • The Systemic Inflammatory Response Syndrome208

associated with adaptive immune responses were down-
regulated at the same time, suggesting impaired effector 
functions. The magnitude and duration of  these responses 
correlated with complications after injury. This is supported 
by earlier studies examining levels of  pro-inflammatory 
IL-6 and anti-inflammatory IL-10 in the circulation of  burn 
patients.28 Burn patients who eventually developed sepsis 
during their acute care had substantially higher levels of  
circulating IL-6 and IL-10 as early as 1 day post-burn. Later 
development of  lethal sepsis was associated with persis-
tently high levels of  these cytokines. More recently, a new 
model has been proposed to characterize the responses and 
outcomes of  patients following severe traumatic injury (Fig. 
19.4). This model proposes that patients who rapidly resolve 
their SIRS and CARS responses return to immune homeo-
stasis and recover from injury without major complica-
tions. However, if  SIRS and CARS are not resolved, the 
patient develops persistent inflammation, immunosuppres-
sion, and catabolism syndrome (PICS), in which persistent 
inflammation and immunosuppression are accompanied by 
severe muscle protein catabolism (described in other chap-
ters).29 Secondary nosocomial infections are a risk and can 
exacerbate the existing inflammation, leading to multior-
gan failure and death.

The Two-Hit Hypothesis

Some investigators have described a phenomenon in which 
the injured host manifests an exaggerated inflammatory 
response if  confronted with a secondary inflammatory 
stimulus during the post-injury period. This phenomenon 
has been termed the “two-hit hypothesis.” Although the 
pathobiology of  the two-hit hypothesis is not completely 
understood, monocytes and macrophages appear to play a 

inflammatory response. In the case of  large burn injuries, 
the inflammatory response is massive and becomes systemic. 
A compensatory anti-inflammatory response referred to as 
the counter anti-inflammatory response syndrome (CARS) 
may be mounted in an attempt to restore homeostasis and 
control SIRS. Increased production of  anti-inflammatory 
cytokines such as IL-10 and transforming growth factor-β 
(TGFβ) and leukocyte apoptosis are part of  this response.24,25 
A prolonged or excessive anti-inflammatory response 
predisposes the patient to infection. The pathogenesis of  
injury-induced immunosuppression is discussed in detail 
elsewhere in this book. Nevertheless there is likely great 
heterogeneity in the host response to injury and infection. 
A recent report by Davenport and colleagues showed that 
there is great interindividuality in the peripheral blood tran-
scriptomic response during sepsis but that patients exhibit-
ing a signature reflective of  immunosuppression, endotoxin 
tolerance, and T-cell exhaustion had a worse prognosis.26 
They further noted that the immunosuppressed phenotype 
can develop early during sepsis and may render the septic 
host unable to adequately mount an adequate response to 
clear the primary infection.

Our understanding of  these syndromes has evolved to 
better describe this response that is shared by burn and 
severe non-burn trauma patients. For decades, the host 
response to injury-induced systemic inflammation has been 
described by the SIRS/CARS paradigm. It was initially 
believed that SIRS was resolved during CARS due to mutual 
regulatory effects of  the mediators associated with the 
respective syndromes. However, examination of  the tran-
scriptome of  leukocytes from trauma patients has revealed 
that SIRS and CARS exist simultaneously. Specifically, genes 
associated with both inflammatory and anti-inflammatory 
pathways were simultaneously up-regulated after injury, 
and this was described as a “genomic storm.”27 Genes 
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small dose, macrophages are triggered to become fully acti-
vated and to secrete large amounts of  TNF-α. Studies by 
Paterson et al.30 showed that macrophages have increased 
responsiveness to ligands for TLR2 and TLR4 following 
burn injury. TLR2 and TLR4 play an integral role as com-
ponents of  receptor complexes for DAMPs and various 
microbial products such as peptidoglycans, lipoproteins, 
and lipopolysaccharide. Enhancement of  TLR2 and TLR4 
responses during the post-injury period may be one mecha-
nism contributing to the two-hit phenomenon.

The exaggerated response to a secondary stimulus seen 
in severely injured patients appears to have functional con-
sequences. Several studies that focused on organ injury 
caused by systemic inflammatory processes indicate that a 
phenomenon comparable to the cellular events just 
described can occur in severely injured patients.31 Dehring 
et al. found more persistent pulmonary hypertension and 
an exaggerated hyperdynamic response to bacteremia in 
sheep when a week-old thermal injury preceded systemic 
bacterial challenge.32 In a rat model of  intestinal ischemia–
reperfusion injury and endotoxemia, lung albumin leak 
and mortality rate increased only if  both injuries occurred 
sequentially.33 Combined administration of  low doses of  
endotoxin and TNF-α to rats caused hypotension and meta-
bolic effects that are commonly seen after giving a highly 
lethal dose of  either compound alone.34 These findings are 
in keeping with the fact that multiple organ damage usually 
develops over a prolonged period during which several 
insults might occur. It also emphasizes why it is so impor-
tant to minimize inflammatory insults such as tissue ische-
mia or infection, particularly in patients in whom systemic 
inflammation is already present.

Cytokine and Noncytokine 
Mediators of SIRS

Several pro-inflammatory cytokines, chemokines, and 
noncytokine inflammatory mediators play a role in the 
pathogenesis of  SIRS. Cytokines comprise a broad group 
of  polypeptides with varied functions within the immune 
response (Table 19.2). The classic mediator of  systemic 
inflammation is TNF-α. TNF-α is released primarily by 
macrophages within minutes of  local or systemic injury 
and modulates a variety of  immunologic and metabolic 
events.35 At sites of  local infection or inflammation, TNF-α 
initiates an immune response that activates antimicrobial 
defense mechanisms and, once the infection is eradicated, 
tissue repair. It is a potent activator of  neutrophils and 
mononuclear phagocytes and also serves as a growth factor 
for fibroblasts and as an angiogenesis factor. However, 
systemic release of  TNF-α can precipitate a destructive 
cascade of  events that can result in tissue injury, organ 
dysfunction, and, potentially, death. Among the systemic 
effects of  TNF-α are the induction of  fever, stimulation of  
acute-phase protein secretion by the liver, activation of  the 
coagulation cascade, myocardial suppression, induction of  
systemic vasodilators with resultant hypotension, catabo-
lism, and hypoglycemia.35,36 Numerous studies have shown 
that administration of  TNF-α to experimental animals 
will mimic the systemic inflammatory response observed 
in sepsis and after severe injury. Another important effect 

central role in mediating the process. For example, the lym-
phokine α-interferon (IFN-α), produced during the initial 
injury, might act as the first signal and prime macrophages 
for a heightened inflammatory response if  a second stimu-
lus is encountered. Several changes in macrophage func-
tion, including an increase in the transcription rate of  
mRNA for TNF-α, can be induced by exposure to IFN-α. 
However, TNF-α protein is not produced in large amounts 
in response to the first inflammatory insult. If  a second 
stimulus, such as endotoxin exposure, is provided in even a 
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IL-1 is released primarily by mononuclear phagocytes, and 
its physiologic effects are essentially identical to those of  
TNF-α.38 However, important differences exist between the 
functions of  IL-1 and TNF-α. Most notably, IL-1 does not 
induce tissue injury or apoptotic cell death by itself, but can 
potentiate the injurious effects of  TNF-α. The IL-1 family of  

of  TNF-α is its ability to induce apoptosis of  a variety of  
cell types.37 TNF-induced apoptosis may be one mecha-
nism by which it induces tissue injury at high systemic 
concentrations.

TNF-α is also a potent stimulus for the release of  other 
pro-inflammatory mediators, particularly IL-1 and IL-6. 
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Fig. 19.4 The SIRS–CARS–PICS model of the systemic response to severe injury. Tissue injury induces the production of pro-inflammatory mediators 
resulting in the systemic inflammatory response syndrome (SIRS). A compensatory anti-inflammatory response may be simultaneously mounted in an 
attempt to control inflammation, resulting in the counter anti-inflammatory response syndrome (CARS). Patients able to resolve these syndromes 
recover whereas persistent perturbations in inflammatory balance may lead to persistent inflammation, immunosuppression, and catabolism syn-
drome (PICS). In this state, patients are susceptible to infection and are at risk for lethal systemic inflammatory responses and severe protein catabolism 
that leads to cachexia and, if unresolved, death. (From Vanzant EL, Lopez CM, Ozrazgat-Baslanti T, et al. Persistent inflammation, immunosuppression, and 
catabolism syndrome after severe blunt trauma. J Trauma Acute Care Surg. 2014;76:21–30.)

Table 19.2 Cytokine and Chemokine Mediators of Systemic Inflammation

Cytokine
Polypeptide 
Size Cell Source Cell Target Primary Effects

Tumor necrosis 
factor- α (TNFα)

17 kDa Monocytes, macrophages, T 
lymphocytes

Neutrophil
Endothelial cells
Hypothalamus
Liver
Muscle, fat
Heart
Macrophages
T lymphocytes
Various tissues

Activation (inflammation)
Activation (inflammation/coagulation)
Release of vasodilators (NO)
Fever
Acute-phase response
Catabolism
Myocardial suppression
Release of cytokines, inflammation
Inflammation
Apoptosis?

Interleukin-1 (IL-1) 17 kDa Monocytes, macrophages T cells
Endothelial cells
Liver
Hypothalamus
Muscle, fat

Activation (inflammation)
Activation (inflammation/coagulation)
Release of vasodilators (NO)
Acute-phase response
Fever
Catabolism

Interleukin-6 (IL-6) 26 kDa Monocytes, macrophages, T 
cells, endothelial cells

Liver
B cells

Acute-phase response
Activation

Interleukin-8 (IL-8) 10 kDa Monocytes, macrophages, 
endothelial cells

Neutrophils Chemotaxis, activation

Interferon-γ (IFN-γ) 21–24 kDa T cells, NK cells Macrophages Activation (inflammation)

Interleukin-12 (IL-12) 70 kDa Macrophages T cells, B cells, NK cells Activation, differentiation

Interleukin-18 Macrophages T cells, NK cells Activation, differentiation

IL-10 Monocytes/Th2 lymphocytes, 
mast cells, regulatory T cells

Macrophages Th1 
lymphocytes, NK cells

Inhibition, activation regulation
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NF-κB mobilization. IRF-3 is mobilized through activation 
of  the Trif-associated signaling pathway and results primar-
ily in transcription of  type I interferon (IFN-α) genes. The 
STAT1 pathway is induced by activation of  type I (IFN-α) 
and type II (IFN-γ) receptors. Together these transcription 
factors mediate the transcription of  numerous factors 
involved in inflammation and tissue repair (Fig. 19.6).

proteins, including IL-18, is the only group of  cytokines for 
which known natural antagonists have been identified. The 
IL-1 receptor antagonists (IL-1ra) bind to the IL-1 receptor 
but do not induce receptor activation.38 These proteins 
appear to function as competitive inhibitors of  IL-1 action. 
As noted earlier, the systemic release of  IL-1 is dependent 
on the activation of  inflammasomes and caspase-1.23

IL-6 is another protein that is commonly increased in the 
circulation of  patients with SIRS.38 Macrophages, endothe-
lial cells, and fibroblasts secrete this protein. IL-6 itself  does 
not induce tissue injury, but its presence in the circulation 
has been associated with poor outcome in trauma patients, 
probably because it is a marker of  ongoing inflammation. 
The primary effect of  IL-6 is to induce secretion of  acute-
phase proteins from the liver as well as to serve as a growth 
and differentiation factor for B lymphocytes.

Interferon-γ (IFN-γ) is a cytokine that facilitates the 
amplification of  the acute inflammatory response, particu-
larly the stimulation of  cytokine secretion, phagocytosis, 
and respiratory burst activity by macrophages. IFN-γ is 
secreted primarily by T lymphocytes and natural killer (NK) 
cells in response to antigen presentation, as well as by 
macrophage-derived cytokines such as IL-12 and IL-18. 
The primary effect of  IFN-γ is to amplify the inflammatory 
response of  macrophages. In response to IFN-γ, the phago-
cytic and respiratory burst activities of  macrophages are 
increased, secretion of  inflammatory mediators such as 
TNF-α and IL-1 is enhanced, and antigen presentation is 
potentiated by upregulation of  class II major histocompat-
ibility complex. Blockade of  IFN-γ production or function 
has been shown to markedly reduce the deleterious inflam-
matory effects induced by bacterial endotoxin.39 Therefore 
IFN-γ is believed to be an important factor in the amplifica-
tion of  SIRS.

Chemokines are a family of  proteins that function pri-
marily as chemotactic factors for leukocytes and, when pro-
duced inappropriately or in excess, can contribute to 
damaging systemic or local inflammation (Table 19.3). IL-8 
is the most widely studied chemokine in the setting of  sepsis 
and SIRS; it is a potent chemoattractant for neutrophils and 
is a major factor in recruiting neutrophils to inflammatory 
foci. Several studies have shown that IL-8 plays a role in 
mediating tissue injury in the setting of  trauma and burn 
injury, particularly in the lung.40,41

Production of  most soluble mediators of  inflammation is 
regulated at the transcriptional level. Some of  the key tran-
scription factors that control pro-inflammatory gene expres-
sion include nuclear factor-κB (NF-κB), AP-1, and IRF-3 
(Fig. 19.5). NF-κB is composed of  a family of  proteins 
including p50 (NF-κB1), p65 (RelA), C-Rel, and p52 (NF-
κB2) that combine to form homo- or heterodimers and ulti-
mately function to regulate the transcription of  a variety of  
cytokine, chemokine, adhesion molecule, and enzyme 
genes involved in SIRS.42 Increased translocation of  NF-κB 
has been associated with a poor outcome in some studies. 
Activation of  NF-κB in peripheral blood monocytes corre-
lates with increased mortality in septic patients, and alveo-
lar macrophages from patients with adult respiratory 
distress syndrome (ARDS) exhibited higher nuclear NF-κB 
levels than critically ill patients without ARDS.43,44 The 
AP-1 complex is activated through activation of  MAP 
kinases by stimuli that are similar to those required for 

Table 19.3 Classification of Chemokines

Chemokine Type Target Cell

CXC CHEMOKINES

CXCL8 (IL-8, mouse MIP-2) Neutrophils

CXCL1 (GROα, mouse KC) Neutrophils

CXCL2 (GROβ, mouse KC) Neutrophils

CXCL3 (GROγ, mouse KC) Neutrophils

CXCL5 (ENA-78) Neutrophils

CXCL6 (GCP-2) Neutrophils

CXCL4 (PF4) Fibroblasts, stem cells

CXCL9 (Mig) T and NK cells

CXCL10 (IP-10) T and NK cells

CXCL11 (I-TAC) T and NK cells

CXCL12 (SDF-1α/β) T lymphocytes

CC CHEMOKINES

CCL3 (MIP-1α) Monocyte/macrophages, T and B cells, 
NK cells, basophils

CCL4 (MIP-1β) Same as above

CCL22 (MDC) Monocyte, T lymphocytes

CCL25 (TECK) Macrophages, T lymphocytes

CCL17 (TARC) T lymphocytes

CCL5 (RANTES) Monocyte/macrophages, T/NK cells

BASOPHILS

CCL14 (HCC-1) Monocytes

CCL16 (HCC-4) Monocytes, lymphocytes

CCL18 (DC-CK-1) T lymphocytes

CCL20 (MIP-3α) T lymphocytes

CCL19 (MIP-3β) T lymphocytes

CCL2 (MCP-1) T lymphocytes, monocytes,

CCL8 (MCP-2) Same as above

CCL7 (MCP-3) Same as above

CCL13 (MCP-4) Same as above

CCL11 (Eotaxin) Eosinophils

OTHER CHEMOKINES

XCL1 (Lymphotactin) T lymphocytes, NK cells

CX3CL1 (Fractalkine) T lymphocytes, monocytes

The current conventional names of chemokines are presented and original 
names are provided in parentheses for reference.
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(Fig. 19.7). However, in SIRS, excessive complement acti-
vation appears to cause significant cellular injury in the 
host. Products of  the complement cascade, most notably 
C3a and C5a, are potent activators of  inflammation and 
leukocyte chemotaxis.48 C3a and C5a also directly acti-
vate neutrophils and promote release of  reactive oxygen 
intermediates and proteases. Excessive release of  these 
factors can result in significant tissue injury. The mem-
brane attack complex (MAC) is the terminal component of  
the complement cascade. MAC results from the aggrega-
tion of  the complement components C5–C9 on biological 
membranes. The accumulation of  MAC on cell surfaces can 
result in significant tissue and cellular injury and may be 
a major factor in the pathogenesis of  MODS. Suber and 
colleagues49 have reported that complement-mediated 
responses to self-antigens exacerbate tissue injury after burn  
injury.

Several noncytokine factors have been implicated in the 
pathogenesis of  SIRS. Platelet-activating factor (PAF) is a 
phospholipid autocoid released by endothelial cells that 
regulates the release of  cytokines and amplifies the pro-
inflammatory response. It appears to be an important factor 
in the adhesion of  neutrophils to endothelial cells. The pro-
longed presence of  PAF in the serum of  patients with SIRS 
has correlated with poor outcome.45 Eicosanoids are arachi-
donic acid metabolites that regulate many aspects of  the 
immune response. Leukotrienes (LTC4–LTE4) induce con-
traction of  endothelial cells and encourage capillary 
leakage.46 Thromboxane A2, a macrophage- and platelet-
derived factor, promotes platelet aggregation, vasoconstric-
tion and, potentially, tissue thrombosis.47

The complement cascade is composed of  more than 
30 proteins that interact in a complex fashion to mediate 
inflammation and direct lysis of  microbes and other cells 
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markers in patients with SIRS or sepsis. This approach 
seems logical based on the observation that circulating 
cytokines have been observed in several clinical studies of  
trauma, sepsis, and thermal injury. Given its central role in 
the activation and regulation of  the pro-inflammatory 
response, TNF-α has been studied extensively as a plasma 
marker of  SIRS. The results have been inconsistent. Martin 
et al.50 showed that TNF-α levels were markedly elevated in 
patients with septic shock and correlated with fatal outcome. 
However, their results also showed that trauma patients did 
not exhibit the same marked elevations in circulating TNF-
α, nor did circulating TNF-α concentrations correlate with 
increased mortality in trauma patients. In some published 
studies, measurement of  circulating TNF-α levels in burn 
patients has not provided a useful marker of  outcome.51,52 
Overall, plasma TNF-α levels have been variable and incon-
sistent and have not correlated with mortality or the devel-
opment of  MODS. However a study by Zhang et al.53 in 25 
patients with greater than 30% total body surface area 
(TBSA) burns demonstrated marked increases in plasma 
TNF-α levels and a significant correlation between TNF-α 
concentration and shock, MODS, and death. These findings 
support the results of  Marano et al.,54 who showed a signifi-
cant correlation between circulating TNF-α concentration 
and mortality in burned patients. Therefore, taken together, 
these results show that TNF-α could serve as a useful marker 
of  ongoing inflammation as well as an indicator of  morbid-
ity and mortality in the setting of  burn injury, but contro-
versy remains.

TNF-α interacts with two known cell surface receptors 
designated tumor necrosis factor receptor (TNFR)-I and 
TNFR-II. TNFR-I, also known as TNF-R55 or p55, is 
expressed on a variety of  cells and its activation mediates 
most of  the activities of  TNF-α, including induction of  
apoptosis. Activation of  TNFR-II (TNF-R75 or p75) results 

Circulating Cytokines as  
Markers of SIRS and Predictors 
of Outcome

Numerous studies have been undertaken with the goal of  
using plasma cytokine levels as diagnostic and prognostic 
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of  systemic infections. Although blood cultures provide 
important information regarding the presence of  infection 
and the identity of  the infecting organism, it can often take 
several days to obtain reliable results, and the presence of  
negative cultures does not assure the absence of  infection. 
Therefore efforts have been made to identify other markers 
of  systemic infection. The two markers that have been most 
consistently elevated in patients with infection are procal-
citonin and CRP. Studies have shown that increased plasma 
levels of  procalcitonin or CRP are sensitive markers of  sys-
temic infection.62 Both of  these markers have been shown 
to be more reliable than clinical signs in the diagnosis of  
infection in high-risk surgical and trauma patients. Recent 
studies show that procalcitonin and CRP can be used to 
distinguish patients with systemic infection from those with 
noninfectious systemic inflammatory processes.63–65

Overall several markers of  inflammation and infection 
have been identified in burn and trauma patients. Some of  
these have been shown to be consistent indicators of  injury 
severity. However, cytokine and noncytokine markers of  
inflammation are not used routinely in the laboratory eval-
uation of  burned patients. With further research and dem-
onstration of  the reliability of  these markers, they may 
become an accepted part of  clinical practice. In addition, 
technology is evolving to measure these markers in a rapid 
and cost-effective manner, which may allow blood cytokine 
markers to become a component of  patient management in 
the future.

Anti-Inflammatory Therapy 
for SIRS

Despite our increased understanding of  the role of  inflam-
matory mediators in the pathogenesis of  SIRS and sepsis, 
most anti-inflammatory drug regimens have had little 
success in the treatment of  this problem. Neutralizing 
approaches to several inflammatory mediators have been 
studied. All of  these studies have demonstrated, at best, 
marginal improvement in septic morbidity and mortality. 
None of  the direct anti-inflammatory strategies has been 
successfully employed to minimize burn-associated inflam-
mation. One of  the most widely studied approaches for the 
treatment of  SIRS is the use of  monoclonal antibodies to 
TNF-α. Several multicenter, prospective clinical trials were 
undertaken in septic patients using several different anti-
bodies to TNF-α.66,67 Those studies did not demonstrate 
improved outcome in patients receiving anti-TNF-α com-
pared to placebo. One study evaluated the efficacy of  a 
chimeric antibody to TNF in patients with severe sepsis.67 
Circulating levels of  TNF-α as well as a variety of  other 
inflammatory mediators were assessed. Although circulat-
ing levels of  TNF-α were transiently decreased, anti-TNF-α 
therapy did not result in reduction of  circulating levels of  
other inflammatory mediators such as IL-1β, IL-1ra, sTNFR, 
or IL-6. In addition, evidence of  systemic inflammation 
was not reduced and overall mortality was not improved 
in anti-TNF-α-treated patients. Similarly, the use of  sTNFR 
as a strategy to neutralize the systemic effects of  TNF-α 
and reduce sepsis-associated morbidity and mortality was 
unsuccessful.68 Other anti-inflammatory approaches that 
have been studied and found to be largely ineffective include 

in cellular proliferation and activation. During inflamma-
tory states, TNFR are released from cells and may serve as
antagonists of  TNF-α. Several investigators have character-
ized surface-bound and soluble TNFR (sTNFR) in sepsis and
trauma.53,55,56 Hubl et al.55 showed that surface TNFR-I was
up-regulated, whereas TNFR-II was down-regulated in
patients with SIRS. Increased TNFR-I correlated with
increased body temperature but not with survival. SIRS
patients with decreased surface TNFR-II had a trend toward
increased mortality. A study by Zhang et al.53 showed a
higher incidence of  shock, MODS, and mortality in burn
patients with increased plasma sTNFR-I and sTNFR-II
levels. Presterl et al.56 showed a correlation between sTNFR
and APACHE III scores, as well as the incidence of  shock
and mortality in septic patients. Sikora and colleagues57

have reported increased concentrations of  sTNFR-I and
sTNFR-II in the plasma of  burned children. sTNFR concen-
trations correlated with burn surface area and decreased
with adequate treatment. Children with hypovolemic shock
had higher plasma concentrations of  sTNFR. Overall, in the
studies published to date, the presence of  high levels of
circulating sTNFR correlates with ongoing inflammation
and may serve as an indicator of  poor prognosis.

Another family of  proteins that has been extensively ana-
lyzed as markers of  SIRS is IL-1 and IL-1ra. In burn patients,
low IL-1ra levels correlated with mortality in two indepen-
dent studies.58,59 Plasma IL-1ra levels have been shown to
correlate with body surface area burned, extent of  third-
degree burn, and the presence of  inhalational injury, both
in adults and children.52,57,58

Recently, IL-8 has been reported as a predictor of  poor
outcome in burn patients.60 In burn patients with lower
levels of  IL-8 (<234 pg/mL), IL-8 levels were predictive for
multiorgan failure and correlated with the size of  the burn
injury. In burn patients with high levels (>234 pg/mL), IL-8
was predictive for the development of  sepsis and mortality.

Of  the cytokine markers studied to date, elevated levels
of  IL-6 appear to be one of  the more consistent markers of
poor outcome in burn, trauma, and septic patients. One of
the known functions of  IL-6 is induction of  acute-phase
proteins such as CRP by the liver. In some studies, CRP has
been shown to parallel IL-6 as a marker of  increased mor-
tality.59 Although IL-6 itself  does not appear to have any
known direct injurious effects, it apparently serves as a con-
sistent marker of  ongoing inflammation. Elevated plasma
IL-6 levels have correlated with increased mortality in
experimental and clinical studies of  thermal injury, sepsis,
trauma, and hemorrhagic shock.51,61 A study by Taniguchi
et al.61 showed that an increased ratio of  IL-6 to the anti-
inflammatory cytokine IL-10 was a predictor of  poor
outcome in patients with SIRS.

In trauma and burn patients it is often difficult to differ-
entiate whether SIRS is a result of  the injury itself  or due
to superimposed infection. Most of  the clinical signs of  sys-
temic infection, such as fever and leukocytosis, are by defi-
nition present in SIRS. Therefore considerable attention has
been placed on identifying indirect markers of  systemic
infection that could serve to differentiate SIRS caused by
infection from that caused by trauma. It is important clini-
cally to identify patients with systemic infection in order to
initiate antibiotic therapy in a timely fashion. Additionally
positive blood cultures are the gold standard for diagnosis
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circulation for days. Administration of  anti-HMGB-1 to 
septic mice has been shown to improve survival. Conversely 
systemic administration of  HMGB-1 to mice is lethal. 
Whether HMGB-1 plays an important role in inflammatory 
injury in humans remains to be determined. However the 
concept of  late mediators of  inflammatory tissue injury 
may improve our understanding of  the pathophysiology of  
SIRS.

As discussed earlier, factors that appear to be important 
in limiting the extent of  SIRS and, in many cases, reducing 
the incidence of  shock and MODS are appropriate fluid 
resuscitation, hemodynamic support, treatment of  infec-
tion with antibiotics, excision of  necrotic tissue, and ade-
quate nutritional support.83 There is controversy regarding 
the ideal fluid for volume resuscitation in trauma and burn 
patients. However, recent studies show that hypertonic 
saline has beneficial effects in modulating the SIRS-
associated immunological cascade as well as in restoring 
hemodynamic parameters and microcirculatory flow. The 
effect of  hypertonic saline on immune function has largely 
centered on attenuation of  post-injury immunosuppres-
sion. Recent studies have shown that resuscitation with 
hypertonic saline will improve macrophage and T-cell func-
tion as well as increase resistance to infection in experimen-
tal models of  trauma and hemorrhage.84,85 However, the 
use of  hypertonic fluids has not gained widespread support 
in burn resuscitation because of  the risk of  hypernatremia 
and associated complications. Proper nutritional support is 
also an important factor in the treatment of  severely injured 
patients. Enteral feeding formulas supplemented with glu-
tamine, arginine, omega-3 fatty acids, and nucleotides have 
been shown to improve outcome in trauma patients.86 
Overall, trauma patients receiving immune-enhancing 
diets have been shown to have fewer infectious complica-
tions. In general, enteral feeding has been shown to main-
tain gut integrity and improve outcome in burn patients.

Tracey and colleagues have described a cholinergic anti-
inflammatory pathway that may be important in the regu-
lation of  inflammation and could be exploited for therapeutic 
benefit.87,88 As described, local inflammation activates affer-
ent fibers of  the vagus nerve that signal the brain to elicit 
an anti-inflammatory response through efferent vagal 
fibers (Fig. 19.8). Acetylcholine released by the vagus inter-
acts with α7 nicotinic acetylcholine receptors (α7 nAChR) 
on macrophages and suppresses the production of  pro-
inflammatory mediators. Those investigators have shown 
that electrical stimulation of  the vagus nerve will attenuate 
the pro-inflammatory response induced by cecal ligation 
and puncture or endotoxin challenge. Acetylcholine has 
also been shown to inhibit the release of  pro-inflammatory 
cytokines by cultured macrophages following endotoxin 
challenge.87,88 More specific α7 nAChR agonists are under 
investigation for the treatment of  hyperinflammatory 
states, and the possibility of  exploiting the cholinergic anti-
inflammatory pathway for therapeutic benefit remains to be 
established.

ACTIVATION OF THE COAGULATION CASCADE 
DURING INFLAMMATION

Inflammation and coagulation are intimately intertwined. 
The coagulation cascade is activated during both tissue 

the use of  IL-1ra,69,70 anti-bradykinin,71 PAFra,72,73 and
ibuprofen.74,75

Because of  the relative ineffectiveness of  anti-
inflammatory therapy aimed at neutralizing single media-
tors, more broad-based strategies were developed with the
goal of  simultaneously neutralizing, removing, or inhibit-
ing the production of  numerous inflammatory mediators.
Hemofiltration was one approach that received consider-
able attention. Several studies have shown that hemofiltra-
tion will increase the clearance of  inflammatory mediators,
particularly IL-6, from blood in patients with sepsis.76,77

However none of  these studies has demonstrated a signifi-
cant reduction in IL-6 plasma levels. A study by Kellum
et al.77 showed that continuous venovenous hemofiltration
(CVVH) reduced plasma TNF-α concentrations by 13%, and
the use of  continuous venovenous hemodialysis (CVVHD)
resulted in a 32% increase in circulating TNF-α levels.
Overall the use of  hemofiltration has been largely ineffective
in removing significant amounts of  inflammatory media-
tors from the blood of  patients with sepsis, and there is
currently no evidence that this approach will reduce mor-
bidity and mortality.

The use of  glucocorticoids in the treatment of  sepsis has
been proposed for more than 30 years. A meta-analysis78 of
studies using high-dose glucocorticoids in the treatment of
sepsis was published in 1995 and later summarized by Zeni
and colleagues.79 Overall the use of  high-dose glucocorti-
coids to treat sepsis and septic shock has not been beneficial.
In many studies, the use of  glucocorticoids in septic patients
was associated with increased mortality. In burned patients
there is no evidence that administration of  glucocorticoids
provides effective treatment for systemic inflammation.
More recent studies show that replacement dose steroids
will improve survival in septic patients who have adrenal
insufficiency.80 Recent guidelines from the Surviving Sepsis
Campaign advocate the use of  replacement dose glucocor-
ticoids in septic patients refractory to conventional
management.81

The failure of  anti-inflammatory approaches to improve
outcome in patients with severe sepsis or septic shock is
likely to be multifactorial. First, the inflammatory response
to injury and sepsis is induced by a complex array of  media-
tors that are largely interrelated and have significant redun-
dancy. Therefore, blocking or neutralizing a single mediator
is not likely to have a marked effect on the overall response.
Second, the same mediators that are important in inducing
tissue injury also play an important role in antimicrobial
immunity, and blockade of  these mediators may leave the
host more susceptible to subsequent infection. Third, many
of  the mediators, particularly TNF-α and IL-1β, are released
within minutes of  injury and mobilize the inflammatory
cascade shortly thereafter. Therefore, by the time that signs
of  SIRS or sepsis are apparent, many of  the injurious effects
of  the inflammatory response have already been set in
motion, making therapy ineffective. A recent emphasis has
been placed on the identification of  late mediators of  inflam-
matory injury. This search has been prompted by the obser-
vation that SIRS- and sepsis-associated death occur days
after the peak effect of  inflammatory cytokines. One poten-
tial late mediator that has recently been identified is
HMGB-1.82 HMGB-1 is released by macrophages up to 8 h
after lipopolysaccharide (LPS) challenge and persists in the
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Activated Hageman factor triggers a cascade of  proteins to 
become activated, resulting in the formation of  thrombin. 
The intrinsic pathway is most commonly activated by direct 
tissue trauma. In contrast, the extrinsic pathway is initiated 
by the production of  tissue factor. Recent studies indicate 
that the extrinsic pathway is the primary coagulation 
pathway activated during infection and systemic inflamma-
tion, particularly during sepsis and SIRS.89 Tissue factor is 
expressed on tissue surfaces that are not normally exposed 
to the vascular compartment, such as subcutaneous tissues 
and the adventitial layer of  blood vessels. In addition, endo-
thelial cells and activated monocytes produce tissue factor 
during periods of  inflammation in response to TNF-α, IL-1, 
IL-6, and CRP.90 The presence of  tissue factor causes activa-
tion of  factor VII, which then forms a complex with tissue 
factor and ultimately causes the formation of  thrombin by 
the activation of  a series of  coagulation factors (Fig. 19.9). 
Activation of  the coagulation cascade is not only important 
in the formation of  fibrin clots but also has important effects 
on the pro-inflammatory response. Factor Xa, thrombin, 
and the tissue factor-VIIa complex have been shown to elicit 
pro-inflammatory activity. Specifically, thrombin and the 
tissue factor-VIIa complex can induce production of  pro-
inflammatory cytokines such as TNF-α by mononuclear 
and endothelial cells.89 That effect appears to be mediated 
by the binding of  these factors to protease-activated recep-
tors on the surface of  target cells. Therefore acute inflam-
mation causes activation of  the coagulation cascade, which 
can then further potentiate the inflammatory response.

Activation of  the clotting cascade during inflammation is 
limited by several factors. This is important because it pre-
vents uncontrolled induction of  procoagulant mechanisms. 

injury and infection. It is divided into two pathways that 
converge and ultimately cause the activation of  thrombin, 
with subsequent cleavage of  fibrinogen into fibrin (Fig. 
19.9). The intrinsic pathway is a series of  plasma proteins 
that are activated by Hageman factor (factor XII), a protein 
synthesized in the liver that is activated by binding to  
collagen, basement membrane, or activated platelets. 
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Inhibition of  tissue factor function inhibits activation of  the 
extrinsic clotting pathway during inflammation. Infusion 
of  TFPI has also been shown to reduce pro-inflammatory 
cytokine production during endotoxin infusion in baboons 
but not in humans.

THE HEMODYNAMIC RESPONSE

The full clinical picture of  systemic inflammation after 
thermal injury is characterized by two primary phases. 
After the initial injury, inflammation leads to increased vas-
cular permeability and the exudation of  protein-rich fluid 
from the vascular compartment to the interstitium. This 
early fluid leak results in intravascular hypovolemia and 
interstitial edema formation. If  the patient is adequately 
resuscitated, a hyperdynamic phase will ensue that is char-
acterized by a low systemic vascular resistance and high 
cardiac output. Patients who are not well resuscitated or 
whose cardiac function is compromised may not be able to 
increase their cardiac output to the extent needed to main-
tain arterial blood pressure during states of  extensive vaso-
dilatation and so might exhibit tissue hypoperfusion and 
shock. A reduced vascular responsiveness to vasoconstric-
tors may inhibit successful pharmacologic intervention, 
and patients could develop irreversible shock. An intrave-
nous bolus injection of  4 ng/kg endotoxin into healthy vol-
unteers mimics some aspects of  the hemodynamic response 
seen in septic patients and adequately resuscitated burn 
victims.99,100 The low systemic vascular resistance and the 
elevated cardiac output can also be induced in animal 
models by continuous infusion of  low-dose endotoxin101 or 
bacteria.102,103

Changes in Endothelial 
Permeability

Burn injury, trauma, and sepsis increase microvascular per-
meability in both the systemic104 and the pulmonary 

The best-defined factors are antithrombin, the protein C 
system, and the tissue factor pathway inhibitor. Anti-
thrombin is produced in the liver and directly binds to 
and inactivates thrombin.91 The binding of  antithrombin 
to thrombin is greatly potentiated by heparin and by gly-
cosaminoglycans present on the endothelial cell surface. In 
rodents interaction of  antithrombin with the endothelial 
cell surface promotes the release of  PGI2, which inhibits 
TNF-α production by monocytes through the inhibition of  
transcription factor NF-κB activation.92 Thus antithrombin 
may have anti-inflammatory properties in addition to its 
function in regulating coagulation.

Protein C is a circulating protein that is activated by 
the thrombin–thrombomodulin complex on the surface 
of  endothelial cells (Fig. 19.10). Activation of  protein C 
decelerates the clotting cascade by inactivating factors 
Va and VIIIa. Activated protein C (APC) also inhibits 
thrombin-induced production of  TNF-α by monocytes by 
inhibiting the activation of  transcription factors NF-κB and 
AP-1.93 Therefore APC has both anticoagulant and anti-
inflammatory properties. During sepsis, APC levels can 
become depleted due to consumption and inflammation-
induced down-regulation of  thrombomodulin. This results 
in unchecked formation of  thrombin, causing accelerated 
coagulation and increased pro-inflammatory activity. The 
importance of  protein C in regulating thrombin formation 
during sepsis is demonstrated by increased mortality in 
septic patients with low APC levels.94 Those findings led to 
the investigation of  APC as an intervention in patients with 
sepsis. Early trials showed that APC therapy was effective in 
improving survival in patients with severe sepsis.95 However, 
further investigation did not demonstrate significant  
benefit.96,97

A third important factor in the regulation of  thrombin 
formation is the tissue factor pathway inhibitor (TFPI). TFPI 
is present on the surface of  endothelial cells and bound to 
lipoproteins in plasma. TFPI inactivates tissue factor by 
forming a quaternary complex with tissue factor and factor 
VIIa. Factor Xa is the fourth component of  the complex.98 
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models of  endotoxemia, but it has been generally accepted 
that the changes in pulmonary transvascular fluid flux in 
phase 2 represent changes in microvascular permeability. 
The mechanisms of  the increased microvascular permeabil-
ity are still under discussion.

Endothelial cells play an important role in the regulation 
of  vascular permeability. It has been hypothesized that 
endothelial cells can contract upon stimulation.116 As a 
result, the intercellular gaps might increase in number 
and/or size, establishing the so-called capillary leak syn-
drome. The development of  the protein-rich high-
permeability edema can be ameliorated if  substances are 
administered that raise the endothelial cell content of  cyclic 
adenosine or guanosine monophosphate.117,118 However, 
endothelial cells do not merely serve as targets during sys-
temic inflammation: they actively contribute to the ongoing 
inflammatory process. The endothelial cell can be stimu-
lated by endotoxin, TNF-α, or IL-1 to express E-selectin, an 
adhesion molecule.119 E-selectin on the surface of  endothe-
lial cells interacts with the corresponding L-selectin complex 
on polymorphonuclear neutrophils (PMNs) to facilitate 
rolling of  these cells along the endothelium.120 Moreover 
endothelial cells secrete the pro-inflammatory cytokines 
TNF-α and IL-1, which activate PMNs. Conflicting data 
exist regarding the role of  PMNs in SIRS. PMNs are usually 
found at the site of  tissue injury, to which they migrate 
following a concentration gradient of  chemotactic stimuli. 
Upon stimulation, PMNs roll along endothelial cells, and, 
in a further step mediated by PMN CD18/CD11b interac-
tions with endothelial ICAM-1, emigrate from the vessel 
into the interstitial space. Antibodies against the common 
CD18β chain showed beneficial effects in an animal model 
of  sepsis-induced lung injury, suggesting that integrin-
mediated PMN emigration is a functionally important 
process in the development of  acute lung injury.121 On the 
other hand, patients who are deficient in CD18 have abun-
dant PMNs in their alveolar spaces, and the monoclonal 
antibody 60.3 was ineffective in completely blocking the 
migration of  PMNs into the lung in a number of  condi-
tions.122 We have found that in chronic endotoxemia there 
are few PMNs in the lung but numerous macrophages. 
Activated PMNs and macrophages release oxygen free radi-
cals and proteases at sites of  inflammation. Those processes 
appear to be functionally important in the development of  
vascular permeability because administration of  oxygen 
free radical scavengers and antiproteases proved to be 
useful in diminishing edema accumulation after endotoxin 
challenge.123 However, proteases and oxygen radicals are 
also released by macrophages, which are already present 
in the tissue, and by monocytes that migrate to sites of  
inflammation. Depletion of  granulocytes by anti-PMN anti-
serum or by treatment with nitrogen mustard did not 
prevent the changes in microvascular permeability follow-
ing the administration of  endotoxin.124,125 Moreover 
patients deficient in PMNs still develop acute respiratory 
distress syndrome (ARDS) associated with sepsis.126,127 On 
the other hand, treatment of  sheep or goats with hydroxy-
urea, which is another compound used to deplete granu-
locytes, was effective and diminished fluid accumulation in 
the lung after endotoxin challenge.128 However, urea scav-
enges free radicals, which might explain its efficacy.129 As 
the inflammatory response becomes chronic, many 

circulations.105 Increased vascular permeability and cuta-
neous edema are hallmarks of  burn shock. The increase in 
systemic vascular permeability results in the exudation of  
protein-rich fluid from the vascular compartment into the 
interstitium. This results in intravascular volume loss and 
the concomitant development of  interstitial edema. If  
resuscitation is not prompt and adequate, this loss in intra-
vascular volume will lead to intravascular hypovolemia, 
hypotension, and inadequate tissue perfusion. Severe inter-
stitial edema formation can lead to the development of  com-
partment syndrome, with compromise of  neurovascular 
integrity. The lungs may also be affected. Edema formation 
due to an increase in microvascular permeability is a hall-
mark of  the acute lung injury. The factors that determine 
the transvascular fluid flux are summarized in the Starling-
Landis equation:106,107

J K P Pv f mv i mv i= − − −[( ) ( )]α π π

where Jv is the transvascular fluid flux, Kf  is the filtration 
coefficient (measure of  the endothelial permeability to small 
solutes and water as well as of  the permeability surface 
area), Pmv is the microvascular hydrostatic pressure, Pi is the 
interstitial hydrostatic pressure, α is the osmotic reflection 
coefficient to protein, πmv is the microvascular oncotic pres-
sure, and πi is the interstitial oncotic pressure.

Several investigators have studied lymph flow and lymph 
protein flux after administration of  bacteria or short-time 
infusion of  1–2 µg/kg of  endotoxin in sheep. Two phases 
of  permeability change could be distinguished in these 
models.108 During phase 1 there was a high microvascular 
hydrostatic pressure, as defined by the Gaar equation.109 
This was associated with an increase in lung lymph flow, 
but the lymph protein concentration was low. It was con-
cluded that the high microvascular hydrostatic pressure 
was responsible for the early increase in transvascular fluid 
flux. Thromboxane A2 (TXA2) has been found to be respon-
sible for the vasoconstriction that causes local increases 
in hydrostatic pressure. Therefore it is not surprising that 
administration of  the thromboxane synthetase inhibitor 
OKY046 prevented the rise in lymph flow during phase 
1.110 That effect was also noted after blockage of  cyclo-
oxygenase by ibuprofen.111 Early edema formation at the 
site of  burn injury might be due to a different mechanism. 
Data suggest that a marked fall in interstitial hydrostatic 
pressure might occur in the injured tissue, which could 
explain the immediate onset of  edema formation after 
thermal injury.112,113 These changes might be the result of  
an inhibition of  the fibroblast β1-integrin attachment to  
collagen.

During phase 2, lymph flow continues to be high.
However, the lymph protein concentration rises consid-
erably and the pulmonary artery pressure is only mildly
elevated.108 The oncotic pressure gradient between micro-
vasculature and interstitial space is reduced during that
period.114 Together these data suggest that the permeability
of  the pulmonary endothelium to protein increases in phase
2. In fact, the reflection coefficient for total protein fell from
0.73 to 0.58, with respective changes in the reflection coef-
ficients for albumin (0.66 to 0.5), IgG (0.76 to 0.64), and
IgM (0.91 to 0.83) after 4 hours of  Escherichia coli sepsis in
sheep.115 Confirmation of  this hypothesis is still pending in
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INCREASED EPITHELIAL PERMEABILITY

Permeability changes during systemic inflammation are 
not restricted to the endothelium. Loss of  epithelial barrier 
function has been noted both in the lung and in the intes-
tine. Administration of  2–4 ng/kg endotoxin to healthy 
human volunteers increased their alveolar epithelial perme-
ability to the inhaled 492 Da molecule [99mTc] diethylene-
triamine pentaacetate (DTPA) 3 hours after endotoxin had 
been given.100 Human volunteers demonstrated a higher 
intestinal epithelial permeability to mannitol/lactulose.140 
Bacterial translocation occurred during endotoxemia,141 
thermal injury,142 and multiple trauma with hemorrhagic 
shock.143 This might well be interpreted as a loss of  intes-
tinal barrier function. Nevertheless one must bear in mind 
that epithelial permeability to molecules such as lactulose/
mannitol and bacterial translocation do not necessarily 
relate to each other. The epithelium could also be injured by 
ischemia–reperfusion.144 In addition to changes in vascular 
permeability, burn injury also causes marked alterations in 
vascular tone and myocardial function that are character-
ized by a variety of  temporal alterations.

The Hyperdynamic State

Continuous infusion of  endotoxin into sheep and pigs 
results in a hyperdynamic circulation.145,146 In addition 
to a low systemic vascular resistance and a high cardiac 
output with a slightly decreased mean arterial pressure, the 
hyperdynamic response is further characterized by hypore-
sponsiveness of  isolated vessels to vasoconstrictors and an 
increased pulmonary shunt fraction in the presence of  a 
reduced pulmonary hypoxic vasoconstriction.145,147–149 The 
high cardiac output is due to low systemic vascular resis-
tance and increased heart rate.150,151 Paradoxically myo-
cardial function is depressed during sepsis and in severely 
burned patients.152,153 The underlying cause of  impaired 
myocardial function is not fully understood. However, 
reports indicate that pro-inflammatory mediators such 
as TNF-α, IL-1, IL-6, and nitric oxide (NO) contribute to 
this alteration.153,154 The treatment of  myocardial function 
during sepsis and after burn trauma is an important consid-
eration in overall hemodynamic management. The combi-
nation of  myocardial dysfunction and increased pulmonary 
vascular resistance is a likely cause of  right heart failure in 
pediatric burn patients. Treatment options include dobuta-
mine and phosphodiesterase inhibitors such as milrinone. 
The Surviving Sepsis Campaign recommends dobutamine 
as a first-line agent for treatment of  hypotension and hypo-
perfusion in pediatric patients with sepsis, especially when 
myocardial dysfunction is present.81

NO has been implicated as a mediator of  systemic vasodi-
lation and myocardial depression during sepsis and after 
major burn injury. NO can be synthesized from its precursor 
L-arginine by three different enzymes (Fig. 19.11). The
calcium-dependent constitutive nitric oxide synthases 
(NOS) such as endothelial NOS (eNOS) and neuronal NOS 
(nNOS) are responsible for the basal release of  NO, which 
seems to play an important role in the regulation of  vascu-
lar tone under physiologic conditions. In vitro data suggest 
that these enzymes might become inactivated early after 

mediators have been released and more than one mecha-
nism may be responsible for capillary leak.

The role of  arachidonic acid metabolites in facilitating
increased vascular permeability has been extensively inves-
tigated. Administration of  the thromboxane synthetase
inhibitor OKY046 not only reduced transvascular fluid flux
in phase 1, but was also effective in phase 2 after endotoxin
challenge.110 This finding suggests that thromboxanes par-
ticipate in permeability alterations during systemic inflam-
mation. Oxygen free radicals can also increase microvascular
permeability, both by activation of  endothelial cell contrac-
tion and by damaging the endothelial cell membrane.
OKY046 has been shown to reverse oxygen free radical-
induced lung injury.130,131 On the other hand, inhibition of
cyclooxygenase did not affect transvascular fluid flux during
phase 2, even though thromboxane A2 is a cyclooxygenase
metabolite.111 This discrepancy is still unexplained; however,
prostacyclin is elevated after endotoxin administration, and
this material has many actions that counter the actions of
thromboxane. Administration of  a cyclooxygenase inhibi-
tor will prevent the release of  this salutary eicosanoid.

TNF-α is one of  the early mediators in systemic inflam-
mation. It has been reported to be elevated during sepsis
and endotoxemia after hemorrhagic shock or thermal
injury. It is considered to be one of  the most important
mediators in the cascade because it has the potential to
stimulate or enhance most of  the steps in the inflammatory
response. Moreover administration of  human recombinant
TNF-α in the chronic sheep model reproduced most of  the
effects of  endotoxemia, including alterations in pulmonary
microvascular permeability.132,133 TNF-α also induces the
secretion of  PAF, which is a further early mediator of  sys-
temic inflammation. PAF causes an increase in lung lymph
flow and permeability to protein when it is infused into con-
scious sheep.134 Administration of  a PAF antagonist abol-
ished the cardiopulmonary response that occurs during
phase 1 and attenuated it during phase 2. However, PAF
had no direct effect on endothelial cells. This suggests that
it probably increases microvascular permeability through
other mechanisms, such as its priming effect on PMNs.135,136

If  burn patients are adequately resuscitated, they most
commonly enter into a phase characterized by hyperdy-
namic cardiovascular function. The hyperdynamic cardio-
vascular response is associated with profound changes in
pulmonary transvascular fluid flux in the ovine model of
continuous endotoxemia.104,137 The lymph protein concen-
tration gradually decreased after phase 2, and after 24
hours of  endotoxemia, the reflection coefficient to protein
was at baseline level, whereas the lymph flow was still high.
Microvascular hydrostatic pressure, evaluated by Hollo-
way’s technique, was not significantly different from base-
line.138 The elevated transvascular fluid flux was attributed
to a high filtration coefficient. An increase in both perfused
surface area and pore numbers might have contributed to
the change in filtration. Repeated injections of  endotoxin
also reduced subsequent lung lymph production in response
to endotoxin.132 These changes in lung lymph flow were
associated with elevations in endothelin and atrial natri-
uretic peptide.138,139 However, further studies must deter-
mine whether these factors affect pulmonary microvascular
changes during the late phases of  sepsis and multiple organ
failure.
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contribute to SIRS after severe burn injury. Widespread 
increases in microvascular permeability lead to intravascu-
lar hypovolemia and interstitial edema, thereby impairing 
oxygen diffusion to the tissue. Blood flow may become mal-
distributed owing to a loss of  vasoregulatory function and 
as a result of  widespread microthrombosis. Oxygen utiliza-
tion also appears to be impaired. The resultant hypoxic cell 
damage further promotes organ dysfunction. Oxygen free 
radicals, peroxynitrite, and cytokines also appear to con-
tribute to tissue damage and organ dysfunction. Despite 
improved understanding of  the cellular and molecular 
mechanisms underlying SIRS, targeting the inflammatory 
response is not currently an effective treatment option for 
patients with burn-induced SIRS. Treatment is supportive 
and includes adequate fluid resuscitation, appropriate use 
of  vasoactive drugs, support of  failing organ systems, exci-
sion of  necrotic tissue, and treatment of  infection with 
antibiotics.

Complete references available online at http://
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against enteric bacteria in severely burned mice (Fig. 
20.1). In addition, polymicrobial sepsis frequently occurs 
in severely burned patients. Because such infections do not 
usually develop in healthy individuals, immune dysfunc-
tions associated with burn injuries are a major reason for 
the increased susceptibility of  severely burned patients to 
these infections.

The innate immune system is the first line of  host defense 
against microbial invasion.21 The cells and molecules of  
innate immunity are rapidly activated by microbes or some 
signals induced by damaged tissues.22–25 The innate immune 
system consists of  (1) soluble recognition molecules, (2) 
physical barriers, and (3) cellular components (myeloid 
cells and lymphoid cells). Soluble recognition molecules 
include natural antibodies (IgM and IgA), acute phase pro-
teins, and the complement system. In heathy individuals, 
natural IgM is constitutively produced. However, reduced 
levels of  antibodies are evident in severely burned patients.26 
Burn-associated hypermetabolic responses stimulate the 
synthesis of  acute phase proteins located in the liver and 
intestinal mucosa.27–29 Burn injury to tissues leads to com-
plement activation with subsequent depletion of  comple-
ment components, mainly C3, C4, and C5.30–32 As physical 
barriers, epithelial cells produce antimicrobial peptides 
(β-defensins and LL-37/hCAP-18), which are small molec-
ular weight proteins with broad-spectrum antimicrobial 
activity.33,34 After injury or infection, epithelial cells produce 
alarmins such as thymic stromal lymphopoietin (TSLP), 
interleukin (IL)-25 and IL-33. This causes the initiation of  
type 2 immune responses.35–37 Although β-defensins are 
normally produced by epidermal keratinocytes,33 mRNA 
expression of  these peptides is greatly decreased in the 
tissue around the burn wound when compared with normal 
skin in thermally injured patients.38,39 Decreased local pro-
duction of  antimicrobial peptides around burn wounds 
allows the local growth of  bacteria, putting the patient at 
risk for wound-derived systemic infections. Studies in 
animal models of  burn injury suggest that decreased anti-
microbial peptide production by epidermal keratinocytes 
around burn wounds is due to the infiltration of  suppressive 
myeloid and lymphoid cells that appear in response to burn 
injuries.

It is well established that burn injury initiates an early 
proinflammatory innate immune response followed by an 
adaptive counter-inflammatory response.40–42 The innate 
immune system is activated in response to either pathogen-
associated or damage-associated molecular patterns.22–25 
Both patterns are recognized by pattern recognition 

Introduction

Infectious complications are one of  the leading causes of
death in patients with severe burn injuries.1–5 Increases in
the total body surface area and depth of  burn injuries cor-
relate with the excessive risk of  infectious complications.6

Burn patients are commonly treated with many compo-
nents such as fluid resuscitation, wound excision, grafting
and coverage, infection control, and nutritional support.
Progress in each treatment has contributed significantly to
reduce mortality in severely burned patients. However mor-
tality rates associated with infectious complications still
remain high, and bacterial infections are a major cause of
morbidity in burned patients.7–9

Infections in severely burned patients frequently occur as
opportunistic infections. In these patients, a majority of  the
causative infectious pathogens come from their own micro-
biota distributed in and on the skin, respiratory tract, and
intestines.5 For example, staphylococci are found in 40% of
wound isolates, and 14%–17% of  burned patients become
infected once they are colonized.10–12 Although antibiotics
are useful to control infections, excessive antibiotic usage is
directly related to the development of  methicillin-resistant
Staphylococcus aureus (MRSA).13 Vancomycin is utilized
clinically to treat MRSA; however, the management of  inva-
sive MRSA infection will become a serious problem if  VISA/
GISA strains spread widely.14–16 Currently, newer antibiot-
ics such as linezolid (oxazolidinones) and quinupristin/
dalfopristin (macrolides) are available to treat MRSA infec-
tion.17 In general, however, these agents are of  limited
usefulness because of  their propensity to create antibiotic-
resistant bacteria.13 These facts strongly indicate that a new
strategy, apart from antibiotic therapy, is required to treat
infections.18,19

Sepsis stemming from wound infections is usually found
in patients with severe thermal injuries. Topical antibacteri-
als (silver sulfadiazine, silver nitrate, mafenide acetate, etc.)
are very useful for controlling the colonization and multipli-
cation of  microorganisms on the surface of  burn wounds.
However, due to the burn-induced defects of  the host’s
antibacterial defenses, very small amounts of  Pseudomo-
nas aeruginosa that escape from this treatment are enough
to spread throughout the whole body.20 In fact, only 50
colony-forming units (CFU) of  P. aeruginosa applied to burn
wounds are sufficient to kill severely burned mice, whereas
more than 1 × 108 CFU applied intradermally are required
to kill noninjured mice. Similarly, burn-associated defects
in host antibacterial defenses have been demonstrated
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that neutrophils leave the bloodstream only at the inflam-
matory site.59 This process includes tethering (capturing), 
rolling, adhesion, crawling, and transmigration. IL-8 pro-
duction by activated neutrophils plays a central role in the 
recruitment of  additional neutrophils to the infection site.60 
After severe burn injuries, levels of  IL-8 in plasma are 
approximately 60 times higher than those in plasma of  
healthy controls.61 An increase in peripheral blood neutro-
phils is seen in patients 2–5 days after burn injury. However, 
the chemotactic function and efficient migration of  neutro-
phils are impaired in severely burned patients due to the 
decreased expression of  CXCR2 (a receptor for IL-8).62 
Migration speed of  neutrophils toward the chemoattractant 
source is also impaired in severely burned patients.63 Such 
impairment of  neutrophils starts as early as 24 hours after 
burn injury, reaches a maximum at 3 to 5 days after burn 
injury, and correlates to the size of  the burn injury.

IMPAIRED NEUTROPHIL KILLING

Neutrophils are efficient phagocytes that engulf  microbes 
into phagosomes. The phagosome fuses with granules to 
produce a phagolysosome, in which microbes are exposed 
to many destructive enzymes, antimicrobial peptides, and 
reactive oxygen species.55 These components synergize and 
effectively kill microbes. Highly activated neutrophils kill 
extracellular microbes by releasing NETs, which consist of  
fibrils formed by active expulsion of  DNA, chromatin, anti-
microbial protein, and enzymes.64 The sticky DNA fibers of  
the NETs bind and immobilize pathogens and thus inhibit 
their further spread. NETs kill pathogens directly by means 
of  antimicrobial histones and proteases. IL-8 is well-known 
to enhance NET formations of  neutrophils.56,64 As described 
earlier, increased levels of  IL-8 in the circulation of  severely 
burned patients have been demonstrated.61 Increased levels 
of  KC and MIP-2 have also been demonstrated in the sera 
and lungs of  mice 2–8 hours after burn injury.65,66 KC and 
MIP-2 are functionally homologous to human IL-8. 
However, phagocytosis, oxidative metabolism, granular 
enzyme contents, and intracellular killing of  neutrophils 
are greatly reduced in severely burned patients compared 
with those of  neutrophils from healthy individuals.67 The 

receptors (PRRs) on innate immune cells. Depending on the 
molecular patterns recognized, pro- or antiinflammatory 
soluble factors are rapidly released from these cells. Thus 
the development of  burn-associated immunosuppression is 
initiated early after burn injury. Antiinflammatory responses 
are helpful for wound healing43–45 and the resolution of  liver 
and intestinal inflammation21,46,47 in burn patients. 
However, dysregulated immunosuppression and persistent 
inflammation cause immunoparalysis,48 and patients with 
immunoparalysis become extremely susceptible to infec-
tions.49 This chapter will discuss cell populations and their 
functions involved in innate immunity as influenced by 
severe burn injuries.

Neutrophils

Neutrophils are the most abundant white blood cells in the 
innate immune system. They are rapidly recruited to the 
injury or infection site, where they phagocytose and kill 
invading microorganisms.50 The maturation of  neutrophils 
is under the control of  transcription factors PU.1 and C/
EBP.51 During maturation, the neutrophil goes through 
several stages, namely myeloblast, promyelocyte, myelo-
cyte, metamyelocyte, band cell, and, finally, polymorpho-
nuclear (segmented) cell.52 In the absence of  infection or 
inflammation, mature neutrophils die within 15 hours by 
caspase 3-mediated spontaneous apoptosis.53,54 Inflam-
matory signals are capable of  prolonging the life span of  
neutrophils by several days.53 However, even during inflam-
mation, mature neutrophils die by apoptosis or NETosis 
(death during formation of  neutrophil extracellular traps 
[NETs] for extracellular killing) while performing their anti-
microbial function.55,56 These dead neutrophils are engulfed 
by macrophages.57

IMPAIRED NEUTROPHIL RECRUITMENT

Mature neutrophils leave the bone marrow and enter to the 
circulation.58 Getting neutrophils to the site of  infection is 
of  prime importance, and an elaborate series of  adhesion 
events between neutrophils and the endothelium ensures 
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Fig. 20.1 Susceptibility of burn mice to Pseudomonas aeruginosa and Enterococcus faecalis infections. Severely burned mice are 104-times or more 
susceptible to P. aeruginosa (A) or E. faecalis (B) infection when compared to normal mice. 
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from slightly burned (5% TBSA burn, MRSA-resistant 
hosts) or severely burned mice (25% TBSA burn, MRSA-
susceptible hosts) are biologically and histologically differ-
ent from the neutrophils isolated from naïve mice. These 
three neutrophil populations have unique cytokine/
chemokine-producing patterns. Also, these three neutro-
phils express Toll-like receptors (TLRs) and surface CD49d/
CD11b integrins differently. Neutrophils isolated from 
MRSA-resistant mice are proinflammatory IL-12+ CCL3+ 

attenuating CXCR2 expression on neutrophils is,62 at least 
in part, responsible for neutrophil dysfunction following 
burn injury.

PRO- AND ANTIINFLAMMATORY NEUTROPHILS

Experimental studies in rodents have identified distinctive 
types of  neutrophils that affect resistance to MRSA  
infections in burned mice (Fig. 20.2).68 Neutrophils isolated 
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and CCL2 released from PMN 2 are characterized as active 
cytokines that induce M2 macrophages from quiescent 
macrophages.68,70,71 Therefore these cytokines are targets 
for the macrophage polarization influenced by PMN 2. 
Infectious complications due to MRSA infection and enteric 
bacterial translocation have been successfully controlled in 
severely burned mice depleted of  CCL2 or IL-10 by their 
antisense oligodeoxynucleotide (ODN).72,73 Thus antiin-
flammatory neutrophils appearing in hosts after severe 
burn injury suppress effective immune responses and 
increase susceptibility to infections.

ROLE OF DAMAGE-ASSOCIATED MOLECULAR 
PATTERNS IN INDUCING ANTIINFLAMMATORY 
NEUTROPHILS POSTBURN INJURY

In microbial infection, pathogen-associated molecular 
patterns (PAMPs) present in diverse organisms but, when 
absent in the host, provide exogenous signals that alert 
the immune system to the presence of  pathogens, thereby 
promoting immunity.74 For instance, bacterial lipopolysac-
charide (LPS) is a PAMP and is recognized by TLR4 on the 
immune cell surface. Bacterial DNA that contains unmeth-
ylated CpG motifs is also a PAMP and is recognized by TLR9, 
which is located in the endosomal compartment of  neutro-
phils. Both TLR4 and TLR9 are PRRs. In contrast, a variety 
of  stressed, injured, or dying cells (including epithelial cells 
following burn injury) release damage-associated molec-
ular patterns (DAMPs) as the endogenous danger signals 
that alert the innate immune system to unscheduled cell 
death and microbial invasion and in response to stress (Fig. 
20.3).22–25 HMGB1, hyaluronic acid, formyl peptides, heat-
shock protein 70, S100A8, S100A9, and serum amyloid 
A are well-known DAMPs. These DAMPs are specifically 
recognized by several receptors (Table 20.1).75 These 
ligand-specific interactions are able to induce either pro- or 
antiinflammatory effects. In severely burned patients, cir-
culating mitochondrial DAMP levels are notably elevated 
(>10-fold) within 72 hours of  burn injury. These mito-
chondrial DAMPs cause systemic inflammation, which is 
commonly characterized by fever, leukocytosis, increased 

cells (PMN 1 or N1), whereas neutrophils from MRSA-
susceptible mice are an antiinflammatory IL-10+ CCL2+ 
cells (PMN 2 or N2). Neutrophils isolated from naïve mice 
are IL-12− and IL-10− cells. These neutrophils also differ in 
their promotion of  macrophage differentiation. Quiescent 
macrophages from the lamina propria of  normal mice 
convert to the M1 phenotype after cultivation with poly-
morphonuclear leukocyte (PMN) 1 in dual-chamber tran-
swells supplemented with a mixture of  TLR3/TLR9 agonists. 
In contrast, quiescent macrophages convert to the M2 phe-
notype after cultivation with PMN 2 in the same transwells. 
Neither M1 nor M2 macrophages appear even when quies-
cent macrophages are transwell-cultured with naïve PMN. 
Also, PMN 2 are shown to be inhibitory for macrophage 
conversion to the M1 phenotype under stimulation with 
TLR3/TLR9 agonists. Subsequently, IL-10 and CCL2 pro-
duced by PMN 2 are identified as inhibitors of  TLR3/TLR9-
induced macrophage polarization toward the M1 phenotype. 
Another distinguishing feature is their morphology. 
Although IL-12−and IL-10− neutrophils have a round 
nucleus, PMN 1 has a multilobular nucleus (indicative of  
mature neutrophils), and the nucleus of  PMN 2 is ring-
shaped. PMN 2 is predominantly demonstrated in severely 
burned mice.68

Furthermore the role of  PMN 1 and PMN 2 on host anti-
MRSA resistance has been examined in γ-irradiated NSG 
mice (lacking the functional immunocompetent cells) 
reconstituted with normal mouse macrophages (Mϕ-
reconstituted γNSG mice).68 Mϕ-reconstituted γNSG mice 
become more resistant after inoculation with PMN 1, 
whereas the same mice become susceptible after inocula-
tion with PMN 2. Additionally, γNSG mice are shown to be 
resistant against MRSA infection when they are inoculated 
with normal mouse macrophages previously cultured with 
PMN 1. Macrophages previously cultured with PMN 2 do 
not protect Mϕ-reconstituted γNSG mice infected with a 
lethal dose of  MRSA. Similar results are obtained when 
Mϕ-reconstituted γNSG mice are orally infected with a 
lethal dose of  Enterococcus faecalis.69 These results indicate 
that MRSA infection and E. faecalis translocation are not 
controlled in hosts predominantly bearing PMN 2. IL-10 

Table 20.1 Receptors of Pathogen-Associated Molecular Patterns (PAMPs) and Damage-Associated Molecular Patterns 
(DAMPs)

Receptor PAMPs DAMPs

TLR1/TLR2 Lipopeptide Serum amyloid A
TLR4 LPS Fatty acid

Hyaluronic acid
S100A8/A9

NLRP3 Uric acid Uric acid
ATP

RIG-1, MDA5, TLR7/8 Viral RNA Immune complex of snRNPs
TLR9 Bacterial DNA Self-DNA-containing immune complex

Histone
RAGE HMGB1
DAI, IFI16, AIM2, H2B,
RNA polymerase III

Bacterial DNA, viral DNA Self-DNA

AIM2, Absent in melanoma 2; ATP, adenosine 5′-triphosphate; DAI, DNA-dependent activator of IFN-regulatory factors; DAMPs, damage-associated molecular
patterns; HMGB1, high mobility group box-1; H2B, histone H2B; IFI16, interferon-inducible protein 16; LPS, lipopolysaccharide; MDA5, melanoma
differentiation-associated protein 5; NLRP3, the NOD-like receptor family, pyrin domain-containing protein 3; PAMPs, pathogen-associated molecular
patterns; RAGE, receptor for advanced glycation end products; RIG-1, retinoic acid-inducible gene 1; TLR, Toll-like receptor.

Modified from Jounai N, Kobiyama K, Takeshita F, et al. Recognition of damage-associated molecular patterns related to nucleic acids during inflammation
and vaccination. Front Cell Infect Microbiol. 2013;2:168.
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proliferation under homeostatic conditions and in response  
to inflammation.99,100 Peripheral blood monocytes are  
classified into three different populations. In humans,  
these populations correspond to CD14++CD16− (classical 
monocytes), CD14+CD16+ (intermediate monocytes), and 
CD14+CD16++ (nonclassical monocytes); and in mice the 
equivalent populations are Ly6C+CD62L+CD43−CCR2+ 
(classical monocytes), Ly6CintCD62L−CD43+CCR2− (inter-
mediate monocytes), and Ly6C−CD62L−CD43+CCR2− (non-
classical monocytes).101 Classical monocytes can transport 
antigens to lymph nodes with minimal differentiation 
changes from their state in blood, although a proportion 
can convert to nonclassical monocytes. However, in the 
context of  inflammation, recruited monocytes differenti-
ate to macrophages. These monocyte-derived macrophages 
are distinct from resident macrophages.102 Severe burn 
injuries induce inflammation in various organs including 
liver, intestine, and lung due to burn-induced hypermeta-
bolic responses.103 In these tissues, yolk sac-derived tissue 
macrophages coexist with monocyte-derived macrophages. 
Studies to determine the functional differences of  these 
macrophage subsets in the organs of  severely burned hosts 
are needed to develop therapeutic approaches for proper 
resolution of  inflammation.

M1 MACROPHAGES AS AN ANTIBACTERIAL 
EFFECTOR CELL

In steady-state conditions, macrophages are immunologi-
cally quiescent. In the event of  infection, quiescent macro-
phages are activated through the engagement of  TLRs or 
the binding of  IFN receptors.104 IFN-γ induces downstream 
phosphorylation of  Signal transducer and activator of  tran-
scription 1 (STAT1). In particular, LPS activates TLR4, 
which affects mitogen-activated protein kinases (MAPK), 
interferon regulatory factors (IRF), and nuclear factor 
kappa B (NF-κB) pathways. Thus, the activation of  tran-
scription factors NF-κB, activator protein 1 (AP-1), CCAAT/
enhancer-binding protein α (C/EBPα), Krüppel-like factor 6 
(KLF6), IRF5, and STAT1 promote macrophage polariza-
tion toward the M1 phenotype.85,104,105 M1 macrophages 
exhibit (1) high oxygen consumption, (2) the ability to kill 
cells infected with intracellular pathogens, (3) the ability to 
express inducible nitric oxide synthase (iNOS), and (4) the 
ability to secrete nitric oxide, some proinflammatory cyto-
kines, Th1 response-associated cytokines, and various 
chemokines.87–89 Thus the dissemination of  bacteria follow-
ing local infection is prevented by M1 macrophages. M1 
macrophages have been demonstrated in bacterial translo-
cation site tissues such as lamina propria (LP) and mesen-
teric lymph nodes (MLNs)106,107 and are the major effector 
cells in host antibacterial resistance against enterococcal 
translocation.

M2 MACROPHAGES AS INHIBITORS FOR 
MACROPHAGE POLARIZATION FROM 
QUIESCENCE TO THE M1 PHENOTYPE

Even though M1 macrophages play a role in host anti-
bacterial responses, sustained inflammation can be very 
detrimental to the host. For controlling inflammation-
associated damage, a large number of  M2 macrophages 

secretion of  adrenocorticotropic hormone and glucocorti-
coids, and alterations in plasma protein concentrations.76–78 
Simultaneously, these DAMPs cause desensitization of  
chemokine receptors and formyl-peptide receptors on 
neutrophils. Neutrophils influenced by DAMPs lose their 
antimicrobial functions. Also, Clec12a (binding to uric acid 
crystals) mediates the antiinflammatory response of  neu-
trophils influenced by DAMPs.79 Antiinflammatory neutro-
phils secrete high amounts of  IL-10 and CCL2,68,69 potent 
antiinflammatory cytokines, and have been implicated in 
impaired host antibacterial immunity in severely burned 
patients.80

SUPPRESSING ADAPTIVE IMMUNITY

Neutrophils have long been recognized as professional killer 
cells. They also participate in adaptive immunity. PMN 1 
stimulates naïve T cells to polarize to T helper (Th1) cells 
through the production of  interferon (IFN)-γ and IL-12, 
whereas PMN 2 promotes Th2 responses through the pro-
duction of  CCL2 and IL-10.68 Because PMN 2 (but not PMN 
1) appears in severely burned patients80 and Th2 responses
develop in these patients,81–83 the blockage of  PMN 2 is a 
potential effective strategy to control Th2 responses in 
severely burned patients.

Macrophages

Macrophages play a pivotal role in recognizing and elimi-
nating various microbes. Macrophages, together with den-
dritic cells (DCs), function as antigen-presenting cells. 
Together with natural killer (NK) cells and lymphocytes, 
macrophages eliminate microbes. Macrophages are charac-
terized by plasticity and flexibility.84–86 Depending on the 
environmental stimuli, macrophages have a wide array of  
functions, especially in the modulation of  innate immune 
responses through the release of  several factors. Macro-
phages have been primarily classified into two major phe-
notypes: M1 and M2.87–89

TISSUE MACROPHAGES AND INFILTRATING 
MONOCYTE-DERIVED MACROPHAGES

In various tissues, macrophages acquire long-term, respec-
tive populations (e.g., peritoneal macrophages in the perito-
neal cavity, Kupffer cells in the liver, alveolar macrophages 
in the lungs, microglia in the brain, etc.). Kupffer cells, 
microglia, and cardiac tissue macrophages are primarily 
yolk sac-derived cells.90 Recent growing evidence clearly 
shows that yolk sac-derived tissue macrophages are self-
maintained throughout adulthood.91–93 The development 
and maintenance of  tissue macrophages require specific 
growth factors and are regulated by tissue-selective tran-
scriptional factors.94 For example, macrophage colony-
stimulating factor (M-CSF) is essential for Kupffer cells;95 
transforming growth factor (TGF)-β1 and IL-34 are essen-
tial for microglia and Langerhans cells;96,97 and granulo-
cyte macrophage colony-stimulating factor (GM-CSF) is 
essential for alveolar macrophages.98 The transcription 
factor GATA6 is responsible for the transcriptome profile 
of  resident peritoneal macrophages as well as for their  
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may be an effective therapeutic target for controlling oppor-
tunistic infections in severely burned patients.

PLASTICITY OF VARIOUS PHENOTYPES OF 
MACROPHAGES

Macrophages easily switch from one functional phenotype 
to another in response to new microenvironmental 
signals.84–86 Shortly after severe burn injury, quiescent mac-
rophages switch to the M1 phenotype in response to invad-
ing pathogens. Subsequently, certain microRNAs (miRNAs) 
are produced in M1 macrophages through this stimulation 
or after efferocytosis of  apoptotic phagocytic cells, which 
skews these macrophages toward the M2 phenotype.117–119 
miRNAs are short noncoding RNAs of  approximately 
21–23 nucleotides that function in RNA silencing and post-
transcriptional regulation of  gene expression.120 Further-
more M2a macrophages can switch to quiescent 
macrophages depending on the presence of  IL-4121 or be 
reprogramed to switch to M1 macrophages in response to 
TLR agonists. Therefore the M2a phenotype is transient and 
relatively short. In vitro, M2a macrophages lose their prop-
erties within 2 days of  cultivation in IL-4-depleted media 
(Fig. 20.4B). In contrast, M2b macrophages live longer 
once they appear and do not require exogenous growth 
factors (e.g., IL-4), due to the self-sustaining production of  
CCL1, which is an essential chemokine for the maintenance 
of  M2b properties.114 These results indicate that M2b mac-
rophages have poor plasticity and may explain why M2b 
macrophages are persistent in severely burned hosts.

Innate Lymphoid Cells

Innate lymphoid cells (ILCs) are a population of  lymphocyte-
like lineage-negative (Lin−; i.e., lacking surface markers for 
T, B, NK, and monocytes/macrophages lineages) cells. 
These cells are present in a wide variety of  epithelial com-
partments and have important effector functions in the 
innate immune response.122,123 ILCs develop from common 
lymphoid progenitors that express IL-7Rα (CD127). Mature 
ILCs rapidly respond to alarmins emanating from epithelial 
cells or from myeloid cells and are potent innate cellular 

are generated.108 M2 macrophages suppress the develop-
ment of  protective type 1 immune responses to pathogens84 
and thereby facilitate uncontrolled or persistent infections. 
IL-4 and IL-13, produced by a wide variety of  cells (e.g., 
PMN 2, group 2 innate lymphoid cells, NKT cells, Th2 cells, 
etc.),68,109 are typical cytokines to induce M2 macrophages. 
CCL2, produced by PMN 2, also stimulates M2 macro-
phage generation.70–72 The macrophage polarization to the 
M2 phenotype is mediated via the activation of  transcrip-
tion factors, such as STAT3/6, KLF4, IRF4, PPARγ, and C/
EBPβ.85,104 Although the activation of  NF-κB, STAT1, and 
MAPK signaling pathways is required for the macrophage 
polarization to the M1 phenotype, IL-10 inhibits these 
transcription factors and promotes STAT3 activation.110,111 
Therefore M1 macrophages are not generated from quies-
cent macrophages when M2 macrophages are present.

M2 macrophages are composed of  three different sub-
types: M2a (which expresses CD163, CD206, FIZZ1/Retna, 
Ym1/Chu3l3, and ARG1 and produces IL-10 and CCL17), 
M2b (which expresses CD163 and LIGHT, and produces 
IL-10, CCL1, TNF-α, IL-1, and IL-6), and M2c (which 
expresses CD163, CD206, ARG1, and FIZZ1, and produces 
IL-10, TGF-β, and CXCL13).112 IL-4 and IL-13 are inducers 
for M2a macrophages. IL-10 and TGF-β in combination 
with cortisol (which increases 10- to 50-fold in the plasma 
of  severely burned hosts within 24 h of  burn injury)113 are 
inducers for M2c macrophages. Although M2b macro-
phages are generally known to be induced by immune com-
plexes and TLR or IL-1 receptor agonists,112 the mechanism 
involved in the appearance of  M2b macrophages after burn 
injuries remains unclear. Although all three M2 macro-
phages appear in severely burned hosts, the kinetics of  the 
appearance of  each M2 subtype are different. In LP and 
MLNs, M2a and M2c macrophages appear 1–4 days after 
burn injury in mice, and M2b macrophages appear 1–4 
weeks after burn injury (Fig. 20.4A).71,114 In humans, M2b 
monocytes are predominantly distributed in the circulation 
of  patients 7–10 days after burn injury and persist for 1–2 
months. M2a and M2c monocytes are present minimally in 
the circulation of  patients after burn injury.80 Experimental 
studies have shown that elimination of  M2b macrophages 
from severely burned mice improves resistance against 
opportunistic infections.114–116 Thus M2b macrophages 
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resemblance to cNK cells because they are CD56+ NKp44+ 
CD161+ cells and express perforin/granzyme, whereas 
CD127+ ILC1s are noncytotoxic cells. Both subsets of  ILC1s 
lack eomes. CD127+ ILC1s express TNF-α and TNF-related 
apoptosis-inducing ligand (TRAIL), which can induce apop-
tosis after binding to TRAIL-R1 (DR4) and/or TRAIL-R2 
(DR5) on virus-infected cells.126

Many studies have demonstrated that the numbers and 
activities of  cNK cells decrease due to severe burn 
injuries.128–130 In severely burned patients, the expression of  
NKG2D (a natural cytotoxicity receptor) by peripheral blood 
cNK cells is significantly reduced.131 NKG2D is constitu-
tively expressed on the surface of  circulating and tissue-
resident cNK cells. Activated NKG2D stimulates cytotoxic 
effects of  cNK cells against infected, transformed, or stressed 
cells in vitro and in vivo via interactions with NKG2D 
ligands (such as MICB and ULBP1) expressed on the surface 
of  target cells. However, serum concentration levels of  
NKG2D ligands (shed from damaged tissues or from other 
tissues responding to stress) increase 3- to 20-fold within 
24 hours after severe burn injury and are maintained for 
several weeks.131 As an active immune-evasion mechanism, 
high concentrations of  soluble NKG2D ligands may be 
involved in suppressed cNK cell activity in severely burned 
patients. Little is known about the influence of  severe burn 
injuries on the numbers and activities of  CD103+ CD127low 
ILC1s or CD127+ ILC1s. Because impaired IL-12 production 
by various antigen-presenting cells has been demonstrated 

sources of  multiple proinflammatory and immunoregula-
tory cytokines. ILCs are now classified into three groups, 
group 1 ILCs (ILC1s), group 2 ILCs (ILC2s), and group 3 
ILCs (ILC3s), based on their abilities to produce cytokines 
and to express transcription factors typically associated 
with Th1-, Th2-, and Th17-type immune responses, respec-
tively (Fig. 20.5).124 ILC1s and ILC3s have a crucial role in 
promoting type 1 immune responses that provide protec-
tion against many microorganisms. By contrast, ILC2s have 
a role in promoting type 2 immune responses.125 Cell trans-
fer experiments and in vivo fate-mapping approaches have 
estimated the half-life for ILC subsets to be 2–3 weeks.126

IMPAIRED ILC1 GENERATION DUE TO IMPAIRED 
IL-12 PRODUCTION AFTER BURN INJURY

ILC1s respond to IL-12.123 These cells are the dominant 
innate source of  IFN-γ (and TNF-α) after infection and have 
a role in recruiting inflammatory cells that control infec-
tion. ILC1s, constitutively expressing T-bet, can be divided 
into at least three subsets: conventional NK (cNK) cells, 
CD103+ CD127low intraepithelial ILC1s, and CD127+ 
ILC1s.123 cNK cells are CD56+ NKp44+ CD161+ CD127− 
cells, and they require eomes and IL-15 for the development 
from NK-cell progenitors.127 cNK cells exhibit cytotoxic 
activity by degranulating granzyme and perforin, both of  
which induce apoptosis of  target cells, such as infected epi-
thelial cells. CD103+ CD127low intraepithelial ILC1s bear 
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development from ILC progenitors. GATA3 is also required 
for the maintenance and function of  mature ILC2s, and 
RAR-related orphan receptor (ROR)-α is an essential tran-
scription factor of  ILC2 maturation.123,126 In fact, ILC2s are 
not detected in any tissues of  RORα KO mice.132 In mice, two 
distinct ILC2s are isolated: natural ILC2s (ST2+, nILC2s) 
and inflammatory ILC2s (ST2−, iILC2s).133 nILC2s are 
present in steady-state conditions and support the mainte-
nance of  IgA secretion from B cells in the intestine, whereas 
iILC2s are induced in inflammatory circumstances.

Increased numbers of  ILC2s have been detected in the 
peripheral blood of  severely burned patients (Fig. 20.6A), 
as well as in the peripheral blood and lamina propria of  
severely burned mice (Fig. 20.6B). After depletion of  ILC2 
by treatment with a specific inhibitor against the RORα-
dependent transcription factor (SR3335, a synthetic ligand 
for RORα133) (Fig. 20.6C), sepsis stemming from enteric 
bacterial infections was controlled in severely burned mice 
(Fig. 20.6D). Thus ILC2s play an important role in the 

in severely burned patients and mice,80,81 burn-associated 
defects in IL-12 production cause insufficient activities of  
CD103+ CD127low ILC1s or CD127+ ILC1s for the produc-
tion of  IFN-γ.

TYPE 2 IMMUNE RESPONSES INDUCED BY 
ACTIVATED ILC2S

ILC2s respond rapidly to IL-25, IL-33, and TSLP, which are 
produced by epithelial cells and macrophages during 
inflammation and infection.123 ILC2s have a crucial role in 
boosting type 2 immune responses by producing IL-4, IL-5, 
IL-9, and IL-13.125 Although the type 2 immune responses 
have important host protective functions to maintain 
mucosal homeostasis, hyperreactive type 2 immune 
responses suppress the development of  protective type 1 
immune responses to pathogens and thereby facilitate 
uncontrolled or persistent infection. ILC2s constitutively 
express high levels of  GATA3, which is required for their 
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are important for controlling and eliminating infections. 
Circulating DCs are significantly depleted in burn patients. 
As early as 1 day after injury, burn patients have signifi-
cantly lower numbers of  both conventional and plasmacy-
toid classes of  DCs. In burn patients who do not develop 
sepsis, circulating DCs are restored within a week. However, 
in burn patients who develop sepsis during the acute post-
burn recovery phase (within 20 days of  injury), DCs are not 
restored to normal levels and remain significantly lower 
than DC levels in burn patients who do not develop sepsis.139 
This suggests that a burn-associated deficit in DCs decreases 
the ability of  burn patients to fight infection. The inability 
to replenish DCs after burn injury is associated with a 
decrease in differentiation from their myeloid precursor 
cells. Monocytes from burned patients show decreased DC 
differentiation potential in vitro and are associated with 
high monocyte expression of  MafB, a transcription factor 
that promotes the differentiation of  myeloid progenitor cells 
into monocytes instead of  DCs. In vitro silencing of  MafB in 
burn patient monocytes restored their differentiation poten-
tial into DCs.140 This is also observed in mouse models of  
burn injury, where the differentiation potential of  myeloid 
precursors favors the production of  monocytes and not 
DCs. Severely burned mice show a significant decrease in 
DC numbers for up to 2 weeks postinjury, and this is associ-
ated with increased expression of  MafB, and a decrease in 
the expression of  GATA-1, a DC differentiation transcrip-
tion factor.141,142

In addition to depletion of  DCs, burn injury also impairs 
some DC functions that are critical for effective responses to 
infection. Locally, skin DCs are not only depleted near the 
burn wound, but their expression of  human leukocyte 
antigen-D related (HLA-DR; a MHC-II antigen presentation 
molecule) and TLR4 (important for DC activation) and their 
ability to stimulate T lymphocytes, are impaired after burn 
injury.143,144 Local impairment of  DC functions can increase 
susceptibility to wound infections. Rodent models of  burn 
injury demonstrate similar impairments in DC functions. 
DC expression of  TLR4 and production of  Th1-associated 
cytokines such as IL-12 are decreased, while production of  
Th2-associated cytokines such as IL-10 is increased after 
burn injury. T-cell activation by DCs is impaired by burn 
injury.145,146 Additionally, the ability of  DCs to produce anti-
microbial β-defensins is decreased following burn injury, 
and this is associated with decreased in vitro killing of  bac-
teria.147 Collectively, the burn-induced depletion and impair-
ment of  DCs can reduce both innate and adaptive immune 
responses to infection.

Experimental studies have investigated pharmacological 
stimulation of  DC production in mice after burn injury as a 
mechanism to restore DC numbers and functions after burn 
injury. Treatment of  burned mice with the DC growth factor 
fms-like tyrosine kinase-3 ligand (Flt3L) after severe burn 
injury restores and increases DC numbers, increases DC 
production of  Th1-associated cytokines, and increases DC 
stimulation of  neutrophil and lymphocyte activation.148,149 
This results in improved bacterial clearance, decreased sys-
temic inflammation, and increased survival in response to 
burn wound infection. This suggests that DC impairment 
plays a critical role in susceptibility to infections after burn 
injury and that DC-targeted therapies may help to restore 
immune function in severely burned patients.

impaired host antibacterial defenses influenced by severe
burn injuries.

INTESTINAL ILC3S

Similar to ILC1s, ILC3s have a crucial role in promoting
type 1 immune responses.123 ILC3s are predominantly
present in gut-associated lymphoid tissues. These ILC3s
respond to IL-1β, IL-6, and IL-23, which are produced by
DCs or myeloid cells. They are IL-22 (and IL-17) producer
cells and constitutively express RORγt. ILC3s are classified
into three subsets including lymphoid tissue-inducer (LTi)
cells and two RORγt+ subsets distinguished by their expres-
sion or lack of  expression of  NK cell receptors (NCR+ ILC3s
and NCR− ILC3s).123,126 LTi cells produce lymphotoxin and
TNF-α and stimulate the mesenchymal cell production of
chemokines and adhesion molecules essential for lymphoid
organogenesis. NCR+ ILC3s express NK-specific molecules
(NKp46 in mice and NKp44 in human); however, these cells
lack cytotoxicity and do not produce IFN-γ. In contrast,
NCR− ILC3s are IFN-γ producers. Through the production
of  IL-17, NCR−ILC3s stimulate neutrophil migration and
the secretion of  antimicrobial peptides by epithelial cells.134

In the intestine, ILC3s have an important role in regulating
tissue repair.123,135 ILC3s rapidly respond to extracellular
bacterial or fungal infections and produce IL-22 for the
maintenance of  the epithelial barrier, production of  antimi-
crobial peptides, and suppression of  the reactivity of  com-
mensal bacteria-specific T cells by presenting a peptide
derived from commensal bacteria. ILC3 crosstalk with mac-
rophages and DCs promotes intestinal homeostasis by
enhancing the levels of  regulatory T cells.136 In response to
IL-1β, which is produced by macrophages stimulated with
extracellular bacteria, LTi cells and NCR+ILC3s produce
GM-CSF to promote oral tolerance. ILC3s differentiate into
ILC1s on stimulation with IL-2 and IL-12.137

In severely burned patients, bacteria-elicited IL-12 pro-
duction by macrophages and neutrophils is greatly
impaired.80,81 Also, mitogen-stimulated T-cell production of
IL-2 is decreased in these patients.83,138 The deficiency of
IL-2 and IL-12 production results in minimal differentiation
of  ILC3s into ILC1s. The decrease of  ILC1s in severely
burned patients leads to reduced antibacterial effector cell
generation and subsequent impaired adaptive immune
responses. Since ILC3s resolve intestinal inflammation and
enhance intestinal barrier function through the stimula-
tion of  antimicrobial peptide production by epithelial
cells,123 ILC3s play an important role in reducing bacterial
translocation following severe burn injuries.

Dendritic Cells

DCs are phagocytic cells that play an important role in ini-
tiating both innate and adaptive immune responses to infec-
tion. DCs reside in areas of  high antigen exposure, such as
the skin, airway, and intestine. As phagocytes, DCs detect
invading microbes and produce cytokines and antimicro-
bial peptides that can attract and activate other innate
immune cells to limit microbial growth and spread. As
antigen-presenting cells, DCs present antigens to T cells to
initiate adaptive immune responses. Both of  these DC roles
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without inducing exaggerated inflammatory activities will 
be the best approach for boosting the immune system and 
reducing infection-associated mortality of  severely burned 
patients. Therefore identification of  predictive biomarkers is 
necessary for the future development of  personalized 
immunotherapy for severely burned patients.

Complete references available online at 
www.expertconsult.inkling.com

Summary

The immunological perturbations induced by burn injury 
are heterogeneous and may differ in each burn patient. 
Therefore, targeting a sole cell type or implementing a 
single-agent therapy may not be sufficient to significantly 
decrease the morbidity and mortality of  severely burned 
patients. Defining patient-specific immune deficits and then 
targeting these defects with a cocktail of  immunotherapies 
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outcome.9 Characterization of  the post-burn cytokine 
response shows an immediate spike in the expression of  
mediators such as IL-6 and IL-8, among others, that then 
slowly returns to levels detected in nonburned patients over 
the next several weeks to months.8–10 The cytokine expres-
sion profile at the time of  admission and during the course 
of  the hospital stay can predict which patients may develop 
sepsis or multiple organ failure (MOF).11–13 The expression 
of  the following pro- and antiinflammatory cytokines has 
been linked to patient outcome: tumor necrosis factor-α 
(TNF-α), interferon-γ (IFN-γ), IL-1β, IL-I7, IL-4, IL-6, and 
IL-8. Increased expression of  inflammatory cytokines con-
tributes significantly to the burn-induced hypermetabolic 
response and to the increased incidence of  infection and 
sepsis. While initial studies focused on the correlation of  
single cytokines with patient outcomes,14–18 technologies 
allowing detection of  multiple proteins at a single time 
enable the correlation of  analyte expression profiles back  
to clinical trajectory or other outcome.11,13 The standard 
criteria for diagnosing sepsis in the critically ill are not used 
in the burn population due to overlap with the pathophysi-
ological response to burn injury. Because the clinical pre-
sentation of  sepsis in the burn patient is sufficiently unique, 
a burn-specific definition of  sepsis was developed.19 Given 
the massive inflammatory, acute-phase, and coagulopathic 
responses induced by burn injury10,20,21 and the perturba-
tions of  these responses that occur with infection, there are 
many candidate biomarkers for the identification and/or 
prediction of  sepsis and infection.

TNF-α
TNF-α is mainly secreted by activated macrophages imme-
diately postburn. The host immune response is activated by 
TNF-α, as is the subsequent release of  cytokines following 
trauma and infection. TNF-α also plays a role in angiogen-
esis and wound healing.22 Several studies have identified 
TNF-α as a predictive marker for the development of  septic 
complications in burn patients.11,23 In fact, TNF-α expres-
sion is increased immediately post-burn, triggering the 
inflammatory response, and then decreasing again.8,9,24 A 
later elevation in TNF-α expression appears to be indicative 
of  the onset of  infection or sepsis.23,25

IL-8

IL-8 (or CXCL8) is a chemokine that is released early post-
injury mainly by macrophages. IL-8 is an important protein 
related to inflammation, where it plays a key role in the 
recruitment of  neutrophils and other immune cells to the 
site of  infection.26 In addition to macrophages, IL-8 is also 
released by epithelial cells, airway smooth muscle cells, and 
endothelial cells. This chemokine has been shown to be 

Introduction

Each year, more than 8 million people are burned. Approxi-
mately 1 million sustain severe burn injuries covering more
than 30% of  the total body surface area (TBSA). Burns
cause considerable morbidity and mortality; burn injuries
are often complicated by inhalation injury, infections, and
sepsis, all of  which can lead to systemic inflammation,
acute respiratory distress syndrome (ARDS), multiple organ
dysfunction (MODS), and death.1 Despite advances in criti-
cal care and resuscitation, infections develop and lead to
sepsis in 40–60% of  burn patients.2–6 The ability to prospec-
tively identify or monitor organ function, infections, clinical
trajectory, or patient outcome in severely burned patients
would enable early intervention, reduce morbidity and
mortality, and significantly lower the cost of  clinical care.
In recent years, biomarkers ranging from single proteins
(e.g., procalcitonin, interleukin-8 [IL-8]) to the combina-
tion of  variables (e.g., proteins, urinary markers, clinical
parameters) have been used to predict or identify the risk of
infection, sepsis, organ failure, or likelihood of  survival, in
patients with severe burns. The first 72 hours postinjury
are critical for the prevention of  complications, so the ability
to use biomarkers to guide care during this period enhances
our ability to improve patient care. We and others have
identified candidate biomarkers that can be used to identify
infection or sepsis, predict patient survival, reveal injury
severity, or monitor organ function or wound healing. Bio-
markers can take the form of  single molecules, gene or
protein families, injury characteristics, or clinical parame-
ters. A good biomarker can be used for either diagnostic or
prognostic purposes, be sensitive, specific, easy to measure,
and reproducible.7 When applicable, the expression of  the
biomarker of  interest can be modified by pharmacologic
interventions, and this altered expression then monitored
to determine impact on patient outcome.

Burn injury also affects long-term health and quality of
life. With the many body systems that are impacted and
negative sequelae that can result, the ability to predict
patient outcomes or to determine whether therapy is effica-
cious would enable targeted therapies to improve patient
outcomes. Here we review candidate biomarkers in burn
patients for infections and sepsis, survival, inhalation injury,
organ function, and wound healing.

Prediction of Sepsis and Infection

The expression of  pro- and antiinflammatory cytokines is
significantly altered following burn injury,8 and the concen-
tration of  these cytokines alone or with respect to each
other (the expression profile) can be used to predict patient
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involved in many cellular processes including cell prolifera-
tion, tissue remodeling, and angiogenesis.27

IL-8 has been proposed as a survival biomarker following 
burn injury. Expression of  IL-8 has been consistently shown 
to be greater in burn patients who do not survive than in 
those who do.11,13,14,24 Whereas IL-8 expression returns to 
baseline within 8–10 days of  injury in burn survivors, IL-8 
concentrations remained significantly elevated in the non-
survivors until the time of  death.24 When assayed over the 
course of  hospitalization, the temporal increase in IL-8 
expression in nonsurvivors occurs approximately 8–10 
days post-burn, which may indicate the initiation of  infec-
tion or sepsis. A more recent study has shown that in 468 
pediatric burn patients, concentrations of  IL-8 that met or 
exceeded a cutoff  limit of  234 pg/mL were associated with 
higher incidence of  MOF, sepsis, and mortality.28

IL-6

IL-6 is released by T cells and activated macrophages during 
the acute-phase response following injury or trauma and 
may lead to inflammation or infection. IL-6 has both pro- 
and antiinflammatory properties.29 In burns, IL-6 concen-
trations are significantly increased when compared to IL-6 
levels in nonburn volunteers.24 Although the initial spike in 
IL-6 elevation reflects the early antiinflammatory response, 
chronic and excessive increases in serum IL-6 concentra-
tions following burn injury are associated with a higher 
incidence of  infection, sepsis, and death.11,16,24 Detection of  
IL-6 in serum is significantly greater in nonsurviving versus 
surviving burn patients at all time points between the time 
of  admission and time of  death or discharge.11,24

C-REACTIVE PROTEIN

C-reactive protein (CRP) is a serum amyloid P component
belonging to the pentraxin family of  calcium-dependent 
ligand-binding proteins; it serves as a marker of  inflamma-
tion. Synthesis of  CRP occurs in the liver and is triggered by 
the release of  IL-6 in response to tissue damage or infectious 
stimuli. Elevation of  CRP expression occurs several hours 
after the onset of  the increase in IL-6.30 CRP measurements 
are inexpensive and readily available. High concentrations 
of  CRP occur with inflammation; however this response is 
not specific. In burns, elevation of  serum CRP is well 
documented.31–33 CRP has been proposed as an early predic-
tor of  sepsis in burned children.34 In a study of  918 pediat-
ric burn patients, we found that CRP levels correlate 
significantly with burn size and mortality, but the changes 
in CRP expression did not correlate with the incidence of  
major infections or sepsis in severely burned children.35 
Additional studies showed that although CRP may corre-
late with burn size or mortality, the relationship to infection 
or sepsis is not well-supported.36

PROCALCITONIN

Procalcitonin (PCT) is a peptide precursor of  the hormone 
calcitonin, synthesized by the parafollicular cells of  the 
thyroid gland, and involved in calcium homeostasis. The 
major function of  calcitonin is to decrease calcium absorp-
tion by osteoclastic cells, which increases circulating 

calcium levels. The half-life of  PCT is 25–30 hours. Serum
PCT concentrations are significantly increased in response
to infectious stimuli, fungal infections, trauma, and surgery.
In burn patients, elevation of  PCT concentrations begins
approximately 4 hours postinjury.37 Following burn injury,
significantly higher concentrations of  PCT are reported in
septic versus nonseptic patients.1,37–39 Furthermore it has
been suggested that PCT concentrations be incorporated
into the burn-specific definition of  sepsis.37 At present, the
utility of  the PCT assay is somewhat limited due to the lack
of  availability of  rapid, cost-effective tests.

LEPTIN

Leptin is a circulating hormone primarily secreted by
adipose tissue and involved in the regulation of  feeding and
energy homeostasis through central nervous system affer-
ent pathways.40 Leptin also plays a role in angiogenesis41

and stimulates T cells and monocytes to induce cytokine
release.42 Recent reports suggest a possible role for leptin as
a biomarker in burns; serum leptin levels are significantly
increased following burn injury.25,41 Leptin concentrations
are elevated in septic burn patients compared to nonseptic
patients and in burn survivors compared to nonsurvivors.25

The increased expression of  leptin by septic patients may be
related to leptin’s role in regulating the stress response.27

Elevated expression of  leptin may play a crucial role in sur-
vival of  acute sepsis. The high leptin concentrations in
septic burn survivors may represent a host defense mecha-
nism against bacterial infection.43

COMBINED PANELS

The combination of  multiple proteins may offer greater pre-
dictive ability of  patient outcomes. The popularity of  tech-
nologies allowing detection of  a variety of  proteins at a
single time, such as a bead-based multiplex approach or
mass spectrometry, has made the measurement of  many
proteins in small amounts of  sample easy. As a result, it is
now possible to collect the expression data for a panel of
proteins to determine whether there is a correlation with
patient outcome. By using these techniques, relationships
between protein expression and burn injury or patient
outcome can be established. Using these approaches, it has
been shown that the risk of  dying of  sepsis is elevated in
pediatric burn patients with increased expression of  IL-6
and IL-12p70 alongside reduced TNF-α expression.11

Prediction of Patient Survival
with Clinical Characteristics

The ability to accurately predict which patients have a
reduced likelihood of  survival will enable the clinician to
develop a more aggressive treatment strategy in order to
maximize the patient’s chance of  survival. Classically, age
and percent TBSA burn were used in the initial trial for
early assessment of  patient outcome.44 Furthermore, the
additive influence of  the presence of  an inhalation injury
or pneumonia could be accounted for in order to refine
prediction of  death.45 With improvements in clinical
care, such as resuscitation procedures, better control of
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Protein expression within the bronchoalveolar lavage 
fluid (BALF) can also be used to give insight into the effects 
of  inhalation injury in the burned patient. Profiling of  cyto-
kine expression within the BALF from burned survivors and 
nonsurvivors revealed that expression of  many inflamma-
tory markers, including IL-1RA, IL-1β, IL-2, IL-4, IL-8, 
IL-10, IFN-γ, MIP-1β, and TNF-α was suppressed in non-
survivors. Additional studies revealed differences in pulmo-
nary immune hyporesponsiveness in the nonsurvivors that 
were responsible for decreased cytokine production. Corre-
lation of  the expression of  these same cytokines in the 
serum with the clinical determination of  the severity of  
inhalation injury demonstrated that IL-1RA, IL-6, IL-8, 
granulocyte colony-stimulating factor (GCSF), and mono-
cyte chemotactic protein 1 serve as biomarkers for lung 
injury severity.53 Within the BALF, the detection of  raised 
concentrations of  IL-10 alongside suppressed expression of  
IL-12p70 are significantly associated with postburn acute 
lung injury.54 Furthermore early detection of  increased 
IL-10, double-stranded DNA, and hyaluronic acid in the 
airway is associated with subsequent development of  pul-
monary bacterial infections.54

Resuscitation and 
Kidney Function

Fluid resuscitation is guided by the type of  fluids to be 
administered, flow rate, volume, and frequency. The goal of  
fluid management is to correct the hypovolemic shock asso-
ciated with the loss of  the skin barrier function without 
overresuscitating. Formulae such as the Parkland formula 
or the Galveston formula are used to determine the burn 
patient’s resuscitation goals. While overresuscitation is 
often reported,5 no one protocol has been established for use 
by all burn centers. The most recent work by Cancio et al. 
promotes the use of  computerized tools to assist providers 
in the resuscitation of  burn patients.55

Volume requirements for resuscitation can be estimated 
by patient weight and TBSA burned.56 Inhalation injury, 
burn thickness, and time since injury are also involved in 
these calculations.57 The actual infusion rate is titrated over 
time based on urine output.5 While several studies have 
suggested using intrathoracic blood volumes to guide resus-
citation rates, higher ratios of  serum pro- to antiinflamma-
tory cytokines were found in these patients when compared 
to patients with urine output-guided resuscitation.58 In the 
same study, granulocyte, lymphocyte, and monocyte CD 
markers were also higher in the urine-guided resuscitation 
group compared to patients who receive intrathoracic blood 
volume-guided resuscitation, suggesting a shift to an anti-
inflammatory status in this group.

Studies to determine reliable biomarkers for intravascu-
lar volume and renal perfusion in critical care have pointed 
to neutrophil gelatinase-associated lipocalin (NGAL) and 
B-type natriuretic peptide (BNP) as useful markers to deter-
mine resuscitation strategies. Acute kidney injury was iden-
tified by measurement of  NGAL 12 hours earlier than when 
using creatinine levels; in patients who had been overresus-
citated, BNP levels were significantly higher.59,60 During 
resuscitation following burn, measurement of  creatinine, 
NGAL, and BNP at the point of  care facilitate determination 

infections and septic episodes, and the development of  new
grafting techniques, mortality following a severe burn
injury has significantly decreased. Three risk factors,
however, are associated with increased mortality: age
greater than 60 years, burn covering more than 40% of
TBSA, and presence of  inhalation injury.46

We have reported that the inflammatory and the meta-
bolic responses are positively correlated with burn size47

and that patients with massive burns have a higher inci-
dence of  sepsis, inhalation injury, mechanical ventilation
requirement, myocardial infarction, and death.48 To evalu-
ate the effects of  clinical complications on patient outcome,
952 severely burned pediatric patients were studied. A
cutoff  of  62% of  TBSA burned was identified: patients
above this threshold had an increased incidence of  sepsis,
MOF, and mortality.48

The assessment of  protein expression panels has shown
that these can be used to predict patient survival.13,24

Although clinical characteristics are frequently used to
evaluate the severity of  the patient’s health, we have found
that the inclusion of  proteomic data and assay results from
the clinical laboratory can improve identification of  patients
who may have difficult clinical courses.49 In this study of
322 severely burned children, a panel of  biomarkers was
identified, including burn size, presence of  inhalation
injury, age, blood urea nitrogen, α-2-macroglobulin, IL-4,
and aspartate aminotransferase. Testing of  this model
showed that although prediction of  death was only accu-
rate 52% of  the time when using burn size, age, and pres-
ence of  inhalation injury, by including clinical chemistry
and proteomic data, accuracy could be boosted to 81%.

Inhalation Injury and
Mechanical Ventilation

The severity of  burn injury is sometimes complicated by
inhalation injury, which contributes to mortality. Patients
with inhalation injury have an odds of  dying nearly three
times higher than those without inhalation injury.48 Mor-
bidity in patients with inhalation injury is further compli-
cated by exposure to inhaled toxins and soot, exposure to
which can predispose the patient to development of  respira-
tory tract infections and/or ARDS. Mechanical ventilation
is used to alleviate these symptoms. Biomarker studies have
been performed in burn patients under various ventilation
strategies, such as low tidal volume versus high tidal
volumes. Shelhamer et al. reported that, in mechanically
ventilated patients, an early increase in plasma IL-8 con-
centrations, among other cytokines (IL-1β, IL-6, IL-8,
GM-CSF, and TNF-α), was associated with a several-fold
increase in ventilator-associated pneumonia or death.50

However a recent study compared serum concentrations of
inflammatory cytokines, IL-6, IL-8, and TNF-α before and
after using percussive ventilation in patients with minor
burns and smoke inhalation to determine whether the
plasma levels of  these biomarkers are affected by the venti-
lation strategy.51 Unexpectedly this study showed that high-
frequency percussive ventilation (HFPV) increased blood
oxygenation and did not further increase the serum levels
of  inflammatory cytokines,51 as was hypothesized by the
Shelhamer et al. study.50
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In elderly patients, delayed wound healing was associated 
with increased levels of  CD44 and keratin-6.65 Modulation 
of  matrix metalloproteinase-9 in these patients accelerates 
wound healing.65 IL-33, a member of  the IL-lβ cytokine 
family, was shown to accelerate wound healing, increase 
extracellular matrix (ECM) production, facilitate the devel-
opment of  activated macrophages, and inhibit meticillin-
resistant Staphylococcus aureus (MRSA) colonization by 
activating neutrophil proliferation while increasing expres-
sion of  ECM-associated genes.66 Leptin also improved wound 
healing by stimulating angiogenesis40 and neovasculariza-
tion in ischemic wounds as part of  the autocrine/paracrine 
regulation of  wound healing.67 TNF-α is an important 
factor in wound healing due to its role in the early immune 
response when secreted by activated macrophages. TNF-α 
may also influence wound healing through direct action on 
keratinocytes and endothelial cells, thereby impacting epi-
thelialization and vascularization.68 Therefore TNF-α may 
be a good therapeutic target to improve wound healing in 
burns.

Conclusion

The utilization of  proteomic, genomic, and clinical mea-
surements to predict patient outcomes, monitor injury 
severity or organ recovery, or monitor wound healing fol-
lowing severe burn injury is the topic of  much research. 
With current efforts to precisely define the patient popula-
tion or injury severity (including defining sepsis), future 
efforts to identify biomarkers for patient outcomes should 
yield markers with greater specificity and utility. By pursu-
ing these efforts, identification and validation of  biological 
markers that can be used to guide clinical decisions or to 
monitor efficacy of  therapy will be possible.
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Subsequently, anemia is characterized as the anemia of  
critical illness and develops from inadequate nutrition,6,7 
stunted erythropoiesis,8 or phlebotomy and dressing 
changes.8 Specifically, bone marrow dysfunction leading 
to dampened erythropoiesis has been explored in autopsy 
studies and in the mouse model of  burn injury in vitro.8 
In an autopsy study of  patients who died from myocar-
dial infarction, sepsis, or burns, the bone marrow of  burn 
patients contained significantly fewer erythroblasts com-
pared to the other groups.9

Acute blood loss results in at least 2% blood volume loss 
per percent body surface area excised; thus during major 
burn excisions, there is significant blood loss often requiring 
massive transfusions (MTs).10 MT is defined as the transfu-
sion of  packed red blood cells (pRBCs) of  10 units or more 
within 24 hours of  admission.11 While acute surgical blood 
loss is obvious and prominent during the treatment phase, 
burn patients suffer a prolonged anemia of  critical illness 
during their recoveries, which is insidious. The anemia of  
critical illness is the inability of  RBC production to meet 
RBC demand and losses during critical illness.12,13 More 
than 50% of  transfusions during a burn patient’s hospital 
course may be caused by the anemia of  critical illness.14 
It has been equated to an acute form of  the anemia of  
chronic disease15–17 and anemia of  inflammation in con-
junction with nutritional deficiencies.12 Acute blood loss 
anemia is controlled with surgical technique, while the 
anemia of  critical illness can be restrained with reduced 
phlebotomy, decreased blood loss with dressing changes, 
improved nutrition, and resolving the critical illness by 
covering the patient with skin, thereby abating his disease. 
Prevention of  anemia is accomplished through alteration 
of  its sources, acute blood loss, and the anemia of  critical 
illness, while the mainstay of  treatment for both types of  
anemia is the transfusion of  pRBCs.

Hemostasis in Burn Patients

Controlling blood loss and hemorrhage during burn care is 
important to prevent episodes of  hemorrhagic shock and 
limit total transfusion need. While Barbosa and Rowel dem-
onstrated that a 6-h RBC transfusion requirement is one of  
the mortality predictors in MT trauma patients, it is unclear 

Introduction

Severe burn injury causes a myriad of  hematologic per-
turbations. Burn excision as well as substantial in-hospital
phlebotomy causes severe blood loss anemia and even
hemorrhagic shock, requiring substantial transfusion.
Large-scale fluid resuscitation and shock cause a signifi-
cant coagulopathy. Surgical extirpation can similarly cause
a significant dilutional coagulopathy requiring transfu-
sion. Hematopoiesis, the generation of  new blood cells, is
directed away from red blood cell (RBC) production toward
myeloid blood cell production by the hyperinflammatory
cytokine cascade. The hyperinflammatory nature of  burn
injury further makes the patient hypercoagulable, generally
requiring significant anticoagulation or thromboprophlyac-
tic therapy. Providing total burn care requires knowledge of
hematology, hemostasis, thromboprophylaxis, and transfu-
sion medicine to overcome the substantial pathophysiology
experienced by these patients.

Etiology of Anemia in
Burn Patients

Anemia is the condition occurring when the RBC concentra-
tion, or hemoglobin (Hb) concentration, falls below normal
laboratory limits for healthy adults. These normative values
do not correlate with sufficient oxygen delivery. Weiskopf
and Feiner classically demonstrated normal oxygen delivery
despite dramatic acute anemias while examining Hb con-
centrations as low as 5 g/dL in euvolemic subjects.1 Anemia
is common in burn patients, especially in those with severe
thermal injuries. Burn patients suffer from anemia due to
acute surgical blood loss and the anemia of  critical illness.
This can occur in patients with as little as 10% total body
surface area (TBSA) burned.2 A mild reduction of  RBCs
mass is of  little clinical significance3; when the concen-
tration is significantly reduced, or total blood volume loss
is beyond 30%, it becomes clinically relevant, leading to
impaired end-organ perfusion and oxygenation.4 The initial
2 weeks post-burn feature anemia mainly resulting from
blood loss through the burn wound, dilution due to resus-
citation, and surgical blood loss from repeated débridement
to prepare the wound bed with well-vascularized tissue.5
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needs and the expenses incurred by blood typing and cross-
matching,47 a preoperative estimate of  1.78 units of  pRBCs 
per 1000 cm2 of  burn wound excised best utilizes blood bank 
resources.48

Coagulopathy in Burn Patients

In addition to anemia, thermal injuries are associated with 
systemic coagulopathy, and the hemostatic changes seen 
in patients with severe burns appear similar to those in 
patients with other major traumas. The severity of  the burn 
correlates with the extent of  hemostatic changes49,50; typi-
cally only severely burned patients (≥30% TBSA) develop 
extensive coagulopathy.51–53 However, no consensus cur-
rently exists on the definition of  coagulopathy in burn 
injuries.54 Despite being documented since the 1970s, the 
physiology of  coagulopathy in burns is still ill-defined.49 
However, coagulopathy of  thermal trauma does present 
with characteristics common to sepsis-induced coagulopa-
thy: decreased levels of  antithrombin and other native anti-
coagulants, elevated levels of  activated factor VII, fibrinogen 
degradation products, plasminogen activator inhibitor-1 
(PAI-1), and thrombin-antithrombin complex (TAT).53 The 
three types often discussed in burn- and trauma-related lit-
erature are trauma-induced coagulopathy (TIC), dissemi-
nated intravascular coagulation (DIC), and acute traumatic 
coagulopathy (ATC).54 Acute coagulopathy of  trauma shock 
has largely been subsumed under TIC.55 Caused by trauma, 
TIC is characterized by coagulation activation, hyperfibri-
nolysis, and consumption coagulation.56 The main patho-
physiology of  TIC is DIC .55,57,58 Specifically DIC presents 
as the fibrinolytic phenotype in the early, acute phase of  
trauma and burn54,56,58,59, whereas the thrombolytic pheno-
type is associated with sepsis-induced DIC, which presents 
later in the clinical course of  burn pathophysiology.56 As 
defined by the Scientific and Standardization Committee of  
the International Society on Thrombosis and Hemostasis, 
DIC is an acquired syndrome characterized by the intra-
vascular activation of  coagulation with loss of  localization 
originating from and causing damage to the microvascula-
ture, potentially leading to multisystem organ dysfunction 
(MOD).55,60 DIC is characterized not by the significant bleed-
ing, transfusion requirements, and fourfold higher mortal-
ity associated with TIC,54,61 but by excessive thrombosis, 
unchecked inflammation and MOD, insufficient anticoag-
ulation mechanisms, and increased fibrinolysis.58 Indeed, 
early coagulopathy is associated with increased incidence 
of  ventilator-associated events among burn patients.62 MTs 
are administered more frequently in patients with DIC.63 
ATC is associated with the depletion of  fibrinogen, platelet 
dysfunction, and activation of  protein C.64 This particular 
coagulopathy is not secondary to other conditions, such as 
hypothermia, and markers for it can be discerned within 30 
minutes of  the inciting thermal event.65,66 In the pediatric 
population, ATC is defined by an international normalized 
ratio (INR) of  1.3 or greater, and those who present with 
fibrinolytic shutdown are more likely to develop deep vein 
thrombosis (DVT), especially because prophylactic antico-
agulant administration is not recommended in the pediatric 
population due to their lower rates of  venous thromboem-
bolism (VTE).67 Coagulopathy seen in burns is mediated by 

if  these findings extend to controlled blood loss during a
burn extirpation.18 In these cases, a skilled anesthesiolo-
gist can match the transfusion rate and blood product mix
to the bleeding rate, thus preventing hemorrhagic shock,
maintaining euvolemia, and avoiding coagulopathy while
the surgeon removes burned and diseased tissue and
engrafts the patient.

As with burn-susceptible infections, preventing burn-
derived anemia from developing is more optimal than treat-
ing the anemia or subsequent sequela. Several methods have
been established to mitigate acute surgical blood loss, includ-
ing epinephrine tumescence, thrombin-soaked dressings, and
tourniquet use.19 Additionally, excision with electrocautery
at a fascial or subcutaneous level can limit blood loss signifi-
cantly in large, full-thickness burns.20 Regardless of  excision
methodology employed, many studies found the injection of
dilute epinephrine into the subdermal space promoted vaso-
constriction and reduced blood loss during surgical man-
agement of  the wound.21–24 In a pediatric trial, epinephrine
tumescence alone decreased blood loss from 3.5% to 5% to
0.98% of  total blood volume per percent of  body excised
and grafted.24 Importantly sufficient time must be allotted
for the epinephrine to take effect, with an ideal interval of  25
minutes.25 Epinephrine tumescence has no significant hemo-
dynamic consequences, nor does it alter wound healing.26–30

A recent study confirmed that subcutaneous epinephrine
injection had no adverse effect on perfusion, pain, or scar
quality versus the saline-administered control group.26 Of
interest lately has been tumescent infiltration of  lidocaine
and epinephrine by clysis. Gumus showed that this technique
resulted in more facile excision with diminished blood loss.31

Similarly, clysis has been demonstrated to reduce the need
for blood transfusions.32 The use of  thrombin-soaked pads
for additional hemostasis support postoperatively has been
studied in the context of  epinephrine tumescence and pro-
vides supplementary hemostasis by reducing unnecessary
ooze from the dressing site.19,33–35 New silicone gel dress-
ings also significantly reduced the amount of  blood loss per
percent excised and the amount of  blood transfused.36,37 We
employ nonadherent dressings (Telfa) soaked with epineph-
rine intraoperatively. This facilitates hemostasis and does not
restart the bleeding upon removal of  the pads, as often occurs
with epinephrine-soaked laparotomy pads that avulse the
clots they helped induce on the wound surface when they are
removed. Finally the use of  an extremity tourniquet during
excision and débridement can decrease acute surgical blood
loss without compromising graft adherence.19,38–41 Kragh
et al. found tourniquet use efficacious in both adults42 and
children.43 In combination, all three techniques (epineph-
rine tumescence, thrombin-soaked dressings, and tourniquet
use) can reduce intraoperative transfusion from 3.3 to 0.1
units per operative case with 96% graft take and total units
transfused from 15.7 to 7.9 units per patient.34 However
recent analysis indicates that utilizing the epinephrine-
tumescent technique obviates the need for tourniquets.44

Of  note, administration of  topical bovine thrombin must be
avoided in burn patients with prior exposure because they
have been shown to develop coagulation derangements and
severe bleeding complications from an acquired factor V defi-
ciency.45 Mullins et al. reported safe and effective hemostasis
through recombinant human thrombin applied as a spray.46

Due to rampant overestimations of  operative transfusion
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may mask bleeding, and repeated measurements are 
necessary to use Hb levels diagnostically as a marker for 
bleeding. Notably, low initial Hb is considered an indica-
tor for hemorrhage-associated coagulopathy.68 However, 
assessing specific coagulation markers has proved both 
time-consuming and expensive, and typical laboratory 
tests, such as PTT, are limited in diagnostic value.52,53,88 
The markers of  the various coagulopathies seen in burns 
present similarly to the coagulopathy seen in patients with 
sepsis and severe trauma.53,89,90 Among the coagulopathic 
changes are increased levels markers of  thrombin activa-
tion, activated factor VII (FVIIa), thrombin-antithrombin 
complex (TAT) and inhibited fibrinolysis with increased 
levels of  PAI-1, as well as decreased levels in proteins C and 
S, fibrinogen, and antithrombin.53,90–93 In the first day post-
burn, patients with severe burns show marked decreases in 
fibrinolysis51,53,72 as well as platelet activity.94 Lavrentieva 
et al. demonstrated that, in the early post-burn phase (day 
3 to day 7 post-burn), survivors could be distinguished from 
nonsurvivors by the levels of  natural coagulation inhibi-
tors (i.e., proteins C and S and antithrombin), fibrinolytic 
factors (i.e., PAI-1 and tissue-plasminogen activator), and 
TAT, a marker of  thrombin generation, but not at admission 
when both groups presented with statistically similar levels 
in all parameters.72 While van Haren et al. also found that 
severely burned patients become hypercoagulable follow-
ing admission despite pharmacologic thromboprophylaxis, 
they determined that thromboelastography (TEG) was a 
more reliable indicator of  coagulopathy than were coagu-
lation markers.89 Interpretation of  TEG data is reviewed in 
Fig. 22.1. Furthermore, TEG provides diagnostic answers 
in a much shorter time than standard laboratory testing, 
resulting in faster goal-directed therapies.91,95 The major-
ity of  burn centers worldwide used standard coagulation 
tests,96 but the move to using TEG is warranted. With the 
advent a portable fibrinogen analyzer, fibrinogen levels can 
be measured in mere minutes.97 Low levels of  fibrinogen 
have been shown to be predictors for MTs98; Hayakawa 
et al. demonstrated that fibrinogen reached critical diag-
nostic levels (150 mg/dL) sooner than other coagulation 
parameters,63 making it a key factor in determining blood 
product needs as well as being a coagulation indicator. More 
recently, other studies showed higher levels of  fibrinogen 
(211 mg/dL and 190 mg/dL) functioned as useful predic-
tors of  MT.98,99

Not only is there limited consensus on the diagnosis of  
the type of  coagulation associated with burns, there is no 
agreement on the therapies used to respond to the condi-
tion when it presents.96 It is accepted that the activation of  
fibrinolysis is inadequate to offset the excessive fibrinogen 
formation in the early post-burn phase in patients severely 
burned.72 Hemostasis depends on fibrinogen for clot forma-
tion and platelet aggregation, and the depletion of  fibrino-
gen correlates with poor outcomes.100 While fibrinogen is 
the coagulation protein with the highest plasma concen-
tration, plasma transfusions do not correct the fibrinogen 
depletion seen in TIC and ATC unless massive volumes are 
infused.101 Current European Trauma Guidelines suggest 
the administration of  fibrinogen concentrate or cryopre-
cipitate if  a trauma patient presents with both significant 
bleeding and thromboelastometric signs of  functional 
fibrinogen deficit or a fibrinogen concentration (FIB) of  

preexisting conditions (e.g., age and comorbidities) as well
as environmental (e.g., ambient temperature) and thera-
peutic factors (e.g., pre-hospital fluid administration).68

As demonstrated in multiple studies, the timing and
onset of  coagulopathy correspond with the severity of  the
burn,49,52,69,70, and TIC may present without initial hyperco-
agulopathy.71 Few burn patients present with coagulopathy
at admission, but a large number develop it within a day
post-burn.49 In fact, at admission, no statistically significant
differences were observed between nonsurvivors and survi-
vors in coagulation and fibrinolysis markers.72 The inciting
causes of  coagulopathy in burned patients include tissue
hypoperfusion from fluid resuscitation, systemic inflamma-
tory response syndrome (SIRS), blood loss from surgical
excision, hypothermia, endothelial damage, consumption
and/or dilution of  coagulation factors, and acidemia.53

Tejiram et al. effectively reviewed the myriad of  changes
seen in the clotting dynamics of  burn patients and related
more subtle factor changes as possible markers of  mortal-
ity than partial thrombin time (PTT) and INR, which were
normal in their cohort.73 Classically, hypothermia, acido-
sis, and coagulopathy are collectively known as the lethal
triad,71,74,75 corresponding to MTs and mortality in burn
and trauma patients.

Prevention of  hypothermia in the operative theater is
completely within the purview of  the operative team and
the operating room in the same way that the temperature
of  a steak is completely within the purview of  the chef  and
the oven. As a manifestation of  the First Law of  Thermo-
dynamics, a patient cannot cool beyond the temperature
of  the operating room. The clinical practice guideline in
many burn centers is to maintain the ambient temperature
of  the ICU and operating rooms at 86–104°F (30–40°C)
as a component of  standard of  care in the treatment of
burn patients.76,77 Maintaining sufficient heat in the oper-
ating room to prevent hypothermia is essential. In patients
undergoing surgery, inadvertent perioperative hypothermia
resulted from 50% to 90% of  the cases.78 Singer et al. deter-
mined hypothermia to be associated with high mortality,
although it was much more commonly found in patients
with large burns.76,77 In fact, it has been shown that
hypothermia, the condition where the core temperature
falls below 36°C (96.8°F),79 is not associated with exter-
nal factors at the time of  the burn, but correlates to burn
severity and patient physiological status.80 Burn patients
are most vulnerable during excisional surgery due to opera-
tive heat loss81 concurrent with evaporative water loss82 or
massive fluid therapy.53,77,83

Acidosis is an ever-present threat for the recovering burn
patient. Lactic acidosis from shock states occurs transiently
during recovery and surgery and exacerbates bleeding, as
does hypercarbia. Uremia causes an anion gap acidosis and
reduces platelet aggregation, which can be reversed with
desmopressin.84 Hyperchloremia of  normal saline admin-
istration is an effect of  hemodilution or a decrease in renal
excretion of  H+.85 While administration of  natural saline is
associated with hyperchloremia-induced metabolic acido-
sis,86 Ringer’s lactate, the other crystalloid solution typi-
cally used, correlates with metabolic alkalosis.87

Diagnosis of  coagulopathy depends on detection. The
INR measured upon admission is the basis for the diagno-
sis of  acute traumatic coagulopathy.49,64 Initial Hb levels
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randomized controlled trial, Roberts et al. demonstrated 
a reduction of  blood loss and mortality with TXA use in 
trauma patients.102 Not only does TXA safely and signifi-
cantly reduce the mortality rates of  trauma patients with, 
or at risk of, substantial bleeding when administered early 
in the course of  treatment,103 but its de minimis side-effect 
profile in conjunction with its low cost and ease of  use have 

less than 1.5–2 g/L.68 Topical hemostatic agents such as 
thrombin spray rely on plasma FIB to effect hemostasis in 
operative wounds.

Limiting fibrinolysis is another important method to 
control blood loss during burn excisions. Tranexamic acid 
(TXA), a synthetic derivative of  lysine, has found great 
utility in treating burn patients. In the landmark CRASH2 
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Fig. 22.1 Panel 1 depicts the thromboelastography (TEG) device, in which a cuvette of whole sample blood is incubated with a pin and torsion wire 
rotates within the sample. The tracing depicted in Panel 2 reflects the force required to spin the pin over time as the fibrin strands form a clot which 
resists pin movement. R (reaction time) in minutes reflects the latency time to initial fibrin formation. Elevations are typically treated with frozen fresh 
plasma (FFP) or reversal of anticoagulants, which delay initiation of clot formation. K (kinetics) is the time taken to achieve a clot strength of 20 mm. 
α is the angle between R and K and measures the speed of fibrin build up and cross-linking, which reflects the availability of fibrinogen; defects are 
typically treated with cryoprecipitate. TMA (time to maximum amplitude) is another measure of speed to fibrin build up. MA (maximum amplitude) 
represents the ultimate strength of the fibrin clot and overall stability and is a measure of platelet action and stabilization of the clot. Deficits in MA 
are typically treated with platelets or ddAVP to augment platelet aggregation. FPL, A30, or LY30 reflects the amplitude of the clot strength at 30 minutes 
as a measurement of fibrinolysis. Fibrinolytic patterns are treated with TXA typically. (A) Normal TEG tracing. (B) Low clotting factor availability causing 
a decreased α-angle. (C) various pathological hemorrhagic TEG tracings. (D) Fibrinolytic TEG tracings. (E) Various thrombotic TEG tracings. (From Mauf-
frey C, Cuellar DO, 3rd, Pieracci F, et al. Strategies for the management of haemorrhage following pelvic fractures and associated trauma-induced coagulopa-
thy. Bone Joint J. 2014;96–B(9):1143–1154.299)
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accepted and employed constants are adult men 75 cc/kg, 
adult women 65 cc/kg, infants 80 cc/kg, term infants 
85 cc/kg, and premature neonates 95 cc/kg. Gross initially 
described the mathematics of  the formula in 1983114; we 
have derived an equation estimating allowable operative 
blood loss with which we estimate blood loss for all our 
operations.115 Fig. 22.2 reflects the formula we utilize, and, 
although patient conditions, such as venous capacitance 
and changes in vascular tone, can significantly alter blood 
volume of  distribution, this formula has proved the best 
estimator of  blood loss in our experience.

Due to blood type and cross-match expenses and overes-
timation of  operative transfusion needs47 a preoperative 
estimate of  1.78 units of  pRBCs per 1000 cm2 of  burn 
wound excised best utilizes blood bank resources.48 However, 
even since publication of  the prior edition of  this book, 
studies show 25% of  patients received cross-match orders 
exceeding national guidelines, with surgeons being most 
responsible for this overestimation.116 Interestingly, change 
in hematocrit, not Hb, is considered the most reliable indica-
tor for continuing blood loss,117 and, at admission, is the 
best predictor of  24-hour blood product requirements,118 as 
well as being associated with signs of  shock and hemor-
rhage in trauma patients, both adult119 and pediatric.120 
Additionally multiple studies have found massive blood 
transfusion in trauma, surgery, and critical care to be a 
predictor of  SIRS, multiple organ failure, and increased 
infection and mortality,74 although it is unclear if  the need 
for significant transfusion is a marker for disease severity 
rather than the transfusion itself  being the etiologic cause.

In the setting of  active operative hemorrhage, transfu-
sion rates should match the rate of  blood loss. Estimation 
of  ongoing rates of  bleeding and matching transfusion rates 
requires careful coordination between the anesthesia and 
operative teams. MT protocols have been demonstrably life-
saving in these cases.121 In the setting of  operative hemor-
rhage, the standard transfusion ratio is 1 pRBC to 1 flash 
frozen plasma (FFP).121 Electrolytes must be monitored to 
prevent hypocalcemia instigated by the citrate anticoagu-
lant in the blood products. As was demonstrated in the 
PROPPR study, major trauma centers were unable to deliver 
adequate amounts of  thawed plasma for MT sufficiently 
quickly, so a burn team anticipating significant blood loss 
intraoperatively is well advised to order appropriate amounts 
of  blood products prior to initiating the surgery.122 With 
modern rapid infusers, such as the Belmont, capable of  
transfusing warmed, mixed blood products at rates of  
500 cc/min, there is little reason for insufficient transfusion 
rates during a burn extirpation.

made it an integral component of  resuscitation protocols 
worldwide.104 However, the benefits of  TXA are seen only 
when administered within 3 hours of  injury; after that 
window, it has been shown to increase mortality.65,105 Thus 
it is most efficacious to treat acute traumatic coagulopa-
thy. Fibrinolysis is less likely to be fully activated the sooner 
patients receive TXA; fibrinolysis continues unceasingly 
once activated, and only restoration of  endogenous anti-
fibrinolytic elements can then abate the activity.106 Some 
practitioners feel that the potential risk is too great for use in 
patients whose bleeding is not life threatening.107 Although 
reports exist highlighting the prothrombotic effects result-
ing from each antifibrinolytic drug,65 we advocate the use 
of  TXA perioperatively for large burn excisions.

Transfusion of Blood Cells

Burn patients have many disparate indications for transfu-
sion. In the setting of  active operative hemorrhage, the 
rapid transfusion of  pRBC, plasma, and other products is 
essential to prevent hemorrhagic shock. In the postopera-
tive period, transfusion is necessary to treat blood loss 
anemia, coagulopathies, and consumptive thrombocytope-
nias. As a component of  resuscitation, plasma transfusion 
is often required to treat coagulopathies resulting from con-
sumption and under-production of  factors, as well as for 
volume expansion, as discussed in Chapter 8 on the patho-
physiology of  burn shock and burn edema and in Chapter 
9 on fluid resuscitation and early management. Under-
standing the vastly disparate indications for transfusion in 
burn patients allows clarity in the urgency and aggressive-
ness of  transfusion used in these patients with ever-
changing status.

The first major indication for transfusion is intraoperative 
blood loss during burn wound excision. The anesthesia 
team must monitor overall preload while estimating blood 
loss to prevent hypovolemia and hemorrhagic shock. Surgi-
cal control of  hemorrhage is critical, but large blood loss is 
expected, especially in the setting of  large burns. Surgical 
blood loss has been estimated and measured in a variety of  
ways,33,108–112 but reports based on surgical and anesthesia 
team estimates113 are simple and reliable. Following serial 
hematocrit value along with hemodynamic markers is a 
standard method of  monitoring blood loss and transfusion 
success. Various formulae have been developed to calculate 
the estimated blood loss. Total blood volume is estimated 
using the patient’s weight, preoperative and postoperative 
Hb, and presumed normal adult Hb of  70 cc/kg. Generally 

Fraction of
blood lossA = Expected blood volume B =

Patient weight � Expected blood volume/kg
Blood transfusion

volume� �
(HCTpre-op – HCTpost-op)

HCTpre-op

Fig. 22.2 An algebraic formula to estimate surgical blood loss. In the first group of terms, labeled A, the patient’s weight is multiplied by the expected 
blood volume for age: adult men 75 cc/kg, adult women 65 cc/kg, infants 80 cc/kg, term infants 85 cc/kg, and premature neonates 95 cc/kg. The 
second portion of the equation utilizes preoperative and postoperative hemocrit (Hct) to derive the fraction of blood lost to account for the observed 
change in Hct. Finally, blood transfused is added in to account for intraoperative transfusion effects. 
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and using pathogen-inactivated plasma reduces the risk 
of  transmitting infectious diseases.68 The indicators for 
increased transfusions of  FFP and pRBC were high TBSA 
and use of  argatroban anticoagulation.142

Except in the setting where MTs are indicated, greater 
ratios of  FFP and platelets to pRBCs correlate to longer ICU 
stays and higher mortality rates.143 When high ratios of  
FFP to pRBC are unable to be transfused, it has been dem-
onstrated that resuscitating patients with a minimum of  
1 L crystalloid per unit pRBC leads to improved mortality 
rates.144 However, a recent study showed that TBSA burn 
and patient age independently correlated to mortality, not 
RBC or plasma transfusions.142 Blood product resuscitation 
was not hemostatic, and coagulopathy and thrombocytope-
nia combined may contribute to intraoperative hemorrhage, 
which blood product transfusions would be inadequate to 
correct.145 Brakenridge and coworkers showed that, despite 
prior reports of  associations between FFP and large-volume 
crystalloid transfusions with MOD, it was the MT volumes of  
pRBC that correspond to MOD, not blood products.146 Blood 
component ratios failed to predict inflammatory complica-
tions, whereas injury severity, sex, and total pRBC volume 
did.147 Additionally transfusion of  stored pRBC correlates 
with increased complications due to microparticles released 
from RBCs able to induce cellular dysfunction.148 The poor 
quality of  stored erythrocytes has been documented with 
dynamic microscopy.149 Furthermore, recent data would 
suggest different protocols for transfusion in the operat-
ing room (acute blood loss) versus in the setting of  critical 
illness (bedside).150 A series of  studies examining different 
ratios of  FFP to pRBC transfusions have yet to demonstrate 
any difference in transfusion volume for burned pediatric 
patients.10,151 Last, it has been demonstrated that transfu-
sion protocols for adults are not efficacious in children;152 
a new score should be developed for transfusions in the 
burned pediatric population.

Recently, platelet-rich plasma (PRP), in which the platelet 
concentration is above baseline in blood plasma, has come 
under consideration for use in transfusing burn patients 
because its hemostatic antimicrobial effects have shown 
promise in wound healing in animal studies.153 The con-
centration of  growth factors and number of  platelets dictate 
the clinical efficacy of  PRP.154 It is not transfusions of  pRBCs 
but rather of  platelets that have recently been correlated to 
nosocomial infections in the critically ill.155 Platelet trans-
fusion is not without complications because platelets are 
stored at room temperature, thereby facilitating higher rates 
of  bacterial contamination than for other blood products. 
One in 1000–3000 platelet units may be bacterially con-
taminated;156 one-sixth of  these episodes result in a septic 
event.157 In a study of  blood bank utilization by a burn 
unit, 15% of  all admitted patients received platelets with 
either pRBCs or FFP.47,156 Given that cryopreserved plate-
lets demonstrate superior hemostatic activity over liquid 
platelets, studying the efficacy of  storing platelets at cold 
temperatures for burn units is warranted.158,159 Last, imme-
diate administration of  pRBCs, plasma, and platelets upon 
admission has been shown to benefit patient outcome.121

Commonly coincident with sepsis,160 thrombocytope-
nia requiring platelet transfusion is rare in burn patients. 
Often platelet counts and function are stable unless there 
is an infectious or septic event. In coagulopathic patients 

In the ICU, blood transfusions are typically unneces-
sary to treat or prevent hemorrhagic shock; rather, they
are warranted for less emergent indications, such as blood
loss anemia, coagulopathy, or volume expansion. Tradition-
ally a defined Hb trigger of  10g/dL or hematocrit of  30%,
the “10-and-30” rule, has guided transfusion practices.123

These triggers continue in many centers worldwide.123

However large-scale works in critical care literature124 and
smaller, retrospective reviews of  adult125 and pediatric126

burn patients have established the benefits of  a lower, more
restrictive transfusion trigger, indicating that some patients
had been receiving blood to no benefit.123 The Society of
Critical Care Medicine addressed transfusions in the inten-
sive care setting. For critically ill patients, a restrictive strat-
egy was found as efficacious as the conventional liberal one,
so in patients with evidence of  hemorrhagic shock, hemo-
dynamic instability, or acutely bleeding, an Hb trigger of
less than 7 g/dL indicates for transfusion, and this should be
given as single units in the absence of  acute bleeding.127,128

Recent research supports the theory that pRBC transfusions
should not rely on the use of  standardized triggers, but
rather be tailored to the burn patient’s blood volume status,
acuity of  blood loss, and perfusion requirements.2

Transfusion needs increase with burn size,5,47,129,130 as
do complications. Each 1% increase in TBSA of  burn has a
corresponding 6% increase in mortality risk.131 In a large
study of  transfusion trends in burn patients, those with
20% or greater TBSA required 13.7 ± 1.1 units, whereas
those with 50% or greater TBSA required more than 30
units of  pRBCs.129 Burn patients often receive multiple
transfusions; in one study, more than half  the transfu-
sions resulted from anemia of  critical illness (nonsurgi-
cal).5 While pRBC transfusion rapidly and reliably corrects
anemia, it is associated with many of  the consequences of
bloodborne transmission, including hepatitis B, hepatitis C,
and HIV. While the infectious transmission rate has signifi-
cantly decreased with improved screening methods,132,133

it is markedly higher in low- and middle-income countries
than in high-income countries like the United States (0.1%
and 0.003%, respectively).134 More importantly, pRBC
transfusion is associated with immunomodulation, includ-
ing increased infectious morbidity,135 with a 13% increase
in risk of  developing an infection per unit of  blood trans-
fused.129 Muszynski et al. nicely reviewed the extensive
hyperinflammatory and severe immunosuppressive effects
of  blood transfusions and related these data to critical care
outcomes.136

Other significant consequences include transfusion-
related acute lung injury (TRALI), which is difficult to diag-
nose in burn patients because simultaneous lung injury
from resuscitation or inhalation injury may contribute
to TRALI diagnostic criteria,137 and ABO incompatibility,
which can be rapidly fatal.138 Implementation of  restrictive-
transfusion strategies in which pRBCs are transfused only
for hemodynamic instability or at lower Hb concentrations
has reduced overall transfusion and infection rates, benefit-
ting both cost and survival.68,125,126 FFP transfusion is also
associated with TRALI139 in burn patients, and early trans-
fusion of  FFP correlates with increased incidence of  other
deleterious effects post-burn.140 However by not adminis-
tering plasma from women with a history of  pregnancy,
the risk of  TRALI from FFP is significantly mitigated,141
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Pharmacologic anticoagulants fall under four major 
classes: antithrombin-III (AT-III) activators, such as UFH; 
factor X inhibitors, such as LMWHs; direct thrombin inhibi-
tors (DTIs), such as argatroban; and vitamin K antagonists, 
such as warfarin. The ideal phamacoprophylactic agent for 
a burn patient has a short half-life allowing dose titration 
and operative interventions, the ability to monitor result-
ing effects with laboratory values, an available reversal 
agent, and limited nursing workload. Warfarin is not used 
for prophylaxis in hospitalized burn patients due to its long 
half-life, which requires days to take effect and reestablish 
normal coagulation, all of  which complicates operative 
management.175 DTIs carry a high risk of  bleeding and are 
irreversible so typically are employed only in the rare setting 
of  antibody-confirmed heparin-induced thrombocytopenia 
(HIT) when treating burn patients.176 Most VTE prophylaxis 
and treatment in burn patients are carried out using UFH 
or LMWH.

UFH exerts the principal part of  its action by binding to 
and activating AT-III, the most abundant anticoagulant in 
the plasma. AT-III, in turn, breaks down activated throm-
bin, thereby terminating the propagation of  coagulation. 
A minor portion of  AT-III’s action is attributable to inac-
tivating factor X, the central factor joining the intrinsic 
and extrinsic coagulation cascades. Anticoagulant activ-
ity can be monitored, with a PTT targeting time of  30–41 
seconds for prophylaxis and 60–80 seconds for therapeutic 
anticoagulation.53 UFH can be administered either subcu-
taneously or via a continuous intravenous infusion. Subcu-
taneous dosing of  5000 units every 8 hours is considered an 
effective prophylactic dose; however in burn patients with 
unpredictable subcutaneous absorption and variable cre-
atinine clearances due to hypermetabolism, this route is far 
less predictable. In our critical care population, we prefer a 
low-dose UFH infusion targeting a PTT of  30–41 seconds. 
With this protocol, we are able to provide a verifiable pro-
phylactic effect regardless of  the physiological state of  the 
patient, although this comes at the cost of  greater nursing 
utilization. UFH also has the benefit of  a short half-life, and, 
in the setting of  hemorrhage, it is reversible with protamine. 
There is a risk of  development of  HIT with this medication, 
and platelet levels must be monitored. Should thrombocy-
topenia develop in a burn patient, all heparin administra-
tion should be held until antibody titers can be returned. 
Because there are a myriad of  causes of  thrombocytopenia 
in burn patients, conversion to a secondary agent, such as a 
DTI, ought to be considered carefully on a case-by-case basis 
given the increased risk of  bleeding associated with these 
medications and their lack of  reversal agents.177

LMWH exerts its principal effect by inactivating factor 
X. Anticoagulant activity can be monitored with an anti-
factor Xa level target of  0.2–0.5 IU/mL for prophylaxis and 
0.5–1.2 IU/mL for therapeutic anticoagulation. In a review 
of  practice at a large academic medical center, levels were 
determined to be insufficiently monitored and frequently 
outside the intended range in patients weighing less than 
45 kg, more than 150 kg, or with impaired renal func-
tion.178 These medications are delivered by subcutaneous 
injection and, as such, carry pharmacodynamic concerns 
regarding inconsistent absorption. There are also oral 
factor Xa inhibitors; however, there is not currently suf-
ficient data nor experience to advocate their prophylactic 

with hemodynamically significant oozing from wound and
donor sites, the administration of  platelets and recombinant
factor VIIa has been shown to improve hemostasis.161,162 Of
interest, recombinant factor VIIa seems most efficacious at
lower temperatures.163 Prothrombin complex concentrate
(PCC) is gaining utility in treating coagulopathies derived
from medications such as warfarin or argatroban and now
has an expanding role in treating trauma and perioperative
coagulopathies.164 PCC is also gaining use as an adjunct or
replacement for FFP to reverse factor-deficient coagulopa-
thies and expedite operative intervention.165,166

Venothromboembolic
Prophylaxis

Once burn patients recover from TIC they develop an ele-
vated risk of  venous thrombosis and thromboembolism. A
recent study indicated that platelet-derived microparticles
(PMPs) are responsible for the hypercoagulability seen
immediately post-burn, particularly the decline in platelets,
and that an ADP-induced platelet activation was crucial to
the enhanced clotting seen a week post-burn.94 Addition-
ally, Levin et al. showed that thermal trauma incites an
increase in the number of  erythrocyte-derived microvesi-
cles. These, in turn, increase the procoagulant activity
while reducing the antithrombin and fibrinolytic activity of
erythrocytes, thereby contributing to post-burn hyperco-
agulability.167 Furthermore, the typically defined criteria for
hypercoagulability described in Virchow’s triad exist in all
major burn patients: venous stasis from reduced activity
such as bed-rest, endothelial activation or injury from shock
state and inflammation, and hypercoagulability from acute-
phase reactants.168,169 Meizoso recently characterized the
detailed pathophysiology of  hypercoagulability in burn
patients, concluding that larger-scale studies are needed to
protocolize safe and effective thromboprophylaxis.170 A
typical burn ICU patient will be high or highest risk based
on the American College of  Chest Physician guidelines and
Caprini score, indicating both mechanical and chemical
prophylaxis.168 In a 2005 survey of  84 U.S. burn centers,
76.1% routinely provided VTE prophylaxis, 31 utilizing
subcutaneous unfractionated heparin (UFH), 16 low-
molecular-weight heparin (LMWH), and 1 a heparin infu-
sion.171 In a 2013 review of  their institution’s patients in a
single year, Mullins et al. reported an incidence of  113
DVTs in 86 patients for an incidence of  5.92%.172

The modalities that underlie VTE prophylaxis are
mechanical and pharmacological prophylaxis. Mechanical
treatments, such as intermittent pneumatic compression,
aim to prevent venous pooling and mechanically pump
blood from the extremities. These devices also stimulate
fibrinolytic pathways, which further decreases the risk of
venous thrombosis.173,174 Chemical prophylaxis, such as
heparin, is intended to reduce thrombosis by interfering
with the coagulation cascade. Prophylaxis is often compli-
cated in the burn population. For instance, mechanical pro-
phylaxis is often impractical or impossible due to donor sites
or wounds on the legs. Pharmacoprophylaxis agents can
have inconsistent effects due to altered pharmacokinetics
and pharmacodynamics leading to either venous thrombo-
sis or hemorrhage.
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of  HSCs, long-term (LT) and short-term (ST), are distin-
guishable by more than their divergent self-renewal and dif-
ferentiation capacities.193–195 Aptly named, LT-HSCs remain 
permanently self-renewing cells with minimal response to 
physiologic stress and exhibit a total dearth of  lineage-
specific surface markers.182 ST-HSCs derive from LT-HSCs 
and affect their production and differentiation depending 
on the existing pathologic state in their niches. ST-HSCs 
give rise to multipotent progenitor cells (MPPs),196 which 
lack self-renewal potential but remain able to differentiate 

use in the acute burn patient for VTE prophylaxis. The half-
lives of  these agents are longer than UFH, and they only 
require dosing every 12–24 hours, which reduces nursing 
workload but increases the duration of  bleeding, should it 
occur. In particular, Fondaparinux has a 17- to 21-hour 
half-life and thus is particularly prone to cause bleeding in 
our experience with burn patients; the use of  fondaparinux 
is ill-advised. When these medications are chosen for burn 
patients, factor Xa levels should be monitored due to 
unpredictable subcutaneous absorption and large changes 
in creatinine clearance from hypermetabolism or renal 
impairment, although these pharmacologic issues are most 
often studied related to antibiotic dosing.179 There are cur-
rently no reversal agents for this class, although scant data 
suggest that PCC may limit bleeding.180

There are circumstances in which VTE prophylaxis may 
need to be held in a major burn patient, such as bleeding. 
In these instances, an inferior vena cava (IVC) filter should 
be considered to reduce the risk of  fatal pulmonary embo-
lism. Furthermore, several centers routinely monitor 
patients for DVT formation with a weekly Doppler exam.

Hematopoiesis

Given the myriad of  risks incurred to glean the benefits of  
transfusion, it is preferable for patients to generate their 
own replacement blood. Hematopoiesis is the production 
of  the more than 10 distinct mature peripheral blood cell 
types.181 Well-regulated hematopoietic differentiation is 
vital to generate all blood cells necessary for defense against 
invasive pathogens, gas exchange, and wound healing.182 
This process begins in the yolk sac, continues in the pla-
centa and the aorta-gonad-mesonephros region, progresses 
to the fetal liver until finally occurring throughout postna-
tal life in the bone marrow.183,184 Table 22.1 details the roles 
of  growth factors and cytokines in directing hematopoi-
esis. Unfortunately, production is often insufficient to meet 
a burn patient’s RBC requirements in the setting of  large 
excisions and grafting procedures combined with critical 
care. This stems from the large volume of  blood loss seen 
in burn surgeries as well as the fact that thermal trauma 
directs hematopoiesis away from erythropoiesis and toward 
immune cell production.

Two pathways exist for hematopoiesis: myeloid and lym-
phoid. The myeloid lineage ultimately produces RBCs and 
the cells comprising the innate immune system (e.g., plate-
lets,185 macrophages, neutrophils, eosinophils, and baso-
phils). The lymphoid lineage forms the cornerstone of  the 
adaptive immune system by generating B and T cells. Den-
dritic cells (DCs) and natural killer (NK) cells develop from 
either lineage. While only half  the bone marrow is hemato-
poietically active,186 an estimated 200 billion erythrocytes 
(0.5–2% of  total RBCs),187,188 100 billion leukocytes, and 
100 billion platelets (~7% of  total platelets) are nonetheless 
produced daily in a healthy adult.

Accounting for one in every 105 nucleated cells in the 
bone marrow of  a healthy adult, hematopoietic stem cells 
(HSCs) are the fountainhead of  the hematopoietic hierar-
chy. Significantly they are the only cells in this system able 
to be both self-renewing and multipotent (able to differenti-
ate into all potential blood cells).181,189–192 The two variants 

Table 22.1 The Roles of Growth Factors and Cytokines 
in Hematopoiesis

Growth Factor 
or Cytokine Role in Hematopoiesis

Stem cell factor Essential for hematopoietic stem cell 
proliferation and differentiation

Activates the c-kit receptor

Flt-3 ligand Enhances multipotent progenitor, early 
lymphoid, myeloid, natural killer, and 
dendritic cell proliferation

Activates the Flt-3/flk-2/CD135 receptor

IL-3 Plays a role in hematopoietic stem cell, myeloid, 
and erythroid cell line expansion

IL-6 Increased production following burn injury and 
infection

Essential for expansion of hematopoietic stem 
and progenitor cells

G-CSF Stimulates granulocyte proliferation in the bone 
marrow and augments immune activity of 
cells in blood

Increased immediately following burn injury 
and in response to infection

RhG-CSF use is not indicated for use in burn 
patients

CSF-1 or M-CSF Essential for monocyte and macrophage 
differentiation

Increases the survival of monocytes and 
macrophages

GM-CSF Regulates the proliferation and differentiation of 
hematopoietic progenitors

Enhances antigen presentation by DCs and 
macrophages

Prophylactic administration accelerates bacterial 
clearance and killing

IL-7 Necessary for both engagement into lymphoid 
lineage and maintenance and expansion of 
lymphoid cells

Erythropoietin Stimulates erythroid proliferation and prevents 
apoptosis to increase erythrocyte production

May have a role in tissue protection via a related 
receptor

rhEPO has not been shown to benefit burn 
patients

Thrombopoietin Enhances megakaryocyte proliferation and 
reduces apoptosis to increase platelet 
production

May increase following burn injury and 
contribute to thrombocytosis

Evolving role in stem and progenitor cell 
proliferation

G-CSF, Granulocyte colony-stimulating factor; GM-CSF, granulocyte-
monocyte colony-stimulating factor; IL, interleukin.
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EPO response to anemia, there is limited increase in EPO 
following burn. Earlier studies had small sample sizes, used 
unreliable urine bioassays, and could not overwhelmingly 
support an appropriate EPO response, leading to contra-
dictory results.217,218 Later comparison of  serum bioassays 
and radioimmunoassays showed no correlation between 
the two methods, and their results suggested significant dif-
ferences between the sensitivity of  these tests.219,220 More 
recent larger studies using serum radioimmunoassays dem-
onstrated an increase in EPO in response to decreased Hb 
concentrations but inconsistent erythropoietic response to 
this EPO increase.130,221

While only erythroid-committed cells in the bone marrow 
possess the EPO receptor, a related EPO receptor and 
response to EPO have been identified in nonhematopoietic 
tissues, including neurons, glial cells, retina, heart, skel-
etal muscle, kidney, ovary, uterus, testis, and endothelial 
cells.222–225 Consequently the ability of  EPO to reduce apop-
tosis and prevent damage to these tissues has been explored. 
RhEPO in particular can reduce apoptosis after cerebral 
ischemia226; protect the myocardium and promote remodel-
ing following myocardial ischemia, allowing for restoration 
of  cardiac function;227,228 and protect against renal injury 
from ischemia, improving renal function.229 Despite these 
findings and the expected erythropoietic response to rhEPO, 
its use in burn patients has not been substantiated.

Recombinant human erythropoietin (rhEPO) helps 
augment erythropoiesis in patients with chronic anemias 
(e.g., end-stage renal disease and HIV with antiretroviral 
use), decreasing transfusion rates and improving quality of  
life. To decrease transfusion rates and correct the anemia 
of  critical illness, multiple trials have explored rhEPO use 
in the critically ill, including burn patients. Unfortunately 
both large clinical trials and meta-analyses of  critically ill 
medical, surgical, and trauma patients show no significant 
reduction in transfusion rates with rhEPO use.230,231 JM Still 
and others performed a study of  rhEPO in burn patients 
resulting in no significant increase in hematocrit percentage 
or decrease in transfusion rates.232–234 Critically ill patients 
may possess a resistance to EPO,235 which may be a function 
of  antierythropoietin antibodies236 or a relative reduction 
in erythropoietic response due to less EPO-responsive ery-
throid precursors after burn-induced hematopoietic hierar-
chy shift.237 As such, rhEPO is not indicated for use in burn 
patients. However a recent study showed that rhEPO sig-
nificantly reduced the markers of  multisystem organ failure 
and, in the lung, specifically reduced apoptosis and histo-
logical signs of  tissue injury in mice with second-degree 
scald burns.238 While the use of  rhEPO has been shown to 
increase the rate of  reepithelialization in scald injury and 
decrease time to close the wound when injected directly 
into the injury site,239 we still cannot recommend the use of  
rhEPO in burn patients to decrease transfusion rates. These 
new data highlight the potential use for other burn-induced 
complications beyond the purview of  this chapter.

MYELOID GROWTH FACTORS

Granulocyte Colony-Stimulating Factor

Granulocyte colony-stimulating factor (G-CSF) is the 
primary growth factor responsible for the proliferation and 

into every hematopoietic lineage.183,197,198 The progression
of  hematopoiesis, from stem cells to progenitor groups to
terminally differentiated cells (Fig. 22.3), allows for the
rapid amplification of  cell production by the upstream pro-
liferation of  stem cells.199 The hematopoietic hierarchy is
not without controversy; other suggested hematopoietic
progressions200,201 differ in the branch points at which
certain progenitor populations lose lineage potential202

or advocate that select cell groups have the potential to
dedifferentiate and enter a different lineage.203 MicroRNAs
(miRNAs), growth factors, and cytokines present in the
bone marrow influence the commitment patterns of  these
progenitor cells, yielding mature, fully differentiated bone
marrow cells that later populate the bloodstream.

Up-regulation of  fetal liver kinase-2 (Flk2) is a shared
feature of  all lineages of  HSC differentiation203 as is the
epigenetic regulation exerted by microRNAs on every stage
of  hematopoiesis.204 The expression of  a limited set of  tran-
scription factors, controlled by growth factors, cytokines,
and miRNAs present in the bone marrow milieu, control
lineage commitment, cell fate,205–207 and, ultimately, the
composition of  cells in the bloodstream. As patients age,
there is an HSC shift toward myeloid potential.208

Bone marrow hematopoiesis demonstrated an overall
increase in the HSC population (identified as LSKs [Lineage-
negative, Sca-1+ cKit+] in mice) as early as 48 hours following
burn injury,209 and the expansion of  LSKs persisted for at
least 21 days post-burn.210 Despite their multilineage poten-
tial (Fig. 22.3), LSKs do not differentiate evenly across all lin-
eages. Only ST-HSCs and MPPs increase, with no significant
change in LT-HSCs.211 In the progenitor compartment, there
is a significant increase in granulocyte-monocyte progeni-
tors (GMPs) with a concomitant decrease in megakaryocyte-
erythroid progenitor (MEP) production. Given the hierarchical
nature of  hematopoiesis, changes in ST-HSC and MPP pro-
duction, and the lineage shift toward greater GMP and lesser
MEP production may herald the overall problems present
after burn injury: erythropoietic production (anemia) and
myeloid function (immune dysfunction).209,210 In a recent
work, myelo-erythroid commitment following thermal insult
was shown to be under β-adrenergic control via MafB regula-
tion, indicating that burn injury perturbs the hematopoietic
paradigm.212 For more details please refer to Chapter 23 on
the significance of  the hormonal, adrenal, and sympathetic
responses to burn injury. Further work on HSCs and progeni-
tor cell responses may provide avenues for early therapeutic
intervention, which may ameliorate the negative hematopoi-
etic consequences of  burn injury.

HSCs have considerable potential in treating blood
disorders.213–215 The utilization of  these cells as a possible
therapy for the anemia or immune dysfunction present in
severely burned patients is currently not in progress. Rea
and colleagues assayed the cells present in the healing
burn wound, finding that hematopoietic cells were merely
transient and predominantly present only in the acute
inflammatory phase, with a small number persisting in the
healing dermis.216 Ascertaining the long-term hematopoi-
etic response to various degrees of  burn wounds will be
crucial in developing HSC-based therapies for burn injuries.

Due to burn-associated anemia, erythropoietin (EPO)
levels should be increased during treatment and recovery
from the burn injury. However, contrary to the expected
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Similar hyporesponsiveness in monocytes has been dem-
onstrated in trauma patients.264 These findings provide a 
plausible mechanism and a role for CSF-1 and its cognate 
receptor interactions in monocyte/macrophage biology fol-
lowing burn injury.

GM-CSF

Granulocyte-monocyte colony-stimulating factor (GM-CSF) 
regulates proliferation and differentiation of  hematopoietic 
progenitor cells, as well as modulating the function of  
mature leukocytes.265 GM-CSF enhances the antigen-
presenting capacity of  macrophages and DCs, increases 
complement-mediated phagocytosis, and augments bacte-
rial killing by both innate immune cells266,267 and chemo-
taxis of  leukocytes.268,269 GM-CSF is produced by a variety 
of  cells, including macrophages, B lymphocytes, pulmo-
nary epithelial cells, neutrophils, and stromal cells.270,271 In 
response to burn injury, bone marrow GM progenitors 
respond by producing more GM-CFU colonies .261 Adminis-
tration of  GM-CSF prior to burn injury and E. coli sepsis 
enhanced bacterial clearance and survival of  experimental 
animals.272 Similarly, GM-CSF improved the survival of  neo-
natal rats when administered prophylactically prior to S. 
aureus infection.273 However, GM-CSF administration after 
the onset of  infection did not provide a survival benefit.274 
While the inactivation of  GM-CSF or GM-CSF receptor 
genes in mice did not alter the number of  granulocytes and 
monocytes, these animals exhibited significant alveolar 
macrophage dysfunction. Furthermore GM-CSF-deficient 
mice are very susceptible to pulmonary group B streptococ-
cal infection.271 Cioffi et al. studied the effects of  GM-CSF in 
burned adults. They found a 50% increase in mean leuko-
cyte counts after the first week post-burn in treated patients. 
Application of  GM-CSF did increase myeloperoxidase activ-
ity (cytosolic oxidative function) 1 week post-burn, but 
these levels returned to unburned control levels during 
weeks 2 and 3 of  treatment, while remaining elevated in 
the untreated patients. Extracellular oxidative function, 
measured by superoxide production, was initially depressed 
in both burned groups compared to nonburned controls, 
although GM-CSF-treated patients demonstrated a return 
to nonburned control levels after week 1, while these levels 
remained below control levels in the untreated burn 
patients.275 In a multicenter clinical trial, administration of  
rhGM-CSF in hydrogel to deep second-degree burn wounds 
has been shown to be both safe and to accelerate wound 
healing.276,277 A subsequent study found topical application 
of  GM-CSF reduced healing time of  partial-thickness burn 
wounds by 5.1 days compared to standard treatment with 
no significant increase in adverse effects. The same study 
examined two other growth factors, fibroblast and epider-
mal, and found a decrease in healing time by 5.02 and 3.12 
days, respectively, as well as improvement in scar color, 
height, pliability, and vascularity.278 Further research exam-
ining the efficacy of  topical administration of  rhGM-CSF on 
deep partial-thickness burn wounds similarly found accel-
erated wound healing with no difference in adverse reac-
tions.279 These data corroborated other studies that likewise 
found accelerated wound healing with application of  topical 
rhGM-CSF and no difference in adverse reactions in adult280 
and pediatric burn patients.281 Given the promising data, 

differentiation of  bone marrow granulocyte progenitors 
into mature granulocytes.240,241 G-CSF is produced by 
monocytes, fibroblasts, and endothelial cells stimulated to 
produce G-CSF in response to inflammatory cytokines 
(tumor necrosis factor-α [TNF-α], interleukin-6 [IL-6], 
IL-1).222 Although it stimulates the production of  neutro-
phils in the bone marrow, in the periphery G-CSF augments 
the bactericidal activity of  neutrophils by priming the oxi-
dative burst, increases neutrophil half-life by preventing 
apoptosis, and down-regulates the overall inflammatory 
response by decreasing the cytokine production of  mono-
cytes and macrophages.242 In various animal models of  
burn and burn sepsis, the benefits of  G-CSF were shown to 
be the killing of  translocated bacteria,243 regulating the pro-
inflammatory response to injury,244 enhancing neutrophil 
chemotaxis,245 and improving survival in combination with 
antibiotic therapy.246,247

At baseline, there are very low levels of  G-CSF present in 
the blood. However following an inflammatory or infectious 
process, G-CSF levels dramatically increase. Following a 
burn injury, G-CSF levels in the blood are initially increased 
and then gradually decline to baseline 3–4 weeks following 
injury.248–250 The initial increase in G-CSF may prime the 
neutrophilic component of  the immune response for future 
bacterial insult. However, the immune dysfunction seen fol-
lowing burn injury or burn sepsis may be related to hypo-
responsiveness of  bone marrow progenitors and peripheral 
neutrophils to G-CSF.251 Recent studies suggest that the 
increase in serum G-CSF post-burn corresponds to an 
increase in the resistance to infection, activation of  innate 
immune responses, and prioritization of  bone marrow 
responses, indicating that it plays a central role for burn 
patient survival, especially in the setting of  infection.252

Administration of  recombinant human G-CSF (rhG-CSF) 
to burn septic animals prior to the initiation of  septic insult 
has been shown to improve the survival rate of  burn septic 
mice.245,246,253 However administration of  G-CSF 24 hours 
after the onset of  septic insult had little effect on sur-
vival.254,255 Despite the potential benefit of  exogenous G-CSF 
administration on the inflammatory and infectious response 
during burn injury, the use of  rhG-CSF (Filgrastim)256 is not 
indicated in the treatment of  burn patients.

CSF-1

CSF-1 (M-CSF) is a preeminent growth factor for the dif-
ferentiation, proliferation, and survival of  monocytes and
macrophages.257 It also stimulates chemotaxis, cytokine,
and superoxide production in macrophages.258,259 Hume
et al. first demonstrated that administration of  CSF-1 to
mice resulted in monocytosis and an increase in peritoneal
and tissue macrophages.260 In response to burn injury, CSF-
1-responsive GM-CFU are increased in the bone marrow and
this results in enhanced monocytopoiesis.261 The under-
pinning of  this monocytopoiesis post-burn arises from
increased expression of  CSF-1 receptors in ERMP-20+ bone
marrow compartment, which comprises monoblasts and
promonocytes,261 which begins to be initiated much earlier
at progenitor level in GMPs209 and CMPs.210 Additionally
burn injury and sepsis also alter the inflammatory cytokine
phenotype of  CFU-GM-derived macrophages in that they
predominately result in hyporesponsive macrophages.262,263
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transcription factors to specific regions on a gene.294 Tran-
scription factors are nuclear proteins that act as control 
points in the conversion of  a gene to a functional protein.294 
Since many key proteins are turned over rapidly to meet 
the changing needs of  the tissues, a complex system of  cell 
signaling architecture, with the final common pathway of  
gene transcription, must exist to produce bioactive proteins 
on demand. Since cells respond to several signals simultane-
ously, and many ligand–cell interactions stimulate similar 
proximal signals, tight control of  transcriptional initiation 
must exist for the proper orchestration of  cellular responses.

The role of  transcription factors in hematopoietic cell 
fate is an evolving topic of  study. The lineage-restricted 
proliferation and differentiation program of  hematopoiesis 
is achieved through switching on and off  specific sets of  
genes in response to cell signals. Since thermal injury and 
sepsis are accompanied by hematologic and hematopoi-
etic changes that determine the overall pathophysiological 
response of  burn patients, it is reasonable to assume that 
transcriptional regulation of  hematopoietic developmental 
genes play a significant role. It is known that GATA-1, sct/
tal1, and Klf1 form the transcriptional core of  the erythroid 
lineage and are all expressed by the earliest hematopoietic 
progenitors.295 The relationship between transcription 
factors is complex because they are not independent of  one 
another but demonstrate antagonism. In fact, the inability 
of  one transcription factor to suppress the other has been 
linked to the development of  hematologic malignancies. 
However little is known about hematopoietic transcription 
factor changes following pathologic injury, even though 
they may control the dramatic hematopoietic shifts follow-
ing severe trauma and burn injury. Given the importance 
of  these transcription factors to cell fate and the significant 
shifts in lineage commitment patterns, knowledge of  these 
transcription factors and their roles in hematopoiesis may 
help in providing a foundation for future reference. Fur-
thermore recent studies indicating the poor correlation of  
animal models to humans with regards to transcriptional 
response after burn/trauma/endotoxemia highlight the 
need for medical research to shift from a reliance on animal 
models,296 especially mouse models,297 although the clinical 
translation efficacy is debated.298

Conclusion

Hematology plays a major role in burn care. Patients suffer 
from anemia due to RBC losses in surgery as well as the 
anemia of  critical illness. Operative hemostasis is important 
both to limit RBC loss and prevent shock. Coagulopathies 
develop due to factor consumption and insufficient produc-
tion as well as hypothermia. Transfusion of  various blood 
products is critical to the management of  patients. Hema-
topoiesis is directed away from erythropoiesis to the produc-
tion of  the immune cells vital to fight off  invading microbes 
and heal wounds. Venous thrombosis becomes a major risk 
in these critically ill patients, adding another mortality risk. 
Hematologic management is a central component of  burn 
critical care and ought to be carefully considered.
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cautious increasing use as a topical treatment to promote
wound healing is warranted, but further examination of
rhGM-CSF, along with fibroblast and epidermal growth
factors, is also recommended.

LYMPHOID GROWTH FACTORS

Several growth factors/cytokines contribute to the forma-
tion of  lymphoid cells; the most prominent and well studied
is IL-7. The IL-7 receptor is unique to lymphoid cells. Thus
IL-7 is the cytokine/growth factor that influences the expan-
sion of  this cell line. IL-7 receptor engagement is essential
not only for lymphoid cell proliferation and survival but
also for HSC differentiation into the lymphoid lineage. The
IL-7 receptor enhances lymphoid cell survival through
maintenance of  Bcl-2.282 Bone marrow stromal cells and
the thymus predominantly produce IL-7. T cells are unique
since their maturation takes places in the thymus as opposed
to the bone marrow, and they undergo a process of  positive
and negative selection dependent on both IL-7 activation
and expression of  the transcription factor Notch1.283 Alter-
ations in IL-7 production, in addition to other cytokines,
can negatively impact survival after inhalation injury.284

Additional growth factors/cytokines contributing to lym-
phopoiesis include IL-2, IL-15, and IL-23.

MEGAKARYOCYTE GROWTH FACTORS

Megakaryocyte and platelet production are regulated by
thrombopoietin. Similar to EPO, thrombopoietin enhances
megakaryocyte progenitor proliferation by amplifying cell-
cycle regulators and preventing apoptosis.222 It is the only
growth factor necessary for proliferating megakaryocytes
and their progenitors.285 Unlike erythropoietin, thrombo-
poietin has a synergistic role with other growth factors
and cytokines in the maintenance and proliferation of
HSCs286 and can be used in their expansion.287 Thrombo-
poietin stimulates platelet release from the bone marrow
and in the periphery, thereby up-regulating platelet func-
tion and aggregation.288 Produced in the liver, kidney, skel-
etal muscle, and stromal cells of  the bone marrow,222,289

thrombopoietin production may be increased in response
to increased IL-6 production.290 Given the elevated IL-6
levels present following burn injury, IL-6-induced throm-
bopoietin release may be responsible for the thrombocyto-
sis often seen immediately post-burn.291 Elevated levels of
thrombopoietin, and subsequently platelet activation, may
be present following burn injury.292 The evidence from a
recent study would support the notion that thrombopoietin
blockade could help prevent organ damage in burn patients
with sepsis.293

TRANSCRIPTION FACTORS

While growth factors control hematopoietic cell fate, the
development of  terminally differentiated cells is under the
control and coordination of  a limited set of  transcription
factors. Ultimately specific sequential and temporal gene
expression patterns dictate hematopoietic commitment.
These genetic processes are governed though modula-
tions in the rate of  gene transcription, which are accom-
plished through the binding of  DNA-binding proteins or
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corticosteroids and the medulla that secretes catechol-
amines. Both are critical to orchestrating the systemic 
“storms” required to survive a massive injury.

The cellular and biochemical pathways through which 
catecholamines work these organism-level alterations are 
an area of  active study. We will discuss the pathologi-
cal alterations in these systems and how they relate to 
modern critical care and the remainder of  the endocrine  
response.

Strong Sympathetic Activation 
Following Burn Trauma

The catecholamine surge following burn trauma was 
delineated in landmark papers in 1957 demonstrating 
marked elevations in 24-h urine levels of  norepinephrine 
and epinephrine proportional to burn size, highest in the 
first 3 days and remaining elevated for weeks.1,2 Herndon 
et al. repeated these studies, finding sustained elevation 
in urinary epinephrine and norepinephrine levels past 
35 weeks in pediatric burn patients.3,4 Jeschke et al. sub-
sequently demonstrated that cortisol, catecholamines, 
and hypermetabolism are significantly elevated up to 3 
years after severe burn injury.5 In light of  the decades of  
evidence for sympathetic activation following thermal 
injury, it is critical to understand the resultant physiologic  
effects.

CARDIOVASCULAR RESPONSE

The chapters on multisystem organ failure and shock 
describe the physiology of  the “ebb” phase from distribu-
tive shock and myocardial depression in which cardiac 
function is depressed. By 48 h post-burn the myocardium 
becomes hyperdynamic in a β-adrenergic–mediated manner 
transitioning to the “flow phase.”4,6 Even small burns are 
associated with significant changes in cardiac function and 
long-term pathologic changes.7 One sympathetic reflex arc 
begins when hypotension stimulates baroreceptor (carotid 
sinus and aortic arch) afferent nerve activity, with resul-
tant increases in efferent sympathetic outflow. This sympa-
thetic signal for peripheral vasoconstriction and consequent 
increase in peripheral vascular resistance is mediated in part 
by the nerve-stimulated release of  norepinephrine. Angio-
tensin II (AII) and arginine vasopressin (AVP) also act to 

Introduction

The endocrine system is central to coordinating the sys-
temic response to burn trauma (Table 23.1). Pathological
and compensatory changes are seen in the hypothalamic-
pituitary-adrenal (HPA) axis, thyroid, pancreatic, and
gonadal hormonal secretions. These changes act in concert
with the humoral effects of  cytokines and immunological
mediators discussed in the chapters on burn edema (Chapter
8) and multisystem organ failure (Chapter 31). They mediate
the innate adaptive (stress) response critical to survival in
patients, particularly those who recover sans medical treat-
ment. However in patients receiving medical treatment, they
often prove maladaptive. Understanding these fundamental
responses is critical to the appropriate application of  critical
care to burned and traumatized patients.

Normal Hypothalamic-
Pituitary-Adrenal Axis

The physiologic response of  the HPA axis begins with the
hypothalamic release of  corticotrophin-releasing hormone
(CRH) into the hypophyseal portal system, which mediates
the release of  adrenocorticotrophic hormone (ACTH) from
the anterior pituitary. This, in turn, stimulates the synthesis
and release of  cortisol from the adrenal cortex. The situ-
ation is more complex because the hypothalamus’s affer-
ent and efferent connections are numerous and diverse in
physiological effect. The hypothalamus is the fountainhead
of  the autonomic nervous system, being its most rostral
component. Hypothalamic nuclei originate central outflow,
primarily via the dorsal longitudinal fasciculus, to numer-
ous caudal central autonomic centers (pain modulation,
heart rate, respiration, blood pressure, salivation, and the
dorsal motor nucleus of  the vagus) and to the intermedio-
lateral cell column of  the thoracic cord, which includes
sympathetic nervous system (SNS) afferents to the adrenal
glands. Hypothalamic stimulation thus initiates the release
of  epinephrine and norepinephrine from the chromaffin
cells of  the adrenal medulla, which essentially are modi-
fied postsynaptic neurons. The action of  these hormones
and neurotransmitters is traditionally thought to facilitate
adaptation to changing conditions. As the terminal signal
transducer of  the global stress response, the adrenal glands
function as two distinct parts: the cortex that produces
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and Finnerty reviewed the menagerie of  animal studies 
demonstrating the centrality of  β-receptor dysfunction 
in mediating this cardiac pathophysiology and have given 
mechanistic insight into the efficacy of  modern burn therapy 
with β-blockade.6

The sympathetic surge continues long after volume 
status is restored and baroreceptor signaling ends. Despite 
elevated levels of  circulating norepinephrine and epineph-
rine, there is a paradoxical decreased peripheral vascular 
resistance during the hyperdynamic “flow” phase. Accom-
panying reduced cardiac afterload is increased cardiac 
preload and thus increased cardiac output. There is abun-
dant evidence that mediators of  neural, humoral, and 
metabolic origins are involved in driving the decrease in 
vascular resistance following thermal injury. The signifi-
cance of  β2-adrenergic receptors in vasodilation has been 
demonstrated using knockout mice,14 thus pointing to the 
significance of  epinephrine. The situation is complicated in 
the burn patient by the increase in nerve-stimulated release 
of  norepinephrine, which can potentially mediate vasocon-
striction. However evidence exists that the local distribu-
tion of  adrenergic receptors mediating either vasodilation 
or vasoconstriction will determine the effect of  circulating 
epinephrine and nerve-stimulated norepinephrine release 
on peripheral vascular resistance.15 Blood flow regulation 
to the burned extremity remains intact: even in legs with 
85% surface burned, increasing the surface temperature 
causes increases in blood flow comparable to unburned 
legs.16 In addition, increased tissue metabolism has been 
recognized to produce metabolites that mediate increased 
blood flow by reducing vascular resistance.17 With markedly 
increased metabolism in major burns, these metabolites, 
along with catecholamines, nitric oxide (NO),18 and atrial 
natriuretic peptide,9 may contribute to decreased vascular  
resistance.19

When decreases in peripheral vascular resistance compro-
mise tissue perfusion and lead to end-organ damage (e.g., the 
urinary granular casts of  tubular necrosis), pressor agents 
may be required to maintain adequate tissue perfusion in the 
setting of  adequate volume status. Epinephrine is the drug of  
choice, providing optimal vasoconstrictor and inotropic 
effects. In cases of  resuscitated burn shock, the additional 
inotropic support of  epinephrine is essential to maintain 
tissue perfusion without overly constricting the cutaneous 
vasculature needed to heal burn injuries. For example dobu-
tamine, a β-adrenergic inodilator, is an important inotrope 
in select burn patients, and the novel non-adrenergic inodila-
tor, levosimendan, may find utility in treating cardiac failure 
in burn patients.20

CATECHOLAMINE RESISTANCE

Acidosis is the most common cause of  catecholamine 
resistance. Macarthur et al.21 described inactivation of  
catecholamines by superoxide anions contributing to the 
observed hypotension of  septic shock in rat models. They 
found treatment with superoxide dismutase not only abro-
gated endotoxin-induced hypotension in anesthetized rats, 
but also elevated circulating levels of  catecholamines. These 
findings suggest that compensatory sympathetic activa-
tion, which counteracts hypotension during conditions of  
sepsis, may be blunted by inactivation of  catecholamines 

Table 23.1 Influence of Catecholamines on 
Cardiovascular, Metabolic, and Immune Response to 
Thermal Injury

Physiologic Variable
Sympathetic-Mediated Change 
Following Burn Injury

Resting metabolic rate Increase238

Increase29

Increase25

Increase (in vitro)171

Proteolysis No change (urea production)30

No change (protein oxidation)238

Decrease39

Glucose production and 
oxidation

Decrease secondary to increase in 
lipid catabolism29,239

No change238

Glycogenolysis Increase (indirect evidence via 
cAMP)240

Gluconeogenesis Increase (indirect evidence via 
cAMP)240

Lipolysis Increase30

Increase238

Increase29

Increase32

Cardiac output Increase29

Increase30

Peripheral vascular 
resistance

Unknown

Heart rate Increase39

Increase30

T-cell number and function Unknown

B-cell number and function Unknown

Neutrophil number and 
function

Decrease71

Monocyte number and 
function

Increase (indirect; clonogenic 
potential)241

Increase (indirect; clonogenic 
potential)242

Increase71,243

Citation of studies from the current literature suggesting that sympathetic 
activation is involved in changing the listed physiologic variables 
following thermal injury.

increase vascular tone.8,9 Additionally a complex interplay of
AII and catecholamines further modulates vascular tone.10

Concurrently AVP has been shown to reversibly depress myo-
cardial function in the isolated heart. AVP and catecholamine
overstimulation may thus contribute to myocardial depres-
sion following burn injury early in the compensation of  the
“ebb phase.”11,12

As the heart transitions to the “flow phase” within 48 h
after insult, sympathetic outflow is likely an important driver
in maintaining supranormal cardiac function during recov-
ery from thermal injury. In a group of  burned patients under-
going visceral blood flow and metabolic measurements, the
average cardiac index was 8.2 +/−0.5 L/m2 min.13 In the
same study, liver and kidney metabolic and blood flow mea-
surements were also conducted, and all were found to be
elevated. These data allude to a supraphysiologic circulatory
need requisite for recovery from severe burn injury. Guillory
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with resultant heat production. Elijah et al. further eluci-
dated the effects of  peroxisome proliferator activated recep-
tor (PPAR) on lipolysis and hyperglycemia in the severely  
burned.34

Wilmore developed experimental paradigms suggesting 
the role of  catecholamines in mediating the hypermetabolic 
response to thermal injury.25 Findings included a positive 
correlation of  increased plasma catecholamines and whole-
body oxygen consumption following thermal injury,25 as 
well as demonstrating that adrenergic blockade lowers the 
burn-induced increase in metabolic rate and cardiac output 
to control levels in animal models.25,29

Experimental findings in rats suggested that the adrenal 
medulla, while essential for high rates of  heat production 
following thermal injury, is not the primary driver of  the 
hypermetabolic response.35,36 Animals with hypothalamic 
lesions did not increase metabolism following thermal 
injury and were chronically hypothermic,37 not unlike 
experiments in which the adrenal medulla was removed 
prior to thermal injury.35 These results are consistent with 
clinical observations of  burn patients in whom reductions 
in heat loss were achieved with occlusive dressings and for 
whom elevated environmental temperatures demonstrate 
partial reductions in metabolic rate and catecholamine  
secretion.38

β-BLOCKADE

Building on findings that catecholamines drive post-burn 
hypermetabolism, Herndon et al.39,40 demonstrated that 
pediatric patients could be treated with the β-adrenergic 
blocker propranolol to successfully reduce metabolic 
rate without compromising cardiovascular function. In 
a more recent study by this group,41 β-adrenergic block-
ade in pediatric patients for 4 weeks during recovery 
from severe burns reduced the elevation in resting energy 
expenditure and reversed the reduction in net muscle–
protein balance by 82%. Such treatment also prevented 
fatty liver and loss in fat-free whole-body mass and pro-
vided for a more efficacious recovery in these children.42,43 
Subsequent studies built on these findings demonstrated 
improvements when dosing was continued for 1 year post-
burn.44 Recent animal studies have further established a 
cyclooxygenase-2 role in inflammatory proliferation in the 
liver.45 Downregulation of  fructose-1,6-bisphosphatase-2 
mRNA has been observed in muscle tissue following treat-
ment with propranolol; this enzyme may play a role in 
gluconeogenesis, although the metabolic significance of  
this tissue-specific transcriptional alteration remains to 
be determined.46 Propranolol leaves α-adrenergic recep-
tors unopposed, resulting in peripheral vasoconstriction 
and increasing vascular resistance. Reduced blood loss has 
been observed, with postoperative hematocrit 5–7% higher 
with propranolol.47 The exercise-induced enhancements in 
muscle mass, strength, and VO2 peak were not impaired 
by propranolol; instead, aerobic response to exercise was 
improved in massively burned children.48 β-Blockade in 
nonburned septic patients has become an area of  active 
research and, based on these findings in burned patients, 
demonstrates value for some patients, although the overall 
indications and patient selection have yet to be fully  
elucidated.49,50

by superoxides in the extracellular milieu. In a conscious 
rat model of  sepsis, superoxide inhibition enhanced plasma 
levels of  catecholamines, increased blood pressure, and 
improved survival.22 They also found that NO reduces the 
biologic activity of  norepinephrine without altering nerve-
stimulated release.23 Case et al. showed increased superoxide 
release for T cells in a norepinephrine-stimulated manner.24 
These findings may provide insight into the clinical observa-
tions involving critically ill patients in which pharmacologic 
norepinephrine administration is ineffective in correcting  
hypotension.

CATECHOLAMINES AND HYPERMETABOLISM

Despite myriad factors reported to promote or inhibit the 
development of  the post-burn hypermetabolic state, many 
investigators have demonstrated sympathetic catechol-
amines (norepinephrine more so than epinephrine) to be 
the effector limb of  the transition to and maintenance of  
this hypermetabolic state.25 Herndon et al. clearly showed 
this using a 50% full-thickness scald burn rodent model, 
with groups pretreated with thyroidectomy, adrenalectomy 
(+/− dexamethasone replacement), and reserpine depletion 
of  catecholamines.26 Adrenalectomy or reserpine blunted 
more than half  of  the hypermetabolic response. Wilmore 
et al. demonstrated catecholamines to be the mediator of  the 
human hypermetabolic response to thermal injury.25 Several 
key findings were generated by that study: the β-adrenergic 
(but not α-adrenergic) blockade reduced metabolic rate, 
pulse, blood pressure, and free fatty acids. Additionally 
the investigators documented the “nonliving” response 
to thermal injury: poikilothermia. They noted that when 
burned patients were placed in cooler environments (21°C), 
their metabolic rates generally increased, with urinary  
catecholamine excretions increasing in parallel, except-
ing four nonsurvivors who showed less catecholamine  
elaboration, became hypothermic, and did not elevate
their metabolic rates. The reason these patients failed to
develop sufficient hypermetabolic responses to permit sur-
vival remains only partially understood. Burned patients
consistently selected a higher room temperature (~30°C)
and also had skin and core temperature increases of  1.7°C
–2°C above controls.27 Elevations in energy requirements
could be partially modulated through adjustments in envi-
ronmental temperature. Burn patients treated in warm
environments of  32°C exhibited reduced metabolic rates
compared to those treated at 25°C, although both groups
remained hypermetabolic. After injury, and concurrent with
an elevated hypothalamic temperature set-point and cardiac
index, qualitative and quantitative changes occur in the
flow of  biological energy and mass (substrate) through the
patient.28

Experimental studies of  Wolfe and Durkot29 suggest that
the adrenergic drive following burn facilitates lipolysis, influ-
encing fatty acid oxidation. The importance of  adrenergic
drive on lipid metabolism in burn was shown in human
patients through the use of  stable isotopic studies as well
as adrenergic antagonists.30–32 The profile of  the plasma
lipids is dramatically changed as well.33 These results indi-
cate that not only is lipolysis following thermal injury medi-
ated by β2-adrenergic receptors, but also suggest increased
intracellular and extracellular triglyceride–fatty acid cycling,
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isolated atria,80,81 myenteric plexus,82 and brain tissue83 
have proved that TNF-α can negatively affect the release 
of  norepinephrine.

Although the precise mechanisms of  the negative modu-
lation of  proinflammatory cytokines by catecholamines are 
poorly understood, it may be achieved through the ability 
of  catecholamines to induce the antiinflammatory cytokine 
IL-10.84–87 Whole-animal studies involving assessment of  
circulating levels of  IL-1087 as well as studies of  human 
whole blood and mononuclear cells stimulated with LPS 
in the presence of  adrenergic agonists84,86,88 support this 
premise. Immunomodulatory effects were further elu-
cidated by Takenaka et al. demonstrating the effects on 
T-cell differentiation to CD4+ via a dendritic cell-mediated
pathway.89 Additionally experimental neurotrauma resulted 
in increased IL-10 consequent to endogenous adrenergic 
stimulation in the absence of  LPS or other evidence of  infec-
tious challenge.90

SYMPATHETIC RESPONSE TO SEPSIS

Burn injury is commonly complicated by transient bactere-
mia, infection, and sepsis (see chapters on Infection [Chapter 
12] and Multisystem Organ Failure [Chapter 31]). Infec-
tion causes a marked sympathetic response proportional 
to the degree of  insult91 in which there are simultaneous 
and opposing forces of  hyperinflammation versus immu-
nosuppression. Sepsis is accompanied by an enormous 
catecholamine surge leading to changes in cardiovascular 
output, immunomodulatory effects, and catabolism. Pro-
pranolol has been shown to attenuate those changes.92 The 
use of  an adrenergic blockade as an immunomodulator has 
found further utility in other traumatic injuries.93 Further-
more animal models of  septic peritonitis suggest that initial 
sympathetic activation, as measured by elevated levels of  
plasma norepinephrine and greater norepinephrine turn-
over, persists for many hours.94,95

Collectively these data clearly support a complex trophic 
interconnection between the SNS and immune system. 
Burn- and sepsis-induced sympathetic responses exert sig-
nificant influence on bone marrow cellular events. Evidence 
for norepinephrine regulation of  myelopoiesis in experi-
mental thermal injury with sepsis is detailed in Chapter 22 
on hematology.212

Role of Thyroid Function

An early rat study showed that thyroidectomy did not alter 
the post-burn increase in metabolism, although adrenal-
ectomy or catecholamine depletion with reserpine did 
reduce post-burn metabolic rates.26 Subsequent human 
studies demonstrated generally normal total triiodothyro-
nine (T3) and thyroxine (T4), free T3 and T4, and thyroid-
stimulating hormone (TSH) levels in uncomplicated burn 
patients. However in those patients with infection or sepsis, 
decreased amounts of  free T4 and T3 were observed.96 T3 
replacement did not alter metabolic rate or mortality post 
burn97 but may have decreased circulating levels of  norepi-
nephrine and epinephrine. These and other studies suggest 
that the hypermetabolic response to burn is independent 
of  thyroid hormones.98 More importantly, these data, in 

SYMPATHETIC INFLUENCES ON
IMMUNE FUNCTION

New data have clarified the interconnections between the
immune and sympathetic nervous systems and are well
reviewed by Pedro et al.51 Understanding these interactions
may be important to comprehending the implications of
our pharmacologic treatments with β-adrenergic antago-
nists and agonists on immune function.

Immunohistochemical staining demonstrates substan-
tial sympathetic innervation of  all primary (thymus and
bone marrow) and secondary (spleen and lymph nodes)
lymphoid organs.52–55 Innervation has been shown to
reach immune cell compartments of  the spleen (the white
pulp), periarterial lymphoid sheath, marginal zone, and
marginal sinus areas, as well as the splenic capsule and
trabeculae.56–59 Sympathetic nerve terminals have been
described in direct apposition to T cells, interdigitating den-
dritic cells, and B cells.60

Immune modulation by adrenergic signaling was
recently reviewed by Sanders.61 Lymphocytes (including
activated and resting B cells, naïve CD4+ T cells, T-helper
[TH1] cell clones, and newly generated TH1 cells) express
β-adrenergic receptors, but they are not expressed in newly
generated TH2 cells.62–64 Furthermore there is significant
evidence that norepinephrine can modulate the function
of  CD4+ T cells, which in turn can modulate antibody pro-
duction of  B cells.65 Sympathetic neurons suppress CD8+

T-cell receptor response and cytotoxic activity.66 In addi-
tion, norepinephrine can directly influence B-cell antibody
production depending on the time of  exposure following
activation.67 The physiologic importance of  these in vitro
findings is supported by a series of  in vivo experiments
involving severe combined immunodeficient (scid) mice
depleted of  norepinephrine prior to reconstitution with
antigen-specific TH2 and B cells. These experiments dem-
onstrate that norepinephrine is necessary to maintain a
normal level of  antibody production in vivo.62 Furthermore
other whole-animal experiments also involving scid mice
provide evidence that the immune response itself  stimulates
the release of  norepinephrine from adrenergic nerve ter-
minals in bone marrow and the spleen, which in turn can
influence antibody production by B cells.68 β-Blockade in 20
pediatric burn patients significantly reduced serum tumor
necrosis factor-α (TNF-α) and interleukin-1β (IL-1β).69 The
parasympathetic system further conditions the immuno-
modulatory role of  the SNS. Recently it was shown that the
vagal synapses trigger acetylcholine release from memory
T cells, in turn reducing TNF-α through α-7-nicotinic ace-
tylcholine receptor.70 These findings suggest the potential
of  sympathetic/parasympathetic activation in mediating
immune responses.

In animal models, blocking β-adrenergic receptors soon
after injury partially restored the lipopolysaccharide (LPS)-
stimulated TNF-α secretory potential of  circulating mono-
cytes lost during the course of  burn injury and sepsis.71

Apart from adrenergic inhibition of  LPS-stimulated TNF-α
release in isolated macrophages,72–75 similar inhibition
of  LPS-stimulated TNF-α production has also been dem-
onstrated in human mast cells,76 microglial cells,77 astro-
cytes,78 and cytotoxic T lymphocytes.79 In contrast to
adrenergic stimulation of  TNF-α release, experiments with
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and Pruitt wrote a masterful review of  the coordinated 
hypothalamic response to injury in 1976: “Stress in Surgi-
cal Patients as a Neurophysiological Reflex Response.”104

Burned men exhibit hypogonadism and Leydig cell failure 
following thermal injury, resulting in depressed testoster-
one levels. Plymate et al. measured levels of  sex hormones 
(e.g., sex hormone-binding globulin [SHBG] and luteinizing 
hormone [LH]) and thyroid hormones in the weeks follow-
ing burn injury. They showed an increase in estradiol levels 
and a concomitant decrease in the secretion of  bioactive 
LH following burn injury, suggestive of  an alteration in 
hypothalamic control of  the gonadal axis leading to sup-
pression of  testosterone release. SHBG also exhibited sig-
nificant changes, with an initial decrease and subsequent 
rise in concentration as compared to controls. This increase 
in SHBG results in a further suppression of  testosterone by 
reducing the amounts of  the unbound hormone. The levels 
of  SHBG strongly correlated with levels of  T3 and free T3 as 
well. This study helped elucidate the complex relationships 
of  alterations in hypothalamic, thalamic, and gonadal regu-
lation in the burned male.105 Taken together, these studies 
allude to a pervasive shift from normal hypothalamic func-
tion to a post-injury “mobilization” that remains but partly 
understood.

It appears that synthesis of  C19 steroids by the adrenals 
and testes is compromised as a result of  enhanced produc-
tion of  C21 steroids, such as cortisol. Aldosterone levels 
are also subnormal, despite elevated plasma renin activ-
ity. This suggests a shift in pregnenolone metabolism away 
from mineralocorticoid and adrenal androgen pathways 
toward the glucocorticoid pathway.100 DHEAS also has a 
profound influence on the immune response, and a role for 
DHEAS as a modulator of  the immune response is now well 
established.106–109 Given that immunostimulatory proper-
ties of  TH1 cells are low during severe illness,100 DHEAS 
deficiency may be a contributing factor to the immune 
suppression in burn patients. In vitro treatment of  human 
T cells with DHEAS increases IL-2 production (which is 
required for clonal expansion) and IL-2 mRNA synthe-
sis.109 Interestingly this effect was seen only in CD4+CD8− 
and not in CD4−CD8+ cells. DHEAS-treated cells were also 
able to mediate a more potent cytotoxic effect than were  
untreated cells.

Under conditions of  severe physical stress and chronic 
illness, dopamine levels have been shown to be elevated;110,111 
consequently dopamine may also influence immune status 
and adrenal steroid secretion in burn patients. Exogenous 
dopamine is often used in the treatment of  critically ill 
patients because of  its vasopressor, renal vasodilator, and 
cardiac inotropic properties. Povoa et al. reviewed vaso-
pressor use in septic shock and found a need for a multi-
modal selection of  these agents.112 However several other 
studies indicate that dopamine treatment may undermine 
an already depressed immune system. This effect appears 
to act via the suppression of  prolactin release from the 
anterior pituitary. Dopamine suppresses serum prolactin 
and DHEAS levels but not cortisol levels.113,114 In vitro, 
prolactin has a synergistic effect on ACTH-induced DHEAS 
secretion by human adrenal cells.115 Thus it is possible that 
the dopamine-induced suppression of  prolactin is respon-
sible for lowering DHEAS levels and hence suppression of  
the T-cell proliferative response. The in vitro proliferative 

conjunction with more recent work by Senel et al., allude 
to a post-burn shift in metabolic control away from thyroid 
signaling in favor of  other mediators.99

SEX STEROIDS FOLLOWING BURN TRAUMA

Androgens

Release of  C19 Steroids. In the normal physiologic state, 
dehydroepiandrosterone sulfate (DHEAS), a weak andro-
gen, is the major secretory product of  the adrenal cortex. 
In burn patients, there is an increase in cortisol secretion 
and a distinct decrease in serum DHEAS levels100 owing to 
a reduction in synthesis.101 Testosterone and androstene-
dione levels decrease abruptly. In burn patients, subnor-
mal testosterone levels persist for 3–18 months post burn, 
whereas cortisol levels normalize earlier.101 The decrease in 
testosterone secretion may be the direct effect of  excessive 
cortisol levels on the testes.102,103 Wilmore, Long, Mason, 

Table 23.2 Influence of Glucocorticoids on Metabolic 
and Immune Response to Thermal Injury

Physiologic Variable
Glucocorticoid-Mediated 
Change Following Burn Injury

Resting energy 
expenditure

Increased152,176,179

Oxygen consumption Increased244,245

Primary fuel Lipids, glucose190

Proteolysis Increased in skeletal 
muscle160,161,163,164,246

Acute-phase protein 
synthesis

Increased133,247,248

Nitrogen excretion Increased244

Glycogenolysis Increased via effect on 
glucagon157,158

Gluconeogenesis Increased153,154,247

Lipolysis Increased191

Ketone body formation Normal193

Triglyceride level Increased193,247

Thymic changes

T-cell population
T-cell proliferation
B-cell population

Involution218

Decreased217,249

Inhibited219,220,248

Not conclusive from current data

Neutrophil population

—chemotaxis
—demargination
—bactericidal activity

Increased223,249,250

Suppressed223

Increased223,226

Suppressed228

Monocyte population Increased transiently with
corticosteroids but decreased
in burn patients250–252

 —chemotaxis Suppressed224

—bactericidal activity Suppressed224,227

Bone formation Decreased200

Citation of studies from the current literature suggesting that glucocorticoid
release is involved in changing the listed physiologic variables following
thermal injury.
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Danner and colleagues carefully mapped the HPA axis 
response to a massive septic insult in their lethal canine 
pneumonia model as they attempted to define the “critical 
illness-related corticosteroid insufficiency” (CIRCI). They 
found a massive surge in total, bound, and free serum cor-
tisol and in ACTH. Additionally they determined that ACTH 
failed to promote a further increase in cortisol and that 
dexamethasone did not suppress cortisol, possibly because 
the adrenals were already maximally stimulated. Signifi-
cantly in sepsis-surviving animals, the HPA axis recov-
ered to normal levels whereas ACTH and dexamethasone 
responsiveness recovered by 10 h compared to nonsur-
vivors. In contrast, the mineralocorticoid response with 
hyperaldosteronism remained past 72 h and did not regain 
dexamethasone suppression. Thus mineralocorticoids are 
ACTH-independent in the setting of  sepsis. These data 
support the adrenal exhaustion hypothesis.119

In a postmortem study of  adrenal glands of  ICU patients, 
it was found that the adrenocortical structure was dis-
rupted following critical illness. These patients tended to 
have adrenal glands that weighed less than controls, with 
significantly less protein content and greater fluid content. 
There was also considerable downregulation of  ACTH-
regulated genes.120

Elevated plasma-cortisol levels have been shown during 
critical illness, especially during an episode of  systemic 
inflammatory response syndrome (SIRS). However cortisol 
production during the day in patients with SIRS, although 
elevated, is less than doubled. ACTH is suppressed in these 
patients, implying a non-ACTH-driven response. It has 
been demonstrated that during critical illness clearance of  
plasma cortisol is significantly reduced, playing a signifi-
cant role in the hypercortisolism of  the critically ill stress 
response.120 Other investigators determined in the setting 
of  septic shock that only serial hormonal measurements 
and provocative testing were useful for HPA axis function 
assessment. They further identified high aldosterone levels 
in a population with poor outcomes from sepsis.119

Norbury et al. followed urinary cortisol levels in 212 
severely burned children, finding three- to fivefold increases 
in cortisol excretion up to 100 days post-burn. Urinary 
norepinephrine levels were significantly increased up to 20 
days,4 as shown in Fig. 23.1. Hypercortisolemia has been 
suggested as a driver of  whole-body catabolism following 
severe burn. To test this hypothesis, Jeschke et al. blocked 
cortisol production with ketoconazole in 55 severely burned 
children. They found normalization of  the eightfold elevation 
in urine cortisol in the treatment group. Counterintuitively, 
no change was seen in inflammatory response, acute-phase 
proteins, body composition, muscle protein breakdown or 
synthesis, or organ function. Their data suggest that post-
burn hypercortisolemia does not play a central role in the 
catabolic response.121

Jeschke and Herndon characterized the long-term inflam-
matory and acute-phase responses in 977 pediatric burn 
patients with greater than 30% TBSA with 24-h urinary 
excretion. They found significant elevations of  cortisol, cat-
echolamines, cytokines, and acute-phase proteins for up to 3 
years, as seen in Fig. 23.2. They also observed insulin resis-
tance, increased fracture risk, hepatomegaly, increased 
cardiac output and cardiac dysfunction, and impaired 
strength over the same period.4,5

response of  T cells from patients on dopamine therapy is
diminished,113 and cells treated with DHEAS mediate a
more potent T-cell cytotoxic effect.109

Extensive studies and clinical experiences were under-
taken over the past decade with androgen supplementation
using oxandrolone. Reeves and Finnerty detailed the 5-year
outcomes of  long-term oxandrolone treatments following a
24-month administration in severely burned children. They
found significantly increased bone mineral content, greater
height velocity, reduced cardiac work, and augmented
muscle strength.116 This is described in greater detail in the
chapter on hypermetabolism (Chapter 30). Overall there is
a hypoandrogeneric state post burn, and supplementation
with the anabolic steroid oxandrolone is effective at both
ameliorating hypermetabolism as well as shifting the patient
toward anabolism.

Estrogens

The impact of  xenoestrogens on mortality in burned patients
has been investigated. Found in insecticides used from the
1950s to the 1970s, xenoestrogens are compounds that
can act as estradiol receptor agonists or antagonists and
that are stored in fat. During the hypermetabolic state fol-
lowing thermal injury, the xenoestrogens are released along
with mobilized lipids from these fat stores. In older burn
patients who were more likely to have higher concentra-
tions of  these compounds in their bodies, it was discovered
that nonsurvivors had significantly increased levels of  two
xenoestrogens, heptachlor epoxide and oxychlordane. It
was suggested that these compounds may induce the inac-
tivation of  estradiol, progesterone, testosterone, and gluco-
corticoids via the induction of  steroid hydroxylases, as well
as antagonizing estradiol receptors, which may result in
decreased inflammation and cytokine release.117

ADRENAL CORTICAL STEROIDS FOLLOWING
BURN TRAUMA

Adrenocortical response is critical to coordinating the
systemic response to thermal injury. The glucocorticoid
surge following burn injury has long been measured by
both serum and urinary excretion markers. Regulation of
glucocorticoid secretion is complex, with multiple determi-
nants of  the adrenal cortex secretion of  cortisol, including
pituitary ACTH, but also afferent neural control and hyper-
thermia, which blunts the adrenal response to ACTH. Fur-
thermore the usual circadian rhythm of  cortisol secretion is
dampened after burn injury. In 1982, Vaughn et al. showed
elevated circulating and urinary cortisol, with a weak cor-
relation to the level of  ACTH. Superior correlations were
noted between cortisol and total body surface area (TBSA),
metabolic rate, and average body temperature. These obser-
vations in burned patients indicate that adrenal hypersecre-
tion of  cortisol is in response to temperature, circulating
mediators of  hypermetabolism, direct adrenal innervation,
and a decrease in adrenal cortex responsiveness to ACTH.
As a result, the authors concluded that cortisol may play a
secondary role in permitting and promoting the changes
seen in post-injury hypermetabolism.118 On this basis, they
attributed post-injury metabolic and thermal changes pri-
marily to sympathetic tone and circulating catecholamines
(norepinephrine and epinephrine).
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Fig. 23.1 Urinary cortisol and catecholamine excretion after burn injury in children. (From Norbury WB, Herndon DN, Branski LK, Chinkes DL, Jeschke MG. 
Urinary cortisol and catecholamine excretion after burn injury in children. J Clin Endocrinol Metab. Apr 2008;93(4):1270–1275.)
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SUBSTRATE CYCLING

Influence on Metabolic Pathways

Elevated energy expenditure and hyperglycemia are hall-
marks of  thermal injury. The heavy demand for energy 
stems from the increase in essential functions, such as the 
synthesis of  proteins required for wound healing, the syn-
thesis of  acute-phase proteins, and inflammatory mediators. 
The increase in substrate cycling is partly responsible for the 
elevation in resting energy expenditure in burn patients. This 
occurs when enzymes catalyzing opposing reactions of  the 
same pathway are simultaneously active. For example, in 
the conversion of  glucose to glucose-6-phosphate and back 
to glucose, the demand for energy increases to resynthesize 
adenosine triphosphate (ATP) used in this and similar reac-
tions. In burn patients, the rate of  glucose production and 
glycolysis, as well as of  lipolysis and re-esterification of  tri-
glycerides, is elevated.31 This cycling of  substrates generates 
heat through the hydrolysis of  high-energy phosphate bonds 
in ATP, thereby contributing to thermogenesis as well as 
increased energy requirements in burn patients.142 Concur-
rently muscle mitochondrial decoupling and fat browning 
adaptions occur to increase thermogenic capacity.

Hormonal Determinants of Glucose Utilization

In 1986, glucose and alanine fluxes were studied in adult 
burn patients with stable isotope tracer infusions, soma-
tostatin infusion (suppressing insulin and glucagon), and 
insulin + glucose replacement (isolated glucagon suppres-
sion). Insulin and glucagon levels were both significantly 
elevated above those in unburned individuals. Somatosta-
tin infusion reduced both insulin and glucagon levels and 
induced a stable decrease in glucose production at 30 min 
with a progressive decrease in glucose uptake over the 
course of  30–180 min. When glucagon was selectively 
reduced via the reinfusion of  insulin to restore basal levels 
in conjunction with glucose infusions to maintain euglyce-
mia, glucose production was suppressed significantly below 
levels when somatostatin was infused alone, and glucose 
clearance was restored to pre-infusion levels. This study 
provided evidence for glucagon control of  hepatic glucose 
production (HGP) in the post-burn state, with basal levels 
of  insulin further suppressing HGP while exerting greater 
influence to increase (peripheral) glucose uptake. Glucagon 
reduction (via somatostatin + insulin infusion) did not alter 
the alanine clearance or flux rates; however suppression of  
insulin and glucagon (from somatostatin infusion alone) 
increased the alanine flux rate, consistent with increased 
peripheral protein catabolism when the insulin signal is 
diminished. The authors noted prior observations indicat-
ing tachyphylactic hepatic gluconeogenesis in response 
to glucagon. However in the setting of  hypercortisolemia 
(observed in these patients), prolonged HGP in response to 
glucagon signaling manifests.143

A concurrent study of  unburned adults differentiated the 
response to endogenous insulin infusions from the response 
to a proximate glucose infusion using somatostatin sup-
pression of  endogenous insulin and glucagon + insulin 
replacement to basal levels during the glucose infusion. 
This study established that glucose infusion (1 and 4 mg/kg 
per minute), independent of  endogenous insulin effect, sup-
presses endogenous glucose production, stimulates alanine 

Free versus Total Cortisol

Glucocorticoids circulate in the body bound to cortisol-
binding globulin (CBG), such as transcortin, as an inactive 
complex. Only 1–10% of  total plasma cortisol circulates 
unbound and is responsible for the biological activity of   
glucocorticoids. Free plasma cortisol is a surrogate for the  
difficult-to-measure tissue cortisol.122,123 Burn injury shifts
the equilibrium between unbound and total cortisol toward
an elevation in the unbound fraction.124 Serum CBG and CBG-
binding capacity are low in burn injury, severe infection, and
septic shock.124–126 In burn patients, CBG levels have been
shown to decrease markedly, with the lowest values occur-
ring 48 h after injury.127 Even a minor burn, such as 3%
TBSA, results in a reduction of  serum CBG levels by 30%,128

which return to normal levels 1–2 weeks later. The net effect
of  the decrease in CBG levels following thermal injury may
not only result in increased levels of  free cortisol but also in
the amount of  excreted cortisol, which is reflected in high
urinary corticosteroid levels. The urinary cortisol concentra-
tion was observed to increase progressively with burn size,
with the highest levels in the 60–99% TBSA burn groups.129

Additional explanations for increased levels of  corticoster-
oids in burn patients may be due to the direct inhibitory effect
of  corticosteroids on the biosynthesis of  CBG.130–132 Further-
more IL-6 elevation associated with massive burns has also
been implicated in reducing CBG synthesis.133

Evidence exists suggesting that cortisol elevation with cor-
responding decreased ACTH may be driven by endothelin or
atrial natriuretic peptide/hormone (ANP/H). Vermes et al.134

demonstrated significant elevation in both plasma endothe-
lin and ANP levels for 8 days following hospitalization in
severely ill patients with sepsis or trauma. Fittingly endothe-
lin has been shown to be a modulator of  the sympathetic
response.135 In addition, infusion of  ANP in humans has been
demonstrated to block CRH-stimulated secretion of  ACTH
and cortisol,136 while endothelin-1 and endothelin-3 enhance
secretion of  steroid hormones from the adrenal cortex.137

However endothelin-3 has been reported to elevate ACTH
and corticosterone levels in rats,138 whereas endothelin-1
results in elevated ACTH in humans.139 Based on this, Vermes
et al.134 suggest that endothelin may be responsible for stimu-
lating steroid secretion, whereas ANP’s action on the HPA
axis may suppress ACTH secretion, thereby explaining the
paradoxical increase in cortisol with concomitant low ACTH
levels in severely stressed patients.

By precisely measuring cortisol, Cohen et al. found no sig-
nificant correlation between total plasma, free plasma, and
tissue microdialysis cortisol levels. Tissue microdialysis cor-
tisol levels were significantly increased in burned patients
compared with healthy controls. Furthermore via subcu-
taneous microdialysis of  cortisol levels in burned and non-
burned tissue of  severely burned patients, they discerned no
significant difference in local cortisol concentrations. This
indicates that local microenvironmental changes in burned
tissue, such as more cortisol cleaved from CBG by the neutro-
phil elastase, failed to significantly affect local cortisol levels.
They concluded that free cortisol demonstrated a better cor-
relation with TBSA than total cortisol.140 Given the sensitiv-
ity of  cortisol to pain and stress as well as diurnal variations,
Brown et al. advocate the utilization of  salivary α-amylase
as a surrogate in the setting of  outpatient investigations.141
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can drive the new synthesis of  gluconeogenic enzymes and 
acute-phase proteins in response to burn injury.

The complete details of  the mechanisms involved in burn-
mediated alterations in protein metabolism are unknown. 
However some information can be gleaned from studies on 
other states of  excessive catabolism. In conditions such as 
metabolic acidosis, adrenalectomy halts muscle proteoly-
sis and does not increase expression of  components of  the 
ubiquitin–proteasome pathway.163,164 These effects can be 
reversed by dexamethasone administration. Further support 
for this premise is provided by in vitro studies, which show 
that dexamethasone-induced increases in proteolytic degra-
dation in myocytes can be abolished by the glucocorticoid 
inhibitor RU486.165 Ding and coworkers166 suggest that 
partial inhibition of  the ubiquitin–proteasome pathway may 
be beneficial in enhanced catabolic states. Taken together, 
these data suggest that interaction of  glucocorticoids and 
the ATP-requiring ubiquitin–proteosome system may play 
an important role in burn-induced proteolysis.167–171

Another aspect of  protein catabolism following burn is the 
generation of  gluconeogenic amino acids. Plasma levels of  
alanine are increased following burn.172 Nitrogen produced 
as a result of  transaminating alanine to the gluconeogenic 
intermediate, pyruvate, is subsequently converted into glu-
tamine and then to urea for excretion by the liver. In muscle 
tissue, alanine aminotransferase (ALT/SGPT) transfers an 
amino group from glutamine to pyruvate, forming alanine 
and α-ketoglutarate. Alanine is then dumped into the blood-
stream, taken to the liver, and returns to the muscle as glucose 
(the glucose–alanine cycle). This is one reason why plasma 
alanine increases after burn. By contrast, in the liver, glu-
tamine enters the mitochondria, and eventually nitrogen is 
processed via the urea cycle.173 Glutamine is one of  the major 
participants in the translocation of  amino acids from periph-
eral tissues to the liver for nitrogen excretion. Expression of  
glutamine synthase is increased to compensate for glutamine 
depletion in peripheral tissues. Following burn injury, gluta-
mine synthase mRNA is increased first in the lung and later 
in muscle.174 Adrenalectomy partially reduces burn-induced 
glutamine synthase mRNA174 in a tissue-specific manner, 
with no such effect in the kidney or liver. There is evidence 
suggesting that glucocorticoids may augment glutamine syn-
thesis in lung and muscle tissues.175 Mobilization of  protein 
from peripheral tissues is also indicated by the increase in 
phenylalanine in the blood of  burn patients.172 Phenylala-
nine is the only amino acid not degraded by peripheral tissue; 
hence it accumulates in the circulation when uptake by the 
liver is compromised.

The hypermetabolic and catabolic states seen in thermal 
injury remain long after the burn wound completely 
heals:152,176–179 reduction in protein catabolism and enhance-
ment of  lean body mass were seen only 9–12 months follow-
ing the initial injury.177 Therefore the post-burn treatment of  
growth deficiency must be prolonged beyond wound healing.

Many treatment algorithms to modulate this growth 
retardation and hypermetabolism have been examined and 
subsequently reviewed by Diaz.180 Indirect effects of  gluco-
corticoids on glucose levels in burn include modulation of  
insulin-like growth factor-1 (IGF-1), an important mediator 
of  growth hormone (GH) action.181,182 Marked depression 
of  all components of  the IGF-1 complex is seen following 
burn.183–187 Elevated glucocorticoid levels in burn patients 

production, and suppresses urea production.144 A further
analysis of  data collected as part of  the T3 replacement trial
described earlier showed that the metabolic rate increased
proportionally with and was independently predicted by
plasma glucagon.145

In the setting of  an adequate, constant nitrogen intake,
increasing carbohydrate feeding spared protein catabo-
lism and mitigated negative nitrogen balance, whereas
intravenous fat emulsion did not affect nitrogen balance
independently.146,147 These studies indicated the primary
determinants for nitrogen excretion were carbohydrate
intake and metabolic rate. Nitrogen excretion was mini-
mized when the carbohydrate intake approximated the
metabolic rate. Insulin was additively anabolic to carbo-
hydrate intake in further decreasing nitrogen excretion
when patients were provided constant and sufficient protein
intake.148

GLUCOCORTICOIDS FOLLOWING BURN INJURY

In burn patients likely to recover, plasma glucocorticoid
levels are moderately elevated or in the upper normal range,
can persist beyond a month,124,149 and return to normal
as healing progresses.150 In contrast, patients with severe
thermal injury (90% TBSA) have markedly lower levels of
glucocorticoids, suggesting that they are unable to mount
an adequate response.124

Glucocorticoids and Carbohydrate Metabolism

Glucocorticoids contribute to hyperglycemia by enhancing
endogenous production of  glucose in the liver.151–154 Fol-
lowing burn, elevated glucose levels are sustained through
gluconeogenesis and impaired glucose utilization. The
increased plasma lactate produced by peripheral tissues fol-
lowing burn, as documented by Wolfe et al.,155 is an essen-
tial substrate for gluconeogenesis by the liver. Burn injury
causes intrinsic alterations in the liver, which increase the
conversion of  pyruvate to oxaloacetate at the expense of
nontricarboxylic acid cycle sources.156 Efficient mobiliza-
tion of  glucose from glycogen and skeletal muscle amino
acids for gluconeogenesis requires glucagon secretion,145,157

which is stimulated by glucocorticoids.145,157,158 Glucocorti-
coids sustain the action of  glucagon and prevent the usual
development of  tachyphylaxis from high levels of  glucagon.
In addition to gluconeogenesis, impaired glucose utilization
and insulin resistance can also play a role in sustaining
high circulating levels of  glucose in burn patients.152

Glucocorticoids and Protein Metabolism

Protein catabolism is a part of  burn hypermetabolism,
resulting in negative nitrogen balance. Cuthbertson’s159

landmark studies were the first to suggest the important
concept that nitrogen loss is a whole-body rather than a
local burn wound response. The increase in proteolysis seen
in burn injury is at least partly mediated by glucocorticoids.
In humans160 and in animal models,161 administration of
glucocorticoids enhances muscle proteolysis. Furthermore
burn injury-induced muscle proteolysis can be inhibited by a
glucocorticoid receptor antagonist.162 Amino acids mobilized
from peripheral tissues are transported to the liver where,
unlike in other tissues, cortisol stimulates protein synthesis.
The increased hepatic protein synthesis in response to cortisol
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donor sites as well as reduction of  hospital stay without 
increasing mortality or scarring.205 IGF-I supplementation 
was also examined and had an even greater anabolic effect 
but with less resultant hypoglycemia or hyperglycemia.206 
However Takala et al.207 ascertained increased morbidity 
and mortality in trauma patients, and the use and further 
study of  these hormones has since been restricted.208 In a 
subsequent study, Herndon and Voigt employed a combina-
tion treatment of  oxandrolone and propranolol that signifi-
cantly ameliorated growth arrest in pediatric burn patients 
without the risks associated with IGF-1 treatment.209 Rojas 
et al. reviewed the current pharmacotherapy for hyperme-
tabolism in burn patients and cover these issues in detail.210

Glucocorticoids on Immune Suppression

Severely burned patients are susceptible to opportunistic 
infections, and sepsis is a major cause of  death associated 
with burns. Burn injury leaves the patient vulnerable to 
opportunistic infections via skin, GI, respiratory, and 
urinary tracts.211 The glucocorticoid response to thermal 
injury appears to play an important role in immune dys-
function, with impairment of  both specific and nonspecific 
defenses. Corticosteroids reduce lymphocyte, eosinophil, 
and basophil numbers; alter lymphocyte subpopulations; 
depress immunoglobulin production by B cells; and sup-
press neutrophil and monocyte/macrophage activity.

Acute thymic involution212,213 and a reduction of  the 
total T-cell population occur soon after burn injury.212–215 
During initial thymic involution in an animal model, there 
is marked depression of  CD4+/CD8+ lymphocytes. Thymic 
involution is a common response to various types of  stress 
and trauma.216 In humans, the depression of  T lymphocytes 
is reflected by the reduction of  both CD4+ and CD8+ cell 
numbers.214 In an animal model,212 CD4+CD8− cells are 
reported to be more sensitive to the effects of  thermal injury 
than are CD4−CD8+ cells. Unsurprisingly CD4+CD8− cell 
numbers remain suppressed during the initial 2-week 
period following burn injury.

Thymic changes following exogenous administration of  
glucocorticoids are similar to those seen in burn,217,218 in 
that both noninjury exogenous hypercortisolism states and 
burn injury are associated with decreased CD4+CD8+ and 
increased CD4+CD8− thymocytes.213 The reduction in 
CD4+CD8+ cell numbers during the first 24 h after burn is 
due to glucocorticoid-mediated apoptosis because burn-
induced thymocyte apoptosis is suppressed by adrenalec-
tomy or the administration of  a glucocorticoid antagonist.213 
Other factors contributing to lymphocyte dysfunction and 
immunosuppression resulting from elevated corticosteroid 
levels may include direct inhibition of  T-cell proliferation, 
IL-2 production,219,220 apoptosis,221 and altered lymphocyte 
membrane fluidity.222

Apart from these effects on lymphocytes, glucocorticoids 
also enhance susceptibility to infections by modifying 
monocyte and neutrophil function. Movement of  circulat-
ing inflammatory cells to the site of  infection is suppressed 
by the ability of  glucocorticoids to reduce the cellular 
response to chemotactic stimuli,223–225 diminish neutrophil 
adherence,226 and induce a shift from marginal to circulat-
ing cells.223 Glucocorticoids also suppress the bactericidal 
activity of  monocytes227 and neutrophils,228 perhaps 
through impairment of  lysosomal function.229

may contribute to the suppression of  the acid labile subunit
(ALS) of  the IGF-1 complex. Treatment of  rats with dexa-
methasone results in low levels of  serum ALS as well as liver
ALS mRNA.188,189

In addition to amino acids released from peripheral
tissue,190 free fatty acids are released from adipose tissue by
cortisol.191 In burned children and adults, increased lipoly-
sis is reflected in the elevated plasma levels of  palmitic and
oleic acids.32,192,193 Collectively these effects lead to hepato-
megaly and a cushingoid phenotype.

Glucocorticoids on Bone Metabolism

Aside from combating the increased demand for energy,
glucocorticoids also affect bone development. Abnormal
bone metabolism in burn injury has been demonstrated in
animals and humans.194,195 In children, the reduction in
bone mineral density persists for at least 5 years after severe
burn injury (>40% TBSA) and results in permanent retar-
dation of  linear growth.196,197 The reasons for loss of  bone
mineral density include increased production of  endog-
enous glucocorticoids, the inflammatory response, immo-
bilization, aluminum loading, and production of  cytokines
(e.g., IL-1 and IL-6) that facilitate bone resorption.198 In an
animal study, Hoscheit et al. found increased markers of
bone resorption, particularly RANKL, in the first 2 weeks
after burn, suggesting that the decreased bone mass after
burn injury results from increased resorption and decreased
bone formation.199

Glucocorticoids have potent effects on bone formation
and resorption, resulting in loss of  bone mass. Weinstein
and coworkers200 investigated the long-term (equivalent to
3–4 human years) effects of  glucocorticoids on bone metab-
olism in an animal model and reported a reduction in osteo-
clastogenesis and osteoblastogenesis leading to reduced
bone turnover and reduced bone formation, respectively.
Enhanced osteoclast and osteoblast apoptosis was observed
in mice subjected to long-term glucocorticoid administra-
tion, as well as in patients with glucocorticoid-induced
osteoporosis.200 In addition, glucocorticoids directly down-
regulate expression of  type I collagen and upregulate
expression of  collagenase-3 in chondrocytes.201 On the
other hand, IGF-1 enhances expression of  type I collagen
and suppresses the expression of  collagenase-3.202 Thus the
massive increase in glucocorticoids and the corresponding
decrease in IGF-1 in burn injury have the ability to pro-
foundly alter bone and cartilage formation.

The mechanisms by which glucocorticoids mediate bone
resorption are unclear. Glucocorticoids may mediate bone
resorption by their dual capacity to initially inhibit osteo-
clast synthesis and later stimulate osteoclast synthesis,
coupled with an increase in bone resorption.203 Another
mechanism by which cortisol may influence bone resorp-
tion is by suppression of  IGF-1 or GH-induced chondrocyte
proliferation.204 The antiproliferative effect of  glucocorti-
coids may be mediated through downregulation of  the GH
receptor and binding affinity, as well as suppression of  the
local production of  IGF-1 by these cells.

Supplementation with exogenous recombinant human
GH (rhGH) was studied by Herndon et al.180,205,206 and was
found to have a profound anabolic effect on the muscle and
skin. Breederveld et al. reviewed trials of  GH in burn
patients, noting more rapid healing of  burn wounds and
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Although severe burns are associated with alterations in 
B-cell production and function, there is considerable incon-
sistency in the literature.230–235 For example, in rats subjected 
to 30% burn injury, splenic lymphocytes respond poorly to 
LPS, and immunoglobulin synthesis is reduced in compari-
son to control animals.236 Others have found an increase in 
circulating B cells early after burn injury.232 Administration 
of  methylprednisolone to normal volunteers for 2–4 weeks 
also reduces serum immunoglobulin levels.237

This review provides a glimpse of  how the catecholamine 
and hormonal responses to thermal injury support com-
pensatory cardiovascular, metabolic, and immunologic 
changes. Although adrenergic mechanisms are important 
for their ability to influence intracellular signaling path-
ways, their roles as modulators of  gene expression are still 
being explored. While alteration of  gene expressions by 
glucocorticoids is well described, less is known about the 
interplay of  glucocorticoids with the complex post-injury 

signaling milieu seen with severe thermal injury or other 
forms of  trauma.
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under normal conditions and following a severe insult such 
as a burn injury.

Anatomy and Physiology of 
the Liver

ANATOMY

In an average-sized adult, the liver weighs approximately 
1500 g, making up almost 2% of  the total body weight. 
Following a severe burn injury, the liver size can increase 
significantly to meet additional demands. The Couinaud’s 
segmental system, the preferred anatomy classification 
system, divides the liver into eight independent functional 
units (termed segments) rather than relying on the tradi-
tional morphological description based on the external 
appearance of  the liver. Roman numerals (I–VIII) delineate 
the segments based on the dual vascular inflow, biliary 
drainage, and lymphatic drainage within each segment.17

PHYSIOLOGY

A broad spectrum of  biological functions is orchestrated by 
the liver. The interrelated physiologic-anatomic units of  the 
liver direct the following processes:

a. Energy homeostasis and nutrient metabolism: the syn-
thesis, degradation, and coupled interconversion of  
amino acids, carbohydrates, and lipids are closely 
linked to hepatic energy metabolism.

b. Protein synthesis and amino acid metabolism: The liver
uses amino acids directly for protein synthesis and as 
a source of  organic nitrogen for nonessential amino 
acid synthesis. The overall balance of  amino acid syn-
thesis, degradation, dietary supply, and body distribu-
tion is reflected by plasma amino acid levels.

c. Carbohydrate metabolism: The liver plays an impor-
tant role in maintaining carbohydrate homeostasis, 
principally through glucose catabolism, production, 
and storage. The ability to use, store, synthesize, 
and release glucose gives the liver a central role in 
maintaining stable serum glucose levels. Compro-
mise of  this function can result in hypoglycemia or  
hyperglycemia.18

d. Lipid metabolism: Hepatic metabolic energy require-
ments are met principally through β-oxidation of  free 
fatty acids (FFA). Fatty acids synthesized in the liver 
or derived from peripheral fat depots combine with 
glycerol in the liver to form triglycerides (TG). Through 

Introduction

The extreme hypermetabolic and hypercatabolic stress
responses induced by a severe burn injury are characterized
by increased proteolysis, lipolysis, and production of  endog-
enous glucose via glycogenolysis and gluconeogenesis. The
critical organ controlling these processes is the liver. With
major roles in metabolism, inflammation, immunity, and
the acute-phase response, the liver orchestrates the basic
functions that modulate survival and recovery in severely
burned patients. The function of  the liver following a severe
burn injury has been elucidated, demonstrating that the
preservation of  liver function is associated with survival.
The strong correlation between postburn survival and the
expression of  cytokines and acute-phase proteins (APPs)
produced by the liver further supports this contention.

Worldwide, the World Health Organization (WHO) attri-
butes approximately 265,000 deaths each year to burn
injuries and their sequelae, with the vast majority of  these
injuries occurring in low- and middle-income countries.1

In the United States alone, burns result in approximately
4000 deaths, 24,500 hospitalizations, and more than
745,000 nonhospitalized injuries per year, with an inci-
dence rate of  280 burns (per 100,000 people).2,3 The effects
induced by burns are not limited to the injured area alone.
A severe burn injury has devastating effects on the injured
patient by affecting almost every organ system, resulting in
greater morbidity and mortality.4 Amplified glucose avail-
ability leads to increased protein catabolism and lipolysis,
initiating the postburn hypermetabolic stress response.4–6

Systemic inflammation, including pathophysiologic regula-
tion of  cytokines, hormones, and APPs, drives the hyper-
metabolic response.7–9 Prolongation or amplification of
the hypermetabolic or inflammatory responses may result
in dysregulation of  counterregulatory stress hormones
(catecholamines, cortisol, glucagon), thereby exacerbat-
ing postburn hypercatabolism, multiorgan failure, and
death.10,11

For more than 20 years, reductions in morbidity and
mortality have resulted from research efforts focused on
improving postburn resuscitation, hypermetabolism, infec-
tion control, ventilation, and wound healing.5 Greater
advances in clinical care, however, are needed to reduce
morbidity and mortality even further. With a series of
studies, we have concluded that the liver plays a fundamen-
tal role in the systemic response to burn.12–16 Through the
modulation of  immune, inflammatory, metabolic, and
acute-phase response signal transduction pathways, the
liver contributes greatly to survival and recovery following
a severe burn injury.11 This chapter discusses liver function
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The Hepatic Response to a Severe 
Thermal Injury

LIVER DAMAGE AND MORPHOLOGICAL 
CHANGES

Burn-induced liver injury is variable and is typically propor-
tional to the severity of  the burn injury. Hepatomegaly, or 
a fatty liver, is a common postburn finding (Fig. 24.1). 
These changes can be reversed; however the significance of  
these alterations is related to the extent of  fat deposition and 
its etiology.29 Autopsies of  deceased pediatric burn victims 
revealed that fatty infiltration of  the liver is associated with 
hepatic failure and endotoxemia.30 Increased hepatic 
edema, typically observed within 12 hours after burn 
injury, is associated with damage to the liver. Both liver and 
body weight significantly increase at 2–7 days postburn, as 
compared to nonburned liver/body weight.13 In burned 
rats, total hepatic protein concentrations are reduced sig-
nificantly, suggesting that the increase in liver weight is due 
to edema and not to increased protein levels or hepatocyte 
numbers. Hepatic edema may induce release of  hepatic 
enzymes into the circulation as a result of  cellular damage 
or by altering membrane permeability. Aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) are 
typically detected only at low levels in plasma. Therefore, 
detection of  elevated levels in the circulation indicates pos-
sible hepatocyte injury. Severe hepatic damage can also be 
detected by elevations in serum glutamate dehydrogenase 
or alkaline phosphatase (ALKP). Elevations in ALKP provide 
insight into the function of  the extrahepatic biliary tract 
and are frequently elevated in hepatobiliary disease. The 
liver damage induced by thermal injury is secondary to 
edema formation, hypoperfusion, and inflammation. Fol-
lowing a severe burn, elevations between 50% and 200% 
of  AST, ALT, and ALKP are observed (Fig. 24.2). These 
serum markers peak early during the first 24 hours after 
the burn injury, indicating that burn-induced liver damage 
is a rapid phenomenon.14,31

Increased hepatocyte death, both by apoptosis and necro-
sis, is associated with liver damage.13 Two distinctly differ-
ent pathways result in cell death: programmed cell death 
(apoptosis) and necrosis.32 Cell shrinkage, uniform frag-
mentation of  DNA, and membrane blebbing characterize 
apoptotic cells. Necrosis, on the other hand, is characterized 
by cellular swelling, fragmentation of  the DNA in a random 
manner, activation of  lysosomes, and complete breakdown 
of  the cellular membrane enabling cellular contents to be 
extruded into the interstitium. These final steps induce an 
inflammatory response by attracting inflammatory cells, 
causing the release of  free radicals and proinflammatory 
cytokines, leading to additional tissue breakdown. The mor-
phological hallmarks unique to each process are used to 
differentiate between apoptotic and necrotic cells. At the 
time of  autopsy, 10–15% of  severely burned decedents had 
signs of  liver necrosis, as determined by pathological 
examination.33

Apoptosis also occurs in the liver following a cutaneous 
thermal injury (Fig. 24.2).13 The liver tries to maintain 
homeostasis when hepatocyte apoptosis increases by a 
compensatory increase in hepatocyte proliferation. Despite 

the production of  very-low-density lipoproteins
(VLDL), the liver provides peripheral tissues with indi-
rect access to the convergent metabolic processes in
the hepatocyte that lead to triglyceride synthesis. Fol-
lowing synthesis by the liver, high-density lipopro-
teins (HDL) circulate in the plasma, where they
scavenge free cholesterol released from aging cell
membranes. The liver also produces apoprotein CII,
which is required for the peripheral activation of  lipo-
protein lipase, and cholesterol.19,20

e. Biotransformation: Many environmental compounds
(including drugs) and endogenous metabolic prod-
ucts are lipid soluble and nonvolatile, precluding
their efficient excretion in urine or feces. Through
biotransformation reactions, the liver transforms
these substances into more water-soluble analogs
and enhances their excretion via urine or bile.21

f. Excretion: The biliary tract is the principal excretory
route for numerous exogenous and endogenous sub-
stances. Six hundred to eight hundred milliliters of
bile are secreted daily, using a canalicular surface
area of  approximately 10 m2. Inorganic ions account
for most of  the osmotic activity in bile, keeping it
approximately isotonic with plasma. Organic solutes
present in bile include conjugated bile acids, phos-
pholipids (lecithin), cholesterol, bile pigments, hor-
mones, and small amounts of  protein.22,23

g. Immunologic functions: A major portion of  the mono-
nuclear phagocyte system is centered in hepatic sinu-
soids. Kupffer’s cells use phagocytosis and pinocytosis
to clear bacteria, particulate matter, and old erythro-
cytes from sinusoidal blood. Kupffer’s cells are also
the major site of  lipopolysaccharide (endotoxin)
detoxification. The liver also contributes to the
humoral arm of  body defense through uptake and
secretion of  IgA.24

h. Vitamin metabolism: Vitamin uptake, storage, and
mobilization are additional important functions of
the liver. The absorption of  fat-soluble vitamins (A, D,
E, and K) is dependent on bile salts. Because vitamin
A is stored exclusively in the liver, excess ingestion
may be associated with significant hepatic injury.
Hepatic stellate cells play a role in vitamin A storage
as well. The initial vitamin D activation step, conver-
sion of  vitamin D3 to 25-hydroxycholecalciferol,
occurs in the liver. Coagulation factors II, VII, IX, and
X are dependent on vitamin K, which is essential for
the γ-carboxylation and activation of  these factors.
Vitamin E has recently garnered much attention due
to its potent antioxidative properties. Following a
severe thermal or traumatic injury, vitamin E might
reduce oxidative stress and subsequent damage.25–27

i. Hormonal system: The liver is an important site of
hormonal synthesis, secretion, or interaction. Growth
factors that are important for growth and develop-
ment such as insulin-like growth factor-I (IGF-I) and
the IGF binding proteins (IGFBPs) are made and
secreted by the liver. Production and secretion into
the bloodstream of  angiotensinogen occurs within
the liver. Synthesis of  hepatocyte growth factor
(HGF), a major hepatic regenerative growth factor,
occurs in the liver.28
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Fig. 24.1 A, Massive hepatomegaly (i) and hepatic fatty infiltration (ii) of a burn victim at autopsy. B, Liver size increased throughout acute hospitaliza-
tion by over 200% in 242 surviving burn patients. (From Jeschke MG. The hepatic response to thermal injury: is the liver important for postburn outcomes? 
Mol Med. 2009;15:337–351.)
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Fig. 24.2 Hepatic dysfunction of the rat burn model mimics the postburn human disease state. A, Serum aspartate amino transferase (AST) 24 and 48 
hours after thermal injury. B, Serum alanine amino transferase (ALT) 24 and 48 hours after thermal injury. C, Serum albumin 24 and 48 hours after 
thermal injury. D, Caspase-3 activity in liver lysates as determined by successive Western blotting with active caspase-3 and actin antibodies. The data 
are expressed as a ratio of the two band intensities. E, TUNEL staining of a liver section before (i) and 24 hours after (ii) thermal injury. F, Quantified 
TUNEL-positive cells 24 and 48 hours after thermal injury. Time after injury in hours is indicated. C, Control; B, burn. Data presented are mean ± SEM. 
*P < 0.05 (Burned animals n = 8 and controls n = 4 per time point). *Significant difference between burn and control, P < 0.05. (From Jeschke MG. The
hepatic response to thermal injury: is the liver important for postburn outcomes? Mol Med. 2009;15:337–351.)
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increases in cytosolic calcium.46 Mitochondrial damage 
occurs as a result of  increased cytosolic calcium, leading to 
the release of  cytochrome c, which then binds to the inositol 
triphosphate receptor (IP3R), causing a reduction in the 
amount of  calcium stored in the ER. In addition, ER stress 
triggers apoptosis by activating c-Jun N-terminal-kinases 
(JNK). The serine on the insulin receptor substrate 1 (IRS-1) 
protein is then phosphorylated, blocking the tyrosine on the 
same protein from being activated by phosphorylation. At 
the same time, the prosurvival phosphoinositide 3-kinase 
(PI3K)/serine-threonine protein kinase (Akt) signaling 
pathway is blocked, amplifying the ER stress response by 
further activating the inositol triphosphate receptor (IP3R). 
If  the unfolded protein burden can be limited through the 
use of  chemical chaperones, this discovery may be of  thera-
peutic significance as a method to promote hepatocyte sur-
vival.47 Alternative pharmacologic agents are being 
developed to block proapoptotic ER stress signaling path-
ways, and, looking ahead, these alternatives may prove 
beneficial by improving clinical outcomes.48,49

EFFECTS ON THE BILIARY SYSTEM

Intrahepatic cholestasis frequently occurs following trauma 
or sepsis without demonstrable extrahepatic obstruction. 
Drug toxicity, total parenteral nutrition, and hypoxia are 
also associated with this phenomenon.50 The occurrence of  
intrahepatic cholestasis is associated with impaired bile acid 
and organic anion transport in basolateral and canalicular 
hepatocytes.51,52 Intrahepatic cholestasis occurs in approxi-
mately 26% of  patients.33

MONONUCLEAR PHAGOCYTE SYSTEM (MPS)

The immune system is severely compromised following a 
major thermal injury, resulting in heightened susceptibility 
to infections and sepsis.51,53,54 The phagocytic functions of  
the mononuclear phagocyte system (MPS) are depressed 
postburn,55 although the mechanism by which this occurs 
is unknown. Investigations have demonstrated that MPS 
dysfunction may be related to hemolysis. By regulating the 
production of  APPs and proinflammatory cytokines, the 
liver modulates the immune response.43,56,57

Glucose, Protein, and Lipid Metabolism

Hypermetabolic stress is induced by large burns covering in 
excess of  40% of  the total body surface area (TBSA), and 
this response is accompanied by inflammation, the develop-
ment of  hyperdynamic circulation, temperature elevation, 
and increased glycolysis, gluconeogenesis, glycogenolysis, 
proteolysis, and lipolysis.58–60 These massive alterations 
affecting major physiologic processes occur following 
traumatic injury and critical illness as well, although the 
duration, severity, and the magnitude of  these responses 
are far greater in severely burned patients.5 Exaggerated 
elevations in catecholamines, glucocorticoids, glucagon, 
and dopamine trigger the hypermetabolic response via a 
highly complex cascade of  events.4,31,61 Additional factors 
in this response, however, have been identified, including 
proinflammatory cytokines (IL-1 and IL-6, TNF), platelet-
activating factor, endotoxin, neutrophil-adherence com-
plexes, free radicals (reactive oxygen species and nitric oxide), 

the attempt to maintain homeostasis in overall hepatocyte 
number, the liver is unable to immediately regain mass or 
maintain protein concentration. The molecular mecha-
nisms that initiate and propagate hepatocyte apoptosis fol-
lowing a cutaneous burn are not known.34–37 Blood flow to 
the bowel is decreased by approximately 60% for up to 4 
hours following a thermal injury.38 Hepatic blood flow is 
likely decreased as well, and this may be one of  the early 
events inducing programmed cell death. Apoptotic signals, 
including interleukin-1 (IL-1) and tumor necrosis factor-α 
(TNF-α), increase systemically during this same time 
frame.39–42 Additional studies have revealed that the eleva-
tions of  proinflammatory cytokines are not limited to the 
serum. Local elevations also occur after a thermal injury, as 
seen with increased concentrations of  hepatic IL-1α, IL-1β, 
IL-6, and TNF-α.43–45 Taken together, these events are prob-
ably early events in the induction of  hepatocyte apoptotic 
signaling.

Underlying Molecular Mechanisms

The induction of  hepatocyte apoptosis and dysfunction fol-
lowing a severe burn (Fig. 24.3), involves specific reduc-
tions in endoplasmic reticulum (ER) calcium that lead to 
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Fig. 24.3 Schematic of suggested pathways involved in the hepatic
response postburn. Thermal injury leads to gross alterations in endo-
plasmic reticulum (ER) calcium with increased cytosolic calcium con-
centration. Increased cytosolic calcium induces mitochondrial damage,
which releases cytochrome c. Cytochrome c increases the existing ER
stress/Unfolded protein response (UPR) but also binds to the IP3R, aug-
menting the depletion of ER calcium stores. ER stress/UPR leads to cell
apoptosis and activation of JNK, which phosphorylates the 612 serine
of IRS-1, blocking phosphorylation of tyrosine IRS-1. ER stress/UPR also
impairs the prosurvival PI3K/Akt signaling, resulting in increased acti-
vation of the IP3R, increasing ER stress/UPR. (From Jeschke MG. The
hepatic response to thermal injury: is the liver important for postburn
outcomes? Mol Med. 2009;15:337–351.)
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catecholamine-induced enhancement of  glycogenolysis in 
the liver and direct sympathetic stimulation of  glycogen 
breakdown.72 Peripheral insulin resistance occurs in the 
muscle and adipose tissue when glucose disposal is impaired 
by catecholamines following alterations in insulin signaling 
and glucose transporter type 4 (GLUT-4) translocation.71,77 
At 7 days postinjury, IRS-1 activation is impaired at the 
tyrosine binding site, leading to Akt inhibition in muscle 
from severely burned children.67 Protein farnesylation (a 
posttranslational lipid modification of  cysteine residues) 
has been identified as an additional pathophysiologic mech-
anism involved in the metabolic dysfunction observed after 
burn injury.78 Interference with the insulin signaling path-
ways in liver and muscle has also been linked to a reduc-
tion in mitochondrial oxidation in both tissues and altered 
lipolytic rates, resulting in attenuation of  insulin’s action 
on glucose production in the liver and glucose uptake in 
the liver.76,79 Glucose production via gluconeogenesis and 
glycogenolysis is increased by glucagon and epinephrine, 
which, in concert with cortisol and growth hormone (GH), 
act to sustain this response.69,80 Release of  the aforemen-
tioned stress hormones is initiated by the action of  proin-
flammatory cytokines, resulting in an indirect effect of  these 
inflammatory mediators on postburn hyperglycemia.81–84 
These same proinflammatory cytokines, including IL-6, 
monocyte chemotactic protein-1 (MCP-1), and TNF, have 
been found to directly modify the insulin signal transduc-
tion pathway, further exacerbating postburn insulin resis-
tance in the liver and skeletal muscle.85,86 Throughout the 
acute and convalescent periods following the burn injury, 
breakdown of  lean muscle protein is prolonged by the sup-
raphysiological expression of  proinflammatory cytokines 
and perturbations in the metabolic pathways.8,87,88 Thermal 
injury impairs the body’s ability to use fat as an energy 
source. Significant variation in the expression of  the coun-
terregulatory hormones glucagon and cortisone occurs 
postburn. While burn injury decreases glucagon, there is a 

and factors involved in the coagulation and complement 
cascades.62 Following activation of  the biological processes, 
these mediators and the resulting byproducts contribute to 
the increased metabolic rate and altered glucose metabo-
lism that occurs following thermal injuries.63

The precise temporal occurrence of  the modulation of  
these postinjury metabolic events has led to the classifica-
tion of  two events: the “ebb phase” and the “flow phase.”64 
The first 12–14 hours following a severe burn injury are 
called the “ebb phase.”65,66 Events characterizing this period 
include decreased cardiac output, reduced oxygen con-
sumption, attenuated metabolic rate, and hyperglycemia 
with impaired glucose tolerance. These metabolic processes 
slowly increase to a plateau over the next 5-day period, 
termed the “flow phase.”64 During this time, insulin release 
in response to glucose challenge is twice that seen in non-
burned volunteers. Insulin resistance characteristically 
develops concurrent with elevation in plasma glucose levels 
during this period67 (Fig. 24.4). Although these metabolic 
alterations were assumed to resolve as soon as wound 
closure was complete, impaired glucose metabolism has 
been demonstrated in approximately 12% of  pediatric burn 
injury survivors 24–36 months after severe thermal inju-
ries; burn size, age, lean mass, and adiposity are predictors 
of  insulin resistance in burned children.68

Because the metabolic alterations that accompany criti-
cal illness have the potential to modify energy substrate 
utilization, glucose availability must be maintained. Stress 
mediator release acts in opposition to the anabolic actions 
of  insulin by augmenting hepatic glucose production69 to 
increase gluconeogenic substrates such as glycerol, alanine, 
and lactate by increasing lipolysis of  adipose tissue and 
proteolysis of  skeletal muscle.70–74 The release of  hepatic 
glucose is not suppressed by hyperglycemia, and the physi-
ologic inhibitor property of  insulin on glycogenolysis is 
impaired, inducing posttrauma hyperglycemia.75,76 The 
hyperglycemic response to stress is further aggravated by 
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there is a reduction in secretion of  VLDL-TGs, which is not 
responsive to the increased synthesis of  liver TGs.104 It 
would therefore be expected that reducing FFA availability 
could minimize accumulation of  TGs in the liver.

The liver is clearly a key player in the orchestration and 
modulation of  burn-responsive metabolic processes post-
burn. Alterations in the metabolism of  glucose, fat, and 
protein can result in poor outcomes, and these processes are 
controlled by the liver. Therefore, we propose that the liver 
is an essential organ in the response to severe burn injury 
and that liver function may determine outcomes of  severely 
burned patients.

Acute-Phase Response

There is a shift in hepatic protein synthesis following a major 
trauma such as a severe burn injury. Hepatic constitutive 
protein production is downregulated while production is 
shifted to increase APPs.11,31,57 This shift in production of  
APPs represents a reprioritization of  liver function to meet 
new metabolic demands, heighten the immune and inflam-
matory responses, and support coagulation and wound 
healing.57 Traditionally APPs have been divided into two 
subcategories based on whether they were mediated by 
IL-1-like cytokines such as IL-1 or TNF (type I APPs, e.g., 
haptoglobin or α1-acidglycoprotein) or IL-6-like cytokines, 
including IL-6 or IL-11 (type II APPs, e.g., α2-macroglobulin 
and fibrinogen).11 As more evidence supports frequent com-
munication between the type I and type II APPs, this strict 
division appears to be an artificial categorization that is no 
longer representative of  function or response. While acute-
phase protein synthesis is upregulated, constitutive hepatic 
proteins, including albumin, transthyretin, transferrin, 
and retinol binding protein, are downregulated.108–111 Rela-
tive to normal levels, albumin and transferrin expression 
decrease by 50–70% following a severe burn. Two mech-
anisms downregulate the production of  these proteins: 
the liver shifts from synthesizing constitutive proteins to 
APPs, coupled with extensive loss of  constitutive proteins 
due to capillary leakage. These proteins are lost into the 
massive extravascular space and burn wound. The loss of  
these proteins following trauma, however, may negatively 
impact clinical outcomes. Albumin and transferrin are 
important transporter proteins and contribute to regula-
tion of  both osmotic pressure and plasma pH. Due to the 
exclusive roles that these proteins play, reduction in their 
synthesis has been used to monitor recovery and predict  
mortality.111–113

As noted earlier, cytokines also mediate the acute-phase 
response. The temporal, biphasic modulation of  proinflam-
matory cytokine expression is highly regulated and predict-
able. Immediately following a burn, there is an increase in 
IL-1, IL-6, IL-8, and TNF expression that peaks between 
2- and 10-fold above normal levels. After approximately 12
hours, there is a slight decrease in expression, followed by 
another increase before the overall levels begin to decline. As 
a testament to the extreme nature of  a burn compared with 
other traumatic injuries, both animal and human studies 
have revealed that, following a traumatic injury, cytokines 
return to normal levels within 2 days, whereas the elevation 
can last for more than 2 weeks after thermal injury.114,115 
The signaling cascade modulating this response includes a 
multitude of  pro- and antiinflammatory signal transcription 

marked increase in cortisone levels that lasts for at least 3
years postinjury.61,89 Although the likelihood that perturba-
tions of  the hormonal system drive postburn hyperglyce-
mia is low, impairment of  insulin receptor signaling at the
molecular level is the more probable instigator.90

Soon after injury, marked lean body mass wasting is
driven by the increase in energy requirements, which are
mainly satisfied by degradation of  proteins in skeletal
muscle in severely burned individuals.5,91 Stable isotope
infusion studies have confirmed that this muscle break-
down is associated with pronounced negative nitrogen bal-
ances that persist for up to 9 months postinjury.58 Significant
reductions in muscle mass probably contribute to whole-
body postburn insulin resistance, as the majority of  insulin-
stimulated glucose uptake occurs in the skeletal muscle.92

Stable isotope studies using leucine to monitor whole-body
protein flux confirmed the relationship between hyperglyce-
mia and muscle protein catabolism and even showed that
hyperglycemia increases proteolysis.93 Significantly elevated
rates of  infection and delayed wound healing are associated
with reductions in lean body mass of  10–15%.94 The growth
delay in severely burned pediatric patients that lasts for up
to 2 years may be accounted for by this persistent protein
catabolism.58,95–97

During the acute response to burn, there are significant
changes in the metabolism of  fat, which lead to elevations
in serum TGs and FFA, along with changes in body fat
content and distribution.98 This massive mobilization of  fat
tissue results in fatty deposits in the liver and other organs,
most likely due to decreased expression of  fat-transporting
proteins coupled with elevations of  serum TGs and FFA.
Hepatomegaly with hepatic steatosis is associated with
increases in septic episodes and ultimately with greater
mortality,30 further supporting the notion that impaired
liver function in the severely burned patient is closely linked
to survival. The hepatic accumulation of  TGs occurs both
in critically ill patients and in severely burned patients.99–101

In fact, liver size is increased by more than fourfold in
severely burned patients.30,102 Despite the similar deposition
of  TGs in the liver following critical illness, the rate of  TG
accumulation in the postburn liver is far greater than that
of  any other pathological condition with hepatic steatosis
as a sequelae. Hepatic TGs accumulate following a severe
burn, resulting from lipolysis induced by β-adrenergic stim-
ulation that releases excessive amounts of  fatty acids into
the circulation.103,104 Although insulin typically suppresses
lipolysis, the burn-induced insulin resistance is apparent by
the diminished effectiveness of  insulin in this capacity.100

Uptake of  fatty acids from the circulation by the liver is
proportionate to the amount of  FFAs available,20,105 as lipol-
ysis increases FFA delivery, hepatic uptake is increased, and
the fatty acids are either oxidized or synthesized into TGs.
Because oxidation is a rate-limited step, there is a marked
acceleration in the rate of  TG synthesis and deposition
when large amounts of  fat are available either due to lipoly-
sis or diet.106 Synthesis of  hepatic TGs is considered to be a
direct metabolic response to a severe burn injury. Excessive
intake of  glucose and consequent hyperglycemia also lead
to postburn hepatic steatosis.107 Under normal conditions,
increases in VLDL-TG secretion accompany accelerated
synthesis of  hepatic TGs, which reduces the accumulation
of  TGs in the liver. However, in severely burned patients,



24 • The Hepatic Response to Thermal Injury 265

scavenging properties of  vitamin C are crucial following 
a burn injury. As part of  the hypermetabolic response, 
an elevation in free radicals including superoxide, per-
oxide, and hydroxyl is thought to increase burn-induced 
vascular permeability. Administration of  vitamin C may 
reduce microvascular permeability, which would reduce 
the need for fluid replacement, in turn improving patient  
outcomes.125

Coagulation and Clotting Factors

A severe burn injury alters the coagulation cascade and 
activates thrombotic and fibrinolytic responses. During the 
early shock phase following the burn, there is a decrease in 
most of  the homeostatic markers due to dilutional effects 
associated with fluid resuscitation and loss or degradation 
of  plasma proteins to the extravascular space or the wound. 
Once resuscitation is achieved, clotting factors typically 
return to normal levels. Thrombogenicity increases later 
during the postburn course as a result of  decreases in anti-
thrombin III, protein C, and protein S levels resulting in an 
increase in the risk of  thrombosis. The risk for developing 
disseminated intravascular coagulation (DIC) is consider-
ably heightened by this hypercoagulable state. Postmortem 
DIC has been discovered in 30% of  all examined cases, indi-
cating another association between liver damage and poor 
outcomes.126

Hormones

The liver is a major site for hormone synthesis and action. 
In vitro and in vivo studies have demonstrated that HGF 
accelerates hepatic regeneration, improves hepatic func-
tion, and modulates the acute-phase response.127–129 Eleva-
tion of  plasma HGF occurs within 30–60 minutes following 
injury, presumably signaling the hepatocytes to begin divid-
ing in order to meet the anticipated burden. The initiating 
signal that stimulates plasma HGF upregulation, however, 
is currently unknown, although it has been hypothesized 
that there is either an increase in extrahepatic production 
of  HGF by the spleen, lung, gut, or kidney or a decrease in 
excretion of  hepatic HGF. Hepatocyte DNA synthesis is stim-
ulated by this rapid increase in HGF.28 HGF only has this 
effect under specific conditions; when administered to non-
injured rats, only a small number of  hepatocytes were 
induced to initiate DNA synthesis. This study demonstrated 
that priming events—such as those experienced following 
a burn injury—are required to enable hepatocytes to 
respond to mitogenic signals.28

IGF-I is also synthesized in the liver.130 In the body, 
approximately 99% of  IGF-I is bound to one of  the six 
binding proteins, IGFBP 1–6, for transport.131 These hor-
mones are synthesized in the liver following GH stimula-
tion.132 The effects mediated by IGF-I are similar in burn 
and other pathological states—improvements in cell prolif-
eration, cell repair mechanisms, increased protein expres-
sion in the muscle, and restored normal functioning of  
intestinal and immune cells.133–135 In the immediate post-
trauma and postburn periods, IGF-I is a key player in regen-
erating the liver and modulating the acute-phase response 
to restore hepatic homeostasis and function.135,136 The 
influence of  hormones on hepatic recovery and regenera-
tion is an important consideration when trying to restore 
hepatic function.

factors including nuclear factor-κ B (NF-κB), c-jun, tyro-
sine phosphorylation and activation of  intracellular tyro-
sine kinases (JAKs), CCAAT/enhancer-binding proteins
(C/EBPs), signal transducer and activator of  transcription
(STAT) 1, STAT3, STAT5, latent cytoplasmic transcrip-
tion factors, and mitogen-activated protein.56,108,109,116–119

Transcription, translation, and expression of  APPs are
initiated by the action of  these signaling molecules. IL-6
in particular is suspected of  being a major—if  not the
primary—mediating cytokine. Amplification of  the IL-6
signal occurs by activation of  glycoprotein 130 (gp 130)
and the JAK-kinases (JAK-1) and propagation of  the signal
via translocation of  STAT1 and STAT3 to the nucleus,
where transcription and translation of  APPs occur. This
rapid initiation of  the acute-phase response serves a single
purpose: to protect the body from further damage. When
the acute-phase response occurs in a balanced fashion, the
body is protected and returns to a homeostatic existence.
When there are prolonged amplifications of  proinflamma-
tory cytokines and APPs, however, hypercatabolism results,
leading to increased incidence of  sepsis, multiorgan failure,
morbidity, and mortality.8,10,112

Vitamin Metabolism

Vitamins are requisite components of  many biological func-
tions including energy production and utilization, inflam-
mation, wound healing, metabolism, and antioxidation.
Vitamin deficiencies are caused by the burn-induced hyper-
metabolic response, so supplementation is required to main-
tain crucial biological functions.120,121 Vitamin A is reduced
in burn patients, perhaps related to reduced levels of  its
transporter—retinol binding protein. Without vitamin A,
dermal wound repair is suboptimal, and supplementation
with this vitamin may enhance wound healing. Vitamin E is
a critical antioxidant that has profound effects in reducing
lung injury.27 Because this vitamin is also depleted in the
serum and in the tissue following a burn injury, supplemen-
tation is also recommended. Vitamin D, a necessary nutrient
to maintain bone health, is also reduced following a burn
injury, contributing to postburn osteopenia and increas-
ing the risk of  bone fractures; vitamin D3 supplementation
after burn injury and beyond the acute period is advocated
to counteract the trajectory of  low vitamin D levels and
associated morbidity.122–124 Riboflavin and thiamin, also
reduced by burn injury and trauma, are important par-
ticipants in energy generation, protein metabolism, and
wound repair. Thiamin is a key co-factor for energy gen-
eration in the Krebs cycle, for glucose oxidation, and for
the formation of  collagen. Riboflavin decreases postburn;
due to its role as a coenzyme in oxidation-reduction reac-
tions, this vitamin should also be supplemented.120 Post-
burn reduction of  folic acid negatively impacts DNA and
RNA synthesis. Folate utilization is also impaired by inad-
equate availability of  vitamin B12 and methionine. Folate
deficiency therefore can also occur as a result of  defi-
cient levels of  these two nutrients. Energy-generating and
protein metabolic processes rely on the coenzymes vitamin
B6 and B12. Supplementation should be in the form of  a
multivitamin in order to have adequate levels of  these nec-
essary components. Additional functions of  these vitamins
include fatty acid catabolism (vitamin B12) and metabolism
of  amino acids (vitamin B6). The antioxidant/free radical
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(Fas/FasL).139 Through a series of  RNA interference studies, 
Song et al.140 elegantly demonstrated that reduction in the 
expression of  Fas is protective during fulminant hepatitis. 
Silencing Fas prevented death, leading to the conclusion 
that hepatic dysfunction contributes to mortality and res-
toration of  hepatic function reduces mortality. Although 
investigation of  the role of  Fas/FasL in burns is still in its 
early stages, evidence supports the postburn induction of  
Fas/FasL141 possibly hinting at the mechanism underlying 
burn-induced hepatocyte apoptosis and dysfunction.

Because animal models do not fully recapitulate the 
human clinical response, prospective clinical studies are 
necessary to determine the relationship between liver func-
tion and postburn outcomes. In a study conducted as part 
of  the Inflammation and the Host Response to Injury Col-
laborative Research Program, we used discovery proteomics 
to compare plasma protein expression in survivors and 
nonsurvivors of  severe burn injuries.142 A total of  32 
patients, including 16 nonsurvivors and 16 survivors were 
matched according to burn size and injury severity. Discov-
ery proteomics techniques were used to determine plasma 
protein expression. In burn patients, 43 proteins were asso-
ciated with mortality. The main activity of  the associated 
proteins involve the complement cascade, coagulation 
cascade, acute-phase response pathway, and cytokine sig-
naling suggest that the response of  the liver may be crucial 
to survival following a burn injury.142

Another study involving 330 burned children deter-
mined whether proteomics could be used to augment clini-
cal parameters as predictors of  mortality in pediatric burn 
patients. The study showed that the combination of  both 
clinical and proteomic variables improved the outcome pre-
diction accuracy from 52% to 81%. The panel of  38 poten-
tial biomarkers included hormones, proteins, and cytokines, 
and most of  these biomarkers are produced by the liver. 
Taken together, the data in severely burned children and 
adults indicate that the liver is crucial for determining sur-
vival and postburn outcomes.143

Conclusion

To summarize, the widespread effects of  a burn injury 
impact almost every organ system, resulting in significant 
morbidity and mortality.5 This chapter has explored the 
liver’s central role in the response to severe thermal injury. 
Myriad functions of  the liver are essential for survival (Fig. 
24.5), and the burn injury alters all of  these hepatic 
responses. Available data provide strong evidence that the 
concentrations of  hepatic proteins in the circulation can 
serve as biomarkers predictive of  postburn morbidity and 
mortality. We therefore interpret these findings as support-
ing the central role of  the liver in determining patient 
outcome and propose that attenuation of  liver damage and 
restoration of  hepatic function will result in a reduction of  
postburn morbidity and mortality.
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Importance of the Liver for
Postburn Outcomes

We have described liver function under normal and severe
stress conditions. In addition, it is important to emphasize
that it is not known whether liver function and integrity are
essential for favorable outcomes following a severe burn.
Price et al. found an association between impaired liver
function and integrity, and unfavorable postburn outcomes,
in a retrospective study.137 Our group and others have con-
ducted several studies to determine the relationship between
liver function and burn outcomes. In a review of  autopsies
from severely burned children, Barret et al. reported the
incidence of  hepatomegaly, fatty liver, and sepsis. Approxi-
mately 80% of  the patients had hepatic fat infiltration,
whereas 100% of  the patients had hepatomegaly.30 Addi-
tionally the incidence of  sepsis was greater in patients with
severe fatty infiltration of  the liver. In a study of  102 severely
burned children, burn injury was associated with liver
enlargement in all patients regardless of  outcome.14 During
the first week following a burn injury, liver size was signifi-
cantly increased (+185 ± 5%), peaked during the second
postinjury week (+226 ± 19%), and remained significantly
enlarged (+189 ± 10%) at the time of  discharge. Prolonged
alteration of  the hepatic structure was indicated by the con-
tinued increase in predicted liver weight (+140–150%)
even 6, 9, and 12 months postburn. Synthesis of  hepatic
proteins was impaired for at least 12 months following the
burn injury. Based on this study, it was concluded that a
severe burn injury induced significant enlargement of  the
liver concurrent with impaired hepatic protein synthesis.

Mittendorfer et al. determined the contributions of  hepa-
tomegaly and hepatic steatosis to outcomes following a
severe burn in the well-established rodent model.106 Follow-
ing a burn covering 60% TBSA, nutritional manipulation
was used to induce fatty liver in a subset of  rats. Hepato-
megaly and hepatic steatosis were induced by consumption
of  a high-fat diet. If  both hepatomegaly and fatty liver were
present, postburn mortality increased to 40% (compared
with 0% in the control group). Based on these findings, we
concluded that the integrity and function of  the liver were
crucial for survival after a severe burn injury because hepa-
tomegaly, hepatic steatosis, and liver dysfunction were asso-
ciated with increased postburn mortality. Other models
have been used to demonstrate the importance of  liver func-
tion for survival after critical illness.138 In a murine sepsis
model, Deutschman et al. found that IL-6 knockout mice
were more likely to die as opposed to their littermates with
normal IL-6 expression. Hepatic alterations were apparent
in the IL-6 knockout animals following cecal ligation and
puncture. Cholestasis, steatosis, and hepatocellular injury
were not found in the normal mice but were apparent in the
IL-6 knockout animals; liver regeneration was absent in the
septic IL-6 knockout animals, while apparent in the control
group. The investigators demonstrated that IL-6 is a key
regulator of  the pathological changes of  the liver observed
after sepsis. The most interesting finding, however, was the
association of  a three- to fourfold increase in mortality in
animals with hepatic damage or dysfunction.138 Hepatic
failure and concomitant hepatocyte apoptosis have been
linked to the signaling pathway involving Fas and Fas ligand
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hypercalcemia occurs followed by suppression of  parathy-
roid hormone (PTH) secretion and PTH-stimulated renal 
conversion of  25-hydroxyvitamin D to calcitriol (1,25- 
dihydroxyvitamin D). With low Ca intake, the opposite 
occurs.

These mechanisms are likely mediated by the parathyroid 
chief  cell Ca-sensing receptor (CaR). The CaR is a membrane-
bound G protein-coupled protein that may be up- or down-
regulated.3 In patients with CaR downregulation, higher 
circulating Ca is required to suppress PTH production and 
secretion, giving rise to primary hyperparathyroidism.4 In 
patients with CaR upregulation, less circulating Ca is 
needed, leading to hypoparathyroidism.5

Parathyroid hormone normally increases bone resorp-
tion and renal tubular Ca reabsorption to raise serum Ca 
concentrations. Furthermore, it stimulates the renal enzyme 
25-hydroxyvitamin D-1α hydroxylase to convert 25-
hydroxyvitamin D to 1,25-dihydroxyvitamin D or calcitriol. 
Calcitriol then binds to intestinal epithelial cells and 
increases transcellular Ca absorption.

Intravenous (IV) administration of  Ca bypasses the intes-
tinal control mechanism and suppresses PTH and calcitriol 
production.

PHOSPHATE

In contrast to Ca, the intestine plays no significant regulatory 
role in the absorption of  PO4. Approximately 80% of  dietary 
PO4 is absorbed, and the bone stores approximately 90% of  
the body’s PO4. Homeostatic control appears to rest primar-
ily within the kidney.6,7 Thus, the renal excretory rate of  PO4 
primarily regulates serum PO4 concentrations and main-
tains them within a normal range. Fibroblast growth factor 
(FGF)-23 is a key regulator of  PO4 and vitamin D metabo-
lism in humans.8 FGF-23 gene mutations cause autosomal 
dominant hypophosphatemic rickets, a phosphate-wasting 
disorder. FGF-23-mediated renal phosphate wasting occurs 
through downregulation of  the type II sodium–phosphate 
co-transporters NPT2a and NPT2c.8

MAGNESIUM

Approximately 60% of  the body’s Mg is stored in the skel-
eton1 but not at sites where matrix is calcified. Mg absorp-
tion varies with dietary intake, with about 40% of  an 
average daily load being absorbed.1 The relationship 
between Ca and Mg absorption is described as inverse, but 
the mechanism of  this is unclear. Renal excretion is the 
main route of  Mg elimination, and it may vary with Mg 

Metabolic Actions of Calcium,
Phosphate, and Magnesium

As insoluble elements, minerals are major inorganic com-
ponents of  bone tissue and confer weight-bearing proper-
ties to the skeleton. Soluble calcium (Ca), phosphate (PO4),
and magnesium (Mg) play important roles in metabolic
pathways, acting as cofactors and regulators of  numerous
biochemical systems.

CALCIUM

Calcium functions in neurotransmission, cell depolariza-
tion, impulse propagation, and muscle contractility. In
intracellular pathways, after capture by Ca-binding protein
or protein kinase C, Ca serves as a second messenger. In
extracellular metabolism, Ca activates several factors in the
coagulation cascade.1

PHOSPHATE

Phosphate has an integral role in the storage and transfer
of  energy. Inorganic phosphate groups are exchanged in
multiple metabolic reactions that allow energy-demanding
activities in the human body (e.g., adenosine triphosphate
[ATP] metabolism). Phosphorylation reactions represent
the mainstay of  cellular respiration. In the form of  phos-
pholipid, PO4 is a major structural component of  cell
membranes.1

MAGNESIUM

Magnesium is essential to the cell and mitochondria. It is a
cofactor in the transfer of  PO4 groups, and it is necessary in
reactions involving purine nucleotide metabolism.1 Mg also
functions in plasma membrane excitability, stabilizing con-
ditions characterized by abnormal nerve excitation or
vasospasm.

Homeostasis of Calcium,
Phosphate, and Magnesium

CALCIUM

Intestinal efficiency to absorb Ca is inversely related to Ca
intake, varying from 20% to 70%.2 The regulatory mecha-
nism is shown in Fig. 25.1. With high Ca intake, transient
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concentration in serum. A large paracellular pathway for 
the intestinal absorption and secretion of  Mg exists and is 
dependent on luminal Mg concentrations. The Mg ion 
channel, TRPM6, is located in intestinal brush border epi-
thelial cells and may participate in Mg homeostasis in the 
gut. Mg is 70% ultrafiltrable in the serum.1 About 70% of  
filtered Mg is reabsorbed along the cortical afferent limb of  
the loop of  Henle.1 Whereas hypermagnesemia increases 
urinary Mg excretion by activating the renal CaR,9 hypo-
magnesemia increases loop of  Henle Mg reabsorption and 
reduces urinary Mg excretion. Loop diuretics increase 
urinary Mg excretion. Because little distal tubular Mg reab-
sorption occurs, an IV fluid bolus decreases Mg reabsorp-
tion and increases urinary Mg excretion.1

Effect of Burn Injury on Calcium, 
Phosphate, and Magnesium 
Homeostasis

Significant burn injuries trigger a cascade of  effects that 
lead to alterations in the body’s metabolism of  bone and 
minerals. These effects can be thought of  in two distinct 
phases: the inflammatory phase and the subsequent stress 
response, although they occur concurrently. The inflamma-
tory response after burn injury leads to high levels of  cyto-
kines, including interleukin (IL)-1β and IL-6, which 
stimulate the osteocytic and osteoblastic production of  the 
ligand of  the receptor activator of  NFκB (RANKL). RANKL 
stimulates the differentiation of  marrow stem cells into 
osteoclasts, stimulating bone resorption and releasing min-
eralized Ca into the serum.10,11 The concomitant stress 
response is marked by increases in urine free cortisol, which 

is responsible for longer-term alterations in mineral metab-
olism and longer-term bone loss.11

Although the effects of  burn injury on mineral ions are 
not fully understood, studies from the University of  Texas 
Medical Branch and Shriners Hospitals for Children in 
Galveston describe some of  the developments in this area. 
In children with greater than 30% total body surface area 
(TBSA) burns, ionized Ca is, on average, 5% below the lower 
normal limit.12 In addition, serum PTH levels are too low 
for ionized Ca levels, indicating hypoparathyroidism. 
Administration of  a standard amount of  PTH does not 
increase urinary cyclic AMP and PO4 excretion,12 pointing 
to PTH resistance. Mg depletion, encountered in all the 
burn patients studied,12,13 impairs hypocalcemia-induced 
PTH secretion and imparts resistance to PTH infusion. The 
prevalence of  Mg depletion may result from resuscitation of  
patients with IV fluids lacking Mg.12 Aggressive parenteral 
Mg supplementation produces repletion in 50% of  patients. 
However, it does not improve hypoparathyroidism,13 making 
the cause of  postburn hypoparathyroidism unclear. Sheep 
studies revealed that an approximate 50% upregulation of  
parathyroid CaR occurs at 48 hours after burn injury,5 
associated in humans with decreased circulating Ca neces-
sary to suppress PTH secretion.3 The proposed mechanism 
underlying this phenomenon, known as a reduced set point 
for Ca suppression of  PTH secretion, is shown in Fig. 25.2. 
Cytokines, especially IL-1β and IL-6, are highly produced 
after the systemic inflammatory response. These cytokines 
stimulate parathyroid cell production of  CaR in vitro.14-16

The upregulation of  parathyroid CaR decreases PTH 
release, lowering the blood’s ionized Ca concentration.10 
This is believed to represent an effort by the body to modu-
late the duration and intensity of  the inflammatory response 
after burn injury. It has been demonstrated in vitro that 
mononuclear cells in the peripheral blood produce chemo-
kines in response to the medium Ca concentration. Chemo-
kines may then attract more inflammatory cells via the 
production of  Macrophage inflammatory protein 1 alpha 
(MIP-1α) and RANTES. Therefore, it appears that the 
inflammatory response to burn injury increases bone 
resorption via RANKL, which in turn augments the inflam-
matory response, and the CaR pathway may act as a modu-
lator of  this response.10

In a study of  11 adult burn patients, serum concentra-
tions of  PO4 and Mg were low, consistent with abnormali-
ties observed in Ca homeostasis.17 Six patients had low 
serum ionized Ca concentrations, three of  them manifest-
ing hypocalcemia during the first 48 hours after burn. Four 
had hypophosphatemia; this was most prevalent at post-
burn day 7. Five had hypomagnesemia, with this finding 
most likely to present on postburn day 3. One patient dem-
onstrated hypercalcemia and one hyperphosphatemia. No 
patients had hypermagnesemia. Elevated ionized Ca or PO4 
was always transient.

Regarding alterations in bone and mineral metabolism in 
adults, a 2016 study of  32 adult male patients with a 
median TBSA of  40% found significant changes in bone 
turnover markers.18 In the first 7 days after burn injury, 
they found increases in bone-specific alkaline phosphatase 
(ALP), FGF-23, and intact PTH. Serum phosphate also 
increased in this first week postburn. These were accompa-
nied by decreases in 25-OH vitamin D, albumin, and ionized 
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parathyroid CaR by inflammatory cytokines followed by a 
reduction in set point for Ca suppression of  PTH production 
remains the most attractive hypothesis.5,12

Studies of  24 children with massive burns demonstrated 
a low serum concentration of  25-hydroxyvitamin D from 
as early as 14 months after burn23 up to 7 years,24 correlat-
ing with low bone density Z-scores.24 Serum 1,25- 
dihydroxyvitamin D concentrations were normal 2 years 
after injury but were low at 7 years in 50% of  patients.24 
This suggests that these patients became progressively 
vitamin D deficient.24

Possible explanations for postburn hypophosphatemia 
include intracellular PO4 accumulation, inadequate intake, 
excessive excretion (unlikely in view of  documented hypo-
parathyroidism), or loss into the extravascular fluid. In a 
review, Dolecek20 found increased urinary PO4 excretion 
only during the third and fourth weeks after burn in adults, 
but hypophosphatemia occurred earlier. Thus, increased 
urinary PO4 excretion seen later may be more a function of  
increased tissue breakdown and filtered load than of  inap-
propriate or excessive urinary PO4 losses. There is little 
documentation of  inadequate PO4 intake after burns. We 
administer a minimum of  1.6 g PO4 daily in enteral feed-
ings alone.17 What is clear is that the two major hormonal 
facilitators of  phosphate excretion, PTH12 and FGF23,25 
are both suppressed in burns in children during the first 
month postburn, suggesting a hormonal conservation of  
phosphate.

The cause of  sustained hypomagnesemia after burn is 
unknown, although excessive urinary and fecal losses 
occur in adults,20 and excessive losses occur in the burn 
wound.26

Rationale for Therapy

Table 25.1 describes treatments for hypocalcemia and 
hypophosphatemia. Hypocalcemia, especially during the 
resuscitation effort, can potentiate hypokalemia-induced 
abnormalities in cardiac muscle27 and block responsiveness 
to fluid repletion in shock.27 Parenteral Ca during resuscita-
tion does not benefit patients without hypocalcemia28-30 
unless they have hyperkalemia, hypomagnesemia, or Ca 
channel blocker toxicity.31 Similarly, although caution 
should be exercised during massive transfusion with citrate-
containing blood, Ca therapy may not be necessary in nor-
mocalcemic patients and if  hepatic and renal functions are 
minimally impaired. The liver will clear citrate, which may 
transiently chelate Ca at a rate of  1 unit of  blood transfused 
every 5 minutes.32 Treatment should be initiated only when 
clinical and electrocardiographic evidence suggests hypo-
calcemia. Ca infusions should be administered slowly 
because rapid Ca replacement can produce cardiac 
arrhythmias.27,32

Hypophosphatemia may cause tissue hypoxemia due to 
increased hemoglobin affinity for oxygen and decreased 
tissue ATP, metabolic encephalopathy, hemolysis, short-
ened platelet survival, myalgias, weakness, and possible 
impairment of  myocardial contractility.33 Hypomagnese-
mia, or Mg depletion with normal serum Mg, blunts the 
effect of  PTH secreted in response to hypocalcemia on target 
organs and impairs secretion of  PTH itself.1 Mg deficiency 

Ca. In the later phase (weeks 1–8 postburn), they found 
increases in Ca and ionized Ca; intact PTH, FGF-23, and 
phosphate all decreased in this period.18

Hypocalcemia cannot be diagnosed from total serum Ca 
concentration, owing to variability in serum albumin con-
centrations after burn. Blood ionized Ca concentration 
yields a more accurate diagnosis. Several mechanisms may 
underlie hypocalcemia. One is the extracellular–intracellular 
shift of  Ca, supported by Ca accumulation seen in the 
erythrocytes of  a burn patient.19 Another is increased 
urinary Ca excretion, which occurs in burned children and 
is consistent with documented secondary hypoparathyroid-
ism.12 Ca loss in tissue exudates could also contribute to 
hypocalcemia. Although the amount of  Ca in wound exu-
dates is likely insufficient to account for postburn hypocal-
cemia,20 few studies have measured Ca content in burn 
wound exudates.

Although fecal Ca losses can be high in burn patients20 
and burn-induced increases in endogenous corticosteroids 
may impair intestinal Ca absorption,21 no evidence suggests 
that hypocalcemia is caused by corticosteroid-induced 
impairment of  intestinal reabsorption of  Ca secreted into 
the intestinal lumen. Other proposed mechanisms include 
reduced bone turnover.17,22 However, upregulation of  
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patient admissions, and those with creatinine clearance less 
than 50 mL/min developing in the intensive care unit 48 
hours after admission made up about 20% of  admissions. 
Of  the four hypercalcemia cases described, three responded 
to standard doses of  bisphosphonates. The onset of  hyper-
calcemia occurred from 6 weeks to 6 months after injury. 
Much remains to be learned about this complication of  
burn management.

Bone

Silent bone loss may occur for up to 1 year after burn. 
Linear growth and bone remodeling are adversely affected 
by burns. Linear growth at the epiphyses of  the long bones 
usually occurs through cartilage cell proliferation with pro-
duction of  extracellular matrix; these chondrocytes and 
matrix undergo a series of  biochemical changes, leading to 
the formation of  ossification centers. As these centers 
expand, cartilaginous tissue is replaced by bone and a vas-
cular system that allows the delivery of  nutrients, hor-
mones, and growth factors. Growth velocity in children is 
retarded for the first year after a 40% TBSA burn.39 The 
underlying mechanism is unknown, but growth velocity 
does return to normal39 even though long-term stunting 
may result.

The stress and inflammatory response contribute to 
bone turnover abnormalities that lead to bone loss. Urinary 
deoxypyridinoline excretion increases the first week after 
burn.40 Deoxypyridinoline is a marker of  bone resorption or 
one of  the byproducts of  bone collagen type I breakdown. 
Its increase in urine during the first week is because of  a 
three- to eightfold increase in glucocorticoid production41 
and a three- to 100-fold increase in proinflammatory cyto-
kines produced by the systemic inflammatory response.24 
In studies of  sheep after a 40% TBSA burn, bone harvested 
5 days postburn demonstrated an eroded surface and 
decreased Young’s modulus consistent with bone resorp-
tion.42 Both glucocorticoids and inflammatory cytokines 
stimulate bone resorption by increasing osteocyte and 
osteoblast RANKL production.43 Normally, bone resorption 
is coupled to bone formation. In high-turnover situations 
(i.e., both resorption and formation are increased), bone 
loss occurs because after bone is laid down, it takes time 
for it to mineralize properly. Bone will be resorbed more 
quickly than it can allow the type I collagen to crystal-
lize into hydroxyapatite with proper binding sites for Ca  
and PO4.

also causes generalized convulsions, muscle tremors, and 
weakness.1

Treatments for Maintaining 
Mineral Homeostasis

Acute symptomatic hypocalcemia should be treated with IV 
Ca. Adults should receive 90–180 mg of  elemental Ca over 
5–10 minutes to reverse twitching. Infants and children 
should receive 20 mg/kg Ca chloride or 200–500 mg/kg Ca 
gluconate in four divided doses.34,35 Parenteral chloride 
should be used carefully because it may cause phlebitis, 
acidosis, or both. While hypocalcemia is asymptomatic and 
patients can tolerate enteral feeding, milk or infant formula 
can provide as much as 3 g/day of  bioavailable Ca.17 Hypo-
calcemia can occur despite enteral provision of  such large 
Ca quantities, making intermittent parenteral administra-
tion of  Ca salts sometimes necessary. The amounts given 
must be determined individually and may vary significantly 
from patient to patient. Dosing in six of  our patients with 
greater than 40% TBSA burns ranged between 0.9 and 
15 g of  10% Ca gluconate/day over the first 5 weeks after 
burn. Treatments were given, on average, twice daily for 
75% of  the days.

Rickets secondary to PO4 deficiency can be treated with 
20–25 mg/kg elemental PO4 in four divided oral doses per 
day.35 Infants and children with symptomatic hypophos-
phatemia should receive 5–10 mg/kg infused over 6 hours 
and then 15–45 mg/kg infused over 24 hours or until 
serum PO4 exceeds 2.0 mg/dL (0.6 mmol/L).36

Adult patients who tolerate enteral feeding and consume 
an average of  1.6 g/day PO4 should have consumed enough 
to treat asymptomatic hypophosphatemia.17 Prolonged 
hypophosphatemia has not been reported in burn patients; 
however, parenteral supplementation would be necessary 
in such cases. Patients who have signs or symptoms of   
Mg deficiency with serum Mg concentration less than 
1.5 mEq/L (1.8 mg/dL or 0.8 mmol/L) usually require par-
enteral therapy.37

Hypercalcemia and Impaired 
Renal Function After Burns

Hypercalcemia with acute renal failure was reported in the 
May 2010 issue of  Burns.38 Adult patients with serum 
ionized Ca of  1.32 mmol or greater constituted 30% of  

Table 25.1 Treatment Options

Disturbance Decision Point Recommended Treatment

Hypocalcemia Symptomatic Intravenous calcium:
Adults 90–180 mg of elemental calcium over 5–10 minutes
Infants or children: calcium chloride as 20 mg/kg dose or Ca gluconate in a 200–500 mg/kg/dose in 

four divided doses
Asymptomatic Oral calcium carbonate or intravenous calcium gluconate

Hypophosphatemia Symptomatic Infants or children: 5–10 mg/kg infused over 6 hours followed by 15–45 mg/kg given by infusion 
over 24 hours

Asymptomatic Oral administration of 20–25 mg/kg of elemental phosphorus in four divided doses each day.
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tetracycline is administered to children and adults before 
iliac crest bone biopsies, tetracycline uptake is markedly 
reduced, suggesting a reduction in surface osteoblasts and 
functioning of  the surviving osteoblasts.47 Finally, fewer 
markers of  osteoblastic differentiation (a feature of  gluco-
corticoid toxicity) are present in cultured marrow stromal 
cells from iliac crest bone of  burned children than in  
cells from bone of  age- and gender-matched control 
participants.41

Although endogenous glucocorticoids resulting from the 
stress response reduce osteoblast numbers and the differen-
tiation of  marrow stromal cells into osteoblasts, high circu-
lating cytokine levels remain unabated. Therefore, cytokines 
would be expected to continue pushing the differentiation 
of  marrow stem cells into osteoclasts. However, this does 
not occur. In fact, levels of  urinary deoxypyridinoline (a 
bone resorption marker) remain quite low.22 Thus, both 
bone formation and bone resorption fall dramatically in the 
second week after burn, leading to a low-turnover bone 
loss. This condition, known as adynamic bone, results from 
a lack of  osteoblasts to process bone resorption stimuli.

IL-1β14,15 and IL-616 stimulate upregulation of  the para-
thyroid CaR in vitro. Moreover, both inflammation and 
stress produce oxidative stress, leading to a reduction in 
both osteoblastogenesis and osteoclastogenesis.48 Thus, 
although the stress response explains the low-turnover 
acute bone loss after burn injury, the systemic inflamma-
tory response explains upregulation of  the parathyroid CaR 
in both humans and sheep. Parathyroid CaR upregulation 
provides continuous hypoparathyroidism after burn and 
renders the wasted urinary Ca unproductive in repairing 
demineralized bone.

In summary, 1 week after burn injury, the stress and 
inflammatory responses promote bone loss by increasing 
bone resorption and Ca wasting in the urine. By 2 weeks, 
osteoblasts are lost, markedly reducing bone replacement. 
This hypodynamic bone continues to thin, as resorption is 
reduced22 and compensatory bone formation is all but  
shut off.

The silent events triggered by burn injury reduce bone 
density (Fig. 25.5) in the lumbar spine and appendicular 
skeleton (see radiograph in Fig. 25.6). The distribution of  
lumbar spine bone density Z-scores (standard deviation 
score) is shifted to the negative in children with greater than 
40% TBSA burns (see Fig. 25.5) but not in those with less 
than 20% TBSA burns. Thus, more severe burns trigger the 
bone loss mechanisms discussed earlier. Obesity, an epi-
demic affecting children in the developed world, may also 
be implicated as a contributing factor because obese pediat-
ric burn patients (defined as being in greater than the 85th 
percentile of  body mass index [BMI]) had higher loss of  
bone mineral density (BMD) compared with their normal 
BMI counterparts.49 This may be related to increased inflam-
mation because these children also had higher C-reactive 
protein (CRP) levels in the months after burn injury than 
their normal BMI counterparts.49

Burn injury increases the annual extrapolated fracture 
incidence in boys and girls by 100% and 50%, respectively.50 
Thus, burn-induced bone loss increases the risk of  fracture 
later on. Whereas bone remodeling recovers 1 year after 
burn,51 the Z-score for at least lumbar spine BMD does not 
improve.50,51 Given that peak bone mass is reached at 18 to 

Osteoblasts (bone-forming cells) and osteocytes (termi-
nally differentiated osteoblasts acting as mechanotransduc-
ers in the bone matrix) are key parts of  normal coupling. 
They produce RANKL in response to cytokines (especially 
IL-1β and IL-6) and PTH. When stimulated by low serum 
Ca and downregulation of  the parathyroid CaR, PTH 
increases bone resorption by binding to PTH receptors on 
osteoblasts. PTH also increases the number of  osteoblasts 
on bone surfaces in humans44 and animals.45 However, by 
the second week after burn, glucocorticoids cause apoptosis 
of  surface osteoblasts, and we even observe a loss of  the 
ability for stromal cells to show markers of  osteoblast dif-
ferentiation.11,46 This disappearance is apparent in iliac 
crest bone biopsies (compare normal bone in Fig. 25.3 with 
bone at 2 weeks after burn in Fig. 25.4). Similarly, when 

Fig. 25.3 Goldner trichrome stain of an iliac crest bone biopsy of a 
healthy person. The blue-green area represents mineralized bone. The 
red area represents unmineralized osteoid. Spindle-shaped cells from 
the osteoid surface are osteoblasts. 

Fig. 25.4 Goldner trichrome stain of an iliac crest bone biopsy of a 
burned patient. The blue-green area represents mineralized bone. Com-
pared with Fig. 25.3, note that osteoblasts are absent from the osteoid 
surface. 
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than 1 year after injury.23 Moreover, 7-dehydrocholesterol 
levels were significantly lower in burn scar and adjacent 
normal-appearing skin than normal control skin,23 point-
ing to ongoing problems in cholesterol biosynthesis. In the 
previously discussed study of  men after burn injury, they 
found a negative correlation between the modified Vancou-
ver Scar Scale Score and serum vitamin D levels, suggesting 
that more clinically significant scars are also scars that 
affect vitamin D production.52 In general, they found that 
burned patients had lower serum 25-OH vitamin D levels. 
The role of  vitamin D deficiency in failed restoration of  bone 
density is unknown. We found that 6 months after children 
were discharged on a vitamin D2 (400 IU)-containing mul-
tivitamin, all but one of  eight patients had vitamin D insuf-
ficiency.53 In another study, children after burns were 
randomized to placebo, vitamin D2, or vitamin D3 supple-
mentation and monitored for fracture; fewer fractures were 
observed in the vitamin D3 group, suggesting that vitamin 
D3 supplementation may decrease postburn fracture risk.54 
Thus, the vitamin D requirement for children during and 
after burn injury remains unknown.53 A randomized con-
trolled trial (RCT) of  adults with severe thermal burns found 
that two-thirds of  the patients (who were 2–5 years post-
burn) had vitamin D deficiencies and that more than half  
were osteopenic. Supplementing cholecalciferol and 
calcium orally improved serum vitamin D levels and quad-
riceps muscle strength but not BMD.55 Thus, it remains 
unclear in adults as well what the optimal vitamin D supple-
mentation regimen would be to prevent postburn bone loss.

Treatment of Bone Catabolism 
After Severe Burn

Several approaches have been studied to prevent, mitigate, 
or reverse burn-induced bone loss. Daily subcutaneous 
injection of  0.2 mg/kg of  recombinant human growth 
hormone (rhGH) from admission throughout hospitaliza-
tion immediately improves circulating insulin-like growth 
factor-1 (IGF-1) levels but does not raise serum osteocalcin 
levels to normal,56 suggesting that rhGH fails to increase 
bone formation acutely. However, daily subcutaneous injec-
tion of  0.05 mg/kg rhGH for 1 year increases lean body 
mass (LBM) by 9 months after burn and increases lumbar 
spine bone mineral content (BMC), but not BMD, by 1 
year.57 This increased lumbar spine BMC but not bone 
density is notable for three reasons. First, the persistence of  
high glucocorticoid levels during the first year may block 
early efficacy of  rhGH, a glucocorticoid antagonist. Next, 
this finding raises the question as to whether the absence of  
an increase in lumbar spine bone density reflects a failure 
of  rhGH activity. Given that BMD is the quotient of  BMC and 
bone area, an increase in BMC with no change in BMD 
would imply a proportional increase in bone area. Thus, a 
1-year treatment with rhGH increases LBM; increases skel-
etal loading; and creates bigger, more biomechanically 
stable bone. Finally, one might ask whether the effects of  
rhGH on bone are only secondary, resulting from an increase 
in skeletal loading. This question cannot be directly 
answered based on available data. However, Branski et al.58 
recently showed that a 1-year treatment with 0.2 mg/kg/
day rhGH (subcutaneous injection) reduces lumbar spine 

30 years, failure of  bone density to catch up to one’s peers 
places burn victims at risk of  entering adulthood with less 
than peak bone mass and may increase the risk of  early-
onset osteoporosis. In adults as well, we see markers of  
decreased BMD after prolonged follow-up. One study found 
that men with 30% TBSA burns, when tested at least 1 year 
postburn, had decreased femoral neck Z-score and femoral 
neck BMD, as well as bone-specific ALP, relative to non-
burned control participants.52

Another obstacle to bone recovery is progressive vitamin 
D deficiency, which affects burn patients who are not dis-
charged with vitamin D supplementation and related to a 
failure in skin production of  vitamin D.11 Sunlight exposure 
becomes limited because of  heat intolerance due to sweat 
gland destruction, and the burn scar could become hyper-
pigmented. At 14 months postburn, biopsies have demon-
strated that ultraviolet light converts only 25% of  the 
normal quantity of  7-dehydrocholesterol into previtamin 
D3, suggesting that skin is biochemically abnormal more 
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Fig. 25.5 Distribution of lumbar spine bone mineral density (BMD) 
Z-scores of severely burned children compared with a standard distri-
bution curve. Note that the distribution after burn is shifted to the 
negative side. 

Fig. 25.6 Radiograph as an example of burn-induced osteoporosis 1 
year after trauma. 
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communication, possibly a paracrine effect or effect in the 
microenvironment, between bone and muscle.46

Two other promising drugs bear mention. The first is 
recombinant human PTH (rhPTH). Daily subcutaneous 
injection of  rhPTH for 1 year adds new bone in women  
with postmenopausal osteoporosis.63 However, because rat 
studies have demonstrated an increase in osteogenic 
sarcoma,64 the U.S. Food and Drug Administration does not 
allow its use in children. If  this changes, rhPTH would be a 
potentially effective drug for adding bone mass in burned 
children.

Beyond pharmaceutical therapies, recent research also 
points to the possibility of  exercise and other mechanical 
types of  therapy playing a role in the management of  post-
burn bone loss. One study found that exercise, in combina-
tion with whole-body vibration therapy, helped maintain 
truncal BMC in children after burn injury relative to exer-
cise alone.65

Heterotopic Ossification After 
Burn Injury

Another abnormality of  bone and mineral metabolism 
observed after burn injury is the formation of  heterotopic 
ossification (HO). HO is lamellar bone that forms ectopically 
via endochondral ossification. It is frequently seen after 
trauma and burns, as well as after spinal cord or traumatic 
brain injury and after orthopedic surgery. HO after burn 
injury can develop quite quickly even in the initial hospi-
talization. In a study of  the Burn Model System National 
database, they found that the mean age of  patients with 
HO by the time of  discharge was 42.6, the mean TBSA 
was 18.5%, and the population was almost 75% male.66 
The same study found that TBSA and the need for grafting 
of  the arm, head, neck, or trunk were risk factors for the 
development of  HO.66 In another study of  patients from 
high-volume burn centers, they found that 3.5% of  burn 
patients developed HO, almost all of  whom had burns to the 
arms and skin grafting to the arms, with the latter translat-
ing to a 96.4 times higher odds of  developing HO.67 Patients 
with greater than 30% TBSA had 11.5 times higher odds 
of  developing HO. More trips to the operating room and 
more days on the ventilator were also risk factors for HO 
development.67 Interestingly, the prevalence of  HO is low 
among elderly individuals. A recent website was developed 
to allow for further optimization of  HO risk assessment 
(www.spauldingrehab.org/HOburncalculator)

Mouse studies suggest that the mesenchymal stem cells 
of  younger individuals have more bone formation capacity 
than those of  older invidiauls.68 Additionally, younger 
patients are known to mount a more robust inflammatory 
response.

The early detection of  HO is essential to its management 
with regards to how to manage occupational therapy. Addi-
tionally, an early diagnostic modality would allow for better 
directed treatment. Numerous studies have been performed 
to elucidate the optimal imaging modality to detect HO. 
Although plain radiographs and computed tomography 
(CT) are the mainstays of  clinical HO diagnosis, mouse 
studies suggest that whereas near infrared imaging can 
detect HO as early as 5 days after burn injury, CT could 

BMC, increases LBM, and dramatically decreases circulat-
ing PTH. These findings suggest that high-dose rhGH
directly stimulates bone resorption, with secondary sup-
pression of  serum PTH levels. Little evidence supports a
direct effect at moderate rhGH doses.

The disadvantages of  daily rhGH administration for at
least 1 year include the high cost and the need for subcuta-
neous injections, which may reduce compliance. Another
option is long-term use of  the anabolic steroid oxandrolone.
Similar to rhGH, a 0.1-mg/kg dose given orally twice daily
for 1 year produced a rise in LBM succeeded by an increase
in lumbar spine BMC by 3–6 months, increasing skeletal
loading and bone size.59 It is believed to work via IGF stimu-
lation.11 A more recent study has suggested that even longer-
term treatment with oxandrolone may be even more
beneficial.60 An RCT of  children with greater than 30%
TBSA burns randomized participants to placebo or 24
months of  oxandrolone and found that the treatment group
saw increases in whole-body and spine BMC as well as
lumbar spine BMD along with a greater height velocity.
These improvements in bone mineralization were greater
than previous studies of  1 year of  oxandrolone therapy.60

Oxandrolone is not costly and does not require subcutane-
ous injections, but it may produce clitoral hypertrophy.
However, no premature growth plate fusion has been dis-
covered on radiographs, and this clitoromegaly resolves
when the drug is discontinued.

Another drug that has been studied is the bisphospho-
nate pamidronate. The current generation of  nitrogen-
containing bisphosphonates acts by adhering to the bone
matrix, where they are taken up by osteoclasts and interfere
with the cholesterol biosynthesis pathway, ultimately alter-
ing protein binding to the osteoclastic membrane and
inducing apoptosis.61 Bisphosphonates remain in bone for
a prolonged period, raising concerns that they may inter-
fere with growth or bone quality.61 However, most bone
resorption is thought to occur during the first week or two
after burns, when inflammatory cytokines cause significant
resorption of  bone before osteoblast apoptosis. Thus, early
use of  bisphosphonates may prevent acute bone loss.

In a randomized, double-blind study, children with 40%
TBSA or greater burns received 1.5 mg/kg of  pamidronate
intravenously (maximum dose, 90 mg) within 10 days of
the burn and 1 week later. Pamidronate prevented the
reduction in BMC in the lumbar spine and total body after
6 months of  hospitalization.62 By 2 years, BMC in the
placebo group had caught up to that of  the pamidronate
group for the total body but not the lumbar spine.51 This
suggests that pamidronate effectively preserves the axial
skeleton from bone loss and preserves the appendicular
skeleton until bone replacement would otherwise “catch
up.” Pamidronate has glucocorticoid antagonistic proper-
ties similar to those of  rhGH; however, the effects of  pami-
dronate on bone are immediate.

Pamidronate use is not associated with hypocalcemia,
growth delays, or changes in bone histomorphometry.51,62

The next step in evaluating this drug is to determine whether
the fracture rate in pamidronate-treated patients differs
from that in the placebo group and from age- and gender-
matched normal values.50 Furthermore, some evidence
suggests that bisphosphonates preserve muscle protein
after burn, raising the question if  there is some sort of
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hip arthroplasty.80 Prospective trials studying nonsteroidal 
antiinflammatory drugs (NSAIDs) versus radiation in pre-
venting HO have had mixed results, with studies showing 
similar efficacy or slightly more success with radiation than 
with NSAIDs but also noting that radiation is much more 
expensive and that NSAIDs have unwanted gastrointestinal  
side effects.81,82

For burn patients, bisphosphonates have also been used 
as early prophylaxis. However, no RCTs have been per-
formed, and results from noncontrolled studies have had 
mixed results. Future treatments are currently under inves-
tigation including retinoic acid agonists, however, they 
should be approached with caution given their negative 
effect on wound healing. Additional drug development is 
underway to target bone morphogenetic protein receptors 
using kinase inhibitors because they have been shown to be 
effective in several animal studies. Although promising, 
kinase inhibitors also can have off-target effects that may 
impair wound healing and cause further osteopenia.
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VITAMIN D

Vitamin D is a fat-soluble micronutrient that has been 
implicated in a wide array of  physiological systems, includ-
ing skeletal muscle, bone health, cardiovascular health, 
immune system, and lung function. It has been shown to 
reduce inflammatory cytokines and reactive oxygen and 
nitrogen species, as well as attenuate cancer, osteoarthritis, 
schizophrenia, and depression. Notable risk factors for 
decreased vitamin D concentrations include decreased skin 
production, use of  sunscreen, its decreased bioavailability 
and production, liver or kidney dysfunction, malabsorption 
disorders, the use of  cholesterol-lowering agents, and 
increased glucocorticoids.9

Burned children develop a progressive deficiency of  
vitamin D as measured by circulating levels of  25- 
hydroxyvitamin D and 1,25-dihydroxyvitamin D3. This 
result may be confounded by the acute reduction in serum 
vitamin D-binding protein10 and albumin.11 Fourteen 
months post burn, serum 25-hydroxyvitamin D levels are 
low12 and remain low at 2 and 7 years post burn.13 Whereas 
serum levels of  1,25-dihydroxyvitamin D3 are normal at 2 
years, about 50% of  measured values are low at 7 years post 
burn, suggesting a progressive vitamin D deficiency.13

During the acute phase, the standard 200 IU/day is 
insufficient to maintain vitamin D status as shown in a 
Belgian cohort study.14 Failure to provide vitamin D supple-
mentation to burn patients at discharge from hospital may 
contribute to vitamin D deficiency. Fifteen adult burned 
patients were randomized into either a group that received 
quarterly intramuscular injections of  200,000 IU vitamin 
D3 with daily oral calcium or into a placebo group.15 After 
1 year, calcidiol levels significantly increased in the vitamin 
D group. No change in bone health was observed between 
groups, but the vitamin D-treated group showed signifi-
cantly improved quadriceps strength when tested at high 
velocity.15

In 2009, pediatric burned patients discharged from the 
Shriners Hospital for Children in Galveston received daily 
supplementation with a multivitamin containing 400 IU of  
vitamin D2 for 6 months.16 At that time, circulating levels 
of  25-hydroxyvitamin D were still in the insufficient to low 
range, without any improvement in lumbar spine bone 
density. This was further tested in pediatric burned patients 
at the Shriners Hospital for Children in Cincinnati with 
100 IU of  vitamin D3 in a study that showed no significant 
differences in treated or untreated groups.17 Thus the 
amount of  vitamin D supplementation necessary to main-
tain normal circulating levels of  25-hydroxyvitamin D in 
pediatricburned patients is unknown. Chan and Chan cite 
200–400 IU/day as required in healthy, nonburned chil-
dren.18 However there is no evidence supporting that 
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Importance of Vitamins and
Trace Elements

Essential vitamins and trace elements, which are globally
known as “micronutrients,” are fundamental to metabo-
lism; they function as structures of  enzymes or as their
cofactors. Their requirements are influenced by the meta-
bolic state and by increased nutritional needs after major
burns.1 The first publications about elevated vitamin
requirements go back to the 1940s and of  trace elements
to the 1960s.2 Their homeostasis in burn injury is summa-
rized here.

Vitamins

Ascorbic acid (vitamin C), cholecalciferol (vitamin D), and
α-tocopherol (vitamin E) have all been reported as depleted
in burned patients.3,4

VITAMIN C

Vitamin C is not only an essential nutrient involved in many
anabolic pathways and essential for would healing, but it
also scavenges reactive oxygen species and improves micro-
circulatory flow impairment. Low plasma concentrations of
vitamin C are very common in burned pediatric and adult
patients.

Intravenous infusions of  vitamin C have previously been
shown to be beneficial in animal models. Dubick et al.5

infused high doses of  ascorbic acid in an ovine model of
40% total body surface area (TBSA) burn injury, which
significantly reduced resuscitation fluid requirements of
burned sheep after 48 hours. Plasma thiobarbituric acid
reactive substances increased fourfold in sham-burned
sheep; this was prevented by the use of  the vitamin C infu-
sion. Tanaka et al.6 found that, using high-dose vitamin C,
total tissue water content was reduced and negative inter-
stitial fluid hydrostatic pressure was more positive in a
rodent burned model when compared to unburned animals.
Tanaka et al. showed in before-and-after trials that mega-
doses of  ascorbic acid (66 mg/kg/h-1) delivered during the
first 24 hours after injury were associated with a significant
fluid resuscitation requirement reduction and lesser weight
gain,7 suggesting a beneficial role in burn resuscitation.
Randomized trials are still needed. Last, the use of  vitamin
C protected the seminiferous tubules and germ cell loss in
burned rats compared to unburned rats,8 but human data
are not yet available.
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requirement in a burned population, and long-term vitamin 
D supplementation with levels exceeding 400 IU/day may 
be necessary to overcome the postburn deficiency.

Another major factor, however, is the profound change 
in skin structure and quality. Burn scar and adjacent areas 
of  unburned skin can only convert roughly 25% of  its 
7-dehydrocholesterol precursor to vitamin D3 on exposure
to sunlight.12 Moreover, the amount of  7-dehydrocholesterol 
substrate is significantly reduced in both burn scar and 
adjacent unburned skin.12 This indicates that, after burn 
injury, the skin cannot synthesize normal amounts of  
vitamin D regardless of  the amount of  sun exposure 
received. Thus, progressive deficiency in vitamin D will 
result without supplementation.

VITAMIN E

It has been previously shown that adult patients with severe 
burns are characterized by increased free radical activity 
and very low levels of  antioxidants; if  the redox status of  
these patients was not restored, the patients died.19 Vitamin 
E is a fat-soluble antioxidant that scavenges peroxyl radicals 
and prevents the radical-mediated chain reactions of  poly-
unsaturated fatty acids. Recently, it has been shown that 
the tissue storage of  vitamin E in burned children decreases 
by half  as early as 3 weeks after injury.20 Burned patients 
are entering the operating room with consistently low 
vitamin E status, and vitamin E intakes in pediatric burn 
patients are less than their requirements.21,22 Furthermore, 
it has been shown in burned children that a combination 
of  antioxidants (vitamin C, vitamin E, and zinc for 7 days; 
average of  900 IU/day, 400 IU/day, and 7 IU/day, respec-
tively) increased circulating vitamin E and decreased  
malondialdehyde, which is a marker of  oxidative stress.

Mechanistic studies in the ovine model of  burn and 
smoke inhalation using deuterium-labeled vitamin E 
showed that the burn increased depletion of  liver vitamin 
E, suggesting the tissue mobilization of  vitamin E.23 These 
studies suggested that, in addition to depletion of  vitamin E 
from the lung and liver, other tissues were also depleted.23 
Given the hypermetabolic and hypercatabolic state and 
altered lipid metabolism in patients with burn injury, there 
is concern that depletion of  adipose tissue vitamin E may 
reflect a significant level of  oxidative stress, which then can 
cause secondary organ failure.20

The inflammatory response from excess oxidative and 
nitrosative stress in burn injury further impairs the healing 
process. Burned children who were supplemented with 
vitamins E, C, and zinc needed significantly fewer days to 
heal compared to unsupplemented children.24 Increased 
wound healing using the nebulization of  vitamin E in the 
3-week ovine model of  burn and smoke inhalation has also
been demonstrated.25 Furthermore, vitamin E has been 
shown to be beneficial in the treatment of  wounds in a 
variety of  models, including scar formation from acute sur-
gical wounds26 and in rats with skin lesions from 
diabetes.27

VITAMIN K

In a study of  serum vitamin K levels in severely burned pedi-
atric patients, Jenkins reported that 91% of  children studied 

demonstrated low circulating levels in the first month post
burn.28 However, there was no relationship between serum
vitamin K levels and prothrombin time, raising the question
of  clinical significance. It should be noted that osteocalcin,
a gamma-carboxylated protein produced by osteoblasts,
is vitamin K dependent. Osteocalcin is used as a standard
index of  bone formation and also has been shown to stimu-
late pancreatic insulin production and peripheral insulin
sensitivity.29 Circulating osteocalcin is reported to be low in
the first month following burn injury.30 Therefore, the pos-
sibility remains that low circulating vitamin K levels may
contribute to the reduction in serum osteocalcin and hence
to postburn insulin resistance and the reduction of  bone
formation.

Trace Elements

Facts about trace elements have been consolidated during
the past decades. Among them, copper (Cu), iron (Fe), sele-
nium (Se), and zinc (Zn) are involved in antioxidant and
innate and adaptive immune defenses, and deficiencies
largely contribute to the classical complications observed
after major burns, such as persistent inflammatory state,
multiorgan failure, and sepsis. Table 26.1 summarizes some
of  these specific alternations. Major burns differ from other
trauma and critically ill patients by the magnitude of  the
changes and their mechanisms. Here, we address the
changes affecting the blood compartment, exudative and
urinary losses, their role in inflammation and antioxidant
defenses, and, finally, some considerations about lesser-
known and sometimes toxic trace elements.

BLOOD CONCENTRATIONS

Low blood concentrations (serum and plasma) of  several
trace elements in burn patients have been repeatedly
reported since the 1970s31–33 and support recommen-
dations to determine and monitor blood levels after
major burns and to orient repletion in cases of  evident
deficit.

Copper: Very low levels of  Cu have been shown repeat-
edly in this category of  patients. The circulating concen-
trations vary inversely with the size of  burns.34,35 This
observation supports the diagnosis of  deficiency because
Cu and ceruloplasmin (Cp) usually increase during an
inflammatory response, with Cp being upregulated by
interleukin-1, but this increase does not occur in major
burns. Further wound treatment is often carried out with
silver products (silver-sulfadiazine and silver-containing
hydrofiber dressings): silver penetrates in the body and
antagonizes Cu, contributing to its decrease along with
Cp.36 It is important to note that Cu and Fe metabolism are
tightly linked.37

Selenium: Blood levels of  Se decrease very early after
major burns due first to an inflammatory redistribution and
then aggravated by large exudative losses. Se remains low
for several weeks. This is associated with a nearly immediate
depression of  the activity of  plasma glutathione peroxidase
(GPX-3) (see later discussion).

Zinc: Blood Zn levels decrease within the first hours after
major burns38 and remain very low for weeks, also as the
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Lausanne Lab confirm that serum levels are above reference 
levels in adults and Al is detected in the exudates.42

EXUDATIVE AND URINARY LOSSES

In healthy subjects, trace elements are lost through urine 
(Se mainly) or feces (Cu, Fe, Zn), with extremely little being 
lost to sweat. Increased losses were suspected to occur after 
burns but have been difficult to measure precisely until 
recently.

Copper: In studies done urinary losses were shown to be 
above normal in the 1980s,32,46 being particularly observed 
during parenteral nutrition, although excreted amounts 
were lesser than the infused quantities. The main losses of  
Cu have been shown to occur through exudates during the 
open wound phase after major burns: such losses occur 
similarly in children.47

Selenium: A 1984 study showed that urinary excretion of  
Se was decreased,48 reflecting a deficiency status, with Se 
being retained. This deficit was explained by significant 
cutaneous losses, shown in the frame of  a balance study.49 
These findings have been confirmed recently.42

Zinc: Urinary losses of  Zn are initially above normal50 as 
in other major trauma but then decrease. Significant losses 
occur through exudates, reaching about 10% of  body 
content during the first week.51

Iron: Recently, a study investigating a large palette of  
trace elements showed that, in patients with 27% TBSA 
burns, Fe was lost in large amounts with exsudates even in 
the absence of  active bleeding.42

It is important to note that, along with these four elements, 
other trace elements are also lost but do not seem to con-
tribute to clinically detectable alterations. Magnesium and 
phosphorus losses are substantial and sufficient to explain 
the high requirements during the early phase of  burns.52

result of  the inflammatory redistribution associated with 
inflammation39–41 and accompanying high losses.

Iron: After major burns, ferremia decreases nearly imme-
diately and remains low for prolonged periods:37 after the 
first week, other mechanisms will maintain the low ferre-
mia, the principal being hemorrhage during surgery, but 
also exudative losses.42

Chromium: Animal studies43 show that chromium (Cr) 
concentrations decrease in the liver of  burned rats, becom-
ing nondetectable after a few days and in muscle very early 
on and for several days. Simultaneously, urinary Cr losses 
increase. The changes in Cr concentrations were associ-
ated in animals with an early hyperglycemia, hyperinsu-
linemia, and increased secretion of  stress hormones. Data 
from diabetic patients and patients on parenteral nutri-
tion show that chromium deficiency contributes to insulin 
resistance. Preliminary human data from the Lausanne 
lab show that Cr is lost in exudates, along with molyb-
denum and manganese:42 clinical significance must be  
confirmed.

Aluminum: The impact of  aluminum (Al) remains 
debated; investigations are few but indicate potential serious 
consequences on bone metabolism. Large Al intakes from 
albumin were a problem for several years.44 Al loading has 
been reported in at least one population of  burned adults,10 
but no additional reports show Al uptake by either bone or 
liver. In pediatric patients suffering severe burns, aurin tri-
carboxylic staining of  bone biopsies for Al accumulation at 
the bone surface have been negative.11 The Al contamina-
tion of  parenteral products has not been seriously addressed 
since the U.S. Food and Drug Administration (FDA) recom-
mendation in 1986,45 and because there is no real treat-
ment in case of  toxicity, suspicion should be maintained 
and blood levels checked in cases of  neurological and bone 
pain, particularly in children. Preliminary data from the 

Table 26.1 Micronutrient requirements and specific burn needs during the acute period (>10% TBSA)

Vit A
(IU)

Vit D
(IU)

Vit E
(IU)

Vit C
(mg)

Vit K
(mcg)

Folate
(mcg)

Cu
(mg)

Fe
(mg)

Se
(mcg)

Zn
(mg)

AGES 0–13 YEARS

Nonburned 1300–2000 600 6–16 15–50 2–60 65–300 0.2–0.7 0.3–8 15–40 2–8

Burned 2500–5000 NRE† NRE† 250–500 NRE 1,000* 0.8–2.8 NRE 60–140 12.5–25

AGES ≥13 YEARS

Nonburned 2000–3000 600 23 75–90 75–120 300–400 0.9 8–18 40–60 8–11

Burned 10,000 NRE† NRE† 1,000 NRE 1,000* 4.0 NRE 300–500 25–40

Conversion based on the following: 1 µg of vitamin A = 3.33 IU of vitamin A; 1 µg of calciferol = 40 IU vitamin D; 1 mg of α-tocopherol = 1.5 IU of vitamin E.
NRE, no recommendations established.
*Administered Monday, Wednesday, and Friday.
†Pending Clinical Trial
Sources: Dietary reference intakes for calcium, phosphorus, magnesium, vitamin D, and fluoride (1977); dietary reference intakes for thiamin, riboflavin, niacin, 

vitamin B6, folate, vitamin B12, pantothenic acid, biotin, and choline (1988); dietary reference intakes for vitamin C, vitamin E, selenium, and carotenoids 
(2000); dietary reference intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium, 
and zinc (2001); and dietary reference intakes for calcium and vitamin D (2010). These reports may be accessed at http://www.nap.edu. Berger MM, Shenkin 
A. J Trace Elem Med Biol. 2007;21(Suppl 1):44–48. Braga M, Ljungqvist O, Soeters P, Fearon K, Weimann A, Bozzetti F. Clin Nutr. Aug 2009;28(4): 378–386;
Singer P, Berger MM, Van den Berghe G, et al. Clin Nutr. Aug 2009;28(4):387–400; Berger MM, Eggimann P, Heyland DK, et al. Crit Care 2006;10(6):R153; Berger 
MM, Baines M, Raffoul W, et al. Am J Clin Nutr. May 2007;85(5):1293–1300; Berger MM, Binnert C, Chiolero RL, et al. Am J Clin Nutr. May 2007;85(5):1301–1306.
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Low Se blood concentrations may be corrected by doses in 
the magnitude of  10 times RDA.59 Intravenous therapy 
beginning the day of  injury and combining Cu 3–4 mg/day, 
Se 300–400 mcg/day, and Zn 30–40 mg/day resulted in 
restoration of  low but within-normal ranges of  the three 
elements in 5–10 days and was associated with normaliza-
tion of  the activity of  GPX3. The doses required in major 
burns are indeed higher than what can be delivered by the 
enteral route or that are required in parenteral nutrition. A 
recent study of  exudates shows that there is a retention of  
the Cu, Se, and Zn in the body.42 The just-listed adult 
doses59,60 were adapted to children (normalized by body 
surface area) and also achieved restoration of  blood values 
within reference range.61 The clinical results of  interven-
tion trials delivering higher doses of  trace elements are 
numerous: attenuation of  oxidative stress;24,62 improved 
wound healing (better graft take) probably by means of  a 
modulation of  protein metabolism;63 improved immunity 
and reduced infectious complications, especially pulmo-
nary;64 and shortened length of  stay.59

Conclusion

Burn injury is marked by a reduction in plasma levels of  
most vitamins and trace elements, which are redistrib-
uted mainly to the liver and kidney in order to maximize 
the antioxidant and anabolic response to injury. Antioxi-
dant supplementation appears to have beneficial effects 
on both morbidity and mortality. While nutritional and 
antioxidant requirements of  vitamins and trace elements 
are increased above RDA during the acute hypermetabolic 
phase of  major burn injury, the duration and magnitude 
of  the increased needs in the postburn state remain to be  
determined.

Complete references available online at 
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ROLE OF TRACE ELEMENTS IN INFLAMMATION 
AND ANTIOXIDANT DEFENSES

The inflammation that starts nearly immediately after burn 
injury has a major impact on circulating trace elements. 
Already in the 1970s, in a study of  rats with 20% TBSA, 
Van Rij et al.39 showed that 65Zn was rapidly taken up by 
liver, spleen, kidney, and wound, with a decrease in the 
brain, muscles, and bone: this type of  redistribution would 
later be called inflammatory-mediated redistribution of  micro-
nutrients because it also affects Se and Fe. This type of  redis-
tribution pattern has been confirmed by several authors.40,41

Cu and Zn with Se are linked in cytosolic defense against 
reactive nitrogen and oxygen species:53 iron adds to the 
complexity because it is also essential for immunity. In 
superoxide dismutase (SOD), Cu and Zn play major roles, 
enabling electron transfer. The plasma activity of  SOD is 
decreased after major burns.41 Furthermore, Cp plays a role 
as neutralizer of  ferrous entities. Se is mainly active through 
the antioxidant family of  glutathione peroxidase enzymes, 
which depend on Se for activity, but also through the large 
family of  selenoproteins. Plasma GPX3 levels are the first to 
change, decreasing within hours after burn injury.51 The 
redistribution of  these trace elements to other compart-
ments reduces their availability as first-line antioxidant 
defenses. Se depletion before the injury worsens the antioxi-
dant defense, as shown in burned rats:54 in animals made 
Se deficient, a nearly immediate Se supplementation did not 
restore their antioxidant defenses after burn.

Antioxidant and immune defenses are tightly coupled, 
and Cu, Se, and Zn modulate both the innate and adaptive 
immune response through their availability.55 In particular, 
Zn deficiency will alter the activity of  monocytes, polymor-
phonuclear, natural killer, B, and T cells: the latter are par-
ticularly susceptible to changes in Zn status.55 Cu-dependent 
Cp is an acute-phase reactant protein that converts ferrous 
iron to its less reactive ferric form to facilitate binding to 
ferritin: its ferroxidase activity is important to iron han-
dling. As recently demonstrated,37 a low Cp favors oxidative 
reactions. Low Fe levels and inflammation are tightly asso-
ciated, as recently shown by Dubick et al.37 The body has 
developed strong defense mechanisms, including Cp, 
against this essential but potentially toxic trace element.56

TRACE ELEMENT THERAPY

In the late 1970s, combined Cu and Zn repletion was 
attempted in burned children by the enteral route57 but 
failed to restore satisfactory blood levels due to the competi-
tion existing between Cu and Zn for absorption at the intes-
tinal level. An animal study showed that a multi-trace 
element supply was required to achieve mucosal and carcass 
weight gains.58 Successful treatment of  deficiency requires 
the intravenous route, as shown by randomized studies. 
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in other disease states and in certain experimental animal 
models, but the extent of  their contributions to the post-
burn decrease in serum phosphorus has not been critically 
evaluated and is, at present, undefined.

STRESS RESPONSE

In the early postburn period, the classic “fight or flight” 
response occurs, with elevation of  plasma catecholamines, 
glucose, glucagon, and cortisol. Exogenous epinephrine 
administration has been associated with the development 
of  hypophosphatemia, and the profound catecholamine 
release accompanying thermal injury may contribute to the 
early decrease in serum phosphorus. The mechanism by 
which this occurs is uncertain but may be a consequence 
of  the accompanying hyperglycemia, resulting in a redistri-
bution of  phosphorus from the extracellular to the intracel-
lular compartment (see the later section on metabolic 
support). In acute clinical states of  glucagon excess, tubular 
reabsorption of  phosphate is impaired in both the proximal 
and distal nephron, leading one to expect renal phosphate 
wastage.7 Because urinary excretion of  phosphate is usually 
decreased in the early postinjury period, the importance of  
hyperglucagonemia remains uncertain. Administration of  
pharmacologic doses of  glucocorticoids enhances phospho-
rus excretion and impairs phosphate absorption by the gut 
and reabsorption by the kidney. Whether the adrenocortical 
response significantly contributes to the hypophosphatemia 
after burn injury is not known.

RESUSCITATION AND TOPICAL THERAPY

Administration of  large doses of  sodium lactate for initial 
burn resuscitation may decrease the serum phosphorus 
concentration by several mechanisms.8 Lactate is converted 
to glucose in the liver, a process requiring high-energy 
phosphate availability. Additionally, although it does not 
usually occur clinically, metabolic alkalosis induced by 
lactate infusion may result in depression of  serum phospho-
rus concentration. Alkalosis is associated with an increase 
in glycolysis that promotes transfer of  phosphorus to the 
intracellular space. During resuscitation, alkalemia is 
uncommon, and patients are more likely to manifest a mild 
metabolic acidosis, which is compensated by hyperventila-
tion, resulting in a normal or mildly alkaline blood pH. Aci-
dosis markedly inhibits renal phosphate reabsorption, 
resulting in phosphaturia. The contribution of  this mecha-
nism to postburn hypophosphatemia is probably minor; 
early renal phosphate wastage is not observed, perhaps 
being obscured by diminished glomerular filtration early in 
burn injury. In addition, the p-carboxy metabolite of  
mafenide acetate strongly inhibits carbonic anhydrase. 
Such inhibition diminishes proximal tubular reabsorption 

Certain humoral and metabolic responses to thermal and
mechanical trauma that maintain homeostasis and prevent
cellular dysfunction also produce alterations in electrolyte
balance. An example is renal retention of  sodium during
the resuscitative phase of  burn injury, which alters sodium
balance in the course of  preserving intravascular volume.
Despite the markedly increased cardiac output and renal
plasma flow that occur in the subsequent flow phase, a
decrease in blood volume persists and results in sustained
elevation of  plasma renin activity, secretion of  antidiuretic
hormone, and sodium retention.1 Conversely, the severe
hypophosphatemia that often follows major injury occurs
concomitantly with a 50–100% increase in resting energy
expenditure, leading to a possible deficiency in the high-
energy phosphate compounds essential for cellular metabo-
lism. Thermal injury induces a precipitous decrease in
serum phosphate concentration that reaches its nadir
between the second and fifth postburn days. This phenom-
enon has been recognized for quite some time2 and was
recently confirmed by the authors in a large series of  burn
patients.3 Despite aggressive phosphorus supplementation,
normal levels of  serum phosphorus are rarely reached
before the 10th postburn day (Fig. 27.1). Of  550 patients
studied, 175 had serum phosphorus concentrations below
2.0 mg/dL, and of  these, 49 were below 1.0 mg/dL, with
the lower limit of  normal serum phosphorus being 3.0 mg/
dL. Such hypophosphatemia is not exclusive to thermal
injury, having been described after multiple trauma,4 head
injury,5 and elective surgery.6 The exact mechanism by
which thermal injury or severe stress induces hypophos-
phatemia is unknown. Several events associated with burn
injury, however, affect phosphorus metabolism, and these
may combine to produce hypophosphatemia.

Etiology of Postburn
Hypophosphatemia

Many of  the pathophysiological changes and therapeutic
interventions that occur during the first postburn week
influence serum phosphorus concentration (Box 27.1).
Hypophosphatemia does not necessarily imply phosphorus
depletion; in the case of  burn injury, most patients are
healthy before injury and presumably have normal phos-
phorus stores. Nor do simple calculations of  phosphate
balance explain the dramatic decrease in serum levels;
simultaneous reduction of  urinary phosphate excretion is
observed, suggesting an extrarenal mechanism. The frac-
tional excretion of  phosphate, however, increases during
the early period of  diuresis after burn injury (postburn days
2–4), potentially contributing to the decline in serum levels.
The pathophysiological events and therapeutic interven-
tions discussed here are associated with hypophosphatemia
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of  phosphate and probably occurs after topical burn wound 
treatment with mafenide, but the magnitude of  the effect is 
unknown.

Expansion of  the extracellular fluid volume is also associ-
ated with inhibition of  proximal tubular phosphate reab-
sorption. A tight coupling exists between sodium and 
phosphate transport across the renal epithelial cell. In 
patients with burns, mobilization and excretion of  the large 
edema volume usually begins by the second postburn day 
and continues throughout the next week to 10 days. In 
contrast to the relative paucity of  phosphate excretion 
during the first 24 hours after injury, when glomerular fil-
tration is markedly reduced, a modest loss of  phosphate 
may occur with diuresis of  the edema fluid. In fact, the 
diuretic phase is associated with an increase in the frac-
tional excretion of  phosphate despite a concomitant reduc-
tion in the serum phosphate concentration.9 Phosphorus 

excretion during the natriuretic phase of  early burn injury 
is consistent with the tight coupling observed in other 
diuretic states.

ULCER PROPHYLAXIS

Effective prophylaxis against Curling’s ulcers with H2 antag-
onists and antacid buffering has been a mainstay of  burn 
care for the past 2 decades. Significant degrees of  hypophos-
phatemia and phosphate depletion occur during continu-
ous or chronic administration of  phosphate-binding agents 
containing magnesium, calcium, and aluminum. These 
agents bind not only dietary phosphate but also phosphate 
secreted into the intestinal lumen, often resulting in a net 
negative phosphate balance. The severity of  such hypo-
phosphatemia clearly depends on the dose of  phosphate-
binding agents, dietary phosphorus intake, and preexisting 
phosphate balance. To reduce alimentary scavenging of  
dietary and secreted phosphate, buffering with antacids 
containing aluminum phosphate salts (Al2PO4), which do 
not bind any additional phosphate, may be used. Sucralfate, 
which is also effective in preventing upper gastrointestinal 
stress ulceration after thermal injury, is not a buffering 
agent, but as a complex salt of  aluminum hydroxide, is 
capable of  binding phosphate. Its administration has also 
been associated with the development of  hypophosphate-
mia in critically ill patients.10

HYPERVENTILATION

Respiratory alkalosis is often present during the first week 
postburn and may be enhanced by anxiety or pain and even 
by the inhibition of  carbonic anhydrase induced by mafenide 
acetate burn cream. As fluid resuscitation progresses, the 
respiratory rate and tidal volume progressively increase, 
resulting in minute ventilation that may be twice normal. 
Mild hyperventilation induces only a slight decline of  serum 
phosphorus levels; prolonged, intense hyperventilation, 
however, may result in serum phosphorus values less than 
1.0 mg/dL.11 During respiratory alkalosis, phosphorus vir-
tually disappears from the urine, eliminating renal losses as 
the causative mechanism. Respiratory alkalosis induces a 
rapid movement of  carbon dioxide from the intracellular to 
the extracellular space. Intracellular pH increases, activat-
ing glycolysis and increasing the formation of  intracellular 
phosphorylated carbohydrate compounds. The readily dif-
fusible inorganic phosphate pool supplies the required phos-
phorus, and serum phosphorus concentrations consequently 
fall abruptly. The extent to which this mechanism contrib-
utes to postburn hypophosphatemia is uncertain.

METABOLIC SUPPORT

Administration of  carbohydrates may play a major role in 
the development of  postburn hypophosphatemia. Infusion 
of  glucose solutions or oral intake of  carbohydrates pro-
duces mild hypophosphatemia in healthy individuals. This 
decrease in serum phosphate is associated with an increase 
of  inorganic phosphate, adenosine triphosphate (ATP), and 
glucose 6-phosphate in muscle cells. The mechanism by 
which such carbohydrate administration induces hypo-
phosphatemia is somewhat speculative. Experience with 
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Fig. 27.1 Serum phosphorus levels abruptly decline with a nadir 
between postburn days 2 and 5. The data were obtained from 550 
consecutive burn patients admitted to the U.S. Army Institute of Surgi-
cal Research. 

Box 27.1 Possible Causes of Postburn 
Hypophosphatemia

Fluid resuscitation

■ Volume loading
■ Lactate administration

Carbohydrate administration

■ Enteral alimentation
■ Parenteral hyperalimentation
■ 5% dextrose

Elevated catecholamines
Phosphate-binding antacids or sucralfate
Acid–base disturbance
Electrolyte imbalance

■ Hypokalemia
■ Hypomagnesemia
■ Hypocalcemia

Carbonic anhydrase inhibition (mafenide acetate)
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burn wound surface is a potential source of  unquantified 
phosphorus loss and may contribute to hypophosphate-
mia.16 In a comparison between burn patients and trau-
matically injured patients, it was shown that urinary 
phosphorus clearance, fractional excretion of  phosphorus, 
and renal threshold phosphate concentrations were not dif-
ferent between the two groups; however, persistent hypo-
phosphatemia persisted in the thermally injured patients. 
This may further implicate the wound as a source of  early 
phosphorus loss.17

ACUTE-PHASE RESPONSE AND SEPSIS

Burn injury is characterized by an abrupt increase in acute-
phase proteins as patients enter the hypermetabolic phase 
of  burn injury. These same responses are similar to those 
observed in the sepsis syndrome. Recently, the development 
of  hypophosphatemia has been characterized in patients 
with the acute-phase response syndrome.17 Similar findings 
have been documented in patients with sepsis and infection, 
and correlation to increase in levels of  cytokines such as 
tumor necrosis factor alpha and interleukin-6 has been 
made.18 Similar findings were observed in patients with a 
variety of  infectious diseases, and correlation of  high levels 
of  C-reactive protein and white blood cell (WBC) count  
was made with the magnitude of  hypophosphatemia.19 
Although these reports did not include burn-injured 
patients, one may infer that activation of  the inflammatory 
cascades such as occurs in major thermal injury may con-
tribute to the development of  hypophosphatemia.

OTHER ELECTROLYTES

Disorders of  electrolyte balance may contribute to the 
development of  hypophosphatemia. Experimental magne-
sium deficiency in animals may lead to phosphaturia and 
phosphorus deficiency, but intentional magnesium defi-
ciency in man results in no change or a slight rise in serum 
phosphate.20,21 In individuals with chronic alcoholism, 
however, hypomagnesemia and hypophosphatemia are 
coexistent. Hypokalemia, which is also exacerbated by mag-
nesium deficiency, may result in phosphate wasting and 
hypophosphatemia. The mechanism is uncertain but may 
be related to coexistent metabolic alkalosis, diuretic use, or 
the underlying illness. Changes in calcium and phosphate 
homeostasis and in the regulating hormones calcitonin and 
parathyroid hormone (PTH) have been described after 
thermal injury.22 Coincident with the early depression of  
serum phosphorus, the fraction of  ionized calcium was 
shown to decrease and remain low, but within the normal 
range, for the 14 postburn days studied. Urinary calcium 
output was low, about 4.5 mmol/day, and urinary phos-
phate output was as high as 30 mmol/day despite a low 
serum phosphorus level. Serum calcitonin levels were sig-
nificantly elevated for up to 2 weeks postinjury, but PTH 
remained within the normal range. The magnitude of  the 
contribution of  the classic regulating hormones of  calcium 
and phosphorus homeostasis to the observed decrease in 
serum phosphorus after severe injury is not known with 
certainty. Catecholamines and glucagon are known to 
induce an increase in calcitonin secretion, and the admin-
istration of  pharmacologic doses of  calcitonin results in 

phosphate-deficient total parenteral nutrition and subse-
quent development of  hypophosphatemia has provided
some insight into the etiology.12,13 As carbohydrates are
absorbed, insulin secretion increases, shifting phosphorus
from the extracellular to the intracellular space. If  phos-
phate reserve is low, ATP is poorly regenerated because
hypophosphatemia inhibits glucose 3-phosphate dehydro-
genase. Inorganic phosphates in the intracellular pool
become further diminished because of  incorporation, ini-
tially as newly synthesized ATP, but eventually as triose
phosphates when the ATP is consumed in the hexokinase
reaction. Glucose utilization by red blood cells (RBCs)
requires ATP at the hexokinase and phosphofructokinase
steps, but regeneration of  ATP does not occur during phos-
phate deficiency or acute hypophosphatemia because of  a
block at the glucose 3-phosphate dehydrogenase step. In
states of  phosphate depletion, the scant phosphate that
enters the RBC is incorporated into 1,3-diphosphoglycerate,
but most is diverted to 2,3-diphosphoglycerate (2,3-DPG),
also preventing complete glycolysis to regain the ATP
consumed.

In thermally injured patients, infusion of  dextrose-
containing solutions usually begins 24 hours postburn,
and enteral nutrition, in which most of  the calories are
supplied as carbohydrates, is initiated within several days of
injury. These interventions are temporally correlated with
the rapid descent of  serum phosphorus concentrations. In
other clinical states, severe hypophosphatemia after the ini-
tiation of  enteral or parenteral nutrition is most commonly
associated with the feeding of  patients with advanced
protein-calorie malnutrition. When total body phosphorus
is depleted by starvation, serum phosphorus levels usually
remain normal, but carbohydrate administration produces
a rapid marked decline in serum phosphorus concentration.
If  untreated, this may result in multisystem organ dysfunc-
tion, respiratory and cardiac failure, or death. Thermally
injured patients are usually well nourished before burn
injury, and the clinical scenario of  refeeding hypophospha-
temia may not apply to them. Similar findings, however,
have been described recently in previously well-nourished
surgical intensive care unit patients in whom the initiation
of  isotonic enteral feedings resulted in a decrease of  serum
phosphorus from normal levels to approximately 1 mg/dL,
a level that is considered to be dangerously low and to
require prompt supplementation.14,15 In addition, the
authors have reported that hypophosphatemia in thermally
injured patients is exacerbated by the initiation of  enteral
feeding and occurs regardless of  the postburn day when
feeding is initiated.3 This further reduction of  serum phos-
phorus during the first postburn week, when levels are
already low, may be particularly hazardous and speaks for
aggressive phosphorus supplementation before and during
the initiation of  enteral alimentation.

BURN WOUND PHYSIOLOGY

In patients recovering from thermal injury, the burn wound
itself  may act as a significant phosphorus sink. Despite the
overall catabolism accompanying major injury and loss of
lean body mass, healing burn wounds and skin grafts are
anabolic and require phosphorus for normal repair. In addi-
tion, the continued loss of  fluid and protein through the
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observation and laboratory studies in circumstances in 
which hypophosphatemia occurred as a relatively isolated 
event. Phosphorus supplementation has been reported to 
reverse these abnormalities, suggesting a cause-and-effect 
relationship. Hypofunction of  organ systems associated 
with phosphorus depletion has been attributed to a lack of  
available inorganic phosphate for synthesis of  high-energy 
phosphorus compounds; breakdown of  stored ATP occurs, 
and the inorganic phosphate is diverted to other intracel-
lular pathways. Organ system dysfunction after thermal 
injury is characterized by early hypofunction and later 
hyperfunction of  most organ systems. Whether hypophos-
phatemia contributes significantly to the early postburn 
depression of  function that occurs in multiple organs is not 
known. Clearly, some of  the clinical manifestations shown 
in Box 27.2 are commonly observed in thermally injured 
patients, but others are not usually associated with such 
injury. Most patients reported to have had complications of  
hypophosphatemia have also had a coexistent and severe 
illness. It is important to remember that prior cellular injury 
has been prerequisite in most instances in which hypophos-
phatemia has been implicated as a cause of  organ system 
dysfunction. The following discussions of  organ system 
abnormalities should be interpreted in light of  the specific 
circumstances under which the observations were made.

CARDIAC DYSFUNCTION

Although the early depression of  cardiac function after 
burn injury has been attributed to an initial decrease in 
circulating blood volume, the search for intrinsic myocar-
dial depression after burn injury and for mediators of  such 
depression continues. In experimental studies and in clini-
cal material, a correlation between hypophosphatemia and 
cardiac decompensation has been reported. Cardiac output, 
measured by bolus thermodilution, was impaired in seven 
critically ill patients with hypophosphatemia and improved 
significantly with phosphorus supplementation.4 In one 
experimental study, myocardial contractility was impaired 
by phosphorus deficiency and reversed by phosphorus 
repletion, suggesting that phosphorus deficiency may be a 
cause of  heart failure in certain clinical conditions.23 Hypo-
phosphatemic cardiac depression has been described as 
occurring in 28.8% of  surgical intensive care patients.24 
Despite these reports, there appears to be little evidence that 
hypophosphatemic cardiomyopathy is a frequently encoun-
tered clinical entity; most patients in whom this mechanism 
is invoked have already had a number of  other causes for 
myocardial dysfunction.25

NEUROMUSCULAR DYSFUNCTION

Varying degrees of  areflexic paralysis, paresthesias, sensory 
loss, weakness, and respiratory insufficiency have been 
reported to be associated with acute hypophosphatemia, 
usually induced with feeding malnourished patients.12 A 
reduction in available ATP to support respiratory muscle 
contraction has been suggested as a mechanism for acute 
respiratory failure, and diaphragmatic contractility has 
been reported to improve with phosphorus repletion in 
mechanically ventilated hypophosphatemic patients.26 Pro-
found generalized muscle weakness associated with  

phosphaturia. A direct effect of  calcitonin on phosphate 
transport in the nephron has been demonstrated. In these 
burn patients, it was notable that ionized calcium decreased 
slightly but still within the normal range despite very high 
levels of  calcitonin and normal PTH concentrations. A 
slight, although statistically significant, increase in PTH 
was observed around the fourth postburn day and may be 
related, albeit indirectly through calcium regulation, to  
the observed postburn decrease in serum phosphorus 
concentration.

SUMMARY

Clearly, multiple factors influence the serum phosphorus 
level after burn injury. Fluid resuscitation and subsequent 
mobilization of  interstitial edema fluids, catecholamine 
excess, respiratory alkalosis, the use of  phosphate-binding 
antacids or sucralfate, hypokalemia, hypomagnesemia, and 
the initiation of  enteral nutrition have all been associated 
with hypophosphatemia in other illnesses and experimental 
models. All or most of  these factors may be encountered in 
the early treatment of  burn patients, and the contribution 
and relative importance of  individual factors to the depres-
sion of  serum phosphorus is difficult to analyze. Most likely, 
carbohydrate administration, respiratory alkalosis, and 
diuresis of  edema fluid are the more important etiologic 
factors contributing to hypophosphatemia in the early post-
burn course.

Consequences of 
Hypophosphatemia

The clinical manifestations of  hypophosphatemia (Box 
27.2) are mainly those of  organ system hypofunction. 
These responses have been defined through clinical 

Box 27.2 Clinical Manifestations of 
Hypophosphatemia

Central nervous system

■ Lethargy, malaise, neuropathy, seizures, coma

Cardiovascular

■ Impaired cardiovascular contractility
■ Decreased response to pressor agents
■ Hypotension
■ Acute cardiac decompensation

Pulmonary

■ Tachypnea
■ Decreased vital capacity
■ Respiratory failure

Gastrointestinal

■ Anorexia, dysphagia

Renal

■ Glycosuria, calciuria, magnesuria, renal tubular acidosis

Musculoskeletal

■ Weakness, myalgia, arthralgia, rhabdomyolysis
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relationship between these specific abnormalities and those 
observed in either the hypodynamic or hyperdynamic 
phases of  burn injury remains unclear. Clinical experience 
dictates that even when severe hypophosphatemia is 
avoided, the scenario of  early organ system hypofunction 
and later hyperfunction persists. This is not to say that the 
marked hypophosphatemia observed after burn injury is 
part and parcel of  the disease process, without bearing on 
the postburn physiological response but that thus far, the 
pathophysiological milieu after thermal injury has not per-
mitted definition of  the contribution of  hypophosphatemia 
to the overall postburn response. Until cause-and-effect 
relationships are defined through ongoing research, aggres-
sive phosphorus repletion should be approached cautiously 
after thermal injury. Such therapy does, however, clearly 
ameliorate RBC 2,3-DPG depletion, which, in and of  itself, 
supports treatment.

Prevention and Treatment of 
Hypophosphatemia

An unequivocal recommendation to treat hypophosphate-
mia in thermally injured patients should be supported by 
evidence that the treatment is of  benefit. Such evidence is 
somewhat lacking in thermally injured patients, but in 
many analogous instances of  hypophosphatemia from 
other causes, a direct benefit has been ascribed to 
repletion.

Serum phosphorus levels should be measured daily 
during the early phase of  burn care and intravenous phos-
phate repletion initiated when levels drop below 2.0 mg/dL 
(Fig. 27.2). Most of  the severe adverse effects of  hypophos-
phatemia occur with concentrations below 1.0 mg/dL, and 
this replacement strategy should prevent the development 
of  clinically significant hypophosphatemia. Correction of  
severe hypophosphatemia with serum phosphorus levels 
less than 1.0 mg/dL requires intravenous replacement, 
usually with solutions of  sodium or potassium phosphate 
containing 0.16 mmol/kg body weight (5 mg/kg body 
weight) of  elemental phosphorus over 6 hours. The dose 
may be halved for patients with serum phosphorus levels 
between 1.0 and 2.0 mg/dL.36 After completion of  the infu-
sion, a repeat serum phosphorus determination should be 
obtained, and further treatment should be based on the 
postinfusion plasma concentration. A potential hazard 
associated with intravenous administration of  phosphate 
salts is hyperphosphatemia, which may induce metastatic 
deposition of  calcium phosphate salts and hypocalcemia. 
Additionally, when potassium phosphate salts are used, 
care must be taken to avoid excessive or too rapid adminis-
tration of  potassium. Phosphorus replacement should be 
carefully monitored; proceed with great caution in patients 
with impaired renal function or evidence of  soft tissue 
injury or necrosis.

Prevention of  hypophosphatemia may be facilitated by 
beginning oral phosphorus replacement before interven-
tions such as the initiation of  either enteral or parenteral 
carbohydrate administration, gastric acid neutralization 
with phosphate-binding antacids or sucralfate, and the 
administration of  diuretics. The nadir of  serum phosphorus 

isolated phosphorus depletion has been observed in both
clinical and laboratory studies.27,28 In a study of  hypophos-
phatemia and muscle phosphate metabolism in patients
with burns or mechanical trauma, no direct correlation
was demonstrated between the serum phosphorus concen-
tration and the high-energy phosphate content of  muscle
cells; all of  these patients, however, were receiving phos-
phorus supplementation during the study.29 If  acute hypo-
phosphatemia is superimposed on preexisting cellular
injury, potentially reversible muscle cell dysfunction may
extend to irreversible necrosis.30 Several authors have
reported severe rhabdomyolysis associated with severe
hypophosphatemia after burns and major trauma.31,32 This
spectacular clinical event is rare but may occur to a lesser,
subclinical, extent in critically ill patients.30,33 Hypophos-
phatemia as the underlying etiology may often be dismissed
because muscle cell destruction results in release of  phos-
phate and elevation of  serum phosphorus. In the absence
of  significant hemochromogenuria, the diagnosis may not
even be suspected. Further investigation is required to
determine whether this “asymptomatic” rhabdomyolysis is,
in fact, an important clinical entity or merely an obligate
manifestation of  critical illness.

HEMATOLOGIC DYSFUNCTION

When untreated, severe hypophosphatemia may lead to
RBC dysfunction by alterations in cell shape, survival, and
physiological function. Lack of  high-energy phosphate
results in a decrease in erythrocyte 2,3-DPG and subse-
quent leftward shift of  the dissociation curve, with a conse-
quent risk of  tissue hypoxia.7 Clinical hypophosphatemia,
with or without previous phosphate depletion, results in
reduced production of  2,3-DPG, erythrocyte ATP, and other
phosphorylated intermediates of  RBC glycolysis. In a variety
of  experimental and clinical situations, including burn
injury and mechanical trauma, RBC 2,3-DPG has been
shown to be reduced in the presence of  hypophosphate-
mia.34,35 In thermally injured patients, it has been demon-
strated that postburn disturbance of  RBC phosphate
metabolism may be prevented by administration of  phos-
phorus in the early postburn course.35 Hypophosphatemia
has also been associated with decreased RBC survival
and decreased RBC deformability, with impaired capillary
transit and the potential for further deficiency of  tissue
oxygenation.

White blood cell dysfunction also has been observed as a
result of  hypophosphatemia induced by the initiation of
phosphate-free parenteral nutrition and was associated
with depressed chemotactic, phagocytic, and bactericidal
activity of  granulocytes.35 A reduction in granulocyte ATP
content was also documented and amelioration of  these
WBC abnormalities was coincident with phosphorus reple-
tion. Any correlation between these observations and an
increased risk of  infection remains speculative for hypo-
phosphatemic patients in general and burn patients in
particular.

SUMMARY

Although it is clear that organ system dysfunction may be
a manifestation of  severe untreated hypophosphatemia, the
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cardiac and infectious complications were seen in the treat-
ment group; however, the authors suggested that these 
findings needed further study.

After the 10th postburn day, the phosphorus delivered in 
standard liquid enteral formulas and hospital diets is usually 
sufficient to maintain serum phosphorus levels above 
3.0 mg/dL.

SUMMARY

Thermal injury induces a precipitous decrease in serum 
phosphate concentration that reaches its nadir between the 
second and fifth postburn days. This phenomenon has been 
recognized for some time, but interest in the problem has 
been limited. The organ system dysfunctions induced by 
hypophosphatemia are in many ways similar to certain of  
the pathophysiological changes observed after burn injury. 
The contribution of  hypophosphatemia to these manifesta-
tions remains undefined. Wound fluid losses, increased  
circulating catecholamines, intracellular phosphate redis-
tribution, and increased fractional excretion of  urinary 
phosphate, as well as iatrogenic induction of  hypophospha-
temia through various therapeutic interventions, have 
been implicated as contributing to postburn hypophospha-
temia. There may be other pathways regarding phosphorus 

concentration typically occurs between 3 and 5 days post-
burn, during the period of  edema mobilization, and the 
need to initiate phosphorus supplementation should 
be anticipated in this interval. Additionally, to temper 
the gastrointestinal losses caused by administration of  
phosphate-binding antacids, substitution of  or alternation 
with antacids containing aluminum phosphate should be 
considered.

For mild asymptomatic hypophosphatemia and for pro-
phylaxis when worsening of  hypophosphatemia is expected, 
oral supplementation with any of  several available formula-
tions is recommended. Such oral regimens have been shown 
to be cost-effective.37 Five milliliters of  Phospho-Soda, con-
taining 4.2 mmol/mL of  elemental phosphorus, is com-
monly administered three times daily. Correction of  other 
electrolyte abnormalities, most notably hypomagnesemia, 
hypocalcemia, and hypokalemia, as well as maintenance of  
acid–base normality, may prevent further renal phosphate 
losses and maintain the extracellular phosphate pool. In a 
recent publication by Kahn et al., continuous, preemptive 
repletion of  phosphate by continuous infusion prevented 
hypophosphatemia after severe burn injury when com-
pared with responsive repletion in historical control partici-
pants.38 The protocol resulted in less hypophosphatemia 
without increasing the risk of  hyperphosphatemia. Fewer 

Monitor serum phosphorus daily*

Phosphorus <2.0 mg/dL

IV therapy indicated

Phosphorus 2.0–3.0 mg/dL

PO therapy indicated

Phosphorus <1.0 mg/dL

0.16 mmol/kg body
weight of elemental
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Na salt) infused over 6 h

0.08 mmol/kg body
weight of elemental
phosphorus (K or

Na salt) infused over 6 h
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to guide further replacement

Identify and address potential
contributing factors

Phosphorus 1.0–2.0 mg/dL
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(e.g., Phospho-Soda
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Fig. 27.2 The use of this algorithm permits prompt detection and timely correction of hypophosphatemia after burn injury. IV, Intravenous; PO, oral; 
tid, three times a day. 
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novel physiologic state—a state of  prolonged acute injury 
for which there is no adapted evolutionary response. In 
this state, powerfully adaptive responses to immediate 
stress become maladaptive when sustained for a timeline 
well beyond those encountered in the evolutionary context  
(Fig. 28.1).

The hypermetabolic response to stress is particularly 
exaggerated in thermal injuries. The severity of  the cata
bolic response to burn injury cannot be overemphasized. 
Decades of  clinical and animal research have demonstrated 
with increasing depth and detail the ways in which burn 
injury profoundly alters the host organism’s metabolism to 
upregulate catabolic processes and inhibit anabolic pro
cesses. The net result is a substantial net loss of  lean body 
weight with a distinctly exaggerated effect on protein stores. 
The pathophysiology of  this protein wasting is notable for 
a diverse array of  endocrine and metabolic factors from the 
cellular to the organismal level (Fig. 28.2).1–3

Adrenal hyperactivity in burn patients was well docu
mented more than 50 years ago, with massive surges in 
serum and urinary catecholamine levels seen within hours 
of  burn. Inappropriate catecholamine and cortisol produc
tion has since been found to persist for weeks to months 
following massive burns, with end organ effects reach
ing the metabolic, cardiovascular, musculoskeletal, and 
immune systems.4–8 A sustained surge of  catecholamines 
and inflammatory cytokines, along with massive wounds 
and profound dysregulation of  thermal homeostasis, all 
combine and interact to yield enormous increases in resting 
energy expenditure.

Distorted thermal regulation plays a significant role in 
the increase in resting energy expenditures seen in burn 
patients. Destruction of  a large portion of  the primary 
thermoregulatory organ, the skin, leads to an ongoing 
drain of  body heat via decreased insulation and the facili
tation of  evaporative heat loss. The primary central hyper
thermia associated with the burn response compounds 
this energy drain. Alterations in thalamic temperature 
setpoint, catecholamineinduced hypermetabolism, and 
shunting of  mitochondrial energy to heatproducing path
ways all drive the hyperthermia seen within 24 h of  burn 
injury. As Wilmore and Pruitt et al. described in 1974, 
“Burn patients are internally warm, not [just] externally 
cold.” Thus, the burn patient’s metabolism is taxed with 
the challenge of  generating sufficient heat to maintain 
a higher body temperature with less heatconserving  
resources.8

Introduction

The massive burn is as much a metabolic insult as it is 
a tissue injury. Clearly resultant tissue defects represent 
the critical factor in longterm functional complications 
from massive burns. In the acute phase of  burn care, a 
persistent, overwhelming metabolic response to thermal 
injury compromises the functional integrity of  virtually 
every organ system. This response compromises wound 
healing capacity and the integrity of  the body’s defense  
mechanisms.

The massive burn represents a metabolic “double hit,” a
nutritional challenge of  both supply and demand for the
injured patient. The burn wound creates drastically
increased demand for anabolic metabolism for wound
healing while simultaneously triggering a systemic cata
bolic state. The resulting mismatch between high anabolic
demand and negative anabolic supply (catabolism) leads to
a profound state of  functional malnutrition which, in turn,
facilitates rapid debilitation and immunosuppression that
place patients at profound risk for infectious complications.
Addressing these nutritional challenges is thus critical to
effective care for the burn patient.

Metabolic Pathology Associated
With Burn Injury

Following all forms of  major trauma, inflammatory and
hormonal responses are activated and greatly influence
metabolic pathways and mechanisms. Nutrient intake,
absorption, and substrate assimilation are all affected
during the different stages of  the stress response. Nutrient
requirements will increase but become more difficult to
predict, and enteral or parenteral feeding will often be nec
essary to meet vastly increased nutritional requirements.

The physiologic response to trauma leads to activation
of  an array of  processes, many of  which increase immedi
ate energy availability as part of  the evolved flightorflight
response. It is an evolved response to stress that assists the
organism in overcoming a transient stress. However there
is no adaptive response to the kind of  sustained stress state
seen with massive burns because these injuries were not
survivable prior to the development of  modern medicine.
By supporting patients through what would otherwise be
nonsurvivable states, modern medical care has created a
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Nutritional Demand and 
Substrate Metabolism in 
Burn Patients

INCREASED TOTAL CALORIC DEMAND

Thermal injury triggers a marked increase in global energy 
expenditure, driven by a maelstrom of  catecholamines, 
corticosteroids, and inflammatory cytokines.2,9 In an earlier 
era of  burn care—prior to the advent of  early excision, 
pharmacologic interventions for hypermetabolism, and 
modern critical care—measurements of  energy expendi
ture in patients with large burns were reported to range 

from 1.5 to 2.5 times those found in nonburn controls. 
While modern burn care has made significant progress in 
countering this hypermetabolic response, contemporary 
studies still report an average resting energy expenditure 
from 1.3 to 1.5 times those found in nonburn controls.10–12

SUBSTRATE-SPECIFIC REQUIREMENTS

See Fig. 28.3 for a simplified overview of  the metabolic 
pathways involved in massive burn trauma.

Carbohydrates

The acute metabolic response to burn injury significantly 
alters carbohydrate metabolism and demands. Glucose/
carbohydrate metabolism presents the burn physician with 
a rather vexing conundrum. On the one hand, failure to 
provide adequate carbohydrates results in additional com
pensatory protein catabolism.13,14 And yet, on the other 
hand, the human body has a finite capacity for glucose 
oxidation. Multiple studies have demonstrated a limit to the 
amount of  carbohydrate calories a burn patient can 
assimilate—approximately 5 g/kg per day in adult and 7 g/
kg per day in children.15,16 Providing glucose in excess of  
these limits will thus result in increasing hyperglycemia 
with resultant lactic acidosis (Fig. 28.4).

Unfortunately, with the enormous global energy expen
diture of  the massive burn patients, even a diet with a rea
sonably low percentage of  carbohydratebased calories can 
yield total carbohydrate loads well in excess of  these limits 
when titrated up to meet full caloric requirements. Unfor
tunately administration of  carbohydrates in excess of  the 
patient’s capacity for glucose oxidation will only result in 
increasing degrees of  hyperglycemia, glucosuria, and 
hypertriglyceridemia. In such cases, the patient’s nutri
tional demands simply reach a point where they exceed that 
patient’s metabolic capacity.

Guidelines typically recommend providing 50–60% of  
calories as carbohydrates in the setting of  trauma or burn 
injury.17–19 However these same guidelines also recommend 
that total carbohydrate provisions not exceed 5 g/kg per 
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this dilemma is to start by titrating enteral formula delivery 
up to a rate that delivers 5–7 g/kg per day of  carbohydrates 
and then provide all further calories in the form of  protein 
supplementation.

Fats

While lipids are unquestionably critical to effective basic 
homeostasis and wound healing, the amount of  fat required 
to prevent essential fatty acid deficiency is remarkably small 
in patients with intact fat stores. Excess fat administration, 
on the other hand, can cause significant harm. The hyper
metabolic response to thermal trauma upregulates lipolysis 
of  circulating lipids. This surfeit of  circulating free fatty 
acids is countered by increased hepatic esterification, with 
close to 70% of  the free fatty acids accumulating in the liver. 
To minimize hepatic steatosis, the percentage of  dietary 
calories from fat should be limited and carefully monitored. 
Multiple studies have demonstrated improved outcomes 
with lower fat nutrition therapy in burn patients.21–23 Fat 
content should make up 3–15% of  total calories. Patients 
receiving total parenteral nutrition (TPN) for a short period 
of  time (e.g., less than 10–14 days) can generally be spared 
lipid infusion. In those requiring sustained TPN, 0.5–1 g/kg 
one to two times per week is sufficient. It should be noted 
that nondietary fat calories need to be taken into consider
ations as well: for example 1% propofol solution carries a 
proportional fat load equivalent to that found in a 10% 
intralipid emulsion.

It should be noted that the preceding discussion of  the 
role of  fat alimentation in nutritional therapy reflects a lit
erature that largely predates the application of  alternative 

day (or 7 g/kg per day in children). Unfortunately provid
ing 50–60% of  calories as carbohydrate in the context of  
a nutritional therapy that meets the appropriately calcu
lated total caloric needs of  a burn patient will often result 
in doses of  carbohydrates well in excess of  these recom
mended limits.11,12,16,18–20 There is no simple, clinically 
vetted solution to this challenge. A reasonable approach to 
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ENTERAL NUTRITION

Benefits of Enteral Nutrition

In addition to serving as a means for systemic delivery of  
nutrients, enteral nutrition (EN) performs a critical func
tion in supporting the alimentary tract itself. Enteral feeds 
provide direct highconcentration nutrients (e.g., gluta
mine, alanine), stimulate enteric blood flow, maintain 
barrier function by preserving tightjunction integrity, and 
induce production and release of  mucosal immunoglobulin 
and critical endogenous growth factors. These functions are 
not replaced with parenteral nutrition (PN).35 After dietary 
ingestion, polysaccharides such as fiber and starch undergo 
bacterial fermentation in the colonic lumen. Bacterial fer
mentation provides two functions crucial to intestinal 
health: (1) it supports the normal flora of  the gut lumen, 
which in turn prevents colonization and subsequent infec
tion (e.g., Clostridium difficile) and (2) it produces acetoac
etate, propionate, and butyrate (a shortchain fatty acid). 
Butyrate appears to be the preferred fuel of  colonic mucosa 
cells and is therefore essential for mucosal integrity. Both 
animal and human studies show that the presence of  
enteral feeds (in addition to or in place of  PN) is associated 
with increased mucosal mass, mucosal oxygenation, brush
border enzyme synthesis, and villus height when compared 
to PN alone.35,36 Clinically enteral feeding has frequently 
been found to associate with improved clinical outcomes 
both in terms of  gastrointestinal and total patient morbidity 
and mortality.

Initiation of Feeds

Early Initiation. Copious data support the safety and 
benefit of  initiating EN early in the context of  traumatic 
injury and in burns specifically.37,38 In both clinical and 
animal studies of  thermal injury and shock, early EN has 
consistently been shown to result in improved survival and 
function of  the enteric mucosa and decreased bacterial 
translocation. Perhaps most importantly, early enteral 
feeding represents one of  the most effective means of  meta
bolic modulation in thermal injury, with a significant blunt
ing of  the catabolic response to thermal injury associated 
with early feeding protocols.39–46

Full feeds should not be delivered in the setting of  marked 
hemodynamic instability and/or highdose vasopressor 
requirements because this runs the risk of  inducing or exac
erbating nonobstructive mesenteric ischemia. However 
complete EN can be delivered safely to patients on low to 
moderate doses of  vasopressors with stable or decreasing 
vasopressor requirements.1,17,47

In patients without hemodynamic compromise, feeding 
should be initiated rapidly. While the traditional practice 
has long been to gradually titrate enteric feeds up to a goal 
rate over time, there is reason to suspect that a more aggres
sive approach may be warranted. Pilot studies have sug
gested that restarting feeds immediately and at fullgoal 
postoperatively (rather than titrating) is well tolerated in 
burn patients undergoing excision and grafting. The 
approach of  gradually restarting feeds results in significant 
calorie deficits accumulating over the course of  care. In 
patients still in the midst of  resuscitation, though, foregoing 
the process of  gradually increased feeding rates may 
increase the rates of  gastric ileus.48,49

fat sources (e.g., fish oil, olive oil, borage oil, etc.). In the
United States, the current standard of  care for both enteral
and parenteral fat administration features significant com
ponents of  fats that have been shown to encourage inflam
mation, most notably omega6 fatty acids. Alternative fat
sources have become the standard of  care in Europe and are
anticipated to receive U.S. Food and Drug Administration
(FDA) approval in this country shortly. While there are still
insufficient data to declare these alternatives superior to the
standard of  care, there is certainly sufficient evidence to
warrant future study. As our understanding of  the unique
advantages and disadvantages of  different fat sources
matures, a reexamination of  the role of  fat alimentation in
burn nutrition is sure to come due.24

Protein

Proteolysis is the metabolic hallmark of  the hypermetabolic
response to thermal injury. As much as 150 g of  skeletal
muscle is lost per day in the absence of  adequate nutritional
support.6 If  not attenuated, ongoing systemic proteolysis
leads to immune dysfunction and retarded wound healing.
Protein requirements of  1.5–2 g/kg per day in burned
adults and 2.5–4 g/kg per day in burned children is well
accepted in clinical practice. Unfortunately there are limits
to the rate of  effective protein assimilation as well. Increas
ing protein intake above these values will often increase
urea load and azotemia, with limited additional impact on
muscle wasting.25–27

Amino acids alanine, arginine, and glutamine play a key
role in wound healing in burn patients. Glutamine plays
an important role in the function of  enterocytes and lym
phocytes, and low plasma glutamine concentrations have
been associated with increased bowel permeability and
increased rates of  infection. Copious studies in animal
models of  trauma and shock have shown distinct roles
for these particular amino acids in recovering enteral and
immunologic competence.28 Glutamine supplementation
and other “immunotrition” formulas featuring these key
amino acids have been associated with decreased incidents
of  infection, shorter hospital stays, and decreased mortal
ity in the setting of  traumatic injury.29–31 While the appro
priateness and even safety of  glutamine supplementation
has recently been called into question by the results of  a
large, international randomized controlled trial in critically
ill patients, showing an increased mortality risk in patients
randomized to receive highdose parenteral glutamine sup
plements, how these results should be interpreted remains
in question (Fig. 28.5). (See further discussion in the section
on formulas.)

Nutritional Support

In the face of  the metabolic storm associated with acute
burn injuries, provision of  effective nutritional support is
critical to wound healing, avoidance of  complications and,
ultimately, survival. Failure to provide sufficient calories
superimposes starvation over a state of  hypercatabolism,
resulting in devastating loss of  lean body mass and deple
tion of  the proteinenergy pool available to meet the press
ing needs of  wound healing, mucosal integrity, and basic
immunologic defenses.30,32–34
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can be quite helpful in boosting total proteincaloric  
input.

Enteral Access for Feeding

Burn victims, particularly those suffering from larger burns, 
frequently prove incapable of  eating sufficient quantities to 
meet their nutritional needs. Direct enteral feeding (“tube 
feeding”) is the route of  choice to supplement or replace 
oral intake.

Either gastric or smallbowel access tubes can be used for 
delivering EN. Gastric feeding access allows for direct 
(trophic) feeding of  the gastric mucosa. In the immediate 
postburn phase of  resuscitation, though, gastric dysmotil
ity can present quite early in response to burn injury and 
pose significant risk for aspiration and (particularly in chil
dren) vagally mediated cardiac events. As such, we recom
mend placement of  a venting naso or orogastrostomy tube 
for the duration of  initial resuscitation.

The same dysmotility effect does not tend to manifest 
in the small bowel as rapidly or as profoundly as in the 
stomach. Feeding using a nasojejunal tube advanced past 
the ligament of  Treitz can be initiated within 6 hours fol
lowing injury and may help in preempting the onset of  

DELIVERING ENTERAL FEEDS

PO Feeding

For the conscious patient with an intact appetite and swal
lowing function, direct oral intake is the preferred feeding 
modality. When prescribing a patient an oral diet, it is essen
tial that the physician continuously monitor for adequate 
intake. In the acute surgical setting, patients may fail to take 
in adequate calories due to decreased appetite, depressed 
mental status, pain, or any other practical obstacle to 
eating. Should a patient consistently fail to meet estimated 
caloric needs with a PO diet, consideration should be given 
to supplemental feeds via nasoenteric tube.

In those patients continuing to take food orally, careful 
monitoring should be maintained to ensure appropriate 
nutrition. Left unchecked, patients may frequently under
eat or take in a disproportionate amount of  calories as 
sugar or fat. A simple nutritional journal listing all foods 
and liquids consumed should be maintained by the nursing 
staff, patient, and/or family throughout the day, and dietary 
adjustments can be encouraged as needed. In patients 
attempting to meet all needs orally (and thus avoid the need 
for an enteric access tube), supplemental “protein shakes” 
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omega3 fatty acids decrease the production of  inflamma
tory eicosanoids, cytokines, and adhesion molecules. This 
occurs directly by replacing arachidonic acid as an eico
sanoid substrate, inhibiting arachidonic acid metabolism, 
and giving rise to antiinflammatory resolvins. The indi
rect effect occurs through the modulation of  transcription 
factors that regulate the expression of  inflammatory genes. 
Omega3 polyunsaturated fatty acids are potentially useful 
antiinflammatory agents and may be beneficial for patients 
at risk of  acute and chronic inflammatory conditions  
(Table 28.2).54

Immuneenhancing formulas consist of  nutritional com
ponents enriched with arginine, glutamine, nucleotides, 
and omega3 fatty acids. Although most formulations are 
hyperosmolar at full strength, dilution by 25% to 50% to 
make isotonic and hypotonic formulas, respectively, is ini
tially preferred to minimize the possibility of  diarrhea from 
excess osmotic load and to facilitate absorption.

A myriad of  clinical trials of  immunoenhancing nutri
tional therapies over the past 5–10 years have yielded con
flicting results ranging from great promise early on to 
disappointing and even concerning results from more 
recent trials. Most troublesome, the REDOX trial, which 
examined the impact of  glutamine supplementation in a 
large, heterogeneous population of  critically ill patients, 
found that patients receiving glutamine supplementation 
had no benefit but, rather, an actual increase in mortality 
as compared to those subjects treated with standard of  care. 
Naturally this finding has greatly dampened enthusiasm for 
glutamine supplementation and immunonutrition in 
general.

While application in broader patient populations was dis
appointing, studies limited to major trauma and burn 
patients show a more consistent benefit. It is thus quite 
possible that glutamine supplementation and immunonu
trition can still benefit certain subsets of  critically injured 
patients, including those with massive burns.29,55–59 Studies 
of  serum glutamine levels in broad populations of  critically 
ill patients suggest that not all are deficient. Thus the advan
tage of  immunonutrient supplements may be greater in 
populations with a greater risk for deficiency—i.e., premor
bidly malnourished patients or acutely catabolic trauma 
and burn patients.60–65 Finally posthoc analysis of  the 
redox data suggested that the majority of  the mortality risk 
associated with glutamine supplementation could be attrib
uted to those patients already in multiorgan or renal failure 
prior to initiation of  treatment. It is therefore quite possible 
that glutamine supplementation could prove particularly 
beneficial should a different set of  exclusion criteria be 
applied. Clearly there is significant work to be done before 
the precise role of  immunonutrient supplementation is 
made clear.

PARENTERAL NUTRITION

For decades, the criticalcare literature has emphasized the 
significant morbidity and even mortality risks associated 
with the use of  PN. This emphasis on the risks of  PN has 
led to the widespread dogma that the beneficial impact of  
PN can outweigh its risks only when applied to patients 
who are otherwise facing prolonged total starvation. More 
recent reassessments of  PN suggest that the risk profile of  

starvationassociated ileus. This approach also allows con
tinuous feeding during surgeries and physical therapy ses
sions. It should be noted that some authorities recommend
attempting gastric feeds before resorting to postpyloric
feeding, reasoning that gastric feeds may minimize the risk
of  gastric ileus associated with severe injury.

Nasojejunal feeding may be preferable in some settings
because it does not need to be stopped prior to surgery to
prevent aspiration. Contrary to the previously postulated
protective effect of  the pyloric sphincter, the largest ran
domized controlled trial and most recent metaanalysis of
earlier studies indicate that nasogastric and nasojejunal
feeds are associated with comparable rates of  pneumonia.50

In the past it was thought that monitoring residual
stomach volumes via gastric tubes prevented aspiration
pneumonia by (1) serving as a marker of  enteric feed intol
erance and (2) alerting the clinician to gastric distension so
that feeds can be held to avert impending reflux and/or
aspiration. Recently large, multiinstitutional clinical trials
have shown that larger gastric residual volumes do not
actually predict aspiration, and forgoing gastric residual
monitoring altogether did not increase the incidence of
pneumonia.51–53 In both studies, increasing or eliminating
the gastric residual volume threshold led to significantly
improved nutritional intakes.

DIET COMPOSITION AND ENTERAL
FEED FORMULAS

Numerous enteral formulations are available and can be
classified according to their composition. Standard formu
las are sterile, nutritionally complete, and intended for
patients with a normal GI tract who cannot ingest adequate
nutrients and calories by regular oral diets. Modular formu
las consist of  a singular macronutrient as a source of  calo
ries (e.g., fiber, protein) and are generally used by mixing
with standard or specialty formulas (Table 28.1).

In a subset of  distinctly hypermetabolic patients, the use
of  highsugar, highprotein diets consisting of  3% fat, 82%
carbohydrate, and 15% protein stimulates protein synthe
sis, increases endogenous insulin production, and improves
lean body mass accretion.13

Muscle protein degradation is markedly decreased with
the administration of  a highcarbohydrate diet compared
with fatcontaining diets. Endogenous insulin concentra
tion is increased, improving the net balance of  skeletal
muscle protein by decreasing protein breakdown. (See the
previous discussion on “substratespecific requirements”
for further discussion of  the impact of  augmenting various
nutritional components.)

Immunonutrition

As noted earlier, immune dysfunction represents one of
the most critical complications of  malnutrition in burn
patients. Specific nutrients, including arginine, omega3
polyunsaturated fatty acids, glutamine, and nucleotides,
have been shown to modulate the host response in animal
and clinical experiments, with potential improvements in
immune function. Clinically arginine supplementation is
intended to support T lymphocytes and provides a substrate
for the generation of  nitric oxide. Inclusion of  nucleotides
nonspecifically enhances immune competence. Longchain
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significantly mitigated these risks. Multiple large trials have 
evaluated the use of  PN as a supplement to rather than 
replacement for EN, with variable results. Large multiinsti
tutional clinical trials in broader populations of  critically ill 
patients have found that the use of  PN as a supplement to 
EN or as a replacement for EN (i.e., TPN) no longer worsens 
outcomes even in patients able to tolerate EN. Perhaps most 

PN has declined significantly over the past 20 years in the 
setting of  improving efficacy of  contemporary critical care 
practices.66–69

Although PN undoubtedly involves significant risks and 
morbidity, there is reason to believe that recent advances in 
critical care (e.g., improved glycemic control practices, 
increased evidence of  infection control techniques) have 

Table 28.1 Composition of Various Enteral Nutrition Formulations

Formula kcal/mL
CHO, g/L  
(% Calories)

PRO, g/L  
(% Calories)

FAT, g/L (% 
Calories)

Osmolality 
(mOsm/L) Comments

STANDARD

Similac 0.67 72 (43) 15 (8) 36 (49) Infant nutrition

Enfamil 0.67 73 (44) 14 (8) 35 (48) Infant nutrition

Isomil 0.67 68 (41) 18 (10) 37 (49) Infant nutrition, lactose-free, used in cow protein allergy

Isosource HN 1.2 160 (53) 53 (18) 39 (29) 490 High nitrogen

Ensure Plus 1.5 208 (57) 54 (15) 46 (28) 680 Concentrated calories

Pediasure Enteral 1.0 133 (53) 30 (12) 40 (35) 335 For ages 1–13 years, with fiber, not easily digestible

Jevity 1 Cal 1.06 155 (54) 44 (17) 35 (29) 300 Isotonic nutrition with fiber

Boost Kid Essential 1.0 135 (54) 30 (12) 38 (34) 550–600 Oral or tube feeding

Boost HP 1.0 137 (55) 62 (24) 25 (21) 650 Oral or tube feeding, high protein

Promote 1.0 130 (52) 62 (25) 26 (23) 340 High protein, oral or tube feeding

Promote w/Fiber 1.0 138 (50) 62 (25) 28 (25) 380 Very high protein, oral or tube feeding

Nutren 1.0 1.0 127 (51) 40 (16) 38 (33) 370 With fiber, decreases diarrhea

IMMUNE-ENHANCING

Crucial 1.5 89 (36) 63 (25) 45 (39) 490 With ARG, critical illness, major surgery, transitional feedings, 
hydrolyzed protein

Impact 1.0 130 (53) 56 (22) 28 (25) 375 With ARG, GLN, and fiber

Impact GLN 1.3 150 (46) 78 (24) 43 (30) 630 Immunonutrition, GLN, ARG, omega-3 PUFA, nucleic acids

Oxepa 1.5 105 (28) 63 (17) 94 (55) 535 ARDS, acute lung injury, sepsis; concentrated

SPECIALTY

Glucerna 1.0 96 (34) 42 (17) 54 (49) 355 For glucose-intolerant or diabetic patients, low CHO

Nepro 1.8 167 (34) 81 (18) 96 (48) 585 For CKD and patients on dialysis; concentrated

Osmolite1Cal 1.06 144 (54) 44 (17) 35 (29) 300 Isotonic, for use in those intolerant to hyperosmolar nutrition

Vivonex RTF 1.0 175 (70) 50 (20) 12 (10) 630 Transitional feeding, low fat, easily digestible

Vivonex TEN 1.0 210 (82%) 38 (15%) 2.8 (3%) 630 100% free amino acids, very low fat, used for severe trauma 
(e.g., burns) or surgery, transitional feeding

Vivonex Plus 1.0 190 (76%) 45 (18%) 6.7 (6%) 650 100% free amino acids, very low fat, used for severe trauma 
(e.g., burns) or surgery, transitional feeding

Elecare 0.67 72 (43%) 20 (15%) 32 (42%) 350 Prepared at 9.4 g/60 mL; amino acid-based nutrition

MODULAR

Resource
Benefiber

0.27 66 (100%) 0% 0% — Prepared at 4 g/60 mL; tasteless, odorless, soluble fiber, used 
for constipation

Resource
Beneprotein

0.83 0% 200 (100%) 0% — Prepared at 7 g/30 mL; whey protein, mixed in foods, 
protein-calorie malnutrition

From Al-Mousawi A, Branski LK, Andel HL, et al. Ernährungstherapie bei Brandverletzten. In Kamolz LP, Herndon DN, Jeschke MG, editors. Verbrennungen: 
diagnose, therapie und rehabilitation des thermischen traumas. German edition, New York: Springer-Verlag; 2009: 183–194.

ARDS, Acute respiratory distress syndrome; ARG, arginine; CHO, carbohydrate; CKD, chronic kidney disease; GLN, glutamine; PRO, protein.
aData extrapolated from Nestle clinical nutrition: Enteral product reference guide. Minneapolis: Nestle, 2010; and Abbott nutrition pocket guide. Abbott Park, 

IL: Abbott Laboratories, 2009.
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Table 28.2 Effect of Omega-3 Polyunsaturated Fatty 
Acids on Eicosanoid Synthesisa

Metabolite Physiologic Action
Omega-3 
Effect

AA EICOSANOID

PGE2 Proinflammatory, vasodilatorb ↓

TXA2 Potent platelet aggregation and 
vasoconstrictor

↓

LTB4 Proinflammatory, neutrophil chemotaxis ↓

EPA EICOSANOID

TXA3 Mild platelet aggregation ↑

PGI3 Mild platelet disaggregation ↑

RvE1 Potent antiinflammatory ↑

DHA DOCOSANOID

RvD1 Potent antiinflammatory ↑

NPD1 Potent antiinflammatory, 
neuroprotective bioactivity

↑

AA, Arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic 
acid; LT, leukotriene; NP, neuroprotectin; PG, prostaglandin; PGI, 
prostacyclin; Rv, resolvin; TX, thromboxane.

aBiochemical basis of a less inflammatory phenotype.
bProstaglandin E2 has been reported to have dual activity as both a 

pro- and antiinflammatory. The latter effect, although weak, has been 
reported to be the effect of the induced production of lipoxins.

Table 28.3 Composition of Parenteral Nutrition 
Formulations

Caloric Content

Sample Nutritiona g/dL kcal/g kcal/ mL mOsm/ L

2-IN-1 SOLUTIONS

Dextrose

DW 10% 10 3.4 (CHO) 0.34 505

DW 30% 30 3.4 (CHO) 1.02 1510

DW 70% 70 3.4 (CHO) 2.38 3530

Amino acids

Aminosyn RF 5.2% 5.2 4 (PRO) 0.2 427

Travasol 10% 10 4 (PRO) 0.4 998

Prosol 20% 20 4 (PRO) 0.8 1835

Lipid emulsion

Intralipid 10% 10 11 (FAT)b 1.1 300

Intralipid 20% 20 10 (FAT)b 2 350

Intralipid 30% 30 10 (FAT)b 3 310

CHO, Carbohydrate; PRO, protein.
a3-in-1 solutions: total nutrient admixture (TNA).
bEstimated at 9 kcal/g for fat plus additional calories from glycerol.

Table 28.4 Clinical Conditions Requiring Cautious Use 
of Parenteral Nutrition

Condition Suggested Criteria

Hyperglycemia Glucose >300 mg/dL

Azotemia BUN >100 mg/dL

Hyperosmolality Serum osmolality >350 mOsm/kg

Hypernatremia Na >150 mEq/L

Hypokalemia K <3 mEq/L

Hyperchloremic metabolic 
acidosis

Cl >115 mEq/L

Hypophosphatemia Phosphorus <2 mg/dL

Hypochloremic metabolic 
alkalosis

Cl <85 mEq/L

BUN, Blood urea nitrogen.
From Mirtallo JM. In Gottschlich MM, editor. The A.S.P.E.N. nutrition support 

core curriculum: a case-based approach: the adult patient. Silver Spring, MD: 
American Society for Parenteral and Enteral Nutrition; 2007: 268.

convincingly, Harvey et al. randomized 2400 ICU patients 
to receive either EN or PN and found no indication of  
increased 30day morbidity or mortality in the PN group.70 
While extremely provocative, these findings have not been 
tested in burn patients specifically. Such studies would be 
wellwarranted and should be encouraged.

The utility of  supplemental PN (applied liberally) remains 
a matter of  considerable debate. It is our opinion that sup
plemental nutrition can be quite helpful when applied selec
tively, based on the clinician’s assessment of  the individual 
patient’s metabolic needs and nutritional status. It is our 
practice to use supplemental PN in the acute phase of  burn 
injury response in any patients unable to tolerate enteral 
feeds at quantities sufficient to meet (or at least approach) 
proteincaloric requirements. Alternatively in those patients 
who manifest enteral feeding intolerance in the subacute 
phase of  their burn injury response, we typically prescribe 
supplemental PN only to those with evidence of  preexisting 
malnutrition at the time of  burn.71–73

Prior to receiving PN, patients should be hemodynami
cally stable and able to tolerate the fluid volume and nutri
ent content of  parenteral formulations; PN should be used 
with caution in patients with congestive heart failure, pul
monary disease, diabetes mellitus, and other metabolic dis
orders because the significant amounts of  fluid and sugar 
may be difficult for patients to tolerate (Table 6.9). While 
there has been some debate as to the optimal timing for 
initiating TPN in patients unable to tolerate adequate EN, 
results of  recent large randomized controlled trials suggest 
that early initiation of  TPN is an appropriate general strat
egy in such patients (Tables 28.3 and 28.4).66,74,75

MEETING PRESCRIBED FEEDING GOALS

Frequently failures to provide adequate nutrition result not
from underprescription, but from unanticipated (and often
undetected) gaps in execution. Even in the setting of  a fully
invested care team treating under a clearly articulated
nutritional care plan, calories provided will frequently fall
short of  the amount prescribed because, for example,
enteral feeds are held for studies or procedures or inter
rupted by the clamping of  enteral tubes for medication
administration or transport. Even PN may be interrupted
for transportation or compounding delays.76,77 The key to
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radiologic confirmation. Tubes can also be inserted under 
endoscopic or fluoroscopic guidance (Table 28.5). (See the 
preceding section on “delivering enteral nutrition” for a 
discussion of  ways to minimize aspiration risk.)

Unfortunately in burn patients efforts to deliver adequate 
nutrition enterally are frequently complicated by the degree 
of  feeding intolerance manifested by either diarrhea or ileus 
(i.e., aperistalsis). GI ileus may reflect an underlying deterio
ration; therefore monitoring gastric residual volumes serves 
as an indicator of  intercurrent conditions such as sepsis. In 
burn patients specifically, residuals that increase above the 
amount of  food delivered routinely every hour have been 
shown to correlate with the development of  bacterial sepsis. 
A full sepsis workup should be considered in any critically 
ill or injured patient with a sudden increase in gastric resid
uals over 200 mL.78

Ileus is derived from mesenteric hypoperfusion prior to 
adequate resuscitation, and it is reversed once the patient 
has been resuscitated. Conversely overresuscitation leads to 
GI edema and should also be avoided. The initiation of  

minimizing such gaps between prescribed and delivered 
calories is awareness, with careful monitoring of  delivery. 
Once recognized, such gaps can be minimized by making a 
conscious effort to keep all feeding interruptions to a 
minimum and establishing some mechanism to compen
sate for anticipated gaps in nutrition. For example, when 
prescribing tube feed rates, we often increase the resting 
energy expenditure (REE) multiplier to 1.4 or even 1.6 to 
compensate for such gaps.

COMPLICATIONS OF NUTRITIONAL SUPPORT

Complications of  nasogastric and enteric feeding include 
nausea and vomiting, epistaxis, sinusitis, nasal necrosis, 
aspiration leading to pneumonia, tube malpositioning, dis
lodgment, and feedingassociated diarrhea. Finebore tubes 
are more comfortable but can become blocked easily. Aus
cultation examination of  gastric fluid aspirate and pH 
testing can be used to confirm tube position, particularly  
for largebore nasal tubes, although many units prefer 

Table 28.5 Complications of Enteral Feeding

Problem Common Causes Management

Diarrhea Medications (e.g., antibiotics, H2 blockers, 
laxatives, hyperosmotic, hypertonic 
solutions), feeding intolerance 
(osmolarity, fat), acquired lactase 
deficiency

Measure stool output
Rule out infection (bacterial, viral, parasitic)
Supply fiber
Change medication or formula
Check osmolarity and infusion rate
Replace lost fluids as needed
Administer antimotility medications (e.g., loperamide, codeine)—

Note: do not administer antimotilities until Clostridium difficile 
colitis has been ruled out

Nausea and vomiting Delayed stomach emptying, constipation, 
medications, odor and appearance of 
formulations

Administer feedings at room temperature
Use isotonic formulations
Use a closed system when possible
Reduce doses of narcotics
Use gastroprokinetic agents (metoclopramide, erythromycin)
Monitor gastric residuals and stool output

Constipation, fecal 
impaction

Dehydration, lack or excess of fiber Monitor fluid balance daily
Rectal disimpaction
Consider the use of cathartics, stool softeners, laxatives, or enemas

Aspiration 
pneumonitis

Long-term supine position, delayed 
stomach emptying, altered mental status, 
malpositioned feeding tube, vomiting, 
nonfunctional nasogastric drainage tube

Place head of bed at 45 degrees during feedings
Stop EN if gastric residual volume exceeds 200 mL
Use of nasoduodenal or nasojejunal tubes has not been shown to 

decrease aspiration risk (when compared to gastric feeding)

Hypervolemic 
hyponatremia 
(overhydration)

Excess fluid intake, refeeding syndrome, 
organ failure (e.g., liver, heart, kidney)

Monitor fluid balance and body weight daily
Consider fluid restriction
Change formula (avoid low-sodium intake)
Initiate diuretic therapy

Hypernatremia Dehydration, inadequate fluid intake Increase free water

Dehydration Diarrhea, inadequate fluid intake Determine cause
Increase fluid intake

Hyperglycemia High content of carbohydrate in feedings, 
insulin resistance

Evaluate and adjust feeding formula
Consider insulin regimen
Check for dextrose-based carriers in IV medications

Hypokalemia, 
hypomagnesemia, 
hypophosphatemia

Diarrhea, refeeding syndrome Correct electrolyte abnormalities
Determine cause
Reduce rate if refeeding syndrome is present and monitor patient

Hyperkalemia Excess potassium intake, renal impairment Change feeding formula
Reduce potassium intake
Consider insulin regimen
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rapid administration of  hyperosmolar solutions may result 
in diarrhea, dehydration, electrolyte imbalance, hypergly
cemia, and loss of  potassium, magnesium, and other ions 
through diarrhea. Reducing the osmolality by decreasing 
formula strength while adjusting the rate is the first step in 
addressing this complication. If  aggressive administration 
of  hyperosmolar solute continues, pneumatosis intestinalis 
with bowel necrosis and perforation can result. Hyperosmo
lar nonketotic coma can also occur with enteral feedings. 
In some cases, diarrhea may persist even after converting 
to isoosmolar feeds, reflecting intestinal failure from shock 
and/or ischemic insult. In such situations, it may be neces
sary to convert to TPN with trophic feeds until intestinal 
function returns.

Support with PN offers a distinctly different profile of  side 
effects. The potential complications associated with the 
attendant access requirements (i.e., central lines) must be 
considered, particularly given the decreasing use of  central 
lines for nonnutritional applications in contemporary criti
cal care. And, of  course, the PN formula itself  can signifi
cantly disturb metabolic and electrolyte homeostasis. 
Without the benefit of  firstpass liver metabolism and 
responsive regulation of  absorption by the functional intes
tinal mucosa, the direct infusion of  nutritional elements 
can result in precipitous, often dangerous shifts in serum 
chemistry (Table 28.6).

immediate enteral feeding allows the delivery of  calculated 
caloric requirements by the third day postinjury. Early 
enteral feeding is associated with reduction of  hyperme
tabolism and less intense elevations in glucagon, cortisol, 
and catecholamine levels.18,20,45,60

Diarrhea probably represents the most common compli
cation of  EN and typically presents an ongoing challenge 
in the management of  the massively burned patient. The 
source of  this diarrhea is multifactorial, making it fairly dif
ficult to manage. In the setting of  shock, diarrhea can rep
resent mucosal failure from incipient intestinal ischemia. A 
variety of  medications can contribute to this problem, most 
notably antacid agents and antibiotics. Infectious causes 
are not particularly common but nonetheless must be ruled 
out. Clostridium difficile should always be ruled out due to its 
potential for severe deterioration and the risk for contagion 
to other patients. Cytomegalovirus enterocolitis can emerge 
secondary to burnassociated immunosuppression. Natu
rally, specific pathogens endemic to the individual patient’s 
exposure history should always be considered.

The most common source of  diarrhea in burn patients 
treated with enteral tube feeds is likely the feeds themselves. 
The high osmolar concentration of  these feeds, the volume 
of  feeds required to meet the high caloric requirements of  
burn patients, and the gut response to stress all combine to 
result in a state of  relative solute overload. Inappropriately 

Table 28.6 Complications of Parenteral Nutrition

Problem Common Causes Management

Hypoglycemia Excess insulin administration, sudden 
cessation of PN infusion

Stop insulin
Start 10% dextrose IV
Give a 50% dextrose ampule before resuming central line 

feeding

Hyperglycemia Excess dextrose concentration, stress-
associated (e.g., sepsis), chromium 
deficiency

0.1–0.2 U insulin/g dextrose therapy, SQ or IV insulin 
sliding scale, limit dextrose content, consider 
discontinuing PN until improved blood glucose control

Hypertriglyceridemia (acceptable 
concentrations <400 mg/dL)

Dextrose overfeeding, rapid administration of 
intravenous fatty emulsion (>110 mg/kg/h)

Infusion of IVFE should be restricted to less than 30% of 
total calories or 1 g/kg/day, given slowly, over no less 
than 8 to 10 h, if administered separately

Essential fatty acid deficiency 
(e.g., dermatitis, alopecia, 
hepatomegaly, 
thrombocytopenia, anemia)

1- to 3-week administration of PN lacking
linoleic and alpha-linolenic fatty acid 
emulsions

2–4% daily energy requirements should be derived from 
linoleic acid, 0.5% from alpha-linolenic acid43 (500 mL 
of 10% IVFE over 8–10 h, twice weekly)

Electrolyte and mineral 
abnormalities

Inadequate monitoring
Inadequate supplementation in TPN formula

Electrolytes should be checked daily and parenteral 
nutrition formulas should be adjusted daily until 
electrolytes stabilized

Parenteral iron uncommonly increases risk of 
anaphylactic reactions

Azotemia Dehydration, excess protein, inadequate 
carbohydrate calories

Free water, 5% dextrose via a peripheral vein

Metabolic bone disease 
(osteoporosis in 41% of those 
on long-term home PN)

Unclear, multifactorial (e.g., postmenopausal, 
long-term PN, Cushing’s syndrome, Crohn’s 
disease, malabsorption, multiple myeloma, 
osteogenesis imperfect, corticosteroids, 
heparin, immobilization)

Early screening of risk factors, DEXA, management of 
premorbid conditions

Special PN considerations: Supplement calcium, P, Mg, Cu
Minimize aluminum contamination, treat metabolic 

acidosis, avoid heparin

Elevated liver function 
parameters (increased 
transaminase, bilirubin, 
alkaline phosphatase levels)

Common following initiation; usually 
temporary

If persistent, usually caused by amino acid load; reduce 
protein delivery

DEXA, Dual-energy x-ray absorptiometry.
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Refeeding syndrome is a rare but dramatic clinical entity 
occasionally seen when initiating nutritional support in 
patients with longstanding starvation. It is heralded by the 
development of  refractory hypokalemia, hypomagnesemia, 
and hypophosphatemia. Electrolyte abnormalities can 
result in cardiac failure and dysrhythmias, respiratory 
failure, neurologic disturbances, and renal and hepatic dys
function. This should not present a concern in patients 
treated with early initiation of  nutrition postinjury and 
continuous nutritional support.

Nutritional Assessment 
and Monitoring

Goaldirected nutritional support is a cornerstone of  effec
tive burn care. Underfeeding can result in stalled wounded 
healing, pulmonary compromise, increased immunocom
promise, and a myriad of  secondary and tertiary complica
tions. Overfeeding is detrimental as well, leading to 
hypercapnia and metabolic acidosis, hyperglycemia, hyper
triglyceridemia, hepatic dysfunction, and azotemia. Thus 
an ongoing nutritional assessment is the starting point for 
any nutritional therapy.

TOTAL CALORIC REQUIREMENTS

Determining nutritional requirements for patients is essen
tial to effective care because the provision of  inadequate or 
excess calories can adversely affect outcome. Caloric 
requirements in patients with severe burns are particularly 
difficult to predict because energy expenditure varies widely 
both from patient to patient and over the course of  any 
individual patient’s care. Energy demand and the metabolic 
response shift gradually with changes in body composition 
and acutely with acute physiologic stresses such as opera
tive interventions or septic episodes.

A variety of  equations have been created to estimate 
caloric requirements in burn patients (Tables 28.7 and 
28.8). Although these are useful for establishing a quick 
estimate of  caloric needs, their accuracy is limited.79 
Because no algorithm can fully accommodate the complex 
interactions among surgical stress, wound burden, infec
tious complications, and metabolism seen in the thermally 
injured patient, in situ measurement of  REE are particu
larly valuable in this population.

An evaluation of  the metabolic status can be performed 
by indirect calorimetry using bedside metabolic carts, which 
measure REE using expired gas volumes; oxygen consump
tion (VO2) and carbon dioxide production (VCO2) are mea
sured directly as follows:

REE kcal day VO mL
VCO mL
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These steadystate measurements have been shown to 
predict 24hour energy expenditure with remarkable accu
racy.79 Measurements obtained are generally reliable and 
reproducible over a wide range of  catabolic conditions, 
metabolic rates, and values of  FiO2. Given the significant 
changes in energy expenditure occurring over the course of  
care, the use of  bedside carts for repeated measurements is 

Table 28.7 Formulas for Estimating Caloric 
Requirements in Adult Burn Patients

Formula Equation Comments

HARRIS-BENEDICT61

Men BEE (kcal/ day) = 66.5 + 
(13.75 × W) + (5.00 × 
H) − (6.76 × A)

Multiply BEE by stress 
factor of 1.2–2.0 
(1.2–1.5 sufficient for 
most burns) to 
estimate caloric 
requirement

Women BEE (kcal/day) = 655 + 
(9.56 × W) + (1.85 × 
H) − (4.68 × A)

CURRERI

Age, 16–59 years Calories (kcal/day) = 
(25 × W) + (40 × % 
BSAB)

Specific for burns, may 
significantly 
overestimate energy 
requirements, 
maximum 50% BSABAge >60 years Calories (kcal/day) = (20 

×W) + (65 × % BSAB)

A, Age (yr); BEE, basal energy expenditure; % BSAB, percentage of total body 
surface area burned; H, height (cm); W, weight (kg).

Table 28.8 Formulas for Estimating Caloric 
Requirements in Pediatric Burn Patients

Formula Sex/Age (Years)
Equation (Daily 
Requirement in kcal)

WHO Males 0–3 (60.9 × W) − 54

3–10 (22.7 × W) + 495

10–18 (17.5 × W) + 651

Females 0–3 (61.0 × W) − 51

3–10 (22.5 × W) + 499

10–18 (12.2 × W) + 746

RDA 0–6 months 108 × W

6 months–1 year 98 × W

1–3 102 × W

4–10 90 × W

11–14 55 × W

Curreri junior <1 RDA + (15 × %BSAB)

1–3 RDA + (25 × %BSAB)

4–15 RDA + (40 × %BSAB)

Galveston infant 0–1 2,100 kcal/m2 BSA + 
1,000 kcal/m2 BSAB

Galveston revised 1–11 1,800 kcal/m2 BSA+ 
1,300 kcal/m2 BSAB

Galveston 
adolescent

12+ 1,500 kcal/m2 BSA+
1,500 kcal/m2 BSAB

Adapted from Al-Mousawi A, Branski LK, Andel HL, et al. Ernährungstherapie
bei Brandverletzten. In Kamolz LP, Herndon DN, Jeschke MG, editors.
Verbrennungen: diagnose, therapie und rehabilitation des thermischen
traumas, German edition. New York: Springer-Verlag; 2009: 183–194.

BSA, Body surface area; RDA, recommended dietary allowance.
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muscle mass. Accumulation of  fat, on the other hand, fre
quently occurs in the face of  significant malnutrition and 
physiologic deterioration. As such, lean body mass serves as 
the most appropriate surrogate marker for nutritional well
being available in the context of  acute burn care.

Massive thermal injury induces a profound protein 
wasting state. The loss of  muscle seen during the acute 
response to a massive burn injury represents one of  the 
most impressive and tangible nutritional phenomena one 
can encounter clinically—a muscular young patient pre
senting with massive burns can easily waste away to a bony, 
emaciated appearance over a 2week period. This negative 
nitrogen balance is not simply a product of  starvation, but 
also a function of  an inexorable upregulation of  protein 
catabolism. Muscle catabolism has been shown to persist in 
burn patients, even in the setting of  aggressive feeding and 
protein supplementation. The net effect of  this metabolic 
shift is manifest through a rapid and profound loss of  lean 
body mass.7,12,14,81–83

Obesity

Multiple studies have identified high rates of  critical mal
nutrition in obese patients who, despite generous fat stores, 
show markedly low lean body masses—a phenomenon 
termed sarcopenic obesity.84,85 Furthermore patients will 
often continue to lose lean body mass despite their exces
sive caloric stores. In patients with sarcopenic obesity, 
surgical morbidity and mortality rates correlate far more 
closely with lean body mass than with gross mass or any 
calculated “ideal” weight. As such, obesity should not be 
interpreted as a state of  overnourishment, but quite the  
opposite.

In the broader critical care literature, there has been a 
compelling discussion of  the potential benefits of  hypocalo
ric, highprotein feeding regimens in the critically ill obese.84 
Given the profoundly hypermetabolic state associated with 
thermal injury, use of  an “underfeeding” strategy in an 
obese burn patient raises considerable concerns for safety 
and is probably best reserved for a research setting.

Even in those patients not obese at time of  injury, body 
composition in burn patients frequently moves toward a 
state of  sarcopenic obesity. As emphasized earlier, the meta
bolic shift toward proteolysis persists even in the face of  
aggressive nutrition. In the context of  this musclewasting 
milieu, any access or “free” calories available are more likely 
to be stored as fat while muscle is broken down during 
periods of  acute caloric debt. Thus Hart et al. demonstrated 
that “increased feeding leads to fat rather than lean mass 
accretion.”13

Ideal Body Weight

The term “ideal” is not particularly apt, as there is not a 
particular limit to how much lean body mass a patient can 
healthfully maintain—with lean body masses for well
nourished nonobese patients determined by a combination 
of  environmental and genetic factors. Nonetheless equa
tions for “ideal body weight” (IBW) are useful in patients 
whose total weight is distorted by pathologic processes. 
While limited in their accuracy, they do provide rough esti
mates of  baseline weight for patients whose total weight is 
distorted by pathologic processes such as chronic morbid 
obesity or, particularly in burn patients, massive fluid shifts.

ideal for calculating optimal nutritional requirements in 
these extremely metabolically labile patients.

To attain a value for REE, indirect calorimetry is per
formed with the patient completely at rest—ideally hours 
removed from any acute manipulation such as medical or 
surgical procedure, rehabilitation therapy, and the like. To 
estimate the actual daily energy expenditure, this result  
is increased by 10–20% to allow for variability and
activity.79,80

Indirect calorimetry also provides insight into the sub
strate metabolism balance via the respiratory quotient
(RQ = VCO2/ VO2). An RQ in the range of  0.7 to 1.0 is seen
in the normal uptake of  mixed substrates. An RQ of  0.7 or
less is consistent with either an increased portion of  fat
calories supplied (or utilized) or underfeeding. On the other
hand, an RQ higher than 1.0 suggests lipogenesis from
either carbohydratebias skewed input or overfeeding.

Traditionally nitrogen balances have been used to assess
the balance between protein anabolism and catabolism in
trauma patients. A negative nitrogen balance occurs when
the excretion of  nitrogen exceeds the daily intake (i.e., net
catabolism), whereas a positive nitrogen balance is associ
ated with muscle gain. Unfortunately the variable and often
large quantities of  nitrogen lost in the wound exudate of
burn patients make measurement of  nitrogen balance dis
tinctly difficult in these patients.

BODY COMPOSITION

Ultimately body composition and changes therein represent
the most fundamental and meaningful reflection of  a
patient’s nutritional status and the efficacy of  his or her
nutritional therapy.

Total Body Weight

Although total body weight is the simplest means of  follow
ing global changes in body composition, its value as a reflec
tion of  nutritional status is extremely limited. Changes in
total body weight seen over the short term (i.e., days) are
far more sensitive to fluid shifts than they are reflective of
meaningful changes in tissue mass. Over prolonged periods
of  time (e.g., weeks to months), severe decline in total body
weight certainly indicates malnutrition and lean body mass
attrition (presuming, of  course, that one corrects for ampu
tations or massive tissue excisions). However total body
weight measures are largely influenced by significant
changes in body fat seen over the course of  acute illness. As
such, even on this longer timescale, the quantity of  change
in total body mass does not necessarily correlate to the
quantity of  lean body mass loss, nor does preservation of
total body weight imply conservation of  lean body mass.

Muscle and Lean Body Mass

“Lean body mass” refers to nonadipose tissue mass, exclu
sive of  any added mass from acute shifts in water content.
because the total mass of  viscera and bone matter do not
change at rates capable of  causing significant change in
lean body mass over the course of  weeks to months, changes
in lean body mass over such periods are interpreted as
reflections of  change in muscle mass. A patient receiving
and assimilating adequate substrate and energy to support
all of  his or her physiologic needs will maintain or build
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response to massive burns creates an immediate, intense, 
and persistent strain on the patient’s nutritional status. 
The systemic response to burn injury alters essentially 
all aspects of  energy substrate metabolism. The net total 
energy expenditure and requirements are markedly aug
mented by massive burn. Alterations in glucose metabo
lism favor gluconeogenesis and limited oxidation capacity. 
Alterations in lipid metabolism favor lipogenesis and the 
accretion and sequestration of  fat in a manner that diverts 
energy from critical functions. Finally a surge in proteoly
sis creates an immediate and prolonged proteinwasting 
state that results in profound lean body mass loss and, at 
worst, compromises in immune, respiratory, and healing  
processes.

Given the immense metabolic challenges created by burn 
injury, optimizing nutritional support is essential to improv
ing outcomes in this patient population. Total calories pro
vided should be based on ongoing assessment of  energy 
expenditure, ideally using indirect calorimetry. Providing 
calories in excess of  the patient’s needs (i.e., overfeeding) is 
counterproductive. While carbohydrates delivered will fre
quently provide the majority of  calories given, care should 
be taken not to give loads that exceed established limits of  
glucose oxidation. Provision of  adequate protein is critical 
to effective nutritional support, and protein supplementa
tion is likely the ideal means to augment caloric load when 
carbohydrate provision is “maxed out.” The amount of  
exogenous fat required to avoid essential fattyacid defi
ciencies is relatively modest and can be met with relatively 
minimal amounts of  fat alimentation. Administration of  
excessive amounts of  fatbased calories can be detrimental 
to care—although significant research is required to deter
mine how the risk–benefit profile of  fat alimentation may 
differ with use of  alternate fat sources.

EN is the first line of  nutritional support in the burn 
patient, and enteral feeding should be administered as soon 
as possible. While oral feeding is theoretically possible, few 
patients with massive thermal injuries will be capable of  
meeting their full nutritional needs through oral intake 
alone. Typically EN will be provided in part or in whole via 
enteric access tubes. The enteral system can be accessed via 
the stomach for feeding if  necessary, although this may be 
compromised by gastroparesis. Postpyloric feeding access 
offers the benefit of  circumventing the potentially paretic 
stomach, thus allowing for more dependable sustained 
feeding early in the course of  treatment. Care should be 
taken to minimize the risk of  aspiration by undertaking 
frequent assessment for nausea or distention. Routine serial 
evaluations of  gastric residuals have not been shown to be 
beneficial. Care should be taken to minimize interruptions 
in feeding to ensure that the gap between calories prescribed 
and delivered is minimized as much as possible.

Accurate serial assessment of  nutritional status and body 
composition is central to identifying patient needs, trajec
tory, and efficacy of  care. Unfortunately serum protein 
markers and changes in total body weight are inaccurate 
reflections of  nutritional status, with poor specificity and 
sensitivity. Changes in lean body mass and body composi
tion represent the ultimate reflection of  cumulative nutri
tional status, and evolving applications of  imaging 
technology have made routine serial evaluation of  lean 
body mass feasible.

Derived ideal body weights can be helpful when using
weightbased formulas to determine starting points for
quantitative treatment decisions such as drug doses, tidal
volume settings, endpoint physiologic indices, and the like.
Values for IBW can be found in standardized tables that
relate height to expected weight, or IBW can be estimated
by the following equations:

■ Men: 48 kg for the first 152 cm and 2.7 kg for each
additional 2.54 cm

■ Women: 45 kg for the first 152 cm and 2.3 kg for each
additional 2.54 cm

Clinical Imaging

Dual-Energy X-Ray Absorptiometry. Dualenergy xray
absorptiometry (DEXA) is a useful technique for monitoring
longterm nutritional progress by measuring changes in
body tissue composition, including lean body mass, fat
mass, and bone density. DEXA’s precision, accuracy, and
versatility make it extremely useful in a research setting.
Practically speaking, though, few burn centers have the
infrastructure in place to regularly perform such assess
ments on critically ill patients.

Computed Tomography and Ultrasound. More readily
available, highresolution computed tomography (CT)
scanners have been shown to reliably predict DEXA results.
However significant cost, radiation exposure, and need for
patient transport all serve as barriers to widespread clinical
use. More recently, multiple groups have shown that mea
surements from a limited bedside ultrasound (US) exam can
be used as an accurate and convenient means of  serial
assessment. The thickness of  a patient’s quadriceps mea
sured at bedside has been shown to be powerfully predictive
of  CT and DEXA assessments of  total lean body mass.86,87

Given its ubiquitous availability, low cost, ease of  use, and
minimally invasive nature, bedside ultrasound has signifi
cant potential for widespread clinical application in nutri
tional assessment and monitoring. For burn patients, who
are at a uniquely high risk from nutritional morbidity and
frequently present a myriad of  unique transportation chal
lenges, this bedside measure may prove quite valuable.

Albumin and Serum Markers for Nutrition

Serum protein markers, most notably albumin, have dem
onstrated significant value in assessing nutritional status
and predicting outcomes in the setting of  patients consid
ered for elective surgery. Unfortunately the value of  serum
protein levels as indicators of  nutritional status is extremely
limited during the acutephase response to injury, inflam
mation, infection, and surgical stress. The physiologic stress
response upregulates expression of  acutephase reactive
proteins, with unpredictable effects on “marker” protein
levels. In the setting of  acute burn care, presenting albumin
levels or shortterm changes therein should not be inter
preted as being indicative of  nutritional progress.34,88,89

Conclusion

Burns involving more than 20% of  the total body surface
area represent a massive metabolic injury. The metabolic
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The physiologic response to massive thermal injury rep
resents an enormous nutritional insult. The consequences 
of  this intense acute malnutrition include compromises in 
immune function, wound healing, and mobility—all major 
drivers of  morbidity and mortality in thermal trauma. As 
such, thoughtful and comprehensive nutritional support 
based on continuous assessment of  nutritional needs is 
essential to optimizing outcomes in acute burn care.
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rehabilitation. Muscle wasting occurs due to an imbalance 
in the ratio of  protein synthesis to protein breakdown.13 
Catabolism of  LBM correlates with increased morbidity and 
mortality in burn victims. After an LBM loss of  10%, marked 
delays in wound healing and higher infection rates propor-
tionally increase as the percentage of  LBM loss increases.14 
Acutely the net LBM losses from muscle wasting lead to 
prolonged mechanical ventilation, inhibition of  cough 
reflexes, and a delay in mobilization, contributing to 
increased mortality in these patients.15 Chronically these 
losses reduce strength and the possibility for full rehabilita-
tion. Similar to other characteristics of  hypermetabolism, 
burn-related cachexia can continue for several years follow-
ing injury.3 Furthermore, persistent protein catabolism has 
been hypothesized to account for the growth delay that fre-
quently occurs in our pediatric burn patients.16

LBM wasting is hypothesized to be due to a redistribution 
of  protein as well as use of  the skeletal muscle as a fuel 
source.8 Nitrogen balance studies (whole-body and cross-
leg) show persistent muscle breakdown for nearly a year 
post-burn.17 Our patients experience an average nitrogen 
loss of  20–25 grams per square meter of  total body surface 
area (TBSA) per day, a rate at which lethal muscle cachexia 
becomes imminent in less than 1 month if  left untreated.8 
Since a significant portion of  insulin-stimulated glucose 
uptake occurs in the skeletal muscle, significant LBM loss 
may contribute to post-burn insulin resistance.18 Flakoll 
and coworkers showed that increased plasma glucose levels 
stimulated whole-body proteolysis in the absence of  changes 
in leucine oxidation or nonoxidative disposal.19 While LBM 
catabolism is elevated, a decrease in regenerative capacity 
occurs, further reducing LBM. Satellite cells, the muscle 
stem cells that regenerate skeletal muscle, are impacted by 
burn injury. Within the skeletal muscle tissue, although 
there is an increase in satellite cell proliferation, there is a 
concurrent increase in apoptosis, leading to a net reduction 
in satellite cells. The end result of  the increase in net protein 
breakdown alongside a decrease in satellite cells appears to 
be a reduction in total LBM.20

In addition to the alterations in skeletal muscle protein 
synthesis, breakdown, and regeneration, oxygen consump-
tion is also greatly increased after burn injury.21 However 
the molecular mechanism underlying these alterations 
is not clearly defined. Recently Porter and colleagues 
reported burn-induced derangements of  skeletal muscle 
mitochondrial function and posited that these changes 
are a key contributor to the mechanism of  burn-induced 

Introduction

A severe burn elicits a stress response that initially assists
the body in compensating for and adapting to a traumatic
injury. There is an elevation in circulating concentrations
of  catecholamines such as epinephrine and norepinephrine
alongside a concurrent increase in inflammatory cytokine
production. This stress response is also associated with a
significant increase in metabolic rate.1–3 Altered protein
and glucose metabolism are key factors contributing to
burn-induced hypermetabolism.4 This hypermetabolic,
hyperinflammatory state promotes muscle protein catabo-
lism and organ failure, among other detrimental effects.5

If  this response continues unchecked, as occurs in severely
burned patients, the resultant hypermetabolic state hinders
patient recovery and reintegration into society. Thus the
mechanisms underlying the development and persistence
of  the post-burn stress response, as well as interventions
to ameliorate these responses, remain areas of  intense
research.

Cardiovascular Dysfunction

One of  the most profound and well-documented components
of  the burn-induced hypermetabolic response is cardiac dys-
function. Immediately following injury, patients experience
shock accompanied by reduced heart rate, cardiac output,
and contractility. By 2–3 days after injury, the cardiovascular
system rebounds, and heart rate and cardiac work increase
significantly above normal levels.6,7 Post-burn heart rates
approach 160% of  those in nonburned, healthy patients.5

Systolic dysfunction and increased myocardial energy
demand also occur.8,9 These alterations in cardiac function
are associated with longer stays in the ICU in addition to
increased morbidity, as quantified by number of  surgical
interventions.10 Furthermore tachycardia and energy expen-
diture remained elevated for up to 3 years after the external
wounds were healed, underscoring the longevity of  the car-
diovascular response to severe burns.11,12

Skeletal Muscle Catabolism
and Regeneration

Post-burn pathophysiological skeletal muscle catabolism
and loss of  lean body mass (LBM) significantly prolong
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hyperglycemia in burn patients.38 This is further compli-
cated by catecholamine-mediated glycogen breakdown.35 
Impaired mitochondrial function in the liver and the skel-
etal muscle has been associated with altered lipolysis and 
insulin signaling post-burn by dampening insulin’s inhibi-
tion of  glucose production in the liver and altering glucose 
uptake into skeletal muscle.33,38–40 Glucagon and pro-
inflammatory cytokines such as interleukin-6 (IL-6) also 
play a role in modulating glycogenolysis, gluconeogenesis, 
and insulin signal transduction, resulting in further aug-
mentation of  hyperglycemia and insulin resistance.41–49

Alterations in Lipid Metabolism 
and Fat Composition

Catecholamine-induced lipolysis increases plasma free fatty 
acid concentrations, which contributes to organ steatosis 
and insulin resistance in patients with severe burns. Kraft 
et al. showed that increased plasma triglyceride levels in 
severely burned children correlated with poorer outcomes, 
including impaired organ function, thus confirming an 
earlier report linking elevated triglycerides with morbid-
ity.50,51 Loss of  peripheral subcutaneous fat may also play a 
role in the development and persistence of  insulin resistance 
after a severe burn.52 Recently browning of  white adipose 
tissue (the adoption of  a thermogenic brown phenotype by 

hypermetabolism.22 Mitochondrial respiration in severely 
burned patients is uncoupled for more than 1 year post-
burn, resulting in increased heat production. This heat 
production accounts for nearly a third of  the total energy 
expenditure of  the patient and provides a novel therapeutic 
target to alleviate hypermetabolism.23,24

Insulin Resistance and 
Hyperglycemia

Hyperglycemia is another common metabolic derangement 
in response to burn injury that occurs in both pediatric and 
adult burn patients and persists well after the initial dis-
charge from the ICU.7,25,26 Insulin resistance and hypergly-
cemia contribute to poor wound healing as well as muscle 
catabolism.27–29 Elevated cortisol and catecholamine levels 
increase the delivery of  glucose to vital organs, thus inhib-
iting insulin’s anabolic functions.30 Catecholamines impair 
glucose disposal and contribute to peripheral insulin resis-
tance by inhibiting both insulin release and glucose uptake 
(Fig. 29.1).31,32 The availability of  gluconeogenic substrates 
such as glycerol lactate and alanine is increased by lipolysis 
of  adipose tissue, glycogenolysis, and proteolysis of  skeletal 
muscle post-burn, which augments hepatic glucose pro-
duction (Fig. 29.1).31,33–37 Moreover, elevated blood glucose 
levels fail to suppress hepatic glucose release, exacerbating 
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NUTRITIONAL SUPPORT

Adequate nutrition is a critical issue for severely burned 
patients because patients treated solely with oral supple-
mentation may still lose one-quarter of  their preadmis-
sion weight within the first several weeks.64 The marked 
post-burn changes in lipid, carbohydrate, and protein 
metabolism determine the caloric needs of  each respec-
tive patient. Insufficient nutrition may exacerbate muscle 
wasting and prolong wound healing. However high-fat 
nutritional intake is associated with obesity and hepatic 
steatosis after burn injury, negatively impacting morbidity 
and mortality.65,66 Caloric enteral intake guided by energy 
expenditure is currently recommended to provide sufficient 
energy while avoiding overfeeding, which may exacerbate 
hypermetabolism.8,57 Over the past 40 years, several formu-
las have been derived to calculate patient-specific caloric 
requirements including the Curreri formula (25 kcal/kg per 
day plus 40 kcal/% TBSA burned per day).67–70 Recently, 
the European Society for Clinical Nutrition and Metabolism 
and the American Society for Parenteral and Enteral Nutri-
tion released guidelines recommending that enteral feeding 
begin as soon as possible after admission with 1.5–2 g/kg 
and 3 g/kg of  protein for severely burned adults and chil-
dren, respectively.71,72 Many ICUs deliver a substantial per-
centage of  calories as fat (>25%) because essential fatty acid 
deficiency frequently accompanies long-term nutritional 
supplementation.73 This approach reduces carbohydrate 
requirements and burn-induced glucose intolerance, and, 
therefore, dietary compositions of  30–50% fat are now the 
standard of  care when treating critically ill patients. Unfor-
tunately enhanced fat administration in burn patients is 
associated with hepatic steatosis, hypoxemia, hyperlip-
idemia, higher infection rates, and higher postoperative 
mortality rates.51,74 Hepatic triglyceride levels are higher, 
thereby limiting the utility of  exogenous lipids as a post-
burn energy source.33,73,76,77 The incidence of  fatty liver is 
reduced in patients receiving Vivonex T.E.N. compared to 
those fed milk.78 Additional benefits attributed to Vivonex 
T.E.N. included improved survival, significantly lower 
incidences of  sepsis, and reduced length of  ICU stay per 
%TBSA.78 A high-carbohydrate enteral diet was associated 
with a reduction in muscle wasting compared to a high-fat, 
low-carbohydrate formula.79 We thus advocate nutritional 
regimens for burn patients that reduce fat intake to no more 
than 3% of  the total energy provided.

EXERCISE

Despite nutritional interventions, cachexia and wound 
contractures are common comorbidities of  major burns.17 
While undergoing the hormone and inflammatory stress 
responses, patients with large burns are immobile for 
extended periods, further prolonging rehabilitation and 
recovery. The utilization of  exercise therapy attenuates loss 
of  muscle mass and function and improves cardiopulmo-
nary function. A regimented exercise program improved 
pulmonary and skeletal muscle function in both pediatric 
and adult burn patients.80–83 A 12-week exercise program 
beginning immediately following discharge from the ICU 
also significantly increased percent predicted peak heart rate 
and maximal oxygen consumption.84 Progressive resistance 

white adipocytes) and the implications this potentially has
for patients with diabetes and/or metabolic syndrome has
become the topic of  intense research. White adipose tissue
isolated from severely burned patients underwent brown-
ing, where the development of  smaller adipocytes with
more mitochondria in addition to elevated expression of
uncoupling protein 1 were observed.53 This response has
since been confirmed by others, affirming that increased
adrenergic and inflammatory stress in white adipose tissue
post-burn is associated with browning.54 Browning of  white
adipose tissue has been proposed to play a role in burn-
induced hypermetabolism, where adipose tissue becomes a
more thermogenic tissue in response to severe burn trauma.
Emphasis of  future research should be placed on develop-
ing both nonpharmacologic and pharmacologic therapeu-
tic approaches to attenuate or reverse this hypermetabolic
response in adipose tissue.

Nonpharmacological Modulation
of the Hypermetabolic Response

ENVIRONMENTAL SUPPORT

In addition to acting as a protective barrier, the skin plays
a critical role in insulation and thermoregulation. Burn
patients with extensive burn wounds and skin loss also lose
a significant portion of  body water, which is also accompa-
nied by heat loss.55 Despite increased water evaporation and
heat loss, core and skin temperatures are elevated in these
patients.56 Resting energy expenditure is increased more
than twofold post-burn (prior to current treatments such
as early wound excision) but can be reduced by approxi-
mately 30% by increasing the temperature of  the room
and using occlusive wound dressings.56 Thus environmen-
tal modulation is a key primary treatment goal that is too
often underutilized.

EARLY WOUND EXCISION AND CLOSURE

The practice of  early excision of  necrotic tissue and burn
wound closure has improved mortality and morbidity
rates.57–59 Early burn wound closure is also associated with
diminished incidence of  excessive scars and joint con-
tractures, which results in faster patient rehabilitation.57

The use of  various skin substitutes to cover wounds can
reduce hypermetabolism by restoring the protective barrier
required for thermoregulation and prevention of  heat loss
and water evaporation. Of  note, blood loss is a critical
issue during these operations, as approximately 5% of  the
total blood volume is lost with the excision of  every 1% of
the body surface.60,61 Blood loss is a major determinant of
morbidity and mortality, and a variety of  techniques need
to be used to control bleeding, including the local appli-
cation of  fibrin or thrombin sprays, epinephrine-soaked
pads (1 : 40 000), topically administered epinephrine
(1 : 10 000–1 : 20 000), or electrocautery of  blood vessels.62

Additional use of  tourniquets for pre-excisional tumescence
with epinephrine and saline may also help limit blood loss.63

Thus novel skin substitutes and therapies to improve wound
healing and prevent blood loss are the focus of  ongoing
research.
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INSULIN-LIKE GROWTH FACTOR-1

Since the positive effects of  rhGH on the post-burn hyper-
metabolic response are predominantly mediated by the 
secondary mediator IGF-1, it is not surprising that admin-
istration of  recombinant human IGF-1 would have similar 
results. Indeed, administration of  equimolar amounts 
of  recombinant human IGF-1 along with its binding 
protein, IGFBP-3, attenuated muscle catabolism, restored 
gut mucosal integrity, enhanced immune function, and 
returned serum concentrations of  constitutive proteins 
to nonburned levels.104–108 However the administration of  
IGFBP-3 was associated with increased neuropathies in this 
patient population and is not currently recommended for 
clinical use.

OXANDROLONE

The use of  oxandrolone, an analog of  testosterone possess-
ing only 5% of  testosterone’s virilizing androgenic effects, 
enhances anabolism of  muscle protein by improving the 
efficiency of  protein synthesis in severely burned chil-
dren.109 Oxandrolone administration decreases loss of  body 
weight and improves healing of  the donor site wound.110 
In a large clinical trial by our group, 0.1 mg/kg oxandro-
lone administered twice daily reduced length of  the acute 
hospitalization, sustained LBM, and improved liver protein 
synthesis.111 Severely burned pediatric patients receiv-
ing oxandrolone for 1 year experienced improved growth, 
decreased cardiac work, and improved muscle strength.112 
Oxandrolone treatment also improved lung function at rest 
and during exercise in this patient population.113 These 
improvements were maintained for up to 4 years after treat-
ment had ended.112 The benefits of  oxandrolone adminis-
tration after burn injury were further enhanced when the 
treatment period was increased from 1 to 2 years.114

PROPRANOLOL

The catecholamines norepinephrine and epinephrine 
activate cardiac β-adrenergic receptors to increase heart 
rate and cardiac work in response to severe burn trauma. 
Propranolol is a nonspecific β-adrenergic antagonist 
that prevents catecholamine activation of  β-adrenergic 
receptor-mediated signal transduction. The administration 
of  propranolol (titrated to decrease heart rate by 15–20%) 
diminishes cardiac work and reduces hepatic steatosis, as 
shown in several studies.9,77,115–118 Also, administration of  
propranolol leads to reduced skeletal muscle catabolism 
and increased LBM post-burn, as demonstrated using stable 
isotope studies and body composition analysis.5 In the post-
burn environment of  heightened protein breakdown and 
peripheral lipolysis, propranolol enhances protein synthesis 
and improves post-burn morbidity.119,120 Similar to oxandro-
lone, long-term propranolol administration was associated 
with decreased cardiac work, resting energy expenditure, 
and other key markers of  the hypermetabolic, hypercata-
bolic response to burn injury.118 Furthermore patients 
treated with propranolol for 12 months showed improved 
LBM accretion and reduced bone mass.118 While the major-
ity of  investigation into the use of  propranolol post-burn 
has been in pediatric patients, we have shown that, in adult 

exercises maintain or even increase LBM, facilitate the for-
mation of  muscle proteins by incorporating amino acids,
enhance muscle strength, and increase walking distances
by 50%.82,85 Celis et al. reported fewer corrective surger-
ies in burned children after resistance exercise training.86

Similarly, Paratz et al. reported that severely burned adults
who participated in an exercise program required fewer
contracture releases.87

Recent studies have shown that exercise training in
adults improves psychosocial outcomes, such as quality of
life, in addition to the expected improvements in physical
function.87 This finding was corroborated by Rosenberg and
colleagues in pediatric patients.88 The combination of  exer-
cise training and pharmacological therapies to attenuate
hypermetabolism, such as propranolol or oxandrolone, is
also being investigated. Peak oxygen consumption was sig-
nificantly higher in patients receiving both propranolol and
exercise training.89 The combination of  oxandrolone and
exercise resulted in a significant increase in lean body
mass.90 Finally Wurzer et al. reported that the benefits of  a
12-week post-ICU discharge exercise program were no
longer apparent at 2 years post-burn, indicating that
patients should continue to exercise to maintain the afore-
mentioned benefits.84

Pharmacological Modulation of
the Hypermetabolic Response

RECOMBINANT HUMAN GROWTH
HORMONE (rhGH)

As demonstrated by our group, during the acute hospital-
ization period, daily intramuscular injection of  rhGH
(0.2 mg/kg) reduces the hepatic acute-phase response,
improves muscle protein kinetics, maintains muscular
growth, blunts hypermetabolism, reduces cardiac output,
and decreases donor site healing times by approximately
1.5 days.91–96 Pediatric patients receiving rhGH for 1 year
had significantly higher body weight and LBM at the end of
the treatment period compared to their placebo-treated
counterparts. Additionally rhGH-treated patients had
improved growth as measured by bone mineral content and
height percentiles at both 1 and 2 years after injury.95

Similar improvements with rhGH treatment, such as
increased LBM and muscle strength, have been reported in
burned adults.97

RhGH mediates its effects through its secondary mediator
insulin-like growth factor 1 (IGF-1).98 In patients receiving
rhGH, serum IGF-1 and IGF-binding protein (IGFBP)-3
increased 100% over the levels measured in healthy con-
trols.99 Nevertheless, as demonstrated in a study by Takala
and colleagues, in 532 nonburned critically ill patients,
increased rhGH (0.10 ± 0.02 mg/kg) correlated with
increased morbidity and mortality rates and was associated
with hyperglycemia and insulin resistance.100–102 This may
be reflective of  an age-specific effect, however, because in
severely burned children, mortality rates were not affected
by either short- or long-term rhGH administration.95,103

However rhGH-treated burn patients did display an
increased incidence of  hyperglycemic episodes and increased
plasma levels of  free fatty acids and triglycerides.91
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compared to children who received insulin. Therefore, 
burned patients receiving insulin had significantly higher 
resting energy expenditure and mortality rates than patients 
who did not receive insulin.133 These results indicate that, 
although attenuating some aspects of  the post-burn hyper-
metabolic response, insulin treatment may still contribute 
to post-burn morbidities and should be used with caution.

METFORMIN

Metformin is a biguanide drug that corrects hyperglycemia 
by stimulating peripheral glucose disposal and blunting 
hepatic glucose production. Moreover, unlike insulin, met-
formin is not associated with hypoglycemic events.134–136 In 
severely burned patients, metformin not only improved 
glucose levels but also improved muscle protein synthe-
sis.136,137 A recent study in burned adult patients confirmed 
the benefits of  metformin treatment on glucose levels and 
insulin resistance.138 Similar to insulin, metformin reduced 
the post-burn inflammatory response.138 Insulin sensitivity 
was also enhanced with metformin administration.139 One 
contraindication of  metformin administration in burned 
patients is the development of  lactic acidosis.140 There has 
been one case report of  lactic acidosis in a burn patient who 
was receiving metformin clinically for type 2 diabetes mel-
litus prior to injury.141 However, in a cohort of  18 metformin-
treated severely burned adult patients, lactic acidosis was 
not observed.138 Studies are ongoing to evaluate the inci-
dence of  lactic acidosis in burn patients and whether met-
formin will continue to be a valid hyperglycemia treatment 
in this patient population. Preliminary data indicate that 
metformin is safe and effective in severely burned patients.138

Alternative Therapeutic Options

There have been a variety of  drugs investigated to attenuate 
the post-burn hypermetabolic hypercatabolic response. 
Many of  these drugs work to resolve hyperglycemia, such 
as glucagon-like-peptide-1 (GLP-1) and peroxisome 
proliferator-activated receptor-γ (PPAR-γ) agonists. An 
analog of  GLP-1, exenatide, decreased burn-induced hyper-
glycemia but required adjunctive insulin therapy to be effec-
tive.142 Fenofibrate, a PPAR-γ agonist, not only improved 
plasma glucose levels but also improved insulin signaling in 
the muscle and liver, with the end result of  increased insulin 
sensitivity.38 Fenofibrate also improved skeletal muscle 
mitochondrial enzyme activity and respiratory function as 
well as whole-body and muscle fat oxidation.38,143 Ketocon-
azole is an antifungal agent that has been shown to reduce 
cortisol production, and it was hypothesized that cortisol 
reduction would diminish post-burn hypermetabolism and 
inflammation. However, despite effectively reducing urine 
cortisol levels, ketoconazole did not significantly reduce any 
other aspect of  the hypermetabolic response.144

Conclusion

The physiologically exhaustive metabolic derangements 
accompanying severe burns contribute to morbidity and 
mortality in this patient population. Outcomes for these 

patients, propranolol administration can reduce blood loss
as well as improve wound healing.121 Thus, β-adrenergic
blockade with propranolol may represent the most effica-
cious anti-catabolic therapy for severe burns.

There are also several published studies that investigated
the use of  rhGH in severely burned patients who were also
receiving propranolol. The premise of  these studies was that
the co-administration of  rhGH and propranolol would have
an additive effect to reduce post-burn hypermetabolism and
catabolism. In a cross-over study of  six burned children,
heart rate and the rate of  release of  free fatty acids were
significantly reduced with co-administration of  proprano-
lol and rhGH.119 In a later study, there was no evidence
of  an additive effect of  combining rhGH and propranolol,
although propranolol did reduce heart rate and energy
expenditure and improve anabolism. This study also did
not find evidence of  an anabolic effect of  rhGH alone.122 A
prospective randomized control led trial of  rhGH and pro-
pranolol co-administration showed that the addition of  pro-
pranolol reduced rhGH side effects by reducing peripheral
lipolysis and inflammation.123 These data indicate that the
beneficial effects of  these drugs have different mechanisms
and do not display characteristics of  a synergistic or addi-
tive relationship.

Recently we investigated whether co-administration
of  oxandrolone and propranolol would further improve
post-burn outcomes. Indeed, co-administration of  these
drugs decreased duration of  growth arrest and increased
growth rate following the resumption of  growth in pediat-
ric burned patients.124 Thus oxandrolone, either alone or
with propranolol co-administration, is a viable and promis-
ing therapeutic for attenuating post-burn hypermetabolism
and catabolism.

INSULIN

Like other components of  the stress response to burns,
hyperglycemia and insulin resistance persist for up to 3 years
post-injury and may have further long-term health implica-
tions for burn survivors.7,17,27 The most common in-hospital
treatment for post-burn hyperglycemia is insulin adminis-
tration. In addition to its well-known effects on gluconeo-
genesis, proteolysis, and fatty acid synthesis, insulin also
promotes antiinflammatory signaling pathways. Pediatric
burn patients treated with insulin had significantly better
outcomes as evidenced by faster wound healing and reduced
muscle wasting.125–127 Despite these improvements, insulin
administration in this patient population must be performed
cautiously. Studies in critically ill patients using either an
intensive insulin dosing regimen or a continuous hyper-
insulinemic, euglycemic clamp showed that high insulin
doses increased episodes of  severe hypoglycemia.128–132 In
addition to the risks associated with high doses of  insulin,
it is difficult to maintain a continuous hyperinsulinemic,
euglycemic clamp in severely burned patients because of
their dependence on enteral feeding in the early stages of
recovery. Burned patients also undergo frequent proce-
dures that require the cessation of  enteral nutrition, such as
operations and dressing changes. These periods of  feeding
cessation result in an increased risk of  hypoglycemia.8 In a
study of  243 severely burned children, those who did not
receive insulin had shorter length of  stay and no mortality
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used in the attenuation of  the hypermetabolic and hyper-
catabolic responses. While intensive insulin therapy can 
improve mortality and morbidity, there is a need for addi-
tional strategies, such as metformin, that lack the increased 
risk of  hypoglycemic events associated with insulin treat-
ment. Nonetheless further work is needed to elucidate the 
ideal glucose ranges and safety of  the aforementioned ther-
apies in this unique patient population.

Complete references available online at 
www.expertconsult.inkling.com

patients have been significantly improved by advances in 
nonpharmacologic and pharmacologic therapies (Table 
29.1). However therapeutic strategies to abate the persis-
tent hypermetabolism and hyperglycemia remain challeng-
ing. Early burn wound excision and grafting represents 
one of  the greatest improvements in the past two decades, 
improving both morbidity and mortality. Currently the 
most effective therapy to reduce the burn-induced hyper-
metabolic and hypercatabolic responses is β-adrenergic 
blockade via propranolol administration. rhGH, IGF-1, 
and oxandrolone (Table 29.1) have also been successfully 

Table 29.1 Summary of the Effects of Various Pharmacologic Interventions on Key Components of the Hypermetabolic 
Response to Burn Injury

Drug Cardiovascular Skeletal Muscle Insulin Resistance
Lipid Metabolism 
and Fat Composition

rhGH ↓Cardiac output ↑Protein kinetics
↑Body weight
↑Bone mineral content
↑Height percentiles

↑Hyperglycemia Unknown

IGF-I Unknown ↓Muscle catabolism ↑Insulin sensitivity
hypoglycemia

Unknown

Oxandrolone ↓Cardiac work
↓Lung function

↑Protein synthesis
↓Loss of lean body mass
↑Growth
↑Muscle strength

No difference ↓Free fatty acids

Insulin ↑Resting energy expenditure ↓Loss of lean body mass ↓Hyperglycemia ↑Liver fat
↑Free fatty acids
↓Fat oxidation

Metformin ↑Resting energy expenditure ↑Protein synthesis ↓Hyperglycemia
↑Insulin sensitivity

Antilipolytic

Fenofibrate Unknown ↑Mitochondrial enzyme 
activity

↓Hyperglycemia
↑Insulin sensitivity

↑Fat oxidation

GLP-1 No difference Unknown ↓Hyperglycemia Unknown

Propranolol ↓Cardiac work
↓Tachycardia
↓Resting energy expenditure

↓Skeletal muscle 
catabolism

↑Lean body mass

↑Insulin sensitivity ↓Hepatic steatosis
↓Free fatty acids

Ketoconazole No difference No difference No difference No difference

rhGH + propranolol ↓Resting energy expenditure
↓Cardiac work

↓Skeletal muscle 
catabolism

↑Lean body mass

↑Insulin sensitivity ↓Free fatty acids

Oxandrolone + 
propranolol

Unknown ↓Duration of growth arrest
↑Growth rate

Unknown Unknown
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gut failure, and liver failure also occur. Vasomotor and 
cardiac failures are terminal events in both. Survival can be 
seen in patients with greater than three organ system fail-
ures, but mortality increases with more failed systems.7 
Understanding the progression of  the syndrome aids in 
prognostication and simplifies decisions regarding termina-
tion of  futile efforts.8,9 This chapter discusses the etiology 
and prevention of  MOF; management will be covered in the 
critical care chapter.

Jeschke and Herndon reviewed 573 patients and deter-
mined that burn sizes associated with mortality, sepsis, 
infection, and MOF are 60% total body surface area (TBSA) 
in children and 40% in adults.10 Kraft and Jeschke moni-
tored MOF in 821 patients to define its course. Respiratory 
failure had the highest incidence in the first 5 days. Cardiac 
failure occurred throughout the hospital stay. Hepatic 
failure increased with hospitalization length and is associ-
ated with high mortality in the late cascade. Renal failure 
had an unexpectedly low incidence but was associated with 
high mortality in the first 3 weeks. Three or more organ 
failures was universally fatal in their cohorts. Overall mor-
tality for patients with MOF was 41% compared to 2% 
without.4 The Helsinki Burn Center reported their adult 
burn mortalities between 1999 and 2005 as 71 burn 
deaths of  1370 patients with 40% caused by MOF and 40% 
due to untreatable burn injury. On average, four organ fail-
ures were noted in the deaths, with acute renal failure being 
the most common. Sepsis was associated with MOF in all of  
their deaths.11

Etiology and Cellular Response

Attempts to define the etiology of  MOF range from genomic 
and cellular to systemic and epidemiologic. Inadequate oxi-
dative metabolism secondary to hypoperfusion leads to 
further organ failure as well as the release of  humoral 
inflammatory mediators causing further cellular dysfunc-
tion. In ischemia–reperfusion models, oxygen radicals are 
generated resulting in peroxidation of  cell membrane lipids 
and accumulation of  activated neutrophils,12 with progres-
sive cellular and whole-organ dysfunction. Critically ill 
patients suffer from supply-dependent oxygen consumption 
because of  defects in cellular oxygen extraction and utiliza-
tion.13,14 This results in inadequate aerobic metabolism 
unless supranormal levels of  oxygen are supplied.15 Grossly 
inadequate delivery of  oxygen to cells dependent on aerobic 
metabolism can lead to cellular dysfunction, and this may 
be followed by organ failures.16

Mitochondrial-specific damage is one of  the earliest 
responses to burn injury. There is tissue-specific damage to 

The cure of  many diseases remains unknown.
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Introduction

Burn trauma begins via a cutaneous thermal injury with
or without an inhalation injury. These local primary inju-
ries initiate a series of  pathophysiologic cascades previously
discussed. Fluid shifts into thermally damaged tissue as well
as global endothelial activation; glycocalyx damage and
systemic inflammation cause burn edema. The resultant
distributive shock combines with humorally mediated myo-
cardial suppression to induce burn shock requiring fluid
resuscitation. Immune hyperactivation, hypermetabolism,
and adrenal hyperreactivity exacerbate this primary injury.
Concomitantly, host defenses such as intact skin1 and
gastrointestinal mucosa2,3 are compromised, resulting in
significant microbial insult from commensal and pathologic
organisms.1 Ultimately, the common lethal end point of
burn trauma and shock is multisystem organ failure (MOF).
In one cohort of  821 severe pediatric burns there was a
19% incidence of  MOF with a 100% mortality when involv-
ing three or more organ systems.4

Many scoring systems are currently used to quantify
MOF. The DENVER2 system is widely used in research and
clinical care by scoring pulmonary, renal, hepatic, and
cardiac function from 0 to 3 with a total of  12 points avail-
able (Table 30.1). There is an inflection point after a score
of  3 with significantly increased mortality. The Sequential
Organ Failure Assessment score is based on scores of  six
systems from 0 to 4 for pulmonary, coagulation, liver, car-
diovascular, central nervous, and renal (Table 30.2).5 This
definition system, popularized in sepsis and shock arenas,
is at the core of  the SEPSIS3 criteria to define septic shock
recently published in the Journal of  the American Medical
Association.6

Regardless of  the definition used, the more organ systems
fail, the greater the mortality. Currently the best predictive
model for burn mortality is proteomics combined with clini-
cal covariates.4 The time course of  these failures and pat-
terns of  multiple failures are demonstrated in Fig. 30.1 and
Table 30.3.4 There are two well-described pathways to MOF
in burn patients: early and late.8 The early clinical sequence
is characterized by resuscitation failure leading to adult
respiratory distress syndrome (ARDS), hemodynamic
failure, renal failure, liver failure, gut failure, and sepsis. In
the late cascade seen in patients surviving resuscitation,
pulmonary failure, hemodynamic instability, renal failure,
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Table 30.1 DENVER2 Criteria for Multisystem Organ Failure

Component Measurement Score

0 1 2 3

Pulmonary PaO2/FiO2 ≥250 175–249 100–174 <100

Renal Creatinine ≤1.8 >1.8–2.5 >2.5–5.0 >5.0

Hepatic Bilirubin ≤2.0 >2.0–4.0 >4.0–8.0 >8.0

Cardiac Inotropes See definitions below

Cardiac Score: Scoring for cardiac component is a combination of number and dosage of inotropes administered.
S = small dose, M = moderate dose, L = large dose
Patient receives 0 agents: cardiac score = 0

Patient receives 1 agent: Patient receives 2 agents:

Dose size S M L Dose size (S, S) (S, M) M, M) (L, anything)

Cardiac score 1 2 3 Cardiac score 2 2 3 3

Patient receives 3 or more agents: cardiac score = 3

Table 30.2 Sequential Organ Failure Assessment Criteria

SOFA Score 0 1 2 3 4

WITH RESPIRATORY SUPPORT

Respiration, Pao2/Flo2, mm Hg >400 ≤400 ≤399 ≤200 ≤100

Coagulation, platelets × 103/
mm3

>150 ≤150 ≤100 ≤50 ≤20

Liver, bilirubin, mg/dL 
(µmol/L)

<1.2 (<20) 1.2–1.9 (20–32) 2.0–5.9 (33–101) 6.0–11.9 (102–204) >12.0

Cardiovascular, hypotension No hypotension MAP <79 mm Hg Dopamine ≤5 or 
dobutamine 
(any dose)a

Dopamine >5 or 
epinephrine ≤0.1 or 
norepinephrine ≤0.1a

Dopamine > 15 or 
epinephrine >0.1 or no 
epinephrine >0.1a

Central nervous system, 
Glasgow Coma Scale score

15 13–14 10–12 6–9 <6

Renal, creatinine, mg/dL 
(µmol/L)

<1.2 (<110) 1.2–1.9 (110–170) 2.0–3.4 
(171–299)

3.5–4.9 (300–440) >5.0 (>440)

Or urine output Or <500 mL/day Or <200 mL/day

MAP, Mean arterial pressure.
aAdrenergic agents administered for ≥1 h (doses given are in µg/kg/min).
From Dubois MJ, Orellana-Jimenez C, Melot C, et al. Albumin administration improves organ function in critically ill hypoalbuminemic patients: a prospective, 

randomized, controlled, pilot study. Crit Care Med. 2006;34(10):2536–2540.
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they defined greater than twofold transcriptome changes in 
80% of  leukocyte genes (5136) compared to healthy con-
trols. Within the first 12 hours the gene expression favors 
innate immunity and inflammatory response, including 
NB1, MMP8 (neutrophil collagenase), lactotransferrin 
(LTF), and haptoglobin (HP) with a marked downregula-
tion of  T-cell function and antigen presentation (Fig. 30.2). 
They found the genomic response was similar between iso-
lated endotoxin challenge, minor trauma, and severe burn, 
differing primarily in the magnitude and duration of  the 
response, thus postulating that the persistence of  cellu-
lar debris in the plasma as a danger-associated molecular 
pattern (DAMP) continues the nonresolving inflamma-
tion23 (Fig. 30.3). These descriptions of  genomic response 
to burn injury reflect a global response and do not account 
for complex interplays or subpopulations of  different cell 
types within the total leukocyte populations, the microenvi-
ronmental effects within different compartments where the 
immune cells exert their effects, proteomic or metabolomic 
effects, nor that certain transcripts in low abundance or 
with a small change may have profound effects. These data 
do highlight the complexity and universality of  the immu-
nologic response to severe injury or minor endotoxemia.

Tompkin’s data demonstrate systemic inflammatory 
response syndrome (SIRS) underlies cellular events leading 
to MOF. Although many MOF patients will have different 
engines,24 such as sterile burn wounds, sepsis is the most 
common late initiator of  SIRS.1 One overwhelming infec-
tion is not required; small repetitive infections may trigger 
the cascade,25 perhaps by priming immune cells and making 
them react more profoundly to each consecutive stimulus.25 
Endotoxin from Gram-negative bacteria is a major interme-
diary via Toll-like receptor (TLR) pathways,26 but Gram-
positive bacteria cause similar insults.27 With the advent of  
early burn wound excision,28 infected wounds and wound 
sepsis are decreasing in incidence; pneumonia rather than 
wound sepsis causes most infectious deaths in burn patients 
today.29 Complete wound closure, without donor sites (e.g., 
with skin substitutes), decreases oxygen consumption30 
thereby ameliorating the inflammatory response to the 
open wound. Incomplete wound closure does not have this 
effect.31 Increased levels of  circulating mediators such as 
IL-6, IL-8, and tumor necrosis factor (TNF) have been 
shown to originate from the burn wound32 and contribute 
to hypermetabolic and inflammatory states seen in burn 
patients. IL-8 has been demonstrated to be upregulated in 
the lung after burn injury.32 The stimulus for this upregula-
tion, which is associated with pulmonary dysfunction, may 
come from the wound.32

A significant source of  endotoxemia and septic load 
leading to MOF is gut barrier failure.33 Bacterial densities 
range from near 0 in the stomach, to 104–105 in the distal 
small bowel, to 1011–1012/g of  stool in the normal colon.34 
Although not seen immediately after trauma,35 serial insults 
result in increased translocation of  bacteria and their prod-
ucts into the portal and lymphatic circulations. Hemor-
rhagic shock,36 endotoxin administration,37 burns,38 and 
burn wound sepsis39 have each been shown to result in 
increased translocation of  bacteria from the gut. Using 
polyethylene glycol 3350 as a tracer, increasing burn 
wound size was demonstrated to increase gut permeability 
to macromolecules such as endotoxin.40 Smaller molecules, 

mitochondrial DNA, most profoundly in the lungs and 
hearts of  burned mice associated with a time-dependent 
increase in oxidative stress and neutrophil infiltration.17 
Porter and Herndon investigated postburn mitochondrial 
dysfunction by measuring mitochondrial respiration in 
saponin-permeabilized myofiber bundles and noted dimin-
ished mitochondrial coupling control persisting at 2 years 
postburn.18 Uncoupling protein-1 thermogenesis increases 
after burn trauma and is a mechanism of  hypermetabolism 
in burn victims.19 This response is both adrenergic-mediated 
and responsive to ambient temperature, linking thermal 
regulation to skeletal muscle metabolism.20 Jeschke and 
Herndon described the pathophysiologic response to severe 
burn injury in 242 children with a mean burn size of  56%. 
All patients were hypermetabolic with significant muscle 
protein loss, loss of  bone mineral content, and profound 
alterations of  serum proteome. Cardiac function was com-
promised, insulin resistance appeared in the first week, and 
patients were hyperinflammatory with marked changes in 
interleukin (IL)-8, monocyte chemotactic protein-1 
(MCP-1), and IL-6.21 Among 821 severely burned children, 
586 never developed organ failure by the DENVER2 crite-
ria. Respiratory failure was the most common organ failure 
occurring in 230, then cardiac in 77, with renal only 
occurring in 164 (Fig. 30.1).

The Inflammation and Host Response to Injury Large-
Scale Collaborative Research Program defined the leuko-
cyte transcriptome after severe trauma and burn injury and 
found a similar “genomic storm” among different injuries, 
revealing a fundamental human response to severe inflam-
matory stress.22 The transcriptome of  leukocytes following 
burn was linked to their immunologic response and related 
to outcomes. In their study of  167 subjects over 28 days 

Table 30.3 Coincidence and Correlation Between 
Organ Failures

Part A Heart Lung Kidney Liver

Heart (77) NA 73 10 16*

Lung (230) 73 NA 16 22

Kidney (16) 10 16 NA 6

Liver (23) 16* 22 6* NA

Part B 1 Organ 2 Organs 3 Organs 4 Organs

Heart (77) 4 51 18 4

Lung (230) 147 59 20 4

Kidney (16) 0 4 8 4

Liver (23) 1 4 14 4

Failures

Part A displays the coincidence of the single-organ failures. Logistic 
regression revealed a statistically significant relationship between liver 
failure accompanied by heart and renal failure. Part B depicts the 
incidence of single and combined organ failures in the patient 
population.

*P <0.05.
NA, Not applicable.
From Kraft R, Herndon DN, Finnerty CC, Shahrokhi S, Jeschke MG. 

Occurrence of multiorgan dysfunction in pediatric burn patients: 
incidence and clinical outcome. Ann Surg. 2014;259(2):381–387.
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in foci of  infection and within the gut when the gut barrier 
fails.

Arachidonic acid (AA) makes up approximately 20% of  
cell membranes and is released from these membranes in 
response to a multitude of  stimuli, which activate phospho-
lipases A2 and C, and is then metabolized by active media-
tors. The cyclooxygenase pathway yields prostaglandins 
and thromboxanes, whereas the lipoxygenase pathway 
results in the production of  leukotrienes.55 Prostaglandins 
and leukotrienes interact with other mediators in a complex 
fashion and are later degraded.56 Cyclooxygenase products 
like prostacyclin inhibit platelet aggregation, thrombus for-
mation, and gastric secretion,57 whereas other products like 
thromboxane A2 (TXA2) cause platelet aggregation, have 
profound vasoconstricting effects on both the splanchnic 
and pulmonary microvasculature, and induce bronchocon-
striction and increased membrane permeability.58 Aspirin 
irreversibly inhibits cyclooxygenase, driving AA down the 
lipoxygenase pathway.59 The lipoxygenase pathway results 
in the formation of  leukotrienes. There are two types based 
on their metabolism after the action of  5-lipoxygenase, leu-
kotrienes (LT) C4, D4, and E4 (the sulfidopeptide group), and 
LTB4.51 Multiple stimuli by several cell types, including neu-
trophils, macrophages, and monocytes, generate leukotri-
enes.52 Vessel walls are also capable of  generating 
leukotrienes.60 LT C4, D4, and E4 have variable actions on 
vascular tone dependent on the presence or absence of  
other mediators, including cyclooxygenase products.61 In 
addition to their variable effects in redirecting blood flow, LT 
C4, D4, and E4 increase vascular permeability62 and are ele-
vated immediately prior to the development of  pulmonary 
failure.63 The principal effect of  LT B4 is enhancement of  
neutrophil chemotaxis.64 Thus, leukotrienes as a group 
may be involved in the edema formation and pulmonary 
and systemic vascular changes seen in MOF.

Cytokines are regulatory proteins secreted by immune 
cells and have multiple paracrine and endocrine effects. 
There are six major classes:65 interleukins, TNF, interferons, 
colony-stimulating factors, chemotactic factors, and growth 
factors. Those most extensively characterized in sepsis are 
IL-1, IL-6, and TNF.

IL-1 and IL-6 are elevated in septic states; high levels are 
associated with fatal outcomes66 and predict systemic infec-
tion.67 IL-1β causes hypotension and decreased systemic 
vascular resistance, which may be synergistic with the 
effects of  TNF.68 TNF causes hypotension, cardiac depres-
sion, and pulmonary dysfunction in animals.69,70 When 
administered to humans, TNF causes fever, hypotension, 
decreased systemic vascular resistance, increased protein 
turnover, elevation of  stress hormone levels,66,71 and activa-
tion of  the coagulation cascade.68

PAF is a nonprotein phospholipid secreted by many cells 
including platelets and endothelial and inflammatory 
cells,72 and it is a major mediator of  the pulmonary73 and 
hemodynamic74 effects of  endotoxin. The major effects of  
PAF are vasodilation, cardiac depression, and enhancement 
of  capillary leak. Its complex interactions with other media-
tors remain poorly understood.

Although tissue injury can occur in the absence of  neu-
trophils,75 the inflammatory process results in local accu-
mulation of  activated inflammatory cells that release 
various local toxins such as oxygen radicals, proteases, 

with lactulose as the tracer, passed more readily through 
the gastrointestinal membrane after injury.41 Both intra- 
and transcellular processes allow transloaction.42,43 Conse-
quences of  loss of  the gastrointestinal barrier are profound. 
Translocating whole bacteria can be a direct source of  
sepsis or can activate Kupffer cells2,3 and promulgate an 
inflammatory response in conjunction with bacterial prod-
ucts such as endotoxin.

COMMON GROUND: HUMORAL MEDIATORS

In patients receiving critical care (fluid resuscitation and 
wound care) for the acute burn injury and its attendant 
burn shock, the principal determinants of  organ failure are 
humoral mediators.44 Investigators are unraveling these 
humoral factors using blocking antibodies, soluble recep-
tors, and receptor antagonists.45

Further studies of  leukocyte transcriptome after severe 
trauma and burn injury demonstrated that humoral inflam-
matory mediators underlie cascades responsible for mortal-
ity in burn patients. Sood and Herndon used early leukocyte 
mRNA genomics to correlate transcriptome changes with 
outcomes in 324 severely burned patients. In many ways 
their mortality findings were as expected. Ages older than 
60 carry a relative risk of  death (RR) of  4.53, burns greater 
than 40% carry an RR of  4.24, and inhalation carries 
an RR of  2.08, all independently associated with mortal-
ity. They found 39 gene signatures within the leukocyte 
transcriptome inherent in the “genomic storm” associated 
with platelet activation and degranulation, cellular prolif-
eration, and downregulation of  proinflammatory cytokines  
(see Fig. 30.1).46

Jeschke and Herndon worked to differentiate burn survi-
vors from nonsurvivors based on profoundly different tra-
jectories in inflammatory and hypermetabolic responses.
Nonsurvivors had significantly higher IL-6, IL-8, granulo-
cyte colony-stimulating factor, monocyte chemotactic
protein-1, C-reactive protein, glucose, insulin, blood urea
nitrogen, creatinine and bilirubin, and hypermetabolic
response.47 IL-8 is a major mediator for inflammatory
responses and tracks correspondingly with body surface
area burned and incidence of  MOF. High levels were associ-
ated with sepsis, MOF, and mortality suggesting that IL-8
may provide a valid biomarker for monitoring sepsis, infec-
tions, and mortality in burn paitents.48

The humoral inflammatory mediators believed to under-
lie MOF in burn injury are the same factors and cascades
governing the fundamental human responses to severe
injury and have been discussed for decades: endotoxin, ara-
chidonic acid metabolites, cytokines, platelet activating
factor (PAF), activated neutrophils and adherence mol-
ecules, nitric oxide, complement, and oxygen free radicals.

Endotoxin, a lipopolysaccharide component of  Gram-
negative bacteria outer cell walls, induces many of  the
symptoms associated with sepsis: fever, hypotension, the
release of  acute-phase proteins, and the production of  mul-
tiple cytokines including TNF and IL-1 via interaction with
TLRs.49 Endotoxin injection alone causes the same changes
in the leukocyte transcriptome as severe burn injury.23 It
also activates complement50–52 and the coagulation
cascade53 and results in the release of  PAF.54 Potential
sources of  endotoxin include both Gram-negative bacteria
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carbon dioxide production, hyperdynamic circulation, 
increased minute ventilation, altered immune responses, 
and catabolism. Persistently higher metabolic rates are seen 
in nonsurvivors.4 An essential component of  modern  
burn management is attenuating the hypermetabolic 
response. Reducing the patient’s metabolic demand via 
management of  the external environment has been an 
indispensable component of  burn care for decades.20 Pres-
ently, β-adrenergic blockade with propranolol is the most 
efficacious anabolic pharmacologic therapy. While effects of  
growth hormone91 were even more profound, it was associ-
ated with more adverse outcomes. Insulin-like growth 
factor, intensive insulin therapy, and oxandrolone have all 
been studied.91

Anabolic steroids such as oxandrolone have been used to 
reduce post burn catabolism and help shift patients to an 
anabolic state. Sousse and Suman demonstrated that long-
term administration of  oxandrolone significantly reduced 
hypermetabolism and increased height percentile, bone 
mineralization, lean body mass, and strength. They showed 
improved pulmonary functions with greater maximum 
expired ventilation and higher maximum voluntary venti-
lation.92 Inhalation injury did not increase burn-induced 
hypermetabolic stress.93 Promising investigations continue 
into the use of  anabolic agents to treat severe burn injury, 
and they are rapidly becoming a standard of  care in centers 
around the world.

CARDIOVASCULAR

Several hours post burn, a profound shock state devel-
ops due to loss of  preload as burn edema advances. In 
the immediate post-burn ebb phase, cardiac function 
is depressed in an IL-1B- and TNFα-dependent manner 
that can be blocked with a CD14 knockout or halted with 
nuclear factor (NF-κB) blockers. By 48 h post burn the 
myocardium becomes tachycardic with increased cardiac 
output and hyperinflammatory in a β-adrenergic-mediated 
manner.94 The decrease in right ventricular ejection frac-
tion seen after endotoxemia can be alleviated by blockade 
of  thromboxane.95 Initially, systemic vascular resistance is 
increased; however, as systemic inflammation and sepsis 
emerge during the flow phase, vasoplegia ensues and exac-
erbates the cardiogenic and distributive shock states that  
promote MOF.96

Twenty-four to 48 hours after injury the ebb phase ends, 
the cardiac pathology enters the flow phase, marked by 

eicosanoids, PAF, and others. When unregulated, such 
accumulations of  activated cells can cause tissue injury.76 
The initial attachment of  neutrophils to the vascular endo-
thelium at an inflammatory site is facilitated by the interac-
tion of  adherence molecules on the neutrophil and 
endothelial cell surfaces.77

Induced by numerous stimuli, these neutrophil adher-
ence receptors are, intriguingly, reduced after major 
thermal and nonthermal injury,78 perhaps explaining in 
part the increased incidence of  infection. The importance 
of  this adherence mechanism can be seen in patients defi-
cient in one integrin class of  neutrophil adherence recep-
tors, CD-18, who suffer from frequent bacterial infections.79 
The biology of  the transmembrane polypeptides governing 
these complex cell-to-cell interactions is an active area of  
research80 and holds promise for therapeutic interventions.

Oxygen radicals, such as hydrogen peroxide and superox-
ide anion, are released by activated neutrophils in response 
to a variety of  stimuli81 and when xanthine oxidase is acti-
vated after reperfusion in ischemia–reperfusion models. 
These highly reactive products cause cell membrane dys-
function, increased vascular permeability, and release 
eicosanoids.

Nitric oxide, released when citrulline is formed from argi-
nine, was identified as an endothelial product in the mid-
1980s.82 Its half-life is merely a few seconds because it is 
quickly oxidized, but it has profound local microvascular 
effects. Nitric oxide synthesis is stimulated by various cyto-
kines, endotoxin, thrombin, and injury to the vascular 
endothelium. It is a potent vasodilator,83 but its actions vary 
depending on the vascular bed and presence of  other medi-
ators.84 Nitric oxide is one of  the major mediators of  hypo-
tensive response to sepsis.85,86

Antigen–antibody complexes activate the complement 
cascade, and complement fragments thus generated inter-
act with other cytokines to promulgate the inflammatory 
response.87 Diminished levels of  the natural inhibitor of  
C5a have been demonstrated in patients with ARDS.88 
Administration of  anti-C5a antibody diminishes hypoten-
sion in an animal model of  endotoxemia.89

Organ-Specific Failure 
and Prevention

MOF reversal is challenging, making prevention para-
mount.90 Genomic data have demonstrated that patients 
with MOF began on the same path as those who recover 
without complications.23 Prevention is based on arresting 
the “engines” that drive and amplify the process: sepsis, 
gut barrier breakdown, the wound, and inadequate perfu-
sion (Table 30.4). With current surgical and pharmacologic 
modalities, it is more practical to halt these engines than deal 
with an inadequately understood complex web of  media-
tors. The interplay between organ systems and engines of  
MOF in the burned patient are complex. For expedience, we 
will discuss major organ systems sequentially.

HYPERMETABOLISM

Severe injury is associated with the hypermetabolic 
response, marked by increased oxygen consumption and 

Table 30.4 Multiple Organ Failure Etiology and 
Established Preventive Measures

Etiology Prevention

Sepsis Early excision and biologic closure of deep 
wounds

Anticipation and early treatment of occult 
septic foci

Gut barrier failure Optimize whole-body hemodynamics
Early enteral feedings

Reduced organ 
perfusion

Optimize whole-body hemodynamics

Enhanced oxygen delivery
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investigated the integrity of  airway epithelium in autopsy 
specimens of  72 severely burned children, finding airway 
epithelial loss corresponded to inhalation injury and age.98 
Mortality of  inhalation injury was 16.4% and was associ-
ated with increased length of  mechanical ventilation and 
length of  stay.99

Lopez and Enkhbaatar demonstrated that nebulized 
epinephrine limited pulmonary vascular hyperpermeabil-
ity to water and protein flux in an ovine burn model with 
smoke inhalation. This preserved dynamic compliance, 
mean airway pressure, and P/F ratio.100 In their ovine burn 
with inhalation injury model, Traber et al. administered 
γ-tocopherol, a reactive oxygen species scavenger. They 
found decreases in arginase and collagen, significantly 
improved diffusion capacity, decreased lung water, reduced 
pulmonary shunt fraction, and reduced peak pressures 
and bronchiolar obstruction, indicating that free radical 
scavengers may reduce smoke-induced chronic pulmonary 
dysfunction.101,102

In an ovine model of  inhalation injury with Pseudomo-
nas infection there was severe deterioration in pulmonary 
gas exchange and increased lung lymph flow and protein 
content, lung water, nitrite/nitrate concentrations, tra-
cheal blood flow, and vascular endothelial growth factor 
(VEGF) expression.103 In a different study with this model 
evaluating microcirculatory changes in response to acti-
vated protein C, significant reductions in heart rate and 
cardiac output were observed. The changes in microvas-
cular blood flow to the trachea, kidney, and brain were  
normalized.104

For nearly 20 years the ARDSnet doctrine of  limited 
tidal volumes, pressure-limited ventilation, positive end-
expiratory pressure (PEEP), and permissive hypercapnea 
have dominated the field of  pulmonary critical care.105 
Application of  these principles to burn care has been 
limited due to increased CO2 production resulting from the 
hyperdynamic state requiring higher minute ventilation, 
pulmonary edema from resuscitation increasing the A-a 
gradient, and decreasing compliance and airway injury 
from inhaled toxins causing increased resistance and 
mucosal sloughing and plugging. For more than 28 years, 
Sousse and Mlcak analyzed pulmonary outcomes in 932 
burned pediatric patients with inhalation injury, stratifying 
for tidal volume. Their findings are staggeringly divergent 
from ADRSnet data; they determined high tidal volume 
(15 ± 3 mL/kg) corresponded to significantly decreased 
ventilator days and maximum PEEP and significantly 
increased maximum peak inspiratory pressure. ARDS was 
significantly decreased, but the pneumothorax rate was 
increased. They concluded that high tidal volumes might 
interrupt the events leading to lung injury following inha-
lation injury.106 Of  note, this study was performed in the 
setting of  early spontaneous breathing trials and aggres-
sive discontinuation of  mechanical ventilation. It remains 
unclear whether these data are an aberration or, as we 
suspect, there is a fundamental difference in the physiology 
of  burned lungs. In the setting of  severe inhalation injury 
with hypoxia and hypercapnia, we have seen the remark-
able ability of  pediatric lungs to heal with eventual nor-
malization of  gas exchange several months post injury; this 
phenomenon may be attributable to a still-active stem cell  
population.107

elevated cardiac outputs. The pathophysiology of  this phase
of  cardiac dysfunction has been thoroughly described.94

Two primary drivers are prolonged elevated levels of  cate-
cholamines and sepsis. Sepsis can continue to produce myo-
cardial dysfunction in a cytokine-mediated process.
Persistent β-adrenergic receptor activation causes uncou-
pling from G-proteins, decreases cyclic adenosine mono-
phosphate (cAMP) production and altered phosphorylation
down the mitogen-activated protein kinase (MAPK) and
Akt (protein kinase B) pathways away from the target of
rapamycin (mTOR), and reduces sarcoplasmic reticulum
calcium ATPase 2 (SERCA2) and ryanodine receptor (RyR).
Collectively these make the myocardium less responsive to
catecholamines and perturb calcium homeostasis. Further
nitric oxide secretion from inflamed and burned tissue alters
mitochondrial respiration and competes with calcium for
binding sites on myosin, thus furthering the calcium dys-
regulation. The prolonged leakage of  calcium from the sar-
coplasmic reticulum depletes calcium stores and depresses
contractility. These changes conjointly drive the myocar-
dium toward apoptosis, which is detected within 3 hours
postburn in the ebb phase but can continue into the flow
phase.94

Additionally, pulmonary hypertension and right ventric-
ular failure have a high mortality. In burn patients this can
result from sepsis-related myocardial effects or acute fluid
overload with resuscitation and/or edema mobilization. Left
heart failure, acute pulmonary embolism, sepsis, acute
lung injury, and perioperative state are other common
causes.97 Jeschke reported nonsurvivors having a 30%
higher cardiac index at 29–34 days and 91–180 postburn
than survivors, thus demonstrating the increased cardiac
demand required in the persistent hyperdynamic state typi-
fying MOF. The data suggest that these patients may need a
supraphysiologic cardiac index to meet their hypermeta-
bolic needs, although no definitive studies currently exist.
Effective and expeditious management of  cardiovascular
failure is important to preventing or ameliorating MOF and
is a critical component of  burn center care.

There is mounting evidence that propranolol improves
cardiac outcomes after burn injury by reducing heart rate
and cardiac work, thus dampening hypermetabolism and
hypercatabolism. Carvedilol may hold additional promise
with its added α-blocking and free radical scavenging
activities.

LUNGS

Pulmonary failure is caused by direct injury from inhala-
tion of  toxins, fluid overload, heart failure, and pulmonary
edema resulting from resuscitation, injury from inflamma-
tory and septic mediators draining from the burn wounds
to the pulmonary capillary beds, pneumonia, and iatro-
genic ventilator injury.11 Prevention of  the pulmonary com-
ponent of  MOF is based on infectious prophylaxis (early
ventilator weaning/daily spontaneous breathing trials, suc-
tioning, oral hygiene, chest physiotherapy, elevating head-
of-bed) and limiting factors that exacerbate pulmonary
injury. Current treatments such as administration of  nebu-
lized heparin, albuterol, cortisol, and epinephrine and chest
physiotherapy as well as mucolysis improve pulmonary
ventilation, function, and outcomes.4 Cox and Hawkins
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the colonic mucosa, but the value of  such support in the 
hypermetabolic burn patient remains unclear.

Limited research suggests possible benefits of  probiotics 
for gut barrier support.124 Probiotics may improve gastro-
intestinal barrier function, avoiding colonization with 
pathogenic microorganisms and immunomodulation. They 
reduce bacterial translocation in the gut of  burned rats.125 
Interestingly, they seem to increase diarrhea rates. Accu-
mulating data suggest probiotics may reduce ventilator-
associated pneumonia rates. There are some concerns in 
the current datasets that the control groups have too high 
an incidence of  ventilator-acquired pneumonia (VAP), and 
there have been case reports of  sepsis from probiotic organ-
isms in high-risk patients.126 In a series of  20 severely 
burned children, probiotics were found to be safe and tended 
toward fewer surgeries and less time to achieve complete 
wound closure.127

Decontamination of  the gut lumen might diminish the 
impact of  gastrointestinal barrier failure. Attempts have 
been made to assess the impact of  selective decontamina-
tion of  the gut128 by coating enteric bacteria to inhibit their 
ability to attach to the intestinal mucosa and translocate.129 
While the rate of  pneumonia may decrease by such mecha-
nisms, there is no apparent impact on mortality.

Acute pancreatitis is also notable after severe burn injury 
as defined as a threefold increase in amylase or lipase with 
abdominal pain or feeding intolerance. In a pediatric cohort, 
Rivero and Jeschke reported an incidence of  13/2699 or 
0.05% and found pathological evidence in 11/78 autopsies. 
This is in contrast to 40% of  patients developing a hyper-
amylasemia or hyperlipidemia without symptoms. They 
postulated that the etiology of  these pancreatitis cases was 
from ischemic injuries due to shock. They also noted 
increased mortality in the pancreatitis cohort.130

In a severe burn the liver plays a pivotal role in modulat-
ing inflammatory processes, immune functions, metabolic 
pathways, and the acute-phase response. Thermal injury 
causes hepatic damage by inducing hepatic edema, fatty 
infiltration, apoptosis, and the metabolic derangements 
associated with insulin resistance. Insulin administra-
tion decreases the rate of  infections and the synthesis of  
proinflammatory cytokines and improves hepatic struc-
ture and function in severely burned and critically ill  
patients.131

Burn injury promotes catabolism and lipolysis in burned 
children.132 The resulting free fatty acids are re-esterified in 
the liver to triglycerides where they are not secreted as very-
low-density lipoprotein (VLDL) due to downregulation of  
transport proteins, thus leading to progressive fatty liver 
metamorphosis. Carbohydrates are utilized as a major 
energy source for critically burned patients. Lee and 
Herndon demonstrated that low-fat, high-carbohydrate 
feeds promote shorter ICU stay per %TBSA, a lower inci-
dence of  sepsis, and decreased hepatic steotosis.133

Acute liver failure (ALF) is uncommon after burn but 
carries a high mortality. It presents with hepatic encepha-
lopathy, jaundice, and coagulopathy in the absence of  
chronic liver disease and carries a mortality rate of  40–50%. 
The cause of  death is cerebral herniation in 34%, refractory 
hypotension, and MOF. Herndon et al. studied 142 consec-
utive cases of  ALF in the ICU and found that 70% were due 
to heart failure, 13% from respiratory failure, and 13% 

Systemic factors beyond sepsis also affect pulmonary 
failure. For example, inflammation associated with burns 
leads to hyperglycemia. A threshold of  greater than 
150 mg/dL leads to overwhelming growth of  bacteria in 
the bronchopulmonary system. Pneumonia on mechanical 
ventilation and ARDS were higher in patients with average 
daily glucose greater than 150; they had significantly 
longer ventilation and more infection and sepsis.108

GASTROINTESTINAL DYSFUNCTION

DENVER2 and SOFA scores only address the gut failure 
pertaining to the liver. However, other aspects of  gastro-
intestinal dysfunction also cause significant morbidity and 
contribute to mortality. Intestinal circulatory disturbances, 
atony, ileus, edema, swelling, and loss of  mucosal barrier 
function gut dysfunction are an engine of  MOF that Laut-
enschlager et al. studied with isolated rat small intestine 
perfused with PAF. They induced mesenteric vasoconstric-
tion, translocation of  fluid and macromolecules from the 
vasculature to the lumen, edema, and the loss of  motility 
seen in intestinal failure. In this model quinidine, a sodium 
channel blocker, inhibited this pathology whereas dexa-
methasone did not.109 Oliveira and Herndon studied the 
role of  cyclooxygenase-2 inhibitors on gastric and small 
bowel ileus in prostaglandin-mediated etiology for postburn 
ileus.110 Gut mucosal integrity suffers when mesenteric flow 
is inadequate, and gut blood flow is decreased after burn 
injury, exacerbated by TXA2 release.111 Support of  splanch-
nic blood flow is an important aspect of  MOF preven-
tion112 accomplished as part of  whole-body hemodynamic  
support.

In a chronic porcine model of  burn injury, burned pigs
were given endotoxin bolus, causing a marked decrease in
systemic vascular resistance, blood pressure, cardiac index,
and mesenteric blood flow. This state increased gut bacterial
translocation into mesenteric lymph nodes, spleen, and
burn wounds, possibly due to mesenteric ischemia and
reperfusion injury.113

Enteral feedings have beneficial effects on outcomes com-
pared with parenteral feedings, possibly via an enhance-
ment of  gastrointestinal barrier integrity.114 Enterocytes
are principally supported by intraluminal feedings. Guts
deprived of  intraluminal feedings develop mucosal
atrophy.115 Early enteral feedings are tolerated in burn
patients116 and attenuate their hypermetabolic response.117

The value of  specific nutrients to support the enterocyte is
murkier than that of  providing adequate mesenteric blood
flow and intraluminal nutrition. Glutamine is the preferred
fuel of  the small bowel enterocyte.118 Sepsis has been shown
to decrease glutamine uptake by the small bowel enterocyte,
which may result in barrier failure,119 and the addition of
glutamine to the nutritional regimen is theorized to improve
barrier function. Glutamine is not a component of  com-
mercial parenteral nutritional formulas because of  its short
shelf  life, although the dipeptide is well tolerated and has a
longer shelf  life.120 While supplemental glutamine may
improve protein balance in surgical patients115 and partially
reverse gut atrophy,121 it has not been shown to improve gut
barrier function when given parenterally.122 The large intes-
tinal mucosa are trophic to butyrate, a fatty acid liberated
by fiber fermentation.123 Enteral pectin may help support
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increasing creatinine or decreased urine output, the finding 
of  granular casts on centrifuged microscopic urinalysis is 
helpful in promptly differentiating organ damage (tubular 
necrosis) from appropriate renal response to decreased 
blood flow (prerenal state) and can promptly guide therapy.

Prevention of Sepsis

Sepsis is a major engine of  MOF, and MOF predisposes 
patient to sepsis; a lethal feed-forward loop. The post-burn 
surge of  proinflammatory mediators and resultant hyper-
metabolic response and protein wasting contribute to infec-
tion and sepsis.4 In multiple series all mortalities with MOF 
were septic. MOF patients may have more major infections 
(non-MOF 2.1 versus MOF 3.3), and they do experience 
more sepsis (non-MOF 5%, MOF 31%).4 Early burn excision, 
wound closure, regular wound surveillance and culture, 
and strict infection control remain the principal adjuncts to 
control invasive infections in burn patients.140 Sepsis 
accounts for at least half  of  MOF cases. Overt wound sepsis 
and smaller septic insults are prevented by early removal of  
devitalized tissue because manipulation of  heavily colo-
nized burn wounds is a frequent source of  transient bacte-
remia.141,142 Multiple episodes of  occult bacteremia 
occurring during frequent manipulation of  heavily colo-
nized wounds contribute to the development of  MOF by 
priming immune cells, making them react more intensively 
to each subsequent insult.25

The role of  perioperative and prophylactic antibiotics in 
minimizing bacteremia in the perioperative period remains 
controversial. There is a clear benefit to patients with inju-
ries greater than 60% TBSA and for any patient in whom 
the probability of  bacteremia with wound manipulation is 
considered to be high.143 Culture-directed antibiotics are an 
important consideration because burn patients are prone to 
a large number of  unusual and often occult infections.144 
Rapid diagnosis and treatment are assisted by a high index 
of  suspicion.

Intravascular infections such as suppurative thrombo-
phlebitis and endocarditis typically present in burn patients 
with fever and bacteremia without localizing signs. Burn 
patients with endocarditis rarely develop a murmur (just 
9% of  cases)145 with only 10% reported antemortem.146 
Septic thrombophlebitis often presents without localizing 
signs, with 68% of  cases having only fever and positive 
blood cultures.147 Diagnosis is made by thorough examina-
tion of  all sites of  prior cannulation, surgical exposure of  
suspicious sites, and complete excision of  involved veins.148 
Vigilant care, scheduled replacement, and early removal of  
intravascular devices will minimize the occurrence of  
catheter-related sepsis. Occult intracompartmental sepsis 
can also present with fever and bacteremia without local-
izing signs and is diagnosed only by careful examination 
and exploration of  suspicious compartments.149

Pneumonia, seen in approximately 35% of  patients with 
inhalation injury, adds 20–60% to the expected mortal-
ity.150 Pneumonia should be vigilantly anticipated and 
aggressively treated with pulmonary care and specific anti-
biotics. The incidence of  nosocomial pneumonia increases 
with longer durations of  intubation,151 emphasizing the 
importance of  judicious use of  mechanical ventilation and 

from toxins or sepsis.134 Most commonly, low flow states
cause ALF. The liver receives most of  its blood flow via the
portal system, and the dependence on portal supply is
increased in critical illness because the arterial supply is
reduced while the central lobular oxygen requirements
increase due to metabolic and synthetic demands. In the
setting of  heart failure, high central venous pressures, asso-
ciated with fluid overload or the need for high preload,
decrease the pressure gradient across the liver and compro-
mise portal flow (and oxygenation), leading to centrilobular
necrosis. Thus, most post-burn acute liver failure is hypox-
emic liver failure, with high hepatic (central) venous pres-
sures a major (unrecognized) cause of  reduced hepatic
oxygen delivery.134 Less common causes are toxins and
viruses. Many drugs used in the burn ICU can cause acute
liver failure: acetaminophen, amoxicillin, moxifloxacin,
trimethoprim-sulfamethoxazole, fluconazole, voriconazole,
amiodarone, metformin, isoflurane, opiates, phenytoin,
ibuprofen, iron, and anabolic steroids make up a short list.
Immunosuppression associated with burn injury predis-
poses activation of  latent hepatitis and herpes viruses (espe-
cially cytomegalovirus), which can cause ALF. Loss of
clotting factors causes coagulopathy, whereas loss of  anti-
coagulants can causes thrombosis, collectively promoting
disseminated intravascular coagulation (DIC). Burn patients
with liver dysfunction become prone to hypoglycemia due
to loss of  glucose homeostasis.135 ALF feeds back into MOF
causing vasoplegia with diminished hepatic clearance of
circulating vasoactive compounds, increased nitric oxide
(NO) production, acute renal failure due to ischemia, and
acute tubular necrosis (ATN), and it may progress to hepa-
torenal and/or compartment syndromes.

RENAL

To survive a burn injury adequate renal clearance is essen-
tial. Twenty-four h following resuscitation it is necessary
to clear the excess volume administered. Renal function is
critical to clear extensive metabolic wastes associated with
injury and the hyperdynamic state.136 Concurrently the
kidney is subjected to prerenal insults, such as hypovolemia
and shock, and to direct renal toxins, such as myoglobin and
medications.137 Aggressive treatment of  compartment syn-
dromes to prevent myoglobinemia, monitoring of  abdomi-
nal compartment pressures to prevent compromise of  renal
blood flow, and avoidance of  nephrotoxic medications are
critical to maintaining renal function. Mason and Jeschke
et al. prospectively analyzed 330 resuscitations dividing the
patients relative to the Parkland formula resuscitation. The
groups receiving greater than Parkland resuscitation had a
higher APACHE score. Patients resuscitated with less than
Parkland resuscitation demonstrated greater probability
of  acute kidney injury (AKI) (odds ratio [OR] 3.25; 95%
confidence interval [CI] 1.18–8.94) without difference in
infectious complications.138 Maintenance of  sufficient renal
blood flow with appropriate volume resuscitation is vital to
maintaining renal function. In a retrospective review of
41,179 burned Finnish patients, 86 had AKI related to the
burn and 43 developed end-stage renal disease (ESRD) and
required renal replacement therapy (RRT).139 In the absence
of  diuretics, urine output of  0.5–1 mL/kg per hour gener-
ally indicates sufficient renal perfusion. In patients with
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urine output, skin perfusion, blood pressure, and senso-
rium. In selected critically ill patients, invasive and nonin-
vasive monitoring is justified to optimize preload, afterload, 
inotropy, and oxygen delivery and consumption particu-
larly in patients where urine output becomes an unreliable 
endpoint.

The Potential Role of Nutritional 
and Specific Immunomodulators

Prevention of  MOF by modulating the common pathway 
that leads to organ dysfunction is the holy grail of  critical 
care. The three general approaches to this goal are nutri-
tional, nonspecific, and specific immunomodulation.

NUTRITIONAL IMMUNOMODULATION

Three categories of  substances show promise as potential 
nutritional immunomodulators: long-chain fatty acids; 
arginine, glutamine, and branched-chain amino acids; and 
nucleotides. Long-chain fatty acids are important constitu-
ents of  cell membranes and can profoundly influence cell 
function.161 Omega-3 long-chain fatty acids play a particu-
larly important role in the membranes of  immunocompe-
tent cells.162 Animal data suggest that supplementation of  
a diet with omega-3 fatty acids may improve immune func-
tion after burn injury;163 however, there are no clear clinical 
data.

The potential immunostimulating effects of  specific 
amino acids, particularly arginine, glutamine, and the 
branched-chain amino acids leucine, isoleucine, and 
valine, remain an area of  research. Arginine has impor-
tant functions in the urea cycle and in generating nitric 
oxide and may have important effects on immunity.164–166 
Animal data suggest improved immunocompetence and 
outcome after burn with arginine supplementation,167–169 
but human data are not adequate to support its routine 
administration. Glutamine may be essential in hypermeta-
bolic patients,118,119 and its administration may support the 
gut barrier, thereby abrogating the consequences of  barrier  
failure.

NONSPECIFIC AND SPECIFIC 
IMMUNOMODULATION

It seems unlikely that a magic immunomodulating bullet 
will prevent the development of  MOF in critically ill patients, 
particularly with uncontrolled sepsis, compromised gut 
barrier, unaddressed burn wounds, or inadequate hemody-
namic support. Efforts at nonspecific immunomodulation 
include the use of  steroids,170 immunoglobulin G,171 and 
naloxone172 with no significant impact on patient outcomes. 
With the exception of  steroids for adrenal insufficiency173 
and naloxone for those with opiate intoxication, there is 
currently no role for these substances in critically ill burn 
patients.

Addressing toxicity of  lipopolysaccharide has been 
attempted by absorption,174 prevention with polymyxin 
B,175 and antiendotoxin antibodies. Although multiple trials 
have been attempted with multiple antibodies no compelling 
data have yet brought one into broad clinical practice.176– 179

early extubation protocols such as daily spontaneous
breathing trials.

Suppurative sinusitis is a rare cause of  sepsis in the ICU
traditionally described as resulting from transnasal tube
placement in a case series published in 1986.152 Many burn
centers routinely use prolonged nasotracheal tubes due to
their dramatically lower rates of  dislodgement and lower
sedation requirements and do not report high rates of
sinusitis. Subsequent studies have brought this etiology into
question, and, in our experience, we have had zero episodes
in the past 20 years.153 Furthermore this is not a typical
cause of  septic shock even when it occurs. If  suppurative
sinusitis does occur, it is treated with tube removal, topical
decongestants, and appropriate antibiotics, rarely requiring
surgical drainage.

Acalculous cholecystitis presents with generalized sepsis
without localizing signs, making diagnosis difficult.154 Per-
cutaneous cholecystectomy tube drainage has become the
management of  choice in suspected cholecystitis in criti-
cally ill patients.155 This allows diagnosis and decompres-
sion in patients too unstable for immediate operation.

Ensuring Adequate
Oxygen Delivery

Oxygen is one of  the most sensitive substrates in cells. The
normal intracellular partial pressure of  oxygen is 0.5 mm
Hg for all mitochondrial function. Failure to deliver ade-
quate oxygen resulting in organ dysfunction is a definition
of  shock and a common cause of  MOF. Inadequate oxygen
delivery shifts cells to anaerobic metabolism and increases
in the liberation of  intracellular oxygen free radicals with
the activation of  xanthine oxidase.156

Sufficient oxygen delivery requires adequate resuscita-
tion and re-establishment of  cardiovascular and pulmo-
nary homeostasis. The practical details of  resuscitation,
particularly resuscitation endpoints, remain controversial.
The Rivers et al.157 study highlighted the utility of  aggres-
sive pursuit of  predetermined resuscitation endpoints in
septic shock. Large trials failed to replicate their results,
which may be the result of  the early goal-directed therapy
protocols becoming the standard of  care with resultant
improvements in control group mortality. Regardless, opti-
mizing preload, assuring appropriate afterload, optimizing
inotropy, and tracking end organ perfusion remain the hall-
marks of  critical care support in algorithms from the
Advanced Burn Life Support to the Surviving Sepsis Cam-
paign.158 Additional resuscitation endpoints beyond urine
output, such as lactic acid and base deficit,159 and advanced
hemodynamic monitoring tools are improving resuscita-
tion accuracy and minimizing the morbidity of  under- and
overresuscitation. Computerized resuscitation algorithms
help achieve sufficient fluid resuscitation while minimizing
overresuscitation. Resuscitation strategies and their effects
are discussed at length in other chapters of  this text. Com-
plications of  anasarca caused by massive crystalloid resus-
citation can be reduced with the addition of  colloid to
resuscitation.160

Inadequate oxygen delivery leads to organ dysfunction.
Clinicians should ensure that injured patients are resusci-
tated to conventional clinical endpoints of  appropriate
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with monoclonal antibodies enhances survival in animal 
models of  endotoxic and hemorrhagic shock.198

Oxygen free radicals generated by activated neutrophils 
or xanthine oxidase may oxidize membrane lipids, forming 
lipid peroxides and resulting in membrane dysfunction.199 
Native antioxidant systems do exist but can be overwhelmed. 
Circulating levels of  vitamin E, a natural antioxidant, are 
low in patients with ARDS.200 Efforts to modify oxidant 
activity include blockade of  free radical generation, addi-
tion of  free radical scavengers, augmentation of  host anti-
oxidant defenses, and prevention of  amplification of  tissue 
damage by neutrophils.199 Particularly intriguing are free 
radical scavengers such as superoxide dismutase201 and 
spin-trapping nitrones,202 which improve survival in animal 
models of  endotoxic and hemorrhagic shock. Despite 
encouraging initial animal studies, such therapy is not yet 
appropriate in human patients.

The continuous synthesis of  NO plays an important 
role in the regulation of  pulmonary and systemic vascular 
tone in sepsis,203 and this presents potential opportunities 
for intervention.204 Aerosolized NO has been shown to be 
useful in reversing the pulmonary hypertension associ-
ated with ARDS as well as in improving V:Q mismatch,205 
and NO synthesis blockade may improve the hypotension 
and renal dysfunction associated with sepsis. Its complex 
interactions with other cytokines and variable effects on 
different vascular beds currently render any NO-based 
interventions investigational or for selected critical care  
indications.

Most patients who die in the burn unit after surviving the 
initial injury and resuscitation succumb to MOF.206 Modify-
ing the cascade leading to MOF at the cellular and subcel-
lular levels is enticing, but our fragmented understanding 
of  these processes mitigates against such therapy in human 
patients at present.

Complete references available online at 
www.expertconsult.inkling.com.

Immunomodulation has also targeted arachidonic acid 
metabolites or eicosanoids, both cyclooxygenase and lipoxy-
genase products. Animal models of  sepsis demonstrate that 
cyclooxygenase pathway blockade has demonstrated 
improved survival,180 improved pulmonary hemodynam-
ics,181 and improved mesenteric blood flow.182 Human data 
are currently lacking, but it has been suggested that non-
steroidal antiinflammatory agents improve symptoms asso-
ciated with endotoxin infusion in normal volunteers183 and 
septic patients184 and may improve immune function after 
surgical trauma.181 In an animal model, infusion of  the 
vasodilating AA metabolite prostacyclin ameliorates the 
pulmonary dysfunction associated with endotoxin infu-
sion.38 Lipoxygenase pathway blockade reduces pulmonary 
dysfunction in mice,185 sheep,186 and pigs.187 The ultimate 
role of  lipoxygenase blockade in human remains to be 
investigated.

Cytokines have also been targeted. IL-1 receptor antago-
nist enhances survival in an animal model.188 Infusion of  
IL-1 may improve immune function in humans.189 Current 
understanding of  the complex functions of  this cytokine is 
inadequate to allow intelligent intervention. TNF blockade 
attenuated the physiological effects of  both endotoxin infu-
sion and Gram-negative sepsis in animal models.190,191 Anti-
TNF administration prior to experimental sepsis192 and 
endotoxemia193 has variable effects on survival.

Interference with the effects of  PAF has been shown to 
decrease neutrophil priming by human burn serum,194 
improve endotoxin-induced pulmonary dysfunction,195 
decrease eicosanoid release,196 attenuate thromboxane 
release, and improve survival197 in various animal models 
of  endotoxemia. These exciting initial results, and the avail-
ability of  several blockers and receptor antagonists portend 
a future use for PAF modification.

Efforts to modulate both the adherence and function of  
inflammatory cells are an exciting area of  research because 
activated neutrophils play an important role in the develop-
ment of  MOF. Blockade of  neutrophil adhesion receptors 



317.e130 • Etiology and Prevention of Multisystem Organ Failure

25. Meakins JL. Etiology of  multiple organ failure. J Trauma. 1990;30(12 
suppl):S165-S168.

26. Kox M, de Kleijn S, Pompe JC, et al. Differential ex vivo and in vivo
endotoxin tolerance kinetics following human endotoxemia. Crit 
Care Med. 2011;39(8):1866-1870.

27. Ahmed AJ, Kruse JA, Haupt MT, Chandrasekar PH, Carlson RW.
Hemodynamic responses to gram-positive versus gram-negative 
sepsis in critically ill patients with and without circulatory shock. 
Crit Care Med. 1991;19(12):1520-1525.

28. Merrell SW, Saffle JR, Larson CM, Sullivan JJ. The declining
incidence of  fatal sepsis following thermal injury. J Trauma. 
1989;29(10):1362-1366.

29. Peck MD, Heimbach DM. Does early excision of  burn wounds change 
the pattern of  mortality? J Burn Care Rehabil. 1989;10(1):7-10.

30. Herndon DN, Barrow RE, Rutan RL, et al. A comparison of  conserva-
tive versus early excision. Therapies in severely burned patients. Ann 
Surg. 1989;209(5):547-552, discussion 552-553.

31. Demling RH, Lalonde C. Effect of  partial burn excision and
closure on postburn oxygen consumption. Surgery. 1988;104(5): 
846-852.

32. Rodriguez JL, Miller CG, Garner WL, et al. Correlation of  the local and 
systemic cytokine response with clinical outcome following thermal 
injury. J Trauma. 1993;34(5):684-694, discussion 694-695.

33. Deitch EA. The role of  intestinal barrier failure and bacterial translo-
cation in the development of  systemic infection and multiple organ 
failure. Arch Surg. 1990;125(3):403-404.

34. Schaedler RW, Goldstein F. Bacterial populations of  the gut in health 
and disease; basic microbiologic aspects. In: Brochus HL, Beck JE, 
Haubrich WS, et al, eds. Gastroenterology. Philadelphia: WB Saun-
ders; 1976:147-149.

35. Magnotti LJ, Deitch EA. Burns, bacterial translocation, gut barrier
function, and failure. J Burn Care Rehabil. 2005;26(5):383-391.

36. Baker JW, Deitch EA, Li M, Berg RD, Specian RD. Hemorrhagic
shock induces bacterial translocation from the gut. J Trauma. 
1988;28(7):896-906.

37. Deitch EA, Berg R, Specian R. Endotoxin promotes the translocation 
of  bacteria from the gut. Arch Surg. 1987;122(2):185-190.

38. Demling RH. The clinical relevance of  defining the mechanism for
altered gut permeability in a “two-hit” model of  injury and infection. 
Crit Care Med. 2004;32(11):2356-2357.

39. Jones WG 2nd, Minei JP, Barber AE, et al. Bacterial translocation and 
intestinal atrophy after thermal injury and burn wound sepsis. Ann 
Surg. 1990;211(4):399-405.

40. Ryan CM, Yarmush ML, Burke JF, Tompkins RG. Increased gut per-
meability early after burns correlates with the extent of  burn injury. 
Crit Care Med. 1992;20(11):1508-1512.

41. Deitch EA. Intestinal permeability is increased in burn patients
shortly after injury. Surgery. 1990;107(4):411-416.

42. Chang JX, Chen S, Ma LP, et al. Functional and morphological
changes of  the gut barrier during the restitution process after hem-
orrhagic shock. World J Gastroenterol. 2005;11(35):5485-5491.

43. Gosain A, Gamelli RL. Role of  the gastrointestinal tract in burn
sepsis. J Burn Care Rehabil. 2005;26(1):85-91.

44. Wood JH, Partrick DA, Johnston RB Jr. The inflammatory response
to injury in children. Curr Opin Pediatr. 2010;22(3):315-320.

45. Dinarello CA. The proinflammatory cytokines interleukin-1 and
tumor necrosis factor and treatment of  the septic shock syndrome.  
J Infect Dis. 1991;163(6):1177-1184.

46. Sood RF, Gibran NS, Arnoldo BD, et al. Early leukocyte gene expres-
sion associated with age, burn size, and inhalation injury in severely 
burned adults. J Trauma Acute Care Surg. 2016;80(2):250-257.

47. Jeschke MG, Gauglitz GG, Finnerty CC, et al. Survivors versus non-
survivors postburn: differences in inflammatory and hypermetabolic 
trajectories. Ann Surg. 2014;259(4):814-823.

48. Kraft R, Herndon DN, Finnerty CC, et al. Predictive value of  IL-8 for 
sepsis and severe infections after burn injury: a clinical study. Shock. 
2015;43(3):222-227.

49. Fukushima R, Alexander JW, Gianotti L, Pyles T, Ogle CK. Bacterial
translocation-related mortality may be associated with neutrophil-
mediated organ damage. Shock. 1995;3(5):323-328.

50. Morrison DC, Kline LF. Activation of  the classical and properdin
pathways of  complement by bacterial lipopolysaccharides (LPS).  
J Immunol. 1977;118(1):362-368.

51. Sprague RS, Stephenson AH, Dahms TE, Lonigro AJ. Proposed role
for leukotrienes in the pathophysiology of  multiple systems organ 
failure. Crit Care Clin. 1989;5(2):315-329.

References
1. Fry DE, Pearlstein L, Fulton RL, Polk HC Jr. Multiple system organ

failure. The role of  uncontrolled infection. Arch Surg. 1980;
115(2):136-140.

2. Yost CC, Weyrich AS, Zimmerman GA. The platelet activating factor
(PAF) signaling cascade in systemic inflammatory responses. Biochi-
mie. 2010;92(6):692-697.

3. Saadia R, Schein M, MacFarlane C, Boffard KD. Gut barrier function
and the surgeon. Br J Surg. 1990;77(5):487-492.

4. Kraft R, Herndon DN, Finnerty CC, Shahrokhi S, Jeschke MG. Occur-
rence of  multiorgan dysfunction in pediatric burn patients: inci-
dence and clinical outcome. Ann Surg. 2014;259(2):381-387.

5. Dubois MJ, Orellana-Jimenez C, Melot C, et al. Albumin adminis-
tration improves organ function in critically ill hypoalbuminemic
patients: a prospective, randomized, controlled, pilot study. Crit Care
Med. 2006;34(10):2536-2540.

6. Canto JG, Rogers WJ, Goldberg RJ, et al. Association of  age and sex
with myocardial infarction symptom presentation and in-hospital
mortality. JAMA. 2012;307(8):813-822.

7. Huang YS, Yang ZC, Liu XS, et al. Serial experimental and clinical
studies on the pathogenesis of  multiple organ dysfunction syndrome
(MODS) in severe burns. Burns. 1998;24(8):706-716.

8. Choong K, Cupido C, Nelson E, et al. A framework for resolving dis-
agreement during end of  life care in the critical care unit. Clin Invest
Med. 2010;33(4):E240-E253.

9. Poulton B, Ridley S, Mackenzie-Ross R, Rizvi S. Variation in end-of-
life decision making between critical care consultants. Anaesthesia.
2005;60(11):1101-1105.

10. Porro LJ, Al-Mousawi AM, Williams F, et al. Effects of  proprano-
lol and exercise training in children with severe burns. J Pediatr.
2013;162(4):799-803 e791.

11. Kallinen O, Maisniemi K, Bohling T, Tukiainen E, Koljonen V. Mul-
tiple organ failure as a cause of  death in patients with severe burns.
J Burn Care Res. 2012;33(2):206-211.

12. Schoenberg MH, Beger HG. Reperfusion injury after intestinal ische-
mia. Crit Care Med. 1993;21(9):1376-1386.

13. Bihari D, Smithies M, Gimson A, Tinker J. The effects of  vasodila-
tion with prostacyclin on oxygen delivery and uptake in critically ill
patients. N Engl J Med. 1987;317(7):397-403.

14. Poeze M, Solberg BC, Greve JW, Ramsay G. Monitoring global vol-
ume-related hemodynamic or regional variables after initial resus-
citation: what is a better predictor of  outcome in critically ill septic
patients? Crit Care Med. 2005;33(11):2494-2500.

15. Mira JP, Fabre JE, Baigorri F, et al. Lack of  oxygen supply depen-
dency in patients with severe sepsis. A study of  oxygen delivery
increased by military antishock trouser and dobutamine. Chest.
1994;106(5):1524-1531.

16. Schumacker PT, Samsel RW. Oxygen delivery and uptake by
peripheral tissues: physiology and pathophysiology. Crit Care Clin.
1989;5(2):255-269.

17. Szczesny B, Brunyanszki A, Ahmad A, et al. Time-dependent and
organ-specific changes in mitochondrial function, mitochondrial
DNA integrity, oxidative stress and mononuclear cell infiltra-
tion in a mouse model of  burn injury. PLoS ONE. 2015;10(12):
e0143730.

18. Porter C, Herndon DN, Borsheim E, et al. Long-term skeletal muscle
mitochondrial dysfunction is associated with hypermetabolism in
severely burned children. J Burn Care Res. 2016;37(1):53-63.

19. Porter C, Herndon DN, Bhattarai N, et al. Severe burn injury induces
thermogenically functional mitochondria in murine white adipose
tissue. Shock. 2015;44(3):258-264.

20. Porter C, Herndon DN, Borsheim E, et al. Uncoupled skeletal muscle
mitochondria contribute to hypermetabolism in severely burned
adults. Am J Physiol Endocrinol Metab. 2014;307(5):E462-E467.

21. Jeschke MG, Chinkes DL, Finnerty CC, et al. Pathophysiologic
response to severe burn injury. Ann Surg. 2008;248(3):387-401.

22. Xiao W, Mindrinos MN, Seok J, et al. A genomic storm in critically
injured humans. J Exp Med. 2011;208(13):2581-2590.

23. Zimmerman JJ, Sullivan E, Yager TD, et al. Diagnostic Accuracy of  a
Host Gene Expression Signature That Discriminates Clinical Severe
Sepsis Syndrome and Infection-Negative Systemic Inflammation
Among Critically Ill Children. Crit Care Med. 2017;45(4):e418-e425.

24. Bone RC, Fisher CJ Jr, Clemmer TP, et al. Sepsis syndrome: a valid
clinical entity. Methylprednisolone Severe Sepsis Study Group. Crit
Care Med. 1989;17(5):389-393.



317.e2 30 • Etiology and Prevention of Multisystem Organ Failure

77. Gross CC, Brzostowski JA, Liu D, Long EO. Tethering of  intercel-
lular adhesion molecule on target cells is required for LFA-1- 
dependent NK cell adhesion and granule polarization. J Immunol. 
2010;185(5):2918-2926.

78. White-Owen C, Alexander JW, Babcock GF. Reduced expression of
neutrophil CD11b and CD16 after severe traumatic injury. J Surg Res. 
1992;52(1):22-26.

79. Anderson DC, Springer TA. Leukocyte adhesion deficiency: an inher-
ited defect in the Mac-1, LFA-1, and p150,95 glycoproteins. Annu Rev 
Med. 1987;38:175-194.

80. Benton LD, Khan M, Greco RS. Integrins, adhesion molecules and
surgical research. Surg Gynecol Obstet. 1993;177(3):311-327.

81. Bautista AP, Schuler A, Spolarics Z, Spitzer JJ. Tumor necrosis factor-
alpha stimulates superoxide anion generation by perfused rat liver 
and Kupffer cells. Am J Physiol. 1991;261(6 Pt 1):G891-G895.

82. Palmer RM, Ferrige AG, Moncada S. Nitric oxide release accounts
for the biological activity of  endothelium-derived relaxing factor. 
Nature. 1987;327(6122):524-526.

83. Thatcher GR. An introduction to NO-related therapeutic agents.
Curr Top Med Chem. 2005;5(7):597-601.

84. Johnson RA, Durante W, Craig T, et al. Vascular arginase contributes 
to arteriolar endothelial dysfunction in a rat model of  hemorrhagic 
shock. J Trauma. 2010;69(2):384-391.

85. Nava E, Palmer RM, Moncada S. Inhibition of  nitric oxide
synthesis in septic shock: how much is beneficial? Lancet. 
1991;338(8782-8783):1555-1557.

86. Mathru M, Lang JD. Endothelial dysfunction in trauma patients: a
preliminary communication. Shock. 2005;24(3):210-213.

87. Harkin DW, Marron CD, Rother RP, et al. C5 complement inhibi-
tion attenuates shock and acute lung injury in an experimen-
tal model of  ruptured abdominal aortic aneurysm. Br J Surg. 
2005;92(10):1227-1234.

88. Allen JN, Pacht ER, Gadek JE, Davis WB. Acute eosinophilic pneumo-
nia as a reversible cause of  noninfectious respiratory failure. N Engl 
J Med. 1989;321(9):569-574.

89. Cohen MJ, Carles M, Brohi K, et al. Early release of  soluble receptor
for advanced glycation endproducts after severe trauma in humans. 
J Trauma. 2010;68(6):1273-1278.

90. Livingston DH. Management of  the surgical patient with
multiple system organ failure. Am J Surg. 1993;165(2A suppl): 
8S-13S.

91. Gauglitz GG, Williams FN, Herndon DN, Jeschke MG. Burns: where
are we standing with propranolol, oxandrolone, recombinant 
human growth hormone, and the new incretin analogs? Curr Opin 
Clin Nutr Metab Care. 2011;14(2):176-181.

92. Sousse LE, Herndon DN, Mlcak RP, et al. Long-term administration
of  oxandrolone improves lung function in pediatric burned patients. 
J Burn Care Res. 2016;37(5):273-277.

93. Przkora R, Fram RY, Herndon DN, Suman OE, Mlcak RP. Influence of
inhalation injury on energy expenditure in severely burned children. 
Burns. 2014;40(8):1487-1491.

94. Guillory AN, Clayton RP, Herndon DN, Finnerty CC. Cardiovascular 
dysfunction following burn injury: what we have learned from rat 
and mouse models. Int J Mol Sci. 2016;17(1).

95. Redl G, Abdi S, Traber LD, et al. Inhibition of  thromboxane synthesis 
reduces endotoxin-induced right ventricular failure in sheep. Crit 
Care Med. 1991;19(10):1294-1302.

96. Farina Junior JA, Celotto AC, da Silva MF, Evora PR. Guanylate
cyclase inhibition by methylene blue as an option in the treatment 
of  vasoplegia after a severe burn. A medical hypothesis. Med Sci 
Monit. 2012;18(5):Hy13-Hy17.

97. Coz Yataco A, Aguinaga Meza M, Buch KP, Disselkamp MA. 
Hospital and intensive care unit management of  decompensated pul-
monary hypertension and right ventricular failure. Heart Fail Rev. 
2016;21(3):323-346.

98. Cox RA, Jacob S, Andersen CR, et al. Integrity of  airway epithelium
in pediatric burn autopsies: association with age and extent of  burn 
injury. Burns. 2015;41(7):1435-1441.

99. Palmieri TL, Warner P, Mlcak RP, et al. Inhalation injury in children: 
a 10 year experience at Shriners Hospitals for Children. J Burn Care 
Res. 2009;30(1):206-208.

100. Lopez E, Fujiwara O, Lima-Lopez F, et al. Nebulized epinephrine
limits pulmonary vascular hyperpermeability to water and protein 
in ovine with burn and smoke inhalation injury. Crit Care Med. 
2016;44(2):e89-e96.

52. Lewis RA, Austen KF. The biologically active leukotrienes. Biosyn-
thesis, metabolism, receptors, functions, and pharmacology. J Clin
Invest. 1984;73(4):889-897.

53. Gorbet MB, Sefton MV. Endotoxin: the uninvited guest. Biomaterials.
2005;26(34):6811-6817.

54. Chang SW, Feddersen CO, Henson PM, Voelkel NF. Platelet-activating
factor mediates hemodynamic changes and lung injury in endo-
toxin-treated rats. J Clin Invest. 1987;79(5):1498-1509.

55. Ramwell PW, Leovey EM, Sintetos AL. Regulation of  the arachidonic
acid cascade. Biol Reprod. 1977;16(1):70-87.

56. Henderson WR Jr. Eicosanoids and lung inflammation. Am Rev Respir
Dis. 1987;135(5):1176-1185.

57. Whittle BJ, Moncada S. Pharmacological interactions between pros-
tacyclin and thromboxanes. Br Med Bull. 1983;39(3):232-238.

58. Westphal M, Noshima S, Isago T, et al. Selective thromboxane
A2 synthase inhibition by OKY-046 prevents cardiopulmonary
dysfunction after ovine smoke inhalation injury. Anesthesiology.
2005;102(5):954-961.

59. FitzGerald GA, Reilly IA, Pedersen AK. The biochemical pharma-
cology of  thromboxane synthase inhibition in man. Circulation.
1985;72(6):1194-1201.

60. Leite MS, Pacheco P, Gomes RN, et al. Mechanisms of  increased
survival after lipopolysaccharide-induced endotoxic shock in mice
consuming olive oil-enriched diet. Shock. 2005;23(2):173-178.

61. Pfister RR, Haddox JL, Sommers CI. Injection of  chemoattractants
into normal cornea: a model of  inflammation after alkali injury.
Invest Ophthalmol Vis Sci. 1998;39(9):1744-1750.

62. Wang ML, Huang XJ, Fang SH, et al. Leukotriene D4 induces brain
edema and enhances CysLT2 receptor-mediated aquaporin 4 expres-
sion. Biochem Biophys Res Commun. 2006;350(2):399-404.

63. Davis JM, Meyer JD, Barie PS, et al. Elevated production of  neutrophil
leukotriene B4 precedes pulmonary failure in critically ill surgical
patients. Surg Gynecol Obstet. 1990;170(6):495-500.

64. Goetzl EJ, Pickett WC. The human PMN leukocyte chemotactic activ-
ity of  complex hydroxy-eicosatetraenoic acids (HETEs). J Immunol.
1980;125(4):1789-1791.

65. Liu W, Matsumori A. Calcium channel blockers and modulation of
innate immunity. Curr Opin Infect Dis. 2011;24(3):254-258.

66. Carrol ED, Thomson AP, Jones AP, Jeffers G, Hart CA. A pre-
dominantly anti-inflammatory cytokine profile is associated with
disease severity in meningococcal sepsis. Intensive Care Med. 2005;
31(10):1415-1419.

67. Fassbender K, Pargger H, Muller W, Zimmerli W. Interleukin-6 and
acute-phase protein concentrations in surgical intensive care unit
patients: diagnostic signs in nosocomial infection. Crit Care Med.
1993;21(8):1175-1180.

68. Zhu J, Zhang J, Xiang D, et al. Recombinant human interleukin-1
receptor antagonist protects mice against acute doxorubicin-induced
cardiotoxicity. Eur J Pharmacol. 2010;643(2-3):247-253.

69. Zhang B, Huang YH, Chen Y, et al. Plasma tumor necrosis factor-
alpha, its soluble receptors and interleukin-1beta levels in critically
burned patients. Burns. 1998;24(7):599-603.

70. Takeyoshi I, Yoshinari D, Kobayashi M, Kurabayashi M, Morishita Y.
A dual inhibitor of  TNF-alpha and IL-1 mitigates liver and kidney
dysfunction and improves survival in rat endotoxemia. Hepatogas-
troenterology. 2005;52(65):1507-1510.

71. Lozano FS, Rodriguez JM, Garcia-Criado FJ, et al. Postoperative evo-
lution of  inflammatory response in a model of  suprarenal aortic
cross-clamping with and without hemorrhagic shock. Systemic and
local reactions. World J Surg. 2005;29(10):1248-1258.

72. Levine RL, Hergenroeder GW, Francis JL, Miller CC, Hursting MJ.
Heparin-platelet factor 4 antibodies in intensive care patients:
an observational seroprevalence study. J Thromb Thrombolysis.
2010;30(2):142-148.

73. Rabinovici R, Esser KM, Lysko PG, et al. Priming by platelet-acti-
vating factor of  endotoxin-induced lung injury and cardiovascular
shock. Circ Res. 1991;69(1):12-25.

74. Qi M, Jones SB. Contribution of  platelet activating factor to hemo-
dynamic and sympathetic responses to bacterial endotoxin in con-
scious rats. Circ Shock. 1990;32(2):153-163.

75. Pawlik MT, Schreyer AG, Ittner KP, et al. Early treatment with pent-
oxifylline reduces lung injury induced by acid aspiration in rats.
Chest. 2005;127(2):613-621.

76. Weiss SJ. Tissue destruction by neutrophils  N Engl J Med. 1989;320(6):
365-376.



317.e330 • Etiology and Prevention of Multisystem Organ Failure

126. Blot S, Torres A, Francois B. Evidence in the eye of  the beholder:
about probiotics and VAP prevention. Intensive Care Med. 
2016;42(7):1182-1184.

127. Mayes T, Gottschlich MM, James LE, et al. Clinical safety and efficacy 
of  probiotic administration following burn injury. J Burn Care Res. 
2015;36(1):92-99.

128. Gastinne H, Wolff  M, Delatour F, Faurisson F, Chevret S. A controlled 
trial in intensive care units of  selective decontamination of  the diges-
tive tract with nonabsorbable antibiotics. The French Study Group 
on Selective Decontamination of  the Digestive Tract. N Engl J Med. 
1992;326(9):594-599.

129. Giamarellos-Bourboulis EJ, Bengmark S, Kanellakopoulou K, 
Kotzampassi K. Pro- and synbiotics to control inflammation and 
infection in patients with multiple injuries. J Trauma. 2009;67(4): 
815-821.

130. Rivero HG, Lee JO, Herndon DN, et al. The role of  acute pancreatitis 
in pediatric burn patients. Burns. 2011;37(1):82-85.

131. Jeschke MG, Boehning DF, Finnerty CC, Herndon DN. Effect of
insulin on the inflammatory and acute phase response after burn 
injury. Crit Care Med. 2007;35(9 suppl):S519-S523.

132. Wolfe RR, Herndon DN, Peters EJ, et al. Regulation of  lipolysis in
severely burned children. Ann Surg. 1987;206(2):214-221.

133. Lee JO, Gauglitz GG, Herndon DN, et al. Association between dietary 
fat content and outcomes in pediatric burn patients. J Surg Res. 
2011;166(1):e83-e90.

134. Henrion J, Schapira M, Luwaert R, et al. Hypoxic hepatitis: clinical
and hemodynamic study in 142 consecutive cases. Medicine (Balti-
more). 2003;82(6):392-406.

135. Wang DW, Yin YM, Yao YM. Advances in the management of  acute
liver failure. World J Gastroenterol. 2013;19(41):7069-7077.

136. Barrow RE, Jeschke MG, Herndon DN. Early fluid resuscitation
improves outcomes in severely burned children. Resuscitation. 
2000;45(2):91-96.

137. Chrysopoulo MT, Jeschke MG, Dziewulski P, Barrow RE, Herndon
DN. Acute renal dysfunction in severely burned adults. J Trauma. 
1999;46(1):141-144.

138. Mason SA, Nathens AB, Finnerty CC, et al. Hold the pendulum: rates 
of  acute kidney injury are increased in patients who receive resus-
citation volumes less than predicted by the Parkland Equation. Ann 
Surg. 2016;264(6):1142-1147.

139. Helantera I, Koljonen V, Finne P, Tukiainen E, Gissler M. The
risk for end-stage renal disease is increased after burn. Burns. 
2016;42(2):316-321.

140. Norbury W, Herndon DN, Tanksley J, Jeschke MG, Finnerty CC. Infec-
tion in burns. Surg Infect (Larchmt). 2016;17(2):250-255.

141. Sasaki TM, Welch GW, Herndon DN, et al. Burn wound manipula-
tion-induced bacteremia. J Trauma. 1979;19(1):46-48.

142. Beard CH, Ribeiro CD, Jones DM. The bacteraemia associated with
burns surgery. Br J Surg. 1975;62(8):638-641.

143. Piel P, Scarnati S, Goldfarb IW, Slater H. Antibiotic prophylaxis
in patients undergoing burn wound excision. J Burn Care Rehabil. 
1985;6(5):422-424.

144. Sheridan RL. Sepsis in pediatric burn patients. Pediatr Crit Care Med. 
2005;6(3 suppl):S112-S119.

145. Apple J, Hunt JL, Wait M, Purdue G. Delayed presentations of
aortic valve endocarditis in patients with thermal injury. J Trauma. 
2002;52(2):406-409.

146. Munster AM, DiVincenti FC, Foley FD, Pruitt BA Jr. Cardiac infections 
in burns. Am J Surg. 1971;122(4):524-527.

147. Pruitt BA Jr, Stein JM, Foley FD, Moncrief  JA, O’Neill JA Jr. Intrave-
nous therapy in burn patients. Suppurative thrombophlebitis and 
other life-threatening complications. Arch Surg. 1970;100(4):399- 
404.

148. Pruitt BA Jr, McManus WF, Kim SH, Treat RC. Diagnosis and treat-
ment of  cannula-related intravenous sepsis in burn patients. Ann 
Surg. 1980;191(5):546-554.

149. Sheridan RL, Tompkins RG, McManus WF, Pruitt BA Jr. Intracom-
partmental sepsis in burn patients. J Trauma. 1994;36(3):301-305.

150. Shirani KZ, Pruitt BA Jr, Mason AD Jr. The influence of  inha-
lation injury and pneumonia on burn mortality. Ann Surg. 
1987;205(1):82-87.

151. Silvestri L, van Saene HK, de la Cal MA, Gullo A. Adult hospital and 
ventilator-associated pneumonia guidelines: eminence- rather than 
evidence-based. Am J Respir Crit Care Med. 2006;173(1):131-133, 
author reply 133.

101. Yamamoto Y, Sousse LE, Enkhbaatar P, et al. gamma-tocopherol
nebulization decreases oxidative stress, arginase activity, and colla-
gen deposition after burn and smoke inhalation in the ovine model.
Shock. 2012;38(6):671-676.

102. Yamamoto Y, Enkhbaatar P, Sousse LE, et al. Nebulization with
gamma-tocopherol ameliorates acute lung injury after burn and
smoke inhalation in the ovine model. Shock. 2012;37(4):408-414.

103. Lange M, Hamahata A, Traber DL, et al. Pulmonary microvascular
hyperpermeability and expression of  vascular endothelial growth
factor in smoke inhalation- and pneumonia-induced acute lung
injury. Burns. 2012;38(7):1072-1078.

104. Maybauer MO, Maybauer DM, Fraser JF, et al. Recombinant human
activated protein C attenuates cardiovascular and microcircula-
tory dysfunction in acute lung injury and septic shock. Crit Care.
2010;14(6):R217.

105. Slutsky AS, Ranieri VM. Mechanical ventilation: lessons from the
ARDSNet trial. Respir Res. 2000;1(2):73-77.

106. Sousse LE, Herndon DN, Andersen CR, et al. High tidal volume
decreases adult respiratory distress syndrome, atelectasis, and ventila-
tor days compared with low tidal volume in pediatric burned patients
with inhalation injury. J Am Coll Surg. 2015;220(4):570-578.

107. Rafat N, Tonshoff  B, Bierhaus A, Beck GC. Endothelial progenitor
cells in regeneration after acute lung injury: do they play a role? Am
J Respir Cell Mol Biol. 2013;48(4):399-405.

108. Kraft R, Herndon DN, Mlcak RP, et al. Bacterial respiratory tract
infections are promoted by systemic hyperglycemia after severe burn
injury in pediatric patients. Burns. 2014;40(3):428-435.

109. Lautenschlager I, Frerichs I, Dombrowsky H, et al. Quinidine, but
not eicosanoid antagonists or dexamethasone, protect the gut from
platelet activating factor-induced vasoconstriction, edema and
paralysis. PLoS ONE. 2015;10(3):e0120802.

110. Oliveira HM, Sallam HS, Espana-Tenorio J, et al. Gastric and small
bowel ileus after severe burn in rats: the effect of  cyclooxygenase-2
inhibitors. Burns. 2009;35(8):1180-1184.

111. Chung DH, Herndon DN. Multiple converging mechanisms
for postburn intestinal barrier dysfunction. Crit Care Med.
2004;32(8):1803-1804.

112. Herndon DN, Lal S. Is bacterial translocation a clinically relevant
phenomenon in burns? Crit Care Med. 2000;28(5):1682-1683.

113. Baron P, Traber LD, Traber DL, et al. Gut failure and translocation
following burn and sepsis. J Surg Res. 1994;57(1):197-204.

114. Gupta R, Patel K, Calder PC, et al. A randomised clinical trial to assess
the effect of  total enteral and total parenteral nutritional support on
metabolic, inflammatory and oxidative markers in patients with pre-
dicted severe acute pancreatitis (APACHE II > or =6). Pancreatology.
2003;3(5):406-413.

115. Johnson LR, Copeland EM, Dudrick SJ, Lichtenberger LM, Castro
GA. Structural and hormonal alterations in the gastrointestinal
tract of  parenterally fed rats. Gastroenterology. 1975;68(5 Pt 1):
1177-1183.

116. McDonald WS, Sharp CW Jr, Deitch EA. Immediate enteral feeding in
burn patients is safe and effective. Ann Surg. 1991;213(2):177-183.

117. Heyland DK, Dhaliwal R, Drover JW, Gramlich L, Dodek P. Canadian
Critical Care Clinical Practice Guidelines C. Canadian clinical practice
guidelines for nutrition support in mechanically ventilated, critically
ill adult patients. JPEN J Parenter Enteral Nutr. 2003;27(5):355-373.

118. Sheridan RL, Prelack K, Yu YM, et al. Short-term enteral glutamine
does not enhance protein accretion in burned children: a stable
isotope study. Surgery. 2004;135(6):671-678.

119. Weitzel LR, Wischmeyer PE. Glutamine in critical illness: the time
has come, the time is now. Crit Care Clin. 2010;26(3):515-525, ix-x.

120. Wischmeyer PE. Glutamine: mode of  action in critical illness. Crit
Care Med. 2007;35(9 suppl):S541-S544.

121. Wischmeyer PE. Can glutamine turn off  the motor that drives sys-
temic inflammation? Crit Care Med. 2005;33(5):1175-1178.

122. Spaeth G, Gottwald T, Haas W, Holmer M. Glutamine peptide does
not improve gut barrier function and mucosal immunity in total
parenteral nutrition. JPEN. 1993;17(4):317-323.

123. Roediger WE. Utilization of  nutrients by isolated epithelial cells of  the
rat colon. Gastroenterology. 1982;83(2):424-429.

124. Fedorak RN, Madsen KL. Probiotics and prebiotics in gastrointestinal
disorders. Curr Opin Gastroenterol. 2004;20(2):146-155.

125. Gun F, Salman T, Gurler N, Olgac V. Effect of  probiotic supplemen-
tation on bacterial translocation in thermal injury. Surg Today.
2005;35(9):760-764.



317.e4 30 • Etiology and Prevention of Multisystem Organ Failure

treatment of  gram-negative sepsis. The XOMA Sepsis Study Group. 
JAMA. 1991;266(8):1097-1102.

178. Wenzel RP. Anti-endotoxin monoclonal antibodies: a second look. N 
Engl J Med. 1992;326(17):1151-1153.

179. Ziegler EJ, Fisher CJ Jr, Sprung CL, et al. Treatment of  gram-nega-
tive bacteremia and septic shock with HA-1A human monoclonal 
antibody against endotoxin. A randomized, double-blind, placebo-
controlled trial. The HA-1A Sepsis Study Group. N Engl J Med. 1991; 
324(7):429-436.

180. Rice TW, Bernard GR. Therapeutic intervention and targets for
sepsis. Annu Rev Med. 2005;56:225-248.

181. Virdis A, Colucci R, Fornai M, et al. Cyclooxygenase-2 inhibition
improves vascular endothelial dysfunction in a rat model of  endo-
toxic shock: role of  inducible nitric-oxide synthase and oxidative 
stress. J Pharmacol Exp Ther. 2005;312(3):945-953.

182. Tempel GE, Cook JA, Wise WC, Halushka PV, Corral D. Improve-
ment in organ blood flow by inhibition of  thromboxane synthetase 
during experimental endotoxic shock in the rat. J Cardiovasc Pharma-
col. 1986;8(3):514-519.

183. Revhaug A, Michie HR, Manson JM, et al. Inhibition of  cyclo-oxy-
genase attenuates the metabolic response to endotoxin in humans. 
Arch Surg. 1988;123(2):162-170.

184. Bernard GR, Reines HD, Halushka PV, et al. Prostacyclin and
thromboxane A2 formation is increased in human sepsis syn-
drome. Effects of  cyclooxygenase inhibition. Am Rev Respir Dis. 
1991;144(5):1095-1101.

185. Schutzer KM, Haglund U, Falk A. Cardiopulmonary dysfunction in
a feline septic shock model: possible role of  leukotrienes. Circ Shock. 
1989;29(1):13-25.

186. Coggeshall JW, Christman BW, Lefferts PL, et al. Effect of  inhibition
of  5-lipoxygenase metabolism of  arachidonic acid on response to 
endotoxemia in sheep. J Appl Physiol. 1988;65(3):1351-1359.

187. Patel JP, Beck LD, Briglia FA, Hock CE. Beneficial effects of  combined 
thromboxane and leukotriene receptor antagonism in hemorrhagic 
shock. Crit Care Med. 1995;23(2):231-237.

188. Ohlsson K, Bjork P, Bergenfeldt M, Hageman R, Thompson RC.
Interleukin-1 receptor antagonist reduces mortality from endotoxin 
shock. Nature. 1990;348(6301):550-552.

189. Watters JM, Bessey PQ, Dinarello CA, Wolff  SM, Wilmore DW. The
induction of  interleukin-1 in humans and its metabolic effects. 
Surgery. 1985;98(2):298-306.

190. Tracey KJ, Fong Y, Hesse DG, et al. Anti-cachectin/TNF monoclonal
antibodies prevent septic shock during lethal bacteraemia. Nature. 
1987;330(6149):662-664.

191. Hinshaw LB, Tekamp-Olson P, Chang AC, et al. Survival of  primates 
in LD100 septic shock following therapy with antibody to tumor 
necrosis factor (TNF alpha). Circ Shock. 1990;30(3):279-292.

192. Gallagher J, Fisher C, Sherman B, et al. A multicenter, open-label,
prospective, randomized, dose-ranging pharmacokinetic study of  
the anti-TNF-alpha antibody afelimomab in patients with sepsis 
syndrome. Intensive Care Med. 2001;27(7):1169-1178.

193. Eskandari MK, Bolgos G, Miller C, et al. Anti-tumor necrosis factor
antibody therapy fails to prevent lethality after cecal ligation and 
puncture or endotoxemia. J Immunol. 1992;148(9):2724-2730.

194. Pitman JM 3rd, Thurman GW, Anderson BO, et al. WEB2170, a
specific platelet-activating factor antagonist, attenuates neutrophil 
priming by human serum after clinical burn injury: the 1991 Moyer 
Award. J Burn Care Rehabil. 1991;12(5):411-419.

195. Chang SW, Fernyak S, Voelkel NF. Beneficial effect of  a platelet-acti-
vating factor antagonist, WEB 2086, on endotoxin-induced lung 
injury. Am J Physiol. 1990;258(1 Pt 2):H153-H158.

196. Fletcher JR, DiSimone AG, Earnest MA. Platelet activating factor
receptor antagonist improves survival and attenuates eicosanoid 
release in severe endotoxemia. Ann Surg. 1990;211(3):312- 
316.

197. Iwase M, Yokota M, Kitaichi K, et al. Cardiac functional and struc-
tural alterations induced by endotoxin in rats: importance of  plate-
let-activating factor. Crit Care Med. 2001;29(3):609-617.

198. Eichacker PQ, Farese A, Hoffman WD, et al. Leukocyte CD11b/18
antigen-directed monoclonal antibody improves early survival and 
decreases hypoxemia in dogs challenged with tumor necrosis factor. 
Am Rev Resp Dis. 1992;145(5):1023-1029.

199. Levy RJ, Stern WB, Minger KI, et al. Evaluation of  tissue saturation
as a noninvasive measure of  mixed venous saturation in children. 
Pediatr Crit Care Med. 2005;6(6):671-675.

152. Deutschman CS, Wilton P, Sinow J, et al. Paranasal sinusitis associ-
ated with nasotracheal intubation: a frequently unrecognized and
treatable source of  sepsis. Crit Care Med. 1986;14(2):111-114.

153. Fourrier F, Dubois D, Pronnier P, et al. Effect of  gingival and dental
plaque antiseptic decontamination on nosocomial infections
acquired in the intensive care unit: a double-blind placebo-controlled
multicenter study. Crit Care Med. 2005;33(8):1728-1735.

154. Huffman JL, Schenker S. Acute acalculous cholecystitis: a review.
Clin Gastroenterol Hepatol. 2010;8(1):15-22.

155. Morse BC, Smith JB, Lawdahl RB, Roettger RH. Management of
acute cholecystitis in critically ill patients: contemporary role
for cholecystostomy and subsequent cholecystectomy. Am Surg.
2010;76(7):708-712.

156. Crimi E, Sica V, Williams-Ignarro S, et al. The role of  oxidative stress
in adult critical care. Free Radic Biol Med. 2006;40(3):398-406.

157. Rivers E, Nguyen B, Havstad S, et al. Early goal-directed therapy
in the treatment of  severe sepsis and septic shock. N Engl J Med.
2001;345(19):1368-1377.

158. Levy MM, Rhodes A, Phillips GS, et al. Surviving Sepsis Campaign:
association between performance metrics and outcomes in a 7.5-
year study. Crit Care Med. 2015;43(1):3-12.

159. Cancio LC, Galvez E Jr, Turner CE, et al. Base deficit and alveolar-
arterial gradient during resuscitation contribute independently but
modestly to the prediction of  mortality after burn injury. J Burn Care
Res. 2006;27(3):289-296, discussion 296-297.

160. Alam HB, Rhee P. New developments in fluid resuscitation. Surg Clin
North Am. 2007;87(1):55-72, vi.

161. Heyland D, Dhaliwal R. Immunonutrition in the critically ill:
from old approaches to new paradigms. Intensive Care Med. 2005;
31(4):501-503.

162. Barton RG, Wells CL, Carlson A, et al. Dietary omega-3 fatty acids
decrease mortality and Kupffer cell prostaglandin E2 production in a
rat model of  chronic sepsis. J Trauma. 1991;31(6):768-773, discus-
sion 773-774.

163. Hasselmann M, Reimund JM. Lipids in the nutritional support of  the
critically ill patients. Curr Opin Crit Care. 2004;10(6):449-455.

164. Singer P, Cohen JD. From immune-enhancing diets back to nutri-
tional-enhancing diets. Nutrition. 2005;21(2):282-283.

165. Mizock BA. Immunonutrition and critical illness: an update. Nutri-
tion. 2010;26(7-8):701-707.

166. Kieft H, Roos AN, van Drunen JD, et al. Clinical outcome of  immu-
nonutrition in a heterogeneous intensive care population. Intensive
Care Med. 2005;31(4):524-532.

167. Hurt RT, Matheson PJ, Mays MP, Garrison RN. Immune-enhancing
diet and cytokine expression during chronic sepsis: an immune-
enhancing diet containing L-arginine, fish oil, and RNA fragments
promotes intestinal cytokine expression during chronic sepsis in rats.
J Gastrointest Surg. 2006;10(1):46-53.

168. Shang HF, Hsu CS, Yeh CL, Pai MH, Yeh SL. Effects of  arginine supple-
mentation on splenocyte cytokine mRNA expression in rats with
gut-derived sepsis. World J Gastroenterol. 2005;11(45):7091-7096.

169. Hart DW, Wolf  SE, Mlcak R, et al. Persistence of  muscle catabolism
after severe burn. Surgery. 2000;128(2):312-319.

170. Wolf  SE, Edelman LS, Kemalyan N, et al. Effects of  oxandrolone on
outcome measures in the severely burned: a multicenter prospective
randomized double-blind trial. J Burn Care Res. 2006;27(2):131-
139, discussion 140-141.

171. Jolles S, Sewell WA, Misbah SA. Clinical uses of  intravenous immu-
noglobulin. Clin Exp Immunol. 2005;142(1):1-11.

172. Hackshaw KV, Parker GA, Roberts JW. Naloxone in septic shock. Crit
Care Med. 1990;18(1):47-51.

173. Siraux V, De Backer D, Yalavatti G, et al. Relative adrenal insufficiency
in patients with septic shock: comparison of  low-dose and conven-
tional corticotropin tests. Crit Care Med. 2005;33(11):2479-2486.

174. McCune S, Short BL, Miller MK, Lotze A, Anderson KD. Extra-
corporeal membrane oxygenation therapy in neonates with septic
shock. J Pediatr Surg. 1990;25(5):479-482.

175. Munster AM, Xiao GX, Guo Y, Wong LA, Winchurch RA. Control
of  endotoxemia in burn patients by use of  polymyxin B. J Burn Care
Rehabil. 1989;10(4):327-330.

176. Ziegler EJ, McCutchan JA, Fierer J, et al. Treatment of  gram-negative
bacteremia and shock with human antiserum to a mutant Esch-
erichia coli. N Engl J Med. 1982;307(20):1225-1230.

177. Greenman RL, Schein RM, Martin MA, et al. A controlled clinical
trial of  E5 murine monoclonal IgM antibody to endotoxin in the



317.e530 • Etiology and Prevention of Multisystem Organ Failure

200. Richard C, Lemonnier F, Thibault M, Couturier M, Auzepy P. Vitamin 
E deficiency and lipoperoxidation during adult respiratory distress 
syndrome. Crit Care Med. 1990;18(1):4-9.

201. Bayir H. Reactive oxygen species. Crit Care Med. 2005;33(12
suppl):S498-S501.

202. Novelli GP. Oxygen radicals in experimental shock: effects of  spin-
trapping nitrones in ameliorating shock pathophysiology. Crit Care 
Med. 1992;20(4):499-507.

203. Hauser B, Bracht H, Matejovic M, Radermacher P, Venkatesh B.
Nitric oxide synthase inhibition in sepsis? Lessons learned from 
large-animal studies. Anesth Analg. 2005;101(2):488-498.

204. Cobb JP, Cunnion RE, Danner RL. Nitric oxide as a target for therapy 
in septic shock. Crit Care Med. 1993;21(9):1261-1263.

205. Pepke-Zaba J, Higenbottam TW, Dinh-Xuan AT, Stone D,
Wallwork J. Inhaled nitric oxide as a cause of  selective pulmo-
nary vasodilatation in pulmonary hypertension. Lancet. 1991; 
338(8776):1173-1174.

206. Saffle JR, Sullivan JJ, Tuohig GM, Larson CM. Multiple organ failure
in patients with thermal injury. Crit Care Med. 1993;21(11): 
1673-1683.



318

Acute Renal Failure in 
Association with Thermal Injury
JOSHUA S. CARSON, JEREMY GOVERMAN, and SHAWN P. FAGAN

31 

0.3 mg/dL or more as sufficient to define a stage I injury. In 
2012, the Kidney Disease Improving Global Outcomes 
(KDIGO) Acute Kidney Injury Work Group published a con-
sensus definition of  renal injury that essentially merged the 
two previous frameworks, with slight adjustments.16

While the proliferation of  consensus definitions may 
seem to undermine the basic goal of  establishing a uni-
versal metric for research and clinical applications, the 
three systems have proved fairly interchangeable. Mul-
tiple studies applying the different scoring systems to the 
same patient populations have found that they ultimately 
yield similar results.17,18 Specifically in burn popula-
tions, Chung et al. found that RIFLE and AKIN identified 
similar subpopulations when applied to a large cohort of   
patients.19

Etiology

Burn-associated acute kidney injuries can generally be 
divided into two categories, early and late. AKI presenting 
within the first 48 hours of  the burn injury (i.e., early AKI) 
typically results from either uncontrolled burn shock, 
underresuscitation, or protein degradation products. Renal 
injury manifesting later in the course of  acute burn care 
(i.e., late-onset AKI) typically represents either a medication 
toxicity or a complication of  sepsis.

EARLY

Within the first 24–28 hours of  a massive burn injury, 
AKI results from the pathologic response to thermal injury. 
Early burn-associated AKI is multifactorial, with hypovo-
lemia, inflammatory mediators, cytokines, extensive tissue 
destruction and release of  denatured proteins, iatrogenic 
causes (nephrotoxic agents), and cardiac dysfunction all 
contributing to the renal insult. In the setting of  delayed 
resuscitation, hypovolemia is the most immediate threat 
to renal function. And yet AKI can still develop in the 
thermally-injured patient despite aggressive fluid resus-
citation and a normal urine output. In such cases, renal 
injury might reflect a fluid-refractory, inflammatory shock 
in response to the burned tissue, cardiac dysfunction, or 
injury from nephrotoxins, which can be either endoge-
nous (denatured proteins) or exogenous (medications) in  
nature.20,21

Hypovolemia

In large surface area burns, decreased renal blood flow 
results from massive fluid shifts and losses. Local and sys-
temic cytokine release leads to “capillary leak,” shifting 

Introduction

Acute renal dysfunction represents a critical complication
of  an acute thermal injury and is associated with a signifi-
cant increase in morbidity and mortality. Currently, the
incidence of  acute renal failure (ARF) in burn patients
varies between 0.5% and 30%, and the risk of  mortality
associated with renal failure in burn patients has been
reported to be as high as 54–100%.1–11

Prior to 1965, there were no reported survivors from
ARF following a thermal injury.12 Clearly the care of  patients
with renal injuries has improved during the past 50 years.
However, while advances have been made in the under-
standing of  burn-associated ARF, very few specific inter-
ventions have been clearly shown to change outcomes in
these patients. Even renal replacement therapy (RRT), one
of  the core milestones of  modern medical progress, has yet
to show a significant improvement in the mortality rate of
burn patients suffering from ARF.13 As such, the optimal
treatment for acute renal failure remains prevention.

This chapter will review the definition, etiology, patho-
physiology, diagnosis, and treatment of  acute renal failure
in association with thermal injury (Fig. 31.1).

Definition

Intuitively ARF is easily understood as an abrupt decline in
renal function. Precisely how to quantify renal function and
where to place the threshold for “failure” has long been
open to interpretation. Until 2004, with no consensus
regarding a definition for ARF, more than 30 different defi-
nitions were used within the literature at the time. The need
for a common working definition of  renal failure prompted
an effort to standardize the definition of  renal insufficiency,
with the International Acute Dialysis Quality Initiative
(ADQI) group developing the RIFLE criteria for kidney inju-
ries in 2004. The RIFLE criteria divided renal compromise
into five discrete categories: Risk, Injury, Failure, Loss, and
End-stage renal disease (Fig. 31.2). In addition to establish-
ing a common definition, the RIFLE criteria provided a
means to quantify degrees of  acute kidney insufficiency or
injury (AKI).14 In 2007, the Acute Kidney Injury Network
(AKIN) introduced an updated definition of  acute kidney
injury; see Tables 31.1 and 31.2.15 The AKIN definition
simplified the stratification of  renal injury into three stages
(I, II, and III), with the RIFLE Failure, Loss, and End-stage
renal disease categories folded into grade III. There was also
an increased sensitivity (relative to the RIFLE criteria) by
virtue of  use of  an absolute increase in serum creatinine of
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resulting in renal ischemia. The ischemic insult is known 
to produce oxygen free radicals that cause direct tubular 
damage as well as disruption of  tight junctions, resulting 
in obstructing casts that further reduce effective glomerular 
filtration rate (GFR).

Hypovolemia can develop within the course of  minutes 
in the absence of  appropriate fluid replacement. As such, 
hypovolemia represents by far the most likely source of  AKI 

Fig. 31.1 Autopsy specimen from a patient with acute tubular necrosis 
and renal failure. Note the edema and the alteration of medullar pyra-
mids. Acute renal failure in burn patients carries a high mortality. 

Ineffective local vasodilators

• Decreased inducible nitric
    oxide

– depletion of cGMP

• Decreased endothelial
nitric oxide
– direct endothelial damage
– direct inhibition by iNOS

Relative systemic
hypovolemia

• Systemic arterial
vasodilatation 
– activation of inducible

  nitric oxide synthase

• Depletion of
vasopressin

Vasconstrictors

• Norepinephrine and angiotensin II

• Tumor necrosis factor
– release of endothelin

• Neural-mediated vasoconstriction
secondary to endotoxemia

Decreased Renal Perfusion

Fig. 31.2 Multifactorial etiology of sepsis-induced acute renal failure 
(ARF). 

Table 31.1 Comparison of Serum Creatinine Criteria in RIFLE, AKIN, and KDIGO Systems

SERUM CREATININE CRITERIA FOR THE DEFINITION AND CLASSIFICATION OF ACUTE KIDNEY INJURY

RIFLE Criteria—The Acute Dialysis Quality 
Initiative (ADQI)

AKIN Criteria—Acute Kidney Injury 
Network

KDIGO Criteria—Kidney Disease Improving 
Global Outcomes

Risk Increase in serum creatinine ≥1.5 times 
baseline

OR
Decrease in GFR ≥25%

Increase to 1.5–1.9 times baseline
OR
Increase in serum creatinine of ≥3  

mg/dL (26.2 µmol/L) from baseline

Increase to 1.5–1.9 times baseline
OR
Increase in serum creatinine of 
≥0.3 mg/dL (26.2 µmol/L) from 
baseline

Stage I

Injury Increase in serum creatinine ≥2.0 times 
baseline or decrease in GFR ≥50%

Increase in serum creatinine to 2–2.9 
times baseline

Increase in serum creatinine to 2–2.9 
times baseline

Stage II

Failure Increase in serum creatinine ≥3.0 times 
baseline

OR
Decrease in GFR ≥75%
OR
An absolute serum creatinine 
≥354 µmol/L with an acute rise of at 
least 44 µmol/L

Increase in serum creatinine to ≥3 times 
baseline

OR
Serum creatinine ≥4.0 mg/dL 

(354 µmol/L) with an acute rise of 
≥05 mg/dL (44 µmol/L)

OR
Initiation of renal replacement therapy

Increase in serum creatinine to a level 
≥4.0 mg/dL (353.6)

OR
Initiation of renal replacement 

therapy

Stage III

fluids from the intravascular to interstitial space. Burn-
induced compromise of  the water-tight dermal barriers 
results in rapid evaporative losses from the extravascular 
compartment, which facilitates further extravasation of  the 
intravascular compartment in a vicious cycle.22 Given the 
sheer speed and volume fluid shift seen in burn shock, pro-
found intravascular hypovolemia can result. Renal blood 
flow is restricted in a compensatory response to hypovolemia 

Note—Urine output-based criteria are the same in all three systems.
From Brochard L, Abroug F, Brenner M, et al., on behalf of the ATS/ERS/ESICM/SCCM/SRLF Ad Hoc Committee on Acute Renal Failure. An official ATS/ERS/

ESICM/SCCM/SRLF statement: prevention and management of ARF in the ICU patient: an international consensus conference in intensive care medicine.
Am J Respir Crit Care Med. 2010;181(10):1128–1155. Updated with current reference to published KDIGO guidelines.
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in any burn patient showing signs of  renal insult within 24 
hours of  their burn.

Overresuscitation and Abdominal 
Compartment Syndrome

Unfortunately, overadministration of  fluids can be just as  
harmful as underresuscitation. Studies have shown that  
AKI can develop in burn patients despite fluid resuscitation 
volumes in excess of  that recommended by the Parkland 
formula and despite normal average urine output (0.5–1.0 mL/
kg per hour).5,23 Furthermore the risks of  overresuscitation 
have been well-documented and include pneumonia, acute 
respiratory distress syndrome (ARDS), compartment syn-
dromes, and an overall increase in mortality.23,24

Despite the physician’s greatest effort to monitor end-
points of  resuscitation, obligatory intercompartmental 
fluid shifts will occur during resuscitation.25 These inter-
compartmental fluid shifts can be particularly hazardous if  
they occur into fascial bound compartments, such as the 
peritoneal cavity. Numerous studies from trauma literature 
have described the adverse physiologic effects of  increasing 
intraabdominal pressure on visceral perfusion.6,26,27 Intra-
abdominal hypertension (IAH) is a known pathological 
process that may occur during initial burn resuscitation as 
defined by intraabdominal pressures (IAPs) of  greater than 
12 mm Hg. Abdominal compartment syndrome (ACS) is 
defined as an IAP of  greater than 20 mm Hg with at least 
one concomitant organ failure. The exact level of  abdomi-
nal hypertension required to compromise visceral perfusion 
varies depending on a variety of  patient factors and is dif-
ficult to predict.28–30 O’Mara et al. demonstrated that the 
volume and type of  fluid resuscitation affects the develop-
ment of  ACS in the burn patient and suggested that fluid 
resuscitation with crystalloid of  greater than 0.475 L/kg 
should alert the clinician to possible IAH/ACS and to 
monitor for decreased cardiac output, decreased lung com-
pliance, or decreased renal perfusion. In a mixed population 
of  critically ill patients, a multicenter prospective trial has 
demonstrated that the occurrence of  IAH during the ICU 
stay was an independent outcome predictor.28

Table 31.2 Comparison of Serum Creatinine Criteria in 
RIFLE, AKIN, and KDIGO Systems

KDIGO CRITERIA FOR RENAL INJURY

Stage Serum Creatinine Criteria UO Criteria

I Increase to 1.5–1.9 times baseline
OR
Increase in serum creatinine of 
≥0.3 mg/dL (26.2 µmol/L) from 
baseline

<0.5 mL/kg/h for ≥6 h

II Increase in serum creatinine to 
2–2.9 times baseline

<0.5 mL/kg/h for >12 h

III Increase in serum creatinine to a 
level ≥4.0 mg/dL (353.6)

OR
Initiation of renal replacement 

therapy

<0.3 mL/kg/h ≥24 h or 
anuria ≥12 h

From Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. 
Nephron Clin Pract. 2012;120(4):c179–184.

Rhabdomyolysis

Rhabdomyolysis frequently presents within 24 hours of
thermal injury and represents a well-documented risk for
AKI and subsequent renal failure.31 Rhabdomyolysis can
arise secondary to direct thermal damage or compartment
syndrome and is commonly seen following a severe electri-
cal injury. The release of  myoglobin into the systemic circu-
lation results in blockage of  renal tubules, constriction of
afferent arterioles, and the generation of  oxygen free radi-
cals. Myoglobinuria occurs when serum myoglobin exceeds
1500–3000 ng/mL. Myoglobinuria does not always result
in renal injury, but certain risk factors have been identified.
The risk of  renal injury is directly related to the amount of
iron-containing molecules released, the state of  hydration,
and the degree of  associated acidosis.32 Elevated creatinine
at baseline and creatinine kinase levels greater than
5000 U/L have been associated with the development of
AKI and the need for RRT, both in general trauma popula-
tions and in studies of  burn patients.32,33

Cardiac Dysfunction

Patients suffering burns greater than 50% total body
surface area (TBSA) are subject to decreased cardiac output,
increased myocardial workload, and myocardial ische-
mia. Several authors have suggested theories to explain
the decreased cardiac output associated with thermal
injury: (1) increased sympathetic activity with impaired
adrenal response, (2) hypovolemia resulting in myocar-
dial ischemia, and (3) direct myocardial suppression.34–40

Of  the potential theories, direct myocardial suppression
by tumor necrosis factor (TNF; i.e., myocardial depressant
factor) has gained substantial interest. TNF is known to
be released by myocytes stimulated by endotoxin or direct
thermal injury.41–47 The effects of  TNF on cardiac func-
tion include reversible biventricular dilatation, decreased
ejection fraction, and decreased stimulation to catechol-
amines (Fig. 31.2).41,48,49 This is typically a transient phe-
nomenon, and, with adequate support, it usually resolves
within 24–72 hours. Without appropriate support, though,
frank heart failure can develop, bringing a myriad of  com-
plications with long-lasting or even permanent sequelae.
Although most early cardiac dysfunction caused by TNF
can be reversed by inotropic support, the key is early
diagnosis to prevent ineffective renal perfusion and thus
prevent the morbidity and mortality associated with renal
insufficiency.

Cardiac dysfunction is known to result in reduced renal
blood flow and hence to contribute to AKI. Although dimin-
ished cardiac output following thermal injury has been
attributed to decreased preload or hypovolemia, there is also
evidence of  direct myocardial suppression, The impact of
this suppression can range from clinically undetectable to
frank cardiac shock. Often, this presents as a lack of  appro-
priate cardiac compensation for distributive burn shock.
Myocardial dysfunction after thermal injury is commonly
overlooked by physicians due to the concentrated effort to
correct the overwhelming state of  hypovolemic shock and
electrolyte abnormalities. In a patient presenting with burn
shock (i.e., hypoperfusion) and found to have a cardiac
index in “normal” range (rather than the expected supra-
normal values), serious consideration should be given to
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by direct renal arteriolar vasoconstriction. Furthermore, 
the systemic inflammatory response results in the release of  
additional vasoconstricting cytokines (i.e., TNF, endothe-
lin), locally secreted vasodilators (endothelial and inducible 
nitric oxide) to counterbalance these sepsis-associated vaso-
constrictors.50,54 Ultimately, this compensatory response 
comes at the cost of  renal perfusion by further exaggerating 
the prerenal state.

Finally, as mentioned previously, sepsis induces a pro-
coagulant state by affecting the expression of  comple-
ment and the fibrinolytic cascade.55–57 This alteration in 
the homeostasis of  coagulation may result in a state of  
disseminated intravascular coagulation (DIC) with direct 
injury to the kidney by glomeruli microthrombi.58 The net 
result is a lack of  perfusion to the kidneys during sepsis 
that will ultimately culminate in ischemic acute tubular  
necrosis.

TOXINS

Antibiotics

Given the immunocompromise associated with massive 
burn injuries, burn patients tend to accrue significant expo-
sure to systemic antibiotics over the course of  their care. 
Unfortunately, many of  the systemic antimicrobial agents 
most commonly used in burn patients carry significant risk 
of  nephrotoxicity.

With meticillin-resistant Staphylococcus aureus (MRSA) 
now endemic in most hospital systems, vancomycin has 
become a standard first-line agent for empiric coverage of  
nosocomial infections in ICUs, including burn units. Given 
the well-documented nephrotoxic potential of  vancomycin, 
alternative options should always be considered in patients 
already showing signs of  early AKI, especially when cul-
tures or Gram stains indicate a source of  infection other 
than MRSA.

When vancomycin is clearly indicated, there are mea-
sures one can take to minimize the risk of  nephrotoxity. 
Multiple studies have indicated that longer duration of  
therapy and higher serum concentration troughs are asso-
ciated with increased risks of  vancomycin-associated renal 
injury.59,60 As concomitant aminoglycoside therapy has also 
been shown to significantly increase the chance of  renal 
insult, these agents are best avoided when using vancomy-
cin as a component of  combination antimicrobial therapy. 
Some have advocated treatment with continuous infusion 
of  vancomycin rather than intermittent boluses to avoid 
renal injury. In aggregate, though, the literature supporting 
this approach is fairly underwhelming. Meta-analysis by 
Hanrahan et al. identified a trend toward decreased rates of  
AKI in patients treated with vancomycin via continuous 
infusion versus intermittent bolus administration, but this 
did not reach statistical significance.

The incidence of  multiresistant organisms is and will 
continue to be an ongoing challenge. This had led to the use 
of  antimicrobial agents that carry a significant risk of  neph-
rotoxicity. The use of  these potentially nephrotoxic antimi-
crobial agents must be weighed on a risk–benefit scale due 
to the potential morbidity associated with inducing AKI. 
Antimicrobial therapy should be based on culture data, 
with the goal of  down escalating therapy to the fewest 

inotropic support, particularly when accompanied by the 
finding of  a low systemic vascular resistance index.

In any case of  suspected cardiac dysfunction, a typical 
workup should be performed to rule out any coronary or 
mechanical etiology. Absent any such finding, an effective 
burn surgeon must rapidly reestablish adequate renal blood 
flow by correcting the diminished preload state while 
keeping in mind the impact of  burn injury on the entire 
cardiovascular system.

LATE

AKI presenting later in the course of  treatment for a massive 
burn typically occurs as a component of  multiorgan failure, 
most commonly from sepsis. Given the high risk for infec-
tion and the difficulty of  diagnosing such infections in this 
patient population, underlying infection and sepsis must be 
seriously considered in any patient found to have new or 
worsening renal failure more than 48 hours out from their 
initial injury.

Iatrogenic renal injury is also an important consideration 
in late burn-associated AKI, particularly given these 
patients’ frequent exposure to multiple antibiotics and 
diuretics.

Sepsis

Early aggressive resuscitation and excision have signifi-
cantly influenced the course of  ARF immediately associated 
with thermal injury. Acute renal dysfunction associated 
with the septic syndrome nonetheless continues to cause 
significant mortality.50,51

Sepsis and septic shock are the most common cause of  
death in the ICU and are seen in up to 87% of  cases of  acute 
renal dysfunction in the burn ICU.9,10 Several authors have 
found the degree of  sepsis to be directly related to the inci-
dence of  acute renal dysfunction (Table 31.3).52,53 The 
pathophysiology of  AKI associated with sepsis is multifacto-
rial in nature but begins clinically with a generalized arte-
rial vasodilatation secondary to a decreased systemic 
vascular resistance (Fig. 31.2). Initially bacteria or their 
products activate sepsis-associated mediators (cytokines) 
locally at the site of  direct invasion. The homeostatic 
balance between production and inactivation of  these 
mediators is altered, allowing for systemic release and 
causing direct damage to the endothelium and vasoparesis, 
as well as a procoagulant state. It has been theorized that 
acute renal insufficiency associated with sepsis is the result 
of  each of  these pathological processes.

The vasoparesis seen in sepsis results in a profound state 
of  hypotension, which activates the neurohumoral axis. In 
an effort to maintain systemic arterial circulation, the  
sympathetic nervous system and the renin–angiotensin– 
aldosterone axis respond by increasing cardiac output and 

Table 31.3 Renal Failure Dysfunction and Sepsis

Sepsis Severe Sepsisa Septic Shockb

Acute renal 
dysfunction

19% 23% 51%

aSepsis associated with lactic acidosis or altered mental status.
bSepsis associated with hypotension.
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the 24-hour assay and provides a more responsive measure 
of  real-time function.

A significant disadvantage of  creatinine clearance is that 
it becomes less accurate as GFR drops. This is due to the fact 
that renal tubules secrete a small amount of  creatinine into 
the urine (in addition to that which is filtered). Normally, 
renal tubular secretion is so minor that it does not signifi-
cantly impact the creatinine clearance calculations at 
normal GFRs, but can create significant distortion as the 
real GFR drops. The impact of  these variations in tubular 
creatinine secretion can be largely overcome by administer-
ing cimetidine, which inhibits tubular creatinine secretion, 
an hour before urine collection.62,63

FeNa

The primary goal of  evaluating urinary electrolytes in a 
thermally injured individual is to differentiate between the 
prerenal and renal forms of  AKI. It has been well estab-
lished that a prerenal state in the presence of  a functional 
nephron is associated with enhanced absorption of  sodium 
or a low fractional excretion of  sodium. The fractional 
excretion of  sodium (FeNa) is defined as:

FeNa urine sodium plasma creatinine
plasma sodium urina

= ×
×

[( )
( ry creatinine)]

with a value less than 1% associated with a prerenal 
condition and a value greater than 1% associated with 
organ dysfunction (i.e., “renal” renal failure).62 There are 
several conditions which affect renal absorption of  sodium 
and thus have been shown to affect the calculated value  
(Table 31.4).

Fractional excretion of  urea (<0.35) has shown margin-
ally improved sensitivity and specificity over sodium in dis-
tinguishing between prerenal and renal forms of  ARF.64 
Several additional indexes can be used to differentiate 
between the two forms of  ARF (Table 31.5).

Microscopy

Microscopic examination of  urinary sediment is an easy 
and inexpensive initial evaluation of  AKI that often lends 
insight into the underlying renal pathology.20,65 The combi-
nation of  normal urinary sediment, hyaline casts, and 
oliguric/anuric urinary output would suggest a prerenal 
condition. The presence of  epithelial casts and abundant 
tubular epithelial cells is pathognomonic for acute tubular 
necrosis. Similarly the identification of  pigmented casts on 

necessary antimicrobials and safest complication profile 
(i.e., the least nephrotoxic).

Diagnosis

Technically, using the consensus definitions discussed 
earlier, diagnosing AKI requires no more than measuring 
serum creatinine, eGFR, and/or urine output and identify-
ing injury when any of  these measures meet criteria set by 
the chosen definition (i.e., AKIN, RIFLE, or KDIGO). 
However, additional investigation is often warranted in 
order to delineate the nature and etiology of  each individual 
case of  AKI to allow for more informed treatment. Further-
more, a vigorous research effort is ongoing to identify novel 
biomarkers which might serve as a means to identify 
impending AKI earlier in the process.

URINE VOLUME

Urine represents by far the simplest and most intuitive 
monitor of  renal function. Urine volume is a specific but, 
unfortunately, not very sensitive test for renal failure.61 
Most clinicians regard the presence of  “adequate” urine 
output of  little diagnostic value in the evaluation of  renal 
dysfunction since severe renal injury may exist with any 
volume of  urinary output. Urine output is not determined 
by the GFR alone but by the difference between GFR and 
tubular reabsorption. As such, AKI-associated tubular dys-
function can offset the decline in GFR, resulting in preserved 
urine output volume.

However anuria—a urine output of  less than 50 mL/day 
or complete cessation of  GFR—is a clinically significant 
finding.9 By far, the most common cause is a severe prerenal 
condition. Although it is true that other conditions (acute 
cortical necrosis, bilateral arterial occlusion, and rapidly 
progressive acute glomerulonephritis) may cause anuria, 
their incidence is exceedingly low in the acute burn care 
setting, and the diagnosis is usually readily apparent due to 
additional clinical signs.

While a return of  urine output in the oliguric or anuric 
patient may offer encouragement, it does not necessarily 
indicate reversal of  the inciting renal injury. Of  particu-
lar concern, one must be careful to watch for a conver-
sion of  anuric or oliguric renal failure to polyuric renal 
failure. Failure to appreciate a polyuric renal failure 
and replace inappropriate fluid losses could result in a 
second prerenal insult, increasing the risk of  permanent  
damage.

URINALYSIS

Creatinine Clearance

Creatinine clearance is an inexpensive, consistent, time-
tested technique for providing a rough estimate of  GFR and 
renal function. Creatinine clearance measurement does 
involve the inconvenience of  sustained urine collection, tra-
ditionally over a 24-hour period. However, this can be 
markedly simplified by forgoing the 24-hour convention for 
a more practical short-term (e.g., 6 hours or even 2 hours) 
collection, which has been shown to be just as accurate as 

Table 31.4 Factors That Affect Fractional Secretion 
of Sodium

Condition Effect on Fractional Sodium Excretion

Glycosuria Increase

Diuretics Increase

Mannitol Increase

Dopamine Increase

Myoglobinuria Decrease

Radiocontrast media Decrease
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NGAL

Neutrophil gelatinase-associated lipocalin (NGAL) is a poly-
peptide released by damaged nephron tubular cells in the 
setting of  local inflammation.64 In multiple settings, NGAL 
has been shown to be identifiable in the serum and urine 
within 1–4 hours of  ischemic renal insult and highly pre-
dictive of  AKI. Multiple groups have found NGAL elevations 
earlier in a patient’s course to be predictive of  subsequent 
AKI. Sen et al. and Yang et al. demonstrated that elevations 
in whole-blood levels of  NGAL occurred as early as 4 hours 
postburn. Furthermore, on multivariate analysis, NGAL 
levels identified a risk for subsequent AKI well before urine 
output rates or changes in serum creatinine.66

Others

Various investigators have identified additional novel early 
markers in burn patients. Serum uric acid levels, 
interleukin-18, and a novel protein named “kidney injury 
molecule-1” have all been found to predict AKI shortly after 
injury in isolated single-institution studies.67,68

Treatment

The key to the treatment of  AKI is prompt diagnosis coupled 
with a rapid reversal of  the underlying pathophysiology 
while avoiding iatrogenic injury. Early in the course of  
acute burn care, the emphasis is on treating the underly-
ing burn shock and minimizing the exposure to second-
ary injury from nephrotoxic injury products. Later in the 
course of  acute care, the focus is on monitoring for the 
emergence of  new signs of  renal injury and eliminating 
or treating the underlying cause—typically infection or 
chemotherapeutic nephrotoxicity. In either context, the 
most effective approach is one that detects the presence (or 
imminence) of  renal injury as early as possible such that 
the underlying insult can be minimized or reversed as soon  
as possible.

Any injury that progresses to fulminant renal failure 
despite initial therapeutic maneuvers requires RRT. This 
section will address treatment and prevention of  burn-
associated renal injuries.

RENAL PROTECTION IN THE EARLY PHASE OF 
ACUTE BURN CARE

Resuscitation

As stated previously, the vast majority of  cases of  AKI pre-
senting within 24 hours of  injury results from inadequate 
renal perfusion.7,69 Several authors have demonstrated that 
the timing of  initiation of  resuscitative fluids is directly 
related to the incidence of  renal dysfunction. Resuscitative 
efforts should therefore begin immediately to reestablish 
effective renal perfusion. Several resuscitative formulas 
have been established based on multivariate logistic regres-
sion analysis (Table 31.7). Which formula to use is far less 
important than the flexibility and care with which they are 
applied. The clinician must recognize that these formulas 
are estimates to be used as starting points. The true amount 
is directly dependent on the patient’s own physiologic status 

microscopic evaluation signifies the diagnosis of  myoglo-
binuria, likely secondary to rhabdomyolysis.

SERUM BIOMARKERS

Creatinine

For generations, creatinine has served as the most widely 
used marker of  renal function. There is no question that 
creatinine levels correlate to renal function, and acute ele-
vations of  creatinine are clearly associated with an increased 
risk of  renal failure and additional mortality. Indeed, serum 
creatinine levels (and changes therein) are central compo-
nents to all of  the three consensus AKI definition and 
staging systems proposed in the past 15 years.

Despite these advantages, serum creatinine levels cannot 
be counted on for accurate real-time assessment of  renal 
function. Creatinine rises slowly in response to an acute 
drop in GFR, with a lag time of  hours to days seen between 
the actual drop in GFR and the increase in serum creatinine 
levels. As serum creatinine levels reflect a balance between 
the rate of  production and excretion of  this endogenous 
protein, it takes time for serum creatinine levels to reach a 
new equilibrium when one side of  this equation (excretion) 
changes (see Table 31.6). Therefore, even once the serum 
creatinine has begun to rise, it is typically hours to days 
before it reaches a new steady state. This makes it difficult 
to identify real-time changes in renal function and impos-
sible to recognize the real-time stabilization or resolution of  
renal injuries.

Table 31.5 Differential Diagnosis of Acute Renal 
Failure

Urinary Index Pre-Renal Renal

Uosm (mOsmol/L) >500 <350

UNa (mEq/L) <20 >40

Specific gravity 1.020 1.010

Ucreat/Pcreat >40 <20

Fractional excretion of sodium <1 >2

Fractional excretion of urea <35 >50

Table 31.6 Factors Affecting Serum Creatinine

Factors Effect on Serum Creatinine

Liver insufficiency Decreased production

Decreased muscle mass:

 deconditioning Decreased production

 aging Decreased production

Trauma Increased production

Fever Increased production

Immobilization Increased production
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benefit from the use of  higher mean arterial pressure (MAP) 
endpoints.

As critical as volume repletion is to effective resuscitation, 
it does not follow that more is always better. Rather, what is 
required is the continuous application of  enough fluid to 
maintain perfusion and avoid ischemic insult. Administer-
ing fluids in excess of  those immediately required at any 
point in time provides no additional benefit and certainly 
does not help in reversing any prior renal insult.

It must be emphasized that the exact amount of  fluid 
required for any particular burn is not a constant, predeter-
mined value but an ongoing function of  the injured patient’s 
dynamic physiology. Several studies of  AKI incidence in 
large burn series found that patients with and without AKI 
showed no significant difference in the total fluid volumes 
received in the first 24–48 hours. In contrast, multiple 
studies have identified longer time to resuscitation as a clear 
risk factor for early AKI in burn patients. Likewise markers 
of  hypoperfusion (e.g., serum lactate levels, base deficits, 
and SOFA scores) consistently have been shown as signifi-
cant associations with renal injury and failure.7,21,69,75–77 
The key to renal protective resuscitation is not so much in 
providing adequate fluid over the period of  resuscitation as 
it is a matter of  minimizing the amount of  time the patient 
spends in a state of  hypoperfusion and, thus, minimizing 
the cumulative ischemic injury.

The primary goal is to reestablish effective renal perfusion 
through a well thought out resuscitation plan based on 
demonstrated resuscitation formulas and modified by vari-
ables correlated with the degree of  resuscitation.

Other Acute Issues

Heart. Although establishing an effective circulating 
volume is of  prime importance, an astute clinician should 
also carefully assess myocardial contractility to exclude 
myocardial dysfunction as a contributing factor to ineffec-
tive renal perfusion (see preceding discussion).

Remove Nephrotoxins. In addition to the effects of  shock 
and dehydration, a burn injury can result in a renal injury 
indirectly via secondary rhabdomyolysis. Burn patients can 
develop rhabdomyolysis via a variety of  mechanisms. Most 
commonly, restrictive eschars from circumferential burns 
can combine with the burn-associated edema to create a 
tourniquet effect on the extremities, resulting in ischemic 
muscle injury. Muscle can also be injured by direct thermal 
injury in fourth-degree burns or via mechanical trauma in 
the setting of  coincident nonthermal trauma. Unfortu-
nately any significant burden of  muscle necrosis results in 
marked swelling and (if  untreated) a spiral of  compartment 
syndrome and additional rhabdomyolysis.

Rhabdomyolysis clearly increases the risk for AKI in burn 
patients because free myoglobin is quite nephrotoxic in sus-
tained exposures. Fortunately, this is reversible if  the patho-
logical source is identified early and appropriate treatment 
is initiated.76,78 In the setting of  rhabdomyolysis, intensive 
hydration with isotonic crystalloids is recommended. While 
alkaline-diuresis with sodium bicarbonate solution and 
mannitol was long held as the standard therapy for this 
condition, the theoretic advantages of  this therapy failed to 
translate into any improved outcomes when studied in a 
clinical setting.33 Of  first priority, though, is arresting the 

and degree of  injury, neither of  which can be fully captured 
by a single formula.

Burns of  greater than 20% TBSA generally require intra-
venous resuscitative efforts, and the initial volume of  fluids 
should be proportional to the area of  burn injury. Kim et al. 
showed that burn size is an independent predictor of  ARF in 
the burn population.70 The timeliness of  resuscitation is par-
ticularly critical because the duration of  ischemic time is 
critically important to the development of  AKI. Nguyen et al. 
found initial management of  the thermally injured individ-
ual to be critically important to overall survival.71 Early 
aggressive hydration had a protective effect against ARF. 
Similarly, the Shriners Burn Institute for Children, Galves-
ton, observed that the time to initiation of  resuscitative fluids 
was directly related to the incidence of  renal dysfunction and 
overall mortality. They concluded that early, aggressive fluid 
resuscitation lessens kidney damage and thus prevents renal 
dysfunction, which improves overall outcome.72

The clinician must continuously monitor parameters of  
regional and global perfusion in order to guide fluid therapy 
and prevent overresuscitation. If  the ability to assess true 
volume status (preload) or effective renal perfusion is diffi-
cult, one should initiate monitoring of  central pressures or 
global volume-related variables (i.e., global end diastolic 
volume, extravascular lung water volume, intrathoracic 
blood volume).73 The best means to measure the degree of  
resuscitation is unknown; however, if  adequate volume 
loading does not produce sufficient mean arterial pressure 
(60–65 mm Hg), the use of  vasopressors is indicated. While 
there has been some recent interest in the strategy of  titrat-
ing to a higher mean arterial pressure as a possible means 
of  protecting renal function in shock, a multiinstitutional 
randomized clinical trial comparing resuscitation strategies 
using high (80–85 mm Hg) versus standard (65–70 mm 
Hg) goals for mean arterial pressure found no improvement 
in renal outcomes in those patients in the high-target 
group.74 The one exception to this finding was the subgroup 
of  patients with premorbid hypertension who did indeed 

Table 31.7 Burn Formulas for Estimating Initial 
Resuscitation

Crystalloid Colloid

Colloid:

 Evans NS 1 mL/
kg/%burn

1 mL/kg/%burn

Crystalloid:

 Parkland 4 mL/kg/%burn

Modified Brooke 2 mL/kg/%burn

Pediatric formulas:

Cincinnati Shriners 4 mL/kg/%burn + 
1500 mL/m2Institute for Burn

  Children TBSA

Galveston Shriners 5000 mL/m2 BSA 
+ 2000 mL/m2Institute for Burn

  Children TBSA

TBSA, Total body surface area; BSA, burn surface area.
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Once a clinically significant infectious organism is identi-
fied, early goal-directed therapy should be initiated. Rivers 
et al. demonstrated a significant reduction in mortality if  
an early goal-directed algorithm is applied to the septic 
patient.79 The principle is simple: establish early source 
control while providing effective antibiotic therapy and 
maximizing global, and therefore renal, perfusion. While 
larger, more recent studies have raised questions about the 
specific monitoring techniques and intervention thresholds 
used in the Rivers trial, the basic principle of  early diagnosis 
and treatment remains invaluable.80

Rapid identification and correction of  underlying 
sepsis are critical to the preservation of  renal function 
because no renal protective pharmacological agent has 
been demonstrated to prevent or limit renal dysfunction. 
The importance of  infectious surveillance in the ther-
mally injured patient cannot be overstated. The goal is to 
effectively treat local infections and prevent systemic dis-
semination to avoid the morbidity and mortality of  septic  
shock.

Medical Therapy: Fenoldopam. Naturally, there has 
long been much interest in identifying a pharmacologic 
agent capable of  protecting the kidney from injury in high-
risk settings. For many years, intensivists regularly employed 
low-dose (aka “renal-dose”) dopamine infusions with hopes 
of  preserving renal function. In theory, the receptor activa-
tion profile of  dopamine in these dose ranges should result 
in selective augmentation of  renal perfusion pressure. 
Unfortunately multiple clinical trials consistently failed to 
identify any improvement in renal outcomes associated 
with renal-dose dopamine treatment.

More recently, interest has emerged in the possibility that 
fenoldopam, another selective adrenergic agonist, might 
provide more consistent, targeted support of  renal perfu-
sion. Fenoldopam is a pure α1 agonist that decreases renal 
vascular resistance in an NO2-independent manner. This 
offers a distinct advantage in the setting of  postischemic 
AKI, where nitric synthase activity is typically saturated 
early in the course of  injury. As of  yet, the role of  fenoldo-
pam remains unclear. The largest randomized controlled 
trial of  fenoldopam infusion for renal protection (to date) 
was performed in the context of  cardiac surgery and failed 
to show any reduction in renal outcomes. However the 
current literature documenting the use of  fenoldopam in 
burn patients is limited to a single retrospective study that 
did indicate a renal-protective effect in burn patients at high 
risk for AKI. 81,82

Renal Replacement Therapy

Fortunately, due to major advances in burn care resuscita-
tion and the treatment of  sepsis, renal failure requiring RRT 
is unusual in the burn setting.83 The reported incidence is 
approximately 1–3%. Unfortunately, though, the overall 
mortality associated with renal failure requiring RRT 
approaches 80%.8,10

Burn patients with preexisting renal insufficiency are at 
particular risk for RRT due to the large positive fluid bal-
ances associated with the initial resuscitation therapy, 
enhanced catabolism leading to elevated urea levels, and 
the need for substantial nutritional support to maintain a 
positive nitrogen balance.83

underlying process by halting progressive ischemia with 
aggressive escharotomy and fasciotomy and resecting any 
necrotic muscle to remove the source of  myoglobin 
poisoning.

Late

Workup. An AKI presenting late in the burn patient’s course 
can owe to any combination of  a myriad of  pathologies. Any 
indication of  new-onset renal injury late in the burn victim’s 
course should prompt a rapid and comprehensive screen 
for typical sources of  renal injury—hypovolemia, cardiac 
dysfunction, nephrotoxins, obstruction, and the like. Natu-
rally, any such pathology should be addressed immediately 
if  encountered. However, because infection and sepsis are 
by far the most common etiology of  renal failure in a burn 
patient’s course, an intensive search for occult infection 
should be undertaken immediately upon recognizing a new 
renal insult regardless of  any other identified contributors.

Sepsis Treatment. The most effective therapy is preven-
tion or early recognition of  the septic state (Box 31.1). Every 
thermally injured patient should be continuously moni-
tored for early markers of  sepsis (feeding intolerance, 
increasing insulin resistance, elevation of  acute-phase 
reactants) so that early therapy may be initiated.

Box 31.1 Definition of Sepsis in Burns

At least three of the following:

 I. Temperature >39°C or <36.5°C
 II. Progressive tachycardia

A. Adults >110 bpm
B. Children >2 SD above age-specific norms (85% age-

adjusted max heart rate)
 III. Progressive tachypnea

A. Adults >25 bpm not ventilated
i. Minute ventilation >12 L/min ventilated

B. Children >2 SD above age-specific norms (85% age-
adjusted max resp. rate)

 IV. Thrombocytopenia (will not apply until 3 days after initial
resuscitation)
A. Adults <100 000/µL
B. Children <2 SD below age-specific norms

 V. Hyperglycemia (in the absence of pre-existing diabetes
mellitus)
A. Untreated plasma glucose >200 mg/dL or equivalent

mM/L
B. Insulin resistance—examples include

i. >7 units of insulin per hour intravenous drip (adults)
ii. Significant resistance to insulin (>25% increase in

insulin requirements over 24 h)
 VI. Inability to continue enteral feedings >24 h

A. Abdominal distension
B. Enteral feeding intolerance (residual >150 mL/h in children

or two times feeding rate in adults)
C. Uncontrollable diarrhea (>2500 mL/d for adults or >  mL/d

in children)

In addition, it is required that a documented infection is 
identified via:

A. Culture-positive infection, or
B. Pathologic tissue source identified, or
C. Clinical response to antimicrobials
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in the thermally injured patient. Burn injury predisposes to 
organ failure, catabolism causes increased urea generation, 
large open wounds result in electrolyte shifts, and nephro-
toxic agents are often required as treatment. For intensive 
care populations at large, the standard of  care is to initiate 
CRRT only upon evidence of  extreme metabolic derange-
ments or other life-threatening events.88 However, there 
continues to be interest in the potential benefit of  initiat-
ing RRT earlier in the course of  AKI, with ongoing clinical 
studies indicating potential advantages of  early RRT.89,90 A 
recent randomized multicenter trial by Gaudry et al. chal-
lenged this hypothesis by suggesting early RRT has no sur-
vival advantages over delayed RRT.91 In addition, they found 
potential benefits to delayed RRT if  close monitoring of  the 
patient is performed in the ICU setting. Emerging trials con-
tinue to offer evidence on both sides of  the argument—a 
controversy which will likely be with us for years  
to come.92,93

Although very early initiation of  RRT in ICU patients has 
not clearly been demonstrated to improve outcome, prelimi-
nary evidence exists to suggest a more aggressive approach 
to RRT initiation in the thermally injured patient.86,87 As 

Modalities. Peritoneal dialysis has a long history of  suc-
cessful use in both acute and chronic settings.84 However, 
in burn patients, this form of  therapy is limited by clearance 
rates and the need for catheter insertion through the 
abdominal wall: a common donor site or burned area.

Over the past two decades a number of  RRT modes have 
been studied in general ICU patients: intermittent hemodi-
alysis (IHD), continuous renal replacement therapy (CRRT), 
and sustained low-efficiency dialysis (SLED). No consensus 
exists as to which mode is superior because each has advan-
tages and disadvantages depending on the clinical scenario 
(Table 31.8).83,85 It has been suggested that CRRT is best 
suited for those patients demonstrating severe hemody-
namic instability, persistent ongoing metabolic acidosis, 
and large fluid removal requirements. Preliminary reports 
using CRRT in the thermally injured population have dem-
onstrated improved survival.86,87 These studies are limited 
to single-institutional data.

The optimal time to initiate RRT in the thermally-injured 
patient with AKI has not been determined. Traditional 
thresholds (i.e., absolute indications used to initiate dialy-
sis in the setting of  chronic renal failure) are less relevant 

Table 31.8 Advantages and Disadvantages of Intermittent Hemodialysis (IHD) and Continuous Renal Replacement Therapy 
(CRRT)

Intermittent Hemodialysis Continuous Renal Replacement Therapy

I. Advantages Disadvantages

Rapid clearance of acidosis, uremia, potassium, and certain toxins Slow

Patient mobility Immobility

Can perform without anticoagulation More frequent need for anticoagulation

Reduced exposure to artificial membrane Continuous exposure to artificial membrane

Reduced incidence of hypothermia Hypothermia

Masks fever temporarily Masks fever continuously

Less blood loss from monitoring and/or filter clotting Greater potential blood loss from monitoring and/or filter clotting

Lower costs in most centers Higher costs in most centers

Less risk of dialysate compounding errors Greater risks of replacement fluid and/or dialysate compounding errors

aLess removal of amino acids, endogenous hormones, and 
cofactors

bIncreased removal of amino acids, endogenous hormones, and cofactors

II. Disadvantages Advantages

Rapid solute and fluid shifts Gradual solute and fluid shifts

–hemodynamic instability –greater hemodynamic stability

–disequilibrium syndrome –no or little risk of disequilibrium syndrome

–worsens brain edema –no worsening of brain edema

Frequent need for fluid or nutritional restrictions Less need tor fluid or nutritional restrictions

Only allows for intermittent adjustment of prescription; less 
control of uremia, acidosis, phosphate, and fluid balance

Allows for continuous titration and integration of renal support with 
other ICU care and treatment goals

In many centers, requires a dialysis nurse and other resources 
that may limit ability to provide extended run-times and/or 
daily therapy in selected patients

Procedure performed by ICU nursing staff, overall better clearance of 
uremia, correction of acidosis, and removal of excess fluid

aEven with high flux membranes, removes fewer ‘middle’ molecules.
bWhen configured to use convection as its primary mechanism of solute clearance, removes more “middle molecules.”
From Brochard L, Abroug F, Brenner M, et al. on behalf of the ATS/ERS/ESICM/SCCM/SRLF Ad Hoc Committee on Acute Renal Failure. An official ATS/ERS/

ESICM/SCCM/SRLF statement: prevention and management of ARF in the ICU patient: an international consensus conference in intensive care medicine.
Am J Respir Crit Care Med. 2010;181(10):1128–1155.
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morbidity and mortality. Prior to 1965, there were no 
reported survivors following a major thermal injury who 
unfortunately developed ARF. While significant advances 
have been made in both the treatment of  major thermal 
injures and renal failure over the past 50 years, the com-
bined clinical scenario still represents a significant thera-
peutic challenge in modern burn therapy. Collectively we 
have made advances in establishing a common definition of  
renal failure and its stages, but work must continue to iden-
tify early biomarkers of  renal injury so that therapeutic 
interventions can be made in a more timely manner.

An astute burn surgeon or intensivist must understand 
that the normal renal physiology is under constant threat 
following a thermal injury. To avoid renal dysfunction, a 
physician must maintain adequate effective renal perfusion 
while minimizing nephrotoxic agents.

Complete references available online at 
www.expertconsult.inkling.com

such, we favor early initiation of  RRT in severe burn-
associated AKI. However larger studies are clearly 
needed to clarify the value of  this approach in the burn  
population.

A theoretical benefit of  continuous hemofiltration is the 
removal of  proinflammatory mediators, which may be 
associated with the development of  multiple organ failure. 
The experimental and clinical data suggest that the rate of  
hemofiltration and the biologic nature of  the filters affect 
the overall results.20 Currently there are insufficient data to 
recommend continuous hemofiltration solely on the basis 
of  removal of  inflammatory mediators. Future randomized 
prospective studies may resolve this theoretical benefit.

Conclusion

Acute renal dysfunction is a critical complication of  an 
acute thermal injury and is associated with significant 
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It is postulated that the progression of  patients to MOF 
exists in a continuum with the systemic inflammatory 
response syndrome (SIRS).6 Nearly all burn patients meet 
the criteria for SIRS as defined by the consensus conference 
of  the American College of  Chest Physicians and the Society 
of  Critical Care Medicine.7 It is therefore not surprising that 
severe critical illness and MOF are common in burned 
patients.

Patients who develop dysfunction of  various organs, 
such as the cardiopulmonary system, renal system, and 
gastrointestinal system, can be supported to maintain 
homeostasis until the organs repair themselves or a chronic 
support system can be established. Critical care may be 
loosely defined as the process of  high-frequency physiologic 
monitoring coupled with short response times for pharma-
cologic and procedural interventions. Entire textbooks and 
many of  the preceding chapters in this book are dedicated 
to critical care. This chapter will focus on synthesizing a 
critical care system for burn injury, including the organiza-
tion of  specialized burn intensive care units (BICUs) and 
organ-specific management.

Burn Intensive Care Unit 
Organization

PHYSICAL PLANT

Optimally, a BICU should exist within a designated burn 
center, ideally verified by the American Burn Association 
(ABA), and in conjunction with a recognized trauma center, 
thus providing the capability to treat both thermal and non-
thermal injuries. This unit, however, need not be physically 
located in the same space as that designated for nonburned 
trauma patients. In fact, the requirement for the care of  
wounds in burned patients necessitates additional equip-
ment, such as shower tables and overhead warmers, so a 
separate space dedicated to the severely burned should be 
standard. This space may be located in a separate hospital 
with established guidelines for transfer or a specialized unit.8

The optimal number of  beds in the unit should be calcu-
lated by the incidence of  moderate to severe burns in the 
referral area, which in the United States is approximately 
20 per 100,000 people per year. The Committee on Trauma 
of  the American College of  Surgeons and the ABA recom-
mend that 100 or more patients should be admitted to this 
facility yearly, with an average daily census of  three or more 
patients to maintain sufficient experience and acceptable 
access to specialized care.8

 Videos available at www.expertconsult.inkling.com

Introduction

Approximately 4000 burn victims die each year from com-
plications related to thermal injury.1,2 Burn deaths gener-
ally occur in a bimodal distribution, either immediately
after the injury or weeks later due to multisystem organ
failure (MOF), a pattern covered in Chapter 30. Recent
reports reveal a 50% decline in burn-related deaths and
hospital admissions in the United States over the previous
20 years.2 In 1949, Bull and Fisher reported 50% mortality
rates for children aged 0–14 years with burns of  49% of
total body surface area (TBSA), 46% TBSA for patients aged
15–44, 27% TBSA for those aged between 45 and 64, and
10% TBSA for those 65 and older.3 These dismal statistics
have improved, with the latest studies reporting a 50% mor-
tality for greater than 95% TBSA burns in children 14 years
and under, 75% TBSA burns in adults, and around 30%
TBSA in the elderly.4 Therefore, a healthy young patient
with almost any size burn should be expected to live, and
the prospects for the older demographic are improving with
modern wound treatment and critical care techniques.

Burned patients generally die from one of  two causes:
early deaths resulting from “burn shock” and immolation,
or MOF leading to late deaths. With the advent of  vigorous
fluid resuscitation protocols in the severely burned, irre-
versible burn shock has been replaced by sepsis and the
ensuing MOF as the leading cause of  death associated with
burns in those who do not die at the scene by a margin of
2 to 1.4 Those with a risk of  mortality who do not die pre-
cipitously will be treated by what is termed critical care, a
service performed in specialized units containing the equip-
ment, supplies, and personnel to institute intensive moni-
toring and life-sustaining organ support to promote
recovery.

Critical illness in burned patients is most commonly beset
by sepsis. In a pediatric burn population with massive burns
of  greater than 80% TBSA, 17.5% of  the children devel-
oped sepsis, defined as bacteremia with clinical signs of
infection.5 Mortality in the whole group was 33%, most of
whom succumbed to MOF. Some were bacteremic and
“septic,” but the majority were not. These findings highlight
the observation that the development of  severe critical
illness and MOF often associate with infection, but they are
by no means required to develop this syndrome. What is
requisite is an inflammatory focus, which is the massive
skin injury in severe burns requiring inflammation to heal.
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Most moderate to severe burns with hospital admission 
will require intensive monitoring for at least the day of  
admission during the resuscitative phase. Thereafter 
approximately 20% will undergo prolonged cardiopulmo-
nary monitoring for inhalation injury, burn shock, cardio-
pulmonary compromise, renal dysfunction, and the 
development of  SIRS and MOF. In these severely burned 
patients, the average length of  stay in the BICU is approxi-
mately 1 day per % TBSA burned. Using an average of  25 
days admission for a severely burned patient (20% of  the 
burns, 4/100,000 per capita) and 2 days for those not so 
severely injured (80%, 16/100,000 per capita), this sug-
gests 132 BICU inpatient days per 100,000 persons in the 
catchment area. Thus a 10-bed BICU should serve a popula-
tion of  3,000,000 sufficiently when considered indepen-
dently. Space provided should be at least 3,000 sq ft, 
including patient beds and support space for nursing/
charting areas, office space, wound care areas, and storage.8

Multiply-resistant bacteria and fungi are commonly 
encountered in the BICU owing to the presence of  open 
wounds. To prevent transmission of  these organisms to 
other patients, isolation of  burned patients from all other 
patients is recommended and should be considered when 
designing units for this purpose. Single rooms with negative-
pressure ventilation are advisable. In addition, strict guide-
lines for contact precautions in wound care and 
interventions, and hand-washing are standard.

PERSONNEL

A BICU functions best by using a team approach among 
surgeons/intensivists, nurses, laboratory support staff, 
respiratory therapists, occupational and physical thera-
pists, mental health professionals, prosthetists, dietitians, 
and pharmacists (Box 32.1). The unit should have a desig-
nated medical director, ideally a burn surgeon, to coordi-
nate and supervise personnel, quality management, and 
resource utilization. The medical director will usually work 
with other qualified surgical staff  to provide sufficient care 
for the patients. It is recommended that medical directors 
and each of  their associates be well versed in critical care 
techniques and that each physician care for at least 50 
patients per year to maintain skills.8 In teaching hospitals, 
three to four residents or other qualified medical providers 
should be assigned to the 10-bed unit described. A coverage 
schedule should be devised to provide 24-hour prompt 
responses to problems.

Nursing personnel should consist of  a nurse manager 
with at least 2 years of  intensive care and acute burn care 
experience and 6 months of  management responsibilities. 
The rest of  the nursing staff  in the BICU should have docu-
mented competencies specific to the care of  burned patients, 
including critical care and wound care.8 Owing to the high 
intensity of  burn intensive care, at least five full-time equiv-
alent nursing providers are required per BICU bed to provide 
sufficient 24-hour care. Additional personnel are required 
for respiratory care, occupational and physical therapy, and 
other support. A dedicated respiratory therapist for the 
burn unit at all times is optimal.

Owing to the nature of  critical illness in burned patients, 
complications may arise that are best treated by specialists 
not generally in the field of  burn care (Box 32.2). As such, 
these specialists should be available for consultation when 
the need arises. Given the regularity with which burn sur-
geons encounter subspecialty problems, such as corneal 
injuries, routine injuries are often managed directly by the 
burn surgeon without additional consultation.

EQUIPMENT

The equipment needs of  the BICU include those items 
common to all ICUs, but some of  which are specialized (Box 
32.3). Each BICU bed must be equipped with monitors to 

Box 32.1 Assigned Burn Unit Personnel

■ Experienced burn surgeons (burn unit director and qualified
surgeons)

■ Dedicated nursing personnel
■ Physical and occupational therapists
■ Social workers
■ Dietitians
■ Pharmacists
■ Respiratory therapists
■ Phychiatrists and clinical psychologists
■ Prosthetists

Box 32.2 Consultants for the Burn ICU

■ General surgery ■ Pediatrics
■ Plastic surgery ■ Psychiatry
■ Anesthesiology ■ Cardiology
■ Cardiothoracic surgery ■ Gastroenterology
■ Neurosurgery ■ Hematology
■ Obstetrics/gynecology ■ Pulmonology
■ Ophthalmology ■ Nephrology
■ Orthopedic surgery ■ Neurology
■ Otolaryngology ■ Pathology
■ Urology ■ Infectious disease
■ Radiology

Box 32.3 Equipment for a Fully Equipped 
Burn ICU

Standard

■ Monitors (heart rate, electrocardiography, blood pressure,
cardiac output, oxygen saturation, temperature)

■ Scales
■ Ventilators
■ Advanced cardiac life support (ACLS) cardiac cart
■ Laboratory support (blood gas analysis, hematology,

chemistry, microbiology)

Specialty

■ Fiberoptic bronchoscopes
■ Fiberoptic gastroscopes/colonoscopes
■ Dialysis equipment (peritoneal dialysis and hemodialysis)
■ Portable plain radiography
■ Computed tomography/fluoroscopy/angiography
■ Indirect calorimeters
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CARDIOVASCULAR MONITORING

Arterial Lines

Hemodynamic monitoring is directed at assessing the 
results of  resuscitation and maintaining organ and tissue 
perfusion. Currently used measures are only estimates of  
tissue perfusion because the measurement of  oxygen and 
nutrient transfer to cells cannot be made directly at the 
bedside. Instead global physiologic measures of  central 
pressures still serve as the principal guides.

Measurement of  arterial blood pressure is the mainstay 
for the assessment of  tissue perfusion. In critical illness, this 
measurement can be made using cuff  sphygmomanome-
ters; however in practice this technique is not useful because 
the measurement is episodic and placement of  these cuffs 
on burned extremities is problematic. Diastolic pressures 
can also be artificially elevated in the elderly and obese. 
Instead continuous monitoring for hemodynamic instabil-
ity through the use of  intraarterial catheters is generally 
preferable when the patient is in the BICU for a prolonged 
period. Lines are typically placed in either the radial or the 
femoral artery. The radial artery is the preferred site for 
critically ill patients because of  safety, with the dual arterial 
supply to the hand as backup should a complication arise. 
However it has been shown that radial artery catheters are 
inaccurate in the measurement of  central blood pressure 
when vasopressors are used11 and are notoriously inaccu-
rate in children because of  greater vascular reactivity.12 
Furthermore femoral cannulation sites are often unburned 
due to the insulation provided by undergarments, and they 
do not preclude mobilization with physical therapy or reha-
bilitation goals.13 For these reasons, we recommend femoral 
arterial blood pressure measurement in most burned 
patients.

For arterial catheters, systolic, diastolic, and mean arte-
rial pressures (MAPs) should be displayed continuously on 
the monitor screen. Either systolic or MAP can be used to 
determine adequacy of  pressure, although a MAP of  greater 
than 70 mm Hg is considered a more accurate descriptor 
of  normal tissue perfusion on the whole. Reasons for this 
include the finding that, as the arterial pressure wave tra-
verses proximally to distal, the systolic pressure gradually 
increases and the diastolic pressure decreases; the MAP 
determined by integrating areas under the curve, however, 
remains constant. The adequacy of  the waveform must also 
be determined, with a diminished waveform indicative of  
catheter damping, requiring catheter replacement. Care 
must be taken to ensure that the diminished waveform is 
not true hypotension, which can be determined using a 
manual or cycling sphygmomanometer. Exaggerated wave-
forms with elevated systolic pressure and additional peaks 
in the waveform (generally only two are found) may be 
a phenomenon known as “catheter whip,” which is the 
result of  excessive movement of  the catheter within the 
artery. Typically this problem is self-limited, but care must 
be taken not to interpret normal systolic blood pressure 
values with evidence of  catheter whipping as unexceptional 
because the effect generally overestimates pressures. Again, 
use of  MAP as the principal guideline for the assessment 
of  blood pressure is optimal, as effects of  catheter whip 
or other problems with intraarterial monitoring are then  
diminished.

measure heart rate, continuous electrocardiography, non-
invasive blood pressure, invasive arterial and venous blood 
pressures, end tidal carbon dioxide monitoring, and right 
heart cardiac output using dilution techniques or data 
derived from arterial pressure tracings. Arterial blood 
oxygen saturation measurement is also required, but con-
tinuous mixed venous saturation monitoring or the techni-
cal equivalent is optional. Equipment to measure weight 
and body temperature should be standard. Oxygen avail-
ability with at least two vacuum pumps must be present for 
each bed.

Ventilator equipment must also be available for all beds. 
The availability of  a number of  types of  ventilator is optimal, 
including conventional ventilators with the capability to 
deliver both volume-targeted and pressure-targeted modes, 
as well as high-frequency ventilators that are oscillatory 
and/or percussive in design. An emergency cardiac cart 
containing advanced cardiac life support (ACLS) medica-
tions and a battery-powered electrocardiograph/defibrillator 
must be present in the unit. Infusion pumps to deliver con-
tinuous medications and intravenous/intraarterial fluids 
must also be readily available. A laboratory providing blood 
gas analysis, hematology, and blood chemistry should be 
located on site. Point-of-care blood analysis for glucose, 
arterial blood gas, and basic chemistries is strongly 
advised.9,10 Microbiologic support to complete frequent, 
routine bacterial and fungal cultures and sensitivities must 
also be present, as well as virology.

Available specialty equipment should include various 
sizes of  fiberoptic bronchoscopes for the diagnosis and treat-
ment of  pulmonary disorders, as well as personnel compe-
tent with these techniques. Fiberoptic gastroscopes and 
colonoscopes for gastrointestinal complications are also 
necessary for diagnosis, bleeding control, decompression, 
and difficult feeding access. For renal support, equipment to 
provide intermittent and/or continuous renal replacement 
should be present. Portable radiographic equipment for 
standard chest/abdominal/extremity radiographs must be 
immediately available. Equipment for computed tomogra-
phy (CT), fluoroscopy, and angiography should be available. 
Indirect calorimeters to measure metabolic rate are strongly 
advised. Overhead warmers and central heating with indi-
vidualized ambient temperature controls must be available 
for each room as a specialized requirement.8

Hemodynamic Monitoring in the 
Burn Intensive Care Unit

Most burned patients follow an anticipated course of  
recovery, which is monitored in the BICU by measuring 
physiologic parameters. Experienced clinicians assess these 
physiologic measures in a repeated and sequential fashion 
to discern when potential interventions may be initiated 
to improve outcomes. Often no intervention will be neces-
sary from the unit’s standard care protocol as the patient 
is following the anticipated course. At other times this is 
not the case, and procedural or pharmacologic interven-
tion is beneficial. Physiologic monitoring is then used 
further to determine the adequacy of  the interventions. 
The following is a survey of  monitoring techniques used in  
the BICU.
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significantly diminished except in special circumstances, 
such as unexpected response to treatment, as in volume 
replacement for oliguria. Even in this condition, new tech-
nology based on arterial waveform analysis gives an esti-
mate of  cardiac output and end-diastolic volume, which 
generally gives enough information to guide appropriate 
therapy.19 However, in the appropriate patients, pulmonary 
artery catheters may still play a valuable role.

Arterial Waveform Analysis

Multiple devices have been developed over the past decade 
using arterial waveform analysis to continuously measure 
cardiac output as well as to estimate preload. Stroke volume 
variation provides a good estimate of  the fluid responsive-
ness of  shock with only arterial access.20 The transpulmo-
nary thermodilution technique provides an even more 
complete hemodynamic dataset without the use of  a pul-
monary artery catheter. Using only a central line and 
central arterial line, thermodilution allows monitoring of  
preload with global end-diastolic volume index, intratho-
racic blood volume, continuous cardiac output, and extra-
vascular lung water index. Numerous studies have shown 
that these volumetric indices represent preload more pre-
cisely than urine output or cardiac filling pressures.21 In a 
study involving 54 burned children, Herndon et al. deter-
mined pulse index continuous cardiac output (PiCCO) to be 
the superior measurement for cardiac parameters to trans-
thoracic echocardiography and an objective cardiovascular 
monitor to guide goal-directed fluid resuscitation.22

Echocardiography

Transesophageal echocardiography has been used for a 
number of  years as an intraoperative monitor in high-risk 
cardiovascular patients. It has not been used extensively in 
other critically ill patients because of  the lack of  available 
expertise and paucity of  equipment. Since this device can 
be used as a diagnostic tool for the evaluation of  hemody-
namic function, it stands to reason that it could be used to 
monitor critically ill, severely burned patients. A report 
documented the use of  transesophageal Doppler measure-
ments of  cardiac output in a series of  severely burned 
patients and showed that intravascular volume and cardiac 
contractility are significantly diminished the first day after 
burn in spite of  high-volume resuscitation.23

Echocardiography has also been studied as a means to 
supplement urine output monitoring. Investigators in 
China examined whether esophageal Doppler monitoring 
of  heart function might be an improvement by studying 21 
patients with massive burns (79 ± 8% TBSA burned) who 
were resuscitated with a goal of  1.0 mL/kg per hour. They 
found that cardiac output was predictably low after injury 
and increased linearly with time by increases in preload and 
contractility and decreased afterload. However changes in 
cardiac output were most closely associated with increased 
cardiac contractility and decreased afterload rather than 
increases in preload. Additionally urine output was not 
closely associated with cardiac output.24 Held et al. evalu-
ated 11 adult burn patients with a mean TBSA of  37% and 
found that changes in volume status on echocardiography 
preceded changes in urine output and vital signs, and they 
were able to titrate inotropes and vasopressors in elderly 
patients.25

Complications associated with arterial catheters include
distal ischemia associated with vasospasm and thromboem-
bolism, catheter infection, and arterial damage/pseudo-
aneurysm during insertion and removal. Although these
complications are uncommon, the results can be devastat-
ing. Physical evidence of  ischemia in the distal hand or foot
should prompt immediate removal of  the catheter and ele-
vation of  the extremity. If  improvement in ischemic symp-
toms is not seen promptly (within an hour), angiography
and intervention must be considered. Should thromboem-
bolism be found, the clot can be removed with operative
embolectomy or clot lysis at the discretion of  the treating
physician. If, during angiography, extensive arterial damage
is found with ischemia, operative repair may be indicated.
Consideration for anticoagulation must be made while bal-
ancing the risk of  hemorrhage from open wounds versus
the benefit of  tissue salvage.

Evidence of  catheter infection hallmarked by purulence
and surrounding erythema should instigate removal of  the
catheter, which often will suffice. With continued evidence
of  infection, antibiotics and incision and drainage of  the site
should be entertained. Great caution must be exercised to
avoid arterial bleeding if  an incision is made over the cath-
eter site. If  a pseudo-aneurysm is encountered after arterial
catheterization and removal without signs of  distal ische-
mia, injection of  thrombin14 or compression with a vascu-
lar ultrasound device until no further flow is seen in the
pseudo-aneurysm will often alleviate the problem without
operative intervention.15

Cardiac Output Measurement

Pulmonary artery catheters placed percutaneously through
a central vein (internal jugular, subclavian, or femoral) and
“floated” into the pulmonary artery through the right heart
have been used extensively in hemodynamic monitoring in
BICUs. By measuring the back pressure through the distal
catheter tip “wedged” into an end-pulmonary branch, an
estimate of  left atrial pressure can be measured. In addition,
dyes or isotonic solutions injected into a proximal port can
be used to determine cardiac output from the right heart.
These data are used to estimate preload delivery to the
heart, cardiac contractility, and afterload against which the
heart must pump, which then directs therapy at restoration
of  hemodynamics. These catheters are used in BICUs under
conditions of  unexplained shock, hypoxemia, renal failure,
and monitoring of  high-risk patients.

The use of  pulmonary artery catheters, however, has
come under scrutiny from reports indicating no benefit
from their use. A study of  5735 critically ill adults in
medical and surgical ICUs showed an increase in mortal-
ity and use of  resources when pulmonary artery catheters
were used. Most of  these patients had medical conditions.
The authors of  this report suggested that their results
should prompt a critical evaluation of  the use of  pulmonary
artery catheters under all conditions.16 This was followed
by a clinical trial in the United Kingdom demonstrating
no benefit from the use of  pulmonary artery catheters in
a general ICU setting.17 A more recent evaluation of  the
usefulness of  these devices has demonstrated that, with
proper training and in the appropriate setting, they can
provide data not available through other modalities.18 Over
the past years, the use of  pulmonary artery catheters has
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metabolism is lactic acid. Under ischemic conditions, plasma 
lactate concentration will increase, leading to a decrease in 
pH. Measurement of  lactate is commonly performed to 
determine the adequacy of  generalized perfusion; increases 
suggest ischemia. Investigators showed that lactate does 
increase, along with base deficit, in burned patients during 
resuscitation, and higher levels are associated with poorer 
outcomes.34 Later in the course, however, lactate concen-
trations must be used with some caution because elevated 
levels do not necessarily indicate ischemia. Under hyper-
metabolic conditions common in the severely burned, pyru-
vate dehydrogenase activity is sufficiently inefficient that 
lactate levels might be elevated without ischemia. Isolated 
elevations of  lactate should then be interpreted with caution 
and confirmation of  ischemia or shock by physical or other 
laboratory findings sought.

Multisystem Organ Failure

MOF is largely a creation of  our success in critical care 
enabling previously moribund patients to survive long 
enough for organ failure to develop. Often particular organ 
systems are allowed to fail to maintain overall patient sur-
vival (e.g., performing an excision and grafting procedure 
that leads to renal failure to remove a septic burn which 
would otherwise be lethal). The topic of  MOF is more thor-
oughly covered in Chapter 30, but we will briefly summa-
rize it here.

HUMORAL MEDIATORS

Humoral inflammatory factors elaborated from the burn 
wound and the resultant immune, adrenal, and sympa-
thetic activation mediate the development of  SIRS.

A number of  theories have been developed to explain the 
progression to MOF (Box 32.4). In the infection theory, as 
organisms proliferate out of  control, endotoxins and exo-
toxins are released that cause the initiation of  a cascade of  
inflammatory mediators through activation of  pathogen-
activated molecular pathway (PAMP) receptors, such as 
Toll-like receptors 2, 4, and 9,35 as well as the recruitment 
of  inflammatory cells. These pathways can result in organ 
damage and progression toward MOF if  unchecked.

MOF can also be initiated by inflammation from the pres-
ence of  necrotic tissue, and open wounds can incite a 
similar inflammatory mediator response to that seen with 
endotoxins. Evidence suggests that this response is due to 
activation of  the cytokine cascade through damage-
associated molecular pathways (DAMPs), which might be 

These results call into question the validity of  urine 
output as the primary measure of  the adequacy of  resusci-
tation. A similar study by investigators in Sweden probing 
the role of  cardiac function, as measured by echocardiog-
raphy, and myocyte damage, as measured by troponin 
abundance in the serum, showed that half  of  their patients 
had myocardial damage during resuscitation universally 
associated with some temporary cardiac wall motion abnor-
mality. However systolic function was not adversely 
affected.26 Bedside echocardiographic equipment and skills 
are increasingly common in BICUs and are an increasingly 
common means of  hemodynamic monitoring in critical 
care.27 However the intermittent nature of  this procedural 
assessment allows it to only serve as a useful adjunct to add 
clarity to a difficult clinical scenario and prevents echocar-
diography from supplanting continuous monitoring modal-
ities, such as thermodilution or waveform analysis. We look 
forward to further work regarding the optimal method of  
assessment of  resuscitation; for the present, however, urine 
output remains the standard, and other measures are useful 
adjuncts.

Laboratory Estimates of Perfusion

Mixed venous saturation is the gold standard for the mea-
surement of  total tissue perfusion but has fallen out of  favor 
because it requires a pulmonary artery catheter.28 As such, 
peripheral surrogates, such as base deficit and serum 
lactate, have become the standard values followed to 
monitor shock. These can be measured in minutes using 
point-of-care techniques and rapid guide interventions.

The base deficit is a value calculated using the Henderson-
Hasselbalch equation based on the relationship between 
pH, pCO2, and serum bicarbonate:

pH HCO pCO= + −6 1 0 033 2. log( ) ( )( . )

It is the stoichiometric equivalent of  base required to 
return the pH to 7.40. Base deficit is routinely calculated on 
blood gas analysis and provides a reasonable estimate of  the 
degree of  tissue anoxia and shock at the whole-body level, 
particularly in hemorrhagic shock. A rising base deficit 
indicates increasing metabolic acidosis and may stratify risk 
of  mortality in patients after major trauma.29 The same can 
be said for the use of  base deficit in resuscitation of  burned 
patients.30,31 These studies showed a correlation between 
higher base deficit and increased mortality, and some have 
suggested that this value is a better monitor of  resuscitation 
than the time-honored monitors of  urine output and arte-
rial blood pressure.32 Recent studies of  burned patients 
showed the base deficit was higher in nonsurvivors during 
resuscitation, although the authors could not identify a spe-
cific boundary for the effect.33,34 Despite its utility as an 
indicator of  shock, base deficit remains a nonspecific indica-
tor of  metabolic acidosis and may be elevated with many 
confounding conditions other than shock, including hyper-
chloremia, uremia, and alcohol, cocaine, and methamphet-
amine use. Interpretation can be difficult under these 
circumstances.

Lactate is another common measure used to determine 
the adequacy of  tissue perfusion. Under acute low-flow con-
ditions, cells transition from primarily aerobic metabolism 
to anaerobic metabolism for energy production (i.e., ade-
nosine triphosphate [ATP]). A by-product of  anaerobic 

Box 32.4 Theories for the Development of 
Multiple Organ Failure

■ Infectious causes
■ Macrophage theory
■ Microcirculatory hypothesis
■ Endothelial–leukocyte interactions
■ Gut hypothesis
■ Two-hit theory
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■ Sufficient goal-directed fluid resuscitation
■ Early burn excision and grafting
■ Aggressive antimicrobial and source control of  sepsis
■ Aggressive and sufficient nutritional support
■ Active warming
■ Aggressive physical, occupational, and respiratory

therapy
■ Aggressive and continuous support of  organ failures

Sufficient fluid resuscitation of  an acute burn wound is 
thoroughly covered in Chapter 9 on fluid resuscitation. 
Various formulas to predict fluid requirement, balances 
between crystalloid versus colloid, and resuscitation end-
points have been advocated. Early in resuscitation it is criti-
cal to provide sufficient volume to maintain preload and 
perfusion in the setting of  fluid losses into burn edema and 
distributive shock while avoiding over-resuscitation, with 
the resultant costs such as heart failure, liver failure, and 
compartment syndromes.46

Early burn excision and grafting has been discussed 
thoroughly in Chapter 12 on operative management. The 
overriding principle is to remove inflammatory and dis-
eased burned tissue to break the hyperinflammatory state 
underlying burn shock. Early grafting reduces the inflam-
matory load on the patient, fluid loss, heat loss, the area 
susceptible to infection, and the total length of  critical care. 
Collectively it reduces the exposure time available for MOF  
to occur.

Furthermore, the blood loss associated with large-scale 
early excision often results in a functional plasma 
exchange.47 Plasma exchange has been shown to be effec-
tive in reducing burn resuscitation, ostensibly by removing 
the inflammatory and oxidative humoral mediators under-
lying burn shock. Klein et al. reviewed 44 plasma exchanges 
in patients reaching twice Parkland with albumin or fresh 
frozen plasma and found a 40% reduction in fluid resuscita-
tion.48 In a plasma exchange protocol triggered at 1.2 times 
Parkland, Neff  et al. found a 24% increase in MAP, 400% 
increase in urine output, and 25% reduction in resuscita-
tion rate, with a reduction in lactic acid as well.49 In 37 
patients undergoing plasma exchange with a mean TBSA 
of  48.6%, hourly fluid, base deficit, lactate, and hematocrit 
all improved and were associated with decreased resuscita-
tion volume and increased urine output.48 Collectively these 
data support the notion that plasma exchange improves 
burn shock; however there are thus far no studies directly 
linking plasma exchange resulting from intraoperative 
blood loss with improvements in burn outcome demon-
strated in early burn excision.

Chapter 11 on infection control well defines the criti-
cal nature of  early surgical source control and appropriate 
antimicrobials, but generally emphasizes that meticulous 
aseptic technique, excision of  infected or devitalized tissue, 
coverage with viable grafts, topical antimicrobials, culture 
surveillance, and systemic antimicrobials when appropri-
ate are critical components.50 Similarly, Chapters 28 and 
29 on nutrition support and hypermetabolism, respec-
tively, effectively discuss the critical need for enteral 
feeding and nutritional support, physical therapy, and 
the requirement to keep patients warm. The remainder 
of  this chapter is directed toward organ-specific critical  
care support.

antigens associated with liberated mitochondria from our
own cells.37 Four of  these cytokines, tumor necrosis factor-α
(TNF-α), interleukin-1β (IL-1β), IL-6, and IL-8, are most
strongly associated with sepsis and MOF in burns.36 The
primary support of  this theory is that many patients,
including those burned, can develop MOF without identi-
fied infection. Regardless, it is known that a cascade of  sys-
temic events is set in motion, either by invasive organisms
or from open wounds, that initiates SIRS and may progress
to MOF, thus supporting early burn excision and grafting.

Another theory implicates prolonged tissue hypoxia and
the subsequent generation of  toxic free radicals during
reperfusion as the primary mediator of  end-organ damage.
As discussed in Chapter 8 on burn edema, this free radical
damage can be ameliorated with high-dose intravenous
vitamin C during resuscitation.38 From in vitro models and
in vivo animal models, we know tissues that were in shock
initially and subsequently reperfused produce oxygen free
radicals known to damage a number of  cellular metabolism
processes. It was found that free radical scavengers, such as
superoxide dismutase, improve survival in animal models,
but these results have not yet been established in humans.42

Endogenous natural antioxidants, such as vitamins C and
E, are low in burned patients, suggesting that therapeutic
interventions may be beneficial.43

The final two theories revolve around the role of  the gut
in the generation of  organ failure and the “two-hit” theory
of  MOF. For years, investigators have implicated the gut as
the “engine” of  organ failure, which is associated with loss
of  gut barrier function and translocation of  enteric bacteria
and/or their toxic metabolites. Bacterial translocation has
been shown to occur after burn in patients.45 No studies
have clearly shown whether bacterial translocation is the
cause of  SIRS/MOF, probably because investigators have as
yet been unable to control bacterial translocation effectively
during shock in humans; thus, a cause-and-effect relation-
ship cannot be established. The “two-hit” theory ascribes a
summation of  insults to the development of  MOF. Each of
the insults alone is inadequate to cause the response, but
one or more can “prime” the inflammatory response system
just described, such that another normally insignificant
injury causes the release of  toxic mediators ending in MOF.

It is likely that some part of  all of  these theories is a cause
for MOF in burned patients; probably the relative contribu-
tion is unique in each patient. Therefore a single solution is
unlikely, and this should be kept in mind when devising
strategies to improve care and outcomes.

COURSE OF ORGAN FAILURE

Generally, MOF will begin in the renal and/or pulmonary
systems and progress in a systematic fashion through the
liver, gut, hematologic system, and central nervous system.
The development of  MOF does not inevitably lead to mortal-
ity, however. Efforts to support failed organs until they
recover are justified.

Critical Care Interventions

Critical care of  a burn patient in the modern era is predi-
cated upon seven key factors:
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narcotics.51 Interventions required for the patient to heal, 
such as physical therapy or wound care, will create a certain 
amount of  pain that cannot be fully alleviated without pre-
venting the patient’s progress.54 The burn team must assess 
the patient’s pain management and use their experience to 
carefully balance short-term analgesia with long-term 
recovery and function.

Additional analgesics of  short duration should be used 
for painful procedures, such as extensive wound care or 
staple removal. Often additional narcotics, such as fentanyl 
or additional morphine, are sufficient. For more extensive 
procedures ketamine is a safe, effective, and recommended 
agent. Several large series support ketamine use in nurse-
driven protocols. In a series of  522 painful procedures in 
pediatric burn patients, only 2.9% required intervention 
such as airway repositioning, zero intubations in lengths 
from 1 to 105 minutes and weights from 2 to 111 kilo-
grams.55 A meta-analysis of  8282 ketamine sedations from 
32 ED studies demonstrated no intubations. There was a 
0.8% rate of  transient apnea and 0.3% rate of  laryngo-
spasm; however all were resolved with positioning and/or 
bag valve masking.56 In these studies, trained nurses typi-
cally performed the sedation. Ketamine has a favorable 
safety profile relative to benzodiazepine and narcotics due 
to its lack of  respiratory depression and its cardiovascular 
stimulating effects.54 Care should be taken to prevent emer-
gence delirium in adult patients.

Sedation in the BICU is more complicated, requiring the 
balance of  short-term sedative goals and apparent patient 
comfort with the intermediate costs of  delirium and 
decreased therapy participation, as well as with long-term 
neuropsychiatric costs. The first goal is to minimize seda-
tion administered, which is accomplished best with the use 
of  a sedation scale and avoiding continuous benzodiazepine 
infusions. The use of  the Richmond Agitation Sedation 
Scale has been shown to decrease mean duration of  ventila-
tor and sedation consumption.57

Benzodiazepines have reduced utility due to increased 
delirium and length of  mechanical ventilation. Propofol, 
ketamine, and remifentanil have been increasingly used as 
alternatives to the formerly standard benzodiazepine-based 
therapies.58 When compared directly to midazolam, patients 
sedated with the α-adrenergic agonist dexmedetomidine 
have required less sedation and have less hypotension. This 
sedative can be considered more effective, as well as being 
less of  a risk in terms of  hypotension.59 Benzodiazepines are 
associated with an increased risk of  agitation and delirium, 
and benzodiazepine and propofol are associated with more 
ventilator-associated events than dexmedetomidine. Dex-
medetomidine is associated with less time to extubation and 
higher rates of  bradycardia, but this is generally well toler-
ated in burn patients due to their hyperdynamic state and 
tachycardia.60 The less expensive oral equivalent, clonidine, 
is a common adjuvant to sedation working on a similar 
α-adrenergic mechanism as dexmedetomidine; it is cur-
rently under meta-analysis for that role.61 Ketamine infu-
sion has been shown to be safe and effective in continuous 
BICU sedation as well.62

Psychiatric and psychological care is a critical compo-
nent of  BICU care. Standard psychological therapies and 
interventions are important factors of  burn care.63 The 
critical care team can help prevent delirium and PTSD by 

TOXICOLOGICAL BURN CRITICAL CARE

Many toxins can affect the burn-injured patient, particu-
larly with occupational injuries. Specific therapies for all
toxins are beyond the scope of  this chapter and require
appropriate decontamination, antidotes, and consultation
with material data safety sheets and poison control centers
for known exposures if  beyond the burn physician’s comfort.
However the most common toxins are cyanide and carbon
monoxide.51 Cyanide can be elaborated from the combus-
tion of  various plastics, and significant exposure can result
from smoke inhalation. Mounting evidence indicates that
cyanide toxicity is clinically significant in inhalation inju-
ries, being found at clinically significant levels in up to 76%
of  inhalation injury patients. Few clinical labs return blood
cyanide labs in a clinically useful time scale, so surrogate
markers of  less than 15% TBSA with smoke inhalation,
Glasgow Coma Scale (GCS) under 14, abnormal hemody-
namics, and/or a lactate level of  greater than 10 are known
sensitive indicators of  cyanide toxicity of  greater than
1.0 mg/L. In these cases, empiric therapy is recommended
with hydroxycobalamin.52 It is the first-line antidote for
cyanide toxicity and has a very mild side effect profile of
transient hypertension, bradycardia, and urine discolor-
ation. Hydroxycobalamin is also a nitric oxide scavenger
and effectively reduces the hypotension often seen in burn
shock.52

As a common product of  combustion, carbon monox-
ide (CO) should be considered in any inhalation injury,
enclosed fire, or patient with altered mental status. Patients
with carboxyhemoglobin (COHb) levels above 25% should
be mechanically ventilated on 100% FIO2, which reduces
the half-life from 4 hours to 1 hour. There are rare indica-
tions for hyperbaric oxygen (HBO) because it can reduce
the CO half-life to 15 minutes, particularly in the setting
of  pregnancy or seizures. HBO is only indicated in the burn
setting if  it can be immediately employed in conjunction
with definitive burn care in specialized centers. For cases
where instituting HBO unnecessarily delays burn care,
mechanical ventilation can bring COHb to safe levels prior
to HBO’s institution, and appropriate burn care should take
precedence.53

NEUROLOGICAL BURN CRITICAL CARE

The main aspects of  neurologic management of  burn
patients are pain control, sedation, delirium management,
and management of  acute stress disorder or posttraumatic
stress disorder (PTSD). Furthermore there can be a need for
seizure treatment or prophylaxis, management of  the trau-
matic brain injury, or drug and alcohol withdraw protocols,
which can occur concomitantly with the burn injury and
are beyond the purview of  this chapter. An important com-
ponent of  neurological care is early mobilization; physical/
occupational therapy should be performed unless firmly
contraindicated.13

Pain control is the most common neurologic intervention
in the burn patient. Basal pain management with narcotics
such as morphine is administered as needed to maintain
comfort, while taking care to avoid oversedation that can
prevent achieving physical therapeutic goals. Methadone
can help by providing basal pain coverage and weaning of
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transpulmonary thermodilution. These measures can be 
used to optimize preload, balancing vascular volume 
loading and cardiac performance against interstitial and 
pulmonary edema.

Cardiac Contractility

The force with which the heart contracts is referred to as 
cardiac contractility. It is directly related to the number of  
fibers contracting, their preload and afterload. Contractility 
is diminished in patients with low preload or high afterload, 
in coronary artery disease with loss of  myocardium from 
infarction and ischemia, in burned patients during the 
acute resuscitation due to myocardial depressant factor, in 
septic shock with Takotsobu cardiomyopathy, or in severely 
malnourished patients. Calculating the left ventricular 
stroke work from pulmonary artery catheter-derived values 
provides the best estimate of  cardiac contractility and can 
be determined with the following formula:

LVSW SV MAP PCWP= − ×( ) .0 0136

where LVSW is left ventricular stroke work, SV is the stroke 
volume (cardiac index ÷ heart rate), and PCWP is pulmo-
nary capillary wedge pressure. In current practice, the 
contractility is usually tracked with arterial waveform con-
tinuous cardiac output monitoring or echocardiography.

Afterload

Afterload is the force impeding or opposing ventricular con-
traction and, in conjunction with cardiac output, creates 
blood pressure. This force is equivalent to the tension devel-
oped across the wall of  the ventricle during systole. Clini-
cally afterload is measured by arterial resistance as an 
estimate of  arterial compliance. Arterial resistance is 

avoiding benzodiazepine, minimizing sedation, treating 
pain first, limiting sleep disturbances, encouraging mobil-
ity, reorientation, and avoiding prolonged infusion of  seda-
tives.64 Despite our best efforts, many patients in the BICU 
experience delirium and agitation. Haloperidol remains in 
use in critical agitation and delirium settings and has docu-
mented safety in pediatric and adult burn populations.65 
Atypical antipsychotics have gained a substantial role in 
basal coverage of  delirium and agitation and are safe and 
effective. The BICU team must remember to discontinue 
these medications when patient are no longer delirious; 
84.2% of  patients started in the BICU continued use after 
discharge from BICU, and 28.6% continued following dis-
charge from the hospital.66

CARDIOVASCULAR BURN CRITICAL CARE

Treatment of  cardiovascular responses after burn requires 
an understanding of  cardiovascular physiology and the 
effects of  treatment. One of  the hallmarks of  serious illness 
is the direct link between cardiac performance and patient 
performance. Cardiac compensation to burn injury is 
hyperdynamic to meet hypermetabolic needs, maintain per-
fusion of  injured vascular beds, and compensate for the 
vasoplegia associated with burn shock. As such, patients 
often require supraphysiologic cardiac output to compen-
sate for their systemic pathology.67 The four determinants 
of  cardiac function and hence tissue perfusion are:

■ Ventricular preload or end-diastolic muscle fiber length
■ Myocardial contractility or strength of  the heart

muscle
■ Ventricular afterload, or the degree of  resistance

against which the heart must pump
■ Heart rate and rhythm

A thorough comprehension of  the effects of  each of  these 
components on heart function is necessary to initiate effec-
tive treatments for burned patients with cardiovascular 
abnormalities.

Preload

Preload is the force that stretches the cardiac muscle prior 
to contraction. This force is composed of  the volume that 
fills the heart from venous return. Due to the molecular 
arrangement of  actin and myosin in muscle, the more the 
incoming venous volume stretches the muscle, the further 
it will contract. This is best demonstrated on a Frank–
Starling curve (Fig. 32.1), first described by Otto Frank in a 
frog heart preparation in 1884; Ernest Starling extended 
this observation to the mammalian heart in 1914. The rela-
tionship demonstrated in the Frank–Starling curve justifies 
the use of  preload augmentation by volume resuscitation to 
increase cardiac performance. However when the end-
diastolic volume becomes excessive, cardiac function can 
decrease; probably the muscle fibers overstretch and pull 
the contractile fibers past each other, thereby reducing the 
contact required for contractile force. The preload neces-
sary to reduce cardiac function in experimental settings is 
in excess of  60 mm Hg, which is rarely encountered in 
patients.

Preload is estimated clinically by central venous pressure, 
pulmonary artery wedge pressure, echocardiography, or 

Volume

Pressure

Frank–Starling curve

Fig. 32.1 Frank–Starling curve. The solid line depicts the pressure–
volume relationship of the heart, showing that as pressure to the heart 
(preload) increases, the volume pumped by the heart increases. Imme-
diately after burn, contractility diminishes, shifting the curve down-
ward (dashed line). It still must be noted that, with this change, the 
volume pumped by the heart still increases with increased pressure 
(preload), validating the use of increased atrial pressure as a means of 
increasing cardiac output after severe burn. 



32 • Critical Care in the Severely Burned: Organ Support and Management of Complications336

Excessive volume administration may lead to significant 
interstitial edema and volume overload, with the develop-
ment of  peripheral and pulmonary edema. These changes 
can lead to conversion of  partial-thickness burns to full-
thickness injuries in the periphery and cause significant 
respiratory problems, liver failure, and compartment syn-
drome. Once hemodynamics are restored, fluid overload 
can be treated with spontaneous diuresis, pharmacologic 
diuresis, dialysis, or even therapeutic phlebotomy if  
required.

Hemodynamic Therapy: Inotropes and Vasopressors.  
If  preload optimization is insufficient to improve hemody-
namics, patients may require inotropes to increase cardiac 
output and/or vasopressors to increase afterload. Inotrope 
classes include phosphodiesterase inhibitors, digoxin, and 
adrenergic agonists. Phosphodiesterase inhibitors like mil-
rinone increase contractility and decrease afterload without 
increasing myocardial oxygen demand by raising intracel-
lular cyclic adenosine monophosphate (cAMP) levels to 
increase myocyte calcium (Ca2+) levels. Digoxin increases 
contractility and decreases heart rate without increasing 
myocardial oxygen demand by inhibiting the sodium/
potassium (Na+/K+) pump and increasing intracellular Ca2+. 
Dobutamine is a commonly used inotrope with effects 
limited to β-adrenergic stimulation, thereby increasing CO 
and causing vasodilation. Dobutamine can be associated 
with increased heart rate and does increase myocardial 
oxygen demand. The associated vasodilation may be useful 
in perfusing peripheral vascular beds, as in threatened skin. 
The data support dobutamine reducing extravascular lung 
water and decreasing SVR index with increasing cardiac 
index and urine output, despite the global end-diastolic 
volume index (GEDI) being unchanged.70

Catecholamines, the most commonly used medication to 
augment blood pressure, are considered “inoconstrictors” 
because they have both inotropic and vasoconstrictive 
properties. One caveat regarding the use of  these inocon-
strictors is that myocardial oxygen consumption increases, 
which may affect the ischemic areas of  the heart. However 
the hypotension being treated by the catecholamines will 
also compromise myocardial oxygen delivery substantially, 
so this consideration should not preclude their use by an 
experienced critical care burn physician. Epinephrine is the 
catecholamine of  choice because it provides a greater pro-
portion of  its increase in blood pressure from inotropy 
rather than vasoconstriction. However norepinephrine is 
the preferred pressor in septic shock; its greater reliance on 
vasoconstriction versus inotropy can compromise dermal 
vascular beds critical to wound healing and survival in a 
burn patient, particularly in the setting of  inadequate 
preload. Dopamine has generally fallen out of  favor due to 
tachyphylaxis and tachycardias.71 Therefore we consider 
epinephrine the preferred catecholamine.

Pure vasoconstrictors have a very limited role in burn 
care because concomitant inotropic support is advisable 
due to the patient’s hyperdynamic state. Agents with 
primary effects on the α-adrenergic receptor can be used to 
induce vasoconstriction and increase blood pressure. Nor-
epinephrine is often considered in this group, although  
40% of  its increase in blood pressure is due to α-mediated 
vasoconstriction, whereas 60% is from increased CO.72,73 

measured as the difference between inflow pressure (mean
arterial) and outflow pressure (venous) divided by the flow
rate (cardiac output):

SVR = (MAP − CVP) CO

where SVR is systemic vascular resistance, CVP is central
venous pressure, and CO is cardiac output. Pulmonary
artery catheters, arterial waveform analysis, or echocar-
diography calculates this value.

Heart Rate and Rhythm

For the heart to function properly, the electrical conduction
system must be intact to provide rhythmic efficient contrac-
tions to develop sufficient force to propel blood through the
circulatory system. For example, if  the heart rate approaches
200 beats/min, the heart will have insufficient time to fill
completely, thereby reducing myocardial fiber stretch and
heart function. Also, if  frequent premature ventricular con-
tractions are present, the heart will not perform optimally,
for similar reasons. Heart rate and rhythm are monitored
continuously as routine in every critically ill patient using
electrocardiography. A combination of  sympathetic and
adrenergic tone, combined with high atrial stretch, can pre-
dispose burn patients to atrial arrhythmias, such as atrial
fibrillation (AF). Judicious fluid and electrolyte manage-
ment, β-blockade, rate control, and the appropriate use of
antiarrhythmics are cornerstones of  treatment. An impor-
tant note: mortality is higher in BICU patients after develop-
ing AF.68

Effects of Burn on Cardiac Performance

Severe burns affect cardiac performance in a plethora of
ways. The first is to reduce preload to the heart through
volume loss into burned and nonburned tissues. It is for this
reason that volumes predicted by resuscitation formulas
must be used to maintain blood pressure and hemodynam-
ics. In addition, severe burn induces myocardial depression
characterized by a decrease in tension development, and
velocities of  contraction and relaxation. CO is then reduced.
These effects are most evident early in the course of  injury
during resuscitation; however they are followed shortly
thereafter by a hyperdynamic phase of  increased CO, pri-
marily caused by a decrease in afterload through vasodi-
lation and an increase in heart rate.

Hemodynamic Therapy: Preload Augmentation.
When hypotension or other signs of  inadequate cardiac
function (i.e., decreased urine output) are encountered, the
usual response is to augment preload by increasing intra-
vascular volume. This is a sound physiologic approach
based on the Frank–Starling principle and should be the
first therapy for any patient in shock. Intravascular volume
can be increased using either crystalloids or colloids to
increase the CVP and PCWP to a value between 10 and
20 mm Hg. Preload goals can also be stroke volume varia-
tion below 12% or global end-diastolic volume index
between 680 and 800 mL/m2.69 The adequacy of  this
therapy can be monitored by the restoration of  arterial
blood pressure, a decrease in tachycardia, and a urine
output of  greater than 0.5 mL/kg per hour.

Some caution must be exercised when augmenting
preload for hemodynamic benefit in burned patients.
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thermoregulation. A nonspecific β-blocker, propranolol, 
has been used to reduce heart rate and myocardial work 
in severe burns.80 Propranolol administration also reduces 
peripheral lipolysis81 and muscle catabolism,82 which are 
additional benefits. Wurzer et al. demonstrated that pro-
pranolol reduced cardiogenic stress by reducing cardiac 
index and MAP in severely burned, injured children without 
reducing peripheral oxygen delivery or increasing lactic aci-
dosis events or organ dysfunction.83 Further trials are in 
progress to define the benefits of  β-blockade as well as its 
interaction with other anabolic medications such as oxan-
drolone. Regardless β-blockade is becoming an increasingly 
standard component of  burn care.

PULMONARY BURN CRITICAL CARE

Lungs can be injured from inhalation injury, infection, 
inflammatory mediators, heart failure, or a sequela of  criti-
cal care interventions, such as fluid overload or ventilator 
injury. Minor pathology can be treated with supplemental 
oxygen, diuresis, bronchodilators, or mucolytics. However 
mechanical ventilation is an essential treatment to manage 
pulmonary failure.

Mechanical ventilation in the severely burned generally 
occurs for three reasons: airway control during the resusci-
tative phase, airway management for smoke inhalation, 
and support during acute respiratory distress syndrome 
(ARDS). The first indication is for airway control early in the 
course, with the development of  massive whole-body edema 
associated with the great resuscitative volumes required to 
maintain euvolemia. In this situation, the need for mechan-
ical ventilation is not due to lung failure per se, but rather 
to maintain the airway until the whole-body edema is 
resolved. Once this occurs, usually 2–3 days into the course, 
extubation can be accomplished with minimal sequela. 
Ventilator management during this phase is routine. The 
second indication is airway management early in the course 
of  smoke inhalation, which is a direct toxic injury to the 
airways and alveoli resulting in mucosal sloughing, loss of  
mucociliary escalator function, airway narrowing and 
edema, loss of  surfactant, weakening of  cartilaginous 
support of  the airways, and fibrinous exudation into the 
airways.53 Chapter 16 on inhalation injury comprehen-
sively covers this issue. The third indication is the develop-
ment of  hypoxemia or hypercarbia due to a high 
alveolar-arterial (A-a) gradient, shunting, ventilation/
perfusion (VQ) mismatching, poor compliance, or high 
resistance. Severe burns are known to be associated with 
hypoxemia and the development of  ARDS. The clinical 
manifestations are dyspnea, severe hypoxemia, and 
decreased lung compliance, with radiographic evidence of  
diffuse bilateral pulmonary infiltrates.

Indications for Intubation

Intubation entails passing an endotracheal tube from either 
the nose or the mouth through the pharynx and into the 
trachea. This tube is subsequently connected to a mechani-
cal ventilator to induce inspiration and passive exhalation. 
In burned patients indications for intubation are, in general, 
to improve oxygenation and ventilation or to maintain a 
compromised airway, such as in a severe inhalation injury 
or obtunded patient (Table 32.1).

Phenylephrine is a pure α-agonist, and can decrease CO and
perfusion.72,73 These agents are effective in septic shock or
neurogenic shock to increase vascular tone.74 However, in
burned patients, it is believed that these agents will cause
vasoconstriction of  the skin and splanchnic circulation,
thereby redistributing blood flow. This can cause grafts to
fail and conversion of  partial-thickness skin injuries to full-
thickness, as well as resulting in ischemic injury to the gut.
Additionally norepinephrine in both physiologic and phar-
macologic doses suppressed wound macrophage efficiency
in a cAMP-mediated manner via the adrenergic receptor.
This may be part of  the benefit provided by β-blockers.75 The
physiology of  catecholamines was discussed in Chapter 23
on hormonal, adrenal, and sympathetic responses to burn
injury.

Another pure vasoconstrictive agent used with great
popularity is vasopressin. A very potent vasoconstrictor, it
is mediated through its own receptor independent of  the
adrenergic receptors. Levels of  vasopressin have been
shown to be low in septic shock, and physiologic replace-
ment at 0.02–0.044 U/kg per minute without titration is
used in some burn units to increase MAP to good effect.
Some investigators found that the use of  vasopressin in this
setting increased blood pressure, decreased heart rate, and
spared norepinephrine dosing when used concomitantly.76

In these physiologic replacement doses, there is believed to
be minimal effect on splanchnic or dermal flow. Although
there was a trend toward reduced renal failure with the
administration of  vasopressin, the VANISH trial failed to
conclusively demonstrate reduced renal failure rates in
septic patients treated with vasopressin compared to nor-
epinephrine.74 In an animal model, Li et al. found that
adding a small physiologic dose of  vasopressin to norepi-
nephrine improved mitochondrial function and all mea-
sures of  hemodynamics, as well as tissue and splanchnic
perfusion.77 In a series studying 30 septic burn patients
treated with vasopressin plus norepinephrine, reduction of
total norepinephrine dosing was shown. However one
patient died from upper gastrointestinal necrosis; this
patient presented with increased peripheral ischemia and
donor site conversion, as well as skin graft failure. These
data again support concerns regarding the use of  pure
vasoconstrictive agents when treating burn patients.76

Very rarely methylene blue, as a pure vasoconstrictor,
may prove beneficial in treating refractory vasoplegia. It is
a potent nitric oxide synthase inhibitor and, in case reports,
has been shown to successfully reverse refractory vasople-
gia following severe burn and thus should be in the
armamentarium.78,79

Use of  vasopressors and ionotropes in burn patients is an
indispensible component of  burn care. Balancing risks and
benefit profiles of  various medications in an individual
patient’s physiology is the purview of  an experienced,
trained burn critical care surgeon.

Effects of β-Blockade on Cardiac Performance After
Severe Burn

One response to severe burn is a dramatic increase in
catecholamine production; this has been linked to a
number of  metabolic abnormalities including increased
resting energy expenditure, muscle catabolism, and altered
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and tidal volume at 6 mL/kg ideal body weight initially. In 
a normal patient, Vmin is 100 cc/kg per minute, but with the 
high CO2 production seen in burn patients the needed 
minute ventilation can increase two- to fourfold. Adjust-
ments can then be made in minute ventilation to optimize 
PaCO2, which is usually 40 mm Hg but can be higher in 
patients with pre-existing chronic obstructive pulmonary 
disease (COPD) or smoking habits.87 When making these 
adjustments, it should be noted that the respiratory rate 
cannot be increased above 40 breaths/min in those who are 
not neonates, and tidal volume should be minimized to 
avert ventilator-induced lung injury (VILI).

As respiratory rates increase in an attempt to increase 
minute ventilation while complying with low tidal volumes, 
the fraction of  dead space can also increase, further imped-
ing ventilator function. In these cases, decreasing the 
minute ventilation will increase CO2 elimination. Dead 
space ventilation–perfusion abnormalities can be moni-
tored with volumetric capnography performed bedside to 
measure physiological and alveolar dead space.88 This can 
be a useful adjunct for ventilator management. Volumetric 
capnography accounts for total CO2 exhaled, unlike late 
expiratory end-tidal CO2 (EtCO2) monitoring, which assumes 
an A-a gradient of  only 2–3 mm Hg, inappropriate in many 
critical care patients. EtCO2 monitoring has utility in moni-
toring trends or in the setting of  a low gradient, as seen in 
traumatic head injuries. However in critically ill burn 
patients, the A-a gradient can be in a state of  flux, calling 
into question values received from the EtCO2 monitor and 
making volumetric capnography more appealing. Factors 
affecting the A-a gradient include CO, airway dead space, 
airway resistance, and metabolic rate; each of  these may 
change in a severely burned patient, particularly those with 
inhalation injury. For these reasons, EtCO2 monitoring is 
ill-advised in burned patients for the estimation of  PaCO2. 
Serial blood gas examination is a more reliable monitor.

The ARDSnet studies have well documented that ventila-
tory injuries to the lung can induce ARDS and have an 
appreciable effect on morbidity and mortality. Volutrauma 
occurs when an excess of  volume over-distends the lungs, 
injuring compliant alveoli. Volumes are preferentially 
directed to compliant and uninjured alveoli because non-
compliant alveoli have too long a time-constant to accept 
the volume. As healthy alveoli are sequentially injured, a 
positive feedback is established, and the injury continues to 
worsen. This is the principle underlying low tidal volume 
(LTV) ventilation. Use of  positive end expiratory pressure 
(PEEP) can facilitate maintaining more compliant alveoli 
and reduce atelectotrauma by reducing alveolar collapse as 
well as preserving the lung in a more compliant portion of  
the pressure volume loop.89 Furthermore having more 
nitrogen in the ventilated gas maintains a stenting function 
because it is not absorbed out of  the airways as is oxygen.90 
When plateau airway pressures are greater than 30 mm Hg 
the ventilated lung is relatively noncompliant, indicative of  
ARDS or pulmonary edema, which subject the lung to baro-
trauma similarly. In this situation, “permissive hypercap-
nia” is a strategy that can be used to reduce barotrauma. 
This strategy seeks to limit peak and plateau airway pres-
sures by reducing tidal volumes to allow for respiratory aci-
dosis (PaCO2 >45 mm Hg, arterial pH <7.30). This strategy 
was used to some extent in the trial investigating the 

It is important to intubate appropriate patients prior to 
respiratory arrest. It should be considered, however, that in 
a large study series more than 33% of  burn patients were 
extubated within 1 day of  intubation for transfer to a burn 
center without reintubation. These patients were subjected 
to risk without reward, and loss of  an endotracheal tube in 
a heavily sedated or paralyzed patient is potentially fatal.84

Securing an endotracheal tube (ETT) to a burned and/or 
edematous face can be challenging. In a large survey of  
burn centers, ETTs were reported secured with linen non-
adhesive tape in 59% of  cases, manufactured devices in 
48%, and orthodontically in 24%.85 Our center has used 
nasal intubation with a septal tie for 20 years without acci-
dental extubation or septic sinusitis.

Tracheotomy can provide a long-term durable airway 
with less patient discomfort. In a survey of  American burn 
centers, the average tracheostomy was performed at 2 
weeks; however there is a consensus that there are indica-
tions for earlier tracheostomy.85 Interestingly, however, in a 
study of  600 adult medical ICU patients, Terragni et al. 
found that early tracheotomy did not result in significant 
improvement in ventilator-associated pneumonia, although 
the duration of  ventilator-assisted respiration was reduced, 
as was ICU time.86

Pulmonary Physiology

There has been a proliferation of  management strategies for 
pulmonary failure with an alphabet soup of  ventilator 
modes. However the physiology of  human lungs remains 
constant regardless of  the proliferation of  devices. Main-
taining a broad physiologic view allows optimal matching 
of  the ventilator’s actions to the patient’s needs. Lungs have 
three main functions:

■ Ventilation
■ Oxygenation
■ Expectoration

Ventilation. Ventilation allows the elimination of  carbon 
dioxide (CO2), as measured on arterial blood gas by the 
PaCO2. The ventilator accomplishes this with minute venti-
lation (Vmin) minus dead space ventilation (Vd). In general, 
PaCO2 varies inversely with Vmin, so this value must be con-
sidered when making ventilator adjustments to alter PaCO2. 
Vmin is equal to tidal volume multiplied by respiratory rate. 
Therefore, PaCO2 can be adjusted downward by increasing 
either tidal volume or respiratory rate. In general, the respi-
ratory rate should be set between 10 and 20 breaths/min 

Table 32.1 Clinical Indications for Intubation

Criteria Value

PaO2 (mmHg) <60

PaCO2 (mmHg) >50 (acutely)

P/F ratio <200

Respiratory rate >40

Respiratory/ventilatory failure Impending

Upper airway edema Severe
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VQ mismatching occurs as deoxygenated blood is shunted 
through poorly ventilated lungs and hypoxic vasoconstric-
tion becomes dysregulated in the pulmonary vasculature. 
This is treated first by improving the aeration of  the lung 
using pulmonary toileting, recruitment maneuvers, and 
open lung techniques to aerate long time constant aveoli.97 
Furthermore inhaled pulmonary vasodilators, such as 
nitric oxide or prostaglandins, can vasodilate aerated beds 
and improve VQ matching.98 Finally prone positioning can 
also improve VQ matching, as well as posterior aeration.99 
In a survey of  American burn centers, ARDS was managed 
through fluid restriction/diureses and enteral nutrition, as 
well as by neuromuscular blockade. In severe ARDS, prone 
positioning was used in 33% of  centers and extracorporeal 
membrane oxygenation (ECMO) in 18%.85

Oxygen is principally delivered to tissues on hemoglobin, 
so, in general, a PaO2 value of  60 mm Hg is considered suf-
ficient because it equates to a saturation of  approximately 
92%. Pulse oximetry effectively measures oxygenation and 
can be used to guide ventilator management. Falsely mea-
suring methemoglobin and carboxyhemoglobin as oxygen-
saturated hemoglobin, which is common initially in patients 
with smoke inhalation injury, highlights the shortcoming 
of  this technique. Otherwise this is a very accurate method 
to determine the oxygen content in arterial blood because 
97% of  oxygen is carried to the tissues via hemoglobin. This 
assertion has been corroborated by in vitro studies showing 
the accuracy of  pulse oximetry to within 2–3% of  oxyhe-
moglobin levels.100 The major limitations of  this technique 
lie in its insensitivity to changes in pulmonary gas exchange. 
Because of  the shape of  the oxyhemoglobin dissociation 
curve, when the SaO2 exceeds 90% and the PaO2 is greater 
than 60 mm Hg, the curve is flat, and changes in PaO2 can 
move considerably with little variation in SaO2. Regardless 
it is presumed that an SaO2 value of  greater than 92% is 
indicative of  adequate oxygenation. That the oxygenation 
saturation measurement is a continuous direct measure 
immediately available whereas blood gas measurement of  
PaO2 is intermittent is an advantage that should not be 
overlooked.

A commonly used parameter to assess the adequacy of  
oxygenation is the ratio of  PaO2 to FIO2 (P/F ratio). It is an 
easily calculated surrogate for the A-a gradient.101 As such, 
the P/F ratio is one of  the criteria utilized to diagnose ARDS 
in the Berlin definition (Table 32.2). ARDS is defined as 
bilateral opacities not explained by effusion, collapse of  
nodules occurring within 1 week of  a clinical insult not 
fully explained by cardiac failure, or fluid overload associ-
ated with a P/F ratio of  less than 300. ARDS is stratified to 
mild, with a P/F between 200 and 300; moderate, between 
100 and 200; and severe, below 100.101

However, not incorporating MAP, a key determinant in 
oxygenation, is a major flaw when utilizing the P/F ratio. 
Thus two patients on two different levels of  ventilator 
support (one on minimal PEEP, the other on maximal) are 
indistinguishable based on this parameter, although they 
are clearly disparate when using the A-a gradient. To 
account for this variable, the oxygenation index (OI) may be 
used:102

Oxygenation index OI Mean airway pressure
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efficacy of  pressure-limited ventilation on improving out-
comes in critically ill ventilated patients.91

LTV ventilation has been shown in the ARDSnet trials to
be protective against ARDS, but it can also compromise ven-
tilatory function and CO2 elimination. Burn patients repre-
sent unique challenges in mechanical ventilation and ARDS
given the reduced compliance due to eschar, chest wall and
pulmonary edema due to resuscitation, the unique physiol-
ogy from inhalation injury, and the increased CO2 produc-
tion due to hypermetabolic response. Furthermore the work
of  breathing progressively increases at lower tidal volumes.92

LTV protocols have been proved ineffective in the burn pop-
ulation: 33% of  burn patients failed to meet oxygenation
and ventilation requirements, increasing to approximately
67% in inhalation patients.85

Sousse et al. analyzed pulmonary outcomes in 932
burned pediatric patients with inhalation injury over 28
years, stratifying for tidal volume. Their findings, starkly
divergent from ADRSnet predictions, demonstrated high
tidal volume (15 +/− 3 mL/kg) was associated with signifi-
cantly decreased ventilator days, maximum PEEP, and sig-
nificantly increased maximum peak inspiratory pressure;
ARDS was significantly decreased, but pneumothorax
increased. They concluded that high tidal volumes might
interrupt the sequences of  events leading to lung injury
following inhalation injury.93

Another school of  thought holds that surrogate markers,
such as airway pressures, should be used to avoid ARDS. By
this logic, when tidal volumes were lowered, patients with
more compliant lungs did poorly, whereas patients with less
compliant lungs did well.94 Regardless, lung-protective
strategies are notoriously difficult to institute in the burn
population, and some lung injury often must be accepted to
assure overall patient survival.

Oxygenation. Like the adequacy of  ventilation, oxy-
genation has been classically determined using the PaO2

in arterial blood. Arterial oxygenation is calculated using
three factors: mean alveolar pressure of  oxygen (MAP-O2),
the A-a gradient, and VQ mismatching. MAP-O2, as deter-
mined by the ventilator, is the area beneath the pressure/
time curve multiplied by the fraction of  inspired oxygen
(FIO2). Increasing the FiO2 has limited ability to improve
oxygenation because FIO2 in excess of  60 is considered
pulmonary toxic for prolonged time courses.95 However
increasing MAP-O2 profoundly improves oxygenation,
often quite safely. This can be accomplished by increasing
the PEEP or the inspiratory time during which the airways
are maintained at inspiratory pressure for longer, thereby
enlarging the area under the curve. However as more time
is maintained in inspiration, less is available for exhalation
and ventilation. Thus hypercarbia and acidosis can limit
the maintenance of  high MAP-O2.96 These implications
will be discussed in further detail in the ventilator mode
section.

The A-a gradient is a function of  the diffusion membrane
separating air from blood. This is affected by pulmonary
edema. A-a gradient issues are best managed by reducing
pulmonary edema with diuresis, improving cardiac perfor-
mance using inotropes, and allowing time for the lungs to
heal their diffusion membrane by repopulating the type-1
pneumocytes.
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Mechanical Ventilation

Mechanical ventilation is an essential component of  burn 
pulmonary critical care. Mechanical ventilatory support 
allows life to be sustained with lungs that would otherwise 
inexorably lead to death. It is important that the use of  
mechanical ventilation provide the minimal interruption to 
burn care, including both wound care and physical therapy. 
The safety of  mobilization of  mechanically ventilated 
patients is well documented, including out-of-bed mobiliza-
tion of  intubated patients (Fig. 32.2).13

The principal clinical difference between mechanical 
ventilation and spontaneous ventilation is the effect of  
positive pressure, as opposed to normal physiologic nega-
tive pressure. The use of  positive pressure improves ventila-
tion by recruiting alveoli and increasing functional residual 
capacity (i.e., the number and volume of  open alveoli at 
the end of  expiration), thus improving VQ mismatch and 
reducing shunting of  blood past nonventilated lung areas 
(Fig. 32.3). Positive pressure ventilation also allows main-
tenance of  higher MAP-O2 to overcome high A-a gradi-
ents. Adverse effects of  positive-pressure ventilation lie 
in its propensity to produce trauma to the airways (baro-
trauma) and its effects on intrathoracic pressure, which can 
impede venous return to the heart, thus reducing cardiac  
output.

In a survey of  American burn centers, pressure support 
ventilation and volume assist control were the most 
common starting ventilator modes for all burn patients; 
however 53% of  centers report using an open lung tech-
nique such as high-frequency percussive ventilation 
(HFPV), high-frequency oscillation ventilation (HFOV), or 
airway pressure release ventilation (APRV) in the setting of  
inhalation injury.85

When oxygenation begins to decline, initial maneuvers 
are to increase the FIO2 to greater than 40%, possibly to 
100%. Concentrations of  oxygen greater than 60% are con-
sidered toxic to airway epithelium over the course of  hours; 
other means to increase oxygenation should be employed.95 
As discussed earlier, treating hypoxia is first accomplished 
by increasing the MAP-O2 by raising the level of  PEEP incre-
mentally until the desired level of  oxygenation is reached 
while keeping the FIO2 to less than 60%. Once a level of  
15–20 mm Hg of  PEEP is reached, other means of  increas-
ing MAP-O2 will need to be employed. These consist of  ven-
tilator modes, including inverse ratio ventilation, HFOV, 
HFPV, and APRV.

After MAP-O2 is maximized, therapies are directed at 
improving VQ mismatching with inhaled nitric oxide or 
prone positioning. ECMO has been used with success in 
burn patients when the lungs are too injured to perform 
life-sustaining gas exchange. This must be done with 
caution given the need for anticoagulation and the limita-
tion imposed in the ability to mobilize the patient, both of  
which can compromise other critical aspects of  burn 
care.107

Ventilator Modes. Regardless of  the mode (Fig. 32.4), the 
basic pulmonary physiology principles balancing ventila-
tion, oxygenation, and expectoration against VILI lung 
injury are the purview of  a skilled burn surgeon and respi-
ratory therapist.

This parameter is particularly helpful in determining a 
patient’s oxygenation status in relation to the level of  ven-
tilator support: the higher the number, the worse the level 
of  oxygenation. Generally, an OI of  greater than 20 should 
be a cause for concern.

Expectoration. The final aspect of  pulmonary physiology 
necessary for consideration in pulmonary critical care is 
expectoration. The injured lung must clear its secretions, 
damaged mucosa, pathogens, and aspirated material. In the 
case of  an inhalation injury, there is the transudate of  
fibrinous material and sloughing of  injured mucosa that 
must be cleared in the setting of  a compromised mucocili-
ary escalator. Chest physiotherapy, mucolytics, suctioning, 
and particular ventilator modes aid in the expectoration of  
the lungs.103

A commonly used technique to treat inhalation injury is 
the combination of  nebulized heparin and N-acetylcysteine 
with albuterol and pulmonary toileting.104 The goal is that 
the heparin will prevent coagulation of  the transudated 
plasma, which comes through the injured pulmonary capil-
laries. The N-acetylcysteine serves as a mucolytic agent and 
allows expectoration, along with the sloughed mucosa, 
during physiotherapy and suctioning.

In a meta-analysis of  five studies comprising 286 patients, 
inhaled heparin was found to reduce ventilator days and 
resulted in more patients alive at day 28 with lower lung 
injury scores, although methodological issues were noted.105 
However, in a follow-up analysis of  those studies, individual 
patient data provided no convincing evidence regarding 
any benefit of  heparin nebulization in intubated and venti-
lated ICU patients, although none of  these patients had 
inhalation burn injuries.105 In a review of  inhalation-
injured patients, Kashefi found a nebulized heparin and 
N-acetylcysteine/albuterol protocol did not reduce mortal-
ity or duration of  mechanical ventilation, but did increase 
pneumonia rates.106 Conversely Sood and Waldroth more 
recently published a case-control study of  72 inhalation-
injured patients and found that a 7-day course of  nebulized 
heparin with N-acetylcysteine and albuterol decreased 
mean ventilator days from 14 to 7 and increased ventilator-
free days. There was no change in mortality, pneumonia 
rates, or bleeding in their study. In this series of  inhalation-
injured patients, nebulized heparin was found to be safe and 
effective.104 This efficacy is consistent with our own clinical 
experience.

Table 32.2 Berlin Definition—ARDS

Onset within one week of onset of injury or illness

Bilateral lung opacities not explained by effusion, atelectasis, or 
nodules

Respiratory failure without cardiac failure or fluid overload

Diminished oxygenation

Mild 200 < P/F < 300

Moderate 100 < P/F < 200

Severe P/F < 100

P/F = partial pressure arterial oxygen/fraction of inspired oxygen
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Fig. 32.2 Respiratory considerations for in-bed and out-of-bed exercises. Green circle indicates low risk for adverse event. Yellow triangle indicates 
potential risk and consequences of an adverse event but may be outweighed the potential benefits of mobilization. Red octagon indicates a significant 
potential risk of an adverse event, and mobilization should only be carried out with specific consideration by senior staff nurse or physical therapist. 
(From Hodgson CL, Stiller K, Needham DM, et al. Expert consensus and recommendations on safety criteria for active mobilization of mechanically ventilated 
critically ill adults. Crit Care. 2014;18[6]:658.)
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Volume-control mode delivers a preset tidal volume regard-
less of  patient effort and is typically used only under general 
anesthesia due to ventilator–patient dyssynchrony; it takes 
all respiratory control away from the patient (Fig. 32.5). 
Assist-control mode differs by allowing the patient to demand 
additional breaths with a ventilator-preset minimum rate. 
All breaths are delivered at a prescribed volume, irrespective 
of  any patient attempts for a larger or smaller breath. Some 
patients find this mode uncomfortable due to the inability 
to control their volume and require greater sedation than 
they would under other modes.

Volume-cycled ventilation delivers a set volume of  air 
regardless of  pressure required. In the case of  poor lung 
compliance, such as ARDS, this mode could lead to exces-
sive ventilator pressures and significant airway injury. For 
this reason, time-cycled pressure control ventilation was devel-
oped; this delivers inspiration at a given flow rate to a preset 
pressure. The breath is terminated at a set cycle time, not 
on the basis of  volume of  flow, as with volume-controlled 
ventilation. Therefore pressure control has the advantage 
of  limiting inspiratory pressure despite changes in compli-
ance. It has the disadvantage of  a variable tidal volume 
during dynamic changes in lung compliance, which can 
lead to inadequate or excessive minute ventilation if  compli-
ance respectively worsens or improves.

Aerated alveoli

Collapsed alveoli

Aerated alveoli

Fig. 32.3 A schematic of intrapulmonary shunting. Blood comes into 
the lung and then divides into capillaries and passes close to alveoli, 
where gas exchange occurs. In the case of alveolar collapse, the passing 
blood does not undergo gas exchange and thus returns to the pulmo-
nary vein unchanged (low oxygen concentration, blue color). This then 
mixes with oxygenated blood from the aerated alveoli (high oxygen 
concentration, red color) to return to the heart and the periphery. In 
effect, more collapsed lung equates to less oxygenation through this 
process. 

C

BA

Fig. 32.4 Photographs of different ventilators commonly used in
burn units in the United States. (A) The most commonly used is the
servo type ventilator, which can be set to give volume- or pressure-
regulated breaths with or without pressure support or positive end
expiratory pressure (PEEP). The I:E ratios can also be reversed. (B) The
second type is the volumetric diffusive respiration (VDR) ventilator,
which delivers high-frequency percussive ventilation (HFPV) or as
continuous positive airway pressure (CPAP). (C) The third type is the
airway pressure release ventilation (APRV) ventilator, which can be
set to all the servo settings as well as APRV.
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Fig. 32.5 Airway pressure curves illustrating the three mechanical functions: IN, initiation of the cycle; LIM, the preset limit (i.e., pressure or volume) 
imposed on the positive pressure cycle; CYC, the function (i.e., time or volume) ending the cycle. Each mechanical function is governed by one of four 
physical factors: volume, pressure, flow, and time. (A) A time-initiated, volume-limited mode. (B) A pressure-initiated (sub-baseline pressure produced 
by the patient’s effort to breathe), volume-limited mode. (C) A time-initiated, volume-limited, time-cycled mode that extends inspiration beyond the 
time that the volume is delivered. A plateau is reached after flow has stopped but before the ventilator cycles into exhalation. (From Shapiro BA, Lacmak 
RM, Care RD, et al. Clinical application of respiratory care. St. Louis, MO: Mosby Year Book; 1991.)
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Fig. 32.6 Airway pressure tracings of four volume-cycled modes. The 
thick solid lines represent ventilator breaths. The thick dotted lines are 
spontaneous breaths. The thin dotted lines illustrate the spontaneous 
breathing pattern in the absence of ventilator breaths. IMV, intermit-
tent mandatory ventilation; SIMV, synchronized intermittent manda-
tory ventilation. (From Shapiro BA, Lacmak RM, Care RD, et al. Clinical 
application of respiratory care. St. Louis, MO: Mosby Year Book; 1991.)
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Fig. 32.7 Schematic illustration of pressure support ventilation. IN, ini-
tiation by spontaneous breath; LIM limit (pressure); CYC, cycle (derived 
from decreasing inspiratory flow); EX, expiration. (From Shapiro BA, 
Lacmak RM, Care RD, et al. Clinical application of respiratory care. St. Louis, 
MO: Mosby Year Book; 1991.)

Intermittent mandatory ventilation (IMV) allows spontane-
ous ventilation interspersed with volume-cycled or time-
cycled pressure control mechanical ventilation. The addition 
of  synchronization, in synchronized intermittent manda-
tory ventilation (SIMV), avoids placing a mechanical breath 
on top of  a spontaneous patient breath, greatly improving 
this mode. It was hoped that maintaining some patient 
work in breathing would preserve respiratory strength 
while mechanical ventilation was required and that this 
mode would support weaning to progressively increasing 
patient effort while reducing mechanical support, although 
outcome data did not support a role in weaning (Fig. 32.6).

Pressure-support ventilation (also known as continuous 
positive airway pressure [CPAP]) is a patient-triggered 
pressure-limited flow-cycled ventilatory mode (Fig. 32.7). 
Each pressure support breath is triggered by patient 

negative-pressure effort and allows the patient to control
his or her minute ventilation. This is a very comfortable
mode for patients and effective for weaning; however it is
not compatible with decreased respiratory drive. Care must
be taken to ensure the patient does not develop progressive
atelectasis with resultant decreases in compliance.

Inverse ratio ventilation (IRV) increases the MAP-O2

thereby improving oxygenation in the setting of  high A-a
gradients. Conventional ventilation uses the time of  inspira-
tion and expiration at a ratio of  1 : 4 or 1 : 2, providing the
greater time for expiration, as it is generally a passive
process. IRV reverses this to give a longer inspiratory time
(1 : 1 or 2 : 1) by using rapid inspiratory flow rates and decel-
erating flow patterns during the inspiratory phase. The pro-
longed inspiratory pressure increases MAP-O2 dramatically
to drive oxygen across a large diffusion membrane. Simi-
larly to PEEP, this prolonged pressure recruits alveoli with
long time constants. In severe lung disease, ventilation in
the lung is unequal due to peribronchial narrowing. Thus
some underventilated alveoli are actually open but unable
to efficiently exchange gases, thereby increasing the intra-
pulmonary shunt and reducing arterial oxygenation. IRV
can improve on this by selective air-trapping (intrinsic
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employed.110 A randomized prospective trial in adult 
patients with ARDS demonstrated that HFOV resulted in 
brief  improvements in oxygenation, although mortality 
and complication rates were not different.111 One center 
reported early success in reversing profound hypoxemia in 
burned patients with ARDS while facilitating early excision 
and grafting with intraoperative use.112 However this same 
group recently showed that, in burned patients with inhala-
tion injury, this method often failed secondary to hypercap-
nia rather than hypoxia.113 HFOV appears to be effective in 
improving oxygenation in burned patients with inhalation 
injury, but the data without inhalation injury are murkier. 
In the recent OSCILLATE and OSCAR trials in unburned 
populations, no benefit and potential harm with HFOV was 
found.85

HFPV is a pressure-limited, time-cycled mode of  ventila-
tion delivering subtidal pressure-limited breaths at a high 
frequency (400–800 beats/min) superimposed on a con-
ventional inspiratory and expiratory pressure-controlled 
cycle (10–30 breaths/min). The purported advantages are 
mobilizing airway secretions, casts permitting better expec-
toration and pulmonary toilet, and providing adequate gas 
exchange at lower airway pressures. First reported in 1989, 
HFPV has been tested primarily in burned patients with 
inhalation injury.114 In this study, HFPV was used as a 
salvage therapy in one group of  burned patients with inha-
lation injury and as the primary therapy in another. 
Improvements in oxygenation and a lower rate of  pneumo-
nia were observed. A subsequent study documented 
improvements in mortality in burned patients with inhala-
tion injury treated with HFPV compared to historical con-
trols.115 Other outcomes in this study were significant 
decreases in the work of  breathing and lower inspiratory 
pressures in addition to improvements in oxygenation and 
the pneumonia rate. This method of  ventilation is advo-
cated in the treatment of  inhalation injury because it facili-
tates expectoration, particularly compared to HFOV.

In severely burned ventilated patients, a randomized con-
trolled trial tested the effects of  a low tidal volume conven-
tional ventilator strategy against an HFPV ventilator 
strategy. This study found differences in improved oxygen-
ation early in the course but no differences in mortality or 
other outcomes. However it demonstrated the need for ven-
tilator “rescue” in only the HFPV group, defined as the need 
for changing ventilator modes due to inadequate oxygen-
ation or ventilation despite maximizing the mode. Thus the 
data support HFPV in this population (e.g., less rescue indi-
cated).116 At a minimum, these data show HFPV as a useful 
tool in the burned patient population.

Nitric oxide (NO) is used to improve VQ mismatch in the 
setting of  refractory hypoxemia. It is a short-lived gaseous 
product of  endothelial cells that is a powerful local vasodila-
tor. As a gas, this product can be delivered through the 
endotracheal tube to areas of  ventilated lung where it can 
provide localized pulmonary vasodilation. Thus areas of  
ventilated lung can receive more blood flow to reduce intra-
pulmonary shunting and improve oxygenation. This com-
pound has been used extensively to beneficial effect in 
neonates and children with hypoxemic respiratory failure. 
It has also been used in ventilated burned children to 
improve oxygenation.98 Although NO therapy has received 
considerable attention as a potential therapeutic option in 

PEEP) in these compromised air spaces. This can be done in
either a volume-cycled or time-cycled pressure ventilation
mode, but pressure-controlled ventilation is most com-
monly used to reduce peak airway pressures. Some studies
show no benefit of  IRV compared to conventional volume
ventilation in terms of  oxygenation.108 These studies dem-
onstrate some slight improvements in ventilation (PaCO2).
Furthermore this mode is not well tolerated by patients
because they are unable to spontaneously breathe and thus
tend to require heavy sedation. For these reasons, IRV
cannot be recommended except in the setting of  ARDS
refractory to other therapies.

APRV delivers continuous positive airway pressure with
a time-cycled pressure-release phase (to allow for expira-
tion). Similar to IRV, it maintains high pressures within the
airways for most of  the respiratory cycle, thus allowing for
very high MAP-O2 to overcome high A-a gradients, recruit-
ment of  long time constant alveoli, and improved VQ
matching. Unlike IRV, the patient can breathe spontane-
ously over the high and low pressures enabling greater
patient comfort and synchrony, minimal sedation, and aug-
mented minute ventilation. These characteristics allow for
an open lung with extensive alveolar recruitment and
thereby improved VQ mismatching.109 This mode is best uti-
lized in patients permitted to breathe spontaneously with
negative pressure induced by diaphragmatic contraction,
which aids in lung recruitment of  areas previously atelec-
tatic. This contrasts conventional positive-pressure ventila-
tion, where positive pressure within the bronchus through
the volume of  air distributes preferentially down the path
of  least resistance to areas of  the lung already well aerated,
predisposing them to over-distension and barotrauma. The-
oretically APRV is the ideal lung-protective strategy.

APRV gained popularity in the late 1990s and is becom-
ing the preferred mode of  ventilation in many centers, par-
ticularly in the setting of  inhalation injuries. This open lung
technique allows effective expectoration during the “dump”
exhalation phases. Small prospective trials suggest APRV
associates with fewer ventilator days, improved gas
exchange, decreased atelectasis, improved hemodynamic
performance, and decreased sedative administration com-
pared to conventional modes in nonburned populations.97

Some recent data in trauma patients refute this, although
that paper suffered from a significant lack of  statistical
power.109 Nonetheless this mode is being increasingly used
in burn units around the world, but no prospective trials
have yet been reported.

HFOV maximizes MAP-O2 by maintaining airways at
MAP-O2 and delivering subtidal, high-frequency oscillatory
breaths otherwise described as “CPAP with a wiggle.” It is
believed to maintain open alveoli by recruiting collapsed
portions of  diseased lung and applying the equivalent of
CPAP used during conventional ventilation and driving
oxygen into the blood with a high A-a gradient. HFOV
maintains a maximal MAP-O2 with a limited peak pressure
while there is neither opening nor closing of  alveoli. Thus
this is a “lung-protective” mode preventing atelectotrauma,
volutrauma, and barotrauma. Ventilation and CO2 elimina-
tion are achieved via eddy currents mixing the air through-
out the ventilator circuit, but poor CO2 elimination is a
major limitation of  HFOV.96 Because there is no exhalation,
expectoration is minimal unless special maneuvers are
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pressure support or intermittently with t-tube or PSV trials) 
will be successful (Fig. 32.8).

The standard of  care has shifted to perform protocolized 
daily sedation interruptions, spontaneous breathing trials, 
and assessment from extubation. This protocol has been 
shown to decrease ventilator days and mortality in random-
ized controlled trials (RCTs). An RCT has demonstrated one 
life saved for every seven patients treated with a spontane-
ous breathing trial protocol.121 There is an argument that 
decreased sedation applied in these protocols increases self-
extubation, which was found in the study. However the 
reintubation rate was not different, indicating that patients 
who were able to self-extubate tended to not require further 
intubation. Thus, in this study, self-extubation was a good 
weaning parameter.121

Monitoring of  Mechanical Ventilation. For patients on 
mechanical ventilation, sedatives and paralytics for the 
endotracheal tube or other conditions often impair the 
normal physiologic regulation of  ventilation and oxygen-
ation. For these reasons, monitoring of  ventilation and oxy-
genation by the clinician is required utilizing serial 
examination, chest X-ray, blood gas analysis, continuous 
SaO2, and, preferably, EtCO2.

LIMITING VENTILATOR-INDUCED LUNG INJURY. Mechanical 
ventilatory support is employed to provide supraphysiologic 
conditions to injured lungs otherwise unable to sustain life. 
Ultimately ventilator weaning is predicated on these lungs 
healing sufficiently to allow them to again sustain the 
patient’s life without the supraphysiologic conditions the 
ventilator creates, such as positive pressure. Care must be 
taken to balance the systemic needs of  the patient for gas 
exchange with the injurious nature of  mechanical 

severe pulmonary disease, no reports to date have docu-
mented improved mortality or other clinical outcomes in 
spite of  improvements in oxygenation. Inhaled prostaglandins 
have a similar effect via an alternate mechanism. Some 
centers prefer using prostaglandins due to cost. Epopros-
tenol has been shown to be noninferior to inhaled nitric 
oxide with regards to ventilator-free days in ARDS.117 
Inhaled NO and aerosolized epoprostenol consistently 
improve oxygenation but have not yet been demonstrated 
to impact survival ventilator-free days or attenuation of  
disease severity. 118 Epoprostenol has also been successfully 
used in cases of  inhalation injury with a nebulized heparin 
protocol.119

Weaning From Mechanical Ventilation. Regardless of  
the mode of  ventilation, almost all patients surviving the 
initial insult will eventually need to be weaned off  the ven-
tilator. Clinicians continue to debate the advantages of  
weaning patients with various forms of  mechanical ventila-
tion. Some prefer using pressure support ventilation (PSV) 
with or without SIMV because of  the ease with which the 
level can gradually be reduced. Others advocate that inter-
mittent trials with abrupt cessation of  ventilator support 
while also maintaining endotracheal intubation (“t-tube 
trials”) result in more rapid weaning.120 Between weaning 
trials it is important to provide sufficient support to re-
recruit alveoli and prevent progressive atelectasis and the 
resultant loss of  compliance, all of  which make weaning 
more difficult. Weaning from ventilation depends on the 
rate at which the patient recovers from the condition re-
quiring mechanical ventilation and the aggression of  the 
clinician driving the weaning process. In practice, either 
method of  weaning from the ventilator (gradually with 
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Fig. 32.8 The probability of successful weaning with intermittent mandatory ventilation, pressure support ventilation, intermittent trials of spontane-
ous breathing, and once-daily trials of spontaneous breathing (Kaplan–Meier curves). After adjustments for baseline characteristics (Cox proportional 
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It stands to reason that pressure-limited ventilation strat-
egies (either conventional or high frequency) might be of  
benefit in burned patients in sufficiently powered studies. 
One outcome that should certainly be accounted for is the 
need for adjunctive therapies (rescue treatments), as implied 
earlier. Given current data, the best balance is struck by an 
experienced physician with a firm understanding of  pulmo-
nary physiology continuously weighing the systemic needs 
of  the patient against the capabilities of  available interven-
tions and their potential pulmonary harm.

Epidemiology, Pathophysiology, and Treatment of  
ARDS. ARDS occurs as a result of  injury to the lung, 
which can be direct through smoke inhalation or pneumo-
nia or indirect through mediators associated with sepsis 
(Table 32.3). Until recently, most studies of  ARDS reported 
mortality rates between 40% and 60%. Now, in trauma 
patients, the most recent mortality rate for ARDS was 14%; 
in addition, the incidence of  ARDS fell by 50% in a matched 
patient population.127 Thus we conclude that the incidence 
has gone down. What changed is the method of  manage-
ment, indicating that reducing the risk of  further harm is 
the most effective treatment for this condition.

ARDS occurs because of  damage to the endothelium and 
lung epithelium. It is speculated that the products of  inflam-
mation, such as cytokines, endotoxin, complement, and 
coagulation system products, induce the changes charac-
teristic of  ARDS.122 The acute phase of  ARDS is marked by 
an influx of  protein-rich edema fluid into the air spaces as 
a consequence of  increased permeability of  the alveolar–
capillary barrier (Fig. 32.9). The importance of  endothelial 
injury and increased vascular permeability leading to the 
formation of  pulmonary edema is well established. Epithe-
lial injury is also of  great importance. In fact, the degree of  
alveolar epithelial injury is an important predictor of  
outcome.

Neutrophils play a role in the pathogenesis of  ARDS. His-
tologic studies of  lung specimens obtained early in the 
course demonstrate marked accumulation of  neutrophils 
in the alveolar fluid. However it must be stated that ARDS 
develops in patients with profound neutropenia, and some 
animal models of  ARDS are neutrophil independent, imply-
ing that neutrophils may be nothing more than bystanders 
in the inflammatory process.128

The effects of  ventilator injury on the development and 
progression of  ARDS are now firmly established. Previous 

ventilation in a supraphysiologic manner. VILI is the result 
of  injurious ventilator settings that lead to a combination 
of  barotrauma, volutrauma, atelectrauma (repeated 
opening and closing of  alveoli), and chemotrauma (para-
crine inflammatory effects). VILI is a common complication 
of  mechanical ventilation and results in pneumothorax, 
pneumomediastinum, subcutaneous emphysema, intersti-
tial emphysema, or pneumatoceles.122

In a volume-cycled mode, large tidal volumes, along with 
elevated peak and plateau pressures, have been implicated 
in inducing VILI. It is conceivable that limiting airway pres-
sures may reduce morbidity. Early reports showed no clear 
benefit of  pressure-limited ventilation, which was demon-
strated by giving lower tidal volumes more frequently to 
maintain minute ventilation and accepting a higher PaCO2 
value and lower arterial pH.123

This “permissive hypercapnia” is a compromise in the 
acceptance of  a recoverable compensated systemic pathol-
ogy to allow less injurious ventilation and hopefully permit 
the lungs to heal.91 Criticism of  these trials rests in their low 
enrollment and lack of  power to show differences. As an 
answer to this critique, a large multicenter trial documented 
improved survival and increased ventilator-free days during 
the first 28 days in the ICU in patients with ARDS treated 
with low tidal volumes (6 mL/kg predicted body weight) 
versus traditional tidal volumes (12 mL/kg predicted body 
weight). In fact, the data safety committee halted the study 
early because the benefits incurred to the treated group 
were so clinically significant.124 Suspected reasons for the 
improvements seen in this trial contrary to prior trials 
was the number of  subjects enrolled as well as the defined 
protocol to limit both tidal volumes (volutrauma) and 
plateau pressures of  less than 30 cm H2O (barotrauma). 
Interestingly, this trial demonstrated decreased inflam-
matory markers, specifically IL-6, in the low tidal volume 
arm, suggesting a third possible mechanism of  benefit  
(chemotrauma).

Theoretically the low tidal volume strategy subscribes to 
the theory of  ARDS, which dictates that small healthy 
regions of  lung exist adjacent to diseased and collapsed 
areas. In the conventionally treated group, higher tidal 
volumes and pressure are distributed only to open healthy 
alveoli; therefore the barotrauma of  high pressures is deliv-
ered to this “healthy” lung, thereby increasing the damage 
there and worsening outcomes.125

In burned patients, decreased chest wall compliance, 
presence of  smoke inhalation injury to the upper airways, 
and massive fluid administration coupled with increased 
CO2 production due to hypermetabolism are just a few vari-
ables that make effective gas exchange challenging while 
optimally minimizing VILI. Prospective trials comparing 
modes of  ventilation to minimize VILI are lacking in burn 
literature, making it difficult to ascertain which approach is 
best suited to this population. In 61 burned patients, one 
study showed no statistically significant differences between 
a pressure-limited strategy and a conventional strategy for 
mortality, pulmonary complications, or incidence of  pneu-
mothoraces.126 In the trial comparing HFPV (a pressure-
limited strategy) to an ARDSnet-based conventional 
strategy, a lower incidence of  barotrauma was seen in the 
HFPV group. However there was no difference in inflamma-
tory markers between the two modalities.116

Table 32.3 ARDS Risk Factors

Direct Indirect

Pneumonia Nonpulmonary sepsis

Aspiration of gastric contents Major injury

Inhalation injury Pancreatitis

Pulmonary contusion Severe burns

Pulmonary vasculitis Noncardiogenic shock

Drowning Drug overdose

Transfusion-related acute 
lung injury
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and ARDS develop in burned patients, a scenario not unlike 
that in other types of  patients who develop ARDS, such as 
after abdominal sepsis or multiple blunt trauma. While 
smoke inhalation is understandably associated with the 
development of  ARDS, this affiliation is related to the 
inflammation corresponding to the injury in addition to 
that rendered by the burn wound. In fact, it was shown that 
the degree of  inhalation injury was not associated with the 
development of  ARDS in burned patients.132 It may be, 
then, that smoke inhalation and ARDS are actually two 
distinct conditions that are related. Indeed, the preponder-
ance of  pathology in smoke inhalation is to the airways 
beginning proximally and decreasing in effect as you move 
more distally into the lung away from the source of  smoke. 
Conversely the preponderance of  damage in ARDS is alveo-
lar, beginning distally and decreasing as it proceeds 
proximally.

Treatment of  ARDS. Until the healing processes just 
described can be accomplished, the treatment of  ARDS is 
largely supportive. A careful search for potential underlying 
causes should ensue, including attention to possibly treat-
able sources such as unexcised or open burn wounds, inva-
sive burn wound infection, intraabdominal infections, 
pneumonia, line sepsis, or cholangitis, to name a few. Treat-
ment of  the inciting cause of  ARDS and careful ventilator 
management aimed to limit further VILI while maintaining 
life-sustaining gas exchange are the core of  ARDS treat-
ment protocol. An improved understanding of  the patho-
genesis of  ARDS has led to the assessment of  several novel 
treatment strategies, including changes in mechanical ven-
tilation strategies, fluid management, surfactant therapy, 
NO treatments, and antiinflammatory strategies.

The most appropriate method of  mechanical ventilation 
for ARDS has been controversial for some time, although 
the picture is becoming clearer; the ARDSnet study pro-
vided much of  this clarity.124 They reported a 22% decline 
in mortality in patients with ARDS treated with tidal 
volumes of  6 mL/kg compared to those treated with con-
ventional volumes of  12 mL/kg. In this study, peak airway 
pressures could not exceed 30 cm H2O in the lower tidal 
volume group, and a detailed protocol was used to adjust 
the FIO2 and PEEP. These results differed from those of  
smaller previous studies showing no improvement with 
pressure-limited ventilation. Potential reasons for the dis-
crepancy between the National Institutes of  Health (NIH) 
study and the others are as follows: the NIH study had the 
lowest tidal volume of  the three studies and respiratory aci-
dosis was allowed in the NIH study, with sodium bicarbon-
ate treatment if  necessary to maintain homeostasis. 
Furthermore the NIH study had more patients and so may 
have been more sufficiently powered to show differences 
between treatment groups.

The implementation and utility of  low tidal volume proto-
cols have been limited, likely due to the unique pathology of  
burn patients with hypermetabolism requiring greater gas 
exchange and inhalation injury requiring greater airway 
support and expectoration. In one study, one-third of  burn 
patients failed to meet oxygenation and ventilation require-
ments when treated with low tidal volumes, and two-thirds 
failed when there was an inhalation injury.85 Counter to 
the ARDSnet data, in a review of  28 years of  932 burned 

studies focused on the potentially damaging effects of  high 
oxygen concentrations on lung epithelium and a prolonged 
FIO2 of  greater than 60% should be avoided.129 Evidence 
suggests that mechanical ventilation at high pressures 
injures the lung,124 causing increased pulmonary edema in 
the uninjured lung and enhanced edema in the injured 
lung.130 Alveolar overdistension and cyclic opening and 
closing of  alveoli associated with high ventilator pressures 
are also potentially damaging to the lung. High FIO2 may 
predispose to this atelectrauma by displacing nitrogen from 
the alveoli. Nitrogen is then not absorbed and can serve as 
a stent maintaining airway patency.90

After the development of  ARDS, some patients have a 
rapid recovery over a few days. Others progress to fibrotic 
lung injury; the alveolar space fills with mesenchymal cells, 
extracellular proteins, and new blood vessels. The finding of  
fibrosis on histologic analysis correlates with increased 
mortality.131

In nonfatal cases of  ARDS, the lung heals by the prolif-
eration of  type II epithelial cells, which begin to cover the 
denuded basement membrane and differentiate into type I 
epithelial cells, restoring normal alveolar architecture, and 
increasing the fluid transport capacity of  the alveolar epi-
thelium. Alveolar edema is resolved by active transport of  
sodium from the distal airspace into the interstitium by 
intact alveoli. Soluble protein is removed primarily by diffu-
sion between alveolar cells, while insoluble protein is elimi-
nated by endocytosis and transcytosis by alveolar epithelial 
cells and phagocytosis by macrophages.

The severely burned are unique among patients who 
develop ARDS. Direct injury to the lung from smoke inhala-
tion can cause respiratory insufficiency and relative hypoxia 
due to increased capillary permeability and interstitial 
edema increasing the A-a gradient, while ciliary dysfunc-
tion embarrasses expectoration. A few days later, the 
damaged and necrotic respiratory mucosa begin to slough, 
causing bronchial plugging and atelectasis, further worsen-
ing the clinical condition. However it is not typically until 
4–8 days into the course of  injury that severe hypoxemia 

Severe burn ±
smoke inhalation

Hypoxemia

Time

Day 0

Day 5

Day 7

Decreased lung
compliance

Lung infiltrates
on CXR

Fig. 32.9 Typical timeline for progression to acute respiratory distress 
syndrome (ARDS). Patients are typically intubated for airway compro-
mise and operative intervention. At day 4 or 5 after severe burn, oxy-
genation will deteriorate, requiring higher inspired concentrations of 
oxygen. These measures will soon fail with the introduction of 
decreased lung compliance requiring higher inspired airway pressures. 
Only then will infiltrates begin to appear on the chest X-ray. 
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minimize VQ mismatch, mechanical circulatory support 
must be considered. ECMO can be employed either in a 
venovenous method to only supplement gas exchange or in 
an arteriovenous method to also supplement cardiac func-
tion. Its use has the benefit of  maximizing gas exchange 
while allowing total lung rest without need for further inju-
rious ventilation techniques. There has been limited experi-
ence globally and no large trials to document any benefit to 
date. In a small series investigating ECMO, 60% of  burned 
patients in the series survived and had significant improve-
ments within 96 hours of  ECMO administration.137 This 
intervention must be regarded with great trepidation, given 
the need for anticoagulation and that cannulation prevents 
standard burn care and rehabilitation. This therapy can be 
life-saving, but it should be considered carefully and utilized 
only in the appropriate candidate. Often it is preferable to 
balance an injurious but survivable ventilation strategy 
with the other burn care needs of  the patient.

Last, glucocorticoids have been used in the treatment 
of  ARDS because of  the inflammatory nature of  the 
disease. There have been several trials with contradic-
tory and equivocal data. To add fuel to the fire, the most 
recent large trial of  glucocorticoid treatment of  early severe 
ARDS showed an improvement in ventilator days and MOF 
scores.138 Others have shown the benefit of  glucocorti-
coids when used to good effect in the later fibroproliferative 
phases of  the disease.139 It is probable that some population 
with ARDS exists in which glucocorticoid treatment is of  
benefit, but we do not think it is burns. This type of  therapy 
may be treacherous in burned patients at risk for invasive 
burn wound infection but might be considered upon com-
plete burn wound closure. If  steroids are used, high-dose 
vitamin A can be tried to ameliorate the wound-healing  
complications.140

GASTROINTESTINAL SYSTEM BURN 
CRITICAL CARE

Pathophysiologic Changes in the Gut After Burn

The gut, including the stomach, intestines, liver, and pan-
creas, plays six critical roles after burn injury: absorption of  
nutrients, mucosal barrier to invasive microbes, elimina-
tion of  hydrophobic wastes, clearance of  lactate, produc-
tion of  acute-phase proteins and coagulation factors, and 
an endocrine function able to drive toward anabolism. The 
gastrointestinal response to burn injury is highlighted by 
mucosal atrophy, changes in digestive absorption, and 
increased intestinal permeability. Changes in gut blood flow 
are related to changes in permeability. Intestinal blood flow 
was shown to decrease in nonresuscitated animals, a 
change associated with increased gut permeability at 5 
hours post burn.141 This effect was abolished at 24 hours. 
Systolic hypotension has been shown to occur in the imme-
diate hours after burn in animals with a 40% TBSA full-
thickness injury.

Clinical Changes in the Gut After Burn

Given these changes in the gut from burn, it is common-
place to observe some evidence of  gut dysfunction after 
burn, as evidenced by feeding intolerance and mucosal 
ulceration and bleeding, particularly in the stomach and 

pediatric patients with inhalation injury and stratify-
ing for tidal volume, high tidal volume (15 +/− 3 mL/kg) 
was associated with significantly fewer ventilator days. 
This effect could reflect an interruption of  events leading 
to lung injury following inhalation injury but could also 
evince the capacity of  pediatric lungs to heal given their 
preserved stem cell function and ability to form airways  
de novo.93

PEEP has clearly been shown to benefit patients with
ARDS; however the optimum level has been contentious.
The best effects of  PEEP are to increase functional residual
capacity or the number of  open alveoli at the end of  expira-
tion, as well as increase MAP-O2 and thus oxygenation.
However the use of  prophylactic PEEP therapy in patients
at risk for ARDS showed no benefit for the treatment group
compared to controls.89

A study of  PEEP therapy aimed at raising the level of
PEEP above the lower inflection point on pressure–volume
curves, thereby preventing alveolar closure, in conjunction
with low tidal volumes and pressure-controlled IRV showed
improved mortality compared to a control group managed
with conventional ventilation.133 Drawbacks to this study
were the unusually high mortality (71%) in the control
group; improvements in mortality for the treatment group
compared to controls could only be determined at hospital
day 28, which was not appreciated at hospital discharge.

Inhaled NO and prostaglandins are potent pulmonary
vasodilators with effects localized to ventilated areas of  the
lung, thus directing more blood to the functional areas of
the lung. The conceivable result, then, is to diminish the
fraction of  blood shunted through the lungs without oxy-
genation, thereby improving pulmonary venous oxygen-
ation and reducing VQ mismatching. Observational studies
suggest that inhaled NO might be beneficial in the treat-
ment of  ARDS by improving oxygenation without increased
ventilatory pressures and reducing barotrauma. However
randomized trials testing this hypothesis have, as of  yet,
been disappointing. In the most recent large study, inhaled
NO therapy did not reduce mortality or the duration of
mechanical ventilation. Improvements in oxygenation were
seen, but the effects were not sustained.134 The reported
experience with this modality in burns is only anecdotal.

Prone positioning is another modality commonly used in
BICUs for refractory hypoxemia, aimed to reduce VQ mis-
match. This is based on the rationale that dependent areas
of  the lung in ARDS have the most blood flow and the most
edema, thereby leading to a greater mismatch of  blood flow
and aerated lung and a greater shunting of  blood past
unaerated areas; hence blood returns to the heart unoxy-
genated. By placing the patient in the prone position for a
prescribed period, the previously aerated lung now receives
a greater portion of  blood flow as directed by gravity. This
approach almost always results in improved oxygenation,
but, as with NO, has not been shown to be of  benefit for
mortality in prospective trials.135 However two recent meta-
analyses have demonstrated significant mortality benefit in
those with severe hypoxemia.99,136 Thus it appears that in
certain subpopulations VQ mismatch therapies may be con-
sidered after carefully balancing risk versus benefit.

Ultimately if  the lungs are too injured to provide the suf-
ficient gas exchange required to maintain life, even with the
support of  mechanical ventilation and techniques aimed to
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injured patients and is more thoroughly discussed in Chap-
ters 30 and 31 on MOF and the liver, respectively. It is 
related to ICU common causes such as preexisting cirrhosis, 
drug toxicity, or viral activation, but also to burn-specific 
issues such as hepatic steatosis, right heart failure, and/or 
fluid overload. High central venous pressures (CVPs) com-
promise the pressure gradient from the portal system that 
provides 75% of  the oxygen delivery to the liver, thus creat-
ing an ischemic injury.147 Treatment is to first remove hepa-
totoxic medications and reduce CVP to improve hepatic 
perfusion, then begin symptomatic treatment including 
monitoring and treating elevated ICP; treating hemody-
namic failure, respiratory failure, and hypoglycemia; and 
replacing clotting factors.148

Pancreatitis also occurs, though rarely subsequent to 
burn injury. Its etiology tends to be ischemic in nature, with 
an incidence of  0.17% demonstrated in a pediatric series. 
It is associated with elevated mortality and thus should be 
taken seriously. It is diagnosed with elevated amylase or 
lipase in conjunction with abdominal pain, feeding intol-
erance, or radiographic signs. Treatment is feeding distal 
to the ligament of  Trietz and, should this fail to abate 
the pancreatitis, bowel rest is advisable with parenteral  
feedings.149

RENAL BURN CRITICAL CARE

Pathophysiology

Acute kidney injury (AKI) is a potentially lethal complica-
tion of  burns. Of  note, AKI has supplanted the prior term 
(acute renal failure [ARF]). Despite substantial technical 
developments in dialysis to replace the function of  the 
kidneys, mortality meets or exceeds 50% for all critically ill 
patients who develop ARF.150 Interestingly mortality associ-
ated with AKI undergoing hemodialysis for frank renal 
failure in the critically ill has not improved significantly in 
more than 40 years. The same can be said for renal failure 
requiring dialysis, specifically in the severely burned. The 
cause of  death in these critically ill patients was not uremia 
because of  advances in dialysis, but primarily sepsis and 
cardiovascular and pulmonary dysfunction.151

With the advent of  early aggressive resuscitation after 
burn, the incidence of  renal failure coincident with the 
initial phases of  recovery has diminished significantly in the 
severely burned. However another period of  risk for the 
development of  renal failure 2–14 days after resuscitation 
is still present and is likely related to the development of  
sepsis.152 Transient hypotension, nephrotoxic medications 
such as antibiotics, hypovolemia from insensible fluid losses, 
and rhabdomyolysis are all also significant etiologies of  AKI 
in the BICU.153

AKI, usually in the form of  acute tubular necrosis (ATN), 
is characterized by deterioration of  renal function over a 
period of  hours to days, resulting in the failure of  the kidney 
to excrete nitrogenous waste products and maintain fluid 
and electrolyte homeostasis. It may be caused by a number 
of  factors interfering with glomerular filtration and tubular 
resorption. In burned patients, the causes can be generally 
narrowed to renal hypoperfusion, nephrotoxic insults from 
pharmacologic treatments (e.g., aminoglycosides or intra-
venous contrast agents), or sepsis.153 Ischemic renal failure 

duodenum.5 Enteral feeding is an important means of  pro-
viding nutrition to burned patients and has led to a decrease
in mortality, but on occasion the gut will not cooperate.
Reduced motility and ileus are common, as is diarrhea, at
times requiring parenteral nutrition to meet caloric needs.
At present there is no specific treatment for burn-induced
ileus, but early enteral feeding prevents some of  these
potential complications.

The best management for the gut and the patient in total
is sufficient enteral nutrition. Ascertaining the amount and
type of  nutrition is the subject of  Chapter 28 on nutritional
support. It is worth noting here that feeding the gut pro-
motes mucosal barrier function, nourishes the patient, and
promotes bile flow, elimination of  hydrophobic wastes, and
an anabolic hormonal release from the gut and pan-
creas.142,143 In determining the amount to feed, measure-
ment of  resting energy expenditure is superior to equations
used to estimate caloric needs, such as the World Health
Organization (WHO), Schodield-HW, and Harris-Benedict
equations and, as such, should be used to calculate feeding
goals.144

Stress ulceration of  the stomach and duodenum, on the
other hand, can be prevented effectively with antacid
therapy. In the 1970s, stress ulceration leading to life-
threatening hemorrhage was common. The mechanism of
injury corresponds to an imbalance between protective
factors, such as mucus production, protective prostaglan-
din output, and bicarbonate secretion, and injurious factors,
such as decreased blood flow and acid production. Gastric
ulcers developed in the watershed zones between capillary
beds, which are worsened by gastric acid-induced injury.
With today’s use of  standard critical care techniques,
including gastric acid suppression and expeditious wound
closure, upper gastrointestinal bleeding is relatively rare.
When it occurs, treatment is congruent with standard
upper gastrointestinal bleeding protocols through identifi-
cation of  the bleeding source and control with local tech-
niques or surgery when required.

Abdominal compartment syndrome has proved a signifi-
cant risk. This is associated with massive volume resuscita-
tion, inducing generalized edema in a relatively limited
abdominal compartment. It eventuates in decreased gut
blood flow and renal blood flow causing oliguria and bowel
ischemia.145 The tragedy is that the early sign of  this condi-
tion is low urine output, which is commonly addressed by
more intravenous fluid, which only worsens the case. The
associated physical finding is abdominal distension. An esti-
mate of  intraabdominal pressure can be obtained by pres-
sure monitoring of  the bladder; pressures of  greater than
30 torr are concerning and should instigate further inves-
tigation. Treatments are aimed at reducing intraabdominal
pressures through drainage, sedation, and paralysis, or
decompressive laparotomy if  needed.146 Unfortunately
those with burns of  greater than 40% TBSA are at highest
risk for abdominal compartment syndrome and have a mor-
tality rate approaching 100% when treated with decom-
pressive laparotomy.87 Therefore the best treatment for this
condition is prevention through judicious resuscitation, as
discussed in Chapters 8 and 9 on burn edema and resuscita-
tion, respectively.

The liver also plays a critical role in the recovery from
burn injury. Acute liver failure is a rare occurrence in burn
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conversion from an oliguric to a nonoliguric state improves 
outcomes.

The initial care of  patients with AKI is focused on revers-
ing the underlying cause and correcting fluid and electro-
lyte imbalances. Renal failure is heralded by a decrease in 
urinary output. Volumes of  urine of  less than 1 mL/kg per 
hour may indicate the onset of  AKI. This failure may be due 
to a prerenal cause, which is typically due to decreased 
renal blood flow from hypoperfusion, or intrinsic renal 
causes, which are associated with medications, rhabdomy-
olysis, or sepsis. Differentiation between these etiologies can 
be made with laboratory examinations (Table 32.4). Prer-
enal etiologies are associated with concentrated urine 
(urine osmolarity >400 mmol/kg), decreased urinary 
sodium concentrations, and decreased fractional excretion 
of  sodium. Intrinsic renal causes will be associated with a 
more dilute urine with higher sodium concentrations. 
These tests should be performed before diuretics are admin-
istered because this treatment will increase urinary sodium 
and decrease urine osmolality even in prerenal conditions. 
In general, urine osmolarity and urinary sodium concen-
trations are primarily used for these determinations because 
of  the ease of  measurement. In terms of  clinical utility, 
renal dysfunction is often a mixture of  prerenal and intrin-
sic causes, making treatment decisions difficult.

Should these tests reveal a prerenal cause, volume opti-
mization should ensue to prevent further renal ischemia, 
although in the fluid overloaded patient with heart failure 
inotropes may be necessary. Physical examination and 
invasive monitoring, if  deemed appropriate, should guide 
this volume replacement. The decision to administer or 
remove fluids may prove difficult, however, because both 
strategies have detrimental consequences if  followed inap-
propriately. Although volume replacement is ineffective in 
restoring renal function once tubular necrosis is estab-
lished, it remains the most effective prophylactic strategy, 
and so is generally the place to start at the onset of  renal 
failure.

Owing to the wide variation in the definition of  AKI, 
reporting an accurate incidence, as well as resultant out-
comes, has been problematic. In an effort to resolve this 
and standardize the classification of  AKI, the Acute Dialysis 
Quality Initiative (ADQI) developed and reported the Risk, 
Injury, Failure, Loss of  function, End-stage (RIFLE) renal 
disease criteria.158 More recently, the Acute Kidney Injury 
Network (AKIN) proposed a modified version of  the RIFLE 
system because of  a number of  identified limitations. These 
revised criteria are intended to simplify the definition and 
make it more clinically applicable. According to the AKIN 

is the more common of  the three causes and is induced by 
hypoperfusion from an imbalance between vasoconstrictive 
and vasodilatory factors acting on the small renal vessels 
during low-flow states. Decreased flow to the renal cells 
directly alters endothelial cell function, reducing the pro-
duction of  and response to vasodilatory substances. The 
renal medulla is the portion of  the kidney most sensitive to 
hypoxia, and the damage is initially to the renal tubular 
cells. The outer medulla and proximal tubules have high 
oxygen requirements, and the resulting ischemia causes 
swelling of  tubular and endothelial cells, with necrosis, 
apoptosis, and inflammation evident on a histologic exami-
nation. These changes lead to further vascular congestion 
and decreased blood flow, resulting in more cell loss and 
further decrements in renal function. Characteristic tubular 
casts can be seen on urine microscopy that is diagnostic for 
ATN.

After the initiating event, tubular function and glomeru-
lar filtration rate (GFR) decrease to reduce urine produc-
tion. The progression of  AKI is commonly divided into three 
phases: initiation, maintenance, and recovery; it can be 
oliguric (urine output <400 mL/day) or nonoliguric (urine 
output >400 mL/day) in nature. Patients with nonoliguric 
AKI have a better prognosis than oliguric AKI patients, 
probably due in large measure to the decreased severity of  
the insult and the fact that many have drug-associated 
nephrotoxicity or interstitial nephritis.151

Once AKI is established, pharmacologic improvement of  
renal blood flow will not reverse the injury. Agents such as 
dopamine, which was commonly used in the past to dilate 
renal arterioles and increase renal blood flow via dopamine 
receptors, have been shown to be mostly ineffective.154 
Recently the potent dopamine-1 receptor agonist fenoldo-
pam has garnered some interest as an agent to improve 
renal perfusion and outcomes. A meta-analysis of  random-
ized controlled trials demonstrated that low-dose fenoldo-
pam (0.03–0.09 µg/kg per minute) may be of  benefit in 
reducing the need for renal replacement therapy and hos-
pital mortality when used in septic patients with either 
established AKI or at high risk for AKI in a mixed ICU popu-
lation.155 Its use in this setting has been reported in a non-
controlled study in burned patients, with improvement in 
renal function (increased urine output and decreased serum 
creatinine) and without any hypotension at the low dose.156 
Further work will need to be done in the burn population 
to fully determine its efficacy.

Diuretic therapies, such as mannitol and loop diuretics, 
have been used extensively in patients with AKI to increase 
urine flow and protect the kidney from further ischemic 
damage. Mannitol can reduce cellular swelling in the proxi-
mal tubule and increase intratubular flow, thus potentially 
decreasing intratubular obstruction and further renal dys-
function. Mannitol has been previously recommended 
along with vigorous volume replacement and sodium bicar-
bonate for the treatment of  early myoglobinuric acute 
kidney injury. However recent evidence suggests a lack of  
benefit and a need to reevaluate this practice.157 Loop 
diuretics also increase intratubular flow rates and can 
convert an oliguric state to a nonoliguric state, thereby 
facilitating clinical management of  renal failure. While 
patients with nonoliguric AKI are generally easier to 
manage from a volume standpoint, there is no evidence that 

Table 32.4 Laboratory Tests to Distinguish Prerenal 
from Intrinsic Renal Failure

Examination Prerenal Intrinsic Renal

Urine osmolality (mmol/kg) >400 <400

Urinary sodium (mEq/dL) <20 >40

FENa (%)* <1 >2

*FENa, fractional excretion of sodium, calculated as (U/PNa/U/PCr) × 100,
where U is urinary concentration, and P is plasma concentration. Na is 
sodium and Cr is creatinine.



32 • Critical Care in the Severely Burned: Organ Support and Management of Complications 351

that the patient is volume overloaded. Reducing the volume 
of  fluid given can also alleviate volume overload in burned 
patients. These patients have increased insensible losses 
from the wounds that can be roughly calculated at 
3750 mL/m2 TBSA wound plus 1500 mL/m2 TBSA total. 
Reducing the infused volume of  intravenous fluids and 
enteral feedings below the expected insensate losses may 
alleviate some of  these problems.

However it is important to continue sufficient nutritional 
delivery to the patient and balance this against the renal 
function, utilizing diuretics and even dialysis to ensure an 
excessive nutrient debt does not develop. Reducing potas-
sium administration in enteral feedings and giving oral 
bicarbonate solutions can minimize electrolyte abnormali-
ties. Almost invariably, severely burned patients require 
exogenous potassium because of  the heightened aldoste-
rone response resulting in potassium wasting. Therefore 
hyperkalemia is rare, even with some renal insufficiency. 
Indeed, spironolactone is generally a wise adjuvant to loop 
diuretics in burn patients due to this potassium wasting.

Intermittent dialysis remains a viable replacement 
therapy for severe AKI in the hemodynamically normal ICU 
patient, although this is changing. The indications for dialy-
sis are edema and volume overload, electrolyte abnormali-
ties not amenable to other treatments, or refractory acidosis. 
In recent years, continuous renal replacement therapies 
(CRRT) have emerged as another option for critically ill 
patients with AKI. The advantages of  continuous over 
intermittent treatment include more precise fluid and meta-
bolic control, increased hemodynamic stability, and the 
enhanced ability to remove injurious cytokines. Addition-
ally many BICU surgeons perform CRRT without use of  
nephrologists or dialysis nurses, thus making the timely 
application of  CRRT practical as a component of  burn criti-
cal care. Disadvantages constitute the need for heightened 
surveillance, heavy resource and nursing utilization, and 
slower overall clearance compared to intermittent dialysis.

Peritoneal dialysis (PD) is another option for AKI in 
burned patients.163 Catheters can be placed at the bedside 
with near-continuous exchanges to improve electrolyte and 
volume overload problems. The capital required for this 
treatment is minimal and surgeons unable to perform CRRT 
can easily place a catheter and begin PD. Hypertonic solu-
tions are used to remove fluid volume, and the concentra-
tions of  potassium and bicarbonate are modified to produce 
the desired results. The dwell time is usually 30 min, fol-
lowed by 30 min of  drainage. This treatment can be repeated 
in cycles until the problem is resolved. For maintenance, 
4–6 such cycles a day with prolonged dwell times (1 h) is 
usually sufficient during the acute phase. This treatment is 
known to be useful in burned patients but has not received 
a significant amount of  study.

HEMATOLOGIC BURN CRITICAL CARE

Burn patients are subject to major blood loss due to phle-
botomy and surgery. As such, they can suffer intravascular 
hemolysis in burn wounds. They also suffer hematopoietic 
suppression or modulation from inflammation and adren-
ergic causes. Coagulation factors and platelets can be con-
sumed, creating a consumptive coagulopathy. Resultantly 
transfusion is a standard component of  burn critical care.

criteria, stage 1 AKI is delineated by “an abrupt (within
48 hours) reduction of  kidney function currently defined
as an absolute increase in serum creatinine of  more than
or equal to 0.3 mg/dL, a percentage increase in serum cre-
atinine of  more than or equal to 50% (1.5-fold from base-
line), or a reduction in urine output (documented oliguria
of  less than 0.5 mL/kg per hour for more than 6 hours).”
Stages 2 and 3 are the same as RIFLE—Injury and Failure,
respectively.159

In burned patients, investigators showed that the inci-
dence and outcomes of  greater than 20% TBSA burned
patients with AKI using RIFLE criteria was 24% (12% Risk,
8% Injury, and 5% Failure). Associated mortality was 14%,
which increased directly with each RIFLE class (7% normal,
13% Risk, 40% Injury, and 83% Failure). Renal dysfunction
occurred within 7 days in 55% of  affected patients and
completely recovered in all survivors; pulmonary dysfunc-
tion was present in all. Sepsis was a possible aggravating
factor in acute kidney injury in 48%. They concluded that
AKI is common after severe burn, develops within days of
injury, and parallels other organ dysfunction.160 These data
confirm earlier studies showing that the development of
renal failure is associated with dismal outcomes. Minor dys-
function does not necessarily correlate to progression and
mortality, giving hope to therapies designed to maintain
renal function after severe burn.

Another study examined the incidence of  renal dysfunc-
tion in burned patients, defined by serum creatinine levels
of  greater than 1.4 mg/dL. Thirty-nine percent of  patients
admitted to the BICU developed renal insufficiency, of  which
33% underwent renal replacement therapy. Associated
mortality in those with renal insufficiency was 44%. Those
who developed renal insufficiency within 5 days of  thermal
injury had a higher mortality than those with later onset.
Of  interest, all survivors regained normal renal function
later in their course.153 The next study investigated early
markers of  renal dysfunction and found that elevations in
urinary microalbumin and malondialdehyde (both three-
and fourfold) were present in all burn patients with even-
tual renal dysfunction.161 These may come to be indicators
of  risk for injury that can be acted upon early to prevent
progression to more severe degrees of  failure and thereby
improve outcomes.

The last study investigated the role of  continuous veno-
venous hemofiltration (CVVH) in the treatment of  renal
dysfunction after severe burn. Investigators compared a
population of  patients treated with high-volume CVVH (at
least 50 mL/kg per hour) compared to nontreated historical
controls and found that both 28-day and mortality improved
by 50% with this therapy.162 A multicenter RCT comparing
early high-volume CVVH (70 mL/kg per hour) to standard
care is under way in this high-risk population (ClinicalTri-
als.gov Identifier: NCT01213914).

After ensuring adequate volume status, every effort
should be made to prevent other causes of  renal injury. All
nephrotoxins should be discontinued or avoided. Hyperka-
lemia may develop and can be treated with resins, glucose
and insulin, and sodium bicarbonate in the presence of
metabolic acidosis. Medications eliminated through the
kidney should be adjusted. Once the diagnosis of  AKI is
established, consideration can be given to diuretic therapy
or the early initiation of  CVVH, especially if  it is determined
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Burn wounds create a hypercoagulable environment due 
to the procoagulant effects created by the release of  suben-
dothelial collagen and also of  tissue thromboplastin leading 
to a high risk of  venothromboembolism (VTE). Data from a 
University of  Michigan study demonstrated a substantial 
incidence of  deep venous thrombosis (DVT) in 23% of  their 
burned population with TBSA of  less than 30%.174 Several 
methods have been advocated to reduce the incidence of  
complications, including DVTs and capillary thrombosis, 
from this hypercoagulable state. One treatment, first pro-
posed by Leyvraz, maintains a prothrombin time (PTT) of  
1.2 times normal values using a sliding scale unfraction-
ated heparin protocol.175 This can be achieved via either a 
subcutaneous route or IV route; our institution prefers to 
use the intravenous route with monitoring of  the PTT, 
starting with a dose of  5 units/kg per hour. Other methods 
include standard prophylaxis with low-molecular-weight 
heparin (LMWH).176 The altered pharmacokinetics of  burn 
patients benefit from factor Xa monitoring to assure pro-
phylactic anticoagulation with LMWH. In a meta-analysis 
of  RCTs involving 7226 ICU patients, those receiving any 
heparin-based VTE compared with placebo demonstrated 
reduced rates of  DVT (relative risk [RR] 95%; confidence 
interval [CI] 0.41–0.63) and pulmonary embolism (PE) (RR 
0.28–0.97), but not symptomatic DVT (RR 0.59–1.25), 
major bleeding (RR 0.56–1.21), or mortality (RR 
0.78–1.02). LMWH was more effective compared to unfrac-
tionated heparin reducing rates of  PE (RR 0.39–1.00) and 
symptomatic PE (RR 0.34–0.97), but not DVT (RR, 
0.74–1.08), symptomatic DVT (RR 0.60–1.25), major 
bleeding (RR 0.75–1.26), or mortality (RR 0.82–1.04).177 
Overall, specifically in patients not actively hemorrhaging 
or where prophylaxis is contraindicated, VTE prophylaxis 
should be addressed.

ENDOCRINE BURN CRITICAL CARE

The role of  the endocrine system in burn injury was thor-
oughly addressed previously in Chapter 23, so here we will 
focus on the practical critical care implications. Hypergly-
cemia and insulin resistance are common in the critically 
ill, and the burned patient is no exception. In 2001, Greet 
van den Berge reported in a landmark trial that intensive 
insulin treatment with continuous infusions of  insulin 
aimed at normalizing blood glucose levels between 80 and 
110 mg/dL reduced bloodstream infections and acute 
kidney injury and improved mortality.178 This study was 
among the first to show some benefit of  a treatment for all 
critically ill patients. Since this study, most intensivists 
throughout the world have targeted glucose control in a 
more normal range through the use of  insulin. This may 
have other beneficial effects because investigators have 
shown an anabolic benefit of  insulin treatment in burned 
patients in terms of  muscle mass.179 Intensive insulin treat-
ment significantly decreases sepsis and infections, as well as 
reducing organ dysfunctions, thereby reducing IL-6 and 
acute-phase proteins. There was a trend toward reduced 
mortality; however the study was not sufficiently powered 
for this outcome.180

The particular range to which glucose should be con-
trolled has not been firmly established, however, as the 
latest large-scale study on glucose control in the ICU did not 

The threshold for transfusion in the euvolemic patient 
has been lowered over the past decades through sequential 
studies. Concomitantly the indication for transfusion in the 
setting of  active hemorrhage has been expanded. In a land-
mark study in the New England Journal of  Medicine, Holst 
et al. demonstrated in septic shock a transfusion threshold 
of  7 mg/dL.164 Lelubre et al. subsequently showed this to be 
a safe threshold in burn patients, although they did note a 
5.9% rate of  protocol suspension for myocardial ischemia 
in 1.2% of  burn patients or life-threatening bleeding in 
3.7%.165 Palmieri and Greenhalgh similarly demonstrated 
that restrictive blood transfusion does not adversely impact 
outcomes and causes significant savings.166 In a series of  
greater than 60% TBSA burned children with inhalation 
injury, Jeschke and Herndon determined high transfusion 
patients (>20 units PRBC/>5 FFP) had their risk of  sepsis 
increase from 8% to 58%, and they concluded that the 
immunocompromising effect of  blood transfusion may be 
the etiologic factor.167 Collectively these data support the 
practice of  restrictive transfusion in the euvolemic burn 
patient without active hemorrhage.

In patients undergoing active hemorrhage, those who are 
at risk of  or are in hemorrhagic shock, transfusion is criti-
cal. This occurs commonly during burn excision or in the 
postoperative resuscitation. These patients should be 
actively and rapidly transfused, as would be done in any 
trauma, with a goal of  maintaining euvolemia, hemoglo-
bin, clotting factors, normal pH, and temperature. U.S. 
Army data have demonstrated that whole blood transfusion 
is associated with improved survival compared to resuscita-
tion with blood components for hemorrhagic shock. 
However whole blood is not yet available in the civilian 
world; groups are working to develop a civilian equivalent 
with storage stability at 4°C for 15 days.168

The current standard is to transfuse blood components 
in a 1 : 1 ratio of  red cells to plasma. Pidcoke et al. did find 
the amalgamated transfusate samples administered to burn 
and soft tissue excision patients produced abnormally weak 
clots and have inferior platelet functions, thus concluding 
the transfusates were not hemostatic.169 Regardless, given 
the currently available products, these component-based 
therapies are the standard of  care.

In addition to meticulous and rapid techniques, epi-
nephrine, thrombin, and direct pressure, antifibrinolytic 
therapy has also been used to limit intraoperative hem-
orrhage during burn excision. In the CRASH-2 trial, 
tranexamic acid (TXA) was shown in a double-blind RCT 
to reduce all-cause mortality and severe blood loss in trau-
matic bleeding.170–172 However TXA use has only been 
defined topically in one burn case study, although a clini-
cal trial is currently examining its parenteral value in burn  
wounds.33

Finally, transfusions of  albumin or fresh frozen plasma
(FFP) are key components of  resuscitation, both in the
acute burn setting and also in the critical care setting. As
discussed extensively in Chapter 8 on burn edema, large-
volume resuscitation with crystalloid damages the endovas-
cular glycocalyx, thereby encouraging edema. This damage
is limited with colloidal resuscitation, particularly plasma.173

In select patients where interstitial or pulmonary edema is
of  significant concern, resuscitation with plasma transfu-
sion may thus be indicated.
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associated with recovery and healing.189,190 The current 
standard for diagnosis is a high index of  suspicion and fre-
quent culturing of  wounds, lines, blood, airways, urine, and 
any other potential source. Suspicion must as well be main-
tained for invasive yeast and molds, viruses (most especially 
herpetic viruses), and, of  course, bacteria.

Potential does exist for elevations in procalcitonin (PCT) 
to be associated with a higher risk of  infection, this being 
linked to pathogen infection presumably through PAMPs 
rather than DAMPs. An interesting study from Iran exam-
ined the role of  white blood cells, sedimentation rate, 
C-reactive protein, and PCT in diagnosing sepsis in the
severely burned. The authors found that PCT was the only 
test with any distinguishing capacity and accuracy.191

In a recent meta-analysis of  566 patients from nine trials 
of  sepsis in burn patients, PCT demonstrated a sensitivity 
of  0.74 and a specificity of  0.88.192 In a subsequent study, 
a protocol was instituted utilizing PCT to determine dura-
tion of  antibiotic therapy in 46 burn BICU patients. Antibi-
otic duration was significantly reduced without relapse of  
infection, increase in mortality or organ failure, or increase 
in length of  stay.193 PCT has not yet become a standard of  
care; however data continue to support its utility in the 
burn population.

Prevention of Organ Failure

This brief  outline of  the potential pathophysiology and 
causes of  burn-induced critical illness and MOF demon-
strates the complexity of  the problem. Prevention of  organ 
failure is the subject of  Chapter 30. Because different 
cascade systems are involved in the pathogenesis, it is cur-
rently impossible to pinpoint a single mediator or system 
that initiates the event. Thus because the mechanisms of  
progression are not well known and specific treatments 
cannot be accurately devised, it seems that prevention is the 
best solution. Current recommendations are to prevent the 
development of  organ dysfunction and provide optimal 
support to avoid the conditions that promote its onset. In 
burned patients this can be accomplished most reliably 
through expeditious wound closure, rapid mobilization of  
the patient, and prompt identification of  and treatment of  
early infections.

Conclusion

Burn critical care is predicated on seven key factors: suffi-
cient goal-directed fluid resuscitation; early burn excision 
and wound coverage; aggressive antimicrobial and source 
control of  sepsis; aggressive nutritional support; active 
warming; aggressive physical, occupational, and respira-
tory therapy; and aggressive and continuous support of  
organ failures until such time as the patient can heal. This 
care has reduced mortality over the past three decades, in 
large part through the development of  specialized units for 
the care of  burned patients. These units are equipped with 
the personnel and equipment to deliver state-of-the-art 
care. Better understanding of  the processes of  critical illness 
and MOF has led to effective prevention strategies and treat-
ment modalities. Further advances in the understanding of  

find a benefit to keeping glucose in the normal range, but
rather indicated a higher range might have been even more
beneficial.181 The caveat to this analysis is that, on a post-
hoc basis, injured patients had better outcomes with a
normal glucose range rather than higher. However a
growing body of  evidence has demonstrated that hypogly-
cemic episodes (<60 mg/dL) cause increased length of  stay,
more infections, sepsis, MOF, and mortality.182 Interestingly
these negative outcomes and mortalities were not an acute
result of  the hypoglycemia, thus indicating there are lasting
negative effects of  transient and even successfully treated
hypoglycemias. As such, the Society of  Critical Care Medi-
cine tolerates higher blood glucoses, in the 150–180 mg/
dL range.71 Methods to balance the benefits of  euglycemia
with the risks of  hypoglycemia remain an active area of
study in critical care.

In another landmark trial, cortisol levels were found to
be low in many critically ill patients, and a mortality benefit
accrued with physiologic replacement with hydrocorti-
sone.183 This study highlighted that hypocortisolemia is, at
the very least, associated with septic shock and hypoten-
sion, and that replacement with hydrocortisone at 50 mg
every 6 h improves outcomes. The same was seen in burned
patients in the ICU.184,185 This occurs despite the demon-
strated fact that burn patients are in a hyperadrenal state.186

It must be noted, however, that the benefits seem to be
limited to those with relative adrenal insufficiency assessed
by corticotropin stimulation, as seen in the follow-up COR-
TICUS trial.187 Regardless, in the case of  hypotension unre-
lated to hypovolemia in burn patients, cortisol levels and
adrenal stimulation can be performed to determine whether
relative adrenal insufficiency exists.

Venet et al. performed a placebo-controlled, double-blind
RCT testing hydrocortisone in BICU patients suffering from
refractory shock, defined as greater than 0.5 µg/kg per
minute of  norepinephrine. They found a significant reduc-
tion of  norepinephrine treatment duration. Of  note, 78% of
these patients had a negative corticotropin stimulation test.
They concluded low-dose hydrocortisone in burn patients
with refractory shock reduces vasopressor administra-
tion.188 These data thus obviate the value of  cortisol stimu-
lation tests. In a subsequent study, Winter et al. demonstrated
that a hydrocortisone bolus of  100 mg followed by a
0.48 mg/kg per hour infusion improved norepinephrine
dosing in burn survivors, but not in nonsurvivors.185

Burn surgeons are typically reticent to risk the negative
wound healing and immunosuppressive complications of
glucocorticoids. However, in the setting of  refractory shock,
a trial of  steroids can prove diagnostic and therapeutic. Fur-
thermore high-dose vitamin A can be utilized to ameliorate
the wound-healing complications.140

INFECTIOUS DISEASE BURN CRITICAL CARE

Sepsis is a leading cause of  mortality in burn patients and
is the subject of  Chapter 11. Sepsis has two potential causes:
infection or inflammation without infection. Reliable detec-
tion of  those patients with some component of  infection is
crucial. Our difficulty in severe burns is delineating this
because traditional screening indicators for infection, such
as temperature and white blood cell count, are unreliable
because of  the massive hypermetabolism and inflammation
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the mechanisms of  the progression from SIRS to MOF might 
engender new breakthroughs that can be expected to 
further improve the outcomes of  burned patients.
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always with the patient, to monitor the patient’s vital signs 
and urine output and notify the physician of  changes to 
ensure an adequate fluid and cardiovascular status. An 
adult should maintain a urine output of  0.5 cc/kg per hour 
and a child should maintain a urine output of  1.0 cc/kg per 
hour. Lower urine volume rates may indicate hypovolemia, 
which can lead to cardiovascular collapse. Resuscitation 
fluids are to be started as soon as the patient first comes in 
contact with medical personnel. This is normally accom-
plished with IV fluids using resuscitation formulas designed 
for adults or children, or through oral ingestion of  fluids.2 
The goal is to provide adequate fluid resuscitation to main-
tain a normal cardiovascular status, perfusion of  organs 
and tissues, and an adequate urine output.

Inhalation injury continues to be the most serious and 
life-threatening complication of  burn injury. Early diagno-
sis and treatment greatly impact the outcome of  care. 
Impaired gas exchange is a potential problem for patients 
who have face and neck burns and/or inhalation injury. 
Inhalation injury may include carbon monoxide poisoning, 
upper airway injury (heat injury above the glottis), lower 
airway injury (chemical injury to lung parenchyma), and 
restrictive defects (circumferential third-degree burn 
around the chest). Upper airway edema causes respiratory 
distress and is the primary concern during the initial 24- to 
48-hour postburn phase. Tracheobronchitis, atelectasis,
bronchorrhea, pneumonia, and adult respiratory distress 
syndrome (ARDS) may occur during the acute postburn 
stage either related or unrelated to inhalation injury.

Nursing care of  a patient with inhalation injury begins 
with a detailed history of  the accident. Inhalation injury is 
suspected when the accident occurred in a closed space. 
Close observation of  the patient and frequent respiratory 
assessments are made throughout the initial and acute 
phase postburn. Initially the patient is observed for hoarse-
ness and stridor, which indicate narrowed airways. Emer-
gency equipment is placed at the bedside to facilitate 
intubation if  necessary. Observing an increased frequency 
of  cough, carbonaceous sputum, and increased inability to 
handle secretions may indicate possible inhalation injury 
and the potential for impaired gas exchange. Other impor-
tant observations include respiratory rate, breath sounds, 
the use of  accessory muscles to aid in respiratory effort, 
nasal flaring, sternal retractions, increased anxiety, and 
complaint of  shortness of  breath. Disorientation, obtunda-
tion, and coma may be due to significant exposure to smoke 
toxins such as carbon monoxide or cyanide. These condi-
tions are managed emergently with 100% oxygen.

Bronchoscopy may be done early to diagnose inhalation 
injury as well as to facilitate airway clearance. Humidified 
oxygen should be readily available and applied to patients 
who have evidence of  impaired gas exchange (especially 

Introduction

The bedside nurse caring for the severely burned patient is
given more responsibility than in most types of  serious
illness. It is extremely important that the nurse be an inte-
gral part of  the team of  people caring for the burned
patient.1 This is as important when modern burn care
began as it is today. Care begins with the immediate resus-
citation of  the patient in the emergency department and
continues until discharge, through rehabilitation and sur-
gical reconstruction, until the patient is completely recov-
ered and reintegrated into society. During the acute
hospitalization, the nurse caring for the burned patient
spends more time with the patient than any other member
of  the burn team. Because of  this, especially during the
acute hospitalization, the nurse is the best person to notice
changes in patient condition and status and must continu-
ously keep various team members updated on changes.
Physical changes can include fluid balances, cardiovascular
changes, neurological status changes, and tolerance of
nutritional feedings. The nurse may also be the best person
to act as patient advocate for psychosocial needs such as
pain control, anxiety, and the like.

Emergency Needs: Resuscitation
and Pulmonary Priorities

One of  the first priorities in caring for the burn patient after
assuring that the patient’s airway is secure is to address
cardiovascular needs. After a patient receives a severe burn
injury, a leakage of  fluids into the area of  the burn injury
causes swelling and may prevent circulation to that and
distal areas. Circumferential burns especially need to be
monitored to ensure there that is adequate circulation to
the surrounding tissues and areas distal to the burn. Pulses
must be checked hourly, and any diminished or absent
pulses should be reported to the physician immediately.
Another complication is circumferential third-degree burns
around the chest and neck, which often cause restrictive
defects. The increased amount of  edema, combined with
decreased chest excursion, may greatly decrease tidal
volume. This condition may progress and can become life
threatening, in which case chest escharotomy may be nec-
essary to release the constricting eschar. The procedure
may be done at the bedside or in the operating room. Equip-
ment includes sterile drapes, scalpel, and electrosurgical
unit (to control bleeding).

As fluids shift from the cardiovascular system to the
interstitial regions of  the burn, there may be a subsequent
drop in blood pressure and organ perfusion and a decrease
in urine output. It is the responsibility of  the nurse, who is
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Wounds may consist of  eschar, pseudo eschar, skin buds, 
autografts, donor sites, hypermature granulating tissue, 
blisters, and exposed bone and tendons. In addition to the 
many kinds of  possible wounds, there are many topical 
antibacterial agents available for managing wounds. These 
choices raise many decisions for the team to address. Topical 
antimicrobial creams and ointments include mafenide 
acetate, silver nitrate, silver sulfadiazine, petroleum and 
mineral oil-based antibacterial products, and Mycostatin 
powder. Wounds may be treated in the open fashion (topi-
cals without dressings) or closed fashion (topicals with 
dressings or soaks). There are several techniques for apply-
ing dressings to different areas of  the body that need to 
be able to withstand exercise, ambulation, and moving 
around in bed. Biological dressings, such as homografts or 
heterografts, may be used as temporary wound coverage. 
Dressings may also be synthetic or biosynthetic or silver-
impregnated. Selection is based on the present condition of  
the wound and the expected outcome.

Secondary goals of  wound care are to promote healing 
and to maintain function of  the affected body part. These 
goals are accomplished by preventing wound infection, 
treating wound infection, preventing graft loss and tissue 
necrosis, providing personal hygiene, and maintaining 
correct positioning and splinting throughout hospitaliza-
tion. To prevent burn wound infection, the burn nurse 
must cleanse the wound with soap and water; débride 
the wound of  loose necrotic tissue, crusts, dried blood, 
and exudate; apply topicals or dressings; and ensure that 
dressing changes are ordered and done. The nurse must 
inspect the wound for evidence of  infection: cellulitis, odor, 
increased wound exudate, and/or changes in exudate; 
changes in wound appearance; and increased pain in the 
wound. The physician should be notified so that changes 
in wound care can be made. Cultures and biopsies may 
be ordered to identify the type and count of  organisms, 
and infected wounds are treated with a specific systemic 
antibiotic, topical dressing, soak, or a combination of  all 
treatments. The wound is often the source of  bloodstream 
sepsis. The five cardinal signs of  sepsis are hyperventilation, 
thrombocytopenia, hyperglycemia, disorientation, and  
hypothermia.8

Preventing graft loss is another wound care challenge for 
nursing. Usually the patient returns from the operating 
room in a position that is maintained for 3 or 4 days. Any 
interaction with the patient during this time of  graft immo-
bilization requires creativity and care in order to prevent 
shearing of  the graft. Postoperative dressings on the thighs 
and back are protected with Polysporin/polymyxin and a 
fine-mesh gauze to prevent soiling by feces and to minimize 
cleanup. The dressings are continuously monitored for 
increased drainage and odor, which would indicate possible 
wound infection. If  infection is suspected, then the postop-
erative dressings may be removed early for a closer inspec-
tion of  the wound.

Donor sites will also require additional care to prevent 
infection. Of  course, the postoperative care depends on the 
coverage of  the donor site. If  the donor site is covered with 
fine-mesh gauze, initial care is to ensure homeostasis and 
adherence of  the gauze to the wound. Therefore the postop 
pressure dressing remains intact for 6–12 hours and is then 
removed. The focus of  managing the donor site is to keep 

pediatric patients). Aggressive nasotracheal suction may be
indicated if  the patient has difficulty managing secretions
either because of  the increased amount of  secretions and/
or the decreased effectiveness of  the cough. In addition,
aggressive pulmonary toilet, including turning, coughing,
deep breathing, and up and out-of-bed rocking in mother’s
arms may be done regularly and frequently. Elevation of  the
head of  the bed, unless contraindicated, will also support
and possibly improve ventilation. Trends and changes
should be correlated with laboratory results and shared
with the team.

Intubation and mechanical ventilation may be required
to improve gas exchange. Tube placement should be checked
and documented frequently and verified daily by X-ray.
Securing the endotracheal tube requires a standard tech-
nique for stabilization and prevention of  pressure necrosis.
Adequate humidity is necessary to prevent secretions from
drying and causing mucous plugging. Remember to provide
pre-/postsuctioning hyperoxygenation. Sterile technique is
used when suctioning to prevent infection. Attention to the
details of  oral hygiene will provide comfort for the patient
and may reduce the occurrence of  ventilator-associated
pneumonia related to colonization in the oral pharynx.3

Criteria for extubation depend on the reasons that the
tube was inserted initially, but, overall, stable vital signs and
hemodynamic parameters will support the plan for extuba-
tion. The patient should be awake and alert in order to
protect the airway; therefore pain medications may be
reduced before extubation. Ventilatory measurements and
blood gas analysis should be within normal limits.

Immediately following extubation, the nurse must be
alert for signs and symptoms of  respiratory distress, admin-
ister suction as needed, monitor blood gas measurements,
and provide optimal positioning for ventilation, as well as
provide reassurance and support to decrease anxiety.

Age, burn size, and the presence of  inhalation injury and
pneumonia have been identified as major contributors to
mortality.4 Thus vigilant nursing care (frequent nursing
assessments, aggressive pulmonary toilet, etc.) combined
with anticipating potential problems and being prepared to
deal with those problems will add to the team effort and
possibly improve patient outcome.

Acute Care of the Burn Wound

The primary goal for burn wound management is to close
the wound as soon as possible. Prompt surgical excisions
of  the eschar and skin grafting have contributed to reduced
morbidity and mortality in severely burned patients.5–7

Wound care in the burn unit has become a specialized
art of  burn nursing practice. It can be extremely challeng-
ing and complicated, and, for a new nurse, it can be the
most difficult and misunderstood part of  burn nursing. The
complexity exists because of  the variety of  wound types,
each of  which requires different interventions in relation
to time postburn or time postoperative. Wound assess-
ment and care is a learned skill that develops over time.
These skills must be taught by experienced nurses to new
burn nurses. Assessment of  the burn wound takes place
in the hydrotherapy area, the operating room, and at
the bedside.
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Surgical Care

The perioperative setting combines a number of  profession-
als with different levels of  experience and expertise, all 
directed toward patient care. Each team member has a spe-
cialized role: the surgeon provides surgical intervention, the 
surgical technician supports the surgeon, the anesthesiolo-
gist or certified registered nurse anesthetist (CRNA) pro-
vides life support functions, and the circulating nurse’s role 
is to provide safe patient care by ensuring that all team 
members adhere to professional standards and guidelines. 
The perioperative nurse is a professional registered nurse 
who provides nursing care to patients in the preoperative, 
intraoperative, and postoperative phases of  surgery. Periop-
erative burn nursing care can be described as hot, intense, 
and demanding. Burn nursing, in fact, represents one of  the 
profession’s most challenging specialties.

Once surgery is completed, perioperative nurses provide 
postoperative care and assessment. This phase of  nursing 
care can also be challenging for the nurse caring for the 
patient during the immediate postoperative period. Nursing 
care and plan for care depend on many factors: amount of  
blood loss, surgical time, and the site(s) and extent of  exci-
sion and grafting. The postanesthesia nurse caring for the 
burn patient must be knowledgeable about the medications 
and procedures used during surgery to provide appropriate 
safe nursing care.

Many burn-injured patients will make repeated trips to 
the operating room for surgical excision of  the burn wound 
and grafting, with grafts taken from unburned areas. These 
procedures may require the patient to be anesthetized for 
long periods of  time. Patients are at risk for pressure ulcers 
in the operating room; thus proper positioning and the use 
of  pressure-reducing devices is essential to reduce the risk 
of  pressure ulcer formation. During these operative proce-
dures the patient may lose large quantities of  blood, result-
ing in decreased tissue perfusion, and the patient may 
develop shock. Vasopressors and fluid resuscitation are the 
usual treatments for shock. Low-flow states and the use of  
vasopressors may also result in decreased tissue perfusion 
and increased risk of  pressure ulcer formation.

Postsurgery, the patient or surgical area is often immobi-
lized with large bulky dressings and splints to protect the 
grafts. These dressings need to be applied with enough pres-
sure to stop bleeding from the grafted wound and the donor 
site. But if  the dressings are applied too tightly, or if  edema 
develops after dressing application, this may cause increased 
pressure on the skin.

To prevent wound bed desiccation, antimicrobial oint-
ments or soaks are used to maintain moisture in the 
grafted wound and to aid in decreasing wound coloniza-
tion with bacteria. This moisture, when in contact with 
adjacent normal skin, may increase the risk of  tissue  
breakdown.

Inadequate nutrition prior to or after the burn injury  
is potentially a significant problem. The hypermetabolic 
response in the burn-injured patient leads to protein mal-
nutrition if  caloric intake is compromised. To reduce the 
risks of  systemic infection and to promote wound healing, 
enteral hyperalimentation is most frequently used and the 
patient is fed by nasogastric or nasojejunal tubes.

the wound dry. If  grafts/donor sites are on the back or backs 
of  the legs, the patient is placed in a Clinitron bed for 4–5 
days to promote drying. If  the donor site remains wet, addi-
tional drying techniques (hair dryers, external heaters) 
may be used periodically during the day.9

If  the donor site is covered with a synthetic or biological 
dressing, the same principles apply. Basically, a pressure 
dressing is applied to ensure adherence to the wound for a 
short period of  time postoperatively and then the wound is 
exposed to the air to support drying. A bed cradle is used to 
keep bed linen from contacting wounds. The location of  the 
graft, donor site, and eschar may all be on the same extrem-
ity, which again requires creativity to accomplish all three 
interventions of  care.

Nurses must always be vigilant when it comes to skin 
assessment; early detection and prevention is the key ingre-
dient in preventing pressure ulcers in major burn patients. 
Pressure ulcers are no longer treated as a burn wound. 
There is evidence to support nursing practices in the pre-
vention of  pressure ulcers in burn patients. Burn patients 
have many risk factors that predispose them to developing 
pressure ulcers. Initially hypovolemic shock with blood flow 
shunted away from the skin to preserve vital organ function 
is a factor. Additional injuries may increase the risk for pres-
sure ulcers, such as inhalation injury, which may require 
intubation and use of  paralytic agents to manage the 
airway. Fluid resuscitation may contribute to massive 
edema in both burned and unburned areas. The edema is 
maximized at about 2–3 days postburn, which also 
decreases the blood flow to the skin and adds weight to all 
parts of  the body.

Maintaining systemic hydration can continue to be a 
problem long after the patient has received adequate resus-
citation for burn shock. Continued fluid therapy to replace 
fluid loss through the burn wound is essential. If  systemic 
hydration is not maintained, even normal skin may be at 
risk. To complicate this situation, the quantity of  fluid lost 
through the burn wound may increase the moisture on 
normal skin adjacent to the burn wound. This moisture 
may cause the normal skin to break down and predisposes 
the skin to further compromise.

All patients, except those with skin grafts postoperatively, 
will benefit from a bath or shower. Large acute burns are 
placed on a shower cart and the wounds are gently show-
ered with warm water. The overhead heater is turned on, 
and the room temperature is maintained at 85°F (29°C) or 
higher. Large acute burns are not immersed in a tub of  
water to prevent autocontamination and electrolyte imbal-
ance.10 Hydrotherapy can be used for careful assessment of  
wounds, as well as for personal hygiene such as shampoo-
ing, mouth care, face care, and perineal care.

Hydrotherapy is an excellent opportunity for the nurse to 
teach the patient and family about wound care and dress-
ing application. As the patient gets closer to discharge, 
families are required to do more of  the care. The trend for 
earlier release from the hospital poses additional challenges 
for nursing since it reduces the time available to prepare 
the patient for discharge. The better the patient and family 
are educated, the better the outcome. Early involvement 
with patient and family helps identify potential obsta-
cles at discharge and facilitates care coordination in the  
discharge process.
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patient, leading to significant morbidity. Routine proce-
dures should be established to prevent this occurrence, and 
care should include sterilization of  the blender and limiting 
to 4 hours the amount of  time that tube feedings can be 
hung at the bedside. The tubing and container should be 
changed every 4 hours.

Sometimes when patients are encouraged to begin taking 
food by mouth, tube feedings may be discontinued during 
the day and be used only at night. Not scheduling painful 
activities around meal times and providing frequent mouth 
care will also contribute to improved oral intake.

Regular bowel patterns are expected in the postburn 
period. Patients are given many medications during hospi-
talization that may contribute to either diarrhea or consti-
pation. Patients are expected to have at least one bowel 
movement per day. If  not, then a bowel evacuation regimen 
should be considered. If  diarrhea is the problem and the 
volume exceeds 1500 mL/day, then bulking agents and/or 
antidiarrhea medication may be useful to promote routine 
bowel elimination.

The importance of  monitoring and documenting the 
many parameters of  intake and output cannot be overem-
phasized. Established clinical protocols and guidelines facil-
itate the implementation and evaluation of  the nutritional 
program.

Other strategies to support the hypermetabolic phenom-
enon of  the burn patient are to keep the room temperature 
higher than 85°F (29°C) and to keep the room door closed 
to prevent drafts. Also frequent rest periods must be pro-
vided during the day. Nursing generally makes the schedule 
of  activities for the day, so including frequent rest periods is 
just as important as anything else that needs to be done 
during the day. Adequate sleep during the night is also very 
important: often this makes the difference between a good 
day and a bad day. A quiet comfortable environment without 
sensory overload (lights and noise) is essential for the 
patient to sleep.

Nurses are the grand communicators of  progress and/or 
problems. Nurses work closely with dietitians, physicians, 
patients, and families to ensure that optimal metabolic and 
nutritional support is achieved during the postburn period.

Pain and Anxiety Assessment 
and Management

Throughout the acute phase of  care the burn patient is 
predisposed to pain and anxiety. Pain in the burn wound 
and fear of  pain cause patients to try not to move. Careful 
titration of  anxiolytics and narcotics can result in an alert 
patient who is relatively pain-free, but this requires intense 
attention to detail from the nursing staff. The expected 
outcome for pain and anxiety management is for the patient 
to achieve a balance between successful participation in 
activities of  daily living and therapies and being comfort-
able enough to rest and sleep as needed. The ultimate goal 
is for the patient to be satisfied with the pain management 
plan as it is implemented. Assessment of  pain and anxiety 
provides a baseline for evaluation of  pain and anxiety relief  
measures. Pain and anxiety scales are essential to quantify 
painful episodes and to evaluate effectiveness of  medica-
tion. Knowing when and how much to intervene is guided 

In summary, burn patients are among the high-risk pop-
ulations for pressure ulcer development. The physiology of
the burn injury combined with many of  the therapies and
treatments used during hospitalization impacts the burn
patient’s risk for pressure ulcers.

Nutrition and Metabolic Changes

Hypermetabolism, or metabolic stress, is the direct response
to a burn injury. The amount of  stress increases proportion-
ally to the extent of  the injury and strongly influences a
patient’s nutritional requirements. This response can
magnify the normal metabolic rate by 200%. Malnutrition,
starvation, and delayed wound healing will result if  calories
are not provided consistently to meet nutritional require-
ments. Children require more calorie and protein replace-
ment than do adults because they have additional nutritional
demands to support growth and development.

Managing nutritional intake and monitoring output are
among nursing’s primary responsibilities. An accurate
record of  intake and output is critical to patient care because
potential problems can be detected early and alternate
options of  care can be individualized to help the patient
achieve his or her goals. Accurate weights, daily or as
ordered, are also important. Remember to record whether
dressings, splints, or linens are included in the weight. Obvi-
ously, including additional elements does not reflect an
accurate weight, but trends in weight either up or down
may be identified and may be helpful in the overall manage-
ment of  the patient.

Typically when patients cannot consume enough calo-
ries by mouth, then enteral feedings are begun. Sometimes
enteral feedings are started before the patient is given the
option of  eating because the amount of  calories is so great
and/or the condition of  the patient is unstable. Parenteral
nutrition is used when enteral nutrition fails to deliver ade-
quate nutrition. The goal is to provide adequate nutrients,
calories, and protein. A nasogastric tube is inserted initially
and used to decompress the stomach until bowel sounds
return. Then tube feedings are started at a very low volume
per hour to act as a buffer against ulcer formation. The
nasogastric tube allows for checking hourly gastric residu-
als, gastric pH, and guaiac. If  the gastric pH falls below 5,
or if  the guaiac is positive, Maalox and Amphojel are given
every 2 hours, alternately every hour.

Aspiration of  stomach contents is a potential complica-
tion and always a concern. Gastric residuals are checked
before suctioning to prevent the patient from vomiting and
possibly causing aspiration. Another precaution is to keep
the head of  the bed elevated. A Dobbhoff  tube is also
inserted initially, and feedings are begun as soon as 6 hours
postburn. The rate starts slowly and is advanced as toler-
ated to meet the calculated amount of  nutritional replace-
ment. Tube feedings continue until the patient can take the
required amount of  calories by mouth.

Another potential problem with both tubes is dislocation;
therefore it is important to check placement periodically
throughout the day. When gastric residuals start climbing,
it may be because the Dobbhoff  tube has slipped into the
stomach or the patient is septic. Tube feedings may become
contaminated and become a source of  infection for the
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materials. All of  these parts of  the educational goal are 
agreed upon by the patient, family, and educator.

Implementation of  the plan is the next step, followed by 
a thorough evaluation of  the effectiveness of  learning and/
or determination of  whether the educational goal is being 
accomplished. Alterations in the original plan may be 
needed at any time during the educational process depend-
ing on unforeseen situations or unanticipated changes in 
conditions.

The benefits are many. This process ensures communica-
tion of  educational topics among the team members, pro-
vides a historical account of  education, and documents 
progress and/or changes in the plan. It benefits the patient 
and family by making them competent in their role as care 
provider when discharged from the hospital. Knowledge 
allays anxiety about the unknown and aids in compliance 
with recommended care after discharge, thus improving 
the long-term outcomes.15 Patients and families can be 
empowered to become active participants in the burn care 
team early in the postburn course through a well-structured 
educational plan.

Rehabilitation of the Burn Patient

A major burn is one of  the most devastating injuries, both 
physically and emotionally, known to man. After weeks of  
being an invalid, undergoing repeated surgeries, fighting 
infection, having the body ravaged by the metabolic conse-
quences of  injury, and enduring pain and anxiety, the 
patient now faces months of  continued physical therapy to 
regain the level of  function that he or she had known before 
the injury. Most patients who have sustained a major burn 
will continue to have a higher than normal metabolic rate 
for more than a year and thus find that they do not have the 
stamina to easily regain their lifestyle.16 In addition to the 
catabolic effects of  burn injury, being hospitalized and in 
bed with minimal activity for many weeks or months causes 
loss of  muscle and bone weakening. Children are more 
prone to fractures.17 During the rehabilitation phase these 
patients must continue to exercise to prevent contractures, 
but they may not have the physical strength or endurance 
necessary to actively participate in such programs. In addi-
tion, these patients frequently become depressed as they 
face an altered self-image and a forced physical dependence 
on others. They fear that they will never look normal and 
that they will not be able to return to a normal life. For 
adults, the concerns of  whether they will be able to return 
to work or have to change occupation is also a factor. What 
is the role of  the nurse at this phase of  treatment? Although 
nurses have been very involved in the care of  the patient in 
the early phases of  care, the role of  the nurse changes at 
this stage. The transition from the hospital to home care is 
often difficult for both the patient and family. It is important 
prior to discharge that the patient and family be educated 
in the care of  open wounds, healed skin, itching, pain, and 
anxiety before they leave the hospital. They also need infor-
mation about the normal depression that occurs posthospi-
talization and resources in their home community to which 
they have access. This is where the nurse case manager 
becomes an integral part of  the patient care team. Hospital-
based nurse case managers can begin to work with the 

by knowing the baseline pain and anxiety rating for the
individual. Patients and families should be given informa-
tion upon admission on how to use the assessment scales
and to identify an acceptable level of  pain and anxiety.

Intravenous administration of  opioids and anxiolytic
agents is essential to manage pain and anxiety during the
initial stage of  injury due to the altered absorption and
circulation volume following a major burn injury. A patient-
controlled analgesia (PCA) pump is useful for children older
than 5 years and adults. It is important to manage back-
ground pain as well as procedural pain, for which medica-
tion should be given 15–30 minutes prior to a painful
procedure. Nursing-driven protocols for sedation and anal-
gesia have been developed for the burn ICU and were
reported to be effective in controlling pain. Nurses positively
supported the introduction of  the protocol but junior nurses
seemed to be more uncomfortable with its use than more
senior nurses.11

Constipation is frequently a complication of  pain man-
agement; thus a bowel management program should be
instituted at the same time.

Relaxation, guided imagery, music therapy, hypnosis, and
therapeutic touch are adjunct techniques to complement
analgesia and reduce anxiety.12 Virtual reality is a relatively
new technique used for pain control and has been quite
successful.13 It involves a computer software program with
which the patient actively interacts, thereby transferring
the patient’s attention away from the painful event. Emo-
tional support and patient and family education decrease
fear and anxiety, thereby enhancing the pain management
plan.14

Patient and Family Education

In order for nurses to be competent teachers, they must
be competent practitioners with solid theoretical founda-
tions. Continuing education to maintain competency is
key for clinical staff  because of  their role as educators of
patients and families. Reinforcement of  the educational
process (assess, plan, implement, evaluate, and document),
characteristics of  patient populations, updates on educa-
tional strategies, age-appropriate interventions, and ways
to evaluate learning are topics that will sharpen educator
competency.

Discharge planning and education begins upon admis-
sion. It begins with a thorough assessment of  the patient’s
life prior to the injury. Identifying knowledge deficits and
barriers to education, prioritizing strategies for education,
and providing supplemental educational handouts and/or
classes, as well as developing a plan for evaluating the effec-
tiveness of  the teaching opportunity are integral parts of
the educational process.

Assessment provides essential information for planning
an educational program to meet the specific individual
needs of  each patient and family. It is also done periodically
during different stages of  the educational process to deter-
mine if  the plan remains valid or changes need to be made.

The assessment findings become part of  the educational
plan in that the plan is tailored to meet the needs and con-
cerns of  the patient and family. The plan includes the learn-
ing objectives, strategies for education, and learning
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risk factors, the exercise program can be tailored to fit the 
patient’s needs.19

Planning

What is available? Often the major issue is what is available 
and who will pay for this care. When an adult is injured on 
the job, this is often arranged and paid for by the compensa-
tion carrier since they have a vested interest in returning 
the patient to work as soon as possible.

Implementation

Once the details are worked out, the next hurdle is to get 
buy-in from the patient and family. Some programs require 
the patient to be in a facility some distance from the home; 
this may present issues for both the patient and family. Simi-
larly if  the program is in the local community, daily visits to 
the rehabilitation facility may pose transportation issues, 
especially if  the patient is unable to transport him- or 
herself. These details can usually be worked out with coop-
eration of  all caregivers and the family involved. Motivation 
and determination are often the most difficult factors to 
overcome. This is especially true if  the patient is suffering 
from depression. The nurse case manager can be very 
instrumental in rallying the burn team and caregivers in 
the community to help the patient and family to see this as 
a way to return the patient to more normal function.

Evaluation

Success in such programs requires that all involved have the 
same goals and that these goals result in measurable out-
comes. The goal of  such programs is not only to increase 
the patient’s tolerance to exercise but also to improve his or 
her psychological and social functioning and to return the 
patient to work or to the same level of  functioning as before 
the injury.

EXTENSIVE EXERCISE IN CHILDREN

Children may suffer from the same deconditioning as adults, 
especially if  they have suffered total body surface area 
(TBSA) burns of  40% or greater. Cucuzzo et al. have shown 
that children with greater than 40% TBSA burns have bone 
demineralization.20 This deconditioning can lead to low 
energy, decreased motivation, and depression. This can 
make it difficult for the child to return to school, where he 
or she must be alert and attentive for 6–8 hours a day. 
Younger children learn much about their environment and 
world through play and various activities. Limitations in 
movement from burn scars or low energy may decrease 
their rate of  learning. Also, children learn much about 
socialization through their participation in sports activities. 
Physical limitations in sports may provide a type of  isola-
tion from their normal group of  peers. Treatment of  these 
patients with long-term anabolic agents and intensive exer-
cise programs to improve strength and endurance can 
return the patient’s metabolic status to normal and help 
with the patient’s reintegration back into his or her normal 
preburn activities more quickly.

Assessment

Children and their family situation should be evaluated to 
determine what exercise program is best for their burn 

patient and family soon after admission to assess the
patient’s future needs and coordinate these with outside
agencies to ensure that the transition goes smoothly. Often
case managers from workmen’s compensation carriers or
health maintenance organizations (HMOs) are involved
during the early phase as well. Coordination of  activities
between case managers is important to provide seamless
care. With children, it is important for the nurse case
manager to begin working with the school nurse or com-
munity health nurses to provide for this seamless transition
in care.

Although the rehabilitation therapist plays an important
role in providing referrals to community therapists and psy-
chologists, and social workers frequently make referrals to
community mental health providers, the nurse case
manager should be involved in the overall coordination of
these and other services to foster a unified approach. The
free flow of  communication among all providers is neces-
sary for optimal rehabilitation of  the patient.

WORK-HARDENING PROGRAMS FOR ADULTS

For adult patients, work-hardening programs have been
shown to more rapidly return the patient to his or her
optimum level of  functioning.18 These programs may be
available through community rehabilitation facilities, voca-
tional rehabilitation agencies, HMOs, hospitals, or health
centers with cardiac rehabilitation programs or through
workmen’s compensation carriers. The major concern for
the nurse case manager and the burn team is early identi-
fication of  which patients need these programs and at what
point the patient will benefit most from such intensive
programs.

Assessment

Burn patients, like those recovering from coronary heart
disease and surgery, find themselves deconditioned. Even 3
weeks of  bedrest in a healthy subject can result in a 25%
decrease in maximal oxygen consumption. Thus burn
patients who are hospitalized for 2 or more weeks may need
to be considered for such programs. Burn patients should
be first assessed for risk factors associated with coronary
heart disease. Such risk factors include:

■ age and sex
■ elevated blood lipids
■ hypertension
■ cigarette smoking
■ physical inactivity
■ obesity
■ diabetes mellitus
■ diet
■ heredity
■ personality and behavior patterns
■ high uric acid levels
■ pulmonary function abnormalities
■ ethnic race
■ electrocardiographic abnormalities during rest and

exercise
■ tension and stress

Cardiac stress testing is usually recommended prior to
beginning an exercise program. If  the patient has several
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Thus motivating the child and parent is often difficult. 
Helping the parent see this as a valuable program will 
require the whole burn team to work together with the 
patient and family. Alternatives may be available for older 
children within the community by utilizing local gyms or 
fitness centers. Communicating a prescription for exercise 
to the local facility and maintaining regular follow-up of  
progress can be as effective as having the patient remain 
within the larger hospital system.

Evaluation

The outcome of  these programs for the child can be mea-
sured in increased exercise tolerance and improved psycho-
logical and social adjustment. A major function of  these 
programs is to convince the child and parent that the patient 
is a normal child and can succeed mentally and physically. 
If  the child returns home and can keep up with his or her 
peers, this alone improves the child’s self-esteem.

Reconstructive Care

ASSESSMENT

The role of  the nurse in the reconstructive care phase may 
include clinic visit assessments, physical care associated 
with surgical procedures, education related to reconstruc-
tive care and expectations, and care coordination, including 
social and financial support. The nursing role of  patient 
advocate may be the most important for the patient and 
family. Due to a lack of  knowledge or understanding, 
patients and families may have unrealistic expectations for 
reconstructive surgery. They may have the hope that plastic 
surgery can “fix” the burn scars and make the patient look 
the same as before the burn. The nurse’s role in the outpa-
tient clinic or physician’s office is to listen to the patient and 
family and to understand their hopes and expectations. The 
nurse can take this opportunity to provide education about 
the expected course of  burn care and realistic expectations 
for scars left from the burn injury. Often when the surgeon 
discusses what should or could be done to improve the 
patient’s appearance or function, the patient and family 
member are reticent to ask questions or to describe what 
they want. Patients’ priorities are often different from the 
surgeons, and this leads to dissatisfaction. This is when the 
nurse should help the patient ask questions or voice 
concerns.

PLANNING

The timing of  reconstructive surgeries often varies between 
surgeons. Many surgeons prefer to wait until the scar has 
matured to begin reconstructive surgery, but occasionally 
surgery will be attempted if  the scar tissue is interfering 
with function. This is especially true where scar tissue may 
cause bone deformity if  left until it has matured. In chil-
dren, some reconstructive procedures are best postponed 
until the child has matured. Surgery is often better accepted 
by the child at the beginning of  high school or just prior to 
starting further education. The nurse case manager can be 
instrumental in helping the family find the funding and 
resources to provide reconstructive surgery for the patient. 

injury and their family situation. Generally, children 7 years
of  age and older can participate in an intensive exercise
program. This is an estimated age based on the child’s size
(ability to use exercise equipment that is manufactured for
adults) and maturity (ability to follow direction so that a
safe environment can be provided). For larger burns (60%
TBSA and greater), a 12-week exercise program is pre-
scribed. For smaller burns, a shorter period of  time of  about
6 weeks may be sufficient. The best time to start such a
program depends on the patient’s family situation. The
program can start immediately after discharge or can be
delayed for a few months to allow the family to return home
and prepare for the next phase of  intensive exercise reha-
bilitation care. As with adults, individualized programs that
consider the pediatric patient’s current general state of
health are necessary. Because the child is under the care of
and dependent on the parent, it is important for the parent
or a responsible adult member of  the family to be involved.
This may be a significant factor in when the patient is able
to start such a program. For children younger than 7 years
of  age, more creative interactive play and exercise programs
have been developed utilizing music therapy as a stimulus
for children to participate in the exercise program. These
activities can include riding tricycles, playing sports games,
obstacle courses, racing, dancing, stretching, and any
activity that can be made into a game that promotes
strength and endurance. The use of  activities set to music
can increase stamina, actively stretch scar tissue, and
increase joint mobility.

Planning

Although cardiac rehabilitation programs and the like may
be readily available in most major towns and cities in this
country, often they do not admit children. Children’s hospi-
tals often have rehabilitation units or outpatient programs
for children that can offer programs similar to those in adult
cardiac programs. Children’s hospitals are usually found in
major cities; thus these programs may not be as accessible
as programs for adults. In some communities, school-aged
children may be able to obtain help within the school sport
programs, especially if  they have qualified athletic trainers.
Children aged 4–6 may have more difficulty finding pro-
grams outside of  children’s hospitals. Some early childhood
intervention and pre-kindergarten programs may be avail-
able for younger children.

Another issue is to determine who pays for this care.
Unlike the adult with insurance or workman’s compensa-
tion insurance, children are often without funding for this
rehabilitative care. State programs for children with special
needs (e.g., Title V programs) are one avenue to explore.
Other sources of  funding may come from private or public
charities, school-mandated programs, or vocational reha-
bilitation programs for the older teenager.

Implementation

Motivating the child and parent can be a major task. Often
the parent and child have spent weeks or months away from
home during the acute phase of  care. If  there are other
children in the home or if  the parent normally works outside
the home, the parent may not feel that he or she can be
away from home an additional 2–3 months. The child may
also not want to leave the safety of  the home environment.



33 • Burn Nursing362

whether physically or psychologically. Often burn scars 
cause patients to avoid public situations where people 
may gaze at them for looking different. Support should be 
provided, and the patient should be encouraged to realize 
that he should not be defined by his physical body. Who 
they are is defined by what is in their minds, hearts, and 
souls. Through family support, professional counseling, 
and/or peer support the burn survivor can be taught to 
accept him- or herself  and set a path for life. Some choose 
to cover their scars, some accept them as they are, and 
some wear their scars as badges of  honor for the per-
sonal war they have triumphed over. Training is avail-
able for those who are uncomfortable with being out in 
public settings. Continued support from the burn team, the 
family, and support groups can help with the reintegration  
process.

Conclusion

Burn nursing is a unique field of  practice. In the United 
States, there are currently only 127 burn centers, and only 
67 of  those are verified burn centers. Hospital burn units 
are often much different from other care units in a hospital 
because they frequently house a wide range of  patients, 
young to old, with minor burns to critically ill patients with 
major burns, to patients receiving rehabilitation or recon-
structive care. It can be difficult for the nurse to change 
patient assignments from one day to the next considering 
the wide range of  care needed and to maintain skills in all 
areas. Nursing shortages can be common among burn 
units due to the general shortage of  nurses and the chal-
lenging area in which they work.21 It is important that 
nurses are made an active part of  the burn care team to 
utilize the special insights that they have concerning the 
patient’s physical condition and the psychosocial needs of  
the patient and family. Utilizing a nursing workload mea-
surement for burn care may help provide information on 
staffing needs to ensure adequate staffing is made available 
for the burn unit. Assessing patients’ daily wound care 
needs and medication/IV fluid needs can be utilized to 
assess nonintensive or intensive needs and then rank 
patients into categories by the levels of  care demanded.22 
Finally it is important to give patient care nurses the oppor-
tunity to become involved in other areas of  burn care. A 
great way for nursing to become involved with the burn 
team is for a nurse to become involved in better understand-
ing an issue or in improving burn care. This can be done 
through research activities or through quality improve-
ment activities. Nurses can often identify areas for improve-
ment but may not have the resources to encourage change. 
Providing education opportunities to nurses can create a 
culture for change and improvement. Education can include 
in-services, publications,23 and mentoring to support the 
nurse who is interested in this area. Research and quality 
improvement initiatives can make changes and improve-
ments in care, including improving nutritional intake, 
decreasing pressure sores, decreasing infections, decreasing 
pain, and improving patient satisfaction. The burn nurse is 
an invaluable member of  the burn care team. Her unique 
insights offer important information to the successful 
outcome of  the burn patient. Active participation in the 

If  the patient is working or in school, planning the proce-
dures should accommodate the patient’s school or work 
schedule as much as possible. For children, funding through 
Services for Children with Special Needs may be available. 
Working with insurance companies and HMOs can be com-
plicated if  the surgery is presented as cosmetic rather than 
corrective surgery.

IMPLEMENTATION

Preparing the patient for surgery is the responsibility of  
the nurse and physician. Providing the patient with real-
istic expectations is often difficult, but educating the 
patient about the surgical procedure and expected time-
lines for healing and utilizing photographs of  similar burn 
wounds improves understanding. Many times, immedi-
ately after the surgery, the area will look worse and the 
patient may feel dissatisfied and depressed. Preoperative 
preparation of  the patient and family may allay some of  
these issues. Surgery itself  is frightening enough for the 
patient and family. In children as well as adults, this can 
be especially frightening because it may bring up memo-
ries of  their original burn injury, hospitalization, and the 
pain associated with it. Postoperatively the nurse’s role is 
to teach the patient and family how to care for the wound 
to prevent infection, promote healing, and prevent further 
scarring. Throughout the reconstructive and rehabilita-
tion phase the nurse is supportive of  the patient and family 
as the scar matures. The nurse’s role during this time is 
one of  education, support, and encouraging the patient 
to continue with exercise, splints, and pressure garments,  
as ordered.

EVALUATION

Whose body is it anyway! A line from a famous play actually
sums up the evaluative process for reconstructive surgery.
As professionals, we may see great improvement in the
patient’s condition after surgery. But if  the patient is not
satisfied with his or her appearance, little has been gained
by the surgery. This is the reason that the patient and family
must have realistic expectations prior to surgery. On the
other hand, the patient may be perfectly happy with his or
her scars and how they look and not desire any surgery.
And although a surgeon may have a great deal to offer with
reconstructive surgery, the patient’s decision must be
respected.

Recovery and Social
Reintegration

Nursing covers the spectrum of  providing care from
health to illness and hopefully back to wellness, includ-
ing the physical, psychosocial, and spiritual realms, and
the same concept applies to burn nursing. Nursing care
must continue past the physical healing of  the burn
wound. Complete healing must also include the psycho-
social and spiritual domains of  the patient. Helping the
patient to accept his or her “new me” is paramount to
recovery. After any traumatic event in an individual’s
life, the person often claims to be different or changed,
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Further Reading
Carrougher G. Burn Care and Therapy. St. Louis, MO: Mosby; 1998.
ISBI Practice Guidelines Committee. ISBI practice guidelines for burn care. 

Burns. 2016;42:953-1021.
Gordon MD, Gottschlich M, Helvig EL, et al. Review of  evidence-based 

practice for the prevention of  pressure sores in burn patients. J Burn Care 
Rehabil. 2004;25:388-410.

physical care of  the burn patient, attending to the psycho-
social needs of  the patient and family, and continually 
observing for ways to improve care are paramount to the 
ultimate success of  the burn team.

Complete references available online at 
www.expertconsult.inkling.com
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Mortality Factors

A consensus in literature exists: burn size correlates most 
significantly with the mortality of  both mother and fetus. 
Large burn size is the single most predictive indicator for 
mortality.10,13,17–21 The odds of  mortality of  the mother rise 
by 1.08 per percentage of  TBSA burned (P < 0.0001).22 
Furthermore, there is an association between mortality, 
TBSA burned, and the incidence of  intentional burns. 
Women who attempt suicide via self-immolation had 
greater TBSA and resultantly higher mortality rates,17 espe-
cially those with greater than 50% TBSA burned. Rode 
reported a direct relationship between the size of  burn and 
the frequency rates of  spontaneous abortion and premature 
delivery.13 Rezavand et al. demonstrated that, in every tri-
mester, maternal TBSA burned positively correlated with 
fetal death as well as maternal demise.12 Agarwal found 
fetal loss occurred at a higher rate than maternal death 
even at greater maternal TBSA burned.17

The second strongest predictor of  mortality of  both 
mother and fetus is smoke inhalation,10 the treatment 
of  which remains controversial. Maternal fatalities and 
mothers with fetal losses were more common in those with 
concurrent inhalation injuries.10 The resultant hypoxia 
strongly correlates with maternal and fetal death.23 Closed 
and structural fires emit smoke potentially imbued with 
cyanide (CN) and carbon monoxide (CO) gases. Upon inha-
lation, CO and CN demonstrate synergistic effects; further-
more, they concentrate at higher levels in the fetus than the 
mother24 as fetal hemoglobin binds CO and CN more avidly 
than maternal.5 As such, providers must treat two patients 
with awareness of  potential effects of  CO and CN poison-
ing on both mother and child.24 Facial burns, large burns, 
and self-inflicted, intentional burns all strongly associate 
with inhalation injury. Significant thermal injury in the 
pregnant patient population can have not only direct but 
indirect effects on the pulmonary system. Unique to the 
pregnant burn patient, vital lung capacity decreases while 
mucosal edema,25 oxygen consumption, and minute venti-
lation increase.26 As with the severely burned nonpregnant 
patient, should a pregnant burn victim be suspected of  suf-
fering from inhalation injury, emergent intubation ought 
to be instituted. Given the known physiologic changes of  
pregnancy, which are compounded by burn edema, early 
intubation in the severely burned pregnant patient should 
be strongly considered. Hydroxycobalamin, the cyanide 
antidote27 recommended in Chapter 32, is a pregnancy 

Introduction

Approximately 8% of  women experience trauma during 
their pregnancies.1 Trauma in pregnancy is the most 
common cause of  nonobstetric-related death;2 more gen-
erally, trauma is the leading cause of  death in the age 
group under 40 in the United States.3–5 Women in their 
reproductive years are the population at the greatest risk 
of  trauma.3 While it is rare to see a pregnant woman in 
the burn ICU in industrialized nations, burn trauma is a 
great risk to pregnant women in developing countries. 
Correspondingly, recent literature regarding the care of  
burned pregnant patients more commonly comes from 
journals in these developing countries6 and consists mainly 
of  small studies and case reports. Burn injury during preg-
nancy tends to happen in the home environment.7 In 
developing countries, this may be in part attributable to 
the large proportion of  women who attempt suicide via  
self-immolation.8

Due to the particular paper paucity pertaining to preg-
nant patients, there is no great consensus on the population 
of  burned pregnant women, size of  burn disease burden 
in the population, or mortality of  mother and fetus.6,9–14 
However, what does exist in the literature reveals that the 
maternal mortality rate exceeds 50% and has been reported 
at 100% when total body surface area (TBSA) burned 
exceeds 40–60%.10,12 This statistic remains unchanged 
from Rode’s study in 1990 showing that when TBSA was 
greater than 50%, maternal survival “was unlikely.”13 
These appalling mortality data contrast a contempora-
neous study by Herndon et al. that determined the lethal 
burn size for 50% (LD50) of  pediatric patients reached 
98% TBSA burned.15 Despite progress made in survival 
rates of  other burned populations, pregnant burned victims 
suffer the same mortality rates as in the 1960s. In a recent 
study, 60% of  burned pregnant burned patients died, with 
an overall 50% mortality rate of  the fetus.16 As could be 
predicted, fetal survival greatly depends on maternal sur-
vival, although there is a high spontaneous labor rate 
among burned pregnant patients. While pregnancy does 
not greatly influence treatment protocols, it might factor 
into maternal outcome following thermal insult, given 
the enormously high mortality rate of  pregnant women 
with severe burn injury when compared to the mortal-
ity rates of  nonpregnant women and men with compa-
rable burn wound sizes. However, more study is obviously  
necessary.
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category C drug and should only be used if  the benefits out-
weigh the risks because cyanide crosses the placenta and 
will poison the fetus to a greater extent than the mother.24,28

Gestational age was also a factor reported in several 
studies.16,17 Argawal found fetal survival in the third trimes-
ter correlated less to maternal survival but rather strongly 
to gestational age.17 Liu determined gestational age-specific 
risk of  birth to be greater among the population of  injured 
mothers than noninjured in each gestational week until 
week 38, irrespective of  medical condition.29 Gestational 
age is not the sole criteria for neonatologists and obstetri-
cians in determining viability of  a fetus. The fetal weight 
benchmark of  500 g has been adopted, which is the lower 
size limit at which intubation is feasible.30,31 Given the 
potentiality of  obstetric intervention, it is imperative to pre-
cisely ascertain the gestational age and weight of  the fetus 
via fetal ultrasound and menstrual and sexual patient 
history data early in the management of  acute burns.

Hypovolemic shock7 and sepsis32 have also been found to 
be complications resulting in maternal and fetal death.22 
Recurrent septicemia is a major challenge in the manage-
ment of  a severely burned obstetric patient. Intraabdominal 
hypertension and abdominal compartment syndrome 
develop in most severely burned patients within 48 hours 
of  injury.33 Intraabdominal hypertension is present when 
intraabdominal pressure measures in excess of  12 mm Hg, 
and abdominal compartment syndrome exists when intra-
abdominal pressure is greater than 20 mm Hg, particularly 
if  additional organs display dysfunction.34 Pregnancy 
induces physiologic changes in all major maternal organ 
systems, mimicking early perturbations seen in multisystem 
organ dysfunction (MOD).35 All these complications poten-
tially lead to MOD, compounding the existing state present 
in the pregnant population and further jeopardizing severely 
burned obstetric patients.

Fetal Viability

Managing obstetrical complications provides an additional 
challenge to the burn team. Second to death of  the mother, 
placental abruption is the most common cause of  the death 
of  the fetus following trauma.3 Due to the intense kinetics 
undergone by a pregnant patient postburn, the fetus often 
spontaneously delivers.12 In layman’s terms, this is a mis-
carriage. Consistently studies show that fetal mortality 
rates were highest during the first trimester in the setting 
of  major burns.16,17 However, with aggressive fetal monitor-
ing, appropriate obstetrical intervention can preserve the 
life of  the fetus earlier in the course of  pregnancy. Studies 
indicate this approach starts approximately in the 22nd 
week of  gestation.36 Determining the gestational age6 and 
weight37,38 of  the fetus enables the healthcare team to most 
effectively guide this care. In a large study, Linder et al. dem-
onstrated that early preterm, low-risk deliveries increased 
the risk of  fetal complications with higher rates of  neonatal 
ICU (NICU) admission, sepsis, and antibiotic treatment as 
compared to late-term neonates or the gestational control 
population.39 While the study only began evaluation at ges-
tational week 37 of  low-risk singleton deliveries, it did show 
that neonatal morbidity risk corresponds with early term 
deliveries. The burn, obstetric, and neonatal teams must 

collectively weigh the risks of  preterm delivery against the 
risks of  the fetus remaining in utero and besieged by the 
expected effects of  severe burn trauma.

PRACTICAL MANAGEMENT ALGORITHM

Adverse pregnancy outcomes are not associated with inci-
dents of  minor trauma during pregnancy.40 However, severe 
burns are major trauma. As a practical matter, manage-
ment of  the pregnant burn patient can be divided into five 
phases: previablity, periviability, early viability, viability, and 
term (Table 34.1). Obstetrical complications (e.g., uterine 
rupture and placental abruption) are potential mechanisms 
of  preterm delivery following acute maternal trauma.29 
During the period of  previability, defined as the period in the 
pregnancy from conception to gestation week 22 or 2331,36,41 
and a fetal weight of  less than 500 g,30 the fetus cannot 
survive independent of  the mother.31 While the previability 
stage of  pregnancy is currently defined at gestational week 
24 by the American College of  Obstetrics and Gynecology,42 
neonatologists and maternal fetal medicine specialists have 
extended the gestational age of  periviability to 22 weeks.36 
However, this is dependent on a fetus of  500 g.30,37,38 Most 
obstetricians will attempt resuscitation at 22 weeks,36 but 
24 weeks and 500 g remains the benchmark for viability 
because fetal mortality at 22 weeks remains incredibly 
high. Providing total burn care to the mother will make her 
womb the optimal incubator, thereby managing fetal care 
as best as is possible. The data indicate that there is a high 
spontaneous abortion rate;12 however, there is no proven 
advantage to performing a termination of  the pregnancy 
unless maternal death seems likely otherwise.12 Effort 
should be exerted to avoid medications known to be hazard-
ous to the fetus but not to the extent that the mother suc-
cumbs to shock and/or sepsis, which have very high rates 
of  fetal loss.

The multidisciplinary team must balance burn care 
among several factors during periviability (22–26 weeks) 
and early viability (26–28 weeks). Prophylactically, antena-
tal corticosteroids should be administered upon admission 
in the setting of  a severely burned obstetric patient. Dem-
onstrated to be the optimal interventions to reduce morbid-
ity and mortality in premature neonates, these also promote 

Table 34.1 Indications for Emergent Caesarian Section 
in the Setting of Severe Burns when the Fetus is 
in Distress

FETAL DELIVERY IN THE SETTING OF SEVERE MATERNAL BURN

Fetal Stage Gestational Age Delivery Indicated

Previable 0–21 weeks No

Periviable, weight <500 g 22–26 weeks No

Periviable, weight ≥500 g 26–28 weeks Yes

Early
viability

26–28 weeks Yes

viability 28–32 weeks Yes

Preterm 32–37 weeks Yes

Term 37–40 weeks Yes
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emergency responders and the burn team may be unaware 
a patient is pregnant. Thus, the first simple and requi-
site precaution in treating reproductive-age female burn 
victims is to suspect pregnancy until proven otherwise.3 
Immediately upon determination of  pregnancy, high-risk 
obstetric consultation must be sought, even before excision 
of  the wound. Fetal heart tones must be established and 
an ultrasound performed to corroborate gestational age 
obtained from patient menstrual history to determine fetal 
viability. If  the fetus is deemed viable, administer antenatal 
corticosteroids to mature the lungs for delivery, regardless  
if  the fetus displays signs of  distress. This also delays deliv-
ery, enlarging the time for stabilization and prep of  the 
mother, and it improves outcomes for the child. After these 
consults and corticosteroid treatments, initiate antibiotic 
therapy and coagulopathy support prior to wound excision 
and/or emergent delivery.

As with nonpregnant burned patients, early wound exci-
sion is key in managing severely burned pregnant patients. 
Surgical interventions include escharotomies, as indicated, 
and coordination with an obstetrics team if  fetal distress is 
evident. The burn team must proceed with the awareness 
that two patients require care. Studies have demonstrated 
that maternal demise strongly correlates to fetal death.3 We 
advocate early excision of  abdominal eschar to prevent 
abdominal compartment syndrome and decrease the risk of  
infection. Should the fetus be viable and in distress, excision 
of  the burn wound can proceed immediately upon delivery. 
However, early wound excision with fetal survival is rare in 
the setting of  major burns. If  early wound excision is indi-
cated and the fetus is not of  gestational age or sufficient 
weight to support emergency caesarean section (e.g., at 
least 22–24 weeks by either ultrasonographic measure-
ments and/or patient history of  last menstrual period31,36 
and measured fetal weight of  500 g by ultrasound36), pub-
lished data and our experience indicate that the mother will 
not carry the fetus to term. The best chance of  both fetal 
and maternal survival is to deliver the fetus upon signs of  
distress and manage the maternal burn injuries. If  the fetus 
shows no signs of  distress, proceed with early excision and 
wound coverage and monitor the fetus. In this setting, 
should the fetus become distressed, perform an emergent 
caesarean section. If  the fetus does not display distress, the 
mother remains the best incubator, but diligent monitoring 
is required. Even if  the fetus is not viable gestationally, the 
burn team must proceed with the burn wound excisions 
because the mother would be subjected to an unacceptable 
risk of  shock and sepsis. The care of  the mother must take 
precedence over that of  the child.

The anatomical and physiological changes brought about 
by pregnancy drastically increase the difficulty in the anes-
thetic, obstetric, and surgical management of  burn patients. 
“Normal” vital signs and labs in pregnant patients some-
times differ from those of  nonpregnant individuals. Current 
early warning system triggers used to evaluate deteriorat-
ing patients are based on nonpregnant values and thus 
require refinement for the pregnant population.62 There-
fore, awareness of  the differences and consultation with 
appropriate specialists are fundamental to proper care. The 
changing cardiovascular profile includes increases in 
cardiac output, uterine blood flow, and blood volume as the 
fetus matures.9 Crucially, pelvic blood flow autoregulation 

organ growth43,44 and can be administered for fetuses as
young as 23 weeks.45,46 Betamethasone (two 12-mg doses
given 24 hours apart) and dexamethasone (6 mg every 12
hours in four doses) are the most commonly used antenatal
corticosteroids.43,47 There is no benefit to shorter dosing
intervals, and it is recommended that the first dose be
applied even if  administration of  a second dose is unlikely.43

However, antenatal corticosteroids remain contraindicated
when the risk to mother and child is greater by prolonging
the pregnancy than is emergent delivery. Effective to fore-
stall labor for up to 48 hours, tocolytic therapy is particu-
larly useful in situations needing to delay labor until after
the administration of  antenatal corticosteroids or transfer
of  the patient to an appropriate burn center.43,48 In the
setting of  severe burns, tocolytic therapy may be indicated
prior to viability to inhibit contractions incited by intra-
abdominal surgery.47,48 Many different drug classes have
been employed (e.g., calcium channel blockers, β-mimetics,
and magnesium sulfide), but a recent study showed prosta-
glandin inhibitors to be the optimal first-line tocolytic
agents to delay labor with the lowest maternal side-effect
profile.48–50 Calcium channel blockers potentially have the
best neonatal outcomes of  the tocolytic therapies.51,52 While
traditionally used to inhibit acute preterm contractions,53

predelivery administration of  magnesium sulfate conveys
neuroprotection54,55 and has been shown to be ineffective
as a tocolytic agent.56 Transdermal nitroglycerin for preg-
nancies of  less than 28 weeks is not recommended due to
its significant side-effect profile.57 Because these medica-
tions can exacerbate the burn shock besetting a patient,
coordination among critical care, obstetrics, neonatolo-
gists, and pharmacists is critical to guide therapy and avoid
further risk to mother and child.

The dilemma of  delivery and resuscitation must be mea-
sured against the fetus’s odds of  survival and chances of
leading a normal life. If  the perceived risk to the child
remaining in utero exceeds the risk in the NICU, the infant
should be delivered and cared for ex utero. During in utero
critical care, the fetus must be monitored and medications
chosen to avoid fetal harm. If  toxic medications must be
given, the risk should be balanced against the risk of  fetal
harm. Additionally, if  intrauterine fetal death results, irre-
spective of  the reason, the uterus should be evacuated.
Retained stillbirth, septic abortion, and missed abortion can
lead to disseminated intravascular coagulation (DIC).58,59

Correlating with high rates of  maternal morbidity and mor-
tality, DIC induced by fetal loss is best prevented by prompt
evacuation of  the dead conceptus.60,61 It is ethically repre-
hensible to attempt resuscitation on a child who has or will
soon perish regardless of  measures taken.

Treatment

It is widely acknowledged that burn patients suffer from
altered pharmacokinetics that make them unique among
trauma victims. While it could be presumed the treatment
protocols would alter significantly given the fetus, they do
not (Fig. 34.1). Early wound excision and coverage, aggres-
sive fluid resuscitation, antibiotic administration (though
limited in options), and sufficient nutrition are the foun-
dation of  managing burned pregnant patients.17 However,
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fetus, should that be necessitated,6 but this has yet to be 
corroborated. After the 8th week of  gestation, pregnant 
women should present with physiological dilutional 
anemia,63 which, if  absent, is an early marker of  hemocon-
centration (Hg > 13 g/dL)64 and hypovolemia.65 During the 
third trimester, instituting an intra-abdominal bladder pres-
sure monitor for resuscitation is a necessary precaution to 
monitor those patients receiving in excess of  5 mL/kg per 
TBSA burned. The inability to accurately and timely assess 
for intra-abdominal hypertension and compartment syn-
dromes in severely burned pregnant patients presents an 
additional challenge to the burn team. Care must be taken 
to ensure the pregnant patient does not develop acidemia, 
hypoperfusion, hypoxia, or thromboembolic complications 
stemming from high levels of  coagulation factors common 
to pregnant women.3 Supportive modalities include serial 
electrolyte and hematologic monitoring to support normal-
ization of  electrolyte levels, monitoring of  hemoconcentra-
tion and fluid balance, and maintaining normothermia. 
Should such complications arise, the life of  the fetus could 
be jeopardized. When that occurs, a review of  the literature 
reveals that the pregnancy will most often spontaneously 
abort.6,9,18 Should obstetrical intervention be indicated, 
such action must be taken expeditiously to preserve the lives 
of  both mother and child. However, greater study is merited 
to determine the most efficacious triggers for obstetrical 

is absent because pregnancy maximally dilates the uterine 
vasculature. Resultantly, uterine blood flow depends solely 
on maternal mean arterial pressure. Furthermore, dilu-
tional anemia of  pregnancy may complicate assessments of  
blood loss and sufficiency of  the oxygen-carrying capacity 
in burn patients.4 Aggressive fluid resuscitation is vital in 
the early stages of  maternal and fetal salvage. Early inter-
ventions during resuscitation include close monitoring of  
hemodynamics and perfusion indices to evaluate how those 
respond to initial resuscitation. We further recommend 
institution of  a Foley catheter, central venous catheter, and 
an arterial line with advanced hemodynamic monitoring 
upon admitting a severely burned obstetric patient to deter-
mine adequate volume status and perfusion. The approach 
to fluid resuscitation remains the same in the pregnant 
population as in the nonpregnant group, with the goal to 
support fluid and plasma loss, early recognition of  hypo-
perfusion, and prompt management of  shock while avoid-
ing hypoxia. We use a modified Parkland formula to begin 
resuscitation at 3 mL/kg per TBSA burned and titrate 
accordingly, with a targeted urine output of  0.5 mg/kg per 
hour. Careful monitoring of  hemodynamics as well as of  
blood pressure, hematocrit, and heart rate should tailor 
resuscitation. Interestingly, one recent case report sug-
gested that it is optimal to decrease the infusion volume of  
fluid resuscitation, especially following the delivery of  the 

Pregnancy associated with thermal injury

Fetal management
Determine risk versus benefit ratio of continuing maternal
gestation versus delivery & level I NICU support
Any signs of fetal distress and if gestational age > 22 weeks or
fetal weight ≥ 500 g, deliver with level I NICU support

Maternal management
Maximize profusion & hemodynamic stability
Perform early excision & grafting—avoid hemodynamic instability
Supportive modalities for electrolyte optimization, balance of
normothermia & nutritional support

Monitor fetal heart tones
Intrauterine unltrasound & determination

of fetal age, weight, and viability

Obtain Ob/Gyn consult
Consider high-risk maternal-fetal

consultation

Control of airway
Maintain adequate oxygenation
Consider early intubation to avoid distress

Initiation of fluid resuscitation
Parkland: 3 mL/kg/TBSA burned

Titration of fluids to prevent
and treat shock

Pregnancy

Optimal hemodynamics & monitor
Consider invasive monitoring to optimize

perfusion.

Fig. 34.1 Algorithm of the optimal treatment of the burned pregnant patient. 
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administered to pregnant and/or lactating women66 (Table 
34.2). Animal studies showed no adverse reactions to grade 
B drugs (e.g., macrolides, cephalosporins, penicillins, linco-
mycin, and clindamycin), and these are presumed safe to 
treat pregnant women.6 In fact, benzylpenicillin remains 

intervention as well as the optimal amount for fluid 
resuscitation.

The U.S. Food and Drug Administration (FDA) classified 
drug recommendations by five grades (A, B, C, D, and X) 
according to the possible side effects for the fetus when 

Table 34.2 Available Pharmaceuticals for Pregnant and Lactating Women and Their Recommendations

DRUG RECOMMENDATIONS FOR PREGNANCY AND/OR LACTATION IN BURN PATIENTS (*LR = LOW RISK)

Drug
Pregnancy 
Category Pregnancy Recommendations

Lactation 
Recommendations Comments

A. Topicals

Bacitracin-like 
products

C Compatible Compatible Limited fetal exposure would be expected 
after topical use

Dakin’s solution (Na 
hypochlorite 
0.125%, 0.25%, 
0.5%)

_ May use during pregnancy; no 
human data available; risk of 
fetal harm not expected based 
on limited systemic absorption

Safety unknown; inadequate 
literature available to 
assess risk; caution advised

Mafenide C No human data; should not be 
withheld because of pregnancy

No human data

Miconazole C Avoid vaginitis treatment in the 1st 
trimester or application to large 
areas at any time during 
pregnancy

Mupirocin B No human data; probably 
compatible

No human data; probably 
compatible

Nystatin C Compatible Compatible

Silver nitrate C None No human data

SSD B No recommendations

B. Antibiotics

Aminoglycosides D Human data—LR Compatible Streptomycin linked to hearing loss in 
newborns and should be avoided, unless 
specific benefit established. Short-term 
use of others in class acceptable with 
monitoring, if benefits outweigh the risk

Penicillins B Compatible Compatible Generally safe to use

Carbapenems 
(meropenem)

B Probably compatible Probably compatible Use with caution only when penicillins or 
cephalosporins not an option

Cephalosporins (all 
generations)

B Compatible Compatible Generally safe to use; use ceftriaxone with 
caution at term due to risk of kernicterus

Clindamycin B Compatible Compatible Appears to be safe and effective

Daptomycin B Limited human data; animal 
data—LR

Limited human data; 
probably compatible

May use if benefits outweigh risks

Vancomycin B Compatible Limited human data; 
probably compatible

Safe and effective

Metronidazole B Human data—LR (see comments) Hold breastfeeding (single 
dose); see comments

Contraindicated 1st trimester; lactation is 
potentially toxic for divided dose; 
“topical” metronidazole should be 
avoided

Linezolid C Compatible No human data; potentially 
toxic

May use if benefits outweigh risks

Sulfamethoxazole, 
trimethoprim

C Human data suggest risk in 3rd 
trimester

Limited human data; 
potentially toxic

Avoid in 1st trimester due to major 
congenital malformations. 
Sulfamethoxazole should be avoided 
after 32 weeks’ gestation due to risk of 
kernicterus
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the most commonly antibiotic administered to pregnant 
women.67 Categories C, D, and X have been demonstrated 
to generate negative side effects in fetal development. In 
cases where the benefits of  treating a pregnant woman with 
a grade C drug, such as quinolones and fluconazole, greatly 
outweigh the risks associated with the drug or no alterna-
tive exists, they are warranted for use in pregnant women.6 
Drugs belonging to class D will rarely warrant administra-
tion, and only if  the risk of  harm is strongly outweighed by 
the benefit. Category X should only be administered in 
instances where fetal loss is assured or an accepted ramifi-
cation of  using the medication to preserve the life of  the 
mother.66 Adding to the complexity, recommendations vary 
depending on trimester or for a lactating burn patient. As 
part of  the multidisciplinary team, the clinical pharmacist 
plays an integral role in assuring safe and effective pharma-
cological therapy for each patient in the burn unit. A 

pharmacist should be knowledgeable and current on the 
changing recommendations of  all drugs safe for adminis-
tration to pregnant and nursing patients, from antibiotics 
to renal dosings. As such, the clinical pharmacist is indis-
pensible in advising the team on the optimal therapy for 
burned pregnant patients.

It comes as no surprise that pregnancy increases the 
mother’s metabolic requirements. Early enteral nutrition 
remains key to the management of  the severely burned 
pregnant patient. Within 48 hours of  admission to our hos-
pital, we initiate dietary consultation and estimate caloric 
need. Special considerations that can develop with severely 
burned pregnant patients include postoperative ileus with 
caesarean delivery and surgical interventions. For those in 
this patient population who may have undergone an emer-
gent caesarean section, the risk of  developing acalculous 
cholecystitis is elevated. Management of  acalculous 

Table 34.2 Available Pharmaceuticals for Pregnant and Lactating Women and Their Recommendations—cont’d

DRUG RECOMMENDATIONS FOR PREGNANCY AND/OR LACTATION IN BURN PATIENTS (*LR = LOW RISK)

Drug
Pregnancy 
Category Pregnancy Recommendations

Lactation 
Recommendations Comments

 

Tetracyclines D Contraindicated in 2nd and 3rd 
trimesters

Doxycycline; compatible Should be avoided

Tigecycline D Contraindicated in 2nd and 3rd 
trimesters

Limited human data; 
probably toxic

Avoid in pregnancy unless benefits 
outweigh risks

C. Antifungals

Fluconazole D/C Associated with fetal mortality and 
congenital abnormalities

Compatible

Posaconazole C Animal data suggest risk of skeletal 
malformations

No human data; potential 
toxicity

Voriconazole D Animal studies have demonstrated 
fetal harm

No human data; potential 
toxicity

Micafungin C Animal data revealed embryotoxic 
effects but have not been 
replicated in adults

No human data; probably 
compatible

Amphotericin B Observational data suggest rate of 
human birth defects is similar to 
that of the general population

Not recommended

D. Pain Medications

Codeine C Human data suggest risk Limited human data; 
probably compatible

Although the AAP has classified codeine as 
compatible with breastfeeding, data 
suggest that, for some women, codeine 
can not be considered safe during 
nursing, especially if therapy is >1–2 
weeks

Fentanyl C Human data suggest risk in 3rd 
trimester

Compatible Neonatal withdrawal, respiratory 
depression

Hydrocodone/APAP C Human data suggest risk in 3rd 
trimester

Limited data; potential 
toxicity

Morphine C Human data suggest risk in 3rd 
trimester

Limited human data; 
probably compatible

Oxycodone C Human data suggest risk in 3rd 
trimester

No human data; probably 
compatible

Tramadol C

B. Antibiotics
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Women are adversely impacted by the image-altering effects 
common to burn survivors, especially from severe burns.78 
Shepherd showed a positive correlation between trauma 
symptoms and appearance concerns.79 Cumulatively com-
plicating recovery, mothers may also experience depres-
sion,80–82 posttraumatic stress,83 and anxiety84 following 
fetal loss. These may also be experienced by any potential 
partner82 in addition to the psychological distress experi-
enced by spouses and close relatives of  burn and trauma 
survivors,85 resulting in notable adverse sequelae for the 
couple.86 All these may profoundly and detrimentally 
impact any potential recovery of  the mother. The inclusion 
of  psychiatric consultations should be a standard part of  
burn care protocols, especially given the profound psycho-
logical upheaval following traumatic and unexpected fetal 
loss for both the maternal survivor and any spouse or 
partner. In developing countries, greater psychiatric and 
social work support for expectant mothers should be made 
readily accessible to better prevent suicides and suicide 
attempts by self-immolation.23

In the case where the fetus survived despite maternal 
complications, we observed a disassociation bond between 
mother and child. Supportive modalities in keeping with 
the multidisciplinary approach included recognition of  
maternal signs of  depression and anxiety by consequently 
referring the patient to psychiatry for pharmacologic and 
other therapies to address her posttraumatic and adjust-
ment stress disorders. In our experience, early family 
interaction has been instrumental for a patient’s recovery 
from traumatic injury, along with early initiation of  infant  
bonding.

Also to consider are support modalities for the multidis-
ciplinary team. Managing the care of  pregnant patients, 
especially those who have suffered traumatic injuries, and 
fetal demise can create stressors within the critical care 
medical and nursing staff  that must be managed to avoid 
provider burnout.87

NONSEVERE BURNS

The text of  this chapter has dealt with the care of  the 
severely burned obstetric patient. The approach to the non-
severely burned pregnant victim is much the same (Fig. 
34.1). Obtain a high-risk obstetric consult upon admission 
of  the pregnant burn patient. Establish and monitor fetal 
heart tones. Perform an ultrasound to determine fetal via-
bility and gestational age, as well as acquire patient history 
regarding last menstrual cycle. Optimize fluid resuscita-
tion and perfusion, beginning with the Parkland formula. 
Utilize the multidisciplinary team to maximize manage-
ment of  the burned pregnant patient. In contrast with the 
treatment of  the severely burned pregnant population, 
early wound excision can be balanced between the risk 
and benefit to both patients of  surgical intervention versus 
topical treatments. Protocols must be established regarding 
critical care, perinatal support, lactation consultation, and 
nursing monitoring should the fetus be viable and deliv-
ered; anesthetic consultation and support should surgical 
intervention be indicated; nutrition optimization; clinical 
pharmacist consultation regarding recommendations for 
optimal medications; DVT prophylaxis initiated and aggres-
sive screening established to monitor the hypercoagulable 

cholecystitis complications can be complex given a postpar-
tum surgical abdomen.

Additional Considerations

HEMATOLOGY AND COAGULOPATHY

In the severely burned patient, DIC can develop.68 DIC is
defined as an acquired syndrome characterized by the intra-
vascular activation of  coagulation with loss of  localization
originating from and causing damage to the microvascula-
ture, potentially leading to MOD by the Scientific and Stan-
dardization Committee of  the International Society on
Thrombosis and Hemostasis.69,70 In the early, acute phase
of  burn, DIC presents as the fibrinolytic phenotype; later in
the course of  burn pathophysiology, DIC is often sepsis
induced.68,71–73 The syndrome is characterized by excessive
thrombosis, unchecked inflammation and MOD, insuffi-
cient anticoagulation mechanisms, and increased fibrinoly-
sis.72 Massive transfusions are common in patients with
DIC.74 Management of  coagulopathy in the severely burned
pregnant patient includes transfusions of  fresh frozen
plasma, packed red blood cells, cryoprecipitate, and plate-
lets while in the operative theater and for patients at risk of
significant bleeding. This is covered in greater depth in
Chapter 22 on hematology, hemostasis, thromboprophy-
laxis, and transfusion medicine.

Pregnancy normally induces a hypercoagulable state
that is compounded by thermal insult. This presents an
additional challenge for supportive and screening therapies
throughout the course of  care. Prophylaxis administration
of  heparin, specifically low-molecular-weight heparins, is
recommended. Routine weekly Doppler exams are sug-
gested, given the high suspicion of  thrombosis in the preg-
nant population. Extensive findings of  deep vein thrombosis
(DVT) in conjunction with the inability to fully anticoagu-
late a severely burned pregnant patient require the burn
team to weigh the risks versus the benefits of  placing an
inferior vena cava filter device, as thrombosis is likely to
further propagate.

PSYCHOLOGICAL ISSUES

Pregnant burn prevalence is greater in developing coun-
tries. Furthermore, the etiology of  traumatic injury differs
between industrialized and developing countries: a far
greater numbers of  women are likely to deliberately set
themselves on fire in mostly futile suicide attempts in devel-
oping countries.12,75 However, a noted rise in self-inflicted
burns in industrialized countries exists.76 This bespeaks a
lack of  psychiatric and social support for expectant mothers
that, were it better addressed, might help prevent such inci-
dences.23 Underreporting of  suicide is perennially problem-
atic because no standard method exists to evaluate
pregnancy at time of  death.77 The high incidence of  thermal
insult found in the uneducated or illiterate populations of
obstetric patients illustrates the benefit that education
imparts in reducing burn injuries.23,75 Greater education
and access to psychological support is needed.

Perinatal loss resultant from burn injury compounds the
already traumatic psychological effects of  burn patients.
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carried to term with close monitoring. However, a very 
low threshold for delivery should be maintained to avoid 
fetal harm from episodes of  shock, sepsis, toxins, or infec-
tions. For a fetus younger than gestational week 22, care 
must focus on maintaining the mother in the hope the 
fetus can survive in her womb. Between 22 and 26 weeks, 
the gray period of  neonatal survival, the womb is the pre-
ferred environment, but, should the fetus begin showing 
signs of  distress, collaboration with a high-risk obstetri-
cian and a neonatologist is imperative to attempt to pre-
serve the lives of  both mother and child. The coordinated 
efforts of  a multidisciplinary team whose members include 
burn, trauma, critical care, obstetric, neonatal, and psy-
chiatric specialists are requisite to provide the best man-
agement of  the physiological and psychological challenges 
presented by severely burned obstetric patients. Further 
systemic research into the care of  mother and fetus follow-
ing thermal insult is necessary to better refine treatment  
algorithms.
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Conclusion

Given the dearth of  data, the burn surgeon must respond 
to the challenge presented by a pregnant burn victim by 
coordinating the best practices of  burn, surgical, and criti-
cal care in a team approach with a high-risk obstetrician, 
neonatologist, and clinical pharmacist. What exists in lit-
erature points to the positive association between mater-
nal death and TBSA burned, that, fetal survival depends 
on maternal survival, and that, despite the massive physi-
ological and anatomical changes induced by pregnancy, 
the care of  a burned pregnant patient is similar to that 
of  a nonpregnant burned victim. Indeed, the standard of  
care remains as follows: aggressive fluid resuscitation, early 
wound excision and coverage, empiric but class-restricted 
antibiotic administration, and adequate nutrition. Patients 
should be carefully resuscitated based on standard resus-
citation algorithms, titrating infusion to urine output and 
hemodynamics. Burn wounds should be excised early and 
wounds grafted as quickly as practical. Severely burned 
pregnant women are ideally treated in burn centers spe-
cialized to handle severe burns and concurrently manage 
neonatal deliveries.1 The fetus must be monitored continu-
ously for signs of  distress in order to guide obstetric inter-
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gestation gained corresponds to significant decreases in 
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371.e134 • Care of the Burned Pregnant Patient 

30. Hack M, Fanaroff  AA. Outcomes of  extremely-low-birth-weight infants 
between 1982 and 1988. N Engl J Med. 1989;321(24):1642-1647.

31. Salihu HM, Salinas-Miranda AA, Hill L, et al. Survival of  pre-viable
preterm infants in the United States: a systematic review and meta-
analysis. Semin Perinatol. 2013;37(6):389-400.

32. Acosta CD, Harrison DA, Rowan K, et al. Maternal morbidity and
mortality from severe sepsis: a national cohort study. BMJ Open. 
2016;6(8):e012323.

33. Azzopardi EA, McWilliams B, Iyer S, et al. Fluid resuscitation in
adults with severe burns at risk of  secondary abdominal com-
partment syndrome–an evidence based systematic review. Burns. 
2009;35(7):911-920.

34. Malbrain ML, De Keulenaer BL, Oda J, et al. Intra-abdominal hyper-
tension and abdominal compartment syndrome in burns, obesity, 
pregnancy, and general medicine. Anaesthesiol Intensive Ther. 2015; 
47(3):228-240.

35. Poole JH. Multiorgan dysfunction in the perinatal patient. Crit Care
Nurs Clin North Am. 2004;16(2):193-204.

36. Sawyer T, Umoren RA, Gray MM. Neonatal resuscitation: advances in 
training and practice. Adv Med Educ Pract. 2017;8:11-19.

37. Phillips B, Zideman D, Wyllie J, et al. European resuscitation council
guidelines 2000 for newly born life support. A statement from the 
Paediatric Life Support Working Group and approved by the Execu-
tive Committee of  the European Resuscitation Council. Resuscitation. 
2001;48(3):235-239.

38. Jevon P. Resuscitation Council (UK) newborn life support course. Pract 
Midwife. 2001;4(11):22-23.

39. Linder N, Hiersch L, Fridman E, et al. The effect of  gestational age on 
neonatal outcome in low-risk singleton term deliveries. J Matern Fetal 
Neonatal Med. 2015;28(3):297-302.

40. Weiner E, Gluck O, Levy M, et al. Obstetric and neonatal outcome
following minor trauma in pregnancy. Is hospitalization warranted? 
Eur J Obstet Gynecol Reprod Biol. 2016;203:78-81.

41. Margato MF, Martins GL, Passini Junior R, et al. Previable preterm
rupture of  membranes: gestational and neonatal outcomes. Arch 
Gynecol Obstet. 2012;285(6):1529-1534.

42. Obstetric Care Consensus No. 4: Periviable birth. Obstet Gynecol. 
2016;127(6):e157-e169.

43. American College of  Obstetricians and Gynecologists’ Committee on
Practice Bulletins-Obstetrics. Practice Bulletin No. 171: Management 
of  preterm labor. Obstet Gynecol. 2016;128(4):e155-e164.

44. Roberts D, Dalziel S. Antenatal corticosteroids for accelerating fetal
lung maturation for women at risk of  preterm birth. Cochrane Database 
Syst Rev. 2006;(3):CD004454.

45. American College of  Obstetricians and Gynecologists’ Committee on
Obstetric Practice. Committee Opinion No. 677: Antenatal cortico-
steroid therapy for fetal maturation. Obstet Gynecol. 2016;128(4): 
e187-e194.

46. American College of  Obstetricians and Gynecologists, Society for
Maternal-Fetal Medicine. ACOG Obstetric Care Consensus No. 3: Peri-
viable birth. Obstet Gynecol. 2015;126(5):e82-e94.

47. ACOG Committee on Obstetric Practice. ACOG Committee Opinion
No. 475: Antenatal corticosteroid therapy for fetal maturation. Obstet 
Gynecol. 2011;117(2 Pt 1):422-424.

48. Haas DM, Caldwell DM, Kirkpatrick P, et al. Tocolytic therapy for
preterm delivery: systematic review and network meta-analysis. BMJ. 
2012;345:e6226.

49. Refuerzo JS, Alexander JF, Leonard F, et al. Liposomes: a nanoscale
drug carrying system to prevent indomethacin passage to the fetus 
in a pregnant mouse model. Am J Obstet Gynecol. 2015;212(4):508 
e1-508 e7.

50. Petousis S, Margioula-Siarkou C, Kalogiannidis I. Effectiveness of
tocolytic agents on prevention of  preterm delivery, neonatal morbid-
ity, and mortality: is there a consensus? A review of  the literature. 
Obstet Gynecol Surv. 2016;71(4):243-252.

51. King JF, Flenady V, Papatsonis D, et al. Calcium channel blockers for
inhibiting preterm labour: a systematic review of  the evidence and a 
protocol for administration of  nifedipine. Aust N Z J Obstet Gynaecol. 
2003;43(3):192-198.

52. Delorme P, Le Ray C. [Efficiency and tolerance of  calcium channel
blockers as first-line tocolysis]. J Gynecol Obstet Biol Reprod (Paris). 
2015;44(4):324-340.

53. Crowther CA, Hiller JE, Doyle LW. Magnesium sulphate for preventing 
preterm birth in threatened preterm labour. Cochrane Database Syst 
Rev. 2002;(4):CD001060.

References
1. Distelhorst JT, Krishnamoorthy V, Schiff  MA. Association between

hospital trauma designation and maternal and neonatal outcomes
after injury among pregnant women in Washington state. J Am Coll
Surg. 2016;222(3):296-302.

2. Tweddale CJ. Trauma during pregnancy. Crit Care Nurs Q. 2006;29(1):
53-67, quiz 68-69.

3. Kuczkowski KM. Trauma in the pregnant patient. Curr Opin Anaesthe-
siol. 2004;17(2):145-150.

4. Kuczkowski KM. Trauma during pregnancy: a situation pregnant
with danger. Acta Anaesthesiol Belg. 2005;56(1):13-18.

5. Romero VC, Pearlman M. Maternal mortality due to trauma. Semin
Perinatol. 2012;36(1):60-67.

6. Shi Y, Zhang X, Huang BG, et al. Severe burn injury in late pregnancy:
a case report and literature review. Burns Trauma. 2015;3:2.

7. Rayburn W, Smith B, Feller I, et al. Major burns during pregnancy:
effects on fetal well-being. Obstet Gynecol. 1984;63(3):392-395.

8. Mehrpour O, Javadinia SA, Malic C, et al. A survey of  charac-
teristics of  self-immolation in the east of  Iran. Acta Med Iran.
2012;50(5):328-334.

9. Amy BW, McManus WF, Goodwin CW, et al. Thermal injury in the
pregnant patient. Surg Gynecol Obstet. 1985;161(3):209-212.

10. Maghsoudi H, Samnia R, Garadaghi A, Kianvar H. Burns in preg-
nancy. Burns. 2006;32(2):246-250.

11. Polko LE, McMahon MJ. Burns in pregnancy. Obstet Gynecol Surv.
1998;53(1):50-56.

12. Rezavand N, Seyedzadeh A, Soleymani A. Evaluation of  maternal
and foetal outcomes in pregnant women hospitalized in Kermanshah
Hospitals, Iran, owing to burn injury, 2003–2008. Ann Burns Fire
Disasters. 2012;25(4):196-199.

13. Rode H, Millar AJ, Cywes S, et al. Thermal injury in pregnancy–the
neglected tragedy. S Afr Med J. 1990;77(7):346-348.

14. Taylor JW, Plunkett GD, McManus WF, et al. Thermal injury during
pregnancy. Obstet Gynecol. 1976;47(4):434-438.

15. Herndon DN, Rutan RL. Comparison of  cultured epidermal autograft
and massive excision with serial autografting plus homograft overlay.
J Burn Care Rehabil. 1992;13(1):154-157.

16. Vaghardoost R, Kazemzadeh J, Rabieepoor S. Epidemiology of  burns
during pregnancy in Tehran, Iran. Burns. 2016;42(3):663-667.

17. Agarwal P. Thermal injury in pregnancy: predicting maternal and
fetal outcome. Indian J Plast Surg. 2005;38(2):95-99.

18. Chama CM, Na’Aya HU. Severe burn injury in pregnancy in Northern
Nigeria. J Obstet Gynaecol. 2002;22(1):20-22.

19. Gang RK, Bajec J, Krishna J, et al. Unusual development of  granulo-
mas on the healing surface of  burn wounds associated with MRSA
infections. Burns. 1996;22(1):57-61.

20. Mago V. Burn wound septicaemia: analysis of  burn infection in
burn ward at Dr. S.T M. Forest Hospital, Haldwani. J Burn Care Res.
2009;30(3):540.

21. Unsur V, Oztopcu C, Atalay C, et al. A retrospective study of  11 preg-
nant women with thermal injuries. Eur J Obstet Gynecol Reprod Biol.
1996;64(1):55-58.

22. Parikh P, Sunesara I, Lutz E, et al. Burns during pregnancy: impli-
cations for maternal-perinatal providers and guidelines for practice.
Obstet Gynecol Surv. 2015;70(10):633-643.

23. Karimi H, Momeni M, Momeni M, et al. Burn injuries during preg-
nancy in Iran. Int J Gynaecol Obstet. 2009;104(2):132-134.

24. Roderique EJ, Gebre-Giorgis AA, Stewart DH, et al. Smoke inhalation
injury in a pregnant patient: a literature review of  the evidence and
current best practices in the setting of  a classic case. J Burn Care Res.
2012;33(5):624-633.

25. Ramos ESM, Martins NR, Kroumpouzos G. Oral and vulvovaginal
changes in pregnancy. Clin Dermatol. 2016;34(3):353-358.

26. Practice Bulletin No. 170 Summary: Critical Care in Pregnancy.
Obstet Gynecol. 2016;128(4):929-930.

27. MacLennan L, Moiemen N. Management of  cyanide toxicity in
patients with burns. Burns. 2015;41(1):18-24.

28. Foresti R, Clark JE, Green CJ, et al. Thiol compounds interact with
nitric oxide in regulating heme oxygenase-1 induction in endothelial
cells. Involvement of  superoxide and peroxynitrite anions. J Biol Chem.
1997;272(29):18411-18417.

29. Liu S, Basso O, Kramer MS. Association between unintentional injury
during pregnancy and excess risk of  preterm birth and its neonatal
sequelae. Am J Epidemiol. 2015;182(9):750-758.



371.e2 34 • Care of the Burned Pregnant Patient 

71. Gando S, Sawamura A, Hayakawa M. Trauma, shock, and dissemi-
nated intravascular coagulation: lessons from the classical literature. 
Ann Surg. 2011;254(1):10-19.

72. Gando S, Wada H, Thachil J, et al. Differentiating disseminated intra-
vascular coagulation (DIC) with the fibrinolytic phenotype from coag-
ulopathy of  trauma and acute coagulopathy of  trauma-shock (COT/
ACOTS). J Thromb Haemost. 2013;11(5):826-835.

73. Hayakawa M, Kushimoto S, Watanabe E, et al. Pharmacokinetics of
recombinant human soluble thrombomodulin in disseminated intra-
vascular coagulation patients with acute renal dysfunction. Thromb 
Haemost. 2017.

74. Hayakawa M, Gando S, Ono Y, et al. Fibrinogen level deteriorates
before other routine coagulation parameters and massive transfu-
sion in the early phase of  severe trauma: a retrospective observational 
study. Semin Thromb Hemost. 2015;41(1):35-42.

75. Khadzhiiski S. [Burns during pregnancy]. Khirurgiia (Sofiia). 
1991;44(3):26-29.

76. Caine PL, Tan A, Barnes D, et al. Self-inflicted burns: 10 year review
and comparison to national guidelines. Burns. 2016;42(1):215-221.

77. Dannenberg AL, Carter DM, Lawson HW, et al. Homicide and other
injuries as causes of  maternal death in New York City, 1987 through 
1991. Am J Obstet Gynecol. 1995;172(5):1557-1564.

78. Macleod R, Shepherd L, Thompson AR. Posttraumatic stress symp-
tomatology and appearance distress following burn injury: an inter-
pretative phenomenological analysis. Health Psychol. 2016;35(11): 
1197-1204.

79. Shepherd L. A pilot study exploring the relationship between
trauma symptoms and appearance concerns following burns. Burns. 
2015;41(2):345-351.

80. Gaudet C, Sejourne N, Allard MA, et al. [Women and the painful
experience of  therapeutic abortion]. Gynecol Obstet Fertil. 2008;36(5): 
536-542.

81. Gausia K, Moran AC, Ali M, et al. Psychological and social conse-
quences among mothers suffering from perinatal loss: perspective 
from a low income country. BMC Public Health. 2011;11:451.

82. Hutti MH, Armstrong DS, Myers JA, et al. Grief  intensity, psycho-
logical well-being, and the intimate partner relationship in the subse-
quent pregnancy after a perinatal loss. J Obstet Gynecol Neonatal Nurs. 
2015;44(1):42-50.

83. Bennett SA, Bagot CN, Arya R. Pregnancy loss and thrombophilia: the 
elusive link. Br J Haematol. 2012;157(5):529-542.

84. Woods-Giscombe CL, Lobel M, Crandell JL. The impact of  miscarriage 
and parity on patterns of  maternal distress in pregnancy. Res Nurs 
Health. 2010;33(4):316-328.

85. Bond S, Gourlay C, Desjardins A, et al. Anxiety, depression and PTSD-
related symptoms in spouses and close relatives of  burn survivors: 
when the supporter needs to be supported. Burns. 2016.

86. Gold KJ, Sen A, Hayward RA. Marriage and cohabitation outcomes
after pregnancy loss. Pediatrics. 2010;125(5):e1202-e1207.

87. Sahraian A, Fazelzadeh A, Mehdizadeh AR, et al. Burnout in hospi-
tal nurses: a comparison of  internal, surgery, psychiatry and burns 
wards. Int Nurs Rev. 2008;55(1):62-67.

88. Manuck TA, Rice MM, Bailit JL, et al. Preterm neonatal morbidity
and mortality by gestational age: a contemporary cohort. Am J Obstet 
Gynecol. 2016;215(1):103 e1-e14.

54. Marret S, Ancel PY. [Neuroprotection for preterm infants with ante-
natal magnesium sulphate]. J Gynecol Obstet Biol Reprod (Paris). 
2016;45(10):1418-1433.

55. Horton AL, Lai Y, Rouse DJ, et al. Effect of  magnesium sulfate admin-
istration for neuroprotection on latency in women with preterm 
premature rupture of  membranes. Am J Perinatol. 2015;32(4):387- 
392.

56. Crowther CA, Brown J, McKinlay CJ, et al. Magnesium sulphate for
preventing preterm birth in threatened preterm labour. Cochrane Data-
base Syst Rev. 2014;(8):CD001060.

57. Conde-Agudelo A, Romero R. Transdermal nitroglycerin for the
treatment of  preterm labor: a systematic review and metaanalysis.  
Am J Obstet Gynecol. 2013;209(6):551 e1-e18.

58. Erez O, Mastrolia SA, Thachil J. Disseminated intravascular coagula-
tion in pregnancy: insights in pathophysiology, diagnosis and man-
agement. Am J Obstet Gynecol. 2015;213(4):452-463.

59. Honda M, Matsunaga S, Era S, et al. Intrapartum anti-disseminated
intravascular coagulation therapy leading to successful vaginal deliv-
ery following intrauterine fetal death caused by placental abruption: 
a case report. J Med Case Rep. 2014;8:461.

60. Montagnana M, Franchi M, Danese E, et al. Disseminated intravascu-
lar coagulation in obstetric and gynecologic disorders. Semin Thromb 
Hemost. 2010;36(4):404-418.

61. Letsky EA. Disseminated intravascular coagulation. Best Pract Res Clin 
Obstet Gynaecol. 2001;15(4):623-644.

62. Dennis A, Hardy L. Defining a reference range for vital signs in healthy 
term pregnant women undergoing caesarean section. Anaesth Inten-
sive Care. 2016;44(6):752-757.

63. Means RT. Anemias during pregnancy and the postpartum period.
In: Greer JP, ed. Wintrobe’s Clinical Hematology. Vol. 1. 12th ed. 
Philadelphia, PA: Lippincott Williams & Wilkins; 2009:1239- 
1246.

64. Kacmar RM, Traynor AJ. Physiologic changes of  pregnancy. In:
Bucklin BA, Baysinger CL, Gambling D, eds. A Practical Approach to 
Obstetric Anesthesia. 2nd ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2016:3-16.

65. Campbell T, Galwankar S. Emergency medical resuscitation in preg-
nancy with trauma. In: Singal RK, ed. Medical Update 2008. 18: Asso-
ciation of  Physicians of  India; 2008.

66. Food, Drug Administration HHS. Content and format of  label-
ing for human prescription drug and biological products: require-
ments for pregnancy and lactation labeling. Final rule. Fed Regist. 
2014;79(233):72063-72103.

67. Heikkila A, Erkkola R. Review of  beta-lactam antibiotics in pregnancy. 
The need for adjustment of  dosage schedules. Clin Pharmacokinet. 
1994;27(1):49-62.

68. Dobson GP, Letson HL, Sharma R, et al. Mechanisms of  early trauma-
induced coagulopathy: the clot thickens or not? J Trauma Acute Care 
Surg. 2015;79(2):301-309.

69. Gonzalez E, Moore EE, Moore HB, et al. Trauma-induced coagulopa-
thy: an institution’s 35 year perspective on practice and research. 
Scand J Surg. 2014;103(2):89-103.

70. Taylor FB Jr, Toh CH, Hoots WK, et al. Towards definition, clinical and 
laboratory criteria, and a scoring system for disseminated intravascu-
lar coagulation. Thromb Haemost. 2001;86(5):1327-1330.



372

Special Considerations of Age
THE PEDIATRIC BURNED PATIENT
OMAR NUNEZ LOPEZ, WILLIAM B. NORBURY, DAVID N. HERNDON, and JONG O. LEE

35 

A retrospective study involving 103 children with burns 
covering more than 80% of  TBSA over a 15-year period 
reported an overall mortality of  33%. Mortality was signifi-
cantly higher in children under 2 years of  age and in those 
with more than 95% TBSA burn (Figs. 35.1 and 35.2).10 
Delay in obtaining intravenous (IV) access was an addi-
tional predictor of  mortality (Fig. 35.3). Aggressive fluid 
resuscitation during the first hour after burn increased sur-
vival. The mortality rate also increased significantly with 
inhalation injury, sepsis, and multiorgan failure.10

In addition to biological derangements, a severe burn 
produces tremendous psychological challenges to a child. 
Anatomical differences specific to the pediatric population 
make procedures and interventions more challenging.

Initial Evaluation

First, the burn patient needs to be removed from the source 
of  thermal injury expeditiously and clothing and jewelry 
removed immediately. Pouring cold water onto the burn 
can cause hypothermia in large burns and should be 
avoided. After the burning process is stopped, the patient 
should be kept warm by covering with a sterile (if  available) 
or clean sheet or blanket. If  the burn is chemical, the patient 
should be removed from the chemical immediately, and the 
burn should be irrigated with copious amounts of  water for 
at least 30 min. If  the chemical is powder, it should be 
brushed off  first prior to irrigation.11,12

Burn patients should be assumed to be trauma patients, 
and any potential life-threatening injuries should be iden-
tified and treated. The airway should be assessed first. 
One-hundred percent oxygen should be administered if  
inhalation injury is suspected. In addition, arterial blood 
gas and carboxyhemoglobin levels should be measured: 
pulse oximetry readings will be falsely normal in patients 
with elevated carboxyhemoglobin levels because car-
boxyhemoglobin is read as oxyhemoglobin by the pulse  
oximeter.13

Tachypnea, stridor, and hoarseness indicate an impend-
ing airway narrowing due to inhalation injury or edema, 
and immediate intubation should be considered. A full-
thickness circumferential chest burn can interfere with 
ventilation. Chest expansion should be observed to ensure 
adequate air movement. If  the patient is on a ventilator, 
airway pressure and PCO2 should be monitored. If  ventila-
tion is compromised, escharotomy of  the chest should be 
performed to improve ventilation.

Blood pressure measurement may be difficult in patients 
with burned extremities. These patients may require an 
arterial line to monitor their blood pressure. A radial 

Introduction

According to the National Burn Repository, burn injuries 
are responsible for 40,000 annual hospital admissions, of  
which one third are pediatric patients.1 Despite the steady 
decrease of  burn injuries over the past three decades, chil-
dren continue to represent a disproportionately high pro-
portion of  this population. The pattern of  burn injuries 
affecting children differs from the pattern observed in adult 
burns.

House fires are among the leading causes of  burn injuries 
and burn-related deaths in the United States, with approxi-
mately 2,600 deaths and 13,000 injuries reported per 
year.2 Children under 5 years of  age are at a greater risk. 
Deaths due to house fire among preschool children are at 
a rate of  more than twice the national average for all ages 
(29.6 deaths/million children, or an average of  20% of  all 
home fire deaths).2,3 In addition, scald burns constitute the 
most common mechanism of  injury in the pediatric popula-
tion, representing approximately 71% of  all burn injuries 
nationwide.3 Scald burns are more frequently observed in 
children 6 years or younger. Scald injuries may be due to 
household accidents or can be deliberate abuse. More than 
half  of  these burns are attributable to hot liquids related to 
cooking, including spilling hot coffee or water, or to chil-
dren reaching up to countertops, pulling pot handles or 
cords attached to cooking appliances, and spilling the con-
tents onto themselves. Other causes include unknowingly 
putting body parts under a hot water faucet or climbing 
into a bathtub with hot water and intentionally or uninten-
tionally being placed into or brought in contact with a hot 
substance by another individual. According to epidemio-
logic studies, minorities and children living in areas with 
lower incomes are disproportionately more affected by burn 
injuries.4,5 Notably, flame burns are the dominant cause 
in adolescents and are associated with increased severity 
and increased need for hospitalization when compared to  
other burns.4,6

Drastic changes in burn care over the past decades, which
include aggressive and early fluid resuscitation, prompt
excision and grafting of  burn wounds, improved infection
control, modulation of  the hypermetabolic response, and
management of  inhalation injury, have promoted a sub-
stantial decline in in-hospital mortality after burn injury.7

This overall improvement in mortality is most perceptible in
children. For example, in 1949, a pediatric patient (aged
0–14) with a burn covering 50% of  total body surface area
(TBSA) had an expected mortality rate of  50%; today, a
similar mortality rate is expected in a pediatric patient
(same age group) with a 98% TBSA burn.8,9
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arterial line may not be reliable in pediatric patients with 
extremity burns and may be difficult to obtain. A femoral 
arterial line may be more reliable and easier to secure.

An urinary catheter is placed to monitor urine output as 
a measure of  successful resuscitation. Placement of  a naso-
gastric tube is recommended in patients with severe burns 
because they can develop gastric ileus. Persistent tachycar-
dia should alert a clinician to a missed injury or underre-
suscitation. Accurate and prompt determination of  burn 
size is fundamental for the proper management of  burn 
injury.

Resuscitation

There is a systemic capillary leak after a major burn, which 
increases with burn size. Intravenous access should be 
established immediately for the administration of  fluids. 

Delays in commencement of  resuscitation of  burned 
patients result in worse outcome.14 Therefore it is vital that 
IV access be obtained as early as possible. Due to the small 
circulating volume in children, resuscitation should be 
started immediately; even short delays increase the risk of  
shock. Peripheral IV access is preferred, and it must go 
through burned skin if  necessary. IV access should be well 
secured. When peripheral IV access is not available because 
of  severe extremity burns, a central venous line must be 
placed. Children with large burns should have two large-
bore IV lines for fluid administration. The presence of  two 
IV lines provides a safety margin if  one stops functioning.

When vascular access is unobtainable, the intraosseous 
route is a viable option. Fluid volumes in excess of  100 mL/h 
can be administered directly into the bone marrow.15 Intra-
medullary access can be utilized in the proximal tibia until 
IV access is accomplished. A 16–18-gauge bone marrow 
aspiration needle, spinal needle, or commercially available 
intraosseous needle can be used to cannulate the bone 
marrow compartment. Although previously advocated 
only for children younger than 3 years of  age, intraosseous 
fluid administration can be safely performed in all pediatric 
age groups.16,17 The proximal anterior tibia, medial malleo-
lus, anterior iliac crest, and distal femur are preferred sites 
for intraosseous infusion. The needle should be introduced 
into the bone, avoiding the epiphysis, either perpendicular 
to the bone or at a 60-degree angle, with the bevel facing 
the greater length of  bone (Fig. 35.4). The needle has been 
properly inserted when bone marrow can be freely aspi-
rated. Fluid should be allowed to infuse by gravity drip. The 
use of  pumps should be discouraged in case the needle 
becomes dislodged from the marrow compartment.

Fluid losses are proportionally greater in children owing 
to their small body weight-to-body surface area ratio. 
Normal blood volume in children is approximately 80 mL/
kg body weight and in neonates 85–90 mL/kg, compared 
to an adult whose normal blood volume is 70 mL/kg. The 
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commonly used “rule of  nines,” useful in adults and ade-
quate in adolescents, does not accurately reflect the burned 
body surface area of  children under 15 years of  age (Fig. 
35.5). The standard relationships between body surface 
area and weight in adults do not apply to children because 
infants possess a larger cranial surface area and a smaller 
area in the extremities than adults. The use in children of  
the most popular resuscitation formulas (initially designed 
for the adult population) can easily result in suboptimal 
resuscitation (Table 35.1).

Pediatric burned patients should therefore be resusci-
tated using formulas based on body surface area, which 
can be calculated from height and weight using a standard 
nomogram (Fig. 35.6) or formulas (Table 35.2). The com-
monly used resuscitation formula in pediatric patients calls 
for the administration of  5000 mL/m2 TBSA burned plus 
2000 mL/m2 TBSA for maintenance fluid given over the 
first 24 hours after burn, with half  the volume adminis-
tered during the initial 8 hours and the second half  volume 
given over the following 16 hours.18 The subsequent 24 
hours, and for the rest of  the time their burn wound is open, 
the requirement is 3750 mL/m2 TBSA burned or remain-
ing open area plus 1500 mL/m2 TBSA for maintenance. 
The fluid requirement decreases as a patient achieves more 
wound coverage and healing. As in the adult patient, resus-
citation formulas offer a guidance for the amount of  fluid 
necessary for replacing lost volume, and the amount of  
fluid should be titrated according to the patient’s response. 
Resuscitation formulas have been incorporated into manual 
calculators, electronic devices, and smartphone applica-
tions in order to decrease the risk of  error and increase 
the speed of  calculation.19 Hyponatremia is a frequently 
observed complication in pediatric patients after the first 

A

B

Fig. 35.4 Intraosseous line placement in the proximal tibia (A) and 
distal femur (B). (From Fleisher G, Ludwig S, eds. Textbook of Pediatric 
Emergency Medicine, 2nd ed. Baltimore: Williams & Wilkins; 1988: 268.)
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Fig. 35.5 The “rule of nines” altered for the anthropomorphic differences of infancy and childhood.
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extremity color, capillary refill, pulse pressure, and mental 
status reflect volume status. Capillary refill is a good indica-
tor of  volume status in pediatric patients. Decreased capil-
lary refill should warn a clinician of  imminent cardiovascular 
collapse. Measurements of  arterial pH, base deficit, and 
lactic acid are of  particular importance in this age group, 
reflecting decreased tissue perfusion. Improvements in base 
deficit or lactic acid show successful resuscitation.22

Normal blood pressure range varies according to age, 
with a systolic blood pressure of  100 mm Hg or less consid-
ered normal in patients younger than 9 years (Table 35.3). 
Renal compensatory mechanisms for hypovolemia (e.g., 
tubular concentration) are not well-developed in young 
children, contributing to hypovolemia with sustained urine 
production despite reduced intravascular volume.

An indwelling urinary drainage catheter is essential for 
burns of  greater than 20% during resuscitation. During the 
early phase of  resuscitation, urine output should be assessed 
hourly and the resuscitation fluid adjusted appropriately. 
Fluid administration should be titrated to achieve a urine 
output of  1 mL/kg/h in children and 2 mL/kg/h in infants. 
Initial fluid boluses should be administered in amounts 
appropriate to the size of  the child and should be less than 
25% of  the total blood volume (20 mL/kg).

Overresuscitation must be avoided because it can lead to 
congestive heart failure, pulmonary edema, abdominal and 
extremity compartment syndromes, and cerebral edema in 
burn patients. In children, cardiac output depends mainly 
on the heart rate due to the low compliance of  the heart, 
which limits increase in stroke volume. In addition, the 
heart is more susceptible to volume overload. Cardiac 
output can be measured using transpulmonary thermodi-
lution devices, which are less invasive than a pulmonary 
artery catheter and only require an arterial catheter and a 
central venous line.23 Transthoracic or transesophageal 
echocardiograms should be used early to assess cardiac 
function in patients who are not responding to conven-
tional therapy. Children are particularly prone to the 

48 hours post burn. Frequent monitoring of  serum sodium 
is necessary to guide appropriate electrolyte and fluid 
management. Children under 1 year of  age may require 
more sodium supplementation because of  higher urinary 
sodium losses. Hypernatremia can also develop, and it has 
been identified as an independent predictor of  mortality in  
adult burn patients.20 Potassium losses are usually replaced 
with oral potassium phosphate rather than potassium  
chloride, as hypophosphatemia is frequent in this popu-
lation.21 Calcium and magnesium losses also must be 
supplemented.

Intravenous resuscitation fluid should be isotonic and 
replace lost electrolytes. Lactated Ringer’s solution is the 
most commonly used resuscitation solution for the first 24 
hours post burn. Children less than 1 year of  age should 
also receive a separate maintenance fluid solution contain-
ing dextrose to prevent hypoglycemia because their glyco-
gen stores are limited.

Assessment of Resuscitation

The routine clinical signs of  hypovolemia in adult burn 
patients, such as low blood pressure and decreased urine 
output, are late manifestations of  shock in the pediatric 
patient, and tachycardia is ubiquitous. Due to their cardio-
pulmonary physiologic reserve, pediatric patients do not 
show overt signs of  hypovolemia until a decrease of  at least 
25% of  the total blood volume occurs; at this point, hemo-
dynamic decompensation occurs abruptly. Changes in distal 

Table 35.1 Resuscitation by the Parkland Formula Only Compared to Maintenance Fluid Requirements Alone

CALCULATED NEEDS REPLACEMENT BURN LOSS

Example % Burn Resuscitation* Maintenance† mL mL/kg/%

1 year old 15 600 800 −200 −1.33

10 kg 30 1200 800 400 1.33

0.48 m2 BSA 60 2400 800 1 600 2.67
90 3600 800 2 800 3.11

4 years old 15 990 1200 −210 −0.85

16.5 kg 30 1980 1200 780 1.58

0.68 m2 BSA 60 3900 1200 2 760 2.79
90 5940 1200 4 940 3.33

12 years old 15 2400 2250 1 150 1.92

40 kg 30 4800 2550 2 550 2.12

1.13 m2 BSA 60 9600 2250 7 350 3.06
90 14,400 2250 12 150 3.38

*4 mL/kg/% burn.
†2000 mL/m2 BSA.

Table 35.2 Formulas for Calculating Body Surface Area 
(BSA)

Dubois formula BSA (m2) = ht (cm)0.725 × wt (kg)0.425 × 0.007184

Jacobson formula BSA (m2) = [ht (cm) + wt (kg) − 60]/100
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Fig. 35.6 Standard nomogram for the determination of body surface area based on height and weight. The example depicted is for a child of 100 cm 
in height and 23 kg in weight. (From Eichelberger MR, ed. Pediatric Trauma: Prevention, Acute Care and Rehabilitation. St Louis: Mosby Year Book; 1993: 572.)

Table 35.3 Normal Pediatric Vital Signs

Age
Minimum Heart 
Rate (beats/min)

Systolic Blood 
Pressure (mmHg)

Respirations 
(breaths/min)

Minimal 
Hemoglobin (g/dL)

Minimal 
Hematocrit (%)

<2 years of age 100–160 86–106 30–40 11.0 33.0

2–5 years of age 80–140 89–112 20–30 11.0 33.0

6–9 years of age 70–120 97–115 18–25 11.5 34–5

9–12 years of age 70–115 102–120 18–25 11.5 34–5

>12 years of age 60–110 90 12–20 12.0 36.0
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especially in a closed-space fire.33,34 The initial carboxyhe-
moglobin level should be calculated from the time the 
admission level is drawn, back to the time of  the burn 
injury. A carboxyhemoglobin level of  greater than 60% has 
a greater than 50% chance of  mortality. Diagnosis is made 
by visualization of  the airway with fiberoptic bronchoscopy 
(Table 35.4).

Treatment modalities for inhalation injury include 
airway maintenance, secretion clearance, and pharmaco-
logical management (Table 35.5). Further care is mainly 
supportive and includes ventilator support as needed, vigor-
ous pulmonary toilet, humidification of  inspired air, and 
antibiotics for documented infection. A combination of  
nebulized heparin and N-acetylcysteine has been shown to 
decrease the duration of  mechanical ventilation after inha-
lation injury.35–37

Hypermetabolism

Profound hypermetabolism is a classic feature of  children 
with large burn injury. No other pathological state produces 

development of  edema from both vasogenic and hydrostatic 
sources. Vasogenic edema occurs in the early post-burn 
period when vascular integrity is impaired. The mainte-
nance of  intravascular osmotic pressures reduces the likeli-
hood of  edema development. In difficult resuscitation, 
colloids such as albumin can be used. Albumin can be 
expected to remain in the intravascular space if  adminis-
tered more than 8 hours after burn.

Evaluation and Management 
of Airways

Airway evaluation and management must be given priority. 
Children are more prone to obstruction due to the smaller 
aperture of  their trachea. Airway edema causes dispropor-
tionate increments in resistance with concomitant reduc-
tion of  the cross-sectional area.24 Inhalation injury can lead 
to delayed airway edema after administration of  massive 
resuscitation fluids.

Potential hemorrhage and edema make emergency intu-
bation difficult. Hence, early intubation should be consid-
ered when a long transfer is anticipated, severe inhalation 
injury is present, or a patient has a large burn that likely 
will develop airway edema secondary to the large amount 
of  fluid resuscitation. Concurrent placement of  an endotra-
cheal tube (ETT) over the bronchoscope should be consid-
ered at the time of  bronchoscopy. A readily available 
estimate of  airway diameter is the width of  the patient’s 
little finger, an age-based formula (age + 16)/4, or the use 
of  a Broselow tape.25

The ETT must be well secured. In a child, exudative 
wounds and moist dressings can make this task difficult. 
One successful approach is to attach the ETT with tape 
around the back of  the head, both above and below the ears. 
An additional piece of  tape over the top of  the head, secured 
to the tape behind the head, will prevent accidental extuba-
tion in most children.26 In addition, commercially available 
endotracheal tube holders exist; however securing the tubes 
with tape strips of  sufficient length and width has proved 
superior to two different commercial tube holders.27

Inhalation Injury

Inhalation injury is one of  the main contributors to burn 
mortality.28,29 The mortality rate of  children with isolated 
thermal burns is 1–2%, but increases to approximately 40% 
in the presence of  inhalation injury.30,31 Expectedly, inhala-
tion injury is associated with longer hospital stay and 
increased risk of  pneumonia.32 Carbon monoxide poisoning 
coupled with hypoxia is the most frequent cause of  death 
due to inhalation injury. Any patient with a flame-related 
injury, particularly if  confined in a closed space, should be 
evaluated for inhalation injury. If  inhalation injury is sus-
pected, arterial blood gas and carboxyhemoglobin levels 
should be obtained, and the patient should be placed on 
100% oxygen. Signs of  potential inhalation injury include 
facial burns, singed nasal vibrissae, carbonaceous sputum, 
abnormal mental status (agitation or stupor), respiratory 
distress (dyspnea, stridor, hoarseness, wheezing), or an 
elevated carboxyhemoglobin level of  greater than 10%, 

Table 35.4 Carbon Monoxide Poisoning

Carboxyhemoglobin 
(%) Symptoms

0–10 Normal

10–20 Headache, confusion

20–40 Disorientation, fatigue, nausea, visual 
changes

40–60 Hallucination, combativeness, convulsion, 
coma, shock state

60–70 Coma, convulsions, weak respiration and 
pulse

70–80 Decreasing respiration and stopping

80–90 Death in less than 1 hour

90–100 Death within a few minutes

Table 35.5 Airway Maintenance, Clearance, and 
Pharmacological Management

Turn side to side q2h

Sitting or rocked in chair As soon as physiologically 
stable

Ambulation Early

Chest physiotherapy q2h

Suctioning and lavage (nasal/oral 
tracheal)

q2h

Bronchodilators q2h

Aerosolized heparin/acetylcysteine q2h alternating

Heparin 5000–10,000 units with 
3 mL NS

q4h

Alternated with acetylcysteine 
20% 3 mL

q4h



35 • Special Considerations of Age378

30% of  the TBSA benefit from enteral feedings to supple-
ment their diet.

Feeding tubes can be placed beyond the pylorus and 
enteral nutrition initiated within a few hours of  admission. 
Most children will tolerate enteral feedings as early as 1–2 
hours post burn. Several studies have demonstrated the effi-
cacy of  early alimentation and its additional salutary 
effects.57,58 Enteral feedings can be given through a flexible 
nasoduodenal or nasojejunal feeding tube, bypassing the 
stomach.

Several formulas are available to estimate caloric require-
ments in burn patients. Since caloric demands are related 
to burn size, caloric support should be given in amounts 
calculated based on total and burned body surface areas in 
burned children. A series of  different formulas based on 
body surface areas have been developed to meet the differ-
ing requirements of  the various age groups.59–61 The Curreri 
formula has likewise been amended to reflect the differing 
demands of  the pediatric group (Table 35.6).

Growth Delay

Increased protein degradation has been reported up to 9 
months after major burns. Growth delay and osteopenia 
can persist up to 2 years in children.44,62,63 Despite adequate 
nutritional support, children with greater than 40% TBSA 
burn have a linear growth delay of  height and weight and 
a decrease in maximal exercise capacity during the first 
year after burn, which slowly resolves to near normal dis-
tribution by post-burn year 3.64 Administration of  propran-
olol and oxandrolone has been shown to ameliorate growth 
delay secondary to burn injury in children.50

Management of Burn Wound

One of  the most important advances in the care of  burn 
patients is the early surgical excision and grafting of  the 
burn wound. Improvements in the treatment of  burn 
wounds with the practice of  early excision and grafting, 
along with improvements in fluid resuscitation and the 
general care of  burn patients, have reduced the incidence 
of  sepsis in burn patients.65 Prior to early excision and graft-
ing, third-degree burns were treated by removing small 
amounts of  eschar at a time followed by grafting. Com-
monly, eschar was allowed to separate through lysis by bac-
terial enzymes, which led to a high incidence of  invasive 

as dramatic an effect on the metabolic rate as burn 
injury.38,39 Hypermetabolism slows wound healing, pro-
longs generalized weakness, and can lead to loss of  lean 
body mass.

The hypermetabolic response increases with increasing 
burn size. There is an upregulation of  catabolic agents, 
such as catecholamine, cortisol, and glucagon, which 
induces a hyperdynamic cardiovascular response; elevated 
oxygen consumption; increased energy expenditure; prote-
olysis, lipolysis, and glycogenolysis; loss of  lean body mass; 
delayed wound healing; and immune suppression.40–43

Pharmacological agents have been used to attenuate 
hypermetabolism in burn injury. In order to minimize lean 
body mass loss, several therapeutic agents have been used 
in pediatric burned patients: anabolic hormones such as 
recombinant human growth hormone, insulin, and insulin-
like growth factor-1 (IGF-1); anabolic steroids such as tes-
tosterone and synthetic analogue oxandrolone; and 
adrenergic antagonists such as propranolol.44–50

THERMOREGULATION

Hypothalamic dysregulation induced by various inflamma-
tory cytokines and pain causes elevation of  core body tem-
perature after a major burn even in the absence of  infection. 
Burn patients strive for temperatures of  around 38°C. Low 
temperature is more likely indicative of  overwhelming 
sepsis or exhausted physiological capabilities. The aug-
mented heat loss secondary to epidermal loss after a major 
burn makes conventional methods of  heat conservation 
inappropriate in burn patients.51,52 In addition, low muscle 
mass in young children and their limited shivering capacity 
are factors that increase the risk of  hypothermia in this 
population.53

Every effort should be made to reduce heat loss. 
Environmental temperature should be maintained at 
30–33°C in order to reduce energy demands and evapo-
rative water losses. Bathing should be performed expedi-
tiously, with avoidance of  unnecessary environmental  
exposure.54

Hypothermia produces numerous consequences. The 
heart is particularly sensitive to temperature, and ventricu-
lar arrhythmias are not uncommon. Hypothermia also 
increases the susceptibility of  the myocardium to changes 
in electrolyte concentrations. The oxyhemoglobin dissocia-
tion curve is shifted to the left by decreased body tempera-
ture, impairing peripheral oxygenation. In extreme cases, 
hypothermia produces central nervous system and respira-
tory depression, coagulopathy, and loss of  peripheral vaso-
motor tone.41

NUTRITIONAL SUPPORT

Nutritional support becomes an essential part of  treatment 
of  acute burn patients. Early enteral nutrition is used to 
accomplish nutritional support of  the hypermetabolic 
response in severely burned patients. Early enteral nutrition 
preserves gut mucosal integrity, improves intestinal blood 
flow and motility, and can abate the hypermetabolic 
response to burn.55,56 Patients with smaller burns should 
receive a high-protein, high-calorie diet to support their 
metabolic response. Those with burns covering more than 

Table 35.6 Nutritional Requirements for Children

Galveston Modified Curreri

Infant burn 2100 kcal/m2 + 
1000 kcal/m2 burn

BMR + 15 kcal/%

Toddler burn BMR + 25 kcal/%

Child burn 1800 kcal/m2 + 
1300 kcal/m2 burn

BMR + 40 kcal/%

Adolescent burn 1500 kcal/m2 + 
1500 kcal/m2 burn
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Traditionally, topical antimicrobials were the most com-
monly used treatment in partial-thickness burns. One of  
the drawbacks of  using topical antimicrobials in burn 
wounds is the pain associated with dressing changes, espe-
cially in children. Immediate application of  Biobrane is one 
of  the treatment options for partial-thickness burns, pri-
marily scald burns covering less than 30% of  the TBSA. 
Biobrane can be safely used in children, including infants. 
When applied within 48 h of  burn, there is no difference in 
infection rates between Biobrane and topical antimicrobi-
als. Furthermore, Biobrane application leads to less pain, 
shorter hospitalizations, and shorter healing times com-
pared to topical antimicrobials.69–71 Other silver-based 
dressings such as Acticoat, Aquacel, Silverlon, and Mepilex 
Ag are available for partial-thickness burns that can be left 
on for several days, thus decreasing the number of  dressing 
changes and the associated pain.72–74

It may be difficult clinically to determine the precise depth 
of  scald burns during the early post-burn period because 
the wounds may be indeterminate and contain a mixture 
of  superficial and deep partial-thickness burns and some-
times even full-thickness burns. Indeterminate-depth scald 
burns covering less than 20% of  the TBSA in young chil-
dren are best managed with delayed surgical intervention 
instead of  early excision. Unless the wound is clearly full 
thickness, the scald burn should be conservatively managed 
for approximately 2 weeks to allow the wound to heal or 
demarcate (Figs. 35.9 and 35.10). This delayed surgery 
results in a smaller area of  wound being excised and less 
blood loss.75

Large scald burns can be treated with allograft or xeno-
graft, which significantly reduces the pain involved with 
dressing change and wound care. Scald burns covering 
more than 20% of  the TBSA and of  indeterminate depth 
were randomized to treatment with allograft skin versus 
topical antimicrobial therapy. Treatment with allograft skin 
led to faster healing and less pain.76 In another study, 
patients with greater than 40% TBSA burn were random-
ized to treatment with allograft skin or topical antimicrobi-
als. Patients who received allograft skin had a significantly 
shorter length of  hospital stay.77

Fig. 35.7 Dermal and skin substitutes can be used as temporary cover 
for severe burns. Integra, a bilaminar skin substitute, can replace homo-
grafts as temporary cover. The Silastic superficial layer can be removed 
after 3 weeks and a super-thin autograft then placed on top. The entire 
wound can be covered with Integra, which is subsequently autografted 
when donor sites are available. (From Barret J, Herndon DN, eds. Color 
Atlas of Burn Care. London: WB Saunders; 2001: 107,;late 6.95.)

Fig. 35.8 The cultured epidermal autografts are ready to use 18–21 
days later. Extreme care with handling is needed because of the fragil-
ity of the cultured cells. (From Barret J, Herndon DN, eds. Color Atlas of 
Burn Care. London: WB Saunders; 2001: 106, plate 6.89.)

Fig. 35.9 Superficial and small areas of deep second-degree scald 
burns before topical treatment: 25% total body surface area. (From 
Barret J, Herndon DN, eds. Color Atlas of Burn Care. London: WB Saunders; 
2001: 79, plate 5.39.)

infection, wound sepsis, increased length of  hospital stay,
and increased mortality. Currently, massive excision can be
easily managed in children and contributes to shortened
length of  hospital stay and reduced mortality.66,67 Early
excision of  massive burns in the first 24 hours is safe and
effective.68

By using skin substitutes such as allograft, xenograft, and
Integra (Fig. 35.7), the burn wound can be covered and
protected until donor sites are available for procurement.
Cultured epidermal autografts (CEA) are available for
massive burn injuries (Fig. 35.8). Although it is an effective
way to cover large burns where donor sites are limited, it
may not be the most cost-effective approach. A group of
patients treated with CEA had greater hospital costs, a
longer hospital stay, and required more reconstructive sur-
gical admissions when compared to patients who received
conventional treatment with meshed autograft skin.66
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Most outpatients are treated with hydrocodone/
acetaminophen, and some require longer-acting narcotics 
such as methadone.

Nonpharmacological methods, including hypnosis, dis-
traction techniques, and the use of  virtual reality can be 
used in combination with pharmacological options for the 
treatment of  pain and anxiety.78,95–98

Rehabilitation

One of  the integral parts of  successful treatment of  burn 
injury is rehabilitation. During the acute phase of  burn 
care, splints and proper positioning are used to minimize 
joint deformities and contractures. Splints are fabricated 
and adapted to meet individual needs and used preferably 
from the first day of  hospitalization. Bedside therapy, includ-
ing passive and active range of  motion, is started early. 
Patients with leg grafts are kept on bed rest after the opera-
tion, but on postoperative day 3 they are allowed and 
encouraged to ambulate. Early physical therapy and ambu-
lation are the keys to success in the long-term rehabilitation 
of  burned children. When patients are discharged from 
their acute-care hospitalization, they follow rigorous outpa-
tient treatment plans that include stretching, range of  
motion, and strengthening exercises.

Prevention

Prevention remains the single best way to reduce pediatric 
burn injuries. National prevention and education efforts 
have significantly decreased the number of  pediatric burns 
each year. Lowering the temperature set point on water 
heaters and educating families to check the bath water tem-
perature before placing a child in the bath have reduced 
scald burns. Prevention groups have worked with water 
heater companies and the Consumer Product Safety Com-
mission (CPSC) to provide education to raise gas water 
heaters 12 inches above the ground, which significantly 
reduces the risk of  accidental explosions and fires.

Three-quarters of  “child fire play” involves matches or 
lighters. All matches and other ignition sources must be 
placed out of  reach of  children. A positive step toward pre-
vention occurred in 1994 when the CPSC put into effect a 
child-resistant lighter to protect children. The importance 
of  placing smoke detectors in multiple areas of  the house 
cannot be overstated. Current prevention education focuses 
on children and especially infants who are not able to 
remove themselves from a fire. Educating children as early 
as possible that fire is dangerous is imperative. Providing 
safe environments for children and providing appropriate 
education is the responsibility of  healthcare providers, the 
adults who care for them, and the community.

Complete references available online at 
www.expertconsult.inkling.com
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Pain Management

Therapeutic interventions such as wound care, surgical 
interventions, and physical therapy cause significant 
pain.78,79 Despite advances in burn care, procedural pain 
continues to be severe and undertreated.80 Well-controlled 
pain in the post-burn period has been associated with 
improved clinical outcomes (i.e., wound healing, re-
epithelialization rates).80–82 Conversely, poorly managed 
pain is associated with dysesthesias, chronic pain, and 
debilitating psychological conditions.83

Pain assessment in pediatric patients must be individual-
ized to the patients’ age, clinical conditions, and prefer-
ences. Verbal pain scales that assess pain severity are the 
most commonly used assessment tools.84 Published studies 
report that burn patients preferred face and color scales 
over visual analogs and adjective scales.85 When factors 
related to the injury or the treatment limit the capacity of  
the patient to communicate, the evaluation of  the patient’s 
behavior is a valid alternative. However it is recognized that 
these patients are at increased risk for inadequate treatment 
of  their pain.86

The intravenous route is the preferred mode of  analgesic 
administration in the acute phase post-burn. Significant 
changes in the metabolism of  nonopioid medications 
(altered volume distribution due to carrier protein changes, 
alterations in receptor sensitivity) have been reported after 
burn injury.87–89 Morphine sulfate and lorazepam pharma-
cokinetics seem to remain unaltered after burn injury; 
however it has been reported that their clearance rates 
increase after massive burns (>80% TBSA burn).90–92 Mor-
phine sulfate is one of  the most commonly used analgesic 
in pediatric burn patients.93 Fentanyl is another safe and 
efficacious alternative. Despite enthusiasm and increased 
interest, the routine use of  intravenous local anesthetics is 
not advocated.94

Fentanyl Oralet (10 µg/kg) has been used successfully in 
the outpatient setting for dressing changes and wound care. 

Fig. 35.10 Deep second-degree burns treated for 10 days with silver 
sulfadiazine. Note that the edges are regenerating. Pseudo-eschar chal-
lenges the evaluation of the wounds. Foul smell, discoloration, sur-
rounding cellulitis, and eschar separation are signs of infection. (From 
Barret J, Herndon DN, eds. Color Atlas of Burn Care. London: WB Saunders; 
2001: 77, plate 5.31.)
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Outcome

Mortality rates have diminished among all age groups in 
recent decades.5,13,16 Technological progress as well as 
advances in fluid resuscitation, early burn wound excision, 
skin grafting, and pharmacotherapy have improved sur-
vival.17 The Baux score is calculated as a sum of  age and 
percent total burn surface area (TBSA) and illustrates both 
the influence of  age on outcome and the improvements in 
burn care: When compared over time, the score at which 
the survival rate reaches 0% has steadily increased from 
100 in the 1940s to 130–140 in the early 2000s.18 However, 
mortality and morbidity rates remain higher in geriatric 
burn patients.1,2,10,13,17,19 A large registry study of  Jeschke 
et al. reported the LD50 (50% mortality) for 50-year-old 
patients at burn sizes of  50% TBSA. This LD50 considerably 
drops to 30–40% TBSA for patients older than 65 years to 
only 25% for those older than 70.17 Pereira et al. have found 
in a large study of  mortality trends and autopsy data that 
LD50 for older adults has remained steady at 35% for 
decades, which is disconcerting in the light of  the overall 
improvement of  burn care. Lung injury and sepsis were the 
most common primary causes of  death noted in burn 
patients, and an increase in the weights of  heart, lung, 
spleen, and liver was noted in all age groups postmortem.16 
Pomahac et al. reported that increased levels of  creatinine 
at the time of  admission were associated with increased 
mortality in older adults.20

Age, TBSA burned, and inhalation injury are associated 
with increased mortality rates. The mortality rate is 7.4% 
for all patients with burn injury aged 60–69 years, 12.9% 
for patients aged 70–79 years, and 21% for patients older 
than 80 years of  age.13

Geriatric patients also experience greater long-term dis-
ability after burn injury. Only about 50% of  elderly patients 
with a major burn return home within the first year,7,16,21 
and any loss of  function, strength, or independence is more 
difficult to recover than in the younger patient population.22 
The unique risk factors present in this population explain 
these statistics.

Risk Factors

A number of  well-recognized risk factors are present in 
older adults. Increased risk of  infections, pulmonary dis-
eases, and sepsis as well as the variability of  comorbidi-
ties present in these patients increase morbidity after a 
burn. Some of  the more prominent factors are shown in  
Box 36.1.

Introduction

The quality of  life in developed countries has improved over
the past 50 years, increasing the average lifespan by nearly
30 years.1 Individuals aged 65 years and over account for
13% of  the U.S. population. This “elderly” population is pro-
jected to double from 40.2 million in 2010 to 88.5 million
by 2050. Such population aging is unprecedented.2 By
2050, the number of  older adults persons in the world is
expected to exceed the number of  young for the first time in
history.3 This trend presents a special challenge because
older adults will constitute an ever-growing segment of  the
average surgeon’s practice and will influence clinical deci-
sions, ethical decisions, and healthcare costs.

A multicenter study conducted in Tokyo found that 25%
of  burned patients were older than 65 years of  age.4 A
systematic review of  more than 186,500 patients in Europe
showed that 10–16% were in this age range.5 In the United
States, geriatric patients constitute about 10% of  the major
burn population. The anticipated rise in the geriatric popu-
lation makes understanding age-related physiological and
metabolic changes even more important for burn care
professionals.6–8 The elderly and the very young are most
likely to die from severe burns.9–13 Adults older than 65
years old have a mortality rate from burns that is five times
the national average.9,13 Treatment of  these patients
remains a greater challenge than treatment of  middle-aged
and younger patients because lower physiological reserves
and higher underlying comorbidities reduce the margin for
error.

Epidemiology

Contact with flame is the main (54%) cause of  burn injury.13

One third of  injuries result from cooking accidents: scalds
in 22% of  cases and contact with hot objects in about 6%
of  cases.6–8,13,14 The latter cause is more prevalent in older
adults, reflecting increased psychological and physical dis-
ability. This fact is also reflected in the rate of  fire-related
deaths in individuals older 75 years old, which is four times
the national average. The male-to-female ratio decreases
progressively as age increases, with women exceeding the
number of  men in the 75 years and older group (compared
with the 5 : 1 male-to-female ratio for young adult burn
patients).13 Most burns in older adults occur at home; there-
fore, prevention must be focused in the home environ-
ment.13,15 Prevention should also focus on the fact that 30%
of  geriatric patients are the victims of  self-neglect, and at
least 10% are the victims of  elder abuse.14
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DECREASED CARDIOPULMONARY RESERVE

Aging reduces pulmonary reserve for both gas exchange 
and lung mechanics.23 Elderly patients are more prone to 
pulmonary failure, one major cause of  burn-related death. 
The presence of  atherosclerosis, coronary artery disease, 
and previous myocardial infarction is also common.

INFECTIONS

Pneumonia and urinary tract infections are the most preva-
lent complications in elderly burn patients.13 The develop-
ment of  pneumonia seems to correlate with male gender, 
TBSA burned, and the presence of  inhalation injury and 
contributes to higher mortality rates.19

MALNUTRITION AND DECREASED LEAN 
BODY MASS

Aging leads to progressive decreases in lean body mass, and 
some degree of  protein–energy malnutrition is found in 
more than 50% of  elderly burn patients on admission.24–27 
Any preexisting loss of  lean body mass will result in 
increased morbidity, early onset of  immune deficiency, 
organ dysfunction, weakness, and impaired wound 
healing.25,28,29 Losses are caused by multiple factors, includ-
ing impaired nutrition; swallowing disorders (presbypha-
gia); reduced mobility; and age-related decreases in 
endogenous anabolic hormones, human growth hormone, 
and testosterone.23,25,30

Decreased anabolic activity prolongs recovery time and 
greatly delays restoration of  muscle. Importantly, older 
adults respond to exogenous anabolic stimuli such as tes-
tosterone analogs, human growth hormone, and resistance 
exercise similarly to the younger population. At the same 
time, daily protein requirements are higher in older adults 
than in the younger population.31 Therefore, exercise, high-
protein nutrition, and anabolic agents are essential for 
recovery.32–34

AGING SKIN AND WOUND HEALING

Aging produces significant changes in the skin. Because of  
these changes, burns tend to be deeper in older than in 
younger patients.35–37 After the age of  65 years, the 

turnover rate of  the epidermis decreases by 50%. A flatten-
ing of  the rete pegs and fewer epidermal-lined skin append-
ages are present. These properties significantly delay healing 
of  partial-thickness burns.36,37

Additionally, a progressive thinning of  the dermis occurs, 
along with a decrease in both collagen content and other 
extracellular matrix proteins, especially glycosaminogly-
can, which lower skin turgor. There are also decreases in 
vascularity, macrophages, and fibroblasts, resulting in 
deeper burns, an impairment of  all phases of  wound healing 
(Box 36.2).36,37

IMMUNE RESPONSE

It is hypothesized that aging leads to a state of  “chronic 
inflammation” with increased baseline levels of  proinflam-
matory cytokines that increase the vulnerability of  elderly 
patients to negative outcomes after insults.38,39 A recent 
study evaluated the unique characteristics of  the inflamma-
tory and immune response in elderly burn patients. Stano-
jcic et al. were able to show an uncoordinated overactivation 
of  proinflammatory and antiinflammatory cytokines that 
occurred delayed by 2 weeks postburn.40 This functionally 
impaired “cytokine storm” is followed by a phase of  deple-
tion and a dampened immune reaction in nonsurviving 
patients. The study concludes that because of  the delay in 
the characteristic cytokine response, it cannot be used as a 
predictor for mortality in older adults as opposed to adults 
and children.40

Treatment

The increased complications seen in elderly burn patients 
may to a certain degree result from more cautious and less 
aggressive treatments. This is due to existing beliefs that 
elderly burn patients cannot tolerate eschar excision as well 
as their younger counterparts, resulting in a greater delay 
in the excision of  burn wounds.41 However, despite these 
risk factors, elderly patients have repeatedly been shown to 
tolerate multiple, early surgical procedures, and early 
wound closure corresponds to a better outcome in these 
patients.41–43 In general, elderly patients are treated identi-
cally to younger patients, and most differences in burn 
management between patient groups are related to comor-
bid conditions and adversities that may arise. One unique 
exception to this is that massive burns are more commonly 
managed expectantly in older adults, and palliative care 
may be indicated.

Box 36.1 Risk Factors in Elderly Patients

■ Chronic illness (e.g., diabetes)
■ Effects of aging (e.g., presbyphagia)
■ Cardiovascular disease (e.g., previous infarct)
■ Pulmonary reserve (decreased with age)
■ Infections (e.g., pneumonia and urinary tract infection)
■ Unintentional weight loss
■ Decrease in lean body mass
■ Impaired nutrition with presence of deficiency states in energy,

protein, and macronutrients
■ Decreased endogenous anabolic hormones
■ Skin aging (thin, decreased synthesis)

Box 36.2 Aging of Skin

■ Decreased epidermal turnover
■ Decrease in skin appendages
■ Thinning of dermis
■ Decreased vascularity
■ Decreased collagen and matrix
■ Decreased fibroblasts and macrophages
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Fram et al. demonstrated continuous insulin infusions, 
with tight euglycemic control, to restore insulin sensitivity, 
improve mitochondrial oxidative capacity, and reduce 
resting energy expenditure.50 Lower-dose infusions of  
9–10 U/h of  insulin promote substantial muscle anabolism 
without the need for additional large doses of  carbohy-
drate.55 Intensive insulin therapy during acute care reduces 
morbidity, mortality, and complications caused by infec-
tion.51,56 Testosterone restoration is effective in both male 
and female burn patients. However, the synthetic analog 
oxandrolone is preferable because it possesses only 5% of  
the virilizing androgenic effects of  testosterone and is avail-
able in a peroral formulation. Oxandrolone restores lean 
body mass and improves wound healing in burned adults,52 
especially in emaciated subjects whose treatment has been 
delayed.54,57 The effects of  oxandrolone are independent of  
age.53

Treatment of  acute pediatric burn patients with oral 
oxandrolone (0.1 mg/kg twice daily) enhances the effi-
ciency of  protein synthesis and increases anabolic gene 
expression in muscle. It also significantly increases lean 
body mass at 6, 9, and 12 months after burn and bone 
mineral content at 12 months after injury.58 Recombinant 
human growth hormone has been successfully used in pedi-
atric patients;59,60 however, it has several adverse effects, 
such as hyperglycemia.61 Its potential positive effects on the 
adult and elderly burn patient population are currently 
under investigation in prospective trials.
β-Adrenergic blockade with propranolol during the acute 

phase and long term attenuates the effects of  the burn-
induced hypermetabolic response. In severely burned sub-
jects, titration of  propranolol to reduce baseline heart rate 
by 15–20% improves muscle–protein balance and dimin-
ishes obligatory thermogenesis, tachycardia, cardiac work, 
resting energy expenditure, and fatty infiltration of  the 
liver.47,62,63 However, no study has directly focused on geri-
atric patients.

Pain, Sedation, and Comfort Care

Geriatric burn patients are often undertreated for pain 
because of  the misconception that less pain occurs with 
age.64 This can be detrimental because both pain and 
anxiety further increase the levels of  catecholamines. 
Reduced clearance of  many therapeutic agents occurs with 
aging, necessitating lower dosages (Table 36.1).65 For this 
reason, pain assessment using reliable tools is essential to 
create an individualized treatment plan, which should also 
account for any comorbid conditions that may be present 
on admission. Untreated pain and incorrect sedation may 
result in posttraumatic stress disorder, major depression, 
and delirium.66 In addition, although the burn injury pri-
marily determines the extent of  the metabolic response, 
metabolic rates are also increased by physical activity, back-
ground pain, procedure-related pain, and anxiety. Judicious 
narcotic support, appropriate sedation, and supportive psy-
chotherapy are mandatory to minimize these effects.67 
Combination drug therapy is often required to achieve 
adequate analgesia. Different approaches ranging from 
patient-controlled analgesia to virtual reality have been 
found to ameliorate pain in burned patients. Intravenous 

INITIAL RESUSCITATION

Improved fluid resuscitation over time is one of  the factors 
associated with decreased mortality. Compared with 
younger patients, more fluid is required to resuscitate elderly 
patients with the same burn size to avoid hypovolemia.44 
This is likely attributable to decreased skin turgor, which 
reduces resistance to fluid accumulation or edema produc-
tion. Burn depth, inhalation injury, and delayed resuscita-
tion can influence fluid requirements.45 In addition to the 
Parkland and modified Brooke formulas, Benicke et al. 
developed a multifactorial resuscitation formula with a 
compensating factor for advanced age (Box 36.3).46 Early 
ventilatory support is more commonly required because of  
decreased lung reserve.

WOUND MANAGEMENT

Early removal of  the burn wound and rapid closure with 
skin grafts are essential for survival.35,42,43 Because of  
thinner skin, thermal injuries often create full-thickness 
wounds, and skin graft procurement may create significant 
donor site complications.35 Thinner skin grafts are neces-
sary, and healing time is prolonged.36

METABOLIC AND NUTRITIONAL SUPPORT

Although elderly patients do not generate the degree of  
hypermetabolism seen in younger patients, the catabolic 
response is comparable, necessitating a 1.5- to 2-g/kg/day 
protein intake.46,47 In already malnourished patients, the 
goal of  nutritional support must be not only maintenance 
but also replacement therapy, especially for protein and 
micronutrients.25,48 Nutrient supplements are invariably 
required. Most supplements are protein hydrolysates 
because the gut is more capable of  absorbing peptides and 
amino acids than whole proteins broken down from 
food.21,49

Anabolic agents are valuable adjuncts to optimal nutri-
tion.33,34,50,51 The effects of  insulin and oxandrolone on 
postburn hypercatabolism have been studied in the pediat-
ric population, and these anabolic agents may be used in 
older adults, given that endogenous anabolic hormones are 
decreased in this group after injury.51–54

Box 36.3 Parkland Formula:

Predicted volume mL Weight in kg TBSA nd and rd( ) = × ×2 3 4 mL

Modified Brooke Formula:

Predicted volume mL Weight in kg TBSA nd and rd( ) = × ×2 3 2 mL

Benicke’s Formula:

Predicted volume mL Weight in kg
TBSA nd and rd

( ) ( )
(

= ×
+ ×
50

300 2 3 ))
( ) ( )
( )

+ × + ×
− × ≥

3500 4000
3500 65

IHI BAL
Age years *

TBSA, Total body surface area.

*First 24 hours; IHI (inhalation injury) present: yes = 1, no = 0; BAL
(blood alcohol level), <0.1% = 0, ≥0.1 = 1.
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The drawback of  β-blockade in older adults is that the 
aging cardiovascular system is less responsive to β-receptor 
stimulation. This decrease, together with anesthetic agents, 
may lead to deleterious intraoperative hypotension in the 
presence of  prophylactic β-blockade. Further investigations 
are necessary to determine the most appropriate therapeu-
tic regimen for reducing perioperative ischemia, cardiac 
morbidity, and postburn hypermetabolic responses in older 
adults.

Pulmonary complications are more strongly linked to 
coexisting comorbidities than to chronological age.77 
Because of  the prevalence of  chronic obstructive pulmo-
nary disease and asthma in older adults, physicians should 
be alert for these conditions during perioperative evalua-
tion. With the appropriate diagnosis, aggressive pulmonary 
rehabilitation including exercise training, patient educa-
tion, smoking cessation, and medication optimization is 
effective in elderly patients.77 All of  these aspects must be 
integrated into long-term patient management. Aggressive 
use of  antibiotics, judicious use of  bronchodilators, ade-
quate hydration and postural drainage, and chest physio-
therapy reduce the incidence of  pneumonia, atelectasis, 
and other pulmonary complications.

Rehabilitation

Burn rehabilitation is a long multidisciplinary process that 
aims to preserve patients’ functional ability and restore 
independence. Physical and occupational therapy should 
begin immediately after injury. Important components of  
rehabilitation include wound healing, scar prevention and 
correction, splinting, casting, traction, pressure therapy, 
pharmacologic therapy, exercise, and psychological support. 
Older adults should be aggressively managed during reha-
bilitation to avoid any further loss of  function or strength, 
which are difficult to recover. Older patients are capable of  
recovering muscle strength with resistance exercise and 
should not be managed conservatively.22 As with children, 
providing support and guidance for caretakers is essential 
because these individuals will be responsible for the patient’s 
well-being upon discharge.78,79

Intentional Burns in Older Adults

Identifying physical abuse by burning in older adults is dif-
ficult because no pathognomonic signs exist. Although 
such abuse is relatively rare, professionals consistently 
underestimate the prevalence of  elder abuse. The growth in 
the elderly population makes it necessary to raise awareness 
among health professionals and reevaluate the clinical 
approach and assessment for burn injuries inflicted inten-
tionally or negligently.80 Older adults often live alone, inter-
acting predominantly with the caregivers who enact their 
abuse. These patients may keep their abuse a secret because 
of  shame, guilt, or fear of  reprisals.81,82 Most forms of  inten-
tionally inflicted burns have a higher associated morbidity 
and mortality than equivalent accidental burns, in part 
because of  comorbidity from other physical abuse, sub-
stance abuse, or psychological problems that contributed to 
or resulted from the inflicted burn. Elder mistreatment can 

drug administration is preferable during the acute phase. A 
proactive geriatrics consultation team may also be benefi-
cial in managing pain. Use of  only comfort care measures 
needs to be considered for elderly patients with burns likely 
to be fatal.68

Perioperative Optimization

Aging produces many changes in the cardiovascular system 
that make hemodynamic stability more difficult to achieve 
and increase adverse outcomes. Coronary artery disease is 
prevalent, being estimated to exceed 80% in patients older 
than 80 years of  age.69 Elderly patients are at higher risk for 
congestive heart failure, and special considerations should 
be taken during acute and long-term treatments.70 The 
revised cardiac risk index stratifies patients into risk groups 
and helps identify those likely to need additional cardiac 
evaluation.71 Patients with minor perfusion abnormalities 
undergoing low-risk surgery may not require catheteriza-
tion but should be considered for prophylactic β-blockers 
and aspirin before operation. High-risk subgroups of  
patients identified based on clinical risk factors and positive 
noninvasive tests should undergo cardiac catheterization. 
Patients with significant cardiac lesions should have defini-
tive coronary revascularization via angioplasty before large 
TBSA burns are excised. The potential benefits of  using 
β-adrenergic blocking agents during the perioperative 
period have been studied72,73 because perioperative ische-
mic events are related to an exaggerated postoperative sym-
pathetic response that leads to an increased heart rate.72,74 
β-Blockade has an added advantage in burn patients:75 
Severe thermal injury induces hypermetabolism that per-
sists for up to 9–12 months,63 and the resting metabolic rate 
in burn patients doubles for those injuries covering greater 
than 40% TBSA.62 Catecholamines are key in the initiation 
of  various cascades that stimulate postburn hypermetabo-
lism.76 Preventing initiation of  these cascades by blocking 
the action of  catecholamines at the receptor level using 
β-blockers such as propranolol attenuates this response and 
reduces supraphysiological thermogenesis,62 tachycardia, 
cardiac work, and resting energy expenditure.76

Table 36.1 Commonly Used Drugs Requiring 
Decreased Doses in Elderly Patients*

Drug Comments

Barbiturates Should be avoided; paradoxical pharmacologic 
response, often leading to restlessness, 
agitation, or psychosis caused by a decreased 
rate of elimination 

Benzodiazepines Increased sensitivity to pharmacologic effect; 
some benzodiazepines may be metabolized 
more slowly

Narcotic 
analgesics

Increased sensitivity to analgesic effects: 
possibly impaired clearance

Tricyclic 
antidepressants

Increased incidence of cardiac and 
hemodynamic adverse effects; urinary 
retention and other anticholinergic effects; 
decreased drug clearance

*Decreased dose due, in part, to decreased renal function in the elderly.
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evaluation and discussion with the patient and family. 
Favorable outcomes in elderly burn patients should pertain 
more to relieving suffering and maintaining independence 
and quality of  life rather than expanding lifespan. Clear, 
repeated communication between the burn team and 
patients or their surrogates is critical for guiding therapy 
and achieving acceptable outcomes.

Complete references available online at 
www.expertconsult.inkling.com
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Conclusion

Despite the remarkable reduction in mortality in burned 
children over recent decades, we have not yet achieved the 
same results in elderly patients. This age group still consti-
tutes a major challenge. Surgical decision making in these 
patients must take into account physiological age, preburn 
functional status, degree of  impairment from comorbid 
conditions, and clear treatment goals. No patient should be 
denied an operation based on age alone because age-related 
declines in organ function are predictable for the population 
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surgeon’s general mindset should be to treat geriatric 
patients as aggressively as younger patients. Currently,  
no “score” can improve decisions based on a thorough 
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Burns and Trauma

Although the overall incidence of  combined burn and trau-
matic injury is low, the mortality is nearly twice that of  
burns without associated trauma.1,2 A retrospective study 
examined upward of  24,000 patients with burn, trauma, 
or combined injuries and found the overall incidence of  
combined burn and trauma rate to be low (3.8%),3 consis-
tent with the National Trauma Data Bank and National 
Burn Repository data. There was no difference in length of  
hospital stay, injury severity scores, or mortality among 
burn or trauma patients alone. However, inhalational 
injury, length of  stay, and mortality in patients suffering 
from combined injuries were significantly increased (Table 
37.1). This increase in mortality was seen despite similar 
burn size, demonstrating the additive effects of  trauma and 
burns in these patients.3 In particular, approximately 24% 
of  military burns are associated with concurrent traumatic 
injuries, compared to the 2–7% of  burn/trauma injuries 
found in civilians in the same study.4 In order of  frequency, 
injured organ systems include musculoskeletal, head and 
neck, abdominal, thoracic, and genitourinary. Industrial 
accidents, attempts to escape house fires, explosions, and 
electrical burns with falls account for the majority of  other 
victims. High-voltage electrical burns rarely occur at 
ground level and are often accompanied by falls resulting 
in spinal cord injuries, solid organ injury, intracerebral 
hemorrhage, and multiple fractures, including vertebral, 
rib, pelvic, and long bone fractures.

PRIMARY ASSESSMENT

The shocking appearance of  the burn injury may unduly 
shift attention away from the other seemingly underwhelm-
ing injuries in patients with combined trauma, resulting in 
potential delays in diagnosis. The initial assessment of  a 
trauma patient, including burn victims, should focus on 
airway, breathing, and circulation according to the ATLS 
guidelines. With the exception of  respiratory compromise 
secondary to circumferential chest burns, the burn injury 
itself  is usually not immediately life-threatening. Inhala-
tional injury is common in burn patients. Some of  the 
common signs of  inhalational injury include singed nasal 
and facial hair, erythematous oropharynx, cough, stridor, 
and carbonaceous sputum. Asphyxia can be seen with 
carbon monoxide, for which pulse oximetry is an unreliable 
measure of  oxygenation. Intubation or a surgical airway is 

Introduction

Various surgical complications can occur in burn patients
resulting from pathologic progression of  the burn injury
itself  or from iatrogenic etiologies. Multiple organ system
injuries can exist that require both a thorough assess-
ment and expeditious management according to advanced
trauma life support (ATLS) guidelines. Patients with large
(>30% of  the total body surface area [TBSA]) burns gen-
erally require a prolonged hospital stay with numerous
debridement and skin grafting procedures that can be
complicated by wound infection and subsequent graft
failure.

Burn patients are at risk for potential surgical complica-
tions involving multiple organ systems, particularly the
gastrointestinal (GI) tract. Such complications include
stress gastritis and ulceration, acalculous cholecystitis,
superior mesenteric artery (SMA) syndrome, and acute
pancreatitis. In this patient population, the cause for occult
systemic sepsis is frequently attributed to GI sources. Nec-
rotizing enterocolitis (NEC) is a serious GI tract complica-
tion in burn patients, representing a phenomenon of
transient ischemia–reperfusion injury to the gut. It can pro-
gress to full-thickness necrosis of  involved segments, perfo-
ration, and rapid clinical decline.

Abdominal compartment syndrome (ACS) can occur
during the acute phase of  massive fluid resuscitation in
severely burned patients. Based on determination of
increased intra-abdominal pressures (designated as “com-
partment syndrome”) and additional physiologic parame-
ters, a decompressive laparotomy may be necessary to
prevent further end-organ damage. A major burn signifi-
cantly affects hemodynamics, and invasive monitoring may
be necessary. As a consequence, catheter-related complica-
tions, such as distal limb ischemia and catheter-associated
sepsis, can be seen with both arterial and venous vascular
access. Prolonged intravascular manipulation secondary to
the need for access predisposes to septic thrombophlebitis,
central line-associated bloodstream infections (CLABSI),
and poor outcomes.

Because of  delays in diagnosis and treatment, there is a
high risk of  nonthermal complications in burn patients. As
such, these secondary and sometimes fatal complications
demand immediate recognition and treatment. This chapter
reviews the frequently encountered, surgical, nonthermal
complications in burn patients with respect to diagnosis
and management.
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warranted when significant respiratory distress exists. The 
inhalational injury can progress rapidly over hours such 
that an initial chest radiograph and arterial blood gas may 
be normal. Smoke inhalation induces a multitude of  physi-
ologic changes that result in increased vascular permeabil-
ity and pulmonary edema, infiltration by leukocytes, and 
bronchorrhea.

Once the airway has been secured, attention should focus 
on the rest of  the primary assessment. Third-degree cir-
cumferential chest burns can impair respiratory mechanics 
and require escharotomy to release the constrictive eschar. 
This should be performed in a sterile manner with incisions 
extending from the clavicle to the costal margin in the ante-
rior axillary line bilaterally and may be joined by transverse 
incisions. The more common thoracic injuries, such as 
pneumothorax and hemothorax, should be managed as 
they would be in any other blunt or penetrating thoracic 
injury. However, because burns carry such a high risk of  
infection, thoracostomy tubes should be placed away from 
burned skin whenever possible to reduce the risk of  infec-
tious complications such as empyema. Finally, adequate 
circulation should be assessed. Pericardial tamponade 
resulting from a heavy impact to the anterior chest wall can 
be detected by focused assessment with sonography for 
trauma (FAST) examination and managed with pericardio-
centesis or a pericardial window. Myocardial dysfunction 
may be encountered, especially with electrical injuries, and 
dysrhythmias should be managed accordingly. If  central 
venous access is necessary, it should similarly be placed 
away from burned tissue when possible.

ASSOCIATED INJURIES

Burn victims frequently present with concomitant trauma 
injuries. Bone fractures are the most common associated 
injuries; in these cases, multidisciplinary management is 
mandatory. Fractures anatomically distant to the burned 
area can be treated with reduction and/or casting, as indi-
cated. In addition, open fractures are preferably treated 
within the first 24 hours; surgical treatment options include 
irrigation, debridement of  nonviable soft tissue, and inter-
nal fixation. If  the injury occurs in—or the operative 

incision is made through—a burned area, the wound 
closure must be performed to the level of  the fascia. Addi-
tional considerations in the treatment of  fractures in burned 
patients include characteristics of  the fracture (stability, 
displacement, and complexity), need of  grafting of  the 
burned area, wound care, and prompt initiation of  physical 
therapy.

A complete physical evaluation is needed in all patients; 
the cervical spine should be stabilized until spinal injuries 
have been ruled out. When intracranial pressure (ICP) 
monitoring is indicated, placement of  the ICP monitor is 
preferably done through a nonburned area of  the scalp.

Severe burn injury may mask intra-abdominal injuries 
that may have devastating complications due to the delay 
in diagnosis. Furthermore, hemodynamic fluctuations sec-
ondary to intra-abdominal injuries may be overshadowed 
by the massive fluid shifts and inflammatory response fol-
lowing thermal injury. If  an intra-abdominal injury is sus-
pected, diagnosis and treatment modalities that are used 
in nonburned trauma patients should be utilized. Lapa-
roscopy may be a useful approach for the delineation of  
intra-abdominal injuries but achieving adequate peritoneal 
insufflation may be difficult with the presence of  signifi-
cant abdominal eschar. If  laparotomy is indicated, wound 
dehiscence is a known complication regardless of  burn 
wound location. Retention sutures or alternative methods 
of  abdominal wall closure should be considered when 
there is increased tension when closing the abdomen. Fre-
quently, ACS may develop in the massively burned patient 
that may require emergent laparotomy and temporary  
wound closure.

Vascular injuries also present with a delay in diagnosis in 
the presence of  large burned areas, anasarca, hypotension, 
and compartment syndromes. The assessment of  vascular 
injuries includes the routine use of  Doppler ultrasound and 
ankle-brachial index (ABI). Both of  these modalities have 
their limitations in areas of  significant burned or edema-
tous skin. Computed tomography (CT) angiography is a 
highly sensitive and specific method useful to diagnose vas-
cular injuries in burn patients.5

Gastrointestinal Tract 
Complications

Although the superficial effects of  burn injuries are often 
striking, the systemic physiological response to these inju-
ries may result in significant end-organ dysfunction and 
cannot be overemphasized. Burn injuries of  greater than 
30% TBSA produce a physiological response leading to sys-
temic shock, hypermetabolism, and widespread immuno-
suppression.6 The combination of  intravascular fluid loss, 
vasoactive hormone release, catabolism, and immune dys-
function results in the development of  nonthermal compli-
cations associated with burn injuries.

Physiological changes in blood flow have a dramatic 
effect on organ response to injury. This has been partic-
ularly well demonstrated in the GI tract, where a com-
bination of  diffuse capillary leak, hypovolemia, and the  
release of  vasoconstrictive agents can cause a decrease 
in splanchnic blood flow.7,8 Splanchnic hypoperfusion 
occurs early in the post-burn period despite adequate 

Table 37.1 Increased Morbidity and Mortality With 
Combined Burn and Trauma3

Trauma  
(n = 22,284)

Burn  
(n = 1717) B/T (n = 92)

Age 35.1 (±27.5) 31.0 (±23.2) 40.1 (±25.4)*

TBSA N/A 17.5% (±19.7) 20.8% (±24.4)

ISS 5.5 (±10.3) 12 (±14) 23 (±16)*

LOS (days) 5.3* (±12.2) 13.7 (±16.5) 18 (±20.8)

INH N/A 11.0% 44.5%*

Mortality 4.3% 9.8% 28.3%*

B/T, burn/trauma; TBSA, total body surface area; ISS, injury severity score; 
LOS, length of stay; INH, inhalation injury.

*P < 0.05 (Age, B/T vs. Burn; ISS, B/T vs. Burn and Trauma; LOS, B/T vs.
Trauma; Mortality, B/T vs. Burn and Trauma)
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PARALYTIC ILEUS

Intestinal ileus is a commonly encountered condition fol-
lowing large burns. Multiple factors contribute to the devel-
opment of  ileus in burn patients, including electrolyte 
imbalances, narcotic use, prolonged immobilization, 
abdominal trauma, sepsis, and surgery. In addition, proin-
flammatory cytokines and proteins that are elevated as part 
of  the postburn systemic response, such as interleukin (IL)-
1α, IL-6, tumor necrosis factor (TNF)-α, p38 mitogen-
activated protein kinase, and endothelins have been found 
to be linked to altered intestinal permeability.15,18–21 Electro-
lyte disturbances, opioids use, prolonged immobilization, 
abdominal trauma, sepsis, and surgery are factors that can 
result in decreased GI motility in burn patients

Cramping abdominal pain, abdominal distension, and 
intolerance to enteral feedings are the most common symp-
toms. The cause of  ileus should be thoroughly evaluated 
because it may represent an early indicator of  systemic 
sepsis and can ultimately help direct care.22 Physical exami-
nation must be performed to rule out fecal impaction and 
to identify signs of  peritonitis associated with more serious 
complications such as acute colonic pseudo-obstruction, 
also known as Ogilvie’s syndrome. The treatment of  ileus 
involves correction of  electrolyte derangements and ade-
quate hydration; implementing these basic measures in 
burn patients can be difficult due to the pathophysiologic 
changes that occur after severe.12,15

OGILVIE’S SYNDROME

Ogilvie’s syndrome, first described in 1948, is characterized 
by massive colonic dilation without a mechanical cause for 
obstruction.23,24 This entity has been well described in 
burns, with a reported incidence of  0.3%.25 Clinical presen-
tation includes insidious and progressive abdominal disten-
sion. Some patients may report a history of  diarrhea prior 
to the onset of  distension. Nausea, vomiting, and bowel 
sounds are not reliable indicators of  this condition. Mild 
abdominal pain can develop as distension increases.23,26 
Diagnosis and management of  pseudo-obstruction require 
that mechanical bowel obstruction be absolutely excluded. 
Radiologic studies showing colonic air in all colonic seg-
ments, including the rectum, are warranted before consid-
ering pharmacologic therapy.27,28

The goal of  the management is to decompress the colon 
in order to minimize the risk of  colonic perforation and 
ischemia, which are associated with high mortality.29 
Close monitoring including serial physical examinations 
and plain abdominal radiographs every 12–24 hours 
to evaluate colonic diameter are recommended. Initial 
management is conservative in patients without signifi-
cant abdominal pain, severe colonic distension (>12 cm), 
or signs of  peritonitis. In patients with cecal diameter of  
greater than 12 cm or who have failed 24–48 hours of  
supportive management, intravenous neostigmine can 
be used. In patients who fail or who have contraindica-
tions to neostigmine, colonic decompression is indicated.30 
Acute colonic pseudo-obstruction secondary to opiates 
can benefit from methylnaltrexone prior to decompres-
sion.31 Endoscopic decompression is the preferred method 
to decompress the colon; surgical decompression (e.g., 

cardiac output and fluid resuscitation, as demonstrated 
in 40% TBSA pig models that had an early reduction in 
superior mesenteric blood flow associated with intesti-
nal mucosal hypoxia, acidosis, and increased bacterial  
translocation.9–11

A combination of  hypoperfusion and hypermetabolic 
response can lead to breakdown of  the gut mucosal barrier 
resulting in bacterial translocation from the gut, systemic 
inflammation, and ultimately, sepsis12,13 (Fig. 37.1). Several 
studies have demonstrated the association between massive 
cutaneous burn injury and bacterial translocation.10,14,15 
Following massive burn injury, the GI tract mucosa sus-
tains immediate atrophy, resulting in significant gut barrier 
dysfunction. The increase in intestinal apoptosis does not 
appear to be from mesenteric hypoperfusion alone, but is 
speculated to be related to proinflammatory mediators.16 
An in vivo study using a 30% TBSA rat burn model con-
firmed that there was increased bacterial translocation and 
permeability to macromolecules that peaked at 18 hours 
post injury, lending credence to the idea that disruption of  
intestinal barrier integrity in severe burns can lead to sepsis 
from bacterial translocation.17 Thus, interventions aimed 
at preventing splanchnic hypoperfusion and hypermetabo-
lism may circumvent complications associated with severe  
burns.
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intubation, feeding intolerance, compromised mental 
status, oral burns, concomitant oral and/or facial trauma, 
etc.). Furthermore, the oral route, in severe burns, is not the 
preferred route of  alimentation because it can represent a 
limiting factor for the intake of  the needed calories to treat 
severe catabolism.53

Nutritional therapy is preferentially delivered via the 
enteral route.54 Parenteral nutrition increases the risk of  
complications such as intestinal atrophy, bacterial over-
growth and translocation, liver malfunction, and catheter-
related infections.53,55

Nasogastric, nasojejunal, gastric, and jejunal feeding 
tubes can all deliver enteral nutrition. In the GI tract, mal-
position, coiling, or kinking of  tubes can occur anywhere 
along the course of  the tube, including in the pharynx, 
pyriform sinus, esophagus, stomach, and duodenum.56 
The presence of  a nasogastric or nasoenteric tube impairs 
the normal function of  the lower esophageal sphincter, 
making the patient more susceptible to reflux of  gastric 
contents. which may lead to esophagitis, esophageal 
stricture, gastrointestinal bleeding, or pulmonary aspira-
tion.57 Placing feeding tubes past the pylorus has become 
standard practice to minimize the risk of  aspiration and 
complications of  enteral feeding in patients with impaired 
gastric emptying. However, a meta-analysis did not find 
significant differences in the incidence of  pneumonia, 
caloric goal achieved, or mortality between gastric and 
post-pyloric tube feeding.58 Nasogastric tubes can cause 
gastritis or bleeding due to chronic irritation or pressure 
necrosis due to suctioning of  the gastrointestinal mucosa. 
Patients with bloody gastric drainage require further evalu-
ation, and, whenever possible, the nasogastric tube should 
be removed.59 If  tubes are left in place for long periods of  
time, they can be associated with nasal alar necrosis. Fre-
quent retaping of  the tube to decrease pressure at any par-
ticular point or less traumatic methods of  tube fixation can 
prevent this complication. Patients with prior esophageal 
or gastric surgery are at risk for gastrointestinal perfora-
tion, and infants, children, and patients with facial trauma 
are at risk for cribriform plate perforation and intracranial  
intubation.60,61

STRESS GASTRITIS

The incidence of  acute gastroduodenal ulceration in burn 
patients, known as Curling’s ulcer, has decreased dramati-
cally with the introduction of  aggressive fluid resuscitation, 
early enteral feeding, and the administration of  proton pump 
inhibitors (PPIs). This condition is clinically recognized in 
most cases only by the onset of  upper GI bleeding, and it 
was once associated with mortality rates of  up to 70%. For-
tunately, with the institution of  the aforementioned inter-
ventions, the occurrence of  clinically significant ulcers has 
decreased from 15% to 3%, as has mortality.62

Although the exact pathogenesis of  Curling’s remains 
unknown, the hypoperfusion, hypermetabolism, and 
immune dysregulation described earlier are all implicated 
in ulcer formation. Specifically, intravascular depletion 
leads to mucosal ischemia and disruption of  the protective 
mucosal barrier. Compounded by the increased acid  
production, bile reflux, and direct mucosal injury due to  
the presence of  intraluminal tubes, the end result is 

surgical cecostomy) is performed if  endoscopic decompres-
sion and pharmacologic therapy fail or if  there is evidence 
of  perforation or signs of  peritonitis. Percutaneous cecos-
tomy should be reserved for patients who are not surgical  
candidates.32

ABDOMINAL COMPARTMENT SYNDROME

ACS refers to the onset of  new organ dysfunction caused by
increased intra-abdominal pressure.33,34 Intra-abdominal
pressure measurements have allowed grading of  ACS;
however, for clinical purposes, ACS is defined as new organ
dysfunction secondary to increased intra-abdominal pres-
sure without a strict threshold.35,36 Aggressive fluid resusci-
tation, severe burns (>30% TBSA), and sepsis increase the
risk for ACS.37–40 Secondary ACS is commonly related to the
extent of  volume resuscitation. For this reason, the amount
of  fluid being administered and the development of  early
signs of  ACS should be closely monitored.41,42 Mortality for
patients who have progressed to ACS ranges from 40% to
100%.36,43

Nearly all patients have a tense and distended abdomen;
however this clinical finding is a poor predictor of  ACS.44,45

Oliguria and increased ventilator requirements are common
in patients with ACS. Tachycardia, hypotension, jugular
venous distension, and peripheral edema can also be found.
Imaging studies are not helpful to diagnose ACS; however
expected findings include decreased lung volumes, atelecta-
sis, or elevated hemidiaphragms in chest radiographs. Com-
pression of  the inferior vena cava, massive abdominal
distension, renal compression or displacement, bowel wall
thickening, and bilateral inguinal herniation can be dem-
onstrated in CT of  the abdomen.46

Management of  ACS consists of  supportive care and sur-
gical abdominal decompression. However, in patients with
abdominal burns, mechanical limitations due to burn
eschars can be a significant contributing factor for increased
intra-abdominal pressure; thus early escharotomy is advo-
cated.47,48 Supportive care includes measures that can
decrease intra-abdominal pressure, such as evacuation of
intraluminal contents (e.g., nasogastric and rectal drain-
age) and improvement of  abdominal wall compliance
(supine positioning without head elevation, adequate pain
control and sedation, chemical paralysis).39,49

Surgical decompression is the definitive management of
ACS; however a specific threshold for decompression has
not been defined. Several factors can be considered to decide
the need for this intervention, including progression of
organ dysfunction after supportive measures, intra-
abdominal pressure of  greater than 25 mm Hg, or abdomi-
nal perfusion pressure (difference between the mean arterial
pressure and the intra-abdominal pressure) of  less than
50 mm Hg.50,51 Decompression is achieved by making a
midline incision through the linea alba to open the abdomi-
nal cavity. A temporary abdominal wall closure is often used
to maintain an open abdomen.52

Complications Associated With Feeding Tubes

Adequate nutrition is one of  the major determining factors
of  success in the treatment of  severe burns. Exclusive oral
feeding is often a nonviable option due to multiple factors
frequently observed in burn patients (e.g., endotracheal
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cholecystitis. Mortality following perforation or gangrenous 
emphysema is reported to be as high as 65%, but early diag-
nosis and intervention may reduce the likelihood of  severe 
complications significantly, as reflected by the reduction in 
mortality to 7%.69

Ultrasonography is usually the first diagnostic study per-
formed when cholecystitis is suspected; gallbladder wall 
thickening (>3 mm), pericholecystic fluid, mucosal slough-
ing, gallbladder distension, emphysematous gallbladder, 
and frank perforation of  the gallbladder with abscess forma-
tion are findings suggestive of  AAC.68 When the diagnosis 
is unclear despite ultrasonography, a hepato-iminodiacetic 
acid (HIDA) scan can confirm the diagnosis. The specificity 
of  HIDA scan for AAC has been reported as high as 100%, 
with a sensitivity as low as 67%.70 CT scanning can also be 
used to diagnose AAC. Findings suggestive of  AAC include 
absence of  gallstones or sludge, gallbladder wall thickening, 
subserosal halo sign (intramural lucency), pericholecystic 
fat infiltration, pericholecystic fluid, intramural gas, and 
gallbladder distension;68 the accuracies of  CT scanning and 
ultrasonography are similar.71

The treatment of  AAC consists of  initiation of  antibiotics 
with Gram-negative and anaerobes coverage after collect-
ing blood cultures, and either cholecystectomy or place-
ment of  a cholecystostomy tube. Prompt treatment is 
needed or gallbladder gangrene can develop and result in 
gallbladder perforation. Delayed treatment carries mortal-
ity rates as high as 75%.72 Cholecystectomy is the definitive 
therapy for AAC, with drainage of  associated abscesses 
often being required. Due to the significant inflammatory 
process, the laparoscopic approach is challenging, with a 
higher risk of  bile duct and vascular injuries. However, it is 
appropriate to attempt a laparoscopic approach and convert 
to open if  necessary. For extremely ill patients for whom 
surgical intervention is not an option, ultrasound-guided 
percutaneous cholecystostomy should be considered; 
success rates range from 56% to 100%. Patients treated 
with a cholecystostomy tube should improve rapidly, usually 
within 24 hours. Patients with AAC who fail to improve or 
worsen require cholecystectomy.73-75

PANCREATITIS

Acute pancreatitis is an underrecognized complication fol-
lowing thermal injury. Increased serum pancreatic enzymes 
have frequently been associated with burns, but the non-
specific symptoms, such as epigastric pain radiating to the 
back, are often overlooked. Reported rates of  post-burn pan-
creatitis range from 0.05% to 40%.76,77 Despite its rarity, 
pancreatitis is associated with increased mortality, as sur-
vival rates were reported to be only 69% compared to 87% 
in burn patients unaffected by pancreatitis. Management 
for acute pancreatitis in the burn patient is similar to the 
management in nonburn patients. Treatment includes sup-
portive care, bowel rest, fluid resuscitation, and parenteral 
nutrition. Abdominal ultrasound should be performed to 
rule out gallstone disease. Occasionally, a more detailed 
workup with an abdominal CT scan is necessary to identify 
complications such as pseudocyst formation, pancreatic 
necrosis, or pancreatic abscess. Operative intervention is 
rarely indicated.

gastroduodenal ulceration.63 Recent studies have proposed 
an additional mechanism of  stress ulcer formation second-
ary to the systemic production of  reactive oxygen species 
(ROS) in response to stress. Studies have confirmed that the 
activation of  ROS-producing pathways, such as p38 MAPK, 
results in gastroduodenal ulcer formation.64

An effective approach in the prevention of  stress gastritis 
in burn patients is early enteral feeding. It has been pro-
posed that this may be because of  dilutional alkalinization 
or because enteral feeds provide the energy required for 
mucosal cell resiliency despite ischemia. Studies have 
shown that intraluminal glucose provides significant pro-
tection to ischemic cells of  the small intestine and gastric 
mucosa.62 Additionally, aggressive fluid resuscitation along 
with H2-receptor antagonists or PPIs have proved effective 
against development of  stress gastritis. However, once a 
stress ulcer is established, many of  the same treatments just 
described are initiated. Aggressive medical therapy, typi-
cally involving a high-dose continuous PPI infusion, must 
be started in patients with massive burns who develop hem-
orrhage. The PPIs have been demonstrated to reduce 
instances of  rebleeding and the need for subsequent surgery 
and/or endoscopic treatment.

Endoscopic control of  bleeding is indicated as a first 
approach for patients with gastric bleeding. Specific surgi-
cal indications include massive bleeding (>2.5 L in adults, 
>50% blood volume in children per 24 hours), ongoing
uncontrolled blood loss, and evidence of  a perforated 
viscus. Operative repair of  ulcers is rarely necessary, the 
simplest approach consists of  a long anterior gastrotomy 
with oversewing of  bleeding sources. In patients who are 
hemodynamically stable after ligation of  actively bleed-
ing ulcers, a vagotomy and pyloroplasty can be added.65 
Although Curling’s ulcers are far less common than in 
the past, they remain a potential risk to all burn-injured  
patients.

ACALCULOUS CHOLECYSTITIS

Acute acalculous cholecystitis (AAC) is a rare complication 
of  burn injury found in an estimated 0.4–3.5% of  burned 
patients, but it may result in significant morbidity if  not 
quickly recognized and appropriately treated.66 Patients 
with extensive burns (>40% TBSA), multiple transfusions, 
sepsis, dependence on total parenteral nutrition (TPN), and 
a history of  narcotics use are particularly susceptible to the 
development of  AAC. Age, number of  packed red blood cell 
transfusions, and duration of  ventilatory support are inde-
pendent predictive factors for the development of  AAC in 
severely burned patients.67 Proposed etiologies of  AAC 
include bile stasis, hypoperfusion causing gallbladder ische-
mia, cystic duct obstruction, and sepsis.68 Patients with 
heavy narcotic use for pain control or who are dependent 
on TPN tend to experience bile stasis. Hypoperfusion affects 
circulating vasoactive mediators and local tissue perfusion, 
leading to local ischemia of  the gallbladder wall, inflamma-
tion, gangrene, and perforation.

AAC commonly presents with fever, right upper quad-
rant tenderness, leukocytosis, and elevated liver enzymes. 
AAC is a surgical emergency because patients may rapidly 
develop complications, including perforation or gangrenous 
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obstruction in patients with SMA syndrome.81,82 Gastroje-
junostomy and the Strong procedure (division of  the liga-
ment of  Treitz with mobilization of  the duodenum) are 
alternative surgical options, but they have proved inferior 
to duodenojejunostomy because of  failure to adequately 
relieve the obstruction, peptic ulceration, and blind loop 
syndrome.83

NECROTIZING ENTEROCOLITIS

Splanchnic hypoperfusion occurs as a result of  hypovolemia 
and circulating vasoactive mediators. The degree of  intes-
tinal insult ranges from mucosal atrophy to full-thickness 
necrosis and perforation, and is a product of  the severity 
and duration of  ischemia combined with reperfusion by 
resuscitative efforts. Moreover, the presence of  virulent bac-
teria and fungi in the immunocompromised state contrib-
utes to intestinal complications and can lead to sepsis. In 
a study of  2114 patients with burn injury, only 10 (0.5%) 
patients demonstrated clinically apparent ischemic necrotic 
bowel disease, and they had more severe burns.84 Although 
only 2–5% of  patients are clinically diagnosed with this 
condition, autopsy findings identified pathologic changes 
consistent with ischemia in 50% of  burn patients who died 
as a result of  their injuries.85 Unfortunately, the mortal-
ity rate of  patients experiencing ischemic enterocolitis is 
reported to be extremely high, in the range of  60–69%.86

Patients with ischemic bowel demonstrate feeding intol-
erance, abdominal distension, and abdominal pain. Dilated 
loops of  bowel and pneumatosis intestinalis can be observed 
in abdominal radiographs (Fig. 37.3A). Because the overall 
incidence is quite low, early recognition and intervention 
requires a high index of  suspicion. Burn patients with sepsis 
or an inability to tolerate tube feeds should be started on 
broad-spectrum antibiotics. Failure to respond to medical 
treatment mandates surgical intervention, in which frankly 
necrotic intestinal segments should be resected (Fig. 37.3B). 
However, questionable areas of  necrosis, particularly when 
they involve extensive lengths, should be re-examined at a 
second-look operation within 24–48 hours. Thus, the 
primary goal is to eliminate nonviable bowel while preserv-
ing as much intestine as possible to avoid the additional risk 
of  short gut syndrome.

Intestinal ischemia may result in transmural mucosal 
damage, which predisposes already immunocompromised 
patients to bacterial translocation and systemic sepsis. 
Nearly 75% of  burn patients with bowel ischemia at 
autopsy had concomitant sepsis documented at the time 
of  their death, which emphasizes the high incidence of  
sepsis and mortality associated with intestinal ischemic 
complications.87

CLOSTRIDIUM DIFFICILE INFECTION

Massively burned patients are at high risk for pseudomem-
branous colitis because they are frequently treated with 
multiple antibiotics for documented systemic infections and 
for prophylaxis during burn wound excision and grafting. 
Clostridium difficile overgrowth can result in pseudomem-
branous colitis, with the potential to progress to fulminant 
toxic colitis and bowel perforation. In a report of  180 

SUPERIOR MESENTERIC ARTERY SYNDROME

Superior mesenteric artery (SMA) syndrome, or Wilkie’s 
syndrome, occurs when the third part of  the duodenum is 
extrinsically compressed by the superior mesenteric vascu-
lar pedicle (Fig. 37.2). SMA syndrome is usually precipi-
tated by rapid and substantial weight loss, leading to a loss 
of  retroperitoneal fat. In burned patients, weight loss result-
ing from the hypermetabolic response is common. Symp-
toms include nausea, feeding intolerance, bilious vomiting, 
and abdominal pain aggravated by feeding and relieved by 
the knee-to-chest position. The diagnosis is established by 
an upper GI series demonstrating duodenal dilation, reten-
tion of  barium within the duodenum, and extrinsic pres-
sure on the third portion of  the duodenum with a 
characteristic sharp cutoff.78–80

The management of  SMA syndrome consists of  nonop-
erative treatment with nutrition supplementation. Nasoje-
junal tubes are advocated as the most appropriate mode of  
feeding because the tube is placed past the obstruction 
point. In selected cases, TPN may be necessary to optimize 
the nutritional status of  the patient.79 Surgical procedures 
are rarely indicated, but, when necessary, the operative goal 
should be to bypass the point of  obstruction caused by the 
superior mesenteric vascular pedicle. The operation of  
choice is duodenojejunostomy, in which a lateral duode-
notomy is made and the proximal jejunum is then used to 
create a side-to-side anastomosis. A laparoscopic approach 
has been used with some success to relieve the duodenal 
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Fig. 37.2 Superior mesenteric artery syndrome. (A,B) Schematic illus-
trations of the mechanism of superior mesenteric artery syndrome, 
where superior mesenteric vessels extrinsically compress the third 
portion of the duodenum. SMA, superior mesenteric artery; MCA, 
middle colic artery; IVC, inferior vena cava. (Adapted from Townsend 
CM, Jr., Naoum J. Vascular compression of the duodenum, in: Fischer JE 
(ed.), Mastery of Surgery, 5th ed., Philadelphia; Lippincott Williams & Wilkins; 
2007: 956.)
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of  recurrences.90 Novel treatment strategies in development 
include the use of  new antibiotics (ridinilazole, surotomy-
cin, cadazolid), luminal antibodies (oral administration of  
whey protein concentrate prepared from hyperimmune 
bovine colostrum against C. difficile toxins), intravenous 
immunoglobulins, vaccines, and nontoxigenic C. difficile 
strains.95–98

Vascular Complications

SUPPURATIVE THROMBOPHLEBITIS

Suppurative thrombophlebitis is characterized by venous 
thrombosis associated with inflammation and bacteremia. 
Not all of  these infections occur in association with venous 
thrombosis, and specific risk factors for suppurative throm-
bophlebitis include both burn injury and prolonged intra-
venous catheterization. The diagnosis may be made based 
on culture results together with evidence of  thrombosis. 
The classic physical examination findings of  edema, ery-
thema, pain, and a palpable cord may not all be present. 
Burned patients frequently have positive blood cultures and 
clinical sepsis without an obvious source, and, in the setting 
of  suppurative thrombophlebitis, the most commonly cul-
tured organisms from infected veins reflect those cultured 
from the burn wound.

The incidence of  suppurative thrombophlebitis complica-
tions in burn patients has been estimated to be as high as 
7%, with significant risk in patients with greater than 20% 
TBSA burns, and it is associated with significant mortal-
ity.99 The principles of  treatment include removing the 
source of  infection, administration of  intravenous antibiot-
ics, and/or anticoagulation.100 Surgical treatment consists 
of  surgical cut-down and evacuation of  vein contents. If  
pus or clot is found, the vein segment should be excised to 
a normal-appearing vein (usually up to the first uninvolved 
tributary). If  exploration is negative at one site, then 

thermally injured patients, the overall incidence of  C. diffi-
cile infection (CDI) was ~8% with a mean burned TBSA of  
42%.88 Toxic megacolon is a potential complication and 
places patients at higher risk for colonic perforation.89 Thus, 
symptoms of  colitis, such as leukocytosis, abdominal pain, 
distension, and grossly bloody diarrhea, must be promptly 
recognized. Stool samples are tested for C. difficile antigen. 
All unnecessary systemic antibiotic therapy should be dis-
continued, and appropriate CDI treatment should be initi-
ated. Guidelines for the treatment of  CDI are rapidly 
evolving. Currently treatment options for the first episode 
of  CDI include oral or IV metronidazole, oral or rectal  
vancomycin, and fidaxomicin; choice of  drug, route of  
administration, and dosing depend on the severity of  the 
infection, the presence of  complications, and other patient-
related factors (e.g., drug allergies, pregnancy, prior colonic 
surgery).90,91

Surgical intervention may be required for patients with 
complicated or fulminant CDI; in addition, surgical inter-
vention must be considered in patients with progressive 
abdominal distension, peritonitis, shock, signs of  sepsis, 
altered mental status, leukocytosis and lactic acidosis, or 
failure to improve after 5 days of  medical therapy. Subtotal 
or total abdominal colectomy with end ileostomy has been 
advocated as the operation of  choice.92,93 An alternative 
surgical approach is to create a loop ileostomy with intra-
operative colonic lavage using warmed polyethylene glycol 
3350/balanced electrolyte solution (Go-Lytely) followed by 
postoperative vancomycin colonic flushes via the ileostomy 
in an antegrade fashion, with a reported mortality of  19% 
versus 50% for patients undergoing colectomy. This opera-
tion can be performed laparoscopically with a high rate 
(80%) of  reversal of  ileostomy for GI tract continuity 
restoration.92,94

Therapeutic options for recurrent infections include fecal 
microbiota transplant (FMT) and fidaxomicin in addition to 
the above-mentioned antibiotics; similarly, choice of  drug, 
route, and dosing will depend on the severity and number 

B

A

Fig. 37.3 Necrotizing enterocolitis. (A) Representative radiograph demonstrating multiple, dilated, persistently “fixed” bowel loops, an ominous sign 
for full-thickness necrosis of involved segments of bowel. (B) At operation, multiple necrotic bowel loops were found. 
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can confirm the clinical suspicion, and pericardiocentesis or 
pericardial window is therapeutic.103

DISTAL LIMB ISCHEMIA

Arterial monitoring is frequently required in patients with 
major burns. Although radial and femoral arterial cathe-
ters are routinely placed without significant complications, 
they can be associated with problems such as hematoma, 
thrombosis, and pain. Occasionally the common femoral 
artery is considered for access, given its larger caliber. 
Because the femoral artery is the major blood supply to the 
lower extremity, this site should be approached with caution 
for fear that thrombosis could lead to distal limb ischemia.104 
Especially in pediatric burn patients, the femoral artery is 
small, and the catheter within the vessel can result in near 
complete occlusion of  blood flow to the distal limb. However 
reported complication rates after catheterization of  the 
femoral artery in burn patients are low (1.9%) while provid-
ing a more accurate measure of  hemodynamic parameters 
(Table 37.2).105 Nonetheless, complications can be devas-
tating, ranging from transient distal limb ischemia to 
amputation. Management of  distal limb ischemia starts 
with removal of  the catheter along with systemic heparin-
ization. If  there is no full recovery after 24 hours, surgical 
intervention is warranted. Should conservative manage-
ment fail, exploration of  the femoral artery with thrombec-
tomy, fasciotomy, and completion arteriography is 
recommended. Although rare, amputation may be required 
if  flow is not re-established and tissue salvage is not 
possible.

Thoracic Complications

PNEUMOTHORAX

Several factors increase the risk of  pneumothorax in burn 
patients; these factors can be related to the traumatic injury 
itself  (barotrauma associated with explosions or blast inju-
ries, concomitant rib fractures, etc.) or associated with the 
treatment of  burns (barotrauma secondary to positive pres-
sure mechanical ventilation, iatrogenic injuries during 
placement of  central venous catheters, etc.). Additionally 
pneumothorax can occur following electrical injury; the 
exact mechanisms responsible for pneumothoraces in  
electrical injuries are debatable, and a blast-like injury due 
to a high-voltage electric arc is one of  the proposed 
explanations.106,107

Pneumothoraces are classified into small or large based 
on the separation from the pleural surface (lung edge) to the 
chest wall. A pneumothorax is considered small if  the dis-
tance is less than 3 cm.108 Typically, stable patients with a 
small pneumothorax (<3 cm) are managed conservatively 
with observation and oxygen supplementation. Conversely, 
patients who are symptomatic and/or have a large pneumo-
thorax (>3 cm) require thoracostomy. However, several 
operations and the possible need for reintubation are 
common scenarios in the hospital stay of  severely burned 
patients. Thus, conservative management of  pneumotho-
rax, regardless of  size, is not recommended. The placement 
of  a small-caliber (8–14F) pigtail tube is advocated; it is a 

sequential exploration of  other sites is necessary until the
source of  infection is identified. Prompt surgical interven-
tion is necessary to prevent hematogenous dissemination
and septic emboli that can result in endocarditis and osteo-
myelitis. The wound should be loosely packed and allowed
to heal either by secondary intention or by delayed closure
upon resolution of  the infection.101

To minimize the incidence of  catheter-related complica-
tions, the current standard of  practice for central venous
access at most institutions involves aseptic care at the cath-
eter insertion site along with regularly scheduled catheter
site dressing changes.

COMPLICATIONS RELATED TO
CENTRAL VENOUS ACCESS

Adequate venous access is imperative in the acute post-
burn period for aggressive fluid resuscitation. Although
large-bore peripheral intravenous catheters are the pre-
ferred route for resuscitating trauma patients, placement
can be extremely difficult in those with major burns involv-
ing the extremities. Therefore, central venous catheters
have become standard practice in major burns. Particular
attention should be given to the use of  various available
cannulation sites, depending on the size of  the patient, as
well as taking into consideration the clinical condition of
the burn wounds. The rate of  catheter-related bloodstream
infections in burn patients is estimated to be 20 per 1000
catheter days.102 Therefore, compulsory site care is required.
Because it is more difficult to relocate lines in severely
burned than in nonburned patients, guidewire exchange is
acceptable unless there is clinical evidence of  infection,
such as erythema, drainage from the site, or bacteremia.

Central venous line placement is associated with poten-
tially serious complications. In order to reduce the risk of
bleeding complications, many burn centers rely on fluoro-
scopic or ultrasound guidance during the insertion of
central venous catheters.

Bleeding complications associated with central venous
access vary in location and can be local, mediastinal, intra-
thoracic, or pericardial. Local hemorrhage typically occurs
in patients with a coagulopathy and can be controlled with
local pressure. Hemorrhage into the thoracic space can
occur at the time of  catheter insertion, but it can also be
seen when the catheter erodes through the vein wall. The
most common situation leading to venous wall perforation
occurs during the insertion of  the percutaneous introducer
sheath over a guidewire. As the sheath is introduced, it can
fail to negotiate the path of  the vein and traumatize the vein
wall. Consequently, blood may accumulate into the medias-
tinum, pleural space, or pericardium.

If  the injury is small, it should resolve on its own. However,
in cases of  a larger venous tear, rapid bleeding into the
thoracic cavity can occur, and emergency thoracotomy
may be necessary. Bleeding or infusion of  fluid into the peri-
cardial space can rapidly compromise cardiac function and
result in hemodynamic collapse. Pericardial tamponade
typically presents with hypotension, muffled heart sounds,
and distended neck veins (Beck’s triad). However all compo-
nents of  the classic triad of  symptoms are rarely present,
and a physician must have a high index of  suspicion in
order to recognize this condition early. Echocardiography
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video-assisted thoracoscopic surgery [VATS], open decorti-
cation or open thoracotomy). Choice of  procedure will be 
influenced by cavity size, loculations, and pleural thick-
ness.114 Goals of  treatment consist of  sterilization of  the 
empyema cavity, complete pleural fluid drainage, and oblit-
eration of  the empyema cavity by lung expansion. The 
intrapleural administration of  fibrinolytic agents is debat-
able; however a recent double-blind randomized crossover 
trial reported that intrapleural instillation of  alteplase was 
associated with lower treatment failure compared to 
placebo.115 In the pediatric population, randomized con-
trolled trials have demonstrated that VATS has no therapeu-
tic or recovery advantages over fibrinolysis. Conversely, 
VATS is associated with increased costs and longer paren-
teral antibiotic administration. With the implementation of  
a standardized protocol, only 16% of  these patients are 
expected to require VATS after fibrinolysis.116–118 These 
results have promoted the adoption of  fibrinolysis as the 
first therapeutic option for the treatment of  empyema in 
children.

Urologic Complications

Urologic complications following thermal injury are rare. 
Direct injury to the external genitalia only comprises 1.7% 
of  cases but has increased morbidity, with elevated risk of  
infections. More importantly, it is an independent predictor 
of  mortality.119 Furthermore, these injuries should prompt 
the burn care team to carefully assess the events leading up 
to the injury. One study found that child abuse was the 
cause in 46% of  cases involving males and 48% of  cases 
involving females.120 Surgical repair of  urologic complica-
tions is rarely reported. Electrical injury resulting in bladder 
rupture, urinary fistula, and erectile dysfunction have been 
reported in small studies and case reports.121–123 The pres-
ence of  these injuries should be managed by a 

less invasive procedure compared to a standard chest tube. 
Pigtail catheters cause less pain and muscle spasms, with a 
potential to decrease atelectasis and risk of  pneumonia. 
Although the use of  large-bore chest tubes (24–28F) is 
advocated for patients who need mechanical ventilation,108 
current practice trends and recent studies support the use 
of  pigtail catheters in burn patients.109–111

EMPYEMA

Parapneumonic effusions, or empyemas, are pleural effu-
sions located in anatomical contiguity to bacterial pneumo-
nia.112 Most of  the empyemas are small and resolve after 
antibiotic therapy. However, complicated empyemas, char-
acterized by bacterial invasion of  the pleural space, may 
occur. Burn patients are particularly susceptible to the 
development of  empyema owing to high bacterial coloniza-
tion and impaired immune defenses.

Common clinical features include cough, fever, pleuritic 
chest pain, dyspnea, and sputum production. In general, 
the presenting symptoms, other than pleuritic pain and 
duration of  fever, are not helpful in determining which 
patients have pneumonia versus pneumonia with empyema. 
Patients with empyema may report a longer course, with 
several days of  fever and malaise rather than hours. The 
presence of  empyema is first suggested by a chest radio-
graph showing a pleural-based opacity that has an abnor-
mal contour or does not flow freely on lateral decubitus 
views. When these features are noted, additional imaging 
with ultrasound allows for identification of  loculations and 
helps to rule out the presence of  a solid mass. Optimal eval-
uation of  an empyema or loculated effusion requires a chest 
CT scan with intravenous contrast. The use of  contrast 
enhances the pleural surface and assists in delineating 
pleural fluid loculations.113

Management of  empyema includes appropriate antibi-
otic therapy and a drainage procedure (tube thoracostomy, 

Table 37.2 Complications of Femoral Arterial Catheterization105

Age 
(yr)

Weight 
(kg)

% TBSA 
Burn/3rd

Catheter 
Size (Fr.)

Cather 
Site Burn

Burns to 
Limb Operator

*Onset of 
Ischemia (Hr)*

Surgical 
Exploration†

 1 2.2 17.7 36-5/36-5 3 No Yes Anesthesiologist 6 Yes

 2 0.9 12.5 95/95 3 No Yes Surgeon 12 Yes

 3 2.0 12.7 51/51 3 No No Surgeon 4 Yes

 4 0.5 6.5 18/1 2.5 No No Surgeon 24 No

 5 2.1 15.8 70/70 3 No Yes Surgeon 4 No

 6 12.4 36-3 48/20 3 No No Surgeon 12 No

 7 2.2 13.5 62/58 3 Yes Yes Surgeon 4 No

 8 1.7 13.1 64/59 3 No Yes Surgeon 6 No

 9 2.7 13.7 69/18 3 No Yes Surgeon 4 No

10 3.8 15.1 57/5 3 No Yes Surgeon 6 No

11 6.3 22.0 87/87 3 Yes Yes Anesthesiologist 6 No

12 1.9 13.3 47/47 3 No No Anesthesiologist 4 Yes

*Hours after catheter placement.
†All patients received IV heparin therapy.
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must be thorough in the evaluation of  patients with a sig-
nificant burn injury.

Complete references available online at 
www.expertconsult.inkling.com
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multidisciplinary approach with consultation with pediat-
ric surgery and urology specialists.

Conclusion

When presented with patients with multiple organ injuries, 
the protocols for ATLS should be initiated first, followed by 
a systematic approach to the management of  any and all 
other injuries. Complications requiring operative manage-
ment in the setting of  a burn injury are common and can 
compound an already overwhelming physiological response. 
When there is an exaggerated systemic inflammatory 
response, associated complications are often clinically 
masked, promoting delays in diagnosis that result in wors-
ened outcomes. Surgical issues and complications in this 
patient population are often unavoidable, and clinicians 
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Pathophysiology

Electrical current passing through tissue can cause injury 
by multiple distinct mechanisms. These include the direct 
action of  electrical forces on proteins, cell membranes, and 
other biomolecular structures, as well as tissue injury medi-
ated by the generation of  heat.12,13 The severity of  injury is 
multifactorial and determined by voltage, current (amper-
age), type of  current (alternating or direct), path of  current 
flow, duration of  contact, resistance at the point of  contact, 
and individual susceptibility. These burns are somewhat 
arbitrarily classified as low (<1000 V) and high voltage 
(≥1000 V). Although the low-voltage injuries are generally 
more localized to the area of  the contact point, the high-
voltage injuries may be associated with both extension into 
deep tissue as well as a spreading out phenomenon to sur-
rounding structures. So, although a low-voltage injury may 
penetrate deeper structures, the zone of  injury is more 
limited. In contrast, high-voltage injuries, somewhat resem-
bling crush injuries, tend to demonstrate a “tip of  the 
iceberg” phenomenon, extending into deep structures 
(muscle or bone) as well as spreading out proximally and 
distally beneath the contact point.14 The clinical implica-
tions of  this will be discussed later, but from the surgeon’s 
point of  view, these injuries are potentially more urgent and 
occasionally emergent, but low-voltage injuries are not.

Domestic wiring in the United States operates on alter-
nating current (AC) at 120 V. Therefore, nearly all burns 
occurring indoors are of  the low-voltage type. Coworkers 
typically witness high-voltage injuries occurring indoors 
because these are more common in industrial or factory 
settings.

Unlike voltage, the actual amount of  current is unknown. 
Current flow is related to the voltage by Ohm’s law where:

Current I Voltage E Resistance R( ) ( ) ( )=

Animal experiments have demonstrated that resistance 
varies continuously with time, initially dropping slowly 
then much more rapidly until arcing occurs at the contact 
sites. Resistance then rises to infinity and current flow 
ceases.15 Temperature measurements taken simultaneously 
showed that the rate of  temperature rise parallels changes 
in amperage. Interestingly, tissue temperature, a critical 
factor in the magnitude of  tissue injury, does not increase 
distal to the contact points. Clinically, it is common to see 
relatively normal and intact digits in association with dev-
astating tissue damage at the wrist and forearm that 

Introduction

The harnessing of  electricity may be the technical advance
with the greatest impact on human life and culture in
recorded history. The tools of  modern life are increasingly
powered by electricity, and life without it would be unrec-
ognizable. There is, however, a price to be paid for this
advancement. Electrical burn injuries are estimated to
make up several thousand admissions to burn centers each
year in the United States. The American Burn Association
(ABA) 2016 Burn Incidence Fact Sheet, which is composed
of  registry statistics compiled by ongoing national health
care and fire casualty surveys and the National Burn Repos-
itory, estimated 40,000 burn admissions of  which 4% had
a reported electrical etiology.1 These injuries are the most
devastating of  all thermal injuries on a size-for-size basis
and are the most frequent cause of  amputations on the
burn service.2 These injuries are distributed in a bimodal
fashion in regards to age. Work-related injuries are seen
most commonly in adults. Together, electricians, power
company linemen, and crane operators are especially at
risk. Exposure to electricity made up 3% of  all work-related
deaths in 2013–2014 according to the United States
Department of  Labor; Bureau of  Labor Statistics.3 There is
a 2 : 1 male-to-female ratio in childhood, but more than
90% of  electrical injuries in adults are in men.4-8 Children
are more commonly injured in accidents in and around the
home. Children younger than 6 years are more likely to
encounter low-voltage outlets or electric cords. Older chil-
dren have an increased incidence of  high-voltage injuries
by comparison because of  their increased mobility and
adventurousness.9–11

Electrical burn injuries have several unique acute mani-
festations that differ from other thermal injuries and require
expertise in management. Decisions must be made early
regarding cardiac monitoring and emergent or urgent
exploration and decompression for compartment syn-
drome, as well as a more complex fluid management strat-
egy to avoid the complications of  acute kidney injury
associated with myoglobinuria. These patients may need
access to other specialty services such as plastic surgery
consultation for possible early flap coverage to protect
potentially viable tissue. In addition, physical medicine and
rehabilitation services, with experience caring for patients
with electrical injuries, are simply not available in nonburn
centers. These injuries benefit from the multidisciplinary
team approach and vast experience typically seen at ABA-
verified burn centers.
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ultimately results in amputation at the forearm level. Early 
and detailed discussion between the surgeon and patient 
and family can avoid confusion if  the patient progresses to 
amputation.

In North America, the majority of  all electricity used and 
the burn injuries it causes are the result of  60 cycle-per-
second commercial AC, which reverses polarity 120 times 
per second. Exceptions where direct current (DC) is used for 
power are seen in industrial settings, as well as computers, 
light-emitting diodes (LEDs), solar cells, and electric vehi-
cles. A series of  events in American history, known as the 
War of  the Currents, explains the dominance of  AC over 
DC. Contributions from notables such as Thomas Edison,
Nikola Tesla, and George Westinghouse led to concerns over 
commercial competition, electrical safety, and debates asso-
ciated with the introduction of  the electric chair. The degree 
of  sordid detail surrounding these events can make for 
interesting tangential information during resident and 
medical student teaching sessions.16,17

Given the nature of  AC and its rapid reversal of  polarity 
and the relative inability to reconstruct the history with 
accuracy, the terms entrance and exit wounds are inaccurate 
and should be used with caution if  at all. The term contact 
point is more appropriate. A thorough search for contact 
points should occur in all patients with electrical injuries 
because they may be few or many, obvious or well hidden 
(e.g., in the hair line).

The path of  current, although often imprecise, can 
make a significant difference in outcome. Current poten-
tially traversing the conduction system of  the heart or a 
pathway including the central nervous system can alert 
the clinician to potential complications. AC causes tetanic 
muscle contractions, which may either throw the victim 
away from the source or draw him or her into a continued 
contact known as the “no-let-go” phenomenon. This occurs 
because both forearm flexors and extensors are stimulated 
by the current flow, but the flexors overpower the extensors, 
making the person unable to let go voluntarily. Given that 
humans most often explore their environment by grasping 
rather than tapping with the back of  the hand, contact is 
usually prolonged. Altered levels of  consciousness reported 
in about half  of  high-voltage victims also contributes to 
prolonged periods of  contact.18 Resistance, measured in 
ohms, at the point of  contact varies from approximately 
100,000 ohms for heavily calloused hands or feet during 
very dry winter weather to less than 2500 ohms when skin  
is damp.11

The classification of  electrical injuries from a clinical 
point of  view comes in four varieties: (1) the true electrical 
injury caused by the flow of  current, (2) an arc injury 
resulting from the electric arc generated as the current 
passes from the source to an object, (3) flame injury caused 
by the ignition of  clothing or surroundings, and (4) light-
ning strikes.

Electricity arcs at temperatures up to 4000°C and causes 
a flash-type injury without actual current flow through the 
body.19 This is most commonly seen in electricians working 
with metal objects in close proximity to an electrical source. 
The victim may be thrown by the force and sustain trauma, 
including ruptured eardrums and any other variety of  
blunt force injuries. These injuries that occur without 
actual current flow may be classified like any other flame 

injury. However, the potential problem that arises is in the
difficulty in ascertaining whether there was actual flow of
current. As a result, most of  these patients will be treated
as having true electrical injuries.

The mechanism of  electrical injury appears to be a mul-
tifactorial combination of  thermal and nonthermal causes.
Electricity flowing through tissue generates heat. Electrical
current via ohmic conduction leads to Joule heating that
can cause severe burn injury to the victim.13 The burn
injury is the result of  damaging supraphysiological tem-
peratures, which affect all proteins and cell membranes
with Joule’s law defining the amount of  power (heat) deliv-
ered to an object:

Power (J [Joules]) = I2 (Current) × R (Resistance)

In increasing magnitude, tissue resistance is lowest from
nerves, blood vessels, muscle, skin, and bone. Theoretically,
current flow would be distributed in proportion to resis-
tance, with tissues having the highest resistance generating
the most heat. However, in animal models, the body tends
to act as a single uniform resistance rather than a collection
of  different resistances. In other words, the body acts as a
volume conductor, with the severity of  injury being
inversely proportional to the cross-sectional area of  the
involved body part.15 Clinically, this is observed in particu-
larly severe injuries at the level of  the wrist and ankle. Deep
tissue does appear to retain heat such that periosseous
tissue, especially between two bones, will often have a more
severe injury pattern than more superficial tissue. Clini-
cally, this may be seen during exploration of  the forearm
wherein the superficial flexors are clearly involved and
injured but the deeper pronator quadratus muscle appears
to have a more severe injury. The associated macro- and
microvascular injury appears to occur at the time of  injury
and is irreversible.20 This vascular injury has been studied
in a rabbit model in which optical microscopy demonstrated
severe injury to blood vessels. Necrosis of  vascular walls
and thrombosis with destruction of  arterial endothelium,
pyknosis of  vascular smooth muscle, and fibrinous exu-
dates accompanying the thrombotic changes were noted.
Progressive muscle necrosis over the first 72 hours after
injury was also observed and thought attributable to vas-
cular injury.21 The study period followed the injury pattern
for only 72 hours, but experienced clinicians can attest to
a longer period of  progression that may extend more than
a week. These findings as well as clinical experience argue
in favor of  serial debridement and a conservative approach
to definitive grafting. The pathophysiology, although not
completely understood, also includes electroporation and
electrochemical interactions in addition to thermal
interactions.22–24 These affect all tissue components, but the
cell’s plasma membrane appears to be the most important
structure in determining the rate and quantity of  tissue
injury accumulation.13 Electroporation is the formation of
aqueous pores in lipid bilayers exposed to a supraphysio-
logic electrical field. The formation of  these pores allows
calcium influx into the cytoplasm and triggers a subsequent
cascade leading to apoptosis. Particularly interesting, owing
to characteristics of  electric fields, it has been shown that
cells of  long length (skeletal muscle and nerve) are more
vulnerable to electroporation.13 Further experimental work



38 • Electrical Injuries398

Orak et al. have found an additional biomarker, pro-B-type 
natriuretic peptide (pro-BNP), to be elevated in high-voltage 
electrical injury with use as a marker for both morbidity 
and mortality.27 However, the interpretation of  cardiac bio-
markers is problematic and needs to be correlated with 
other clinical findings. All patients should be monitored 
during transport and in the ED. Rather than a policy of  
more prolonged cardiac monitoring for all patients, a selec-
tive policy makes most efficient use of  expensive medical 
resources, without patient risk.2,35

Indications for cardiac monitoring include (1) loss 
of  consciousness, (2) ECG abnormality or evidence of  
ischemia, (3) documented dysrhythmia either before or 
after admission to the ED, (4) cardiopulmonary resuscita-
tion (CPR) in the field, and (5) patients with other stan-
dard indications.30 Therefore, asymptomatic and stable 
patients who have normal initial ECG findings and are 
without any risk factors do not need inpatient cardiac  
monitoring.37

No published studies have directly studied the appropri-
ate duration of  telemetry monitoring, but most series indi-
cate 24–48 hours.38–40 Our institutional bias is to monitor 
for approximately 24 hours after injury in patients with an 
indication. Low-voltage injuries not meeting the criteria for 
cardiac monitoring and no other indication for admission 
can be safely discharged from the ED. This is not applicable 
to high-voltage injuries, although retrospective evidence 
indicates that dysrhythmias will occur early, if  at all, in 
these patients.35

Myoglobinuria

The presence of  pigmented (darker than light pink) urine in 
a patient with an electrical burn indicates significant muscle 
damage with potentially ongoing ischemia. Myoglobinuria 
and hemoglobinuria secondary to rhabdomyolysis present a 
risk of  acute renal failure and must be cleared promptly.41,42 
Whereas low levels are of  little clinical concern, grossly 
visible urinary pigmentation requires a rapid response to 
minimize tubular obstruction. Titrating resuscitation fluid 
(Ringer’s lactate) to maintain urine output double the 
goal rate of  the standard burn patient, or approximately 
100 mL/h in an adult, is the goal of  therapy. The required 
urinary output is generally very high for several hours after 
injury followed by a significant reduction in urine require-
ments, as venous return from the injured part to the central 
circulation is thrombosed. Therapy continues until the 
urine appears clear. Other therapeutic options include the 
prevention of  oliguria using loop diuretics, alkalinization 
of  the urine with either a bolus or continuous infusion of  
sodium bicarbonate, normalization of  serum electrolytes, 
and decompression of  compartment syndromes.43 Alka-
linization and osmotic diuresis are not supported by level I 
evidence, but many burn centers have successfully adopted 
their use in various forms. Failure to clear pigment from the 
urine is generally an indication of  significant muscle necro-
sis or ongoing ischemia. This should prompt a thorough 
evaluation of  the likely current path and underlying muscle 
damage because failure of  therapy can often be taken as 
an indication for operative intervention for decompression 
versus debridement or amputation.

by Block et al.23 in a Sprague-Dawley rat model confirmed 
that nonthermal effects alone could induce cellular necro-
sis. Electroconformational denaturation of  transmembrane pro-
teins refers to the changes in polarity of  amino acids in 
response to exposure to electrical fields. Experimentally, 
voltage-gated channel proteins were found to change their 
conductance and ion specificity after exposure to a powerful 
pulsed field.25

Acute Care

Electrically burn-injured patients present some unique 
challenges in the acute setting. There are essentially three 
acute management concerns differentiating these patients 
from patients who were thermally injured without flow 
of  electric current. In addition to the application of  the 
basic principles of  Advanced Trauma Life Support (ATLS), 
the three issues that need to be addressed in the “golden 
hour” are (1) which patients require electrocardiographic 
monitoring and for how long; (2) which patients are at 
risk for compartment syndrome and may need emer-
gency surgical intervention (sometimes directly from the 
emergency department [ED]); and (3) how fluid resus-
citation should proceed in the light of  the preponder-
ance of  deep tissue injury that may not be appreciated 
on physical examination, particularly in the presence of   
pigmented urine.

Electrocardiographic Monitoring

All studies reviewed in a recent ABA guidelines paper 
confirmed that cardiac abnormalities, including dysrhyth-
mias and myocardial damage, occur after both low- and 
high-voltage injuries, thus reinforcing the need for elec-
trocardiography (ECG) as part of  the initial evaluation 
in all patients.26 The most frequent reason for death after 
electrical injury is cardiac.27 Nonspecific ST changes are 
the most common ECG abnormality, and atrial fibrilla-
tion the most common dysrhythmia,28,29 but ventricular 
fibrillation is the most common case of  death at the scene  
of  injury.30

Direct myocardial injury may also result. This injury
behaves more similar to a traumatic myocardial contusion
than a true myocardial infarction, not having the hemody-
namic or recurrence consequences of  atherosclerotic myo-
cardial infarctions. Housinger et al. have shown that
creatine kinase (CK) and MB creatine kinase (MB-CK) levels
are poor indicators of  myocardial injury in the absence of
ECG findings of  myocardial damage, especially in the pres-
ence of  significant skeletal muscle injury.31–33 In contrast,
Saracoglu et al. have shown that elevated levels of  both are
related to an increased mortality rate.34 Myocardial damage
and dysrhythmias are manifested very soon after injury.35

Although cardiac troponins are the preferred biomarkers
for detecting myocardial injury in most clinical settings, this
has not been adequately studied in the setting of  electrical
injuries. A recent study using serum troponin levels and
serial echocardiography in 20 patients surviving high-
voltage injury concluded that this was not a useful diagnos-
tic test for predicting impaired left ventricular contractility.36
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significant injury is often at the wrist with variable degree 
of  spread. Beginning the skin incision distally and extend-
ing it as indicated is a reasonable approach. On occasion, 
all that may be required is a carpal tunnel release with a 
short proximal extension (Figs. 38.1 and 38.2).

Coverage of  the wound may include wet to moist mafenide 
acetate 5% solution or a biologic such as porcine hetero-
graft. The initial operation is followed by a second look in 
24 to 48 hours, and depending on the degree of  injury, 
serial debridement may follow. Fasciotomy wound closure 
is often not possible and skin grafting for wound coverage 
is common. Rarely will any amputation be indicated as the 
first operative procedure, and a more conservative approach 
is usually indicated. The clearly mummified, contracted 
extremity is one exception, however.

Further Surgical and Wound 
Considerations

For high-voltage injuries that do not require urgent surgical 
intervention, initial wound care and observation are 

Compartment Syndrome and 
Initial Operative Intervention

Patients with low-voltage electrical injuries are at low risk 
of  compartment syndrome. The authors have not had to 
decompress any patients with low-voltage injuries for com-
partment syndrome in their combined burn experience. In 
contrast, high-voltage injuries require vigilance in regards 
to clinical decision making. Treatment may include ED to 
operative suite urgency, underscoring the need for these to 
be seen in centers with 24-hour surgical capability.

Multiple explanations for the pathophysiology of  acute 
compartment syndrome exist, but in all cases, the final 
common pathway is cellular anoxia.44 Damaged muscle and 
swelling in the investing fascia of  the extremity may cause 
increased pressure compromising blood flow such that met-
abolic demand exceeds delivery. Venous outflow is jeopar-
dized, leading to a decreased arteriovenous pressure gradient 
that ultimately can cause arteriolar collapse.45,46 Loss of  
pulses is one of  the last signs in true compartment syn-
drome, which is different from the early loss of  pulses seen in 
a circumferentially burned extremity requiring escharot-
omy. Compartment pressure measurement is generally con-
sidered an adjunct in electrical injuries and is often an extra 
step that may not add to what is generally an obvious diag-
nosis. These injuries are rarely subtle. In the past, a very 
aggressive approach to fasciotomy was recommended, but 
significant morbidity may accompany this approach. Ampu-
tation rates in the early literature were generally reported in 
the range of  35% to 40%.47–51 Mann et al. argued for a con-
servative course of  management calling for fasciotomy in 
the patient with the usual clinical signs of  compartment 
syndrome—progressive nerve dysfunction or failure of  
resuscitation.52 The ABA guidelines paper indications for 
surgical decompression were in agreement with this man-
agement strategy.26 In a review of  the National Burn Reposi-
tory, Pannucci et al. found early fasciotomy to be a marker 
for increased disease severity. Among patients who under-
went early fasciotomy after electrical injury, 7.5% developed 
deep vein thrombosis, and 49% required amputation during 
their initial hospitalization.53 Elevated CK levels have been 
correlated to the extent of  muscle damage with some authors 
advocating early decompression and aggressive surgical 
management in patients with markedly elevated CK levels.17 
In the experience of  the authors, high-voltage electrical 
injuries requiring decompression have significant clinical 
findings, making adjuncts such as CK levels and compart-
ment pressures moot. They add little to the diagnostic evalu-
ation other than for educational purposes in a training 
environment. Again, these injuries are generally dramatic. 
This tends to alleviate consternation regarding the decision 
to perform urgent exploration or fasciotomy; vigilance, 
however, must be maintained for the first 24 to 48 hours.

Fasciotomies are best performed in the operating room 
under general anesthesia.54 Lower leg fasciotomy is a 
common procedure and should be within the skill set of  all 
general surgeons. The upper extremity fasciotomy is less 
common and yet another reason to refer patients with these 
injuries to a specialized burn center. We favor a lazy-S inci-
sion with the caveat that formal forearm fasciotomy from 
elbow to wrist may not be needed given that the most 

Fig. 38.1 High-voltage injury with neurologic deficit on examination. 

Fig. 38.2 Carpal tunnel release. 
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holes deep enough to cause bleeding from viable cancellous 
bone is a method to encourage granulation tissue, which 
eventually can be skin grafted. This is a prolonged process, 
and methods such as the use of  wound VAC or Integra may 
accelerate the process. The best and most expedient option 
may be a rotational scalp flap over the burned area followed 
by a split-thickness skin graft to cover the adjacent defect61 
(Figs. 38.3–38.5). Larger scalp defects are approached with 
free flaps anastomosed to appropriate vessels outside the 
zone of  injury.62

Although significant electrical burn to the torso is seen 
less commonly than extremity wounds in both the high- 
and low-voltage categories, they can present special prob-
lems. Chest wall injuries may be particularly difficult to 
close, and early consultation with plastic surgery services 
may be helpful. Costal chondritis can be a long-term com-
plication of  these wounds. Visceral injuries are reportedly 
very rare and range from 0.4% to 1.7%.63,64 The colon and 
small intestine are the most frequently affected, but gall-
bladder, liver, pancreas, stomach, and urinary bladder inju-
ries have been described.65 Vigilance for these potential 

appropriate. Patients with small surface area low-voltage 
injuries that do not meet criteria for cardiac monitoring and 
do not have excessive pain control needs can either be dis-
charged or observed depending on local capabilities such as 
ease of  follow up or distance traveled to the burn center. 
Local wound care can be performed with 11.1% mafenide 
acetate cream (Sulfamylon) on thick contact points, given 
the excellent penetration and spectrum of  coverage. Other 
involved areas may be treated by any number of  topical 
agents, including silver sulfadiazine, bacitracin, or one of  
the silver-containing dressings. Surgical excision is begun 2 
to 3 days postburn, either as a second-look operation after 
fasciotomy or as a first procedure in patients not requiring 
an urgent procedure. Obviously, necrotic tissue is removed, 
and tissue of  questionable viability retained for reevalua-
tion every several days until all nonviable tissue is ultimately 
removed. A very conservative course of  tissue removal and 
wound closure with a combination of  skin grafts or flaps for 
soft tissue coverage gives the best functional result. The 
addition of  the vacuum-assisted closure (VAC) device has 
greatly simplified the management of  these wounds. Apply-
ing a VAC device over a wound that has questionable tissue 
remaining loses nothing. If  there is a suspicion of  infection, 
the VAC device can simply be removed; otherwise, it can be 
exchanged at scheduled intervals at the bedside or in the 
operating room. For extremity injuries, particularly the 
hand, early involvement of  a plastic surgeon with experi-
ence in burn reconstruction can provide an important con-
tribution to long-term function. However, surgical options 
such as local or regional flaps may be unavailable because 
of  the large zone of  injury, and a free flap may not be toler-
ated by a sick patient given the prolonged operative time 
required. In these cases, a distant pedicle flap may be appro-
priate.55 These may include older techniques such as the 
Crane principle as described by Barrilo et al. or the use of  
random abdominal wall flap, groin flap, tensor fascia lata 
flap, or a cross-arm flap.

Multiple diagnostic modalities have been investigated in 
an attempt to speed up the process of  identifying the extent 
of  deep tissue necrosis. These include xenon-133 and tech-
netium pyrophosphate scans as well as gadolinium-
enhanced magnetic resonance imaging.56–60 Albeit very 
sensitive and specific, diagnostic scans add little to direct 
clinical evaluation and are ultimately expensive and unnec-
essary. An ongoing program of  physical therapy and func-
tional splinting is begun the day of  admission if  practical 
and continued throughout the hospital stay. Serial neuro-
logic examinations are performed and documented. 
Regional anesthesia is avoided to minimize medical legal 
complications if  late neurologic dysfunction arises.

Problem Areas

Contact points on areas such as the scalp and torso add 
complexity to management. Scalp burns that spare the 
galea are managed by excision and grafting directly onto 
the galea. Wounds that penetrate or expose the outer table 
of  the skull or deeper require a different approach. Exposure 
of  nonviable calvarium has historically been approached by 
providing a viable wound bed after debridement of  dead 
bone with an osteotome or a dental burr. Drilling multiple 

Fig. 38.3 Rotational flap planning. 

Fig. 38.4 Rotational flap creation. 
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a predictor of  outcome.80–82 The ears should be carefully 
examined because injuries are frequent, ranging from 
ruptured tympanic membranes (most common) to middle 
and inner ear destruction.83 Electrical current injuries pre-
dominantly cause pure sensorineural hearing loss and may 
significantly increase a patient’s lifetime risk of  vertigo.84 
Associated ophthalmic injuries are varied; can be bilateral; 
and include the formation of  thermal keratopathy, ante-
rior uveitis, subcapsular cataract, vitreous hemorrhage, 
retinal detachment, central retinal artery and vein occlu-
sion, cystoid macular edema, macular hole, and optic  
neuropathy.81,85,86

Neurologic complications are relatively common and 
include unconsciousness, seizures, paresthesias, and paral-
ysis, which may develop over several days after injury. The 
term keraunoparalysis (Charcot’s or temporary paralysis) 
has been used to describe the latter symptom complex, is 
associated with vasomotor disorders, and is characterized 
by complete tetraplegia and loss of  sensory awareness of  
the trunk and all four extremities.87 Fortunately, these are 
usually transient. Surgically treatable lesions, including 
epidural, subdural, and intracerebral hematomas, may 
occur, mandating a high index of  suspicion for altered levels 
of  consciousness.74 The prognosis of  many lightning-
caused neurologic injuries is generally better than for other 
types of  traumatic causes, although subtle neurologic 
changes may persist, suggesting a very conservative, watch-
ful waiting and supportive approach with serial neurologi-
cal examinations after an initial CT scan to rule out 
correctable causes. A study by Muehlberger et al. with 
follow-up to 12.3 years after injury showed that none of  
their 10 patients had long-term neurologic or psychological 
deficits.88 However, posttraumatic stress disorder is common, 
occurring in about 30% of  patients after lightning injury.89

Low-Voltage Injuries

Low-voltage (<1000 V) AC injury is usually localized to the 
points of  contact. With prolonged contact, tissue damage 
may extend into deep tissues with little lateral extension, as 
seen in high-voltage (≥1000 V) wounds. These wounds are 
treated by excision to viable tissue and appropriate coverage 
based on wound depth and location.

Burns of  the oral cavity are the most common type of  
serious electrical burn in young children.90 Most of  these 
injuries are the result of  an unattended small child (com-
monly <4 years of  age) chewing on an electrical cord. Inju-
ries involving only the oral commissure are almost never 
excised because the extent of  injury is difficult to predict. 
Simple wound care is performed as an outpatient proce-
dure.91,92 The most serious complication is bleeding from 
the labial artery, occurring 10–14 days after injury. Fami-
lies are instructed to compress the labial artery digitally if  
bleeding occurs and to return to the ED. After healing, treat-
ment varies according to the severity of  injury. Gentle 
stretching and the use of  oral splints give good cosmetic and 
functional results in most patients, with reconstructive 
surgery being reserved for the remainder. Severe microsto-
mia is corrected by mucosal advancement flaps. Burns of  
the midportion of  the mouth heal poorly and may require 
a more aggressive surgical approach.93,94

injuries is required because they can occur in the absence 
of  obvious contact points, and mortality rates are signifi-
cant.66,67 The relatively insensitive finding of  feeding intol-
erance or a changing abdominal examination may be the 
only findings. Computed tomography (CT) may make the 
diagnosis and mandates laparotomy.

Lightning Injury

Lightning is the second leading cause of  weather-related 
death in much of  the world, but underreporting likely influ-
ences the data.68–71 Approximately 100,000 thunderstorms 
occur in the United States each year, with lightning killing 
more people than any other weather phenomenon—about 
80 fatalities per year—with Florida and Texas having the 
most deaths.72–74 Although lightning strikes involve mil-
lions of  volts of  electricity, the spectrum of  burn injury is 
extremely varied, from minimal cutaneous burns to signifi-
cant burns equal in depth to commercial high-voltage elec-
tricity. Major cutaneous injury is rare unless a nearby object 
is turned incandescent, causing a flash and flame type of  
injury, as when a bag of  golf  clubs on the victim’s back is 
struck. The pathognomonic sign of  a lightning strike is a 
dendritic, arborescent or fernlike branching erythematous 
pattern on the skin. These Lichtenburg figures (also known 
as keraunographic markings) consist of  extravasation of  
blood in the subcutaneous tissue that appears within an 
hour of  injury and fades rapidly, much like a wheal-and-
flare reaction.75,76 Full-thickness isolated burns on the tips 
of  the toes have also been reported as characteristic. Both 
findings are useful in determining the cause of  injury in a 
patient found down under uncertain circumstances.77

Lightning may cause both respiratory and cardiac stand-
still, for which CPR is especially effective when promptly 
initiated,78 although approximately 10% of  lightning 
strikes prove to be fatal.79 Patients may respond to resus-
citation even when they appear dead and even when the 
interval between injury and resuscitation is prolonged. It 
is important to realize that dilated or nonreactive pupils 
are not necessarily a reliable sign of  brain death in the 
early postinjury period, nor is Glasgow Coma Scale score 

Fig. 38.5 Rotational flap with skin grafted defect. 
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frequent complications than patients with low-voltage inju-
ries.102 Despite this, the low-voltage group experienced 
similar rates of  neuropsychiatric sequelae, limited return to 
work, and delays in return to work. Ko et al. reported on 13 
patients with delayed onset of  spinal cord injuries, postulat-
ing on a vascular cause of  the deficits.103 The most common 
peripheral defect is a peripheral neuropathy, with weakness 
being the most common clinical finding.104 In general, reso-
lution of  early-onset lesions is much better than for late 
onset, spasticity is more frequent than flaccidity, and func-
tion is affected more than sensation.

Sympathetic overactivity, with changes in bowel habits 
and urinary and sexual function, is the primary autonomic 
complex complication. Although the exact mechanism of  
nerve injury has not been explained, both direct injury by 
electrical current or a vascular cause receive the most 
attention. To date, imaging studies, including angiography 
and magnetic resonance imaging, have not been helpful in 
either predicting or evaluating the extent of  deficit. Very 
often, the patient’s neuropsychological status is abnormal. 
In a study comparing electrical burn patients with non-
burned electricians, Pliskin et al. showed significantly 
higher cognitive, physical, and emotional complaints not 
related to injury or litigation status.105 A full neurologic 
examination must be performed on admission, document-
ing the initial presentation. Early involvement of  an experi-
enced, interested physiatrist is important in assessing 
long-term needs and participating in the creation of  a 
therapy plan.

Heterotopic ossification occurring at the cut ends of  
amputation sites is unique to electrical burn patients. This 
occurs in about 80% of  patients with long bone amputa-
tions but not in patients with disarticulations or small bone 
amputations. Helm et al. found ossification severe enough 
to require surgical revision of  the bone end in 28%.106 This 
is easily accomplished by opening the incision and using a 
bone rongeur to remove the soft heterotopic bone and 
reclosing the residual limb.

Although electrical burns comprise only about 4% of  all 
burn injuries, they consume enormous amounts of  
resources, requiring a carefully planned team approach for 
optimal care.

Complete references available online at 
www.expertconsult.inkling.com

Complications

The primary early complications of  electrical injury include 
renal, septic, cardiac, neurologic, and ocular manifesta-
tions. Neurologic deficits may be present on admission or 
develop days to weeks after injury.

Cataract formation is the most frequent ocular complica-
tion of  electrical injury, although ocular manifestations may 
affect all portions of  the eye.95,96 The exact pathophysiology 
is unknown, but ocular changes may affect as many as 
5–20% of  patients with true electrical burns. Saffle et al. 
reported on seven patients with 13 cataracts, noting a high 
rate of  bilateral involvement and little association with 
voltage or location of  contact points, although often thought 
of  as being more frequently associated with contact points of  
the head, neck, and upper trunk.97 Of  this series, 77% even-
tually progressed to surgical therapy, the results of  which 
were uniformly good. Lag time before appearance may be as 
short as 3 weeks and as long as 11 years after injury.98

Neurologic complications are protean in their diversity 
and may present either early or late (as late as up to two 
years after injury). Neuromuscular defects including 
paresis, paralysis, Guillain-Barre syndrome, transverse 
myelitis, or amyotrophic lateral sclerosis can be caused by 
electrical injury.99 Several studies put the incidence of  
post-electrical injury sequelae into perspective. Grube et al. 
reported on 64 patients with high-voltage burns, 67% of  
whom developed immediate central or peripheral neuro-
logic symptoms.18 One third had peripheral neuropathies, 
and one third of  those were persistent. Furthermore, 12% 
had delayed onset of  peripheral neuropathy, with 50% 
resolving. They reported no late-onset central neuropa-
thies. Singerman et al. reported neurologic and psychologi-
cal complication rates of  81.6% and 71%, respectively.100 
The most common neurologic symptoms were numbness 
(42%), weakness (32%), memory problems (32%), pares-
thesias (24%), and chronic pain (24%). The most common 
psychological symptoms were anxiety (50%), nightmares 
(45%), insomnia (37%), and flashbacks to the event (37%). 
Interestingly, the low-voltage injuries resulted in more long-
term sequelae than high-voltage injuries. Further studies 
from the same center demonstrated only a 30% return to 
work after low-voltage electrical injuries.101 In a study by 
Chudasama et al., the patients with high-voltage injuries 
had longer and more complex hospital stays and more 
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Frostbite continues to present a tremendous clinical chal-
lenge, with the greatest clinical advance coming only in the 
past decade with the use of  thrombolytic therapy in early 
management.17–19

Pathophysiology and 
Classification of Frostbite

The injury associated with frostbite results from two broad 
mechanistic categories: the first is that of  direct cellular 
damage and death due to the cold insult, and the second is 
the delayed process mediated by progressive tissue 
ischemia.20–23 The immediate effects of  frostbite are evi-
denced by formation of  extracellular ice crystals that cause 
direct injury to the cell membrane, resulting in cellular 
dehydration due to a change in the osmotic gradient.24 
Rapid cooling results in intracellular freezing, causing more 
severe cellular damage and cell death, whereas a slower rate 
of  cooling produces extracellular ice crystals. This slower 
process results in a transmembrane osmotic shift that draws 
water from within the cell and produces intracellular dehy-
dration. This dehydration causes changes in protein and 
lipid conformation as well as changes in biochemical pro-
cesses that are deleterious to intracellular homeostasis.25–29 
As the temperature continues to fall, intracellular crystals 
develop, with a loss of  the linear relationship of  tempera-
ture to metabolism, decreased DNA synthesis, and hista-
mine response with skin flushing and development of  a 
fluid-filled wheal.13,30–33

Microvascular pathophysiology may be even more impor-
tant than the direct cold injury to the cell, a concept sug-
gested by studies showing the survival of  full-thickness skin 
subjected to freezing and thawing that progressed to necro-
sis when left in situ but survived when transplanted to a 
normal, uninjured recipient site.23 Zacarian identified a 
number of  processes that may play a role in the microcir-
culatory changes of  frostbite. Transient vasoconstriction of  
both arterioles and venules with subsequent resumption of  
capillary blood flow appears to occur, and microemboli 
result from this course.34 With thawing, the capillaries dem-
onstrate restoration of  blood flow that diminishes within 
minutes. Complete cessation of  blood flow is often seen 
within 20 minutes of  rewarming frozen tissue. Similar 
changes have been seen with random skin flap models  
after reperfusion, suggesting reactive oxygen species as 
mediators of  injury.35 Within 72 hours, significant de-
endothelialization and deposition of  fibrin in the capillary 
bed occurs. Examination of  the endothelial ultrastructure 
demonstrates swelling, fluid extravasation, endothelial cell 
dilation, and significant projection of  the cell into the vas-
cular lumen prior to cell lysis.36 There is regional variation 
in the extent of  injury, with low-flow venules being most 
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History of Frostbite

Frostbite is a traumatic injury caused by the failure of
normal protective mechanisms against the environment,
resulting in freezing of  tissue. Cold-induced injury remains
surprisingly frequent in the United States owing to increas-
ing interest in outdoor winter recreational activities as
well as the common presence of  homeless and socio-
economically disadvantaged individuals in large urban
centers.1,2

The incidence of  and circumstances surrounding frost-
bite have been documented in numerous military histories.3

Hannibal lost nearly half  of  his army of  46,000 soldiers
during a 2-week crossing of  the Alps due to frostbite injury.
During the Revolutionary War, Dr. James Thatcher recorded
that Washington lost 10% of  his army to cold-related casu-
alties during the winter of  1778. Baron Dominique Jean
Larrey produced the first systematic medical observations
of  frostbite while serving as Surgeon General of  Napoleon’s
forces during the ill-fated invasion of  Moscow in the Fall of
1812 and the subsequent retreat in a harsh Russian winter.4

Because of  the epidemic nature of  frostbite in this cam-
paign, Larrey was able to create seminal descriptions of
frostbite and to identify the debilitating effects of  daily
refreezing that occurred with bonfire thawing and subse-
quent marching in frigid conditions; in addition, many sol-
diers burned their insensate frostbitten feet while attempting
to rewarm them over bonfires. Larrey became convinced
that the optimal therapeutic management consisted of  fric-
tion massage with snow or ice, resulting in slow rewarm-
ing.4 These recommendations were maintained as the
standard of  care for frostbite in military medicine for more
than 100 years.

In the winter of  1941–1942, German troops sustained
an estimated 250,000 frostbite injuries in the attempt to
take Moscow, constituting the largest reported number of
related frostbite injuries in history.5 During World War II
both German and Russian troops moved to a philosophy of
rapid rewarming based on work conducted at the Kirov
Institute in the 1930s.5,6 Following World War II existing
Russian and German works were translated into English
and became the basis for rapid rewarming as the predomi-
nant Western paradigm. In 1960, Mills published the first
major clinical experience with rapid rewarming and
included a philosophy of  total care for frostbite with his
report.7 Meryman subsequently edited a seminal text eluci-
dating the scientific bases for frostbite injury.8 Both military
and civilian cold-induced injury data continued to accrue
over the subsequent three decades in the absence of  any
significant clinical advances in the care of  frostbite.9–16
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profoundly affected, resulting in the hypothesis that stasis 
also plays a role in this pathophysiologic process.32

The pathobiochemistry of  frostbite has been closely com-
pared to the inflammatory response in the burn wound.37 
Inflammatory mediators such as eicosanoids in burn blister 
fluid coupled with bradykinin and histamine release in the 
region of  injury draw parallels with findings in cold-induced 
injury.38–44 This has prompted investigators to hypothesize 
a frostbite soft tissue model similar to that of  Jackson’s for 
burns, including zones of  necrosis and stasis.45 Similar to 
their burn blister analysis, Robson and Heggers examined 
the fluid in frostbite blisters and found high levels of  pros-
taglandin F2 and thromboxane B2.37 These agents or their 
precursors have been implicated in vasoconstriction and 
leukocyte adherence. In addition, when refreezing follows 
thawing, the cellular damage caused by ice crystals and the 
subsequent inflammatory response are exaggerated.46,47

Clinical Findings and 
Classification of Frostbite Injury

In many situations, the patient is unaware that frostbite is 
occurring. The presence of  hypothermia and the frequent 
use of  mind-altering substances by frostbite patients may 
contribute to this problem. Typical distribution of  injury is 
acral, with injuries to ears, nose, cheeks, and penis also 
being fairly common.9,14,48 The patient may note insensitiv-
ity and clumsiness of  the affected part. This complex of  
symptoms rapidly reverses upon rewarming. Severe pain 
occurs during and immediately after the rewarming process, 
is often described as throbbing in character, and typically 
requires parenteral opioids for relief.49

Because of  the nature of  freezing injury, classification 
has traditionally been based on physical examination find-
ings that occur after rewarming. The most common presen-
tation of  frostnip is numbness and pallor of  exposed skin. 
Frostnip does not include injury to the underlying dermis 
or soft tissues, so rewarming results in near-complete reso-
lution of  symptoms and physical findings. In contrast, true 
frostbite involves some degree of  dermal and soft-tissue 
injury. Clinical appearance evolves over a period of  time 
after rewarming, although the initial appearance may be 
deceptive because hyperemia is present in both frostbite and 
frostnip.9,50 The development of  skin blebs may require 
hours to days from the time of  injury. After 12–24 hours, 
the character of  the blebs usually becomes apparent and an 
assessment of  the severity of  involvement can allow for 
management planning for the injury.

Traditional classification of  frostbite is similar to that of  
burn injury. First-degree injury is superficial, with hyper-
emia in the absence of  vesicles or blebs. There may initially 
be an area of  pallor with surrounding erythema that evolves 
into general edema and erythema without long-term 
sequelae. Second-degree injury has associated light-colored 
blisters and subsequent epidermal sloughing. This may cor-
relate with partial dermal involvement but has a generally 
favorable prognosis. Third-degree frostbite typically has 
hemorrhagic blisters that evolve into thick, black eschar 
over 1–2 weeks. Fourth-degree injury involves bone, tendon, 
or muscle and uniformly results in tissue loss. Precision in 
depth of  injury cannot be expected from visual inspection, 

and some favor a more general classification of  superficial 
(first- and second-degree injury, see Fig. 39.1) or deep 
(third- and fourth-degree, see Fig. 39.2) frostbite injury;51,52 
clinically, these can be delineated by clear vesicles, present 
with superficial injury or hemorrhagic blisters indicative of  
structural damage to the subdermal tissues.52,53 Cauchy 
most recently proposed an alternative classification system 
based on risk of  amputation that includes the extent of  the 
lesion immediately after rewarming, findings from bone 
scan on day 2, and the presence of  blisters on day 2.54 
Although this system has not come into widespread use, the 
relationship of  objective findings to prognosis may prove 
helpful for future therapeutic trials in the management of  
frostbite.

Fig. 39.1 Superficial frostbite injury with clear vesicles. 

Fig. 39.2 Deep frostbite injury with hemorrhagic vesicles. 
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with marked edema because of  loss of  the protective prop-
erties of  the skin against skin flora when significant edema 
is present.47,53,57,61,65–67

Post-Thaw Evaluation and 
Management

Following rewarming, local care of  the involved tissue is the 
first priority. Unroofing of  blisters remains a matter of  con-
troversy.67 Alteration in local chemokines through the pres-
ence of  blister fluid, including high levels of  PGF2α and TXB2 
and diminished levels of  PGE2, result in vasoconstriction of  
the involved area, increased leukocyte adherence, and 
increased platelet aggregation, all of  which cause progres-
sive dermal ischemia.13,37,41,44 However, concern also exists 
about removal of  hemorrhagic blisters because of  the 
damage to subdermal structures associated with these blis-
ters, indicating that debridement may extend the soft-tissue 
damage in these areas.52,53 A more practical justification for 
debridement of  blisters is that it improves the visualization 
of  underlying tissue, allowing the clinician to better assess 
the status of  the wounds.66

Aloe vera has properties that counter the arachidonic 
acid cascade and therefore benefit the local care of  frostbit-
ten areas. Heggers demonstrated that the use of  systemic 
NSAIDs and local aloe vera to address the inflammatory 
chemokines, coupled with systemic penicillin as prophy-
laxis against Gram-positive infection, resulted in demon-
strably less tissue loss, a lower amputation rate, and shorter 
hospital stay versus patients managed with traditional 
topical antimicrobials.13 Topical aloe vera alone was cred-
ited with clinically significant tissue salvage in these 
patients, resulting in preferential management with aloe 
vera rather than topical antimicrobials such as silver sulfa-
diazine or sulfamylon.13,57,61,67 Topical wound care also 
should address mechanical protection of  the affected areas, 
with careful padding, splinting, and elevation and/or com-
pression to manage edema formation.51,53,61,67

NONSURGICAL THERAPIES

Pharmacologic management of  the frostbite patient also 
includes systemic blockade of  the arachidonic acid pathway 
to ameliorate the inflammatory response to the local cold 
injury. Historically aspirin was used and did demonstrate 
tissue survival improvement of  greater than 20% in a 
rabbit ear model.13 However aspirin blocks all arachido-
nate metabolites, including those that are beneficial for 
wound healing. Therefore, more recent recommendations 
center on the use of  ibuprofen and specific blockade of   
TXA2.1,61,65,68

Pentoxifylline, a phosphodiesterase inhibitor that is pri-
marily used in claudication, has been shown to synergisti-
cally improve tissue viability in conjunction with topical 
aloe vera.69 Pentoxifylline improves red blood cell flexibility, 
which may limit microvascular sludging and thereby dimin-
ish thrombus formation in small vessels. In addition, pent-
oxifylline may reduce blood viscosity, again contributing to 
improved tissue survival.70 When pentoxifylline is used for 
post-thaw pharmacologic management, the current rec-
ommendation, based on a study of  pedal frostbite, is 400 mg 

Initial Management of Freezing
Cold Injury

Prevention is obviously the ideal means of  treatment for
frostbite. Alcohol and drug intoxication heighten the risk
for frostbite, most notably in urban populations and the
mentally ill.55,56 Although the cases of  frostbite that occur
in intoxicated, mentally ill, and homeless individuals are
truly preventable only through broader social interven-
tions, simple techniques exist for those who sustain frostbite
secondary to involvement in cold-weather wilderness activ-
ities. Frostbite prevention measures in planned cold-weather
wilderness activity include, but are not limited to, wearing
appropriate clothing, which may include layers and wicking
fabrics; keeping that clothing dry; responding appropriately
to changing environmental conditions; and performing
“cold checks” of  at-risk or suspect areas.57

If  frostbite is identified in the field, the greatest manage-
ment priority is to not incur further injury. Jewelry should
be removed if  present in the affected area; rubbing the area
with ice or snow is now known to incur further damage to
fragile, injured tissue.4,49,51,58,59 Injured areas should be
mechanically protected from trauma because they are typi-
cally insensate and are at high risk for further injury.49,51,58,60

The key decision that must be made in the field is whether
thawing should be pursued prior to transfer to definitive
care for the frostbite injury.61 Based on the work of  Mills at
the Arctic Aeromedical Laboratory demonstrating the del-
eterious effects of  thawing and refreezing on clinical out-
comes from frostbite, rewarming in the field should not be
pursued unless the ability to maintain the affected tissue in
a thawed state is certain.7,58,62 Systemic cold injury in the
form of  hypothermia often accompanies local frostbite
injury, thus mandating that patients be carefully evaluated
to verify that they are normothermic prior to initiating
definitive frostbite management. Hypothermia causes
peripheral vasoconstriction and diminished blood flow, pro-
cesses that are exacerbated by the local cold injury. Most
importantly, hypothermia can be life-threatening, as
opposed to the digit or limb threat posed by frostbite.63,64

Moderate to severe hypothermia, defined as a core tempera-
ture of  less than 32°C, must be addressed prior to initiation
of  frostbite treatment.48,50,57,62

The traditional recommendations for rapid rewarming
favor a water bath temperature of  40–42°C.49,53,58,62 The
State of  Alaska guidelines recently changed the water bath
recommendation to a temperature of  37–39°C because
this does not substantially increase the time to rewarm-
ing but causes less pain for the patient.51,57 The water bath
for thawing should be maintained in this range with the
water circulating around the involved tissue. The duration
of  rewarming is approximately 30 min, although clinical
findings to determine the length of  time for rewarming
include the return of  sensation and presence of  flushing
at the most distal aspect of  the involved tissue.51,61 Admin-
istration of  narcotics is appropriate at the time of  defini-
tive rewarming because of  the pain associated with the
thawing process.49 In addition, because these are tetanus-
prone wounds, the patient’s tetanus immunization should
be verified and updated as appropriate. Finally, systemic
antibiotics are recommended by some authors in patients
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neuropathic pain and paresthesias that often present one of  
the greatest clinical challenges following freezing cold 
injury.78,80 Therefore, the best use of  sympathectomy may 
be in the longer-term management of  otherwise disabling 
complications of  frostbite.

Studies of  hyperbaric oxygen (HBO) are limited but have 
some of  the most promising functional results of  an adjunc-
tive therapy for frostbite. An early documented use of  HBO 
for therapy in frostbite involved four Alpine mountaineers, 
all of  whom presented 10 or more days following injury and 
all of  whom demonstrated good tissue preservation with 
HBO.81 Several subsequent case reports have demonstrated 
improved nutritive blood flow and/or complete mainte-
nance of  frostbitten areas following HBO therapy, even with 
delayed presentations.82–85 The utility in delayed presenta-
tion combined with the potential for improved functional 
outcomes make HBO an extremely attractive therapy in 
frostbite. Multicenter trials of  HBO would provide substan-
tial progress toward understanding the role for this therapy 
in frostbite management.

IMAGING AND SURGICAL MANAGEMENT

Both scintigraphy and magnetic resonance imaging/
angiography (MRI/MRA) have been recommended as diag-
nostic aids to improve the process of  surgical management 
of  frostbite. More than 20 years ago, Mehta identified three 
different patterns in triple-phase bone scanning that were 
useful indicators of  outcome within 48 hours of  injury.86 
Specifically, he found that perfusion and blood pooling 

t.i.d. for 2–6 weeks following injury.70 Iloprost, a prostacy-
clin analog that also serves as a vasodilator, has interesting 
features that may be of  benefit, although all data on its use 
are preliminary.57,71 Although studies of  pentoxifylline and 
iloprost are ongoing in Europe, current data are inadequate 
to recommend their use.

Thrombolytics have demonstrated the most notable clini-
cal advance in the management of  frostbite in the past 50 
or more years. The first demonstration of  possible utility for 
thrombolytics in frostbite management was an animal 
model using IV urokinase.72 In 1992, a preliminary account 
indicated that thrombolytics were potentially better than 
slow rewarming for reducing amputation following frost-
bite injury.73 Subsequent publications have shown improved 
digit salvage with the use of  tissue plasminogen activator 
(t-PA) (see Fig. 39.3).17,19,74–77 Unfortunately, t-PA only 
appears to be efficacious within 24 hours of  thaw, meaning 
that this may not be an option for patients who are injured 
in extremely remote environments. Additionally, although 
digit salvage has been improved with thrombolytics, the 
long-term functional results of  this salvage remain unclear, 
particularly the impact on neuropathic complications of  
freezing cold injury.

Surgical and chemical sympathectomy has largely fallen 
out of  favor owing to clinical results that are mixed at best. 
Sympathectomy has not shown any improvement in tissue 
preservation in frostbite and may ultimately result in more 
proximal injury demarcation.78,79 The two best-documented 
benefits of  sympathectomy relate to long-term function, 
with improved cold tolerance and amelioration of  the 

A B

Fig. 39.3 (A) Angiogram of foot with deep frostbite prior to tissue plasminogen activator (t-PA). (B) Angiogram of foot with deep frostbite following 
19 hours of t-PA. 
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management approach have occurred. Thrombolytic 
therapy has shown benefit in digital salvage but requires 
early use and has unclear long-term functional outcomes. 
HBO has shown promise in terms of  salvage and functional 
outcomes but so far has only been evaluated in case series. 
Vasodilation with pentoxifylline or iloprost merits ongoing 
study as a potential therapy for frostbite. Scintigraphy may 
provide a means to expedite the surgical management of  
frostbitten digits and extremities, but again has only been 
studied in limited settings. Large-scale multicenter evalua-
tion of  these varied evaluation and management tech-
niques is required to demonstrate whether any of  these 
practices will ultimately improve tissue salvage and func-
tional outcomes.

Complete references available online at 
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phases demonstrated at-risk tissue, and the bone phase 
showed deep tissue and bone infarction. Several studies 
have demonstrated excellent correlation between scinti-
graphic findings and surgical outcomes, although some 
authors claim that bone scan findings best correlate with 
surgical findings at 7–10 days following injury.66,87,88 Con-
fidence in scintigraphic findings by some practitioners has 
been adequate for them to derive a protocol using the find-
ings to direct early surgery.54,89 The use of  MRI/ MRA ini-
tially seemed promising, allowing direct visualization of  
occluded vessels and possible better delineation of  viable 
tissue than 99Tc scanning.90 However a subsequent study 
demonstrated that MRI was no better than bone scanning 
to identify anatomic sites for amputation and that the 
limited soft tissue present in digits hampered the utility of  
MRI.65

Because of  a historical bias based on data showing that 
early surgery was potentially associated with worse out-
comes, the adoption of  scintigraphy with early operative 
intervention has been limited.79 However, Greenwald devel-
oped a protocol with early scintigraphy followed by opera-
tive intervention at 7–10 days following injury.89 Cauchy 
makes a plausible argument for intervention at 10–15 days 
post injury with a bone scan based on a shorter waiting 
time for the patient, lower infection risk, and earlier pro-
gression to rehabilitation; of  note, Cauchy advocates repeat 
scanning at 7–10 days post injury if  the injury is not clearly 
delineated on early (<48 hours) bone scan.66 Nevertheless 
the prevalent clinical practice remains to time surgery any-
where from 4 weeks to 3 months following injury, once 
tissues have clearly demarcated to an experienced clinical 
eye.49,67

Conclusion

Frostbite has a long clinical history and remains a modern 
clinical challenge. Although the pathophysiology of  freez-
ing cold injury is well delineated, few advances from the 
traditional “frostbite in January, amputation in July” 
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■ Mechanism of  action of  the chemical
■ Physical state of  agent (liquid, solid, gas).

There are six mechanisms of  action for chemical agents
in biological systems, classified by how they denature and 
damage proteins:5,6

1. Reduction: Reducing agents act by binding free electrons
in tissue proteins, causing denaturation. In general, they 
do so by reducing the amide link. Examples include 
hydrochloric acid, nitric acid, alkyl mercuric com-
pounds, ferrous iron, and sulfite compounds.5,7

2. Oxidation: Oxidizing agents are oxidized on contact with
tissue proteins. These agents cause destruction by insert-
ing oxygen, sulfur, or halogen atoms to structural and 
functional proteins. Byproducts are often toxic and con-
tinue to react with the surrounding tissue. Examples of  
oxidizing agents are sodium hypochlorite, potassium 
permanganate, chromic acid, and peroxide.5

3. Corrosive agents: Corrosive substances denature tissue
proteins on contact and form eschar and a shallow ulcer. 
Examples of  corrosive agents include phenols, cresols, 
white phosphorus, dichromate salts, sodium metals, 
lyes, sulfuric acid, and hydrochloric acid.

4. Protoplasmic poisons: These agents produce their effects
by binding or inhibiting calcium or other organic ions 
necessary for tissue viability and function. These agents 
form esters with proteins and/or chelate calcium or 
other ions. Examples of  protoplasmic poisons include 
“alkaloidal” acids; acetic acid; formic acid; and meta-
bolic competitors and inhibitors such as oxalic acid, 
hydrofluoric acid, and hydrazoic acid.

5. Vesicants: Vesicant agents produce ischemia with necro-
sis at the site of  contact. There is associated tissue cyto-
kine release and blister formation. Examples include 
cantharides, dimethyl sulfoxide (DMSO), mustard gas 
(sulfur and nitrogen), and Lewisite.

6. Desiccants: These substances cause damage by dehydrat-
ing tissues and exothermic reactions, causing the release 
of  heat into the tissue. Examples include sulfuric acid, 
muriatic acid, calcium sulfate, and silica gel.

Chemical burns are often described as acidic or alkali.8 
Acids act as proton donors in the biological system, and 
strong acids have a pH less than 2. Alkali, or basic, materi-
als capable of  producing injury typically have a pH greater 
than 11.5.8 In general, alkaline materials cause more injury 
than acidic compounds. Whereas acids cause coagulation 
necrosis with precipitation of  protein, the reaction to alkali 
is “liquefaction” necrosis, allowing the alkali to penetrate 
deeper into the injured tissue.9 The presence of  hydroxyl 
ions within these tissues increases their solubility, allowing 
alkaline proteinases to form when the alkalis dissolve the 
proteins of  the tissues.1 Organic solutions tend to dissolve 

Introduction

Chemical burns represent a small percentage of  burn inju-
ries yet up to one third of  burn-related deaths.1 Many
common household and industrial compounds have the
potential to induce severe chemical burns. The American
Association of  Poison Control Centers’ National Poison
Data System 2014 annual report demonstrated 199,291
cases of  exposure to cosmetic or personal care products;
198,018 household cleaning substances; 83,005 pesti-
cides; 31,903 hydrocarbons; and 38,975 unspecified
chemicals.2 Exposure to specific chemicals, including acids,
alkalines, peroxides, bleaches, and phenols, in 2014 totaled
38,594, which was up from the 38,552 cases of  exposures
in 2013.3 The unfortunate reality concerning the ease of
access to toxic products is evident in the presence of  a rising
number of  pediatric exposures to chemical injuries. Most
chemical burns involving children are secondary to
common household products. Domestic chemical burn
injuries are often due to poor labeling and storage, as well
as secondary to intentional assault and suicide attempts.
The most commonly affected areas of  the body are the face,
eyes, and arms and legs. As a result, the length of  hospital
stay and duration of  healing tend to be greater with chemi-
cal burns. The majority of  these deaths are related to the
ingestion of  chemical substances.4 This chapter provides
general principles for the treatment of  chemical injuries.

Pathophysiology

All burn wounds, whether caused by chemical or thermal
sources, have in common the denaturation of  key struc-
tural and functional proteins. The structure of  biological
proteins involves not only a specific amino acid sequence
but also a three-dimensional structure depending on weak
forces, such as hydrogen bonding or van der Waals’ forces.
These three-dimensional structures impart biological activ-
ity to the proteins and are easily disrupted by outside influ-
ences, specifically chemical and thermal energy sources.
Weak bonds are impaired by heat energy sources degrading
and denaturing proteins. Moreover, any variations in pH or
dissolution of  surrounding lipids may neutralize a protein
and disrupt its function. Direct chemical effects on a reac-
tive group in a protein will similarly render it inactive.

The severity of  a chemical burn injury is determined by
several factors:5

■ Concentration of  chemical in contact or ingested
■ Quantity of  chemical agent
■ Manner and duration of  contact (skin or ingestion)
■ Extent of  penetration
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the lipid membrane of  cell walls and cause disruption of  
cellular architecture as their mechanism of  action. Inor-
ganic solutions tend more to remain on the exterior of  cells 
but may act as transporters to carry the above-mentioned 
agents that denature proteins or form salts with proteins 
themselves.5

General Principles of 
Management

The most important aspects of  first aid for patients with 
chemical burns involve removal of  the offending agent from 
contact with the patient—stop the burn. This requires 
removal of  all potentially contaminated clothing and 
copious irrigation. Irrigation of  chemical burns requires 
protection of  healthcare providers to prevent additional 
injuries and additional patients. In addition, the wounds 
should not be irrigated by placing the patient into a tub, 
thereby containing the chemical and spreading the injuri-
ous material. Irrigation should be a large-volume shower or 
decontamination station and drained out of  an appropriate 
drain. Immediate copious irrigation has been shown to 
reduce the extent and depth of  injury, especially to eyes.10 
No measure of  adequacy of  lavage has been developed, but 
monitoring the pH from the effluent can provide quantifi-
able information as to adequacy of  lavage. Thirty minutes 
to 2 hours of  lavage is often necessary.

Safety data sheets (SDS) are mandated to be available for 
all chemicals present in the workplace. These can be valu-
able resources for potential systemic toxicity and adverse 
effects of  an agent. Further assistance is available from 
regional poison control centers for household chemicals or 
unidentified agents.

The use of  neutralizing agents is generally contraindi-
cated. Neutralizing agents cause exothermic reactions, pro-
ducing a thermal component along with a chemical injury. 
When the chemical agent is known and an appropriate 
antidote to support the physiologic changes incited by the 
original agent is known, some benefit to its use has been 
documented but has not been found to be superior to water 
for irrigation.11–13 An example is calcium gluconate for 
hydrofluoric acid burns (discussed later in the chapter).

Treatment paradigms remain unchanged for burn and 
trauma patients with strict adherence to Advanced Trauma 
Life Support (ATLS)and Advanced Burn Life Support (ABLS)
guidelines. After airway patency is assured, adequate air 
movement and hemodynamics should be maintained. Con-
ventional thermal burn formulas are used for resuscitation 
at maintaining end-organ perfusion. Monitoring of  urine 
output remains paramount to assessment of  adequacy of  
end-organ perfusion and hence resuscitation. Systemic dis-
turbances of  pH are potential complications and must be 
monitored until acid–base disorder and electrolyte abnor-
malities are corrected.

The typical large-volume lavage required to adequately 
dilute chemical exposures puts the patient at potential risk 
for hypothermia, both from evaporative cooling losses and 
from the use of  unwarmed lavage fluid. Principles of  wound 
care for chemical burns are typically the same as for thermal 
burns. Early excision and grafting of  obviously nonviable 
tissue is advocated, particularly in light of  the observation 

that chemical burns tend to be deeper than they initially 
appear. As a result, they tend to heal more slowly.

Specific Agents

ACIDS

Acetic Acid

Acetic acid, also known as ethanoic acid, ethylic acid, and
methane carboxylic acid, is a mild chelating agent. Solu-
tions diluted to less than 40% concentrations, such as table
vinegar and hair-wave neutralizing products, are usually
harmless, but if  used inappropriately, they may cause inju-
ries. Chemical exposures may cause symptoms of  upper and
lower airway irritation, including cough, tachypnea,
wheezing, nose and throat irritation, and pharyngeal and
pulmonary edema. Other symptoms found are tooth
erosion, conjunctivitis, headache, nausea, vomiting,
impaired vision, abdominal pain, eye pain, and whitish dis-
coloration of  the skin.5 In such cases, initial treatment
involves irrigation.14

Carbolic Acid (Phenol)

Carbolic acid is a hydrocarbon derived from coal tar, which
acts to cause damage secondary to its ability to induce
denaturation and necrosis.15,16 The most common adverse
effects are dermatitis, abnormal pigmentation, and burns to
the skin.17 Concentrated amounts of  phenol are caustic;
therefore, prolonged skin contact causes partial- or full-
thickness burns. These burns tend to become extensive
before detection, secondary to the local anesthetic proper-
ties of  phenol. Ingestion of  as little as 1000 mg may be
fatal. Systemic effects include ventricular arrhythmias,18

pulmonary edema, stridor, and tachypnea. Locally, con-
junctivitis, corneal edema or necrosis, and skin necrosis
result.16

Acute poisonings are potentially fatal; hence, prompt
action is necessary with copious irrigation. Polyethylene
glycol (PEG; molecular weight 300 or 400 Da) has been
shown to be of  potential benefit, but large-volume lavage
should not be delayed while PEG application is begun.
Reports in the literature indicate that intravenous (IV)
sodium bicarbonate may be of  use to prevent some of  the
systemic effects of  phenol.19–26

Chromic Acid

This acid causes nonpainful but corrosive ulcers upon
contact with the skin.27 Ulceration of  the nasal septum and
bronchospasm can occur with inhalation. This agent causes
protein coagulation. Peak blood levels are thought to be
achieved within 5 hours of  exposure. Symptoms may occur
with just 1% total body surface area (TBSA) burn, but a
10% burn or greater is often fatal owing to its systemic
effects. Irrigation is the primary treatment for exposure, but
in an industrial setting, washing with a dilute solution of
sodium hyposulfite or water followed by rinsing in a buff-
ered phosphate solution may be a more specific antidote.
Dimercaprol may be used at 4 mg/kg intramuscularly every
4 hours for 2 days followed by 2–4 mg/kg/day for 7 days in
total to treat the systemic effects. Dialysis in the first 24
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cleaners contain dilute hydrochloric acid (3–6%) and sulfu-
ric acid and its desiccant precursor (sulfur trioxide) in con-
centrations up to 80–99%. Muriatic acid is the commercial 
grade of  concentrated hydrochloric acid. When in contact 
with the skin, it denatures proteins into their chloride salts. 
Copious irrigation and early excision are the treatments of  
choice. Hydrochloric acid fumes can cause inhalation 
injury with acute pulmonary edema (Figs. 40.2 and 40.3). 
Other symptoms found to occur are white or grayish discol-
oration of  the skin and exposed mucosa. Patients may have 
eye, mouth, throat, and abdominal pain and injuries. They 
may experience hematemesis, vomiting, dizziness, head-
ache, dyspnea, cough, tachypnea, pneumonia, laryngo-
spasm, and ultimately respiratory failure.5

hours is a reasonable means to remove circulating chro-
mium and to address existing electrolyte imbalances. 
Exchange transfusion may be necessary. Various ointments 
containing products such as 10% calcium ethylenediami-
netetraacetic acid (EDTA) or ascorbic acid are available for 
small superficial burns.28,29 There have been case reports 
supporting the early excision of  chromic acid burn to assist 
in preventing systemic toxicity.28,30

Epichlorohydrin Acid

Epichlorohydrin is a rare, corrosive carcinogen that is color-
less and exudes a garlic-like odor. It is used in the production 
of  glues, plastic, glycerols, and resins, as well as in paper 
reinforcement and water purification. It can also be con-
verted into a binder used in the production of  explosives. 
These burns may demonstrate a rapid progression to a full-
thickness wound within hours. Management commences 
with copious irrigation and hemodynamic monitoring  
(Fig. 40.1).

Formic Acid

Formic acid is a strong inorganic acid used by glue makers 
and tanning workers. After contact, it creates an eschar, 
which does not prevent systemic absorption. After it is 
absorbed, metabolic acidosis, intravascular hemolysis with 
hemoglobinuria, renal failure, pulmonary complications, 
and abdominal pain with necrotizing pancreatitis usually 
occur.31 All patients injured by formic acid should be hospi-
talized because of  this multitude of  potential systemic 
effects. Formic acid is the acid most commonly used in 
assaults, especially in developing countries, because of  its 
easy availability.32

Hydrochloric Acid, Muriatic Acid, and Sulfuric Acid

Hydrochloric acid is one of  the most commonly treated 
chemical burns. Hydrochloric acid and sulfuric acid are 
proton donors, which cause the pH in local tissues to drop 
to zero as hydrogen ions disassociate.33 Coagulation necro-
sis and tissue ulceration occur, leading to consolidation of  
connective tissue and thrombosis of  intramural vessels, 
ulceration, fibrosis, and hemolysis.7 Many household 

Fig. 40.1 Epichlorohydrin acid burn 3 days after admission. 

Fig. 40.2 Hydrochloric acid burn to the hand before blister removal. 

Fig. 40.3 Hydrochloric acid burn to the hand after blister removal. 
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subcutaneously or intradermally) have also been used, with 
good results.44 Intraarterial injections into the radial artery 
(10 mL of  10% calcium gluconate and 40 mL of  5% dex-
trose in water infused over 2–4 hours) can be used for man-
agement of  burns to the hand, but in severe cases, palmar 
fasciotomy may be needed.45,46 This injection should be per-
formed within 6 hours of  exposure to prevent tissue necro-
sis and minimize pain. It should continue until the patient 
is symptom free.

Nitric Acid

This is a strong oxidizing agent that can combine with 
organic proteins to produce organonitrates, which act as 
metabolic poisons. It is used in fertilizer management, 
casting iron and steel, and engraving. Upon skin contact, a 
yellow-brown stain develops on the skin and mucosa, with 
an eschar. Demarcation tends to occur slowly, causing dif-
ficulty in discerning burn depth. Initial treatment involves 
irrigation and the use of  topical treatment.47 In addition, 
patients may present with whitish tinge of  the teeth, eye 
pain, oropharyngeal pain, or abdominal pain. Patients may 
have dyspnea, hematemesis, dizziness, cough, tachypnea, 
and even develop pneumonia and laryngospasm.5

Oxalic Acid

This is a potent metabolic poison that combines with 
calcium to limit its bioavailability, thereby limiting muscle 
contraction.48 It is used industrially to remove rust and in 
bleaching products. Treatment consists of  water irrigation 
and IV calcium, with continuous cardiopulmonary moni-
toring, as well as measurements of  serum electrolytes and 
renal function.48

Phosphoric Acid

Phosphorus is an incendiary agent found in hand grenades, 
artillery shells, fireworks, and fertilizers.18,49 White phos-
phorus ignites in the presence of  air and burns until the 
entire agent is oxidized or the oxygen source is removed. The 
wounds are irrigated with water, and easily identifiable 
pieces of  phosphorus are removed. Ultraviolet light can be 
used to identify embedded particles through phosphores-
cence. In addition, a solution of  0.5% copper sulfate can be 
applied, which will impede oxidation and turn the particles 
black to aid in their identification and removal. Hypocalce-
mia, hyperphosphatemia, and cardiac arrhythmias have 
been reported with phosphorus burns.18,49 Patients may 
present with eye and respiratory tract irritation, blepharo-
spasm, endophthalmitis, a sensation of  a foreign body in 
the eye, lacrimation, photophobia, cornea perforation, and 
even ultimately blindness.5

ALKALIS

Strong alkalis have a pH of  12 or greater. Wounds caused 
by alkalis initially appear superficial but may often become 
full thickness in 2–3 days. This chemical creates a soluble 
protein by binding with lipids and proteins, thus allowing 
passage of  hydroxyl ions into the tissue. Eventually, a soft, 
brownish, gelatinous eschar is created. Alkalis are very cor-
rosive in nature and penetrate deeply. Examples of  strong 
alkalis (lyes) include barium, sodium, ammonium, calcium, 
lithium, and potassium hydroxides. They are present in 

Hydrofluoric Acid

Hydrofluoric acid is a corrosive that is commonly used in
industrial applications and computer processing. It is used
as a cleaning agent in the petroleum industry, in the produc-
tion of  high-octane fuel, glass etching, germicides, dyes,
tanning, and fireproofing material, as well as in rust removal.
Hydrofluoric acid is particularly lethal owing to its proper-
ties both as an acid and as a metabolic poison. The acid
component causes coagulation necrosis and cellular death.
Fluoride ions then gain a portal of  entry that chelates posi-
tively charged ions such as calcium and magnesium, result-
ing in hypocalcemia and hypomagnesemia.34 This causes an
efflux of  intracellular calcium with resultant cell death. The
fluoride ion remains active until it is completely neutralized
by the bivalent cations. This may exceed the body’s ability to
mobilize calcium and magnesium rapidly enough, causing
muscle contraction and cellular dysfunction. Fluoride ion
also acts as a metabolic poison by inhibiting Na-K ATPase,
allowing efflux of  potassium.35 Excess potassium subse-
quently causes shifts at nerve endings and is thought to be
the cause of  the extreme pain associated with hydrofluoric
acid burns.36–38 Patients may present with self-limiting
symptoms such as nausea, vomiting, fever, whitish tissue
with surrounding erythema, immediate profound abdomi-
nal, mouth and throat pain, skin edema, ulcers and necrosis
or stridor, laryngeal edema, wheezing, tachypnea, tetany,
and potentially fatal cardiac arrhythmias.5

Hydrofluoric acid burns are classified based on the con-
centration of  the exposure.39 Concentrations greater than
50% cause immediate tissue destruction and pain. Concen-
trations of  20–50% result in a burn becoming apparent
within several hours of  exposure. Injuries from concentra-
tions less than 20% may take up to 24 hours to become
apparent.

Death from hydrofluoric acid exposure is usually second-
ary to systemic toxicity. Systemic symptoms are secondary
to acidosis, hypocalcemia, hypomagnesemia, and hyperka-
lemia, which can lead to ventricular fibrillation. Thus, elec-
trolytes and cardiac rhythm should be monitored closely.40

When cardiac dysrhythmias develop, it is difficult to restore
a normal rhythm.41 Compounding the problem of  hypocal-
cemia, the fluoride ion may act as a metabolic poison in the
myocardium to promote the irritability. The typical electro-
cardiographic change seen is Q–T interval prolongation.
The fluoride ions can be removed by hemodialysis or cation
exchange resins.42

Treatments for hydrofluoric acid exposure are designed
to neutralize the fluoride ion and prevent systemic toxicity.
Primarily, the wound should be copiously irrigated for 30
minutes. If  the concentration of  exposure is less than 20%
or the duration of  exposure is minimal, this may serve as
the extent of  treatment. For more serious exposures, topical,
subcutaneous, or intraarterial mixtures of  calcium gluco-
nate can be used as a first option. The topical gel is a mixture
of  3.5 g of  2.5% calcium gluconate and 5 oz of  water-
soluble lubricant. It should be applied to the wound four to
six times each day for 3 to 4 days.43 The mixture’s penetra-
tion into the dermis is limited by its calcium component.
This is improved with the use of  DMSO, which has its own
associated toxicity. Calcium gluconate injections into the
area of  the wound (0.5 mL/cm2 of  10% calcium gluconate
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HYPOCHLORITE SOLUTIONS

These are potent oxidizers delivered in alkaline solution 
used as bleaches and household cleaners. Exposure to 
30 mL of  15% solution is potentially fatal. Systemic mani-
festations of  toxicity include vomiting, confusion, dyspnea, 
airway edema, cyanosis, cardiovascular collapse, and 
coma.49 Treatment consists of  copious irrigation.

ALKYL MERCURIC COMPOUNDS

Skin reaction with these substances releases free mercury, 
which can be found in blister fluid. With time, mercury is 
absorbed, leading subsequently to systemic effects. After 
blisters are debrided, repeat washing to lavage the blister 
fluid is necessary.

TAR

Tar, crude oil, and asphalt are various names for mineral 
products created from long-chain petroleum and coal or 
fossil hydrocarbons. This compound should be removed 
from the skin immediately. After it has cooled, the tar pro-
duces liquefaction injury and should be debrided from the 
skin, especially if  obvious burn, blister, or tissue loss is 
apparent. Antibiotic ointments and household items such 
as baby oil, mineral oil, mayonnaise, and butter have been 
found to aid in its removal (Fig. 40.5).52

VESICANT CHEMICAL WARFARE AGENTS 
(MUSTARD, LEWISITE, NITROGEN)

These agents affect all epithelial tissues, including the skin, 
eyes, and respiratory epithelium. Symptoms described after 
exposure to mustard gas include burning eyes, a burning 
throat, and a feeling of  suffocation.43,46 This is followed by 
erythema of  the skin within 4 hours and blister develop-
ment within 12 to 48 hours. Severe pruritus develops, par-
ticularly in moist areas such as the axilla and perineum. 
When the blisters rupture, they leave painful, shallow 
ulcers. Exposure to larger quantities of  these agents 

many household cleaning solutions and have historically 
been ingested in suicide attempts, causing death secondary 
to airway occlusion.17 Management of  these burns neces-
sitates immediate and copious irrigation.

Dry residues of  alkali (e.g., lime) must be brushed away 
and then copious irrigation is undertaken. Attempts to neu-
tralize alkali are not recommended. Alkaline injury to the 
eye is particularly devastating. These compounds rapidly 
penetrate the cornea, causing scarring and opacification, 
with associated perforation.17

CEMENT

Cement acts both as a desiccant and an alkali. Cement is 
calcium oxide, which becomes calcium hydroxide upon 
exposure to water. It usually contains lime, sand, and other 
metal oxides. The dry powder is very hygroscopic and will 
cause desiccation injury if  not hydrated or washed away. 
Injury results from the action of  the hydroxyl ion.50

METALS

Occupational injuries often occur to workers using molten 
metal, such as elemental metals, sodium, lithium, potas-
sium, magnesium, aluminum, or calcium. After exposure, 
the use of  water is contraindicated because it may result in 
an explosive exothermic reaction. Class D fire extinguishers 
or sand are ideal for management, but mineral oil is also an 
option (Fig. 40.4).

HYDROCARBONS

Hydrocarbons are corrosive agents, often contained within 
plants, animal fats, and fuel oils. Prolonged contact with 
petroleum distillates results in dissolution of  lipid cell mem-
branes, leading to cell death.51 These burns tend to be 
superficial. Systemic toxicity usually involves respiratory 
depression. Heat loss from rapid evaporation of  gasoline can 
cause the development of  frostbite and dehydration. Early 
decontamination is most efficiently achieved with soap and 
water.

Fig. 40.4 Sodium hydroxide burn to the face and tongue. Fig. 40.5 Crude oil burn to the face. 
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Conclusion

Many chemical compounds can cause burn injury. The 
principal idea behind the treatment of  chemical burns is 
early, copious irrigation. Wound care is the same as for 
thermal burns. Chemical burns tend to be deeper than  
they initially appear, often requiring skin grafting for 
management.
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produces coagulative necrosis of  the skin, with either no 
blistering or “doughnut blisters” surrounding a central 
necrotic zone.43,44,46

Lewisite (2-chlorovinyl-dichloroarsine) is the best known 
arsine. It is more powerful than the mustards, and the 
symptoms occur sooner.

Phosgene oxime is another common agent in chemical 
warfare. It is the most widely used halogenated oxime and 
has the immediate effect of  stinging, likened to contact with 
a stinging needle.46 Affected areas quickly become swollen 
with blister formation, and eschars develop over the ensuing 
week. Wound healing is slow, typically over 2 months. Eye 
involvement is extremely painful and can result in perma-
nent blindness. Inhalation leads to hypersecretion and pul-
monary edema.

Clothing must be removed from the victim and large-
volume lavage of  the skin is undertaken. Eyes are irrigated 
with water or “balanced salt solution.” Blisters are debrided 
and dressed with topical antimicrobials. Dimercaprol is a 
chelating agent that is an antidote for lewisite poisoning. 
There is no specific antidote for nitrogen mustard, but 
sodium thiosulfate and N-acetylcysteine may be helpful to 
reduce the effects if  administered early.46 The blister fluid 
from nitrogen mustard injuries does not contain active 
agent and is hence harmless.47 Agranulocytosis or aplastic 
anemia can result from exposure to these agents.24 In the 
appropriate setting, bone marrow transplantation may be 
considered.
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Terminology

Damage to biological tissue by ionizing radiation is medi-
ated by energy transference. This can be the result of  expo-
sure to electromagnetic radiation (e.g., X-rays and gamma 
rays) or particulate radiation (e.g., alpha and beta particles 
or neutrons). The severity of  tissue damage is determined by 
the energy deposited per unit track length, known as linear 
energy transfer (LET). Electromagnetic radiation passes 
through tissue almost unimpeded by the skin and is called 
low LET because little energy is left behind. In contrast, 
neutron exposure has high LET, resulting in significant 
energy absorption within the first few centimeters of  the 
body. Alpha and low-energy beta particles do not penetrate 
the skin and represent a hazard only when internalized by 
inhalation, ingestion, or absorption through a wound.

The biological effect of  ionizing radiation is measured by 
the radiation absorbed dose (rad). The newer SI unit of  
absorbed dose is the gray (1 Gy = 100 rad). Not all radiation 
is equally effective in causing biological damage, although 
it may cause the same energy deposition in tissue. For 
example, 1 Gy of  neutron radiation will not have the same 
effect as 1 Gy of  gamma or X-radiation. For this reason, a 
unit of  dose equivalence was derived that allows radiations 
with different LET values to be compared. One such unit is 
the rem (acronym of  roentgen equivalent man). The dose 
in rem is equal to the dose in rads multiplied by a quality 
factor (QF).5 The QF takes into account the LET and has a 
different value for different radiations; for X-rays, it is 1.0, 
and for neutrons, it is 10. The international unit, now more 
widely in use, is the sievert (Sv). One sievert equals 100 rem; 
1 rem equals 10 mSv. This allows radiations with different 
LET values to be compared because 1 Sv of  neutron radia-
tion has the same biological effect as 1 Sv of  low LET gamma 
or X-radiation.

Incidence

The source of  the most abundant type of  biologically rel-
evant electromagnetic radiation is the sun. Ultraviolet 
(UV) light with a wavelength of  315–400 nm (UVA), 280 
to 315 nm (UVB), and 10–280 nm (UVC) would normally 
be absorbed by 98% in the atmosphere’s so-called ozone 
layer, which extends at about 20 miles above sea level.6 
However, mostly because of  human-made pollution and 
the resulting increase in local permeability of  this protec-
tive layer, UV radiation can reach the surface of  the skin 
and unfold its hazardous effects. Although not technically 
ionizing, UV light can severely irritate dermal structures in 
terms of  first- and second-degree burns. Simultaneously, 

Radiation Injury: Introduction

In the aftermath of  9/11 and more recent acts of  unrelent-
ing terrorism, such as the mass killings in Paris, Brussels,
and Orlando, the possibility of  the use of  nuclear weapons
or crude nuclear devices in attacks on nuclear facilities and
use of  chemical agents cannot be ignored. Given the devas-
tating medical consequences that would follow the use of
such weapons, the training of  medical personnel will be a
crucial factor in the effective management of  such casual-
ties if  the unthinkable ever occurs.

Only 4 months after Roentgen reported the discovery of
X-rays, Dr. John Daniel observed that irradiation of  his col-
league’s skull caused hair loss. Since this finding was
reported in 1896, many biomedical effects of  radiation
have been described.1 Knowledge of  nuclear physics was
rapidly amassed in the early part of  the 20th century,
leading eventually to the Manhattan project and the devel-
opment of  the atomic bomb. The use of  this weapon over
Japanese cities Hiroshima and Nagasaki in 1945 with at
least 129,000 direct casualties and an extended amount of
long-term sequelae stands as the most gruesome demon-
stration of  the impact and threat that nuclear weapons
hold. The past 50 years has also seen widespread deploy-
ment of  energy-generating nuclear reactors and the
expanding use of  radioactive isotopes in industry, science,
and health care.2 In 2011, a tsunami following an earth-
quake near the Fukushima 1 power plant in Japan led to
severe equipment failures and three nuclear meltdowns and
the release of  radioactive material with contaminative con-
sequences.3 This incidence was preceded by other major
industrial accidents of  note at Three Mile Island in Pennsyl-
vania, Chernobyl in the Ukraine, and Goiania, Brazil, all of
which have resulted in potential or real radiation injuries to
hundreds of  people. According to the latest National Council
on Radiation Protection & Measurements report on radia-
tion exposure to United States citizens, the most significant
increase in ionizing radiation exposure, over the past 20
years, has been through medical imaging.4

Exposure to ionizing radiation can follow one of  three
patterns:

1. Small-scale accidents, or cumulative exposures, as might
occur in a laboratory or from an X-ray device in a hos-
pital setting

2. Large industrial accidents (such as those mentioned
above), stretching the need for treatment beyond avail-
able resources

3. Detonation of  a nuclear device in a military conflict in
which resources are totally overwhelmed or unavailable
and associated multiple and combined injuries also exist.
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the formation of  pyrimidine dimers in the DNA of  dermal 
cells can be induced, which in the long term can result in  
malignancies.6,7

A significant radiation accident is one in which an indi-
vidual exceeds at least one of  the following criteria:8

■ Whole-body doses equal to or exceeding 25 rem (0.25 Sv)
■ Skin doses equal to or exceeding 600 rem (6 Sv)
■ Absorbed dose equal to or greater than 75 rem (0.75 Sv)

to other tissues or organs from an external source
■ Internal contamination equal to or exceeding one-half

the maximum permissible body burden (MPBB) as defined 
by the International Commission on Radiological Protec-
tion (this number is different for each radionuclide)

■ Medical misadministration provided it results in a dose or 
burden equal to or greater than the criteria listed above.

Radiation accidents within the United States should be
reported to the federally funded Radiation Emergency Assis-
tance Center/Training Site (REAC/TS), where a Radiation 
Accident Registry System is maintained. It is operated by 
Oak Ridge Institute for Science and Education (ORISE) at 
Oak Ridge, Tennessee, and can be contacted by calling 
865-576-1005 (website: http://orise.orau.gov/reacts). An
emergency response team of  physicians, nurses, health 
physicists, and support personnel provides consultative 
assistance on a 24-hour basis and has the capability of  
providing medical advice or treatment whenever a radia-
tion accident occurs. If  an accident involving radiation 
occurs outside the United States and local resources fall 
short in providing immediate advice, the REAC/TS hotline 
can be consulted internationally as well. The International 
Atomic Energy Agency (IAEA) provides a detailed publica-
tion concerning the immediate actions that should be taken 
in the event of  large-scale radiation accidents, which can 
be found at http://www-ns.iaea.org/tech-areas/emergency/
iec/frg/default.asp.

The number of  accidents, the number of  persons involved, 
and the number of  fatalities, in the United States and world-
wide are shown in Table 41.1. There have been a total of  
128 fatalities recorded by the Registry worldwide (Dainiak 
N, personal communication and unpublished data, 2010).8 
The majority of  the radiation deaths occurred as a result of  
the Chernobyl accident in 1986 (>40). The classification of  
radiation accident by device for the period 1944 until 2016 
is shown in Table 41.2.

The majority of  radiation accidents involve radioactive 
sources used for industrial radiography. The next most  
frequent accidents are radioisotope accidents involving 
unsealed radioactive materials, such as tritium, fission 
products, radium, and free isotopes used for diagnosis and 
therapy. Uncommon criticality accidents occur when 
enough fissionable material, such as enriched uranium, is 
brought together to produce a neutron flux so high that the 
material undergoes a nuclear reaction.

The most devastating radiation injuries and fatalities yet 
seen, however, resulted from detonation of  nuclear weapons 
at Hiroshima and Nagasaki during World War II. Since 
1945, nuclear weapon technology has developed enor-
mously, and current strategic thermonuclear warheads 
dwarf  the weapons used in Japan.9 The majority of  radia-
tion exposure occurred within the first minute of  the explo-
sion. There were no deaths attributed to the products left 
behind by the atomic explosions. As detailed by Kucan in 
2004, the majority of  radioactive fallout from these 
weapons was dispersed into the atmosphere because both 
were detonated several thousand feet in the air.10

Perhaps a more likely weapon of  terrorism will involve 
the use of  a radiological dispersal device (RDD). The term 
“dirty bomb” generally refers to a conventional explosive 
packaged with radioactive material that is scattered over a 
wide area when detonated. It is believed that these devices 
would probably elicit more harm by public fear and panic 
than by serious injury.11

In clinical practice, there are concerns that relatively low 
levels of  radiation delivered over a long period of  time might 
induce cancer or exert genetic or teratogenetic effects. 

Table 41.1 Major Radiation Accidents: Human 
Experience (1944–2016)

Location
Accidents 
(n)

Persons 
Involved (n)

Significant 
Exposures* Fatalities

United States 271 1405 802 26

Non-United 
States

191 132,467 2183 102

Former Soviet 
Union†

(137) (507) (278) (35)

Total 462 133,872 2985 128

*DOE/NRC dose criteria.
†Former Soviet Union Registry Data (not included in totals; data incomplete).
Source: REAC/TS Registry, 2016.

Source: REAC/TS Registries, 2016.

Table 41.2 Major Radiation Accidents Worldwide 
(1944–2016): Classification by Device

Type Accidents (n)

Radiation devices 347

Sealed sources 222

X-ray devices 87

Accelerators 8

Radar generators 1

Radioisotopes 95

Diagnosis and therapy 50

Transuranics 25

Fission products 11

Tritium 2

Radium spills 1

Other 18

Criticalities 20

Critical assemblies 8

Reactors 6

Chemical operations 6

Total 462
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flame burns may be present after the ignition of  the victim’s 
clothing or environment. The physicians at Hiroshima and 
Nagasaki observed that the “flame” burn wound seemed to 
heal at first. However, between 1 and 2 weeks later, a serious 
relapse occurred. Wound infection set in; there was disorder 
in granulation tissue formation; and a gray, greasy coating 
would form on the wounds. Thrombocytopenia resulted in 
spontaneous bleeding both into the wound and elsewhere. 
Histologically, the normal collection of  leukocytes delineat-
ing a necrotic area was found to be absent because of  
agranulocytosis, and gross bacterial invasion was evident; 
both of  these changes obviously affected the prognosis of  
these otherwise relatively small injuries.17

RADIATION EFFECT

The transference of  radiation energy can damage critical 
parts of  the cell directly or indirectly by formation of  free 
radicals. The primary targets are cellular and nuclear mem-
branes as well as DNA.18

The morbidity of  radiation depends on its dose, the dose 
rate, and the sensitivity of  the cell exposed. Cells are most 
sensitive when undergoing mitosis so that those that divide 
rapidly such as bone marrow, skin, and the gastrointestinal 
(GI) tract are more susceptible to radiation damage. Radia-
tion to an organ such as brain or liver, which has parenchy-
mal cells with a slow turnover rate, results in damage to the 
more sensitive connective tissue and microcirculation.

The overall effect on the organism depends on the extent 
of  the body surface involved, duration of  exposure, and 
homogeneity of  the radiation field. It is convenient to con-
sider radiation injuries as localized or whole body (acute 
radiation syndrome).

Long-term effects of  radiation exposure include the for-
mation of  cancer and wound-healing deficits. These have 
been studied in various venues including exposure to 
tanning beds, which have been linked to an increase in 
melanoma in young women of  up to 75%. These changes 
are thought to be due to a defect in the p53 tumor suppres-
sor pathway. Children are particularly at risk for radiation-
induced injuries because they have a proportionally larger 
amount of  replicating cells and will live long enough to see 
the effects of  radiation, which can have upwards of  a 
30-year latency period.19

LOCALIZED INJURY

In a localized injury, a relatively small part of  the body is 
affected without significant systemic effects.20 The skin and 
subcutaneous tissue alone may be involved after exposure 
to low-energy radiation. Exposure to high-energy radiation 
may injure deeper structures.

Radiation damage depends on the dose of  exposure and 
several progressive features are observed in skin: Erythema 
is equivalent to a first-degree thermal burn and occurs in 
two stages. Mild erythema appears within minutes or hours 
after the initial exposure and subsides in 2–3 days. The 
second onset of  erythema occurs 2–3 weeks after exposure 
and is accompanied by dry desquamation of  the epidermal 
keratinocytes. Epilation (loss of  hair) may occur as soon as 
7 days after injury. It is usually temporary with doses less 
than 5 Gy but may be permanent with higher doses.

Although most of  the literature that explores this issue 
refers to case studies, it confirms that exposure at a younger 
age increases the risk of  cancer. Even more important, this 
risk is not reduced with time.12 Exposure to radiation 
through computed tomography imaging is now common-
place, and healthcare personnel should not disregard the 
cumulative effects of  these examinations, which can 
approximate levels seen in atomic bomb survivors 
(30 mSv).13 Because distance and radiation intensity obey 
the inverse square law, radiation dose can be limited most 
effectively by increasing the distance from the source of  
radiation. Although the efficacy of  shielding devices will be 
determined by the type and thickness of  the material and 
the energy and type of  radiation, Table 41.3 illustrates the 
effectiveness of  these devices when used at diagnostic X-ray 
energies.

Cumulative doses of  radiation can be recorded on radia-
tion badges containing photographic emulsion. The per-
sonnel dosimeter is relatively cheap and accurate but has 
limitations. The smallest exposure that can be measured is 
10 millirem; film badges can be exposed by heat, giving false 
readings, and they are analyzed only at monthly intervals.

Pathophysiology

The detonation of  a nuclear device over a population center 
will produce an extremely hot, luminous fireball, which 
emits intense thermal radiation capable of  causing burns 
and starting fires at considerable distance. This is accompa-
nied by a destructive blast wave moving away from the fire-
ball at supersonic speed and the emission of  irradiation, 
mainly gamma rays and neutrons.14 The result of  a combi-
nation of  thermal and radiation injuries can have a syner-
gistic effect on the outcome. Several animal experiments 
have demonstrated a significant increase in mortality rate 
when a standard burn wound model is irradiated, over and 
above that expected from either injury alone.15

THERMAL EFFECTS

Exact information about the cause of  fatalities in a nuclear 
blast is not available, but from the nuclear attack on Japan, 
it has been estimated that 50% of  deaths were due to burns, 
and some 20% to 30% were flash burns.16 The clinical 
picture may range from an erythema of  exposed areas to a 
charring of  the superficial layers of  the skin. Secondary 

Table 41.3 The Effectiveness of Shielding Devices

Device Transmission (%)

Lead apron <10

Thyroid shield <10

Leaded glasses <10

Unleaded glasses 50

Human body 1

Human body wearing lead apron 0.1

Portable lead shields <1
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TRIAGE

Triage is the initial classification of  casualties into priority 
groups for treatment and is essential in the management of  
large numbers of  casualties. All first responders should take 
into account their own safety and remember that exposure 
to radiation is reduced by distance and shielding. Therefore, 
a perimeter should be established beyond which those 
without shielding should remain until the donning of  per-
sonal protection equipment is complete. In most circum-
stances, ionizing radiation is not immediately life 
threatening, and after life-saving measures have been 
carried out and the patient stabilized, assessment of  radia-
tion exposure can proceed.23

If  large-scale casualties are encountered, triage may, of  
necessity, seem to be draconian. Patients who are unlikely 
to survive should not be allowed to overwhelm available 
resources, so that adequate treatment reaches those most 
likely to survive. In conventional warfare with limited 
medical resources, 50% of  soldiers with thermal injuries of  
up to 70% total body surface area (TBSA) are expected to 
survive (Table 41.4).

This survival rate should be bettered in a smaller civilian 
accident. Thus, patients with burns alone over 70% TBSA 
should receive expectant treatment, and those with burns 
under 20% can have their treatment delayed. If  there has 
been a significant exposure to radiation as well as a thermal 
injury, individuals with over 30% TBSA burns are unlikely 
to survive without the use of  major resources.24

Treatment

The treatment of  any burn requires massive support from 
a dedicated team. This will be available for small accidents. 
With larger accidents or a nuclear attack, the number of  
victims could swamp the services; treatment facilities may 
be destroyed; normal supply channels would be drastically 
reduced, if  present at all; production, distribution, and 
transportation of  supplies may be greatly impaired; and 
local care workers may also be the victims.2

FIRST AID

The victims must be evacuated from the source of  radiation 
to limit exposure. Normal resuscitation procedures must be 
followed. Contaminated clothing must be removed, and the 
skin wounds must be decontaminated by copious but gentle 
irrigation with water or saline. The goal of  decontamina-
tion is to dilute and neutralize particles without spreading 

Moist desquamation is equivalent to a second-degree 
thermal burn and develops after a latent period of  about 3 
weeks with a dose of  12–20 Gy. The latency period may be 
shorter with higher doses. Blisters form, which are suscep-
tible to infection if  not treated.

Full-thickness skin ulceration and necrosis are caused by 
doses in excess of  about 25 Gy. Onset varies from a few 
weeks to a few months after exposure. Blood vessels become 
telangiectatic, and deeper vessels occlude. Obliterating end-
arteritis results in fibrosis, atrophy, and necrosis. Skin 
cancers may be evident after months or years.

One of  the most closely studied local effects of  radiation 
injury involves the treatment of  breast cancer. It is well 
known that radiation therapy improves postmastectomy 
outcomes in women with multiple nodal involvement. This 
outcome comes at a cost as significantly increased rates of  
tissue contracture, hyperpigmentation, and asymmetry 
after all types of  reconstruction paired with radiation.20

THE ACUTE RADIATION SYNDROME

The physiological effects of  whole-body radiation are 
described as the acute radiation syndrome (ARS). The clini-
cal course usually begins within hours of  exposure. Prodro-
mal symptoms include nausea, vomiting, diarrhea, fatigue, 
fever, and headache. There then follows a latent period, the 
duration of  which is related to the dose. Hematopoietic and 
GI complications ensue. ARS can be subdivided into three 
overlapping subsyndromes, which are related to the dose 
exposure.

Hematopoietic Syndrome

This may occur after an exposure of  1–4 Gy. The bone 
marrow is the most sensitive, and pancytopenia develops. 
Opportunistic infections result from the granulocytopenia 
and spontaneous bleeding from thrombocytopenia. Hemor-
rhage and infection can cause death.

Gastrointestinal Syndrome

This requires a larger dose exposure usually in the range of  
10–12 Gy. Severe nausea and vomiting associated with 
bowel cramps and watery diarrhea occur within hours of  
irradiation. There is a shorter latent period of  5–7 days, 
which reflects the turnover time of  the gut epithelium (3–5 
days). The epithelial damage results in loss of  transport 
capability, bacterial translocation with septicemia, bowel 
ischemia, and bloody diarrhea. Large fluid imbalances can 
result in hypovolemia, acute renal failure, and anemia from 
both bleeding and the loss of  erythropoiesis. Critical expo-
sure will lead to rapid deterioration with unrelenting bloody 
diarrhea, fever, refractive hypovolemic shock, sepsis, and 
death.21,22

Neurovascular Syndrome

An exposure to a dose of  15–30 Gy or greater can cause an 
immediate total collapse of  the vascular system superim-
posed on the aforementioned syndromes. This may be 
caused by the massive release of  mediator substances, nitric 
oxide abnormalities, or destruction of  endothelium.21 This 
syndrome can progress rapidly with variable neurologic 
symptoms, respiratory distress, cardiovascular collapse, 
and death.

Table 41.4 Survival Rates With Major Resources 
Available

Burn alone <70% TBSA 50% survival

Burn alone >70% TBSA Probably fatal

Burn plus radiation <30% TBSA May survive

Burn plus radiation >30% TBSA Probably fatal

TBSA, Total body surface area.
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Resuscitation should be the same as that for an uncompli-
cated thermal injury. Any resuscitation formula can be 
used, but it must be closely monitored and adjusted as nec-
essary to maintain an adequate urine output. Fluid losses 
from diarrhea and vomiting may be excessive and need to 
be replaced.

Oral Resuscitation

Intravenous fluids may be limited, and the victims may be 
advised to take oral fluids consisting of  balanced salt solu-
tions and maintain a large urine output. Studies in humans 
and animal models have shown that intestinal absorption 
remains intact in burn patients. Kramer et al. reviewed the 
use of  oral resuscitation therapy in burn care and found 12 
reports, most of  which show equal outcomes to IV infu-
sions. This solution should be readily available, cheap, easy 
to transport, and palatable (Table 41.5).28,29 A study  
published by one of  the authors shows a reduction in IV 
fluid requirements by 58% on average when Parkland 
formula-driven protocols are supplemented with oral resus-
citation (Fig. 41.1).30

CARE OF BURN WOUNDS

After the patient has been cleaned, decontaminated, and 
debrided, the extent of  any thermal burn and its depth can 
be ascertained more accurately.

Mild erythema may require little treatment; however, it 
is important to avoid further irritation of  the skin by expo-
sure to abrasive decontamination, irritating solutions, and 
sunlight. With a slightly higher radiation dose causing dry 
desquamation, a bland lotion and loose clothing to alleviate 
itching may be all that is required.

Deeper burns with moist desquamation are treated like 
conventional thermal injuries. Burns are best treated closed 
because of  the high risk of  sepsis in immunosuppressed 
patients whose wounds are susceptible to dehydration and 
colonization and invasion of  organisms. Early tangential 
excision and split-skin grafting promotes early wound 
closure, decreases burn wound colonization and sepsis, and 

them to unexposed areas. Thus, patients should not be 
immersed in tubs. Irrigation should be continued until a 
dosimeter such as a Geiger–Müller counter indicates a 
steady state or minimum radiation count has been reached.

Intact skin may also be irrigated with a soft brush or 
surgical sponge, preferably under a stream of  warm tap 
water. If  this is inadequate, a second scrubbing with mild 
soap or detergent (with a pH of  7) for 3–4 minutes is recom-
mended. This is followed by application of  povidone-iodine 
solution or hexachlorophene soap, which is then rinsed 
again for 2–3 minutes and dried. If  the patient is known to 
have had exposure to less than 100 rem (1 Sv/Gy), he or 
she can be followed as an outpatient. Exposures greater 
than 100 rem (1 Sv/Gy) require full evaluation in the hos-
pital. Patients with exposures greater than 200 rem (2 Sv/
Gy) or who have symptoms of  ARS should preferably be 
sent to specialist centers with facilities to treat bone marrow 
failure.25

ASSESSMENT

The assessment of  thermal injury has been covered in pre-
ceding chapters. Exposure to radiation can be estimated 
clinically by noting the onset of  symptoms of  ARS, sup-
ported by biological parameters. A complete blood count, 
including platelets and differential count, should be per-
formed immediately and repeated at 12–24 hours if  indi-
cated by a change in the absolute lymphocyte count. If  the 
patient sustains a fall in lymphocyte count of  50% or a 
count less than 1 × 109/L in a time period of  48 hours 
postexposure, a moderate dose of  radiation has been 
encountered.26 Levels of  serum amylase and diamine 
oxidase (produced by intestinal villi) may be useful biologi-
cal dosimeters of  the future. Amylase levels are only reliable 
when the salivary glands have been exposed, and diamine 
oxidase has not yet been fully assessed in humans. Lympho-
cyte chromosomal analysis allows for accurate measure-
ment even at low levels of  exposure. However, this test is 
impractical with large numbers of  casualties.27

GENERAL CARE OF IRRADIATED PATIENTS

A history should be obtained from the patient or others. 
Factors such as age, concurrent medical problems, smoke 
inhalation, and multiple trauma will affect the prognosis. A 
full physical examination is carried out to exclude other 
injuries. Those exposed to lethal doses of  radiation will 
exhibit early signs of  radiation sickness and should be 
triaged accordingly.

All patients should be administered adequate analgesia. 
Opiates or opioids are the drugs of  choice and must be 
titrated to effect and administered by the intravenous (IV) 
route. Early nausea and vomiting will be distressing and 
must be treated with available antiemetic drugs. Ondanse-
tron may prove successful because it is used against similar 
symptoms encountered in radiotherapy and chemotherapy 
and can also be used in children.

Patients with thermal burns in excess of  40% TBSA or 
with associated inhalation or major trauma should be 
treated expectantly in the mass casualty situation. They 
should be made comfortable and given adequate analgesia, 
sedatives, or both if  available and thought appropriate. 

Table 41.5 Oral Resuscitation Formulas

Formula Na Cl K+ Buffer Use

WHO ORS (1975) 90 80 20 30 Diarrhea

WHO ORS (2002) 75 65 20 10 Diarrhea

Fox’s sodium lactate 161 0 0 161 Burns

Moyer’s citrated NaCl 85 63 0 29 Burns

Monafo’s HLS 300 200 0 100 Burns

Liquidsorb 60 44 4 28 Burns

Jiang’s burn drink 48 28 0 20 Burns

Ricelyte 50 45 25 34 Burns

Ceralyte 90 90 80 20 30 Diarrhea and burns

HLS, Hypertonic lactated saline; ORS, oral resuscitation solution; WHO, World 
Health Organization.

Adapted from Kramer GC, Michell MW, Oliveira H, et al. Oral and enteral 
resuscitation of burn shock the historical record and implications for mass 
casualty care. Eplasty 2010;10:e56, with permission from ePlasty.
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pathogens. Exogenous infection can be limited by adequate 
aseptic technique and nursing the patient in a sterile envi-
ronment. Monitoring the patient adequately will allow the 
early diagnosis of  sepsis and its treatment. The antibiotic 
chosen should reflect the current pattern of  susceptibility 
and nosocomial infections in the particular unit at the time. 
Combination therapy will be required with profound neu-
tropenia. Broad-spectrum antibiotics such as imipenem, 
ceftazidime, and ciprofloxacin can be considered. If  Gram-
positive infection is suspected, vancomycin or teicoplanin 
should be administered. In case of  an inadequate response, 
an antifungal agent must be added.

SUMMARY

Treatment of  radiation injury, whether or not it is combined 
with other injuries, requires specialized knowledge and 
resources. The combination of  radiation injury with associ-
ated injuries appears to have a synergistic effect on outcome. 
Significant increases in mortality rates occur because of  
immunosuppression secondary to radiation exposure in 
patients already vulnerable to infections. For localized radi-
ation injury, it is often difficult to assess the level of  severity 
quickly and with accuracy because of  the delay between 
exposure and appearances of  lesions and because of  hidden 
lesions in underlying tissues. Medical treatment deals with 
inflammation, moist desquamation, and chronic pain; the 
most favorable time for surgical intervention is difficult to 
specify. Full intensive care support is needed for whole-body 
irradiation causing ARS and is available only if  small 
numbers are involved. Oral replacement therapy may be a 
feasible alternative to IV resuscitation of  burns and could 
potentially save many lives in mass casualty situations. 
Those who survive and show signs of  regeneration of  
tissues will warrant late surgical intervention. Aplastic 
anemia, immunosuppression, hemorrhage, and sepsis will 
be major problems for survivors. The improving therapy of  
bone marrow transplantation is the treatment of  choice. 
Large numbers of  casualties will necessitate expectant 
treatment only. In the event of  a radiation mass casualty, 
resources will be limited, and treatment may depend on oral 
routes of  resuscitation to maintain intravascular volume. 
Evacuation of  survivors will take days, and a natural selec-
tion will take place.

Vesicant Burns

INTRODUCTION

Vesicant agents are characterized by their ability to produce 
cutaneous blisters resembling “burns.” In the 1980s, the 
conflict between Iraq and Iran displayed the most open and 
widespread use of  chemical weapons on a battlefield in 
recent decades. Although sulfur mustard is the most impor-
tant vesicant militarily, the vesicant category includes other 
agents, such as lewisite and phosgene oxime. These com-
pounds affect not only the skin but also all epithelial tissue 
with which they come into contact, particularly the eyes 
and respiratory tract. Although most physicians are unlikely 
to encounter casualties of  chemical weapons, the prolifera-
tion of  these agents has increased the risk to both military 

leads to shortened hospital stays.31,32 Information regarding 
the grafting of  radiation burns is not yet available but is 
probably best delayed. Dubos et al. performed early excision 
and grafting of  burns in irradiated monkeys, showing that 
healing occurred fully by the end of  the second week, 
although histologically, there was a slight delay in the 
healing process.33 Blood loss in excess of  300 mL/% TBSA 
excised presents an increased anesthetic hazard and should 
be monitored closely. In irradiated tissue that is severely 
injured, definitive management often involves radical local 
resection and reconstruction with well-vascularized nonir-
radiated tissue, usually from a distant site. Research sug-
gests injections of  human mesenchymal stem cells may 
have a role in the treatment of  local radiation-induced 
tissue injury.34

TREATMENT OF COMPLICATIONS

Hematologic

Blood and platelets are administered to maintain an ade-
quate hemoglobin concentration and a platelet level of  20 
× 109/L. If  surgery is contemplated, this level should be 
raised to 75 × 109/L. All blood products should be irradiated 
to avoid graft-versus-host disease.

Bone marrow transplantation is the treatment of  choice 
after total-body irradiation. It should be performed between 
3 and 5 days postexposure as the immunosuppression is at 
its peak.

The proliferation and differentiation of  residual hemato-
poietic stem and progenitor cells can be stimulated. Admin-
istration of  antiapoptotic cytokine combinations such as 
stem cell factor, Flt-3 ligand, thrombopoietin, and 
interleukin-3 may assist recovery, if  administered early.35 
Moreover, hematopoietic growth factors such as granulo-
cyte colony-stimulating factor (G-CSF) and granulocyte–
macrophage colony-stimulating factor (GM-CSF) have been 
recommended based on improved survival rates in irradi-
ated primates and reduced neutropenia in humans after 
accidental irradiation.36,37

Infection

The immunosuppression associated with irradiation makes 
the victim susceptible to exogenous and endogenous 
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fluid and leaving painful shallow ulcers. Greater exposure 
produces coagulative necrosis of  skin, with either no blister-
ing or “doughnut blisters” surrounding a central necrotic 
zone.39 This will be accompanied by severe conjunctivitis, 
corneal erosion, and necrotizing bronchitis. A secondary 
respiratory infection may develop over the next few days, 
coupled with associated bone marrow suppression, which 
may be fatal. Higher doses can lead to severe stem cell sup-
pression, pancytopenia, and involvement of  the GI tract 
with effects ranging from nausea and vomiting to severe 
hemorrhagic diarrhea. Excitation of  the central nervous 
system, resulting in convulsions, has been reported.41

Lewisite (2-chlorovinyl-dichlorarsine) is the best known 
arsine. It is more powerful than the mustards, and symp-
toms occur sooner. Eye irritation is produced immedi-
ately, and sneezing, salivation, and lacrimation occur 
sooner. Nonlethal chronic exposure may lead to arsenical  
poisoning.

Exposure to phosgene oxime, the most common haloge-
nated oxime, has the immediate effect of  stinging, compa-
rable to contact with a stinging nettle.42 Within 1 minute, 
the affected area becomes swollen, and solid lesions resem-
bling urticaria are seen. An eschar will form after 1 week, 
but healing is often delayed beyond 2 months. Contamina-
tion of  the eyes is extremely painful and may result in per-
manent blindness. Inhalation causes irritation and 
coughing, hypersecretion, and pulmonary edema.42

Ghanei et al. reviewed 355 survivors and 108 deaths 
from exposure to sulfur mustard during an attack on Sar-
dasht, Iran, in July of  1987. Their data revealed that mor-
tality from exposure to this agent occurs in two waves. 
Initial deaths happened in the first 2–3 days after contact 
and were due mostly to respiratory involvement. The second 
wave of  deaths occurred 1–3 weeks after contact and were 
attributed to respiratory distress syndrome or infection 
(pneumonia, septic shock, or wound infections). The 
authors suggest that patients should be kept in the intensive 
care unit (ICU) setting for the initial 4 weeks after contact 
and that antibiotic therapy be continued for at least the first 
2 weeks of  treatment.43 Fig. 41.2 demonstrates numerous 
vesicles and a crusting rash after exposure to a sulfur 
mustard agent.

ACUTE TREATMENT FOR EXPOSURE TO A 
VESICANT AGENT

Butyl rubber gloves, boots, and a respirator are effective 
forms of  prophylaxis. The first priority in treatment is to 
eliminate contact with the agent and initiate decontamina-
tion. During this procedure, attendants should also be suit-
ably protected and contaminated clothing sealed in special 
containers to minimize self-endangerment. After clothing is 
removed, the skin is gently washed with soap and water.44 
At the initial encounter, eyes should be irrigated with 
copious quantities of  water and the patient referred for oph-
thalmologic expertise.

Symptomatic relief  is pivotal. Systemic analgesics can be 
started immediately and itching treated with sedatives (ben-
zodiazepines or phenothiazines) and antipruritic agents. 
Dimercaprol (British antilewisite), a chelating agent, is a 
specific antidote for lewisite poisoning. It is of  note that it is 
incompatible with silver sulfadiazine. It is available as an 

and civilian populations. They are likely to require expertise 
found in burn centers; for this reason, an account of  the 
management of  these injuries is included in this text.38

Chemical warfare was first introduced on a large scale 
during World War I, 100 years ago, when sulfur mustard 
(bis[2-chloroethyl]sulfide) and other agents were used 
extensively with devastating consequences in trench 
combat. The International Chemical Weapons Convention, 
an arms control treaty to ban and destroy chemical weap-
onry, was signed and ratified by 192 countries, entering 
into force in 1997, although the worldwide stockpile has 
not been deactivated and dismantled. The low technology 
required to manufacture the agents, easy stockpiling, and 
difficulty in detection cause vesicant agents to pose a con-
tinued major threat to civilians and military personnel.

MECHANISMS OF ACTION

The mechanism of  action of  mustard has eluded identifica-
tion; however, most of  the toxic effects are believed to be 
related to alkylation of  DNA and critical target molecules. 
The DNA cross-links, which prevent replication and repair 
of  DNA, ultimately lead to cell death. The dermal–epidermal 
separation, which causes the skin lesions, is believed to be 
due to release of  proteases and other enzymes. Breakage of  
anchoring filaments connecting the basal cell layer to the 
basement membrane results in a blister with the basement 
membrane on its dermal side.39

CLINICAL FEATURES

Early symptoms ascribed to mustard gas include ocular 
photophobia and a feeling of  suffocation associated with 
hoarseness and rhinorrhea with a burning throat.40 After 
4 hours, erythema is seen; in 12 to 48 hours, blistering 
appears accompanied by severe pruritus, which has a pre-
dilection for moist areas such as the axilla and perineum. 
The blisters tend to rupture, discharging an amber serous 

Fig. 41.2 Photograph of a child injured in the attack on Sardasht in 
1987. (From Ghanei M, Aslani J, Khateri S, Hamedanizadeh K. Public health 
status of the civil population of Sardasht 15 years following large-scale 
wartime exposure to sulfur mustard. J Burns Surg Wound Care 2003;2(1):7-
18, with permission from ePlasty, formerly Journal of Burns and Wounds.)
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otherwise, hyperpigmentation tends to predominate. Acute 
and severe exposure can also lead to chronic skin ulcer-
ation, scar formation, and the development of  skin cancer.39

Recurrent or persistent corneal ulceration can occur 
after latent periods of  10–25 years. Chronic conjunctivitis 
and corneal clouding may accompany this delayed 
keratopathy.50

Clinical follow-ups on 200 Iranian soldiers who sustained 
injuries from mustard during the Iran–Iraq War indicate 
that about one third had experienced varied respiratory ail-
ments, such as chronic bronchitis, asthma, recurrent pneu-
monia, bronchiectasis, and even tracheobronchial stenosis, 
more than 2 years after exposure. Some 12% of  all British 
soldiers exposed to mustard in World War I were awarded 
disability compensation for respiratory disorders believed to 
have been caused by mustard exposures during combat.51

SUMMARY

The vesicant agents are perhaps poorly named because they 
have the ability to affect all epithelial surfaces, particularly 
the eyes and respiratory surfaces, and not just the skin. The 
most important vesicant is sulfur mustard, which acts as an 
alkylating agent, causing a series of  clinical reactions 
ranging from vesicles to severe skin necrosis. Systemic 
effects are seen with high doses, and the combination of  
depressed bone marrow activity and respiratory involve-
ment often proves fatal. There is no effective antidote, and 
treatment depends on prevention of  contact and local 
therapy to achieve wound healing, which tends to be slow. 
There is no risk to the caregiver from the blister fluid, which 
contains no active agent. Treatment may require respira-
tory care in an ICU setting for upwards of  4 weeks, as well 
as several weeks of  IV antibiotic therapy.

Complete references available online 
www.expertconsult.inkling.com
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ointment for skin lesions, as drops for eye applications 
(5–10% in oil), and in an intramuscular preparation for 
systemic toxicity. Other readily available chelating agents 
are:

■ DMSA—mesodimercaptosuccinic acid
■ DMPS—2,3-dimercapto-1 propanesulfonic acid sodium
■ DMPA—N-(2,3-dimercaptopropyl) phthalamidic acid.

These have a high therapeutic index, are water soluble,
and are effective orally. There is no specific antidote to 
mustard poisoning, and no pretreatments or treatments 
exist that provide practical or effective protection against 
mustard toxicity.39,45

Patients experiencing cutaneous injuries, erythema cov-
ering more than 5% TBSA in noncritical areas (face, hands, 
perineum) require hospitalization. The systemic fluid 
derangement is less severe than that seen with thermal 
burns; however, patients should be carefully monitored. 
Fluid requirements in Iranian casualties during the Iran–
Iraq war appeared to have been relatively independent of  
affected TBSA.

Blisters should be deroofed and dressed with topical anti-
microbials. The mustard blister fluid is harmless.46 Favor-
able outcomes have now been demonstrated in a pig model 
by use of  various debriding techniques and resurfacing 
with split-thickness skin grafts. Such methods have included 
laser, dermabrasion, sharp surgical excision, and enzymatic 
debridement.38,47,48

Respiratory injury requires symptomatic treatment 
according to its severity. Inhalation of  high-dose steroids is 
controversial at present. Severe exposure will lead to agran-
ulocytosis or aplastic anemia.49 The pancytopenia seen 
after 7 days with the Iranian casualties did not appear to be 
helped by transfusion of  relevant blood products. Bone 
marrow transplantation may prove useful, although of  
little practical value with large numbers of  casualties. The 
effect of  bone marrow stimulants such as oxymetholone 
and lithium carbonate is unknown but may be considered. 
Fluid replacement may be carried out dynamically with 
adequate cardiovascular monitoring. The maximum fluid 
loss occurs during blister formation and not necessarily in 
the first 24 hours.

LONG-TERM EFFECTS OF ACUTE EXPOSURE

Individuals who sustain mustard injury may experience dif-
ficulties after the initial effects of  the injury have subsided. 
Destruction of  melanocytes leave hypopigmented areas; 
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only slightly higher at 1–7 cases per million persons per 
year.5–10 This incidence is similar to 1.89 cases of  TEN per 
million persons per year reported for Europe in 1996, but 
higher than reported for Asia.11,12 The overall rarity of  this 
disease process has been, and continues to be, a barrier to 
research. However, over the past several decades, the con-
centration of  physician experience with TEN into a limited 
set of  regional burn centers has facilitated an increasing 
quantity and quality of  active research.

These exfoliative disorders occur in all age groups; 
however the incidence is increased in the elderly and 
females.3,13–17 In addition, TEN has been linked to certain 
infectious disease processes. The annual incidence of  TEN 
in the human immunovirus (HIV)-infected population is 
1000-fold higher than in the general public.18 Whether this 
increase is due to their immunocompromised state or to the 
increased prescription of  high-risk drugs, particularly sul-
fonamides, is debated.19,20 However cases with no drug 
history or preceding illness have been reported. An addi-
tional infectious disease process associated with SJS/TEN is 
Mycoplasma pneumonia. Finally idiopathic cases not related 
to drugs account for 3–4% of  TEN.6,7

Prognosis, Morbidity, Mortality

On the surface, these exfoliative disorders may mimic the 
symptoms of  a partial-thickness thermal injury, specifically 
in relation to the involvement of  the skin. However these 
diseases also affect all epithelial surfaces, thus increasing 
the risk and incidences of  infections, other complications, 
and death. Patients suffering from particularly complicated 
cases of  SJS may benefit from the expertise of  a burn center, 
although these patients are generally referred on an as-
needed basis. In contrast, those diagnosed with TEN carry 
a specific set of  severe and complicated medical needs that 
are clearly best addressed in the context of  a specialized 
burn center.

Mortality of  TEN ranges from 25% to 80%, with morbid-
ity being reported as high as 65%.21 However reports are 
variable and usually based only on small patient popula-
tions.17,22,23 Death may occur early in the course of  the 
disease, with sepsis being the most frequent cause. Pseudo-
monas aeruginosa and Staphylococcus aureus are the predom-
inant organisms involved.17 Pulmonary embolism and 
gastrointestinal hemorrhage are other causes of  death.

Mortality is increased significantly in those patients at 
the extremes of  age and in relation to the percentage of  

Introduction

Acute, severe, exfoliative and necrotizing diseases of  skin
and underlying structures may cause significant morbidity
and mortality in the afflicted patient. The problems associ-
ated with these diseases, such as wound infection, sepsis,
inadequate nutrition, and pain, are similar to those seen in
patients with major burns. Thus burn centers, with their
multidisciplinary teams, have been advocated to provide the
treatment and management for this unique, critically ill
patient population. This chapter describes the pathophysi-
ological processes of  severe exfoliative skin disorders, their
diagnosis, and the specialized treatment offered by burn
centers.

Severe Exfoliative Disorders

This classification of  exfoliative diseases of  the skin and
mucous membranes historically consisted of  three specific
maladies, distinguished by the amount of  skin involvement:
erythema multiforme major (EM), Stevens–Johnson syn-
drome (SJS), and toxic epidermal necrolysis (TEN). For the
terms of  this chapter, we are maintaining that approach.
However, some recent classifications list EM as its own dis-
tinct disease entity separate from SJS and TEN and most
commonly associated with the herpes simplex.1 This new
designation does not affect the classifications of  SJS and
TEN: Each are still determined by the extent of  total body
surface (TBSA) affected by the disease process. SJS is con-
sidered to affect <10% total body surface area (TBSA),
whereas TEN covers >30% TSBA, leaving a zone of  overlap
between 10% and 30% TBSA, which is referred to as SJS/
TEN.1,2 The most common characteristics of  these disease
entities are defined in Table 42.1.3,4

Toxic Epidermal Necrolysis

EPIDEMIOLOGY

TEN represents the severe extreme of  the spectrum of
necrolytic disorders. A rare disease, the incidence of  TEN in
this country is estimated at 0.4–1.9 cases per million
persons per year and that of  SJS has been reported to be
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SJS is associated with a mortality rate of  0–38%.14,28 EM 
rarely causes death.29

ETIOLOGY

Keratinocyte apoptosis and secondary epidermal necrosis 
represent the pathopneumonic cellular process of  TEN. The 
origins of  the cellular process remain an active area of  
research, with an intricate meshwork of  overlapping risk 
factors and processes starting to emerge as the picture 
sharpens. What has become clear is that the TEN disease 
process results from a complicated interaction of  multiple 
processes and risk factors: genetic predisposition, environ-
mental triggers, immunologic reaction, inflammatory 
mediators, and cellular apoptotic machinery.

Triggers and Risk Factors

TEN appears to be driven by immunological reactions to 
foreign antigens, often referred to as “triggers.” Medications 
are by far the most commonly identified trigger, implicated 
in 77–94% cases of  TEN. Antimicrobials, anticonvulsants 
analgesics, and nonsteroidal antiinflammatory agents of  
the oxicam type have been implicated.6,16 Naturally the par-
ticular profile of  TEN instigators will vary from population 
to population depending on the epidemiology of  medication 
exposures in any given population.

Attempts to identify drugs suspected of  having caused 
exfoliative necrolysis by skin test and laboratory tests seldom 
have been successful.17 While some assays are trialed in 
research settings, there are currently no fully vetted, reli-
able methods available for identifying the inciting trigger in 
a patient with TEN. Historically the medication-specific 
trigger for any given case of  TEN was ultimately a matter of  
speculation. However Sassolas et al. in 2010 developed an 
algorithm of  drug causality for epidermal necrolysis termed 
ALDEN. The algorithm assigns a score of  1 to 10 for each 
drug based on six parameters.32 The score is then catego-
rized as very probable (>6), probable (4–5), possible (2–3), 

denuded skin and serum urea nitrogen levels.17,22,24 Bastuji-
Garin et al. in 2000 created the Score of  Toxic Epidermal 
Necrolysis (SCORTEN), a scoring system to predict mortal-
ity in the adult population presenting with TEN. The scoring 
system uses seven independent risk factors to predict mor-
tality by allotting 1 point for each variable:25

a. Age older than 40
b. Heart rate greater than 120 beats per minute
c. Comorbid malignancy
d. Epidermal detachment of  greater than 10% of  body

surface area (BSA) on day 1
e. Blood urea nitrogen of  greater than 28 mg/dL
f. Glucose of  greater than 252 mg/dL

g. Bicarbonate less than 20 mEq/L.

The scoring system should be performed on day 1 and day 
3 postadmission to maximize its predictive value. Mortality 
from TEN increases from 3.2% for a score of  0–1 to 90% for 
a score greater than 5 (Table 42.2).

While originally developed for adults, the scoring system 
has been validated in the pediatric population, but overall 
has been challenged for its lack of  incorporating no more 
than one morbidity (malignancy) in its calculation.26,27 
While other investigators have developed formulas based on 
logistic regression analysis, the SCORTEN system is the 
most widely utilized.

Table 42.1 Characteristics of Erythema Multiforme, Stevens–Johnson Syndrome, and Toxic Epidermal Necrolysis

Erythema Multiforme Stevens–Johnson Syndrome Toxic Epidermal Necrolysis

Prodrome Absent High fever, malaise High fever, malaise

Acute phase 4–8 days 4–8 days
Sensation of skin burning or 

tenderness

Sudden onset, 1–2 days
Sensation of skin burning or 

tenderness

Skin lesions Symmetrical, primarily located on the 
extremities, some target lesions 
without blisters

Variable distribution, individual 
vesicles on an erythematous 
base <10% TBSA

Nikolsky’s positive

Diffuse generalized epidermal 
detachment, absence of 
target lesions, large confluent 
plaques >30% TBSA

Nikolsky’s positive

Mucosal involvement Limited to one surface, usually oral Severe, two or more surfaces 
involved

Severe, two or more surfaces 
involved

Histopathology Dermoepidermal separation, 
mononuclear perivascular cell infiltrate, 
small areas of epidermal detachment 
associated with target lesions

Dermoepidermal separation, 
more intense dermal infiltrate, 
areas of epidermal detachment

Epidermal necrosis, 
dermoepidermal separation, 
minimal dermal inflammatory 
infiltrate, large areas of 
epidermal detachment

Recovery 1–4 weeks 1–6 weeks 1–6 weeks

Mortality 0% 0–38% 25–80%

Table 42.2 SCORTEN Scores and Mortality

SCORTEN (Sum of Scores) Predicted Mortality

0–1 3.2%

2 12.1%

3 35.8%

4 58.3%

>5 90%
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cause of  EM and SJS, but not TEN.14,37,38 Quantifying the 
association between TEN and antecedent viral syndromes 
is complicated by the rarity of  TEN and the similarities 
between prodromal symptoms and other more common 
disorders. This leads to patients presenting with relatively 
prominent prodromal symptoms who are typically misdiag-
nosed as having a simple viral syndrome. Because of  the 
delay between early prodromal symptoms and the more 
specific TEN rash, it is often impossible to determine in 
retrospect whether the pertinent symptoms were actu-
ally prodromal or if  the patient had an antecedent viral 
infection. Furthermore, these prodromal symptoms are 
often treated with medications before the TEN diagnosis 
is considered. As such, medications used to treat pro-
dromal symptoms are frequently misinterpreted as TEN  
triggers.

unlikely (0–1), and very unlikely (<0) (Table 42.3).32 The 
results of  this algorithm were compared to a case-controlled 
analysis of  the European Study of  Severe Cutaneous 
Adverse Reactions (EuroSCAR) and found to have good 
accordance.32,33 The use of  ALDEN in the clinical setting 
may greatly improve the ability for clinicians and research-
ers to link medication-specific triggers and TEN.32

While advances have been made in correlating medi-
cations as the causative agent of  TEN, the role of  
nonmedication triggers in the etiology of  TEN remains 
murky. Upper respiratory tract infections, pharyngitis, 
otitis media, or viral illness are frequently reported as 
preceding or coinciding with the development of  TEN in 
some patients.13–15,34–36 Mycoplasma pneumoniae and herpes 
viruses (cytomegalovirus, Epstein–Barr virus, herpes 
simplex, and varicella zoster) have been implicated in the 

Table 42.3 Algorithm of Drug Causality for Epidermal Necrolysis (ALDEN)

Criterion Values Rules to Apply

Delay from initial drug 
component intake 
to onset of reaction 
(index day)

Suggestive +3 From 5 to 28 days −3 to 3
Compatible +2 From 29 to 56 days
Likely +1 From 1 to 4 days
Unlikely −1 >56 Days
Excluded −3 Drug started on or after the index day

In case of previous reaction to the same drug, only changes for:
Suggestive: +3: from 1 to 4 days
Likely: +1: from 5 to 56 days

Drug present in the 
body on index day

Define 0 Drug continued up to index day or stopped at a time point less 
than five times the elimination half-lifea before the index day

−3 to 0

Doubtful −1 Drug stopped at a time point prior to the index day by more than 
five times the elimination half-lifea but liver or kidney function 
alterations or suspected drug interactionsb are present

Excluded −3 Drug stopped at a time point prior to the index day by more than 
five times the elimination half-lifea, without liver or kidney 
function alterations or suspected drug interactionsb

Prechallenge/
rechallenge

Positive specific for disease and drug: 4 SJS/TEN after use of same drug −2 to 4
Positive specific for disease and drug: 2 SJS/TEN after use of similarc drug or other reaction with same 

drug
Positive unspecific: 1 Other reaction after use of similarc drug
Not done/unknown: 0 No known previous exposure to this drug
Negative −2 Exposure to this drug without any reaction (before or after 

reaction)

Dechallenge Neutral 0 Drug stopped (or unknown) −2 or 0
Negative −2 Drug continued without harm

Type of drug 
(notoriety)

Strongly associated 3 Drug of the “high-risk” list according to previous case–control 
studies30–32

−1 to 3

Associated 2 Drug with definite but lower risk according to previous case–
control studiesd

Suspected 1 Several previous reports, ambiguous epidemiology results (drug
“under surveillance”)

Unknown 0 All other drugs including newly released ones
Not suspected −1 No evidence of association from previous epidemiology stud with

sufficient number of exposed controlsc

Intermediate score = total of all previous criteria −11 to 10

Other cause Possible −1 Rank all drugs from highest to lowest intermediate score −1
If at least one has an intermediate score >3, subtract 1 point from

the score of each of the other drugs taken by the patient
(another cause is more likely)

Final score −12 to 10

<0, Very unlikely; 0–1, unlikely; 2–3, possible; 4–5, probable; ≥6, very probable.
ATC, anatomical therapeutic chemical; SJS, Stevens–Johnson syndrome; TEN, toxic epidermal necrolysis.
aDrug (or active metabolite) elimination half-life from serum and/or tissues (according to pharmacology textbooks, tentative list available in complementary

table), taking into account kidney function for drugs predominantly cleared by kidney and liver function for those with high hepatic clearance.
bSuspected interaction was considered when more than five drugs were present in a patient’s body at the same time.
cSimilar drug = same ATC code up to the fourth level (chemical subgroups), see Methods.
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Immunopathology

Multiple lines of  evidence point to T cells as critical effectors 
of  the TEN process. T cells are the predominant cell type 
found in the blister fluid and exudate of  patients with acute 
TEN.55

Suppression or cytotoxic T-cell infiltrates are observed in 
the epidermis in TEN.56,57 The observation of  blebbing of  the 
keratinocyte plasma membrane in TEN is considered a reli-
able morphological finding of  cytotoxic T-lymphocyte cytol-
ysis.57 Serum and exudate levels of  markers of  T-cell 
activation have been shown to correlate with disease activ-
ity and resolution.58–61

TEN is perhaps best understood as an immunologically 
mediated burn. For the most part, TEN resembles a classic 
type IV (delayed) hypersensitivity disorder. The delay 
between exposure and reaction, the critical role of  T cells, 
and the accelerated reaction reported in cases of  re-exposure 
to an initial trigger all favor this characterization.39,62 While 
some have pointed to immunofluorescence microscopy 
findings of  IgM and C3 deposited along the dermoepidermal 
junction and dermal vessels in cases of  postherpetic SJS and 
EM as evidence of  an associated type II hypersensitivity 
reaction, others attribute this to simple nonspecific exuda-
tion.36,63–65 The exact antigen that activates the T-cell recep-
tor varies depending on the specific trigger agent: the 
recognized moiety could be a molecule within the medica-
tion, a byproduct of  agent metabolism, or a complex formed 
between an endogenous peptide and either of  the preced-
ing. Keratinocyte apoptosis is central to the pathogenesis of  
TEN. This event is thought to be mediated by ligand/receptor 
interaction of  the tumor necrosis factor (TNF) superfamily 
(as TNF-α/TNF receptor or FasL/Fas interaction).66,67 
Through a series of  experiments, Viard et al. observed, in 
vitro, that TEN patients expressed lytically active Fas ligand 
and that the action of  this ligand could be blocked by both 
a monoclonal antibody and human immunoglobins.68 In 
SJS, keratinocyte DNA fragmentation has been found in 
about 90% of  cases associated with dermal perforin-positive 
lymphocytes.39,69

CLINICAL PRESENTATION

A prodromal phase of  TEN is frequently identifiable in ret-
rospect and usually characterized by some combination of  
low-grade fever, malaise, cough, conjunctivitis, and dysuria. 
These symptoms typically precede any cutaneous manifes-
tation by 1–21 days, but usually last for 2–3 days.1,14 This 
prodrome precedes the development of  a frank rash, 
although patches of  tender erythema and inflamed mucosal 
membranes are sometimes present. Skin involvement 
usually begins with subtle patches of  tender erythema and 
localized morbilliform eruptions or discrete erythematous 
or purpuric macules. Later vesicles and large bullae emerge 
from areas of  erythema, either en masse or via coalescence 
of  initial morbilliform eruptions. On light digital pressure, 
the epidermis desquamates in sheets: Nikolsky’s sign is posi-
tive (Fig. 42.1). The TEN rash is extremely painful, even 
when bullae are still intact. Generally, a lag period of  1–3 
weeks is observed from initiation of  drug until skin erup-
tion, but this may be shorter, particularly in cases of  re-
exposure in a previously sensitized individual.1,2,17

Genetics

Genetics clearly plays an important role in the pathophysi-
ology of  TEN, with multiple alleles identified as potent risk
factors. Interestingly, the genetic risk factors identified thus
far all appear to be trigger-specific. That is, a particular
allele may place a person at risk for developing TEN in
response to one drug, but not increase that same person’s
risk for developing TEN in response to a different medica-
tion.39 The majority of  those alleles identified thus far
appear to increase risk through two separate mechanisms:
drug–antigen metabolism and antigen presentation. As
early as 1986, Shear et al. identified a pattern of  “slow”
sulfonamide metabolism in patients with a history of  severe
cutaneous sulfonamide reactions. Insights and technolo-
gies developed through the maturation of  the field have
allowed pharmacogeneticists to trace such associations
with polymorphisms in genes encoding for components of
the cytochrome P450 machinery. Investigators studying
TEN patients’ genotypes have assembled a sizable catalog
of  cytochrome P450C variants that convey an increased
risk for developing TEN, with each polymorphism associ-
ated with a specific trigger agent.40–46 The largest family of
genes with a documented association with TEN include
polymorphisms at a number of  HLA loci that have been
associated with drug-specific risks for TEN. These polymor-
phisms presumably alter the morphology of  the HLA mol-
ecules on antigen-presenting cells, making them more or
less inclined to “recognize” a particular antigen. The
“antigen” may be the medication molecule, a drug metabo-
lite, a byproduct of  drug metabolism, or a hapten created
by the binding of  the drug, metabolite, or byproduct to
another peptide.47

The clinical application of  these genetic markers is com-
plicated by the fact that their predictive value varies widely
when applied to populations of  different ethnic makeups.
An example of  this strong association between HLA, drug
sensitivity, and ethnic background was discovered by Chung
et al.48 They demonstrated a strong association between
HLA-B*1502, SJS, and carbamazepine in Han Chinese. This
unique relationship was later observed in a Thai popula-
tion, but was absent in the Japanese and European
populations.49–52 In fact, RegiSCAR, a large European study,
suggested that HLA-B*1502 is not a marker for carbamaze-
pine, sulfamethoxazole, lamotrigine, or NSAID oxicam-
type-induced SJS or TEN.52,53

Although the HLA-B*1502 and carbamazepine associa-
tion demonstrated significant ethnic variance, this is not the
observation for all HLA–medication interactions. A second
strong relationship among HLA, drug sensitivity, and SJS/
TEN was observed for allopurinol and HLA-B*5801.54 While
the strength of  the relationship continued to vary between
ethnicities, the correlation persisted in Han Chinese, Japa-
nese, Thai, and Europeans, unlike for HLA-B*1502 and
carbamazepine.

In summary, for many of  these markers, prevalence pat-
terns make the marker too rare to function as a screening
tool outside the context of  specific ethnicities. Beyond issues
of  prevalence, some markers are associated with a TEN
reaction in one population, but not in another: a phenom-
enon that likely traces to interactions between the “maker”
allele and other genetic variables.
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of  the lesion (Fig. 42.2). Advancing edges of  the target 
lesions show scattered necrotic keratinocytes in the epi-
dermis and only mild dermal inflammation. In older 
lesions and central zones of  target lesions, the dusky 
appearance corresponds to areas of  extensive keratino-
cyte necrosis, often with the formation of  subepidermal 

C
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Fig. 42.1 (A–C) Nikolsky’s sign. Epidermal separation induced by gentle pressure on the skin surface. 

Fig. 42.2 Toxic epidermal necrolysis (TEN) is characterized by massive 
sloughing of the epidermal tissue. 

Mucosal involvement is extremely common in TEN, with 
two or more areas typically involved. These mucosal lesions 
are often most problematic in that they can cause signifi-
cant immediate and long-term complications and typically 
persist (symptomatically) longer than cutaneous 
lesions.6,16,17 Site involvement usually follows this order of  
frequency: oropharynx (93%), ocular (78%), genitalia 
(63%), and occasionally the anal mucosa.70

Mucosal involvement precedes skin lesions by 1–3 days 
in one-third of  cases.16,71 As such, any case presenting with 
skin involvement with no mucosal involvement should raise 
the suspicion for an alternative diagnosis. However it should 
be noted that detection of  mucosal involvement often 
requires a significant index of  suspicion: the fulminant skin 
findings can frequently distract from more subtle mucosal 
findings, such as enteral mucosal involvement and bron-
chial involvement, which are often more easily inferred 
from symptoms rather than direct visualization.

DIAGNOSIS AND PROGNOSTIC EVALUATION

Histopathology

An early skin biopsy is essential for diagnosis. Skin mani-
festations vary from patient to patient and with the age
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and blindness (Fig. 42.3).4,76 Conjunctival scarring may 
also result in lacrimal duct destruction, leading to reduced 
tear production and keratoconjunctivitis sicca, a Sjögren-
like syndrome. Finally, scar changes can lead to distortion 
of  eyelid anatomy, which can result in ectropion, entropion, 
trichiasis, and symblepharon.14,77

Other systems that may be impacted include:

■ Oropharyngeal: This is common and often results in
pain on chewing, severe dysphagia, and odynophagia
(Fig. 42.4). The mucositis is associated with an increase 
in secretions and sloughing mucosa, which can present 
an airway concern. Naturally, oropharyngeal involve-
ment can interfere with oral intake, requiring direct
enteral access for an alternate route of  feeding. Buccal–
gingiva epithelial fusing can occur, thus demonstrat-
ing the importance of  good oral hygiene.

■ Respiratory: Respiratory tract involvement occurs and
is associated with increased mortality.78,79 These com-
plications include diffuse erythema to extensive conflu-
ent tracheal and bronchial erosion covered by fibrinous 
exudate. Epiglottal swelling necessitating intubation
has also been reported. However bronchopneumonia
has been found to be the most frequent complication,
occurring in 50% of  patients.29,34,79

■ Gastrointestinal: The onset of  intestinal symptoms gen-
erally occurs concurrently with the cutaneous
lesions.80 Epidermal and epithelial sloughing may
extend into the gastrointestinal mucosa and may
induce esophagitis with frequent subsequent stricture
formation.81 Gastrointestinal erosions macroscopically 
resemble ulcerative or pseudomembranous colitis, and
massive hemorrhage requiring resection has been
reported.

■ Urologic: Male urethral involvement is fairly common,
with visible involvement at the meatus. Long-term
sequelae include urethral stricture and phimosis.

■ Gynecologic: Vulvar involvement appears to be quite
common in female patients, with reported incidences
increasing over the past few decades as increasing

bullae and dermoepidermal separation. The surrounding 
erythematous zone shows papillary dermal edema, vascu-
lar dilation with endothelial cell swelling, and perivascular 
mononuclear cell infiltrate. Extravasated erythrocytes may 
be seen in the surrounding papillary dermis. The reticular 
dermis is normal.17,22

Epidermal and dermoepidermal suppressor or cytotoxic T 
lymphocytes, in addition to dermal infiltrates of  helper T 
lymphocytes, have been demonstrated.56,63,72 Hertl has con-
firmed that these epidermal cells are cytotoxic T cells.73 
Langerhans cells appear to be reduced in the epidermis, 
although numerous dermal macrophages are observed. A 
more intense dermal cell infiltrate is present in SJS, espe-
cially in postherpetic cases.38 Dendritic lymphoid cells are 
observed, opposed to damaged dermal macrophages and 
necrotic keratinocytes. Furthermore, at the point where the 
cytoplasmic processes contact the keratinocyte, the plasma 
membrane of  the keratinocyte is absent. Aberrant expres-
sion of  HLA-DR on keratinocytes has been observed, a phe-
nomenon that has been present in many other inflammatory 
skin disorders.63,74

COMPLICATIONS

TEN is frequently associated with serious complications. In 
many cases, the skin re-epithelializes from the dermal ele-
ments without significant scarring and with long-term 
affects typically limited to discoloration.75 Scarring may be 
more prominent—and accompanied by contractures—if  
the disease progresses due to secondary infection or periph-
eral vasoconstriction from shock or vasopressor use. Nail 
plates are frequently lost and nail regrowth may be abnor-
mal or absent.

Complications may also affect mucosal membranes 
throughout the body. One of  the most severe long-term 
complications is ocular sequelae, which occurs in half  of  
the survivors. Pseudomembranous or membranous con-
junctivitis resulting from coalesced fibrin and necrotic 
debris can lead to ocular opacification, secondary infection, 

Fig. 42.3 Ocular involvement in toxic epidermal necrolysis (TEN) is 
common and can lead to blindness. Early and aggressive ocular care 
must be initiated to prevent pseudomembranes. (Arrows demonstrate 
membranous conjunctivitis.) 

Fig. 42.4 Toxic epidermal necrolysis patient demonstrating significant
oropharyngeal involvement.
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reduce metabolic energy expenditure. Heat shields and 
infrared lamps are beneficial in patients’ rooms, bathrooms, 
and operating rooms.

Stress ulceration prophylaxis is advisable.

Immunomodulation Therapy

Because the pathophysiology of  TEN appears to be initially 
immunologic, it is logical to consider immunosuppressive 
therapy as an early treatment modality. The following sec-
tions will briefly review the literature with regards to use of  
corticosteroids, cyclosporine A, intravenous immunoglo-
bins, and thalidomide.

Corticosteroid Therapy. Corticosteroid treatment of  
TEN has produced much controversy. In relation to the 
delayed hypersensitivity reaction or antibody-dependent 
cytotoxicity theories of  pathogenesis, corticosteroids would 
seem to be an appropriate form of  medical therapy. However 
the practice of  administering continuous high-dose cortico-
steroid in an attempt to stop the progression of  the disease 
is widely rejected.14,16,17,78,92,93 Rational assessment of  the 
benefit of  corticosteroids is not possible due to the lack of  
randomized, controlled, prospective trials. Many authors 
feel that steroids enhance the risk of  sepsis, increase protein 
catabolism, delay wound healing, cause severe gastro-
intestinal bleeding, prolong hospitalization, and increase 
mortality.29,34,90,94 One study found no decrease in the pro-
gression of  SJS with steroids, but instead found significant 
morbidity.94 In a prospective – although not randomized – 
study, increased survival (66%) was seen in matched 
patients who did not receive steroids compared to only 33% 
survival in those who did receive steroids.34 Pediatric SJS 
patients treated with steroids had a longer hospital stay and 
a complication rate of  74% compared to 28% in those 
without steroids.93 Another study demonstrated 80% mor-
tality associated with steroid therapy, which was reduced to 
20% when steroids were withheld. In several studies, 
patients with antecedent glucocorticoid therapy before the 
onset of  TEN showed no significant survival benefit, and 
corticosteroid use itself  has been linked to an increased risk 
for developing TEN.11,31,95,96 Advocates of  corticosteroid 
therapy suggest that improved results are possible when 
steroids are applied in a limited “pulse” dose early in the 
course to interrupt the active necrolytic process and limit 
complications. Kardaun et al. studied 12 patients over a 
10-year period and suggested that short-term dexametha-
sone pulse therapy was safe and may contribute to a reduced 
mortality rate.97 This was followed by the largest study of  
this approach, the EuroSCAR, which did identify a trend but 
not a statistically significant improvement with the early 
pulse of  systemic corticosteroids.98 Thus corticosteroid 
therapy remains controversial in this disease due to the 
absence of  strong evidence of  efficacy.

Cyclosporine A. Cyclosporine A is an agent that has the 
properties of  both being a powerful immunosuppressant 
and an antiapoptotic. The mechanism of  action is inhibi-
tion of  the synthesis of  interleukin-2 by selective inhibition 
of  calcineurin, thus arresting the proliferation of  T helper 
cells.99 In the only case series, Arevalo et al. observed a 
significantly shorter time to disease arrest (24–36 h) and 
time to re-epithelialization when compared to historical 

awareness has resulted in improved detection and 
more frequent practice of  routine screening exams. 
Mucosal erosions are clearly quite painful, and involve-
ment of  associated glandular structures can result in 
obstruction and dysfunction. Long-term sequelae can 
be particularly troublesome. Vaginal wall synechiae 
and clitoral hood adhesions can result in significant 
dyspareunia and sexual dysfunction.82,83 Vaginal 
webbing and synechiae can result in dysfunctional 
menstruation with resultant infertility.84–86 Consulta-
tion with a gynecologist is recommended for the major-
ity of  these cases.

Systemic and Other Nonmucocutaneous
Complications

Although mucocutaneous erosions are the most common
features of  TEN/SJS, the disease may present with multi-
system involvement. Renal manifestations like glomerulo-
nephritis and acute tubular necrosis, as well as hepatitis and
hepatocellular necrosis, have been described.6,16,87 Hypoal-
buminemia, asymptomatic hyperamylasemia, increased
erythrocyte sedimentation rate, leukocytosis, thrombocyto-
penia, and normochromic and normocytic anemia are not
uncommon.29,78 Leukopenia is a frequent and poor prog-
nostic sign.6,17,34 This is due in part to depletion of  the T
helper/inducer lymphocyte population (CD4+).88 The white
blood cell count generally returns to normal levels after
2–5 days. The cause of  this immunosuppression is unclear.

MANAGEMENT

As previously stated, TEN is a life-threatening disease and
is best managed in a burn ICU where a multidisciplinary
approach, including goal-directed fluid resuscitation and
nutritional support, is utilized.23,34,35,89

General Management and Resuscitation

Drugs suspected of  having initiated the disease should be
discontinued immediately. Administration of  pain medica-
tion is of  high priority, and antipyretic agents may be
required. The use of  broad-spectrum antibiotics should be
carefully considered: Neutropenia is the only complication
in which “prophylactic” antibiotics are indicated. Other-
wise systemic antibiotics only should be used for docu-
mented infections or suspected sepsis.

Intravenous replacement of  fluid losses through the
exposed body surface is required. However, because patients
do not develop the massive edema and fluid losses evident
in burn patients, fluid resuscitation formulas commonly
employed in the management of  thermal injuries overesti-
mate the actual need.90,91 Ringer’s lactate solution is given
at a rate determined by close monitoring of  the patient’s
condition, resuscitation indexes, and urine output. Once
wound coverage is accomplished, fluid requirements usually
decrease.

Central line placement should be avoided if  possible to
reduce the risk of  infection and sepsis. To further minimize
this risk, lines should be placed in areas of  uninvolved skin.
Invasive devices are removed as soon as possible, and oral
and nasogastric routes are utilized at earliest convenience.
Environmental temperature should be raised to 30–32°C to
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exploring the use of  TNF-α antagonists and inhibitors 
(infliximab, etanercept, etc.), in the treatment of  TEN.108,109 
Unfortunately, these new therapies have only been reported 
in case reports and thus cannot be supported for routine use 
in this patient population.

Until these treatment modalities have proved their effi-
cacy in controlled trials, the gold standard of  treatment for 
TEN patients consists of  a multidisciplinary approach as 
used in severe burns, focusing on wound care, infection 
control, and prevention of  complications.

Surgical Approach. Débridement of  necrotic epidermis 
and coverage of  the large wound surface with biological or 
synthetic dressings have been advocated by several 
authors.89,110,111 Sloughed epidermis should be removed in 
order to reduce bacterial growth and the risk for infection. 
The exposed and tender dermis should be covered. Débride-
ment is best undertaken under general anesthesia as soon 
as diagnosis by histology is established. Blood loss associ-
ated with débridement is minimal, so over-resuscitation 
must be avoided.

Synthetic dressings, such as Biobrane, and biological 
dressings, such as homograft (cadaver allograft) and porcine 
xenograft skin, greatly reduce the pain, decrease fluid loss, 
and promote healing. Biobrane and similar products should 
be used with caution when covering wound areas greater 
than 40% TBSA secondary to the increasing incidence of  
local infections. Porcine xenograft adheres well to the skin 
and is commercially available in large quantities.91,112 
Homograft is more likely to become vascularized and there-
fore reduces the number of  graft changes.113 However this 
must be weighed against the potentially poor cosmetic 
results of  vascularized homograft (Fig. 42.5). Grafted areas 
must be immobilized and protected from shear forces. In 
both adults and children, continuous rotation or air fluid-
ized (Clinitron) beds frequently are used.

Topical Therapy. As separation occurs at the dermal–
epidermal junction, varying depths of  viable dermis remain. 
If  this dermis can be protected from toxic detergents, 

controls. This study was followed by a few small studies 
suggesting a potential benefit of  cyclosporine A. In 2010, a 
phase II trial by Valleyrie-Allanore et al. found a treatment 
of  3 mg/kg per day of  oral cyclosporine for 10 days followed 
by a tapering schema over the next month was not clinically 
significant.100 However, mortality appeared to be reduced 
when compared to predictive mortality. Although intrigu-
ing, the currently published studies do not have similar 
methodologies, varying with regards to the dosage admin-
istered, route of  administration, and duration of  therapy. 
Furthermore, cyclosporine A therapy has been associated 
with a septicemia rate of  55%.101 Therefore, a well-designed 
prospective clinical trial is warranted prior to advocating 
the use of  cyclosporine A in the treatment of  TEN.

Intravenous Immunoglobulin. Intravenous immuno-
globulin (IVIG) has been suggested as a means of  interrupt-
ing the autoimmune process fueling TEN. Furthermore, 
some have proposed that pooled human immunoglobins 
may contain a Fas blocking antibody, which would directly 
disrupt the keratinocyte apoptosis trigger.102 Unfortunately, 
clinical data has been conflicting, creating difficulty in 
advocating IVIG treatment for TEN. To date, there have been 
12 noncontrolled clinical studies examining the efficacy of  
IVIG in the treatment of  TEN.103–105 Interestingly, the data 
suggests that IVIG dosages of  greater than 2 mg/kg may be 
superior to less than 2 mg/kg. Huang et al. performed a 
meta-analysis on the efficacy of  IVIG therapy in TEN 
patients.106 In adults, the high-dose IVIG group had a  
significantly lower mortality rate when compared to the 
low-dose IVIG group. However, the multivariate logistic 
regression model found the dosing of  IVIG did not correlate 
with mortality when controlling for age, total BSA involve-
ment, and delay in treatment.21 This finding was supported 
by the largest clinical study to date, EuroSCAR, which failed 
to demonstrate efficacy of  IVIG in the treatment of  TEN.98

Despite these findings, some continue to advocate for the 
use of  high-dose IVIG (3 mg/kg total dose give over 3–4 
days) in the treatment of  TEN based on the low complica-
tion risk and lack of  alternative therapies. As in the case 
with cyclosporine A, a well-designed controlled multicenter 
clinical trial is warranted prior to advocating the use of  
human immunoglobins routinely in the treatment of  TEN.

TNF-α Inhibitors, Thalidomide. The primary mecha-
nism in the pathogenesis of  TEN is keratinocyte apoptosis. 
Accordingly, TNF-α has been implicated in the pathogenesis 
of  TEN. Thalidomide, a potent inhibitor of  TNF-α, would 
appear to be a logical therapeutic agent in the treatment of  
TEN. Unfortunately, Wolkenstein et al. had to prematurely 
terminate a randomized clinical trial of  thalidomide versus 
placebo in the treatment of  TEN due to excess mortality in 
the treatment group.107 Ten of  12 patients expired in the 
thalidomide group compared to three of  10 in the control 
group. The authors theorized that thalidomide may have 
paradoxically increased the production of  TNF in the treat-
ment group, a previously reported phenomenon of  thalido-
mide administration. Therefore, thalidomide as a treatment 
for TEN should not be initiated owing to the detrimental 
effects, but this does demonstrate the usefulness of  random-
ized, double-blinded, placebo-controlled clinical trials. 
Despite the failure of  thalidomide, investigators are still 

Fig. 42.5 Homograft vascularization occurring over a second-degree
thermal injury, resulting in a poor cosmetic result.
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application, and (3) insertion of  a scleral shell spacer to 
prevent symblepharon formation.115 Regardless of  the spe-
cific treatment options taken, involvement of  an ophthal-
mologist is clearly indicated.

Although it is not common in TEN, genitourinary 
mucosal involvement should be treated acutely with sup-
portive care: pain control, hygiene, and topical treatments 
for pain relief  and lubrication. Urinary catheterization 
needs to be weighed against the clinical stability and clini-
cal scenario of  the patient. Does the need for precise urine 
output outweigh the risk of  increased infections that could 
occur with the placement of  a catheter? Long-term 
sequelae include urethral stricture and phimosis, which 
can usually be managed with serial dilation and circumci-
sion, respectively.

Vulvar involvement should also be managed proactively 
to minimize symptoms and (theoretically) attenuate the risk 
of  long-term sequelae. The use of  some topical medication 
options has been suggested, but none of  these is considered 
the standard of  care at this point. Mechanical treatments 
should be considered to prevent prolonged apposition of  
opposing inflamed mucosal surface to avoid fusion and syn-
echiae. Vaginal dilators can be used to avoid fusion, although 
monitoring and regular changing are necessary to avoid 
infection. Finally, menstrual suppression should be consid-
ered to minimize the risk of  vaginal adenosis.114 Depending 
on the extent and severity of  the involvement of  the vaginal 
area, consider a consultation with a gynecologist.

Nutritional Support

Enteral nutrition should be initiated immediately once the 
patient is resuscitated. Due to the frequent presence of  oral 
mucosal ulcerations, patients may be reluctant to take 
nutrition orally and thus require a nasogastric tube place-
ment. Unlike burned patients who have significantly ele-
vated metabolic rates, these patients appear to have 
metabolic rates only slightly above basal requirements. 
Weight stabilization and a positive nitrogen balance have 
been achieved in adults with 2500 kcal/day.90,110

Soft-Tissue Infections and Other 
Acute Skin Disorders

Staphylococcal scalded skin syndrome, necrotizing fasciitis, 
and purpura fulminans are examples of  a group of  condi-
tions characterized by extensive soft-tissue loss, rapid onset 
of  critical illness, and death. Early, accurate diagnosis is 
essential to initiate appropriate action, such as extensive 
surgical excision in the case of  necrotizing fasciitis or crepi-
tant soft-tissue infections. Burn care centers, with their 
acute and reconstructive capacities, have much to offer 
these patients with extensive skin loss.

STAPHYLOCOCCAL SCALDED SKIN SYNDROME

Staphylococcal scalded skin syndrome is the severe condi-
tion caused by exfoliative staphylococcal toxins and is char-
acterized by systemic signs and symptoms and generalized 
involvement of  the skin (Fig. 42.6). It is important to make 
a diagnosis early, particularly to differentiate it from TEN, 
which has a different management and much greater 

desiccation, mechanical trauma, and wound infection, 
then rapid re-epithelialization by proliferation of  basal 
keratinocytes from the skin appendages will occur.90 Bacte-
rial proliferation on the unprotected wound surface with 
invasive infection leads to full-thickness skin necrosis. 
Hydrotherapy and topical antimicrobials provide débride-
ment and infection control that should be initiated early in 
the course of  the disease. Effective topical antimicrobial 
agents include silver sulfadiazine cream, silver nitrate solu-
tion, chlorhexidine gluconate solution, and polymyxin-
bacitracin ointment.16,37,110 While silver sulfadiazine is 
widely used, concerns that its sulfonamide component can 
exacerbate the disease process remain a theoretic concern 
even though these concerns have not been confirmed in the 
literature. Additionally, an inhibitory effect on epithelializa-
tion and leukopenia requiring discontinuation has been 
observed. Alternatively silver nitrate solution does not con-
tribute to the ongoing drug reaction, and epithelialization 
is not inhibited. For patients with contaminated wounds 
due to delayed initiation of  treatment, silver nitrate soaks 
can reduce contamination and prepare the wound for even-
tual biological dressing. Silver nitrate solutions are hypona-
tremic and thus associated with approximately 350 mmol 
of  sodium loss per day/m2 treated. Serum electrolytes and 
osmolarity must be carefully monitored.

Chlorhexidine gluconate and polymyxin ointment are 
effective against Gram-negative organisms, including P. 
aeruginosa, with low incidence of  sensitivity. Moreover, 
chlorhexidine gluconate also shows bactericidal effects 
against Gram-positive organisms.

Oropharyngeal mouth erosion resulting in severe dys-
phagia can be alleviated by the use of  viscous lidocaine or 
cocaine rinses and thus ease oral administration of  nutri-
ents and fluids. Oral debris should be removed and the 
mouth rinsed or sprayed with antiseptic several times a 
day.22 Oral nystatin prevents intestinal overgrowth of  
Candida and decreases the risk of  Candida sepsis.113

Pulmonary involvement requires close supervision, with 
careful toileting including bronchoscopy, incentive spirom-
etry, mobilization, and coughing to prevent infections and 
complications. If  mechanical ventilatory support is neces-
sary, the prevention of  bronchopulmonary infection gains 
even more importance. Daily monitoring by blood assess-
ment, including blood gas analysis, chest X-ray, and  
bacteriological culture, are required to initiate timely anti-
biotic therapy or ventilatory support. Measures to prevent
thromboembolism, such as low-dose or low-molecular-
weight administration of  heparin, should be instituted on
admission.

Ocular involvement should be assessed daily by an oph-
thalmologist. Conjunctival crusting can be minimized by
the application of  saline eye drops every hour. Any adhe-
sions should be broken using a blunt instrument and bland
eye drops or ointment applied frequently. Documented
ocular infections are treated with organism-specific antibi-
otic therapy. Lacrimal duct obstruction may be detected
early by performing Schirmer’s test. There are a wide range
of  ophthalmic treatment options, a review of  which would
be beyond the context of  this chapter. One reasonable, prac-
tical approach is the “Triple-TEN” protocol described by
Tomlins et al., which includes (1) subconjunctival steroids
to blunt local inflammation, (2) amniotic membrane
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Diagnosis

Diagnosis of  staphylococcal scalded skin syndrome can be 
made rapidly with a skin biopsy. The characteristic intraepi-
dermal level of  splitting is seen, with the split occurring at 
the granular layer level (stratum granulosum) with no epi-
dermal necrosis or inflammatory cells in the corium. Immu-
nofluorescent studies of  the skin are negative. A Tzanck 
preparation from a scraping of  the base of  a freshly denuded 
area will reveal the affected cell population (i.e., acantho-
cytic keratinocytes).118 Bullae, denuded skin, and blood are 
usually sterile, however, and staphylococci can usually be 
cultured from nares, conjunctiva, or pharynx.121

Management

With diagnosis, antibiotics should be started, and semisyn-
thetic penicillinase-resistant penicillin analogs are indi-
cated (e.g., meticillin or oxacillin) since the majority of  
group 2 staphylococci show resistance to penicillin. Admin-
istration of  steroids to these patients is contraindicated.118 
After screening for colonization, decontamination of  colo-
nized areas, especially the nasopharyngeal region in 
patients and nursing staff, may be advisable to prevent 
further spread. Fluid resuscitation is usually required at a 
lesser volume compared to a burn patient with a similar 
involved BSA. Fluid substitution should be guided by urine 
output, hemodynamic parameters, and electrolyte and 
colloid status.

Until skin barrier function is restored, patients should 
receive appropriate wound dressings to prevent secondary 
wound infection. Topical agents are soothing and bacterio-
static. It needs to be pointed out that the wound initially is 
not colonized or infected, so alternatively, large areas can 
be more effectively managed with biological or synthetic 
dressings. They have the advantage of  eliminating the need 
for frequent dressing changes, which can be particularly 
traumatic for young children. Mortality usually is low but 
may occur in very young and adult patients, usually from 
sepsis or electrolyte imbalance on the basis of  underlying 
disease.118 Complete wound healing is usually observed 
within 7 days, and scarring and altered pigmentation are 
not common.

NECROTIZING FASCIITIS AND 
BACTERIAL MYONECROSIS

Necrotizing fasciitis is a soft-tissue infection characterized 
by widespread necrosis of  fascia and subcutaneous tissue, 
which may progress to muscle and skin necrosis. Overall 
mortality may still be as high as 50%.111,122 Most cases of  
necrotizing fasciitis are due to polymicrobial infection 
including both anaerobic Gram-positive cocci and Gram-
negative bacilli. Streptococcus, Staphylococcus, Enterococcus, 
and Bacteroides are commonly found. Infection with many 
bacterial species may result in bacterial myonecrosis. 
However, gas gangrene by Clostridia spp. results in severe 
systemic toxicity and higher mortality than necrotizing fas-
ciitis. A deep contaminated wound frequently precedes the 
severe soft-tissue infection. Streptococcal myositis has a 
mortality rate of  between 80% and 100%.122,123 Risk factors 
for both necrotizing fasciitis and bacterial myonecrosis have 
been identified as diabetes mellitus, intravenous drug use, 

mortality. Staphylococcal scalded skin syndrome is predom-
inantly a disease of  infancy (Ritter’s disease) and early 
childhood, with most cases occurring before the age of  5 
years.116 Newborn nurseries are often the sites of  outbreaks. 
Attendant staff  may be infected or colonized with Staphylo-
coccus aureus strains producing epidermolytic toxin, thus 
emphasizing the importance of  standard hygienic mea-
sures. Adult staphylococcal scalded skin syndrome is rare 
and usually associated with compromised renal function. 
Mortality is generally only 4%, but can be much higher in 
adults (40%) depending on underlying diseases.116,117

Pathology

Two distinct epidermolytic toxins (ETA and ETB), are 
responsible for the blistering in staphylococcal scalded skin 
syndrome.81 ETA is heat-stable, whereas ETB is heat-labile 
and encoded by a bacterial plasmid. Most toxigenic strains 
of  S. aureus are identified as group 2 phage.118 The exfolia-
tive toxin is metabolized and excreted by the kidneys, leading 
to a predisposition of  patients with renal immaturity (chil-
dren) or renal compromise. The exfoliative toxins produce 
blistering by disrupting the epidermal granular cell layers 
through interdesmosomal splittings but without epidermal 
necrosis and with very few inflammatory cells. The exact 
mechanism of  action of  the toxins has not been determined, 
although it is felt that the toxins directly affect desmosomes. 
One might be proteolytic disruption of  desmosomes with 
the toxin or part of  its sequence acting as a serine 
protease.116,119,120

Presentation

Onset may be marked by fever, malaise, and irritability. 
Scarlatiniform erythema is often accentuated in flexural 
and periorificial areas. The skin is generally tender to touch, 
and sheets of  skin may peel away in response to minor 
trauma (Nikolsky’s sign). Blisters appear within 24–48 hours 
of  rupture, leaving a characteristic moist erythematous epi-
dermal base. Severe mucosal involvement is not a typical 
feature.

Fig. 42.6 Staphylococcal scalded skin syndrome is characterized by 
diffuse, erythematous lesions with bullae formation (see left forearm). 
Epidermis is shed in sheets with minimal abrasion. The wounds are 
partial thickness and heal without surgical intervention. 
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necrotic tissue is needed, mortality increases from 43% to 
71%; this outcome drastically highlights the importance of  
adequate initial necrosectomy.127 In patients with many risk 
factors, early amputation of  the extremity, especially in 
cases of  myonecrosis, should be considered. Broad-spectrum 
antibiotics are started preoperatively, although high-dose 
penicillin is appropriate for clostridial infections. However, 
antibiotic treatment is no substitution for surgical interven-
tion. Adequate fluid resuscitation and nutritional support 
are also required. Wounds are packed open with antiseptic-
soaked dressings, which need to be changed frequently. 
Kaiser and Cerra have reported unsatisfactory results with 
either early application of  porcine xenografts or burn 
wound topical antimicrobials.128 Complete control of  local 
and systemic infection is required before wound closure is 
addressed.

As in burns, secondary infections must be prevented 
by proper wound management. Biological or synthetic 
dressings offer the advantages of  decreased pain, decreased 
fluid loss, and prevention of  secondary infection. Fre-
quently large areas of  skin and soft-tissue loss result from 
this disease and will eventually require extensive surgery 
to achieve adequate closure.

Some authors advocate the use of  hyperbaric oxygen 
and claim that it results in decreased mortality and reduced 
need for débridement; however most of  these reports are 
case reports or uncontrolled trials, and adequate prospec-
tive controlled trials in patients are still lacking.129,130 In 
animals, hyperbaric oxygen therapy alone did not improve 
survival or bacterial colonization, but did show adjuvant 

age greater than 50 years, hypertension, and malnutrition/
obesity. The presence of  three or more of  these risk factors 
was found to give a predictive mortality rate of  50% (Fig. 
42.7).124

Diagnosis

Early diagnosis is of  extreme importance and consequence. 
Initial presentation is deceptive because the findings may be 
localized pain and edema without discoloration of  the skin. 
Later, induration and erythema may be evident. Paresthesia 
of  overlying skin and eventual dusky discoloration and 
local blistering may occur in the later course. Severe toxemia 
may develop, usually out of  proportion to the local signs. 
Severe systemic alterations are characteristic of  myonecro-
sis. Gas inclusion may be evident in subcutaneous tissues 
on X-ray. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) may help in the diagnosis and provide 
information on the nature and extent of  the infection.125 
Frozen section biopsies may provide early histological evi-
dence of  infection.126 Gram stains and microbiological 
testing are very important diagnostic tools and guide anti-
biotic treatment. However, a definite distinction between 
necrotizing fasciitis, myonecrosis, and other soft-tissue 
infections often can only be established during surgery.

Management

The key to successful management of  necrotizing infections 
is early diagnosis and radical surgical intervention. Surgical 
exploration involves complete excision of  all necrotic tissues. 
If  more than one operation for débridement of  infected 
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First described by Bryant and White in 1898 and later 
investigated by Selye in 1962, it was not until 1976 that 
the true clinical significance of  the syndrome was formally 
recognized by Gipstein et al. The clinical syndrome of  cal-
ciphylaxis is characterized by:137,138 (1) painful purpuric 
cutaneous lesions (Fig. 42.9), (2) histological evidence of  
systemic medial calcifications of  arteries (tunica media), 
and (3) histological evidence of  small-vessel mural calci-
fication with or without endovascular fibrosis leading to 
vascular thrombosis and tissue necrosis.

As previously stated, the exact pathophysiology of  calci-
phylaxis is unknown, although the best theory was offered 
by Selye et al. in 1962. Utilizing a rat model, he suggested 
that calciphylaxis was a condition of  hypersensitivity 
caused by exposure to “sensitizing agents” (nephrectomy/
parathyroid hormone) and “challengers” (egg albumin/
metallic salts) over a defined period of  time. Simply stated, 
calciphylaxis appears to be a clinical syndrome induced by 
a series of  events that predispose the patient to extraskeletal 
calcifications. Most recently, Nigwekar et al. have suggested 
that the matrix protein GLA(MPG) may serve as a bio-
marker.139 MPG is found in the walls of  blood vessels and 
cartilage and functions to prevent calcium buildup. It 
requires activation by vitamin K to function well, and it is 
hypothesized that normal activation is impaired in calci-
phylaxis. Further studies are required to solidify the role of  
MPG in calciphylaxis, but the work appears promising.

Clinically, calciphylaxis affects approximately 1–4% of  
the population with underlying end-stage renal disease.140 

effects to antibiotic treatment.131 In summary, hyperbaric 
oxygen therapy, if  available, should not delay radical sur-
gical débridement and should be used as an adjunct to 
radical surgery and antibiotic therapy.129,132

PURPURA FULMINANS

Purpura fulminans is a term that describes an acute syn-
drome of  rapidly progressive hemorrhagic necrosis of  the 
skin due to dermal vascular thrombosis associated with 
vascular collapse and disseminated intravascular coagula-
tion (DIC).133 It may occur in individuals with dysfunction 
of  the protein C anticoagulant system, with acute severe 
infection, or idiopathically without any coagulation dys-
function or infection.

It has been associated with systemic infection by Menin-
gococcus, Gram-negative bacilli, Staphylococcus, Streptococ-
cus, and Rickettsia organisms. Skin necrosis begins in a 
region of  dermal discomfort, which rapidly progresses to 
evanescent flush, followed by petechiae. Hemorrhagic 
bullae progress to frank skin necrosis. The process generally 
involves the skin and subcutaneous tissues, without involve-
ment of  muscle. Skin involvement is frequently an early 
manifestation of  the disease process. Skin biopsy will there-
fore allow an earlier diagnosis. Mortality in the acute phase 
is 18–40%.134

Management is directed at halting progression of  the 
underlying infectious disease, preventing secondary infec-
tions, and removing nonviable tissue. Early heparin admin-
istration and replacement of  clotting factors have proved 
useful to stop intravascular clotting.134 Shock from blood 
extravasation and sepsis require extensive volume replace-
ment. Limb vascular and compartmental pressure should 
be monitored closely to enable early escharotomy and/or 
fasciotomy, when needed. Skin lesions resulting only in blis-
ters should be treated with topical antimicrobials (e.g., 
silver sulfadiazine) to prevent secondary infection. Nonvi-
able tissue should be removed as soon as the patient’s condi-
tion allows. Small areas can be covered with autografts but 
because large areas are frequently involved, allograft or 
xenograft skin coverage may be required. Limb amputa-
tions may be frequently required due to vascular compro-
mise, as well as revisions for progression of  disease.135 
Isolation of  the affected patient, as well as monitoring and 
prophylactic treatment of  patients and staff, may be neces-
sary to prevent further spread and outbreaks of  the disease, 
especially in the case of  meningococcal infection.

CALCIPHYLAXIS

Calciphylaxis is a rare condition that is characterized by the 
development of  extraskeletal calcifications resulting in 
tissue necrosis. Although the exact etiology is unknown, 
the condition appears to be most commonly associated with 
disorders that alter calcium/phosphate homeostasis. Thus 
the condition is usually diagnosed in individuals undergo-
ing renal replacement therapy or who have recently under-
gone renal transplantation. Despite the close association 
with renal failure, Nigwekar et al. have identified a sub-
group of  individuals with the same pathological condition 
but without end-stage renal failure and coined the term 
“nonuremic calciphylaxis” (Fig. 42.8, Box 42.1).136

Fig. 42.8 Early calciphylaxis lesion. (Courtesy of Dr. Shawn Fagan.)

Box 42.1 Conditions Associated With Non-
Uremic Calciphylaxis

■ Primary hyperparathyroidism
■ Breast cancer + chemotherapy
■ Liver cirrhosis
■ Cholangiocarcinoma
■ Crohn’s disease
■ Rheumatic arthritis
■ Systemic lupus erythematosus
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of  systemic involvement. The overall mortality rate from 
calciphylaxis appears to be closely related to the extent of  
internal organ involvement and development of  sepsis from 
infected cutaneous lesions.

The diagnosis of  calciphylaxis should be suspected in any 
patient with painful cutaneous lesions and a history sup-
portive of  the clinical syndrome. Although diagnostic lab 
testing and imaging are not helpful, the diagnosis can be 
formally established with a tissue biopsy.

Once the diagnosis is established, the treatment should 
be initiated using a multidisciplinary approach. The treat-
ment should be based on improving the underlying condi-
tion, such as reformulation in hemodialysis or potentially 
administering sodium thiosulfate, which acts as an antioxi-
dant and chelator of  cations. Unfortunately, despite the best 
medical efforts, treatment usually becomes supportive from 
an analgesic and wound standpoint. Wound management 
should be aggressive to avoid local wound infections. The 
primary goal is to establish a healthy wound bed without 
evidence of  disease progression prior to definitive closure.

Conclusion

Inflammatory and infectious conditions of  the skin and 
underlying tissues represent a major diagnostic and thera-
peutic challenge. The team approach to their care is essen-
tial, and wound management is paramount. Burn centers 
are ideally suited to deal with patients with these conditions 
and should be considered as the appropriate site of  referral 
for these critically ill patients.
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and temporal branches of  the facial nerve. Epidermal 
appendages, including follicular sebaceous glands (of  Zeiss), 
modified apocrine sweat glands (of  Moll), and eyelashes, are 
located at the anterior margin of  the mucocutaneous junc-
tion. Posteriorly, the fibrous tarsi harbor the Meibomian 
glands (about 50 in the upper lid and 25 in the lower lid) 
that secrete lipid-rich material into the tear film.

The tear film is a trilaminar structure; moving from the 
ocular surface externally, there is mucus on the cornea and 
conjunctiva, covered by an aqueous layer, with a lipid layer 
most externally. A healthy tear film remains stable for at 
least 10 s and maintains more than 300 µm of  meniscus 
height.7 The lacrimal gland, located laterally and superiorly 
in the orbit, produces the aqueous phase of  the tear film, 
along with accessory lacrimal glands (of  Krause and Wol-
fring) located in the superior and inferior fornices. The lipid 
layer is secreted by the Meibomian glands, stabilizing the 
tear film and reducing evaporative loss. A complex protein 
mixture within the tear film confers antimicrobial, inflam-
matory, and antiinflammatory properties and regulates 
corneal epithelial cell function.8

The conjunctiva covers the inner surface of  the eyelids 
and the anterior sclera, reflecting between the two at the 
superior and inferior fornices. It is composed of  stratified 
nonkeratinized squamous and columnar cells interspersed 
with goblet cells upon a continuous basement membrane 
and lamina propria. Other tissues include accessory lacri-
mal glands and immune surveillance cells; the lymphatic 
drainage of  the conjunctiva is via the submandibular, 
parotid, and preauricular nodes. The limbus is the border 
between the conjunctiva and corneal epithelium. Circum-
scribing the limbus, the palisades of  Vogt harbor the corneal 
epithelial stem cell niche.9,10

The corneal epithelium is approximately 6–7 cell layers 
(50 µm) tall and composed of  stratified squamous epithe-
lium with minimal keratinization. The basal layer is mitoti-
cally active and replenishes the more external layers as they 
are continuously sloughed. The corneal epithelial stem cell 
niche, at the limbus within the palisades of  Vogt, allows 
reepithelialization when the entire basal layer is lost, as in 
severe burn injuries or toxic epidermal necrolysis. This 
mechanism requires cell proliferation and migration from 
the limbus to the center of  the cornea and can take weeks 
to fully reepithelialize the cornea, compared with days 
when the basal corneal epithelial layer remains intact. The 
corneal epithelium produces and rests upon a basement 
membrane.11 The layers deep to this basement membrane 
comprise the corneal stroma. The first 8–12 µm of  stroma 
is called Bowman’s membrane and is composed of  ran-
domly oriented collagen fibers. The stroma is approximately 
500 µm (0.5 mm) thick. Precise arrangement of  about 200 
collagenous lamellae confers transmittance of  visible 

ὁ λύχνος τοῦ σώµατός ἐστιν ὁ ὀφθαλµός
ὅταν οὖν ὁ ὀφθαλµός σου ἁπλοῦς ᾖ, καὶ ὅλον τὸ
σῶµά σου φωτεινόν ἐστιν.
ἐπὰν δὲ πονηρὸς ᾖ, καὶ τὸ σῶµά σου σκοτεινόν

Introduction

Both immediate and delayed presentations exist for eye
problems in burned patients. Accordingly, in burns, the
structure and function of  a normal eye can be disrupted by
concurrent blunt or penetrating injury, electrical current,
thermal energy, or chemical agents. After the initial insult,
foreign bodies, ongoing chemical injury, deterioration of
the facial burn wound, infection, and environmental expo-
sure can cause additional damage or progression of  existing
pathology. Although many providers may view comprehen-
sive eye examination as an esoterica outside their skillset
and purview, the frequency and acuity of  sight-threatening
complications necessitate the burn team learning the basics
of  eye evaluation.1

Selected Anatomy

The organ of  sight arises through reciprocal interac-
tion between the optic vesicle (neuroectoderm) and the
lens placode (facial ectoderm). The full-thickness neu-
roectoderm protrudes toward the surface, inducing the
primordial lens, and invaginating to form the optic cup.
The lens vesicle, separating from the surface ectoderm,
induces corneal development.2 The upper and lower eyelids
develop from primordial eyelid folds, fusing transversely
from 8 weeks to 5 months, protecting the nascent ocular
surface from initial environmental exposure as the fetal
urinary system begins to contribute to the amniotic fluid
composition.3,4

Eyelids are four-layered structures of  skin, orbicularis
muscle, tarsus with fibrous septae, and palpebral conjunc-
tiva. The skin of  the eyelids is thin and elastic in the normal
state. Upper eyelid skin folds are formed from terminal skin
attachments of  underlying levator muscle, which functions
with Müller’s muscle to open the upper eyelid. The inferior
rectus muscle provides analogous function via the capsulo-
palpebral fascia and inferior tarsus, retracting the lower lid
with down-gaze.5,6 The orbicularis muscle can be divided
into pretarsal, preseptal, and orbital segments based on the
structure they overlay: tarsus, orbital septum, or orbital
rim. The pretarsal and preseptal parts are used in blinking
and voluntary winking, while the orbital segments are used
in forced closure. Motor innervation is via the zygomatic



43 • Burn Injuries of the Eye436

irrigated to remove any discharge or ointment. A normal 
healthy cornea should appear clear and “glassy” with a 
sharp light reflex. A hazy light reflex can usually be appre-
ciated in early-stage keratopathies. We generally apply dye 
in a balanced salt solution to the lateral canthus/inferior 
fornix and then have the patient blink a few times. Next 
the eye is opened and examined for epithelial irregulari-
ties and negative staining. Excess dye is then rinsed away 
with balanced salt solution. A normal healthy cornea will 
be devoid of  stain; dye retention signifies pathology.15–20 
Areas of  confluent, homogeneous stain signify epithe-
lial defect (Fig. 43.1C). “Lacey” staining patterns usually 
signify epithelial keratopathy (Fig. 43.1B). Early-stage 
epithelial lesions of  exposure and herpetic keratopathies 
are often difficult to appreciate without the assistance of  
dye. Adjustable-intensity pocket LED flashlights often have 
fairly cool light, which sufficiently highlights fluorescein; 
otherwise, a cobalt-blue filter or near-ultraviolet hand-
held light can be used. Photographs of  findings often allow 
more comprehensive review while minimizing patient  
discomfort.

Indirect ophthalmoscopy via adilated pupil is occasion-
ally useful and indicated in the burn unit. In cases of  nonac-
cidental trauma, distinctive retinal lesions may be observed 
and should be documented with fundus photography for 
potential medicolegal review.21 In the first 48–96 hours fol-
lowing carbon monoxide intoxication, cerebral swelling and 
herniation syndromes are frequently causes of  death.22–24 
Funduscopy may show papilledema, which can be graded 
in severity.25 In cases where persistently positive blood 
cultures raise clinical concern for hematogenous seeding, 
infectious microemboli can occasionally be visualized on 
thorough funduscopy.26–29 Similarly there is a spectrum of  
retinal findings with disseminated candidiasis, defined as 
Candida isolated from three or more sites (urine, sputum, 
wound, blood, or eye).30–32 Because choroidal blood flow 
is much higher than retinal blood flow,33 these hematog-
enous lesions more frequently occur within the choroid and 
are initially observed underlying the retinal layers as gray-
white round lesions, rather than occlusive lesions within 
the retinal vessels proper.34–37 These lesions, termed chorio-
retinitis, enlarge as the infection progresses and may erupt 
into the vitreous.38-40 This distinction is important because 
the stage/level of  involvement determines treatment choices 
(ranging from intravenous antimicrobial therapy, intravit-
real antimicrobial instillation, to vitrectomy for significant 
vitreitis).39–47

Applied Pathology

Thermal injuries to the eye concurrent with the burning 
event are, fortunately, rare. The typical presentation is 
decreased vision, eye pain/foreign body sensation, perilim-
bal hyperemia, and epithelial defect with fluorescein stain-
ing. If  detected early, a corneal epithelial lesion, analogous 
to a blister, may be present and is usually translucent to 
opaque. Upon sloughing, an underlying epithelial defect of  
varying depth is apparent.48 In the setting of  closed-space 
(house) fires, it is difficult to determine whether a corneal 
injury is thermal or (gaseous) chemical in nature, and 
copious irrigation is recommended. In addition to tissue 

light.12 Fibroblasts and immune surveillance cells populate
the stroma. A deep layer, Descemet’s membrane, about
10 µm in thickness, provides posterior structural integrity.
Upon this membrane rests the corneal endothelium, rich in
mitochondria and nonproliferative, which maintains
corneal dehydration (and transparency) via active trans-
port of  solute into the aqueous. The cornea provides about
two-thirds of  the refractive power of  a normal eye, approxi-
mately +40 diopters.

Examination

Eye examination in a burn ICU requires several modifica-
tions from the standard clinic setting. Clinicians must adapt
to the overall patient condition and support machinery,
which may include multiple intravenous and enteral access
lines, ventilator and dialysis support, bulky wound dress-
ings, difficult patient positioning, and, frequently, severe
comorbid injuries and burns of  the face. This is not the
“comfort zone” for the ophthalmologist, but the frequency
and acuity of  comorbid eye involvement necessitate adapta-
tion and innovation.13 An assessment of  visual function
can be made with a near vision card, finger counting, or, at
a minimum, light perception. Patients with endotracheal
tubes can generate various responses, head nod or hand
signal, to visual acuity testing under appropriate sedative/
analgesic conditions. There are a variety of  portable slit
lamps that can be employed. Our preference is a handheld
lens (20 diopter or equivalent) and penlight. With practice,
the penlight may be axially directed through the lens or
shone indirectly upon the ocular surface to section through
the anterior segment, thereby providing fine detail of
stromal and corneal epithelial problems. Loupes provide
additive magnification when used with a handheld lens.
Topical ocular surface anesthesia is usually employed.

If  the injury was associated with an explosion, with
flying debris or blunt/penetrating trauma to the eye and
periorbita, an open globe injury may result. In this situa-
tion, examination must be performed without pressure on
the globe until corneal or scleral perforation can be excluded.
Pressure applied to an open globe could cause (further) her-
niation of  intraocular contents and detract from potential
recovery. If  an open globe–suspect injury is identified, pupil-
lary light response and visual acuity should be grossly doc-
umented (at least light perception/hand motion/finger
counting), photographs obtained, and a shield placed over
the eye sufficient to transmit any applied pressure to the
osseous orbital rim rather than the orbital contents. Imme-
diate ophthalmological consultation is indicated to evaluate
a possible open globe.

Once an open globe injury is excluded, cotton swabs,
Desmarres retractors, or an eyelid speculum are useful and
often necessary due to facial burns and lid edema. “Swell-
ing” is never an excuse to defer examination of  the ocular
surface because any delay in the recognition of  significant
injuries subjects a patient’s visual recovery to avoidable
jeopardy. Superficial foreign bodies can usually be removed
by saline irrigation alone if  identified quickly postburn.
Fluorescein dye (strips or equivalent) should be available in
the burn unit and used if  there is any suspicion of  corneal
or conjunctival pathology.14 The ocular surface should be
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Fig. 43.1 Spectrum of exposure-related ocular surface disease encountered in the burn unit. A, Lagophthalmos. B, Exposure keratopathy. C, Epithelial 
defect. D, Herpetic keratitis. E, Corneal ulcer. F, Same, with hypopyon. G, Descemetocele. H, Corneal perforation. 
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EXPOSURE KERATITIS AND EYELID BURNS

Eyelid burns and singed eyelashes identify a group of  
patients at high risk for ocular surface problems, with likeli-
hood ratios (LR+), if  present, for the development of  corneal 
ulceration of  12 and 6.9, respectively.105 Punctate epitheli-
opathy, or keratopathy, is usually the earliest stage of  per se 
corneal injury, and, if  present, it confers an LR+ for the 
development of  corneal ulceration of  6.4. These subtle 
irregularities on the normally glassy corneal surface can be 
discerned with magnification and are accentuated by the 
application of  fluorescein dye (Fig. 43.1B). The severity of  
epitheliopathy ranges from scattered, superficial submilli-
meter dots to a homogeneous area of  abnormal epithelium, 
confluent keratopathy. The latter is essentially an epithelial 
defect prior to sloughing of  the diseased epithelium. While 
keratopathy may be caused by direct thermal or chemical 
injury of  the eye, it is much more frequently observed with 
corneal exposure resulting from the contraction of  eyelid 
burn wounds/scars. It generally develops around 1 week 
postburn, and careful observation of  the sleeping patient 
demonstrates incomplete resting eyelid closure, with scleral 
or corneal show (Fig. 43.1A). Any patient with incomplete 
lid closure, best observed while asleep, should undergo 
detailed examination of  the ocular surface. Bell’s phenom-
enon, up-gaze with lid closure, is absent in 25% of  patients 
and does not reliably protect the ocular surface when 
present; however, an intact Bell’s phenomenon may some-
what mitigate the severity of  exposure keratopathy.

EPITHELIAL DEFECTS

An epithelial defect is present when an area of  the cornea 
has lost epithelium (Fig. 43.1C). It is denoted by a subtle 
ridge where epithelium remains and by a solid area of  fluo-
rescein staining. This can be either full or partial thickness. 
Partial-thickness epithelial defects can heal rapidly from 
the remaining basal layers, whereas full-thickness inju-
ries must heal from the periphery. Typically the epithelial 
defect seen from incomplete eyelid closure (exposure) is 
transverse, linear, and centered over the inferior third of  
the cornea. Careful daily examination of  epithelial defects 
is required in burn patients, as is correction of  underly-
ing causes. If  magnified examination reveals stromal 
opacification (i.e., any finding other than clear cornea at 
and around the epithelial defect), then a corneal ulcer is 
present and there is a high risk of  vision loss. All indicated 
diagnostic and therapeutic maneuvers should be employed  
without delay.

CORNEAL ULCER

We define a corneal ulcer as an epithelial defect with any 
associated stromal infiltrate (Fig. 43.1E). Corneal transpar-
ency, or lack thereof, is an important finding with histo-
pathological correlates. Transparency is lost when the 
stroma becomes hydrated. In burns, this is typically in 
response to injury or infection. This occurs when the kera-
tinocyte basement membrane has been compromised, a 
process that can develop independent of  phagocytic cells via 
production of  active matrix metalloproteinase-9 (MMP-9) 
and then MMP-2 by corneal cells.106 The active form of  

destruction, eyelid burns compromise the skin barrier func-
tion and predispose to burn wound cellulitis and infection. 
Development of  a preseptal inflammatory process (eyelid 
swelling, hyperemia, and pain) is frequent after eyelid burn 
injury, and microbiological cultures help in determining 
whether this process is sterile or infectious. If  infected, it is 
termed preseptal cellulitis.49–53 When observed, it is cru-
cially important to evaluate extraocular muscle mobility 
and function. If  the orbital septum is compromised, an 
orbital cellulitis or abscess may develop, which is an eye-
threatening emergency.54–62 Typical presentation of  orbital 
cellulitis or abscess includes reduced extraocular move-
ments and pain on extraocular muscle testing. Ophthalmo-
logical consultation, systemic antimicrobial therapy, and 
frequent reexamination are indicated. Surgical débride-
ment may be needed for orbital abscess.

Chemical eye injuries are a true ophthalmological 
emergency.63–65 Frequent and copious eye irrigation is gen-
erally indicated. Solid chemical particles should be removed 
by irrigation as rapidly as possible with upper and lower lid 
eversion and examination. Alkali injuries may need pro-
longed irrigation, up to several hours. Wound pH can be 
litmus tested, preferably 2–5 minutes after cessation of  irri-
gation as early false-normal results may occur. Insertion of  
an irrigation aid, such as Morgan lenses, can provide con-
tinuous irrigation for several hours; these can also be useful 
for continuous antibiotic delivery in cases of  refractory bac-
terial keratitis.66–68

Patients with Stevens–Johnson syndrome/toxic epider-
mal necrolysis (TEN) are treated in the burn unit, and eye 
involvement is seen in more than 60% of  these cases. At 
worst, they present with complete corneal slough, membra-
nous conjunctivitis, and lash auto-epilation (Fig. 43.1C). 
The natural history is scar formation at involved areas, 
symblepharon, forniceal shortening, corneal opacification/
scarring, mucocutaneous junction loss/keratinization, 
entropion, and chronic, severe, dry-eye symptoms. Mount-
ing evidence indicates that ocular surface recovery may be 
hastened, with improvement in vision, by prompt coverage 
of  the ocular surface with amniotic membrane.69–77 Patients 
with these conditions should receive definitive treatment at 
burn units where amniotic membrane transplantation is 
available and applied immediately when ocular surface 
involvement is apparent.70,78

ELECTRICAL INJURY

As with the systemic response, there are a number of  
unique ocular aspects of  electrical burn injury. Cataract for-
mation following electrical injury has been recognized for 
more than a half  a century.79–96 While the mechanism is not 
fully understood, within the lens (and other ocular tissues) 
there is substantial intercellular electrical coupling.97–101 
These reports note that electrical cataract tends to present 
within 12 months of  the electrical burn event and that 
visual outcome following cataract extraction can be good 
in the absence of  other eye pathology. Other findings, such 
as chorioretinal atrophy, are seen less frequently.102,103 
For both patient care and medicolegal reasons, electrical 
injury patients should be evaluated for cataract via dilated 
exam at admission, discharge, and 6 and 12 months  
postinjury.104
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severely burned patients.122 Bacterial keratitis typically 
follows a more fulminant course than sterile corneal ulcers 
caused by exposure (Fig. 43.1F).

FUNGAL KERATITIS

Burn patients are in jeopardy for developing secondary 
infections of  persistent exposure-related epithelial lesions. 
Not infrequently, fungal organisms are isolated as coloniz-
ers or active pathogens from burn wounds of  the face and 
eyelids; thus facial wound microbiology determines the risk 
of  secondary infection at ocular surface lesions. We have 
seen secondary Candida keratitis (ulcer) arising in this 
manner. Fungal keratitis is typically more indolent and is 
unresponsive to antibacterial treatment. With magnifica-
tion, satellite lesions may be observed around the primary 
lesion. Diagnosis can be made through scraping, potassium 
hydroxide prep, and fungal culture. Rarely a corneal biopsy 
is necessary to establish the diagnosis if  a high clinical sus-
picion for fungal keratitis exists while cultures remain nega-
tive. In refractory cases, débridement and corneal transplant 
may be necessary.123

VIRAL (HERPETIC) KERATITIS

The systemic response to burn injury entails profound 
alterations in host immunity, including markedly reduced 
novel immunoglobin generation and adaptive cell-mediated 
immunity.124–143 Type 1 T-helper (TH1) cellular response, 
activated macrophage cell killing, is associated with clear-
ance of  systemic virus and survival in animal models. 
Elegant studies by Suzuki et al. demonstrated that, post-
burn, chemokine CCL2 (a.k.a. monocyte chemoattractant 
protein-1) stimulates a subset of  natural killer T cells to 
produce interleukin-4, an early signal in a cascade ulti-
mately producing TH2 cytokines and abolishing the ben-
eficial TH1 response.144–159 This situation leads to increased 
susceptibility to Herpesviridae. Herpetic keratitis (reactiva-
tion) in burned patients is both a sight-threatening problem 
and a marker of  profoundly altered immunity. Dendritic 
(branching) epithelial defects and stromal infiltrates are 
typical of  herpetic keratopathy (Fig. 43.1D). Allowed to 
progress, these enlarge forming a “geographic” corneal 
ulcer with an irregular border. Real-time polymerase chain 
reaction testing of  corneal swab specimens is invaluable 
for diagnosis, providing rapid (within hours) information 
about the presence and type of  Herpesviridae infection.160 
Although tear specimens have also been studied, the diag-
nostic yield is substantially lower.

ORBITAL COMPARTMENT SYNDROME

Orbital compartment syndrome (OCS) presents when the 
globe is compressed by swelling of  the orbital contents and 
is unable to decompress itself. The natural variation in 
eyelid laxity provides a variable individual susceptibility to 
this problem; if  the globe is able to be moved anteriorly to 
accommodate the swelling, intraocular hypertension may 
not develop. Acute intraocular hypertension can lead to 
anterior ischemic optic neuropathy (AION), with loss of  
vision. In the setting of  severe burns, it can rapidly cause 
complete loss of  vision bilaterally.161 Decreased arterial 

these enzymes has also been observed in the tear fluid from 
ocular burn and infectious ulceration patients.107 Altered 
capillary permeability and the evolving wound-healing 
response occur in a manner akin to skin wound healing. 
This includes phagocytic infiltration, tissue destruction and 
pathogen clearance, reepithelialization, and myofibroblast-
mediated scar formation. The disorganized collagen formed 
as part of  scar formation lacks the regular arrangement 
and spacing of  a healthy, clear corneal stroma. As a result, 
it appears white/gray and reflects rather than transmits 
visible light, causing vision loss. Transparency can also be 
lost due to corneal endothelial dysfunction. Impaired func-
tion of  the endothelial adenosine triphosphate (ATP)-
dependent transport of  solute from the stroma into the 
aqueous humor causes abnormally increased hydration of  
stromal proteins. The associated epithelial defect should be 
measured daily at a minimum on magnified exam because 
stability and reepithelialization indicate treatment response. 
Inhibition of  serine proteases may slow epithelial migra-
tion, although inhibition of  MMPs may actually facilitate 
reepithelialization.108–112 The majority of  corneal ulcers can 
be prevented in burned patients via early release and skin 
grafting of  full-thickness eyelid burns.113 Most corneal 
ulcers in burned patients are sterile, but the occurrence of  
bacterial superinfection is not uncommon.114 For this 
reason, and because treatment of  infectious corneal ulcers 
is aided by the provision of  directed antibiotics, swab or 
scraping culture of  corneal ulcers is a routine part of  our 
diagnostic protocol. Corneal scraping is accomplished with 
ophthalmic tetracaine drops, sedation (usually intravenous 
ketamine), loupe magnification, adequate lighting, and 
either a #69 or the rounded belly of  a #15 blade. Carefully, 
the margin of  the corneal ulcer is scraped, maintaining the 
edge of  the blade almost parallel to the corneal surface to 
avoid any penetrating injury. The specimen, often visible 
only with loupes, is plated on blood and chocolate agars (for 
the broadest spectrum of  bacterial growth), Sabouraud’s 
agar (for fungal organisms), and several glass slides, for 
Gram’s stain (for bacteria), Giemsa stain (for cellular fea-
tures and viral cytopathic effect), and potassium hydroxide 
stain (for fungal elements).115 Rapid review of  the slide 
specimens, if  positive, enables immediate initiation of  
directed topical antimicrobial agents.116–118 Initial response 
to treatment is nonprogression (stabilization) in the size of  
the epithelial defect and underlying stromal infiltrate.  
With continued healing, these gradually become smaller.
Therefore every follow-up examination should scrupu-
lously document the sizes of  the epithelial defect and
stromal infiltrate.

BACTERIAL KERATITIS

Bacterial corneal ulcers can occur in otherwise healthy
patients, as with prolonged use of  contact lenses, but
burned patients are at particular risk because of  lost eyelid
function, ocular surface exposure, local contamination
from colonized/infected skin wounds, and disruption of
host immunity, among other factors.119 Acinetobacter spp.
have been reported, as well as Staphylococcus spp. and Pseu-
domonas spp.120,121 Pathogen virulence factors play impor-
tant roles in the outcome of  these infections, and more
virulent bacteria may be selected during the recovery of
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tarsorrhaphy) if  eyelid destruction and ocular surface 
exposure are present. In cases where vision is unilater-
ally affected, it is possible to intermittently patch, or treat 
with cycloplegics, the “good” eye, in an attempt to prevent 
amblyopia.169 Involving an ophthalmology consultant is 
prudent when vision-preserving eyelid procedures raise 
concerns for iatrogenic amblyopia.

DESCEMETOCELE, CORNEAL PERFORATION, 
AND OPEN GLOBE

The posterior 50 µm of  corneal stroma is Descemet’s mem-
brane. This posterior layer of  corneal stroma, while thin, 
possesses a high degree of  strength. When stromal destruc-
tion is near full thickness, the aqueous humor of  the ante-
rior chamber may be contained by this structure alone. 
Termed a descemetocele, it is a sign of  an impending corneal 
perforation (Fig. 43.1G). Often an aqueous leak can be 
appreciated if  fluorescein dye is applied over the area; the 
leaking aqueous humor dilutes and carries the dye into the 
tear lake (positive Seidel test). Corneal perforations (Fig. 
43.1H) and lacerations (Figs. 43.2A and B) can be similarly 
recognized if  the aqueous leak is not massive. With a 
massive loss of  aqueous humor, the eye loses intraocular 
pressure, becoming “flat.” Loss of  intraocular pressure, or 
marked intraocular hypotension below 8 mm Hg, can result 
in choroidal detachment and loss of  retinal function. Early 
application of  tissue adhesive to descemetocele or acute per-
foration reduces the rate of  eventual enucleation.170,171

Interventions

Topical lubricants provide protection to an at-risk ocular 
surface. We generally prefer petroleum-based or water-
based ointments. The preservative present (a mild chemical 
toxin) in multidose artificial tear formulations can cause or 
exacerbate corneal injury if  used more frequently than four 
times a day.

Topical antimicrobials are recommended if  clinical find-
ings or confirmatory microbiologic evidence exists of  ocular 

pressure further compounds the risk of  AION infarction. 
Orbital compartment syndromes are occasionally observed 
in the first 24–96 hours after severe burn injury requiring 
large-volume resuscitation.162 The development of  com-
partment syndromes in unburned extremities or abdomen 
should prompt evaluation of  the intraocular pressure; 
urgency is increased if  there is concomitant arterial hypo-
tension. Burns of  the face and periorbita can lead to prodi-
gious swelling and OCS in the absence of  massive fluid 
resuscitation.163 Full-thickness flame burns (charring) of  
the periorbital skin can prevent the normal swelling of  the 
underlying tissues, thus facilitating OCS. Intraocular pres-
sure can be evaluated grossly by direct palpation of  the 
globe, by evaluating the mobility of  the globe against the 
lower lid (the globe is tightly pressed against the conjuncti-
val surface of  the lower lid in OCS), or more exactly with a 
tonopen or Schioetz tonometer. Intraocular pressure is sen-
sitive to extrinsic forces, so it is essential that the technique 
used to open the lids not compress the globe or a falsely 
elevated intraocular pressure reading may result. Measured 
at the cornea, intraocular pressures of  30 mm Hg or higher 
are cause for concern and frequent reevaluation. Avoiding 
excessive fluid/volume expansion and elevation of  the head 
of  the bed can help reduce intraocular pressure. If  the globe 
is hard on palpation, the lower lid tightly apposed to the 
globe, or intraocular pressure remains at 30 mm Hg or 
higher, release of  OCS is indicated to preserve vision and 
prevent AION. The intraocular pressure threshold for 
release should be somewhat lower when patients have 
ongoing arterial hypotension because tissue perfusion is a 
balance between arterial and tissue hydrostatic pressures.

AMBLYOPIA

Amblyopia is concerning in the burn unit primarily when 
prolonged eyelid closure or near-closure is requisite to 
treat ocular surface lesions in prepubertal children. Loss 
of  visual stimuli leads to loss of  capacity to perceive visual 
stimuli.164–169 Amblyopia presents with decreased visual 
acuity in the absence of  structural or refractive lesions. 
In practice, it is better to treat both eyes equally (e.g., 

A B

Fig. 43.2 A, Corneal laceration. B, Scleral laceration. 
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surface infection. For limited burns, erythromycin ointment 
provides antimicrobial coverage and lubrication. In major 
burns or with severe associated facial burns, high colony 
count, not infrequently Gram-negative, colonization often 
occurs of  the eyelids and surrounding skin. In these patients, 
our first-line preference is bacitracin/polymyxin B oint-
ment. We provide empiric coverage of  corneal ulcers and 
significant epithelial defects with quinolone drops (moxi-
floxacin is preferred but more expensive) while culture data 
are pending. Fortified antibiotics (vancomycin, ceftazidime, 
or tobramycin) are used on a case-by-case basis, generally 
when positive culture data are available or pending, and 
clinical progression is observed while on empiric treatment. 
Fungal keratitis occurs infrequently, but, in severe burns, 
when culture data suggest yeast colonization of  facial 
wounds near the eyes, we provide natamycin prophylaxis. 
Voriconazole eyedrops can similarly be compounded to for-
tified antibiotic drops and may be useful in the treatment of  
documented fungal keratitis. Herpetic keratitis in burned 
patients is treated with systemic antivirals; topical antivi-
rals (ganciclovir or trifluridine) can be added to more quickly 
halt the progression of  corneal injury. A direct comparison 
between systemic and topical treatments has not, to our 
knowledge, been performed in burn patients.172 Due to 
altered host immunity discussed earlier, burn patients are 
in jeopardy of  developing disseminated Herpesviridae, and 
topical monotherapy is not generally employed.

BANDAGE CONTACT LENS

Lenses useful as corneal bandages are characterized by low 
diopteric power, soft structure, and high gas permeability, 
and are often labeled “extended-wear” (e.g., Bausch and 
Lomb Night and Day or Acuvue Oasis). These are occa-
sionally useful in facilitating reepithelialization and pro-
tecting corneas damaged by exposure. Once in place, these 
lenses should be evaluated frequently and discontinued or 
replaced when no longer effective. Due to risk of  infection 
and other complications, it is prudent to involve an oph-
thalmology consultant when bandage contact lenses are  
employed.173–177

LATERAL CANTHOTOMY

Lateral canthotomy should be performed in cases of  OCS, 
described earlier. Structure is provided to the lids by the 
canthal tendons, inserting on the upper and lower tarsi 
medially and laterally. The lateral origin is palpable as a 
bony prominence at the lateral orbital rim, called Whitnall’s 
tubercle. Lateral canthotomy is performed by dividing the 
skin and lateral canthal tendon, freeing the lower lid from 
its bony attachment. Lidocaine 1% or 2% with epinephrine 
is infiltrated lateral to the lateral canthus and the skin is 
clamped parallel to the palpebral fissure, then divided with 
scissors anteroposteriorly. The lower lid is grasped and 
pulled away from the globe, placing the lateral canthal 
tendon on stretch, making it easier to locate and divide. The 
canthal tendon is divided with scissors anteriorly to Whit-
nall’s tubercle on the orbital rim.178,179 A successful lateral 
canthotomy leaves the lower lid freely mobile and no longer 
apposed to the globe. Afterward, the intraocular pressure 
should be reevaluated.

EYELID CLOSURE AND RECONSTRUCTION

Because the vast majority of  burn-related eye disease results
from exposure of  the ocular surface, techniques facilitating
eyelid closure are of  central import. Temporary closure can
be accomplished with Steri-Strips and cyanoacrylate skin
adhesive; this closure may last 24–48 hours. Cyanoacrylate
adhesive can also be used to temporarily close the lids by
joining the lashes and eyelid margins of  the lateral parts of
lids;180–186 in practice, this method of  temporary eyelid
closure lasts a few days. A temporary suture tarsorrhaphy
can be constructed either with bedside sedation and local
anesthesia or in the operating room. Tarsorrhaphy increases
the rate of  corneal epithelial wound healing.174,187–189

Several techniques have been described; some permit facile
reopening and reclosure if  frequent eye examination is
deemed necessary.190–206 Chromic gut sutures often do not
require removal and are occasionally used in our prac-
tice.207 A tarsorrhaphy becomes progressively more “per-
manent” as deepithelialized surfaces of  the eyelids are
apposed. Several methods exist to create what we term
“semi-permanent” tarsorrhaphy; these are indicated when
large areas of  full-thickness injury to the eyelids necessitate
multiple reconstructive operations or after the failure of
previous temporary suture tarsorrhaphy.208 Less durable
outcomes are associated with mattress sutures or bolster
techniques than an internal fixation technique by which
the gray line is split in the region of  the planned tarsorrha-
phy and the posterior and anterior laminae of  the upper
and lower lids are sutured to each other.209 It is vitally
important to avoid placing knots in contact with the corneal
surface because these can cause abrasion injuries and
corneal ulcers.

The forces of  scar contraction powerfully influence eyelid
function and, when tarsorrhaphy (including temporary) is
indicated, often eyelid release and tissue interposition will
also be required to preserve sight (Figs. 43.3A and B).113

Essentially the procedure is a reverse blepharoplasty: the
skin and scar of  the lid is incised in the tarsal crease, and
the upper lid mobilized inferiorly. Overcorrection is needed
at the time of  surgery because recurrent contraction in 2–3
weeks is the rule. The resulting defect can be covered with
a split-thickness skin graft and secured with a combination
of  fibrin glue, sutures, or cyanoacrylate adhesive. If  neces-
sary, a secondary procedure is employed for the lower lids,
although full-thickness skin autografts may be substituted
to close the defect after release.210 While release and skin
graft interposition may protect a fresh tarsorrhaphy from
disruption due to scar contraction at the eyelids, these grafts
eventually contract despite all efforts at preservation.211–215

Contraction and recurrence of  cicatricial ectropion neces-
sitate a series of  repeated releases until both ocular surface
and eyelid function stabilize. In cases of  massive burns, when
eyelid release is required and no sufficient donor site for
sheet grafting of  the upper lids can be spared, it is possible,
despite burned skin, to mobilize the midportion of  the brow
and upper lid inferiorly from the medial and lateral brow in
a myocutaneous V-Y inferior advancement flap, akin to this
flap’s utilization in oncological reconstruction.216–218 This
procedure may provide the release needed to allow forma-
tion of  a stable tarsorrhaphy for ocular surface protection
in critically injured patients.
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oculi myocutaneous flap from the lower lid with a laterally 
based pedicle (Fig. 43.5A–C).220,221 The lower lid donor site 
defect of  the latter may be closed with the previously dis-
cussed nasolabial fold island pedicle flap. Occasionally the 
tissue destruction resulting from burn injury is so severe 
that the structural integrity of  the tarsal plate is compro-
mised. This leads to lid dysfunction often recalcitrant to the 
preceding methods of  treatment.222 To address this, tarsal 
compromise must first be recognized. It can be replaced 

Huang et al. suggest use of  local skin flaps, when possi-
ble, to overcome the difficulty of  autograft contraction and 
recurrent cicatricial ectropion. The lower lid may be treated 
with a superomedially based island pedicle flap from the 
nasolabial fold (Figs. 43.4A–C). This flap is quite durable, 
and the donor site heals with little morbidity.219 If  burn scar 
of  the skin surrounding the donor site precludes closure, a 
split-thickness autograft can be used. Flaps available for the 
upper lid include paramedian forehead flap and orbicularis 

A B

Fig. 43.3 A, Upper eyelid release, grafting, and lateral tarsorrhaphy. B, Follow-up. 

A CB

Fig. 43.4 Cicatricial ectropion of the lower lid; reconstruction with nasolabial island pedicle flap. A, Flap dissection. B, Flap inset. C, Follow-up. 
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entire corneal surface, beginning through a transverse inci-
sion of  the conjunctiva in the superior fornix. After the 
superior bulbar conjunctival flap is raised, a perilimbal 
peritomy is performed, the cornea deepithelialized, and the 
flap brought down over the cornea by securing its inferior 
edge between the 4 and 7 o’clock positions of  the periot-
omy.229,230 The superior aspect of  the flap is sutured to 
Tenon’s capsule between the 10 and 2 o’clock positions of  
the peritomy, and the entire superior surface of  the globe is 
left denuded of  conjunctiva, which rapidly reepithelializes. 
This flap is useful if  performed with scrupulous avoidance 
of  “buttonholing,” as holes created in the flap invariably 
expand and allow corneal exposure. The goal of  a Gunder-
sen flap is to provide long-term corneal coverage, prevent 
perforation, and preserve an intact globe for later vision 
restoration.231

using suitable cartilage, often harvested from the conchal 
bowl. Placed in a preseptal location223 during eyelid con-
tracture release and covered with a skin flap, this technique 
can be used in cases of  subtotal eyelid loss so long as intact 
palpebral conjunctiva remains. Replacing lost conjunctival 
tissue is infrequently necessary postburn. This deformity 
can present with entropion and significant ocular surface 
injury and is frequently seen after Stevens–Johnson syn-
drome or TEN. We have successfully employed the tech-
nique of  preseptal cartilage graft with skin resection 
(blepharoplasty) to rotate the lash line and scarred/
keratinized mucocutaneous junction away from the corneal 
surface.224 We have not yet had occasion to resort to con-
junctival replacement procedures, such as buccal or nasal 
mucosal free grafts or nasal septal composite cartilage-
mucosa grafts.225,226

CONJUNCTIVAL (GUNDERSEN) FLAPS

When corneal ulceration and epithelial loss are catastrophic 
and refractory to the previously described therapeutic mea-
sures, it is possible to mobilize the bulbar conjunctiva over 
the cornea (Fig. 43.6). These flaps provide a supply of  vas-
cularized tissue to create scar, deliver systemic antimicro-
bial therapy to the wound, and stabilize an impending 
perforation (e.g., descemetocele). A fornix flap is constructed 
by suture of  the mobile conjunctiva in the inferior and supe-
rior fornices.227 This flap may last 1–2 weeks before retract-
ing and does not require any dissection. If  small strips of  
apposing conjunctiva are excised, a more durable fornix flap 
may be held in place by adhesions similar to those formed 
via semipermanent tarsorrhaphy. Khodadoust described a 
microsurgical conjunctival flap, but its placement is more 
demanding than other options.228 The classic Gundersen 
flap mobilizes the superior bulbar conjunctiva over the 

A CB

Fig. 43.5 Cicatricial ectropion; reconstruction with myocutaneous orbicularis flap and nasolabial flap. A, Flap dissection. B, Flaps inset. C, Follow-up. 

Fig. 43.6 Gundersen (conjunctival) flap. 
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and in a stable, if  scarred, state. Corneal neovascularization 
frequently follows healing of  corneal ulcers. If  present, it 
will increase the risk of  corneal allograft rejection, as does 
the presence of  nonnative immune surveillance (Langer-
hans) cells.237–239 Herpetic keratopathy is a further risk 
factor for rejection.240 Thus a lamellar graft (partial-
thickness corneal allograft) is preferred, because it preserves 
the patient’s native endothelium from graft rejection.241–245 
Lamellar grafts are also more tolerant of  elevated intraocu-
lar pressure, although they can undergo epithelial or 
stromal rejection.246–249 As a salvage procedure, tectonic 
grafts can be used in the setting of  frank perforation or 
descemetocele.250–253 The purpose of  these procedures is to 
maintain a closed globe and intraocular pressure. Amniotic 
membrane multilayer grafts may be useful as a temporizing 
measure and may play an antiinflammatory role in decreas-
ing the rate of  rejection of  allografts placed in an emergent 
setting.254–256 Rarely destruction of  the eyelids, ocular 
surface, and/or ocular surface may lead to the situation in 
which the potential for vision exists, but no native recon-
structive options exist. These cases may benefit from evalu-
ation by centers experienced in the performance of  and 
postoperative care for keratoprosthesis surgery.257–300

Complete references available online at 
www.expertconsult.inkling.com

RECONSTRUCTION OF THE LACRIMAL 
APPARATUS

Rarely burn injury or resulting scarring compromises the 
normal flow of  tears through the lacrimal system. Although 
a Jones tube or lacrimal stent may be useful in other set-
tings, in the burned patient, scarring and markedly abnor-
mal function of  the eyelids combined with discharge due to 
chronic conjunctivitis render these tubes prone to clogging. 
The foreign body may also trigger local infectious complica-
tions.232 Instead we employ a conjunctival mucosal flap to 
create a fistulous tract for tear drainage.233 In cases where 
the punctum and upper lacrimal drainage apparatus are 
destroyed, this flap can be placed within the lacrimal sac, 
termed mucosal conjunctivodacryocystostomy. When the 
upper and lower lacrimal drainage structures are dysfunc-
tional, the mucosal flap can be drained directly into the 
nasal or maxillary sinus cavities, mucosal conjunctivorhi-
nostomy, and mucosal conjunctivoantrostomy, respectively. 
Refractory epiphora has been amenable to these treatments 
in 16 of  17 reported cases.234

CORNEAL TRANSPLANTATION

A stable ocular surface is generally requisite to achieve a 
successful corneal transplant.235,236 Eyelid malposition must 
be corrected and epithelial defects and corneal ulcers closed 
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reaction. In the skin, the tissues at the base of  the zone of  
necrosis become acutely inflamed. Cytokines released by 
inflammatory cells and surviving cells in the tissue have 
effects throughout the body. In addition, in endothelial cells 
injured by hypoxia, the enzyme xanthine dehydrogenase is 
converted to xanthine oxidase, which releases superoxide 
during degradation of  adenosine, which in turn is released 
by necrotic cells.7,8 Superoxide, released into the circulation 
by this metabolic process and by neutrophils, can injure the 
lung by damaging both endothelial and epithelial cells and 
allowing protein-rich fluid to exude into alveoli. In experi-
mental models of  burn injury, as well as in models of  
ischemia–reperfusion injury, the lungs have been shown to 
be injured by these processes.9,10 Ischemia caused by reduced 
perfusion may lead to necrosis of  pancreatic acinar epithe-
lium and acute pancreatitis. Thermal injury to skeletal 
muscle, or lack of  perfusion of  muscle, may lead to local 
exudation of  fluid and development of  such high pressures 
in fascial compartments that arterial perfusion is prevented. 
This “compartment syndrome,” unless relieved by prompt 
surgical intervention, leads to necrosis of  muscle through-
out the entire compartment.11 The consequences of  massive 
necrosis of  muscle often include secondary injury to the 
lungs, owing to release of  reactive oxygen species, and myo-
globinuria with secondary renal damage.12 At the time of  
injury, patients frequently inhale carbon monoxide, which 
compromises the oxygen-carrying capacity of  the blood. 
The resultant tissue hypoxia can cause death at the scene, 
and if  the patient survives, it can be sufficient to lead to 
irreversible neuronal injury, cerebral edema, and brain 
death days later. Hypoxemia, sometimes related to carbon 
monoxide intoxication, also contributes to cardiac and 
renal injury. In addition, when fires occur in closed spaces, 
the “flashover” process consumes all available oxygen so 
that the patient’s environment may contain too little oxygen 
to sustain life. Occasionally, a burn victim is found without 
pulse or respiratory effort, probably as a consequence of  
hypoxia, and is revived by cardiopulmonary resuscitation 
(CPR). In such cases, ischemic and hypoxic injury may be 
profound in multiple organs.

INFECTION

Necrotic skin provides an excellent environment for prolif-
eration of  bacteria and fungi, and as long as necrotic tissue 
remains, the risk of  infection remains high. Immunosup-
pression contributes to this risk, and burn patients develop 
serious infections with agents usually encountered only in 
patients treated with immunosuppressive drugs. The mech-
anisms of  this immunosuppression are still under investiga-
tion but include excessive secretion of  glucocorticoids, 

 Videos available at www.expertconsult.inkling.com

Introduction

A large burn is not a simple injury but a very complicated
disease. This statement, restated from its publication in
1840, holds true with additional force in 2016.1 Massive
destruction of  skin tissue by burns stimulates many complex
reactions that are still only partly understood. Malfunction
of  every organ system complicates the responses of  patients
to large burns. These malfunctions can be clarified by exam-
ination of  the body after death. Postmortem examination
also may reveal unsuspected infections or adverse effects of
therapy. In addition, postmortem examination leads to
review of  the circumstances of  injury and of  the causal
sequence in which complications occurred. Analysis of  an
entire case from the point of  view of  pathogenesis often
clarifies the nature of  the patient’s most significant prob-
lems. The manner of  death is accident in most cases, but
collection of  additional information on the circumstances
of  the initial injury sometimes reveals evidence of  homi-
cide. After presentation of  the major systemic problems that
occur in burn patients, this chapter reviews some of  the
observations made at autopsy organized by organ system.
It also surveys experimental evidence that bears on patho-
genic mechanisms relevant to disease processes seen at
autopsy. The observations reviewed here are drawn from
the experience of  more than 300 autopsies performed on
burned children who died at the Shriners Burns Hospital in
Galveston, Texas, from 1971 to the present.

Systemic Reactions to Burns

HYPOXIA AND ISCHEMIA

Immediately after burn injury, massive loss of  intravascular
fluid into the burned tissue begins to occur.2,3 Unless this
fluid loss is replaced very promptly and carefully, serious
hypovolemia develops.4–6 Hypovolemia and the resulting
reduction of  tissue perfusion to levels less than that neces-
sary for cellular survival, which is defined as ischemia,
causes necrosis of  certain cells. Typically, the cells first
affected by ischemia are those with the greatest oxygen
demand, including neurons in the brain, cardiac myocytes,
intestinal epithelial cells, and proximal tubular epithelial
cells in the kidney. After the death of  selected cell types or
whole segments of  organs (infarcts), responses are gener-
ated that often lead to further injury of  remote organs. Cel-
lular necrosis stimulates an intense acute inflammatory



44 • The Burn Problem: A Pathologist’s Perspective 446

abnormal cytokine signaling, and altered maturation of  
neutrophils and macrophages. When burn wounds become 
infected and large numbers of  bacteria accumulate, those 
with high pathogenic capacity invade the adjacent viable 
tissue, produce further necrosis, and gain access to the cir-
culation. This is the condition of  burn wound sepsis, which 
historically has been the leading cause of  death in burn 
patients. In Linares’ series of  115 autopsies, sepsis was 
present in 73%, as documented by positive blood culture 
and demonstration of  invasive infection of  viable tissue.13 
When pneumonia was found at autopsy in such a case, the 
cause of  death was classified as burn wound sepsis, with 
pneumonia as a contributing cause. In more recent cases, 
pneumonia has been considered the primary cause of  
death. In 80% of  these fatal cases of  sepsis, the burn wound 
was the source of  the infection. The most important patho-
gens were Pseudomonas aeruginosa, Staphylococcus aureus, 
Klebsiella pneumoniae, Escherichia coli, Enterobacter spp., and 
Candida spp. More recently, antibiotic-resistant Acinetobacter 
has emerged as a frequent cause of  fatal sepsis. Burn wound 
sepsis is recognized clinically when a burn wound is the site 
of  proliferating microorganisms exceeding 105/g of  tissue 
and there is histologic evidence of  active invasion of  subja-
cent unburned tissue.14

It is important to assess the presence and extent of  infec-
tion within the burn wound, both by careful clinical exami-
nation of  wounds and by biopsy of  suspicious areas. A high 
index of  suspicion serves burn patients well. All biopsy and 
excision specimens in our institution are sampled and 
studied histologically using special stain, a tissue Gram 
stain for bacteria, and methenamine silver for fungi. In 
large excision specimens, samples are taken from sites of  
especially deep tissue injury and sites that show abnormal 
discoloration of  dermal or subcutaneous tissue. When 
infectious microorganisms are found, it is important to 
determine their location with respect to the boundary 
between living and necrotic tissue. This boundary may be 
irregular but is generally distinct and marked by inflamma-
tion in wounds that are several days old, and it may be 

indistinct in very fresh specimens because karyolysis takes 
some time to develop in burn wounds.

Wound infections generally begin with colonization of  
the skin surface and proliferation of  organisms on the 
surface, often with extension into hair follicles followed by 
growth within the necrotic tissue. Growth within necrotic 
tissue is considered evidence of  tissue infection, however, 
and is potentially more dangerous than growth on the 
surface of  necrotic skin. Even when quantitative cultures 
show more than 105 bacteria per gram of  tissue, when 
careful histologic study shows that the organisms are 
limited to the skin surface or the superficial necrotic tissue, 
the risk of  sepsis appears to be low. Such growth on or in 
necrotic tissue, however, sets the stage for invasion of  viable 
tissue. The finding of  clusters of  bacteria or fungi within 
viable tissue implies a serious risk of  sepsis and further 
tissue invasion. Bacterial invasion of  viable tissue is readily 
apparent by histologic study of  appropriate tissue samples 
(Fig. 44.1). Invasive fungal infection presents a somewhat 
different pattern in that there is often a wavefront of  necro-
sis that accompanies fungal invasion (Fig. 44.2). Thus, the 
presence of  fungal hyphae extending to a boundary between 
necrotic and viable tissue is considered evidence of  fungal 
invasion of  viable tissue. On this basis, infections identified 
within burn wounds are reported as surface colonization; 
invasion of  necrotic tissue, which may be superficial or 
deep; and invasion of  viable tissue. The responsible surgeon 
is called immediately when invasion of  viable tissue is 
found. If  the level of  clinical suspicion is high, cryosection-
ing techniques can be useful. We use a tape transfer device 
to facilitate handling of  these specimens, since cryosections 
of  adipose tissue and necrotic tissue adhere poorly to slides. 
The results are confirmed with routine sections on the fol-
lowing day. Diagnosis of  viral infection of  the skin is 
achieved most efficiently by sampling freshly opened vesicu-
lar lesions or the bases of  recently ruptured vesicles and 
molecular testing by polymerase chain reaction (PCR).

When septicemia occurs, there is a generalized reaction, 
which often includes hypotension, tachycardia, increased 

Fig. 44.1 Micrograph showing a dense cluster of filamentous Gram-
negative rods within necrotic skin in a patient with severe wound infec-
tion from whom Pseudomonas aeruginosa was recovered in culture. 
Tissue Gram stain. 

Fig. 44.2 Micrograph showing fungal hyphae within necrotic tissue 
extending close to the boundary with intact, viable dermal tissue. Peri-
odic acid–Schiff stain. 
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are caused by endogenous flora and many derive from 
wound infections present at the time of  admission, nosoco-
mial infection is a constant hazard.20,21 The problem of  
burn wound sepsis is amenable to therapy. The strategy of  
excision of  the potentially infected burn wound as early as 
possible, together with judicious administration of  effective 
antibiotics, can reduce the number of  deaths caused by 
infection. After the institution of  early excision and grafting 
of  burn patients in our institution, the incidence of  burn 
wound sepsis as a cause of  death declined dramatically, but 
the problem of  sepsis persists. Organisms resistant to all 
available antibiotics are seen in burn patients with increas-
ing frequency, and development of  new antibiotics has not 
kept pace.22 Patients who are referred for therapy more than 
1 week after burn injury often have extensive invasive 
wound infection and sepsis caused by antibiotic-resistant 
organisms. Other microorganisms also can cause life-
threatening infections in burn patients. Fungal infection is a 
continuing problem in patients with large burns.23 Diagno-
sis of  specific fungal infections by histopathology is difficult 
because important morphologic features that allow identi-
fication in culture do not occur in tissues, and fungi may 
display unexpected structural features in injured tissues. 
Pigmented fungal species generally do not show invasive 
behavior, and saprophytic species can mimic Zygomycetes. 
In one recent case of  apparent systemic fungal infection, 
invasive and systemic dissemination of  a pseudofungus of  
the genus Oomycetes was demonstrated.24 Molecular 
methods (reverse transcriptase PCR) were used to identify 
the organism in this case. Zygomycetes have recently been 
recognized as dangerous burn wound pathogens.25 It seems 
likely that the increased availability of  molecular diagnostic 
testing of  infectious agents may lead to recognition of  addi-
tional previously unrecognized causes of  invasive infection 
in burn patients as well as allowing more precise and rapid 
diagnosis of  infection. Viral infections may also complicate 
burns. We have also experienced cases in which acquisition 
or reactivation of  herpes virus infections led to major tissue 
injury. The risks of  infection of  a victim of  a large burn are 
somewhat similar to those of  an immunosuppressed trans-
plant patient. Recent studies have illustrated the usefulness 
of  the study of  autopsy tissue in generating hypotheses to 
be tested in the laboratory.26,27

COAGULOPATHY

The burn wound has procoagulant effects and may induce 
coagulation throughout the circulation (disseminated 
intravascular coagulation [DIC]).28,29 Tissue necrosis can 
lead to coagulopathy. Generation of  thrombin within the 
circulation leads to generation of  fibrin peptides and stimu-
lates acute inflammatory reactions, including increased 
vascular permeability and upregulation of  adhesion mol-
ecules on neutrophils and endothelial cells (Fig. 44.4).30 
Generation of  fibrin degradation products may interfere 
with normal thrombosis, and thrombocytopenia can 
develop.31 Activation of  the kinin system can stimulate 
further abnormal vascular permeability and hypotension.32 
Consumption of  coagulation factors can lead to abnormal 
bleeding, which can cause extensive tissue injury second-
arily. It is important to note that the acute-phase response 
to burn injury includes increased synthesis of  fibrinogen 

hyperthermia or hypothermia, and poor perfusion of  the 
intestines and other viscera.15 Coagulopathy is also an 
important complication of  sepsis.16 In addition, after bacte-
ria have gained entrance to the general circulation, tissue 
infection may develop at distant sites. This is most likely to 
occur in the lungs. One recent case demonstrated clearly 
the route of  dissemination of  fatal burn wound sepsis. The 
patient was admitted in a clinically septic condition 2 weeks 
after sustaining a large burn and died despite aggressive 
therapy. At the time of  autopsy, there were many areas  
of  bacterial proliferation within the burn wound, invasion 
of  viable tissue deep to the burn eschar, and thrombosis of  
blood vessels invaded by bacteria at the margin of  the 
necrotic zone. Bacteria were especially numerous within 
the smooth muscle of  veins in the dermis, suggestive of  
biofilm formation. Septic emboli with fibrous organization 
were seen in pulmonary artery branches in all lobes of  the 
lungs. There were foci of  necrosis throughout the lungs in 
which bacterial proliferation was visible within the walls of  
arteries, and these necrotic areas were surrounded by 
massive pulmonary hemorrhage and edema. Very little 
acute inflammatory reaction was seen around the many 
foci of  bland necrosis in the lungs. A direct hematogenous 
route of  spread of  infection from the skin to the lungs 
seemed clear in this case. This pattern is similar to that of  
ecthyma gangrenosum of  the skin, which is also character-
ized by bland necrosis thought to be caused by ischemia.17,18 
A similar angioinvasive pattern of  pulmonary infection can 
be seen with generalized infection caused by Aspergillus spp. 
or similar filamentous fungi. On the other hand, airway 
obstruction is known to predispose to pneumonia acquired 
through the airways by preventing normal clearance of  
bacteria from the airways and by providing a favorable 
medium for bacterial growth. Multiple foci of  airway 
obstruction are almost always seen at autopsy in burn 
patients.19 In another recent case, although pneumonia 
was not present, there was invasion of  antibiotic-resistant 
Pseudomonas spp. directly into the wall of  a bronchus (Fig. 
44.3). Although many serious infections in burn patients 

Fig. 44.3 Photograph showing a slice of the upper lobe of the lung
taken at autopsy from a patient who showed clinical signs of sepsis
when he developed disseminated infection after multiple wound cul-
tures of open wounds yielded multiple antibiotic-resistant Pseudomo-
nas spp.
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evidence that neutrophils contribute to this process of  burn 
wound extension (Fig. 44.5).37

A fortunately rare complication involving the skin of  
patients with large burns is the development of  squamous 
cell carcinoma during the late phase of  recovery. This so-
called “Marjolin ulcer” shows extensive local invasion but 
generally can be controlled with adequate local excision.38–40

RESPIRATORY SYSTEM

Respiratory failure, defined as the inability to maintain 
adequate oxygen saturation while 100% oxygen is given via 
ventilator, is the immediate cause of  death in some burn 
patients. The causes and mechanisms of  respiratory failure 
are multiple and will be addressed separately, although 
often more than one mechanism operates. Direct thermal 
injury to the trachea and bronchi probably does not occur, 
except in patients exposed to large amounts of  steam. In 
addition to the problems listed below, patients may develop 
problems related to the airways such as pneumothorax or 
interstitial emphysema, aspiration of  gastric contents, pul-
monary embolism, and nonspecific pulmonary edema 
related to increased venous pressure. Lesions of  the lungs, 
which may be multiple, are often found at autopsy in burn 
patients.41

Diffuse alveolar damage, the histopathologic correlate of  
acute respiratory distress syndrome, affects the pulmo-
nary parenchyma in all lobes, although it is often patchy 
in distribution, and begins with exudation of  protein-rich 
fluid into alveolar spaces. This exudate is a consequence 
of  damage to or increased permeability of  both capillary 
endothelial cells and the epithelial type I cells of  the alveo-
lar lining. Within hours, the exudates form hyaline mem-
branes, which are a histologic hallmark of  this disease 
process (Fig. 44.6). Within a few days, the exudate begins 
to undergo organization by spindle-shaped fibroblasts 
within alveolar spaces (Fig. 44.7), and collagenous fibro-
sis develops, which obliterates alveoli and greatly thickens 
the septa between alveoli and extends between capillaries 
and the alveolar surface. Macrophages accumulate within 
alveoli, and alveolar epithelial type II cells multiply. In the 

and factor VIII. During the first 3–10 days after burn injury, 
patients often have greater than normal clotting activity. 
When DIC occurs, coagulation factors, including anti-
thrombin, are depleted.33,34 When DIC occurs in the patient’s 
terminal course, microscopic fibrin thrombi are seen in 
many organs at the time of  autopsy, most commonly in the 
lungs, the skin, the kidneys, and the gastrointestinal (GI) 
tract.13,35

Review of Organ Systems 
Affected by Burns

INTEGUMENTARY SYSTEM

The skin is the site of  initial injury in burn patients, and 
many of  the events that lead to dysfunction or failure of  
other organs begin in the skin. Thermal injury rapidly pro-
duces irreversible injury and cell death in all tissues in the 
skin. In many cases, a burn wound excised within 48 hours 
of  injury shows that the entire dermis and all of  the hair 
follicles are necrotic, but much of  the subcutaneous adipose 
tissue remains viable. It appears that the greater insulating 
capacity of  adipose tissue protects it. In some cases, however, 
necrosis extends deep into the subcutaneous tissue. Fre-
quently a bandlike infiltrate of  degenerating polymorpho-
nuclear neutrophils is seen in histologic sections in the 
midst of  a totally necrotic dermis. This suggests that the 
boundary between necrotic and viable tissue may have 
extended deeper after the initial burn injury and its inflam-
matory response. There is experimental evidence that burn 
wounds often evolve from an initial level of  necrosis to a 
deeper level, even from second to third degree, as a result of  
poor perfusion of  the tissue immediately deep to the initial 
burn injury.36 This process of  vascular stasis deep to the 
burn is undoubtedly due in part to the rapid loss of  intra-
vascular fluid from the damaged capillaries and venules just 
below the necrotic burn wound. In addition, there is 

Fig. 44.4 Micrograph, taken at low magnification, showing a small 
round pale area of necrotic lung tissue in which no nuclei are staining, 
surrounded by a zone of congestion and hemorrhage, with very little 
acute inflammatory reaction. Hematoxylin and eosin stain. 

Fig. 44.5 High-magnification micrograph showing short Gram-nega-
tive rods growing profusely within the wall of a small pulmonary artery 
branch. Brown–Hopps tissue Gram stain. 
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the circulation. This process is greatly enhanced if  the 
patient’s course is complicated by ischemic injury to muscle 
compartments, limbs, or other organs. Lipid peroxidation 
is a recognized consequence of  burn injury. Superoxide 
can also react with nitric oxide, produced in the wound or 
the lung, to form peroxynitrite, a highly toxic substance.46 
Thrombin peptides, released during thrombosis of  blood 
vessels in the wound, can also activate neutrophils and 
stimulate endothelial cells to express adhesion molecules.47 
The kinin system can be activated during thermal injury, 
with its systemic consequences. When patients develop 
sepsis, additional pulmonary damage may be produced by 
release of  proinflammatory cytokines and augmentation 
of  the processes that lead to inflammatory injury of  the 
lung.13,48 Neuropeptides, including substance P and cal-
citonin gene-related peptide (CGRP), may have a role in 
increasing vascular leakage in the airways.49,50 Finally, the 
presence of  oxygen in high concentration can itself  lead 
to injury manifest as diffuse alveolar damage.51–53 Despite 
this plethora of  mechanisms that can lead to pulmonary 
injury in burn patients, many patients with massive burn 
injury do not develop clinically apparent respiratory diffi-
culty. The conditions that seem to be most strongly associ-
ated with this form of  pulmonary injury are delayed fluid 
resuscitation, limb ischemia, and sepsis. A recent publica-
tion noted that although diffuse alveolar damage has been 
found less frequently than infection as a cause of  death at 
autopsy in recent years, the histologic changes of  diffuse 
alveolar damage are frequently identified at the time of   
autopsy.54

Smoke inhalation injury commonly complicates burns 
that occur in burning buildings. The toxic effects of  prod-
ucts of  combustion directly injure tissues in the airways and 
lead to lung injury after a phase characterized by airway 
inflammation and exudation. These patients are recognized 
during bronchoscopy by observing hyperemia of  the tra-
cheobronchial mucosa and small particles of  carbonaceous 
soot within the airways. Associated findings include facial 
burns and singed nasal hairs. These patients usually do not 
require ventilator therapy for several days but are at high 
risk of  developing respiratory failure, which responds poorly 
to ventilator therapy and may prove fatal even when the 
burn injury is small. The mortality rate of  burn injury has 
been found to be greatly increased when inhalation injury 
also is present.55–59 Experimental studies in sheep and dogs 
have partially clarified the mechanisms of  smoke inhalation 
injury.60–63 In animals, the immediate reactions to inhala-
tion of  toxic smoke include detachment of  numerous cili-
ated columnar cells from the tracheobronchial epithelium, 
massive secretion of  mucus by secretory cells, and a more 
than 10-fold increase in tracheobronchial blood flow.64–66 
Within a few hours, an intense acute inflammatory reac-
tion develops in the airways, with exudation of  numerous 
neutrophils and release of  protein-rich fluid that may coag-
ulate within airways, forming occlusive “casts” (Fig. 44.8). 
After 48 hours, the exudate of  neutrophils fills many termi-
nal bronchioles and begins to extend into the lung paren-
chyma (Fig. 44.9). Studies using markers of  upper airway 
mucus, including Alcian blue staining and immunostaining 
for Muc5B, demonstrate the presence of  this material in 
small peripheral airways and alveoli, showing that the 
obstructive material moves from larger to smaller, more 

late stages, there is severe interstitial fibrosis. Multiple 
pathogenetic mechanisms are involved for this process, and 
it is not yet clear which of  these are most significant in 
patients with burn injury.42,43 The burn injury stimulates 
activation of  complement, which could stimulate vascu-
lar leakage in the pulmonary bed. These and many other 
peptides are thought to activate circulating neutrophils, 
which produce secondary injury to the vascular and epi-
thelial membranes in the lung.44,45 Conversion of  xanthine 
dehydrogenase to xanthine oxidase in the burn wound 
can cause release of  superoxide into the venous circula-
tion, stimulating endothelial injury and oxidative stress 
in the lung.7 The neutrophils reacting to the burn wound 
undergo an oxidative burst, with release of  superoxide into 

Fig. 44.6 Section of lung tissue showing bright pink, homogeneous 
hyaline membranes attached to alveolar walls and septa of alveolar 
ducts. This is from a 2-year-old patient who died 8 days after a large 
scald burn. This represents the exudative phase of diffuse alveolar 
damage, which may be seen in the absence of smoke inhalation injury. 
Hematoxylin and eosin stain. 

Fig. 44.7 Micrograph showing numerous elongated cells resembling 
fibroblasts occupying alveolar spaces and secreting connective tissue 
matrix. This abnormality represents the proliferative phase of diffuse 
alveolar damage. This patient died 1 month after a large flame burn 
and had clinical evidence of smoke inhalation injury and acute respira-
tory distress syndrome. Hematoxylin and eosin stain. 
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of  vagal reflexes and activation of  proinflammatory proc-
esses in reaction to injury to the airway mucosa, particu-
larly local production of  interleukin (IL)-8.68–71 Local 
production of  nitric oxide and other reactive nitrogen 
species has significant deleterious effects in this form of  
acute lung injury, according to large animal experi-
ments.72,73 Local activation of  thrombin during the forma-
tion of  fibrin clots and local production of  endothelin-1 
may further enhance the inflammatory reaction in the 
airways.74,75 Experimental studies in sheep have demon-
strated that activation of  poly-adenosyl-ribose polymerase 
(PARP) contributes to lung injury after burn and smoke 
inhalation injury.76 Obstruction of  small bronchi and bron-
chioles is thought to lead to failure of  ventilation of  multiple 
small segments of  lung tissue, and inappropriate vasodila-
tion in these poorly ventilated segments caused by the vas-
cular effects of  nitric oxide may well contribute to the failure 
of  adequate oxygenation.26 Treatment with nebulized 
heparin or tissue plasminogen activator has been found to 
reduce the degree of  airway injury in the ovine model, dem-
onstrating the importance of  fibrin polymerization in this 
model.77,78 Segmental atelectasis and prominent vasodila-
tion in focal areas are features of  smoke inhalation injury 
seen in experimental animals and in patients examined at 
autopsy after burn injury and smoke inhalation injury. 
Obstruction of  bronchi and bronchioles by mucus, fibrin, 
and cell debris contributes to respiratory malfunction in 
experimental animals, and similar obstructive material is 
seen in human lung tissue at autopsy.19,26,62,67,79 A recent 
review of  more than 40 years’ experience at the Shriners 
Burns Hospital in Galveston found that although clinical 
evidence of  smoke inhalation injury was present in only 
14% of  patients admitted for recent burns, such evidence 
was recorded in 66% of  the patients who died. Although 
autopsy cases in which death is attributable to smoke inha-
lation injury without infection have become uncommon, 
histologic evidence of  diffuse alveolar damage is still com-
monly seen in lung tissue sampled at autopsy.54

peripheral airways.26 This inflammatory reaction resolves 
in the experimental animal, and the epithelium slowly 
regenerates. However, autopsy evidence suggests that exu-
dation of  neutrophils and protein into the airways resolves 
poorly in humans and may persist for weeks (Fig. 44.10). 
The loss of  airway epithelium, which may be extensive, does 
not regenerate for long periods. Perhaps because of  failure 
of  the mucociliary escalator, mucus can be seen to accumu-
late around terminal bronchioles focally.19 Failure of  muco-
ciliary clearance would be expected to increase the risk of  
pneumonia in burn patients. Multiple mechanisms may be 
responsible for the respiratory disease evoked by inhalation 
of  toxic smoke.67 Factors that may be likely to lead to selec-
tive damage to the airways include local release of  neuro-
peptides by afferent C-fibers in the airways and activation 

Fig. 44.8 Micrograph of a sheep trachea sampled 3 hours after experi-
mental smoke inhalation injury by insufflation of cooled cotton smoke 
under anesthesia. Numerous polymorphonuclear neutrophils appear 
to be flowing into the tracheal lumen from a gap in the epithelial lining. 
Hematoxylin and eosin stain. 

Fig. 44.9 Micrograph showing polymorphonuclear neutrophils filling 
the lumen of a small bronchiole in a sheep 48 hours after experimental 
smoke inhalation injury. Hematoxylin and eosin stain. 

Fig. 44.10 Micrograph showing a bronchiole in human lung tissue 
obtained at autopsy 7 days after a large flame burn. The lumen is 
almost completely obstructed by a mixture of fibrin, mucus, and neu-
trophils. Hematoxylin and eosin stain. 



44 • The Burn Problem: A Pathologist’s Perspective 451

sometimes the only evidence of  myocardial injury. These 
lesions may represent poor perfusion of  a tissue with high 
metabolic demands during terminal episodes of  hypoten-
sion. In some cases, they may represent the effects of  endog-
enous or exogenous adrenergic agents.81,82 This mode of  
injury is potentially preventable in burn patients.

URINARY SYSTEM

Patients with extensive burn injury, if  resuscitated ade-
quately during the first few hours, may have normal renal 
function throughout their hospital courses. However, when 
the initial fluid resuscitation was not optimal or when 
patients develop episodes of  sepsis, acute renal failure may 
develop. In such cases the autopsy may reveal acute tubular 
necrosis.41,83 Clinical renal failure was an independent 
factor associated with increased mortality rate in the analy-
sis of  prognostic factors in patients with greater than 80% 
total body surface burns in our institution.84 Patients with 
renal failure seem to be at especially high risk for the infec-
tious complications of  burn injury.

DIGESTIVE SYSTEM AND 
HEPATOBILIARY TRACT

The association of  duodenal ulcers with burn injury, 
described by Curling, is a classic lesion that still occurs in 
patients with burn injury, although its incidence is low, 
probably as a result of  routine treatment of  burn patients 
with inhibitors of  gastric acid secretion.85 Local mucosal 
necrosis and hemorrhage or erosion, an early manifestation 
of  this process, are seen in some cases.

The intestinal tract is especially susceptible to ischemic 
and hypoxic injury, and lesions related to poor perfusion are 
often found at the time of  autopsy. Decreased blood flow in 
the splanchnic circulation is a well-established physiologic 
consequence of  endotoxemia.14,86 Thus, sepsis is associated 
with an increased risk of  intestinal injury. Hypoxic or ische-
mic injury of  the intestinal epithelium can lead to translo-
cation of  intestinal flora into the mesenteric lymphatic 
circulation and into the portal venous circulation.87,88 
Alterations in the bacterial ecology of  the gut can favor the 
escape of  bacteria from the intestine.89 Thus, hypotension 
and hypoxia can also be causes of  sepsis. In our autopsy 
experience, abscesses or foci of  tissue infection in the intes-
tinal tract were uncommon. The intestinal lesion most com-
monly seen at autopsy is transverse streaks of  hemorrhage 
in the small intestine in a “ladder” pattern, associated with 
focal necrosis of  folds of  mucosa. This is called superficial 
hemorrhagic necrosis (Fig. 44.13).90 Perforation of  the 
intestinal tract is an uncommon occurrence in patients 
with burn injury. Occasional patients develop pseudomem-
branous colitis or “typhlitis,” typically a consequence of  
infection by toxin-producing Clostridium difficile (Fig. 
44.14). This complication can be minimized by screening 
for the toxin in the stool. Rarely, ischemic injury in the 
intestinal tract is sufficient to yield zones of  transmural 
necrosis.

The liver is enlarged in most autopsies of  children who 
succumb to burn injury, often to double or triple its normal 
weight. Such massive hepatomegaly can compromise ven-
tilation.91 Steatosis is often found at autopsy (Fig. 44.15). 

CARDIOVASCULAR SYSTEM

Despite the tachycardia and increased output common to 
patients with burn injury, structural lesions of  the heart 
have been uncommon in our autopsy series, which repre-
sents a pediatric population. However, cardiac hypertrophy 
is a consistent finding.80 Cardiac dilation and clinical evi-
dence of  poor myocardial contractility develop in some 
patients after burn injury. Bacterial endocarditis occurs in 
occasional patients with sepsis complicating burn injury. 
Nonbacterial thrombotic endocarditis (marantic endocar-
ditis) has also been seen and may also give rise to embolic 
complications (Fig. 44.11). When the endocardial region of  
the left ventricle is examined at autopsy, small foci of  necro-
sis associated with local hemorrhage are often observed 
(Fig. 44.12). Contraction band necrosis in these foci is 

Fig. 44.11 Micrograph of a hematoxylin and eosin-stained cardiac 
valve showing a deposit of fibrin on the tricuspid valve of a patient who 
died of sepsis and had nonbacterial thrombotic (marantic) endocarditis 
diagnosed at autopsy. Gram stains did not reveal any bacteria. 

Fig. 44.12 High-magnification micrograph of heart tissue showing the
presence of multiple contraction bands in cardiac myocytes, seen as
refractile dark red bands running across muscle fibers. This is an early
irreversible change that is seen early after ischemic injury causes lethal
cell injury, especially when the tissue is reperfused with blood. It can
also be seen in the setting of β-adrenergic toxicity. Hematoxylin and
eosin stain.
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Acute pancreatitis is found at autopsy in a sizable minor-
ity of  cases of  fatal burns. Often necrosis and hemorrhage 
appear out of  proportion to the extent of  acute inflamma-
tion. The pancreas is particularly vulnerable to the reduced 
splanchnic blood flow that accompanies sepsis (Fig. 44.16). 
Increased clinical suspicion of  pancreatitis has led to assess-
ment of  circulating amylase and lipase. On this basis, clini-
cal pancreatitis is not rare in our patient population but is 
often transient.

LYMPHOID SYSTEM

Depletion of  lymphocytes from lymphoid tissues through-
out the body is a consistent feature seen at autopsy in 
patients with burn injuries. The abnormalities were well 
described by Linares in 1978.95 The thymus is consistently 

The degree of  steatosis is often mild, however, even in the 
presence of  massive hepatomegaly. Analysis of  the lipid 
content of  liver obtained at autopsy documented the pres-
ence of  excess lipid but showed that its quantity was far too 
small to account for the increase in weight of  the liver.92 
Congestion of  the liver is also frequently seen at autopsy, 
often with centrilobular necrosis, which may be a conse-
quence of  reduced splanchnic blood flow in patients with 
sepsis and elevated venous pressure. Intracellular cholesta-
sis is commonly observed in patients with burn injury. The 
basis for this abnormality is not clear, although multiple 
physiologic derangements could be expected to lead to 
cholestasis.93,94

Fig. 44.13 Low-power micrograph showing a transverse mucosal fold 
in the jejunum of a patient who was septic and hypotensive for several 
days before death. Whereas the mucosal fold at the top is necrotic and 
shows no nuclear staining, the remainder of the intestinal mucosa and 
wall are intact but show submucosal hemorrhage. Hematoxylin and 
eosin stain. 

Fig. 44.14 Photograph showing dark green to black discoloration of 
patches elevated above the surrounding mucosa in the cecum of a 
patient who had intestinal distension and occult blood in the stools. 
This is a typical appearance of pseudomembranous colitis. Hematoxy-
lin and eosin stain. 

Fig. 44.15 Micrograph showing liver tissue in which almost every cell 
contains one or several large pale vacuoles that are the sites where lipid 
was stored within hepatocytes. Steatosis or fatty metamorphosis is 
consistently seen in the liver at autopsy but may not account for the 
increase in size and mass of the liver. This patient was 6 years old and 
lived for 1 month after injury. His liver was 2.2 times the normal weight. 
Hematoxylin and eosin stain. 

Fig. 44.16 A cross-section of the pancreas obtained at autopsy. The 
patient died after a long course of sepsis. The bright yellow flecks 
represent fat necrosis with saponification of fatty acids liberated by 
pancreatic lipases, and patchy hemorrhage is visible within and around 
the gland. 
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likely to disseminate. Atrophy of  skeletal muscle occurs as 
part of  the catabolic state of  burn patients and represents 
a challenge for those involved in rehabilitative efforts.

CENTRAL NERVOUS SYSTEM

When the brain and spinal cord are examined carefully at 
autopsy, abnormalities can be found in the great majority 
of  patients who die after burn injury. The commonest lesion 
is degeneration or loss of  neurons in the portions of  the 
cortex most susceptible to hypoxic and ischemic injury. 
These lesions can be a result of  hypovolemia during resus-
citation, shock developing as part of  the syndrome of  sepsis, 
or as a consequence of  respiratory failure. Of  course, exten-
sive hypoxic brain injury may occur in patients who are 
asphyxiated during the initial burn injury. Some patients, 
especially those who require CPR at the scene of  injury, 
develop massive cerebral edema and brain death several 
days after the initial injury, reflecting development of  
massive cerebral edema in response to extensive hypoxic–
ischemic injury in the brain. Severe hypoxic brain injury 
also can occur in burn patients who are deprived of  oxygen 
during the progress of  a house fire or who are poisoned by 
carbon monoxide at the scene of  the burn. Direct thermal 
injury to the brain occurs occasionally in young children; 
can be detected by radiologic imaging studies; and is repre-
sented at autopsy by small foci of  tissue necrosis on the 
cortical surface, surrounded by hyperemia.

The Burn Autopsy

As long as patients develop complications of  burn injury 
that are difficult to manage, especially when the pathogen-
esis of  these complications remains uncertain, careful post-
mortem examination of  patients who do not survive will 
continue to contribute to patient care. The major medical 

very small, even in young children. The lymph nodes often 
lack germinal centers and may be strikingly depleted of  
lymphocytes. Sinus histiocytosis is often present, and pyro-
ninophilic cells resembling plasma cells are often prominent 
in the portions of  the node normally occupied by B cells. 
The splenic white pulp is deficient, sometimes strikingly so. 
The GI lymphoid tissue of  the terminal ileum is generally 
atrophic, despite its normal prominence in children, and the 
appendix often shows a striking lack of  normal lymphoid 
tissue in its wall (Fig. 44.17). These abnormalities of  lym-
phoid tissue correlate with the deficient immune response 
typical of  patients with extensive burn injury. To some 
extent, they may represent the effects of  high levels of  
endogenous glucocorticoids in burn patients.

ENDOCRINE SYSTEM

Excessive secretion of  glucocorticoids and of  epinephrine by 
the adrenal gland is characteristic of  the prolonged hyper-
metabolic response to burns. Morphologic evidence of  lipid 
depletion of  the adrenal cortex has not been seen in our 
experience. In one interesting case, reactivation of  neonatal 
infection with herpes simplex virus type II occurred in a 
young child with a large burn, leading to extensive skin 
injury and graft loss. Focal necrotic lesions were found in 
the adrenal cortex that were labeled by an immunostain for 
herpes simplex, indicating that dissemination of  the infec-
tion had occurred (Fig. 44.18).

MUSCULOSKELETAL SYSTEM

Lesions of  skeletal muscle are uncommon in burn patients 
but are ominous when they occur. Occasionally, direct 
thermal or electrical injury extends into deep muscle, and 
at times, this injury can be so severe that adequate debride-
ment is not practical. When invasive bacterial or fungal 
infection extends into muscle, again, it may not be feasible 
to treat adequately by excision of  the infected tissue, and 
the infection may be resistant to antibiotic therapy and 

Fig. 44.17 Low-magnification micrograph showing a cross-section of 
the appendix. There is striking depletion of the amount of blue-stain-
ing lymphoid tissue that normally makes up the bulk of the surface of 
a section of the appendix. Hematoxylin and eosin stain. 

Fig. 44.18 Micrograph that is an immunohistochemical stain for 
herpes simplex virus type II of the adrenal cortex of a child who had 
extensive skin infection and injury caused by reactivation of a neonatal 
herpes infection. The dark brown material is reaction product that was 
not seen when the antibody was omitted. Multiple small necrotic 
lesions were seen in the liver and adrenal glands. 
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the patient’s course. Of  course, the circumstances of  burn 
injury may have legal implications.97 Documentation of  the 
patient’s injuries and careful interpretation of  the hospital 
course can provide factual evidence when only supposition 
would be available otherwise. Several recent publications 
have confirmed the continuing usefulness of  autopsies, 
especially in the setting of  burn trauma.98–102 We advocate 
a policy of  carrying out complete autopsies on all patients 
who die after burn injury whenever possible in collabora-
tion with the local medical examiner or coroner.
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skin the majority of  collagen is type I (80%) with smaller 
amounts of  type III (10–15%) and type V (minimal), result-
ing in thick, regular collagen fibril bundles running parallel 
to the skin surface.6 In contrast, HTS is composed of  greatly 
increased amounts of  type III (33%)7 and type V (10%)8 
collagen, which drastically alters collagen fibrils, making 
them thinner6 and disorganized.9 In normal wound healing, 
type III collagen appears early then gradually disappears as 
the scar is remodeled and matures,10 but this does not occur 
in HTS, where persistently high levels reflect biological 
immaturity.11

Classic histologic descriptions of  HTS highlight “whorls” 
and “nodules” of  poorly organized collagen encapsulated in 
more normal-appearing collagen fibrils,6 as seen in Fig. 
45.6. However not only are collagen fibril composition and 
morphology altered in HTS, but interfibrillar spacing is also 
irregular and greatly increased.12 This space is filled with 
proteoglycans and glycoproteins whose composition is 
markedly different from normal skin and mature scar.

PROTEOGLYCANS AND GLYCOPROTEINS

Proteoglycans are responsible for physical properties of  skin 
such as turgor, resilience, and resistance to compression, 
resulting from their interaction with collagen. Proteogly-
cans also modulate the activities of  multiple growth factors 
and cytokines. Glycoproteins, such as fibronectin, are gen-
erally involved in cell–matrix adhesion and influence cell 
behavior via this mechanism. Together proteoglycans and 
glycoproteins are major constituents of  skin, both physi-
cally and functionally.

Proteoglycans are formed by a protein core, often with 
repeating units such as leucine in decorin, and glycosami-
noglycan side chains.13 These side chains are ionized and 
hydrophilic and thus mainly responsible for tissue water 
retention.14 Early studies of  HTS demonstrated elevated 
glycosaminoglycan levels,15 which are responsible for the 
hyperhydrated state of  HTS that leads to its classically 
increased turgor. These levels of  glycosaminoglycan are 
not uniformly elevated. Instead certain proteoglycans are 
downregulated and others upregulated, with unique impli-
cations for HTS.

Decorin is a prototypical small, leucine-rich proteoglycan 
(SLRP) produced in abundance in normal skin and mature 
scar but reduced by 75% in HTS.3 Originally named for 
“decorating” collagen fibrils, decorin affects wound healing 
via several distinct and complementary pathways. Decorin 
binds to collagen fibrils, controlling their diameter, mor-
phology,16 and interfibrillar distance.17 In decorin knock-
out mice collagen fibrils are irregular in morphology and 
have highly variable diameters.18 Decorin binds to and 

Introduction

Clinically postburn hypertrophic scars (HTS) are elevated,
erythematous, pruritic, and inelastic.1 In addition to poor
cosmesis, these scars typically form contractures resulting
in dysfunction and discomfort, leading to significant mor-
bidity for burn patients (Fig. 45.1). HTS is fundamentally
different from normal skin and mature scar in several key
ways: (1) the extracellular matrix (ECM) of  HTS is signifi-
cantly altered in both composition and architecture, (2) the
behavior of  keratinocytes and fibroblasts present in HTS is
profibrotic compared to mature scar, and (3) many profi-
brotic cytokines are upregulated and their expression pro-
longed. Generally, HTS undergoes some remodeling and
maturation over time, and this may account for the vari-
ability in descriptions of  HTS. Many features of  HTS are
shared by other fibroproliferative disorders, including renal
fibrosis, pulmonary fibrosis, and scleroderma.2 Thus under-
standing the pathophysiology of  HTS applies to other areas
of  medicine, and developments in treating various fibropro-
liferative diseases can directly affect scar management.
Since an exhaustive discussion of  every nuance of  abnor-
mal wound healing is impossible, we focus on aspects of
HTS formation highlighting well understood pathways or
novel developments. It is our hope that a deeper under-
standing of  abnormal wound healing pathophysiology and
fibrosis will lead to nonsurgical treatments that improve life
not only for burn patients, but for the many patients suffer-
ing fibrotic diseases.

Extracellular Matrix

ECM in healing wounds is laid down by fibroblasts and sub-
sequently remodeled as the scar matures. The ECM in HTS
displays significant differences from mature scar and normal
skin, most notably in the arrangement and composition of
collagen bundles and in the relative proportions of  several
proteoglycans.3 Owing to the interaction of  fibroblasts and
ECM, these differences not only result from abnormal fibro-
blast behavior but also contribute to it.4

COLLAGEN

Collagen is the major constituent of  ECM, providing a scaf-
fold for cells and mechanical strength to tissues. In HTS the
quantity of  collagen per unit surface area is increased;5

however the relative proportion of  collagen in HTS is
decreased compared to normal skin, owing to much greater
increases in proteoglycans and glycoproteins.3 In normal
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inactivates the profibrotic cytokines transforming growth 
factor-β (TGF-β)19 and platelet-derived growth factor 
(PDGF).20 The effects of  this inactivation are most readily 
visible in fibroblast-populated collagen lattices where 
decorin significantly reduces contraction by normal and 
HTS fibroblasts.21,22 Decorin also binds to and antagonisti-
cally downregulates several cell surface receptor tyrosine 
kinases: epidermal growth factor receptor (EGFR),23 hepa-
tocyte growth factor receptor (HGFR),24 and insulin-like 
growth factor 1 receptor (IGF1R),25 which reduces cellular 
proliferation and migration. Decorin production increases 
significantly as scars mature.26 In a mouse model of  diabe-
tes, renal fibrosis and nephropathy developed significantly 
faster in decorin knockout than in wild-type mice.27 Simi-
larly upregulating decorin production via an adenoviral 

vector in mouse models of  bleomycin-induced pulmonary 
fibrosis reduced fibrosis.28

In contrast to decorin downregulation, two other pro-
teoglycans, biglycan and versican, are significantly upregu-
lated in HTS. Biglycan is 57% similar to decorin in amino 
acid sequence but with two dermatan sulfate chains and 
is believed to have originated as a gene duplication of  
decorin.29 Despite these similarities, biglycan and decorin 
have significantly different functions in vivo. Biglycan is 
minimally present in normal skin but significantly up-
regulated in fibrosis, yet it does not compensate for the lack 
of  decorin.29,30 Versican is also significantly upregulated in 
HTS, up to six times higher than in normal skin,3 where 
it is normally confined to the proliferating epidermis.31 
As a large proteoglycan with 12–30 glycosaminoglycans 
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Fig. 45.1 Hypertrophic scarring in a 34-year-old white man, 8 months following a 60% total body surface area burn involving the face, upper extremi-
ties, and hands. (From Scott PG, Ghahary A, Chambers MM, Tredget EE. Biological basis of hypertrophic scarring. In: Malhotra SK, ed., Advances in Structural 
Biology, vol. 3. Greenwich, CT: JAI Press, 1994: 157–202.)
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with the tendency of  HTS to form following deep partial- to 
full-thickness burns suggests two possible theories of  HTS 
formation: (1) selective proliferation of  deep dermal fibro-
blasts after fibrogenic cytokine stimulation, or (2) destruc-
tion of  superficial dermal fibroblasts by thermal injury, 
leaving only deep dermal fibroblasts to repopulate the 
wound.38 Both theories are consistent with an experimental 
model in which human skin was grafted onto the backs of  
nude mice and subsequently injured. In this model, deep 
dermal fibroblasts closed wounds and superficial dermal 
fibroblasts then remodeled them.39 It is possible that in deep 
burns superficial fibroblasts are not present to initiate this 
remodeling process, leaving the healing wound in a hyper-
active state (Fig. 45.2).

ROLE OF MYOFIBROBLASTS IN NORMAL AND 
PATHOLOGICAL SITUATIONS

Myofibroblasts are cells that have acquired a phenotype 
intermediate between fibroblasts and smooth muscle cells. 
Presently it is accepted that myofibroblast modulation of  
fibroblastic cells begins with the appearance of  precursor 
proto-myofibroblasts whose stress fibers contain only β- and 
γ-cytoplasmic actins. These proto-myofibroblasts acquire 
de novo contractile bundles whose stress fibers generate  
sufficient forces to pull cells forward to populate tissue 
spaces in a migration process and to pre-remodel the ECM. 
Proto-myofibroblasts evolve, but not necessarily always, 
into the differentiated myofibroblast.40 Fully differentiated 
myofibroblasts express α-smooth muscle actin (α-SMA), the 
actin isoform present in typical contractile vascular smooth 
muscle cells (Fig. 45.3). The presence of  α-SMA is directly 
related to the contractile activity of  myofibroblasts. A direct 
correlation has been demonstrated both in vitro and in vivo 
between the level of  α-SMA expression and myofibroblast 
contraction.41,42 Myofibroblasts also exhibit some simi-
larities with pericytes.43 In physiological conditions, after 
healing, myofibroblasts undergo apoptosis,44 and only a few 
fibroblasts are left to ensure renewal of  the ECM.

Among the soluble factors, TGF-β1 is a potent inducer of  
myofibroblast differentiation.45,46 TGF-β1 action on myofi-
broblast differentiation is only possible in the presence of  
ED-A fibronectin, which underlines the fact that ECM com-
ponents play an important role in soluble factor activity.47 
Granulocyte–macrophage colony-stimulating factor stimu-
lates macrophage proliferation and myofibroblast differen-
tiation, thereby promoting granulation tissue formation.48,49 
Endothelin has also a positive effect on differentiation and 
activation of  myofibroblasts. This peptide also induces myo-
fibroblast contraction and migration.50 More recently it has 
been shown that granulation tissue formation is modified 
by chemical denervation.51 This peripheral nervous system 
involvement in tissue repair has likewise been shown in the 
liver; in this organ, in an experimental model of  fibrosis 

chains, versican is most likely responsible for the increased 
hydration and turgor leading to the increased volume  
of  HTS.5

The most common glycoprotein in ECM is fibronectin, 
which has effects on cell–matrix interaction via its interac-
tion with integrins. Although the role of  fibronectin in HTS 
is unclear, its upregulation in HTS,32 influence on the 
assembly of  other ECM proteins, and interaction with cel-
lular integrins33 suggest that it, too, plays a role in fibroblast 
behavior and HTS formation.

Cellular Contributions to 
Hypertrophic Scar

HYPERTROPHIC SCAR FIBROBLASTS

Fibroblasts are the cells primarily responsible for ECM pro-
duction and remodeling in wound healing. Numerous 
studies have demonstrated that dermal fibroblasts can be 
divided into distinct subpopulations—superficial (papillary) 
and deep (reticular)—based on both physical location and 
phenotype.34–36 When characteristics of  superficial dermal, 
deep dermal, and HTS fibroblasts are compared, as in Table 
45.1, it becomes clear that HTS fibroblasts most closely 
resemble deep dermal fibroblasts.36 These in vitro results 
correlate directly with a clinically relevant dermal scratch 
model developed by Dunkin and colleagues.37 In this model 
a linear skin wound is created with depth that increases 
along its length from no injury to full-thickness penetra-
tion. This results in regeneration in the superficial portion 
(depth ≤0.56 mm) with minimal scar; whereas HTS forma-
tion occurs in the deeper portion of  the wound.37 
Combining these basic science and clinical observations 

Table 45.1 Superficial and Deep Dermal Fibroblasts 
Compared to Hypertrophic Scar Fibroblasts

Superficial 
Dermal 
Fibroblasts

Deep 
Dermal 
Fibroblasts

Hypertrophic 
Scar 
Fibroblasts

Collagen production ↓ ↑ ↑

Collagenase 
production

↑ ↓ ↓

Decorin production ↑ ↓ ↓

TGF-β production ↓ ↑ ↑

CTGF production ↓ ↑ ↑

Keratinocyte 
proliferation

↑ ↓ ↓

Capillary formation ↑ ↓ ↓

ScarringRegenerationCritical depthSuperficial
fibroblasts

Deep
fibroblasts

Fig. 45.2 Injury below a critical depth in skin leads to scarring. (From Kwan P, Hori K, Ding J, Tredget EE. Scar and contracture: biological principles. Hand
Clin. 2009;25[4]: 11–528.)
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increases, a sudden change in cell morphology occurs and 
stress fibers appear.54,55 Shear forces exerted by fluid flow are 
also able to induce TGF-β1 production and differentiation 
of  fibroblasts cultured in collagen gels in the absence of  
other external stimuli, such as cytokine treatment.56 Inter-
cellular mechanical coupling of  stress fibers via adherens 
junctions improves contraction of  collagen gels by myofi-
broblasts.57 By assessing spontaneous intracellular Ca2+ 
oscillations, Follonier et al. have shown that intracellular 
Ca2+ oscillations are coordinated between contacting myo-
fibroblasts via adherens junctions, but randomly between 
fibroblasts and noncontacting cells.58 They propose the fol-
lowing model of  mechanical coupling for myofibroblasts: 
individual cell contraction is transmitted via adherens junc-
tions and leads to opening of  mechanosensitive ion chan-
nels in adjacent cells. The resulting Ca2+ influx induces a 
contraction that can feed back on the first cell and/or stimu-
late other contacting cells, working like a syncytium. This 
mechanism could improve the remodeling of  cell-dense 
tissue by coordinating the activity of  myofibroblasts.59

PATHOLOGICAL REPAIR (HYPERTROPHIC SCARS 
AND KELOIDS)

Pathological wound healing can result from impaired 
remodeling of  the granulation tissue leading to abnor-
mal cutaneous repair in hypertrophic or keloid scars  
(Fig. 45.5). Keloid and HTS differ in their expression of  α-
SMA; indeed, in keloids, no α-SMA is observed, although 
proto-myofibroblasts could account for large amounts of  
extracellular matrix but are unable to contract, whereas 
numerous myofibroblasts express this protein in HTS, thus 
explaining the fact that contracture often appears specifi-
cally in HTS.38,60 Thus the use of  α-SMA to differentiate 
HTS and keloids has been proposed.61 The presence of  con-
tractile myofibroblasts in HTS is responsible for the forma-
tion of  contractures that interfere with function and may 
require extensive reconstructive surgery (Fig. 45.6). More-
over, keloids contain thick collagen fibers, whereas HTS 
contain thin fibers organized in nodules.60,62 It emphasizes 
that the different processes involved in collagen matura-
tion together with the effects of  the matrix metalloprotein-
ase (MMP)/tissue inhibitor of  MMP (TIMP) system play an 
important role in excessive scar formation. The expression 
of  lysyl hydroxylase-2b (LH-2b), a splice variant of  LH-2, 
an enzyme involved in the cross-linking of  the collagen 
fibrils, has been linked to fibrotic development occurring 
in pathologic situations.63 Animal models mimicking this 
specific expression of  LH-2b are available and could be used 
to test new antiscarring therapies based on the inhibition 
of  LH-2b.64 In these lesions, the normal healing process 
cannot be achieved and granulation tissue continues to 
grow owing to an abnormal and excessive secretion of  
growth factors and/or lack of  molecules inducing apopto-
sis or ECM remodeling. Interestingly HTS have an excess of  
microvessels, most of  which are partially or totally occluded 
due to a functional regression of  endothelial cells induced 
by (myo)fibroblast hyperactivity.65 In excessive scarring, 
a focal upregulation of  p53 expression, which probably 
inhibits apoptosis, has been observed. ECM modifications 
also seem to be an important factor in induction of  the 
apoptotic process. In vivo, covering granulation tissue by 

using carbon tetrachloride treatment, chemical denerva-
tion significantly reduces matrix deposition and myofibro-
blast differentiation.52

ROLE OF MECHANICAL STRESS AND 
MYOFIBROBLASTS

Myofibroblast cells, because of  their contractile properties 
and privileged relationships with ECM, can modify their 
activity depending on the mechanical environment. It has 
been shown, in gingival fibroblasts, that α-SMA expression 
induced by TGF-β1 is regulated by the compliance of  col-
lagen gels on or in which they are cultured.53 The direct 
effects of  mechanical stress on fibroblasts can be easily 
shown in culture using stressed fibroblast-populated colla-
gen lattices (Fig. 45.4). Moreover, myofibroblast differentia-
tion features, such as stress fibers, ED-A fibronectin, or 
α-SMA expression, appear earlier in granulation tissue sub-
jected to increased mechanical tension by splinting of  the 
full-thickness wound with a plastic frame than in normally 
healing wounds.42 It has also been shown that fibroblasts 
cultured on substrates of  variable stiffness present different 
phenotypes. Cultured fibroblasts do not express stress fibers 
on soft surfaces, but, when the stiffness of  the substrate 

Protomyofibroblast
Stress fibers expressing

β- and γ-cytoplasmic actins

Proliferation and migration

Myofibroblast
Stress fibers expressing
α-smooth muscle actin

Contraction and ECM
deposition

Fibroblast

Deactivation

Apoptosis
ECM MMPs and

TIMPs/remodeling

Soluble factors
and ECM

components

Mechanical
stress

?

Fig. 45.3 Schematic illustration showing the evolution of the (myo)
fibroblast phenotype. The myofibroblast modulation of fibroblastic 
cells begins with the appearance of the proto-myofibroblast, whose 
stress fibers contain only β- and γ-cytoplasmic actins and evolves, but 
not necessarily always, into the appearance of the differentiated myo-
fibroblast, the most common variant of this cell, with stress fibers con-
taining α-smooth muscle actin. Myofibroblasts present a well-developed 
rough endoplasmic reticulum and are responsible for (excessive) depo-
sition of extracellular matrix (ECM); they also secrete matrix metallo-
proteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) 
and are involved in granulation tissue remodeling. Soluble factors, 
particularly transforming growth factor-β1, associated with ECM com-
ponents (e.g., fibronectin ED-A), play important roles during myofibro-
blast differentiation. Mechanical stress is also importantly involved in 
myofibroblast differentiation. The myofibroblast can undergo apopto-
sis; the deactivation leading to a quiescent phenotype has not been 
clearly demonstrated at least in vivo. (From Desmoulière A.)
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Fig. 45.4 Myofibroblast evolution in collagen gels. When myofibroblasts previously cultured in plastic dishes are incorporated in a floating collagen 
gel, a high proportion rapidly undergo apoptosis (arrows). In contrast, when incorporated in an attached collagen gel, they show a typical elongated 
morphology, express high amounts of α-smooth muscle actin, and proliferate. (From Coulomb B, Inserm U970, Université Paris Descartes, France and 
Desmoulière A, unpublished data.)
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stages of  fibrosis.71 The epithelium could also be involved 
in the development of  excessive scarring.72 Hakvoort et al. 
have shown that, in HTS, keratinocytes expressed an acti-
vated CD36+ phenotype.73 They suggest that HTS formation 
is not only due to dermal dysfunction, but is also the result 
of  a perturbation affecting dermal–epidermal interactions 
involving neurohormonal factors. Indeed, a “neurogenic 
inflammation hypothesis” has been suggested.74 Mechani-
cal stress stimulates mechanosensitive nociceptors in skin 
sensory fibers, which release neuropeptides involved in 
vessel modifications and fibroblast activation.

ORIGIN OF (MYO)FIBROBLASTS

It is now accepted that myofibroblasts can originate from 
various cell types, as illustrated in Fig. 45.7. The majority 
of  these cells originate from local recruitment of  connective 
tissue fibroblasts. For example, in skin, dermal fibroblasts 
located in the edges of  the wound can acquire a myofibro-
blast phenotype and participate in tissue repair.75,76 In 
diffuse cutaneous systemic sclerosis, microvascular peri-
cytes constitute a cellular link between microvascular 
damage and fibrosis by transdifferentiating into myofibro-
blasts.77 In the liver, the role of  hepatic perisinusoidal 
hepatic stellate cells has been widely studied, and their key 
role during fibrogenesis has been clearly demonstrated.78 
Recently it has also been shown that portal fibroblasts are 
involved in the formation of  portal septa.79 Vascular smooth 
muscle cells residing in the walls of  portal vein branches 
and portal arteries have been implicated in fibrosis observed 
in chronic schistosomiasis.80 In the kidney, both mesangial 
cells and interstitial fibroblasts of  the medulla can acquire 
a myofibroblast phenotype and participate in ECM deposi-
tion after damage.81,82 Moreover the involvement in tissue 
repair of  local mesenchymal stem cells is becoming better 
understood. These progenitor cells have been described in 
the dermal sheath that surrounds the outside of  the hair 
follicle facing the epithelial stem cells, constituting a niche 
of  stem cells. They are involved in the regeneration of  the 
dermal papilla and can also become wound healing (myo)
fibroblasts after an injury.83 This concept of  a cell associa-
tion able to reconstitute the different organ cell populations 
and constituting a niche of  stem cells is currently discussed 
in diverse organs, notably the liver, in the periportal zone 
containing Hering’s canals.84,85 Recent data have shown 
the implication of  circulating cells, called fibrocytes, in the 
tissue repair process88 tissue repair process, another type of  
circulating cell originating from bone marrow participates 
in tissue repair. These mesenchymal stem cells are bone 
marrow-derived nonhematopoietic precursor cells89,90 that 
contribute to the maintenance and regeneration of  connec-
tive tissues through engraftment. Indeed, they have the 
capacity to engraft into several organs and to differentiate 
into wound-healing myofibroblasts. However, recently it 
has been suggested that fibroblasts/myofibroblasts that  
participate in cutaneous wound healing are not derived 
from circulating progenitor cells.91 Finally, epithelial- and 
endothelial-to-mesenchymal transition (EMT), a process by 
which differentiated (or malignant) epithelial cells and 
endothelial cells undergo a phenotypic conversion that 
gives rise to the matrix-producing fibroblasts and myofibro-
blasts, is increasingly recognized as an integral part of  
tissue fibrogenesis after injury, particularly in the kidney92 

a vascularized skin flap induces an upregulation of  MMP 
together with a decrease in TIMP, leading to a rapid loss of  
granulation tissue cells by apoptosis.66 In vitro, the matrix 
environment can modulate fibroblast apoptosis. Further-
more, in HTS, the mechanical forces obtained by compres-
sion of  the scar are able to restore the classic organization 
observed in normal wounds and trigger the disappearance 
of  myofibroblasts by apoptosis.67 Thus mechanical stress can 
maintain myofibroblast differentiation. It has been shown 
that mechanical loading early in the proliferative phase of  
wound healing produces HTS by inhibiting cellular apopto-
sis.68 In contrast, it is suggested that mechanical challenge 
could be a clinically relevant strategy to improve ischemic 
and chronic wound healing by supporting myofibroblast for-
mation.69 Interestingly oncogenic-Ras-transformed human 
fibroblasts lose growth factor selectivity and cell matrix 
density-dependent inhibition of  migration.70 In the liver 
and certain other organs, stiffness appears to result from 
matrix cross-linking and possibly other unknown variables 
in addition to matrix quantity, suggesting that increased 
stiffness may play an important role in initiating the early 
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wounds via a secondary lymphoid chemokine gradient, 
and differentiate under the influence of  T cells and TGF-
β.86 It has been noted that CD4+ T cells producing TGF-β 
are present in high levels in burn wounds,99 where fibrocyte 
levels in burn patients are also increased.100 In contrast, 
Pilling et al. demonstrated that fibrocyte differentiation is 
blocked by serum amyloid P (SAP), a constitutive plasma 
protein related to C-reactive protein, by using SAP to inhibit 
fibrocytes in a mouse bleomycin-induced pulmonary fibro-
sis model.101 It appears that fibrocytes contribute to ECM 
formation and fibrosis through two mechanisms. Exposure 
to profibrotic cytokines causes fibrocytes to secrete colla-
gen and differentiate into myofibroblasts via Smad2/3 and 
SAPK/JNK MAPK pathway activation.102 Fibrocytes also 
modulate the activity of  local fibroblasts in burn wounds 
via secretion of  TGF-β and connective tissue growth factor 
(CTGF)103 and may serve as a crucial link between healing 
wounds and the immune system. Like leukocytes, fibrocytes 
can act as antigen-presenting cells to prime naïve T cells104 
and also express Toll-like receptors, allowing them to func-
tion as part of  the innate immune system.105 Fibrocytes 
also induce revascularization of  wounds through MMP-9 
secretion, which degrades ECM and promotes endothelial 
invasion and the production of  vascular endothelial growth 

and during stroma reaction formation. However the degree 
to which this process contributes to fibrosis and stroma 
reaction in the skin remains a matter of  intense debate and 
is likely to be context dependent. Altogether mesenchymal 
stem cells, fibrocytes, bone marrow-derived cells, and cells 
derived from EMT may represent alternative sources of  
myofibroblasts when local fibroblasts are not able to respond. 
These diverse cell types probably contribute to the appear-
ance of  myofibroblast subpopulations whose phenotype 
can be modulated by their interactions with neighboring 
cells and ECM.93,94

THE ROLE OF FIBROCYTES IN 
HYPERTROPHIC SCAR

Fibrocytes are a bloodborne, CD14+ monocyte subpopula-
tion86 that mediate wound healing, first identified in 1994 
by Bucala et al. in mouse wound chambers.95 Although 
originally defined as collagen+/vimentin+/CD34+ cells, other 
accepted markers include combinations of  collagen+ and 
CD45+ or LSP1+ markers.87,96 Fibrocytes have been found 
in normal wound healing86 and also in a wide variety of  
fibrotic diseases, including pulmonary fibrosis,97 renal fibro-
sis,98 and hypertrophic burn scars.87 Fibrocytes traffic to 

DC

BA

Fig. 45.6 Myofibroblasts in hypertrophic scars. In hypertrophic scar nodules myofibroblasts express large amounts of α-smooth muscle actin (A,B, 
immunohistochemistry for α-smooth muscle actin) and develop huge contractile activity in scars after burn injury (C,D) (From Desmoulière A; C,D are 
from Casoli P, Plastic Surgery and Burns Unit, University Hospital of Bordeaux, France.)
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via factors such as stratifin.114 In contrast, keratinocytes 
from HTS promote increased fibrosis in normal dermal 
fibroblasts,72 display an activated phenotype similar to early 
wound-healing keratinocytes,115 and have higher prolifera-
tion rates in the basal layer many months after reepithelial-
ization is complete.116 This may be due, in part, to elevated 
PDGF production by HTS keratinocytes.117 This suggests 
that normal keratinocytes promote normal wound healing 
and abnormal keratinocytes promote HTS formation. It is 
also possible that HTS fibroblasts alter the normal wound-
healing keratinocyte phenotype to a HTS phenotype, and 
these HTS keratinocytes in turn reinforce the HTS fibroblast 
phenotype. Thus therapies for HTS must address not only 
wound fibroblasts but also wound keratinocytes.

The Role of Cytokines in 
Hypertrophic Scar

Cytokines serve as signals for communication between 
cells, in paracrine signaling, and for cells to signal them-
selves in autocrine signaling. While the number of  cyto-
kines, and hence the diversity of  signals, is immense, there 
are several key cytokines whose prototypic role in fibrosis 
and HTS has been extensively studied and whose actions 
account for a wide variety of  fibroses. The roles of  these 
cytokines are illustrated in Fig. 45.8.

TGF-β
TGF-β is one of  the most studied profibrotic cytokines and 
belongs to a large superfamily of  related proteins regulating 
processes as diverse as embryonic development, chemotaxis, 
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factor.106 Our understanding of  fibrocytes as profibrotic
mediators of  wound healing continues to evolve, with
several recent descriptions of  alternate fibrocyte subpopu-
lations107 and the ability to reprogram fibrocytes into an
antifibrotic phenotype.108 Although this appears to compli-
cate the fibrocyte picture, it does highlight the importance
of  systemic responses to wound healing and suggests that
the initial cytokine signals that bone marrow-derived cells
receive as they leave the circulation can have a significant
impact on their role in HTS formation.

HYPERTROPHIC SCAR KERATINOCYTES

Keratinocytes are an important component of  wound
healing. Classically the remodeling phase of  wound healing
begins once reepithelialization of  the wound is complete,109

and wounds taking longer than 2 weeks to reepithelialize
are more likely to form HTS.110 Keratinocytes regulate fibro-
blast activity and vice versa,109 suggesting that they play
key roles in normal wound healing and HTS formation.111

Experiments with keratinocyte-conditioned media in skin-
equivalent models show that keratinocytes downregulate
fibroblast production of  the profibrotic cytokines TGF-β and
CTGF.112 Normally keratinocytes increase fibroblast prolif-
eration but simultaneously reduce collagen production113

and increase collagen breakdown by upregulating MMP-1
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PLATELET-DERIVED GROWTH FACTOR

PDGF is delivered to wounds by platelets from injured capil-
lary vessels and is also produced by local fibroblasts.139 
There are four isoforms of  PDGF: A, B, C, and D, which form 
dimers to activate two structurally related tyrosine kinase 
receptors140 leading to fibroblast proliferation and actin fila-
ment reorganization that induces a transformation into 
myofibroblasts.45 PDGF also increases ECM production and 
inhibits myofibroblast apoptosis.141 PDGF activity contrib-
utes to pulmonary fibrosis, hepatic fibrosis, renal fibrosis, 
and scleroderma.142 PDGF has been shown to upregulate 
TGF-β receptors in scleroderma fibroblasts,139 and its mul-
tiple effects are magnified in HTS and keloid fibroblasts.143 
Recent research into the causes of  nephrogenic systemic 
fibrosis, a disorder of  dermal fibrosis occurring after gado-
linium contrast administration in patients with impaired 
renal function, shows that blocking PDGF receptors using 
antibodies inhibits the proliferative effects of  gadolinium on 
fibroblasts.144 Other researchers have shown that blocking 
PDGF action using tyrosine kinase inhibitors reduces fibro-
sis in murine models of  radiation-induced pulmonary fibro-
sis145 and scleroderma.146 Thus although PDGF is an 
independently profibrotic cytokine, it also serves to rein-
force and magnify the effects of  TGF-β, and blocking its 
activity can reduce fibrosis.

INSULIN-LIKE GROWTH FACTOR 1

Insulin-like growth factor 1 (IGF-1) was originally described 
in chondrocytes, where it regulates glycosaminoglycan pro-
duction.147 IGF-1 is a mitogen for fibroblasts148 and endo-
thelial cells,149 and it induces collagen production in 
pulmonary150 and dermal151 fibroblasts. IGF-1 upregulates 
TGF-β gene transcription in fibroblasts, accounting for 
observed similarities in their profibrotic actions.151 It has 
been shown that IGF-1 also downregulates collagenase 
mRNA levels and activity in dermal fibroblasts.152 This 
increase in collagen production and decrease in breakdown 
shift the balance of  ECM remodeling toward fibrosis. IGF-1 
is upregulated in a number of  fibrotic conditions, including 
post-burn HTS,153 scleroderma, pulmonary fibrosis, and 
hepatic fibrosis.5 Interestingly in unwounded skin IGF-1 is 
produced exclusively in epidermal sweat and sebaceous 
glands and is thus sequestered from dermal fibroblasts.153 
One may hypothesize that when these structures are dis-
rupted, as in burns and other wounds, dermal fibroblasts 
are then directly exposed to IGF-1. Prolonged inflammation 
and delayed re-epithelialization would increase the dura-
tion of  fibroblast stimulation with IGF-1 and could help 
explain the formation of  HTS. Although IGF-1 is certainly 
not the only cause of  HTS, its relationship to TGF-β and its 
unique distribution in skin suggest a key role in the patho-
genesis of  abnormal scarring.

INTERFERONS

HTS is not simply the result of  overexpression of  profi-
brotic signals, but also results from a disturbance in the 
delicate balance between pro- and antifibrotic cytokines. 
The interferons (IFN) are cytokines classically produced by 
immune cells to activate the host defense system.154 IFNs 

cell cycle, homeostasis, and wound healing. When pro-
duced by cells, TGF-β is secreted in an inactive form bound
to latent TGF-β-binding protein. This bond is subsequently
cleaved by enzymes in the milieu of  healing wounds, includ-
ing several matrix metalloproteinases (MMP-2, MMP-9)
and plasmin (present in blood). Mammals produce three
known isoforms: TGF-β1, TGF-β2, and TGF-β3.118 These are
produced by many cells involved in wound healing, includ-
ing degranulating platelets, macrophages, T lymphocytes,
endothelial cells, fibroblasts, and keratinocytes.119 The
actions of  TGF-β1 and -β2 are mediated by the intracel-
lular Smad pathway and have directly profibrotic actions
on mesenchymal cells.120 TGF-β is upregulated locally in
wounds and systemically in the blood of  burn patients with
HTS.121 HTS fibroblasts produce greater amounts of  TGF-β
than normal fibroblasts122 and regenerative fetal fibro-
blasts.123 In fact, normally regenerative fetal fibroblasts can
be induced to form scar following TGF-β exposure.123 TGF-β
has direct effects on the ECM by upregulating collagen pro-
duction124 and downregulating decorin production125 by
fibroblasts. This decrease in dermal decorin is profibrotic
because decorin binds to TGF-β in the ECM, blocking its
activity.126 TGF-β promotes not only the transformation of
fibroblasts into myofibroblasts46 but also the transdifferen-
tiation of  epithelial cells into mesenchymal cells,127 and it
reduces apoptosis in the healing wound.128 In this context,
TGF-β is a highly profibrotic cytokine playing a unique
role in HTS initiation. Interestingly, it has been suggested
that the isoform TGF-β3 acts as an antifibrotic cytokine.
Clinical trials of  TGF-β3 have shown promise in improving
wound healing,129 and it is noteworthy that TGF-β3, which
is upregulated in the remodeling phase of  wound healing,
reduces ECM deposition.130 Many effects of  other cytokines
in wound healing can be directly related to activation by or
interaction with TGF-β.

CTGF/CCN2

Connective tissue growth factor (CTGF or CCN2) is a
prototypic member of  the CCN family of  cytokines. The
CCN family motif  consists of  four linked regions: an
IGF-binding domain, a von Willebrand type C domain, a
thrombospondin-1 domain, and a cysteine knot heparin-
binding domain.131 This configuration and multiple studies
suggest that CTGF does not act simply as a growth factor,
but rather as an important cofactor for TGF-β and as an
interface between cells and the ECM by binding to cellu-
lar integrins and matrix proteoglycans.132 Independent
stimulation by TGF-β or CTGF alone induces only transient
fibrotic upregulation in fibroblasts, whereas co-stimulation
by both cytokines leads to prolonged fibrosis,133 and in
chronic fibrosis CTGF remains elevated after TGF-β returns
to basal levels.134 Thus one can surmise that TGF-β serves
to initiate fibrosis and CTGF serves to continue the process
as a downstream mediator of  TGF-β.124 In keeping with this
hypothesis, CTGF is upregulated in HTS, scleroderma,135

and other fibrotic diseases.136 TGF-β induces CTGF through
the Ras/MEK/ERK pathway, and blocking this activation
with iloprost (a synthetic prostacyclin PGI2 analog) reduces
fibrosis.137 Other methods of  targeting CTGF, such as anti-
CTGF antibodies and CTGF siRNA, have also proved effec-
tive in reducing fibrosis.138
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between pro- and antifibrotic cytokines and suggests pos-
sible therapeutic treatments for HTS.

The Immune System Regulates 
Wound Healing

Mast cells, neutrophils, and macrophages have long been 
recognized as playing important roles in the inflammatory 
phase of  wound healing.162 Macrophages produce classic 
immune cytokines interleukin-1 (IL-1), IL-6, and tumor 
necrosis factor-α (TNF-α), which stimulate keratinocytes 
and fibroblasts,45 and classic profibrotic cytokines TGF-β, 
PDGF, and IGF-1.163 Recently the importance of  the immune 
response type rather than degree of  inflammation in deter-
mining the risk of  HTS formation has been recognized. HTS 
are highly infiltrated by lymphocytes,6 of  which activated 
CD4+ T-helper (TH) cells are an important subgroup.99 These 
TH cells can be generally classified as one of  at least four 
groups: TH1, TH2, TH17, and T-regulatory cells, based on 
cytokine production patterns.164 Of  these, the TH1–TH2 axis 
in wound healing and burn patients is the most studied. TH1 
cells produce IFN-γ, IL-2, and TNF-β and are involved in 
cell-mediated immunity, whereas TH2 cells produce IL-4, 
IL-5, and IL-10 and are involved in antibody-mediated 

can be divided into type I (IFN-α and IFN-β produced by 
leukocytes and fibroblasts, respectively) and type II (IFN-γ 
produced by activated T lymphocytes).154 Of  these, the two 
antifibrotic cytokines whose roles in wound healing and 
HTS have been best studied are IFN-α2b and IFN-γ. Treat-
ment of  fibroblasts with these IFNs inhibits cell prolifera-
tion and also downregulates collagen,155 fibronectin,155 and 
TGF-β production.121 IFN-α2b also upregulates collagenase 
production and reduces TIMP-1,156 making it a good candi-
date to promote scar remodeling.121 IFN-α2b reduces in vitro 
collagen lattice contraction rates157 and in vivo wound con-
traction in guinea pigs.158 IFN-α2b also reduces myofibro-
blast populations and increases the numbers of  apoptotic 
fibroblasts in later stages of  wound healing,158 a finding 
also demonstrated in several other cell types.159,160 A pro-
spective clinical trial of  IFN-α2b in post-burn HTS patients 
demonstrated reductions in scar volume, normalized TGF-β 
levels, and reduced scar angiogenesis.121 It is suggested that 
abnormal scar results, at least in part, from reduced levels 
of  endogenous IFN in burn patients. An examination of  
the peripheral blood mononuclear cells (PBMCs) of  patients 
forming keloids after trauma compared to those with normal 
scarring showed decreased production of  IFN-α and IFN-
γ,161 which is consistent with this hypothesis. Therefore an 
understanding of  IFNs highlights the important balance 
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cellular phenotypes, and cytokine messages displayed. This 
results in a mass of  disorganized connective tissue with 
thin, irregular collagen bundles in whorls and nodules 
instead of  thick, organized fibers parallel to the surface. The 
concomitant decrease in decorin and increase in other pro-
teoglycans not only contributes to this disorganized ECM 
but also allows profibrotic signals to propagate in the dermis. 
The fibrotic, hypercellular nature of  HTS both contributes 
to and results from elevated profibrotic (e.g., TGF-β, CTGF) 
and decreased antifibrotic (IFN-γ) cytokine levels. The 
resulting local HTS fibroblast is modulated by systemic 
fibrocytes and TH cells, which migrate to the wound. The 
resulting pathogenesis of  HTS is complex, with many 
aspects that serve to reinforce the fibrotic process. Although 
this complexity makes elucidating the mechanisms of  HTS 
formation difficult, it also provides multiple targets for 
medical therapy. It is our hope that this will provide thera-
pies to improve the quality of  life for both burn patients and 
others with fibroproliferative conditions.
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immunity.165 Interestingly these cytokine profiles are 
involved not only in specific immune responses, but are also 
anti- or profibrotic.166 The TH2 cytokine IL-10 stimulates 
activated naïve TH cells to secrete TGF-β, and this is more 
pronounced in IFN-γ (TH1) knockout mice and reduced in 
IL-4 (TH2) knockout mice.167 In a burn mouse model TH2 
cytokines (IL-5) were upregulated and TH1 cytokines (IFN-γ 
and IL-2) were coordinately downregulated.168 A similar 
TH2 type response is seen in human burn patients using 
stimulated PBMC from those with burns of  25% or more 
total body surface area (TBSA),169 a finding confirmed by 
another study in burn and major trauma patients.170 The 
severity of  fibrosis in animal models has also been linked to 
the type of  TH-cell response. In a model of  liver fibrosis 
BALB/c mice developed a TH2 response to chemically 
induced liver injury and displayed more severe fibrosis than 
did C57BL/6 mice, which developed a TH1 response. This 
effect was abrogated by administration of  IL-4 antibodies or 
IFN-γ, which induced a TH1 response in the BALB/c mice.171 
A longitudinal study of  recovering burn patients demon-
strated a predominant TH2 response to burn injury, as dem-
onstrated by increased IL-4 and IL-10 levels from PBMC and 
in scar tissue (Fig. 45.9). Interestingly this response was 
significantly higher in burn patients who went on to develop 
HTS than in those who developed normal scars, whereas 
those patients developing normal scar had higher levels of  
IFN-γ-producing PBMC.172 Recently it was found that IFN-α 
blocks TH2 development and inhibits cytokine secretion by 
committed TH2 cells.164 This suggests that IFN-α2b has 
effects not only on fibroblasts, as discussed previously, but 
also the TH2 cells that modulate them.

Conclusion

HTS is a fibrotic disorder resulting from derangement of  the 
normal wound-healing process and shares many common 
features with other fibrotic diseases. As discussed, HTS is 
markedly different from normal skin and mature scar in 
terms of  the structure and composition of  ECM, active 
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inflammatory and reparative events are prolonged and 
more prominent. Extensive leakage of  blood plasma by 
damaged small blood vessels maintains an outward flow 
that serves to keep the wound clean but causes deposition 
of  coagulated fibrin and other desiccated proteins on the 
wound surface. Conversion of  fibrinogen into fibrin fills the 
gap in the epidermis and provides a gelatinous matrix 
capable of  sustaining migrating cells. Thrombin stimulates 
expression of  interleukin-6 (IL-6) in connective tissue cells.5 
Degranulation of  platelets releases platelet-derived growth 
factor (PDGF) and other proinflammatory cytokines.6 Fibrin 
degradation releases peptides that stimulate fibroblast pro-
liferation and secretion, division of  vascular endothelial 
cells, and production of  cytokines by other cells.7–9 Dermal 
fibroblasts, together with circulating stem cells, divide 
rapidly in the wound bed and secrete large quantities of  
collagen and proteoglycans, with predominance of  type III 
collagen.10,11 Simultaneously the endothelial cells of  small 
blood vessels proliferate rapidly and form numerous small 
capillary loops that extend upward toward the surface. 
Together these cells form a mass of  granulation tissue that 
covers the wound. These activities of  fibroblasts and endo-
thelial cells are stimulated by cytokines and other peptides, 
largely secreted by monocytes and lymphoid cells that infil-
trate the wound bed. Certain proteins and peptides that are 
normally present in blood plasma also stimulate and enable 
formation of  the wound matrix, notably fibronectin and 
vitronectin.12–14 Polymorphonuclear neutrophils also enter 
the wound bed in large numbers where they phagocytize 
and kill bacteria and fungi that gained entry to the dermis 
and subcutis through the open wound. Next the fibroblasts 
develop interconnections among themselves and produce 
and assemble the contractile machinery of  actin and myosin 
within the cytoplasm of  each cell.15 These interconnected 
myofibroblasts contract to shrink the size of  the open 
wound, pulling adjacent intact skin to cover the wound bed. 
Wound contraction is most dramatic in experimental 
wounds of  rodents; however the effects of  wound contrac-
ture in applying tension to surrounding tissues can be seen 
in humans as well. Simultaneously with these processes, 
the basal keratinocytes of  the cut edges of  the epidermis 
proliferate and change to a migratory and secretory pheno-
type and begin to invade the wound bed between the granu-
lation tissue layer and the scab of  dried proteins on the 
surface.16 Once they make contact to seal the center of  the 
wound, the migrating keratinocytes change phenotype 
again and restore the normal laminated structure of  the 
epidermis and produce a new basal lamina.17,18 Melano-
cytes also migrate during healing of  large wounds and 
establish a degree of  pigmentation in the healed wound that 
approximates the pigmentation of  the uninjured skin. It 

Introduction

PREHISTORIC AND HISTORIC PERSPECTIVES

Wounds due to combat, hunting injuries, accidents, and
thermal injuries have been the leading causes of  death in
humans for millennia, whereas prolonged survival of  large
full-thickness wounds is a recent phenomenon. Complex
biological responses to cutaneous injury have evolved over
time without evolutionary pressure to evolve appropriate
healing responses to large wounds. There are records of
human attempts to improve wound healing in ancient texts
from Mesopotamia and Egypt. Guido Majno has explored
what can be learned from archeology and paleontology
regarding wounds and their treatment in ancient times and
provides an accurate description of  the wound healing
process in lay terms.1 In the development of  modern medi-
cine, the advances in wound treatment advocated by
Ambroise Pare (1520–1590) stand out, together with the
antisepsis campaign of  Joseph Lister (1827–1912) and the
development of  antibiotics and other modern methods of
treatment described in this book.

INCISIONAL WOUNDS WITH PRIMARY CLOSURE

The essential components of  wound healing are easily
understood. They are: (1) activation of  tissue repair in the
wound by fibroblasts and small blood vessels and an inflam-
matory response initiated by vascular leakage and (2) entry
into the wound of  circulating polymorphonuclear neutro-
phils, lymphocytes, and macrophages.2 When a sharp inci-
sion is closed while still sterile, minimal vascular leakage and
inflammation occur, and the predominant reaction to injury
occurs in the fibroblasts present in the dermis and subcuta-
neous tissue. These resting connective tissue cells are rapidly
activated to secrete collagen, which quickly bridges the small
remaining gap to restore the resistance of  the skin to tearing.
Vascular continuity is restored by budding and remodeling
of  blood vessels, and the basal keratinocytes of  the epidermis
divide briefly to restore the complete structure of  the epider-
mal barrier. All that remains to indicate the site of  injury is a
linear ribbon of  dense collagen with little flexibility that
marks the site of  the incision, as well as small scars that mark
the suture sites. This process of  incisional wound healing
was well described in humans by Ross and colleagues.3,4

DELAYED WOUND CLOSURE “BY SECOND
INTENTION” AND WOUND CONTRACTION

If  the epidermis and dermis are incised or removed and the
edges of  the wound remain separated, then the resultant
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should be noted that only the epidermis regenerates to 
resemble the normal epidermis. Hair follicles, sweat glands, 
and other epidermal appendages do not regenerate. Thus 
the part of  the wound that was not closed by contracture 
remains dry, hairless, and flat. Furthermore the restored 
dermis in a fully healed scar is composed of  collagen type I 
fibers running in straight lines adjacent to one another and 
parallel to the surface, providing strength (though some-
what less than the native skin) but far less elasticity and 
flexibility than the connective tissue of  the normal dermis.

FIRST-DEGREE OR SUPERFICIAL INJURY OF SKIN

Superficial burn wounds are those in which part or all of  
the epidermis is lost, but the epidermal basal lamina remains 
intact and the dermis is uninjured. In these areas, only epi-
dermal regeneration is required, hair follicles and sweat 
glands remain intact, and healing can occur with little or 
no disfigurement.19

SECOND-DEGREE OR PARTIAL- 
THICKNESS INJURY

In partial-thickness wounds, the entire epidermis and the 
upper part of  the dermis become necrotic. If  left intact, the 
presence of  a large quantity of  devitalized tissue requires 
prolonged activity of  macrophages to clear the necrotic 
debris. Granulation tissue forms underneath the necrotic 
dermal tissue, and epidermal migration occurs under the 
eschar formed by dead tissue, leading to restoration of  the 
epidermis and production of  dermal connective tissue in  
the form of  a thin scar. The deep portions of  the hair follicles 
remain viable, and the keratinocytes lining the hair follicles 
become migratory and undergo mitosis behind the migrat-
ing cells, eventually covering the surface with new epider-
mis derived from the hair follicle.16,20 In severe cases, loss of  
hair follicles may lead to insufficient regenerative activity 
to cover the surface.21–23 Multipotent stem cells within the 
hair follicles generate cells that can multiply, migrate, and 
regenerate the surface epidermis.24 The stem cell popula-
tion that was first identified is slowly cycling, expresses the 
conventional stem cell surface marker CD34, and resides 
in the bulge region of  the follicle near the attachment of  
the arrector pili muscle.25,26 More recently, additional stem 
cell populations have been identified that reside in the 
isthmus region and the hair germ region of  the follicle and 
express distinct markers.27–29 Much is being learned about 
the function of  these stem cells by studying knockout and 
overexpressing mice. The changes in follicular stem cells 
during healing of  burn wounds, however, remain to be  
described.

One new aspect of  hair follicle biology that is of  great 
interest for burn surgeons is the delineation of  the role of  
the dermal papilla, the tiny cluster of  mesenchymal cells 
within the hair bulb.30 Fetal development of  hair follicles 
depends on interaction between epithelial cells of  the epi-
dermis and mesenchymal cells. The mesenchymal cells of  
the dermal papilla, which can be amplified in culture using 
keratinocyte-conditioned medium, can induce formation of  
hair follicles from interfollicular skin. Formation of  new 
hair follicles, complete with hair, has been induced in hair-
less nipple skin of  the mouse and in the renal capsule.31,32 

Since one of  the major problems in long-term care of  burn 
patients is alopecia, the possibility that hair follicles could 
be induced to regenerate is very appealing.33

THIRD-DEGREE OR FULL-THICKNESS INJURY

In full-thickness burns, thermal injury extends deep enough 
to destroy all of  the hair follicles that have the capacity to 
regenerate the epidermis and some of  the upper subcutane-
ous tissue may also become necrotic. In this case regenera-
tion of  the epidermis from hair follicles is not possible, and 
the wound can develop an epidermal covering only slowly 
as the epidermis lateral to the wound spreads out over 
the entire wound surface.2 During this time, the necrotic 
tissue in the wound bed is at risk of  infection, and exten-
sive activity of  tissue macrophages is required to eventually  
remove it.

Biology of Wound Healing

CHANGES IN VASCULAR PERMEABILITY

In order to review current understanding of  the processes
important in wound healing, each will be considered sepa-
rately. Changes in local blood vessels are the earliest compo-
nent of  the wound’s response to injury and are essential for
the succeeding steps. Plasma exudation is due to increased
permeability of  venules to proteins, largely due to local
release of  histamine and vascular endothelial growth
factor (VEGF) from mast cells and substance P from local
sensory nerve endings. With burn injury, there is an added
component of  plasma leakage that occurs for several hours
throughout the body in response to unknown stimuli. Of
course, both plasma and red blood cells enter the wound
through broken or necrotic blood vessels. Infection trig-
gers further plasma exudation by constantly stimulating
and prolonging the vascular phase of  acute inflammation.
Additionally the newly formed capillaries of  granulation
tissue allow passage of  plasma proteins and fluid until
they mature. Certain plasma proteins, notably fibronectin
and vitronectin, are important in stimulating reparative
responses in the wound.

GRANULATION TISSUE AND THE
PROLIFERATIVE PHASE OF WOUND HEALING

Massive proliferation of  fibroblasts and vascular endothelial
cells is characteristic of  the early phase of  wound healing.
These cells, and the fine fibrils of  collagen and the gel pro-
vided by mucopolysaccharides and proteoglycans, make up
the granulation tissue that is a major feature of  all wounds
that remain open. The most important of  many peptides
that stimulate fibroblast growth appear to be transforming
growth factor-β (TGF-β) and basic fibroblast growth factor
(bFGF/FGF2), whereas the most important peptide that
stimulates growth of  endothelial cells appears to be
VEGF.34–39 In order for wound contraction to occur, fibro-
blasts form networks within the dermis that allow the
wound to contract. Interactions between the extracellular
matrix and the cellular cytoskeleton are important in con-
trolling cellular differentiation and function.40–42 When
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COLLAGEN MATRIX FORMATION AND 
MATURATION

Scars gradually increase in their strength, as measured by 
their resistance to tearing, but never reach the strength 
of  normal dermis. During this process, the delicate fibers 
of  newly secreted collagens I and III are replaced by large 
collagen I fibers that are oriented parallel to each other and 
to the skin surface (Figs. 46.1 and 46.2). Maturation of  
collagen fibers is largely a chemical process of  remodeling 
that involves covalent crosslinking of  adjacent polypeptide 
chains. Collagen fibers normally form and are degraded con-
tinuously in normal skin and in scars, but the processes 
that control the rates of  formation and degradation and the 
orientation of  the mature fibers are not fully understood. 
Prolonged activation of  the keratinocytes in the wounds 
leads to reduced regulation of  fibroblast collagen production 
by the keratinocytes and prolonged inflammation, both of  
which contribute to fibrosis. At the same time, mast cells act 
to induce fibrosis through the release of  histamine, tryptase, 
and chymase, which stimulate collagen production, procol-
lagen synthesis, and procollagen cleavage, respectively.

CYTOKINES AND GROWTH FACTORS

Many short polypeptides, mostly cytokines and growth 
factors, are responsible for the changes in cells that lead 
to the stages of  wound healing, including the transition 
from the inflammatory to the proliferative phases, and 
the formation and organization of  a scar, or the matura-
tion phase. Among the most important are TGF-β, bFGF, 
platelet-derived growth factor (PDGF), and VEGF.53–60 Fre-
quently the response of  a particular cell type to a specific 
mediator depends not only on binding to the precise cell 
surface receptor, but also on simultaneous signals from 
other cellular receptors. Thus the network of  peptide signal-
ing is complex, and the range of  possible cellular responses 
is large enough to allow generation of  complex structures 
and considerable fine-tuning.56,61 There are many opportu-
nities for reparative processes to go wrong, to proceed in an 
unbalanced fashion, or to fail to complete an appropriate 
cycle of  activation and regression.62–64

BIOPHYSICS OF THERMAL INJURY

Human skin cells die when their temperature is increased, 
largely because of  the sensitivity of  the cell surface mem-
brane to disruption outside fairly narrow temperature 
limits. Flame, electrical, and contact burns often lead to 
pyrolysis and disruption and oxidation of  some tissues as 
well. Among the various cell types present in the skin, some 
are likely to be more sensitive to temperature than others. 
The degree of  temperature elevation at a given site in the 
skin also depends on the rate of  heat transfer within the 
tissue. The thermal conductivity of  the dermis is much 
greater than that of  the subcutis since fat is a good insula-
tor. Perhaps for this reason thermal injury often leads to 
necrosis of  the entire dermis with little cell death in the 
subcutis, as seen in wound biopsies. Hair follicles in some 
sites typically extend well beyond the dermis into the adipose 
tissue of  the upper subcutis, and eccrine sweat glands are 
also often present in the subcutaneous fat. Despite the 

wound healing is abnormal and hypertrophic scars (HTS)
develop, this process of  interlinking fibroblasts to form a
meshwork that supports tension parallel to the surface is
disrupted since nodules of  collagen result that do not flatten
out normally.

INFLUX OF CIRCULATING CELLS

Many circulating cells actively migrate into wound beds
and play roles in defense against bacteria and fungi, clear-
ance of  devitalized tissue components, and stimulation of
later phases of  healing of  the dermis and epidermis. Based
on experiments with partially selective ablation of  individ-
ual cell types, the cells most important in stimulating and
maintaining tissue repair appear to be the T lymphocytes
and monocytes.43 Monocytes, which differentiate into tissue
macrophages, are responsible for synthesis and release of
many of  the cytokines important in wound healing, as are
connective tissue cells and epithelial cells. Mast cell abun-
dance increases in the healing wound, and mediators
secreted by the mast cells recruit neutrophils and other cir-
culating inflammatory cells to the wound. At the same time,
mast cells induce an inflammatory response in the healing
tissue by acting on keratinocytes. In addition, circulating
stem cells enter healing wounds, where they can differenti-
ate to form fibroblasts and other connective tissue cells
needed to restore tissue integrity.44,45

MIGRATION OF KERATINOCYTES TO COVER THE
WOUND (EPIBOLY)

When the epidermis is transected, changes take place
rapidly in the basal cells of  the epidermis adjacent to the
wound. The process of  epidermal regeneration has been
well studied by Stenn and his colleagues.16,46,47 Altered
basal keratinocytes send out thin sheets and undergo
ameboid motion not over the wound bed, but under the
nonviable eschar and/or scab, secreting a provisional matrix
as they go.48,49 Development of  this migratory phenotype is
stimulated by the plasma protein vitronectin and requires
the presence of  albumin as a cofactor.16,47,50 Cell division
occurs to support this migration, not among migratory
cells, but among their precursors in the residual epidermis.
Similar processes stimulate migration and replacement of
epithelial cells from hair follicles in partial-thickness
wounds. After a sheet of  epithelial cells is established over
the entire wound surface, they begin to divide and eventu-
ally create a multilayered stratified squamous epithelium
with a granular layer and keratinization. Epidermal cells
secrete substantial quantities of  IL-1β and other cyto-
kines.51,52 The new proliferative epidermal basal cells also
secrete a new basal lamina composed of  laminin, type IV
collagen, and bullous pemphigoid antigen; adhere tightly to
that basal lamina; and develop attachments of  type VII col-
lagen between the basal lamina and the underlying fibers
of  type I collagen in the scarred dermis. Also, just after the
newly formed epithelial layer completely covers the wound,
the phenotype of  the connective tissue cells in the matrix
undergoes a series of  changes and much less fibronectin is
found in the wound matrix.17 As noted earlier, in second-
degree burns, epidermal cells from the hair follicles regener-
ate the epidermis on the surface.
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Fig. 46.1 Photomicrographs of normal skin, stained with hematoxylin and eosin. (A) The hair follicles often extend through the dermis into the sub-
cutaneous adipose tissue. The epidermis forms irregular rete ridges at its base. (B) The reticular dermis of normal skin has an orderly arrangement of 
collagen fibers with no preferred orientation. (C) With the Movat pentachrome stain, normal collagen fibers stain yellow-orange, and delicate intercon-
necting black elastin fibers are present between collagen fibers. 

A B

Fig. 46.2 (A) In a normal flat scar, the epidermis is flat and does not have any rete ridges and the dermis is replaced by collagen fibers that are oriented
parallel to the skin surface. (B) A Movat pentachrome stain of a normal scar shows mature collagen fibers stained yellow-orange and does not dem-
onstrate any elastin fibers.
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admission, with removal of  all necrotic tissue using either 
tangential excision to leave most of  the subcutaneous fat or 
fascial excision which removes the entire subcutis. The 
wound is initially covered with meshed cadaver skin from 
the skin bank. Within a few days autografting is done using 
meshed partial-thickness grafts from unburned regions. 
Over the face and the hands, unmeshed sheet autografts are 
often used to obtain the best cosmetic result. The epidermis 
of  the cadaveric homograft slowly degenerates, but the 
dermal matrix often is incorporated into the healing wound. 
The interstices of  the autograft fill with granulation tissue 
derived partly from the underlying fibrous or adipose tissue 
and partly by migration of  fibroblasts from the strands of  
autograft. The autograft’s epidermis migrates over the 
granulation tissue matrix, under the fibrin layer, and recon-
stitutes the epidermis without any follicles or other epider-
mal appendages. The pattern of  the meshed grafts is usually 
visible in the healed wound. The incorporation of  dermal 
connective tissue elements from the donor site may enhance 
the pliability of  the final scar. Occasionally epidermal inclu-
sion cysts develop within grafted burn wounds, and they 
may rupture. These cysts could develop from residual hair 
roots that had lost their connection to the surface, from 
aberrant migration of  epidermal cells during wound resur-
facing, or from trapping of  epidermis by expanding connec-
tive tissue. In addition, tiny bits of  hair shaft are sometimes 
encountered in healing wounds, associated with a giant cell 
foreign body reaction, perhaps representing hairs left 
behind after necrosis of  the hair follicles that originally pro-
duced them.

WOUND INFECTION

Bacterial infection frequently complicates wound healing. 
The risk is increased in burn patients since large amounts 
of  necrotic cells and tissue are present in the wound and 
provide a good culture medium for bacteria. When infection 
occurs, the inflammatory component of  wound healing is 
greatly amplified and the processes of  conversion of  granu-
lation tissue to a dense scaffolding of  collagen, wound con-
traction, and regeneration of  the epidermis are all delayed. 
Frequently the wound suppurates. Some bacteria cause 
additional tissue necrosis, and some bacteria can invade 
into normal tissues, leading to hyperemia around the origi-
nal wound and/or enlargement and deepening of  the origi-
nal wound. In response to the bacterial infection and the 
enhanced inflammatory reaction, the cytokine milieu of  
the wound is altered.69–71 Grafts placed over wounds with 
residual infected tissue typically do not take, and when large 
numbers of  bacteria are present deep in the wound bed 
there is always the hazard that the bacteria may enter the 
bloodstream, incite septicemia, and invade remote tissues. 
These processes, which were common in the era before anti-
biotics and before the practice of  early wound excision 
became common, are now being seen again due to infection 
with highly antibiotic-resistant strains of  bacteria, particu-
larly Pseudomonas and Acinetobacter.

Hypertrophic Wound Healing

In most patients with large burns treated in our institution, 
healing of  the burn wounds is complicated by development 

presence of  adipose tissue around follicles, regenerative
capacity is frequently entirely destroyed by burns even
though there is little or no apparent necrosis in the upper
subcutis. In the most severe burns, however, the entire sub-
cutis may become necrotic, and cell death may occur in the
underlying fascia and skeletal muscle or even in underlying
internal organs.

Factors That Alter Wound Healing

CHANGES IN BLOOD SUPPLY AND PERFUSION

The study of  local blood supply by ultrasound led to the
discovery that there is usually a zone of  greatly increased
blood flow below a burn wound, which is not surprising as
part of  a local inflammatory response to tissue injury. Above
this zone of  hyperemia is a zone of  tissue ischemia, in which
blood flow is less than normal. Remarkably, during the first
24 hours after a burn wound, the zone of  ischemia typically
becomes significantly deeper, indicating that ischemic
injury of  dermal tissues actually leads to a depth of  tissue
necrosis greater than that produced by the immediate
thermal injury.65 Experiments in animals have shown that
neutrophils are involved in this progressive ischemic cell
death in injured but viable tissue deep to a burn wound.66

Altered blood flow may lead to vascular thrombosis in a
burn wound, also contributing to the risk of  ischemic tissue
injury. In normal skin, there is a plexus of  arteries and veins
immediately below the dermis in the upper layer of  subcu-
taneous adipose tissue. This subdermal plexus is at risk of
thrombosis in deep partial-thickness burns and in full-
thickness burns, and it is vulnerable to damage in the
process of  tangential wound excision, with further loss of
blood supply to the wound.

COMPROMISED WOUND HEALING:
REQUIREMENTS FOR OPTIMAL
WOUND HEALING

Long clinical experience has demonstrated clearly that
wound healing is greatly slowed and impaired when there
is deficiency of  essential ingredients for construction of  the
scar or of  an adequate energy supply. Vitamin C deficiency
and protein-calorie malnutrition are characterized by defi-
cient wound healing, and provision of  sufficient calories
and reversal of  the usual protein catabolism are major goals
of  general burn care. Vitamin D deficiency can impair
wound healing, whereas vitamin D addition increases
migration of  fibroblasts and collagen production. Diabetic
vasculopathy is associated with deficient wound healing,
demonstrating the importance of  an adequate microcircu-
lation. Heart failure similarly compromises wound healing.
Radiation, cigarette smoking, and hypoxemia also have
been associated with delayed wound healing.67 Advanced
age is associated with increased mortality from large burns
but does not in itself  prevent good wound healing.19,68

BIOLOGIC RESPONSES TO WOUND EXCISION
AND GRAFTING

The current standard of  treatment in our institution is early
excision of  the burn wound, normally within 24 hours of
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or clean incisions that were closed primarily.73–75 Keloids 
extend beyond the initial site of  injury, respond poorly to 
medical therapy, persist for many years, and usually recur 
after surgical excision. There is often a positive family 
history of  keloidal scarring, and keloids are 10–15 times 
more common in dark-skinned people of  African ances-
try than in northern Europeans and their descendants. 
Elaborate patterns of  raised scars are a symbol of  status in 
many African tribes, leading one to wonder whether this 
practice may have exerted selective pressure during human 
evolution.

HISTOLOGIC FEATURES OF 
HYPERTROPHIC SCARS

Numerous HTS have been examined histologically in our 
laboratory. The abnormal elevated scars consistently show 
several distinct differences from uncomplicated flat scars. 
The most striking is the presence of  rounded whorls of  
immature collagen that consist of  delicate collagen fibrils, 
mostly of  type III collagen, small blood vessels, and plentiful 
acid mucopolysaccharide. These nodules are very sharply 

of  elevated, thick, firm, reddish scars that itch constantly. 
These hypertrophic cicatrices occur more commonly in 
wounds that had become infected or took longer than usual 
to become fully covered. They may cover large areas, but do 
not usually extend beyond the original burn wound. These 
abnormal wounds also are associated with more severe 
wound contraction. In the great majority of  affected cases, 
these HTS enlarge for a period of  months, then gradually 
regress over a period of  a few years, eventually becoming 
flat scars with no further symptoms. In wounds that develop 
HTS, there are often abnormalities of  skin pigmentation, 
either depigmentation or hyperpigmentation, that evolve 
over time (Fig. 46.3). The largest HTS impairing function 
are surgically excised, often with creation of  Z-plasties or 
sheet grafting to release scar contractures or the use of  
lasers to ablate the scar. Generally new HTS do not develop 
again. There does not appear to be a link with ethnicity for 
this type of  hypertrophic scarring, which occurs in about 
75% of  Caucasian, black, and Hispanic patients.72

Clearly this experience is quite different from that 
described in the literature with keloids, which frequently 
occur spontaneously or in response to puncture wounds 

C

B

A

Fig. 46.3 Typical appearances of hypertrophic scars of burn patients. (A) The hypertrophic scar is raised above the surrounding normal skin, has sharp 
borders, and is very firm to the touch. This scar recurred after complete excision. (B) Hypertrophic scars often have patterns corresponding to meshed 
grafts and often are hyperpigmented, as shown here, or hypopigmented. (C) This round firm lesion developed from a minor burn on the patient’s ear. 
It did not recur after excision. 
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features typical of  keloids are seen as part of  the spectrum 
of  hypertrophic scarring.

The distinction between HTS and keloids was first made 
by Mancini and Quaife in 1962.76–79 The features typical 
of  HTS were further described by Linares, Kischer, and 
others.80–83 The literature on HTS and keloids was thor-
oughly reviewed by Niessen84 and Huang.118

Because the etiology and pathogenesis of  HTS are differ-
ent from that of  keloids, we limit our discussion to HTS.

A number of  differences distinguish between normal 
scars and HTS. HTS contain more type III collagen, fibro-
nectin, and hyaluronic acid, all characteristic of  the early 
phases of  wound repair, than do normal flat scars. HTS 
are more vascular with higher cutaneous blood flow. HTS 
contain significantly more T cells and macrophages than 
normal scars. Larger numbers of  mast cells have been found 
in HTS, and indeed a clinical history of  atopy and higher 
levels of  circulating IgE have been found in patients with 
HTS. Recently much larger numbers of  epidermal Langer-
hans cells have been identified in association with HTS.85,86

Immunohistochemical staining has demonstrated addi-
tional striking differences between HTS and normal scars. 
Staining for α-smooth-muscle actin has consistently dem-
onstrated this contractile protein within spindle cells in the 
characteristic collagen nodules of  HTS. The sulfated proteo-
glycans of  HTS are quite different from those of  normal 
scars in that much less decorin is present, and versican is 
predominant in the rounded nodules. More VEGF immuno-
staining is seen in HTS. Larger numbers of  small nerve 
fibers have been identified by immunostaining in HTS. 
These consistent findings may be providing important clues 
to the pathogenesis of  hypertrophic scarring, but, at this 
time, they are difficult to incorporate into a single hypoth-
esis. Although the lack of  a suitable animal model and the 
scarcity of  human tissue, in addition to the confusion sur-
rounding the proper identification of  hypertrophic scar-
ring, have hampered research in this field, in recent years 
the study of  the biology of  HTS has been enabled by the 

demarcated from the surrounding scar tissue, which may 
be composed of  similar material or may be composed of  
mature thick collagen fibers that are oriented parallel to 
each other and to the wound surface, typical of  mature 
scars. Although the collagen fibers are clearly visible with 
routine H&E staining, they are most distinctly seen with the 
Movat stain, which stains mucopolysaccharides blue-green 
and mature collagen fibers yellow-orange. The nodules of  
HTS vary from 0.5 mm to more than 1 cm in diameter and 
can be spherical, ovoid, or cylindrical in shape. The abnor-
mal dermal tissue is very firm and may reach a thickness 
of  several centimeters. Both normal and HTS are charac-
terized by lack of  elastin, which is also visible using the 
Movat stain. However there are often residual elastin fibers 
in the deepest part of  the dermis below zones of  hypertro-
phic scarring, and sometimes there is a narrow zone of  
normal elastin fibers above the HTS, perhaps derived from 
the applied skin grafts. Occasionally small rounded nodules 
of  HTS tissue are seen scattered between intact hair fol-
licles. It is not unusual to see residual eccrine sweat glands 
in the adipose tissue beneath a large HTS, suggesting that 
these scars may originate in deep partial-thickness burns. 
These features are illustrated in Figs. 46.4 and 46.5. In 
addition, in a minority of  HTS, an additional histologic 
feature is seen consisting of  very broad, hypereosino-
philic collagen fibers oriented parallel to each other but at 
varying angles with the skin surface. In some cases such 
broad, dense fibers dominate the wound. Generally they are  
surrounded by whorls of  circularly oriented, immature  
collagen typical of  HTS. These features are illustrated in  
Fig. 46.6. These are the features that have been described as 
typical of  the histology of  keloids. However, in our patient 
population, typical keloids are distinctly unusual, and there 
is no evidence to suggest that the patients with these thick, 
eosinophilic collagen fibers have a worse prognosis or a 
more delayed course of  scar maturation than other patients 
with HTS. Thus, in our extensive experience with the his-
tology of  scars from large burns in children, the histologic 

A B

Fig. 46.4 Photomicrographs of hypertrophic scars. (A) Within the dermis there is a rounded nodule of collagen that has a sharp border and is distinct
from the surrounding scar tissue. (B) The border of a collagenous nodule in a hypertrophic scar. In the surrounding scar tissue, collagen fibers are
oriented parallel to the skin surface. Within the nodule, collagen fibers are very thin and are oriented circumferentially.
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work has been done in which normal and abnormal human 
scar tissue have been implanted into the athymic nude 
mouse, which allows testing of  potential therapies and 
modification of  the biological milieu in vivo.88–91 In this 
model, it is even possible to irradiate the mouse and trans-
plant human bone marrow to study interactions between 
immune reactions involving human cells and the human 
skin grafts. Engrav and his colleagues developed a model in 
the female red Duroc pig that mimics many of  the features 
of  human hypertrophic scarring.92–100 Recent studies by 
their group and others have elucidated molecular mecha-
nisms underlying HTS development as well as the effects of  
antiscarring therapies at the molecular level.

development of  new experimental models. Adoption of  cell 
culture models, culture of  whole-tissue biopsies, use of  
immune-deficient mice, and establishment of  hypertrophic 
scarring in the red Duroc pig have yielded important infor-
mation on biologic processes underlying human hypertro-
phic scarring.

EXPERIMENTAL MODELS OF 
HYPERTROPHIC HEALING

The first animal model of  keloids was described in 1959, 
based on immunization of  experimental animals with autol-
ogous skin, followed by induction of  wounds.87 Extensive 

BA

Fig. 46.5 (A) This Movat-stained slide shows a minimal hypertrophic scar consisting of a single round nodule between hair follicles. The nodule stains 
light green, in contrast to the yellow-orange color of the surrounding mature collagen fibers. The greenish color reflects a larger quantity of sulfated 
proteoglycans within the collagen nodule. (B) At higher magnification, numerous small blood vessels can be seen within a large, green-staining nodule 
from a hypertrophic scar. 

BA

Fig. 46.6 (A) Some otherwise typical dermal nodules in hypertrophic scars contain very broad, hypereosinophilic collagen fibers similar to those typical 
of keloids. This specimen is from the patient shown in Fig. 46.3C. (B) The typical appearance of the thick, dense collagen fibers that stain intensely with 
eosin can be seen at higher magnification. 
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within the burn wound may lead to hypertrophic scarring 
with increased fibrosis, downregulation of  decorin, up-
regulation of  versican, increased neovascularization, and 
decreased collagenase113 The type of  inflammatory response, 
in addition to the magnitude and location of  the inflamma-
tion, play a role in hypertrophic scarring. Characterization 
of  CD4+ T-helper cells revealed that, following a burn, polar-
ization of  lymphocyte populations leads to a shift from a 
TH1/antifibrotic phenotype to a TH2/profibrotic response.114 
Decreased systemic expression of  interferon-γ (IFN-γ) and 
IL-4 and increased IL-4-producing lymphocytes persist for 
a year following a burn injury.

PATHOGENIC CONCEPTS

Understanding of  the biology of  hypertrophic scarring has 
been hampered by multiple factors, including problems in 
gaining consensus on the definition of  the lesion, the under-
use of  a suitable animal model, and the consequent inabil-
ity to test hypotheses by altering the course of  the disease. 
Multiple concepts of  pathogenesis have been proposed, with 
some gaining wide acceptance while others have yet to be 
experimentally excluded. It does seem clear that develop-
ment of  an HTS represents an abnormality in regulation 
of  the normal processes of  wound healing, which may 
occur early, as Linares and Larson suggested.72 Failure of  
the normal processes limiting collagen secretion and matrix 
formation is apparent in HTS. One might suppose that the 
normal processes by which tensions in the matrix signal cel-
lular responses have become defective in HTS.40,42 The roles 
of  the mast cell and other inflammatory cells in scar devel-
opment have become better defined; use of  the mast cell 
stabilizers ketotifen and sodium cromoglycate demonstrates 
decreased fibrosis and wound contraction with inhibition 
of  mast cell activity, indicating new targets for antiscarring 
therapies. Myofibroblasts are more prominent in immature 
and active HTS than in normal or mature scars and are 
thought to play a role in excessive wound contraction. 
Dermal fibroblasts within the HTS differentiate into myofi-
broblasts. The fibrous nodules of  HTS might represent per-
sistence and uncontrolled growth of  a separate population 
of  connective tissue cells perhaps related to the perifollicular 
cells that normally express versican. The formation of  these 
nodules may represent abnormal epithelial–mesenchymal 
interactions; epidermal cells, such as Langerhans cells, and 
increased IL-4 with decreased IL-1α expression have been 
shown to influence dermal remodeling resulting in hyper-
trophic scarring. Since burn patients have higher circulat-
ing levels of  glucocorticoids and IL-6 than do nonburned 
individuals, selection of  cells resistant to the usual effects 
of  these agents may occur following burn injury, leaving 
fibroblasts that are able to withstand the normal suppres-
sive action on fibroblast proliferation. Metabolic differences, 
such as higher adenosine triphosphate (ATP) concentra-
tions and greater oxygen consumption apparent within the 
hypertrophic scarring, may be the emphasis on metabolic 
differences. Finally, abnormal macromolecular expression 
by the covering epithelium may lead to abnormal develop-
ment of  the dermal scar or fail to suppress inappropriate 
fibroblast functions.117 Clearly it continues to be important 
to develop and test many hypotheses until the problem of  
hypertrophic scarring is finally solved.

PHENOTYPIC ABNORMALITIES OF
HYPERTROPHIC SCAR FIBROBLASTS

There have been many studies of  the functions and molecu-
lar biology of  fibroblasts derived from HTS and keloids in
tissue culture. It does appear from these studies that there
is a significantly different phenotype of  fibroblasts from HTS
that persists in culture. HTS fibroblasts have been found
consistently to secrete more TGF-β and collagen more
rapidly than fibroblasts derived from normal skin or normal
scars.101 Furthermore the depth of  residence of  the fibro-
blast also determines the fibrotic phenotype, with deep
dermal fibroblasts characterized by increased collagen
secretion with reduced collagenase expression, slower pro-
liferation, and an increase in α-smooth muscle actin expres-
sion when compared to superficial fibroblasts. Genomic
analysis has been done in several laboratories on HTS fibro-
blasts, with identification of  numerous differences in gene
expression. In a genomic study from our institution, cul-
tured fibroblasts from HTS showed a reduced response to
IL-6 as compared to fibroblasts from adjacent normal skin,
suggesting that decreased receptor activation might be a
factor in hypertrophic scarring.102

GENE EXPRESSION IN HYPERTROPHIC SCARS

Studies of  gene expression and regulatory pathways in HTS
tissue have begun to provide much better understanding
of  both normal and hypertrophic wound healing. Initial
studies of  HTS gene expression using transcriptome anal-
ysis showed consistent differences in the expression of
multiple collagen isoforms, growth factors, and metallo-
proteinases.103 Similar studies demonstrated the similarities
between human and porcine hypertrophic scarring.104 In
several experimental studies in animals, interventions have
been applied that alter wound expression of  important genes
or signaling pathways, with substantial change in size of
the resulting wound.105–110 Studies in human patients have
shown that variation in a gene’s sequence can be associ-
ated with decreased severity of  postburn hypertrophic scar-
ring; although the role of  CUB and Sushi multiple domains
1 (CSMD1) in hypertrophic scarring is not yet known, a
potential modification of  the TGF-β signaling pathway has
been proposed. Although more research is needed, such
studies promise possible therapeutic intervention in the
processes that lead to hypertrophic scarring.

INTERPLAY OF SYSTEMIC AND LOCAL
INFLAMMATORY RESPONSES

Both local and systemic cytokine expression impact the
development of  hypertrophic scarring. In burned children
who do not develop HTS, active and total TGF-β1 levels in
plasma increased during the first 2 weeks following the
burn injury before dropping to levels below those found in
nonburned patients. In burned children who later devel-
oped HTS, however, active and total TGF-β1 levels in plasma
were diminished from the day of  burn until at least 180
days later.111 Augmented levels of  systemic TGFβ1 have
been correlated with increased circulating fibrocytes.112

Although elevated systemic levels of  TGF-β1 may be benefi-
cial following a burn injury, prolonged expression locally
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Conclusion

Healing of  burn wounds requires activation of  several host 
processes, including fibrin clotting and lysis, deposition of  
an immature connective tissue matrix and its reorganiza-
tion into a mature scar, and epithelial outgrowth and inter-
action between the epidermis and the dermal matrix. In 
many burn patients, excessive scar tissue forms, with 
adverse consequences. Continued study of  this problem will 
continue to be important until more effective modes of  
treatment are developed.
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(physical and/or occupational therapists) in order to assess 
their medical status and formulate a plan of  care. It is 
crucial that therapists document the findings of  their evalu-
ation in the patient’s medical record because these findings 
will serve as the baseline upon which progress will be deter-
mined. A good burn evaluation should include (1) the 
history of  how the accident occurred; (2) an interview with 
the patient’s caregiver to gather information regarding the 
patient’s preinjury functional status and activity level; (3) 
documentation of  the etiology, classification, and total body 
surface area (TBSA) of  the burn injury; (4) documentation 
of  associated injuries such as fractures, smoke inhalation 
injury, and exposed tendons and bone; (5) measurement of  
edema, ROM, strength, and sensation if  appropriate; (6) 
assessment of  ADL performance; (7) need for positioning of  
affected areas, including splinting; (8) development of  
short- and long-term treatment goals; and (9) development 
and documentation of  a treatment plan. The patient’s 
status should be reassessed on a regular basis and after each 
surgical procedure to update the plan of  care as needed. 
Therapists should communicate the results of  their evalu-
ation and the treatment plan to the burn team and to the 
patients and their families.

Positioning and Splinting of the 
Burn Patient

In a study of  burn survivor perceptions about rehabili-
tation, positioning and splinting routines were viewed  
positively and identified as useful in order to improve move-
ment.1 Positioning of  the burned patient is fundamental 
to bringing about the best functional outcomes in burn 
rehabilitation.2–4 Positioning programs should begin imme-
diately upon admission to the burn center and continue 
throughout the rehabilitative process. The role of  the burn 
rehabilitation therapist is invaluable in designing a patient-
centered positioning program, one that reduces edema, 
enables wound care, facilitates joint alignment, minimizes 
the risk of  peripheral neuropathy,2,3 and counteracts all con-
tractile forces without compromising function. In planning 
and implementing an effective patient-specific positioning 
program, the therapist should be aware of  the patient’s 
TBSA of  burns, the depth of  all injuries, respiratory status, 
and associated injuries such as exposed tendons/joints or 
fractures. Individualized positioning programs are moni-
tored closely for any necessary adjustments depending on 
the patient’s medical status. The quote that “the position 
of  comfort is the position of  deformity” applies to every 
burned patient who has sustained a serious injury. The risk 

 Videos available at www.expertconsult.inkling.com

Introduction

The physical rehabilitation of  patients who have sustained a
burn injury is a serious undertaking and requires, among
other disciplines, the involvement of  physical therapy, occu-
pational therapy, and exercise physiology in order to produce
the best functional and cosmetic outcomes. Recent advances
in medicine have significantly contributed to increased
patient survival rates, and this necessitates faster, more
comprehensive, and prolonged burn rehabilitation. With
severe burn injuries, as perhaps with any other order of
trauma, there is an urgent need for immediate and aggres-
sive initiation of  patient-specific rehabilitation programs.
The distribution and depth of  the burn injury clearly predict
the patterns of  deformity and joint contractures and
mandate the establishment of  therapeutic goals and the
initiation of  treatment as soon as possible. As stated previ-
ously, the more extensive the burn injury, the greater the
rehabilitation challenge becomes. A seriously burned
extremity in an otherwise modestly burned patient is much
easier to restore to function than an extremity similarly
burned in a patient with full-thickness burns involving mul-
tiple anatomical surfaces. In the case of  seriously burned
patients, the immediate and primary focus will always be
preservation of  life and wound coverage. Today, burn reha-
bilitation specialists intervene early on in the patient recov-
ery process through the development and implementation
of  rehabilitation programs intended to maximize the poten-
tial of  functional and cosmetic patient recovery.

The primary short-term rehabilitation goal is to preserve
the patient’s range of  motion (ROM) and functional ability.
Long-term rehabilitation goals include returning patients
to independent living and teaching patients to compensate
for any permanent functional loss suffered as a result of  the
burn injury while contributing toward acceptable cosmetic
outcomes.

This chapter addresses the evaluation, positioning,
splinting/orthotics, serial casting, prosthetics, scar man-
agement, exercise, performance of  activities of  daily living
(ADL), and patient and caregiver education utilized in burn
rehabilitation along the continuum of  care.

Evaluation of the Burn Patient

Upon admission to the burn center, patients undergo a com-
prehensive evaluation by burn rehabilitation therapists
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of  deformity after burn injury is real, and burn scar con-
tractures should be anticipated and dealt with proactively.5,6

Anti-deformity positioning can be achieved through 
multiple means: splinting, mechanical traction, cut-out 
foam troughs and mattresses, pillows, strapping mecha-
nisms, serial casting, and, in some cases, through surgical 
application of  pins. The burn therapist needs to be aware of  
physician-specific protocols and work closely with the entire 
burn team to design the most effective positioning program. 
Orthotics and splinting devices are vital in burn rehabilita-
tion because they are utilized extensively to obtain appro-
priate positioning of  the entire body and to counteract the 
contractile forces of  scarring that lead to deformity. The 
application of  positioning strategies is used to influence 
soft-tissue lengths to limit the loss of  ROM due to scar for-
mation and contraction.2,3 No matter how the burn thera-
pist approaches splinting (material choice, design, and 
application schedules), the goal is to achieve the best func-
tional outcome at the completion of  rehabilitation. When 
fabricating a splint or an orthosis, the burn therapist must 
be aware of  the anatomy and kinesiology of  the body 
surface to be splinted. Also, the therapist should be well 
aware of  all mechanical principles of  splinting as they 
relate to pressure, mechanical advantage, torque, rotational 
forces, first-class levers, friction, reciprocal parallel forces, 
and material strength.7

The general outcomes for the use of  splints in a burn 
rehabilitation setting have been identified as protection of  
vulnerable structures, preservation of  ROM, suppression of  
scar, and correction of  soft-tissue contractures.8 The goals 
for positioning and splinting will vary with the phase of  
burn rehabilitation. In the acute phase, the goal is edema 
control and pressure relief; in the intermediate phase, the 
aim is tissue elongation and graft protection; and, for long-
term rehabilitation, the target is tissue elongation.9 Posi-
tioning and splinting must be designed in a way to:

■ Allow for edema reduction
■ Maintain joint alignment
■ Support, protect, and immobilize joints
■ Maintain and/or increase ROM
■ Maintain tissue elongation
■ Remodel joint and tendon adhesions
■ Promote wound healing
■ Relieve pressure points
■ Protect newly operated sites (grafts/flaps)
■ Stabilize and/or position one or more joints, enabling

other joints to function correctly
■ Assist weak muscles to counteract the effects of  gravity 

and assist in functional activity
■ Strengthen weak muscles by exercising against springs 

or rubber bands.7

Devices should:

■ Not cause pain
■ Be designed with function in mind
■ Be cosmetically appealing
■ Be easy to apply and remove
■ Be lightweight and low-profile
■ Be constructed out of  appropriate materials
■ Allow for ventilation to prevent skin/wound

maceration.7

Typical burn care positioning protocols describe the supine 
position in great detail. More emphasis is now being placed 
on the use of  side-lying and prone positioning for patients 
with large burns who must be immobilized for extended 
periods due to newer grafting techniques that cover larger 
areas with fragile skin substitutes. When designing posi-
tioning programs, the joint angles are aligned in neutral 
postures and the supporting surfaces are modified to maxi-
mize the surface area to body contact while protecting bony 
prominences from compression.

Side-lying may be used on a rotating basis for patients at 
risk for sacral or scapular skin breakdown. In a preventive 
program, the rotation is right side to supine to left side. The 
order is then reversed on a 1- to 2-hour schedule. Full side-
lying at 90 degrees from supine should not be allowed for 
any significant length of  time due to excessive pressure over 
the greater trochanter. A more appropriate position for side-
lying is approximately 30–40 degrees from the supine posi-
tion, which distributes pressure more evenly between the 
head of  the femur and the lateral portion of  the sacrum.

The mechanics of  a side-lying position can be accom-
plished using pillows or wedges made of  foam or wood. The 
advantage of  foam or wooden wedges is that they can be 
placed directly under the mattress with less manipulation 
of  the patient. As the rotation schedule is completed, the 
wedge can either be removed for the supine position or 
transferred to the opposite side of  the mattress to achieve 
side-lying on the opposite surface.

Prone positioning strategies are usually the position of  
last resort (Fig. 47.1) and are reserved for patients who are 
not successfully managed in supine or side-lying. For 
example, there may be nonhealing grafts or wounds in the 
rectal region that increase the risk of  sepsis due to the intro-
duction of  fecal matter. Other candidates for this protocol 
include those with sacral pressure ulcers or posterior trunk 
grafts that are not healing.

The clinician faces a host of  issues that must be consid-
ered when instituting a prone positioning program. The 
airway is always the first issue that must be considered 
when designing a prone position mattress. The supporting 
surface is cut from a solid open-cell foam mattress that is 

Fig. 47.1 Patients may be positioned prone to protect posterior grafts
from shearing.
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In those cases where the ears are burned, they may be 
protected by strapping ear cups made of  thermoplastic 
materials or foam.10 An ear conformer may be constructed 
to prevent the rim of  the ear from contracting toward the 
head. Internal ear canal splints may also be fabricated and 
serially adjusted as the circumference of  the canal increases. 
In addition, if  the ear is affected, a soft circular foam can be 
positioned posteriorly to the head to elevate the ears off  the 
surface of  the bed. A nasal obturator may be required to 
maintain the nostrils open. These obturators may be serially 
adjusted as the circumference of  the nostril increases. 
Mouth splints are utilized for the prevention of  oral micro-
stomia. These devices are custom-made by the therapist, or 
they may be obtained commercially. Mouth splints may be 
fabricated static or dynamic for horizontal or vertical 
opening of  the mouth.11–15 In cases of  severe microstomia, 
where compliance is an issue, an orthodontic commissure 
appliance that attaches to the teeth may be fabricated by an 
orthodontist.16 The use of  stacked tongue blades is an 
acceptable technique to aid in reversing oral microstomia. 
Ongoing research looks at the development of  a microsto-
mia device that circumferentially opens the mouth accord-
ing to its anatomy (Fig. 47.3). In the post-acute phase, facial 
scar hypertrophy may require fabricating a high thermo-
plastic transparent mask, such as the Uvex and W-clear 
masks, or a silicone elastomer facemask.17–19 A semi-rigid 
low thermoplastic opaque mask may also be fabricated 
depending on the state of  scar maturation.

NECK

The neck is positioned in neutral or in slight extension of  
approximately 15 degrees without any rotation. The 
amount of  neck extension must not be so great that traction 
on the chin causes the mouth to open. Positioning may be 
achieved with a short mattress supine, a rolled towel, or 
foam cushion placed behind the upper back on the scapular 
line. Pillows should be avoided in the cases of  anterior neck 
burns because they may lead to flexion contractures. In the 
case of  anterior neck burns, a conforming custom thermo-
plastic collar may be fabricated (Fig. 47.4).20 For burns 
along the lateral surface of  the neck and some long-term 

placed on a wire mesh bed frame. Airway concerns are 
addressed first, and the patient is evaluated for mode of  
respiration. Nasal and tracheal intubation are issues to con-
sider, but these are not contraindications for the prone posi-
tion. A trough should be provided so that direct access can 
be obtained for routine airway care and if  breaths are 
needed using an Ambu-bag. If  the airway becomes compro-
mised, the prone position should be abandoned immedi-
ately until proper respiration is established.

The facial opening should be cut in a manner that maxi-
mizes weight distribution without allowing the head to 
enter into the opening. Using this protocol places direct 
weight-bearing pressure on the brow ridge, zygomatic 
arches, and the anterior mandible. These structures should 
be monitored closely, and the patient should be educated 
that breakdown is likely to occur due to the limited subcu-
taneous tissue protecting the face. If  burn scars are 
encroaching on the eyelids, then the corneas should be 
evaluated as well. Corneal abrasion can be avoided with due 
diligence and prevention of  the foam from contacting the 
unprotected eye. Countersinking a gel cushion into the 
upper portion of  the foam mattress can protect the forehead 
and brow ridge.

The sternum, pelvic region, and patellae are protected 
with the use of  an air-cell mattress that is inserted into the 
mattress in a lengthwise manner. The air-cell segments are 
typically supplied in standard lengths and may not reach 
from the sternum to the ankles. If  there is an unsupported 
area between the distal portion of  the mattress and the 
dorsum of  the foot, then the area can be supported with 
open-cell egg-crate-type foam. The feet are supported at the 
distal end of  the mattress with a foam footboard. Extra pre-
cautions should be taken to evaluate the elevation of  the 
great toe from the supporting bed frame.

In the prone position, all traditional joint alignment sug-
gestions are maintained with the possible exception of  the 
elbows. Shoulder mobility dictates the style of  prone mat-
tress that can be made for the individual burn patient. If  the 
patient has greater than 115 degrees of  abduction, then the 
mattress is modified to horizontally adduct and externally 
rotate the shoulder while flexing the elbow to allow for 
elevation of  the hands. This minimizes edema in the hands 
and allows for greater function once the prone position is 
no longer needed. If  the shoulders have limited abduction, 
then a “butterfly” cut is used to allow for horizontal adduc-
tion of  the shoulder to protect the brachial plexus, with the 
hands remaining slightly dependent. This will result in 
some hand edema, which can be addressed with pressure 
wrapping (Coban glove) and active exercise.

HEAD

Acutely, in aiding with facial edema reduction, the head 
should be positioned by placing it in midline and elevating 
the head of  the bed at 30–45 degrees if  the patient’s hips 
are not involved. In cases where the hips are burned, the 
entire bed may be elevated at the head with the use of  shock 
blocks (wooden blocks, 12–16 inches, with recessed slots 
for bed legs) or the use of  the reverse Trendelenburg posi-
tion. These methods avoid positioning the hips in the flexed 
position that promotes contracture formation and defor-
mity if  persistent (Fig. 47.2).

Fig. 47.2 Wooden blocks are utilized to place the bed on an incline to 
help with edema reduction and prevent hip contractures. 
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needs, a soft neck collar or a Watusi-type collar may also be 
fabricated as the patient’s wounds heal and contractures or 
scars develop. The Watusi-type collar allows for isolated, 
direct pressure to a thicker scar band.19,21,22 It has been 
observed that, in some cases, acute patients rotate or later-
ally flex their neck on one side, which may lead to a lateral 
neck contracture (torticollis). If  the patient is to remain in 
bed for a while, a dynamic head strap mechanism may be 
fabricated to counteract the lateral neck contractile forces 
and bring the neck into the neutral position. For the preven-
tion of  torticollis, the therapist may fabricate a lateral neck 
splint that conforms to the patient’s head, the lateral neck, 
and anterior/posterior shoulder (Fig. 47.5).

SPINE

Contracture resulting from unilateral or asymmetric burns 
of  the neck, axilla, trunk, and groin will cause lateral cur-
vature of  the spine (scoliosis). The level and amplitude of  
curvature will vary with the site and severity of  the con-
tracture. In addition, pelvic obliquity accompanying asym-
metric hip or knee flexion contracture will impose a lateral 
lumbar curve. As long as the patient is recumbent, lateral 
curvature can be prevented by maintaining straight 

Fig. 47.3 Horizontal, vertical, and circumferential mouth-opening devices are utilized to correct oral microstomia. 

Fig. 47.4 An anterior neck conformer helps prevent neck flexion 
contractures. 
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edema in the first 48–72 hours can promote the develop-
ment of  a fixed deformity. Additionally, improper elevation 
techniques for the upper extremity may lead to soft-tissue 
calcification, increased bone density, and compressive neu-
ropathies. The recommended position for the burned shoul-
der and axillary complex is 90 degrees abduction, 15–20 
degrees horizontal adduction, and external rotation toward 
maximal. Abduction alone places the glenohumeral joint at 
risk for anterior subluxation, if  the position is maintained 
for an extended period. Placement in horizontal adduction 
anatomically reduces the potential for tractioning of  the 
brachial plexus or peripheral nerve compression. The gle-
nohumeral joint is externally rotated in order to counteract 
anticipated deformities of  internal rotation and adduction 
and to maintain balance of  the soft tissues of  the shoulder 
complex.

Positioning of  the shoulder may be achieved with splints, 
silicone-filled pillows, bedside tables, foam arm troughs, 
metal abduction troughs, and thermoplastic slings sus-
pended from a trapeze mechanism (Fig. 47.7).23 Splinting 
of  the shoulder joint becomes more intensive as scar matu-
ration heightens the risk of  contracture development. Air-
plane splints have been used for the resolution of  axillary 
contractures and postoperatively to protect reconstructive 
procedures.24–26 Upon closer inspection of  the literature, a 
randomized controlled trial of  adults with shoulder burn 
involvement compared splinting to no splinting with regard 
to functional outcomes and determined that shoulder 
splints did not improve clinical outcomes in the study popu-
lation and that low adherence rates suggest splinting may 
be unacceptable to patients.27 However, more recently, a 
pilot study of  a newly designed multiaxis shoulder abduc-
tion splint concluded that the device resulted in a significant 
improvement in shoulder abduction angle compared to 
unsplinted patients.28 The use of  shoulder splints needs to 
be studied further to determine patient types, design prin-
ciples, and timing of  application.

In situations where deemed necessary, shoulder splints 
can be modified. To accommodate wound dressings and 
promote healing, a three-piece airplane splint may be fabri-
cated (Fig. 47.8). Foam arm wedges may be substituted 

A B

Fig. 47.5 (A) A dynamic head strap mechanism aids in positioning the 
neck in a neutral position during a prolonged ICU bed confinement. 
(B) A lateral neck splint is utilized to prevent lateral neck flexion con-
tractures (torticollis). 

Fig. 47.6 Scoliosis resulting from a left chest, abdomen, and left lateral 
trunk injury. 

Fig. 47.7 Foam arm troughs are utilized for positioning the shoulders 
in bed. 

alignment of  the trunk and neck (Fig. 47.6). However, the
curve is often insidious in onset and will not be recognized
until the patient begins to walk. Trunk list observed early in
the ambulation period can be simply a transient accom-
modation to pain and wound tightness, but a persistent list
may herald the development of  scoliosis. Other subtle signs
of  spinal curvature are asymmetry of  shoulder levels, scap-
ular asymmetry, asymmetry of  dependent upper extremity
alignment to the trunk, and asymmetry of  pelvic rim levels.
A spinal mobilization exercise program is established with
the patient once a curvature is identified; however, once
there is an established asymmetric contracture it is difficult
by therapeutic means to stretch it out, so it is probably
better to deal surgically with a deforming scar early than to
permit even minor scoliosis to persist.

SHOULDER GIRDLE/AXILLA

Acutely the upper extremity positioning program focuses
on reducing edema through elevation. Failure to reduce
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flexion contracture and threaten posterior exposure of  the 
joint. Full extension is the protecting position for the elbow. 
If  the joint is exposed posteriorly, extension may need to be 
rigidly maintained for several weeks. If  the joint is not 
exposed, mobilization into increasing flexion range can 
begin very soon after the burn injury. The elbow is integral 
to the so-called delivery system for the hand, and elbow 
range to full or near-full flexion is more important for overall 
function than range to full or near-full extension.

Radial head rotation for pronation and supination is less 
often affected by the burn injury than is flexion and exten-
sion. The pronators and supinators are frequently injured 
in electrical accidents where bone heats, being a poor con-
ductor, destroying the muscles closest to it. Forearm rota-
tion is essential for accurate hand placement, and the 
rehabilitative program must address pronation and supina-
tion during functional tasks and skills training. Depending 
on the location and severity of  the injury, the forearm may 
be positioned in neutral to slight supination. Static elbow 
splints may be soft or custom-fabricated of  thermoplastic 
materials. An anterior elbow conformer may be fabricated 
over the burn dressing. Dynamic elbow extension or flexion 
splints may be utilized to provide prolonged, gentle, sus-
tained stretch and aid in the correction of  contractures.30 
Forearm dynamic pronation/supination splints may be 
custom-fabricated or obtained commercially for the correc-
tion of  contractures.19,20,22

WRIST/HAND

A comprehensive team approach from initial evaluation 
through long-term follow-up is essential to maximize the 
functional outcomes for individuals with hand burns.31 
Treating therapists must have a thorough understanding 
of  the effects of  thermal injury on the anatomical struc-
tures of  the wrist and hand. The presence of  dorsal hand 
edema leads to intrinsic muscle ischemia and a resultant 
“intrinsic-minus” posture. The unsupported burned hand 
postures in wrist flexion, metacarpophalangeal (MCP) 
hyperextension, interphalangeal (IP) flexion, thumb adduc-
tion, and thumb IP flexion. The overall appearance is that 
of  a claw deformity (Fig. 47.10A). Edema following a full-
thickness burn to the dorsal hand imposes the positions of  
MCP hyperextension and IP flexion (Fig. 47.10B). Persis-
tence of  this position results in a claw hand deformity. The 
claw hand posture is primarily due to post-burn edema but 
may persist throughout the course of  treatment due to scar 
contracture or in the presence of  peripheral neuropathy. 
Among the digits, the second and fifth most easily drift into 
MCP hyperextension because each has a proper extensor  
tendon.

While superficial burns result in minor, transient edema, 
full-thickness injuries exhibit more severe and prolonged 
post-burn edema. Superficial hand burns should not be 
splinted in order to allow for frequent movement and the 
freedom to function independently.2,3 In cases of  severe 
thermal injury, it is important to monitor for signs and 
symptoms of  vascular insufficiency or compartment syn-
drome. In treating the edematous burned hand, it is impor-
tant to position the hand above the level of  the heart at all 
times if  it can be accomplished without compromising the 
neurovascular supply to the hand.19,20,22

when the patient is in the bed postoperatively, when it is 
difficult to fabricate an airplane splint. Other adaptations 
may be required in the presence of  amputations. Prefabri-
cated airplane splints come equipped with mechanisms that 
allow for adjustments depending on available shoulder 
ROM.19,20,22 A figure-of-eight axillary wrap may be utilized 
in conjunction with an airplane splint to provide compres-
sion for axillary contour and elongation of  skin surfaces 
(Fig. 47.9). A descriptive study using the figure-of-eight 
sling after scar release and skin grafting indicated that the 
device is safe, comfortable, easy to use, and promotes com-
pliant use by the patient; with at least as reliable results as 
the use of  abduction splints.29 For successful contracture 
management to the shoulder, the positioning program must 
be supplemented by exercise routines for ROM, strength, 
and endurance.

ELBOW/FOREARM

Acutely, elevation and extension is the desired position of  
the elbow. Severe burns involving the elbow may result in 

Fig. 47.8 A three-piece airplane splint may be fabricated to accom-
modate wound dressings and promote healing while maintaining the 
shoulder abducted. 

Fig. 47.9 A figure-of-eight axillary wrap provides a constant stretch of 
the axillary skin surfaces. 



47 • Burn Rehabilitation Along the Continuum of Care482

recommended that the optimal position for the burned 
hand is wrist 0–30 degrees extension, 70–80 degrees MCP 
flexion and IP joints in full extension (although some burn 
centers may advocate a slight amount of  IP flexion, deeming 
the position to be “safe”). The thumb should be positioned 
in a combination of  palmar and radial abduction, with the 
MCP/IP joints slightly flexed. An example of  a modification 
to the burn hand splint that would improve the protection 
of  grafted areas through the use of  a “roll bar” is described 
in the literature.33 What is clear is the need for controlled 
studies to determine the appropriate body positions to 
reduce deformity risks and to determine the most effective 
methods for the use of  splinting for maintaining ROM or 
contracture management. All the described positions 
resemble the “intrinsic-plus” position and can be achieved 
through fabrication/fitting of  a burn hand splint by a reha-
bilitation therapist (Fig. 47.11). The burn hand splint posi-
tions the hand appropriately to minimize soft-tissue 
contractures and preserve functional mobility. Involvement 
of  the extensor tendon apparatus should be assumed and 
protected until viability of  the system is known.34 Continu-
ous splinting is recommended to manage edema, exposed 
tendons, peripheral neuropathies, and uncooperative/
unresponsive patients.

In the intermediate phase, positioning and splinting are 
used to prevent/correct deformities and protect surgically 
reconstructed sites. Splints may be fabricated dorsal, volar, 
or on the medial/lateral aspects. Contractures are a major 
complication of  hand burns because they affect one’s ability 
to perform ADLs.5 Joint contractures have also been found 
to negatively impact quality of  life in burn survivors, espe-
cially with regard to physical function, role limitations, 
pain, and vitality.35 Dorsal hand burns are prone to contract 
into MCP hyperextension, IP flexion, and thumb adduction 
and should be splinted into MCP flexion, IP extension, and 
thumb palmar abduction. The most common post-burn 
upper extremity contractures are wrist flexion, index finger 
MCP hyperextension, index finger proximal IP flexion, and 
small finger MCP hyperextension/proximal IP flexion.36 The 
cupped palm deformity is functionally detrimental because 

A

B

Fig. 47.10 (A) Edema following a full-thickness burn of the dorsum of 
the hand: imposed metacarpophalangeal extension and interphalan-
geal flexion. (B) The deformity resulting from the persistence of this 
position is that of a claw hand. 

Fig. 47.11 The intrinsic plus position hand splint (burn hand splint) 
positions the hand appropriately to prevent contractures and preserve 
function. 

Acute positioning of  the wrist and hand after burn injury
is for edema control; immobilization/protection of  tendons,
joint structures, and/or skin grafts; and optimal positioning
to maintain soft-tissue lengths and functional abilities.
Within the first 24–72 hours, it is recommended that the
wrist be splinted into extension, allowing the MCP joints of
digits one through five to fall into flexion due to the normal
tenodesis action of  the wrist and hand. Wrist extension is
essential to control digital position and prevent a claw hand
deformity. The recommended functional position of  the
wrist is from 0–30 degrees of  extension.

The burned wrist and hand should be positioned to
oppose impending wound contracture. A review of  the
burn literature indicates some disagreement regarding
positioning of  the wrist and hand. A consensus panel of
burn rehabilitation experts discussed splinting of  the MCP
joints in at least 70 degrees of  flexion at night.2 Another
group of  burn experts went a little further and described
the position of  choice as being wrist extension, MCP
flexion greater than 60 degrees, and IP joint extension.3 A
third group, including surgeons, described the desired posi-
tion as 20–30 degrees of  wrist extension, approximately 80
degrees of  MCP flexion, IP extension, and thumb in
maximum abduction.32 The authors of  this text previously
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“sandwich” splint may be fabricated that includes a burn 
hand splint with a dorsal shell over the IP joints to prevent 
flexion of  the digits. All splints may be secured with elastic 
bandage or with Velcro strapping components (Fig. 
47.14).39 Individual gutter splints are used to prevent 
flexion contractures, to restrict boutonnière and mallet 
finger deformities, and to protect exposed extensor tendons 
until wound closure. Recently, a group of  hand therapists 
has combined the use of  digital gutter splints built into a 
compression garment to improve adherence to wear sched-
ules in a pediatric population.40 C-bar splints are used to 
prevent adduction contracture of  the first web space. 
Figure-of-eight splints are fit to correct or restrict swan neck 
deformities.

Dynamic splints are utilized to provide low-load pro-
longed stretch to counteract contractile forces and are rec-
ommended for the correction of  scar contractures.37 
Dynamic splinting of  the hand will focus on MCP extension/
flexion splints, IP flexion/extension splints, and thumb 
abduction and may include prefabricated or spring-loaded 
splints (Fig. 47.15).41 Patients may require dynamic splint-
ing to assist muscles weakened by peripheral neuropathy. 

Fig. 47.12 The cupped palm deformity limits the hand’s ability to 
grasp objects normally. 

Fig. 47.13 An example of a palmar extension splint to stretch a palmar 
contracture. 

Fig. 47.14 The “sandwich” hand splint prevents proximal interphalan-
geal (PIP) flexion contractures. 

it makes it impossible to smoothly reach around objects
(Fig. 47.12).

Burns to the volar surface of  the forearm will predispose
the patient to wrist flexion contracture, whereas burns to
the dorsal surface will likely result in a wrist extension con-
tracture. If  the wrist ROM becomes limited in a specific
direction, splinting the wrist in the opposite direction is
indicated. The fifth digit is occasionally pulled into extreme
abduction and hyperextension by scar contracture, muscle
imbalance, or ulnar neuropathy. The thumb may become
similarly displaced into adduction and retroposition. It is
important to remember that the likelihood for MCP joint
problems exists throughout scar maturation. Palmar hand
burns are prone to MCP flexion and thumb opposition con-
tractures and should be splinted into palmar extension and
thumb radial abduction.

Static positioning with custom thermoplastic splints can
be relatively efficient to implement in the clinical setting;
however, a review of  the literature indicates that there is no
strong evidence for the use of  static splinting in preventing
scar contractures.37 More recently, a group of  surgeons and
therapists collaborated to look at serial splintage of  the
upper limb after burn injury and found that the preopera-
tive use of  splints may lead to lesser surgical interventions,
and minor contractures may be completely corrected.38

Two common faults are seen in custom splints that are
designed to gain MCP flexion and to position the thumb in
MCP flexion/radial abduction. If  the distal transverse fold
of  the splint is not proximal to the MCPs of  digits 2–5, the
splint will impede rather than favor MCP flexion. If  the
thumb component of  the splint applies volar pressure rather
than medial pressure, the MCP will extend and the first
metacarpal will become correspondingly more adducted.
The first MCP joint should be maintained in slight flexion,
and pressure from the splint should be applied just to the
medial surface. Any degree of  first metacarpal adduction
contracture increases the likelihood that the proximal
phalanx will be pushed into hyperextension and eventually
into subluxation.

In the case of  circumferential hand burns, a palmar
extension splint is fabricated to prevent flexion contractures
and a cupping deformity of  the palm (Fig. 47.13). The burn
hand splint and an extension splint may be alternated. A
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flexion. Deep anterior burns may expose the joint, occasion-
ally destroying the patellar tendon. Deep posterior burns 
result in bridging scar formation. The appropriate position 
for the knee is full extension to be maintained by splint or, 
in severe cases, skeletal traction until there is efficient quad-
riceps function and the patient is ambulatory. Thereafter, 
night splints must be used until scar contracture is no 
longer a threat. Knee splints may include a posterior 
custom-made thermoplastic knee conformer or a soft knee 
immobilizer.

Persisting bilateral knee flexion contractures will impose 
hip flexion. Persisting unilateral contractures may impose 
pelvic obliquity and scoliosis. As with the hip, posture alter-
ation may be so subtle as to be overlooked. Correction of  
even a slight contracture should be a surgical priority, as 
should elimination of  a soft bridging scar band that does 
not prevent complete willful knee extension but causes the 
patient habitually to hold the knee in slight flexion.

FOOT/ANKLE

Ankle equinus is the most frequently occurring deformity 
involving the foot. Initially, it is related more to gravity and 
failure to support the foot at neutral at the talotibial joint 
than to the early effect of  the burn. Loss of  deep and super-
ficial peroneal nerve function will compound the problem 
by encouraging the foot to drift into inversion as well as 
equinus because of  loss of  dorsiflexion and eversion motors. 
In the end, the total deformity for the unsupported foot may 
be ankle equinus, hindfoot inversion, and forefoot varus 
and equinus. Ankle equinus quickly becomes a resistant 
deformity so that, within a few days or even hours, the foot 
can no longer be positioned at 90 degrees of  dorsiflexion in 
the neutral ankle position. Eventually the contractures of  
scar, muscle, and capsular structures combine to fix the 
deformity.

The therapist monitors dynamic splinting closely and makes 
frequent adjustments in order to provide effective tissue 
mobilization. Additionally, the fit of  dynamic splints is 
checked frequently to ensure that the anatomical structures 
remain properly aligned.

HIP

When anterior burns extend from the abdomen to the 
thigh, hip flexion is the position of  comfort. If  the hip is fixed 
in any degree of  flexion, posture will be modified. Bilateral 
symmetric contractures impose increased lumbar lordosis, 
knee flexion, or both. Asymmetric contracture will cause 
pelvic obliquity and scoliosis. In adults and older children, 
thighs are more likely to be held in adduction than in abduc-
tion, whereas in preambulatory infants the secondary com-
ponent of  the contracture is abduction. Thus, for the hips, 
the preventive position is full extension, 0-degrees rotation, 
and symmetric abduction of  15–20 degrees. If  elevation of  
the upper body is needed for edema reduction, then the 
entire frame of  the bed is elevated with the use of  wooden 
shock blocks placed at the head of  the bed or the bed is 
placed in reverse Trendelenburg with support of  a padded 
footboard. Soft mattresses should be avoided because they 
may promote hip flexion. Hip positioning is accomplished 
with the use of  abduction pillows and other strapping 
mechanisms that eliminate hip rotation. If  the patient 
wears bilateral foot splints, then connector bars may be 
utilized on the splints to bring about the desired bilateral hip 
positioning stated earlier. Hip flexion contractures may be 
serially corrected with an anterior hip spica or with a three-
point hip extension splint (Fig. 47.16).19,20,22 Subtle hip 
flexion contractures can be easily overlooked when the 
patient stands, there being only a slight increase in lumbar 
lordosis or forward or lateral shift of  the trunk. If  estab-
lished hip flexion contractures are not surgically corrected, 
body posture is likely to be permanently altered with scolio-
sis or exaggerated lordosis.

KNEE

Burn injury to the anterior or posterior surface of  the lower 
extremity that crosses over the knee joint may result in knee 

Fig. 47.15 A dynamic metacarpophalangeal (MCP) extension splint 
promotes functional use of the hand. 

Fig. 47.16 An anterior hip spica splint is utilized to prevent anterior hip 
flexion contractures. 
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yields inconsistent results. The correction achieved is often 
just to neutral or to slight dorsiflexion. The Ilizarov tech-
nique has been used with generally satisfactory immediate 
results in severe cases.42 No matter how correction is 
achieved, if  there are no dorsiflexion motors and if  the 
range of  ankle motion is only a few degrees, ankle fusion 
may in the end yield the best functional result.

The most common intrinsic deformity of  the foot is 
extreme extension of  the toes due to dorsal scar contrac-
ture. This deformity is insidious in onset and is difficult to 
prevent because there is no type of  nonskeletal splinting 
that will hold the toes flexed. In its extreme, the deformity 
includes dorsal metatarsophalangeal (MTP) subluxation, 
which may involve one or all toes depending on the location 
of  the scar. The metatarsal heads become prominent on the 
plantar surface and walking may be painful. Correction of  
the deformity requires dorsal surgical release of  the con-
tracture, manual correction of  the deformity, and, in severe 
cases, intrinsic or extrinsic pinning of  the digit or digits in 
an overcorrected position (i.e., MTP and interphalangeal 
flexion). The deformity will commonly if  not inevitably 
recur to some degree unless the patient, after the operation, 
is able to achieve active MTP flexion in all digits.

Dorsal scar contractures extending from leg to foot to toes 
may pull the foot into marked inversion if  the scar is medial 
or into eversion if  the scar is lateral. The fifth and first toes 
may be separately displaced by the same scar bands. These 
contractures must always be surgically corrected. Their 
persistence will lead to bone deformity in a growing child 
and will permanently adversely affect foot and ankle func-
tion. Even slight inversion, whether imposed by scar con-
tracture or motor weakness, will increase pressure on the 
lateral border of  the foot, leading to callus formation and a 
painful, inefficient gait. Occasionally the base of  the fifth 
metatarsal is so offensive as to require partial surgical 
osteotomy.

When there is both anterior and posterior scar contrac-
ture, the talus will remain aligned with the calcaneus in a 
relatively plantar flexed position as the midfoot and forefoot 
are pulled into dorsiflexion. The result is so-called rocker 
bottom foot with the head of  the talus being the principal 
weight-bearing feature. This deformity once established 
defies correction by usual surgical means because of  the 
shortage of  soft tissue and because vessels and nerves 
cannot be stretched to accommodate the corrected position. 
The Ilizarov technique may offer a partial solution to the 
problem. Removal of  the head of  the talus may give a rea-
sonable weight-bearing surface. With chronic painful ulcer-
ation, amputation is the best treatment.42

Orthotic Treatment of the Lower Extremity

Multiple articles have been written about surgical interven-
tions for burns to the feet in both adults and children.43–46 
The approach of  the orthotist in treating the injured foot 
depends on the extent of  the burn injury. Contracture defor-
mities of  the feet after burn injuries present a complex 
problem for all members of  the burn rehabilitation team.47 
The options for management include orthopedic shoes with 
and without modifications, orthotic inserts, ankle–foot 
orthoses (AFOs), and heel lifts. Orthopedic shoes, which are 
the fundamental component of  lower extremity orthotics, 
may be utilized with some modifications in correcting 

Equinus deformity and the attending inversion and fore-
foot varus can be prevented by accurate and unyielding 
support of  the foot in neutral alignment or slight dorsiflex-
ion. If  the patient must be nursed prone, the feet must be 
allowed to fall free from the mattress. Static splinting, if  not 
performed correctly by an experienced therapist, is often 
unsuccessful because of  the patient’s desire and tendency 
to plantarflex strongly, displacing the splint and leading to 
ulcers of  the heel, malleoli, toes, and where the splint edges 
touch the skin. A stable footboard may be effective if  the feet 
are kept securely and totally against it. For large burns and 
particularly for circumferential burns of  the lower extremi-
ties, skeletal suspension incorporating calcaneal traction 
will support the foot at neutral if  the traction pin is placed 
in the calcaneus well behind the axis of  ankle motion. A 
balanced traction system demands that the knees be sup-
ported in flexion with tibial pins at the level of  the tibial 
tubercle. Calcaneal pins will not prevent forefoot equinus. 
If  traction must be employed for several weeks, proximal-
pull dorsal pins in the first or first and second metatarsals 
may be required for support of  the forefoot. Transmetatar-
sal pins are useful as well when calcaneal traction alone is 
not sufficient to correct equinus.

Minor established equinus deformity can be corrected 
with a standing and walking program. At the outset, gradu-
ated heel lifts may be used to accommodate to the deformity. 
If  the patient must be bed-confined, skeletal traction 
through the calcaneus may be the quickest and most effi-
cient way to correct the deformity. Traction is effective even 
if  scar contracture contributes to the deformity. Serial cor-
rective casts or posterior splints alone are useful mainly for 
minor contractures. For the treatment of  circumferential 
foot/ankle burns, anterior foot splints are also fabricated 
and their application is alternated with the posterior foot 
splints in preventing plantar or dorsal foot contrac-
tures.19,20,22 The Multi Podus System foot splints may be 
utilized for the positioning of  the burned foot/ankle because 
they relieve heel pressure and prevent pressure ulcers (Fig. 
47.17). For fixed, unyielding deformity, scar release com-
bined with tendo-Achillis lengthening with or without pos-
terior capsulotomy is a standard surgical procedure that 

Fig. 47.17 The Multi Podus splint is utilized to position the burned foot
appropriately and prevent heel and malleoli skin breakdown.
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knee–ankle–foot orthosis, hip–knee–ankle–foot orthosis or 
a trunk–knee–ankle–foot orthosis may also be designed for 
the best functional outcome.48

SERIAL CASTING

Multiple authors have identified serial casting as a treat-
ment option for burn scar contracture management.5,49–54 
Casting has been used in patients with burns for postopera-
tive immobilization to promote graft adherence and to mini-
mize scar contracture during the remodeling phase of  
healing.54 Circumferential casting after skin grafting to the 
lower extremity has been an effective means of  providing 
protection to the grafted area.55 Serial casting has been used 
successfully on outpatients with burns when active ROM is 
limited due to scar tissue formation.52 Dewey, Richard, and 
Parry described serial casting as an alternative to the use of  
orthotic devices for contracture management in the pres-
ence of  burn scars.9

The literature has several examples of  casting being 
used as an anticontracture device for the hand,56–61 
wrist,54,60 elbow,54,62 axilla,63,64 knee,54 and ankle.53,54 In 
a retrospective study published in 2000, Richard, Miller, 
Staley et al. compared patients treated with a multimodal 
approach of  scar massage, therapeutic exercises, and pres-
sure therapy to those treated with a progressive approach 
that included static or dynamic splints and serial casting; 
the authors found significantly fewer days were required 
to correct the burn scar contractures in the progressive  
treatment group.50

Casting works based on the biomechanical principle of  
stress relaxation in much the same way as a static splint 
design does.9 Similar to static splinting, serial casting is a 
rehabilitation approach used to increase elongation of  scar 
tissue.2 The application of  a series of  casts provides a low-
force, long-duration stress that can cause a permanent, 
plastic deformation of  connective tissue.51 The goal of  serial 
casting is gradual realignment of  the collagen in a parallel 
and lengthened state by constant circumferential pres-
sure.53 Prolonged, gentle, sustained stretch provided by the 
cast aids in tissue elongation for the correction of  contrac-
tures (Fig. 47.19). Burn scar under constant traction shows 
collagen formation in parallel alignment along the forces of  
stress.65 Low-intensity force with prolonged duration of  
stretching can be applied to connective tissue whether it is 
scarred, contracted, or surgically shortened.66

A review of  the literature indicates that serial casting is 
typically used when the patient is noncompliant, does not 
tolerate splints, there is persistent ROM limitation, or a skin 
graft site requires protection or immobilization.51,53,54 Serial 
casting can be a relatively simple, fast, and painless inter-
vention and provides an alternative to complex splinting 
when patient compliance is an issue (e.g., in pediatric 
patients or patients with decreased arousal). Bennett, Helm, 
Purdue, and Hunt casted 35 patients with scar contractures 
at an average of  161 days after burn injury and found that 
all had significant improvements in ROM, which raises the 
question of  why serial casting is so often considered a last 
resort.54

Additionally, clinicians may be hesitant to apply a cast 
because of  open wounds, despite the fact that serial casting 
has been advocated for protection of  involved sites after skin 

deformities of  the burned foot. Modifications of  these shoes 
may include arch pads, molded foot thermoplastics, tongue 
pads, and metatarsal bars. The ideal shoes should distribute 
all forces to the foot appropriately, reduce pressure on sensi-
tive or deformed structures, and encourage total surface 
weight-bearing along the plantar aspect of  the foot. Inserts 
for plantar foot support, such as the University of  California 
Biomechanical Laboratory (UCBL)-type, may be utilized as 
indicated.

During the preambulation stage, the patient may be fitted 
with those orthotic devices mentioned earlier; if  properly 
utilized, they can position the ankle joint in a balanced posi-
tion, assist in preventing or correcting plantar/dorsal con-
tractures, and correct inversion/eversion of  the foot.

Leg length discrepancies are seen frequently in the cases 
of  severe lower-extremity burn injuries and should be 
addressed with a shoe lift. The ankle–foot complex is diffi-
cult to address, especially in the case of  a severe thermal 
injury. In most cases, the resultant deformity is the equin-
ovarus foot. Both conventional and thermoplastic systems 
may be designed to treat the equinovarus or equinovalgus 
foot. Such systems may include a metal AFO, polypropylene 
plastic posterior AFO (solid ankle or with an articulation), 
an AFO with stirrup attachment, or an AFO with stirrups 
and patellar tendon support. A dorsiflexion spring assist 
may be incorporated in the AFO to aid weak ankle motion. 
Different straps, such as a valgus correction strap, may be 
attached to the AFO for the correction of  specific problems. 
Interface materials, such as silicone, Plastizote, and Ali-
plast, can be incorporated into an AFO to provide protection 
of  the soft tissues, provide for total surface weight-bearing, 
and accommodate any anatomical anomalies that may be 
present (Fig. 47.18). In the event that a return of  ROM is 
anticipated, an AFO could be fabricated that can be modi-
fied as the patient progresses. As described, the ankle joint 
is incorporated into the AFO; however, the device is left solid 
and articulated at a later date.

During more complicated cases, and depending on the 
anatomy and function of  the lower extremities, a 

Fig. 47.18 Specialized materials may be required to accommodate
anatomical anomalies. Standard ankle–foot orthoses can be fabricated
utilizing silicone materials to accommodate excessive scarring and
limb loss.
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harden, an exothermic reaction occurs causing the tem-
perature within and beneath the cast material to rise, 
which leads to elevated temperatures and the risk of  burn 
injuries. The greatest risk of  thermal injury occurs when 
a thick cast using warm dip water is allowed to mature 
while resting on a pillow.67 Excessively thick casts and a dip-
water temperature of  higher than 24°C should be avoided. 
Placing the limb on a pillow during the curing process of  
the cast puts the limb at risk for further injury and should be  
avoided.68

A variety of  materials are available for the fabrication of  
casts. The most widely known would probably be plaster-of-
Paris. Plaster is fast setting when reacting with lukewarm 
water. Plaster casts are inexpensive, strong, and easy to fab-
ricate. However, they require longer drying times (24–48 
hours), are prone to indentations and skin irritations, and 
are heavy. Other disadvantages of  this technique include 
decreased water resistance and breakage if  not constructed 
strongly enough. Plaster casts may be removed with a cast 
saw or moistened and removed with scissors.

Fiberglass casting material is an alternative to plaster-of-
Paris. Fiberglass casting tape is fast setting when reacting 
with cool water. Fiberglass materials require a shorter 
drying time (15–30 minutes), are lightweight and durable, 
and offer resistance to dirt and water. Fiberglass casting 
methods are costlier than plaster. Because of  fiberglass’s 
abrasive properties, therapists must wear gloves when han-
dling the materials during cast fabrication and removal. 
The patient’s skin and clothing should be protected from 
contact with the fiberglass casting tape, as well as with 
fiberglass fibers during cast removal. Fiberglass casts require 
a cast saw for removal.

Recently, nonlatex polyester materials such as Delta-Cast 
have been utilized as alternatives to plaster and fiberglass. 
These materials, which resemble fiberglass, are very light-
weight, flexible, and, because of  their elastic properties, 
conform very well. These casts may be cut in a bivalve 
fashion so that they can be removed and reapplied after 
wound care, hygiene, and exercise.69

After cast fabrication is complete, the clinician should 
check the firmness of  the cast, neurovascular status of  the 
extremity, sharpness of  cast edges, and any signs of  the cast 
rubbing adjacent structures. When casting is completed, 
the patient should feel a gentle but not painful stretch. The 
first cast should be removed at approximately 24 hours; 
thereafter, depending on the patient’s tolerance, it could be 
applied for up to 1 week at a time. In the literature, the 
reported frequency of  cast change ranges from daily to 
every 10 days.53,54,57,60,62,63 In cases of  casting over open 
wounds, the cast should be removed every 1–2 days to avoid 
complications in wound healing.53,55 The use of  insert 
material for scar management under casts has been docu-
mented and found to be useful.53 Serial casting is termi-
nated when either normal ROM has been restored or no 
further functional gains are achieved.

According to a consensus summit of  burn care profes-
sionals, the traditional thought processes regarding the use 
of  serial casts with the burn patient need to be re-evaluated, 
casting regimens need to be standardized, and studies are 
needed to evaluate serial casting at various stages of  burn 
recovery and the overall effectiveness of  the modality for 
contracture management.2

grafting.55 Ricks and Meagher evaluated cast application 
immediately after skin grafting in 36 patients with lower-
extremity burns.55 They found that the casted group had 
significantly fewer days from skin grafting to wound closure, 
a higher rate of  graft adherence, and needed fewer surgical 
treatments for deficits in ROM. The use of  serial casts is 
often advocated as a last-resort treatment when a patient 
does not respond to traditional therapy and is often used 
primarily in the long-term phase of  recovery.2

The process of  cast fabrication has been described for use 
in both the adult and pediatric patient populations.51,55,56,59 
A precasting assessment should include goniometric mea-
surements, end-feel assessment of  the involved joints to 
determine the structures involved, duration of  limitation, 
skin or wound status, neurovascular status, functional 
needs, and cognition of  all involved parties. The patient is 
educated on the position in which the cast will be applied, 
the expected duration of  casting, and any restricted activi-
ties. Ridgway described the serial casting technique and 
sequence: (1) skin hygiene, (2) scar massage with moistur-
izer, (3) ROM exercises and assessment, (4) wound dress-
ings, (5) application of  a silicone insert, 6) extremity in 
figure-of-eight wrap or tubular bandage, (7) padding over 
bony prominences, and (8) one therapist to position and 
one therapist to fabricate cast.53 Clinicians need to provide 
adequate pressure relief  over bony prominences, however, 
to prevent skin breakdown. The clinician should only allow 
a minimal time lapse between cast removal and cast reap-
plication. Serial casting may be supplemented with static 
splinting of  the adjacent joints.

Patients may require premedication and may also benefit 
from soft-tissue preconditioning (heating) for stretch prior 
to cast application. Precautions should be taken to ensure 
proper and evenly applied padding, including extra layers 
at the proximal and distal ends of  the cast. The casting 
material should be rolled out and handled with an open 
hand as much as possible. Aggressive molding or overtight 
applications are to be avoided and can lead to compression 
neuropathies or vascular compromise. When cast materials 

Fig. 47.19 Serial casting provides prolonged, gentle, sustained stretch 
and aids in tissue elongation and correction of contractures without 
pain. 
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amputee includes splinting for the prevention of  contrac-
ture. An upper extremity splint may extend past the distal 
end of  the residual limb to match the length of  the whole 
limb, thus assisting a patient in retaining the concept of  
length. Initially, therapists must address: promotion of  
wound healing; pain management, residual limb shaping, 
prevention of  contractures, skin desensitization techniques 
(tapping, massage, scar mobilization, pressure application), 
edema control, and coping mechanisms for adjustment and 
grief. With early socket fitting, some skin problems will be 
encountered, but these are not usually of  major signifi-
cance. Silicone gel or urethane socket inserts have been 
used successfully for pressure relief  to burn-scarred skin. As 
wound healing progresses, prosthetic training will begin to 
focus on care of  the prosthetic device, don/doff  methods, 
skin inspection routines, weight-bearing with the device, 
and progressive functional skills.

Just as upper extremities are different from lower extremi-
ties, so, too are upper- and lower-extremity prostheses. The 
minimum requirements for successful use of  an upper-
extremity prosthesis are trunk control to support an upright 
posture, sufficient upper body strength to selectively acti-
vate the control devices, and static and dynamic balance 
skills. The patient will need to be trained on specific body 
movements to develop control of  the upper-extremity pros-
thesis. Glenohumeral flexion provides excellent power and 
reach for functional routines. It can be used to flex the 
elbow, activate the terminal device, and for activities away 
from the midline of  the body. Scapular protraction is also 
trained for activation of  the terminal device and facilitation 
of  fine motor tasks at midline or close to the body. The other 
motions of  glenohumeral depression/elevation, extension, 
and abduction are most frequently used to lock or unlock 
an elbow joint.

Different types of  upper-extremity prostheses are avail-
able along a continuum from mostly passive or cosmetic to 
primarily functional. Most devices fall somewhere in the 
middle range between cosmesis and function. Cosmetic 
prostheses are difficult to keep clean, expensive, and ulti-
mately sacrifice function for appearance. Functional pros-
theses fall into two categories. They can be designed to be 
body-powered (using cables) or externally powered (myo-
electric or switch control). Body-powered prostheses are 
moderate in cost and weight, more durable, and offer higher 
sensory feedback. However, they require more gross limb 
movement and can be less cosmetically appealing. Exter-
nally powered prosthetic devices allow for more proximal 
function, greater strength for grasp/prehension, and 
improved cosmesis. Additionally, they may be heavy and 
expensive, offer less sensory feedback, and require more 
regular maintenance. Regardless of  the type of  prosthesis 
planned for, fitting of  an upper-extremity body-powered 
prosthesis within 7–30 days correlates with higher accep-
tance and success rates.73 Body-powered prostheses are 
most commonly used in burn rehabilitation, and Table 47.1 
describes the components of  upper-extremity prosthetic 
devices.74,75

The rehabilitation upper-extremity prosthetic goals 
should include stability of  the shoulder girdle to allow pre-
hension, overall ease of  movement of  the entire limb, energy-
efficient use of  the device, and the appearance of  a normal 
upper extremity. Table 47.2 describes upper-extremity 

Prosthetic Interventions

A prosthesis is a device used to replicate the function and
appearance of  a missing limb. Amputations among the
burn patient population most often occur as a result of
electrical insults but can also result from more severe
thermal injuries as well. They have a significant physical
and psychological consequence, which impacts quality of
life.70 Prosthetics are designed, fabricated, and fit by a certi-
fied prosthetist. Each device is individualized based on the
needs of  the patient. But, in general, the prosthesis should
be comfortable to wear, easy to don/doff, lightweight, of
durable construction, and be cosmetically appealing. The
prosthetist and rehabilitation professional will consider the
following when designing the prosthesis and its compo-
nents: level of  amputation, shape and contour of  the resid-
ual limb, functional expectations, cognitive abilities,
vocational requirements, hobbies/leisure pursuits, and
financial resources. Standard prosthetic texts are useful in
providing broad basic information and explanations of  the
many components available and their use.71,72

Patients who have sustained severe burns and subse-
quent amputations have complex, long-term impairments
and face considerable functional deficits.

Severely burned patients tend to have sensorimotor limi-
tations in the intact extremities that may affect their ability
to utilize a prosthesis. Their limitations and strengths are
important considerations when planning treatment. These
patients may exhibit muscle weakness not usually seen at
the same amputation levels in the nonburn patient. Areas
of  weakness should be noted and compensation, such as
increasing joint stability through alignment or componen-
try, should be provided. Burned individuals may use their
remaining functioning extremities differently than patients
without total body involvement. Prosthetic rehabilitation
should enhance adaptations and necessary compensatory
methods. The challenge to the prosthetist is to design a
device that is maximally useful to a person who may have
multiple limitations. To be useful, a device must be as easy
to use as possible. Simplicity often determines whether the
device is successful or discarded.

Prostheses may be preparatory or definitive. Preparatory
devices are those fitted while the residual limb is still matur-
ing. A preparatory prosthesis is provided when reduction
of  stump volume is anticipated or when fitting over a bulky
dressing is necessary. These devices are usually simple,
passive devices that allow for early motion skills and weight-
bearing through the affected limb. Some patients will
continue to use their preparatory prosthesis for extended
periods of  time while other areas of  the body are treated.
Prior to definitive fitting, body weight, residual limb volume,
and wear and use patterns should be stable in order to opti-
mize the long-term result with the definitive prosthesis. The
definitive prosthesis is fitted when the residual limb is fully
mature. The use of  a preparatory prosthesis is not manda-
tory, but the use of  one will improve the fit and control
of  the definitive prosthesis and may, secondarily, reduce
the amount of  time needed for rehabilitation post-burn
injury.

Prosthetic preparation in burn rehabilitation begins in
the postsurgical phase. Early prosthetic treatment of  an
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tolerate pressure and weight-bearing. Lower-limb devices 
may be either preparatory or definitive. Table 47.2 details 
types of  lower-extremity amputations by level and identifies 
the appropriate prosthetic and components.74,75

Two common sequelae of  traumatic amputations are 
phantom sensation and phantom pain. Phantom sensation 
is the perceived sense that the amputated limb is still present. 
It is not typically characterized as painful by the patient. 
The patient may report feeling that the amputated limb has 
shrunk (telescoping). In contrast, phantom pain is the sensa-
tion of  pain originating in the amputated part. Upon assess-
ment, the pain may or may not be dermatomal in 
presentation. The patient may report constant burning, 
stinging, cramping, or a feeling of  awkward positioning. 
Phantom pain is most intense acutely, gradually becomes 
intermittent, is worse at night, and is often exacerbated by 
stress/anxiety. From a therapy standpoint, phantom sensa-
tion may be managed by desensitization techniques, 
whereas phantom pain may be responsive to transcutane-
ous electrical nerve stimulation.

amputations by level and identifies the appropriate pros-
thetic device to address the patient’s functional needs.74,75

The rehabilitation program for successful use of  lower-
extremity prosthetics begins with donning/doffing of  the 
device, transfer skills, activities to build wearing tolerance, 
practice to reinforce balance reactions, and preambula-
tion skills. Preparatory weight-bearing treatment for use 
of  a lower-extremity prosthesis usually begins on a tilt 
table, progressing to standing and then ambulation in the 
parallel bars. The rehabilitation goals should address sta-
bility, ease of  movement, energy efficiency, and the appear-
ance of  natural gait.76 Table 47.1 outlines the common 
components of  lower-extremity prostheses and their  
functions.

Lower-limb prosthetics require the following minimum 
requirements for successful use: upright trunk control, suf-
ficient upper body strength, adequate lower-body stability 
and control, static and dynamic balance skills, and good 
postural alignment. Lower-extremity prosthetic fitting 
begins when the patient’s wounds are well-healed and will 

Table 47.1 Prosthetic Components

Upper Extremity Functions Lower Extremity

Socket Interface between prosthesis and residual limb Socket
Selective loading/pressure relief

Suspension Holds prosthesis to residual limb Suspension
Force transmission for function

Control system: Usually movement 
of the shoulder or chest

Links movement of a body part to the prosthesis Control system: Usually movement 
of the hip or knee

Interposed elbow joint Performance of hand to midline Interposed knee joint
Provides support during stance phase, smooth swing phase, and 

motion for sitting and kneeling

Interposed wrist joint Attaches socket to terminal device; orients terminal device in space Shank (pylon)

Terminal device Restores cosmetic appearance Prosthetic foot
Replicates anatomic joints
Replaces hand/ankle function
Stable, weight-bearing surface
Shock absorption

Table 47.2 Types of Amputations and Prosthetic Needs

Types of Amputations Prosthetic Needs

Upper extremity Transphalangeal Passive for cosmesis
Transmetacarpal Oppositional devices
Transcarpal Body-powered hand or hook
Wrist disarticulation
Transradial

Forearm socket, wrist component, and terminal device

Elbow disarticulation
Transhumeral

Proximal arm socket, elbow hinge (passive, active, or externally powered), 
forearm lever arm, wrist component, and terminal device

Shoulder disarticulation Harness system and transhumeral components
Interscapulothoracic disarticulation Harness system, shoulder socket and transhumeral components

Lower extremity Transphalangeal
Toe disarticulation
Ray amputation
Transmetatarsal
Transtarsal

Toe-filler
Foot plate
Partial foot to tibial height prosthesis

Syme Socket to knee, low-profile foot
Transtibial
Knee disarticulation

Socket with foot and ankle

Transfemoral Socket, knee joint, and ankle/foot complex
Hip disarticulation
Hemipelvectomy

Socket is total contact shell, hip/knee joints, and ankle/foot complex
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burn injury is, the higher the risk for the development of  
hypertrophic scars. Also, the longer a wound remains open, 
the higher the chances for hypertrophic scar formation.80,81 
As the wound begins the healing process, collagen fibers 
develop to bridge the wound surface, forming an immature 
(active) scar, which appears as a red, raised, and rigid 
mass.82–85 Abston reported that pressure therapy while the 
scars were active led to flatter, softer, and more devascular-
ized scars.86 Burn scars may take up to 2 years or longer to 
mature. Factors contributing to the formation of  hypertro-
phic scars may include wound infection, genetics, immuno-
logical factors, repeated harvesting of  donor sites, altered 
ground substance, age, chronic inflammatory process, loca-
tion of  the injury, and tension.87 Scar hypertrophy may be 
evident at 8–12 weeks after wound closure.88

SCAR ASSESSMENT

A thorough burn scar assessment should be carefully con-
ducted by the burn therapist because the burn scar has 
serious implications on the final functional and cosmetic 
outcome at the completion of  the rehabilitative process. 
Over the years, several scar assessment scales and individ-
ual scar assessment tools have been developed to quantify 
burn scars to determine the efficacy of  scar management 
interventions. These scar assessment scales and tools are 
either objective (provide a quantitative measurement of  the 
various scar characteristics) or subjective (provide an over-
view of  the quality of  the scar as measured by an observer). 
The Vancouver Burn Scar Assessment developed by Sulli-
van and colleagues is a subjective way of  rating the burn 
scar pigmentation, vascularity, pliability, and height, and it 
is widely used among clinicians.2,89 Despite the fact that the 
Vancouver Burn Scar Scale is a subjective scale, it continues 
to be the most frequently utilized burn scar assessment 
scale by researchers to date. Baryza and Nedelec have 
attempted to improve the Vancouver scale through the 
years, and they have somewhat succeeded in doing so.90–92 
Other scar scale assessments include the Patient and 
Observer Scar Assessment Scale (POSAS) and the Manches-
ter Scar Scale (MSS). The majority of  scar scale assessments 
available are thought to be subjective in nature and are 
criticized for their lack of  validity and reliability. Hambleton 
and colleagues studied the thickness of  scars with ultra-
sonic scanning. This method, which is completely noninva-
sive, allows for a comparison of  the thickness of  dermal 
tissue in the traumatized area with that in normal skin at 
regular intervals following initial healing.93 Darvey et al. 
described a technique for the objective assessment of  scars 
utilizing a video camera image on a computer and quanti-
tatively analyzing the color of  the scars using a custom-
written computer program.94 Esposito used a modified 
tonometer to measure skin tone, which correlates to skin 
pliability and tension.95 Bartell and co-workers used the 
elastometer properties of  normal versus injured skin. In his 
study, Bartell showed that scars, if  left untreated, will show 
improvement over time.96 Hosoda utilized laser flowmetry 
to determine the perfusion of  hypertrophic scars versus 
nonhypertrophic scars.97 Other studies suggest that laser 
Doppler flowmetry and monitoring of  transcutaneous 
oxygen tension may in the future be ways of  determining 
scar maturation.98,99

The overall process of  prosthetic evaluation and fitting
is described in Fig. 47.20. Satisfactory use of  a prosthetic
device in burn rehabilitation requires continuous dialogues
among the patient, therapist, prosthetist, and surgeon.
Return clinic visits should include consistent prosthetic
re-evaluation. However, ultimately, the use of  a prosthetic
device depends largely on patient motivation.74 Most pros-
theses can be expected to last at least 3–5 years with standard
daily use. Children will need more frequent modifications or
adjustments as they grow and develop.77 In general, the
simplest system that provides the most functional–cosmetic
level is accepted by the amputee as the best choice.

Burn Scar Management

HISTORICAL REVIEW

The burn wound, like any other wound, heals by the forma-
tion of  scar at the injured site to replace the destroyed
tissues. Scar is defined as the fibrous tissue replacing normal
tissues destroyed by injury or disease.78 In the case of  a burn
injury, the scar, if  not managed appropriately, has the
potential of  becoming thick and raised, resulting in scar
hypertrophy. Hypertrophic scars are not cosmetically
appealing, and, if  they cross any joints, they may restrict
movement and function. Pressure therapy for scar manage-
ment is a very old and established component of  a recover-
ing burn patient’s continuing rehabilitation program.
Extensive historical notes on the earliest references to scar-
ring are provided by Linares and colleagues, who attribute
the first full medical description of  scars to Petz in 1790.18

They also state that the first medical reference to the use of
pressure for treatment was written by Johnson in 1678
referring to the work of  Ambroise Paré in the sixteenth
century.18 Other historical events noted by Linares et al. are
the first known accounts of  the use of  pressure for treat-
ment of  children in 1859, use of  elastic bandages in 1860,
adhesive plaster for pressure in 1881, and use of  traction
to treat scars in 1902. Linares’s review includes descrip-
tions of  Nason’s work in 1942, in which he noted that
ischemia produced by pressure arrests the overproduction
of  scar tissue, “where the imprint of  the elastic of  an under-
garment or a belt may be seen—no keloid is present.”18

Another historical review by Ward79 reveals that Blair in
1924 reported the positive influence of  pressure on healing
wounds. Nason’s application of  the “constant pressure”
principle included developing a type of  neck splint made of
a piece of  dental impression compound or a piece of  heavy
felt strapped tightly over the scar for 6–8 weeks and possibly
longer. Later, various splints were developed utilizing pres-
sure and immobilization.80 In the 1960s, Silverstein and
Larson observed the influence of  pressure on fresh scars.
Their observations led to the manufacture of  custom pres-
sure garments that revolutionized scar management in the
1970s and continue to be the most preferred method of
managing scars to date.18,79

THE SCAR

As the burn wound closes, or after skin grafting operations
take place, scars begin to form. Generally, the deeper the
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rehabilitation has yet to be developed.101 Individual scar 
characteristic assessment devices may, in some instances, 
show some reliability and validity; however, they are cost-
prohibitive and impractical to use in the clinic on a daily 
basis.102

Fearmonti et al. have compared several scar assessments 
and individual scar measurement devices and have high-
lighted their insufficiencies and limitations.100 A compre-
hensive, reliable, and valid burn scar assessment that is 
inclusive of  all major scar characteristics relevant to burn 
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problems due to interference with growth.118,119 We recom-
mend that these patients should be closely monitored for 
normal facial and dental development by physicians, includ-
ing dental specialists. The elastic hood and underlying sili-
cone face pad present special problems for patients, and 
some extreme challenges for the adults trying to assist a 
burned child or adolescent. The elastic mask and hood, cov-
ering head, face, and hair, effectively hides the identity of  
the person wearing it. It is perceived by children as sinister, 
associated with “bad men” or monsters, and most children 
who have worn this garment can relay stories of  being ridi-
culed by strangers who did not know the purpose of  the 
garment. Emotional expressiveness, usually apparent in 
facial movements, is hidden by the hood. More than one 
child has explained nonadherence with the prescribed 
wearing of  the elastic mask with a statement similar to “I 
want my friends to see me laugh.” A study by Groce et al. 
compared the elastic mask and hood with silicone pad to 
the transparent silicone face mask and found no significant 
differences between the amount of  pressure applied by each 
to the forehead, cheeks, and chin.120 Many children have 
expressed a preference for, and seem to wear more readily, 
the transparent mask. This study should make it easier for 
them to be granted their choice—an important event 
during a time when so much is happening to them outside 
of  their control.

PRESSURE THERAPY

As long as the scars are active, they may be influenced by 
pressure therapy. However, not all burn scars require pres-
sure. Patients with burn wounds that heal within 7–14 
days do not need pressure therapy. Those patients whose 
wounds heal within 14–21 days are closely monitored for 
pressure therapy needs and may be generally advised to use 
pressure garments prophylactically. A wound that heals 
after 21 days will require the use of  pressure garments.103 
The correct amount of  pressure in suppressing the hyper-
trophic scar has not yet been determined. Pressure of  as 
little as 10 mm Hg may be effective in remodeling the scar 
tissue over time. Pressures over 40 mm Hg, however, may 
be destructive to tissues and cause paresthesias.88 Early use 
of  pressure therapy may improve scar outcome and acceler-
ate time to scar maturity.121 The use of  conforming thermo-
plastics along with elastic bandages may also be utilized as 
means of  early pressure therapy.122 Once the wounds are 
almost or completely closed, tubular elastic bandages such 
as Tubigrip may be utilized. These tubular bandages are 
offered in different sizes and accommodate all anatomical 
circumferences. Care should be taken in applying these 
tubular bandages so that the fragile skin or the freshly 
applied skin grafts do not shear or that the minimal dressing 
underneath is not disturbed. The burn therapist should be 
aware that these tubular bandages are materials made of  a 
single elastic thread spiraling through the weave of  the 
fabric, and disturbance of  the continuous elastic by cutting 
holes into it will alter the pressure gradient provided by 
these materials. The tubular elastic bandages should be 
doubled over the skin surface area treated to provide ade-
quate pressure.123 Early pressure application over the hand 
and digits can be accomplished through the use of  thin, 
elastic, and self-adherent wraps such as Coban (Fig. 47.21). 

TREATMENT OF HYPERTROPHIC SCARS

To date, hypertrophic scars remain very problematic and
difficult to manage. Even though the mechanism of  scar
maturation is not yet well understood, clinically, the
accepted protocol to treat hypertrophic scars includes the
use of  pressure therapy, which should be instituted early on
in the maturation process of  the burn scar. Means of  pres-
sure therapy include pressure garments, inserts, and con-
forming orthotics. Once the skin has healed enough to
withstand shearing, massage and heat modalities may be
utilized as an adjunct in scar management. The use of  pres-
sure in effectively depressing scars was well documented by
Silverstein and Larson in the 1970s; their observations and
studies sparked the near-universal use of  pressure gar-
ments. When an active scar is compressed, it blanches,
which indicates decreased blood flow in the area.88 Less
blood leads to decreased oxygen in the tissues, which in
turns leads to decreased collagen production, which brings
a balance between collagen synthesis and collagen break-
down (lysis). When a balance in the production and break-
down of  collagen is established, the resultant scar appears
flatter.103 Kealey et al. conducted a prospective randomized
study to compare the efficacy of  pressure garment therapy
in patients with burns. Patients were randomly assigned to
receive either pressure garment therapy or no pressure
garment therapy. Assessment of  the maturity of  scar
included use of  the Vancouver Burn Scar Assessment Scale.
The results on 113 patients studied in the follow-up revealed
no significant differences between groups when age, body
surface area burned, length of  hospital stay, or time to
wound maturation were compared.104 In addition to this
study, other studies have reported problems related to lack
of  adherence and discomfort, blistering, ulceration or scar
breakdown, swelling of  extremities, and skeletal and dental
deformity due to excessive pressures, which often leads to
cessation of  treatment, significant side effects, and
deformity.88,104–109

On the other hand, studies have also reported benefits of
pressure garments.110–112 The reader is referred to various
recent excellent review articles on the efficacy or lack of
efficacy of  pressure garments in the management of  hyper-
trophic burn scars.113,114 The reason for the absence of
unequivocal evidence is that garments must be worn con-
tinuously for a least 23 hours a day, making compliance or
adherence difficult.18,107,114 In addition, the optimal pres-
sure that must be applied to the scar for treatment is not
known.107,115–117 Thus the studies and debates continue,
and, at least until more evidence is gathered, pressure
therapy with the familiar elastic garments is still prescribed.
Patients and families would no doubt feel relieved if  the data
eventually show that pressure does not make a significant
difference in long-term outcomes. However, it should be
noted that the studies thus far include neither the examina-
tion of  burns over joints nor do they include burns of  the
hands, neck, and face. In addition, none of  the studies to
date addresses the use of  pressure in the form of  splints,
another source of  discomfort and tension for burned chil-
dren and their families.

None of  the known studies has yet broached the face with
an attempt to determine the efficacy of  pressure versus no
pressure. Facial pressure garments in children may pose
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garments prior to ordering custom-made garments is to 
allow for the patient’s weight to stabilize (post-acute hospi-
talization) and any remaining edema to subside. In some 
cases where obtaining custom-made garments on regular 
intervals (approximately 12 weeks) is not an option, the 
recommendation should be that interim garments should 
be the choice for long-term pressure therapy. Once the 
patient’s weight has stabilized, edema has subsided, and the 
skin is able to withstand some shearing (approximately 3–4 
weeks post-wound closure), measurements are taken for 
the fabrication of  custom-made pressure garments (Fig. 
47.22). Today, several companies specialize in the fabrica-
tion of  these garments. Clinically, custom therapeutic pres-
sure for the prevention, control, and correction of  scar 
hypertrophy averages 24–28 mm Hg, which is approxi-
mately equal and opposing to the capillary pressure (25 mm 
Hg). At this pressure level, many researchers believe that 
scars may be altered.107 In order for pressure therapy to be 
effective, pressure garments need to be worn at all times, 
day and night. They should only be removed for bathing 
and on occasion during exercises should they interfere with 
movements. Each order is duplicated so one set of  garments 
can be worn while the other is being washed. Today, pres-
sure garment companies offer multiple colors of  materials 
and, for the pediatric population, cartoon characters may 
be sewed on the garments to make them cosmetically 
appealing and improve patient compliance.124,125 The  
burn therapist should choose a reputable company that 
provides excellent service and support for the patient and 
the therapist. The company’s willingness and flexibility to 
manufacture nonstandard garments, availability of  special 
options, cost, and turnaround time should be taken into 

This form of  pressure is excellent for adult and pediatric 
patients for controlling edema, and it aids in the early scar 
management of  hands when the shearing forces of  a glove 
cannot be tolerated. Small children are excellent candidates 
for Coban gloves versus a garment glove because of  compli-
ance issues, comprehension of  instructions in assisting 
with the application of  a custom glove, and difficulties in 
obtaining accurate measurements for a custom glove. 
Coban may be applied over the burn dressings or directly 
onto the healed digits. The burn therapist needs to be aware 
that if  Coban is wrapped too tightly, it may deform the inter-
osseous structures of  the healing hand. However, if  Coban 
is wrapped too loosely it may encourage swelling of  the 
hands when used in combination with arm elastic gar-
ments. Coban strips are pre-cut approximately twice the 
length of  the digits to be wrapped. Each strip is wrapped in 
a spiral fashion beginning at the nail bed of  each digit, 
overlapping half  of  the Coban width and ending in the adja-
cent web space. Each fingertip needs to be exposed so that 
blood circulation can be monitored at all times. The Coban 
is stretched from 0% to 25% of  the entire elasticity of  each 
strip. Once all web spaces are covered, the rest of  the hand 
is wrapped with Coban, extending approximately 1 inch 
past the wrist joint. No skin areas should be visible once the 
Coban glove is completed. If  small hand areas remain 
uncovered, a small piece of  Coban is stretched over the area 
and adheres to the rest of  the Coban. When the glove is 
completed, the therapist should very superficially lubricate 
the entire glove with lotion to eliminate the adherent effect 
of  the Coban and allow for the functional use of  the hand. 
Coban should be removed on a daily basis by the therapist 
or caregiver. Removal of  Coban should be done carefully by 
cutting off  or unwrapping each digit individually to avoid 
disturbing any wound healing.

The use of  prefabricated interim pressure garments is 
widely accepted and utilized in burn rehabilitation. These 
garments are available commercially from different compa-
nies, and they include pieces for the entire body. Interim 
garments, which are made of  softer materials, introduce 
the burn patient to circumferential pressure and protect 
newly healed skin. Another reason for using these 

Fig. 47.21 A Coban wrap can be used to decrease edema and aid in 
the effective management of hand scar hypertrophy. 

Fig. 47.22 Custom-made pressure garments may be fabricated for the 
entire body. 
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function needs to be preserved while pressure is applied. 
These foam inserts also work best for applying pressure to 
contour surfaces on the face (around the eyes, mouth, and 
nose) while protecting these sensitive areas from excess 
and rigid pressure. Elastomer putties such as Otoform K 
or Rolyan Ezemix form semi-rigid but still elastic inserts 
for different areas of  the body where the scar can toler-
ate more pressure, such as in the web spaces to prevent  
syndactyly.130

High-thermoplastic transparent masks were developed in 
1968 by Padewski to be applied directly to the face to 
prevent, control, and reverse scar hypertrophy. These masks 
require the moulaging of  the patient in creating a negative 
facial mold. A positive mold of  the face is fabricated with the 
use of  plaster. The patient’s positive facial mold is then 
sculpted in an attempt to recreate the patient’s nonburned 
face. A high thermoplastic material such as Uvex or W-Clear 
is then pulled over the positive mold to create the transpar-
ent face orthosis (Fig. 47.24A). Holes for the eyes, nose, and 
mouth are cut. The transparent face orthosis is worn with 
various harness systems designed to secure it to the face to 
address facial scar management.132 The use of  three-
dimensional scanners can replace the traditional methods 
of  face orthosis fabrication. Using a scanner greatly reduces 
patient anxiety by achieving the same accuracy as moulag-
ing in a fraction of  the time without physically touching the 
patient’s face. The scan is sculpted on a computer and a 
positive tool is manufactured out of  foam off-site. The posi-
tive tool is then sent to the facility for face orthosis fabrica-
tion. In the past, scanners were so large that facilities had 
to dedicate an entire room to their use; today, scanners are 
small enough to fit in a portable case and are run by laptops. 
These newer portable scanners give a therapist the freedom 
to scan patients in any setting in the hospital including 
intraoperatively. In cases of  significant scar hypertrophy on 
the face, the positive mold is sculpted sequentially over a 
period of  time to avoid excessive pressure over facial scar 
that could lead to skin breakdown. A silicone elastomer  
face mask may be created utilizing the existing positive 
facial mold and is worn under facial pressure garments  

consideration when selecting the burn center’s pressure 
garment provider.126

INSERTS

Inserts are widely utilized in burn rehabilitation as an 
adjunct to achieving effective pressure over certain ana-
tomical locations where pressure garments do not provide 
adequate pressure. These locations include concave body 
areas such as the face, neck, antecubital fossae, sternum, 
palm of  the hands, web spaces, upper back, and arches of  
the feet. These materials come commercially prefabricated 
or may be custom-made by the burn therapist. Inserts come 
in different forms, such as silicone/nonsilicone gels or gel 
sheets, elastomers, putties mixed with a silicone catalyst, 
skin care silastic pads, foam, and even in the form of  hard 
thermoplastic materials contouring to different anatomical 
locations. The experienced burn therapist chooses the 
appropriate insert material best suited for the patient 
according to the stage of  scar maturation and skin sensitiv-
ity. Generally, pressure therapy begins with a soft, thin, and 
elastic insert and progresses to a more rigid insert in depress-
ing the more unyielding burn scar. Inserts need to be worn 
underneath pressure garments, starting with a few hours 
of  application and progressing as tolerated toward a 
23-hour application.127 The inserts should extend approxi-
mately 5 mm beyond the scar margins and should be 
applied for several hours the first day then increased by 
2-hour increments every other day until the patient is able
to wear it for up to 23 hours per day.128 They should be 
removed frequently for cleaning (warm water and soap), to 
avoid scar maceration and skin breakdown. Patients may 
be allergic to certain insert materials so the burn therapist 
may try different inserts until one is found to be best toler-
ated by the patient’s skin. In cases of  scar maceration, blis-
ters, skin breakdown, contact dermatitis, a rash, or an 
allergic reaction, inserts should be removed immediately 
until healing occurs. Silicone, a polymer based on the 
element silicon, appears to be the trend in the treatment of  
hypertrophic scars. To date, the mechanism of  how silicone 
affects the burn scar is not known. Clinically, silicone has 
been observed to depress the height of  hypertrophic scars, 
prevent shrinking of  fresh skin grafts (hard elastomer sili-
cone pads vs. silicone gel pads), and increase the pliability 
of  scars, thus allowing for increase in the ROM of  affected 
joints. Silicone, being occlusive, may cause the collection of  
excessive moisture and cause skin maceration if  not 
removed frequently for cleaning and drying. Its disadvan-
tages are that it is very expensive and short-lived.129–131 The 
therapist should look for silicone gel pads with a nonshear-
ing protective medium on the nonskin surface in order for 
the gel to last longer. Also, buying larger gel pads and 
cutting them to fit the patient’s need may be a cost-effective 
method for working with today’s shrinking clinic budgets.

Other insert materials include liquid silicone elastomer, 
which when mixed with a catalyst forms a solid but elastic 
insert (Fig. 47.23). The experienced therapist is able to create 
custom inserts for difficult anatomical locations such as the 
face and web spaces using this technique. Prosthetic Foam 
is a liquid-based silicone elastomer which, when mixed 
with a catalyst, solidifies in the form of  a very pliable foam 
insert that works best for the palm of  the hands, where 

Fig. 47.23 Silicone elastomer inserts for the dorsum of the hand and 
web spaces are utilized for the prevention of syndactyly and depres-
sion in scar tissue. 
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increased extensibility of  connective tissue.137 Heat relaxes 
tissues and makes them pliable in preparation for mobiliza-
tion. Heat modalities may include hot packs, paraffin wax, 
fluidotherapy, and ultrasound. Even though the use of  ther-
apeutic heat as an adjunct to rehabilitation is well-
documented, therapeutic heat modalities are infrequently 
utilized in burn rehabilitation.138,139

Caution should be used in the application of  heat modali-
ties on patients who have sustained a burn injury. Patients 
may not be able to tolerate heat over areas of  healed or 
grafted burns due to hypersensitivity. Conversely, patients 
with diminished sensation are unable to determine if  the 
temperature is appropriate and are at risk for further injury. 
Although caution needs to be taken, the use of  therapeutic 
heat in burn patients can provide an effective method for 
increasing burn scar extensibility.

The use of  passive stretch in conjunction with therapeu-
tic heat greatly increases the effectiveness of  the treatment. 
Studies have shown that the use of  therapeutic heat during 
a slow load prolonged stretch is an effective method for 
attaining rapid and lasting increases in ROM when com-
pared to low load prolonged stretch alone.140 Warren et al. 
reported that low loads for prolonged periods of  time were 
found to produce significantly greater residual length in rat 
tail tendon, especially at elevated temperatures.141

Hot packs can provide superficial heat to burn scars and 
assist with stretching contractures. Common treatments in 
burn rehabilitation include using hot packs alone before 
treatment or in conjunction with therapeutic exercise such 
as active ROM or prolonged stretch. Because of  the shallow 
depth of  heat penetration, hot packs may have little effect 
on deeper layers of  scar tissue.137

Ultrasound has been used by rehabilitation therapists to 
increase temperatures deep within the tissue. Reported ben-
efits of  ultrasound in the treatment of  burn scar include 
increased extensibility of  collagen tissue, increased blood 
flow, and elevation of  pain thresholds.137 Application of  
topical therapeutic ultrasound to scar tissue has been 
reported to produce a tissue temperature rise that leads 
to an increase in the extensibility of  collagen.142 The com-
bination of  ultrasound and passive stretch was found to 
further increase tissue elongation.137 Paraffin is an effec-
tive heat modality used most commonly for the hands or 
feet. Heated paraffin encourages collagen extensibility and 
may also be beneficial because of  the softening of  the scar 
by the mineral oil in the paraffin.137 The use of  passive 
stretch in conjunction with paraffin has been shown to 
increase joint ROM and was found to make patients’ skin 
noticeably softer and more pliable after use.143 Similar 
to other heating modalities, paraffin has been found to 
increase ROM in conjunction with stretching compared to  
stretching alone.144

Burn scar management is a complicated and lengthy 
process, and, for it to be successfully completed, the patient 
and caregivers should be committed to follow the therapist’s 
recommendations. Extensive training should take place 
addressing the use and care of  pressure garments, inserts, 
lubrication, and other therapeutic scar management proce-
dures to be performed by patients and their caregivers. 
Lubricants that do not contain perfume and other skin irri-
tants should be selected and applied (at least 2–3 times 
daily) to the healing skin. Lubricants with a sun protection 

(Fig. 47.24B). The use of  the clear and silastic masks is 
preferred over the use of  just a facial garment because these 
masks provide conforming pressure around facial openings 
(eyes, nose, and mouth). Frequently, the burn therapist 
manufactures the clear orthosis to be worn during the day 
and the silastic mask along with the facial garment to be 
worn at night.17,18,133,134

BURN SCAR MASSAGE

Once the burn scars have matured enough to tolerate 
shearing forces, massage may be incorporated into the scar 
management regimen. Scar massage is an effective modal-
ity for maintaining joint mobility in the case of  contrac-
tures. It aids in softening or remodeling the scar tissues by 
freeing adhering fibrous bands, allowing the scars to become 
more elastic and stretchy, thus improving joint mobility. Ini-
tially, the therapist may utilize a nonfrictional massage 
applying mostly stationary pressure to skin blanching and 
mobilizing the skin surface without friction. Utilization of  
lubricants during this massage technique should be avoided. 
As the skin begins to tolerate frictional massage, the scar 
tissue is manipulated in circular, parallel, and perpendicu-
lar motions, using a lubricant and mobilizing the skin to 
blanch when performing the desired technique.135,136 Clini-
cally, scar massage is found to alleviate itching and is uti-
lized for desensitization purposes. An electrical massager 
with a heat attachment may be used along with lubrication 
because heat and massage in combination may increase 
scar pliability. Massage should be performed at least twice 
daily; the recommendation is three to five times daily for 
5–10 minutes on each treated body surface. The burn ther-
apist should frequently assess the skin condition to avoid 
further injuries. The patient and/or family are instructed on 
home massage techniques, and electrical massagers may be 
issued for home use. To decrease the effects of  scar tissue, a 
burn therapist must utilize all available options to achieve 
a functional outcome. Therapeutic heat is the most common 
modality used in burn scar management. Application of  
heat may permit easier elongation of  scar tissue through 

A B

Fig. 47.24 (A) A Uvex clear face mask or (B) a silicon elastomer face 
mask provides pressure to the face to prevent scar hypertrophy and 
preserve facial features. 
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each individual patient, with independent living being the 
ultimate goal throughout the rehabilitation continuum.

Therapeutic exercise begins immediately following the 
burn injury. For a patient being treated conservatively, 
movement helps maintain strength and ROM and aids in 
circulation and healing. Exercise is initially painful, and the 
very first repetition is often the most difficult. Discomfort is 
due to stretching skin that has lost its natural lubricating 
mechanism and has become dry and tight. Movement itself  
decreases pain. Each subsequent repetition will be easier as 
the skin stretches and the muscle pumping action of  active 
movement helps resolve edema, thus significantly reducing 
pain.

To show the progression of  exercise throughout a 
patient’s stay after a burn injury, exercise will be discussed 
in terms of  the rehabilitation phases described by Richard.154

Exercise During the Acute Rehabilitation Phase

The acute rehabilitation phase is defined as the time from 
admission until about the time that a patient’s wounds are 
50% closed or skin grafting for wound closure has begun.154 
Early therapeutic intervention on the burn unit has long-
term implications for restoration of  function.146 Early initia-
tion of  burn rehabilitation with an emphasis on several 
factors including early ambulation and a focus on prevent-
ing joint contracture through stretching exercise has been 
shown to be effective in reducing contractures.155

During the early part of  the acute rehabilitation phase, 
the exercise goals are resolution of  edema, maintenance of  
joint mobility, and prevention of  respiratory complications, 
which can often be performed without interfering with life-
saving measures.150

During this phase, patients spend long periods in bed due 
either to their medical status or postoperative immobiliza-
tion after skin grafting. Results of  patient immobilization 
due to burn injury include decreased cardiovascular fitness, 
disuse osteoporosis, increased risk of  thromboemboli, pul-
monary complications, decubiti, and muscle atrophy.150 
Due to the patient’s medical status during the acute reha-
bilitation phase, the patient may not be able to tolerate vig-
orous exercise. It is therefore recommended that exercise 
programs focus on increased frequency of  treatment ses-
sions that are shorter in duration.

Active ROM exercises are significant in the reduction of  
edema in the extremities and can begin within 24–72 hours 
after burn injury.150 Active ROM exercise is performed inde-
pendently by a patient. This is the form of  exercise most 
recommended because it stretches healing skin and pro-
vides strength-inducing benefits. Frequent exercise per-
formed actively (with voluntary muscle contribution) by a 
patient promotes the greatest increase in movement. Active 
ROM exercises are vital during burn rehabilitation to coun-
teract the effects of  prolonged bed rest and muscle atrophy, 
as well as to maintain ROM and prevent contractures. The 
best exercise for a joint affected by burns is complete active 
ROM.149 Active ROM more adequately addresses the 
patient’s functional physiological and psychological needs 
than does passive ROM.156 Although active ROM may be a 
superior form of  exercise for a burn patient, its use during 
the acute burn phase may be somewhat limited. Medical 
status and intubation, as well as fear and anxiety may all 
make active ROM exercises difficult to carry out.

factor (SPF) of  at least 15 are recommended.145 Written
instructions with pictures and diagrams along with videos
addressing scar management should accompany the patient
home on discharge from the hospital. Follow-up visits to the
burn or rehabilitation clinic for the assessment of  overall
recovery, including garments, inserts, and other home ther-
apeutic interventions, are needed so that the patient may
successfully complete his or her burn rehabilitation during
the first two years after the injury. The therapist’s knowl-
edge, creativity, and continuing research in improving the
currently existing scar management techniques may be the
key to positive outcomes in pressure therapy.

THERAPEUTIC EXERCISE

Burns often result in devastating injuries that severely affect
a person’s ability to perform functional activities through
severe deconditioning, ROM limitations, weakness, and
fatigue.146,147 Therapeutic exercise is one of  the central
interventions used by physical and occupational therapists
to combat the multitude of  problems associated with burn
injuries. Therapeutic exercise is defined as scientific supervi-
sion of  bodily movement with or without apparatus, for the
purpose of  restoring normal function to diseased or injured
tissues.148 The use of  therapeutic exercise in conjunction
with a comprehensive rehabilitation plan helps to prevent
deforming contractures and to maintain strength in both
involved and uninvolved extremities.149

Even though painful and extensive therapy is required
during the long rehabilitation process, the results are for the
most part dependent on the patients’ and families’ under-
standing, involvement, and dedication to the treatment.138

The goals of  therapeutic exercise in burn rehabilitation
are to:

■ reduce the effects of  edema and immobilization,
■ maintain functional joint motion and muscle strength,
■ stretch the scar tissue,
■ return the patient to optimal level of  function.

Exercise prescription is an ongoing process that is altered
according to the patient’s medical status and changing
needs.150 In the conservative treatment of  burn wounds, a
vigorous physical therapy program is instituted immedi-
ately so as to maintain function.151 Postoperatively, exer-
cises involving autografted skin over joints are usually
discontinued for 4–5 days. Escharotomies, fasciotomies,
heterografts, and synthetic dressings are not contraindica-
tions for exercise.152 Early mobilization to decrease edema,
proper exercise techniques, and accurate documentation of
function are more important than the type of  wound
closure.151

One of  the most common and clinically significant com-
plications after severe burn injuries is burn scar contrac-
tures that lead to decreased ROM and joint deformities.147

Scar contracture and joint mobility limitations are the
result of  the shortening of  immature connective tissue.
Therapy aims to prevent deformity and the subsequent limi-
tation of  movement. In circumferential burns, both the
flexor and extensor surfaces are at risk of  contracture. Ther-
apeutic exercise in conjunction with splinting should
promote agonist and antagonist movements around those
joints to maintain mobility.153 Treatments are tailored to
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lotion and zinc oxide which, when applied over the grafted 
lower extremity (six layers), hardens to a semi-rigid dressing 
resembling a plaster cast. This cast-like total contact dress-
ing provides uniform support to the fresh skin graft and 
facilitates early ambulation. An Unna boot may be applied 
for up to 7 days post-grafting, though it could be removed 
earlier for inspection of  the skin graft. If  removed, a new 
Unna boot needs to be fabricated depending on the burn 
center’s lower-extremity postoperative immobilization 
protocol.163

Primary goals of  ambulation include maintaining 
lower-extremity ROM, reducing the risk of  thrombophle-
bitis, preventing decubiti, providing mild cardiovascular 
conditioning, and maintaining or increasing strength and 
endurance.150 Ambulation exercises may also help increase 
appetite. In addition, ambulatory patients have fewer 
problems with lower-extremity contractures and physical 
endurance.152

All wounds must have the proper dressings applied prior 
to ambulation. Lower-extremity burn wounds should be 
wrapped with elastic bandages in order to facilitate capil-
lary support. Wrapping that incorporates the figure-of-
eight pattern has been reported to provide better pressure 
than the spiral wrap, perhaps due to increased vascular 
support.164

As with other exercise, proper positioning facilitates 
proper gait.153 The patient who has been allowed to assume 
a position of  comfort will have difficulty extending the hips 
and knees during ambulation. The ankle may be tight, lim-
iting plantigrade position when in the upright position. If  
the joints are in normal alignment, the amount of  pain and 
energy needed to mobilize these joints are greatly reduced.

In the past, it was common practice to have patients 
placed on bed rest for long periods of  time after autograft 
application to the lower extremities, approximately 5–10 
days after autograft application.165–167 More recently, 
however, several studies have shown the benefits of  earlier 
postoperative ambulation.166,168–171

The proposed benefits of  early ambulation include 
decrease in the incidence of  pulmonary embolism, deep 
vein thrombosis, and joint stiffness, as well as a shorter 
hospital length of  stay.168 Other benefits include maintain-
ing strength and endurance, increased independence, a 
decrease in fear, and fewer complaints of  pain.170

In preparing for ambulation, therapists may use a tilt 
table with patients who lack the capacity to stand and mobi-
lize their lower extremities (Fig. 47.25).162,164,172,173 Tilt 
tables provided passive weight-bearing with no active 
muscle contraction needed. Tilt tables provide gradual 
weight-bearing through the lower extremities and are also 
an effective treatment for orthostatic hypotension.162 
However, therapists should keep in mind that a tilt table 
represents a mostly passive introduction of  gravity to the 
body and does not promote proper alignment of  the 
musculoskeletal system. Creative efforts and aggressive 
techniques are sometimes necessary to encourage ambula-
tion in patients who first appear incapable or unprepared to 
begin erect weight-bearing exercise.

Patients tend to perform much better when given an 
achievable goal, such as walking a specific distance or to a 
certain place. Children do well when provided with a desired 
incentive such as an age-appropriate activity or a game. 

If  a patient can actively participate in movement
but cannot move actively through his or her full ROM,
active-assistive ROM is appropriate. Active-assistive ROM
exercises utilize the same principles as active ROM, but a
patient is assisted by an outside force (therapist or assistive
device) to achieve the full ROM. A patient will achieve
improvements in strength and ROM, but not equal to those
provided by active exercise. Therapists should use their
judgment in letting the patient perform as much of  the
exercise as possible actively and only assisting when needed.

While active range may be the most beneficial, it can be
difficult to initiate after admission due to the patient’s
medical status and level of  responsiveness. Critically ill,
septic, and heavily medicated patients are often unable to
cooperate in active exercises.150 In these conditions, passive
exercise is used to maintain ROM, assess joint motion, and
elongate tissue.157 Passive ROM exercises are an important
factor in preventing contractures and maintaining ROM
when a patient cannot or does not willing actively move
through his or her available ROM. Although passive ROM
requires less energy expenditure, it does not fulfill as many
of  the patient’s needs as active exercise.156 The use of  a
continuous passive motion (CPM) device has been docu-
mented to be an effective modality for improving joint
ROM.152 Rehabilitation advances have shown CPM treat-
ment to be a viable option because of  its benefits to soft-
tissue remodeling, joint nutrition, wound healing, and
venous dynamics.158,159 Care must be taken when applying
CPM devices to reduce risk of  shearing against skin.

Early exercise activity is beneficial in shortening the
acute care hospitalization stay post burn injury, with
studies currently being researched further. Strengthening
exercises are of  great importance throughout the con-
tinuum of  burn rehabilitation to combat muscle atrophy
and can begin during the acute rehabilitation phase. Resis-
tive exercises are used to maintain or increase strength,
ROM, proprioception, and coordination.160,161 Due to the
patient’s level of  consciousness and comprehension during
the acute rehabilitation phase, strengthening exercises
may be difficult to institute and should start with simple
exercises progressing as the patient’s status improves. Iso-
metric exercises are beneficial to maintain muscle strength
when a patient is on bed rest and are comfortable for the
patient to perform while requiring a minimal amount of
energy expenditure.157 The benefit of  isometric exercise
is that the patient will not “forget” how to contract the
muscle, a common phenomenon occurring with periods of
prolonged immobilization. Isometric exercise also helps in
maintaining muscle strength. Manual resistance can also
be applied gently by the therapist as the patient contracts his
muscles and attempts motion against the resistance, or the
patient is asked to maintain a position and then resistance
is applied.150

Another important aspect of  a patient’s recovery is the
ability to ambulate. Ambulation can begin as soon as pos-
sible after admission as long as the patient is medically
stable.160 Severe weakness, impaired motor control,
decreased cognitive status, pain, and risk of  graft shearing
are all factors that can make ambulation a difficult task.162

An Unna boot may be applied at time of  skin grafting to the
lower extremity and contribute to early patient ambulation.
The Unna boot is a bandage impregnated with calamine
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Sustained stretching exercises are performed with a 
slow, prolonged force. Gentle, sustained stretch is more 
effective than multiple repetitive movements in gaining 
length of  burned tissues. Slow sustained stretch is consid-
ered to be one of  the most effective methods to combat the 
strong destructive forces that lead to contracture forma-
tion.175 Connective tissue has the characteristic of  plastic 
elongation under constant tension. Therefore, correction 
of  contractures around joints can be accomplished most 
effectively by the application of  prolonged stretching to 
the shortened connective tissues.176 When applying a sus-
tained stretch, two factors may be considered when apply-
ing pressure to an extremity: blanching of  the scar tissue 
and the patient’s response.160 While this is an effective 
treatment for ROM limitations, it can be uncomfortable 
or painful for patients. It is important to impart enough 
force on the affected extremity to produce plastic elon-
gation without causing trauma to the tissues or to the  
patient.

Strengthening exercises move from manual resistance 
toward the use of  weights and resistive tubing. Areas to be 
concentrated on should include areas of  weakness found 
during strength assessments as well as muscles opposing 
scar tissue contractures.157

Concerning ambulation, it is important that the therapist 
set daily goals for the patient to achieve and to encourage 
the patient to walk farther while providing the least amount 
of  support needed. As the patient begins to ambulate more, 
it is important that the rehabilitation therapist frequently 
assesses the patient’s gait. Any gait deviations must be iden-
tified and corrected before they become lasting habits.

As patients begin to ambulate farther with less assis-
tance, they become more confident in their abilities. 
Increased independence provides the patient with a sense 
of  functional independence.156

Long-Term Rehabilitation Phase

The long-term phase occupies the timeframe from wound 
closure or discharge from the acute hospital setting until 
such time as the patient has received maximal benefit from 
rehabilitation services.154

As patients near discharge from the acute hospital setting, 
they will be given more responsibility over their exercise 
program. As patients progress, they will be expected to 
perform beyond their daily rehabilitation treatment ses-
sions. Patient compliance with home exercise programs is 
vital to increasing functional independence.

During the long-term rehabilitation phase, patients 
should progress to independently ambulating community 
distances. Gait pattern should be refined to become more 
efficient without any gait deviations. If  the patient is able to 
progress further, rehabilitation therapists can challenge the 
patient by having him or her ambulate on uneven surfaces, 
navigate around various obstacles, and climb stairs. It is 
important that the patient be able to ambulate in normal 
surroundings, not just in the confines of  the rehabilitation 
department.

Most burn rehabilitation programs emphasize functional 
gains and prevention of  contractures, with only modest 
attention to aerobic conditioning.177 If  ROM is lacking, the 
therapist’s priority should be to treat the limitation in 
motion rather than strengthening the patient because 

Frequent rest periods may be necessary secondary to 
decreased endurance levels or pain.

Exercise During the Intermediate 
Rehabilitation Phase

The intermediate phase is the time surrounding closure of  
the wound and extending up until the time of  complete 
wound closure.154 The prevention of  functional impair-
ments becomes the focus of  therapeutic exercise as patients 
begin to achieve wound coverage. The goals of  exercise 
during this timeframe include the stretching of  healing 
skin, maintaining full joint ROM, preserving motor skill 
coordination, promoting functional independence, and 
maintaining strength and endurance to minimize muscle 
atrophy.150,174

As wounds close, scar formation begins, which leads to 
contractures that limit ROM and impede function, which 
makes exercise even more important. As a patient’s medical 
status continues to improve and operations become less fre-
quent, more time can be allotted to spend in rehabilitation. 
Increased alertness and improved medical status also lead 
to increased involvement of  the patient in rehabilitation. As 
the patient advances medically, the therapeutic course 
should become more challenging.

While purely passive ROM should be utilized less during 
the intermediate phase of  rehabilitation due to the patient’s 
increased ability to move actively, it still serves an impor-
tant purpose. Passive ROM provides an opportunity to 
assess joint movement and determine if  the patient can 
attain as much movement actively as the therapist can  
passively.160

Another form of  passive movement that can be utilized 
by a rehabilitation therapist is the sustained stretch. Sus-
tained stretch becomes an important intervention as the 
formation of  burn scars leads to contractures.

Fig. 47.25 The tilt table may be utilized prior to ambulation for those 
patients who may have difficulty assuming the upright position. 
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concomitant to the burn. These include pre-existing condi-
tions such as chronic cardiovascular, pulmonary, and meta-
bolic diseases. The objective of  the exercise evaluations is to 
obtain information to optimize safety during exercise testing 
and training and also to develop a sound and effective exer-
cise rehabilitation program.

Health screening before exercise evaluation should begin 
with the collection of  subjective data. This should include 
evaluation of  exercise or sports interests, objectives, level of  
activity prior to burn, functional limitations (e.g., loss of  
digits, lower-body bilateral amputee), and other pertinent 
information. To our knowledge, there are no burn-specific 
physical activity questionnaires. However, simple question-
naires for assessing pre-burn physical activity exist and can 
be modified to fit a specific given population.187–189 This 
evaluation can consist of  muscle strength, cardiopulmo-
nary status, and muscle/joint flexibility testing. The infor-
mation gathered during the subjective and objective 
evaluations can then be used to design a structured exercise 
program or plan to be carried out at home or at an exercise 
facility. Finally, a plan to periodically re-evaluate subjective 
and objective data and the exercise program itself  should be 
incorporated.

Subjective Data

A patient’s limitations or problems should be characterized. 
Obtaining a history of  pre-burn physical activity or habits, 
present medical complaints, symptoms, and limitations is 
crucial to develop a sound exercise program. Symptoms or 
limitations that may affect exercise tolerance may include 
pain during ambulation, weakness in ambulation, itching, 
joint contractures, amputations, shortness of  breath, or 
easy fatigability. In addition, the therapist should note 
present medications and the possible effects of  these. Fol-
lowing the evaluation of  subjective data, an exercise evalu-
ation to gather objective data on the patient’s exercise or 
physical capacity should be performed.

Objective Data

Assessment of  objective data includes age, height and 
weight, percent TBSA burn, and percent full-thickness 
burn. Variables before, during, and after a cardiopulmonary 
exercise test (CPET) should be obtained if  possible. These 
include heart rate, blood pressure, Borg’s rated perceived 
exertion (RPE), basic electrocardiogram (ECG), and spirom-
etry.190,191 However, if  a CPET is not possible, an effective 
exercise program can still be designed. Assessment of  upper 
and lower body muscle strength should also be done. This 
includes assessment of  peak strength levels (if  possible), as 
well as determining the loads or weights that will be used 
during the resistive component of  the exercise program. 
The assessment of  peak muscle strength can be accom-
plished during knee or elbow extension but can also be 
accomplished during a handgrip.180,192,193 These tests 
involve peak-to-maximal efforts, and good communication 
between patient and tester must exist. In addition, a certain 
level of  developmental mental maturity must exist in order 
for many of  these objective data to be maximally helpful. 
We recommend a chronological age of  7 years or older, 
although children as young as 3–4 have also been tested 
successfully.194 Finally, major muscle/joint flexibility should 
be assessed using measures such as sit-and-reach or 

normal healthy muscle is unable to generate the force 
required to elongate burn scar tissue.157

The Role of Exercise Physiology in 
Burn Rehabilitation

EXERCISE FOR THE OUTPATIENT

This section describes the methodology used in designing 
an exercise training program for persons with severe burns 
who have been discharged from the hospital. Exercise train-
ing is defined here as “a planned, structured and repetitive 
body movement done to improve or maintain one or more 
components of  physical fitness.”178,179 The evidence for the 
use of  exercise in the outpatient setting and the methodol-
ogy presented here are based primarily on the outpatient 
exercise program implemented in severely burned children 
at Shriners Hospitals for Children in Galveston, Texas, and 
in some severely burned adults.180 This exercise program is 
supplemented by physical and occupational therapy. The 
program has proved beneficial in children 7–18 years of  
age.180,181 In addition, the effects of  a music- and movement-
based exercise program on children younger than 7 years 
of  age has been assessed in a small study also performed at 
Shriners Hospitals for Children in Galveston. The effects 
include increases in as well as maintenance of  ROM in chil-
dren who participated in a movement and music program 
versus those who did not.182 The principles in designing an 
exercise program for children and adults with severe burns 
is based largely on guidelines offered to healthy, nonburned 
children and adults (Fig. 47.26).178,179,183–186

EXERCISE EVALUATION

It is important to perform an initial evaluation of  risk 
factors and/or symptoms for various chronic conditions 

History of medical problems
History of physical activity (pre-burn)
Present medications
Exercise evaluations

Generate problems and realistic objectives

Formulation of a plan: safe, fun,
and effective

• Intensity: 45% to 95% of HRR

• Duration: 20 to 60 minutes

• Frequency: 3–5 days per week

• Mode: Involves large muscle groups, rhythmic, sustained

• Progression: Variable, based on goals, pain tolerance

Assessment

Interpretation

Prescription

Fig. 47.26 Basic diagram depicting various components involved in
the design of an exercise program.
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mid-thigh, pelvis, and trunk. All patients should be famil-
iarized with the equipment before the actual test starts. We 
recommend that the procedure first be demonstrated by the 
person administering the test. Second, the test procedure is 
explained to the patient, and then the patient is allowed to 
practice the actual movement during three submaximal 
repetitions without load as warm-up. Third, after the three 
submaximal warm-up repetitions, 10 maximum voluntary 
muscle contractions (full extension and flexion) can be per-
formed consecutively without rest in between. The amount 
of  repetitions and the number of  repetition sets can be 
varied. For example, we recommend 10 repetitions and two 
sets, with a 2-minute rest interval between sets. Values of  
peak torque, total work, and average power are calculated 
by the Biodex software system, and progress of  muscle func-
tion can be monitored.

Three-Repetition Maximum Test (3RM)

Typically, before starting a resistive training program, it is 
useful to determine a safe and effective load for patients to 
use during workouts. To determine the amount of  weight 
or load that can be used as a baseline or starting load, the 
repetition maximum (RM) method can be used. We recom-
mend the three-repetition maximum load (3RM), which 
is determined as follows. After an instruction period on 
correct weight-lifting technique, the patient warms up 
with a lever arm and bar (or wooden dowel) and is allowed 
to become familiar with the movement. After this, the 
patient lifts a weight that allows successful completion of  
four repetitions. If  the fourth repetition is achieved suc-
cessfully and with correct technique, a 1-minute resting 
period is allowed. After the resting period, a progressively 
increased amount of  weight or load is lifted at least four 
times. If  the patient lifts a weight that allows successful 
completion of  three repetitions, with the fourth repeti-
tion not being volitionally possible due to fatigue or inabil-
ity to maintain correct technique, the test is terminated 
and the amount of  weight lifted from the successful set is 
recorded as the patient’s individual 3RM. We recommend 
the order of  exercises to be from exercises that involve large 
muscle groups to ones that involve smaller muscle groups: 
bench press, leg press, shoulder press, leg extension, biceps 
curl, leg curl, and triceps curl. Another alternative is to 
bypass the 3RM test and use 8–12RM method or 15RM 
method. These methods are typically easier to implement in  
children.

Body Composition Measurement

Patients with severe burns lose a significant amount of  lean 
body mass (LBM). Therefore assessment of  LBM should be 
made. Additionally, assessment of  bone mass and fat mass 
should be made. We assess body composition using dual-
energy X-ray absorptiometry (DXA). DXA with pediatric 
software can measure the attenuation of  two X-ray beams; 
one high energy, the other low energy. These measurements 
are then compared with standard models of  thickness used 
for bone and soft tissue. Subsequently, the calculated soft 
tissue is separated into LBM and fat mass. This is a great 
measurement to also assess the progress of  the program 
and, if  applicable, nutritional interventions. However, the 
DXA machine is expensive. It is not known if  other methods 
to measure body composition, such as underwater 

goniometry for ROM. Other types of  tests may include neu-
romuscular tests such as gait analysis, balance time, or
reaction time. Finally, assessment of  functional perfor-
mance can also be done, such as sit-and-stand scores, timed
walk or jog, and/or lifting. The results of  these evaluations
will be used to identify major problem areas, write an exer-
cise prescription, design the exercise program, and assess
progress during and after it.

EXERCISE TESTING

The objectives for exercise testing involve many factors. The
primary objectives during cardiopulmonary testing are to
evaluate physical work capacity and cardiorespiratory or
aerobic fitness, observe cardiorespiratory and metabolic
responses, establish bases for an appropriate exercise pre-
scription, and assess changes in fitness due to exercise train-
ing. The primary objectives during muscular function
testing include measuring muscle strength (absolute and
relative to body weight), measuring antagonist-to-agonist
muscle ratios, assessing changes in body composition (lean
mass, fat mass, and bone density), and providing a basis for
the progressive resistance exercise prescription. Exercise
testing should be conducted prior to the start of  any exer-
cise rehabilitation program and again at the end to evaluate
its efficacy. Sometimes if  the program is of  long duration, a
mid-point evaluation can be done.

Peak Oxygen Consumption or Aerobic Exercise Capacity. All
patients should undergo a standardized exercise test to
objectively evaluate peak aerobic exercise capacity. We use
the treadmill exercise test and the modified Bruce treadmill
protocol. Note that other treadmill protocols, such as the
“ramp protocol,” can also be used.195,196 In addition, if  it is
not possible for the patient to be tested on a treadmill, a
cycle ergometer or arm ergometer can also be used to evalu-
ate or assess physical conditioning before starting exercise
rehabilitation or a training program. In addition, estima-
tion of  aerobic capacity is also possible with exercise field
tests such as the Cooper 12-minute test or the 1.5-mile run
test. Heart rate can be easily obtained with monitors.
Oxygen consumption (VO2) should be measured if  possible,
but requires more expensive equipment that can perform
continuous breath-by-breath analysis of  inspired and
expired gases, flow, and volume. For the Bruce protocol,
speed and grade begin at 1.7 mph and 0%, respectively.
Thereafter, the speed and level of  incline are increased every
3 minutes. Patients are constantly encouraged to complete
3-minute stages, and the test is terminated when peak voli-
tional effort is achieved. Additional variables that can be
collected during the test include blood pressure, Borg’s
RPE,197,198 basic ECG, and spirometry. The peak VO2 and
peak heart rate, together with resting values, can then be
used to establish or guide the intensity at which patients
will exercise during the program.

Strength Measurements. Isokinetic dynamometry strength
testing should be performed to assess muscle function and
to later evaluate progress. If  using the Biodex Isokinetic
dynamometer, the test can be done on the dominant leg
extensors and/or the leg with burns. We recommend testing
at various angular velocities, such as 150 degrees/s, 90
degrees/s, or 180 degrees/s. The patient is seated and his
position stabilized with a restraining strap over the
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moderately fast during the endurance phase, but might 
conclude the warm-up period with slow, easy walking. 
However, a moderate walk (e.g., 3.5 mph) can be a warm-up 
for a patient who jogs at 5.5 mph during the endurance 
phase. Heart rate may be monitored or assessed if  needed 
to ensure that the warm-up activity is not too strenuous.

Endurance Stage

The endurance phase develops cardiorespiratory or aerobic 
fitness and includes 20–60 minutes of  continuous or inter-
mittent (minimum of  10-minute bouts accumulated 
throughout the day) aerobic activity. Duration depends on 
the intensity of  the activity; thus moderate-intensity activ-
ity should be conducted over a longer period of  time (≥30 
minutes), and, conversely, individuals training at higher 
levels of  intensity (i.e., vigorous exercise) should train for at 
least 20 minutes.201 The most effective exercises for the 
endurance phase employ large muscle groups in activities 
that are rhythmic or dynamic in nature. Sports such as 
soccer, basketball, or tennis also have aerobic conditioning 
potential if  a sufficient amount of  time for inducing aerobic 
improvement is achieved (minimum of  20 minutes total). 
On the other hand, activities like golf  and bowling are 
unlikely to elicit a cardiovascular training effect, but are 
enjoyable and may yield health-related, as well as psycho-
social, benefits.

Recreational Activities

The inclusion of  enjoyable recreational activities during (or 
immediately after) the endurance phase often enhances 
compliance with the exercise program. Game rules may 
need to be modified to accommodate skill level requirements 
and competition, and to ensure safety. The outcome of  the 
game (winning or losing) should be of  lesser importance 
than the safety, participation, and enjoyment of  the patient. 
It is important to remember that recreational activities 
complement the endurance phase and should not consis-
tently replace it. Recreational activities may also promote 
development or improvements in psychosocial health by 
increasing the patient’s amount of  social interaction.

Cool-Down Stage

At the end of  the activity session, about 2–5 minutes of  
cool-down activities—slow walking and stretching 
exercises—are recommended to gradually return heart rate 
and blood pressure to normal levels. This period includes 
exercises of  diminishing intensities: slower walking or 
jogging, calisthenics, and stretching exercises. This part of  
the exercise session is important in reducing the chance of  
a hypotensive episode after the exercise session, as well as 
other cardiovascular complications.

Exercise Prescription

Some basic exercise physiology principles should be kept in 
mind when designing an exercise program for burned 
patients. Two such principles are progressive overload and 
specificity principles. The progressive overload principle 
refers to the observation that a body system must be exer-
cised at a level above that to which it is presently accus-
tomed in order for a training effect to occur.178 The system 

weighing or bio-impedance, are applicable to patients with
burns because of  the presence of  hypertrophic burn scars.

When to Implement an
Exercise Program

Traditionally, a 12-week exercise training program has
been implemented immediately after discharge.199 However,
we have also reported improvements in function and psy-
chosocial health when the 12-week exercise program is
implemented at the 6-month post burn time point.200

Recently we have started a small pilot study to add aerobic
exercise to standard physical therapy and occupational
therapy. The aerobic exercise is quantitative because it
incorporates the use of  an arm ergometer in which the
revolutions per minute and the load in watts can be adjusted.

COMPONENTS OF AN EXERCISE PROGRAM

An exercise program typically consists of  a warm-up phase,
an endurance phase, recreational activities (optional), and
a cool-down phase. While aerobic training activities should
be done 3–5 days per week, complementary flexibility and
resistance exercises may be performed at a lower frequency
(2–3 days per week).201 Flexibility exercises can be included
as part of  the warm-up or cool-down, or be done at a sepa-
rate time. Resistive training is often performed on alternate
days to aerobic training; however, both types of  activities
can be combined into the same workout session. Typically
the warm-up period will be of  approximately 5–10 minutes,
though it can be longer. This will be followed by a stimulus
or endurance phase of  20–60 minutes and a cool-down
period of  approximately 5–10 minutes. Aerobic and resis-
tance training should be prescribed in specific terms of  fre-
quency, intensity, duration, and mode of  exercise. Each of
these terms will be discussed in greater detail later. An
optional recreational game may occasionally substitute the
endurance phase. However, because of  potential difficulties
in setting an appropriate intensity for an appropriate length
of  time, it is suggested that recreational activities be done
to complement the endurance phase. If  a recreational activ-
ity is added to the endurance phase, then shortening the
endurance phase should be carefully considered, although
maintaining a minimum of  20 minutes.

Warm-Up Stage

Prior to the endurance phase, a variety of  very light exer-
cises or low-intensity calisthenics should be done to improve
the transition from rest to the endurance phase of  the exer-
cise session. The emphasis at the onset of  an exercise session
is to gradually increase the level of  activity until the proper
intensity is reached to begin the endurance phase. Stretch-
ing exercises to increase the ROM of  the joints involved in
the activity were previously included in the warm-up.
However, recently, evidence has been introduced to contra-
indicate the inclusion of  stretching during the warm-up
period.202,203

In fact, evidence suggests that a pre-exercise warm-up
that consists of  only light aerobic exercise to increase body
temperature is adequate for increasing flexibility before an
exercise session.179 For example, patients might walk



47 • Burn Rehabilitation Along the Continuum of Care502

scale of  6–20, and the revised or category-ratio scale of  
0–10. It is reported that the category-ratio scale uses termi-
nology better understood by the subject, thereby providing 
the tester with more valid information. It has been found 
that an aerobic training effect and the threshold for the 
start of  anaerobic training are achieved at a rating of  
“somewhat hard” to “hard,” which approximates a rating 
of  12–16 on the category scale or 4–5 on the category-ratio 
scale.205 Finally, if  a patient cannot use the heart rate 
method or the RPE method, the “Talk Test” can also be used 
as a highly consistent method to set and monitor intensity 
of  exercise.206

The “Talk Test,” or the point at which speech first becomes 
difficult, approximates exercise intensity almost exactly 
equivalent to the ventilatory threshold. The patient is 
advised to exercise at an intensity at which speech is com-
fortable. When speech becomes uncomfortable, one can 
assume, based on previous studies, that exercise intensity is 
consistently above ventilatory threshold or above the desired 
intensity of  exercise needed for general improvements in 
fitness.206 It must be noted that when setting the exercise 
intensity, safety and effectiveness are linked. An appropriate 
intensity should also be well suited to result in a long-term, 
active lifestyle.

Duration

The duration of  an aerobic exercise session is closely linked 
to the intensity of  the activity (i.e., a longer duration of  
low-intensity exercise can be accomplished than of  high-
intensity exercise). In general, the duration of  exercise for 
burned patients once discharged should be from 5 to 20 
minutes in the first week. This will depend on the patient’s 
functional status and also pain tolerance.

If  the patient tolerates up to 20 minutes, then this dura-
tion is appropriate. The objective should be 20–60 minutes 
of  aerobic activity. This can be accomplished continuously 
or intermittently throughout the day, with a minimum of  
10-minute bouts. Typically a duration of  20–30 minutes at
between 40% and 50% and up to 85% of  HRR (excluding 
time for warm-up and cool-down) should induce health and 
fitness improvements.201,207

In burned patients with extremely low aerobic capacity 
or endurance, four to six 5-minute bouts with rest periods 
between bouts will provide benefits. The duration of  the 
exercise sessions (or bouts) can be progressively increased 
over time. However, as mentioned earlier, a high intensity 
of  exercise or a very long duration of  exercise is not needed 
to achieve health-related benefits, particularly during the 
initial stages of  outpatient exercise rehabilitation.

Frequency

It is reported that deconditioned persons may improve 
cardiorespiratory fitness with only twice-weekly exercise.201 
However, it is generally agreed that optimal training fre-
quency appears to be achieved with 3–5 workouts per week. 
The additional benefits of  more frequent training appear to 
be minimal, whereas the incidence of  lower-extremity inju-
ries increases abruptly. For those exercising at 60–80% 
HRR, an exercise frequency of  3 days per week is sufficient 
to improve or maintain VO2peak. When exercising at the 
lower end of  the intensity continuum, exercising more than 
3 days per week is not deleterious. Patients with extremely 

or tissue gradually adapts to this overload. The typical vari-
ables that comprise overload include the intensity, duration, 
and frequency (days per week) of  exercise. The principle of  
specificity refers to the concept that the training effect is 
specific to the muscle fibers involved in the activity. Specific-
ity also refers to types of  training used in a very specific 
manner to produce a very specific adaptation or outcome. 
If  a muscle is engaged in endurance-type exercise, the 
primary adaptations are in capillary and mitochondrial 
numbers, which increase the aerobic capacity of  the muscle. 
These principles are applicable to burned patients; however, 
it must be noted that a high intensity of  exercise is not 
needed to achieve health-related benefits. On the other 
hand, to achieve athletic performance or competitive-
related goals, moderate to high levels of  intensity will be 
required. Another consideration that should be kept in 
mind when designing an exercise program is the patient’s 
age. Prepubescent children are very different in their physi-
ological and mental response to exercise training than are 
postpubescent children. Older adults also have different 
health and physical problems than younger adults. It is for 
these reasons that medical exams as well as exercise evalu-
ations are strongly recommended prior to starting an exer-
cise program. It is beyond the scope of  this chapter to 
address these differences and/or problems. However, general 
guidelines for both children and adults are offered, and the 
reader should seek additional information for population-
specific recommendations or position stands on exercise 
and physical activity from associations such as the Ameri-
can College of  Sports Medicine (http://www.acsm.org/
publications/positionStands.htm), the American Academy 
of  Pediatrics (http://www.aap.org/), the American Medical 
Association (http://www.ama-assn.org/), or the American 
Heart Association (http://www.americanheart.org/).

AEROBIC TRAINING

Intensity

To improve aerobic fitness, generally the intensity of  exer-
cise should be between 65% and 95% of  the peak heart rate
or between 45% and 85% of  the heart rate reserve (HRR).204

The heart rate reserve is the difference between peak heart
rate obtained during a CPET and resting heart rate. The
range of  heart rate values associated with the exercise
intensity needed to induce an improvement in cardiovascu-
lar fitness is termed the “target heart rate zone.”

The peak heart rate (HRpeak) is obtained from the CPET.
However, when this is not possible, one simple method to
estimate HRpeak is to use the formula (220 minus age).178

This formula may not be applicable to young children, so
we recommend that, in children, rated perceived exertion
(RPE; see later discussion), together with the heart rate
obtained during a maximal exercise capacity test, be used.

The RPE scale can also be used as a guideline in setting
the intensity of  exercise.197 The RPE is a valuable and reli-
able indicator of  both exercise tolerance and intensity. This
method of  monitoring exercise intensity is useful when it is
impossible to obtain an HRpeak or if  patients are on medica-
tions that affect heart rate, such as β-blockers. There are
currently two RPE scales that are commonly used: the origi-
nal or category scale, which rates exercise intensity on a
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activities to activities that are more difficult to perform. This 
method of  progression decreases the potential for inducing 
excessive muscle soreness that might cause new injuries or 
aggravate old ones. The emphasis on slow to moderate 
walking as the primary activity early in the fitness program 
is consistent with this recommendation, and the partici-
pant must be educated to not move too quickly into more 
demanding activities. For example, if  the individual can 
walk about 1–2 miles without fatigue, then the progression 
to a walk-jog or jogging program is a reasonable 
recommendation.

The recommended rate of  progression in an exercise con-
ditioning program depends on functional capacity, medical 
and health status, pain tolerance, location of  burns, age, 
individual activity preferences and goals, and an individu-
al’s tolerance to the current level of  training. For burned 
patients, the endurance aspect of  the exercise prescription 
can be divided into three stages of  progression: initial, 
improvement, and maintenance.179

Initial Conditioning Stage. The initial stage should include 
light and moderate muscular endurance activities (e.g., 
40–60% of  HRR). These exercises typically have a low 
potential for injury and induce minimal muscle soreness 

low functional capacities may benefit from multiple short 
(5 days per week) exercise sessions. Clearly the number of  
exercise sessions per week will vary depending on the 
patient’s limitations, but also on the patient’s and caregiv-
er’s lifestyles.

Mode

The most important consideration in choosing the mode of  
exercise for the endurance phase of  the sessions is to engage 
large muscle groups in activities that are rhythmic or 
dynamic. The greatest improvements in aerobic fitness 
result when exercise involves the use of  large muscle groups 
over appropriate periods of  time (Fig. 47.27). The mode of  
exercises includes treadmill walking/running, rowing, or 
cycling. If  no treadmill is available, then walking or jogging 
at a track or field is appropriate. Swimming is also an appro-
priate mode of  exercise, although closure of  burn wounds 
should be ensured to minimize wound infection or the con-
tamination of  others. Endurance games are also appropri-
ate modes of  exercise.

Progression of Exercise

We recommend starting slowly and safely progressing in 
duration and intensity, but also in transitioning from early 

Fig. 47.27 Aerobic training should incorporate the use of large muscle groups over appropriate time periods.
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overload principle and specificity principle are applicable. 
Strict rules of  proper technique and safety must be observed 
to reduce potential for injury or accidents. A normal 
breathing pattern should be maintained, with breath-
holding avoided. Breath-holding during lifting can induce 
excessive increases in blood pressure that, in individuals 
with hypertension, diabetes, or other medical risks, can be  
dangerous.

Similarly to the aerobic exercise program, testing or 
evaluation of  muscle function precedes the resistive exer-
cise program. This helps individuals identify problem 
areas (areas in need of  required improvement), set goals, 
and track progress. In addition, muscle strength tests 
have value in determining back-to-work status.208 Some 
of  these tests involve peak to maximal muscular efforts. 
These tests can be done on weight machines or using  
dumbbells.

Typically, these tests are done at 100% of  one-repetition 
maximum (1RM), but can also be done at 3RM. For 
extremely deconditioned individuals or for very young chil-
dren, modification of  these guidelines can involve testing 
using 3RM up to 12RM if  needed. An important point to 
remember is that safety of  the individual is crucial. There-
fore, correct technique during all testing and training must 
be observed. The order of  exercises or muscles tested is also 
important. It is recommended that large muscle groups are 
tested first and alternate between upper body and lower 
body. For example, a 3RM test may be done in the following 
order of  exercises: bench press, leg press (or squats), shoul-
der press, leg extension, biceps curl, leg curl, and triceps 
curl. The 3RM load can be determined as follows. After an 
instruction period on correct weight-lifting technique, the 
patient warms up with a lever arm and bar (or wooden 
dowel) and is allowed to become familiar with the move-
ment. After this, the patient lifts a weight that allows suc-
cessful completion of  four repetitions. If  the fourth repetition 
is achieved successfully and with correct technique, a 
1-minute resting period is allowed. After the resting period,
a progressively increased amount of  weight or load is lifted 
at least four times. If  the patient lifts a weight that allows 
successful completion of  three repetitions, with the fourth 
repetition not being volitionally possible, because of  fatigue 
or inability to maintain correct technique, the test is termi-
nated and the amount of  weight lifted from the successful 
set is recorded as the individual 3RM. This weight is then 
used to determine the amount of  weight or load that will be 
used during the first 1–2 weeks (of, e.g., a 12-week program) 
as a baseline load.

Exercise Type

There are many resistance training exercises. However, 
these can be divided into core exercises and assistance exer-
cises. Core exercises recruit one or more large muscle groups 
(e.g., chest, shoulder, and back). Assistance exercises typi-
cally recruit smaller muscle groups such as biceps, triceps, 
and calves. A good program should typically involve both 
types of  exercises.

Training Frequency

The number of  days to train varies according to the indi-
vidual’s training status. For severely burned individuals, we 
recommend 2–3 days per week of  resistance training.

and pain. Exercise adherence may be compromised if  the
level or intensity of  exercises in the program is initiated too
aggressively. The amount of  time spent in this stage varies
depending on the individual’s adaptation to the exercise
program. We recommend at least 4 weeks of  initial condi-
tioning. The duration of  the exercise session during the
initial stage may begin with approximately 15–20 minutes
and progress up to 30 minutes, at least three times per
week. Deconditioned individuals should be allowed more
time for adaptation at each stage of  conditioning. The age
of  the individual should also be taken into account when
progressions are recommended because adaptation to con-
ditioning likely takes longer in older individuals, but also in
extremely debilitated individuals.201

Improvement Stage. The goal of  the improvement stage of
training is to provide a progressive increase in the overall
exercise stimulus, which will allow for significant improve-
ments in aerobic fitness. The improvement stage of  the
exercise-conditioning program differs from the initial stage
in that the participant is progressed at a more rapid rate.
This stage is reported to usually last from 4 to 5 months,
during which intensity is progressively increased within
the upper half  of  the target range of  50–85% of  HRR.
However, our experience in a 12-week training program
in children 7–18 years of  age indicates that after 3–4
weeks of  initial conditioning, some patients are able to
start the improvement stage. In this stage, duration may
be increased consistently every 2–3 weeks until partici-
pants are able to exercise at a moderate to vigorous inten-
sity for 20–30 minutes continuously. During this stage,
interval training may also be beneficial, provided the total
time engaged in moderate to vigorous exercise is at least
20 minutes.

Maintenance Stage. The goal of  this stage of  training is the
long-term maintenance of  the cardiopulmonary fitness
level developed during the improvement stage. This stage of
the exercise program may begin at any time the participant
has reached previously agreed objectives. During this stage,
the individual may no longer be interested in continually
increasing the conditioning stimulus. Also, in this stage,
further improvement may be none to minimal, but continu-
ing the same workout routine enables individuals to main-
tain their fitness levels, as well as develop the healthy
exercise habit. At this point, it is suggested that program
goals be re-examined and new goals or objectives set.

RESISTIVE TRAINING

Strength is defined as the ability to produce force, and the
ability to produce force over an extended period of  time is
referred to as muscular endurance. Both muscle strength and
endurance affect ADLs because it requires a percentage of
an individual’s muscular capacity to perform these every-
day tasks. Severe burns result in extensive and prolonged
loss of  muscle mass; therefore resistance training, which
increases LBM, should be part of  an exercise rehabilitation
program for burned individuals.180

Just as when designing the aerobic portion of  an exer-
cise program, the resistive training portion of  an exercise
program follows similar principles of  training. Both the
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Exercise Order

There are many methods of  ordering resistance exercises. 
One of  these is to arrange core exercises, then assistance 
exercises.212 Another method is to arrange large muscle 
groups and then small muscle groups.213–215 Yet another 
method, which allows the individual to recover more fully 
between exercises, is to alternate upper-body with lower-
body exercises. This is especially well-suited for decondi-
tioned or untrained individuals.213,214 For example, in 
severely burned children, we have successfully implemented 
the following order of  resistive exercises: bench press, leg 
press or squats, shoulder press, leg extension, biceps curl, 
leg curl, triceps curl, and toe raises. These exercises can be 
done on variable resistance machines or free weights.180 
Free weights, bands, or variable resistance machines are 
appropriate for burned individuals wishing to participate in 
an exercise program (Fig. 47.28).

Rest Periods

As a general rule, it is important to allow enough time 
between exercises to perform the next exercise in proper 
form. The rest period also varies depending on the individ-
ual’s training status and specific training objectives.

Progressive Overload

In order for improvements to continue over time, it is 
important to carefully monitor and chart the individu-
al’s workouts or loads lifted. Progressive overload can be 
applied in a variety of  ways, such as increasing the weight 
lifted, increasing repetitions while keeping load constant, 
or decreasing rest periods. A conservative method termed 
the “2-for-2 rule” is suggested. This rule states that “if  
an individual can perform two or more repetitions above 
his or her assigned repetitions goal in the last set, for 
two consecutive workouts for a specific exercise, then 
weight or load should be added to that specific exercise 
for the next training session.”215 For example, say that 
the assigned number of  sets and repetitions is three sets 
of  8–12 reps in the chest press machine and the indi-
vidual can perform 12 reps in all three sets after several 
workout sessions (the specific number of  sessions depends 
on many factors). If  the individual is able to complete 12 
reps in the third set (i.e., the last set) for two consecutive 
workout sessions, then, in the following training session, 
the load for that exercise should be increased. The amount 
of  weight (load) that should be added depends on factors 
such as the physical condition of  the individual (strong 
or weak) and the body area (upper body or lower body). 
In general, an increase of  1–2 kg for a less trained, 
weaker individual is suggested for upper-body exercises, 
while an increment of  2–4 kg is suggested for lower-body  
exercises.185

Example of an Exercise Program

An example of  our exercise rehabilitation program is 
described here (Table 47.3). The results of  this program are 
published.17,133,134 This program has been successfully 
implemented at discharge from hospital, but also at 6 
months post-burn.

Type of Contraction

Resistance exercise programs or exercises that emphasize 
accentuated lengthening or contractions (eccentric) are 
not recommended for severely burned individuals. These 
types of  contractions have a high potential for acute 
delayed onset of  muscle soreness while having similar 
outcomes to concentric or isometric muscle contrac-
tions. The muscle soreness, if  severe enough, has the 
potential to discourage further participation in exer-
cise activities. The movements during weight-lifting 
should be rhythmic and done at moderate repetition and  
duration.

Amount of Load Lifted

Commonly, a certain percentage of  the 1RM or 3RM is used
as a guideline for choosing a training load. The amount of
load lifted can be as much as 100% of  1RM or as little as
lifting no load. We recommend initially, during the first
week of  training, allowing the individual to become familiar
with the exercise equipment and to be instructed on proper
weight-lifting techniques. Initially, the weight or load the
subjects will lift should be set at 50–60% of  their individual
3RM for 12–15 repetitions for the first 1–2 weeks. Thereaf-
ter, the load lifted can be increased to 70–75% (8–10 repeti-
tions) of  their individual 3RM and continued for weeks 2 or
3, to week 6. After this, the training intensity can be
increased to 75–85% (8–12 repetitions) of  the 3RM and
implemented from weeks 7–12 or longer. Note that these
guidelines provide an estimate of  training load and have
some limitations.185 Another method of  determining train-
ing load is to perform multiple RMs based on the number of
repetitions planned for the specific exercise. For example, if
8 repetitions were desired for biceps curl, then one would
test the individual by having him or her perform 8RM
testing sets.

Number of Repetitions

It is believed that muscle strength and endurance can be
obtained simultaneously by performing a specific number
of  repetitions within a certain range (e.g., 6–10 repeti-
tions). The number of  repetitions will depend on load lifted
(% of  1RM) and on the objective or goals set at the start of
the exercise program. We recommend 8–12 repetitions
done at moderate to high intensity to improve both muscle
strength and endurance.180

Number of Sets

There are very limited data in children as to whether
three sets or one set is required to increase muscle
strength. Much of  the adult-based literature supports
similar responses in muscle strength, muscle endur-
ance, and hypertrophy for single- and multiple-set resis-
tance training programs.201,209–212 Finally, it is important
to stress two points: (1) the difference in strength gains
is typically more pronounced in trained individu-
als, and (2) both single and multiple training increases
strength. The first point is usually not the case with
burned patients, and the second point stresses the fact
that an increase in strength is expected with resistance
training compared to the standard of  care in burned
individuals.
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Fig. 47.28 Resistance training consists of exercises with free weights or variable resistance machines. 

Table 47.3 Brief Description of the Shriners Hospitals for Children—Galveston Hospital Outpatient Exercise Rehabilitation 
Program

AEROBIC WORKOUT

 Intensity 70–85% of each individual’s previously determined individual peak aerobic capacity. However, heart rate 
and rated perceived exertion are obtained at regular intervals during aerobic exercise

 Duration 20–40 min

 Frequency 3–5 days per week

 Mode Aerobic exercise on treadmills, cycle ergometers, arm ergometers, rowing machines, and outdoor activities 
such as soccer or kickball

RESISTANCE WORKOUT

Exercise type Upper and lower body of core and assistance exercises

Amount of load lifted 
and number of 
repetitions

The weight or load-lifted set at approximately 50–60% of each individual 3RM and lifted for 4–10
repetitions for three sets. During the 2nd week, the lifting load increased to 70–75% (3 sets, 4–10
repetitions) of their individual 3RM and continued for weeks 2–6. After this, training intensity is increased
to 80–85% (3 sets, 8–12 repetitions) of the 3RM and implemented from weeks 7–12

 Frequency 2–3 days per week; alternating days of work with days of recovery

Number of sets 2–3 sets

Exercise order Bench press, leg press or squats, shoulder press, biceps curl, leg curl, triceps curl, toe raises, and abdominals

Type of exercises Eight basic resistance exercises done using variable-resistance machines or free weights: 4 for upper body,
3 for lower body, and abdominals

Rest period A rest interval of approximately 1 min between sets

Note: Each exercise training session consists of resistance and aerobic exercises, with aerobic exercise preceding resistance exercise. This outpatient exercise
program should be supplemented with outpatient physical and occupational home therapy or home activities.
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the amount of  time you exercise in order to continue 
improving (if  part of  the original goals).

■ The exercise professional or individual should keep an
exercise diary or logbook to help chart progress.

■ If  the patient loses motivation, try setting new goals or
try a new activity (or activities). Sometimes bringing a
friend or family member into the program may help in
motivation. Incorporate variety into the exercise
routine.

■ Finally, work on conveying to the patient or client that
a fun and safe exercise program can result in mainte-
nance of  lifelong physical as well as psychosocial
healthy habits (Fig. 47.29).

Patient and Caregiver Education

When patients are being discharged from an acute hos-
pital stay, it is vital that they leave with an individualized 
home exercise program. Splinting and positioning, ADL 
performance, scar control measures, and psychosocial 
issues should also be addressed. This program can then 
be advanced to allow for progression during the phases 
that the burned individual goes through in what may be 
in excess of  a 2-year recovery period. During follow up 
visits, the patient’s progress is assessed and adjustments 
to the home exercise program are made as indicated. 
This detailed knowledge of  the patient’s status will allow 
the burn team to coordinate care so that recommenda-
tions can be followed through. Providing the patients 
with a checklist is a valuable tool to enable him or her 
to assume some control of  the rehabilitation process, 
track progress, and encourage continuation of  the 
program. Many patients and their caregivers are often 
overwhelmed by the rehabilitation program. It takes an 
extraordinary amount of  time and energy to plan and 
participate in a home exercise/instruction program. Con-
tinuous communication among the patient, caregiver, 
and the burn team will ease the patient’s transition into  
recovery.

One way of  helping patients with the exercise program is 
to establish communication with a community-based exer-
cise center, such as a commercial or hospital-based facility. 
Often, direct and constant communication between a burn 
hospital’s rehabilitation department, exercise physiologists 
and/or physician, and a community-based exercise facility 
(i.e., personal trainer) will maximize the potential for adher-
ence to and efficacy of  such home exercise programs by 
adding supervision and structure.

Conclusion

The rehabilitation of  burn patients, although challenging, 
can be rewarding to all involved in their care. Continuous 
evaluation of  the interventions provided will ensure each 
patient’s maximum functional outcome. Experience, educa-
tion, and research will produce therapeutic interventions 
that will optimize each patient’s recovery. Ultimately, the 
goal of  the rehabilitation team is to provide the patient with 
the means for a productive life.

IMPORTANT CONSIDERATIONS

■ The ultimate goal of  an exercise rehabilitation program
should be to improve physical function. However, the
means by which this is achieved are also important. An
exercise program should be challenging, effective, but
also must be safe and fun. It should also promote life-
long healthy habits. This will maximize compliance
with the exercise program.

■ The American College of  Sports Medicine (ACSM) has
an extensive list of  absolute and relative contraindica-
tions to exercise and exercise testing that should be
carefully considered when designing an exercise
program for adults or children. These contraindica-
tions will also pertain to individuals with severe burns.

■ Individual goals should be established early in the exer-
cise program. Whenever possible, they should be devel-
oped by the participant with the guidance of  an exercise
professional. The goals or objectives must be realistic,
and an intrinsic or extrinsic rewards system should be
implemented at that time.

■ It is recommended that exercise professionals work
together with an occupational and/or physical thera-
pist to avoid duplication of  services, as well as to iden-
tify areas in need of  special attention.

■ Based on our clinical experience with children and
adolescent patients, individuals with severe burns
should participate, as soon as possible after hospital
discharge, in a structured exercise program. This
program should be supervised and, if  possible, con-
ducted in the presence of  a trained professional.
However, if  this is not possible, the exercise program,
with some common sense guidelines, should offer a
choice for safe and effective participation.

■ For adults, a careful medical and exercise evaluation
should be conducted prior to starting an exercise
program. Cardiovascular or pulmonary problems, as
well as other conditions such as diabetes, must be iden-
tified prior to starting an exercise program to avoid
potential fatal or near-fatal complications.

■ It is important to get the burned individual started
with an exercise program or a more active lifestyle as
soon as possible, but it is never too late to get started
regardless of  the time post-burn.

■ When beginning the exercise program, it is better to
start slowly and build up gradually than to start too
fast and risk injury.

■ For children, avoid using very intense or maximal
(1RM) resistance training or testing. Gradual progres-
sion is of  utmost importance to avoid injury and to
promote exercise adherence.

■ The individual should listen to his or her body. During
and after workouts, the individual (and supervisor)
should be alert to signs of  a potential health problem
as a result of  overexertion. Signs may include pain,
shortness of  breath, dizziness, or nausea.

■ Be flexible and allow individuals to be flexible. Do not
rigidly stick to a schedule if  the patient does not feel up
to it. If  he or she is overly tired or under the weather,
take a day or two off.

■ Monitor the individual’s progress. Reassess fitness
every 6 weeks. You may notice that you need to increase
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osteoporotic, and in persons with generalized burns, the 
bones of  deeply burned extremities may show more pro-
found mineral loss than is observed in nonburned extremi-
ties or in the axial skeleton (Fig. 48.1). This tendency for 
more osteoporosis in severe burns was also noted by Pandit 
et al.,11 who found that 56% of  postburn patients had radio-
graphic evidence of  osteopenia. Van der Wiel et al.7 found 
in an X-ray absorptiometry study of  16 adults with frac-
tures of  one tibia that there was eventual loss of  bone 
mineral density in the contralateral femur and in the 
lumbar spine but to a lesser degree than in the ipsilateral 
femur. These findings, although not strictly analogous to 
those observed in burns, nevertheless point to the occur-
rence of  generalized osteoporosis in other trauma states 
and the difference in loss of  bone density relative to local 
factors. In fractures or in burns, impaired mobility and local 
hyperemia could account for this difference.

Another characteristic of  the osteoporosis of  burns that 
seems to set it apart is its persistence, not just until restora-
tion of  the anabolic state but also for months and years after 
the burn has healed (Fig. 48.2). This phenomenon may be 
most clearly observed in patients who have survived 90% 
burns, but Klein et al. record less than normal bone among 
even moderately burned children as long as 17 months 
after injury.2 Muscle atrophy or the failure or inability of  the 
person to return to the preburn level of  physical activity 
may account in part for this protracted state of  reduced 
bone mineralization.

There is no way to prevent osteoporosis in a patient 
whose burn is of  such severity as to require an extended 
period of  bed confinement. Methods of  medical treatment 
described by Klein12 and Rousseau et al.13 include anabolic 
hormones, bisphosphonates, and cholecalciferol. Cholecal-
ciferol was noted to have a positive effect on muscle health 
but little effect on bone. The advance of  bone atrophy can 
at least be favorably modified even among patients with 
large burns if  mobilization and active exercise are initiated 
soon after the burn. The bones of  the axial skeleton, the 
pelvis, and the lower extremities are most efficiently stressed 
by weight bearing. Thus, standing is a priority measure, and 
it is common practice now to walk patients to tolerance 
before permanent wound cover. Muscle contraction alone 
may help forestall bone atrophy, and bone is better stressed 
if  the contraction is resisted. Isometric muscle contraction 
is possible from even extensively burned patients and is 
important for bone stress and for maintaining muscle tone 
and muscle. Passive motion has no effect on bone and thus 
does not figure in the prevention of  osteoporosis. Other pre-
ventive measures, such as closure of  the wound and main-
tenance of  nutrition, are routine in critical burn care. 
Treatment of  established osteoporosis involves the more 
aggressive use of  measures for prevention. There are no 
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Introduction

Burn injuries have a tendency, even as they heal, to create
musculoskeletal deformity. In addition, the protracted burn
illness that accompanies severe burns may result in other
skeletal changes. Box 48.1 presents a classification of
musculoskeletal changes secondary to burns; from this, the
most commonly occurring and clinically significant altera-
tions have been selected for discussion.

Changes Confined to Bone

OSTEOPOROSIS

Osteoporosis is the most frequently occurring postburn
change involving bone. Klein et al.’s ongoing studies suggest
that, among persons with serious burns, reduction of  bone
mass density is pervasive.2 Stated causes of  osteoporosis in
thermal burns are bed confinement, immobilization, hyper-
emia,3 reflex vasomotor phenomena,4 and adrenocortical
hyperactivity.5 In Chapter 26 of  this book, Klein reviews the
effects of  burn injury on bone metabolism.2,6 Klein et al.9

noted very limited bone formation after a severe burn. Other
endocrine changes that lead to loss of  bone after burns have
been described by Dolecek et al.10 This coupled with the
relatively high resorption leads to osteopenia postburn.
Endogenous corticosteroid production is likely responsible
for the decreased bone formation, and inflammatory cyto-
kines are responsible for the bone resorption. In this section,
only what is clinically apparent is discussed.

The more extensive the burn and the greater the number
of  complications, the longer the patient may be confined to
bed and relatively immobile. The onset of  osteoporosis is
accelerated, and its intensity is more marked in the burn
illness that features a hypermetabolic state. Klein et al.
found that osteoblasts and probably osteocytes underwent
apoptosis in response to the glucocorticoid stress hormones.
The overall effect of  burn is catabolic, and muscle wasting
is also noted. If  a single extremity of  an otherwise normal
person is immobilized for a long period of  time because of
local trauma, as with a fracture, loss of  bone density can be
easily seen on plain radiographs. So, with burns isolated to
the extremities, the bones of  affected extremities become
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general state may prevent seeding of  the bone or may 
repress any small focus of  bone infection.

The cortex of  long bones is a good barrier to surface 
organisms. Even exposure of  cortex will have little adverse 
effect if  the blood supply of  the bone remains intact. Pro-
longed exposure will kill the outer layer of  the cortex, which 
will in time sequestrate, separating at a well-defined fissure 
between dead and living bone. With minor or moderate 
exposure, the bone will usually survive long enough for 
bordering granulation tissue to cover it. For large defects, it 
may be useful to drill closely spaced holes through the 
exposed cortex so as to encourage buds of  granulation 
tissue to emerge from the still vascular medullary canal. 
Another way to encourage granulation tissue formation 
over exposed bone is with superficial decortication with an 
osteotome or burr to expose the capillaries of  the inner 
cortex.14 With these practices, there is little risk for infecting 
the bone. It may be that there is sufficient centripetal pres-
sure to discourage the invasion of  organisms when the 
holes are fresh and that the holes are rapidly sealed by blood 
clot and advancing tissue. There are no reports of  deep bone 
infection related to cortex drilling.

With open fractures at the site of  a major soft tissue burn 
wound, bone infection is probably inevitable. These infec-
tions can often remain localized to the fracture site and not 
involve the rest of  the bone. Local debridement and stabili-
zation of  the soft tissue wound are all that are required for 
treatment. Dowling et al. reported osteomyelitis of  the tibia 
related to an open bimalleolar fracture in an extensively 
burned extremity.8 English and Carmichael15 showed three 
cases of  osteomyelitis out of  28 fractures, and all were 
found in open fractures. On the other hand, osteomyelitis 
developed in neither of  the two open fractures reported 

long-term comparative studies, however, that persuasively 
measure the effectiveness of  exercise, diet, medication, or 
modality in the treatment of  osteoporosis in any state. 
Thus, osteoporosis can be lessened by active muscle con-
traction and weight bearing. Medical treatments that show 
promise include anabolic hormones, bisphosphonates, and 
possibly cholecalciferol.

OSTEOMYELITIS

In burns, bones can become infected by exposure of  bone 
by the burn, by an open fracture accompanying the burn, 
by extension of  infection from a septic joint, by introduction 
of  organisms along traction pins or internal fracture fixa-
tion devices, or by bloodborne organisms of  bacteremia. 
Considering the apparent risk for seriously burned patients 
to develop osteomyelitis, it is surprising that it does not 
occur more regularly. Clinically significant osteomyelitis in 
burned patients is uncommon. Antibiotics given for the 

Box 48.1 Classification of Musculoskeletal 
Changes Secondary to Burns

Alterations limited to bone

■ Osteoporosis
■ Periosteal new bone formation1

■ Irregular ossification1

■ Diaphyseal exostosis1

■ Acromutilation of fingers2

■ Pathological fracture
■ Osteomyelitis
■ Necrosis and tangential sequestration

Alterations involving pericapsular structures

■ Pericapsular calcification
■ Heterotopic paraarticular ossification
■ Osteophyte formation

Alterations involving the joint proper

■ Dislocation
■ Chondrolysis3

■ Septic arthritis
■ Spontaneous dissolution4-6

■ Ankylosis

Alterations involving muscles and tendons

■ Desiccation of tendons7

■ Fibrosis of muscles8

Alterations secondary to soft tissue

■ Muscle and joint contractures
■ Malposition of joints
■ Scoliosis

Soft tissue injury

■ Compartment syndrome
■ Nerve injury

Abnormalities of growth

■ Acceleration and retardation
■ Destruction of growth plates

A B

Fig. 48.1 (A) At 6 months after injury, there is the coarsened trabecula-
tion of marked osteoporosis of bones of the left hand and forearm of 
a 4-year-old boy whose 70% full-thickness burn involved the head, 
chest, and both upper extremities. (B) A radiograph of the left tibia and 
fibula obtained on the same date as that of the hand shows minimal 
atrophy. 
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along the pin track and the formation of  cigarette sequestra 
are:

■ The introduction or migration of  organisms from the
burn wound

■ Thermal necrosis during introduction of  the pins
■ Linear pressure of  the traction pin
■ Prolonged traction
■ Excessive movement of  the extremity leading to loosen-

ing of  the pin
■ Sealing of  the skin of  the pin sites.

For traction or suspension, pins may be inserted through
acutely burned skin, through eschar, through granulation 

separately by Choctaw et al.16 and Wang et al.17 We treated 
three patients in whom open fractures of  the femur compli-
cated thigh burns. Each case required aggressive and 
repeated debridement. One fracture was treated in traction, 
and the other two were treated with external fixators. In 
one of  the patients, who was admitted 8 months after acute 
burn, there was established osteomyelitis of  the femur in 
relation to the exposed fracture. Osteomyelitis did not 
develop in either of  the other patients; in the end, all three 
had sound femurs.

When traction pins are directed through burned skin for 
the treatment of  fractures or for suspension of  a burned 
extremity, the factors favoring development of  infection 

DC

B

A

Fig. 48.2 (A) Advanced osteoporosis in the hands of a 14-year-old boy 9 months after a 100% total body surface area burn. All growth plates are open. 
(B) At 24 months after injury, osteoporosis persists, and there is irregular closure of the metacarpal and phalangeal growth plates. (C) At 8 months
after injury, the growth plates of the distal tibiae and fibulae remain open. (D) At 24 months after injury, the distal growth plates of the tibiae and 
fibulae are closed. Other major growth plates remain open. Osteoporosis is unchanged. 
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fixator, or with skeletal traction (Fig. 48.4). Fractures in 
extremities with first-degree or superficial second-degree 
burns can be managed in the same way. Deep second- and 
third-degree burns present a different problem only with 
respect to the early bacterial colonization of  third-degree 
burns and the degradation of  deep second-degree burns to 
full-thickness burns that will in turn become colonized. 
There is a precious window of  time when fractures requir-
ing open reduction and internal fixation (ORIF) can be 
definitively treated without increased risk for infecting the 
bone; however, fracture reduction and stabilization are so 
important in the functional management of  a severely 
burned patient that the risk for bone infection should be 
acknowledged and shouldered at any postburn stage. 
English and Carmichael15 showed that if  fractures were 
treated with open reductions within the first 48 hours post-
burn, the risk of  infection is minimal. Therefore, early sta-
bilization is encouraged in the first 48 hours before the risk 
of  infection increases. Skeletal traction is used infrequently 
today. The disadvantages of  skeletal traction are the con-
finement to bed and the imposed relatively fixed position of  
the affected extremity. External fixators make it possible to 
align and stabilize fractures in burned extremities without 
open operation and provide mobility to the patient. Brook-
er’s extensive favorable experience supports this concept.21 
With both skeletal traction and external fixation, there is an 
added risk for bone infection because of  the path from 
surface to bone provided by the pins. Pin tract infections can 
be minimized by scrupulous pin site care and by removal 
and replacement of  any loosening pins. Frye and Luterman 

tissue, or later through ischemic burn scar, which may be 
colonized with uncommon and antibiotic-resistant organ-
isms. No amount of  local cleaning is likely to sterilize the 
surface through which the pin must pass, yet it seems that 
organisms in sufficient numbers to colonize and infect are 
rarely introduced in this manner.

Local low-grade infections usually resolve when pins are 
removed if  the pin sites are vigorously curetted of  granula-
tion tissue. In one case in which a four-pin custom external 
fixator was used in the treatment of  an open infection of  
the elbow, diffuse osteomyelitis of  the humerus and radius 
resulted. The infection was controlled with antibiotics and 
without surgery after the pins were removed. This case was 
included in Barret et al.’s report of  skeletal pinning in 41 
severely burned children.18 In experience with the Ilizarov 
system for correction of  skeletal deformity in burns, one 
patient developed a pin track infection of  such severity as 
to require removal of  the pin, curettage, and intravenous 
antibiotics for control of  meticillin-resistant Staphylococcus 
spp.19 In an ongoing yet unpublished study, we treated nine 
patients with open joints in external fixation for an average 
of  7.1 weeks, and none of  them developed pin tract infec-
tions or osteomyelitis. The open joints were treated in joint-
spanning external fixators. Most patients had multiple 
failed skin grafting procedures before fixator placement. 
The fixators were thought to have decreased the need for 
additional skin grafting.

Hematogenous osteomyelitis and that caused by spread 
from an infected joint are rare. There is no report of  the 
occurrence of  either entity in association with burns. If  
bone infection of  this sort were be recognized, effective 
treatment would depend on the identification of  the offend-
ing organisms for organism-specific antibiotic regimens.

FRACTURES

Pathological fractures were at one time common in burn 
management because of  the practice of  delayed excision of  
eschar and of  keeping patients in bed until wounds were 
completely covered. During that time, fractures occurred 
because of  bone collapse when patients first stood or walked 
or when stiff  joints were manipulated (Fig. 48.3).20 The 
bones most commonly affected were the femur at its distal 
metaphysis and the tibia at its proximal one. The only treat-
ment required was support of  the extremity until the frac-
ture consolidated, usually in 4–6 weeks. Children were 
more often affected than adults, and the fractures usually 
compressed one cortex, producing an angular deformity 
that rapidly corrected with growth. Klein et al.’s study2 
strongly suggests that fractures occur more frequently in 
burned children than in a matched normal population even 
months after the acute burn. Now, however, in acute burn 
management, the most frequently seen fractures are those 
occurring at the time of, or in association with, the burn 
injury. Falls or violent trauma account for many of  the frac-
tures, and the sites are those common to the causes, bearing 
no relation to the burn itself.

Although fractures complicate burn treatment and occa-
sionally delay mobilization of  patients, their management 
need not be complex. Fractures in extremities not burned 
can be treated by manipulative reduction and cast immobi-
lization, by open reduction and fixation, with an external 

Fig. 48.3 Pathological fracture of the osteoporotic femur of a 9-year-
old girl sustained on the first day she stood after 5 weeks of confine-
ment for a 40% total body surface area burn. 
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burns, and Choctaw et al.16 reported successful use of  a cast 
for immobilization of  an open comminuted fracture after 
immediate postburn grafting of  the affected extremity. 
Common sense should dictate which fractures can be 
treated with circular or bivalved casts or with splints. If  
casts are used over burn skin, they would need to be remov-
able to allow burn care. If  a reduced or moderately dis-
placed but aligned fracture is so stable as to require external 
support only for maintenance of  alignment, then cast or 
splint immobilization should be all that is needed. On the 

recognized and discussed the specific and continuous diffi-
culties encountered in the management of  fractures and 
burns.22

When casts are used for stabilization of  fractures in 
burned extremities, the wound is made inaccessible, and 
there is an abiding fear that the unattended wound will 
seriously degrade or at best not improve. Such fear may be 
well founded; however, Wang et al.17 showed that a bivalved 
circular cast could be used effectively for an open commi-
nuted fracture of  a proximal tibia with overlying deep 
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Fig. 48.4 (A) This 15-year-old boy sustained closed fractures of the right femur, left tibia, and left humerus at the time of a 46% total body surface 
area burn involving mainly the trunk and right lower extremity. The femur and humerus fractures were treated in skeletal traction. Suspension of the 
right lower extremity aided management of circumferential deep burns of that extremity. Lesser burns of the left leg made it possible to treat the 
minimally displaced fracture of the left tibia in a circular cast. All fractures consolidated in 6 weeks in satisfactory alignment. (B) Fracture of the left 
humerus as it appeared at the time of admission to the hospital. (C) At 5 weeks after injury, the fracture shows maturing callus. Traction was discon-
tinued at 6 weeks. 
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tendon calcifications at around 1.25% each in a radiographic 
study. Even if  HO occurs infrequently in thermal burns, it 
remains that after it develops, it often compromises joint 
motion and is difficult to treat. In addition, its pathogenesis 
is still incompletely understood; thus, protocols for preven-
tion may in fact miss the mark.

PATHOGENESIS OF HETEROTOPIC 
OSSIFICATION

The metabolic changes occurring after thermal burn are 
increased metabolic rate, protein catabolism, ureagenesis, 
fat mobilization, glycogenolysis, gluconeogenesis, elevated 
glucose flow, and eventual total body weight loss.36,37 There 
is an accompanying suppression of  the immune system 
that favors wound infection but at the same time favors 
survival of  skin allografts. Infection, failure of  skin graft 
take, or anything that delays closure of  a burn wound will 
extend the altered metabolic state. Although it might be 
assumed that there occurs, along with the metabolic 
upheaval, an adverse change in connective tissue milieu, 
the exact nature of  such a change is not known. It is also 
not known what the metabolic changes have to do with the 
development of  HO, but it is apparent that the burn disease 
is necessary to its formation. Other factors to be considered 
in the genesis of  HO are percentage of  burn, location of  
burn, period of  confinement, osteoporosis, superimposed 
trauma, and genetic predisposition.

Percentage of Burn Effect on Heterotopic Ossification

Most reported cases of  HO have had a 20% or greater 
total body surface area (TBSA) burn; however, it has been 
found in patients with as little as 10% third-degree burn.20 
Peterson et al.,29 Munster et al.,34 and Elledge et al.28 have 
reported affected patients with TBSA burns of  8%, 14%, 
and 12%, respectively. In addition, with the now extensive 
experience with salvage of  patients with 80% or greater 
burns, it is clear that HO occurs no more frequently among 
these patients than in the general burn population. Thus, 
the percentage of  burn is not a determining factor.

Location of Burn Effect on Heterotopic Ossification

By no means has all of  the reported HO occurred in joints 
with overlying burn. In their initial report, Evans and Smith 
described HO occurring a distance from any third-degree 
burn involvement.38 Johnston noted that in one of  his three 
patients, the skin overlying one affected joint was not even 
superficially burned.39 If  degradation of  connective tissue 
milieu in burns is a total-body phenomenon, it follows that 
heterotopic bone formation need not be burn site depen-
dent. Thus, the location of  the burn cannot alone be a 
determining factor.

Period of Confinement Effect on 
Heterotopic Ossification

Evans and Smith expressed the belief  that length of  bed 
confinement was an important factor in the development of  
HO.38 At the time of  that report, patients with even moder-
ate burns might be kept in bed for several weeks. The con-
sequences of  prolonged confinement were loss of  active 
range of  joint motion and bone demineralization; it was 

other hand, if  a fracture, because of  instability, requires 
maintenance of  reduction by three-point pressure or 
molding of  the cast material, it will be better treated by 
other means.

English and Carmichael had 28 fractures that were 
treated over a 20-year span. In that study, 22 of  24 frac-
tures available for long-term review healed in appropriate 
time. There were five infections noted, including two super-
ficial pin tract infections from external fixation and three 
cases of  osteomyelitis, all of  which were open fractures. In 
contrast, there were no infections among Saffle’s 42 frac-
tures, nine of  which were treated by ORIF.23 With two frac-
tures of  the femur, each of  which was exposed at the base 
of  a deep chronic burn, aggressive debridement of  the 
wounds and the fracture ends was followed by treatment 
with skeletal traction in one and by external fixation with 
the Ilizarov system in the other. Both fractures healed 
without further complication. Coverage of  exposed bone 
can be done with skin grafts, local flaps, and free flaps. 
Burring of  the exposed bone to stimulate bleeding and 
induce granulation tissue can be used alone or with other 
procedures to help cover exposed bone.14 Newer techniques 
using graft substitute have shown promise in coverage of  
exposed bones in burn patients.24,25

Among severely burned patients, nondisplaced or mini-
mally displaced fractures may not be detected until unusual 
local pain in an affected extremity prompts radiographic 
examination. A radiograph obtained for other reasons may 
reveal a fracture as an incidental finding. These fractures 
are usually of  no functional significance. Modest angular 
deformity near a joint is more of  a problem in adults than 
in children who still have remodeling potential. Undetected 
transphyseal fractures in children can be a major functional 
threat, however.

Changes Involving Pericapsular
Structures

HETEROTOPIC OSSIFICATION

Heterotopic ossification (HO) is a rare but functionally impor-
tant complication of  thermal burns. The incidence in a general
burn population is reported to be somewhere between 1%
and 3%.1,26–31 In select populations, the incidence may be
higher, as it will be if  patients with periarticular calcifica-
tion are included in the statistics. For example, Tepperman
et al. reported a 35.3% incidence among patients referred
to a tertiary care center for rehabilitation.32 Jackson and
Mac made the observation that the incidence of  HO could
be expected to be less in institutions that admit patients with
minor burns.33 Munster et al.’s34 radiographic survey of  88
adult and teenaged patients with 160 burned upper extremi-
ties yielded a 16% incidence of  pericapsular calcification; the
23% incidence reported by Schiele et al.1 included both HO
and heterotopic calcification. In the early routine radiographic
study reported by Evans,20 periarticular calcification that
did not progress to HO was excluded from the final calcula-
tion of  an incidence of  2%. The 3.3% incidence recorded
by Kolar and Vrabec35 included patients with pericapsular
calcification. Pandit11 noted pericapsular, periarticular, and
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attachments to coronoid process and biceps tubercle. And 
if  there is loss of  pronation and supination range, stretch-
ing may cause HO to form in line with the proximal radio-
ulnar ligaments and interosseous membrane. There is an 
implication here that both the quality and timing of  post-
burn exercise may be important. Gentle passive and active 
motion should cause less tissue disruption than abrupt 
passive or active or even chronically repeated motion, and 
the effect of  any mobilization effort must vary with the rela-
tive stiffness of  the joint and the intrinsic resistance of  soft 
tissue. The longer a joint is limited in its motion, the stiffer 
it will become and the greater will be the soft tissue damage 
with any forced manipulation.

The concept of  superimposed trauma as a cause of  het-
erotopic bone is supported by the experimental work of  
Evans48 and of  Michelsson and Rauschning.49 Evans found 
that all burned and nonburned rabbits given a single nec-
rotizing injection in one quadriceps muscle readily healed 
the lesions, but rabbits burned or nonburned that were 
given a second same-site injection 7 days after the first uni-
formly developed well-defined and histologically identifiable 
HO. In this experiment, it was clear that in susceptible 
animals, it was not the burn that made the difference but 
the chronicity of  the wound. Michelsson and Rauschning 
determined that forceful or regular active remobilization of  
rabbit knees that had been immobilized for 1 to 5 weeks 
resulted in the development of  heterotopic calcification and 
ossification in the muscles that were stretched. The response 
was more consistent in the quadriceps of  the knees immo-
bilized in extension than in the hamstrings of  those immo-
bilized in flexion. The longer the period of  immobilization 
and the more vigorous the remobilization, the greater was 
the response. Muscle necrosis was a prominent histologic 
finding.50

Superimposed trauma is implicated in the development 
of  HO in head-injured patients or those with posttraumatic 
or infectious transverse myelitis.51–53 In these patients, it is 
assumed that tissue media are altered by injury to the 
central nervous system. The secondary injury, as in burns, 
is periarticular. In posttraumatic myositis ossificans, the 
development of  HO depends on persistence of  the muscle 
lesion and local necrosis and thus, at least by inference, on 
repeated insults to the affected muscle.

The development of  HO in burns has been associated 
with the agitation of  patients and their resistance to physi-
cal therapy.38,54 Two affected adults and one affected child 
in a 10-year study resisted physical therapy programming.48 
One adult refused to move, and the other was extremely 
apprehensive. The child was likewise apprehensive and 
refused to cooperate with the therapist. The development in 
all three of  posterior HO in both elbows could have been 
ascribed both to the difficulty encountered in mobilizing the 
elbows and to the continual pressure on the elbows in bed.

Genetic Predisposition to Heterotopic Bone

It is difficult to explain the low incidence of  HO among great 
numbers of  patients similarly burned except on the basis of  
some, as yet unidentified, inherited factor. It is known that 
persons with proliferative noninflammatory arthritis of  the 
hip are more likely to develop HO after total hip replacement 
than persons who have hips replaced for other reasons. In 
this instance, the predisposing inherited abnormality is 

thought that each of  these adverse changes might contrib-
ute to the formation of  HO. Thus, any maloccurrence that
necessitated longer confinement could be a factor in the
pathogenesis. Kolar implicated wound sepsis as an indepen-
dent factor along with the length of  confinement.35 Other
investigators have not addressed the period of  confinement
as specifically as Kolar, and there have been no comparative
studies of  groups of  confined and nonconfined patients.
Thus, it may never be determined whether the current
aggressive practice of  early mobilization of  patients will
have an effect on the incidence of  heterotopic bone. We
believe the incidence of  HO is lower at our institution after
the advent of  early mobilization postoperative protocols.

Osteoporosis and Heterotopic Ossification

Only Schiele et al. have found a relation between HO and
osteoporosis.1 Among their group of  70 adults with burns
confined to the upper extremities, 11 of  the 16 who devel-
oped HO had radiographically identifiable osteoporosis. In
their series of  patients, there were 24 with osteoporosis.
Thus, fewer than one half  of  these developed HO, and there
were two in the group who developed HO who did not have
osteoporosis. If  the findings in that study are not altogether
persuasive, the matter is further confused by the knowledge
that the survivors of  extensive TBSA burns, who may
develop profound osteoporosis, seem to have no greater
liability to the formation of  heterotopic bone than the
general burn population.

Superimposed Trauma on Heterotopic Ossification

In one of  the patients reported by Evans and Smith, the
elbow of  the more often used and minimally burned right
upper extremity developed HO, but the elbow of  the less
used but more seriously burned left upper extremity did
not.38 In the same patient, the right hip spontaneously dis-
located. After reduction, that hip developed extensive HO in
the planes of  the rectus femoris and iliopsoas. The opposite
hip developed only a small, inoffensive spicule of  HO ante-
riorly at the joint line. Experience with this one patient rein-
forced the authors’ belief  that there occurs with burns a
general compromise of  connective tissue that renders it
particularly susceptible to superimposed trauma and that it
is this liability to injury that accounts for the appearance of
HO at sites of  repeated stretching of  soft tissue, as at the
minimally burned elbow or at sites of  recognized abrupt
excessive stretching as with the dislocated hip. According to
all reports, the elbow is the most common site of  HO in
adults and children.28,29,35,40–47 Perhaps it is the regular use
of  this joint that accounts for that orientation. Jackson has
pointed out that the elbows are subjected to pressure poste-
riorly and medially when they are used for leverage or are
simply in contact with the bed.33 He suggests with this
observation that external pressure is a factor in the orienta-
tion of  HO to the elbow. There may be other factors that
favor the elbow. Commonly, the elbow is splinted in exten-
sion to prevent flexion contracture. If  flexion range is lost,
passive stretch and encouragement of  active flexion are
part of  the rehabilitation effort. The posterior structures
most affected by this effort are those attached to the olecra-
non. HO often develops medially in line with and deep to the
medial fibers of  the triceps. If  a flexion contracture devel-
ops, the HO is commonly in the line of  brachialis or biceps
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anterior surface of  the elbow develops in the planes of  the 
brachialis and biceps muscles extending from the humerus 
to the coronoid process or the biceps tubercle. Occasionally, 
a bridge of  HO develops between the radius and ulna just 
distal to the joint. More rarely, bone has been found to fill 
the olecranon fossa and even to ensheathe the entire joint. 
At the shoulder, bone has been found to extend from the 
acromion to the humerus in the line of  the rotator muscles 
or deep to the deltoid (Fig. 48.5C), to lie anteriorly in the 
plane of  the pectoralis major, and more deeply, to parallel 
the subscapularis. Hoffer et al.59 reported that HO at the 
shoulder lay anteriorly in the plane of  the capsule. At the 
hip, HO may extend from pelvis to femur in the planes of  
rectus or iliopsoas anteriorly or in the plane of  the gluteal 
muscles laterally. Jackson has reported HO in the plane of  
the quadratus femoris.33 Similar to the shoulder, the hip 
may be ensheathed anteriorly with HO that appears to orig-
inate in the capsule.

When HO bridges a joint, it becomes part of  the skeleton 
and may, if  loaded, increase in dimension as a fully devel-
oped ossicle with mature cortex and medullary cavity. In 
children, if  the bone does not bridge a joint, it will gradually 
disappear when the burn wound has healed and the child 
is healthy. In recovering adults, nonbridging bone will, in 
time, diminish in size, but it may not disappear. The same 
tendency for heterotopic bone to regress after resolution of  
disease was noted by Lorber, who reported on two patients 
with paraplegia secondary to tuberculosis in whom deposits 
of  heterotopic bone diminished in size after return of  motor 
function.51 Bottu and Van Noyen60 reported a similar expe-
rience with a patient who had transient viral meningoen-
cephalitis, and Jacobs reported almost complete resorption 
of  large bilateral deposits of  heterotopic bone in a patient 
who recovered from paralytic measles encephalomyelitis.52 
Serum concentrations of  calcium, phosphorus, and alka-
line phosphatase (ALP) have been reported by most authors 
to be normal or, at best, insignificantly higher in burned 
patients who have developed HO.26,34,38,61,62 In addition, 
there is no convincing evidence that calcium intake affects 
heterotopic bone formation one way or the other. Evans and 
Smith’s limited routine studies of  affected and unaffected 
patients led the authors to believe that the values of  serum 
calcium, phosphorus, and ALP were so consistently normal 
as to make further investigation unnecessary.38 One inter-
esting observation was that of  Koepke, whose studies sug-
gested that those patients who were susceptible had 
elevation of  serum ALP before development of  heterotopic 
bone but not afterward.27

PREVENTION AND TREATMENT OF 
HETEROTOPIC BONE

The incidence of  HO in burns is so low as to make it imprac-
tical to administer indometacin or other nonsteroidal anti-
inflammatory drugs (NSAIDs) that are currently used for 
patients at risk for development of  heterotopic bone after 
major hip surgery. Rather, the thrust in prevention should 
be toward reducing the period of  bed confinement and the 
duration of  the postburn hypermetabolic state. The now 
prevailing practice of  early wound excision and grafting 
may, in fact, address both of  these problems as nearly as it 
is possible to do so. Even patients with extensive TBSA burns 

identifiable. Although HO formation may occur more regu-
larly among spinal cord-injured and head-injured patients
than among burned ones, by no means do all persons with
head and spinal cord injuries develop HO. The total burn
experience at the University of  Texas Medical Branch has
yielded only two similarly affected siblings. Twin brothers
who had 19% and 20% TBSA burns and who were mobile
throughout much of  their treatment and recovery period
developed near-identical HO of  both elbows.55 There is,
however, no scientific proof  that genetic predisposition has
anything to do with the formation of  HO in burns. Nor is
there any literature to support the idea that a person who
develops HO when burned will be liable to develop it if  he
or she sustains head or spinal cord injury. Vrbicky,56 in a
comprehensive review of  postburn HO formation, suggests
that a key for the genetic predisposition may be in the
human leukocyte antigen (HLA), reporting that an HLA
B27 survey showed a 7% HLA distribution in the normal
population compared with 70% in a population with HO.

CHARACTERISTICS AND BEHAVIOR OF
HETEROTOPIC BONE

Heterotopic ossification associated with burns has been
reported to occur about all major joints. The joints most
commonly affected are elbow, shoulder, and hip, in that
order of  frequency. The early manifestations are joint swell-
ing and tenderness not unlike any acute inflammatory
process. The patient may call attention to the process by a
reluctance to move the affected joint. Onset may be as early
as 1 month and as late as 3 months or more after the burn,
but it is more likely to be associated with the acute recovery
phase of  treatment than later. Crawford et al. reported that
the clinical diagnosis was made in advance of  radiographic
changes in 9 of  his 12 patients.40 Tepperman et al.32 and
Peterson et al.29 found that bone scans could help make a
diagnosis before there were radiographic changes. The ear-
liest radiographic alteration is local periarticular increase in
soft tissue density. There follows diffuse, stippled calcifica-
tion in the same distribution in or about the capsule of  the
joint. It is at this point that the process may reverse itself,
perhaps because of  the improved state of  the patient. Owing
to this change in course, there may be patients whose peri-
articular calcification is not detected. If  the calcification
persists, it may be assumed that bone will develop by either
the intramembranous or the enchondral route or both, as
it does in animal models.

The flecks of  calcification appear radiographically to lie
within the capsule, but HO not only may involve capsular
structures but also may extend into the planes of  muscles
and tendons. At each major joint, there is a more or less
characteristic distribution of  HO, which is similar to that
associated with patients with head and spinal cord injury.
At the elbow, posteriorly disposed bone extends from the
olecranon to the medial epicondylar ridge of  the humerus
in line with the medial border of  the triceps muscle (Fig.
48.5A and B). At the joint, it may extend medially to bridge
the ulnar groove.57,58 The medial, rather than lateral, orien-
tation of  the heterotopic bone may be related to the medial
position of  the olecranon and the greater tension on soft
tissue on that side, and as Jackson points out, the contact
area of  the elbow is consistently medial.33 HO on the
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Fig. 48.5 (A) At 3 months after a 94% total body surface area burn of a 16-year-old man, resistance to motion, local swelling, and pain of both elbows
prompted obtaining radiographs, each of which showed spotty linear soft tissue calcification and ossification along the distal humerus and between
the radius and ulna at the level of the biceps tubercle. (B) At 6 months after burn, elbow flexion and extension were reduced to 10 degrees on the left
and to less than 5 degrees on the right. Bridges of immature heterotopic bone extended from the medial epicondylar ridges to the olecranon. Forearm
rotation was 0% because of interosseous bridges of heterotopic bone at the level of the bicipital tuberosities. The prognosis for restoring functional
range of motion in the elbows is poor. (C) At 6 months postburn, glenohumeral motion on the right was limited to a few degrees by heterotopic bone
underlying the deltoid. At the same time, a lesser deposit of heterotopic bone at the left hip did not limit motion.
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et al.,29 patients suspected of  having HO had active ROM 
exercises only. Ten regained functional ROM, and eight 
developed ankylosis.

Surgical excision of  heterotopic bone is indicated when 
joint motion is lost or significantly compromised by bridging 
bone or exostoses. Evans has suggested that surgery be post-
poned until the burn wound has healed, scars are soft and 
associated with no inflammatory response, the patient is 
healthy, and the offensive bone is radiographically mature 
(i.e., well-defined and not increasing in dimension)  
(Fig. 48.6).20 This position makes sense considering the 
behavior of  heterotopic bone (i.e., proliferation while there 
are open burn wounds or active scars and regression with 
wound healing and scar softening). For removal of  hetero-
topic bone, surgical exposures should be planned with 
extensible incisions so as to facilitate total excision. When 
there is a bridge of  bone, each end of  the bridge should be 
slightly excavated. When there is attachment at only one 
end, the cartilaginous or fibrous extension should be 
removed along with the bone. Capsular sheets of  bone 
should be removed completely. If  bridging heterotopic bone 
is incompletely excised, the bridge is likely to recur. When a 
joint is bridged by bone in only one plane, removal of  the 
offending bone will usually restore functional motion, and 
recurrence of  the bridge is unlikely. When a joint is bridged 
in more than one plane, recurrence is more likely, and the 
chance for restoration of  functional ROM is correspond-
ingly diminished. When the local inflammatory process has 

may now be out of  bed and walking within the first post-
burn week.

If  certain patients are predisposed to the development of  
HO, the quality and timing of  joint mobilization for those 
patients may be critical. Stretching edematous pericapsular 
structures in the early postburn period may very well be 
hazardous if  additional tissue damage is the result; however, 
maintenance of  joint motion and muscle function is part of  
the early excision and grafting program, and it is certain 
that the longer joint motion is restricted the more likely it is 
that pericapsular structures will be damaged by stretching. 
We like to think that secondary injury to soft tissue can be 
avoided by controlled and assisted active range of  motion 
(ROM) and terminal resistance.

When a patient is reluctant to move a joint previously 
moved with relative ease, and certainly when there is evi-
dence of  unusual swelling about the joint, radiographs 
should be obtained to determine if  there is pericapsular cal-
cification or ossification. After heterotopic bone or calcifica-
tion is recognized, joint exercise should be restricted to 
gentle passive and assisted active motion only. Crawford et 
al.40 observed that ossification progressed to complete anky-
losis in all patients who persisted in moving an affected joint 
beyond the pain-free range. They concluded that active 
ROM exercises and stretching were contraindicated if  het-
erotopic bone or calcification was suspected, but that active 
ROM could be safely resumed within pain-free range after 
the diagnosis had been confirmed. In the series of  Peterson 
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Fig. 48.6 (A) A mature sheet of heterotopic bone extends from humerus to olecranon, obliterating the olecranon fossa 11 months after a 53% total 
body surface area burn in a 13-year-old girl. Elbow flexion and extension range were less than 10%. Pronation and supination were near normal range. 
(B and C) At 3 months after excision of heterotopic bone, the patient had attained 90 degrees of elbow motion, and a continuing increase to functional 
(hand to mouth) range was predicted. Now the patient can extend the elbow and can flex it to 90 degrees. 



48 • Musculoskeletal Changes Secondary to Thermal Burns 519

common a subcutaneous dorsal surface, accounting for 
their ready exposure. The bone and joint changes are found 
mostly in severely burned patients and include contractures 
and even ankyloses of  smaller joints.11

The elbow, for its trochlear architecture, is more intrinsi-
cally stable than the other joints in this group. It requires 
loss of  collateral support to render it easily displaceable. The 
knee, on the other hand, is immediately in danger of  sub-
luxation if  there is loss of  continuity of  its central slip, the 
patellar tendon, even if  the retinacula remain intact. In this 
circumstance, gravity alone will displace the tibia posteri-
orly in relation to the femur if  the patient is recumbent. The 
hamstring muscles contribute to the displacement force 
regardless of  the position of  the extremity. Loss of  collateral 
ligaments compounds the problem, but loss of  collateral 
ligament stability in the presence of  an intact patellar 
tendon and functioning quadriceps constitutes far less a 
threat than loss of  patellar tendon. For the lower extremity, 
persistent posterior translation of  the tibia beneath the 
femur with inefficient quadriceps function leads to severe 
functional problems.

For both the elbow and the knee, the protecting position 
is extension. These two joints are rarely at risk for articular 
displacement from contracture alone and, if  there is no liga-
ment or tendon loss, extension resting splints will give ade-
quate positional support. When there is soft tissue 
disruption, splinting may not adequately protect either 
joint. An external fixator with two-pin, four-cortex fixation 
above and below the joint will provide stability and will 
permit access to the wound. For the elbow, it allows fine 
adjustment to the normal carrying angle as well. If  the knee 
is accurately reducible at the time of  application of  the 
fixator, there is a good possibility that the reduction can be 
maintained. If  the tibia cannot be brought forward com-
pletely by manual manipulation, it may be necessary to 

caused intraarticular synovial proliferation and cartilage 
destruction, the joint is most likely destined for ankylosis. 
Removal of  the heterotopic bone about a joint so affected 
may allow more functional positioning of  the joint, but it is 
not likely to arrest the process. On the other hand, extraar-
ticular arthrodesis by a bridge of  heterotopic bone may pre-
serve the joint. This is particularly the case at the elbow 
when there is only one posterior bridge of  bone from olec-
ranon to the medial epicondylar ridge of  the humerus. In 
this situation, the olecranon is fixed in the trochlea, but the 
radiocapitellar and radioulnar joints remain functional. In 
Evans’ experience with removal of  single bridges at the 
elbow, joint cartilage was found to be healthy as long as 5 
years after ankylosis. Preservation of  pronation and supi-
nation was credited with maintaining the synovial bath to 
provide nutrition for the humeroulnar cartilage. Indeed, 
when pronation and supination additionally are blocked by 
bridging bone, cartilage degradation is certain. Evans’ 
further experience with long-term survival of  glenohu-
meral cartilage after ankylosis by bridging bone from acro-
mion to humerus is not as easily explained.

Reported experience with excision of  heterotopic bone in 
burns has not been uniformly favorable. Dias,62 Hoffer 
et al.,59 and Peterson et al.29 reported restoration of  func-
tional ROM in most of  their patients with timely excision of  
heterotopic bone. Gaur et al.41 reported good functional 
return in seven burned children with nine affected elbows. 
Ring and Jupiter42 reported good results in a varied popula-
tion, and Chung et al.43 and Tsionos et al.45 have reported 
good results with early excision a mean of  9 months after 
the burn. Other surgeons have reported less satisfactory 
results.31 In our own experience, results have varied, as 
anticipated, with the severity of  the condition. We have 
learned that if  heterotopic bone recurs after excision, it is 
worthwhile to excise again if  the joint affected remains 
structurally identifiable. For the most part, however, 
attempts to improve joint function with second operations 
have failed. We believe that ultimate failure can be predicted 
at the time of  initial surgery; we are convinced that the 
single most important factor in successful initial excision is 
in timing surgery to coincide with the patient’s return to 
good health.

Changes Involving the Joints

DISLOCATION

Luxations and subluxations of  joints in burned patients 
may occur as a result of  direct destruction by the burn of  
ligaments and capsules, loss of  articular cartilage caused 
by infection, faulty positioning, and eventually scar con-
tracture. In all phases of  management, but particularly 
in the acute phase, positioning is of  prime importance in 
the prevention of  joint deformity. The preferred positions, 
listed in Table 48.1, serve as a guide for the prevention of  
dislocation of  joints and of  malposition secondary to scar  
contracture.

The joints most liable to structural compromise caused 
by exposure by the burn and loss of  soft tissue support are 
knee, elbow, proximal interphalangeal joints of  the hand, 
and metacarpophalangeal joints. These hinge joints have in 

Table 48.1 Preferred Positions for Major Joints

Joint Preferred Position

Neck Midline in neutral or slight extension

Shoulders Scapulothoracic retraction and depression, 85 
degrees of glenohumeral elevation with 
20–25 degrees of horizontal flexion

Elbows Extension

Wrists Slight extension

Metacarpophalangeal 
joints 2–5

80–90 degrees of flexion

Fingers Proximal and distal interphalangeal extension

Thumbs Carpometacarpal flexion and abduction, 
metacarpophalangeal flexion 5–10 
degrees, interphalangeal extension

Spine Extension with no lateral deviation

Hips Extension and slight external rotation in 15 
degrees of symmetric abduction

Knees Extension

Ankles Neutral

Feet Neutral
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position, the arms are in at least 15 to 20 degrees of  exten-
sion from the more secure neutral position in line with the 
scapulae, and the humeral heads are forced forward against 
the anterior capsule. Even when the patient is supine, full 
abduction and extension of  the arms should be avoided. For 
short-term management, particularly when the patient 
gets out of  bed each day, this position probably does not 
threaten the joint. But if  the patient is to be bed confined 
and the position unrelieved for days or weeks, the head of  
the humerus may begin to subluxate forward. In the 
extreme situation, the head of  the humerus will dislocate 
to a medial subcoracoid position. In patients with deep 
burns extending from the chin to the axillae to the chest, 
the common posture of  elevation and protraction of  the 
scapulae may be associated with upward subluxation of  the 
humeral heads.

The head of  the humerus is most secure in the glenoid 
fossa when the arm is adducted to neutral and internally 
rotated, a position that is incompatible with wound man-
agement of  burns of  the trunk, neck, and upper extremities. 
The protecting position that accommodates the need for 
abduction for axillary burns is elevation of  the arms in line 
with the scapulae. The arm is then approximately 20 
degrees forward of  the coronal plane or in 20 degrees of  
horizontal flexion. When the patient is prone, the protecting 
position can be gained only if  the chest is supported on a 
chest width mattress, folded blankets or towels, or a foam 
rubber pad, any of  which will allow the arms to drop 
forward. When the patient is positioned this way, whether 
supine or prone, the forearms will be pronated, and the 
arms will be in sufficient internal rotation to favor seating 
of  the head of  the humerus in the glenoid.

The hip will tend to subluxate posteriorly if  the thigh is 
persistently allowed to remain flexed, adducted, and inter-
nally rotated during the acute burn phase. For the most 
part, however, the protecting position of  extension to 
neutral or 180 degrees and 15 to 20 degrees of  symmetric 
abduction is easy to attain and maintain and is, in fact, the 
most desirable position for wound management.

Infection of  a joint may result in its subluxation or dislo-
cation. Hip displacement because of  apparent spontaneous 
dissolution has been described by Evans and Smith.38 Eszter 
and Istvan65 and Cristallo and Dell’Orto66 reported similar 
cases. In none of  these cases, however, could it be deter-
mined that the joint destruction was attributable to 
infection.

SEPTIC ARTHRITIS

A joint exposed by a burn or by removal of  burn eschar is 
presumed to be infected. The joints most frequently exposed 
are the knee, the elbow, the proximal interphalangeal joints 
of  the hand, and the metacarpophalangeal joints, all on the 
subcutaneous dorsal surfaces. The wrist and ankle are less 
often affected, and other joints are affected rarely. Treat-
ment requires stable positioning of  the joint for maximum 
reduction of  wound size so as to facilitate soft tissue closure 
or grafting and to allow aggressive daily lavage. The posi-
tion for all of  the joints listed except the ankle is extension. 
The ankle is positioned in neutral. External fixation, intra-
medullary pinning, or skeletal traction may be required 
to secure the position. To maintain ankle position, it is 

suspend the tibia through a transverse pin at the level of
the tibial tubercle. For static vertical traction, the extremity
must be elevated from the bed. For dynamic traction,
enough weight must be used to accomplish the same eleva-
tion. If  the tibia can be brought forward by this means, an
external fixator will hold the reduction. For the knee to
remain stable with the tibia forward, the patellar tendon
must be reattached and quadriceps integrity reestablished;
otherwise, when the fixator is removed, the tibia will again
begin an incremental posterior shift toward its own point of
stability. No amount of  external splinting or bracing is likely
to prevent this shift.

The proximal interphalangeal joints of  the hands are
more frequently exposed by burn than any others. If  the
central extensor slip remains intact, there is less risk for
subluxation of  the joint. Even if  there is loss of  continuity
of  the central slip but preservation of  the lateral bands,
subluxation is easily prevented if  the joint is maintained in
extension while soft tissue cover is being achieved. It is with
loss of  the support of  lateral bands and collateral ligaments
that the joints become liable to dislocation. With the meta-
carpophalangeal joints, the tendency to displacement or
subluxation may be greater because these joints are func-
tionally multiplanar, but the interphalangeal joints are uni-
planar. Fortunately, the metacarpophalangeal joints are
less often exposed than the interphalangeal ones.

The protecting position for the proximal interphalangeal
joints is full extension. If  only the central slip is lost, the
position may be held with an external splint. In states of
greater instability, it may be necessary to use intramedul-
lary transarticular Kirschner wires to hold the position. The
wires, although reasonably efficient, do not control rota-
tion, and they carry with them a risk for posttreatment joint
stiffness. In small children, it is impossible to introduce the
Kirschner wires through the distal phalanx; thus, it is
better, with the proximal phalanx flexed to 90 degrees, to
place the wire through the corresponding metacarpal head
into the proximal and middle phalanges. Short-term trans-
fixation does not harm the joint, and metacarpophalangeal
flexion is the favored position for functional restoration. Pin
traction through the distal phalanges in a skeletally stabi-
lized metal splint is another method for maintaining exten-
sion of  threatened digital joints.63,64 It has the advantages
of  patient comfort and mobility; secure positioning of  hand
and upper extremity; easy maintenance of  elevation; and
easy access for dressings, for additional surgery, and for
exercise of  lesser affected joints. The system likewise makes
it possible to keep digits separated, thus facilitating local
care. Traction should not be used if  collateral ligaments are
not intact. By whatever means attained, the corrected posi-
tion must be maintained until the joint is covered with graft.
Protection should continue with a standard splint or brace
until the joint is sound.

The two joints most likely to dislocate because of  faulty
positioning are the shoulder and the hip. These two ball-
and-socket, multiplanar joints sacrifice stability in favor of
mobility. This is particularly true of  the shoulder, where the
shallow glenoid contains at any one time only one third of
the head of  the humerus. In burns, the head of  the humerus
may begin to subluxate forward if, during prone positioning
for management of  back and buttock wounds, the arms are
maintained in full abduction in the coronal plane. In this
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joints even if  motion will be restricted. For example, if  a 
forearm or leg must be sacrificed, the elbow or knee should 
be spared if  the more proximal muscles controlling that 
joint are intact, if  the bone bleeds, and if  there is the pos-
sibility that the remaining tissue of  the stump has sufficient 
blood supply to produce granulations for grafting. Aside 
from affording a better functional prospect, sparing the 
joint will provide the surgeon opportunity at a later time to 
choose an appropriate revision level if  the joint does not 
function. The patient will at that time be healthier, and 
stump closure will be routine. Jackson suggests that it may 
be technically feasible to cover even nonviable bone with a 
free flap to maintain extremity length.33 In electrical burns, 
the level of  amputation is most often determined by muscle 
viability. Stump care is the same as with thermal injury.

Prostheses can be easily fitted over stumps covered with 
split-thickness grafts. Ridges of  hypertrophic scar will break 
down if  there is friction within the socket of  the prosthesis, 
but scar often softens and flattens with the constant, even 
pressure of  a well-fitted socket; prostheses fitted early over 
grafted stumps may prevent scar thickening. Breakdown 
may occur at points where the graft is adherent to bone. 
This problem may require surgical freeing of  the adherent 
graft and reshaping of  the bone. Minor hip and knee flexion 
contractures complicate the fitting and function of  a pros-
thesis; thus, every effort should be made to maintain full 
extension of  these joints. Late revisions of  amputations in 
children are required when the bone overgrows in length 
and when offensive terminal exostoses develop. The over-
growing bone can be shortened and the exostoses removed. 
Klimisch et al.69 studied 259 amputations for burns at our 
institution. Stump overgrowth requiring revision surgery 
occurred in 10% of  patients and 5.8% of  amputations. 
Lower-extremity amputations had overgrowth in about 
16% of  stumps and the upper extremity in 2%.

It is important in the early management of  upper- 
extremity amputations in infants and young children to 
supply temporary prosthetic extensions. This provides func-
tional orientation to a prosthesis, maintains muscle bulk 
and tone, and encourages continuing bimanual activity at 
normal extremity length until a prosthesis with an appro-
priate terminal device can be applied. Children quickly 
acquire prehension and transfer skills if  they have an oppos-
able stump, and they may reject prostheses if  they are not 
applied early. It is equally important to restore bipedal func-
tion as soon as possible. If  delay of  healing or ulceration of  
a lower-extremity stump prevents early prosthetic fitting, 
an ischial weight-bearing device that suspends the stump 
will permit the child to walk in advance of  prosthetic fitting. 
Inflatable plastic air bags provide both even pressure and 
accurate fit for weight bearing in container sockets. Early 
prosthetic fitting is desirable in teenagers and adults as well 
but is not as critical as it is in children. As in nonburned 
persons, an upper-extremity prosthesis may be rejected at 
any age if  the opposite extremity is fully functional.70

Alterations in Growth

In 1959, Evans and Smith reported that a patient who was 
24 years of  age when burned had a subsequent 1.5-inch 
increase in height. It was suggested that one explanation 

sometimes appropriate to insert a large vertical Steinmann
pin through the calcaneus and talus into the tibia. The
position should be maintained until the exposed joint is
covered with epithelialized granulation tissue or skin graft.
Exposed adjacent bone can be shaved or drilled, as previ-
ously described, to encourage surface granulation. Drilling
is particularly useful at the elbow where the olecranon is
regularly exposed. Often, however, granulation tissue will
quickly extend the wound margins and effectively close the
wound so as to allow split-thickness skin grafting. If  the
burn is isolated to the joint or if  the extremity is not other-
wise seriously burned, a local muscle, skin, or compound
flap may be used to close the joint. Free vascularized flaps
are useful and should always be considered if  it is antici-
pated that nerve graft or tendon graft or transfer at the site
will be required in the future. Incremental remobilization
of  the joint may proceed when wound closure is sound.
Culture of  material from an exposed joint will likely yield
a variety of  organisms consistent with those of  the general
burn wound, thus requiring broad-spectrum antibiotic
management.

The incidence of  hematogenous septic arthritis is
obscured by its frequent association with severe burns and
because there are rarely separable clinical signs such as
local heat and swelling, elevation of  temperature, and ele-
vation of  sedimentation rate. Local tenderness and greater
than usual pain with motion may focus attention on the
affected joint. Aspiration of  the joint will confirm a diagno-
sis. A radiograph is helpful but in the early phases of  infec-
tion will show only local cellulitis as increased periarticular
soft tissue density. If  a patient has been receiving broad-
spectrum antibiotics, material aspirated from the affected
joint may not grow an organism in culture. Clearly, without
organism identification and sensitivity determinations, spe-
cific antibiotic therapy cannot be initiated.

We are of  the opinion that surgical debridement and
exteriorization of  the joint and regular vigorous lavage are
as important as antibiotics in the treatment of  closed
infected joints. We believe now that arthroscopic debride-
ment and closed irrigation should be considered as an alter-
native method of  management whether or not skin over the
affected joint is burned. Rarely in burns, a joint may become
infected from adjacent metaphyseal osteomyelitis. In this
situation, joint preservation is the treatment priority, and
measures are the same as for septic arthritis of  strictly
hematogenous origin.55 In children, most infected joints
can be salvaged. Adult joints are less resilient. Persistent
joint infection will destroy cartilage and lead to ankylo-
sis.67,68 All chronically infected joints are liable to disloca-
tion because of  surface destruction and capsular laxity.

AMPUTATIONS

In thermal burns, major amputations are most often per-
formed because of  nonviability of  the extremity or because
a surviving extremity is rendered useless by scar, deformity,
or insensitivity. Occasionally, in an extensive burn, a severely
burned extremity that might be salvaged in part is sacrificed
to reduce the extent of  the burn or as a lifesaving measure.
In thermal burns, the level of  extremity amputation is
determined by the viability of  muscles and tendons. The
more distal the site, the better, and it is important to retain
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are developing symmetrically and on schedule. Extremity 
and trunk alignment must likewise be part of  the assess-
ment because subtle angular deformity can occur because 
of  partial closure of  a growth plate. Jackson’s report 
addresses this problem.33

So-called growth arrest lines seen in the radiographs of  
nonburned children, who have serious illness or major 
trauma other than burns, are commonly observed in 
burned children. In burns, as in other conditions, these 
transverse markers of  relatively increased mineralization 
represent normal recovery from an insult to enchondral 
bone formation due to serious stress. They are of  no clinical 
or functional significance. They are more related to total 
burn than to involvement of  select burned extremities as all 
major long bones are affected. There is no evidence that 
growth arrest lines per se have any effect on growth.

Complete references available online at 
www.expertconsult.inkling.com
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for this growth spurt might be local change in hemodynam-
ics with stasis, passive hyperemia, and chronic inflamma-
tion. We have not since documented height changes in 
burned adults, but we have observed children whose growth 
after burn has seemed to be retarded. If  growth plates 
remain open, it is difficult to explain overall growth retarda-
tion except on an endocrine or humoral basis. It is easy, 
however, to explain extremity length differences on the 
basis of  premature closure of  growth plates caused by direct 
involvement of  the bone or the severity of  an overlying 
burn. Frantz reported lower-limb length discrepancy in four 
patients with foot and ankle burns.71 Growth plates closed 
prematurely in only two of  the cases. Jackson described two 
patients with digital and lower-extremity deformity, respec-
tively, caused by partial closure of  growth plates.33 In Ritsilä 
et al.’s case, contracture alone was apparently the cause of  
growth retardation in an upper extremity.72 It seems rea-
sonable, although hard to prove, that growth in a severely 
burned extremity would be retarded because of  functional 
impairment.

There is yet another confusing aspect of  premature 
closure of  growth plates in that within an extremity with 
total full-thickness burn, only a few of  the growth plates 
will close prematurely. The explanation for this capricious 
selectivity is at best obscure. Evans and Calhoun recorded 
an example of  spotty closure of  growth plates in a 14-year-
old boy with a 90% total TBSA burn.19 There was complete 
closure of  distal tibial and fibular epiphyses 1 year after 
burn together with closure of  all digital epiphyses in the feet 
and of  several digital epiphyses in the hands. Other major 
epiphyses were spared (Fig. 48.2).

In early experience, abnormal growth plate closure was 
observed in a 6-year-old girl with a 50% TBSA third-degree 
burn that did not involve the legs or ankles.73 Rapidly 
destructive septic arthritis of  one ankle resulted in closure 
of  the adjacent tibial growth plate.

Only occasionally can growth changes be anticipated 
because of  obvious affection of  the bone. More often the 
changes are subtle. It seems clear, thus, that among seri-
ously burned children, regular height and extremity length 
measurements must be part of  ongoing postburn assess-
ment until it is determined that the extremities and trunk 
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must be continued while the surgical treatment plan is 
instituted.

Although the true efficacy of  a nonsurgical regimen, 
such as pressure garments (Fig. 49.5), to control deformi-
ties has not been established, the frequency of  secondary 
joint release among individuals who endured the morbidi-
ties associated with proper joint splinting for a period of  at 
least 6 months has been noted.3,4 The use of  pressure dress-
ings, especially in areas such as the upper and lower limbs, 
with proper splinting of  the hand and fingers, is strongly 
recommended soon following the injury. The nonsurgical 
management of  burn deformities must include daily phys-
iotherapy and exercise to maintain joint mobility and to 
prevent muscle wasting.

The basic principle of  restoring bodily deformities that 
impose functional difficulties before directing surgical 
efforts to restore appearance should be followed. The sur-
geon’s efforts should be concentrated on restoring the 
deformed bodily parts essential for physical functions. For 
example, an exposed skull or a calvarial defect, contracted 
eyelids, constricted nares, contracted major joints, and a 
urethral and/or anal stricture in individuals with severe 
perineal burns are prime indications for early surgical inter-
vention. In contrast, restoration of  contour deformity can 
be delayed until the scars reach their final structure. In fact, 
in children reconstruction of  the nose and the ear, for 
instance, should not be initiated until their growth patterns 
have reached the growth peak; ear reconstruction may be 
initiated once the child has reached 6–8 years of  age, while 
nasal reconstruction should be delayed until 16–18 years.

Although the exact scientific basis remains unclear, it has 
been advocated that attempts at reconstructing burn defor-
mities should be delayed for at least 2 years after burn—the 
time needed for scar maturation. During the interim, the 
use of  pressure garments and splinting is recommended to 
facilitate scar maturation and minimize joint contracture. 
The true efficacy of  pressure garments in facilitating scar 
maturation remains undefined. Lack of  a reliable method 
to determine various stages of  scar maturation and subjec-
tive differences in assessing scar appearance could account 
for the controversy. On the other hand, splinting a joint 
embedded in burn scars with an external device to main-
tain a proper joint angulation has been found to be effective 
in reducing the need for reoperation to achieve joint func-
tion. However, this is possible only if  the patient wears the 
splint faithfully for a minimum period of  6 months. A phys-
ical exercise regimen providing vigorous movements of  
burned joints has been found to be effective in reducing the 
need for surgical intervention.

The severity of  burn injuries can usually be ascertained if
not by patient survival then by the consequences of  the
injury: scar hyperplasia/hypertrophy, scar contracture, and
structural deformities due to loss of  bodily components.
Since bodily deformity is closely related to the magnitude of
injury, restorative procedures are seldom indicated if  the
depth of  injury is superficial and the burned area limited
(Fig. 49.1). However, these procedures are required for deep
burns (Fig. 49.2).

Formation of  scar tissues at a wound site and contraction
of  those scar tissues are the normal consequences of  an
injury. At a microscopic level, thickened and contracted
scar tissues (i.e., changes that are “normal” and “expected”
consequences of  the wound-healing processes) appear as
collagens arranged in whorls and nodules. These changes
can be observed as early as 3–4 weeks following the injury,
and they are cosmetically unsightly and disturb function
(Fig. 49.3).

Reconstruction of Burn
Deformities

GENERAL PRINCIPLES

Burn injury is a traumatic condition resulting in aberrant
physiological processes caused by thermal destruction of
the skin. These physiologic alterations affect not only
healing of  the original burn wounds, but also healing as
part of  secondary surgical procedures. The treatment
should aim to repair the burn wounds first, and attempts to
restore deformities should be delayed until recovery from
the initial phase of  injury is complete.1 As initially described
by Knobloch and Vogt,2 each surgical approach and recon-
structive procedure interacts with another. Hence burn
reconstructive surgery can best be viewed as reconstructive
clockwork (Fig. 49.4).

EARLY TREATMENT OF DEFORMITY AND
TIMING OF SURGICAL INTERVENTION

Making a decision of  how to operate on a patient with burn
deformities is quite simple. In contrast, deciding when to
operate on a patient with burn deformities can be difficult.
Creating a realistic plan to restore physical function and to
alleviate pain and discomfort in the area of  injury requires
an in-depth analysis of  the physical deformities and psycho-
logical disturbance sustained by the patient. Psychiatric,
psychosocial, and physiotherapeutic care, in this sense,
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The 2-year moratorium on early burn reconstruction is, 
in some ways, justifiable. Operating on an immature scar 
characterized by redness and induration is technically more 
cumbersome; hemostatic control of  the wound is difficult, 
and inelasticity and lack of  tensile strength of  scar tissues 
render tissue manipulation more difficult. A high rate of  
contracture has been noted in instances where a partial-
thickness skin graft is used to release a wound showing 
active inflammatory processes, further supporting the 
2-year delay in initiating burn reconstruction.5

We have recently changed our approach to handling 
individuals in need of  reconstruction based on the finding 
that contracted bodily parts can be effectively reconstructed 
in the first 2 years postburn if  skin flap, fasciocutaneous 
(FC) flap, or musculocutaneous (MC) flap techniques are 
used. Reconstruction is initiated in individuals as early as 
3–6 months following the initial injury. The approach is 
well-suited for those encountering functional difficulties 
because of  scarring and scar contracture.6

A B

Fig. 49.1 (A) An 8-year-old boy sustained flash flame burns of the face. 
The depth of injury was judged to be superficial. (B) The wounds 
healed spontaneously. The scar formed was judged to be minimal 5 
years later. 

A B

Fig. 49.2 (A) A 4-year-old boy sustained flame burns involving 75% of 
his total body surface. (B) The injury was extensive; the wound required 
staged debridement and skin grafting, resulting in extensive scarring. 

A B

Fig. 49.3 (A) Scarring around the injured sites became apparent within 
3 weeks. (B) Thickening of the scar continued during the subsequent 
5–6 months. Contraction of scars caused difficulty in closing and 
opening the eyelids and mouth. 

Skin
Grafts

Tissue
Engineering

Allo/
Xeno
Grafts

Skin
Substitutes

Expander

Bionic
Prosthesis

Local/
Free
Flaps

Direct
Closure

Laser

Fig. 49.4 Reconstructive clockwork shows the interaction between the 
different reconstructive methods. 

Fig. 49.5 The use of splints over the mobile joints and pressure gar-
ments is an essential component of patient management. 



49 • Reconstruction of Bodily Deformities in Burn Patients: An Overview 525

made along the marked line and is carried through the full 
thickness of  the scar down to the subcutaneous fatty layer. 
While the outer layer of  the scar tissue is excised, 4–5 mm 
of  collagen layer is left attached to the base. The conven-
tional approach of  wedged scar excision will result in a 
depression along the scar excision site, an iatrogenic conse-
quence that could be difficult to amend secondarily. To mini-
mize interference to the vascular supply along the wound 
edges, the undermining of  scar edge should be kept minimal. 
Synthetic sutures are preferred for wound closure (Fig. 
49.6).

Skin Grafting Technique

Free Skin Graft Without Incorporating a Dermal 
Template. Covering an open wound with a piece of  skin 
graft harvested at an uneven thickness is the conventional 
approach to wound closure. While the whole structure of  
the skin removed as an intact unit (i.e., epidermis and 
dermis) is defined as a full-thickness skin graft, a piece of  
skin cut at a thickness varying between 8/1000ths of  an 
inch (0.196 mm) and 18/1000ths of  an inch (0.441 mm) 
is considered to be a partial- or a split-thickness skin graft. 
The thickness of  a full-thickness skin graft is quite variable 
depending on the body site. A full-thickness skin graft har-
vested from the back, for instance, will be 16/1000ths of  
an inch (4 mm) in thickness, whereas one harvested from 
the upper eyelid will be around 35/1000ths of  an inch 

THE TECHNIQUES OF RECONSTRUCTION

There are several techniques routinely used to reconstruct 
bodily deformities common to burn injuries (i.e., unsightly 
scars, scar contractures, and joint contractures). Princi-
pally they are as follows: (1) excision of  scars with a primary 
closure technique; (2) wound closure following scar exci-
sion with grafting of  a piece of  free skin, with or without 
the use of  a dermal template; (3) an adjacent skin flap tech-
nique; (4) an adjacent FC flap technique; (5) an adjacent 
MC flap technique, and (6) a distant skin, FC flap, or MC flap 
via microsurgical technique.

Primary Wound Closure Technique

Excision of  an unsightly scar with layered closure of  the 
resultant wound is the simplest and most direct approach 
in burn reconstruction. The margins of  the scar requiring 
excision are first marked. It is important to determine the 
amount of  scar tissue that can be removed, yet will allow 
the resultant defect to be closed directly. “Pinching” the 
edge of  scar at three or four different sites along its length 
to determine the mobility of  the wound edges is the simplest 
yet most reliable method to determine the amount of  scar 
tissue that can be safely removed. Leaving a rim of  scar 
tissue is generally necessary unless the scar is so small that 
removal and direct closure of  the resultant wound would 
not lead to contour deformity. A circumferential incision is 

A B C

D E

Fig. 49.6 (A) The scar formed in the left submental area was pruritic and unsightly. The extent of the excision was marked, and the area was infiltrated 
with 0.25% lidocaine containing 1 : 400,000 epinephrine to achieve hemostasis. (B) The epidermal layer was sharply excised, leaving the dermal layer 
intact. (C) The wound edges were closed primarily in layers using nylon sutures. (D) The extent and appearance of scarring noted before excision, 10 
months following the initial burns. (E) The appearance of the operative site 5 years following partial scar removal. 
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Skin Flap Technique

The approach of  using a segment of  skin with all attached 
structural components to restore a destroyed and/or absent 
bodily part follows the fundamental principle of  reconstruc-
tive surgery. However, this approach will cause not only 
skin scarring at the flap donor site, but also a donor site 
contour alteration that may be considered cosmetically 
unsightly. Loss of  a skin flap, more commonly encountered 
in burn patients when the vascular supplies to the skin are 
altered by injuries and surgical treatment, could render this 
technique unsuitable, if  not undesirable. Despite the draw-
backs, the approach to restoring a damaged bodily part 
with a piece of  analogous tissue is technically sound, and 
the procedure will restore bodily function and contour. The 
technical innovation of  incorporating a muscle and/or 

Fig. 49.7 A partial-thickness skin graft was used to cover an open 
wound resulting from releasing of a contracted lower lip. 

A B C D

Fig. 49.8 (A) A 6-year-old girl bothered by recurrent infection caused by scar-embedded inclusion cysts in the left flank area that extended from the 
lower axilla to the upper trochanteric region. (B) A piece of Integra was used to cover a wound that was 25–30 cm × 10–15 cm. (C) The vascularized 
Integra-covered wound was covered with a partial-thickness skin graft of 8/1000ths of an inch in thickness 3 weeks later. (D) The appearance of the 
grafted area a year following the operation. The scar was noted to be soft and pliable. 

(0.8 mm). The difference is attributable to the difference in 
the thickness of  the dermis.

Although a power-driven dermatome is usually used to 
harvest a partial- (split-) thickness skin graft, a free hand 
knife can be used to cut a piece of  full-thickness skin graft. 
A paper template may be made to determine the size of  skin 
graft needed to close a wound. The skin graft is laid onto the 
wound, colloquially known as the “wound bed,” and is 
anchored into place by suturing the graft to the wound 
edge-to-edge at various sites. An apposition of  the skin graft 
with the wound bed is essential to ensure growth of  the 
vascular network into the graft within 3–5 days and to 
ensure graft survival. Any mechanical barriers, such as 
blood clots or pools of  serous or purulent fluid, will prevent 
the vascularizing process and lead to graft loss. A gauze or 
cotton bolster tied over a graft has been the traditional tech-
nique to anchor the graft and to prevent fluid from accu-
mulating underneath it even though no objective evidence 
supports the efficacy of  this maneuver. A quilting technique 
has been found to be more effective than the bolstering 
technique in immobilizing skin grafts and is associated with 
fewer morbidities (Fig. 49.7).

Free Skin Graft With Prior Incorporation of  a Dermal 
Regenerative Template. For the past several years, artifi-
cial dermal substitutes have been manufactured from allo-
plastic or xenographic materials (e.g., Alloderm and Integra; 
the manufacturing process was initially described by Yannis 
and Burke in 1980). These biosynthetic, two-layered mem-
branes are composed of  a three-dimensional porous matrix 
of  fibers and cross-linked bovine tendon and glycosamino-
glycan (chondroitin-6-sulfate). When implanted over an 
open wound, this material forms a layer of  parenchymal 
structures resembling a dermis, enabling wounds to be 
covered with an autologous skin graft when immediate 
closure is not possible. The need for a staged approach to 
wound grafting, however, is considered cumbersome  
(Fig. 49.8).
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flap to reconstruct tissue defects in individuals with deep 
burn injuries. That is, fabricating a flap in a burned area is 
possible if  the underlying muscle or the fascia is included in 
the design.

Musculocutaneous Z-Plasty Technique. While the skin 
pattern in this technique is identical to that in the conven-
tional z-plasty technique, the muscle underneath must be 
included in the flap fabrication. Although physical charac-
teristics of  normal skin (i.e., the skin pliability and expand-
ability) are absent if  scarred skin is included in the flap 
design, a scarred-skin MC or FC flap can be safely elevated 
and transferred to close an open wound. In practice, the MC 
z-plasty technique is useful in neck release and in the eyelid
because of  the character of  the underlying muscle; the pla-
tysma and orbicularis oculi muscles are thin, pliable, and 
easily movable (Fig. 49.12).

Fasciocutaneous Z-Plasty Technique. This is a techni-
cal modification of  the MC z-plasty technique in which only 
the muscular fascia is included. Separation of  skin and its 
subcutaneous tissues from the underlying fascia must be 
avoided to ensure that the blood supply to the flap is not 
impaired. In practice, the technique is useful in reconstruct-
ing contractural deformities around the knee and ankle 
areas.

Three-Quarter Fasciocutaneous Z-Plasty Technique. 
A 45-degree triangular FC flap that includes the fascial 
layer may be fabricated anywhere in the body. The flap is 
elevated and then turned 90 degrees to cover a tissue defect 
resulting from a released contracted wound. Although 
unburned skin is more versatile when used to fabricate a 
triangular flap, scarred skin with or without subcutane-
ous tissues may also be used for flap fabrication. Suturing 
the fascia to the skin edge is a useful maneuver to avoid 
accidental separation of  the fascia from the overlying skin 
and interrupting vascular supply to dermal structures  
(Fig. 49.13).

Paratenon Cutaneous Z-Plasty and Three-Quarter 
Paratenon Cutaneous Z-Plasty Techniques. In 
instances where fabrication of  a composite skin flap is indi-
cated in the distal section of  the upper and lower extremities 
(i.e., wrist and ankle), the paratenon, a fascial extension of  
the voluntary musculatures, should be included in the flap 
design and fabrication (Fig. 49.14).

fascial layer in skin flap design, especially in burned areas, 
has further expanded the scope of  burn reconstruction 
because more burned tissues can now be used for flap 
fabrication.

The Axial Skin Flap. The skin in many areas is nourished 
directly by known cutaneous arteries. A skin flap, regardless 
of  its length-to-width ratio requisite, may be fabricated  
if  the vascular trees are included in the flap pattern  
(Fig. 49.9).

The Z-Plasty Technique. Briefly described, this technique 
is based on the principle of  mobilizing a full segment of  skin, 
with its vascular supplies undisturbed, from an area adja-
cent to the site needing tissue replacement. This is conven-
tionally achieved by interposing two skin flaps of  an 
equilateral triangle (i.e., 60 degrees) that has a common 
limb drawn along the scarred area. A scarred and con-
tracted area is released as the flaps are interposed in an 
opposite direction. Any space defect due to skin and under-
lying tissue movement is made up by mobilizing tissues from 
an adjacent area (Fig. 49.10).

The Modified Z-Plasty Technique; Alias Three-
Quarters Z-Plasty Technique. As in the conventional 
z-plasty technique, two flaps of  a right-angled triangle are
used. That is, one has an internal 90-degree angle, and the 
other has a “modified” 45-degree angle; the angle for the 
triangular flap has decreased from a conventional 60 
degrees to 45 degrees; hence the “three-quarters” z-plasty 
technique. The limb of  the 90-degree triangle is made in the 
scarred area resulting from the tissue loss. The second limb 
of  the triangle is made perpendicular to the first one. The 
angle formed by the second limb of  the right-angled triangle 
and the hypotenuse of  the second right-angled triangle is 
45 degrees. A triangular skin flap fabricated in this manner 
is rotated to fill a tissue defect formed from surgical release 
of  a contracted scarred area. The procedure, in this sense, 
is a variant of  the conventional rotational/interpositional 
skin flap technique in which the 45-degree triangular skin 
flap is singularly rotated to make up the defect (Fig. 49.11).

Musculocutaneous or Fasciocutaneous 
Flap Technique

Inclusion of  not only the skin, but also the subcutaneous 
tissues, fascia, and muscle is necessary to fabricate a skin 

A B C D E

Fig. 49.9 (A) A triangular skin mark made over the right nasolabial area to mark an axial skin flap fabricated for left lower eyelid ectropion reconstruc-
tion. (B) The size of skin flap was equal to the size of the lower eyelid defect to cover an open wound that had a cartilage graft for tarsal replacement. 
(C) The triangular flap was rotated cephalad and laterally to fill the left lower eyelid tissue defect. (D) The left lower eyelid ectropion consequential to 
the loss of eyelid skin and the tarsus. (E) Appearance of the left lower eyelid 3 years following the reconstructive procedures. 
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Fig. 49.10 (A) Neck scar. (B) Two equilateral triangles were marked into a “z” and incisions were made to free up two triangular skin flaps. (C) Two 
flaps were interposed to achieve the release. (D) Before release, the patient, a 13-year-old boy, complained of tightness over the neck area caused by 
a tight scar band. (E) The appearance of the neck 4 years following releasing procedures. The z-plasty procedure alleviated the neck tightness. 

A B C

Fig. 49.11 (A) A horizontal line was drawn along the site of tightness. A triangular skin marking was also drawn with its cathetus perpendicular to the 
line of release. (B) The triangular flap was rotated cephalad and medialward to make up the wound defect that resulted from release. (C) The flap 
donor site closure as well as the inset of flap was achieved primarily. 
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Free Composite Tissue Transfer via 
Microsurgical Technique

With the advent of  microsurgical techniques, transplanta-
tion of  a composite tissue can now be carried out with 
minimal morbidities. However, opportunities for using this 
approach may be limited in burn care because of  a paucity 
of  donor materials. It is ironic that burn patients with suit-
able donor sites seldom require such elaborate treatment. 
Those who are in need of  microsurgical tissue transplanta-
tion are inevitably those with no appropriate donor sites 
because of  extensive tissue destruction.

Tissue Expansion Technique

An extreme stretching of  the integument is quite com-
monly observed in human bodies. The tissue expansion 
technique follows the same principle, except it is carried 
out intentionally with an inflatable device, known as a 
tissue expander. Because excessively active scarring proc-
esses are frequently seen after burns, especially during the 
period immediately following the accident, choosing a time 
to initiate the procedure is difficult. Use may be limited 
because of  pain and discomfort associated with expansion  
(Fig. 49.15).

A B C
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Fig. 49.12 (A) Two equilateral triangles were marked into a “z.” (B) Incisions were made to free up two triangular skin flaps that included the platysmal 
musculatures underneath. (C) Two flaps were interposed to achieve the release. (D) Before release, the patient, a 9-year-old boy, complained of tight-
ness over the neck area caused by a tight scar band. (E) The appearance of neck 4 years following releasing procedures. The z-plasty procedure allevi-
ated the neck tightness. 
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Fig. 49.13 (A) A triangular skin marking was made with its cathetus drawn along the line of contracture and perpendicular to the inferior wound edge 
resulting from the release. (B) Incisions were made along the skin marking for flap fabrication. (C) The triangular skin flap was elevated to include the 
fascial layer to form a random fasciocutaneous flap. (D) The appearance of flap and the wound 10 days following the release and flap 
reconstruction. 

A B C D E F

Fig. 49.14 (A) Two equilateral triangles were marked over the left heel cord, the area felt to be tight. (B) The skin flap was fabricated to include the 
fascial layer underneath. (C) Two fasciocutaneous flaps were interposed to achieve the release. (D) The inset of two flaps completed. (E) The appear-
ance of left heel cord before release. (F) The appearance of left heel cord 4 years following release. 

A B C

Fig. 49.15 (A) A 4-year-old patient with scalp alopecia resulting from extensive burns involving the scalp and the face area. (B) No attempt was made
to reconstruct the scalp alopecia until she was 8 years of age. The tissue expander technique was used to expand the left side of the scalp for wound
coverage. (C) The appearance of right temporal scalp following two scalp expansion-advancement procedures.
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surviving burns is in need of  reconstruction, functional or 
otherwise.

Unsightly hypertrophic scars, scar contractures (particu-
larly those affecting the joint structures), and destroyed 
body parts are still the most common sequelae of  burn inju-
ries. Although the use of  skin grafting and skin flaps has 
remained a mainstay of  burn reconstruction, the outcomes 
can still be suboptimal because the techniques cannot 
correct the three above-mentioned problems.

The exact time at which to initiate reconstruction of  
burn deformities remains unsettled. Difficulty in obtaining 
suitable tissues for replacement, morbidities associated with 
surgical procedures that involve tissues with active scarring 
processes, and outcomes that cannot be assured may 
account for the controversy. Novel approaches using 
adipose-derived stem cells and other cultured cells may 
open new avenues, but the safety of  these techniques must 
be proved in daily clinical practice. On the other hand, flap 
techniques, particularly the three-quarter FC z-plasty and 
three-quarter paratenon cutaneous z-plasty, are established 
approaches that enable reconstruction of  contractural 
deformities involving the major joints as well as eyelid defor-
mities as early as 4–6 months following the injury.

Although many questions remain concerning the ideal 
approach in managing burn deformities, the science of  
regenerative medicine and tissue engineering, which 
includes bionic prostheses, could lead to the formation of  
body parts that could be used to replace absent or destroyed 
body components.

Complete references available online at 
www.expertconsult.com

Further Reading
Brou J, Robson MC, McCauley RL. Inventory of  potential reconstructive 

needs in patients with burns. J Burn Care Rehabil. 1989;10:556-560.
Condé-Green A, Marano AA, Lee ES, et al. Fat grafting and adipose-derived 

regenerative cells in burn wound healing and scarring: a systematic 
review of  the literature. Plast Reconstr Surg. 2016;137(1):302- 
312.

Huang T, Larson DL, Lewis SR. Burned hands. Plast Reconstr Surg. 
1975;56:21.

Lantieri L, Grimbert P, Ortonne N, et al. Face transplant: long-term follow-
up and results of  a prospective open study. Lancet. 2016.

Larson DL, Abston S, Willis B, et al. Contracture and scar formation in 
burn patients. Clin Plast Surg. 1974;1:653.

Fat Grafting Technique

Recently the use of  subcutaneous fat has been gaining pop-
ularity as a tool to increase postburn wound healing and 
reduce scarring.7 The fat is usually harvested by lipoaspira-
tion. Current research is focused on several approaches that 
can be taken to use fat as a source of  stem cells or as an 
additional layer between the wound and skin graft. Fat can 
be sprayed directly onto the wound site, transferred with 
dermal replacements onto the wound, or directly injected 
into scars to make them smother. Further prospective clini-
cal trials are warranted to prove the safety and efficacy of  
fat grafting in burn patients.

Allotransplantation:  
Facial Transplantation

The face may be the most challenging area to reconstruct 
after burns. Every face is unique and matches each person-
ality. Moreover, facial expressions are important parts of  
daily conversations and interactions between people. Hence 
composite tissue transplantation and face transplantation 
are more topical than ever. In 2009, Lantieri8 performed the 
first face transplant in a burn patient. Unfortunately, the 
patient died during the recovery phase from severe infection 
and heart failure. The same group recently published long-
term results on patients who received facial transplanta-
tions; not all were burn patients, but they showed that 
careful preoperative patient selection and strict local as well 
as institutional regulations are needed to improve outcomes 
following composite tissue transplantation and face 
transplantation.8

Comments

Burn treatment regimens have changed drastically over the 
past 60 years, and a more aggressive approach in managing 
burned wounds was adopted in the 1980s. Early debride-
ment and wound coverage initially with biological dressing 
and later with autologous skin grafts has enhanced the sur-
vival rate. Ironically this improved survival has caused an 
upsurge in patients needing reconstruction: everyone now 
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Reconstruction of the Head and 
Neck after Burns
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surgery is typically complex and morbid with potentially 
severe complications. Scar rehabilitation is minimally 
morbid and has few complications. The secrets to success 
with scar rehabilitation in the head and neck are accurate 
early diagnosis, conservative management, and the effec-
tive use of  new technologies and treatments to enable 
patients to reap the maximum benefit from their own 
amazing wound-healing and scar remodeling capabilities 
(Fig. 50.1). This new approach will be discussed in this 
chapter along with more traditional methods of  recon-
struction in the head and neck.

Burn injuries constrict and deform the face; distorting its 
features, proportions, and expression.1 Burns also alter the 
surface of  the facial mask by causing scars and altering 
texture and pigmentation. The changes to the surface of  the 
skin are deforming but are much less important to facial 
appearance than are the changes in proportion, features, 
and expression. The removal of  scars should not be the 
primary goal of  facial burn reconstruction. A normal- 
looking face with scars is always better looking than an 
even slightly grotesque looking face with fewer scars. 
Mature scars that result from burn injury will often be less 
conspicuous than surgically created scars after excision or 
surgically transferred flaps or grafts. The subtle and gradual 
transition between unburned skin and burn scar is an 
excellent example of  nature’s camouflage and can render 
scarring remarkably inconspicuous. New techniques of  
scar rehabilitation using lasers and carefully crafted, mini-
mally morbid surgery helps scars blend even better. The 
principal goal of  facial burn reconstruction should be the 
restoration of  a pleasing and tension-free facial appearance 
with appropriate animation and expression.2 If  this goal is 
kept in mind and is pursued with persistence and determi-
nation, the amount of  improvement that can result after 
severe facial burn injury can be remarkable. Ignoring this 
basic principle can result in iatrogenic catastrophes during 
reconstructive surgery of  the head and neck following 
burns.

Successful reconstruction of  burn deformities of  the 
head and neck requires a well-functioning and extensive 
team.3 Major burn deformities in this area can easily be 
intimidating and overwhelming. Experience and a spe-
cialized infrastructure are required to take care of  these 
patients comfortably and successfully. Familiarity with 
their unique problems and a firm commitment to cor-
recting their challenging deformities is required from all 
members of  the reconstructive team. The care of  a patient 
from the onset of  a major burn involving the head and 
neck to a successful reconstructive outcome requires skill, 
patience, determination, and enthusiasm from all who are  
involved.

Introduction

Reconstruction of  the head and neck1 following burn inju-
ries presents great challenges and great opportunities. Suc-
cessful treatment requires sound surgical judgment and 
technical expertise, as well as a thorough understanding 
of  the pathophysiology of  the burn wound and contrac-
tures. Many disciplines are required to successfully care for 
patients with burns of  the head and neck. These include 
skilled nursing, experienced occupational and physical 
therapy, and psychological and social support systems. 
The surgeon must also have familiarity and expertise 
with nonsurgical treatment modalities such as pressure 
therapy, steroids, and laser therapy. Realistic expectations 
on the part of  both patients and surgeons are essential to 
achieve successful treatment outcomes. Burns to the head 
and neck of  a serious nature result in tissue injury with 
scarring, and complete removal of  scars is not possible. A 
scar can only be modified or exchanged for another scar or 
tissue of  a different variety. Despite this fundamental limi-
tation, reconstruction of  the burned face and neck creates 
great opportunities for plastic surgery to significantly 
improve functional and aesthetic deformities resulting in 
profound improvement for this large group of  challenging  
patients.

Recent advances in technology and improved under-
standing of  wound-healing physiology are transforming
the ways we should look at, and think about, burn scars and
contractures. This change in perspective is particularly
important in the head and neck because normal appear-
ance and normal function in this area are of  paramount
importance. The presence of  visible scarring and even mini-
mally grotesque deformity is particularly debilitating in the
face and neck. Since the early 20th century and the brilliant
work of  Sir Harold Gillies reconstructing facial deformities
with tubed pedicle flaps, scar excision in the head and neck
and replacement with flap tissue, either from regional or
distant donor sites, has dominated facial burn reconstruc-
tion thinking. This was further popularized by the concept
of  aesthetic unit scar excision coupled with ever-improving
surgical ability to transplant tissue. It is time to rethink this
paradigm. It is now possible to dramatically rehabilitate
hypertrophic and contracted scars on the face and neck to
the point where the scars are often the patient’s best recon-
structive anatomy. That is because the scars are autologous,
in the right location, and the closest match to normal
because they are the “original equipment.” Excision and
replacement of  facial scars creates iatrogenic donor sites
and requires extensive surgery to replace the scars with
uninjured tissue from other areas of  the patient’s body. This
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Acute Management

Although the main focus of  this chapter is the reconstruc-
tion of  established facial burn deformities, an understand-
ing of  the acute care of  facial burn injuries is necessary in 
order for the surgeon to have an accurate perspective. Exci-
sion and grafting of  deep second-degree and full-thickness 
burns has become the standard of  care since it was first pro-
posed in 1947.4–6 It remains controversial whether this is 
the optimal treatment for facial burn injuries. Early excision 
and grafting of  the face is problematic because of  difficulty 
in diagnosing the depth of  the facial burn and accurately 
predicting an individual patient’s long-term prognosis both 
functionally and aesthetically. Laser Doppler imaging is a 
validated way to improve diagnosis in these difficult cases 
and can decrease the risk of  overly aggressive excision. 

Preventing unnecessary early excision is particularly 
important with current improved techniques to rehabilitate 
hypertrophic scars. The overwhelming majority of  facial 
burns treated conservatively with a moist regimen of  topical 
antibiotics will heal within 3 weeks. Burns that are clearly 
full-thickness are best treated by early excision and graft-
ing within 7–10 days to promote early wound closure and 
minimize contractile forces (Fig. 50.2). The problem cases 
are those where healing has not occurred by 3–4 weeks or 
longer. Early tangential excision and grafting has been pro-
posed for these patients in order to achieve more favorable 
healing with less eventual contracture deformities.7 Pro-
ponents of  conservative therapy argue that early excision 
and grafting may result in a patient with a grafted face who 
would otherwise have healed favorably by successfully epi-
thelializing their partial-thickness burn from skin append-
ages.8 Conservative management has been facilitated by the 
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Fig. 50.1 (A,B) A 9-year-old boy from the Dominican Republic 2.5 years after 30% flame 
burns with severe hypertrophic scars and contractures. His chin was attached to his chest, 
and he had an axillary contracture that had been open for a year. (C,D) Five years later, after 
four Z-plasty procedures, six fractional ablative laser treatments, and one small split-thick-
ness graft to the base of his right neck, his appearance and function are very close to normal. 
No scar tissue has been excised. 
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done when it is clearly the best alternative. The majority of  
acute facial burns are treated conservatively in most burn 
centers, with early excision and grafting limited to those 
cases where it is clear that a full-thickness burn injury has 
occurred.

Pathogenesis

Superficial-thickness, second-degree burns usually heal 
without scarring or pigmentary changes. Medium-
thickness, second-degree burns that epithelialize in 10–14 
days usually heal without scarring, although there can be 

myriad ancillary techniques currently available to favorably 
influence the healing of  facial burns such as pressure, sili-
cone, silicone-lined computer-generated facemasks, topical 
and intralesional steroids, vitamin E, massage, and treat-
ment with pulsed dye lasers (PDLs) and ablative fractional 
CO2 lasers. Impressive results have been obtained by advo-
cates for early excision and grafting.9 Very good outcomes, 
however, can also be achieved by being more conservative 
with this difficult group of  patients (Fig. 50.3). The ben-
efits in appearance and function of  rehabilitated scars over 
early excision and grafting are dramatically demonstrated 
by the patients and accompanying videos in Figs. 50.4 and 
50.5. Committing a patient to a grafted face should only be 

CBA

Fig. 50.2 (A) A 5-year-old Native American girl, 3 days after deep second- and third-degree burns to her face. (B) Tangential excision and split-thickness 
autografting were performed on the 10th postburn day. (C) Five years after facial excision and grafting. She has had a subsequent nasal 
reconstruction. 

BA

Fig. 50.3 (A) Ungrafted facial burn injury 30 days following 85% burn in a 34-year-old electrician. Wound closure was obtained with split-thickness 
grafts at 5 weeks. (B) Four years following burn injury. Lower lids and alar lobules have been released and grafted. 
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CBA

Fig. 50.4 (A) Four-year-old male 2 years after a mixed second- and third-degree scald burn from hot coffee. Parents refused excision and grafting. 
Scars are hypertrophic and inelastic with a significant contracture across the deltopectoral groove. (B) Multiple Z-plasties separated the scars into 
smaller, discreet areas with focal reductions in tension. Pulsed dye laser therapy was initiated at his first Z-plasty procedure. (C) Seven years later, after 
two small Z-plasty procedures and 21 laser treatments using both pulsed dye laser and fractional ablative CO2, his chest scars are flat, soft, thin, incon-
spicuous, and elastic. (D) Video demonstrating the function of the scars after treatment. 

C
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Fig. 50.5 (A) Eighteen-month-old female after a hot liquid scald
burn following excision and grafting 2 weeks following the injury. (B)
Appearance of the skin grafts at age 12. (C) Appearance of the grafts
after 8 treatments with the fractional ablative CO2 laser. (D) Video
demonstrating the function of the grafts after treatment.
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patient’s body will be less common in the future. The best 
reconstructive plan for the facial scar tissue will be scar 
rehabilitation using all available modalities to preserve its 
unique advantages as much as possible. Improved outcomes 
will be achieved with a judicious combination of  contrac-
ture releases by Z-plasty, grafts, and flaps, followed by appro-
priate scar revision and laser therapy. Laser therapy preceding 
scar revision improves scar quality and facilitates surgery. 
Extensive scar excisions in aesthetic units and replacement 

long-term changes in skin texture and pigmentation. Deep-
thickness, second-degree burns that epithelialize after 21 
days or longer are unpredictable and must be carefully 
managed because they have a propensity to develop severe 
late hypertrophic scarring (Fig. 50.6). These patients should 
be closely monitored after initial healing and, at the first 
sign of  hypertrophy, must be managed with all available 
ancillary treatment modalities. Pressure garments have 
been shown over several decades to be effective in suppress-
ing and reversing hypertrophic scarring. Adding silicone to 
pressure therapy seems to increase its efficacy. Computer-
generated clear face masks lined with silicone have improved 
the ability to deliver pressure to facial hypertrophic scars 
and are better tolerated by patients (Fig. 50.7). The vascular-
specific PDL decreases hyperemia and seems to diminish 
hypertrophy. When tension plays a role in the development 
of  early hypertrophic scarring, relief  of  the tension with 
either focal Z-plasty or judicious release and grafting can be 
very helpful. Ablative fractional CO2 laser therapy can be 
used to decrease tension and also deliver corticosteroids 
into the hypertrophic scars with encouraging results. Defi-
nite full-thickness facial burns should usually be excised 
and grafted unless focal and small.

Evaluation of Facial 
Burn Deformities

Facial burn reconstruction should be based on an overall 
strategy and a clear understanding of  the fundamental 
problems. Many reconstructive techniques have been 
described in the literature and can result in improvement if  
the strategic goals are appropriate.10–12 The new era of  scar 
rehabilitation has changed older strategies, and where this 
will eventuate is unclear at this time. It seems likely that 
scar excision and replacement with other parts of  the 
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Fig. 50.6 (A) One month following a flash burn, the right cheek is epithelialized. (B) Ten months later, there is massive hypertrophy despite conserva-
tive therapy with pressure. 

Fig. 50.7 Computer-generated clear silicone-lined masks are well tol-
erated and more efficacious than previous devices. 
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Fortunately the majority of  facial burn injuries are not 
severe and do not involve the entire face. A relatively small 
number of  patients sustain injuries that deeply involve the 
entire face, such as shown in Fig. 50.8. It can be helpful to 
separate patients with facial burn deformities into two fun-
damentally different categories, as described in Box 50.2. 
Type I deformities consist of  essentially normal faces that 
have focal or diffuse scarring from their burns and may 
have associated contractures. Type II deformities make up 
a much smaller number of  patients who have “pan-facial” 
burn deformities with some or even all of  the facial burn 
stigmata. Although these categories are not rigidly defined, 
and there are some patients who do not fit neatly into one 
or the other, understanding the fundamental difference 
between these two groups of  patients can help define treat-
ment goals. It can also aid in selecting the most appropriate 
methods for reconstructive surgery.

Patients with type I deformities have an essentially 
normal facial appearance despite scars from their burns. In 
these patients, one must be certain that surgical interven-
tion does not adversely alter normal facial features or create 
distortion from iatrogenically induced tension. Overall 
facial appearance should not be sacrificed in an effort to 
“excise scars” (Fig. 50.9). The best reconstructive options 
today for patients with type I facial burn deformities are 

with microvascular free tissue transfer from distant sites 
will likely become less frequent. The role of  face transplan-
tation in burn reconstruction of  the head and neck is 
unclear at this time.

Deep second- and third-degree burns heal by contraction 
and epithelialization. The more severe the burn injury, the 
more contraction takes place during the healing process. 
The changes in facial appearance following a deep second-
degree burn injury are dramatically demonstrated in Fig. 
50.8. Three weeks following a deep second-degree burn, the 
patient’s facial features and proportions remain essentially 
normal. Six months later, contractile forces have deformed 
the facies in a pattern that is repeated to a variable degree 
in virtually all severe facial burns. These changes make up 
the stigmata of  facial burn injury and are listed in Box 50.1. 
The eyelids are distorted with ectropion, the nose is fore-
shortened with ala flaring, the upper lip is shortened and 
retruded with loss of  philtral contour, the lower lip is everted 
and inferiorly displaced, the lower lip is wider than the 
upper lip in anterior view. The tissues of  the face and neck 
are drawn into the same plane with loss of  jawline defini-
tion. The severity of  these changes is proportional to the 
severity of  the injury.

BA

Fig. 50.8 (A) Three weeks following a deep second-degree burn with essentially normal facial features and proportions. (B) Six months later, contrac-
tion and hypertrophy have created facial burn stigmata. 

Box 50.1 Stigmata of Facial Burns

■ Lower eyelid ectropion
■ Short nose with ala flaring
■ Short retruded upper lip
■ Lower lip eversion
■ Lower lip inferior displacement
■ Flat facial features
■ Loss of jawline definition

Box 50.2 Facial Burn Categories

Type I
Essentially normal facies with focal or diffuse burn scarring with 

or without contractures
Type II
Pan-facial burn deformities with some or all of the stigmata of 

facial burns
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the type II category are shown in Fig. 50.11. The surgical 
goals for this group of  patients should be the restoration of  
normal facial proportion and, as much as possible, the res-
toration of  the position and shape of  normal facial features. 
The intrinsic and extrinsic contractures that exist in these 
patients require large amounts of  skin. The correction of  
these contractures should be carried out in a carefully 
planned and staged fashion. The best sequence of  opera-
tions is usually the following: eyelids, lower lip and chin, 
upper lip, cheeks, nose, and then other residual deformities. 
As each area is reconstructed, the addition of  skin results 
in the relief  of  tension, which benefits other areas of  the 
face. Excision of  normal skin or elastic healed second-
degree burned skin is almost never indicated. After facial 
proportion has been achieved and facial features have been 

laser therapy combined with scar release and revision with 
Z-plasties when indicated or tissue rearrangement with
local flaps. The PDL was the first laser to have demonstrated 
efficacy in the treatment of  hypertrophic and contracted 
facial burn scars13 and can be helpful for decreasing post-
burn erythema and treating persistently erythematous 
burn scars. Z-plasties in combination with the PDL can be 
a powerful scar-improving combination14 (Fig. 50.10). Full-
thickness skin grafts are excellent for focal contractures. 
Excision of  scars and resurfacing operations in aesthetic 
units and major flap transpositions, with or without tissue 
expansion, are rarely indicated.

The much less frequently encountered group of  patients 
with type II facial burn deformities presents a completely 
different clinical situation. Examples of  patients falling into 
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Fig. 50.9 (A) Five-year-old male with normal facial appearance and focal hypertrophic scar-
ring without contractures. (B) After serial scar excision, he has a grotesque facial deformity 
from an extrinsic contracture. (C) Twelve-year-old female with a normal facial appearance and 
mildly erythematous, hypertrophic scarring. There was great pressure from patient and family 
to “remove scars.” (D) After scar excision and cervicopectoral flap transposition she has a sad 
facial expression and loss of jaw line definition. 
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Fig. 50.10 (A) Hypertrophic scarring of both cheeks, lips, and chin 
6 months following flame burn. (B) Multiple Z-plasties release 
tension on facial scars. (C) Pulsed-dye laser therapy can be used to 
decrease erythema. (D) Improved appearance 3 years following 
burn. No scars have been excised. 

A B

Fig. 50.11 (A,B) Typical examples of patients with “pan-facial” burns resulting in type II facial deformities.
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Fundamental Principles 
and Techniques

CONTRACTURES

Burn injuries result in open wounds that either heal by 
contraction and epithelialization or are closed by skin graft-
ing. Contractures result from both of  these forms of  wound 
healing. Contractures are either intrinsic or extrinsic. Intrin-
sic contractures result from loss of  tissue in the injured area 
with subsequent distortion of  the involved anatomic part. 
Extrinsic contractures are those in which the loss of  tissue is 
at a distance from the affected area but the distorted struc-
tures, such as eyelids or lips, are not injured themselves. 

restored to their normal location and shape without tension, 
scar revision can be carried out to smooth and blend the 
remaining junctional scars (Fig. 50.12).

Normal faces are a mosaic of  colors, textures, wrinkles, 
and irregularities. In a face that has undergone major burn 
injury, a mosaic appearance of  scars, grafts, pigmentary 
abnormalities, and other flaws can be attractive as long as 
the facial features are restored to a normal location and are 
sufficiently loose and mobile for normal and appropriate 
facial expression. Laser therapy with vascular and frac-
tional ablative CO2 devices further blends, obscures, thins, 
and softens scars, enhancing facial expression and a more 
natural appearance (Fig. 50.13). Cosmetics can be useful 
for blending and camouflaging areas of  pigmentary and 
textural abnormality, particularly in females.
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Fig. 50.12 (A,B) A 29-year-old firefighter with “pan-facial” burn deformity causing facial burn 
stigmata. (C,D) Seven years later, following the reconstructive sequence outlined in the text. 
Facial features and proportion have been restored. Note philtral reconstruction with compos-
ite graft from ear triangular fossa. 
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reconstruction. Tight faces are never attractive. Tight scars 
are always hypertrophic and erythematous. Relaxed scars 
are happy scars. The fractional ablative laser has created a 
new paradigm for the management of  tight, hypertrophic, 
erythematous, and even ulcerated pan-facial scarring with 
contractures. It is a clearly more powerful and efficacious 
treatment modality than the PDL. The patient shown in 
Fig. 50.13 is a perfect example of  this beneficial change in 
the management of  facial burn scars. Her scars were more 
diffuse and severe than those of  the patients shown in Fig. 
50.9 who were severely deformed by scar excision surgery. 
Her face is essentially normal after the rehabilitation of  her 
“original equipment.”

Corrective measures should be directed at the cause of  the 
contracture in order to provide optimal benefit and prevent 
iatrogenic deformities. It is helpful to minimize the amount 
of  skin and scar excised when correcting facial contractures. 
When tension is released, many scars will mature favorably 
and become inconspicuous. Even long-standing scars will 
respond to a change in their environment. Healed second-
degree burns under tension may be unattractive but when 
restored to a tension-free state can be superior in function 
and appearance to any replacement tissue. Minimizing exci-
sion also decreases the amount of  new skin that must be 
provided in the reconstruction. Every effort should be made 
to relieve tension from the face when performing burn 
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Fig. 50.13 (A,B) Eleven-year-old female 
from Kosovo 18 months after a flash burn 
to her face with diffuse, erythematous, 
ulcerated, contracted, and hypertrophic 
scars. (C) Z-plasties separate broad areas of 
scarring, relieving tension, and immedi-
ately flattening and improving the appear-
ance of the scars. (D,E) Six years later, after 
three additional small Z-plasty procedures 
performed at the same time as laser treat-
ments. She has only had a total of nine 
pulsed dye laser treatments and six abla-
tive fractional laser treatments because she 
lives in Kosovo. No scars were excised. 



50 • Reconstruction of the Head and Neck after Burns542

of  a flat, epithelialized surface is a superior outcome to sur-
gical excision with its concomitant increase in facial 
tension.14 The development of  fractional ablative and 
nonablative laser therapy using various types of  lasers, 
including CO2 and erbium-YAG, offers promising new 
options for the management of  facial burn scars in the 
future.31

GRAFTS

Skin grafts are an essential part of  facial burn reconstruc-
tion. Surgical decisions regarding donor site selection, the 
use of  split-thickness versus full-thickness grafts, the timing 
of  intervention, and the postoperative management of  
grafts often determine the success or failure of  facial burn 
reconstruction. Split-thickness skin grafts contract more 
than full-thickness grafts, wrinkle more, and always remain 
shiny, with a “glossy finish” look. Split-thickness skin grafts 
should be used primarily in the periphery of  the face unless 
the limited availability of  donor sites requires their use in 
more prominent areas. Split-thickness skin grafts can be 
excellent for upper eyelid releasing and resurfacing. Hyper-
pigmentation of  split-thickness grafts on the face is a fre-
quently occurring problem in dark-skinned patients, 
particularly those of  African descent.

The full-thickness skin graft is a reliable workhorse in 
facial burn reconstruction. The broad, central, conspicuous 
areas of  the face such as the cheeks, upper and lower lips, 
and dorsum of  the nose are excellent sites for the use of  
full-thickness grafts. The missing or damaged parts in the 
vast majority of  even severe facial thermal burns are the 
epidermis and the dermis, and that is what full-thickness 
skin grafts provide. After facial burns, the subcutaneous fat 
may be compressed or distorted by contractures but it is rare 
that it is injured or completely lost. Adequate skin must be 
provided when doing definitive resurfacing operations with 
full-thickness grafts. Contractures must be overcorrected, 
and postoperative management with conformers and pres-
sure is essential. Full-thickness skin grafts are very reliable 
when used electively in the face for reconstruction after 
burns.32

FLAPS

Flaps can be useful for facial burn reconstruction, but they 
must be used judiciously and skillfully, recognizing their 
problems and limitations. The thickness of  skin flaps from 
all distant donor sites is greater than that of  the normal 
facial skin. The face is tight following burn injury, and 
flaps tend to contract when transferred. They can therefore 
compress or obscure underlying tissue contours. Transpos-
ing or advancing flaps from the neck and chest up to the 
face can easily create extrinsic contractures that adversely 
affect facial appearance. When flaps have been enlarged 
by tissue expansion, they are even more dangerous in this 
regard. Contractures with a downward vector create a 
“sad” facial appearance that is distressing to patients (Fig. 
50.9). Cervicopectoral flaps provide the best color match 
in color and texture to facial skin. Distant flaps, whether 
transferred by traditional technique or microsurgery, 
share the common flaw of  poor match in terms of  color  
and texture.

AESTHETIC UNITS

The concept of  facial aesthetic units has profoundly affected
plastic surgical thinking since its introduction by Gonzalez-
Ulloa.15 Initially conceived as the ideal approach for resur-
facing the face following burn injury, this important
concept has been emphasized in virtually all subsequent
writings about facial burns. It is important to keep facial
aesthetic units in mind during burn reconstruction, but
the desire to adhere to this concept should not supersede
common sense. When small, unburned, and unimport-
ant islands of  skin are in an aesthetic unit that is being
resurfaced, they can be sacrificed. Otherwise the excision
of  normal facial skin is rarely indicated in burn reconstruc-
tion. All burned faces to some degree are mosaic. Scar revi-
sion with Z-plasties is an excellent technique to camouflage
scars in a burned face. Mosaic faces that are proportional,
tension free, and normally expressive appear much better
in real life than they do in images. Lasers, as noted previ-
ously, also aid in obscuring marginal scars and add to the
camouflage effect.

Z-PLASTY

The Z-plasty operation is a powerful tool in the surgeon’s
armamentarium for facial burn reconstruction. The
Z-plasty has been used for more than 150 years to lengthen
linear scars by recruiting lax adjacent lateral tissue.16

Z-plasty can also cause a profound beneficial influence on
the physiology of  scar tissue when it is carried out within
the scarred tissues rather than after excising them.17 The
physiology of  this phenomenon is related to the immediate
and continuing breakdown of  collagen that occurs in
hypertrophic scars following the relief  of  tension.18–20

Z-plasty also narrows scars at the same time that it length-
ens them. In addition, the Z-plasty adds to scar camouflage
by making the borders of  the scar more irregular. In order
for Z-plasties to lengthen a burn scar and restore elasticity,
the lateral limbs of  the Z-plasty must extend beyond the
margins of  the scar. The improvement in the appearance of
facial scars following Z-plasty and without any scar excision
can be dramatic, particularly when combined with PDLs
and fractional ablative laser treatments (Figs. 50.1, 50.10,
50.13, 50.19).

LASER THERAPY

Hypertrophic scarring is a frequent complication after
partial-thickness facial burn injuries that take longer than
3 weeks to completely epithelialize.21 Despite conservative
management and close monitoring, hypertrophic scarring
can become severe during the first 2 years after the burn
(Fig. 50.6).22–24 The PDL has emerged as a successful treat-
ment modality during this period of  scar proliferation and
is an effective alternative to scar excision in patients with
hypertrophic facial burn scars.14,25 Multiple studies have
demonstrated its beneficial effect on scar erythema and
hypertrophy.26–30 The PDL also rapidly decreases pruritus
and pain26,27 and provides an additional, low-morbidity
therapeutic intervention for patients and their families
during the often prolonged period of  scar maturation. Res-
toration of  hypertrophic facial scars to their previous state
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important in this group of  patients because it can positively 
influence further maturation of  scars and grafts. Scar reha-
bilitation with lasers has emerged as probably the most 
effective treatment modality in this intermediate phase of  
facial burn deformity reconstruction. Late-phase recon-
structive patients present to the reconstructive surgeon 
with established facial burn deformities many years follow-
ing their acute injury. Careful scar analysis and judicious 
use of  the right techniques is essential during this period. It 
is the responsibility of  the treating surgeon to weigh all the 
options and select the best combination of  treatments to 
maximize the patient’s own healing capabilities.

ACUTE-PHASE RECONSTRUCTION

Eyelids

Upper and lower eyelid ectropion can occur from burn inju-
ries to the periorbital region (intrinsic contracture) or may 
arise secondarily as a result of  the contracture of  open 
wounds and skin grafts at more distant sites (extrinsic con-
tracture). With severe ectropion, such as shown in Fig. 
50.14A, early intervention is mandatory in order to prevent 
irreversible injury to the cornea. Conservative measures to 
protect the cornea, such as temporary sutures or contact 
lenses, are often ineffective. Tarsorrhaphy can cause irre-
versible iatrogenic injury and should not be used unless 
absolutely necessary. The best treatment is early interven-
tion with release of  contracture and resurfacing with split-
thickness skin grafts (Fig. 50.14B). Release of  even extreme 
contractures with grafting can be done in the presence of  
open wounds and effectively restores protective eyelid 
function.

Perioral Deformities

Microstomia occurs from circumferential scarring at the 
junction between lips and cheek. Perioral scarring from 
either open wounds or contraction of  skin graft suture lines 
can act as a pursestring, resulting in diminished oral 
opening (Fig. 50.15). This can compromise alimentation 
and airway access. Microstomia is best addressed by the 

TISSUE EXPANSION

Tissue expanders must be used with caution in the recon-
struction of  the head and neck. The underlying theme of  
almost all burn deformities is tension secondary to tissue 
deficiency. Stretching adjacent tissue in order to carry out 
scar excision can easily result in an increase in tension and 
therefore create iatrogenic contour abnormalities. The 
complication rate of  tissue expansion following burn injury 
is high, especially in the neck area and the extremities.33–35 
The scalp is a privileged site, however, that tolerates tissue 
expansion quite well, even in the burn patient population.36 
As noted earlier, care must be taken when advancing or 
transposing expanded flaps from the cervicopectoral area to 
the face because this can create extrinsic contractures with 
a downward vector.

Timing of Reconstructive Surgery

The timing of  reconstructive plastic surgery following facial 
burn injury falls into three separate phases: acute, interme-
diate, and late. Specialized burn centers create an ideal 
patient care environment where acute care and reconstruc-
tive surgery can be planned and carried out in optimal cir-
cumstances with collaboration among acute and 
reconstructive physicians and surgeons. The reconstruc-
tion of  facial burn injuries to the head and neck should 
optimally begin with the acute care.

Acute reconstructive surgery occurs during the first 
months following the burn injury and includes urgent pro-
cedures that are required to facilitate patient care or to 
prevent acute contractures from causing permanent sec-
ondary damage. Acute reconstructive intervention is most 
frequently indicated in the eyelid, perioral, and cervical 
areas. Intermediate reconstructive surgery takes place 
during the months to years after wounds are closed and the 
scar maturation process is proceeding. During this phase of  
recovery, some patients will present to the reconstructive 
surgeon after having received their acute burn care at 
another facility. Timely intervention when indicated is 

A B

Fig. 50.14 (A) Extreme eyelid ectropion during early acute phase. (B) Successful correction of ectropion with release and graft despite operative
wounds.



50 • Reconstruction of the Head and Neck after Burns544

the oral mucosa and can result in irreversible damage to the 
dentition. Early intervention with release and grafting of  
the lower and/or upper lips should be carried out as soon as 
possible. Definitive reconstruction is best carried out at a 
later period.

Cervical Deformities

Anterior neck contractures in the acute period are best pre-
vented by aggressive splinting and incisional releases and 
grafting when indicated.37 When severe anterior neck 
flexion contractures occur, early release and grafting are 
necessary to allow for adequate airway access and to mini-
mize hypertrophic scarring as a result of  excessive and per-
sistent tension (Fig. 50.17). Although secondary releases 
and grafts are often necessary, permanent correction of  
neck contractures with split-thickness skin grafts is fre-
quently possible when postoperative management includes 
proper splinting and pressure (Fig. 50.17).37

INTERMEDIATE-PHASE RECONSTRUCTION

The intermediate phase of  plastic surgical intervention con-
sists of  scar modification designed to favorably influence the 
healing process in the early months to years following acute 
wound closure. The treatment options during this period 
are multifaceted and are continuing to evolve. Significant 
progress is being made with these types of  interventions.

It is often recommended that definitive reconstructive 
surgery be carried out after facial scars and skin grafts are 
mature, soft, and supple. This process takes at least a year 
and frequently takes many years to fully occur. The matura-
tion of  facial burn scars takes much longer than is generally 
appreciated by patients and reconstructive surgeons alike. 
If  scars are continuing to improve, it is usually best to allow 
them to continue to mature. If  scars are not maturing favor-
ably or are improving very slowly, well-timed and well-
conceived surgical intervention to favorably influence the 
clinical progress can be beneficial. The scar maturation 
process after facial burns is influenced by multiple factors. 
The most important factor, other than the initial severity of  
the injury, is the amount of  tension present in the face and 
acting on the scars. Surgical procedures to decrease tension 
and to favorably alter the direction and contour of  scars can 
achieve significant improvement in scar maturation for 
many years following a burn. Whenever healing burns 
cross concave surfaces, there is a tendency for hypertrophic 
scarring to develop. Examples in the face are the glabella, 
the nasojugal groove, the crus helicis of  the ear, and the 
infracommissural folds. Relieving tension with Z-plasties 
without scar excision is very effective in correcting hyper-
trophy (Figs. 50.10 and 50.13). Steroids, both topically, 
intralesionally, and through ablative laser delivery, can be 
helpful during this period but must be used sparingly to 
avoid atrophy, telangiectasia, and erythema. In more severe 
cases, tension can also be relieved by judiciously placed 
releases and skin grafts (Fig. 50.18). The skin grafts can be 
of  either split-thickness or full-thickness variety. Split-
thickness skin grafts are best used where the location of  the 
graft will be inconspicuous or where large amounts of  skin 
are required to relieve the contractures. This is frequently 
indicated when there are associated neck contractures. 
Tension from the neck must be eliminated as much as 

acute release of  the oral commissures, taking care to avoid 
extensive transverse releasing incisions in the aesthetic 
units of  the cheek. Overcorrection can easily result in mac-
rostomia. As soon as adequate oral opening is achieved for 
feeding and airway access, definitive reconstruction is best 
left for the postacute period.

Macrostomia is caused by rapid contraction of  open 
wounds or grafts in the cheek and perioral region, resulting 
in eversion of  the upper and lower lips and lateral move-
ment of  the oral commissures (Fig. 50.16). The loss of  an 
effective oral sphincter causes drooling and desiccation of  

Fig. 50.15 Microstomia during acute phase as a result of circumoral 
contracture. 

Fig. 50.16 Macrostomia secondary to contracture of open wounds and 
grafts with lip eversion and loss of oral competence. 
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time of  his reconstruction (Fig. 50.13). The result would 
also have been achieved more expeditiously, with fewer 
operations and less morbidity.

LATE-PHASE RECONSTRUCTION

Late-phase reconstructive surgery takes place when scars 
are mature and the patient’s deformities are essentially 
stable. In some patients, scars will be soft and supple, but, 
in others, even long-standing scars may be hypertrophic 
and hyperemic many years following the burn injury 
because of  persisting tension or unfavorable orientation. 
Scars can remain indurated and hyperemic for decades fol-
lowing a facial burn. Reorientation in this late phase with 
Z-plasties and treatment with the PDL can result in

possible to allow for favorable maturation of  facial burn 
scars. The use of  full-thickness skin grafts during the inter-
mediate phase of  reconstruction should be rare and limited 
to circumstances where definitive repair is being carried out 
and there is little chance that further skin will be required 
in that region. The PDL is a proven adjunctive therapy that 
can decrease erythema and speed the rate of  scar matura-
tion (Fig. 50.10). Fractional ablative laser treatment is a 
paradigm-changing new intervention during this interme-
diate phase of  recovery and reconstruction. It is an effective 
way to enhance the remarkable ability of  scars to regener-
ate and remodel themselves. Every scar has the right to live, 
if  it can be rehabilitated. The patient shown in Fig. 50.19 
would certainly have achieved an even better result if  vas-
cular and ablative fractional lasers were available at the 
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Fig. 50.17 (A,B) Extreme anterior cervical contracture secondary to burns of the entire chest 
and neck. (C,D) At 23 years post-burn, after release and split-thickness skin grafting. Two 
additional releases and grafts were required. 
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Fig. 50.18 (A,B) Three-year-old male adopted 
from an orphanage in China 18 months after a 
severe house fire; he has pan-facial hypertro-
phic scars and contractures. (C) Pulsed dye 
laser therapy was initiated, and preauricular 
releases and split-thickness grafts were placed 
bilaterally. (D) Continuous scarring across the 
face was released lateral to each oral commis-
sure with full-thickness grafts. (e) Z-plasties 
were performed to further release and flatten 
the now greatly improved linear scars. (F,G) 
Seven years later his rehabilitated scars are now 
soft and supple and his facial appearance and 
expression are acceptable. Fractionated abla-
tive laser therapy is continuing. F

E

G
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Fig. 50.19 (A,B) Diffuse, hypertrophic scarring of cheeks, chin, and lips 8 months following 
flame burn injury. (C,D) At 12 years post-burn after treatment with pressure therapy, steroid 
injections, and multiple Z-plasties within the scar tissue. No scar tissue was excised. 

remarkable improvement (Fig. 50.20). Fractional ablative 
lasers have also been shown to benefit facial burn scars 
many years after the injury. Scar excision can often be 
avoided, with its concomitant increase in facial skin tension 
and distortion of  facial features.

Reconstruction of Specific Areas 
of the Head and Neck

SCALP

Scalp alopecia is seen in as many as 25% of  children who 
suffer burn injuries of  the head and neck.38 McCauley et al. 

devised a system of  classification for burn alopecia based
on the pattern and extent of  deformity.39 They describe
the pattern of  alopecia as uniform, segmental, patchy, or
total (types I–IV, respectively) and the extent of  alopecia
as 25% of  the scalp, 25–50%, 50–75%, or more than
75% (subtypes A–D, respectively). Their system serves as
both the means of  description and an initial step in plan-
ning operative care. Previously described reconstruction
techniques include serial excision, rotational scalp flaps,
free hair follicle transplantation, and staged scalp tissue
expansion.40 Of  patients with scalp injuries, associated
adjacent burn deformities were commonly found involv-
ing the ear, nose, and eyebrow.41 These injuries included
ear deformity (46%), nasal deformity (27%), and eyebrow
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Fig. 50.20 (A) A 16-year-old female 11 years following contact burn. Right cheek scar remains erythematous, indurated, and conspicuous. (B) Relax-
ation and reorientation of scar tissue with Z-plasty. (C) Five years later, after six treatments with the pulsed-dye laser. 

deformity (46%). Therefore, in planning the surgical 
reconstruction for pediatric scalp alopecia, it is helpful to 
evaluate each patient for adjacent structure burn inju-
ries requiring reconstruction. Therefore, as one plans the 
stages of  tissue expansion procedures, one can plan con-
current reconstruction of  associated burn injuries, some-
times taking advantage of  the region of  expected alopecia  
excision.

EYEBROWS

Eyebrow reconstruction following complete loss is an 
unsolved surgical problem. Composite grafts of  hair-bearing 
scalp from carefully selected sites in the retroauricular area 
can satisfactorily transfer hair.42–44 Unfortunately the hair 
is scalp hair that grows rapidly and is more projecting than 
the tangential delicate hair of  the normal eyebrow. For com-
plete eyebrow replacement, the technique of  composite 
grafting as described by Brent42 is most useful. For partial 
eyebrow loss, micro- and mini-grafting of  scalp hair can be 
efficacious. Occasionally, borrowing composite grafts from 
a contralateral unburned eyebrow is appropriate. Temporal 
artery island flaps for eyelid or eyebrow reconstruction have 
been used for many years.44–46 When used for eyebrow 
reconstruction, they can be bushy and conspicuous and 
should be used with caution, particularly when carrying 
out unilateral eyebrow reconstruction.

Burn injuries of  the scalp and upper face often result in 
scars that distort the relative positions of  the anterior hair-
line, eyebrows, and upper eyelid. Contour of  the brow is 
distorted with exaggerated elevation of  the central peak. 
Furthermore, scar contracture involving the upper eyelid 
can result in cicatricial ectropion associated with efface-
ment of  the supratarsal fold and corneal exposure. This 
stereotypic set of  upper facial deformity can be treated with 

tissue expansion and antegrade forehead plasty.47 In this
technique, the scalp and forehead areas are tissue expanded.
The tissue expander is removed and the scalp aponeurosis
is advanced antegrade and loaded in redundant fashion
over the brows at the level of  the arcus marginalis. Account-
ing for the fourth dimension of  time and tissue recoil, the
brows are returned to a natural contour and improved posi-
tion (Figs. 50.21 and 50.22).

EYELIDS

Correction of  upper and lower eyelid contractures in the
late reconstructive period can be a daunting and humbling
challenge. The periorbital region is made up of  complex
three-dimensional anatomy and requires abundant skin to
appropriately drape the contours of  both the upper and
lower eyelids. The slightest amount of  excessive tension
from either the eyelid skin itself  or contractures in adja-
cent regions such as the forehead or cheek can profoundly
and adversely affect eyelid function and appearance. Recon-
structive goals should be restoration of  a normally shaped
palpebral fissure with appropriate orientation of  upper and
lower eyelashes at rest and in the open position whenever
possible. This often requires extensive releasing incisions
extending medial to the medial canthus and lateral to the
lateral canthus in order to adequately release all the con-
tracted tissues. When ectropion is the result of  a distant con-
tracture, the normal eyelid skin should always be returned
to its normal location. Incisions should not be made at the
eyelid margin, thereby separating the normal eyelid skin
from the ciliary line and replacing it with a graft. When
overlying scar is released, care must be taken to prevent
injury to the underlying orbicularis oculi muscle. This is
often rolled up and contracted and is rarely completely lost.
It must be unfolded to its normal flat broad shape and the
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Fig. 50.21 Tissue-expanded antegrade forehead plasty. This patient suffered flame 
burn injury to the scalp and forehead. The hyperpigmented skin graft on the scalp 
serves as a marker illustrating movement of the expanded scalp and forehead tissue. 
Before the forehead plasty, the patient suffered from upper lid ectropion and expo-
sure of the left cornea. Note the overelevated eyebrows and effacement of the supra-
tarsal fold in the left upper eyelid (A). A tissue expander was placed (B). Antegrade 
forehead plasty was performed, and forehead tissue was loaded in a redundant 
fashion above the brows, with overcorrection to account for tissue recoil (C). At 1 
month postoperation, note the extent of antegrade forehead movement, where the 
hyperpigmented skin graft is observed to move from the scalp to mid-forehead 
region. At 2 years following the operation, the forehead tissue has flattened out and 
the eyebrows are restored to an improved position over the orbital rims. Note the 
restoration of the supratarsal fold to the left upper eyelid and partial recoil of the 
hyperpigmented skin graft (D). 

Fig. 50.22 Diagram illustrating tissue movements of antegrade forehead plasty. Scalp tissue is maximally expanded, with consequent further exag-
geration of eyebrow elevation (left). Tissue expander is removed and the expanded scalp and forehead skin are advanced anteriorly, loaded in redun-
dant fashion over the eyebrows (middle). Over time, the redundant skin recoils, restoring the eyebrows to a more natural position (right).
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contractures, or releases in combination with full-thickness 
skin grafting. Shortening of  the nose with flaring or partial 
loss of  the alar rims is common in more severe facial burns. 
Local release of  the alar lobules with full-thickness skin 
grafts is a useful technique for minor to moderate contrac-
tures. Complete excision of  dorsal scar and graft in an aes-
thetic unit with a full-thickness skin graft is useful for more 
severe shortening. When the lower third of  the nose has 
been amputated by the burn injury, inferiorly based, turn-
down flaps of  the dorsal nasal tissues can provide satisfac-
tory lengthening and improved contour to the tip and alar 
lobules. More severe cases of  nasal deformity can be treated 
by either dorsal turn-down flaps or other forms of  total 
nasal reconstruction. The dorsal turn-down flap usually 
requires at least two stages but can be effective in even near 
total nasal amputation (Fig. 50.23). Forehead flaps are 
usually unavailable in patients who have sustained facial 
burns severe enough to result in total nasal amputation. 
Distant flaps can be used with either microsurgical transfer 
using a radial forearm flap or using the frequently unburned 
skin of  the upper inner arm for a Tagliacozzi flap. If  the face 
is otherwise composed of  burn scar and graft, these distant 
flap nasal reconstructions have the disadvantage of  appear-
ing to be “stuck on” and stand out in the midst of  the oth-
erwise mosaic appearance of  the face. When the face has 
required resurfacing with flaps, a nasal reconstruction with 
flap tissue is the best option (Fig. 50.26).

EAR DEFORMITIES

Improved care in the acute phase of  burn injury has greatly 
decreased the incidence of  helical chondritis and the result-
ing associated deformities of  crumpled or lost cartilage. 
Minor ear deformities are often seen in patients with little 
or no hair loss and can easily be camouflaged. Larger defects 
can be treated by myriad local reconstructive tech-
niques.12,54–56 Subtotal ear amputation (Fig. 50.27) often 
lends itself  to reconstruction with a conchal transposition 
flap and skin graft.57 Complete ear loss can be masked by 
the use of  a prosthesis. Fixation has been improved by the 
use of  osteo-integrated implants, but cost and color changes 
remain problematic. Selected patients can be appropriate 
candidates for total ear reconstruction using autologous 
cartilage and soft-tissue coverage from either temporalis 
fascia flaps or expanded local tissue.58 Alloplastic materials 
should not be used in the reconstruction of  post-burn ear 
deformities due to an unacceptably high extrusion rate.59

Burn Neck Contractures

PREVENTION

Cervical contractures are a major problem in burns involv-
ing the chest, neck, and face. The anterior neck skin is thin, 
and the neck is a highly mobile flexion area easily prone to 
contracture. As noted previously, severe neck flexion neck 
contractures in the acute phase often require early recon-
struction to aid in airway management. Neck contractures 
should usually be dealt with prior to carrying out facial 
burn reconstruction because the extrinsic contractile forces 
from the neck cause facial deformities and can adversely 

resulting defect resurfaced with abundant skin graft. Upper
eyelid resurfacing is best carried out with split-thickness skin
grafts from the best available donor site.44 Full-thickness skin
grafts in the upper eyelid usually transfer a thick dermal
component that compromises the delicate contour of  the
supratarsal fold. Lower eyelid resurfacing may be done
with either split-thickness skin grafts or appropriate full-
thickness grafts when indicated. For minor contractures
of  either upper or lower eyelids, the perfect reconstructive
material can be obtained from an unburned contralateral
upper eyelid. Medial canthal folds are best corrected with
Z-plasties when there is not a significant tissue deficiency.48

LOWER LIP AND CHIN

Deformities of  the lower lip and chin usually occur in com-
bination. Contracting forces result in inferior dislocation
and eversion of  the lower lip. In addition, there is compres-
sion of  the soft-tissue contours of  the chin prominence.
Release should be carried out at the vermillion scar junction
and the lower lip carefully unfurled, taking care to prevent
iatrogenic injury to the underlying orbicularis oris muscle.11

The resulting defect is then resurfaced with split-thickness
skin grafts or full-thickness grafts when indicated. Restora-
tion of  chin contour can be improved with chin implants.

UPPER LIP DEFORMITIES

The upper lip is usually shortened and retruded by severe
facial burn injuries. Releasing and grafting should be
carried out, taking care not to overcorrect the deformity
and create a long upper lip.11 Full-thickness grafts from the
best available donor sites are usually the best option for
resurfacing. Reconstruction of  the philtrum when indi-
cated is best performed by the technique of  Schmid,49 using
a composite graft from the triangular fossa of  the ear (Figs.
50.12 and 50.23).

ELECTRICAL BURNS OF THE ORAL COMMISSURE

Electrical burns of  the oral commissure constitute a unique
and challenging burn injury to the head and neck. The
injury occurs in small children and usually results from
placing a live extension cord outlet in the mouth. Most of
these injuries are minor and all should be treated conserva-
tively in the acute period. If  there has been minimal tissue
loss, reconstructive surgery using local flaps can improve
aesthetics.50–52 When there has been extensive full-thickness
loss of  skin, vermillion, mucosa, and muscle, as shown in
Fig. 50.24, reconstruction requires complete release of  the
contracture and replacement with adequate tissue of  suit-
able quality.53 A ventral tongue flap provides abundant
mucosa and muscle and allows the lips and cheek to return
to their proper location and shape. Normal facial appear-
ance, mobility, and expression can be restored (Fig. 50.25).

NASAL DEFORMITIES

Burn injuries to the nose result in a broad range of  deformi-
ties which can be focal and minor or can result in complete
nasal amputation. Minor deformities are best dealt with by
local scar revision, particularly with Z-plasties to relieve
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Fig. 50.23 (A) A 3-year-old female 10 months following severe facial burn with subtotal nasal amputation. (B) Intraoperative design of a nasal turn-
down flap. (C) Split-thickness skin grafting to nasal dorsum following turn-down flap and contracture releases. (D) At 16 years following turn-down 
flap after second release and graft. 

A B

Fig. 50.24 (A) Severe oral commissure burns destroy vermillion, mucosa, muscle, and the skin of the lip and cheek. (B) Extensive contracture results
with thickening of the leading edge of the commissure.
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Fig. 50.25 (A) A 16-year-old male following 
devastating right oral commissure electrical 
burn. Some 40% of lip circumference is lost  
and the commissure is thick and immobile. (B) 
Following tongue flap reconstruction, the com-
missure is thin and mobile and facial expression 
is restored. 

D

CBA

Fig. 50.26 (A,B) Pan-facial burn deformity in a 14-year-old male. Cervicopectoral flap resur-
facing was chosen for reconstruction of the cheeks and chin. (C,D) Nasal appearance follow-
ing reconstruction with a Tagliacozzi flap. A scalp flap was used to reconstruct the upper lip
and create a moustache.
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Fig. 50.27 (A) Typical post-burn pattern of peripheral helical loss. (B) Reconstructed ear following expansion with conchal transposition flap and skin 
grafts. 

D

CBA

Fig. 50.28 (A,B) Persistent anterior neck contracture following repeated inadequate split-
thickness skin grafting. (C,D) Release and anterior neck resurfacing was carried out with
bilateral shoulder flaps. Secondary midline Z-plasties improved the vertical release and
created an aesthetic neck contour. Chin augmentation improved the patient’s profile.
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has frequently been disfigured to some degree by the burn 
injury.

DISTANT FLAP RECONSTRUCTION

Free flaps have been advocated for the treatment of  anterior 
neck contractures.60 Excellent outcomes can be obtained 
but require microsurgical technique and create the possibil-
ity of  complete flap loss. Another potential negative of  free 
flaps to the anterior neck is that they can be thick and bulky, 
requiring multiple defattings and secondary revisions. The 
free flap can also appear to be an island in the midst of  a 
broad area of  healed graft and burn scar.

Complete references available online at 
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until a vascular surface is reached, followed by immediate 
application of  SSG; this may involve chiseling until reaching 
the underlying diploë. Alternatively, after soft tissue débride-
ment multiple holes may be drilled in the outer cortex until 
reaching bleeding diploë. The wound is dressed for a few 
weeks until it is fully covered by healthy granulations and 
then split-skin grafted. Alopecia reconstruction is under-
taken at 6–9 months after skin grafting. Immediate cover-
age with local flaps to obviate temporary alopecia is not 
warranted except in small wounds with normal surround-
ing scalp. In type IV injuries, because there is loss of  cal-
varium, the exposed dura requires coverage with local flaps 
(for small defects) or a free flap.6,7 Historically SSG has been 
applied directly to dura to cover defects in a strategy that is 
risky but may be the only option in a resource-constrained 
setting. The goal is to obtain an early wound closure and 
restore aesthetics as a secondary procedure. These patients 
may have more complex reconstructive needs other than 
simple alopecia reconstruction. It is not unusual in develop-
ing countries to see patients requesting coverage of  exposed 
calvarium several months after the injury.

Surgical Correction of Alopecia

A whole gamut of  reconstructive options is available to 
correct postburn alopecia. The surgical options include 
serial excision,8 scalp reduction, bipedicle flaps, modified 
rotation flaps on a template design,9,10 other local flaps 
(Juri flaps,11–13 Elliot flaps,14 or Orticochea flaps15,16), tissue 
expansion,17 and hair grafting (micro- or minifollicles).18 
It is intuitive and expedient to surgically excise the alope-
cia patch (whether from scar, skin graft, or a nonhealing 
wound) and to close the defect directly or with a local flap. 
In practice, this approach works for small areas of  involve-
ment.19,20 Scalp tissue characteristics and underlying galea 
make the skin less stretchable and therefore less amenable 
to direct closure. Large areas of  alopecia need to take into 
account the size and location of  the defect and the state of  
remaining scalp before planning any procedure.

SERIAL EXCISION

Huang et al., in 1977, proposed a classification of  the 
extent of  postburn alopecia to guide reconstruction.8 They 
recommended that alopecia defects of  less than 15% of  
entire hair-bearing scalp were suitable for excision and 
direct closure by two or three serial excisions.8 Seemingly 
mathematical, it still is an empirical approach because such 
calculations are not exact guides to the extent that other 
stages of  serial excision would be possible. For small to 

Introduction

The importance of  burn involvement of  the scalp is due to
its very visible location on the body. Deformities of  the scalp
may not always be easy to hide or camouflage, causing
great distress to the individual. In large surface area burns,
the scalp may be involved in 25–45% of  cases.1,2 Superficial
burns of  the scalp heal rapidly owing to the abundance of
dermal epithelial structures. However in cases of  deep
dermal or full-thickness burns, the loss of  dermal adnexa
manifests as alopecia once healing is complete. As with
anywhere else in the body, burns of  the scalp that take more
than 2 weeks to heal spontaneously are at a risk of  develop-
ing increased scarring with accompanying cicatricial
alopecia.3

Repeated split skin graft (SSG) harvesting from the scalp
may also result in scalp alopecia. Although scalp, because
of  its thickness and high density of  hair follicles, lends itself
to reharvesting of  SSG, Brou et al. reported a 61% inci-
dence of  alopecia if  scalp was used to harvest skin grafts
and had also sustained burns.1 This is in contrast to only a
2.2% incidence of  alopecia in patients without scalp burns
who underwent harvesting of  SSG from scalp.4

Spectrum of Postburn Alopecia

Burns of  the scalp may purely involve the soft tissue or may
also involve the underlying calvarium. While deeper partial-
thickness burns may cause alopecia, full-thickness burns
will inevitably lead to alopecia. A different dimension is
added to the clinical problem if  the calvarium also sustains
burns, as is likely in an electrical injury. Optimal manage-
ment of  such an extensive injury has been a topic of  discus-
sion for a long time, with an evolving consensus for optimal
management.

CLASSIFICATION OF SCALP BURNS

Harrison offered a classification to guide the treatment
based on the depth of  the injury:5

Type I: Total skin loss with intact pericranium
Type II: Total skin loss with involvement of  pericranium
Type III: Total skin loss with involvement of  outer table
Type IV: Total skin loss with involvement of  both plates

of  the skull.

Patients with type I injuries typically require SSG for wound
coverage in the acute stage, and later they present for alope-
cia reconstruction. Type II/III injuries require débridement
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moderate defects, it is much simpler to design local flaps on 
the rotation template principle,9 as described below. The 
elliptical excision of  the alopecia leaves an incision not 
much shorter in extent than a corresponding design on a 
rotation flap template. However no more than 2.5 cm scar 
width should be excised in one stage, or primary closure 
would become difficult (Fig. 51.1A and B). The second stage 
should be planned after 6–9 months to allow the scalp to 
adequately stretch and relax to permit another stage. Typi-
cally the scar width excised in the second stage is less than 
that in the first stage.

BIPEDICLE FLAPS

Quite similar to the principle of  serial excision is the use of  
bipedicle flaps in scalp. Relaxing incisions on either side of  
the defect allow a slightly larger area to be excised and 
closed primarily (Fig. 51.2A). The donor areas are split-skin 

grafted, and these linear scars of  alopecia are easily covered 
by surrounding hair (Fig. 51.2B).

LOCAL FLAPS AND THE ROTATION 
FLAP TEMPLATE

Ultimately the best tissue match is provided if  alopecia 
reconstruction can be achieved by locally available tissue, 
either by serial excision or by a flap that leaves no donor 
defect or an insignificant defect requiring SSG that can be 
camouflaged by surrounding hair. Of  historical significance 
are classical rotation flaps9 where the defect was triangu-
lated and the base of  the triangle was a segment in the 
hemispherical incision of  the rotation flap. The size of  the 
rotation flap was never specific, and very large rotation flaps 
had to be designed to achieve the desired closure in the 
inextensible skin of  the scalp. Often, design inadequacies 
were compensated for by making “back cuts” along the flap 

BA

Fig. 51.1 (A) An 11 × 3-cm postburn alopecia patch in the right parietal area of a 30-year-old male patient. A 2.5-cm central ellipse of the scar was 
excised and primarily closed. (B) Postoperative result at 4 months. A second stage of excision was not necessary because the surrounding hair covered 
the residual scarred patch. 

BA

Fig. 51.2 (A) Long-standing exposed calvarium on the vertex of a 20-year-old male who suffered electrical burns. The outer table of the skull has 
sequestered, and attempts were made at drilling holes to generate granulations. There was also a previous unsuccessful attempt at moving bipedicle 
flaps to cover the wound. (B) After removal of the remaining sequestered bone, the anterior triangular alopecic area was excised and the same bipedicle 
flaps were mobilized to be sutured in the midline. The lateral raw areas were split-skin grafted (SSG), showing completely healed wounds at 1 month 
after surgery. The bald patch that would have resulted at the vertex with SSG has been eliminated, and the lateral areas covered with SSG are narrow 
and will not be visible after the hair lengthens. 
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design, if  there is undue tension in flap closure it is better 
to place a small SSG at the extreme end of  the donor area 
(Fig. 51.5D). Such small resultant defects generally are 
covered by surrounding hair but can also be excised after 
9–12 months.

Quite often the alopecia patch is a large area of  exposed 
calvarium. A dry, uninfected exposed calvarium need not 
be chiseled to create a bleeding surface because it will be 
well vascularized after a viable flap cover (Figs. 51.4 to 
51.6). However if  the outer table of  calvarium is seques-
tered completely or partially, the complete outer table 
should be excised before flap coverage (Fig. 51.2). All flaps 
need to be provided suction drains for 3–4 days, even if  the 
calvarium outer table has not been excised.

Although now of  historic interest only for large vertex 
defects Orticochea introduced a four-flap technique15 that 
was subsequently modified to a three-flap “banana peel” 
technique in 1971.16 This was before the era of  tissue 
expansion and the rotation template design. Although 
quite useful in the correction of  moderately sized areas of  
alopecia, these techniques cause extensive blood loss and 
excessive scarring.

Juri et al.11–13 and later Elliot14 described a variety of  
innovative monopedicled scalp flaps to cover segmental 
areas of  alopecia, especially to restore the frontal hairline 
and for the occipital region. However only small-sized alo-
pecia segments that were located in favorable locations 

base to facilitate movement at the cost of  compromising the 
blood supply. A paradigm change in geometry was proposed 
by Ahuja in 1988,9 wherein a modified rotation flap was 
used clinically in scalp defects, and then subsequently a 
rotation flap template design was offered to logically explain 
the movement.10 It became possible to primarily close mod-
erate to large scalp defects in a single stage without “back 
cuts,” thus obviating the requirement for serial excisions or 
tissue expansion in such cases. The technique has since 
been adopted in an algorithmic approach to scalp defects.21 
Rotation flaps planned on the template design can easily 
close defects up to 6.5 cm in width, something that was 
never possible using the classical rotation flap. Fig. 
51.3(A–D) explains the execution of  a rotation flap tem-
plate design for triangulated defects. Figs. 51.4 to 51.6 illus-
trate clinical execution of  a single template flap, bilateral 
template flaps, and two template flaps in an S-shaped design 
to cover large alopecia areas in a single stage.

To improve the extensibility of  the scalp skin it is often 
useful to score the galea on the under surface of  the flap 
perpendicular to the flap movement. Raposio et al. state 
that each galeatomy corresponds to a 40% reduction in 
scalp closing tension and a tissue gain of  approximately 
1.67 mm.22 However this technique should always be a 
reserved move to lessen tension and should never be con-
sidered as a means to excise larger areas by making com-
promises in the design. Occasionally, at the limits of  the flap 
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Fig. 51.3 (A,B) Line drawings to show the execution of a rotation flap template design for triangulated defects. An isosceles defect is created, with a 
less than 30-degree apical angle (A), and the pivot point (P) is selected so that CP is slightly longer than AB. With AP as the radius, an arc ADE is drawn. 
CDE is the rotation flap template. The incision can continue along the arc of rotation beyond E if CP = AB or slightly less due to anatomical constraints. 
This extension of incision beyond E is a design reserve and not a back-cut because it does not compromise the blood supply of the flap. The triangle 
ABD is geometrically shown to be excised, but only a small piece needs trimming after flap movement, and this helps in accommodating tension in 
large defects. (B) To design the arc ADE, strategic points can be marked using a thread, and these are joined in free hand. (C,D) Large defects may be 
excised maximally as an equilateral triangle that can be bisected to have a template flap on either side of the defect or as an appropriate rhomboid 
with flaps designed diagonally. Flap planning takes into account the available tissue, anatomic limitations, and minimal excision of normal tissue to 
fit a suitable geometry. 
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CBA

Fig. 51.4 (A) A 35-year-old patient with a 6 × 9.5-cm defect in the scalp following electrical injury. There is an alopecia patch with exposed calvarium. 
(B) Showing triangulation of the defect and markings for a rotation flap template. Note the area ABD has been marked in the defect that will be excised 
and not as a part of the triangulation. (C) Intraoperative picture showing primary closure of the large defect and complete correction of alopecia. 

E
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CBA

Fig. 51.5 (A) A 65-year-old patient with a long-standing defect on the scalp measuring 7 × 6 cm. Bilateral rotation flaps have been marked after pro-
posed triangulation of the defect. (B) Left lateral view to show the extent of flap marking. (C) Left lateral view at the 10th postoperative day. The flaps 
were rotated over the exposed bone without chiseling of the outer cortex (bone was dry and noninfected). (D) Right lateral view at 6 weeks showing 
well-healed incisions. A small skin graft was placed to ease some tension because the defect was extremely large and closure was leading to some 
tension. (E) Showing primary healing of the flaps at midline with complete resurfacing and correction of alopecia. 
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a wait of  several months, the second expander can be placed 
strategically to complete the reconstruction.

Tissue expansion generates a source of  local skin that 
may be used as an advancement or a rotation template flap, 
and it permits direct closure of  the donor site.32 After proper 
planning of  the desired flap movement following expansion, 
a suitably sized and shaped expander is chosen by measur-
ing the dimensions of  the recipient area. Although the lit-
erature is replete with several mathematical models in 
deciding the most appropriate size and shape of  the 
expander,33 the selection can be easily made clinically by 
recipient site requirements and the donor flap available for 
expansion. As a rule of  thumb, the available donor skin 
before expansion should never be less than the recipient 

could be corrected. Feldman increased coverage of  patients 
with significant burn alopecia by combining horizontal 
scalp reduction with the Juri flap.23

TISSUE EXPANSION

Although the concept of  soft tissue expansion using inflat-
able subcutaneous balloons was introduced in 1956 by 
Neuman,24 Radovan is credited with its rediscovery and 
making it popular for clinical use in the 1980s.25

Briefly tissue expansion is the result of  a constant 
mechanical stress load that leads to tissue regeneration.26 
The epidermis becomes thicker, with most of  the mitotic 
activity occurring in the stratum spongiosum. The dermis 
thins out, with the greatest amount of  thinning occurring 
in the papillary dermis.27,28 The activation of  a number of  
growth factors for epithelial and connective tissue growth 
may be responsible for this true tissue regeneration and not 
merely stretching of  overlying tissue.26

McCauley et al. described the effective use of  tissue 
expansion in the treatment of  post-burn alopecia of  the 
scalp in 1990.17 This was at a time when the rotation flap 
template design was just introduced, so their classification 
of  post-burn alopecia based on both pattern and extent of  
scalp involvement to guide treatment strategy included the 
option of  tissue expansion only.17 With our current 
approach, we propose a simplified treatment strategy to 
manage scalp alopecia by modifying the recommendation 
of  McCauley et al. (Table 51.1). Despite the fact that tissue 
expansion has complication rates ranging from 15% to 
20%29–31 in scalp defects, it remains the best option and is 
the only option for defects of  between 20% and 75% of  hair-
bearing scalp area. For defects larger than 75%, the only 
possibility is camouflage with a hairpiece.

Use of  tissue expanders massively improved the outcomes 
for reconstruction of  large alopecia patches. Losses between 
50% and 75% will require placement of  two expanders 
simultaneously or sequentially. Sequential expansion aims 
to achieve partial reconstruction from one expander; after 

BA

Fig. 51.6 (A) A 5.5 × 6.5-cm circular defect on the vertex of the scalp following electrical injury. Large rotation template flaps have been designed 
diagonally with proposed freshening of the defect as a rhomboid. (B) Immediate postoperative result showing complete closure of the scalp defect 
(as well as correction of alopecia). 

Table 51.1 Treatment Strategy Recommended for 
Alopecia Management

Alopecia Segment Treatment Strategy

SINGLE

<20% of the hair-
bearing scalp

Rotation flap template

20–50% of the 
hair-bearing scalp

Single tissue expander

50–75% of the 
hair-bearing scalp

Two expanders placed simultaneously 
or sequential expansions

>75% of the hair-
bearing scalp

Use hair piece (wig)

TWO OR MORE

If amendable to tissue 
expansion

One/two expanders placed 
simultaneously or sequentially

Not amendable to tissue 
expansion

Use hair piece (wig)

Modified from McCauley RL, Oliphant JR, Robson MC. Tissue expansion in the 
correction of burn alopecia: classification and methods of correction. Ann Plast 

Surg. 1990;25:103–115.)
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patient discomfort or blanching of  the overlying skin, after 
which a few milliliters of  fluid are withdrawn. The width of  
the expanded skin over the dome should at least equal two 
times the recipient area plus 30% (to allow for skin retrac-
tion). Hallock described the utility and safety of  expander 
overexpansion very early in the evolving concept,34 and 
nowadays overexpansion beyond the manufacturer’s 
volume recommendations are routine. After complete 
expansion, the expander is removed through an incision 
that traces the proposed flap. Optimal mobilization of  the 
flaps is accomplished by releasing the periphery of  the 
capsule under the expanded tissue. Capsular scoring inci-
sions should include galea, and they are made perpendicu-
lar to the direction of  flap movement.32

Tissue expansion is painful and socially incapacitating for 
the patient during the expansion phase. In addition, it has 
a substantial complication rate from infection, exposure, or 
extrusion, ranging from 15% to 20%, which may require 
premature removal of  the expander and abandonment of  

area for one-stage expansion. The minimum expander base 
should be a little more than the recipient area, although the 
largest expander possible should be selected. Expander 
volume is less of  a clinical guide because overexpansion is 
always possible. Figs. 51.7 and 51.8 are illustrative clinical 
examples of  tissue expansion for alopecia correction.

The inextensible skin of  the scalp makes it a bit tougher 
to place the implant, and it is essential that an adequate 
pocket is created below the galea. It is hazardous to place 
tissue expanders above the galea in the subcutaneous tissue. 
A short incision parallel to the defect and about a centime-
ter into healthy skin is used for implant placement. The port 
of  the expander is located at a short distance through 
another narrow pocket. Magnasite expanders are conve-
nient but more expensive. They have an in-built port that 
can be detected under the skin with a magnet. The expan-
sion is initiated 10–14 days after the insertion. Full expan-
sion is achieved over 3–4 months, by weekly injections, as 
an outpatient procedure. The end point of  injection is slight 

CBA

Fig. 51.7 A 21-year-old girl with a 10 × 10 cm alopecia patch on the vertex following thermal burns. A 500-mL crescent tissue expander was inserted 
through an incision just parallel to the edge of the defect. (A) Showing full expansion achieved in 3 months. (B) Lateral view to show the posterior 
extent of expansion. (C) The alopecia patch was excised and the expanded flap advanced into the defect. Postoperative view at 10 days. 

BA

Fig. 51.8 (A) A laterally situated, extremely large alopecia patch on a 12-year-old boy following thermal burns. A single 800-mL, crescent-shaped 
expander was inserted and inflated over a 4-month period. The incision line gave way slightly after 3.5 months, but the expansion continued with an 
exposed implant for the next 10 days. (B) Five-year postoperative picture showing complete restoration of hair on the scalp by tissue expansion. 
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it is hypothesized that the metabolic demand is very low, 
thus allowing them to survive in scar tissue. This affords an 
important technique to provide coverage to irregular 
patches or to provide refinements to misaligned hairlines 
following various flap coverage techniques.
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the procedure.30,31 Occasionally it may be possible to con-
tinue expansion with an exposed implant but only for a 
few days because each injection to inflate the implant also 
causes the skin gap to widen.

HAIR FOLLICLE GRAFTING

More recently Barrera has shown successful use of  micro- 
and minigrafts in the correction of  large alopecia segments 
in 32 burn patients.18 Because of  the small size of  micro-
grafts (1–2 hair follicles) and minigrafts (3–4 hair follicles), 
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Trunk Deformity Reconstruction
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Any deep damage to the tissues of  the trunk at those 
levels may cause simultaneously deep soft tissue loss, 
damage that affects body parts such as the breast, or a burn 
scar contracture either primarily or secondarily by involve-
ment of  those important joint mobile areas.

Recently published International Society for Burn Inju-
ries (ISBI) practice guidelines for burn care1 supported by 
best evidence and research established recommendations 
for optimum acute management of  the burn wound.

Those most relevant to successful reconstruction of  the 
trunk are:

■ Thermally injured patients should be evaluated using
a systematic approach that first seeks to identify the 
greatest threat to life.

■ Evaluation of  burns should estimate TBSA utilizing a
standardized method and delineate characteristics that 
require immediate attention from a designated burn
center.

■ Appropriate resuscitation should be initiated promptly
and tailored based on patient parameters to avoid over- 
and underresuscitation.

■ Adult patients with burns greater than 20% TBSA and
pediatric patients with burns greater than 10% TBSA
should be formally resuscitated with salt-containing
fluids; requirements should be based on body weight
and percentage burn.

■ Abdominal escharotomy should be performed when
circumferential or near circumferential eschar is asso-
ciated with evidence of  intraabdominal hypertension
(IAH) or signs of  abdominal compartment syndrome
(ACS).

■ Early surgery for small to moderate-sized deep burns
(less than approximately 20% TBSA) speeds recovery,
might improve outcome, and is cost-effective.

■ Tangential excision is the standard method of  burn
wound excision. Fascial excision may be indicated in
very deep burns and high-voltage electrical conduc-
tion injuries.

■ Burn wound excision and grafting can be undertaken
without undue blood loss by using some or all the fol-
lowing: subcutaneous infiltration of  burn wound and
donor site or topical application of  epinephrine solu-
tions, or both; tourniquets for limb surgery; fascial-
type excision using electrocautery; other topical
hemostatic agents such as thrombin and fibrinogen;
prevention of  hypothermia; compression dressings;
limb elevation; and staged burn excision.

■ After excision or débridement of  the deep burn wound, 
it is essential that the wound is covered with autograft
skin or an appropriate skin substitute.

■ Deep dermal burns (wounds that heal in >3 weeks)
require aggressive and monitored scar prevention

Introduction

Burn injuries to the trunk may have functional and cos-
metic consequences.

The torso, abdomen, and back connect anatomically
with the shoulder girdle and the axilla laterally, with the
neck superiorly, and with the groin tissue and the lower
limbs inferiorly. This means that burn injuries to the trunk
may cause damage primarily to three areas:

a. Damage to soft tissue layers including skin, subcuta-
neous tissue, fascia, muscle, and internal organs

b. Damage to the trunk boundaries, causing potential
contracture and functional deficit to the neck, axillae,
and groin areas

c. Damage to specialized body parts within the trunk,
specifically the breast.

Even though the initial acute management of  any extensive
burn injury is relatively universal and subjected to well-
recognized protocols of  trauma resuscitation, the exten-
sive total body surface area (TBSA) that can potentially be
involved when the whole of  the trunk is injured—up to 36%
TBSA—may have devastating consequences: skin, muscle
and visceral damage, breast and nipple-areolar destruc-
tion, and potential development of  life-changing burn scar
contractures in the vicinity of  the neck, axillae, and groin
areas.

It is then easy to understand the potential complexity of
the reconstructive challenges that trunk tissue damage may
require. Superficial damage may leave minimal functional
deficit and barely noticeable cosmetic embarrassment that
may not need difficult or lengthy reconstruction, but deeper
damage may require the use of  multiple reconstructive pro-
cedures of  ascending order of  complexity in several sub-
zones of  the trunk: excision of  scars, use of  split-skin grafts
(SSG) with or without the support of  dermal matrices, full-
thickness grafts, tissue rearrangement procedures based on
the z-plasty principle, tissue expansion surgery, and local,
regional, distant, or free flaps.

Complex reconstruction will require maximum complic-
ity and collaboration of  the burn patient with the multidis-
ciplinary team, specifically with the scar management and
physical rehabilitation teams to ensure restoration of
anatomy and return of  the patient to his normal life and
society environment.

The impact of  appropriate acute management in sub-
sequent reconstruction cannot be understated. The
principles of  prompt trauma management, judicious resus-
citation, early débridement with a dermal preservation
approach and soft tissue cover, and a strong rehabilitation
approach impact greatly on the subsequent approach to
reconstruction.
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therapies augmented with appropriate pain relief  and 
combined with early positioning regimens and physio-
therapy for joint mobilization to prevent hypertrophic 
scarring and joint contractures.

■ All extensive hypertrophic burn scars should receive
pressure therapy with silicone therapy as the first line
of  treatment. Restraint should be applied in opting for
the surgical modality before scar maturation unless
the scar is functionally limiting because of  a develop-
ing contracture.

Therefore, four clear burn care phases are ultimately 
considered:

■ Initial evaluation and resuscitation
■ Wound excision and initial skin cover
■ Definitive skin closure and rehabilitation
■ Reconstruction and reintegration to society.

Appropriate implementation of  these recommendations in 
a staged fashion ensures the survivability of  the burned 
patient, but also of  the quality of  the reconstruction.2

Reconstruction of the Trunk Soft 
Tissue Layers

Even though the late effects of  burn injury in the tissue 
layers of  the abdomen, torso, and back may be less prob-
lematic than in other anatomical areas, the consequences 
of  abnormal scarring and tissue derangement may still 
cause functional problems such as pain, itching, limitations 
in activities of  daily living, and cosmetic embarrassment.

The torso protects the thoracic cavity and upper abdomen 
and assists in the process of  respiration. The abdominal 
wall, with its multilayered structure, protects the abdomi-
nal viscera and assists in position, breathing, and visceral 
function.3 The clinical consequences of  the burn injury to 
this part of  the trunk in an acute setting may be relatively 
mild or utterly devastating if  full-thickness soft tissue loss 
occurs.

ACUTE RECONSTRUCTIVE MANAGEMENT OF 
THE TRUNK SOFT TISSUE LAYERS

In the acute setting, superficial skin loss may be treated in 
a relatively conservative fashion with standard dressings or 
with the application of  dermo-protective matrices such as 
Biobrane or Suprathel. A recent Cochrane review4 aiming 
to assess the effects of  burn wound dressings on partial-
thickness burns suggested that dressing selection should be 
based on their effects on healing but that other parameters 
such as ease of  application and removal, dressing change 
requirements, cost, and patient comfort should also be con-
sidered. Their conclusion was that, following analysis of  a 
total of  30 randomized controlled trials (RCTs), traditional 
dressings containing silver sulfadiazine (SSD) were consis-
tently associated with poorer healing outcomes than were 
biosynthetic (skin substitute) dressings, silver-containing 
dressings, and silicon-coated dressings.

Dermo-protective skin substitutes are characteristically 
used to aid reepithelialization in the acute management of  
partial-thickness burns until full healing occurs.5 Biobrane 

is a bi-layered semi-permeable biosynthetic wound dressing
with an outer silicone layer, a nylon-net in the middle layer,
and an inner porcine collagen type I layer. Suprathel is a
synthetic wound dressing consisting of  a copolymer-foil of
D,L-laktidtrimethylencarbonate and e-caprolakton.

A study comparing both dressings showed satisfying
comparable clinical results in the use of  both types of  pros-
thetic material.6

In the acute setting, extensive burns and injudicious fluid
resuscitation may lead to ACS, defined by the presence of
organ dysfunction because of  increased abdominal pres-
sure or IAH.

Patients with severe burns are at risk for developing ACS
due to the large volume of  resuscitation fluid that is infused,
abdominal wall compliance, and capillary leakage due to
increased permeability.7 This subsequently reduces blood
flow to the abdominal viscera and may lead to bowel ische-
mia, multiorgan failure, and death if  not properly addressed.8

When decompressive laparotomy is necessary, the com-
plications due to an open abdomen add to those due to the
extent of  the burn.9

Decompressive laparotomy may help in the survival of
burn patients, but the mortality can still be up to 50% and
introduce a serious physiological and reconstructive
challenge.10

Recently updated consensus definitions and clinical prac-
tice guidelines from the World Society of  the Abdominal
Compartment Syndrome state that decompressive laparot-
omy is the standard surgical method to treat severe IAH/
ACS despite considerable potential mortality even after
decompression.11 Taking into consideration that the longer
the abdomen remains open, the greater the potential com-
plications, this forum of  experts established several recom-
mendations significant for the reconstructive strategies of
the open abdomen following decompressive laparotomy for
IAH:

■ Prevent visceral adhesions, loss of  soft tissue coverage,
lateralization of  the abdominal musculature and its
fascia, malnutrition, and enteric fistulae.

■ Aim to achieve same-hospital-stay closure of  the open
abdomen.

■ Consider the use of  negative pressure wound therapy
(NPWT) for temporary abdominal closure after decom-
pressive laparotomy.

■ Consider component separation to facilitate early
fascial closure of  the open abdomen.

■ Bioprosthetic meshes should not be routinely used in
the early closure of  the open abdomen compared to
alternative strategies.

Several temporizing options using external devices have
been suggested to aid the closure of  the abdomen following
decompressive laparotomy.12,13

The use of  techniques that apply to the closure of  large
hernia defects can be used to close large decompressive
laparotomy defects as well. The technique of  component
separation is not contraindicated in the burn patient, even
in large burns with a deep pattern of  injury.14

In this series, fascial access was obtained by raising
burned skin flaps at the level of  the costal margin from the
anterior superior iliac spine inferiorly to the ribs superiorly.
These skin flaps were then excised to facilitate grafting of
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Tissue engineering options have expanded the pos-
sibilities of  reconstruction for the burned trunk. The 
ideal tissue engineering device needs to be rapidly avail-
able, autologous, site-matched, possess reliable wound 
adherence and express minimal donor site morbidity, be 
clinically manageable, improve the quality of  scar, and be  
affordable.18

Some of  the techniques currently available involve the 
use of  dermal scaffolds such as Integra (Integra Life Sci-
ences Corporation, Plainsboro, NJ), Matriderm (MedSkin 
Solutions, Dr. Suwelack, Germany), or Pelnac (Gunze Ltd., 
Japan) and the use of  confluent and nonconfluent keratino-
cyte culture techniques such as Recell (Avita Medical, UK).

A deeper pattern of  injury may require the use of  more 
complex steps of  the reconstructive ladder. The chest and 
abdomen, due to their anatomic proximity, are injured 
together frequently in flame, scald, or electrical injuries. In 
these situations, in which deep visceral structures may 
become exposed, the use of  large flaps such as the omentum, 
latissimus dorsi, rectus abdominis, or deltopectoral may be 
indicated.19–22

Fig. 52.1 Allograft cover of the back of an 80% total body surface area 
(TBSA) burn. 

Fig. 52.2 Acute Meek autografting covering back skin following 80% 
total body surface area (TBSA) burn. 

Fig. 52.3 Healing of trunk burn wounds following Meek 
autografting. 

the abdominal wall. The fascial release that facilitated
abdominal closure was made, in standard fashion, lateral to
the rectus sheath through the aponeurosis of  the external
oblique muscle.

The acute reconstruction of  trunk soft tissue loss related
to the direct effects of  the burn injury follows the steps
applied to other parts of  the body. Following stabilization,
resuscitation, and débridement, acute soft tissue cover
methods are decided based on the depth and extent of  the
burn, the availability of  suitable donor sites, and the micro-
biology and nutritional status of  the patient.

Extensive burns may destroy the skin layers and their
blood supply to the extreme of  making impossible self-
healing and regeneration following a conservative approach.
There are occasions in which the paucity of  autologous skin
or concerns regarding the infection control status of  the
recipient site recommends the use of  temporizing tech-
niques such as xenografts or allografts (Fig. 52.1) until
definitive skin cover is achieved. Characteristically split-
thickness autografting has been the standard method to
address soft tissue loss during this period. A recent expert
panel white paper on the surgical management of  the burn
wound and use of  skin substitutes15 clearly establishes the
differences between skin substitute—a commercial bioma-
terial, engineered tissue, or combination of  materials and
cells or tissues that can be substituted for skin autograft or
allograft in a clinical procedure—from a skin replacement,
which is a tissue or graft that permanently replaces lost skin
with healthy skin.

Skin grafts are usually meshed to a desired level of  expan-
sion; split-thickness grafts are frequently used if  the wound
bed exhibits appropriate vascularity and the donor skin is
available in appropriate quantities. As every burns surgeon
is aware, expansion of  the SSG is associated with small
areas of  the wound healing by secondary intention and a
poorer scar outcome.

In cases of  extreme paucity of  donor sites, the use of
micrografting (Meek) techniques with or without dermal
regeneration templates may represent a suitable form
of  reconstruction in the acute period16,17 (Figs. 52.2
and 52.3).
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Fig. 52.4 Hyperpigmented scar on the left side of the chest following 
electrical injury. 

Fig. 52.5 Hypertrophic scar on the abdomen following flame burn. 

Fig. 52.6 Extensive mesh pattern on the back following grafting. 

Fig. 52.7 Unstable scar in the center of the chest after flame burns 
treated conservatively. 

LATE RECONSTRUCTIVE MANAGEMENT OF THE
TRUNK SOFT TISSUE LAYERS

The late reconstruction of  the soft tissue layers addresses
the impact of  abnormal scarring on the cosmetic and func-
tional integrity of  the trunk. Reconstruction due to scars in
the boundaries of  the trunk that alter the functionality of
the neck, axillae, and groin area and reconstruction of  spe-
cific body parts such as the breast will be addressed later in
the chapter.

The reconstruction of  the soft tissue layers of  the trunk
is simultaneous with recognized protocols of  scar manage-
ment such as massaging, moisturizing, and sun-protecting
the scar; application of  compression garments; and physical
therapy. These are beyond the scope of  this chapter and will
not be addressed here.

The wise use of  recognized surgical techniques in the
acute phase of  scar maturation diminishes the complexity
of  reconstructive needs. These include the use of  darts in
escharotomies when crossing joints, placing the seams of
the skin grafts following skin tension lines, using sheet
grafts when possible, placing grafts transversely over joints,
applying early pressure therapy, and implementing an early
ambulation and exercise regimen.23

The skin layers of  the trunk may be affected by abnormal
pigmentation, hypervascularity, hypertrophic and keloid
scars, texture abnormalities in both the reconstructed and
the donor site (Figs. 52.4 to 52.6), by the presence of  con-
tractures that can be well defined or diffuse, and by the
presence of  unstable tissue (Figs. 52.7 and 52.8) with a
tendency to breaking down.24 The approach to the manage-
ment of  these abnormalities is to always prioritize function
over cosmesis, have a realistic approach to reconstruction,
and appropriately time any surgical procedure to avoid
interfering with the maturation of  scars.

Selective scar resection and direct closure of  the subse-
quent defect may be used in the trunk providing that suffi-
cient skin laxity and tension-free closure exists.25

The skin of  the abdomen, with its natural laxity and the
possibility of  redundant tissue, allows the use of  recognized
techniques of  reconstruction such as abdominoplasty and
liposuction to become valid options of  soft tissue cover after
scar excision.26,27
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Fig. 52.8 Unstable scar on the center of the chest after flame burns 
treated conservatively. Close-up. 

The use of  full-thickness grafts or dermal regeneration 
templates constitutes the next stage in the resurfacing and 
reconstruction of  elective scar revision surgery. They 
provide the patient with a reconstruction of  improved pli-
ability28,29 that has been proved to withstand even the 
natural skin tension resulting from a pregnancy.30

In cases of  cosmetically disfiguring scars that exhibit lack 
of  pliability, the use of  tissue expansion techniques either 
on their own or combined with flap techniques31 in the 
trunk offers the possibility of  providing reconstruction with 
autologous skin following a two-stage procedure. The first 
stage introduces the expanders in a pocket near the scar. 
Once appropriate expansion has been achieved, including 
overexpansion,32 the scar is excised and the subsequent 
defect covered with a flap of  expanded skin usually using a 
technique of  advancement, transposition, or rotation. It 
has been postulated that the insertion of  the largest possible 
expander, a rectangular shape, and the method of  advance-
ment provides the largest amount of  expanded tissue avail-
able.33 Traditional tissue expanders are connected to a 
tubing system and a port that is placed usually over a bony 
prominence distant to the implant itself. Recently the use of  
osmotic tissue expanders has introduced a new option for 
reconstruction and resurfacing of  defects after scar excision 
by avoiding the need for repeated injections. This is espe-
cially useful when dealing with pediatric patients.34

The insertion of  osmotic tissue expanders requires careful 
dissection of  an appropriately sized pocket to place the pros-
thesis. This is an important issue in the learning curve of  
the early user of  this technique because the osmotic tissue 
expander tends to grow relatively quickly during the first 2 
weeks of  insertion.

Insertion of  the expander too close to the scar to be 
reconstructed will increase the potential for implant extru-
sion. A sequence for the insertion of  osmotic tissue expand-
ers can be seen in Figs. 52.9 to 52.14. Following insertion, 
our protocol is to review the patient weekly for the first 
month post insertion to review the wound and assess for 
breakdown or dehiscence. We then follow the patient 
monthly until the second stage of  reconstruction. This 
stage includes expander removal, scar excision, and recon-
struction of  the defect usually by advancement (Figs. 52.15 
to 52.18).

Fig. 52.9 Insertion of osmotic tissue expanders for reconstruction of 
chest burn scarring: skin markings. 

Fig. 52.10 Insertion of osmotic tissue expanders for reconstruction of 
chest burn scarring: pocket dissection. 

Fig. 52.11 Insertion of osmotic tissue expanders for reconstruction of
chest burn scarring: pocket dissection.

Reconstruction of the
Trunk Boundaries

Primary reconstruction of  the neck, axillae, and groin areas
will be described in a different chapter. Scarring in the trunk



52 • Trunk Deformity Reconstruction 567

Fig. 52.12 Insertion of osmotic tissue expanders for reconstruction of 
chest burn scarring: insertion of expander into pocket. 

Fig. 52.13 Insertion of osmotic tissue expanders for reconstruction of 
chest burn scarring: insertion of expander into pocket. 

Fig. 52.14 Insertion of osmotic tissue expanders for reconstruction of 
chest burn scarring: insertion of expander into pocket. 

Fig. 52.15 Expanders after 2 months and prior to removal and 
reconstruction. 

Fig. 52.16 Removal of expanders. 

Fig. 52.17 Scar excision. 

bordering these areas may cause contractures requiring 
reconstruction. The management of  these involve the use 
of  known principles of  reconstruction, such as tissue rear-
rangement techniques like z-plasties or the introduction of  
additional tissue with skin grafts, dermal templates, or flaps.

The following clinical case illustrates these techniques. 
A 21-year-old who suffered 40% TBSA burns 4 years ago 
presented to our office complaining of  tightness in the 
right flank, right axilla, and neck due to burns in the torso  
(Fig. 52.19).
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Fig. 52.18 Expanded skin flap advancement, reconstruction and 
closure. 

Fig. 52.19 Extensive chest scarring in a 40% total body surface area 
(TBSA) burned patient. 

Fig. 52.20 Z-plasty designed along right flank linear burn scar 
contracture. 

Fig. 52.21 Z-plasty designed in right axillary linear burn scar 
contracture. The scar contracture in the neck was addressed with the 

use of  a dermal substitute (Matriderm) and a thin skin graft. 
An area of  tightness in the right flank was treated with a 
long releasing z-plasty (Fig. 52.20). The tightness in the 
right axilla was addressed with a standard z-plasty for the 
anterior axillary fold and a five-flap plasty for the posterior 
shoulder area (Figs. 52.21 and 52.22).

The symptoms, once healing of  the wounds was com-
pleted, were largely resolved by these procedures.

Reconstruction of the Breast

The management of  the burned breast is a special and 
unique part of  trunk reconstruction. The specific stages of  
the surgical techniques used to reconstruct the breast cor-
respond to the distinct developmental stages it goes through. 
Due to this, reconstruction is particularly important in the 
prepubescent young girl because absence of  a nipple is a 
noticeable concern.

Once disfigurement and deformity are established, accu-
rate assessment, characterization, and planning are crucial
to timely and successful reconstruction.35,36

Abnormal burn scarring during puberty results in com-
promised breast growth and displacement of  the nipple-
areolar complex (NAC), the breast mound, and the
inframammary fold.37

It is important to avoid excision of  the breast bud in order
to preserve the development of  the breast in prepubescent
girls.38

Burns during pregnancy and lactation are usually
addressed with tangential excision and split-thickness skin
grafts to facilitate healing of  the wounds, allow breast-
feeding, and reduce potential compromise to mother and
fetus. The use of  bromocriptine in the lactating woman
ceases lactation and induces breast involution, allowing
tissue cover as soon as possible.39
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(intrinsic or extrinsic), the NAC position, the sternal notch 
to nipple distance, the breast base size, and any differences 
between the breasts in terms of  symmetry, shape, and size. 
In addition it is important to note what tissues are left and 
what parts are missing.

It is also important to document what sort of  donor sites 
are available: areas for harvesting both full- and split-
thickness skin grafts, the back to examine the latissimus 
dorsi donor site, and all areas where potential flaps can be 
harvested for free tissue transfer such as the lower abdomen 
(deep inferior epigastric perforators [DIEP] flap), inner thigh 
(transverse upper gracilis [TUG] flap), and the buttock 
(superior gluteal artery perforator [SGAP] flap). In addition 
areas of  fat deposition on flanks, buttocks, and upper 
abdomen must also be examined as potential sites of  fat 
harvest for autologous fat transfer.

The reconstructive techniques to improve the burned 
breast appearance include the principles outlined earlier 
for reconstruction of  the trunk such as skin grafts and 
tissue rearrangement techniques through z-plasties. 
Specific breast procedures include nipple reconstruc-
tion, implant-based breast augmentation, autologous fat 
transfer to improve breast volume, free tissue transfer, 
and reduction of  the contralateral unburned breast to 
match the underdeveloped burned breast. The principles 
used to reconstruct the burned breast are described in  
Box 52.1.

RELEASE AND SCAR RESURFACING

This is addressed by contracture release to expand breast 
skin surface and split-thickness skin grafting combined or 
not with dermal regeneration templates, specifically at the 
inframammary fold, periareolar area, sternal area, and 
anterior axillary line. This helps to improve shape and 
volume (Fig. 52.23).

Expansion of  breast skin may be achieved by standard 
tissue expansion or the use of  distal or free flap tissue 
options.40

Reconstruction of  the inframammary fold can also be 
performed by a release and advancement flap through 
expanded reverse abdominoplasty techniques.41

REPLACEMENT OF MISSING PARTS: BREAST 
MOUND RECONSTRUCTION

Volume replacement can be achieved by prosthetic implant-
based reconstruction and autologous tissue reconstruction. 
The burn scar can be stretched to obtain volume, using 
tissue expanders inserted either in an open or endoscopic 
fashion (Fig. 52.24).42

Postburn breast sequelae can be classified according to 
the descriptions in Table 52.1.

The burned breast can suffer scar contractures that can 
be intrinsic or extrinsic. Burn scars crossing the inframam-
mary fold show both loss of  definition and flattening of  this 
area. When the breast mound is involved, breast growth 
can be compromised, and hypoplasia or aplasia ensues. The 
resulting asymmetry will cause distress and a perceived loss 
of  femininity.

PRINCIPLES OF BREAST RECONSTRUCTION

Reconstruction of  the burned prepubescent breast is best 
achieved once breast maturity is attained. Generally scar 
maturation is awaited, and reconstruction is performed 
during early adulthood. Appropriate timing of  the contrac-
ture release is fundamental to avoid a hypoplastic-looking 
breast during postpubertal development. Staged recon-
struction throughout puberty may be required to optimize 
the aesthetic result.

It is fundamental to document on examination the 
quality of  the skin and scar, the type of  scar contracture 

Fig. 52.22 Five-flap plasty designed in right posterior shoulder area. 

Table 52.1 Classification of Postburn Breast Deformity

Location Unilateral
Bilateral

Extent Total
Subtotal

Anatomical Breast mound
NAC
Inframammary fold

Deformity Contracture: Intrinsic/extrinsic
Hypoplasia
Aplasia

Symmetry

Box 52.1 Principles of Postburn Breast 
Reconstruction

Release scar contracture
Resurface unsightly or painful scar
Replace missing parts including breast mound and NAC
Reestablish symmetry
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Ai Aii Aiii

Aiv Av Avi

Fig. 52.23 Breast contracture release. (Ai) Planned release of symmastia and inframammary fold contractures to release breast mound. (Aii) Following 
incisional release; note skin deficit. (Aiii) Resurfacing with dermal template. (Aiv) Use of topical negative pressure to secure dermal template and prevent 
shearing. (Av) Dermal template ready for autografting. (Avi) Second-stage resurfacing of dermal template with sheet autograft. (Bi–Biii) Preoperative 
views. (Biv–Bvi) Postoperative views following nipple-areolar complex reconstruction showing improvement in projection, cleavage, inframammary 
fold. 

Bi Bii Biii

Biv Bv Bvi
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To prevent exposure and extrusion of  the implant, sub-
muscular placement and potential flap cover with a pedicle 
latissimus dorsi flap may be necessary.

Staged use of  dermal templates (Integra) followed by 
tissue expansion appears to be a reliable technique to 
correct breast hypoplasia:43

■ First stage: Scar release, expander submuscular inser-
tion, and coverage of  the anterior chest wall with
Integra

■ Second stage, 1 month later: Grafting of  Integra, gradual 
expander overinflation

■ Third stage: Expander removal and replacement with a
permanent silicone implant.

Total breast reconstruction will be required in cases of  
breast aplasia. This is addressed with submuscular implants 
if  the skin envelope is appropriate or with an array of  flaps 
in cases of  breast bud destruction. This will usually involve 
replacement of  both skin and breast volume through sub-
muscular tissue expansion, pedicle (latissimus dorsi) or free 
flap (DIEP, SGAP, TUG),44,45 or a combination of  both (Fig. 
52.25).46 Fat transfer provides options both for reconstruc-
tion and for scar modulation.47,48

NIPPLE-AREOLA COMPLEX RECONSTRUCTION

Reconstruction of  the NAC is usually performed at a second 
stage once breast mound volume and shape have been 
addressed. The process can be divided into subtotal or total 
depending on how much of  the NAC is preserved following 
burn injury. Subtotal reconstruction is usually addressed 
with release and skin grafting.

Total NAC reconstruction characteristically uses local 
flaps such as the skate or C-V flap but may be limited by the 
lack of  pliability of  scarred skin and by lack of  projection of  
the reconstruction.

The areola can be reconstructed by using full-thickness 
skin grafts or tattooing techniques (Fig. 52.23 Bi–Bvi).

ASYMMETRY

Symmetrization procedures performed on the contralateral 
breast include breast augmentation or reduction and 
shaping using mastopexy/reduction techniques. Even 
though caution is warranted, concerns with reduction 
mammoplasty due to potential devascularization of  the 
skin graft or NAC have proved warrantless because 

A B C

D E F

Fig. 52.24 Postburn breast mound reconstruction using tissue expanders. (A–C) Preoperative views showing characteristic flattening of breast, ptosis, 
and poor definition of cleavage. (D–F) Five-year postoperative insertion of bilateral tissue expanders showing improved projection, cleavage, and 
volume. 
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A B

C D E

Fig. 52.25 Reconstruction of breast with DIEP flap. (A) Isolated burn scar on left breast in woman requiring mastectomy for breast cancer. (B) Markings 
for DIEP, including perforators. (C) Following mastectomy, subpectoral implant placement. (D) DIEP flap in place for skin cover. (E) Postoperative 
appearance following nipple-areolar complex reconstruction and contralateral mastopexy for symmetrization. (Case courtesy of Mr V Ramakrishnan 
FRCS [Plast] Consultant Plastic and Reconstructive Surgeon, St. Andrews Centre for Plastic Surgery, Chelmsford, Essex, UK.)

reduction mammoplasty in this group of  patients is safe and 
carries minimal risk.

Conclusion

Initial care of  the burned breast follows the general prin-
ciples of  burn management for the rest of  the trunk, includ-
ing resuscitation and judicious wound débridement with 
dermal and NAC preservation. This minimizes postburn 

deformity and maximizes reconstructive potential. Breast 
reconstruction principles include preservation and restora-
tion of  shape, volume symmetry, inframammary fold, NAC, 
and breast symmetry. Soft tissue cover applies reconstruc-
tive ladder principles of  ascending complexity including 
symmetrization procedures.

Complete references available online at 
www.expertconsult.inkling.com
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INCIDENCE OF BURN CONTRACTURE 
INVOLVING THE SHOULDER (AXILLA), ELBOW, 
AND KNEE JOINTS

Burn treatment that requires a long period of  bed confine-
ment and physical inactivity as well as restriction of  joint 
movement will lead to joint dysfunction. Consequently 
every bodily joint (i.e., the vertebral, mandibular, shoulder, 
elbow, wrist, finger, hip, knee, ankle, and toe) is susceptible 
to changes. Of  various bodily joints involved, the contrac-
tural deformities of  the shoulder (axilla), elbow, hip, and 
knee are relatively common. Factors such as a wide range 
of  joint movement and asynchronous muscular control are 
characteristic features of  these joints, and, when combined 
with a high vulnerability to burn injuries, are the probable 
reasons accounting for the high incidence encountered. 
A review of  the records of  1005 patients treated at the 
Shriners Burns Hospital in Galveston, Texas, over 25 years, 
indicated that the elbow was the joint most commonly 
affected. There were 397 patients with elbow joint defor-
mity followed by 283 knee contractures. There were 248 
axillary deformities. Hip joint contracture was the defor-
mity least encountered and was noted in only 77 patients  
(Table 53.1).

EFFICACY OF SPLINTING IN CONTROLLING 
BURN CONTRACTURES OF SHOULDER (AXILLA), 
ELBOW, AND KNEE JOINTS

Although Cronin in 1955 demonstrated that the neck 
splint was effective in preventing recurrence of  neck con-
tracture following surgical release,4 the routine use of  
splinting for burn patients did not become a part of  the 
regimen of  burn wound care in Galveston until 1968, 
when Larson, the former Surgeon-in-Chief  and Willis, the 
former Chief  Occupational Therapist at the Shriners Burns 
Institute, began to fabricate splints with thermoplastic 
materials to brace the neck and extremities.5–8

For more than three decades, a neck brace, a three-point 
extension splint, and a molded brace fabricated from ther-
moplastic materials—prototypes of  devices used to splint 
the neck, elbow, and knee joints—were used in the manage-
ment of  burn patients at the Shriners Burns Hospital and 

Introduction

Burn injuries, regardless of  the etiology, rarely involve a
joint itself. However the joint function is often impaired
because of  burns. The joint problems and joint deformities
noted in burn patients are mostly due to physical inactivity
combined with limitation of  joint movement because of
scar contracture. The consequences of  joint dysfunction are
usually left for reconstruction later in the course of  burn
convalescence.

Contractural Deformities of
the Shoulder (Axilla), Elbow,
Hip, and Knee Observed in a
Burned Patient

THE FACTORS LEADING TO FORMATION OF
CONTRACTURAL DEFORMITIES

Folding bodily joints in flexion, a so-called posture of
comfort, is a characteristic body posture seen commonly in
a distressed individual. Although the exact reasons are not
entirely clear, contraction of  muscle fibers at rest and con-
tractile force difference between the flexor muscle and the
extensor muscle play an important role in the genesis of  this
body posture. The magnitude of  joint flexion, furthermore,
increases as an individual loses voluntary control of  muscle
movement, as frequently occurs in a burn victim (Fig. 53.1).
A prolonged period of  physical inactivity associated with
burn treatment and scar tissue contraction around the joint
structures as the recovery ensues further impedes joint
mobility.

A subtype of  joint problem seen with major burn injuries
is heterotopic ossification. This may affect any joint,
although the elbow is by far the most frequently affected.
Its initial symptoms are markedly increased pain with
motion and hyperemia/swelling. A high index of  suspicion
is needed to differentiate this problem from background
post-burn pain.1–3 The splinting and exercise/range-of-
motion (ROM) care of  patients with heterotopic ossification
differ from standard burn rehabilitation, as noted later.
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decreasing to 3% with splinting, and further decreasing to 
1% if  splint usage was maintained for more than 6 months 
(Table 53.2). Although splinting and bracing were shown 
to be effective in minimizing joint contracture, it was not 
entirely clear if  restriction of  joint movement would affect 
the quality of  scar tissues formed across the joint surface. 
The effects were assessed by determining the frequency of  
secondary surgery performed in this group of  patients. 
More than 90% of  219 individuals who did not use 
splinting/bracing required reconstructive surgery. In con-
trast, the need for surgical reconstruction in individuals 
who wore splints was 25%.9

Management During the Acute 
Phase of Recovery

It is believed that inadequate physical exercise and lack of  
joint splinting and bracing, although allowing a patient to 
assume the posture of  comfort, are the main factors respon-
sible for the genesis of  contractural deformities seen in 
patients during the acute phase of  recovery from burn inju-
ries. The deformities, furthermore, are made worse because 
of  skin involvement and burn scar contracture. To mini-
mize this undesirable consequence of  burn injuries, proper 
body positioning and splinting of  the joint structures must 
be incorporated into the regimen of  burn treatment. The 
treatment should be implemented as soon as the patient’s 
condition allows.

BODY POSITIONING AND JOINT SPLINTING

Body Position

Although a supine position is preferred, the patient may be 
placed in a lateral decubitus position while confined in bed. 
The head should be placed in a neutral position with the 
neck slightly extended. For a patient placed in a supine posi-
tion, neck extension is achieved by placing a small pad 
between the scapulae to facilitate scapular traction. A neck 
brace may be used if  a patient is placed in other body 
positions.

Fig. 53.1 The posture of comfort characterized by flexion of shoulder 
(axilla) and elbow joints, plus hip and knee joints, is assumed by 
patients under distress, as in burn patients. 

Table 53.1 The Distribution of Joint Deformities

Joint Involved n

Shoulder (axilla) 248

Elbow 397

Hip 77

Knee 283

Total 1005

Table 53.2 The Incidence of Contractures Across the 
Shoulder (Axilla), Elbow, and Knee Joints

Without Splint

WITH SPLINT

<6 months >6 months

Shoulder

 Severe/moderate 137 24 23

 Mild/none 37 6 129

Elbow

 Severe/moderate 75 17 10

 Mild/none 61 33 161

Knee

 Severe/moderate 26 4 2

 Mild/none 45 16 155

the University of  Texas Medical Branch Hospitals in Galves-
ton, Texas. An “airplane splint” similarly made of  thermo-
plastic materials was also used to splint the axilla when the
use of  other splinting and bracing techniques, such as a
“figure-of-eight” bandage, were not feasible.

A study was conducted in 1977 to determine the efficacy
of  splinting across large joint structures such as the elbow,
axilla, and knee by reviewing the records of  625 patients.
There were 961 burns over these joints in this group of
patients. Of  these, 356 had involved the axillae, while 357
and 248 involved the elbow and knee joints, respectively.
The incidence of  axillary contractural deformities without
splinting was 79%; with splinting this decreased to 26%.
The subgroup able to wear splints for longer than 6 months
had the lowest incidence of  contracture at 15%, whereas
discontinuation of  splinting before 6 months identified a
subgroup at high risk for splint failure, with 80% incidence
(similar to a no-splint group). At the elbow, the incidence
of  contracture was 55% without splinting, decreasing to
12% with splinting, and further decreasing to 6% if  splint
usage was maintained for more than 6 months. At the knee,
the incidence of  contracture was 37% without splinting,
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of  the joint structure, especially in instances where the inju-
ries involved the patella surface. Maintenance of  the knee 
in full extension is, in this sense, an essential component of  
therapeutic regimen. This is accomplished by means of  a 
knee brace or a three-point extension splint to assure a full 
extension of  the knee joint (Fig. 53.5).

EXERCISE

Although exercising a burned victim is an integral part of  
burn therapy, it is seldom implemented until the resuscita-
tive measures are completed and the condition of  the patient 
is considered stable. The primary goal of  exercise is to main-
tain the functional integrity of  joint structures and muscle 
strength. This is attained by, in most instances, moving the 
joint manually and the muscles passively. Frequency and 
intensity of  an exercise regimen, however, may vary depend-
ing on the magnitude of  injury and the extent of  joint 
involvement. The treatment, if  possible, should be intensive 
and rendered as frequently as possible.

Fig. 53.2 A splint made of thermoplastic material is used to limit joint 
flexion. 

Fig. 53.3 A three-point extension splint manufactured similarly to an 
orthotic device is used either to extend a contracted elbow joint or 
immobilize the joint in full extension. 

Fig. 53.4 A hand splint that will maintain the DIP-PIP joints at full 
extension and MCP joints at 70 degrees while keeping the wrist joint 
at 30 degrees extension (i.e., the hand in a position of “safety”). 

Shoulder (Axillary) Joint. The shoulder joint is kept at
90–120 degrees of  abduction and 15–20 degrees of  flexion.
The position is not only useful in protecting the brachial
plexus from traction injury but also effective in maintaining
the stability of  the glenohumeral joint. The position is best
kept with the use of  foam wedge, trough, and/or airplane
splints. A figure-of-eight wrapping over a pad around the
axilla, more frequently used for patients during the inter-
mediate phase of  recovery from injury, is effective in main-
taining shoulder abduction. It is also useful in preventing
excess shoulder flexion.

Elbow Joint. Elbow flexion is commonly seen in a dis-
tressed patient. Rigid flexion contracture of  the elbow is a
common sequela if  the elbow is left unattended. With burns
of  the skin around the olecranon, exposure of  the elbow
joint is a common sequela if  the elbow is allowed to contract
freely. Maintaining the elbow in full extension therefore is
essential. An extension brace (Fig. 53.2) or a three-point
extension splint across the elbow joint is effective for this
purpose (Fig. 53.3). If  concern for heterotopic ossification
develops, the elbow splint should be expediently changed to
a functional position (around 90 degrees flexion) to avoid
fusion of  this joint in extension.

Wrist Joint. A contractural deformity involving a wrist
joint is relatively common in individuals with hand burns
that were not splinted properly. A cock-up hand splint
should be applied to maintain a 30-degree wrist extension
(Fig. 53.4).

Hip Joint. A contractural deformity of  the hip is relatively
uncommon unless the hip joint is allowed to remain flexed
for a long period of  time. Hip extension can be achieved by
placing the patient in a prone position. In a supine position,
15–20 degrees of  abduction is maintained with the use of
a brace or anklet.

Knee Joint. Flexion of  the knee is another posture com-
monly assumed by a burned victim. Similar to the elbow,
uncontrolled flexion of  the knee joint will lead to exposure
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Management During the 
Intermediate Phase of Recovery

A period starting from the second month following injury 
through the fourth month is considered the intermediate 
phase of  recovery from burn injuries. The burn victims typi-
cally will have full recovery of  physiologic functions with 
integument integrity restored. The cicatricial processes at 
the injured sites, on the other hand, are physiologically 
active, even though healing of  the burned wound is consid-
ered satisfactory. This process is characterized by, in addi-
tion to a maximal rate of  collagen synthesis, a steady 
increase in the myofibroblast fraction of  the fibroblast popu-
lation in the wound,10,11 a cellular change believed to 
account for contraction of  the scar tissues. Continuous use 
of  splinting and pressure to support joints and burned sites 
is, in this sense, essential to control changes caused by 
ensuing scar tissue formation and scar contracture.

BODY POSITIONING AND JOINT SPLINTING

Joint splinting and body positioning are similar to the 
regimen used during the acute phase of  burn recovery. That 
is, the shoulder is kept at 15–20 degrees of  flexion and 
80–120 degrees of  abduction. A figure-of-eight wrapping 
over an axillary pad is used to maintain this shoulder joint 
position (Fig. 53.6). The elbow and knee joints are main-
tained in full extension by means of  a three-point extension 
splint or brace. A pressure dressing or garment is incorpo-
rated into the splint. In instances where the use of  figure-
of-eight bandages or pressure dressings and/or garments is 
not feasible because of  recent surgery, devices such as an 
airplane splint (Fig. 53.7) or a three-point extension splint 
may be used to splint the axilla, elbow, and knee joints.

PRESSURE DRESSING

A compression dressing, originally incorporated in the 
treatment of  burned wounds of  the upper and lower 
extremities at the Shriners Burns Hospital in 1968 as a 
means to provide mechanical support to healing wounds, 

Fig. 53.5 A three-point extension splint can be also used to manage 
the flexion contractures of a knee joint. 

Fig. 53.6 An elasticized bandage is used to wrap around the shoulder 
(axilla) joints in a figure-of-eight fashion to extend and abduct the 
shoulder joints. An axillary pad is included in the wrapping to increase 
pressure upon the axillary fold. 

Fig. 53.7 An airplane splint made of thermoplastic materials is used to 
maintain shoulder abduction. The angle of separation may be increased 
as the joint becomes more mobile. 
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Shoulder (Axillary) Contracture

Tight scars formed across the shoulder joint, usually in the 
area along the axillary folds, often limit joint movement. 
The joint stiffness caused by scar contracture may be further 
aggravated by physical inactivity, especially if  the patient is 
allowed to remain in the posture of  comfort.

Two nonsurgical methods are commonly used to mobi-
lize a contracted shoulder (axilla) joint. One is the figure-of-
eight compression dressing technique and the other an 
airplane splinting technique.

Figure-of-Eight Compression Dressing. An elasticized 
bandage is wrapped over a pad placed in the axillary fold 
and around the shoulder joint in a figure-of-eight fashion 
to extend and abduct the shoulder. The dressing must be 
worn continuously, and it is removed only for cleansing. 
Continuous wearing of  the dressing for a period of  3–6 
months is necessary to obtain release. The mobility of  the 
joint increases as the scar tissues across the axilla soften. 
The extent of  release may be limited if  the scar is thick and 
unyielding to pressure (Fig. 53.8).

Airplane Splint. This splint is fabricated with a thermo-
plastic material. The spreading angle of  the splint is con-
formed to the extent of  the shoulder (axilla) joint held at 
maximum abduction plus 10–15 degrees of  extension. 
Abduction and extension of  the joint (i.e., elevation of  the 
arm) will be maintained by pushing the arm away from the 
upper thorax. Care is needed to protect the skin over the 
inner aspect of  the arm and the side of  the chest. The splint 
is changed regularly as the angle of  joint abduction 
increases. To achieve the needed release, in most instances 
1–3 months of  continuous use of  this device is usually nec-
essary (Fig. 53.7).

Elbow and Knee Contracture

Flexion contracture is the most common deformity encoun-
tered in these two joints. The scar formed across the ante-
cubital and the popliteal fossae frequently aggravates the 
magnitude of  contractural problems in these joints. The 
following techniques are frequently utilized before surgery 
to obtain joint movement and joint extension.

Three-Point Extension Splint. The three-point exten-
sion splint is assembled similarly to a prosthetic/orthotic 
device. Two sidebars hinged at the middle are connected 
with a bracing trough at the end. A cap pad is attached at 
the mid-section of  the sidebar to fit over the elbow or 
kneecap. The splint is placed across the antecubital fossa or 
popliteal fossa. Fitting of  the splint is adjusted with Velcro 
straps (Figs. 53.2 and 53.3).

The amount of  extension achieved by the joint is deter-
mined by the extent of  preexisting joint stiffness. The angle 
of  extension is initially determined by the angle of  joint 
contracture. The magnitude of  extension is controlled by 
tightening the olecranon or patellar pad. Extension is 
increased gradually as the joint gains its mobility. Problems 
encountered with the use of  a three-point extension splint 
are uncommon; however breakdown of  the skin can occur. 
Leverage attainable from three-point pressure application 
may be limited in a young individual because of  short limb 

is effective in reducing tissue swelling and in promot-
ing softening of  a burned scar. Compression of  a burn 
wound even while healing is still in progress is most easily 
achieved by wrapping the extremity with an elasticized 
bandage. Wrapping of  the extremity should begin at the 
hand or foot. The bandage is moved cephalad in a criss-
cross fashion. The splint is reapplied over the bandage. It 
is important to rewrap the extremity three to four times 
daily. Wrapping an extremity with an elasticized bandage 
can produce a pressure gradient of  10–25 mm Hg.6,12 The 
use of  a pressure dressing should be continued for 12–18  
months.

Management of Established 
Contractural Deformities

Contraction of  the shoulder, elbow, hip, and knee joints 
can occur despite proper splinting and intensive physical 
therapy. Surgical reconstruction of  contractural defor-
mities, in this sense, remains an essential component of  
patient care and patient rehabilitation. The task of  decid-
ing the timing of  surgical intervention, however, can be 
difficult and requires detailed evaluation of  the patient 
and the deformity. The following are ascertained before  
surgery:

a. The causes of  joint immobility
b. The extent and availability of  nearby tissues that

could be used for reconstruction
c. The extent of  maturation of  scar tissues that sur-

round the joint.

PATIENT EVALUATION

Numerous factors will affect joint movements in burn
patients. Although hypertrophy and contraction of  scar
tissues and/or contracted skin graft around a joint are the
most common causes of  joint impairment, changes in the
ligamentous structures or the joint itself  due to burn inju-
ries could also limit joint mobility. Detailed examination
that may include radiographic assessment of  the joint
structures is essential in order to formulate a definitive
treatment plan.

NONOPERATIVE OR MINIMALLY INVASIVE
APPROACH TO CORRECT A CONTRACTED AND/
OR STIFF JOINT

Restoration of  movements in a contracted and/or stiff  joint
may be attained by minimally invasive or nonsurgical
means.5–9,13 “Pushing” and “pulling” of  an extremity that,
in turn, stretches contracted scars and tissues around an
affected joint is the principle behind this modality of  man-
aging a contracted and/or stiff  joint. The treatment is found
to be especially effective in mobilizing a contracted joint
caused by a long period of  physical inactivity and, in some
instances, by scar contracture.

Although the morbidities associated with this modality
of  treatment are minimal, breakdown of  the skin due to
pressure and/or friction resulting from pushing and pulling
can occur.
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For a flexion deformity of  the elbow, the patient is 
placed in supine position. The pulley traction device will 
provide a horizontal and then a vertically downward pull  
(Fig. 53.9).

Instead of  a skeletal traction device, a weight placed 
around the ankle, with the patient placed in prone position, 
may be used to pull the foreleg to loosen a contracted knee. 
This technique is especially useful in treating individuals 
with a limited knee flexion contracture. Traction is contin-
ued for a period of  time and is repeated several times a day 
(Fig. 53.10).

Although morbidities due to infection are uncommon, 
the continuous and constant force of  pull can cause 

length. In such instances, the skeletal traction technique 
may be used.

Skeletal Traction Technique. Utilizing a skeletal trac-
tion technique to restore movements in a contracted joint 
typically requires percutaneous insertion of  a Steinmann’s 
pin through the radius for the elbow joint and the tibia for 
the knee joint. The pin is inserted through both cortices at 
the junction of  the proximal two-thirds and the distal third 
of  the radius or tibia. A contracted joint can be mobilized 
by continuous and constant “pull” on the long bone utiliz-
ing the gravitational force generated by 10–15 pounds of  
weight hung with a pulley device.

DC
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Fig. 53.8 (A) A 6-year-old boy sustained burns to the right side of his body extending from the lower neck to the upper thorax that included the axil-
lary crease. (B) He experienced difficulty in extending both the neck and the right arm because of ensuing contraction of scar tissues around the neck 
and the axilla. (C) A figure-of-eight dressing was used to maintain the shoulder extension and abduction. The dressing was used for 12 months. (D) 
He regained shoulder extension and mobility with the use of pressure dressing. 
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ineffective and where functional integrity of  a joint is at 
jeopardy.

Presurgical Evaluation

The patient is seen and the involved joint is examined before 
surgery. The following features are assessed:

■ The extent of  joint contracture is determined and the
passive and active range of  joint motion is assessed. 
Radiographic evaluation may be obtained to delineate 
the structural integrity of  the joint.

breakdown of  the skin, typically located in the area across 
the joint surface. The wound can be temporarily covered 
with a surgical or biological dressing. Closure of  the wound 
is contemplated once the joint contracture is fully 
corrected.

SURGICAL TREATMENT OF A 
CONTRACTED JOINT

Surgical treatment of  a contracted joint is contemplated in 
individuals in whom the use of  nonsurgical treatment is 
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Fig. 53.9 A contractural deformity had developed involving the left elbow joint, even though there were no direct injuries involving the joint. A 
Steinmann’s pin was inserted through the distal third of the radius for traction. A 500-g weight was used. A full extension of the contracted elbow 
joint was completed in 3–4 days. 

BA

Fig. 53.10 A knee contracture developed in an 8-year-old boy due to improper positioning and immobilization of the knee joint. There were no direct 
injuries involving the knee area. With the patient being placed in a prone position, the ankle was strapped with a 10- to 15-pound weight. The flexion 
contracture was relieved in 3 days. 
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Primary Closure of  the Wound. Wound closure per 
primum following burn scar excision is difficult if  not entirely 
impossible. Inelasticity of  the skin surrounding the wound 
and an inadequate amount of  uninjured skin available for 
mobilization and closure preclude the use of  this method of  
wound closure. Closure of  a resultant wound following 
release, in practice, would defeat the original objective of  
contractural reconstruction.

Skin Grafting Technique. The use of  a skin graft, full or 
partial thickness, to cover a wound is the most fundamental 
technique of  wound coverage; it is technically simple and 
has minimal morbidities.

OPERATIVE TECHNIQUE. A partial-thickness skin graft of  
15/1000th to 20/1000th inch in thickness is harvested 
from an unburned area using a dermatome. The scalp, 
lower abdomen, and the anterior surface of  the upper thigh 
are common donor sites.

A full-thickness skin graft can be harvested from 
the lower abdomen, above the suprapubic or ingui-
nal area, without leaving unsightly donor site defects. 
The subdermal fatty tissues are removed but attempts 
should be made to preserve the subdermal capillary 
plexus (Fig. 53.11). The donor defect is usually closed  
primarily.

The graft is cut to fit the defect and the edges are anchored 
with 3-0 silk sutures. The ends are left sufficiently long to 
tie over a bolster to immobilize the graft. Several anchoring 
mattress stitches using 4-0 or 5-0 chromic catgut sutures 
may be placed in the center of  the graft to immobilize the 
skin graft against the base. Hemostasis around the recipient 
site is essential. Hematoma formed underneath the graft 
will hinder the “take” of  the graft.

AFTER-CARE. The bolster is usually removed 4–5 days after 
the procedure. Bodily fluid or blood elements accumulated 
underneath the graft (i.e., seroma and/or hematoma) are 
evacuated. This is achieved by making a small nick in the 
graft with a pair of  surgical scissors. The fluid is “rolled” out 
with a cotton tip applicator. The joint is immobilized imme-
diately, and a pressure dressing is used to minimize the con-
sequence of  contracture. Physical exercise is resumed 3 
weeks after the surgery.

Interposition Flap Technique. This technique, known 
by various names such as the three-quarter z-plasty tech-
nique or the banner flap interposition technique, is the 
most useful method of  wound coverage following a releas-
ing procedure for a contracted joint. The technique is based 
on the principle that an open wound consequential to sur-
gical release may be covered with a skin flap mobilized 
from an adjacent area. While the flap design is technically 
simple, it requires an area of  movable tissue containing 
as little scar as possible adjacent to the released wound. 
Smaller defects can be treated with flaps of  skin and sub-
cutaneous tissue, although most functionally significant 
contractures require adjunctive measures to provide effec-
tive and durable release. We have found that an inter-
position flap, with its width tapering at its distal extent, 
can be fabricated with a length-to-width ratio as high as 
5 : 1 by carrying the subjacent fascia with the rotation 
flap; this flap is the mainstay of  our treatment of  axillary  
contractures.14,15

■ The magnitude of  scarring and scar thickness is assessed.
The scar is usually thickest across the joint surface.

■ The location and size of  uninjured skin are delineated. The 
availability of  uninjured skin frequently determines 
the technique of  reconstruction. Skin graft and skin 
flap donor sites are also ascertained.

■ The point and axis of  joint rotation are located. The line
of  incisional release is in alignment with the axis of  
joint movement.

Techniques of Joint Contracture Release

Despite detailed examination before surgery, the exact cause 
of  joint stiffness can only be delineated with surgery. In 
practice, contraction of  the scar tissues across the joint 
structure is the most common cause of  contractural joint 
deformities.

Release of  Joint Contracture by Incising the Scarred 
Tissue. A contracted joint is freed by making an incision 
in the scar across the joint surface. The incision is placed 
in line with the axis of  joint rotation. The incision is con-
fined within the width of  the scar initially and is lengthened  
as necessary to achieve the intended release. Prior infiltra-
tion of  the area with lidocaine containing epinephrine in
1 : 400 000 concentration is useful in obtaining hemostasis
and later pain control. The incision must be made with
caution to avoid injuring major vessels and nerves. This
is achieved by using a pushing instead of  a slicing motion
with a surgical blade to free the scarred tissues. The extent
of  release is assessed by the improvement of  joint motion
gained as the scarred tissue is severed.

In rare instances, cicatricial changes could involve the
joint capsule. Then, reconstruction of  the capsular struc-
ture will be necessary.

Z-Plasty Technique. A contracted area can be length-
ened by use of  the z-plasty technique.9 The technique uti-
lizes the principle that a contracted wound is lengthened
by interposing two triangular skin flaps mobilized from an
unburned area immediately adjacent to the area of  release.
The lengthening of  the wound is maximally attained by
interposing two triangular flaps of  60-degree angles. While
the z-plasty technique is an excellent means to amelio-
rate the problem of  wound contracture, it is not feasible
if  the amount of  uninjured skin adjacent to the wound
is limited.

Wound Coverage

There are six basic techniques of  wound coverage. Namely:

a. Primary closure of  the wound
b. A full-thickness or partial-thickness skin graft
c. An interposition skin flap mobilized from the area

adjacent
d. Combination of  an interposition skin flap and skin

grafting
e. A muscle or skin-muscle flap mobilized from the adja-

cent area
f. A free skin or skin-muscle flap harvested from a

distant site and transferred via a microsurgical
technique.
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Splinting of  the joint may be resumed within 4–5 days and 
joint exercise in 10–14 days.

Muscle Flap or Skin-Muscle Flap Technique. The 
technique is utilized in instances where the resultant defect 
following release is so extensive that coverage of  the wound 
with a skin flap or a skin graft is not feasible.

While the latissimus dorsi muscle harvested either as a 
muscle flap or as a musculocutaneous flap may be used to 
cover the axillary defect, the soleus muscle flap or the gas-
trocnemius muscle-skin flap may be used to cover the 
wound around the knee joint (Fig. 53.14). A fasciocutane-
ous flap may similarly be fabricated to cover a tissue defect 
consequential to surgical release of  a contracted joint (Fig. 
53.15).

Use of  a Free Flap or Muscle Flap. Although most of  
the major joint deformities could be reconstructed with the 
techniques described, the use of  microsurgical technique 
may be occasionally necessary to transfer a segment of  soft 
tissue from a distant donor site.

Of  the varieties of  flap available, we prefer the use of  
an anterior lateral thigh (ALT) perforator flap.16,17 The vas-
cular supplies to the skin around the anterior section of  
the upper thigh are consistent, so preparation of  a flap is 
therefore technically simple. While the morbidities attribut-
able to flap harvest are generally minimal, the flap can be 
bulky; secondary procedures to thin down a flap are often 
necessary (Fig. 53.16). Instead, a muscle flap may be used. 
The tissue bulkiness may be curtailed by using a skin graft  
(Fig. 53.17).

OPERATIVE TECHNIQUE. A triangular skin flap is designed in 
an unburned area adjacent to the wound following release. 
A vertical limb of  the flap begun at the end of  released 
wound edge is set at a 90-degree angle to the end of  the 
wound. The limb length is equal to the wound length. A 
triangular flap is formed by making the width of  flaps at 
mid-section the same as the wound width. The flap can be 
based either proximally or distally depending on the direc-
tion of  the triangular flap designed. The flap is dissected out 
and rotated 90 degrees to cover the defect. The flap donor 
defect is closed primarily. Healing of  the wound is usually 
uneventful (Fig. 53.12).

The width of  flap may be narrow in instances where the 
size of  unburned skin is not enough to fabricate a trian-
gular skin flap sufficiently wide to cover the wound. The 
flap, in such an instance, is anchored in the middle of  the 
wound. The two sides not covered by the flap are closed 
with a skin graft (Fig. 53.13). For larger or wider defects 
requiring longer flaps, a fasciocutaneous flap is employed. 
This flap is designed as above, but the tissue to be mobilized 
is sharply dissected free “straight-down” to incorporate the 
outer leaf  of  the subjacent fascia. It is important to pre-
serve the microcirculatory connections between the fascia 
and the skin. Occasionally we place a temporary suture 
between the edge of  the fascia and its skin edge above while 
the flap is mobilized. A 5 : 1 or greater length-to-width ratio 
is possible using this technique. Superficial epidermolysis 
of  the most distal aspect of  the flap may occur but rarely is 
of  clinical significance and resolves with local wound care 
over the course of  1–3 weeks.

AFTER-CARE. The wound edges are kept clean with antibi-
otic ointment. Sutures may be removed in 10 days. 

CBA

Fig. 53.11 (A) A piece of skin with subcutaneous tissues is removed from the abdomen and will be used as a full-thickness skin graft. (B) The subcu-
taneous fatty tissues were sharply removed with a pair of fine scissors. The capillaries were left undisturbed. (C) A close-up view to show the capillaries 
that are left in the graft. 

Text continued on p. 586.
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Fig. 53.12 (A) An interpositional skin flap technique (i.e., a modified z-plasty technique) is useful in reconstructing a flexion/adduction deformity 
around the joint, as seen in this 12-year-old individual who had sustained burn injuries around the right axilla. (B) An incision made across the area 
with maximal contraction resulted in a large tissue gap of 12 × 5–6 cm. (C) A triangular skin + fascia flap was mobilized from the lateral upper chest 
area and was rotated 90 degrees posteriorly to cover the wound. (D) The donor site was closed primarily. (E) The appearance of the wound 2 years 
following reconstruction. 
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Fig. 53.13 (A) An interpositional skin flap technique of wound closure may be modified, as in this 5-year-old girl who had sustained burns around the 
right axilla that caused contracture of the axillary joint. (B) The skin defect was so extensive that it could not be covered completely with a single flap. 
(C) The uninjured skin raised as a flap was transferred to the middle of the wound, leaving the areas proximal and distal to the flap to be covered with 
skin grafts. (D) The appearance of the wound 10 days following the surgery. (E) The appearance of the wound 10 years after surgery. The flap placed 
in the middle of the wound had increased in size because of body growth and stretching of the scar tissues. 
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Fig. 53.14 (A) Flexion of the knee was limited because of tight scars around the patella. (B) An incisional release of the tight area across the patella 
provided relief of knee contracture. However, it resulted in an open wound of 4–5 cm in size. (C) A medial segment of the soleus muscle was used to 
cover the defect. (D) The appearance of the knee area 3 months following the procedure. 

BA

Fig. 53.15 (A) A moderate degree of dorsiflexion contracture involving the right ankle of a 6-year-old boy required release. A triangularly shaped skin 
+ fascia flap was marked over the medial side of the lower leg. (B) A fasciocutaneous flap was fabricated and rotated 90 degrees anteriorly to cover a 
tissue defect consequential to contractural release. 
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(C) The closure of the flap donor site required the use of a skin graft. Healing was uneventful. (D) The appearance of the right ankle 
area 18 months following surgery. 
Fig. 53.15, con’d 
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Fig. 53.16 (A) An anterior lateral thigh (ALT) perforator flap was used to reconstruct an ankle contracture deformity. (B) While wound coverage was 
achieved, the tissue was noted to be bulky, requiring secondary debulking procedures. 
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Fig. 53.17 (A) The patient had sustained electrical burns resulting in tissue loss over the right heel area. (B) Wound débridement resulted in a large 
soft tissue deficit exposing the Achilles tendon. A muscle flap was transferred via microsurgical means to cover the wound. The muscle was covered 
with a skin graft. (C) Healing was uneventful. 

Conclusion

Contractural deformities of  the shoulder (axilla), elbow, hip, 
and knee joints are commonly encountered after burn inju-
ries. Although the injury involving limbs and joint struc-
tures could alone account for the deformities encountered, 
lack of  proper positioning and inadequate physical exercise 
while recovering from injuries exacerbates these problems.

The use of  braces, splinting, and pressure dressing is 
important in minimizing such an undesirable consequence 
of  burn injuries. The treatment for an established joint 
deformity, on the other hand, requires surgical release of  
the contracted skin and scars. In this chapter, various 
methods of  reconstruction have been described to manage 

the problems encountered and to outline the approach of
managing contractural deformities involving the shoulder
(axilla), elbow, hip, and knee joints. The interposition of  an
intact “integumentary functional unit” comprising epider-
mal, dermal, adipose, and fascial tissues with native
nervous, vascular, and lymphatic connections allows
release of  the intrinsic tissue tension driving scar hypertro-
phy and contraction. Accumulating cellular evidence indi-
cates that this mechanically transduced signal may lead to
myofibroblast apoptosis and more rapid resolution of  scar
hypertrophy (Figs. 53.18 and 53.19).18,19

Complete references available online at
www.expertconsult.inkling.com
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Fig. 53.18 (A) Preoperative contracture appearance. (B–D) Operative technique of contracture release and three-quarters random fasciocutaneous 
Z-plasty flap interposition. (E) Appearance 2 years after release.
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Fig. 53.19 (A) Preoperative contracture appearance. (B and C) Operative technique of contracture release and three-quarter random fasciocutaneous 
Z-plasty flap interposition. (D) Appearance 3 years after release.
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injury and burn resuscitation can cause a delayed appear-
ance of  compartment syndrome and eschar compression. 
Wound edema control is best accomplished with elevation. 
As discussed in Chapter 8, lymph pressures are typically in 
the 1–2 cm H2O range, and this gradient can often be over-
come with elevation by suspending the hand 50–100 cm 
above the phlebostatic axis, thereby creating a sufficient 
pressure gradient driving lymphatic drainage. Wounds 
should be dressed in a manner such that the burned hands 
can be monitored for neurovascular embarrassment and 
progression of  the burned wounds (see Box 54.1).

Acute Care of the Burned Hand

The goals of  acute management of  hand burns include 
maintaining perfusion with resuscitation, neurovascular 
protection through the release of  eschar compression and 
compartment syndromes, removal of  necrotic burned 
tissue, early grafting, and early ROM. Resuscitation and 
hemodynamic support are critical because the heart is the 
organ that perfuses the hands. Should eschar compression 
or compartment syndrome develop, prompt decompression 
is critical for limb salvage. Clinical examination is usually 
sufficient to diagnose eschar compressions and compart-
ment syndromes, including paresthesias, pain, passive 
resistance to extension, and loss of  capillary refill in the nail 
beds.

Escharotomies are the mainstay of  decompression in 
burn care. Incisions are made over the medial and lateral 
midaxial lines through the skin down to the fascia. The 
line of  release extends both caudad and cephalad beyond 
the margin of  tissue swelling to ensure complete release. 
Incisions on fingers are made along the midlateral line just 
dorsal to the digital neurovascular bundle between Gray-
son’s and Cleland’s ligaments.3 Releasing incisions may be 
extended into the web spaces and to the dorsal surface of  
the hand to ensure the integrity of  vascular supplies to the 
intrinsic musculatures of  the hand. Many centers promote 
routine performance of  escharotomies on both sides of  
fingers, and we advocate this approach. In a randomized 
control trial (RCT), a threefold increase in finger salvage was 
found with extended digital escharotomies.4 Escharotomies 
should be carried out liberally because all full-thickness 
burns will eventually require excision and grafting, includ-
ing resection of  the escharotomy incisions, as seen in  
Fig. 54.2D, E.

Deep hand and arm burns may be insufficiently decom-
pressed with escharotomies alone; release of  fascial com-
partments will be required. Incisional releases may be 
carried out involving the forearm muscle compartment and 

Introduction

The hand is a primary means of  communication, aesthet-
ics, emotion, and sexuality. It exists at the core of  our
humanity. Particularly in the modern age of  digital com-
munication, the inability to interface with the digital world
via hands is socially and intellectually isolating. Hands are
injured in 80% of  severe burns and are a primary American
Burn Association referral criterion. Loss of  hand function
from burn injury frequently limits the patient’s ability to
work and requires evaluation for long-term disability, as
discussed in Chapter 63. Functional recovery of  the burned
hand relies on quick and effective intervention by an expe-
rienced burn center.

Initial Assessment and First Aid

Successful restoration of  hand function after burn injury
begins with first aid, continues through acute care and
occupational therapy (OT), and is augmented with recon-
structive surgery. A careful history should be taken includ-
ing the nature of  the injury, but also of  the patient’s hand
dominance, occupation, and special hand uses, such as
playing a musical instrument.

Initial treatment is directed to prevent both further injury
and conversion of  the burn penumbra. First, the burning
process must be stopped by removing the patient from the
heat source and irrigating away any inciting chemicals.
Historically, icing the burn had been advocated;1 however,
in modern burn care, maintaining the wound warm is now
standard, and ice should be avoided. Blisters should be
débrided both to allow assessment of  the underlying burned
dermis as well as to remove the cytotoxic mediators elabo-
rated in the blister fluid, which can deepen the burn injury.2

The burn should be staged for depth at physical examina-
tion, and the patient should have an initial assessment of
sensation, motor function, skeletal stability, and circulation
(Fig. 54.1). The thin dorsal skin can easily suffer a third- or
fourth-degree injury, whereas the thick glabrous palmar
skin can often heal from even an apparently deep injury.
Initial assessment is aimed at gross and limb-threatening
injuries. Distracting injuries, pain, and fear can prevent an
effective assessment of  less obvious injuries, so patients
should be followed up and reassessed.

Careful and repeated assessments must be made for com-
promised perfusion due to compartment syndromes and
circumferential eschar constriction. These processes are
limb threatening, and a high index of  suspicion and prompt
response must be maintained. Edema resulting from burn
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interosseous compartments dorsally, the thenar and hypo-
thenar compartments, and the palmar spaces as shown in 
Fig. 54.2C. The carpal tunnel and Guyon’s canal should 
routinely be released as part of  treatment of  compartment 
syndromes of  the hand.

The next goal of  therapy is management of  the skin 
injury. Partial-thickness burns to the dorsum of  the hand 
are effectively treated with local care, skin substitutes, and 
immediate motion. If  minimal superficial eschar is present, 
débridement can be achieved either operatively or with an 
enzymatic agent such as collagenase. Standard skin substi-
tutes include homograft, xenograft, and ammonic mem-
brane, which provide a durable covering, a wound matrix, 
growth factors to stimulate wound healing, and minimize 
chronic wound granulation tissue formation. In recent 
decades engineered skin substitutes (Integra, TransCyte, 
Hyalomatrix) provide a similar skin substitution covering 
and matrix in an acellular manner further discussed in 

the carpal tunnel, as well as Guyon’s canal (Fig. 54.2). The 
intrinsic muscles of  the hand are particularly susceptible to 
elevated compartment pressures. These muscles infarct and 
contract, leading to an intrinsic-minus (claw) hand, dis-
cussed later. As such, care should be taken to release the 
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Fig. 54.1 Examples of burned hands. (A) A hand 
that has sustained a first- and second-degree, 
superficial partial-thickness burn with intact 
blisters. (B) Second-degree burn that is deep 
partial-thickness, typified by pallor mixed with 
erythematous changes (e.g., mottling). (C) Find-
ings of skin anesthesia and vessel thrombosis 
suggest full-thickness, third-degree skin burn. 
(D) Carbonization suggests a complete destruc-
tion of the structures consistent with a deep, 
fourth-degree burn. 

Box 54.1 Management Priorities of the 
Burned Hands

1. Evaluate burn and débride blisters
2. Decompression of compartment syndromes and eschar

constrictions
3. Early therapy and splinting
4. Early excision and grafting
5. Early and aggressive range of motion (ROM) with

occupational therapy
6. Secondary reconstruction of deformities
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Fig. 54.2 Upper extremity escharotomies and fasciotomies. (A) A patient having completion of dorsal escharotomy incisions. (B) Drawing of dorsal 
fasciotomy locations. (C) Drawing of dorsal hand fasciotomy locations and a cross-section demonstrating the access to decompress all the compart-
ments of the hand. Note the dorsal incisions decompressing the four dorsal interosseous compartments (incisions B and C), as well as accessing the 
adductor pollicis compartment via the second dorsal interosseous. The thenar muscles are decompressed via incision “A” volarly and radially, and the 
hypothenars are decompressed via incision “D” volarly and ulnarly. (D) Example of digital escharotomy incisions. (E) Subsequent escharotomy dem-
onstrating that escharotomy incisions should be made liberally because all eschar will be subsequently resected. (F) Placement of homograft on 
escharotomized fingers, secured with sutures. (A, D, E, and F are courtesy of Dr. Lineaweaver; B and C are used with permission from Rowland S. Fasciotomy: 
the treatment of compartment syndrome. In: Green DP, ed. Operative hand surgery. vol. 1, 2 edn. New York: Churchill Livingstone; 1988: 678-679.)
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to argue for grafting the dorsum in the fist position because 
this increases the total skin length by 20% and mitigates 
some of  the risk of  extension contracture because split-
thickness skin grafts (STSG) are known to contract up to 
30–50% of  the total graft area.11,12 While there are data 
to support all of  these grafting and splinting protocols, the 
primary goal is to begin hand therapy as soon as possible. 
In our experience, fibrin glues help achieve this goal effec-
tively with initiation of  motion on the first postoperative day  
(Fig. 54.4).

In cases where the paratenon of  the extensor mechanism 
is compromised, skin grafts may not take well. In these cases 
the options are to allow granulation tissue to form on the 
tendons and cover with a skin graft, cover the tendons with 
an artificial dermal template and delayed skin grafting, or 
to use immediate flap coverage. Permitting the extensor 
mechanism to granulate with delayed skin grafting can 
compromise long-term hand function as the tendon 
becomes entrapped in scar. Such delayed treatments, 
however, become the treatment of  choice in the setting 
where large burns and their threat to life are more pressing 
treatment priorities. Artificial dermal regeneration tem-
plate materials can be effective in primary burn treatment, 
but these adjuncts are susceptible to infection in large or 
colonized burn wounds. In a well-selected patient these 
adjuncts have minimal complications, high engraftment, 
good cosmetic and functional outcomes similar to native 
skin,5 and they demonstrate improved Vancouver scar scale, 
fingertip-to-palm score, and prehensile score.13

Early flap coverage of  dorsal hand burns is an effective 
technique to cover and protect the extensor mechanism. 
Flap choice is often limited by the overall physiological 
state of  the patient. The groin flap remains an option for 
expedience and reliability, although the bulky nature, pro-
longed inset, limited ROM, and obstruction to OT make it a 
flap to be used only when other regional or microvascular 
flaps are contraindicated. The merits of  various flap tech-
niques are discussed later in this chapter but are equally 
relevant to primary coverage. Both the posterior interosse-
ous artery flap and the reversal radial artery flap can cover 
the majority of  the hand. These flaps are reliable, techni-
cally straightforward, thin, and do not limit OT, making 
them practical options for coverage of  the burned hand  
(Fig. 54.5).

Management of  burns to the palm is most often expect-
ant. The thick glabrous skin of  the palm has deep reticular 
structures and appendages allowing skin regeneration with 
minimal sequelae in most burns. In the event that grafting 
is required, there is continuing controversy over the best 
graft source: STSG, full-thickness skin graft (FTSG), or 
medium-thickness glabrous skin graft (MTGSG). Herndon 
et al. reported that STSG functions as well as FTSG for palm 
burns.14 Conversely Pham et al. have demonstrated that 
FTSG performed better for palm burns in children.15 MTGSG 
is the best tissue match, with good graft take and low donor 
site morbidity.16 In a 12-year experience with MTGSG, good 
sensation, color, and donor healing were reported.17 Plantar 
glabrous skin also transfers Meissner’s corpuscles and sweat 
glands, structures that may be important to the fine sensa-
tion and grip needed on the palms. We tend to use STSG but 
the appropriate patient can find good utility in all of  these 
techniques.

Chapter 15.5 Other synthetic dressing materials such as 
nylon mesh with collagen matrix (Biobrane), polylactic acid 
(Suprathel), and silver ion-containing nonadherent long-
term coverings (Mepilex or Acticoat) are used functionally 
as skin substitutes.6 Collectively these materials function as 
skin substitutes, remaining in place, protecting the wound, 
providing a wound matrix, and allowing reepithelialization. 
However aggressive care and use of  skin substitutes is 
advised to minimize scarring and fibrosis and maximize 
long-term hand function. Thermoplastic custom hand 
splints applied immediately play an important role in main-
taining hand position while at rest (Fig. 54.3). Immediate 
ROM, however, is the most important intervention to main-
tain hand function. In cases where the wound is not super-
ficial, delayed, or “conservative: burn wound treatment 
inevitably leads to delays, which can result in a poor 
outcome for the patient. Early removal of  all eschar is at the 
core of  modern burn care. In the setting of  large burn 
wounds, definitive grafting of  the hands may need to be 
delayed due to limitations of  available grafts; hand wounds 
then need to be temporized with cadaveric skin. However 
grafting of  the hands should be a high-priority limb-saving 
treatment, even in extensive burn injuries.

Deep burns to the dorsum of  the hand are common 
because the skin is thin and the dorsum is exposed to injury 
in the protective reflex. Additionally, there is very little sub-
cutaneous tissue so the extensor mechanism is susceptible 
to fourth-degree injury, particularly at the proximal inter-
phalangeal (PIP) joint. The use of  a split-thickness sheet 
skin graft is the preferred covering for the dorsum of  the 
hand, providing the best scars and color match, although 
1 : 1 meshing has similar outcomes.3 The means of  secur-
ing the graft, splinting, and the timing of  therapy are areas 
of  continuing controversy. Many groups now secure grafts 
with fibrin sealant or sutures and begin gentle active ROM 
in the first postoperative day.7,8 Other groups continue 
to immobilize fingers in the intrinsic-plus position with 
K-wires for up to 6 weeks while reporting no permanent loss 
of  ROM or articular surface damage.9,10 Still other groups 
advocate immobilization of  the hand during engraftment 
with splints for short periods of  time. Finally some continue 

Fig. 54.3 Example of thermoplastic hand splinting. A hand splinted in 
intrinsic-plus position, also known as the “safe position.” The distal 
interphalangeal–proximal interphalangeal (DIP-PIP) joints are main-
tained at full extension, metacarpophalangeal (MCP) joints at 70 
degrees flexion, and the wrist at 30 degrees extension. 
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splinting maximizes ligament and skin stretch in the posi-
tion of  function. The implication that the hand is safe in this 
position ignores the fact that the best position for the hand 
is in motion. No splinting should be considered as a resting 
substitute for active ROM.

OT can perform full ROM of  all hand joints in the operat-
ing room prior to grafting to establish maximal mobility 
without pain and allowing the OT to be far more aggressive 
and expedient. This intervention can occur in parallel with 
other aspects of  an operation thereby not increasing opera-
tive time. When fibrin glue or sutures are used to secure a 
sheet graft, therapists can take down the dressing on post-
operative day 1, evaluate the graft, and evacuate any hema-
toma or seromas. If  the graft is adherent to the wound bed, 
composite fist therapy should be initiated. Grafts are then 
dressed with functional compressive dressing and intrinsic-
plus thermoplastic splints worn at night. Full range of  hand 
motion can be achieved in 5 days with this protocol. Finally 
compression gloves should be manufactured to limit edema, 
hypertrophic scarring, and shearing of  grafts.

Mobilization of  the elbow is critical, and this joint should 
be kept extended to maintain maximal ligament length. 
Extension, however, is not a position of  function, and, as 
such, elbow contractures in extension are debilitating 
because the patient is unable to reach hand to mouth. 
Therefore elbow ROM exercises are critical. The shoulder is 

Occupational Therapy of the 
Burned Hand

Active motion is the means by which the hand maintains 
plasticity. The burned hand is predisposed to fibrosis because 
skin grafts and scars contract and deform the hand, while 
pain, edema, dressings, and splints limit hand mobility. As 
such, daily OT and a close working relationship between the 
surgeon and the therapist are critical to functional out-
comes, reducing the need for secondary reconstruction to 
as low as 3.7% at 9 years according to Kreamer and Deitch.18 
A sufficient number of  therapists should be available to 
treat each patient 1–2 times per day. A ratio of  one therapist 
to seven patients is a good rule of  thumb to allow for suffi-
cient care. However the practicalities of  early and aggres-
sive OT are often limited by the particular practice scenario 
such as available personnel and other life-saving interven-
tions, such as critical care or large burn wounds. Caring for 
hand burns requires extensive OT intervention and exper-
tise in terms of  physiotherapy and wound care usually only 
available at specialized centers.

The overall goals of  OT are to maintain maximal hand 
movement, protect grafts, provide effective and well-fitting 
splints to maintain ligament length, and guide the patient’s 
recovery toward maximum hand function. Intrinsic-plus 
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Fig. 54.4 Example of excised and grafted dorsal hand burn. Hand having 
undergone primary dorsal split-thickness skin grafts (STSG) sheet graft-
ing, secured with sutures in intrinsic-plus splinting with early motion 
protocol. (A) Dorsally STSG sheet grafted hand in full active extension, 
and (B) in active composite fist volar view and (C) dorsal view. (Courtesy 
of Dr. Lineaweaver)
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Fig. 54.5 Examples of regional pedicle flaps for hand coverage. (A) Dorsal hand and wrist defect, (B) markings for posterior interosseous nerve flap, 
(C) elevated in a fasciocutaneous manner, (D) rotated and inset to close a dorsal hand defect. (E) Follow-up image of healed posterior interosseous 
nerve flap. 
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tissue coverage is critical to preventive and secondary treat-
ment of  these deformities. Chronic wounds also occur com-
monly and require operative excision and closure. The loss 
of  structures such as digits or extensor tendons is also 
common, and a reconstructive balance needs to be struck 
between the desire for definitive reconstruction and the 
patient’s tolerance for additional surgery.

RECONSTRUCTIVE METHODS

It is important when reconstructing the hand to use the 
“reconstructive elevator” to determine the best solution for 
the patient and not move in a stepwise fashion through 
inadequate treatments. First, the contracture is incised or 
resected, the joints maximally stretched, and the entire 
extent of  the tissue deficit made manifest (Fig. 54.6).

a. Primary closure of  the wound: This technique is used
to close a wound resulting from the excision of  hyper-
trophic scar tissues. Primary closure should only be 
considered when adjacent skin permits tension-free, 
nondeforming repair.

b. Grafting of  a wound: In situations where a skin con-
tracture has occurred, if  the contracture can be 
released leaving an adequate bed for additional skin 
grafts, then either STSG or FTSG can be considered a 
sufficient skin envelope.

c. Skin flaps: Often an adequate bed cannot be established 
for a skin graft because critical structures need to be 
covered or the recurrence of  skin graft contracture is 
a major concern. In these cases a random pattern skin 
flap can be designed to close the wound. Classic flap 
designs, including z-plasty, modified three-quarters 
z-plasty transposition flap technique, rhomboids, rota-
tions, and advancements, are all reasonable choices in 
the circumstances when adjacent tissue can be used 
for a flap (Fig. 54.7). The operating surgeon should 
not feel constrained to one type of  tissue rearrange-
ment and should choose the best surgery based on the 
defect and available adjacent tissue.

d. Muscle flaps, musculocutaneous (MC) flaps, and fascio-
cutaneous (FC) flaps: The vascular supplies to skin flap 
skin are enhanced by incorporating the muscle, 
fascia, or paratenon. The flap is mobilized to fill a 
defect resulting from scar release as a local, regional, 
or distant microsurgical flap (Fig. 57.16). In many 
cases early microsurgical reconstruction allows the 
best and most efficacious coverage of  the wound and 
should be part of  the armamentarium of  surgeons 
treating these injuries. Muscle flaps bring a viable 
muscle to cover a wound, and the flaps themselves 
are covered with STSG (e.g., rectus flap). Musculocu-
taneous flaps bring a vascularized muscle with its 
overlying skin to cover a wound (e.g., latissimus dorsi 
flap). Fasciocutaneous flaps bring vascularized fascia 
with overlying skin to cover a defect (e.g., radial 
artery flap). Fascial flaps bring viable fascia and are 
subsequently covered with STSG (e.g., temporopari-
etal fascia flap). The best reconstruction technique 
depends on the patient’s available donor tissue areas 
and overall health and tolerance for reconstruction 
and should not be constrained by the surgeon’s 

similarly best splinted in abduction to prevent axillary con-
tractures. However abduction is not a position of  function, 
and ROM therapy is again critical.

Management of Established 
Burned Hand Deformities

Long-term hand deformities can develop and cause pro-
gressive deformities and disabilities despite aggressive acute 
care. As discussed earlier, the best option to avoid recon-
struction is assiduous acute care. Early excision and graft-
ing of  hand burns within 4–6 days of  injury gives a fivefold 
reduction in the need for secondary correction of  scars or 
of  being debilitated.19 When deformities occur refractory 
to OT, early reconstruction is advocated.3 It is critical that 
both the surgeon and the patient have realistic expecta-
tions of  the reconstruction and acknowledge that full pre-
morbid restoration of  hand function can rarely, if  ever, be 
accomplished.

The most common pathophysiology of  burn deformity is 
insufficient skin coverage from scar contracture. This 
primary skin contracture limits or deforms hand movement 
and leads to a fibrosis of  the tendinous and ligamentous 
structures of  the hand with progressive loss of  function. 
Early establishment of  durable, flexible, and sufficient soft 
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(F) Line drawing of a distally based radial forearm 
flap, (G) raised and (H) inset to cover a dorsal hand injury. (A–E are used 
with permission from Baylan JM, Chambers JA, McMullin N, et al. Reverse 
posterior interosseous flap for defects of the dorsal ulnar wrist using previ-
ously burned and recently grafted skin. Burns. 2016;42(2):e24–30. F–H are 
used with permission from Lineaweaver WC, Buncke HJ. Flap reconstruc-
tion of the hand. In: Jupiter JB, ed. Flynn’s hand surgery. 4 edn. Philadelphia: 
Williams & Wilkins; 1991: 607–625.)

Fig. 54.5, cont’d
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the deformity and immobilization of  the primary skin 
contracture. The contracted skin is released and a skin 
defect created by extending the contracted hand, as in 
Fig. 54.6. The resulting skin defect can then be closed by 
utilizing a transpositional skin flap technique (e.g., three-
quarters z-plasty), pedicled flap, or skin graft, as in Fig. 
54.6. Skin grafting is a viable option for closure of  defects 
where no critical structures are exposed. As discussed in 
the acute burn section, there are controversies over the 
use of  a dermal matrix, FTSG, STSG, or MTGSG should 
a volar graft be needed. If  release of  the contracture is 
inadequate, a capsular release of  the affected joint may  
be needed.

In the setting of  exposed critical structures (neurovascu-
lar bundles, tendons or bones), upon release of  a volar con-
tracture the best reconstruction depends on the available 

technical ability or knowledge. Regardless of  the 
tissue donor chosen, care must be taken to limit bulk 
and allow the patient to move the intricate joints of  
the hand freely.

Reconstruction of Phalangeal 
Deformities

FLEXION CONTRACTURE DEFORMITIES

Flexion contractures usually occur from deep or full-
thickness burns to the volar skin causing inadequate 
skin length. Joint and tendon sheath contractures can 
be contributing elements developing secondarily from 
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Fig. 54.6 Release of palmar flexion contracture 
with split-thickness skin grafts (STSG). (A) 
Palmar contracture in a 7-year-old child. (B) The 
tissue deficit created after releasing the contrac-
ture and extending the fingers manifests the 
true skin deficiency. (C) STSG inset into the 
defect. The digits held in extension with intra-
medullary K-wires. (D) The release of the digits 
achieved by palmar release. 
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Fig. 54.7 Examples of local flaps for wound coverage in the hand. (A–D) Elevation and inset of dorsal interosseous artery flap. These exist in each web 
space and can be used to cover the finger out to the distal interphalangeal (DIP) joint with sensate tissue. (E) Line drawing of a z-plasty transposition 
flap. An incision is made along the contracture scar then flaps raised perpendicular at angles of 60 degrees. The flaps are then transposed, increasing 
the length of the scar. Typically flaps with tip angles of 60 degrees will increase in length of a contracture by 60% (75% by calculation). (F) Line draw-
ings, elevation, and inset of neurovascular-island flap which can effectively cover the fingers, including the pad, with sensate glabrous tissue. 
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(G–J) Line drawings, elevation, and inset of cross-finger flap which can effectively cover any part of the finger. (K) Line drawing of a 
hand with a flexion contracture of the small finger and an unstable thumb amputation wound marked with a Limberg (rhomboid) flap closure that 
will deepen the first web space and close the defect. The internal angles of the Limberg flap are 60 and 120 degrees, the width equals a to a’ and the 
donor defect of b to b’ must close primarily. (L) Line drawing showing the Limberg flap rotated into position as well as the flexion contracture of the 
small finger released by transposition of multiple z-plasty flaps. (A–D are used with permission from Agir H, Sen C, Alagoz S, Onyedi M, Isil E. Distally based 
posterior interosseous flap: primary role in soft-tissue reconstruction of the hand. Ann Plast Surg. 2007;59(3):291–296. E–K are used with permission from 
Lineaweaver WC, Buncke HJ. Flap reconstruction of the hand. In: Jupiter JB, ed. Flynn’s hand surgery. 4 edn. Philadelphia: Williams & Wilkins; 1991: 607–625.)

Fig. 54.7, cont’d

donor tissue. The use of  an axial lateral digital flap, a neu-
rovascular island flap (Littler flap), a dorsal metacarpal 
artery flap, or a cross-finger flap may be necessary for a 
finger that has lost sensory supply to restore not only the 
soft tissue deficit but also the sensory supply (Fig. 54.7). 
When local flaps are inadequate, a dermal matrix may 
allow a staged reconstruction. The reconstructed finger is 
maintained at full extension by splinting. Alternatively a 
Kirschner wire placed intramedullary or underneath the 
flexor tendon sheath to maintain finger position for a period 
of  10–14 days can be effective.

EXTENSION CONTRACTURE DEFORMITIES

Burns to the dorsum of  the hands are common, and these 
burns are often significant due to the thin skin and finely 
tuned extensor mechanism. Deformities here occur from 
insufficient skin envelope, exposed or compromised tendons 
and joints, tendon adhesion, and tendon disruptions (e.g., 
Boutonnières deformities). Surgical intervention is often 
needed to correct an established deformity refractory to OT 
interventions.

When there is insufficient skin on the dorsum of  the 
hand, contractures can be released, constricting scar tissue 
resected, and the defect regrafted with STSG. STSG recon-
struction can compromise tendon glide if  the paratenon is 

compromised, although early motion protocols help main-
tain motion. For small defects, a three-quarters z-plasty
transposition flap can be beneficial over the metacarpopha-
langeal (MCP) joint (Fig. 54.8). Often, for large deficits over
the dorsum, a distant flap is needed, such as a distally based
posterior interosseous flap, which can provide large-area
durable coverage with good tendon glide.20 This flap can be
used when the donor area is burned and even in the acute
burn setting when the donor area is recently skin grafted21

(Fig. 54.5). Similarly propeller flaps can be constructed
with reliability in the upper extremity.22 Temporoparietal
fascia free flaps can also provide excellent tendon glide, and
microvascular flap coverage should be available to hand
burn patients. Classically, large defects of  the dorsum of
the hand are covered with groin flaps, which are described
later in the electrical burn section (Fig. 54.9). It is far pref-
erable to use a flap that allows one-stage coverage and
early motion, so groin flaps should only be employed in the
rare circumstance where local, regional, and free flaps are
contraindicated.

Extension contractures to the fingers are also common.
They are released by incising the scar over the deformed
finger joint(s) (i.e., the deformed distal interphalangeal
[DIP], PIP, and MCP joints). If  needed, the joint capsule is
released. The resultant defect can be closed with the three-
quarters z-plasty technique (Fig. 54.8). STSG can be used
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Fig. 54.8 Examples of contractures treated with local transpositional three-quarters z-plasty. (A) Metacarpophalangeal (MCP) joint extension con-
tracture with three-quarters z-plasty transposition flap marked. (B) MCP contracture released with transverse incision and transposition flap raised.  
(C) Three-quarters z-plasty flap rotated into position and flap donor area closed directly, (D) with follow-up at 3 years. (E) Release of flexion contracture 
of wrist with three-quarters z-plasty transposition flap marked. (F) Skin defect is manifest when the flexion contracture is released with a transverse 
incision. 
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(G) Transposition flap raised  
in a fasciocutaneous manner and (H) rotated 
into the skin defect on the volar wrist. (I) Flap 
donor area closed with split-thickness skin graft, 
and (J) contracture release persists at 4-year 
follow-up. 

Fig. 54.8, cont’d
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for defects over the MCP joint. Dorsal metacarpal artery 
flaps allow coverage of  the extensor hood out to the DIP 
joint. These flaps are elastic, durable, and sensate coverage 
for digits.23 FTSG and cross-finger flaps also provide effective 
coverage options (Fig. 54.7).

The thin covering of  the dorsum of  the finger results in 
many central slip injuries and resultant Boutonniere 

deformities. PIP fusion or amputation is common because
tenoplasty often fails in this setting of  poor soft tissue cover-
age. Finally fat grafting can be used to repair contour defor-
mities from severe contracture and burns to the hand.24 Fat
grafts may also improve tendon glide by elevating prior skin
grafts off  the extensors (Fig. 54.10). In a recently published
series fat grafting was shown to significantly improve scar,



54 • Acute and Reconstructive Care of the Burned Hand 601

Z-plasty, advancement flaps, and V-Y advancements are
also viable means of  reconstruction. No additional phys-
iotherapy is necessary. Unrestricted use of  the hand daily 
will restore the web space and the movements of  the fingers  
(Fig. 54.11).

First Web Space Contracture

First web space contracture is functionally significant 
because of  limitations of  thumb extension, abduction, and 
opposition. While conventional techniques, such as z-plasty 
and skin grafting, may be used to reconstruct the deformity, 
the technique combining two z-plasties with one central 

contour, and Michigan Hand Outcome Assessment com-
pared to the unaffected hand.25

WEB SPACE CONTRACTURE

Narrowing of  the web space is a common sequela of  hand 
burns. Placement of  unburned tissues in the dorsal aspect 
of  the web space is the key to reconstruction. Reconstruc-
tion can be achieved through the use of  a triangular skin 
flap mobilized from either the radial or ulnar side of  the 
fingers and then rotated into a contracted web space, espe-
cially to the second, third, and fourth, to achieve the release. 
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Fig. 54.9 Abdominal flap. (A) Extensive volar burn covered with inferior superficial epigastric artery-based abdominal flap (B). (C) Abdominal flap 
following division. (D–F) Line drawings demonstrating the anatomy and inset of a superficial epigastric artery-based abdominal flap. (D–F used with 
permission from Lineaweaver WC, Buncke HJ. Flap Reconstruction of the hand. In: Jupiter JB,  ed. Flynn’s hand surgery. 4 edn. Philadelphia: Williams & Wilkins; 
1991: 607–625.)



54 • Acute and Reconstructive Care of the Burned Hand602

A B

Fig. 54.10 Fat grafting dorsal hand under split-thickness skin graft (STSG). Hand with dorsum extension contracture and contour defect treated with 
fat grafting. (A) Dorsally STSG hand with extension contracture. Note the sharp demarcation of the STSG’s skin color and contour from the native skin 
at the level of the metacarpophalangeal (MCP) joint and wrist. (B) Six-month follow-up after a single fat grafting with a modest but significant increase 
in range of motion, scar quality, and hand outcome score in this preliminary study. Note the clear line demarcating the previously placed STSG at the 
level of the MCP and wrist, which now has improved contour and color. The authors postulate multiple graftings might have cumulative effects by 
releasing tethered skin and remodeling the subcutaneous layer in the hand. (From Byrne M, O’Donnell M, Fitzgerald L, Shelley OP. Early experience with 
fat grafting as an adjunct for secondary burn reconstruction in the hand: technique, hand function assessment and aesthetic outcomes. Burns. 
2016;42(2):356–365.).

A B C

Fig. 54.11 Release of web space contracture. (A) Contracture of the right second web space with markings for three-quarters z-plasty transposition
flap release. (B) The flap was rotated dorsally and the wound was closed primarily. (C) The appearance of the operative site 3 years following the
release.
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V-Y plasty, commonly known as the trident flap technique,
the “jumping-man” technique, seagull-wing flap technique, 
or five-flap technique, is a simple and effective approach to 
providing the release. An approximately 30–40% increase 
in the first web space is obtainable using this release tech-
nique (Fig. 54.12).

RECONSTRUCTION OF A DEFORMED THUMB

It is estimated that 45–50% of  hand function is forfeited with 
the loss of  a thumb.26 Reconstruction of  the thumb should 
be offered to patients, and many techniques are available, 
from a toe-to-thumb transplantation to the creation of  a 
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Fig. 54.12 Release of first web space contracture. (A) A moderate
degree of web space contraction developed in the first web space 9
months following split-thickness skin graft (STSG). Skin markings were
made for the “jumping-man” technique of contracture release, also
know as the trident or five-flap technique. (B) Flaps transposed and
inset. (C) An increase of 30–50% in the arc length of the web space with
the “jumping-man” technique. (D) The appearance of the released web
space 3 years later. (E) Line drawing of a hand with a first web space
contracture and markings for the four flaps of the “jumping-man” and
(F) the flaps transposed releasing the contracture. (E–F used with per-
mission from Lineaweaver WC, Buncke HJ. Flap reconstruction of the
hand. In: Jupiter JB, ed. Flynn’s hand surgery. 4 edn. Philadelphia: Williams
& Wilkins; 1991: 607–625.)
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Fig. 54.13 Index finger pollicization. (A,B) The skin drawing 
marked the skin edges of the index finger remnant. (C,D) The index 
finger remnant was fabricated as a composite island flap containing 
bony skeleton and the neurovascular bundles. The island flap was 
transferred to the remnant of the thumb. K-wires were used to 
anchor the flap. (E) The thumb remnant was lengthened by stack-
ing the index finger remnant. The web space was deepened by 
removing the second metacarpal. (F) X-ray of a different hand fol-
lowing pollicization that demonstrates the bony changes associ-
ated with the procedure (F used with permission from Lineaweaver 
WC, Buncke HJ. Flap Reconstruction of the hand. In: Jupiter JB, ed. 
Flynn’s hand surgery. 4 edn. Philadelphia: Williams & Wilkins; 1991: 
607–625.)

digital post. In many patients deepening the first web space 
provides an adequate post for grip and pinch.

The technique of  stacking a remnant of  the index finger 
to the thumb ray to elongate the thumb remnant and 
deepen the first web space has been used in Galveston for 
the past 30 years. Functionally this is a form of  pollicization 
of  the index finger. The remnant of  the index finger is 

transected at the metacarpal or proximal phalanx level. The 
index finger is mobilized as a flap with its neurovascular 
bundle intact. The proximal bone margin of  the index finger 
is fixed to the distal end of  the thumb remnant. Resection 
of  the index metacarpal deepens the first web space. The 
procedure carries low morbidities and could be performed 
in an outpatient surgical facility (Fig. 54.13).
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Microvascular toe-to-thumb transfer has been demon-
strated to lead to good functional outcomes.27 The tech-
nique is beyond the scope of  this chapter,28 but it can provide 
very high satisfaction and result in a functional and sensate 
thumb.29 Furthermore, multiple toes can be transferred to 
reconstruct function in the fingerless “metacarpal only” 
hand (Fig. 54.14).30

RECONSTRUCTION OF A CLAW HAND

The burned hand can develop a claw deformity from mul-
tiple etiologies. The classic claw hand, the intrinsic-minus 
hand familiar to all hand surgeons, can develop from ulnar 
nerve injuries either in the primary burn injury, compres-
sion at Guyon’s canal, or compression at the cubital tunnel. 
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Fig. 54.14 Toe-to-hand transfer. (A) Metacarpal hand after closure with pedicled groin flap. (B) Thenar muscle function maintained. (C) Design of skin
incision with recipient vessels marked. (D) Donor toes marked with right great toe and left combined second and third toes. (E) Tripod pinch present
at 3-year follow-up. (From Vivek Jain F-CW. The metacarpal hand. In: Norman Weinzweig JW, ed. The mutilated hand. Lansing: University of Michigan/Elsevier
Mosby; 2005: 280.)
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repose with MCP hyperextension and PIP contracture. This 
claw-like hand is treated by total scar excision and coverage 
with skin grafts or flaps. Early and aggressive OT is essential 
to regain intrinsic function.31

Electrical Injuries Involving the 
Upper Limb

Electrical injuries are discussed in detail in Chapter 38 on 
electrical burns, but they are important to consider here 
because the upper extremity is a common contact point for 
electrical injury. Injuries often include the entire extremity 
(i.e., the shoulder to the hand). The damaged structures 
noted are mostly the muscles in the arm, neurovascular 
bundles, and the skin over contact points in the forearm and 
in the hand. The bones typically generate heat due to their 
high resistance and burn the tissue from the inside out. 
Thus a fourth-degree injury is common, and aggressive 
treatment is needed.

Various classification schemes have been described for 
electrical burns of  the upper extremity but are clinically 
cumbersome and do not guide treatment. Treatment and 
diagnostic priorities are the same as all burn injuries: rees-
tablishment of  blood flow, débridement of  necrotic tissue, 
decompression, early graft coverage, and early ROM. The 
incidence of  extremity amputation in cases with deep, cir-
cumferential electrical burns can be in the range of  
25–80%, attributable to vascular injuries. Assessment of  
vascular injuries and vascular compression in patients with 
electrical burns is, therefore, extremely important at the 
time of  initial evaluation. The structural and functional 
integrity of  the arteries is assessed with clinical exam, 
Doppler flow, magnetic resonance imaging (MRI), and angi-
ography. Surgical exploration remains the definitive strat-
egy for diagnosis and treatment. Patients sustaining 
electrical burns of  the upper limb are frequently found to 
suffer other life-threatening injuries. Surgical débridement 
of  burn wounds and wound exploration are planned as part 
of  their overall stabilization.

Decompressive Escharotomy and Fasciotomy

Decompression to reestablish blood flow is particularly criti-
cal in electrical injuries. Tissue destruction particularly 
involving deep structures inevitably leads to interstitial 
extravasation of  tissue fluid and tissue swelling. The release 
of  muscle compartments is necessary in instances where 
the muscle compartments are swollen. Without releasing 
procedures, ischemia can cause muscle necrosis and nerve 
injury (Fig. 54.2). Deep muscles in contact with the bones, 
such as the pronator quadratus and rotator cuff  muscles, 
are particularly at risk of  necrosis and should be evaluated 
during decompressive surgery. Necrotic muscles should be 
removed as soon as possible to prevent systemic toxicity 
such as renal failure.

Early Débridement

In patients with obvious, deep burns to the arm and with 
life-threatening injuries, early proximal amputation should 
be considered. A proximal amputation can quickly remove 
extensive necrotic muscle, particularly when the rotator 
cuff  muscles are infarcted. Prompt amputation of  an 

In these cases ulnar nerve decompression can improve 
hand function.

A claw hand deformity can occur from necrosis of  
intrinsic hand musculature thereby creating an intrinsic-
minus repose. In these cases ulnar nerve tendon transfers 
used to treat the intrinsic-minus hand from ulnar nerve 
injuries are not typically successful in the burned hand 
due to the overall soft tissue damage to the hand. Joint 
fusions in a position of  function can improve overall hand  
function.

A claw-like deformity can also occur in burned hands 
with intact ulnar innervation and intrinsic musculature 
(Fig. 54.15). Scar contracture can create intrinsic-minus 
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Fig. 54.15 Claw-like hand. (A) Classic presentation of the “claw-like
hand” with metacarpophalangeal (MCP) joint hyperextension, inter-
phalangeal (IP), proximal and interphalangeal (PIP) flexion, and thumb
adduction. This intrinsic-minus repose appears identical to a claw hand
from an ulnar nerve palsy but in this case is from a severe dorsal con-
tracture. (B) Treatment consists of a transverse releasing incision proxi-
mal to the MCP (arrows) allowing MCP capsulotomy and flexion, then
closure with a split-thickness skin graft (STSG). (C) Follow-up demon-
strates composite grip and intrinsic function of the hand. (From Sabapa-
thy SR, Bajantri B, Bharathi RR. Management of post burn hand deformities.
Ind J Plast Surg. 2010;43(Suppl):S72–79.)
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unsalvageable upper extremity can be a life-saving proce-
dure that avoids hemorrhage and sepsis as well as the meta-
bolic complications of  multisystem organ failure from 
myonecrosis. This can be life-saving due to the risk of  renal 
failure from rhabdomyolysis and the susceptibility of  
necrotic muscle to mold infection.

Complete débridement is advisable in the 1–2 days fol-
lowing injury. The procedures should include removal of  all 
devitalized tissues, ascertaining the viability of  intrinsic 
muscles and pronator and supinator muscles. Every effort 
should be made to preserve all forearm nerve structures 
unless nerve viability is clearly lost. Vascular continuity, in 
instances where the patency of  both radial and ulnar arter-
ies is compromised, may be restored by means of  vein grafts, 
although often arterial thrombosis is a marker of  severe 
necrosis and nonreconstructable disease.

Wound Management

The magnitude of  tissue damage in high-voltage electrical 
burns is often so extensive that it involves muscles and blood 
vessels. Limb removal, in such instances, is the sole treat-
ment option left to minimize lethal consequences of  the 
injuries. The conventional regimen of  a split-thickness skin 
graft for wound coverage is often not feasible because 
wound beds are devoid of  vascular supplies and/or tissue 

loss is extensive (Fig. 54.16). Instead, local or distant flaps 
are used for wound coverage and protection of  nerves, 
vessels, joints, and tendons. The pedicled abdominal flap 
has utility in this setting because the arm is within the zone 
of  injury and local or regional flaps may have been compro-
mised (Fig. 54.9).32,33 However, even in the setting of  electri-
cal injuries, distant pedicled flaps should only be used in the 
rare instances where local, regional, and microvascular 
flaps are contraindicated or unavailable. An angiogram can 
clarify which regional flaps and microvascular recipient 
vessels are available.

FUNCTIONAL RECONSTRUCTION OF 
LIMB DEFORMITIES

Loss of  limb function is not uncommon following electrical 
injuries. Insufficient vascular supply, extensive nerve and 
musculotendinous damage, and loss of  muscle functions 
involving the shoulder girdle and the forearm, as well as loss 
of  intrinsic musculatures of  the hand are factors responsi-
ble for the difficulties encountered. Maintaining joint mobil-
ity and replacement of  lost soft tissue in the forearm and 
hand are two key features necessary for functional recon-
struction. Patients are encouraged to follow an OT regimen 
to maintain joint mobility, particularly of  the finger joints. 
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Fig. 54.16 Microvascular flap reconstruction. Anterolateral thigh fas-
ciocutaneous flap transferred with microsurgical technique to cover 
extensive wound to volar arm and hand with exposed tendons and 
median nerve. 
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Successful nerve grafting for sensory restoration and/or 
tendon transfer procedures for digital movements require 
prior skin flap procedures mobilized from an adjacent area 
or a free flap transferred via microsurgical means to restore 
the soft tissue coverage of  the injured site. Restoration of  
the tendon activities is contemplated once these procedures 
are completed. At a minimum, the rehabilitative regimen 
in general takes 2–3 years to complete. Centers unable to 
offer the full range of  reconstruction should refer patients to 
those more versed in limb salvage and hand surgery.

Conclusion

Effective hand reconstructive procedures rely not only on 
the surgeon’s surgical judgment and skill but also on effec-
tive OT and the patient’s compliance with rehabilitative 
treatment. As such it should only be attempted at centers 
with specialized surgical and therapeutic expertise. An 
experienced burn reconstructive hand surgeon can help 
move a patient toward even greater maximal medical 
improvement. A well-planned regimen is essential to restore 
these individuals to their former lives. This must be carried 
out in a multidisciplinary manner with an experienced 
surgeon and therapist.
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BURNS OF THE PENIS

Burn injuries limited to the penis, although possible, are 
quite rare (Fig. 55.1). Concomitant involvement of  the 
penis with burn injuries of  the lower trunk and the perineal 
area, on the other hand, is quite common. Initial patient 
management, in addition to resuscitative measures, con-
sists of  wound care and urethral stenting. As mentioned 
earlier, an indwelling Foley catheter of  appropriate size 
is inserted to stent the urethral tract and monitor urine  
output.

The catheter is removed once the swelling around the 
penile shaft has subsided and the wound status is delineated. 
No attempt is made to débride the burn wound early; the 
wound is left to demarcate and heal by secondary intention.

SKIN LOSS OVER THE PENILE SHAFT 
AND SCROTUM

Spontaneous healing is expected in most instances of  burn 
injuries to the penis and scrotum since full-thickness injury 
of  the penile and scrotal skin is relatively uncommon. Skin 
grafting, with a partial-thickness or full-thickness graft, 
could be used to cover the wound when healing is delayed  
(Fig. 55.2).

In rare instances, a skin flap is required to reconstruct 
structures such as the urethral tract and/or scrotal sac 
because of  full-thickness skin loss. An inguino-pudendal 
skin flap mobilized from the inguinal crease area may be 
used if  the use of  a skin graft is judged not to be feasible.3 
The use of  musculocutaneous flaps, such as a gracilis flap, 
is not recommended. The subsequent high tissue tempera-
ture developing in the skin paddle of  the flap can potentially 
interfere with spermatogenesis.

BURNS OF LABIA MAJORA

Isolated burns of  the labial area are rare, and such burns 
are often associated with injuries of  surrounding areas 
such as the abdomen and inguinal folds. As in the manage-
ment of  burns of  male genitalia, the injured areas are left 
to heal by secondary intention (Fig. 55.3).

Distortion of  the labial structures mostly due to scar con-
traction in the pubic and inguinal areas is addressed by 
reconstruction at a later stage.

PERINEAL WOUND COVERAGE

An isolated burn injury of  the perineal area is, as men-
tioned earlier, extremely rare; nevertheless the perineum 

Introduction

Burns of  the perineal area are relatively uncommon despite 
the common involvement of  the lower trunk and the lower 
extremities in burn injuries. The incidence of  perineal burns 
was reported at around 12/1000 admissions more than 25 
years ago.1 While the occurrence of  perineal burns has 
remained at around 1.0–1.5% at our institution, 35 chil-
dren underwent genito-perineal reconstruction out of  
1133 presenting with perineal burns between 2002 and 
2009.

The continuous improvement in the survival rate follow-
ing extensive burns of  total body surface area (TBSA) more 
than 40% could account for the increase in the number of  
patients requiring secondary reconstruction.

Management During the Acute 
Phase of Injury

A conservative approach is usually the first line of  manage-
ment of  perineal burns during the acute phase of  admis-
sion.1,2 The perineal area is cleansed daily with appropriate 
antiseptic and the wound is covered with antibiotic topical 
dressing. To avoid urine contamination of  the burn area 
and the development of  urethral strictures, the urethral 
tract is stented using an indwelling Foley catheter. The cath-
eter is also used to decompress the urinary bladder and 
monitor urine output during the acute admission. The peri-
neal area is neither splinted nor braced, the thighs are 
maintained at 15 degrees of  abduction using a wedge splint 
to minimize hip contractures.

Other complications of  perineal burns presenting during 
the acute injury phase include penile shaft necrosis, tes-
ticular necrosis, urethral stricture, and rectal prolapse. 
Although the Shriners Children Burns Hospital and the 
University of  Texas Medical Branch Hospitals in Galveston, 
Texas, have adopted conservative management of  perineal 
burns, the approach to wound care is, in practice, quite 
variable. The management plan is often modified depend-
ing on the anatomical structures involved in individual  
patients.

The burn is left to demarcate over time with the
wound left to heal by secondary intention. Non healing
wounds are reconstructed using partial-thickness or full-
thickness skin grafts. On rare occasions, a local skin flap
may be utilized from the adjacent normal skin to recon-
struct full-thickness skin defects of  the penile and scrotal
areas.
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group. A sudden increase in intraabdominal pressure, mal-
nutrition, and constipation could conceivably aggravate the 
magnitude of  the rectal mucosa descending through the 
anal opening.4 Clinically, in addition to eversion of  rectal 
mucosa, the presence of  edematous swelling involving the 
buttocks and perianal area is quite common, despite the 
lack of  burn injuries. The onset can be quite sudden without 
any obvious precipitating event; however, straining or the 
Valsalva maneuver can produce an eversion of  the rectal 
canal through the anal opening.

Fig. 55.1 An isolated burn injury of the penis is relatively uncommon. 
This was a 27-year-old man who sustained scald burns of the penis 
from accidentally spilling hot coffee onto his lap. 

B

A

Fig. 55.2 (A) Burns of the penis are more commonly associated with 
injuries of the lower trunk and lower extremities. (B) Although skin 
grafts were used to achieve wound closure around the perineum, the 
major bulk of the penile wounds healed by secondary intention. 

will be involved in extensive lower trunk/buttock burn inju-
ries. The extent of  scar contraction following wound healing
will vary per the depth of  burns. While the wound may heal
spontaneously with residual minimal scarring, perineal
contractures are a common sequela regardless of  the
methods used for wound care (Fig. 55.4).

The natural inclination of  patients to adduct the thighs
and hips while lying supine in bed during the recovery
phase of  acute burn injuries seems to aggravate scar
contraction.

ANAL BURNS

Burns involving the anus are rare, although the area could
be involved in extensive perineal burns. In the case of  full-
thickness skin loss around the anal opening, the use of  a
skin flap may be necessary to reduce the risk of  stricture
development. A skin flap mobilized from the adjacent area
is required to reconstruct the perianal area. Wound cover-
age with a skin graft is technically difficult and will lead
to the development of  an anal stricture following graft
contracture.

RECTAL PROLAPSE

Rectal prolapse can occur occasionally in young children
with extensive burn injuries with or without perineal
involvement. The pathophysiology of  the development of
rectal prolapse in infants with extensive burns remains
unclear.

Redundant rectal mucosa; the structural relationship of
the rectum to other pelvic organs such as the sacrum and
coccyx, urinary bladder and uterus; and lack of  muscular
support provided by the pelvic musculature are anatomical
features unique to infants 1–3 years old. All this could
account for the development of  rectal prolapse in this age
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practice, the technique used to reconstruct perineal and 
genital deformities varies depending on the magnitude of  
scarring around the perineum and the extent of  functional 
impediment encountered.

RECONSTRUCTION OF PENILE DEFORMITY

The task of  assessing the exact extent of  penile deformi-
ties can be difficult. Distortion of  the penile anatomy 

The treatment consists of  rectal padding, daily cleans-
ing of  the perineal and perianal area, and a stool softener 
added to the dietary regimen to facilitate bowel movement. 
Spontaneous resolution of  the rectal mucosa prolapse is 
likely as the nutritional status of  the patient improves and 
tissue swelling subsides (Fig. 55.5). Surgical intervention, 
although in most instances unnecessary, is indicated if  the 
prolapse is not readily reducible due to the development of  
anal sphincter dysfunction and/or intussusception.4,5

Reconstruction of Established 
Deformities of the Perineum and 
Perineal Structures

Cicatricial contractures around the perineum are the most 
common sequela of  perineal burns.1,6 The magnitude of  the 
contracture is exaggerated as a result of  burn scar contrac-
tion in the inguinal crease and inferior-medial gluteal folds. 
Other complications, although relatively uncommon, 
included complete loss of  the penis, anal stenosis, and 
intractable rectal prolapse.

There are numerous reconstructive techniques available 
such as z-plasty scar release, interpositional skin flap tech-
nique, incisional release of  scars and closure with local skin 
flaps, or skin grafts to reconstruct the deformities. In 

B

A

Fig. 55.3 (A) Burn injuries that involved the lower trunk and thighs, 
including the labia. While the lower abdomen and thighs required skin 
grafting, the labial injury was left to heal by secondary intention. (B) 
The appearance of the genitalia 5 years following the injury. 

C

B

A

Fig. 55.4 (A) The patient was an 8-year-old child who sustained third-
degree burn injuries of the trunk and lower extremities also involving 
the penis and the scrotum. (B) The wound including the scrotum was 
débrided, and skin was grafted using a meshed partial-thickness skin 
graft. (C) Scar hypertrophy and burn scar contractures developed at a 
later stage; tight scars across the perineum interfered with thigh 
movement. 
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shaft deformity whether attributable to skin loss and/or 
fascial loss will be delineated once the artificial erection is 
achieved.

The skin defect produced following incisional release of  
the scar is covered with a full-thickness skin graft if  Buck’s 
fascia is not involved in the burn injury. In rare instances, 
if  Buck’s fascia is involved, surgical release of  the fascial 
deformity is required. A dermal graft harvested from the 
lower abdomen can be used to reconstruct the fascial defect. 
A skin flap mobilized from the area along the groin crease 
as an island pedicled skin flap could provide an alternative 
cover to reconstruct the skin defect.

attributable to scar contracture could be due to skin loss 
or a combination of  skin and Buck’s fascia involvement. 
In addition, scarring in the pubic area and/or the inguinal 
fold can further exaggerate the extent of  penile deformity, 
as mentioned earlier.

Engorging the penile shaft is required to assess the extent 
of  penile deformity because the gross appearance of  a 
flaccid penis can be misleading. Artificial penile erection is 
created under anesthesia by placing a tourniquet at the 
base of  the penis using a piece of  quarter-inch Penrose 
drain and normal saline solution is injected into the corpus 
cavernosum sufficiently to induce congestion. The cause of  

C
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Fig. 55.5 (A) This patient was a 2-year-old girl who had sustained 65–70% total body surface burns. 
(B) Prolapse of the rectum appeared 12 days following the injury and was managed conservatively. 
(C) The prolapse receded spontaneously 2 months later as she recovered from the burn injury.
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due to high tissue temperature within the flap. Even though 
contracture deformity is likely to occur in the long term, a 
skin graft can be used to cover the defect following scar 
release.

RECONSTRUCTION OF LABIAL DEFORMITY

An isolated contour deformity of  the labia majora is rela-
tively uncommon; nevertheless scar contraction occurring 
in the suprapubic and pubic area, as well as the inguinal 
fold, could distort the normal configuration of  the labia. 
Primary surgical release of  the contracted scar tissues 
around the pubic and inguinal fold areas is an essential step 
to determine the extent of  labial deformity and the recon-
structive technique for the deformed labia.

To restore a contour deformity caused by skin and sub-
cutaneous tissue loss, a skin flap may have to be mobilized 
from the adjacent area. To reconstruct a contour deformity 
due to parenchymal tissue loss, lipo-modeling (i.e., transfer 
of  freshly harvested fat cells) could be useful. To inject free 
fat cells to augment the labial contour, the cells are aspi-
rated from the lower abdomen using the inner cannula of  
a no. 14 Intracath needle attached to a 3-mL syringe. The 
fat is prepared and injected in the desired area as per the 
“Coleman” technique.8

RECONSTRUCTION OF BAND DEFORMITY 
AROUND THE PERINEUM

Scarring and scar contracture of  the perineum is a common 
sequela of  perineal burns, especially if  they are left to heal 
by secondary intention. Although it seldom causes difficul-
ties to the young patient, perineal scars could potentially 

Complete loss of  the penis, although devastating, is 
extremely rare (Fig. 55.6). If  present, penile reconstruction 
is delayed until puberty. The delay is often necessary due to 
limited soft tissues that can be harvested for genital recon-
struction soon after the burn injury.

There are several methods currently available to recon-
struct a neo-phallus: a segment of  rectus abdominis mus-
culocutaneous flap, for instance, may be mobilized from the 
lower abdomen to form a neo-phallus. Although the appear-
ance of  a reconstructed phallus may be cosmetically accept-
able, the structure usually lacks sensation; it serves as a 
urinary conduit at best.

The microsurgical tissue transfer of  a combination of  
an innervated radial forearm osteocutaneous flap and big 
toe pulp has been described for penile reconstruction.7 
While the urethral tract was reconstructed utilizing a full- 
thickness skin graft or a tube-within-a-tube technique at 
the time of  penile reconstruction using a radial forearm 
osteocutaneous flap, the pulp of  the big toe was used to 
reconstruct a glans penis. The big toe pulp provided a struc-
tural contour resembling the glans, and cooptation of  the 
digital nerve to the penile nerve restored sensory nerve 
functions (Fig. 55.7).

RECONSTRUCTION OF SCROTAL DEFORMITIES

Full-thickness burn injuries of  the scrotum often result in 
scar encasement of  testicular structures; reconstruction 
requires surgical release of  the scarred areas. A thin skin 
flap such as the inguino-pudendal flap or a flap mobilized 
from the adjacent area is required to cover the resultant 
defect. A musculocutaneous flap such as a gracilis flap is 
not suitable for scrotal reconstruction because of  the thick-
ness of  the flap and possible reduction in spermatogenesis 

CBA

Fig. 55.6 (A) A full-thickness burn of the penis, although uncommon, can occur, and the outcome is devastating, as seen in this 10-year-old boy. No 
attempt was made to remove the penile tissue, even though it appeared grossly necrotic. Instead, the wound was left to demarcate, and an indwelling 
Foley catheter was used to stent the urethra. (B) The patient lost the phallus entirely. (C) The patient can urinate through a short remnant of the penis. 
Reconstruction of the penile shaft was planned for a later stage. 
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tuberosities. The scars result in inadequate spreading of  the 
buttocks and discomfort while sitting, eventually producing 
significant functional impairment.

Although a contracted perineal band can be incised to 
achieve release, the task of  reconstructing the resultant 
defect can be difficult. Recurrence of  contractures is a 
common sequela following the use of  a skin graft. Instead, 

interfere with function and physical mobility because of  
tightness or contractures. In addition, the patient may 
encounter difficulties with bowel movement because of  
gluteal contractures and cicatricial changes involving the 
anal opening.

The deformity developing in the perineal area is usually 
a tight band in the suprapubic area or between the ischial 

ED
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Fig. 55.7 (A) There are various techniques available for penile reconstruction; a radial forearm composite flap, one of the methods currently in use, 
was chosen to reconstruct a phallus structure for a 51-year-old man who lost his penis following tumor excision. (B) As shown in a schematic drawing, 
a section of the skin with radial artery attached is harvested from the volar surface of the forearm and utilized for penile reconstruction. A tube-inside-
a-tube was used to reconstruct the urethral tract. In addition, the pulp from the big toe was also used to reconstruct the glans penis. (C) The tissues 
were assembled with vessels and nerve structures set for anastomosis. (D) The appearance of genitalia before reconstruction. (E) The appearance of 
the reconstructed penis. (A,B,E from Sasaki K. Penile reconstruction: combined use of an innervated forearm osteocutaneous flap and big toe pulp. Plast 
Reconstr Surg. 1998;104:1054–1058.)
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flaps, the z-plasty technique produces a change in the direc-
tion of  scar tissue pull, thus diminishing the tightness 
around the perineal area.

RECONSTRUCTION OF ANAL STRICTURES

While burn injuries rarely involve the entire anorectal 
canal, it is not unusual for the perianal skin and the exter-
nal sphincter ani muscle to be involved in extensive peri-
neal burns. Anal strictures due to scar contraction and 
the cicatricial involvement of  the external sphincter ani 
muscle are common sequelae. Cicatricial changes around 
the anal opening can and will usually interfere with bowel 
movement.

The treatment requires surgical release of  constricted 
scar bands around the anal opening. An interpositional 
skin flap fashioned as an island flap or a modified z-plasty 
with skin flaps mobilized from the adjacent area is used to 
make up the tissue defect (Fig. 55.9).

The use of  skin grafts to reconstruct the defect is not 
useful because, usually, graft application is difficult and 
stricture recurrence is common.

RECONSTRUCTION OF RECTAL PROLAPSE

Although the problem of  rectal prolapse is, in most instances, 
self-limiting and the prolapse will recede spontaneously as 

multiple z-plasties are the preferred reconstruction tech-
nique to release scar bands around the perineum.

The Technique of Multiple Z-Plasties

With the patient placed in lithotomy position, tightness and 
scar bands can be delineated with abduction of  the hip joint 
(Fig. 55.8A). A line is drawn across the scar band along the 
horizontal direction of  the band. The length of  the horizon-
tal line may extend from one side of  the scarred area to the 
other. A triangular flap with its apex at the end of  the hori-
zontal line is marked. The angle may vary between 30 and 
60 degrees depending on the uninjured tissues available at 
both ends of  the horizontal line. The length of  the limb of  
each triangle will be the same as the incision made perpen-
dicular to the horizontal line to release the tight band  
(Fig. 55.8B).

Two z-plasties (i.e., two triangular flaps with a 30- to 
60-degree angle and a 90-degree angle, respectively) are
formed as the flaps are raised along the skin markings made. 
Release of  a contracted scar band is achieved by rotating 
these two flaps at each end (Fig. 55.8C). The release of  a 
tight band across the perineal area is maintained by inter-
posing a segment of  the soft tissues mobilized. Fig. 55.8D 
shows the appearance of  the perineum 4 years following 
the releasing procedure.

Although the extent of  perineal release may be limited 
because of  the scarred tissues surrounding the triangular 
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Fig. 55.8 (A) A tight scar band in the perineal area following burn injuries involving the perineum and the lower extremities. (B) Releasing incisions 
were placed in the areas distal to the anal opening to avoid injuring the anal sphincter. A triangular flap was designed within the uninjured area at 
each end of the scar band. A releasing incision was set perpendicularly to the direction of the scar band. (C) Each triangular flap was rotated 90 degrees 
to close the open wound resulting from incisional release. (D) Tight bands develop in the perineal area. 
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Fig. 55.9 (A) A 4-year-old boy developed, in addition to a tight scar band across the perineum, anal incontinence because of cicatricial contractures 
involving the entire perineal area. (B) A modified multiple z-plasties technique was utilized to reconstruct the perineal contracture and anal stenosis. 
(C) Skin flaps were rotated into the areas to reconstruct the deformity following the surgical release. (D) The appearance of the anal area before release. 
(E) The appearance of the anal area 9 months following release.



55 • Management of Burn Injuries of the Perineum 617

bands around the perineal structures. Incisional release 
and reconstruction utilizing z-plasty techniques or an 
interpositional skin flap is effective in correcting the  
deformities.

Complete references available online at 
www.expertconsult.inkling.com

Further Reading
Alghanem AA, McCauley RL, Robson RC, et al. Management of  pediatric 

perineal and genital burns: twenty-year review. J Burn Care Rehabil. 
1990;11:308-311.

Ashcraft KW, Garred JL, Holder TM, et al. Rectal prolapse: 17-year experi-
ence with the posterior repair and suspension. J Pediatr Surg. 
1990;25(9):992-995.

Huang T. Twenty years of  experience in managing gender dysphoric 
patients: I. Surgical management of  male transsexuals. Plast Reconstr 
Surg. 1995;96:921-930.

Sasaki K, Nozaki M, Morioka K, et al. Penile reconstruction: combined use 
of  an innervated forearm osteocutaneous flap and big toe pulp. Plast 
Reconstr Surg. 1998;104:1054-1058.

the nutritional status of  the patient and wound healing 
improves, surgical intervention is required if  the rectal pro-
lapse becomes intractable (Fig. 55.10).5

Conclusion

Burn injuries of  the perineum are relatively uncommon, 
and management during the acute phase of  injury is con-
servative. The urethral tract is stented with an indwelling 
Foley catheter and the wound is cleansed daily. Neither a 
splint nor a brace is used to immobilize the perineal area, 
and the wound is usually left to heal by secondary inten-
tion. The resultant deformity, with the rare exception of  
total loss of  the penis, is limited.

Instead disfigurement of  the scrotal/labial contour and/
or scar bands around the genital area are the common pre-
sentation in most patients. The reconstructive approach 
to these deformities centers around scar release of  tight 
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Fig. 55.10 (A) A 2-year-old boy who had sustained a third-degree scald 
burn that involved the lower extremities; he developed rectal prolapse 
10 days following the injury. (B) He underwent a rectopexy procedure 
due to the persistent eversion of the rectal mucosa. (C) The patient 
regained anal continence 6 months after the surgery. 
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or a microsurgical flap for adequate treatment of  the defect 
(Fig. 56.2). Clear definition of  the problem should result in 
an appropriate selection of  a reconstruction strategy.

Finally the status of  the second lower-extremity provides 
a context for assessment of  the burned lower extremity. A 
patient with one intact lower extremity may be less inter-
ested in complex reconstructive salvage of  a functionally 
impaired extremity. Elective amputation with prosthetic 
may be a less complicated path to ambulation supported by 
the uninjured extremity. Two injured lower extremities, 
however, may make reconstruction a higher priority in 
either or both since loss of  both lower extremities is a sub-
stantially greater disability than single lower-extremity 
loss.4

Amputations

Assessment of  burn injuries to a lower extremity can lead 
to the conclusion that there is insufficient salvage potential 
to justify attempts at reconstruction. Lack of  sensation, 
extensive muscle or joint damage, and a functioning second 
lower extremity may add up to a decision to amputate the 
impaired portion of  a lower extremity.

Dislocated, dorsally contracted toes can be removed with 
simple amputations at the metatarsophalangeal joints. 
More extensive damage to the forefoot can be treated with 
amputations at the tarso-metatarsal level or through the 
ankle joint (Lisfranc and Symes procedures, respectively). 
Such amputations require sufficient sensation and circula-
tion to obtain a stable result.5

Unreconstructable injury involving the foot and ankle 
can proceed to below-the-knee amputation. The priorities 
of  that procedure include stable coverage of  the tibia and 
fibula as well as preservation of  sufficient skeletal length to 
support a prosthesis. The amputation closure is best 
achieved with tissue from the posterior calf. A refinement 
of  amputation closure consists of  using the proximal gas-
trocnemius muscle and its overlying skin to create a durable, 
myocutaneous pad.6 This technique can be further modified 
to use gastrocnemius muscle covered with skin grafts from 
initial burn care (Fig. 56.3).

Severe damage extending proximal to the knee may lead 
to above-knee amputation. In this procedure, maximum 
secure length is useful. Anterior and posterior thigh muscles 
are mobilized and stabilized to each other to form the basis 
of  closure of  the overlying skin. Here also muscle covered 
with skin grafts can be satisfactory for stable stump closure.

Assessment of Salvage Potential

Acute care of  a burned lower extremity prioritizes circula-
tion and coverage. These goals are achieved through escha-
rotomies and fasciotomies as necessary and excision and
coverage of  the burn wounds. Reconstruction of  lower-
extremity burn sequelae, however, requires a more complex
and detailed definition of  defects, deformities, and func-
tional goals. Assessment of  a lower limb for secondary post-
burn reconstruction is therefore directed toward a useful
outcome.1

Sensation is an important element in lower-extremity
salvage potential. A desensate foot can be a source of
chronic wounds and may be a less functional outcome
than a below-knee prosthesis. Treatable sites of  sensory
nerve compression are increasingly recognized in burned
lower extremities, and nerve decompression at the tarsal
tunnel (for plantar sensation) and the popliteal fossa (for
dorsal sensation) can be initially considered to restore foot
sensation.2

Muscle function must be sufficient to provide useful active
motion at the ankle, knee, and hip. If  direct muscle damage
is incompatible with function, limb salvage may be aban-
doned. Some muscle deficits, such as peroneal nerve palsy
with foot drop, may be associated with nerve compression,
and decompression may be an effective reconstruction to
restore muscle function.

Satisfactory lower-extremity salvage potential requires
functional skeletal components. Associated fractures must
be stably healed. Major joints must have sufficient carti-
lage surfaces and capsule integrity to contribute to limb
function.

When evaluating a lower-extremity soft tissue burn com-
plication, the surgeon should consider whether the problem
is a deformity or a defect.3

A deformity implies a distortion of  parts correctible by
rearrangements of  local tissue. For example, a single verti-
cal scar band across a popliteal fossa, causing a flexion con-
tracture of  the knee, may be incised and lengthened by local
Z-plasties that transpose adjacent supple tissue into the scar
site and permit knee extension. A defect is an absence of
parts and requires replacement by distant tissue. Dorsal toe
contractures, when released, may be secondary to soft
tissue deficiency which, when revealed by contracture
release, will require skin grafts to cover the defect (Fig.
56.1). Full-thickness soft tissue loss around a knee joint
may require a local muscle flap (e.g., a gastrocnemius belly)
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Hip disarticulation can be life-saving in burn wounds of  
the groin and perineum exposing major vessels. In late 
reconstruction of  contractures of  the hip, a hip disarticula-
tion can replace a nonfunctional lower extremity with a 
stable wound that can support a prosthesis.

Early Reconstruction

Some specific maneuvers can contribute to the prevention 
of  later complications.

For deep burns of  the dorsum of  the foot involving the 
toes, K-wire fixation of  the toes across the metatarsopha-
langeal joints can effectively splint the toes to prevent 
hyperextension contractures while soft tissue coverage is 
established. Early splinting and physical therapy can be 
applied to ankle and knee burns to maximize range of  
motion and minimize contractions.

Flap reconstruction is a rare element in acute burn man-
agement, but such procedures can be considered to treat 
specific sites.7

Deep wounds around the ankle can be covered with local 
flaps to prevent unstable wounds, especially over the mal-
leoli (Fig. 56.4). Full-thickness burns around the knee are 
within the range of  local flaps that can provide stable cover-
age to protect the joint and avoid flexion contractures (Fig. 
56.2).

Deep burns of  the groin can lead to consideration of  uni-
lateral or contralateral inferiorly based rectus flaps that can 
securely cover the femoral canal structures and allow early 
motion at the hip (Fig. 56.5).

Late Reconstruction

By dorsal release of  the metatarsophalangeal joints, hyper-
extension contractures of  the toes are relieved. If  scar inci-
sion reveals a defect, skin grafts can provide stable tissue 
replacement.8 If  the dorsal skin is sufficiently supple, the 
problem may be considered a deformity treatable by creat-
ing a V-shaped flap over the metatarsophalangeal joints, 
advancing the flap to allow reduction of  the toes to at least 

A B
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Fig. 56.1 In children with recent onset of toe extension contracture, surgical manipulation of the volar plate of the MTP joint capsule is usually unnec-
essary. (A) Cicatrical dorsal toe contracture creating a hammer toe like deformity. (B) A Kirschner’s wire of 0.020–0.035 inch size is inserted through 
the proximal phalanx to keep the digit in full extension while maintaining the MTPJ in 45–60° plantar flexion. (C) Split-thickness skin graft is placed to 
fill the skin defect. (D) The wires are removed 10–14 days later, once the take of skin graft or flap is established. 
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Fig. 56.2 (A) A full-thickness injury has exposed the lateral surface of the knee capsule. (B) The lateral gastrocnemius muscle is mobilized; the peroneal 
nerve is protected with vessel loop. (C) The muscle is set into the defect. (D) The muscle and overlying skin graft at 4 months. 
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Fig. 56.3 Below knee amputation. (A) Gastrocnemius and soleus 
demonstrated in anatomic position with popliteal artery supply.  
(B) Demonstration of medial incision raising myocutaneous flap for 
amputation closure. (C) Gastrocnemius raised and Tibia/Fibula 
resected with amputated leg. (D) Flap inset with BRA closure. 
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marginal insets.10 Muscles also can be harvested through 
overlying skin grafts, therefore increasing their potential 
availability in burn reconstruction.

Posterior ankle contracture frequently includes shorten-
ing of  the Achilles tendon. This structure must be mobilized 
from adjacent and proximal scar. If  this tenolysis does not 
provide enough ankle mobility, the tendon itself  must be 
lengthened with a step cut procedure.1 Soft tissue coverage 
of  the resulting defect and tendon exposure requires a flap. 
Local flap options include perforator flaps, including, most 
simply, a lateral calcaneal flap if  it is available9,11,12 (Fig. 
56.8). Microsurgical flaps are otherwise an option, and 
either cutaneous or muscle flaps can be used.10

A contracture of  the knee can be as simple as a deformity 
caused by a vertical scar band that can be incised and 
restored to length with local Z-plasties. If  resection of  scar 
tissue results in a defect, a lateral or medial gastrocnemius 
muscle flap can resurface an entire popliteal fossa, with 
restoration of  extension. If  local muscle cannot be utilized, 
microsurgical flaps can be effective, and a large unit such 

neutral, and closing the donor site with mobilized marginal 
skin (or well-healed skin-graft) to complete a V-Y advance-
ment (Fig. 56.6).

Anterior contractures of  the ankle result in dorsiflexion, 
whereas posterior contractures cause plantar flexion. Ante-
rior contractures are treated by incision and/or excision of  
scarred soft tissue to restore ankle range of  motion. Such a 
release creates a defect with exposure of  the tibialis anterior 
tendon. Coverage here is best achieved by a flap, and con-
sideration can be given to local perforator flaps or microsur-
gical flaps (Fig. 56.7). Perforator flaps should be carefully 
chosen to be certain that the critical vessels have not been 
obliterated by burn injury. Microsurgical flaps should also 
be considered within the possibilities of  tissue not compro-
mised by the burn injury.9 Cutaneous flaps, including 
anterolateral thigh flaps, radial forearm flaps, and scapular 
flaps, may be critically damaged in a burn patient. In such 
cases, muscle flaps (including rectus, latissimus, and graci-
lis flaps) can be reliable reconstructive options. These 
muscles are covered with skin grafts after their vascular and 
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Fig. 56.4 (A) A full-thickness injury exposes the medial malleolus. (B) Potential rhomboid flaps are outlined. (C) Flap 1 captures supple tissue.  
(D) The margin of the donor site permits primary closure of the donor site after flap transposition.
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Fig. 56.5 (A) The stumps of the femoral vessels are exposed in scar tissue on the surface of the amputation stump. (B) The right rectus muscle with 
a superior skin paddle is elevated to the deep inferior epigastric vessels. (C) Transposition of the myocutaneous flap covers the vessels. (D) Primary 
closure is performed over the repaired rectus sheath while split-thickness skin grafts are applied to the rest of the stump. 
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Fig. 56.6 (A) Dorsal skin grafts have contributed to contractures that have fixed the toes in extension. (B) The “V” component has been elevated and
advanced while the toes are pinned in metatarsophalangeal flexion. (C) Primary closure of the donor defect completes the “V-Y” flap advancement.
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Fig. 56.7 Late result of anterior ankle coverage with a microvascular 
rectus flap and a split-thickness skin graft. 
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Fig. 56.8 (A) Contracted scar is excised and a lateral calcaneal flap is outlined. (B) The flap is rotated into the defect. (C) Late results include stable 
coverage and functional range of motion; the donor defect was covered with a full-thickness skin graft. 

as a rectus or latissimus can be considered. The vessels in 
Hunter’s canal are reliable, deep recipient sites for vascular 
insets using the long pedicle vessels harvested with latissi-
mus or rectus flaps.13

Hip flexion contractures occur most commonly in chil-
dren. Treatment consists of  resection of  superficial and 
deep scar to allow extension while protecting the femoral 
vessels and nerves. The resulting defect can usually be 

managed with a skin graft, while extensive wounds with 
wide neurovascular exposure may require an inferiorly 
based rectus flap or a sartorius turnover flap.14

Grafts and Flaps

Clear understanding of  these reconstructive units allows 
coherent planning. Both grafts and flaps are applied to the 
treatment of  defects. Both also must be selected from areas 
not compromised by burn injuries. The elemental difference 
between grafts and flaps consists of  the difference between 
their blood supplies.

Grafts have no intrinsic circulation and must survive on 
the bed on which they are placed by the processes of  serum 
imbibition, inosculation, and neovascularization. Grafts 
therefore require beds of  vascular tissue and cannot be 
applied reliably to bone or tendon. Split-thickness skin 
grafts, usually harvested by a dermatome, revascularize 
more promptly, and their donor sites, which heal by epider-
mal regeneration from the dermis, allow large grafts to be 
utilized. Split-thickness grafts, however, tend to contract 
with their underlying beds and can be relatively fragile to 
external trauma. Full-thickness skin grafts include epider-
mis and dermis. Their donor sites must be closed as wounds, 
so the available area for these grafts is very limited. They 
also take longer to revascularize and require optimal beds 
and extended immobilization. These grafts have the 
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microsurgical anastomoses to vessels at the site of  the 
defect. Such procedures are reliable in acute and delayed 
burn surgery. There has long been a reluctance to employ 
microsurgical flaps in the acute settings due to prior reports 
demonstrating increased flap loss in the 5- to 21-day 
period following injury. Those data have been refuted in 
more recent series and microsurgical procedures can 
serve as reliable, versatile reconstructive units in critical  
defects.16–18

Conclusion

In approaching a burn complication in a lower extremity, 
the reconstructive surgeon proceeds from a careful analysis 
of  salvage potential to specific definition of  deformity and 
defect. This sequence leads to identification of  an optimum 
reconstructive technique selected from the wide range of  
procedures available for modern reconstructive surgery.

Complete references available online at 
www.expertconsult.inkling.com

advantages of  decreased contracture, greater durability, 
and some potential for sensory reinnervation based on 
dermal end organs in the graft and nerve regeneration from 
the underlying defect.14

Flaps contain intrinsic blood supplies and therefore can 
be reliably used to cover bone, tendon, and poorly vascular-
ized defect surfaces. Flaps also generally contain more tissue 
and can fill deep, irregular defects. Flaps have limited poten-
tial for contracture.

Cutaneous flaps include local pattern flaps that have no 
defined vascular pedicle. These flaps are based on empiri-
cal designs that include advancement flaps (e.g., V-Y pat-
terns), rotation flaps, and transposition flaps (e.g., Z-plasties 
and rhomboid patterns). These flaps require supple tissue, 
although they interestingly can often succeed using well-
healed skin grafts, especially if  the grafts were placed over 
muscle. Pedicled flaps include defined arteries and veins 
critical to the flap’s survival (Fig. 56.9). Perforator propeller 
flaps are increasingly utilized as versatile options in lower-
extremity reconstructions.15

Microsurgical flaps can be harvested remote from the 
defect. Utilizing pedicle vessels, the flap insets will include 
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Fig. 56.9 (A) Resection of an unstable wound exposes an underlying vascular graft. (B) A rotation flap is outlined. (C) Elevation of the flap exposes 
the sartorius muscle. (D) The origin of the muscle is transected. (E) Using the muscle as a turnover rotation flap preserves the segmented medical 
vascular pedicles. (F) Flap inset covers the vascular graft. (G) Inset of the rotation flap completes the reconstruction. (From Dr. Lineaweaver)
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Electrical Injury: Reconstructive 
Problems
PETER M. VOGT, ANDREAS D. NIEDERBICHLER, and ANDREAS JOKUSZIES

In high-voltage injuries, the internal milieu acts as a 
single uniform resistance.7 Instead of  conduction through 
specific preferential tissues, the body conducts the current 
with a composite resistance of  all tissue components.8 The 
crucial factor in determining the resistance and hence the 
magnitude of  tissue damage is the cross-sectional diameter 
of  the affected body part. Devastating injuries to the extrem-
ities occur with a significantly higher frequency than tissue 
damage to the thorax and abdomen9 (Fig. 57.1). Because 
muscle tissue occupies the largest cross-sectional area in 
the limb it also carries the predominant electric current. 
Because joint areas are regions where the cross-sectional 
tissue composition changes from low-resistance muscle to 
high-resistance bone, tendon, and skin, a proportionally 
higher current and heat are produced in these areas accord-
ing to Ohm’s Law.9

Arcing describes the energy transmitted by a hot electri-
cally conducting gas. However, this requires a voltage of  
more than 20,000 V to bridge even a short distance of  
1 cm.10 Effects on tissue vary from minimal skin wounds to 
charring and tissue vaporization.

The different trauma mechanisms of  the burns induced 
by the arcing phenomenon are often referred to as “flush 
burns,” heat burns that are induced by the massive heat 
generation. “Electrothermal burns” are caused by current 
passage through the body and the concomitant heat 
production.

Electrical damage to a large artery represents a grave 
prognostic sign for limb survival.11 The reported risk of  
amputation is high, at between 37% and 65%.12–14

Further nonthermal mechanisms of  cellular injury have 
been defined. This includes a voltage-induced loss of  cell 
membrane semipermeability.15–17 When the integrity of  the 
cell membrane is lost, the impedance is markedly reduced, 
leading to a simultaneous increase in the area exposed to 
current flow.18 In addition to breakdown in cellular integ-
rity, electrical fields also induce denaturation of  membrane 
proteins by altering their structural conformation and ren-
dering them nonfunctional.19 Both mechanisms are respon-
sible for rhabdomyolysis and secondary myoglobin release, 
which depends directly on the imposed electric current and 
is not a thermal effect.20

The human body consists of  about 60% water. The intra- 
and extracellular water content and their highly resistive 
plasma membrane separate these two compartments from 
each other.21 Change in the current transporters from 
electrons to ions at the skin surface appears as metallic 
condensations of  dark-grayish skin lesions that resemble  
eschar.22

Another central factor of  the cellular effect of  electrical 
current is its frequency, which can arbitrarily be divided 

Introduction

Severe cases [of  electrical injury] coming for reconstruction 
present a formidable problem of  flexion contracture and loss of  
many tendons and nerves, new pedicled skin and grafted-in 
tendons and nerves usually being necessary. One encounters 
inside the limb the same type of  destruction and cicatrix as is 
found after any severe infection.

STERLING BUNNELL, 1948

This chapter will focus on the multitude of  surgical and 
reconstructive problems that result from electrical injury. 
The injury severity is complex due to various factors deter-
mining manifestation and the distribution of  the resulting 
tissue damage. In common with other types of  trauma, 
especially burn injuries, the consequences of  electrical 
injury may affect a wide range of  physiological functions. 
Its distinct features warrant a differentiated approach 
to this unique kind of  trauma. The resulting tissue loss 
and the damage to essential structures of  the involved 
body areas often require extensive plastic-reconstructive  
procedures.

Although the incidence of  low-voltage burns has declined 
steadily over recent decades, most probably due to progress 
made in the field of  home and occupational safety educa-
tion and equipment, electrical injuries still account for 
3–5% of  all admissions to major burn centers.1,2 Electrical 
fatalities are relatively uncommon, and most of  them occur 
accidentally. Earlier reported limb amputation rates of  up 
to 71% decreased over recent decades with the increasing 
ability to reconstruct anatomic parts and restore function, 
but limb salvage remains a surgical challenge.3,4

Physiological Basis of 
Tissue Destruction

The traditional pathophysiological understanding of  elec-
tric injury was based on the assumption that the passage of  
electric current produces heat and triggers tissue damage.5 
Thus tissue-specific susceptibility (and vulnerability) is con-
sidered to increase progressively from nerve to blood vessels, 
muscle, skin, tendon, and fat to bone. As osseous tissue 
shows the highest electrical resistance, it will generate the 
most heat. Electric current will preferentially take the path 
of  least resistance through the body so that the current will 
pass particularly along the neurovascular bundles. This 
theory further postulated that the lesions produced by the 
current would result in delayed vascular occlusion and pro-
gressive tissue necrosis.6

57 
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into low (<10 kHz) and high (>10 kHz, e.g., radio frequency, 
microwave, and ionizing frequencies).

Diagnosis and Acute Treatment

Diagnosis and acute treatment of  electrical injury are 
described in Chapter 38.

Assessment of Tissue Damage

Accurate assessment of  the extent of  tissue damage is dif-
ficult. The percentage of  burned body surface area grossly 
underestimates the injury to underlying tissue. Electrical 
burns may appear as mere pinpoint marks. In contrast, 
fatal electrocution may even take place without visible skin 
burns in the case of  a large contact area (Table 57.1).

In contrast to thermal burns, deposition of  metallic iron 
and copper is found on the epidermis after electrical injuries 
as electrolysis occurs in the extracellular fluid of  the 
skin.24–26

Clinical determination of  tissue viability is based on 
inspection and the demonstration of  muscle contractility. 
As yet, there are no other diagnostic tools available to accu-
rately assess the extent of  tissue damage in the early phase 
following electrical injuries. The value of  magnetic reso-
nance imaging (MRI) for the detection of  nonperfused 
nonedematous muscle is debated.24–26 Angiography, 
although not providing information on tissue viability, dem-
onstrates the absence of  tissue perfusion and may lead to 
an early indication for limb amputation.27

Rhabdomyolysis and 
Myoglobinuria

Destroyed muscle cells release myoglobin, resulting in myo-
globinemia. Hemolysis also often occurs with electrical 
injury. Serum levels of  creatinine and creatinine phospho-
kinase (CPK) are used as indicators of  rhabdomyolysis. 
After muscle injury CPK levels will peak by 24 h and return 
to baseline within 48–72 h.28 This diminishes the diagnos-
tic value of  serum and urine chemistry testing.29,30

Renal Failure

Myoglobinuria has traditionally been considered a major 
risk factor for the development of  acute renal failure. 
Recently patients with electrical injuries have been shown 
to have a surprisingly low risk for renal failure.31 In 162 
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Fig. 57.1 Electrical burn from a domestic water heater (220 V). The 13-year-old girl manipulated the device while being immersed in the bathtub. She 
sustained third- and fourth-degree burns to the digits (A). Debridement revealed full-thickness injuries involving tendons, nerves, and phalangeal 
bones (B), which necessitated primary amputation (C). 

Table 57.1 Dependence of Cutaneous Resistance on 
Skin Moisture

Resistance

Dry skin 100,000 Ω

Wet skin 2500 Ω

Skin immersion 1500 Ω

Rubber soles 70,000 Ω

Reproduced from Ohashi M, Koizumi J, Hosoda Y, et al. Correlation between 
magnetic resonance imaging and histopathology of an amputated 
forearm after an electrical injury. Burns 1998;24:362–368.
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delayed wound closure.41 The observed changes may likely 
be explained by vascular changes similar to ischemia-
reperfusion injury with immediate cessation of  capillary 
blood flow in response to current passage. This event is fol-
lowed by vascular spasms lasting for an extended period, 
with subsequent vasodilatation and restoration of  flow.43–45 
Although still controversial, these findings may alter the 
acute treatment paradigm.

Although there is little discussion about the early time 
point of  debridement, several recent studies question the 
need for extensive and total necrectomy and advocate the 
approach of  delayed soft tissue coverage. Conservative 
debridement consisting of  removal of  charred and obviously 
necrotic tissue was promoted in a study on 40 patients.46 In 
this study partially damaged tendons, muscles, and nerves 
were preserved, and wound closure was achieved by imme-
diate flap coverage. Patients treated in this manner with 
immediate soft tissue coverage had a significantly better 
outcome than a control group who underwent serial 
debridement procedures. Similar results were found in a 
study using early free-flap coverage for electrical injuries, 
suggesting that careful limited initial debridement is an 
adequate measure.47,48 According to this study overly exten-
sive and repeated debridement to ensure viability of  all 
remaining tissue appears not only unnecessary but quite 
likely harmful. It appears safe to abandon these strategies 
and to perform an early, extensive but selective debridement 
in order to preserve continuity of  functionally important 
structures (Fig. 57.2). Limb salvage with functional preser-
vation of  vital structures should be attempted and may 
require revascularization using segmental vein grafts or 
segmental cable grafting of  nerves. Pedicled flaps should be 
considered in cases of  suspected arterial compromise.

Despite the encouraging results of  the studies recom-
mending early soft tissue reconstruction, by all means 
it should be noted that for the extent of  electrical injury 
no scoring system has so far been established. Alterna-
tive approaches to salvage upper-extremity function, such 
as the temporary ectopic implantation of  an undamaged 
hand, have been reported but cannot be considered standard  
of  care.49

Compartment Syndrome

Muscle compartment pressure should be monitored clini-
cally and by invasive pressure measurements. In contrast to 
blunt trauma, pain is not a reliable indicator of  increased 
compartment pressure owing to the high incidence of  elec-
trical nerve injury. When compartment pressures exceed 
30 mm Hg surgical decompression by open fasciotomy 
becomes necessary to prevent ischemic muscle injury. In 
the case of  lower compartment pressure, progression may 
be prevented by administration of  nonsteroidal antiinflam-
matory drugs (NSAIDs) and antioxidants, protective splint-
ing, and rest without elevation of  the affected extremities. 
However general operative decompression in high-voltage 
injuries to extremities appears not to be warranted. In a 
cohort study, Mann et al. found an increased amputation 
rate of  45% with immediate operative decompression  
compared to patients undergoing selective fasciotomy, and 
they recommend fasciotomy only in cases of  progressive 

patients, only 14% had myoglobinuria and none developed 
renal failure. Suggested criteria to evaluate the risk of  acute 
renal failure after electrical injury include prehospital 
cardiac arrest, full-thickness burns, compartment syn-
drome, and high-voltage injury. The presence of  at least two 
of  these criteria should instigate immediate treatment 
because the timeframe to prevent progression to acute renal 
failure is limited to a few hours post injury.

Cardiac Monitoring

Among the estimated 1300 deaths that occur annually in 
the United States from electrical injury (including lightning 
strike), 30% of  patients present with cardiac complica-
tions. The majority of  electrocardiographic (ECG) abnor-
malities are sinus tachycardia and nonspecific changes in 
the ST-segment and T-wave.32 Death from electric injury 
most commonly results from current-induced cardiac  
arrest.

However if  an initial ECG shows no abnormalities, the 
delayed development of  cardiac problems is very unlikely 
irrespective of  whether the patient sustained high- or low-
voltage injuries.33–35

Conversely, the presence of  dysrhythmias or conduction 
abnormalities on initial presentation, electrical injury in 
children, or the projected path of  the current flow crossing 
the thorax on initial presentation warrant prolonged 
cardiac monitoring.36–39 Depending on the nature of  the 
current-induced arrhythmia, pharmacotherapeutic and/or 
invasive interventions may be necessary. Table 57.2 out-
lines recommendations for cardiac monitoring of  electri-
cally injured patients based on central clinical findings and 
specific features of  the trauma mechanism.42

Apart from specific therapeutic measures for cardiac 
complications, acute treatment of  patients with electri-
cal injuries adheres to guidelines of  advanced burn life 
support (ABLS), advanced trauma life support (ATLS), 
and the current practice of  intensive care medicine. The 
patient must be continuously monitored for signs of  neu-
rovascular compromise and deranged tissue perfusion and 
oxygenation.

Surgical Debridement

In recent decades the concept of  progressive tissue necro-
sis has led to the treatment strategy of  early debride-
ment and fasciotomy, followed by serial debridement and 

Table 57.2 Recommendation for Cardiac Monitoring in 
the Absence of Other Injuries

Admission and Cardiac Monitoring Discharge

Loss of consciousness59 Asymptomatic patient60

Extensive burns50 Normal initial ECG61

Current passing through the thorax52 Uneventful 4-h observation62

Cardiac dysrhythmias59 Voltage less than 240/260 in 
adults60,61

Voltage less than 120/240 in 
children48,62
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of  the skull theoretically requires complete excision of  the 
necrotic bone to prevent infectious complications.69 Another 
approach suggested is partial debridement followed by 
definitive flap coverage of  the exposed bone. This, however, 
requires early debridement and the prevention of  localized 
bacterial colonization and infection.52,53

In a series of  10 male patients with nonviable cranial 
bone after class IV electrical burns, 3 weeks after initial soft-
tissue debridement multiple burr holes in the nonviable and 
preserved bone were made and scalp flap coverage was per-
formed.54 Leaving the necrotic osseous structures in situ 
serves as a scaffold of  substitution for bone regeneration.55–57

Skull contour was maintained in all 10 patients, making 
a secondary cranioplasty unnecessary. During a follow-up 
period of  at least 1 year no postoperative infection, osteo-
myelitis, or cranial bone sequestration occurred.54

Another option is the use of  glycerol-preserved allografts 
(GPAs).58 The growth of  spontaneous sufficient granulation 
tissue is promoted by its angiogenetic capacity, and  
split-skin autografts can be performed at a later stage. 
Further beneficial properties of  GPA appear to be related to 
their permeable epidermal barrier, the subjacent network of  
dermal collagen, and protection of  the bone by restoration 

peripheral nerve dysfunction, manifested compartment 
syndrome, or other major injuries40 (Figs. 57.2 and. 57.3). 
With a fixed neurological deficit, however, surgical decom-
pression shows no influence on outcome.50 If  the clinical 
situation remains doubtful, however, the performance of  
open fasciotomy with early debridement may be preferred.

Head: Scalp, Skull, and Mouth

Exposure and necrosis of  osseous structures may lead to 
osteomyelitis and epidural abscess formation. Treatment 
strategies depend on the extent of  the injury to the bone. In 
the case of  only a partial necrosis of  the bone, the outer 
table of  the skull can be tangentially removed and the viable 
diploic cavity exposed. In cases of  sufficient vascularization, 
the exposed bone can be grafted immediately or, when blood 
supply is questionable, grafted when suitable granulation 
tissue has developed.51 Vacuum sealing of  the wound can 
be of  significant efficacy in growing adequate amounts of  
granulation tissue. When the initial wound debridement is 
delayed, necrotic and infected bone potentially becomes the 
source of  a full-thickness skull defect. Full-thickness injury 

C

B

A

Fig. 57.2 High-voltage injury from an overhead power line (30,000 V). The teenager climbed a train and was struck by an arc without touching the 
power line. The spectrum of injury included third- and fourth-degree burns and deep tissue necrosis of the forearm (A). After fasciotomy because of 
impending compartment syndrome (B). Coverage with free latissimus dorsi flap after conservative debridement. Significant functional deficits after 4 
years (C). 
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hospital stay, and fewer surgical procedures.61,62 However, 
in this sensitive age group early excision and reconstruction 
may also result in a tightened lower lip and consequent 
inhibition of  normal mandible growth.63,64

The conservative management approach, which we 
prefer, performs the reconstructive procedure after matura-
tion of  the burn wound scar. Thus the extent of  the damage 
is more apparent and the reconstruction can be performed 
electively.65 Oral splinting has been advocated during the 
initial healing period to reduce the need for reconstructive 
surgery. However this more likely reduces scar contrac-
tures, so the planned reconstructive procedure can be per-
formed after scar maturation.66–68

Thorax and Abdomen

Electrical injury to the trunk is generally a minor concern. 
However high-tension injuries can cause damage to under-
lying parenchymatous organs such as the lung. Clinically 

of  a physical barrier that prevents drying out and reduces 
the risk of  infection. With these allografts, the average 
healing time could be shortened to 6 weeks.

Fortunately, involvement of  the dura occurs rarely. This 
usually requires an extensive free flap procedure.59 We 
prefer to use the latissimus flap connected to cervical vessels, 
occasionally using interpositional vein grafts. This reduces 
the risk of  perfusion problems considerably. When these 
options are not available, the use of  acellular human dermis 
to reconstruct the dural defect followed by split-thickness 
skin grafting after vascularization may be an option.60

In children, especially toddlers, common sites of  low-
tension injury include the mouth, usually in the area of  the 
oral commissure, affecting the commissure, the lips, and 
the tongue. The injury usually results in a localized partial 
necrosis of  the lips and the commissure, and the subsequent 
contracture results in microstomia. The treatment strate-
gies, conservative versus early surgical intervention, are 
debated. The more aggressive early approach of  excision 
and reconstruction results in faster healing, a shorter 
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Fig. 57.3 High-voltage injury from a power line (50,000 V). Presentation with primary loss of perfusion, loss of function, and compartment syndrome. 
Initial operation with fasciotomy, revascularization of the radial artery, and necrectomies. On the following days, adequate perfusion with a patent 
radial artery without coexisting veins. Coverage with groin flap on day 6. Venous congestion and subsequent malperfusion was temporarily treated 
with leeches. Secondary amputation on day 10 due to late occlusion of the radial artery. 
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The main area of  reconstruction is the forearm, and limb 
salvage is the sole cause of  free flap coverage.77

Fascial flaps provide thin, pliable coverage for reconstruc-
tion of  the dorsum of  the hand.

The serratus fascia flap is the flap of  choice for larger 
defects; for smaller defects the temporoparietal fascial flap 
is preferred.78

Other regions of  selective destruction in the upper 
extremity are the elbow and axilla. Debridement often 
leaves a vast tissue defect, which may be covered by rotation 
flaps from the anterior or posterior chest wall in the axilla. 
Microvascular free flaps at the level of  the elbow are rarely 
used. For extensive defects on the hand and forearm pedi-
cled groin flaps provide good coverage and an independent 
blood supply. The groin flap also avoids a vascular “steal 
phenomenon” as can be seen after microvascular free flaps 
in such severely injured extremities.

Newer approaches comprising early wound excision, cov-
erage, and revascularization of  damaged vasculature with 
flow-through free flaps and aggressive endovascular inter-
ventions will offer an opportunity to improve outcomes for 
these devastating injuries.79–82

Saint-Cyr and Daigle compared the use of  free flaps with 
conventional multistage procedures and found a statisti-
cally significantly reduction in the number of  operations, 
the time required to achieve wound closure, and the dura-
tion of  hospitalization in the microsurgical group.83

The flap survival rate as described in the current lit-
erature is lower in the high-voltage injury group than 
in the burn injury group. It ranges from 62% to 100% 
and is lowest when performed early, within 5–21 days of   
trauma.83–85

In conclusion, free flaps play a key role in treating high-
voltage electrical injuries to the extremities by reducing 
morbidity and functional impairment, which are character-
istically high after these injuries.83

Amputations

Although distressing to the patient, amputation often 
remains the only option. As already mentioned, the ampu-
tation rates for electrical injuries affecting the upper extrem-
ities range from 24% to 49% in the current literature.73,74 
Despite an increased awareness of  the potential danger of  
electrical burns, devastating outcomes with four-limb and 
penis amputations are still presented in the literature.86–88 
Although very rare, Haik and colleagues presented a case 
of  a 5-week-old girl undergoing MRI for evaluation of  spina 
bifida. She sustained a full-thickness burn encompassing 
her right forearm and wrist in the area where a non-MR-
compatible pulse oximeter was attached. A possible cause 
for this incident could have been an electrical injury due to 
an exposed wire segment in direct skin contact. Despite 
immediate escharotomy, this injury led to amputation of  
the forearm and hand.89

The optimal level of  amputation is determined by the 
extent of  remaining viable tissue and the intention to create 
sufficient stump length for function and cosmetic appear-
ance of  a prosthesis. In electrical injury involving the lower 
extremity, this often requires higher amputation than ini-
tially anticipated in order to achieve sufficient stability of  

this may lead to atelectasis and edema requiring aggressive
ventilator support. Intra-abdominal injuries are uncom-
mon but may require treatment as for penetrating injury.
When exploration during escharectomy and debridement
reveals necrotic underlying muscle and fascia, exploratory
laparotomy may be indicated. Reconstructive options for
the closure of  chest or abdominal wall defects include
direct closure or placement of  a synthetic mesh covered by
local fasciocutaneous or musculocutaneous flaps. However
the potential negative effects of  direct closure on intra-
abdominal pressure and the subsequent development of
an abdominal compartment syndrome or compromise of
respiratory function must be considered.

Extremities

Electrical injuries to the extremities, especially to the arms
and hand, are more common in adult members of  the work-
force. Electrical burns account for 3–5% of  all admissions
to burn units and approximately 1000 deaths per year
in the United States.70 There are three patterns of  injury:
direct, arc, and flash-type injuries. Direct injuries are associ-
ated with entry and exit wounds, and nearly 90% of  these
injuries involve the upper extremity.71 Because the resis-
tance and hence the local energy production are depen-
dent on the tissue mass and the cross-sectional diameter
of  the injured body part, high-tension injuries often lead to
extensive tissue damage and loss of  the involved extremity.
Despite aggressive treatment strategies with early debride-
ment and decompression of  neurovascular structures, the
likelihood of  amputation is high.22–24,72 In the current lit-
erature the amputation rates for electrical injuries affecting
the upper extremities range from 24% to 49%.73,74 Even
if  amputation can be avoided the resulting outcome may
be a nonfunctioning extremity. With the phenomenon of
“kissing” lesions, extensive tissue damage may occur, with
resulting thermal necrosis of  muscle, tendon, nerves, and
blood vessel. The superficial injury may appear innocu-
ous, but debridement shows deep tissue destruction often
mandating limb amputation. The importance of  initial
debridement cannot be overstated, as remaining nonviable
tissue leads to infection and tissue loss. In our view the
early debridement of  nonviable tissue prevents this fatal
development. When distal limb ischemia becomes obvious
one can assume that the involved vessels have been severely
injured. In these cases early vascular grafting of  upper-
extremity arteries may be indicated to salvage an ischemic
upper limb.75 Imminent or suspected compartment syn-
drome should always trigger open fasciotomy to prevent
further compromise to the involved extremity. Sometimes
it appears wise to perform a simple skin grafting procedure
followed by elective secondary flap coverage and nerve cable
grafting.

In high-voltage injuries (>1000 V) the point of  entrance
of  the electrical current is usually located on the distal
extremity. Tissue destruction decreases from distal to proxi-
mal. Zelt et al. described specific regions or so-called choke
points, such as the wrist and elbow. These are characterized
by smaller cross-sectional areas and highly resistant tissue
components (tendinous and bony configuration) that result
in increased heat production and more severe damage.76
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delayed inadequate escharotomy or fasciotomy. Owing to 
the accompanying severe muscle loss and scarring, the 
extent of  pure nerve damage is sometimes difficult to 
determine.

Direct damage to peripheral nerves occurs following the 
above-mentioned mechanisms of  local heat production, 
depending on cross-sectional resistance and the proximity 
of  peripheral nerves to underlying bone. The local thermal 
effect affects vascularity and perfusion of  perineural tissue 
by producing thrombosis, necrosis, or hemorrhage of  epi-
neural vessels. Delayed development of  fibrosis and there-
fore a delayed onset of  symptoms are not uncommon. 
Especially in areas of  minimal cross-sectional area, the 
peripheral nerve is in close proximity to bone and fibrous 
tissue, which results in perineural fibrosis and symptoms of  
a compressive peripheral neuropathy. The treatment of  
choice to gain nerve recovery is decompressive corrective 
surgery.93 Other mechanisms of  nerve injury are the devel-
opment of  focal axonal degeneration following axonal exci-
tation,94 or electroporation, which more likely affects 
myelinated axons, and collagen type I deposition.95–98

Complications

CENTRAL NERVOUS SYSTEM

Approximately 60% of  all patients with high-voltage injury 
present with immediate neurological complications, pre-
dominantly loss of  consciousness.99 Involvement of  the 
spinal cord has been described in 2–27% of  patients with 
an entry point of  the current located in the head region.100–102 
The incidence of  a delayed paralysis progressing to tetraple-
gia followed by partial remission has been described.103 
Although mortality in patients with neurological complica-
tions from electrical burns is not high, these patients are at 
great risk of  permanent disability. The neurological sequelae 
were classified in 1964 by Silverside into immediate, sec-
ondary, and late effects.104

Immediate spinal cord injury is transient, and symptoms 
usually clear within 24 h after the accident. The late effects 
are characterized by progressive traits where complete 
recovery is not the rule. The ischemic injury in the distal 
area of  the sulcal branch, the longest branch originating 
from the anterior spinal artery, is due to the susceptibility 
of  the anterior horn cell and the spinal cord at T4–T8 to 
ischemic injury. Early administration of  prostaglandin E1 or 
steroid treatment is recommended to reduce ischemic spinal 
cord injury in cases of  electrical burns.105 The neuropsy-
chological effects of  electric injury have been described, 
mainly in case reports and retrospective studies. Typical 
consequences and complaints are related to physical, cogni-
tive, and emotional changes.106,107 In a study of  481 profes-
sional electricians, 97% reported having experienced an 
electrical shock at some point in their career.108 The low 
incidence of  neuropsychological dysfunction in this study 
differed from other findings about the nature and progres-
sion of  a characteristic neuropsychological syndrome of  
electrical injury.107,109 Although the development of  tran-
sient and progressive neuropsychiatric complications is pos-
sible and undisputed, the actual specific effects of  electrical 
injury are difficult to determine.

the stump and thus allow early prosthetic fitting and ambu-
lation. However, open (guillotine) amputation should be
avoided whenever possible. Split-thickness skin grafting
onto open stumps is an additional but less preferable
approach because skin breakdown occurs more often in
grafted areas, especially at graft borders or at points where
grafts adhere to underlying bone, and further surgical
interventions will be required. However, if  valuable stump
length can be maintained by skin grafting it should be
attempted because secondary plastic surgical correction
and specific prosthetic fitting are available.

In the upper extremity, more length should be preserved
because the resulting weightbearing load on the stump is
less than in the lower extremity. This allows for better
control of  the prosthesis by the patient and thus enhanced
functionality. In the forearm, the muscle length of  the
flexor–extensor system should be preserved to improve
function. In long forearm stumps, atraumatic handling of
tendons and muscles is necessary to preserve pronation and
supination. Upper-arm amputations should preserve as
much length as possible as this eases subsequent kineplastic
procedures for a functional prosthesis. As in the forearm,
muscular length of  the flexor–extensor system is main-
tained by joining them over the bone end. Although it is
technically feasible to maintain extremity length by cover-
age with a free flap, this appears only useful in upper-
extremity amputation where the functional implications
warrant such large-scale surgery and the load on the stump
is reduced.

Despite the availability of  sophisticated modern myoelec-
tric prostheses, the old techniques of  surgical rehabilitation
should be kept in mind. This includes the Sauerbruch
kinemato-myoplasty of  the biceps humeri muscle and the
Krukenberg plasty of  the forearm, which provides sensible
chopstick-like stumps. Especially for upper-arm amputa-
tions, distraction osteogenesis procedures (Ilizarov tech-
nique) provide a valuable option to lengthen a short
amputation stump.

Peripheral Nerve Injury

Peripheral nerves are very sensitive to electric alterations,
and even minor injury may cause transient dysfunction.
Clinical findings may be anesthesia, paresthesia, or dyses-
thesia of  usually short-term duration. In rare cases minor
electrical injury may cause temporary autonomic dysfunc-
tion and trigger a complex regional pain syndrome (sympa-
thetic reflex dystrophy). Treatment for reflex sympathetic
dystrophy should be initiated early and include elevation of
the extremity to reduce edema formation, active exercise,
NSAIDs, and adequate pain relief. The autonomic dysfunc-
tion may be influenced by α-adrenergic antagonists,
calcium-channel blockers, and low-dose diazepam or may
require intravenous regional blocks and sympathetic gan-
glion blockade.90

Electrical injury to the upper extremity commonly results
in peripheral nerve injury to the median and ulnar nerves.
The clinical findings may resemble upper-extremity com-
pression syndromes or peripheral neuropathy.91,92 Nerve
lesions may be caused by secondary factors such as incor-
rect positioning and splinting, constricting dressings, or
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include major joint contractures and limited function of  the 
extremities.

Another common late complication of  electrical burns is 
heterotopic calcifications in periarticular tissue of  large 
joints, especially the elbows. Causative factors include 
forced passive mobilization, secondary articular bleeding, 
and calcium precipitation and deposition in damaged or 
degenerating muscle and connective tissue. Particularly for 
electrical injury, heterotopic bone formation also occurs in 
amputation stumps of  long bones. This, as well as the 
common formation of  bone cysts in the amputation stump, 
may lead to secondary skin erosion, inflammation, and dif-
ficult adjustment to a prosthesis. In both situations surgical 
excision and wound closure may be adequate therapy.126

Conclusion

Electrical injuries result in deceptively large tissue loss often 
leading to amputation of  involved extremities. After initial 
resuscitation, early debridement, necessary decompression 
of  neurovascular structures, and early wound closure are 
essential to successful restoration of  function. Extensive 
surgical procedures including free soft-tissue transfer may 
be necessary to achieve wound closure and to save and 
restore limb function. Sometimes, however, early amputa-
tion may provide easier and earlier recovery and reintegra-
tion into daily life. Long-term complications such as central 
nervous sequelae, cataracts, and heterotopic ossification 
must be considered and addressed early in the rehabilitation 
process.
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OCULAR MANIFESTATIONS OF 
ELECTRICAL INJURY

An increased incidence of  cataract formation has been 
described after electrical injury, varying from 1% to 8% in 
different reports.110,111 Patients with head and neck wounds 
appear to be most at risk. However the path of  the current 
and the location of  the entry point were not related to the 
development of  ocular sequelae. Cataracts may also occur 
without injury to the head and appear even years after 
injury. Common initial complaints are blurred vision or 
diminished visual acuity.112

Cataracts usually develop from 1 month to 2 years after 
injury but may occur as soon as within several hours.113 
The mechanisms for formation are debated and several 
theories have been proposed, such as decreased permeabil-
ity of  the lens capsule, direct coagulative effect on the lens 
proteins, a disturbance in nutritional mechanisms of  the 
lens cells due to iritis or impaired circulation, and exposure 
to ultraviolet and infrared radiation.114

Lightning strikes are a common cause of  ophthalmic 
injuries, and the most common permanent sequela by far is 
lightning-induced cataract.115 The lens of  the eye is seem-
ingly very sensitive to electrical current or the resultant 
heat, and prompt evaluation by an ophthalmologist is 
imperative.116 Iritis and uveitis have also been described as 
possible sequelae after electrical injury.117 Visual prognosis 
in patients with lightning-induced ocular injury will depend 
on the extent of  irreversible retinal damage and optic nerve 
damage. Long-term follow-up of  these patients is recom-
mended according to the late onset of  pigmentary changes 
at the fovea and papillomacular bundle, which may further 
prevent visual improvement.118

Patients should undergo serial ophthalmologic examina-
tions, and treatment should be started immediately when 
abnormalities are recognized.

Skeletal Injury

In addition to direct tissue destruction through electrical 
energy, additional trauma can be indirectly inflicted by elec-
tric current. Fractures occur due to secondary falls or with 
forceful tetanic muscle contractions. These are mostly seen 
in the shoulder,119 wrists,120,124,125 femurs,121,123 and spine122 
and may require open reduction and internal fixation. Late 
sequelae of  electrical injury similar to severe thermal burns 
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widely meshed skin grafts, and, occasionally, skin graft 
donor sites.

For partial-thickness burns, temporary substitutes, in 
contrast to traditional wound dressings, provide a biological 
wound cover that promotes healing by reducing moisture 
loss and accelerating epithelialization. However they are 
not incorporated into the architecture of  the healed wound, 
as in the case of  permanent substitutes. In addition, most 
of  these products (such as Biobrane, Suprathel, and amni-
otic membrane) are applied only once. This is a significant 
advantage, especially for children, because it avoids the pain 
and associated psychological trauma of  repeated wound 
dressing changes.

For full-thickness excised burn wounds, temporary alter-
native substitutes can provide cover if  skin grafting or appli-
cation of  a permanent substitute is planned as a staged 
procedure. In certain circumstances, to allow for a reduc-
tion in wound exudate and to ensure complete hemostasis, 
this may be delayed for 24–48 hours after wound excision 
in a major burn. Due to lack of  available donor sites for skin 
graft harvest, it may be decided to apply a permanent sub-
stitute, and “take” can be optimized by staging the proce-
dure; during this time a temporary substitute can be very 
helpful.

Temporary substitutes are very valuable for covering 
widely meshed skin grafts (the Alexander technique). Alex-
ander described applying allograft on top of  widely meshed 
autograft to provide biological wound closure that protects 
the open wound within the interstices (gaps) of  the meshed 
graft. While allograft tends to adhere to the wound bed and 
may in fact interfere with epithelization of  the interstices, 
E-Z Derm dries out after a week of  its application with
almost complete epithelization underneath. This may also 
represent a cost saving.

Rapid healing of  skin graft donor sites is critical to 
patients with major burns. Expanded pre-confluent autolo-
gous epidermal cells (ReCell) or sprayed CEA may accelerate 
epithelization and allow more frequent harvesting from the 
limited donor sites in these situations. However wider use is 
prohibited by cost and efficacy. ReCell has also been shown 
to accelerate healing of  partial-thickness burn wounds 
when covered with widely meshed skin grafts.

Permanent alternative wound substitutes are used to cover 
full-thickness wounds after burn excision. One example of  
a bilayer acellular substitute is Integra, which has been 
used for decades in patients with major burns and has 

Introduction

Early excision of  major burns has been shown to improve
patient outcomes. The lack of  available donor sites from which
to harvest conventional autologous skin grafts to achieve
wound closure is challenging. Burke and Yannas in the early
1960s pioneered the introduction of  alternative wound cover
after burn excision. They invented a dermal scaffold com-
posed of  bovine collagen and shark glycosaminoglycan matrix
with an epithelial equivalent, the silicon layer. This became
known as Integra. During that same period, Rheinwald and
Green, in 1975, described the technique of  cultured epider-
mal autografts (CEA), which provided another alternative to
help achieve wound cover. The first multicenter clinical trial
using Integra was published in 1988.1 Integra was eventually
granted approval by the U.S. Food and Drug Administration
(FDA) in 1996 for use in acute burns.

Alternative wound substitutes provide biological wound
cover either on a temporary or permanent basis. Permanent
substitutes are mostly in the form of  scaffolds that become
integrated into the wound and eventually are replaced by
host cells, with the scaffold itself  finally undergoing reab-
sorption. Temporary substitutes, on the other hand, do not
integrate into the wound; they temporarily adhere to the
wound bed and may induce growth and promote healing of
the underlying wound.

Classification of Alternative
Wound Substitutes

The wide variety of  alternative wound cover products may
be classified into temporary or permanent (Tables 58.1 and
58.2). Other classifications include autologous, allogenic,
or xenograft; biological or synthetic; cellular or acellular,
and single layer or composite.

Clinical Applications of
Alternative Wound Substitutes in
Major Burn Wounds

Temporary alternative wound substitutes are used to cover
partial-thickness burns, full-thickness excised burn wounds,



Table 58.1 List of Temporary Skin Substitutes and Their Biological Value

Example Structure Biological Value/Mechanism of Action

Amniotic membrane The innermost layer of the placenta; it consists 
of a single epithelial layer, a basement layer, 
and an avascular stroma. Available in frozen 
or glycerol-preserved forms

Promotes migration and adhesion of epithelial cells. It 
has high concentration of hyaluronan and Decorin and 
has anti-inflammatory, antiangiogenic, antimicrobial, 
and antiscarring actions

Allograft Human cadaveric split-thickness skin grafts. 
Can be either cryo- or glycerol-preserved

Allogenic skin graft vascularizes initially as per autograft; 
however, it is eventually rejected by the host within 
3–4 weeks

Xenograft Animal-derived skin graft (usually porcine, 
although frog skin has been used). Examples 
include EZ Derm (acellular dermis)

Used as an alternative to allografts. It does not 
vascularize. It adheres to wounds and provides 
temporary coverage

Biobrane (Smith & Nephew, 
London and Hull, United 
Kingdom)

Consists of a silicone membrane bonded to a 
nylon mesh that is impregnated with 
porcine dermal collagen peptides

The collagen peptide coating enhances adherence to the 
wound. Biobrane has no inherent antimicrobial 
properties

Suprathel (PolyMedics 
Innovations GmbH, 
Denkendorf, Germany)

Entirely synthetic and composed of synthetic 
copolymers, mostly polylactic acid

This has similar indications to Biobrane and is used for 
temporary cover of partial-thickness burns and donor 
sites

Oasis (Smith & Nephew, London 
and Hull, United Kingdom)

Acellular porcine intestinal submucosa Indicated as a single-application dressings for deep 
dermal burns

Omiderm (Omikron Scientific 
Ltd., Rehovot, Israel)

Synthetic polymer made from hydrophilized 
polyurethane

Indications are similar to Biobrane and Suprathel

Table 58.2 List of Permanent Skin Substitutes and Their Biological Value

Example Structure Biological Value/Mechanism of Action

Epicel (Vericel Corporation, 
Ann Arbor, Michigan, 
United States)

Consists of a petroleum gauze and autologous 
keratinocyte sheets that have been 
co-cultured with murine cells

Indicated for deep dermal and full-thickness burns; sheets are 2–8 
cell layers thick

ReCell (Avita Medical, 
Cambridge, United 
Kingdom)

Pre-confluent autologous keratinocytes 
obtained by trypsinizing a small biopsy and 
directly sprayed onto the wound

Other cells such as fibroblasts and melanocytes are also delivered

Alloderm (Lifecell 
Corporation, Branchburg 
Township, New Jersey, 
United States)

Donated human skin that is processed to 
remove the epidermis and cells leaving an 
acellular matrix

Acellular dermis acts as a scaffold for fibroblast and vascular 
ingrowth, split-thickness skin grafts are applied over it during the 
same procedure

PriMatrix (TEI Biosciences 
Inc., South Boston, 
United States)

Acellular fetal bovine dermal scaffold A scaffold to support new dermis formation

Matriderm (Medskin 
solutions, Billerbeck, 
Germany)

A single layer of matrix of non-crosslinked 
bovine collagen and tendon-derived elastin 
hydrolysate. Available in 1- and 2-mm 
thicknesses

A scaffold that promotes the regeneration of a new dermis. 
Split-thickness skin graft is applied on top as a single-stage 
procedure

Orcel (Forticell Bioscience 
Inc., New York, United 
States)

Bilayered collagen constructs seeded with 
allogenic keratinocytes and fibroblasts 
derived from neonatal foreskin

The matrix acts as a scaffold, and the allogenic cells produce growth 
factors and are eventually replaced by the host own cells within a 
few weeks

Apligraf (Organogenesis 
Inc., Massachusetts, 
United States)

Similar to Orcel, it is formed from collagen  
type I constructs seeded with allogenic 
keratinocytes and fibroblasts derived from 
neonatal foreskin

As with Orcel, the matrix acts as a scaffold and the cells induce a 
suitable environment for host cells to migrate into and populate. 
However, unlike Orcel, the top layer of keratinocytes is exposed to 
the atmosphere during manufacture, forming a stratified layer 
with better barrier function

Stratagraft (Stratatech 
Corporation, Madison, 
Wisconsin, United 
States)

Bilayered construct with a dermal layer with 
human dermal fibroblasts and an epidermal 
layer that is produced by near-diploid 
immortalized keratinocyte S (NIKS) cells

A fully stratified multilayered epidermal equivalent is generated by 
the NIKS cells, which are a pathogen-free keratinocyte cell line. 
The substitute releases bioactive molecules that condition the 
wound for healing

Permaderm (Regenicin 
Inc., New Jersey, United 
States)

Bilayered collagen matrix with basement 
membrane seeded with autologous 
keratinocytes and fibroblasts

A permanent alternate substitute that can provide complete wound 
cover and closure. Only a small autologous skin biopsy can 
potentially be used to cover the entire body after 3–4 weeks. It 
has been used in major burns

Integra (Integra 
LifeSciences, New Jersey, 
United States)

These consist of an outer silicone epidermal 
equivalent and a lower cross-linked bovine 
collagen and shark glycosaminoglycan.

Single layer of collagen only is also available

The bilayered dermal template is widely used in burns. This requires 
a two-stage procedure while the single layer is used as a 
single-stage procedure. The single layer is used both in acute 
burns and in reconstruction. Cross-linked collagen provides the 
stability of the dermal construct

Pelnac (Gunze Limited, 
Kyoto, Japan)

Consists of cross-linked calf collagen with a 
thin silicon outer layer

Very similar to Integra but the silicon layer is thinner for better
pliability and conformity to the wound bed



58 • The Role of Alternative Wound Substitutes in Major Burn Wounds and Burn Scar Resurfacing 635

Molnlycke Health Care, Gothenburg, Sweden.) to reduce 
the risk of  hematoma and to allow antimicrobials to access 
the wound bed. Surgifix (BSN medical GmbH, Hamburg, 
Germany) applied directly onto the silicon layer can be 
very useful to prevent early silicon separation, especially 
if  the second stage is to be delayed for several weeks until 
donor sites are available (Fig. 58.2). Antimicrobial dress-
ings followed by an absorbent gauze layer are applied over 
the Surgifix, and a firm bandage completes the dressing. 
When compared to Integra application for scar resurfacing, 
wound care in acute burns is of  paramount importance 
because early identification of  complications can avoid 
disastrous consequences with loss of  the entire Integra 
layer and the potential for sepsis. Frequent inspection of  
the matrix, especially during the first week, by a member 
of  the team with experience in the use of  Integra is crucial. 
To ensure successful Integra engraftment, the whole mul-
tidisciplinary team should be aware of  how to mobilize 

yielded favorable short- and long-term outcomes.2 The 
matrix vascularization and formation of  the “neodermis” 
occurs over a period of  3–4 weeks (Fig. 58.1)3 under the 
protective cover of  the silicon epithelial-equivalent layer. 
This allows wound closure during the critical time of  
waiting for limited donor sites to heal and be ready for 
reharvesting. In fact, the fully matured vascularized matrix 
can be left in place, even for several further weeks, as long 
as the silicon layer remains adherent to it.

When Integra is used in acute major burns, immediate 
or early burn excision is important. This allows adherence 
of  the matrix to the wound bed before wound colonization 
occurs, thus decreasing the risk of  infection. If  immediate 
excision has been performed, it is prudent to delay appli-
cation of  Integra for 24–48 hours, as mentioned earlier. 
Fibrin sealant may be useful to promote adherence and 
prevent hematoma formation. Integra may also be meshed 
at a 1 : 1 ratio with a noncrushing mesher (Brennen, 

A B

C D

E F

Fig. 58.1 Stages of Integra vascularization. Matrix color is correlated with the stage of vascularization. Clinical (left) and histological appearances (right). 
Appearance at first stage, day 0 with pale colored matrix (A,B); matrix developing a pinkish color at day 21 (C,D); and a peachy color at 4 weeks (E,F). 
CD31-stained endothelial cells in the superficial layer of the neodermis (F). (From Moiemen NS, Vlachou E, Staiano JJ, Thawy Y, Frame JD. Reconstructive 
surgery with Integra dermal regeneration template: histologic study. Clinical evaluation and current practice. Plast Reconstruct Surg. 2006;117(7 
Suppl.):160S–174S.)
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require only a very limited skin biopsy from the patient.4 
ESS has been granted orphan status by the FDA for use in 
acute burns and a phase II multicenter trial will soon be  
under way.

Clinical Applications of 
Alternative Wound Substitutes in 
Burn Scar Resurfacing

Resurfacing of  extensive postburn hypertrophic scars has 
become possible with the availability of  permanent alterna-
tive wound substitutes such as Integra. The outcome is 
superior to that of  partial-thickness skin grafts, but it falls 
short of  full-thickness skin grafts that are still the gold stan-
dard option for scar resurfacing. However, following major 
burns there can be limited availability of  donor sites for 
full-thickness grafts.

The timing of  scar resurfacing is important. The wisdom 
of  experience has shown that extensive resurfacing 

and turn the patient and perform therapy, including chest 
therapy, without disturbing the matrix. Wound care after 
the second stage (removal of  the silicon layer and appli-
cation of  partial-thickness grafts) is the same as in other  
major burns.

Matriderm is mainly used as a single-stage procedure, 
with the skin graft applied onto the matrix in the same 
operation. It has applications in burns where function and 
aesthetics are important (e.g., in the hand over joints or on 
the face). However the requirement for immediate grafting 
is a limitation in major burns when donor sites are sparse. 
Matriderm, being formed of  noncross-linked collagen, is 
vascularized more quickly than Integra and also resorbs 
more quickly; however additional analysis of  long-term 
results is still needed.

Other bilayer cellular substitutes include Apligraft, Orcel, 
and the Engineered Skin Substitute (ESS or Permaderm). 
Only ESS, which was first introduced by Steven Boyce of  
the Shriners Hospitals for Children, Cincinnati, contains 
autologous epithelial cells and fibroblasts that, once pro-
duced, allow complete wound cover of  major burns and 

A B C

D E F

G H I

Fig. 58.2 Acute early burn excision and Integra application with 7-year follow-up. Top row: 14-year-old female with 60% total body surface area (TBSA) 
flame burn (A), post-excision of burn on back (B) and legs (C). Middle row: Day 9 post-excision appearance of burn wound and application of Integra 
on back (D). Day 18 appearance of abdominal (E) and leg (F) burn wounds postexcision and application of Integra. Bottom row: Appearance of the 
healed burn wounds 7 years post burn of back (G), abdominal area (H), and lower limbs (I). 
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procedures are more successful when the scars have 
matured and become pale in color. At early stages of  post-
burn scarring, other surgical approaches including flaps or 
modalities such as laser may be more appropriate. Radical 
excision of  all scar tissue, especially at the depth of  the 
excised wound bed, is important to achieve good results 
with skin substitutes and to avoid recurrence of  any con-
tracture. Certain anatomical areas are challenging to 
reconstruct, such as the neck, axillae, and groin. Transposi-
tion flaps, if  possible, may be used to avoid applying Integra 
directly over joints. Negative-pressure therapy (NPT) can 
assist with adherence and minimize shear; whether or not 
it accelerates vascularization and cell migration is debat-
able (Fig. 58.3). The skin substitute is covered with an 
antimicrobial dressing (e.g., Acticoat, Smith & Nephew, 
London and Hull, United Kingdom), then a layer of  gauze 
(Kerlix, Medtronic, Dublin, Republic of  Ireland) and a 

bandage. For resurfacing on the limbs, a foam circumfer-
ential cylinder firmly applied provides gentle pressure and 
may prevent complications including shear and hematoma  
formation.

Aftercare following surgery is very important to detect 
any early signs of  infection. In the author’s practice, patients 
are usually discharged home the day following surgery in 
extensive resurfacing or on the day of  surgery in smaller 
cases. Patients are reviewed by a member of  the team with 
experience in dealing with Integra. Readmission for the 
second stage to apply the partial-thickness skin graft 
(0.008–0.010 inch) occurs 3–4 weeks after the first stage. 
The same dressings are applied as at the first stage for 1 
week, and the patient is followed-up weekly. Patients are 
seen regularly by the therapy team during the postoperative 
period, and the same splinting and scar management as for 
conventional skin grafts is applied.

A B

C D

Fig. 58.3 Long-term outcome of Integra scar resurfacing. Post-excision of a scar on the back of a child and application of Integra (A), which is further 
secured with negative-pressure dressing (B), and final appearance of dressing (C). Appearance of resurfaced burn wound scar 4 years postop (D). 
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A B

C D

E F

Fig. 58.4 Long-term outcome of Matriderm resurfacing. Excision of hypertrophic burn scar (A), post application of Matriderm and split-thickness skin 
graft (B), appearance at 2 weeks (C), appearance at 3 weeks (D), and appearance of healed scar at 3 months (E) and 9 months with good range of 
motion at the elbow joint (F). 
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Matriderm operative and postoperative care is similar to 
that of  Integra; however occlusive dressings that are not 
disturbed for 1 week usually give good results because the 
skin graft overlying the Matriderm requires a moist envi-
ronment until vascularization occurs (Fig. 58.4). Since 
Matriderm does not have a silicon layer, NPT should be used 
with caution because it may shrink the matrix.

Future Directions

Permanent alternative wound substitutes can improve sur-
vival and outcome in burn patients but remain prohibitively 

expensive. Ninety-five percent of  patients with major burns 
live in low- and middle-income countries where these prod-
ucts are not easily affordable. New products that could be 
produced less expensively on a large scale may reduce the 
cost and help these patients.

Unlocking the regenerative potential of  skin, together 
with new innovations such as scaffolds that deliver mol-
ecules to the wound bed to promote healing and reduce 
scarring, are exciting directions for the future.

Complete references available online at 
www.expertconsult.inkling.com
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59.1). Thus, positioning in bed is one of  the most impor-
tant ways to prevent deformities (Box 59.2). It is not the 
responsibility only of  rehabilitation services, but of  the 
whole burn team as well. Exercise reduces edema, main-
tains joint motion and strength, reduces scars, and, in the 
pediatric patient, maintains development level. Ambula-
tion can begin as soon as the patient is deemed medically 
stable, with wounds properly dressed and doubly wrapped  
lower limbs.

Prevention by positioning and splinting affects many 
problems in the care of  burned patients. Static and dynamic 
splints are used for either immobilization or mobilization, 
respectively. Initially splints are used at all times except for 
exercise and immediately postop during the immobilization 
period. As active range of  motion increases and is main-
tained, the protocol changes to night-only splinting. Skele-
tal traction and fixation also are used on a limited basis to 
prevent and correct burn scar contracture formation and 
are always tailored to the patient’s needs.8

Timing of Reconstruction

It has been advocated that definitive correction of  burn 
scarring should be delayed for 1 year or longer after healing 
in the acute period. It is certainly true that unaesthetic and 
ugly scars mature over time, and, with the effect of  pressure 
and splints, many of  them do not require surgery once the 
acute phase of  scar maturation has taken place. Patience is 
often the best tool of  the reconstructive surgeon. However 
some problems encountered early during the recovery 
phase must be dealt with and operated on before the golden 
period of  scar maturation is over. In these circumstances it 
must be absolutely certain that an operation is needed to 
correct the deformity. Urgent procedures must be planned 
to correct functions that are not amenable to other treat-
ments, often because time is of  the essence. An eyelid release 
to protect an exposed cornea, correction of  distracted or 
entrapped neurovascular bundles, severe fourth-degree 
contractures, and severe microstomia fall into this group. 
Intense rehabilitation, splinting, and pressure therapy are 
mandatory after correction of  these deformities. In some 
patients deformity may be addressed nonoperatively, but if  
this approach does not lead to appropriate results, an opera-
tion may be considered. In this section fall all burn scar 
contractures that do not respond to rehabilitation and 
hypertrophic scarring and contractures that prevent the 
patient from eating, bathing, moving, and performing 
activities of  daily living.

Most of  the problems that patients may present are aes-
thetic ones and scar contractures that, although not 

Introduction

The severity of  injury and deformity from burn trauma 
range from relatively minor to severe.1 The psychological 
and social impact of  sequelae do not parallel the severity of  
the deformity; even minor disfigurements can have severe 
psychologic and social impacts on the patient. Basic con-
cerns common to all burned patients include function, 
comfort, and appearance.2 The approach is that of  total 
patient care; it must include all healthcare team members 
and it is predicated on aesthetic and functional reconstruc-
tion. Burn reconstruction is a complex and long process 
that starts when the patient is admitted in the acute phase 
and lasts until the patient’s expectations have been reached 
and/or there is nothing more to offer. It is normally a life-
long commitment, and, even if  there may be no other  
possibilities to offer at that point, the patient–surgeon rela-
tionship still continues. It is preferable, although not imper-
ative, that burn reconstruction be performed in close
vicinity to the burn center and that it has the constant
support of  and coordinated treatment with the multidisci-
plinary burn team. If  this is not the case, good communica-
tion with the team referring the patient is desirable.3

Preventing and minimizing scarring and deformity in
burn patients starts during the acute phase. Reducing the
inflammatory and catabolic responses after burn injury
using a team approach and early closure of  the burn wound
is paramount to control wound healing in these patients.4

It is preferable that the surgeon managing the acute
injury be responsible for later reconstruction. If  this is not
the case, the reconstructive surgeon should be consulted
early on so that the needs for reconstruction enter into the
plan of  the acute care.5

Different procedures are important during the acute
phase to minimize later reconstruction. Splints, face masks,
silicone gel sheets, early pressure therapy and ambulation,
and skeletal traction and fixation are of  great importance
to produce the best result and avoid future operations
(Fig. 59.1).

Burn trauma requires aggressive intervention by reha-
bilitation services to prevent debilitating deformities. Burn
distribution as well as burn depth is a good predictor of
rehabilitation outcomes. Prevention of  burn deformities
includes proper positioning with or without splints, exercise
to maintain joint range of  motion, maintenance of  muscle
strength and muscle tone, and early mobilization. All this
is true not only for the acute period, but also for the recon-
structive period.6,7

Burn patients tend to assume the position of  comfort,
which is often responsible for deformities that require
reconstructive surgery later during the recovery phase (Box
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Psychologic and socioeconomic factors are very important 
when making this decision. The patient’s mood plays an 
important role because an unmotivated or depressed patient 
will not appreciate the procedure as much as a healthy 
patient. Moreover, operating on such a patient may produce 
discomfort and discouragement that, eventually, can jeop-
ardize the patient’s compliance and prevent further recon-
struction. The social status of  the patient is also of  great 
relevance. Emotional support received from friends, family, 
and co-workers is important, as is the patient’s economic 
status. When making a treatment plan, all these particular 
circumstances need to be taken into account when consid-
ering the number of  procedures to be done at a time, recov-
ery time, family support in the recovery phase, and what is 
to be done first.5

Patient–Surgeon Relationship

Burn patients require an intense and good relationship with 
their surgeon. The relationship is normally a long-lasting 
one, many times extending to a lifetime. Patients require a 
surgeon’s professional expertise, but also the surgeon’s 
time, a good dose of  optimism, and compassion. The initial 
meeting is one of  the most important events in burn recon-
struction. A patient presents with a set of  complaints that 
have to be evaluated together with the patient’s motivation 
for surgery and his or her psychologic status. Chief  com-
plaints, patient motivation, and expectations are evaluated. 
Limitations of  surgery and any relevant technique are 
explained, together with the master plan for reconstruction 
and the order of  reconstructive priorities. Photographic 
workup is extremely important to document the case, assist 
in definitive preoperative planning, and for documentation. 
When dealing with long-term scars and burn deformities, 
different problems may be encountered intraoperatively 
that might require a complementary technique. These spe-
cific issues of  burn reconstructive surgery have to be 
explained in detail to the patient, and the surgeon needs to 
foresee and include them in the preoperative planning and 

prominent, produce great discomfort. Many of  these prob-
lems disappear in the first 2 years postburn with appropri-
ate care, and these problems benefit most from patience and 
time. Many important deformities seen a few months post 
burn improve with time and can be treated with simple or 
less extensive procedures later (Fig. 59.2).

Many factors other than scar maturation, however, affect 
the decision of  whether to operate on burn scars. 

B

A

Fig. 59.1 (A) Sixty percent full-thickness total body surface area (TBSA) burn. (B) A comprehensive rehabilitation team approach is necessary to achieve 
good functional and aesthetic outcomes. 

Box 59.1 Position of Comfort After Burn 
Trauma (to be Avoided)

1. Neck flexion
2. Shoulder protraction
3. Elbow flexion
4. Metacarpal extension
5. Interphalangeal flexion
6. Wrist flexion
7. Hip flexion
8. Knee flexion
9. Ankle plantar flexion

Box 59.2 Prevention of Deformity: Positioning 
in Bed

1. Maintain straight alignment of the trunk and neck
2. Neck should be in slight extension
3. Arms should be elevated in the neutral plane or in line with

the glenoid at approximately 15–20 degrees of horizontal 
flexion and 80 degrees of abduction

4. Elbow should be in full extension
5. Hand should be in the intrinsic plus position with the thumb

in flexion and abduction
6. Hips should be in extension and abduction
7. Knees should be in full extension
8. Foot should be in neutral position and with 90 degrees or

greater dorsiflexion



59 • Aesthetic Reconstruction in Burn Patients642

maintains an abnormal position to overcome the deformity. 
A complete X-ray workup must be obtained to explore the 
status of  bones and joints. In severe restriction of  function, 
good radiological imaging must be obtained to rule out het-
erotopic calcification.

The needs for physiotherapy, occupational therapy, and 
pressure garments have to be considered at this time. The 

the informed consent meetings so that unpleasant surprises 
are not encountered later.9

Patients need to be reassured frequently. A burn recon-
struction project involves several operations, many clinic 
visits, and often a long time to make a final assessment. 
The patient’s feelings and impressions must be addressed 
continuously and any trouble, minor disappointment, 
or depression detected early on and treated as needed  
(Box 59.3).

Pre- and Postoperative Care in 
Burn Reconstruction

A complete record of  all encountered problems has to be 
performed during the initial and any follow-up visits before 
surgery. Quality and color of  the skin in the affected areas 
must be noted, including abnormal scars, hyper- or hypopig-
mentation, contractures, atrophy, and open wounds. Func-
tion has to be addressed next: all involved joints are explored, 
range of  motion noted, and skeletal deformities addressed. 
Often scar contractures distract joints and the body 

C
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Fig. 59.2 (A) Second-degree burn to the lower extremities. (B) Same patient at 2 months. Erythema, hyperpigmentation, and scarring are present. (C) 
Result at 18 months with conservative treatment. Scarring is minimal with good overall result. In many cases scar maturation renders optimal outcomes 
and allows good planning for reconstructive planning if necessary. (From Color atlas of burn care, London 2001, First Edition, Elsevier.)

Box 59.3 Characteristics of Burn Reconstructive 
Plastic Surgery

1. Starts during acute period
2. Strong patient–surgeon relationship
3. Development of a “master plan”
4. Involvement of the burn team using a multidisciplinary

approach
5. Long and staged procedures
6. Complex and technological implications
7. Involvement of plastic surgery and aesthetic surgery/medicine

techniques
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antistaphylococcal agents. If  a skin flap or introduction of  
alloplastic material is to be performed, antibiotics should be 
continued in the postoperative period for at least two more 
doses.

Probiotics are also advised to avoid any antibiotic side 
effect. Intraoperatively large doses of  local anesthetics are 
to be avoided, and the extensive use of  electric coagulation 
is minimized because it increases the risk of  necrosis of  
scarred skin. Similarly the use of  subcutaneous epinephrine 
is limited because of  the same risks.

A smooth emergence from general anesthesia, one free 
of  coughing and vomiting, is essential in burn reconstruc-
tive surgery, as are controlling high or low blood pressure 
episodes, nausea, and vomiting. Hyperactive and anxious 
patients may benefit from anxiolytic medication to avoid 
sudden and uncontrolled movements in the immediate 
postoperative period. Light dressings are applied after 
surgery and any high pressure avoided since it can injure 
burned tissue. When aesthetic procedures are planned 
(such as fat grafting, CO2 laser therapy, chemical peels, aes-
thetic surgery), patients are left without dressings to allow 
accurate and correct wound healing. Immobilization is kept 
to a minimum, and passive and active range of  motion is 
started as soon as possible in the postoperative period. 
Movement helps to avoid edema formation, congestion, and 
recurrence of  contractures. Splints, prostheses, and pres-
sure garments must be used either immediately or very 
soon after the operation. Rehabilitation is normally part of  
the reconstructive master plan, so it must be included and 
started after surgery. Silicone inserts in grafted areas have 
been found helpful in controlling the early phase of  scar 
maturation because they apply gentle and uniform pressure 
to the wounds and position joints properly.

It is also very important to administer good pain control 
because having a comfortable and cooperative patient helps 
positioning, rehabilitation, and the success of  any opera-
tion. Patient-assisted analgesia is the best option if  the 
patient is able to use it. Other than that, scheduled hydro-
codone and morphine are good alternatives. Anxiolytics 
must always be considered as part of  the pain control 
program, and the addition of  antiitch medications and anti-
emetics such as diphenhydramine and droperidol is very 
helpful.

Finally, providing the patient and family an environment 
that is cozy and relaxing helps them and the burn recon-
structive team to cope better with periodic admissions and 
decreases fear and anxiety before every step in the progress 
of  the reconstructive plan.10,11

Surgical Approach to the Burn 
Reconstructive Patient: The Role 
of the Reconstructive Ladder

Some progress has been made in burn reconstructive 
surgery in the past decades, although its impact is not as 
dramatic as in other areas of  plastic surgery. Burn recon-
structive surgery involved for many decades incisional or 
excisional releases of  the affected scars and skin autograft-
ing. Today, however, the first approaches that the recon-
structive surgeon should bear in mind are local or regional 

patient is referred to the rehabilitation department for con-
sideration. Finally, an inventory of  all possible sites for 
donor tissue is made.

All reconstructive possibilities are discussed with the 
patient, and the timing and order of  such procedures are 
outlined. All important points and pitfalls are explained to 
the patient. The importance of  addressing all urgent, essen-
tial, and functional problems first has to be understood by 
the patient. This is essential because the patient can become 
extremely upset when important cosmetic problems are dis-
regarded at the beginning while other not so obvious prob-
lems (to them) are addressed first.

Finally, in children, it is also important to perform as 
many procedures as possible during the preschool years and 
to offer the patient multiple, simultaneous procedures. 
Time, effort, and money are then best invested. Essentials 
of  burn reconstruction are summarized in Box 59.4.

Pre-, intra-, and postoperative care of  burn reconstruc-
tive patients include all techniques and special treatments 
of  general plastic surgery and any state-of-the-art special 
plastic surgery techniques. The scope of  procedures per-
formed in burn reconstructive surgery ranges from split-
thickness grafts to tissue expansion and microsurgery. 
More recently composite vascularized allotransplantation 
has emerged as a new technique for catastrophic burn 
deformities.

The plastic surgeon operating on burn patients works 
most of  the time with scarred and injured skin. In this par-
ticular setting, it is very important to handle all tissues with 
extreme care because vascularization in the area is nor-
mally altered. Patients are instructed to stop smoking for at 
least 3 weeks before surgery. All meals and drinks contain-
ing active vascular substances need to be tapered and any 
medications noted so that all unnecessary drugs can be 
stopped. The patient is instructed also to avoid medications 
such as aspirin that may increase intraoperative and post-
operative bleeding. Uncontrolled hypertension, cough, 
nausea, and disorders of  coagulation need to be known by 
the surgeon and treated as needed since they are known to 
increase the risk for hematoma. It is always advisable that 
the patient presents for surgery with a responsible adult to 
take care of  them after surgery.

The evening before surgery the patient is instructed to 
have the skin cleansed with bacteria-reducing soap, and a 
light dinner is advised. Burn patients normally have hyper-
trophic scarring, seams, and intradermal cysts that  
are prone to a high bacterial load. It is also advisable to 
include in the operative planning the perioperative use of  

Box 59.4 Essentials of Burn Reconstruction

1. Strong patient–surgeon relationship
2. Psychological support
3. Clarify expectations
4. Explain priorities
5. Note all available donor sites
6. Start with a “winner” (easy and quick operation)
7. As many surgeries as possible in the preschool years
8. Offer multiple, simultaneous procedures
9. Reassure and support the patients
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HEAD AND NECK

Burns to the head and neck are still a challenge to the burn 
team. Residual deformities produce severe distortion, with 
disfigurement and functional limitations. Bridging scars 
from chin to neck to anterior shoulder result in exaggerated 
kyphosis with neck flexion and protraction of  the shoul-
ders. The most frequent deformity in the periorbital area is 
ectropion, although more severe cases present distraction 
of  the canthal folds, fusion of  part of  the eyelids, and distor-
tion of  the lacrimal punctate. Release of  upper and lower 
eyelid contractures has to be performed separately, with 
undermining of  the surrounding tissues. Full-thickness 
grafts are most suitable for lower eyelids where stability is 
the goal, while split-thickness skin autografts are used on 
upper eyelids to improve mobility.17 Fat grafting has been 
successfully used to restore the aesthetic appearance of  the 
upper eyelid. Lower eyelid ectropion may also benefit from 
fat grafting. Good repositioning of  deep structures can be 
achieved by this technique, often solving difficult ectropion 
problems.18 Eyelashes and eyebrows can be restored by 
monofollicular or multiple-follicular hair transplantation, 
rendering in many situations better outcomes than tradi-
tional techniques. Micropigmentation is another good solu-
tion in selected patients, restoring normal appearance and 
even providing the disguising look of  three-dimensional 
facial architecture.19,20

The nose anatomy deserves careful attention. Small 
deformities may be corrected by secondary rhinoplasty and 
dermabrasion with or without sprayed keratinocyte cells. 
More extreme deformities (destruction of  the columella or 
alar rims) are good indications for helical rim free flaps, 
whereas subtotal or total destruction of  the nose calls for a 

flaps.5 They provide new and vascularized tissue to the area, 
they grow in children, and they render the best functional 
and cosmetic results. These flaps can be raised either with 
normal skin or burn scar. Even though it is generally true 
that burned tissues present a high tendency to congestion, 
ischemia, and necrosis, such tissue can be used as a reliable 
flap if  extreme care is used while raising the flap and the 
injured skin is left attached to the underlying tissues.12 This 
expands burn reconstruction into new territories and 
techniques.

Moreover, tissue expansion offers reconstructive sur-
geons the possibility to produce new pre-expanded flaps 
that may be transferred as free flaps or tailored or prefabri-
cated flaps.13–15

For years surgeons used to evaluate the chief  complaint 
or complaints and wait for immature scars or increasing 
deformities to mature with time and the use of  pressure 
garments. Only then, after the deformity was stable, would 
they begin with simple techniques. At that point, depending 
on the type of  deformity, skin grafts or simple techniques 
such as z-plasties or the like were used. Today, the burn 
reconstruction plan needs to be tailored to the individual 
patient, and complex and advanced techniques are utilized 
since they offer better function and cosmesis.5

Aesthetic Reconstruction of 
Burned Patients

The evaluation of  reconstructive needs in burn victims 
should follow a holistic approach. In the best hands, the 
approach is developed under the umbrella of  a group of  
experienced plastic, reconstructive, and aesthetic physi-
cians in which all techniques are mastered. Not only have 
simple, traditional plastic surgery operations to be contem-
plated, but also new additions in aesthetic surgery and aes-
thetic medicine (Box 59.5). These include skin grafts to free 
flaps, composite vascularized allotransplantation, fat graft-
ing, hair transplantation, and laser treatments or chemical 
peels.16 Fig. 59.3 summarizes a master aesthetic burn 
reconstructive plan.

Box 59.5 Techniques Available for Aesthetic 
Burn Reconstruction

1. Classic workhorse techniques: skin grafts, cartilage grafts,
z-plasty, local and regional flaps, keystone flaps

2. Dermal regeneration templates
3. Tissue expansion with or without flap prelamination/

prefabrication
4. Free flaps, with or without prelamination
5. Fractional CO2 laser and others
6. Fat grafting and stem cell therapy/keratinocytes
7. Aesthetic plastic surgery techniques: liposuction, rhinoplasty,

facelifts, breast surgery, etc.
8. Chemical peels
9. Hair transplantation

10. Osseointegration and dental surgery
11. Micropigmentation
12. Composite vascularized allotransplantation

Fig. 59.3 Burn wound sequelae to the face. Aesthetic master plan 
includes pre-expanded flaps, full-thickness skin grafts, scar revision, 
commissuroplasties and lip correction, fat grafting, vertical subperios-
teal mid face lift, monofollicular hair transplantation, ear reconstruc-
tion, osseointegrated implants, CO2 fractional laser treatment, and 
micropigmentation. Mastering all techniques of reconstructive surgery, 
aesthetic surgery, and aesthetic medicine is a must to provide excellent 
outcomes. 
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McCauley et al. classified burned scalp alopecia in terms of  
the pattern and extension (Box 59.6). This classification has 
proved very useful in our approach. Patchy burn alopecia 
extending across the entire scalp or total alopecia are not 
suitable for classical reconstruction.25 However micropig-
mentation or even monofollicular hair transplantation has 
produced great results and provided new tools for burn 
reconstruction of  these difficult problems.19 On the other 
hand, alopecia extending to up to 50% of  the scalp can be 
corrected with single expansion and closure, whereas larger 
areas of  alopecia or different concomitant segments of  alo-
pecia can be managed with sequential expansion. Many 
times overinflation of  the expander is necessary, and it is 
important to bear in mind that expanded tissue normally 
contracts by 20% of  the initial surface. Care of  these patients 
is similar to that of  any patient undergoing tissue expan-
sion. In our hands rectangular tissue expanders with over-
expansion are the best possible solution for these types of  
problems.

Selected patients with good-quality scars and limited 
areas of  burn alopecia may be offered hair transplanta-
tion. If  this technique is selected, the same tenets and after-
care utilized in male pattern alopecia restoration apply. It is 
important to recognize the male pattern alopecia areas in 
the subject of  relatives to select the appropriate donor site.26

traditional nose reconstruction with paramedian forehead 
flap (if  this donor site is absent, a prelaminated free flap is a 
good option).21

Lip deformities and microstomia are normally addressed 
with local flaps, commissuroplasties, and skin grafts. 
Micropigmentation is a good aid to finish the reconstruction 
and to restore the vermilion border. Fat grafting can be uti-
lized for lip volume, whereas laser treatment and dermabra-
sion clear superficial irregularities. Loss of  hair follicles in 
male patients has been traditionally reconstructed by means 
of  scalp grafts or flaps, but monofollicular hair restoration 
is the ultimate solution for this problem.22

Another area that deserves aesthetic (and indeed func-
tional) attention is dental malocclusion. It is not uncom-
mon for burn patients to lose teeth and present with an 
altered smile and poor projection. The growing child 
deserves extra attention too. Tight scars, inelastic skin, and 
scar contractures may alter the correct growth of  facial 
bones and produce malocclusion. If  these anomalies are 
detected, orthodontics, tooth replacement, osseointegrated 
implants, and even orthognathic surgery may be required.23

Other passive deformities include ear deformities. Ear 
reconstruction in burned patients can be done with rib car-
tilage grafts. If  there is no suitable subcutaneous pocket, a 
superficial temporalis fascial flap can be used to wrap the 
framework, with a split-thickness skin graft on top. Other 
times, tissue expansion to the retroauricular area can be 
performed prior to the creation of  a rib cartilage 
framework.24

BURN ALOPECIA

One of  the areas where the effects of  burn injury are most 
noticeable is the scalp. Healing of  deep partial- and full-
thickness burns very often leads to areas of  scalp alopecia. 
This produces an important psychologic impact for the 
patient because it affects self-esteem and image. Small areas 
of  patchy alopecia can be effectively treated with excision 
and direct closure; however, tissue expansion is still the gold 
standard of  treatment for burn alopecia (Fig. 59.4). 

BA

Fig. 59.4 (A) Burn scar alopecia, including the anterior hairline. (B) Result after reconstruction with scalp tissue expansion with rectangular tissue 
expanders. 

Box 59.6 Classification of Burn Alopecia (after 
McCauley et al.)

Type 1: Single alopecia segment
– A, <25%
– B, 25–50%
– C, 50–75%
– D, 75%

Type 2: Multiple alopecia segments amenable for tissue 
expansion

Type 3: Patchy burn alopecia
Type 4: Total alopecia
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contractures are best reconstructed with local flaps. Fascial 
free flaps are also often utilized, covered with dermal regen-
eration templates in a two-stage operation. Occasionally a 
skin autograft is necessary to add length to the reconstruc-
tion of  the linear contractures. Boutonniere deformities 
need reconstruction of  the extensor mechanism. If  contrac-
ture to the palmar surface co-exists, a full-thickness graft or 
a cross-finger flap is necessary. However, in our experience, 
full release of  the contracture followed by a fascial free flap 
and skin graft, versus a single- or two-stage dermal regen-
eration template procedure, together with the injection of  
platelet-rich plasma is a great solution. Extensor tendon 
destruction or adhesion is normally treated with tenolysis, 
and, if  tendon repair is necessary, a flap must be considered. 
Stem cell therapy often helps in controlling excessive scar-
ring, although future clinical research will show its real 
indications in burn care reconstruction. Finger transfers, 
thumb lengthening, and internal and external fixation are 
to be considered in severe and selected problems.5

Other available techniques that provide better cosmetic 
outcomes include fat grafting, chemical peels, and frac-
tional ablative CO2 laser therapy.27

One of  the most important parts of  the reconstruction of  
the burned hand is the rehabilitation plan. It must be started 
as soon as the skin coverage is stable. Pressure therapy, web 
spacers, and night splints are necessary to achieve the 
expected results.28

BREASTS

Breast deformity, asymmetry, and displacement of  the 
nipple areola complex (NAC) is a commonly encountered 
deformity. Even though they may affect both genders, the 
presence of  a breast deformity and NAC alteration has a 
deeper emotional and psychosocial impact in the female 
population.

Traditional techniques for treatment include release and 
autografting. Novel additions to the reconstructive arma-
mentarium are integral and other dermal templates, which 
provide pliability and elasticity with good recreation of  the 
breast mound and submammary fold. They also aid in the 
growing breast, allowing for better symmetry and good aes-
thetic outcome.

Other patients require augmentation mammoplasty with 
breast implants or fat grafting. In this situation it is not 
uncommon for patients to require the temporary placement 
of  a breast tissue expander to augment the tissue envelope 
and better accommodate a definitive implant with enhanced 
symmetry and breast aesthetics.24

LOWER EXTREMITY

Severe burns to the lower extremity can be a source of  
important morbidity. Deformity to the feet can affect gait 
and normal living. Severe destruction may even prevent the 
patient from standing. Patients are often concerned about 
the appearance and correct positioning of  the feet, plus the 
correction of  nail deformities; fractional ablative laser 
therapy and fat grafting are parts of  an integral functional 
and cosmetic reconstruction. A good and durable skin cov-
ering must be supplied to these areas to improve weight-
bearing and ambulation. Good acute care can prevent some 

UPPER EXTREMITY

Hypertrophic scars and contractures to the upper extremity 
promote the position of  comfort: protraction and adduction 
of  the shoulder, elbow in flexion, and the “burned hand 
position” with wrist in flexion, metacarpophalangeal exten-
sion, interphalangeal flexion, and first metacarpal exten-
sion and adduction. The overall appearance of  the hand is 
that of  a “claw deformity” (Fig. 59.5). Many of  these prob-
lems can be prevented with correct acute care and splint-
ing, which include the arm elevated in the neutral plane or 
in line with the glenoid at approximately 15–20 degrees of  
horizontal flexion and 80 degrees of  abduction, elbow in 
full extension, and hand in intrinsic plus position with 
thumb in flexion and abduction.

Linear contractures to the shoulder can be addressed 
with local flaps, keystone flaps, or two-staged dermal regen-
eration burn reconstruction techniques. The addition of  fat 
grafting and stem cell therapy are promising grounds for 
best outcomes and clinical research. Often four- and five-
flap z-plasties are very useful. When the contracture extends 
to all or nearly all of  the axilla, incisional release and auto-
grafting is preferable, although regional rotational flaps or 
free flaps can be used if  available. It has to be noted, however, 
that a contracture to the axilla cannot be released at the 
same time a neck release is performed since it is not possible 
to maintain correct neck hyperextension while abducting 
the shoulders in the postoperative period. The neck needs to 
be addressed first, followed by the shoulder release, thus 
allowing a perfect result in each operation.

Contractures to the elbow normally include flexion defor-
mity, which is best addressed with local z-plasties or, when 
not possible, incisional release and autografting. It must be 
noted, however, that heterotopic calcification has to be 
ruled out when dealing with limitations of  extension. In 
some cases, peripheral nerves, in particular the ulnar nerve, 
need to be transposed for complete functional correction of  
the deformity.

The most common deformities of  the hand are wrist and 
dorsal contractures with extension, web space contrac-
tures, and boutonniere deformities. Extension deformity to 
the wrist and dorsum of  the hand normally requires an 
incisional release and autografting, whereas web space 

Fig. 59.5 Typical hand deformity. A comprehensive approach with a 
program of functional reconstruction and aesthetic consideration of 
skin coverage is advocated. 
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Other relevant techniques that improve functional out-
comes and overall cosmesis in lower extremities are free 
flaps and keystone flaps. The former are often utilized as 
fascial free flaps with dermal regeneration templates or full-
thickness skin grafts. Fat grafting and stem cell therapy help 
in improving function and aesthetic appearance through a 
modulation of  the inflammatory response and reduced scar 
deposition.5,24

Complete references available online at 
www.expertconsult.inkling.com

of  the deformities to this area, and excision and grafting to 
all full-thickness burns with early ambulation and physical 
therapy are also important. When in bed, the feet should be 
in neutral position and at 90 degrees or greater dorsiflexion. 
Orthopedic shoes and metatarsal bars are helpful in posi-
tioning foot burns in infants and small children.

Common deformities in the lower extremity include hip 
and knee flexion, whether anterior or posterior, and most 
often impose the position of  knee flexion, equinovarus 
deformity of  the foot, and extreme extension of  the toes 
from dorsal foot burns. In all deformities, the overall func-
tional goal is restoring anatomy, which in turn provides 
good cosmetic appearance.
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In most lasers, there is a population of  atoms known as 
an active medium. The active medium of  a laser is a mate-
rial of  controlled purity, size, concentration, and shape. 
This material can be of  any state: gas, liquid, solid, or 
plasma. The gas lasers consist of  the argon, copper vapor, 
helium-neon, krypton, and CO2 devices. One of  the most 
common liquid lasers, the PDL, contains a fluid with  
rhodamine dye. The solid lasers are represented by the ruby, 
neodymium:yttrium-aluminum-garnet (Nd:YAG), alexan-
drite, erbium, and diode lasers.1

In the atom’s resting state, electrons orbit around the 
nucleus at their ground state or lowest energy levels, in 
orbitals. When an electron absorbs energy from an energy 
source, electrons become excited and orbit into higher 
orbitals. The energy source used to excite the electrons can 
be a light source, an electrical field, or a chemical. When 
these excited electrons fall back into their resting orbitals, 
energy is released, generating photons (electromagnetic 
radiation). Photons have wavelengths specific to the atom 
excited. Since lasers have a consistent population of  atoms, 
the photons emitted are all identical. These identical 
photons are considered monochromatic, meaning that all 
photons in a laser beam are of  the same wavelength. By 
contrast, IPL consists of  many different wavelengths.

The resonant chamber consists of  two reflective mirrors 
between which photons reflect back and forth. If  a photon 
collides with an excited electron, that electron falls back to 
its resting orbital, releasing another photon of  the same 
wavelength. The two photons are “in phase” or “coherent,” 
meaning their wave patterns are synchronized and reinforce 
each other. By comparison, the photons in conventional 
light travel randomly. As these photons hit other excited 
electrons, more photons are released and the light energy 
increases. The resonant chamber allows for more and more 
atoms to become excited and then return to ground state, 
thereby amplifying the energy produced (amplification of  
stimulated emission) and allowing for photon coherence.

One of  the mirrors is only partially reflective and partially 
transparent. Those photons traveling in a perfectly parallel 
direction will exit the transparent portion of  the mirror, 
also known as the optical resonator, taking the form of  the 
“laser beam.”

Light energy can be visible or invisible depending on its 
wavelength. The spectrum of  electromagnetic radiation 
ranges from long radio waves (wavelength >10 cm) to 
extremely short γ rays (<10−11 m). The entire spectrum 
includes radio, microwave, infrared, visible (400–700 nm), 
ultraviolet, X-ray, and γ rays.

The specific wavelength emitted by a laser will determine 
how the laser beam interacts with tissue. When the laser 
strikes tissue, a variety of  desirable and undesirable effects 
result as the laser is reflected, scattered, transmitted, or 
absorbed.

History of Laser and Intense
Pulse Light

Albert Einstein was the first to describe the theoretical
physics of  the laser in 1917. He described the interaction of
atoms and molecules with electromagnetic energy in terms
of  the spontaneous absorption and emission of  energy and
concluded that stimulated emission of  energy was also pos-
sible. In 1959, the first instrument was developed by Drs.
Townes and Schawlow based on those concepts. It was
known as the microwave amplification through the stimu-
lated emission of  radiation (MASER). Shortly thereafter, in
1960, Theodore Maimon developed the first laser light with
use of  a ruby crystal. Early clinical studies with the ruby
laser began in 1964, with Dr. Leon Goldman, a dermatolo-
gist considered by many to be the father of  laser medicine.
The rapid development of  additional lasers occurred with
the helium-neon laser appearing in 1961, the argon laser in
1962, the carbon dioxide (CO2) laser in 1964, the Nd:YAG
laser in 1964, and the erbium-YAG laser in the mid-1990s.1

However, early lasers had limited control of  energy param-
eters, leading to frequent thermal injury and scarring. The
concept of  selective photothermolysis (SPTL) introduced by
Anderson2 led to the development of  the first laser that was
specifically designed to treat a medical condition; it was
named the pulsed dye laser (PDL) and was almost instantly
accepted in treating port wine stains in very young patients,
a condition that had hitherto been very problematic.3

Further developments over the ensuing decades included
the introduction of  pulsed energy resulting in decreased
laser exposure time.1 Reliant technologies unveiled the
ability to split the treated zone into specific area, resulting
in multiple microtreatment zones within the target area;
this was termed fractionated laser treatment.4 The advent of
short-duration Er:YAG lasers in the mid-1990s offered an
additional option for resurfacing, either alone or in combi-
nation with the CO2 laser. Around the same time, high-
intensity flashlamp exposure was presented as a suitable
tool for treating vascular lesions;5 this resulted in the release
of  intense pulsed light (IPL) as a medical device. In the fol-
lowing years, multiple technical modifications allowed
easier handling, increased safety, and widened the spec-
trum of  potential indications.5

Physics of Laser

Lasers are devices that rely on the stimulated emission of
radiation to produce a beam of  light. The word LASER is an
acronym for the term light amplification by stimulated emis-
sion of  radiation. The device itself  consists of  an active
medium, an energy source, and a resonating chamber.
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Children may require general anesthesia, whereas adults 
can be treated with topical anesthesia. This is more often 
required when treating areas of  hyperpigmentation. Pain 
response can be assessed during a test patch procedure. If  
necessary, Eutectic mixture of  local anesthetic (EMLA; lido-
caine 2.5%/prilocaine 2.5%; AstraZeneca AB, Södertälje, 
Sweden) cream can be applied to reduce the stimulation of  
the procedure and reduce postoperative pain. The use of  
topical anesthetic as part of  multimodal analgesia for frac-
tionated laser treatment of  burn scars significantly decreases 
the requirement for opioid analgesia and reduces procedure 
to discharge times.6 Similarly an opioid sparing regime in 
children has been shown to have the potential to provide 
adequate post-operative pain following laser treatment 
under general anaesthesia.7

Patients undergoing ablative fractional laser treatment 
routinely receive perioperative antibiotic prophylaxis, which 
is typically not indicated for patients undergoing nonabla-
tive laser treatments. Patients undergoing fractional abla-
tive laser are routinely washed with chlorhexidine and 
thoroughly dried prior to initiation of  laser treatment. All 
patients receiving fractional ablative laser to the face are 
given acyclovir for herpes simplex prophylaxis.

Ice packs are used on the skin immediately following 
treatment. Wound care after laser treatment is initiated on 
the first postoperative day and includes a topical antiseptic 
wash and application of  a generous amount of  emollient 
for several days. Wound care for IPL consists of  aloe vera 
cream applied every 15 min for a couple of  days or until the 
stimulating effect has receded. Hydrocortisone 1% cream is 
also provided to those patients undergoing fractional laser 
treatment to help with itching. Analgesia is usually achieved 
with over-the-counter pain medications; however, some 
patients may require a short course of  narcotic medication. 
Patients may resume normal activity almost immediately, 
including physical or occupational therapy. Depending on 
the discomfort level and the desired type of  activity, patients 
may return to school or work after 1–3 days. Compression 
garments may be worn once wounds reepithelialize. Sun 
avoidance and use of  broad-spectrum sunscreens with a 
sun protection factor (SPF) of  at least 30 are mandatory for 
12 months postoperatively to reduce the likelihood of  
postinflammatory hyperpigmentation.

PULSED DYE LASER THERAPY

The PDL is the most studied laser for hypertrophic scar-
ring.8 Over the past decade, the PDL has been shown in 
multiple studies to provide significant and long-term 
improvement in hypertrophic scars.9 However, further 
studies have yielded conflicting data, with some more recent 
investigations finding no difference in PDL-irradiated hyper-
trophic scars over untreated controls.10,11 Developed several 
decades ago, the vascular-specific, flashlamp-pumped 585- 
and 595-nm PDLs became the standard of  care in the treat-
ment of  port wine stains, capillary malformations, and 
some hemangiomas.9 This laser selectively targets hemoglo-
bin and coagulates microvasculature in the papillary and 
reticular dermis up to a depth of  1.2 mm. Although the 
mechanism of  action for scar improvements is unknown, 
most theories are based on the principle that vascular pro-
liferation plays a key role in hypertrophic scars. The PDL 

Reflection is the proportion of  laser that bounces off  the
surface and is redirected in a different direction. When laser
is directed perpendicular to the skin, approximately 5% of
the laser is reflected. Reflection of  laser is one of  the reasons
why it is imperative to wear appropriate safety goggles at all
times when performing laser treatments.

Scatter is the increase in spatial distribution of  a laser
beam as it passes farther through tissue, leading to irradia-
tion over a larger area of  tissue. The main scattering wave-
lengths are between 400 and 1200 nm (those where tissue
water absorption is poor).

Absorption can be described as the conversion of  the
energy of  the laser to heat when its photons strike a specific
molecular target, known as a chromophore. The mechanism
by which lasers are used to target specific tissue is called
selective photothermolysis (photo = light and thermolysis =
decomposition by heat).

Transmission occurs when a laser that has not been
absorbed is transmitted into deeper tissue beyond the
chromophore.

Multiple variables must be considered when selecting a
type of  therapeutic laser, in addition to the appropriate
wavelength. The additional laser parameters that optimize
the result are fluence, or power density (joules/cm2); pulse
width or duration; mode of  delivery; and spot size (increas-
ing spot size increases penetration).

The theory of  selective photothermolysis first described
by Anderson and Parrish explains the principles behind the
clinical application of  photothermal lasers.2 The wave-
length of  laser light chosen must be selective and appropri-
ate for the target tissue, which must be destroyed without
damaging the surrounding tissues. The pulse width or
duration of  the laser pulse must be within the thermal
relaxation time of  the treated tissues. Thermal relaxation
time is the amount of  time it takes to transfer two-thirds of
the resultant heat to the surrounding tissues.

The laser’s effect on the epidermis can further be classi-
fied as ablative or nonablative depending on whether or not
the epidermis is left intact. Fractional lasers treat only a
portion (or fraction) of  the tissue. Nonablative lasers will
thermally injure the tissue, whereas ablative lasers will
destroy entire columns of  tissue, including epidermis.

Overview of Lasers in
Hypertrophic Burn Scar

The ultimate goal in the treatment of  hypertrophic scars is
to make improvements both aesthetically and functionally,
as well as reduce itching and pain related to the scars. Tra-
ditional and emerging laser- and light-based technologies
offer new hope for patients with burn scars.

GENERAL CONSIDERATIONS

An important tool in the evaluation of  the patient for a resur-
facing procedure is Fitzpatrick’s scale of  sun-reactive skin
types, and this should be assessed prior to laser treatment.

The type of  anesthesia employed prior to laser therapy
depends on several factors, including the mode of  laser
treatment (e.g., ablative lasers are more painful than nonab-
lative lasers), size of  the scar, and the age of  the patient.
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tension in some restrictive scars and appears to facilitate 
the subsequent remodeling response more effectively. In 
fractional ablative CO2 laser-treated skin specimens, a col-
lagen subtype (types I and III collagen) profile resembling 
that of  nonwounded skin was found.18 Also, pinpoint bleed-
ing after ablative fractional laser is much less problematic  
with the fractional ablative CO2 laser because of  the 
increased zone of  coagulation when compared to the 
erbium:YAG laser. The fractional ablative CO2 laser has 
been shown to be highly effective in the treatment of  hyper-
trophic scars,12,18-28 including cosmetic and functional 
enhancement of  traumatic scars and contractures, with 
treatment ranging between one and six sessions. Improve-
ment of  tactile sensation after treatment of  burn scars of  
the palm has also been reported. Patients who underwent 
fractional ablative CO2 laser procedures for treatment of  
symptomatic burn scars also had a 49% decrease in pruri-
tus after laser treatment.19 Our institution (UTMB, Galves-
ton) recently performed a review29 of  the patient cohort 
who underwent treatment with fractional ablative CO2 laser 
therapy for postburn hypertrophic scarring. A total of  452 
fractional ablative CO2 laser treatments were performed in 
245 pediatric patients (126 females and 119 males) in 3 
years. Fractional ablative CO2 laser was used 256 times on 
the face, 103 on the neck, 164 on the torso, 164 on the 
upper limbs, and 74 on the lower limbs. Treatment provid-
ers have seen a reduction in scar thickness and improve-
ment in scar pigmentation, as well as improvement in burn 
scar itch in patients treated with fractional CO2 laser.

In 2012, Lumenis introduced a modification to the high-
energy CO2 laser (UltraPulse Encore; Lumenis, Santa Clara, 
CA) by adding a module for the treatment of  scars—
Synergistic Coagulation and Ablation for Advanced Resur-
facing (SCAAR FX). The device generates hundreds of  very 
deep microchannels that penetrate up to 4 mm. Usually 
after the first procedure patients feel a reduction of  tension 
and softening of  the scar. This is now the mainstay of  the 
CO2 laser treatment at our institution for thick hypertrophic 
scars (for more details on laser settings refer to Table 60.1).

LASERS TO TARGET PIGMENT

There are several lasers available that target pigment 
including the Ruby laser which is near infra-red (wave-
length 694 nm) and targets pigment. A long pulse is used 
for hair removal (by destroying hair follicle stem cells) and 
ultra short (nano-second) pulse for interfollicular and fol-
licular melanocyte destruction. Combination lasers include 
the TriVantage and GentleMAX (Candela Laser Corpora-
tion, USA), which both combine an alexandrite laser 
(755 nm) and Ng:YAG capabilities (1064 nm. This creates 
a broad spectrum of  different wavelengths to enable target-
ing of  different pigments and depths of  melanocytes. They 
are thus useful for the removal of  pigmentation and pig-
mented hairs to treat burn scar folliculitis.

INTENSE PULSED LIGHT

Although not technically a laser, IPL delivers focused, 
controlled light energy through a coupling gel across the 
515–1200 nm (visible to near infrared) spectrum and at 
a fluence of  up to 40 J/cm2. IPL sources are filtered xenon 

causes photothermolysis, in which light energy is absorbed
by hemoglobin leading to coagulation necrosis.9 Beneficial
effects of  PDL on burn scar pruritus have also been observed.
This may be secondary to either decreased mast cell count
following PDL treatment or decreased amounts of  sub-
stance P and calcitonin gene-related peptide (CGRP), which
mediate the vascular response of  the skin.11 The settings for
PDL in the treatment of  hypertrophic burn scar are found
in Table 60.1.

ABLATIVE/NONABLATIVE FRACTIONAL LASERS

Fractional resurfacing leads to controlled destruction of
tissue columns, also known as microscopic treatment zones
(MTZs), without significant collateral damage. Similar to a
z-plasty, the laser breaks up the thick, disorganized collagen
fibrils that created the scar, allowing these regions to repair
in a more organized fashion. However, a significant amount
of  epidermis and dermis remains intact, which assists in
wound healing.

Fractional laser injury has also been shown to induce a
molecular cascade including heat shock proteins and
matrix metalloproteinases as well as inflammatory proc-
esses that lead to a rapid healing response and prolonged
neocollagenesis.

ERBIUM-YAG LASER

In a prospective, single-arm, pilot study, treatment with a
nonablative fractional erbium laser resulted in at least mild
improvement in scar appearance in 90% of  subjects and
moderate to excellent improvement in 60% of  subjects.13

However, this study did not separate out patients who had
hypertrophic burn scars versus scars from other etiologies.
Two additional studies also investigated 1540-nm nonabla-
tive fractional erbium laser in mature burn scars and found
a similar lack of  improvement in thick scars.14,15 Based on
findings in these studies, it is likely that hypertrophic burn
scars benefit from even deeper penetrating laser energy.
There is a significantly greater potential depth of  thermal
injury with ablative fractional laser when compared with
nonablative fractional laser devices (approximately 4.0 and
1.8 mm, respectively).16 Ablative erbium:YAG laser emits
infrared light with a wavelength of  2940 nm. The major
innovation of  the erbium:YAG laser over the CO2 laser is its
shorter wavelength, which increases its absorption coeffi-
cient through water 10- to 16-fold. Also, there is less
thermal necrosis at the treatment site. One study cited
improvement in hypertrophic burn scars in 24 patients on
face, neck, or low neckline, and eight on the hands.14 The
settings for ablative erbium:YAG lasers in the treatment of
hypertrophic burn scar are found in Table 60.1.

CO2 LASER

The CO2 laser has a wavelength of  10,600 nm and is used
to target water in abnormal collagen several millimeters
below the surface of  the skin. The absorption of  CO2 laser
by tissue water is significantly less than that of  erbium:YAG
leading to a relatively greater potential for surrounding
tissue ablation. However, the increased ablation appears
to induce a modest immediate photomechanical release of
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Table 60.1 Common Laser/IPL Settings

PULSE DYE LASER

Wavelength 585–595 nm

Handpiece (spot size) 7-mm or 10-mm spot

Pulse duration 1.5 ms

Cryogenic cooling settings 30-ms spray and 20-ms delay

Fluence (7 mm) 6.0–11.0 J/cm2

Fluence (10 mm) 4.0–5.0 J/cm2

Overlap Yes

Endpoint Purpuric skin change

ERBIUM:YAG LASER

Wavelength 2940 nm

Spot size 3–6 mm

Frequency 4–8 Hz

Fluence 11–12 J/cm2

Overlap No

Endpoint Pinpoint bleeding

CO2 LASER

Wavelength 10,600 nm

DeepFX Handpiece SCAARFX DeepFX

Indication Severely thickened hypertrophic scar Intermediate-thickness hypertrophic scar or atrophic scar

Energy 70–100 mJ 15–20 mJ

Frequency 250 Hz 600 Hz

Pattern 2 2

Size 10 10

Density 1%–3% 10%

Overlap No No

Endpoint Pinpoint bleeding Pinpoint bleeding

Ultrascan CPG ActiveFX Central ActiveFX Peripheral

Indication All central scar All peripheral scar (feathering)

Energy 60–100 mJ 50 mJ

Frequency 125 Hz 125 Hz

Pattern 3 3

Size 7 5

Density 3% 3%

Overlap Yes Yes

Endpoint Full coverage of scar Full coverage of peripheral scar

INTENSE PULSED LIGHT

Wavelength Filter 590 nm

Pulse Duration 5 ms

Delay 20 ms

Fluence 15–17 J/cm2

Guide Large rectangular light guide
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would use the CO2 laser in addition to address areas of  
tightness.

SCAR CONTRACTURE

Wide contracture bands and thick sheets of  scar contrac-
ture can be well addressed with fractionated CO2 laser, with 
the addition of  steroid injections. This allows the relaxation 
of  tissues, enabling release of  skin around the neck and in 
the webspaces of  the hand.

HYPERPIGMENTATION

Patients with darker skin types may develop areas of  hyper-
pigmentation following burns or on donor sites. This is very 
unpredictable. Lasers to target pigmentation such as the 
Alexandrite or ND:YAG laser can be used to address these 
areas. Patients must be comprehensively consented, as the 
laser will cause hypopigmentation which may be equally 
distressing.

flashlamps that release pulses of  noncoherent polychro-
matic light. The mechanism of  IPL is not fully understood, 
but it probably targets the vascular proliferation essential 
to collagen overgrowth and its effect on pigmentation (both 
melanin and artificial pigments) that results in scar devel-
opment (hyperpigmented, erythematous, and proliferative 
scars).10 Specific filters in the handpiece allow the user to 
select a window of  wavelengths, such as 755 nm for col-
lagen stimulation, 695 nm to remove superficial leg veins, 
and 515 nm to treat rosacea.12 Multiple studies have shown 
IPL to be helpful in the management of  burn scar dyschro-
mia, long-standing hypervascularity, and chronic folliculi-
tis without the risks or downtime of  PDL photothermolysis 
or laser resurfacing.10,12 The settings that we use for IPL 
in the treatment of  hypertrophic burn scars are found in  
Table 60.1.

Treatment of Specific Post Burn 
Scar Conditions

FOUR-YEAR REVIEW

A recent review (2011–2014) in our unit (St Anderws, 
Chelmsford) demonstrated a wide use of  different lasers for 
the treatment of  various post burn scar conditions.30 We 
carried out 194 procedures on 40 patients with an age 
range of  3–73 years. The fractionated CO2 laser was used 
for 66 (34%) procedures alone and 112 in total, combined 
with other lasers in the same sitting. Indications included 
hypertrophic scar, contracture bands, unstable or thick, 
cracked scars. The PDL was used for 19 (10%) procedures, 
137 in total. The main indications were red, itchy symp-
tomatic scars. It was also used to soften scars prior to injec-
tion with dermal steroids. The Ruby laser was used for 30 
(15%) of  procedures alone and 51 procedures in total, with 
indications being hyperpigmentation and folliculitis. In 
2014 this was replaced by the TriVantage and Gentlemax. 
These were used for 4 procedures alone and 27 in total. 
Indications were hyperpigmentation (TriVantage short 
pulse) and folliculitis (GentleMAX long pulse).

VASCULAR AND HYPERTROPHIC SCARS

Red scars with visible telangiectasia which blanch on touch 
are common in the months and years following healing of  
a burn. These are often lumpy and thick, or cracked and 
shiny, unstable or non-healing. The patient often complains 
of  pruritus and pain. We have found that these scars 
respond well to PDL to reduce the erythema, followed by 
CO2 to flatten the scar and enable stable healing Intrader-
mal steroids may also be applied.

Folliculitis

Commonly, hair becomes trapped under scars or grafts 
causing irritation and repeated localized infections, This 
can be particularly problematic in the beard area of  men. 
Fig. 60.1 illustrates this 25 months following a burn. We 
use the PDL to soften the scar in order to access the hair and 
decrease erythema. Following this a laser targeted at 
pigment (in this case Alexandrite laser) is used to remove 
the hair. As tight, thickened scar is usually also present, we 

Fig. 60.1 Before (above) and after (below) photographs of a man with 
hypertrophic scars and follocilitis to the beard area, 25 months follow-
ing burn injury, who was treated with PDL, Alexandrite and CO2 lasers. 
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The greatest risk when operating a laser is that of  eye 
injury to either the medical personnel or the patient. Medical 
personnel operating lasers should be fully trained and should 
cover their skin and wear correct protective eyewear (differ-
ent forms of  eyewear filter different wavelengths; therefore it 
is important that appropriate eyewear is worn for each spe-
cific laser). The protective specifications (wavelengths and 
optical densities) are usually printed on the goggles, gener-
ally near the top of  the unit. Protective eyewear should also 
be placed on the door(s) outside the laser operating room in 
case emergency entrance is required.

To help prevent eye injury, laser procedures should be 
restricted to dedicated rooms that are clearly labeled and 
only allow the necessary personnel. Those rooms should 
limit the amount of  reflecting surfaces (e.g., mirrors, com-
puter screens, windows) to avoid scattering laser beams 
inside and outside of  the room.33

If  the procedure is being performed on the head and neck, 
metal scleral eye shields that fit the patient’s cornea are 
filled with an ocular lubricant and placed directly on the 
corneal surface. However, if  the procedure is being done 
below the neck, burnished stainless steel eye cups are fitted 
over the eyelids and secured so that the entire periorbital 
area is covered.

Appropriate signage on the laser operating room door(s) 
is a requirement. The sign should describe the nature of  the 
laser being used, its wavelength, and energy. Signs should 
only be posted when the laser is in actual use and removed 
or covered when the laser is turned off  and the key 
removed.32 All operating room windows should be closed 
and covered. Lasers that have foot pedals are helpful in 
allowing expeditious use of  the laser. However, accidental 
activation of  the foot pedal is one of  the most commonly 
reported accidents.32 Any repositioning of  the foot pedal 
should take place when the laser is deactivated, and only 
the operator of  the laser should use the foot pedal. The 
control panel of  the laser should never be left activated and 
unattended. When not in use, the laser should be turned off  
and the key removed. The footswitch for activating the laser 
must be given only to the credentialed laser user.

Operating room fires and airway fires are both pos-
sible when using a laser. Production of  a flame requires 
that the triad of  heat source (laser), fuel source (patient’s 
tissue), and an oxidizer (supplemental oxygen) be present. 
The risk of  operating room or airway fire is rare, but most 
commonly occurs in patients undergoing laser treatment 
near the face. The risk is significant when patients who are 
under conscious sedation require supplemental oxygen via 
standard nasal cannula. Eliminating supplemental oxygen 
altogether is the safest way to prevent operating room or 
airway fire. However, the risk of  fire is significantly reduced 
when supplemental oxygen is delivered directly to the pos-
terior pharynx using the nasopharyngeal tube or when 
the patient is intubated.32,34,35 Moist towels should cover 
areas around the treatment zone to avoid thermal radia-
tion and damage to adjacent tissue. A moist towel can be 
safely wrapped around the endotracheal tube if  present. 
Additionally moist gauzes should also be placed into the 
patient’s nares and mouth when operating lasers in close  
proximity.

It is best to keep a fire extinguisher either inside or posi-
tioned just outside the room, so it is quickly available for 

Laser Complications and 
Laser Safety

LASER COMPLICATIONS

Although infrequent, complications do occur. Common 
complications of  PDL therapy include transient purpura 
and mild to moderate erythema or edema that usually 
resolves in 7–10 days. However, in some cases, a mild ery-
thema can persist up to 3 months posttreatment. Occa-
sionally skin blistering or crusting may occur in the early 
posttreatment phase. Hypo- or hyperpigmentation may also 
occur, especially in patients with darker skin types. Over-
treatment of  burn scars may induce scarring exacerba-
tion, especially in skin with darker pigmentation, in which 
melanin acts as a competing chromophore. Intraproce-
dural cryogenic cooling of  the skin may limit these adverse  
reactions.31

Fractional ablative lasers have an improved adverse effect
profile compared with nonfractional ablative devices.
However, delayed wound healing, ulceration, postinflamma-
tory hyperpigmentation (PIH), and scarring, particularly in
areas of  thinner skin and in decreased adnexal structures
such as the neck, have also been reported with fractional
lasers. Postoperative topical application of  ascorbic acid has
been shown to decrease the duration as well as the severity
of  erythema. Because PIH can be a major problem for those
undergoing fractional laser therapy, some units attempt to
reduce pigmentation within the target zone prior to applica-
tion of  laser therapy using hydroquinone. If  a patient is likely
to elicit PIH, then a treatment we have found to be successful
is Azelaic acid gel (15%); this has a tyrosine kinase inhibitory
action that reduces the recurrence of  PIH. (I emphasize that
it is not a treatment for PIH but a preventative measure.)
Those wishing to treat PIH with topical therapy often use a
combination of  steroid, hydroquinone, and tretinoin.
Patients with a history of  herpes who undergo laser treat-
ment around the face may experience an outbreak if  not
pretreated as discussed earlier in the chapter.

LASER SAFETY

When performed by properly trained medical personnel,
laser therapy has low risks for harmful outcomes and can
be executed safely. National safety requirements are based
on the American National Standards Institute (ANSI)
Z136.3, Guide to the Safe Use of  Lasers in Healthcare. This
document is a benchmark standard for safe practice in the
United States. Although not regulatory and without legal
enforcement, this document is evidence-based and is con-
sidered best practice; as such, it is the foundation for state
laws, Occupational Safety and Health Administration
(OSHA) guidance, the Joint Commission (TJC) surveys, and
professional recommended practices.32 Proper handling
and installation of  lasers in hospitals and private practices
is overseen by OSHA, which uses a set of  standard guide-
lines issued by the American National Standard Institute.
However, institutional guidelines and state regulations
differ. These regulations determine the licensing require-
ments for who can operate a laser under the supervision of
a physician.
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someone either inside or outside the room. All staff  should 
be notified of  its location and operation.

Along with ocular hazards and fire hazards, the laser 
smoke plume is a significant occupational hazard. Research 
has proved that thermal disruption of  viable human cells, 
regardless of  the instrument used, results in the release of  
mutagenic and carcinogenic materials, including carbon 
particles, viruses, bacteria, DNA, aerosolized blood, blood-
borne pathogens, and more than 41 known hazardous 
gases such as benzene, formaldehyde, toluene, and acro-
lein.32 Masks are not meant to be the first line of  protective 
devices against plume exposure in the breathing zone. 
There are no masks on the market today, including N95 
masks, that are capable of  filtering out all airborne con-
taminants.32 Laser masks can be used instead of  standard 
surgical masks, but one should note that the filtration 
medium stops working when the mask becomes damp from 
breathing, thus defeating its purpose.28 Instead the most 
effective way to prevent this occupational hazard is to utilize 
a high-efficiency ultra-low-particulate air filter. It should be 
rated to 99.999% efficiency and placed within 1–2 cm of  
the laser smoke plume source to be effective.

Logistical and Financial 
Considerations

Starting a laser practice dedicated to the treatment of  burn 
patients with hypertrophic scar formation can be quite 
daunting.12 The ability to collect revenue from these proce-
dures is absolutely essential for the sustainability of  the 
practice.36 Third-party insurance carriers specify that 
hypertrophic burn scars that cause significant pain or result 
in a significant physical functional impairment are candi-
dates for laser.36 Critical to the success in obtaining preau-
thorization from insurance companies is a thorough history 
and physical, clinical photography, and the use of  accurate, 
specific, and complete CPT and ICD-10 codes. Because spe-
cific CPT codes for the laser treatment of  burn scars do not 
exist, Hultman et al. recommend using 17106, 17107, and 
17108 (laser destruction of  cutaneous vascular prolifera-
tive lesion, <10 cm2, 10–50 cm2, and >50 cm2, respec-
tively). The rationale for using these codes is that burn scars 
are hypervascular, hypertrophic, and hyperpigmented, all 
of  which are due to a proliferative, neovascular, and hyper-
plastic response of  the injured tissues. While not hemangio-
mas or vascular malformations, burn scars act like these 
lesions due to similar pathophysiologic mechanisms, result-
ing in similar endpoints.12 Also important for documenta-
tion is using the correct ICD-10 diagnosis terminology to 
signify that these scars are from burns and corrosions of  
external body surfaces. Use T20 for head, face, and neck; 
T21 for trunk; T22 for shoulder and upper limb, except 
wrist and hand; T23 for wrist and hand; T24 for lower limb, 
except ankle and foot; and T25 for ankle and foot. Also 
utilize ICD-10 codes L91.0 to describe keloid or hypertro-
phic scars and L90.5 to describe scar conditions and fibrosis 
of  skin.

Acquiring the laser platforms may be done through 
rental, lease, or purchase, but the capital requirement can 
be considerable.12 Because laser technologies can become 
obsolete quickly, and because warranties can be quite 

expensive, at least in the beginning of  the venture, leasing 
is one way to start a practice offering laser treatments.36

The clinician must also have access to an accredited sur-
gical facility that includes all of  the safety features of  an 
operating room or surgical suite. Most patients require a 
large area of  treatment that generally exceeds the area that 
could be covered by local anesthesia. These patients require 
treatment in an operating room with either monitored 
anesthesia or general anesthesia with supervision by an 
anesthesiologist.

One element that is particularly attractive to all stake-
holders, patients, providers, and third-party payers is that 
laser therapy for hypertrophic burn scars has the potential 
to dramatically reduce the cost of  care.12 It is possible that 
laser treatments might preclude the need for invasive 
surgery in some patients with mild to moderate contrac-
tures and permit less aggressive and less costly procedures 
in patients with moderate to severe contractures.36 From 
experience at our institution, patients expressed preference 
for the less-invasive laser treatment compared to a more 
invasive surgical scar release.29 Laser treatments can 
decrease pharmacologic requirements for such medications 
as narcotics, antihistamines, anxiolytics, and antidepres-
sants leading to decreased healthcare costs.12 Also, patients 
who have had successful treatment of  their hypertrophic 
burn scar may return to work or school sooner and require 
less clinic follow-up.

Future Investigations

Although the effect of  lasers on hypertrophic burn scars 
has only been studied in the past few years, this work is very 
promising and therefore just beginning. High-quality, pro-
spective, blinded, randomized, controlled trials are neces-
sary to assess which lasers or light-based therapies are best 
for hypertrophic burn scar modulation, pruritus, and dys-
esthesias. Within each type of  therapy, standardization of  
several different laser parameters, such as fluence, pulse 
time, density, and timing of  surgery, will be developed. Any 
additional benefit from adding topical medications to the 
treatment area also needs to be standardized. Studies assess-
ing economic benefits will allow for other institutions to 
adopt lasers for the treatment of  hypertrophic scarring.

Conclusion

Lasers and light-based therapies are safe and effective treat-
ment options for hypertrophic burn scars, and they are now 
becoming the standard of  care for all burn patients. 
Although not a panacea for all scars, they are a worthy 
addition to the armamentarium of  all burn reconstruction 
surgeons.

Although laser treatments are clearly effective, they have 
not yet been optimized. Prospective, randomized clinical 
studies are necessary to provide evidence-based and quality 
care for patients with hypertrophic burn scars.
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clinicians frequently encounter. It involves critical thinking 
about right and wrong and of  what should or should not be 
done4 in terms of  our responsibilities to others. It also legiti-
mates the importance of  ethics teaching and ethics dia-
logue in all phases of  professional practice, whether that is 
in the classroom, the board room, or on “ethics rounds at 
the bedside.”5 Clearly caring for burned patients invites 
moral reflection and imagination, and clinical ethicists 
increasingly are part of  the integrated approach.

In general, most healthcare providers hold certain values 
in common and are thus not in doubt about what morality 
requires. That is, we hold firmly to the conviction that it is 
a good thing to preserve life, to cure disease, or to lessen 
someone’s pain or suffering. For the most part, we are clear 
about what our ethical responsibilities are: to respect the 
values and dignity of  human life, to tell the truth, to avoid 
harming patients, and to treat them and their families fairly 
and with compassion. Indeed ethical decision-making for 
some is therefore like breathing,6 something we do without 
even thinking. At times however disagreements about what 
we ought to do or what we ought to value occur. That is, 
while we may be clear on the general principles of  ethics, it 
is not always so clear how to apply them in a particular 
case. This uncertainty can give rise to ethical problems and 
dilemmas, some of  which occur at the bedside of  the patient 
and others that may involve questions of  institutional 
policy, resource allocation, or even larger societal issues 
about how we ought to distribute goods and services.

What Is an Ethical Problem?

An ethical problem is present when it involves a conflict of  
two or more of  the following: rights or rights-claims, obliga-
tions, goods, and/or values.7 For example, disputes about 
writing a “comfort-measures-only” order for a patient 
without decision-making capacity and with a very low 
probability of  survival commonly involve a conflict between 
an obligation and a good: the obligation not to abandon 
aggressive therapy prematurely and the good of  a maxi-
mally pain-free and unprotracted death. In this case, the 
burn team and the patient/surrogate are ordinarily the 
major stakeholders and appropriate decision-makers, and 
they are addressing a problem in clinical ethics. On the other 
hand, consider the burn center’s or healthcare organiza-
tion’s (HCO’s) responsibility to ICU patients when a safe 
nurse-to-patient ratio cannot be consistently met despite 
the burn center’s best efforts. If  discerning what should be 
done in such circumstances requires decision-making at 
the managerial level of  the burn center or HCO, a problem 
in organizational ethics8 is the correct term to use.

Introduction

Burns are a leading cause of  accidental injury and death in 
the United States and worldwide, and they can often raise 
profound concerns about autonomy, mortality, quality of  
life, and suffering. In seeking optimum health for each 
patient, contemporary burn care aspires to integrate the 
highest standards of  evidence-based medicine with excel-
lence in patient care delivery and clinical research. Optimal 
care of  patients with burns is a virtuous practice involving 
highly integrated, team-oriented, interdisciplinary,1 and 
humanistic encounters. It includes adherence to certain 
norms of  professional conduct as well as a process of  
reflection on how to incorporate those norms in individual 
patient care or research settings. It involves increasingly 
complex layers of  technological and professional sophis-
tication, clinical judgment, and expertise and sensitive 
attention to the ethical values at the core of  medicine. 
Clinical situations can be complex, not simply because of  
the wide range of  medical facts and situational factors 
that constitute burn care, but because of  the diversity of  
human needs that lay coiled beneath the surface of  illness 
or trauma. Given that patients with burns are among the 
most vulnerable of  patients and have needs that expand 
the full range of  the human condition, all members of  the 
healthcare team are called upon to offer care that is tender, 
skillful, comprehensive, and ethically conscientious. The 
core ethical ingredient of  these encounters is the doctor–
patient relationship and the underlying expectations of  
trust that patients and their families bring to the clinical  
setting.2

Caring for the burned patient encompasses a long-
standing commitment to the safety, healing, rehabilitation, 
and growth of  patients. As such it is thoroughly infused 
with ethical values and goals. As conceived in ancient 
Athens and during most of  its history, Western ethics 
involves the quest for achieving the good life, living it excel-
lently, and setting forth ideals of  human flourishing. In con-
temporary times, these ideals continue to inform the 
practice of  medicine and contribute to the evolving field of  
clinical ethics. Clinical ethics is “the systematic identifica-
tion, analysis, and resolution of  ethical problems associated 
with the care of  particular patients. Its goals include  
protecting the rights and interests of  patients, assisting cli-
nicians in ethical decision making, and encouraging coop-
erative relationships among patients and those close to
patients, clinicians, and healthcare institutions.”3 Over the
past several decades, the field of  clinical ethics has become
an essential part of  hospital life and culture, reflecting the
complexity and poignancy of  the real-life ethical puzzles
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As indicated, conflicts among rights, obligations, and the 
like are very common and vary greatly in difficulty. When 
should they be taken seriously? An ethical problem is serious 
when there are stakeholders involved who stand to be seri-
ously affected by the problem or its outcome. Stakeholders 
working collaboratively without outside help can success-
fully manage the vast majority of  such problems. When are 
such problems so serious that assistance should be sought 
from an ethics consultant or a healthcare ethics committee 
(HEC) or its equivalent? An ethical problem is serious 
enough to refer to an HEC:

a. When you suspect the Smell Test would be positive;
that is, ”What would the action or situation we are 
considering smell like if  we read about it in a front 
page news article or in a popular blog? Would I be 
comfortable explaining it to my spouse, or my grand-
mother?” The problem with this, as the olfactory 
image reminds us, is that living with bad smells or 
unethical conduct for a long time may dull a person’s 
ability to notice them.

b. When there is persistent disagreement among the
major stakeholders and codes, rules, laws, and more 
discussions fail to lead to a resolution within gener-
ally acceptable ethical boundaries in a reasonable 
amount of  time.

How Should Clinical Ethics 
Problems Be Managed?

In the United States, the informed consent process was 
developed by the American judiciary to safeguard the legal 
rights and welfare of  all the stakeholders participating in 
bedside decision-making. Throughout the United States, 
this legal process has become the foundation of  the health-
care provider’s approach to avoiding and managing serious 
ethical problems at the bedside. Its application in the burn 
center was explained and diagrammed in detail in the first 
edition of  this book,9 and what follows should be considered 
an update and development of  what is stated there.

On the vast majority of  occasions, there is little or no dif-
ficulty achieving agreement and patient consent about a 
proposed course of  burn management. There are many pre-
dictors of  clinical outcomes that are without controversy.10 
Occasionally, however, the process of  obtaining informed 
consent leads to problems involving disagreements, anxiet-
ies, and/or controversies about what should or should not 
be done. At this point, the participants must give careful 
attention to the quality of  the discussion in attempting to 
resolve the problem, part of  which requires respect for the 
patient’s underlying values.

Increasingly, ethics consultants are seen as important 
stakeholders in optimizing the care of  patients suffering 
from burns, especially when treatment decisions are ethi-
cally complex or psychologically difficult. Through facili-
tated dialogue, the rights, interests, and needs of  the patient 
are brought to the center and deliberated upon, but the 
values and concerns of  the team are honored as well. Addi-
tionally, ethics consultants facilitate the process of  making 
and justifying moral judgments on the basis of  certain 
ethical principles that transcend individual personal opinion 

or perspective. That is, a judgment that a certain act—say,
withdrawing life-saving treatment for a dying patient—is to
be performed or not is justified on the basis of  some rule or
standard applicable in all relevantly similar cases. In this
way, ethical dialogue becomes more than simply ensuring
that a patient has provided an informed consent for treat-
ment. Instead ethical dialogue becomes the means by which
we examine the full range of  our ethical responsibilities to
others, drawing on principles of  trust, autonomy, dignity,
beneficence, justice, and care (Fig. 61.1).

THE ROLE OF THE CARE-PROVIDER IN
ETHICAL DIALOGUE

Approaching the resolution of  ethical conflict through dia-
logue fosters in the burn team a sense of  moral inquiry and
agency and makes explicit the process of  respecting the
patient and family. At its best, ethical discourse begins by
establishing an interpersonal “relationship” made safe for
transparent and self-critical honesty and furthered by active
listening and openness to learning about the relevant
norms that constitute good care.11

To do this the care-provider should explore the bio-
psycho-social-economic and cultural/religious information
required to approach the patient and his family and/or sur-
rogate with empathy for their lives and values. One of  the
strongest ways we show respect for the patient and family
is to honor religious values, even when such values may
differ from those of  the healthcare team. For instance,
Western religions often proclaim that there are certain limi-
tations to earthly life and advocate adherents to look to a
future beyond the present for ultimate value and meaning.
By contrast, Eastern religions hold that our present lives are
reflective of  past deeds and future conditions, that life is
oriented to the present. Many confer extreme respect on the
spirit of  departed ancestors and live their lives in service to
their honor. Finally, some individuals do not have religious
affiliations at all and may live for different goals or ideals.
These belief  perspectives illuminate diverse ways of  deriv-
ing meaning in life and understanding those ends that
make life worth living. At times, this diversity can render
decision-making about treatment decisions more challeng-
ing and can give rise to ethical uncertainty or moral distress
in members of  the healthcare team. Many patients, based
on personal values and beliefs, may decide against life-
prolonging treatments in hopes of  not burdening their
family with large hospital bills. Other patients may demand
care that is arguably futile, care that has no possibility of
conferring any physiological benefit to the patient. For some
practitioners, such reasoning patterns may appear to be
fundamentally flawed and can spawn difficult emotional
contests. In these situations, the ethical dialogue may
expand beyond the doctor–patient relationship and involve
policy-makers, legislators, practice plans, and regulators,
all of  whom are stakeholders in the system of  trust that
society relies upon. Given that patients with burns reflect
the diversity of  the American population and a plurality of
values regarding life and death, care of  the burned patient
is complex and challenging. Consideration of  patient values
and preferences should occur early on in the plan of  care
so that proper respect for patient autonomy, culture, and
religious perspectives can occur.
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patient is capacitated sufficiently to make a health-related 
decision. Determination of  decision-making capacity by 
judicial process (i.e., determination of  legal competency) is 
rarely necessary. If  despite all efforts the patient is found to 
lack decision-making capacity, an appropriate surrogate 
should be sought among the patient’s family or friends, 
depending on local laws to determine priority.

The care-provider has a duty to provide accurate infor-
mation pertaining to the patient’s diagnosis, prognosis, and 
treatment plan so that the capacitated patient or appropri-
ate surrogate can properly deliberate. This includes relevant 
information about plausible alternatives, including the 
option of  forgoing proposed therapies. This duty is part of  
the ethical standard of  care and is an ongoing responsibility 
throughout the hospital course. In providing optimal care 
for burned patients, allegiance to this ethical norm is an 
essential ingredient of  the doctor–patient relationship and 
the foundation of  trust.

The care-provider must assess the patient’s capacity for 
decision-making. To have decision-making capacity, the 
patient should be able to understand proposed treatments 
and their relevant risks and benefits, comprehend the con-
sequences of  various actions and/or alternatives, and eval-
uate whether they accord with his or her personal values. 
Also patients should be able to meaningfully deliberate and 
express their preferences regarding recommended treat-
ments; this standard is often difficult to meet in the emer-
gency or intensive care setting and appropriate surrogate 
decision-makers should be identified early in the hospital 
course.12 Decision-making capacity is enhanced by optimiz-
ing the patient’s physiological stability, consciousness, and 
pain control as much as possible. It is typically verified by 
ascertaining orientation and by asking the patient to 
rephrase the information provided in his or her own words 
and to offer a reason or rationale for the decision. In general, 
the physician is authorized to determine whether or not a 

Ethical Reasoning

in Clinical Care

A Dialogical Approach

Michele A. Carter, Ph.D.

Identify medical variables, goals of
care and professional

responsibilities

Define ethically relevant
values, principles, and

standards

Recommend ethically permis-
sible options that harmonize

interpersonal relationships and
institutional policies

Clarify important cultural, social,
and/or religious values relevant

to patient/family preferences

Establish appropriate
decision makers and
patient preferences

Fig. 61.1 Ethical Reasoning in Clinical Care—A dialogical approach. 
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delivering bad news, described by Buckman; see Foley15.) If  
successfully carried out, Steps 1 and 2 transform a potential 
or actual power struggle into a collaborative search for the 
answers to the next and then the final question listed in 
Table 61.1.

The conversation of  Step 3 may address principles (like 
respect for persons, beneficence, etc.) but more typically 
cites relevant laws and rules of  the community and/or insti-
tution, and/or other values (no unnecessary pain, what the 
patient would want if  able to speak, etc.). Step 4 is usually 
best carried out using a white board or equivalent to brain-
storm and record all the plausible alternative courses of  
action. In Step 5, the group collaboratively may find a prin-
ciple, rule, value, or some combination thereof  so compel-
ling that the proper alternative is clear. For example, because 
it is considered unlawful homicide in most locations, large 
doses of  a narcotic primarily intended to stop breathing 
rather than control pain may be found unacceptable. If  the 
decision is still not clear, Steps 6 and 7 will usually lead to 
a mutually acceptable decision within boundaries that are 
acceptable institutionally, legally, and ethically. Rarely, con-
sensus will elude the most sincere adherence to the seven-
step process. If  further discussion, efforts to transfer care of  
the patient, and the like fail, an appeal to the courts, or (in 
at least one state16) an appeal to relevant legislation for 
relief  from responsibility for care of  the patient, may be 
necessary.

The Patient Without Decision-
Making Capacity, Surrogate, or 
Advance Directive

In such cases, care-providers typically have no way of  
knowing or deducing with confidence what the patient’s 
wishes might be in a given set of  circumstances. In general, 
the decision made must seek the best interest of  the patient, 
but the process required may vary. In some jurisdictions, 
consultation with another physician, the healthcare insti-
tution’s legal counsel, and/or HEC is mandatory. In others, 

THE ROLE OF THE PATIENT OR SURROGATE IN 
ETHICAL DIALOGUE

Patients and families bring to the clinical encounter previ-
ous experiences with loss and suffering, and these experi-
ences influence decisions about their goals for care and 
recovery. The role of  the patient is to assimilate information 
provided by caregivers into their own value system and to 
participate honestly and sincerely in conversations about 
their preferences and concerns. One cannot expect an 
acutely injured patient to fully understand medical infor-
mation, and most often they will require assistance from the 
team before they are able to render a values-based decision. 
Behavioral therapists, nurses, social workers, and clergy are 
often needed to provide support and counsel, and they often 
help patients discover internal resources needed to meet or 
revise their life goals. In addition, critically burned patients 
are often unable to participate meaningfully in treatment 
decisions and must have their right of  self-determination 
carried out by a surrogate decision-maker. By entering the 
patient’s personal world and participating in the unfolding 
narrative of  his or her experience, care-providers are better 
able to arrive at ethically sound decisions.13 Patients and 
their surrogates thus are essential participants in the inte-
grated approach to optimal burn care, and, without their 
involvement and solicited participation, the ethics dialogue 
is incomplete.

HOW SHOULD PERSISTENT ETHICAL CONFLICT 
BE MANAGED?

Even when participants make a sincere effort to establish 
consensus about treatment decisions, disagreements occa-
sionally persist. To resolve them, a patient care conference 
is needed and ideally should include all major stakeholders. 
The goal of  these conferences is to collaboratively arrive at 
ethically appropriate solutions that respect the values of  the 
patient and accord with appropriate standards of  care. 
Patient and family conferences are important components 
to managing conflict in patient care decision-making. These 
conferences usually involve representatives from multiple 
disciplines who are involved in the care of  the patient and 
often are organized to help resolve ethical disagreements or 
dilemmas. In any serious ethical inquiry, three questions 
must be answered: What seems to be the problem? What 
can be done? What should be done? A seven-step decision-
making model has been found helpful in answering these 
questions and is illustrated in Table 61.1.14

In Step 1 of  this decision-making model patients and/or 
their surrogate are asked to speak first, and care-providers 
listen carefully and respectfully. This approach helps equal-
ize power and create a safe place for shared understanding. 
Participants are asked to introduce themselves, explain the 
conflict as they see it, and indicate what they hope to achieve 
by the discussion. Thereafter, the care-providers do the 
same. This step typically takes the most time but is the most 
important of  all the seven steps. It lets off  steam, makes the 
patient/surrogate and allies feel listened to, and optimally 
leads them to ask for the corrective and supplementary 
information they need from the care-providers, which (in 
Step 2) they usually can provide or obtain. (Note the simi-
larity of  these early steps to those of  the SPIKES protocol for 

Table 61.1 Three Questions to Be Addressed When a 
Clinical Ethics Problem Is Serious and Persistent and the 
Steps Appropriate for Answering Each Question

1. What seems to be
the problem?

Step 1. Discover conflicting values of 
stakeholders

Step 2. Discover the relevant 
information

2. What can be
done?

Step 3. Identify principles, laws, other 
values relevant to the decision

Step 4. Identify alternative courses of 
action

3. What should be
done?

Step 5. Compare alternatives and values: 
is decision clear?

Step 6. If not, assess consequences
Step 7. Make decision, collaboratively, if 

possible

Modified from May WW. Ethics in the accounting curriculum: cases and 
readings. Sarasota, FL: American Accounting Association; 1990:1. With 
permission of the American Accounting Association and the author.
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ethical: they involve conflicts of  rights, obligations, goods, 
and/or other values. They tend to be less dramatically imme-
diate and more deferrable, but they usually affect more 
persons and require more resources and follow-up than 
clinical ethics decisions.18 They sometimes appear to be 
made in the front office, apparently without satisfactory 
input from care-providers, patients, or other stakeholders 
and without the availability of  extensive literature or assis-
tance from a committee or consultant skilled in ethical 
analysis and critique applied at the organizational level.

The development of  the discipline of  “organizational 
ethics” is just beginning and is overdue in the judgment of  
JACHO19 and other authorities.20 The obligation to be ethical 
at every level of  healthcare decision making will become 
increasingly obvious and pressing, with continuing changes 
in the ways health care is delivered. Increasingly institu-
tional leaders are expected to be accountable for their poli-
cies, practices, and decisions and to convey their expectations, 
actions, and results in transparent ways.

Conclusion

Illness, trauma from being burned, and hospitalization can 
impact a person’s sense of  wholeness, integrity, autonomy, 
and sense of  identity. In cases involving severe burns, 
patients are often dependent on others for the most intimate 
functions of  daily life and must rely on the good will, skills, 
and ethical conduct of  others. While it is clear that optimal 
burn care is infused with technological innovation, clinical 
sophistication, and the application of  evidence-based 
knowledge, it is also a profoundly moral activity. It requires 
deliberate sensitivity to the values and needs of  others, pro-
found regard for the dignity of  each individual, and courage 
to enter into the world of  a vulnerable human being who is 
in need of  help. Providing total care to the burned patient 
requires an educated heart, an empathic mind, and a 
humanistic team.

Complete references available online at 
www.expertconsult.inkling.com

Further Reading
Blakeney P, Herndon D, Desai M, et al. Long-term psychological adjust-

ment following burn injury. J Burn Care Rehabil. 1988;9(6):661-665.
Council on Ethical and Judicial Affairs, American Medical Association. 

Medical futility in end of  life care: Report of  the council on ethical and 
judicial affairs. JAMA. 1999;281(10):937-941.

Faden RR, Beauchamp TL. A History and Theory of  Informed Consent. New 
York: Oxford University Press; 1986:235-381.

Spies M, Herndon D, Rosenblatt J, et al. Prediction of  mortality from cata-
strophic burns in children. Lancet. 2003;361(9362):989-994.

Zawacki BE, Imbus S. Enhancing trust and subjective individual dialogue 
in the burn center. In: Orlowski JP, ed. Ethics in Critical Care Medicine. 
Hagerstown MD: University Publishing Group; 1999:489-512.

a court-appointed conservator might be required. In all 
such cases (1) the search for a surrogate should be diligent, 
(2) all relevant medical information must be obtained and
reviewed, (3) real or apparent conflicts of  interest must be 
disclosed, (4) the opinions of  the healthcare team and of  
one or more physicians in addition to the responsible attend-
ing should be reviewed, (5) the burden versus benefit ratio 
must be weighed from the patient’s point of  view, and (6) 
steps should be taken to ensure the benefit of  continued life 
to a disabled patient is not devalued or underestimated.17 
Some institutions also require that consideration of  eco-
nomic impact on healthcare providers and the healthcare 
institution be excluded from consideration in such cases. 
Eventually a surrogate decision-maker is identified, and, 
hopefully, this is a person who has previously known the 
patient and his or her values prior to the accident, who has 
possibly had discussions about extreme end-of-life issues 
and can speak on the patient’s behalf. The surrogate 
decision-maker must not make the decision based on what 
he or she would want for the patient. However the surrogate 
decision-maker must know what that patient would prefer 
and act as an advocate in this situation since the patient is 
not able to participate in the decision. They should be 
expressing the patient’s views, not projecting their own 
views onto the patient.

How Should Organizational Ethics 
Problems Be Managed?

Currently healthcare decision making affecting burn care 
occurs at three levels: in the clinic, in the organization, and 
in society.8 The disciplines designed to improve ethical deci-
sion making at the first and third levels are called clinical 
and societal ethics, respectively. They discern facts and values 
for guiding clinical or societal decisions that affect patient 
care and have received wide attention in both the media and 
scholarly journals for years. Recently attention has been 
called to the need for discernment of  facts and values for 
guiding managerial decisions that affect patient care.8,18 For 
example, at times, problems present as difficulties in clinical 
decision making but have their root causes in areas that 
require decision making at the managerial level. With dwin-
dling numbers of  nurses entering training, increasingly 
fewer nurses will be available to provide intensive care, and 
managerial decisions will be required to produce or recruit 
more nurses and to judge just when it is no longer safe to 
admit new patients to beds without adequate staffing. Also, 
when rehabilitation services in a given geographical area 
have not kept up with the increasing numbers of  patients 
with large burns who survive but require longer and more 
expert rehabilitation, managerial decisions about the distri-
bution of  scarce resources will have to be made if  adequate 
rehabilitation care is to be available. Such decisions are 
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specific questions regarding reporting suspicious injuries.6 
Although it is overwhelming to imagine that so much abuse 
occurs, statistics show that it does occur, not only with chil-
dren but also with adults and our elderly population.

Intentional injuries can occur in the form of  neglect, 
physical abuse, sexual abuse, and emotional abuse. All of  
these injuries can occur independently, but they often occur 
simultaneously.7 Neglect is the most common form of  inten-
tional injury. Of  the average 5.5 million referrals made to 
CPS each year, 64.5% of  these children are neglected.8 
Physical abuse occurs in 25% of  intentional injury cases.8 
More than 15% of  victims of  abuse suffer more than one 
type of  abuse, and more than one-third of  child fatalities 
are attributed to neglect (Fig. 62.1).9 Burn injury is frequent 
in both neglect and physical abuse of  children. Severe burns 
in children are between 10% and 12% of  all intentional 
injuries.10

Since the last edition of  this book, intentional injuries to 
adults have increased. It is frequently debated within the 
literature as to whether the increase is a valid increase or if  
there is an increase in reporting. Violence specifically 
against women and young girls has now become a univer-
sal phenomenon. The World Health Organization reported 
that, of  the women who were partnered at some point 
during their lifetime, 15–71% reported experiencing phys-
ical or sexual violence by their partner.11 Within this realm 
of  violence against women and young girls, acid violence is 
the worst form of  violence and violation of  human rights.12 
Although steps are being taken to control the widespread 
free sale of  acids to the public,13 this act of  violence is still 
on the rise and warrants discussion in the burn care litera-
ture and sensitivity to this overwhelming problem by all 
burn care professionals. Another vulnerable population of  
intentional burn injuries is the elderly. In the past 10 years, 
burns in the elderly have increased secondary to an increase 
in size of  the aging population.

In this chapter, we have integrated our experience with 
current literature to classify risk factors in the total popula-
tion and to propose validated therapeutic interventions to 
treat the burn wounds and the complex social and psycho-
logical familial concerns that both create injury and com-
plicate the recovery and rehabilitation of  the patient. It is 
essential that burn team clinicians understand their role 
and responsibility in assisting not only burn patients but 
the perpetrators as well because history and statistics have 
shown us that the outcome can be fatal if  intervention and 
prevention methods are not implemented with sensitivity to 
maintain positive relationships with burn patients as well 
as with perpetrators.

The authors are well versed in clinical experience and 
research experience of  child abuse and pediatric burn inju-
ries; however our experience of  intentional burn injuries 
within the adult population is limited. The literature and our 
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Introduction

Forensic medicine has made tremendous advancements in
developing scientific measures to identify child maltreat-
ment and intentional injuries. Despite these advancements,
deliberate injury by burning is often unrecognized. Accord-
ing to the U.S. Department of  Health and Human Services
Administration for Children and Families,1a child abuse and
neglect are defined as “any recent act or failure to act on
the part of  a parent or caretaker, which results in death,
serious physical or emotional harm, sexual abuse or exploi-
tation, or an act or failure to act which presents an immi-
nent risk of  serious harm.” In January 2016, The Children’s
Bureau published the National Child Maltreatment Data
from 2014, which reported that 1580 children died as a
result of  abuse or neglect.1b Within the United States alone,
1.5 million children are abused or neglected each year, with
4–39% of  these occurrences being reported as intentional
burn injuries and less than half  ever being substantiated.2a

In 2015, children aged 0–4 who sustained small burn inju-
ries (total body surface area [TBSA] 0–29%) had a mortality
rate of  0.25%, medium burn injuries (30–59.9% TBSA)
had a mortality rate of  9.6%, and large burn injuries (≥60%
TBSA) had a mortality rate of  29.06%.2b These mortality
rates are significantly higher than in children over the age
of  4, indicating that children younger than 4 years of  age
are at greatest risk.

It is imperative that all clinicians be aware of  the impor-
tance of  recognizing signs and symptoms of  intentional
injury presentations because the opportunity for interven-
tion is critical when taking into account that 50%3 of  chil-
dren experience recurrent abuse and 30% are ultimately
fatally injured.4 Reporting suspicious injuries to child pro-
tective services (CPS) is mandated by law for all clinicians
working with children.5 Some treating facilities identify
specific treatment team members (i.e., psychologist or social
workers) to be responsible for all reporting. In these situa-
tions, it may be necessary to follow the protocol of  the hos-
pital or treating facility first; however it is important to note
that any physician, medical professional, or mental health
professional who encounters a suspicious injury must
ensure that the injury is reported to the appropriate author-
ities. At other times, the concern of  reporting is more a
result of  ambiguity or vagueness in the information, which
can cause hesitation to report the suspicious injury. In these
incidents of  doubt, the most salient point to remember is
that the clinician is responsible for reporting suspicious
injury, not proving or validating abuse. It is always better to
report the suspicion than to ignore it. Most state agencies
also have hotlines that are available to call 24 hours to ask
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extensive knowledge of  information regarding intentional 
injuries against children are reflected in this chapter. We 
have included the most recent literature on adult injuries, 
but it is not exhaustive. It is important to note that the pedi-
atric population is not the only target for intentional injuries.

Prevalence Rates of Intentional 
Burn Injuries

Despite the improvement and use of  smoke detectors, invest-
ment in sprinkler systems, and improvement in building 
codes in developing countries, burns continue to cause sig-
nificant intentional and unintentional injuries. Smoking 
remains the leading cause of  death by fire. Cooking is the 
number one cause of  residential fires. Annually fire-related 
injuries claim more than 300,000 deaths and 10 million 
disability-adjusted life years worldwide.13 Middle and 

low-income countries exceed 95% of  fire-related burns.13–15 
Approximately half  of  these countries are in southern parts 
of  Asia.15 In the United States, burn injuries result in 
approximately 1 million emergency department visits and 
50,000 hospital admissions, with a 5% mortality rate.13 
Fire and burns represent 1% of  the incidence of  injuries. 
Fatal home injury burns and fire deaths rank fifth and third, 
respectively, in the United States.16 The incidences of  the 
causes of  burns are flame/fire 46%, scalds 32%, hot objects 
8%, chemicals 3%, and other forms 6%. Fires/burns occur 
frequently in the home (43%), on the street/highway (17%), 
in occupational settings (8%), and in other settings (32%).17 
Burn injuries inflicted in Pakistan occur mostly to adult 
women: approximately one-third are secondary to stove 
burns and 13% are acid burns. Husbands inflict more than 
52% of  these injuries and in-laws one-quarter of  the inju-
ries.18 Victims who are at highest risk of  fire-related injuries 
and deaths are children aged 4 and younger, adults older 
than 65 years, African-Americans and Native Americans, 
and the poor or those living in rural areas.16 A literature 
review of  hospital-based studies of  the prevalence of  burn 
injuries in China revealed similar results with the most vul-
nerable being children younger than 3 years, males more 
than females, those living in a rural setting, and the inci-
dence occurring between the hours of  17:00 and 20:00.19

PREVALENCE OF CHILDHOOD BURNS

Over the past 50 years, child abuse has been documented, 
especially in the United States. Child abuse characteristics 
are composed of  physical abuse, neglect, sexual abuse, psy-
chological abuse, and other, which include Munchausen by 
proxy and abandonment. Child abuse may present with 
multiple characteristics. Major forms of  injuries to children 
include falls, poisonings, car accidents, foreign body, and 
fires/burns.20 Ten percent of  child abuse is burns, and 20% 
of  burns are child abuse.21 The child abuse death rate in the 
United States is approximately 1000 children annually,18 
with burns and scalds as the most frequent cause of  death.10 
In China, the mortality rate from abuse ranges from 0.49% 
to 3.14%. In Hong Kong, it is 2.3%; in Singapore 4.61%, 
and in Iran 6.4%.19 The lowest rates are in the United 
Kingdom and the highest rates are in the United States, 
where the majority of  the studies have been completed.10 In 
many cases of  burn injuries, it may be difficult to conclude 
if  the burn injury is an incidence of  neglect, intentional, or 
truly an accidental event.4 More recent studies10,21–23 have 
begun to analyze hospital cases of  burns to delineate if  they 
are intentional or nonintentional. The characteristics of  
types of  burns include scalding (70%), flame burns (50%), 
or electrical (3–4%).19 Bathtub submersions peak at 6–11 
months, then again at 12–14 months and remain high 
until 33–35 months of  age.20 Most studies calculate the 
mean ages of  children with intentional burns at 2–4 years 
of  age.18 Boys are 2–3 times more afflicted than girls, with 
the youngest of  multiple siblings suffering most often.21 
There is no ethnic predilection. Of  children who are victims 
of  physical abuse 10–12% suffer severe burns.10 In 2007, 
Hicks and Stolfi24 concluded that children with burn inju-
ries are at risk for occult fractures at a significant rate. 
Therefore a skeletal survey should be routine in burn 
patients presenting to the emergency department, as 
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parents were responsible for 69.9% of  child abuse or neglect 
fatalities.31 More than one-quarter (27.1%) of  these fatali-
ties were perpetrated by the mother acting alone.31 Child 
fatalities with unknown perpetrators accounted for 16.4% 
of  the total.31 According to the National Child Abuse and 
Neglect data system, in 2008, 56.2% of  perpetrators were 
women, 42.6 % were men, and 1.1% were unknown.32 Of  
the reported women perpetrators 45.3% were younger than 
30 years of  age compared to 35.2% of  men younger than 
30.32 These percentages have remained consistent for 
several years in a row. Some 61% of  all perpetrators were 
neglected as children.1,31,32 Approximately 13.4% of  all per-
petrators were associated with multiple types of  abuse.1,31–33 
Ten percent of  perpetrators experienced physical abuse as 
children, and 6.8% were sexually abused as children.33 Of  
the children who are abused, 80% were abused by their 
parents.31–33 Other relatives accounted for an additional 
6.5%.31–33 Unmarried partners of  parents were 4.4% of  per-
petrators. Of  those parents who were perpetrators, more 
than 90% were biological parents, 4% were step-parents, 
and 0.7% were adopted parents.32,33

Other characteristics of  perpetrators commonly include 
being adolescent parents, being a single parent, often main-
taining inconsistent expectations for a child’s development, 
experiencing a lack of  external supports, stressors such as 
substance abuse, poor education (no high school diploma), 
unemployment, poor housing, mental illness, and being 
reliant on children for emotional support (Box 62.2).34 Most 
fatalities from physical abuse are caused by fathers or other 
male caregivers. Mothers are most often held responsible for 
deaths resulting from child neglect.35 In some situations, 
there are two “perpetrators,” the actor and the overtly 
passive observer who does not stop the abuse.36 Justice and 
Justice,37 in their work with families who mistreat children, 
identified several erroneous belief  systems that are com-
monly held by perpetrators; these are listed in Box 62.3. 
Since, as most authorities believe, violence is a multigenera-
tional intrafamily pattern, then it is likely that the belief  
systems attributed to child perpetrators can be extrapolated 
to perpetrators of  adult abuse as well.36

Often in homes where abuse occurs, there is little to no 
emotional support for the perpetrators. They are often 
dealing with tremendous life stressors and unfortunately 

recommended by the American Academy of  Pediatrics. 
Males are convicted at a greater rate than females, despite 
an equal rate as perpetrators.25

PREVALENCE IN ELDERLY

Over the past 10 years, prevalence data of  burns in elderly 
have increased secondary to recent emerging studies in this 
area. As in pediatric burns, geriatric burns are higher in 
developed countries at a rate of  20%; in the developing 
world, the rate is 5%.15 Results of  the review of  data from 
the U.S. National Burn Repository demonstrated an increase 
in the rate of  elderly abuse from 1991 to 2005.15,26 Of  those 
burned, 14% are older than 55 years of  age (with 6.2% 
between 55–64 years, 3.3% between 65–74 years, and 
4.4% >75 years of  age). There is a male predominance of  
burns of  1.4 : 1. However this decreases with age and is 
thought to be secondary to the decrease in life expectancy 
of  males to females. The most common injuries are flame 
burns, accounting for 37%, and scalds at 22%. The TBSA 
was 9.6%, and the majority of  injuries were residential.15,26 
In the United Kingdom, residential settings are the leading 
site for burn injuries to the elderly, at a rate of  18.6%. The 
occurrences had a 32% higher mortality rate and 33% 
more TBSA affected than like-sized burns in aged patients 
from other causes than abuse. Over a 4-year period, Borto-
lani and Barisoni27 investigated 53 patients aged 60 and 
older who were admitted to a local Italian hospital. It was 
noted that 85% of  these burns occurred in the home and 
11% in nursing homes. Flame burns were the most common 
at 55%. The incidences were attributed to preexisting dis-
eases in 85% of  patients. These diseases included cardiovas-
cular accidents, neurological problems, and diabetic 
comas.27 In addition to illness, lack of  adequate supervision 
is another major etiology for burns in this age group.18 In 
the United States, residential care settings accounted for 
one-fifth of  geriatric burns.28

With an increase in the aging population, there is concern 
about an increase in domestic elderly abuse and, propor-
tionately, an increase in burn victims.29,30 In the United 
States, elderly physical abuse was underreported, with a 
rate of  2.8% of  total cases of  abuse in 1988. However, in 
1996, residential institutions estimated only one-fourth to 
one-fifth of  abuse was reported. Another study, from 
Canada, estimated the prevalence of  abuse at 1%.28 The 
abuse is usually kept secret owing to guilt, shame, and fear 
of  reprisal, especially if  the perpetrator is the victim’s adult 
child (Box 62.1).

The literature reports controversial results on the most 
likely perpetrator: spouse versus adult children. As in child 
abuse, disabled adults and those who suffer from dementia 
are at higher risk for abuse. Drug and alcohol abuse in care-
takers also increases the rate of  abuse. Other characteristics 
in caregivers are mental disorder, financial difficulties, and 
deviant behavior.28

Distinctive Characteristics of 
Perpetrators and Families

Perpetrators are frequently individuals responsible for the 
care and supervision of  their victims. In 2007, one or both 

Box 62.1 Premorbid Indicators of Intentional 
Burn Injuries of Adults

■ Physical dependence
■ Psychological dependence
■ Accessibility as a target for abuse, as in institutional living or

living with a caretaker
■ Caretaker(s) with a history of substance abuse and/or other

psychopathology
■ Social isolation
■ An injury that is not consistent with the story described
■ Conflicting reports of the injury
■ Scalds with clear-cut immersion lines and no splash marks
■ Scalds that involve the anterior or posterior half of an

extremity and/or the buttocks and genitals or a flexion pattern
■ Other physical signs of abuse/neglect
■ History of related incidents
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Box 62.2 Risk Factors for Abuse/Neglect by Burning

Forced-Immersion Demarcation

■ Symmetrical, mirror-image burn of extremities
■ Glove-like (burned in web spaces)
■ Circumferential
■ Minimal splash marks
■ Uniform depth
■ Full-thickness
■ Clear line of demarcation, crisp margin
■ Doughnut-shaped scars on buttocks/perineum (spared area

forcibly compressed against container thus decreasing contact 
with hot liquid if container is not a heated element)

■ Flexion burns, “zebra” demarcation to popliteal fossa, anterior
hip area, or lower abdominal wall

■ Injuries of restraint (e.g., bruises mimicking fingers and hands
on upper extremities)16

Injury Demarcation, Other

■ Incongruent with history of event
■ Pattern of household appliance; note whether the burn

presents as an even pattern versus a brushed, imperfect mark
■ Scald
■ Location of injury: palms, soles, buttocks, perineum, genitalia,

posterior upper body
■ Cigarette burn, if more than one on normally clothed body

parts and if impetigo is ruled out

History of Injury

■ Evasive, implausible explanation
■ Incompatible with child’s developmental age
■ Changes in story; discovered to be burned
■ Rule out dermatologic epidermolysis bullosa (EB), dermatitis

herpetiformis, chemical burn due to analgesic cream, 
phytophotodermatitis,17 and birth marks, including Mongolian 
spots18

■ Undersupervised: inadequate monitoring, impaired person
supervising, inordinately young babysitter (<12 years of age)

■ Burn is older than history given
■ Water outlet temperature greater than 120°F
■ Mechanism of burn is incompatible with injury (e.g.,

exposure time, history of event, and degree of burn are 
inconsistent)

■ Patient’s per-event behavior displeasing to caregiver (e.g.,
inconsolable, failed to meet caregiver’s expectations)

■ Toileting events related to history of injury19

■ Burn attributed to:
■ Child or patient, as per caregiver
■ Caregiver who is not present at the healthcare facility
■ Caregiver, as per patient
■ Delay in seeking medical treatment; note estimated time of

delay

Developmental Associations

■ Preverbal, nonverbal person
■ Vulnerable person (e.g., special needs, failure to thrive, elderly)
■ Caregiver expectations are inconsistent with patient’s

development; caregiver overestimates child’s developmental 
skills and safety knowledge; caregiver unaware of patient’s 
developmental capacity

■ Patient has symptoms of mental disorder (e.g., ruminating,
aggressive)

■ Patient displays disturbing behaviors related to attachment
(e.g., excessive crying, clinging, apathy/lethargy, excessively 
withdrawn, listless, unemotional, submissive, polite, fearful, 
vacant stare)

■ Hypersexualized language or behavior as compared to
same-age peers

Caregiver–Patient Relations

■ History of interrupted caregiver–child bonding
■ Adolescent caregiver(s) (e.g., child–child versus adult–child

interactions)
■ Strained interactions; inappropriate expectations of the

patient by the caregiver
■ Role reversal (rely on patient for support)
■ Inappropriate or lack of caregiver concern:

■ Detached
■ Lack of sympathy
■ Lack of physical contact (e.g., fails to hold or pick up child)
■ Inebriated during visits
■ Infrequent visits

Other Physical Signs of Abuse or Neglect

■ Unrelated injuries:
■ Fractures, dislocations; rupture to spleen, liver, or pancreas;

point tenderness; impaired range of motion or function
■ Signs of poisoning
■ Ocular insult (edema, scleral hemorrhage, hyphema, bruise,

blue sclera)
■ Swelling, bogginess, depressions, cephalohematomas

palpable on head or increased intracranial pressure at
fontanelle

■ Blood, infection, or foreign body in ear
■ Edema, bleeding, septal deviation of nose; foreign bodies in

nose; cerebrospinal fluid rhinorrhea from nose
■ Unrelated injuries involving the skin: hematomas, soft tissue

swelling, lacerations, fingernail markings, scars, bruises (check
behind ear), welts, rope burns, strangulation marks, bites,
alopecia; note color, size, shape, and location of each (scalp
most visible while shampooing)

■ Abdominal tenderness, guarding, rebound tenderness, or
bruises

■ Cardiac instability, tachycardia, murmurs, flow murmurs
secondary to anemia, or palpable rib fractures

■ Dehydration or malnutrition; note weight, height, and head
circumference

■ Previous burns
■ Unkempt (e.g., severe diaper rash, dirt under nails or in axillae,

odoriferous, dirt on plantar surfaces of feet in cold weather)
■ Inadequate or no immunization record
■ Inadequate dental care (e.g., caries); trauma to lips, tongue,

gums, frenula, palate, pharynx, or teeth
■ Inadequate medical care
■ Inappropriate dress
■ Assess prior to invasive medical procedures
■ Genital, urethral, vaginal, or anal bruising, bleeding
■ Swollen, red vulva or perineum
■ Foreign body in genital area
■ Positive cultures for sexually transmitted diseases; if herpes

develops, note whether lesions are on unburned body surface
area, on genitals of type II

■ Pregnant minor
■ Recurrent urinary tract infections, streptococcal pharyngitis,

abdominal pain

Family

■ Caregiver abused or emotionally deprived during childhood
■ Limited disciplinary practices (e.g., only uses physical

punishment)

Continued



62 • Intentional Burn Injuries664

watching television for long periods until some external 
force acts as a stimulus to motivate the adult into action.36

Indicators of Intentional Injuries

In approaching pediatric burn victims, indicators of  possi-
ble inflicted burn injuries should be considered (Table 62.1). 
Patterns of  scald burns are highly suggestive of  inflicted 
injuries, and healthcare providers have a general agree-
ment of  these indicators (Box 62.2):22

a. In scald burns, it is implied that the absence of  splash
is suggestive of  the victim being held down, although 
some children who jump into a hot tub of  water may 
panic or freeze and not have splash burns. These 
scald burns have predominantly symmetric, clear 
upper margins. The burns usually involve lower 
extremities and the buttocks, without head and neck 
injuries (Fig. 62.2),10 although Daria et al. 200423 
describe six cases of  submersion burns that involve 
the head and neck.

b. If  there is uniformity of  burn, consider that the
patient was held still during the incident.

c. Symmetric bilateral burns (glove and stocking distri-
bution) are highly suggestive of  forcible immersion 
(Fig. 62.3B).

d. In submersion burns, there may be skin sparing sec-
ondary to joint flexion or the victim forcibly held 
against the receptacle. This gives an appearance of  a 
“doughnut” or “halo sign.”

e. In an Australian study authored by Heaton in 1989,39

bilateral burns of  extremities are between 2.4 and 
4.8 times more common in inflicted burns.22

f. Accidental cigarette burns are superficial and ill
defined. Yet inflicted wounds are superficial circular 
or ovoid macular wounds with distinct depigmented 
lesions and hyperpigmented edges.

g. Heated metal objects cause deeper burns (Fig. 62.3A).
h. Electric shock burns are revealed based on the size of

the device and entrance and exit wounds. Areas will 
vary from full-thickness necrotic areas to superficial 
wounds that are erythematous. One cannot evaluate 
these lesions in isolation (Box 62.2). Review of  
medical records is necessary to assure the presence 
of  a pattern of  repeated abuse. Also be aware that 
perpetrators may frequent a variety of  hospitals in 
the area to decrease suspicion by medical providers. 
Corroboration of  history to physical exam is essential 
and may suggest indicators of  intentional burns.

resort to immature coping styles to deal with frustrations. 
Perpetrators resort to abuse as a result of  complex behav-
iors derived from a dysfunctional family history, lack of  edu-
cation, desperation, and, at times, substance abuse. Children 
and elderly are usually dependent on the perpetrator; ironi-
cally, they are a source of  stress and therefore become the 
victim of  intentional injuries. Corporal punishment is “the 
use of  physical force with the intention of  causing a child 
to experience pain but not injury for the purpose of  correc-
tion or control.”38 Some perpetrators will use this explana-
tion as a form of  justification for intentional injuries.36 In 
young children learning toilet training, a hot bath to clean 
after a toileting accident is often a form of  punishment. 
Usually the perpetrator’s intent is to clean the child well, not 
to burn; however serious burns often occur. They often fail 
to seek appropriate and timely medical treatment for an 
injured child, not only because they fear punishment but 
also because of  their learned helplessness and passivity. 
They discount the seriousness of  the injury, as well as their 
ability to take care of  the injury. “I didn’t think it was that 
bad” is an explanation often given for delay in seeking treat-
ment. By diminishing the significance, they relieve them-
selves of  responsibility to act. When the perpetrator does 
take the child for help, the perpetrator commonly seeks first 
a relative or neighbor rather than a physician because per-
petrators do not believe in their own ability to decide 
whether to seek medical treatment. Perpetrators are 
observed to interact inappropriately with their children 
because they are preoccupied with having their own needs 
met. A child who is hurt and demanding is unlikely to 
reward the perpetrator with feelings of  comfort that the 
perpetrator seeks, and so the perpetrator withdraws from 
the child. If  the child is quiet and compliant, the perpetrator 
may be observed to ignore the child and sit passively, 

Box 62.3 Erroneous Beliefs of Abusers

Erroneous belief systems commonly contributing to the family 
system in which abuse occurs:37

■ If my child cries, misbehaves, or does not do what I want, he
or she does not love me and I am a bad parent

■ My child should know what I want and want to do it
■ My child should take care of me like I took care of my

parents
■ My spouse/lover should know what I want and meet all of

my needs
■ If I have to ask, it does not count
■ You cannot trust anyone

Box 62.2 Risk Factors for Abuse/Neglect by Burning—cont’d

■ Lack of external supports; isolation
■ Mental illness, substance abuse, criminal history
■ Lack of financial self-sufficiency
■ Poor employment history
■ Dependent caregiver; unable to cope with daily responsibilities;

unorganized

■ Violent couples; impulsive, easily frustrated
■ Previous Department of Protective and Regulatory Services

involvement20

■ Prior accidents to dependents
■ Acute family stressors
■ No primary caregiver
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Fig. 62.2 Newborns who were burned in hospitals by improperly trained hospital personnel. 

Table 62.1 Triage Tool for Diagnosis of Intentional Scalds

Evaluate for Intentional Scald Intentional Scald Should Be Considered Intentional Scald Unlikely

Mechanism Immersion Spill injury; flowing water 
injury

Agent Hot tap water Non-tap water; other liquids 
(beverage)

Pattern Clear upper limits; uniform depth scald 
symmetry (extremities)

Uniform scald depth; skin fold sparing; 
central sparing buttocks (doughnut ring 
pattern)

Irregular margin; irregular 
depth; lacks stocking 
distribution

Distribution Isolated buttock/perineum, ± lower 
extremities; isolated lower extremities; 
rarely the face

Glove and stocking; 1 limb glove/stocking Asymmetric involvement of 
lower limbs; head, neck, 
and trunk or face and 
upper body

Clinical features Associated unrelated injury (recent or old 
fractures); history incompatible with 
examination findings

Previous burn injury; neglect/faltering 
growth; history inconsistent with 
assessed development

Historical/social 
features

Passive, introverted, fearful child; 
previous abuse; domestic violence; 
numerous prior accidental injuries; 
sibling blamed for injury

Trigger, such as soiling/enuresis/
misbehavior; differing historical accounts; 
lack of parental concern; unrelated adult 
presenting child; child known to social 
services

Adapted from Maquire S, Moynihan S, Mann M, et al. A systematic review of the features that indicate intentional scalds in children. Burns 
2008;34(8):1072–1081.
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of  suicides.21,59,60 Some studies have found that there are no 
gender differences in the rates of  self-immolation,61,62 but 
some have determined that it is most common in females,63–65 
specifically Asian and Latin females,47,55,66,67 whereas others 
have found that it is more common in males.49,68 Other risk 
factors for self-immolation in Western culture include pre-
vious psychiatric treatment, diagnosis of  a psychotic disor-
der,61,63,69,70 unemployment,61,69,68 or severe relationship 
difficulties.61

The most common mechanism of  self-immolation is 
flame as a result of  fire accelerant such as kerosene, gaso-
line, or rubbing alcohol.13,70 In a 2004 Finnish study, 43% 
of  all patients used flame, but 93% of  women with self-
inflicted burn injuries used flame.70 The reported mean 
TBSA among self-inflicted burn injuries is higher (median 
42.2%; range, 22–79%) than other burn patients (median 
36%; range, 11.8–77%). These burn injuries are usually 
deeper full-thickness burns with increased risk of  inha-
lation injury, poorer long-term prognosis, and a higher 
rate of  mortality.21,49,58,59,63,64,66 Self-immolations are 
1.5–1.7 times more frequent than reflected in current lit-
erature. This is an area where more studies are needed to 
identify more accurate prevalence rates and prevention  
interventions.

Clinical Evaluation of Suspicious 
Injury With Pediatric Patient  
and Family

The history of  the burned child is of  particular importance 
in assessing whether the burn is likely to be intentional or 
accidental. Evaluating for intentional burn injuries requires 
a multidisciplinary team effort (Box 62.4).

Self-Inflicted Burn Injuries

One of  the most violent means of  suicide is self-immolation 
by burning. Self-immolation can also act as part of  a delib-
erate self-harm syndrome consisting of  continual, sudden 
urges toward self-harm.21 There has been an increase in the 
literature on self-immolation, but it is unclear if  this empha-
sis is a result of  increased rates of  occurrence or increased 
reporting.13,41 Historically there is a debate as to whether 
self-immolations are more acceptable if  they are religiously 
or politically motivated.21,42–46 Characteristics of  females 
who self-immolate include substance abuse, a lack of  social 
support, younger age, and diagnosed eating disorders.21 
Males who self-immolate are also younger, with severe 
mental illness,21 or pathological family dynamics, or possi-
bly an adherence to fundamentalist religious convictions.13 
Regardless of  sex, self-inflicted burn patients usually have 
some previous psychiatric problems, often depression or 
borderline personality disorder; previous failed suicide 
attempts with a poor response by others to suicidal ideation; 
and recent life stressors with feelings of  helplessness.21 One 
of  the highest rates of  this behavior is in Iran among young 
females in whom marital conflict is a significant risk factor. 
Others risk factors include low literacy, low socioeconomic 
status, limited access to mental health services, and post-
traumatic stress disorder.13

Although self-inflicted burn injuries are less frequent in 
Western culture, studies report a rate of  0.5–2% in adoles-
cents and up to 25% in adults.21,47,48,46,49–54 In Africa, south 
Asia, and the Middle East self-inflicted burn injury rates 
account for up to 28% of  all burn injuries.55 There is an 
estimated range of  self-immolation accounting for 9–32% 
of  all suicides in India, Zimbabwe, and Iran,21,56–58 with 
rates for Iranian and Brazilian women being as high as 46% 

BA

Fig. 62.3 (A) Abuse: contact burn in which the markings of an iron are clearly visible. (B) Abuse: classic stocking pattern resulting from feet being 
immersed in very hot water. The initial history given by the mother of the 21-month-old infant was that an older sibling had turned on the hot water, 
and the patient herself dipped her feet into the tub. 
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denote concomitant new or old fractures.72,73 The clini-
cian must also be mindful at this time to assess for signs 
of  abusive head trauma such as intracranial and retinal  
hemorrhage.71

A child who presents with suspected unintentional and 
intentional burn injury should be evaluated by a child 
abuse pediatrician or a pediatrician with experience in the 
evaluation of  the causes and mechanism of  burn injury. 
However such an evaluation should be done when the child 
is medically stable.74

The evaluation of  burn injury should begin with a thor-
ough history, which should be taken directly from a child 
who is verbal or developmentally matured enough to give 
the history and also from parents and caregivers who were 
present at and around the time of  the injury. The history of  
the injury and the sequence of  events should be as detailed 
and concise as possible.75

The developmental ability of  the child, as well as home 
and social environmental factors, should also be taken into 
account.

The patient’s past and current medical histories are also 
important factors to be considered. Additional specific ques-
tions should be asked depending on the type of  burn injury. 
Ask about the temperature of  the hot water setting at home 
in cases of  scald burns and the duration of  contact in cases 
of  contact and scald burns.

The next step in the medical evaluation will be a complete 
physical examination. The physical exam should include a 
good assessment of  the general presentation of  the child, 
looking for signs of  adequate nourishment, emotional 
status and general well-being, and hygiene.

If  possible, a developmental assessment should be done, 
although in severe burns it is quite difficult to assess devel-
opment, and the medical history should be relied on or the 
developmental assessment done later. All organ systems 
should be evaluated to look for bruises, fractures, head 
injury, and other signs of  trauma.

The burn injury should then be specifically evaluated, 
looking at patterns, line of  demarcation, distribution, 
planes of  the body involved, size, and symmetry. Every 
injury should be well-documented, and photo documenta-
tion should be done ideally at the time the child is admitted 
or as soon as the child is stable.

After the child has been assessed other testing may be 
important. The American Academy of  Pediatrics recom-
mends that children younger than 2 years who present with 
concerns for physical abuse should have a skeletal survey. 
For children between 2 and 5 years of  age, a skeletal survey 
may be done depending on the history and examination; 
however a skeletal survey is not indicated after 5 years of  
age.76,79

Skeletal surveys are important to diagnose subtle frac-
tures such as classical metaphyseal lesion fractures and rib 
fractures that have a high specificity for abuse. Because 
such fractures can be subtle and may not be obvious in the 
first skeletal survey, a repeat skeletal survey needs to be 
done 10–14 days later to look for callus formation.76,77

Recent research shows that the incidence of  fractures in 
children with inflicted burns is about 33% compared to 
those with accidental burns,80 although some have reported 
the incidence of  fractures in nonaccidental burns to be as 
high as 53% in children younger than 24 months.77

PHYSICIAN ASSESSMENT

The physician–patient relationship is paramount in assess-
ing patient injuries and providing an accurate assessment 
of  an incident to determine if  suspicious injuries are inten-
tional or nonintentional. Obtaining a detailed history from 
the patient and the caretaker is foremost in assessing the 
creditability or plausibility of  history to what is seen on 
physical exam (Box 62.2). It is essential that providers 
are familiar with child development in order to incorpo-
rate child development into the assessment process. Trust 
issues may interfere in obtaining a precise history. The 
assessment always requires an open mind for the possibil-
ity of  intentional injury, which should be thoroughly inves-
tigated when clinical features are present in the history 
and examination. Features of  the physical exam consist 
of  identifying the pattern of  burn injury, with the distri-
bution and associated features being the more important 
aspects to distinguish. The reported method of  injury must 
be clearly associated with the observed pattern of  injury, 
burn depth, and appearance on physical examination (Box 
62.2).71 Children who are burned are also in a high-risk 
group of  being subjected to other forms of  abuse. Although 
a few studies have indicated that pediatric burn patients 
are at a lower risk for related fractures from abuse, approxi-
mately 18.6% of  children in this subgroup had fractures 
on their skeletal survey.72,73 Another study found that 
pediatric burns have a 14% risk of  fractures.24 This rate 
may be underestimated since all patients did not receive 
a skeletal survey. These fractures are occult and may not 
have physical evidence of  their existence. Further evidence 
has also revealed that children with burns are less likely to 
be evaluated for fractures, reflecting the erroneous belief  
that they are a lower-risk group. All children 2 years and 
under should receive a skeletal survey on initial exam to 
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Box 62.4 Documentation for Reporting

In addition to the documentation of first-hand observations, the 
following tasks should be delegated:

■ Examine the patient for other signs of maltreatment,
including a skull and long-bone radiological scan. Clearly 
state that the radiology consultation is for assessment of 
occult trauma

■ Photograph injuries and any possible evidence
■ If the patient has been referred from another hospital, access

information from the staff at that hospital to determine 
whether they identified suspicious aspects of the injury and 
whether the injury was reported to an investigating agency. 
If so, ascertain the number assigned to the patient’s case by 
the investigating agency. This number is needed for 
subsequent calls related to the patient

■ Interview the patient
■ Interview the family members or caretakers individually and

together for thorough histories of the event, being sensitive 
to differences in the story or changes across time

■ Obtain a thorough family history, the patient’s medical
history, and the developmental capacity of the patient

■ Gather other available collateral information (e.g., medical
records from other places of treatment)



62 • Intentional Burn Injuries668

2 years of  age.75,84 The burn mechanism is normally an 
immersion in hot water. These children present with a burn 
of  uniform depth, with well-demarcated borders and an 
absence of  the splash or splatter common with accidental 
burns. Nonaccidental burns often show bilateral symme-
try and in most cases such burns also spare the flexors83 
(Fig. 62.4).

CONTACT

Contact burns are the second most common form of  abusive 
burns.84 Nonaccidental contact burns normally have very 
defined distinct borders. They could also assume the pattern 
of  the instrument that may have been used to cause the 
burn.86

In nonaccidental cigarette burns, the burns are normally 
in clusters with ovoid to circular shape and with a circum-
ference of  5–10 mm.87 Reported mechanisms of  contact 
burns include curling irons and steam irons.86 Such burns 
normally leave the distinct pattern of  the object used to 
cause the burn.

After the history, physical examination, lab and radio-
logical investigations, and sometimes scene investigations 
have been done, the medical expert should then make 
an assessment of  the injuries to determine if  the history 
explains the mechanism and is consistent with the burn 
injury. The assessment should be made with no biased 
principles, and the physician or medical health profes-
sional should be focused on his or her role, which is mainly 
the care and protection of  the child. It is not the role of  
medical personnel to find who may have caused the burn 
injury or to pass judgment on caregivers or the alleged  
perpetrators.81

Types of Burn

SCALD

Scald burn is the most common form of  nonaccidental burn 
injury. The typical child who has sustained a nonaccidental 
burn injury has a history of  being potty trained at around 

A4A3

A2A1

Fig. 62.4 Bilateral symme try shown in non-accidental burns and in most cases such burns also spare the flexors. 
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Fig. 62.4, cont’d 
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The interview with the child is an essential component 
to determining if  the injury was intentional. The rapport 
that is established through a therapeutic relationship is the 
key factor to a successful interview. Warm-up questions or 
nonthreatening questions should be asked first to establish 
rapport: Ask “when is your birthday?”; ask questions about 
school or friends, or ask the child to verbalize a story of  his 
or her best day. Once sufficient rapport is established, asking 
open-ended questions about the injury is most effective (i.e., 
“What happened? How did you get hurt?”).36 The child 
should be encouraged to tell the story freely. Specific ques-
tions for clarification should be asked only after the child 
has told the story. If  the child seems unwilling to talk about 
what happened, the interviewer can suggest the child raise 
a hand or wiggle a finger to signal that they know some-
thing but do not yet want to talk about it. When interview-
ing younger children, short sessions with breaks will allow 
rapport-building and trust to develop so that child feels safe 
sharing his or her story.36

The suspicious injury assessment should be discussed 
confidentially with family members, including the sus-
pected perpetrator.36 Perpetrators should be allowed time to 
process their concerns in a nonjudgmental and therapeutic 
manner. The family should remain informed of  the process 
and potential CPS interventions. It is important to share 
with families an understanding that often CPS is seen as a 
punitive agency but essentially the main goal is the safety 
and protection of  all children. Sharing information will ini-
tiate a therapeutic relationship. Most perpetrators are reluc-
tant to trust medical teams, especially when they feel as if  
they are being judged. Being honest about the process and 
the information shared with CPS minimizes mistrust. As 
stated previously, perpetrators often have limited emotional 
support. When an intentional burn injury occurs, psychol-
ogists are an essential component to providing the initial 
support and addressing the fears, sadness, and helplessness 
those perpetrators may feel. Regular psychotherapy ses-
sions are critical to making a positive change in family 
dynamics.

Reporting Suspected Intentional 
Burn Injury

In 1967, state legislatures in every state had laws mandat-
ing that any reasonable suspicion of  intentional injury be 
reported to the appropriate authorities.36 In 1974, the 
Federal Child Abuse Prevention and Treatment Act was 
passed. These laws require professionals to report suspected 
intentional injuries to a child when there is sufficient infor-
mation that would lead a “competent professional to believe 
maltreatment is reasonably likely.”36 It is important to be 
knowledgeable of  not only state laws but also of  local gov-
erning agencies’ policies on reporting suspicious injuries. 
Most hospitals have risk management or legal teams that 
are well versed in the federal and state laws as well as in the 
policies, rules, and regulations of  the hospital. Methods of  
communications regarding intentional injuries should be 
clearly outlined and reviewed prior to sharing any informa-
tion regarding intentional injuries.

Providers who suspect abuse should report to the appro-
priate agency as designated by the state in which they 

CHEMICAL BURNS

These burns can be caused by alkali-based, acid-based,
inorganic, and organic agents. It is important to discover
the injury-causing agent so as to prevent further damage.
Alkali burn injuries may seem innocuous at first but may
produce deeper tissue injury and could produce further
damage even after removal of  the immediate cause of  the
burn.85 Alkali burns may not be painful compared to acid
burns, which produce painful deep ulcers. Chemical burn
injury could be either from supervisory neglect or from an
inflicted intentional injury.

Psychosocial Assessment

Multidisciplinary work is essential for appropriate manage-
ment of  children or adult burn/abuse victims. Psycholo-
gists are critical in the initial evaluation and to assist in
interviewing, and social workers are advocates for refer-
ral and follow-up care. Both are skilled at assessing family
dynamics and social situations in greater detail and should
be your focal point for referral to appropriate government
agencies. Psychosocial assessment and interview with the
patient separately (when possible) from the caretaker will
provide a more accurate picture of  the injury events. Incon-
sistency is a marker of  discrepancies in the history, which
may alert an examiner to possible abuse. The patient and
caretaker must have a detailed interview documented ver-
batim by the historian. Paraphrasing information increases
the likelihood of  personal interpretation of  history. The
presence of  witnesses and the exact timing of  events must
be confirmed, and these persons must be interviewed to
assess for correlation in narratives.74 A thorough event
reconstruction soon after admission should be conducted
and documented. This limits the room the suspect has to
alter the events and timeline related to the burn or the
opportunity to collude with witnesses.3 The pattern of
circumstances is extremely important, with suspicions
raised when the adult responsible claims not to have seen
the incident, attributes the injury to a sibling, or presents
late, or when relatives other than the adult supervising at
the time of  the burn bring the child for assessment.21 The
clinician conducting the interview must be well versed
in child development to ascertain normal developmental
responses to those that are suspicious of  abuse. Observa-
tions of  interactions and behavior are equally as important
as the specific questions that are asked during the interview
process.

Abused children often are under the age of  2, making
them vulnerable to their caregivers. Other characteristics
include inconsolable crying, difficulty in toilet training or
associated toilet training accidents, insufficient or strained
parent–child attachment, and inappropriate behavior such
as apathy or apparent tolerance to invasive procedures.
Severely abused children will demonstrate exaggerated
responses by either being overly fearful or overly affection-
ate with the medical team. When requested to provide
immunization records parents or caregivers suspicious
of  abuse will often fail to provide or will avoid providing
accurate medical records and records of  immunizations
(Box 62.4).3
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trust is an essential component of  the interview process. 
The older adult is likely to be dependent on the abuser in 
matters of  daily living. Often the perpetrator is a family 
member or loved one. Whether the patient is able to express 
his emotions or not, he will likely experience fear, worry, 
shame, and a desire to protect the perpetrator. The thera-
peutic relationship developed will allow the patient to trust 
that the medical team will work in his best interest as well 
as the best interest of  the perpetrator.

Maintaining Professional 
Relationships With Patient 
and Family

When approaching a child/adult who is an abuse victim, 
the provider must maintain professionalism and self-
control and remain nonaccusatory. Clinicians within the 
healthcare profession are natural protectors of  children 
with the desire to automatically align with the child. 
Addressing one’s own feelings is vital to providing the best 
care for the patient. Establishing a therapeutic relation-
ship with the family may be difficult, but it is imperative 
because many of  these children are reunited with their 
family at discharge or at some point during outpatient burn  
care.

Future Burn Prevention and 
Child Safety

Burns and scalds are a significant cause of  morbidity and 
mortality in children. Some studies have shown successful 
countermeasures to prevent burn- and scald-related inju-
ries.75 To prevent accidental burns, the American Burn 
Association Scald Injury Prevention Educator’s Guide has 
published steps by which physicians can instruct their 
patients to assist in burn and scald prevention. Hot food and 
beverage scalds are the most common causes of  scald inju-
ries in both children and adults. Providing a safe cooking 
area and a supervised environment is foremost in preven-
tion. Suggested examples are: do not carry hot liquids when 
carrying your child; place children in a playpen or high 
chair away from the stove; do not use child walkers; cook 
on back burners and remember to turn the pot handles to 
the inside; keep appliance cords coiled and out of  reach 
from the counter; when removing lids, do not forget that 
steam can burn the face or arms; wear tight-fitting clothing 
or short sleeves when cooking; and, for those with mobility 
impairment, use a sturdy, large lap tray to carry hot liquids. 
Microwave scald burns have risen significantly since the 
1980s.16 Proper placement of  the appliance, where the face 
is higher than the door of  the microwave, is recommended. 
Children under 7 years of  age should never operate this 
appliance. Never heat baby formula in the microwave due 
to unevenness of  heating. Always allow microwave-cooked 
items to sit for 1 minute prior to opening. Prevent tap water 
scalds by setting hot water heaters below 120°F (Table 
62.2). The American Burn Association reminds us that 
“Adequate and constant supervision is the single most 
important factor in preventing tap water scalds.” Other tips 

practice. As you interview, note the interaction between
caregiver and patient. Providers should document inappro-
priate concerns, lack of  sympathy, detachment, delay in
seeking care, or use of  drugs or alcohol (Box 62.2). If  you
suspect that inconsistency exists, without being confronta-
tional, alert the caregiver and give him or her the opportu-
nity to give a more truthful history. Detailed documentation
of  history and physical exam may be used in litigation
charges and should be clear, concise, and accurate. It is
imperative for clinicians responsible for reporting suspected
abuse to be as accurate as possible because there are signifi-
cant consequences for inaccurate assessment and diagnosis
of  suspected abuse. Some 50% of  children who sustain
intentional injuries have recurrent injuries that are eventu-
ally fatal.3

Ultimately it is not the hospital or any of  the medical
staff ’s obligation to prove that a suspicious injury was
intentional. It is important to report the suspicion, ensure
continuity of  care, and cooperate with the legal process.3

While the child is receiving medical treatment, it is impera-
tive to keep accurate records and document all treatment
and interactions among family members. The prosecuting
attorney is responsible for proving intentional injuries;
however medical records are often a key element. Physician
reporting and cooperation are invaluable to legal prosecu-
tion. The physician’s opinion on likelihood of  intentional
injury strongly influences CPS workers and prosecutors.3

Salient to remember with intentional injury cases is that
most attorneys have limited to no experience with burn
injuries, and the expertise of  medical investigators, burn
psychologists, and social workers is the foundation for
proving allegations and protecting the child from future
injuries.

There are no federal programs to specifically address the
reporting of  suspected abuse in adults. All states have indi-
vidual laws, reporting guidelines, and penalties for adult
abuse. It is best practice to be aware of  your state laws if
you work with adults, but, if  unsure, following the same
guidelines as for children until the exact information can
be obtained is acceptable. Most states have a statewide
intake office that can be located online, and most states
have online reporting. The National Center on Elder Abuse
provides information and assistance on elder abuse, includ-
ing a listing of  state elder abuse hotlines. Child Help USA is a
private charity that established and maintains the National
Child Abuse Hotline (800)-4-A-CHILD (800-422-4453)
and provides a listing of  statewide reporting numbers at
their website (http://www.childhelpusa.org/report). Tele-
communications Device for the Deaf  number is (800)-2-A-
CHILD. The U.S. Department of  Health and Human Services
Administration for Children and Families provides a listing
of  statewide reporting phone numbers at their website
(http://nccanch.acf.hhs.gov/topics/reporting/report
.Cfm).

Clinical Interviewing With Other
Vulnerable Populations

When interviewing vulnerable patients, it is important to
provide a safe and confidential environment that is noncon-
frontational and nonjudgmental. Developing rapport and



62 • Intentional Burn Injuries672

Table 62.2 Exposure Time to Receive a Severe Burn in 
Hot Water; Time and Temperature Relationship

Water Temperature
Time for a Third-Degree 
Burn to Occur

155°F 68°C 1 s

148°F 64°C 2 s

140°F 60°C 5 s

133°F 56°C 15 s

127°F 52°C 1 min

124°F 51°C 3 min

120°F 48°C 5 min

100°F 37°C Safe temperature for bathing

Note: Downward adjustments to time needed for young children.
Data from Moritz AR, Henriques FC. Studies of thermal injury: II. The relative 

importance of time and surface temperature in the causation of 
cutaneous burns. Am J Pathol. 1947;23(5):695–720. See also American 
Burn Association. Scald Injury Prevention Educator’s Guide. Available at 
http://www.ameriburn.org/Preven/ScaldInjuryEducator’sGuide.pdf.

include placing a single-faucet handle always in the cold 
water position and avoiding sudden fluctuations in water 
temperature (e.g., flushing the toilet while showering). The 
CDC has free material that can be downloaded from the web 
(/safechild/FactSheets/Burns-Fact-Sheet-a.pdf).

Prevention of  nonaccidental burn injuries is more diffi-
cult. Further research and education of  physicians and 
maltreatment teams are imperative. Since the establish-
ment of  the National Burn Repository (NBR) by the Ameri-
can Burn Association, a Burn Registry was established to 
create a national database. Physicians need to recognize 
suspicious burns and document exam and history in detail. 
Further research will assist in identifying clearer indica-
tions and patterns to determine intentional injuries.

Complete references available online at 
www.expertconsult.inkling.com
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Definitions of  child abuse and neglect: summary of  state laws as of  2009. 

Available at: http://www.childwelfare.gov/systemwide/laws_policies/
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Sheet-a.pdf.

Kolko D. Juvenile firesetter intervention clinical training. Pittsburgh, PA: 
Department of  Psychiatry, University of  Pittsburgh School of  Medicine; 
2000.

National Center on Elder Abuse. Website: www.elderabusecenter.org and 
phone number: (202)-898-2586.

National Clearinghouse on Child Abuse and Neglect Information. What is 
child abuse and neglect? US Department of  Health and Human Services 
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the American Medical Association (AMA) formula, the first 
diagnosis-based impairment is subtracted from a 100% 
whole person, and each subsequent impairment is sub-
tracted as a percentage of  the remaining, or fractional, 
unimpaired person.3 Disability ratings can only be per-
formed after a patient has reached maximal medical 
improvement. This concept is unfortunately both subjective 
and undefined but retains its utility when applied with 
equal measures of  common sense and medical judgment.

Postburn System-Based 
Disability Assessment

Description of  an alleged impairment should begin before 
physician introduction. Careful observation of  general 
appearance: how an individual is groomed, enters the 
building, comports himself  while waiting, interacts with 
clinical staff  during check-in, and completes initial paper-
work all provide useful, global insight into how his life has 
been impacted by burn injury and how he has adapted to 
it. A whole person’s impairment depends on disruption of  
organ system function. For each system, impairment is cat-
egorized into five classes: 0 (no impairment), 1 (minimal), 
2 (moderate), 3 (severe), and 4 (very severe). Generally, 
these correspond to function and symptoms, where 0 is no 
symptoms despite strenuous activity, 1 is symptoms only 
with strenuous activity, 2 is symptoms with normal activity, 
3 is symptoms with minimal activity, and 4 is unabated 
symptoms. In cases where an objective measure is widely 
accepted to correlate with experiential symptoms, this 
objective measure becomes the key factor (e.g., see the 
section on respiratory function, which uses the results of  
pulmonary function tests as a key factor).

This classification allows assignment from no impair-
ment to complete impairment of  the system being evalu-
ated, which can be expressed as a percentage of  whole-person 
impairment. Within each diagnosis-based impairment 
class, impairment can be modified up or down based on 
additional clinical information or supplementary diagnos-
tic tests. These vary somewhat for each condition (for full 
details please refer to the individual chapters in the most 
recent edition of  the AMA’s Guides to the Evaluation of  Per-
manent Impairment). The assessment of  typical postburn 
sequelae is described in the following sections.

CONSTITUTIONAL

Body mass, composition, and growth curves in children 
provide important objective data regarding the overall mag-
nitude of  the postburn systemic insult. The weight trend, 

Introduction

Advances in acute burn care during the past 25 years in
terms of  decreased mortality and decreased length of  hos-
pital stay have been truly remarkable. Current and histori-
cal perspectives on burn mortality can be found in preceding
chapters. In almost every burn unit in the United States, the
length of  stay has decreased from nearly 3 days/% burn to
less than 1 day/% burn. The success can be stated simply:
patients with larger, more severe burns are surviving.

But if  patients with larger and more severe burns are
surviving, this has created new problems for patients’
quality of  life. Although the problems are magnified in mas-
sively burned patients, they exist also in smaller burns.
These problems are demonstrated in a pediatric burn patient
with a 95% total body surface area (TBSA) burn (Fig. 63.1).
Cultured keratinocytes were utilized to achieve wound cov-
erage. The child survived; however, when we examined the
patient’s current and future reconstructive needs, they
totaled 33 potential reconstructive procedures. Thus the
reconstructive problems are monumental in a child with
very few donor sites. With regard to survival, the results of
this patient are impressive; however, we must ask the ques-
tion: “Has the medical expertise in terms of  survival pro-
gressed past the ability to reconstruct and rehabilitate
patients?” Unfortunately the answer is clearly “yes.” Are we
returning our patients to a society that is not ready finan-
cially, psychologically, or socially to accept them? Again,
unfortunately, the answer is clearly “yes.”1

Under Titles II and XVI of  the Social Security Act, adult
disability is defined as “the inability to engage in any sub-
stantial gainful activity, by reason of  any medically deter-
minable physical or mental impairment(s) which can be
expected to result in death or which has or can be expected
to last for a continuous period of  not less than 12 months.”
For children, the definition differs slightly, “a child under
the age of  18 will be considered disabled if  she or he has a
medically determinable physical, mental, or combination of
impairments that causes marked and severe functional
limitations and that can be expected to cause death or last
for a continuous period of  not less than 12 months.” These
guiding principles of  functional assessment require a
further definition. “Medically determinable impairment”
means that the impairment(s) can be demonstrated, wit-
nessed, or otherwise known and described by some third-
party means.2 These may include laboratory tests, physical
examination demonstrating signs of  the underlying disease
process, and disease-specific historical information elicited
during the interview. When impairment results from two or
more systems, the ratings should be combined according to
a combined values chart or its underlying formula. Using
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disfigurement, and distortion of  adjacent unburned mobile 
structures (nipple, umbilicus, and/or genitalia) by burn 
scar contraction. Large burns (>20% TBSA) can result in 
homeostatic impairment of  the skin. Manifestations may 
include subjective heat intolerance, impaired thermoregu-
lation, and loss of  sweat function in the scars, or cold intol-
erance owing to loss of  adipose tissue insulation. The latter 
is of  particular concern after deep or infected burns with 
fascial excision or other significant adipose tissue débride-
ment in the course of  burn care. While a goal of  burn care 
is rapid, durable wound closure, chronic wounds still occur 
after burn injury. If  present, these should be described 
including size, depth, location, exudate/odor, and status of  
the healing process/granulation tissue. Previously applied 
wound therapies should be described. If  a wound has been 
present beyond 3 months, a more detailed assessment of  the 
reasons for failure of  healing is warranted (including mal-
nutrition, pressure, infection/colonization, osteomyelitis, 
loss of  sensation, tension, and lack of  blood flow). This 
assessment may include a search for neoplasia (Marjolin’s 
ulcer) and related examination of  the draining lymph nodes 
because nonbasal cell skin cancer (not in remission) is 
assigned 58% whole-person impairment.12 The claimant’s 
history is the key factor in classifying nonfacial skin/scar-
related impairment, focusing on the impact of  the skin-
related conditions on an individual’s ability to perform 
activities of  daily living. Whole-person impairment result-
ing from nonface skin disorders can range from 0% to 
58%.12

FACIAL INJURIES, SCARS, AND EAR/NOSE/
THROAT PROBLEMS

Burn scars involving the face can be a significant cause of  
impairment. Beyond aesthetics, these may include cicatri-
cial microstomia (causing weight loss and malnutrition), 
loss of  facial expression, and nasal deformity/tissue loss 
with associated airway dysfunction and loss of  humidifica-
tion. Air passage deficits, including nasal injuries and vocal 
cord paralysis, are rated from 0% to 58% whole-person 
impairment based on the key factor of  degree of  dyspnea 
and interference with daily or work activities.13 Voice and 
speech impairment is rated at 0–35% of  the whole person, 
based on the key factors of  speech audibility, intelligibility, 
and functional efficiency of  speech in everyday communi-
cation.13 Ear loss, in addition to the aesthetic deficit, can 
compromise sound localization/lateralization and make it 
difficult to wear glasses or similar headgear that rests on the 
ears. Auditory function may be compromised in several 
ways following burn injury. Significant blast injuries are 
associated with tympanic membrane (TM) rupture. Middle 
ear infection, often with TM perforation, may complicate 
convalescence from severe burns; multidrug-resistant 
organisms are usually observed, and clearance can require 
prolonged treatment. Resulting TM scarring may reduce 
auditory acuity. Several ototoxic medications (especially 
aminoglycosides and furosemide) are routinely used during 
critical care of  the severely burned patient. The key factor 
for hearing evaluation is decibel threshold sum audiometry 
using 500, 1000, 2000, and 3000 Hertz sounds. Whole-
person impairment from binaural hearing loss ranges from 
0% to 35%, with the latter value reflecting complete hearing 

particularly compared with a preinjury weight, is helpful in 
estimating the loss of  lean body mass, although confound-
ing by body compositional changes does occur. In general, 
loss of  10–30% of  body mass correlates with increasingly 
severe manifestations of  malnutrition and catabolism, 
namely impaired wound healing, pressure sores, and pneu-
monia. Losses approaching 40% of  preinjury body mass (in 
survivors seen for disability assessment) indicate a near-
fatal systemic insult of  malnutrition combined with postin-
jury hypermetabolism.

While the gold standard of  body compositional analysis 
is potassium-40 scintillation counting coupled with deute-
rium oxide dilution measurement of  total body water,4 
whole-body dual energy X-ray absorptiometry (DEXA) pro-
vides a useful and more readily available surrogate. Whole-
body DEXA scans provide bone density measurements of  
the axial and appendicular skeleton, as well as assessment 
of  peripheral and visceral fat mass, bone mass, and 
extremity/central lean mass.5 Bone metabolism6–10 is mark-
edly disturbed after severe burn injury; accordingly growth 
arrest is seen in growing (prepubertal) children.11 This is 
attributable to stalled endochondral bone formation. 
Patients are also prone to fracture from trivial trauma such 
as ground-level falls, and fracture healing is slowed.

SKIN/INTEGUMENT

As the organ most visibly affected by burn injury, photo-
documentation of  affected areas can provide efficient 
insight into the magnitude of  the injury and the status of  
the healing process. Scars from healed burn wounds or skin 
grafts and donor site morbidity are described by TBSA and 
location. It is also important to note associated venous con-
gestion, tissue edema, chronic wounds, pain, itch, tissue 

Fig. 63.1 A pediatric burn patient with a 95% total body surface area 
burn. 
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impairment classification is the diagnosis itself, supple-
mented with the “functional history,” and comprises the 
extent to which the diagnosis-defined problem interferes 
with vigorous activity, work, daily living, and basic func-
tioning. It also considers the extent to which another 
person is required to accomplish these tasks. Because of  
the complexity in rating nonamputation impairments of  
the extremities, the reader is advised to obtain and refer 
to the most recent edition of  the Guides to the Evaluation of  
Permanent Impairment.20

HAND FUNCTION

Hand function is both uniquely important to daily and work 
activities and frequently impaired by burn injury and scars. 
Loss or deformity of  digits leads to a variety of  deficits. Com-
plete loss (amputation) results in the following impairment 
ratings:

■ Ring/small finger: 10% of  hand, 9% of  upper extrem-
ity, and 5% whole-person impairment

■ Index/middle finger: 20% of  hand, 18% of  upper
extremity, and 11% whole-person impairment

■ Thumb: 40% of  hand, 36% of  upper extremity, and
22% whole-person impairment

■ Hand: 90% of  upper extremity and 54% whole-person
impairment

■ Entire upper extremity: 60% whole-person
impairment.20

Flexion contracture or boutonniere deformity digit(s) 
leads to impairment in dexterous movements, and exten-
sion contracture compromises grip strength and carrying 
tasks. Scoring is more complex for partial losses and func-
tional impairments but may not exceed the impairment 
rating for amputation.20 Due to the hand’s complex tissues 
and their response to splinting, immobilization, and vasoac-
tive medications it is not uncommon for muscle, tendon, 
and bone/joint involvement to be demonstrable in addition 
to the obvious skin/soft tissue cicatrization.

In the lower extremity, amputation results in the follow-
ing impairment ratings:

■ Lesser toe: 3% of  foot/ankle, 2% of  lower extremity,
and 1% whole-person impairment

■ Great toe: 17% of  foot/ankle, 12% of  lower extremity,
and 5% whole-person impairment

■ Foot/ankle: 70% of  lower extremity, and 28% whole-
person impairment

■ Entire lower extremity: 40% whole-person impairment.

For nonamputation impairment at the upper and lower
extremities, if  none of  the diagnosis-based grids reflects the 
patient’s impairment (as is often the case with significant 
musculoskeletal compromise after burn injury), then 
impairment can be rated according to range of  motion 
testing. A comprehensive description of  this process is 
beyond the scope of  this chapter, but can be found in Ron-
dinelli et al.21

An assessment of  gait and balance (i.e., heel/toe, tandem 
gait, and Romberg tests) provides insight into the coordi-
nated function of  the nervous and musculoskeletal systems. 
Impairment of  the ability to respond quickly to changing 
conditions (general weakness, loss of  balance, or 

loss.13 Facial disfigurement is rated separately from overall
skin assessment, and the key factor determining classifica-
tion is the degree of  facial anatomical distortion, loss of
expression/facial features, and the degree of  difficulty expe-
rienced by the patient in social settings due to facial disfig-
urement. Whole-person impairment resulting from facial
scars/disfigurement can range from 0% to 45%.

MUSCULOSKELETAL

Burn-related amputations are not infrequent, especially in
the setting of  electrical injury. If  an amputation is present,
the requisite description is straightforward, including the
level of  the amputation, the condition of  the stump (note if
chronic wound present), any prosthetic used, how well it
works for the patient, and specific (work and home) activi-
ties that are difficult or require adaptation due to the
amputation.

The main cause of  musculoskeletal impairment after
burn injury is scar contracture across joints. In the acutely
injured state, patients typically assume a “position of
comfort.” Contraction of  the burned joint may reduce the
area of  the wound to heal but at the cost of  losing range of
motion with scar formation. The use of  splinting, exercise,
and release with tissue interposition have all been shown to
mitigate this problem, but rarely is function completely
restored to the preburn state. In describing scar contrac-
tures, particularly involving joints, one may note that the
resting position is often abnormal. Range of  motion,
strength, associated chronic wounds or ulcers, and pain/
tightness at the scar also provide helpful medical evidence
of  impairment. The description of  specific daily living or
work activities that the patient finds difficult due to specific
scars/contractures is needed to communicate the experien-
tial severity of  impairment.

Prolonged immobilization and excessive use of  static
splints may also lead to joint fibrosis and impaired range of
motion. Heterotopic ossification, generally occurring in
patients with burns greater than 30% TBSA, can cause
near complete loss of  joint mobility.14 When it occurs, the
joint becomes immobilized in the position in which it was
maintained. It causes significant pain, and the lost range of
motion is generally refractory to surgical intervention and
rehabilitation. For example, at the elbow, the ulnar nerve at
the cubital tunnel can be affected.

Muscular conditions of  systemic import may accompany
burn convalescence. Sarcopenia is increasingly diagnosed
after critical illness, sepsis, and prolonged immobilization.15

Rhabdomyolysis and compartment syndromes may lead
to the rapid loss of  mass of  involved muscles. Especially
common after electrical injury, these may exacerbate the
muscle wasting and skeletal muscle protein catabolism due
to the burn injury proper. Loss of  lean muscle mass leads
to decreased strength and endurance and can contrib-
ute to metabolic derangements including altered glucose
homeostasis and decreased insulin sensitivity. Muscle bulk
can be assessed by the examiner and extremity circumfer-
ence measurements reported if  they appear grossly abnor-
mal. Ultrasound is increasingly utilized to quantitate the
degree of  sarcopenia (e.g., midfemur vastus lateralis thick-
ness), but its role in routine disability assessment is not yet
widely established.16–19 The key factor for musculoskeletal
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syndrome is present for 4–6 h without adequate release, 
irreversible nerve damage may occur anywhere within the 
affected compartment(s). Fortunately the dire sequelae of  
contracture and complete defunctionalization of  the upper 
extremity described by Volkman are infrequently encoun-
tered owing to rapid escharotomy and fasciotomy of  
impending compartment syndromes as a routine part of  
burn center care.23 The rating of  impairment owing to 
peripheral nerve lesions is based grossly on sensory and 
motor findings, and the reader is advised to refer to the 
latest edition of  the Guides to the Evaluation of  Permanent 
Impairment for both the upper and lower extremities.20,24

Characterization of  gait, station, balance, sudomotor 
function, strength, deep tendon reflexes, and sensation 
(including as needed pain/temperature, light touch/two-
point discrimination, and vibratory/joint position sense) 
deficits should be done; a detailed neuro exam may be sup-
plemented with electromyography or nerve conduction 
studies if  needed.

CARDIOVASCULAR/METABOLIC

Postburn hypermetabolism has been well described in 
multiple preceding chapters. Impairment may result from 
decreased exercise capacity (VO2 peak), in turn related to 
increased basal energy expenditure. Tachycardia and ele-
vated resting energy expenditure frequently persist for more 
than 12 months after major burn injury. Although phar-
macologic treatment may ameliorate aspects of  postburn 
hypermetabolism, restoration of  preinjury metabolism 
occurs slowly and often incompletely. The stress of  major 
burn injury (and frequently sepsis) may also cause cardiac 
dysfunction.25 Significantly elevated catecholamine levels 
and a chronic high-output state contribute to myocardial 
remodeling; a depressed ejection fraction, myocardial fibro-
sis, and diastolic dysfunction are increasingly appreciated 
via echo in survivors of  major burn injuries. Objective 
evidence of  the magnitude of  a burn survivor’s cardio-
vascular and metabolic derangement are given by pulse, 
resting respiratory rate (and depth of  respiration), blood 
pressure, jugular venous pressure/waveform as assessed 
vertically from the sternal angle, presence of  hepatojugu-
lar reflux, and precordial palpation. Resulting impairment 
is classified using the New York Heart Association (NYHA) 
Functional Classification of  Cardiac Disease. Whole-person 
impairments range from 0% to 65%, and objective testing, 
such as echo (ejection fraction and diastolic dysfunction 
based on left atrial E-A waves) and exercise testing (VO2 
max or METS), are used as the key factors. The exercise test 
results are categorized corresponding to NYHA functional 
classes, which provide an objective measure of  functional  
status.26

RESPIRATORY

Burns that occur in an enclosed space, such as a building 
structure, often result in some form of  inhalation injury to 
the respiratory system. Impairment may be limited to a 
temporary need for ventilator support or extend to perma-
nent respiratory disease. Chronic and recurrent respiratory 
infections and pulmonary insufficiency may limit an indi-
vidual’s ability to perform his or her previous work, 

unsteadiness) can impair the ability to safely function in 
physically demanding occupations. Exertional tolerance, 
although subjectively reported, can be assessed by asking 
how far the patient can walk without resting or how many 
flights of  stairs can be climbed without stopping. The reason 
for exertion limitation (e.g., shortness of  breath, musculo-
skeletal cramps, general weakness, joint pain, chest pain, 
back discomfort, or other) often provides important insight 
into the dominant underlying disease state.

NEUROLOGICAL

Both focal and global nervous system problems are possible 
after burn injuries. Traumatic brain or spinal injury may be 
seen in high-energy automobile crashes, blast injuries, and 
escape-related injuries. Burns sustained in closed-space 
fires are frequently accompanied by the inhalation of  a 
cocktail of  toxins and combustion byproducts. These cause 
inhalation injury (discussed later) but carbon monoxide, 
cyanide, and other metabolic poisons may also cause global 
hypoxic insults (classically the hippocampi are most vulner-
able to hypoxia, with impairment in learning and memory). 
Cerebral edema often accompanies carbon monoxide poi-
soning or hypoxic insult, and herniation syndromes may 
lead to neurological devastation. Cardiac arrest may also 
accompany severe burn injury (usually hypovolemic) with 
hallmark cerebral watershed infarcts between the distribu-
tions of  the anterior, middle, and posterior cerebral arteries. 
Hypoxic and ischemic insults may lead to alterations in con-
sciousness and awareness. Impairment is rated 0–100% of  
the whole person, with continuous impairments (e.g., non-
epilepsy) rated higher, from 31% to 100% of  the whole 
person.22 Alternatively, if  consciousness and awareness 
remain intact, alterations in mental status, cognition, and 
highest integrative function may be present after traumatic 
injury or severe central nervous system (CNS) insult. Result-
ing impairment is rated from 0% to 50% of  the whole 
person, based on mental status exam and interference with 
activities of  daily living, occasionally supplemented with 
neuropsychiatric testing. Individuals who have suffered an 
electrical injury may develop a condition characterized by 
progressive degeneration of  fine and gross motor coordina-
tion. Resultant complications can range from inability to 
perform work-related tasks safely to an inability to perform 
the routine activities of  daily living. It is a disease process 
that takes place over a significant period of  time and may 
worsen after an individual has returned to work. It can be 
particularly vexing to differentiate this entity from the 
malingerer, and the objective neurological exam findings 
must be cataloged in each case. A polyneuropathy of  critical 
illness is also described and should be considered when pro-
longed ICU care was needed for recovery. A prolonged sys-
temic inflammatory response syndrome, hyperglycemia, 
corticosteroids (which are endogenously elevated for >12 
months after burn injuries), and the use of  neuromuscular 
blocking agents (paralytics) have variously been implicated 
in its pathogenesis.

Focal peripheral nerve lesions are also possible owing to 
postburn compartment syndromes. In the upper extremity 
the ulnar nerve is particularly vulnerable within Guyon’s 
canal and at the cubital tunnel, while the median nerve is 
vulnerable at the carpal tunnel. If  a compartment 
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penile impairment and physical exam findings for testes and 
scrotum (separately). Physical findings are the key factor for 
vulvar and vaginal impairment, which ranges from 0% to 
20% of  the whole person.33 Unique to burn convalescence, 
severe scarring of  the perineum, buttocks, or gluteal cleft 
may impair sitting, voiding of  urine and stool, and hygiene.

GASTROINTESTINAL

The digestive system is not usually a problem except in 
those individuals who have had superior mesenteric artery 
syndrome, cholecystitis, pancreatitis, or peptic ulcer disease 
during the acute admission. The postdischarge clinical 
course of  these individuals is unpredictable. Upper GI 
impairment (including esophageal problems, peptic ulcer, 
and pancreatitis) ranges from 0% to 60% of  the whole 
person, considering frequency and severity of  symptoms 
and need/frequency of  treatment. Weight loss below ideal 
body weight is an important consideration in more severe 
impairments.34

ENDOCRINE

Burn convalescence is complicated by a hyperadrenergic 
state characterized by elevated catecholamine levels and 
cortisol. The pathophysiology is described in Chapter 23, 
along with numerous references. Whole-person impair-
ment from adrenal cortex disorders ranges from 0% to 20% 
based on signs, symptoms, biochemical abnormalities, and 
burden of  treatment. Although no therapies are currently 
standard for postburn hypercortisolism (best assessed by 
24-hour urinary cortisol), the physical stigmata of  moon
facies, peripheral muscle wasting, central obesity, and lipo-
dystrophy are familiar to the burn surgeon. Adrenal medul-
lary excess is assessed separately from the adrenal cortex. 
The postburn alterations in adrenal medulla function and 
resulting catecholamine excess are also covered in Chapter 
23, and numerous references documenting the extent/
duration of  catecholamine excess postburn are also given. 
Whole-person impairment resulting from adrenal medulla 
hypersecretion ranges from 0% to 60%, with the key factor 
being the presence of  symptoms and efficacy of  blocking 
agents. After burn injury, the nonselective β-blocker pro-
pranolol is usually able to reduce tachycardia, although 
supranormal doses (up to 4 mg/kg per dose) may be neces-
sary. Symptoms of  catecholamine excess after major burn 
injury tend to be moderate to severe and may last for several 
years postburn injury. Stress-induced diabetes is seen after 
severe burn injury, although the observed elevations in gly-
cosylated hemoglobin are usually mild to moderate. Bio-
chemical evidence includes fasting glucose, insulin levels, 
and glucose tolerance testing. Impairment from diabetes 
ranges from 0% to 28% of  the whole person, and the rating 
uses severity and complexity of  the required treatment as 
the key factor. Central hypogonadism has also been described 
in burned men,35 and the role of  androgen deficiency/
replacement during burn recovery is an area of  active inves-
tigation. Impairment resulting from states of  gonadal 
hormone deficiency or excess is classified according to the 
key factors of  biochemical evidence, physical symptoms, 
and impact on fertility. Whole-person impairment from 
gonadal disorders ranges from 0% to 15%.

especially when toxic chemicals or dust are present in the 
workplace. Exposure to irritating gases can also worsen 
preexisting asthma or result in irritant-induced asthma. 
Although this form of  reactive airway disease usually 
resolves with time, some individuals may have persistent 
respiratory impairment that may also require a change in 
vocation in order to avoid continued exposure to irritants 
and exacerbation of  symptoms.

Furthermore, patients with severe inhalation injuries 
may require a tracheostomy long after the burn has healed. 
Closure of  the stoma is often delayed due to chronic airway 
complications or need for future reconstructive surger-
ies. Tracheal stenosis is not an infrequent complication 
of  tracheostomy and causes increased work of  breathing 
that is exacerbated with exertion and accompanied by 
stridor. Burns/scars of  the trunk and chest wall, especially 
if  circumferential, can impair chest wall mobility result-
ing in dyspnea and related symptoms. An assessment of  
chest wall motion, breath sounds,27 adventitious sounds,28 
stridor, inspiratory/expiratory time and flow,29 clubbing/
cyanosis, and pulse oximetry provide noninvasive medical 
evidence of  pulmonary function. However, the classification 
of  impairment related to pulmonary problems is primarily 
through pulmonary function tests. These include spirom-
etry, arterial blood gas analysis, carbon monoxide diffu-
sion limit,30 and exercise testing maximal oxygen uptake 
(VO2 max). These tests provide objective descriptions of  a 
patient’s respiratory problem(s) if  correctly performed and 
are the key factors determining impairment class.31 Pul-
monary impairment ranges from 0% to 65% whole-person  
impairment.

EYES/VISION

Chapter 43 covers burn-related eye pathology in detail. The
principal visual problems seen after burn are corneal ulcer/
scar (after ocular surface infection/exposure), cataract
(after electrical injury), and anterior ischemic optic neu-
ropathy (due to orbital compartment syndrome). The key
factors in determining visual impairment are distance
visual acuity and visual fields. While diagnostic eye care is
more concerned with the vision of  each individual eye, bin-
ocular vision is more important for functional status. The
distance visual acuity of  each eye and binocular vision is
converted into a visual acuity score. The functional acuity
score is three times the binocular visual acuity score, plus
the right and left visual acuity scores divided by 5. Thus the
score is weighted 60% binocular, and 20% for each indi-
vidual eye. A similar adjustment is made for visual field
defects if  present. These scores are used to calculate visual
system impairment, which can be converted into whole-
person impairment ranging from 0% to 85%.32

RENAL/GENITOURINARY

Renal failure and genital/perineal burns constitute a major
burn-related impairment. Whole-person impairment
resulting from kidney disease ranges from 0% to 75% based
on frequency/severity of  symptoms and need for dialysis.
Penile, scrotal, and testicular impairments are each rated
separately, although each can comprise 0–15% whole-
person impairment. The key factors are sexual function for
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ideation, previous traumatic injuries, and substance use 
should be detailed. Flat or expansive affect, flight-of-ideas, 
loosened associations, and level of  psychomotor activity all 
comprise signs (medical evidence) that help assess impair-
ment. After burn injury and acute hospitalization, both 
acute and posttraumatic stress disorders are frequent. An 
abnormally high level of  anxiety is also present, perhaps 
owing to the prolonged sympathetic hyperactivation that 
accompanies burn injury. A description of  the content, fre-
quency, and intrusiveness of  flashbacks and sensation of  
anxiety is helpful in gauging the patient’s burden and level 
of  impairment. Impairment is calculated as the median 
value of  scores obtained from the global assessment of  func-
tion, brief  psychological rating scale, and the psychiatric 
impairment rating scale. Whole-person impairment from 
mental and behavioral disorders ranges from 0% to 50%.38

OVERALL QUALITY OF LIFE

Survey instruments have been constructed in an attempt to 
measure quality of  life and subjective disability.39 Of  these, 
the World Health Disability Assessment Scale II measures 
generic function and is useful for comparison across disease 
states. The Burn-Specific Health Scale-Brief  is, as the name 
suggests, constructed to capture the specific difficulties 
experienced by burn survivors and is useful in comparing 
within a population of  burn survivors. In a cohort of  50 
large pediatric burns, greater TBSA, male sex, increasing 
age at burn, burn after school entry, and survivors transi-
tioning to adulthood were all associated with lower quality 
of  life using both of  these scales.40 From 1994 to 2014, the 
Burn Model System Database (established by the National 
Institute on Disability, Independent Living, and Rehabilita-
tion Research) has enrolled more than 2000 children and 
almost 3500 adults. More than 33 survey instruments have 
been administered within this population to better under-
stand and quantitate the experience of  the burn survivor. 
In 2016, publications resulting from this endeavor were 
comprehensively reviewed.41 While these demonstrate pro-
gress toward quantitation and understanding of  postburn 
quality of  life, as suggested at the start of  this chapter, these 
measurements have not been optimized and accepted as 
routine standards in clinical burn follow-up. As the use of  
these scales is mainstreamed, it may be instructive to 
compare experiential patient quality of  life with whole-
person impairment ratings.

Complete references available online at 
www.expertconsult.inkling.com

HEMATOLOGICAL AND LYMPHATIC

Anemia frequently accompanies burn injuries and is of  
multifactorial etiology. The reader is referred to Chapter 22 
for further descriptions of  the related pathophysiology. 
Impairment resulting from anemia is classified according to 
exertional symptoms experienced by the patient and fre-
quency of  need for transfusions or other therapies. Anemia 
can cause whole-person impairment ranging from 0% to 
75%, although the problems typical of  burn convalescence 
are generally in the 0–15% range.36 Postburn immunosup-
pression is also discussed in the above-referenced chapter. 
Although the magnitude of  immune suppression is an 
important determinant of  survival,37 it tends to be self-
limiting, with resolution occurring concurrently with 
wound closure. Significant blood-borne infections (hepati-
tis, human immunodeficiency virus, cytomegalovirus, and 
others) do occasionally complicate burn convalescence 
owing to significant transfusion and allograft needs in 
major burns. Trauma/burns are a risk factor for venous 
thrombosis. Whole-person impairment resulting from 
thrombotic problems ranges from 0% to 40% and is classed 
using the frequency and timing of  thrombotic events as the 
key factor.36 Full-thickness burns, particularly of  the lower 
extremities, will also cause damage to the lymphatic system. 
Such injured individuals often demonstrate a lack of  normal 
lymphatic drainage, resulting in chronic edema and the 
development of  stasis ulcers. There can be little or no 
improvement expected posthealing. External support in the 
form of  elastic garments is necessary to help replace the 
normal activity of  the lymphatic system in reabsorption of  
fluid. These individuals frequently have difficulty in stand-
ing for long periods of  time or working in a hot and humid 
environment.

PSYCHOLOGICAL

The psychological impact of  burn injury is discussed in 
Chapter 65. Impairment may result from mental problems 
predating (and occasionally causing) the burn injury or be 
related to the injury and treatment. Substance abuse, sui-
cidal ideation, and mood disorders are all common comor-
bidities in burn patients. They may predispose the patient to 
risk-prone behaviors, impair the ability to escape injury, or 
even prompt self-harm such as self-immolation. If  present, 
an understanding of  the patient’s impairment requires 
documentation of  symptoms and signs, including previous 
suicide attempts, psychiatric hospitalization, and self-
injuries. The time course, frequency, and severity of  suicidal 
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activated peripheral circulating macrophages and the 
central nervous system microglia.5

Areas of  deeper partial-thickness and full-thickness 
burns may display a confusing pattern of  pain over the first 
few days. These areas may show little or no response to 
sharp stimuli such as a pinprick initially, yet a patient may 
complain of  deep, severe pain related to the inflammatory 
response. In a full-thickness burn, the dermis is completely 
destroyed along with its rich network of  nerve endings. This 
leads to an initial response of  a completely anesthetic 
wound when a sharp stimulus (e.g., pin prick) is present on 
the dead skin. Over time, patients begin to complain of  a 
dull or intense pain during manipulation of  these areas 
(e.g., dressing changes). Once the devitalized tissue (i.e., 
eschar) sloughs and is replaced by granulation tissue, the 
patient again experiences the sensation of  sharp pain to 
noxious stimuli. Thus it appears that, in all types of  burn 
injury pain, there is an inflammatory and neuropathic 
component both resulting from injury to tissues and to 
sensory nerves endings. As to which of  these (inflammatory 
vs. neuropathic) components contributes more to the noci-
ceptive responses is still not understood.

Additional Factors Contributing 
to Pain Generation

Ptacek et al.8 found that although there was a general trend 
for pain to decrease over time in patients with small or 
superficial burns, there was also considerable variability in 
the course of  pain among adult survivors after major burns. 
Persons with large burns showed a higher affective (suffer-
ing) component to the pain, but there was no reliable cor-
relation between the pain scores and burn size. Quite in 
contrast to that report, studies in children have shown that 
the intensity of  pain increased as the burn size increased.9 
Whether this is related to the increased anxiety of  children 
is unclear. Other reports confirm that pain intensity at rest 
was correlated with psycho-affective responses such as 
anxiety, depression, anorexia, fatigue, and helplessness.10 
Choinière et al.11 also noted that pain at rest was signifi-
cantly and positively related to levels of  anxiety or depres-
sion (i.e., with elevated anxiety or depression, pain scores 
at rest increased). Depression also plays a similar role in the 
enhancement of  pain.12 Pain leads to depression, and 
depression increases the perception of  pain.13,14 Confusion 
therefore can occur concerning the amount of  pain 
expressed by burn patients on the role played by psychiatric 
disorders that are concomitantly present in any form of  

Introduction

The words “burn injury” trigger, for almost anyone, imme-
diate and vivid images of  excruciating pain and suffering.
Children are conditioned from early childhood that burn
injuries are painful and can cause great harm. At the time
of  the first edition of  this book there was still debate about
the importance of  pain management in the burn survivor.
Many practitioners believed that the treatment of  burn
injury pain, especially in children, was more dangerous
than leaving it untreated. The past 20 years has shown that
children’s pain can be effectively and safely managed with
significant benefits in recovery and long-term outcomes.1,2

There are now data showing that even premature babies
have significant pain that needs to be addressed.3

A series of  therapeutic approaches have been developed
to approach both pain and its associated anxiety. There is
justified concern about opiate and benzodiazepine depen-
dence and abuse, but this is offset by the importance of
treating pain aggressively. In addition to pain and anxiety,
practitioners are now focused on pruritus as well. Scales
have been developed to measure pain, anxiety, and itch
separately.

Pathology of a Burn Injury Pain
and Pain-Generating Mechanisms

Pain is the most frequent complaint of  burn-injured
patients.4 Injury-induced nociceptive responses can be
described as hyperalgesia and allodynia. Hyperalgesia is
increased nociceptive response to painful stimulus (e.g.,
pinprick). Allodynia is exaggerated pain to nonpainful
stimuli (e.g., touch). All burn injuries are painful. Even first-
degree burns can produce at least mild pain and discomfort,
especially when something such as clothing rubs against
the burned area (allodynia). Even the slightest change in air
currents moving past the injured/exposed skin can cause a
patient to experience excruciating pain. The loss of  protec-
tive covering of  the epidermis and the associated inflamma-
tion leads to sensitization of  the nerve endings. Studies of
humans and monkeys confirm that burn injuries not only
make the injured area but also the surrounding tissue more
painful.5–7 Second-degree, moderate to deep partial-
thickness burns result in variable amounts of  pain depend-
ing on the amount of  destruction to the dermis. In addition,
as the inflammatory response progresses, the release of
cytokines and chemokines increases the pain not only in
the burned area but also in the surrounding tissues by the
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that have been excised and grafted on a clean and uniform 
vascular bed rarely develop one of  these chronic pain syn-
dromes. Wounds that heal by granulation and scar forma-
tion seem to be more apt to develop a chronic pain problem 
because of  the continued stimulation of  nerve fibers in the 
area with enhancement of  the hyperalgesia. Skin biopsies 
of  granulation tissue have clearly shown neuronal tissue 
entrapment.20 Pain in scar tissue subsides over time as the 
scar tissue matures.

Tolerance to Opiates and 
Opiate-Induced Hyperalgesia

Opioids are highly effective analgesics and are the mainstay 
for treatment of  moderate to severe burn pain.24 Continued 
use of  opiates can lead to burned patients developing toler-
ance to their analgesic effects. There is a pharmacokinetic 
component to the tolerance to opiates: the clearance and 
the volume of  distribution of  many drugs are increased over 
time, resulting in lower therapeutic concentrations.27 The 
protein binding of  opiates is also increased in burned 
patients, resulting in a lower free fraction available to act on 
target µ-opioid receptor. The most important reason for the 
tolerance is indeed related to µ-opioid receptor changes 
induced by the opiates.

Opiates signal their beneficial analgesic effects by inter-
cellular coupling to G-proteins. Just like any other G-protein 
coupled receptor (e.g., adrenoceptor), the repetitive admin-
istration of  an agonist (e.g., epinephrine or opiate to adre-
noceptor or opiate, respectively) leads to desensitization of  
the receptor in which the receptor responses are attenuated 
with each subsequent administration.28 The attenuated 
response is related to phosphorylation and not to down-
regulation of  receptor. The continued administration of  
opiates will, with time, result in down-regulation of  the 
opiate receptor number.

Both the desensitization (phosphorylation) and down-
regulation of  opiate receptors lead to tolerance to opiates. 
Recent studies indicate that continued administration of  
opiates also induces increased nociceptive behaviors (hyper-
algesia and allodynia: a.k.a. opiate-induced hyperalgesia 
[OIH]).17 Tolerance can be overcome by increasing the doses 
of  the opiates, but OIH is made worse by increasing opioid 
administration. Studies in burn patients confirm OIH when 
pre- and intraoperative use of  opiates resulted in worse 
postoperative pain.28 Opiates, similar to bacterial peptides, 
lead to activation of  innate immune responses (activation 
of  macrophages and microglia) with release of  inflamma-
tory cytokines and chemokines. Attenuation of  microglial 
activation has been shown to decrease OIH, with improved 
control of  pain.26

Measurement of Pain 
in Burned Patients

Although pain cannot be measured directly, it can be quan-
tified by using one of  the standardized tools described here. 
Using reliable and valid tools allows us to gauge the effec-
tiveness of  our treatment for any one patient. Assessing 
pain on a scheduled basis and using the same tool for each 

injury versus injury-induced biochemical changes at the
local and central nervous system level. Treatment of  anxiety
with benzodiazepines may have either beneficial or para-
doxical effects on anxiety and pain.15 Clinical observation
and rodent studies indicate that although benzodiazepines
acutely potentiate the analgesic effects of  other opiates, the
prolonged administration of  benzodiazepines together with
opiates can induce tolerance or even hyperalgesia.

Another factor that contributes to pain is procedures.
Baseline pain (pain at rest) is invariably present in most
burn patients. This baseline increased nociception can be
aggravated by procedural pain (hyperalgesia) induced by
dressings changes, physical therapy, and other procedures.
Procedural pain is the most intense burn injury pain that is
undertreated.16,17 Thus the anticipation of  pain related to
procedures (e.g., wound care) that occurs at least once daily
can increase a patient’s perception of  pain, which in turn
can lead to greater anxiety. This reaction may explain some
findings that suggest that pain increases over time in burned
patients.18–20 There could also be another component—
namely, tolerance to analgesics and/or opiate-induced
hyperalgesia (see later discussion)—that explains the
increase in pain over time.7 Finally, exaggerated adrenergic
stimulation with release of  catecholamines is part of  the
pain and stress response. Stress of  any form has paradoxical
effects on pain, initially causing stress-induced analgesia
and then later exacerbation of  pain, a feature known as
“stress-induced hyperalgesia.21–23 Thus the stress of  burn
injury, with its concomitant release of  catecholamines and
adrenoceptor stimulation, leads to exaggeration of  pain.21–23

Pain as a Function of the
Healing Process

As deep dermal or full-thickness burn wounds heal, either
by primary intention from excision and grafting or by sec-
ondary intention through granulation tissue and scar for-
mation, the injured neural tissue is reorganized.17 Reflex
neural function returns to grafted burn skin approximately
5–6 weeks after the burn has been covered by autografted
skin.20 Active vasodilatation, vasoconstriction, and pain
sensation all return at this time.24 These functions also
return to the burn wound that heals through scar forma-
tion but may take up to 6 months for complete neural reor-
ganization. This could be an additional basis of  neuropathic
pain at the burn wound site and in surrounding tissue.
Despite the healing of  tissues, the memory of  any form of
trauma-induced pain lasts for a prolonged period. In other
words, subsequent (e.g., reconstructive) surgery on this
area leads to exaggerated nociceptive responses sooner and
longer lasting than that seen at initial injury.32 This memory
seems to be maintained by innate immune cells (macro-
phages and microglia), which seem to be already primed
because of  previous injury and become activated sooner
with release of  inflammatory cytokines and chemokines.26

Although rare, causalgia, dysesthesia, and phantom pain
syndrome can sometimes develop in healing skin. Phantom
limb sensation and pain are more common following ampu-
tation, which is often associated with large burn injury or
electrical injury.267 The incidence of  these chronic pain syn-
dromes seems to be related to the healing process. Burns



64 • Management of Pain and Other Discomforts in Burned Patients 681

the point representative of  the patient’s pain. The visual 
analog scale has been used in a number of  studies with a 
variety of  patient samples and has been shown to be a valid 
method of  measuring the sensory component of  a patient’s 
pain. The demonstrated validity of  the scale allows for com-
parisons of  visual analog pain assessments between studies 
with different patient samples. However the visual analog 
scale is not interchangeable with the graphic numeric 
rating scale.29

Motivational-affective and cognitive-evaluative compo-
nents of  pain are most frequently measured using the 
McGill Pain Questionnaire (MPQ).30 The MPQ consists of  20 
sets of  adjectives that describe all three components of  pain: 
sensory, affective, and evaluative. Qualitative profiles and 
quantitative scores for each dimension as well as a total 
pain score can be derived from the selected adjectives. The 
MPQ has been translated into several languages and has 
been shown to be a reliable and valid measurement tool. 
Since it takes 10–20 minutes to administer, it may not be 
as useful for frequent, repeated measurements. Many 
studies have employed this measurement on a daily basis to 
measure either overall or resting pain. Gordon et al.31 in a 
prospective multicenter study, asked 40 adult burned 
patients to rate their pain on four scales. These scales were 
a visual analog scale, an analog chromatic scale,32 an adjec-
tive scale, and a faces scale.33 At the end of  the study patients 
were asked to choose their preferred scale. Patients pre-
ferred the faces and analog chromatic scales. Although 
further research is needed to validate these findings, the 
preference of  patients is another variable to be considered.

PAIN MEASUREMENT TECHNIQUES FOR 
PEDIATRIC BURNED PATIENTS

The measurement of  children’s pain is much more complex 
than it is for adults, especially for preverbal children. The 
American Academy of  Pediatrics and the American Pain 
Society issued a joint statement in 2001 that included the 
recommendation that, in a hospital setting, “ongoing assess-
ment of  the presence and severity of  pain and the child’s 
response to treatment is essential.”34 The assessment of  pain 
in children has included physiologic measurements, behav-
ioral assessment, and patient reports of  pain. The physio-
logic indicators that have been evaluated are heart rate,34 

assessment gives us information about how pain is experi-
enced by a single patient throughout burn treatment; we 
can note patterns that emerge and schedule medications 
accordingly. Furthermore standardized tools allow us to 
compare the pain management of  one patient with another, 
as well as of  one burn unit pain management regime with 
that of  other burn units in order to determine the effective-
ness of  protocols for pain management. Another important 
reason for assessing pain regularly and in a standardized 
way is that it communicates to the patient that we believe 
he or she has pain and that we are trying to do something 
about it. This communication reassures the patient, thereby 
reducing the likelihood that the patient will escalate pain, 
anxiety, and other related behaviors.

Gracely3 reviewed a number of  objective modalities for 
the measurement of  experimental pain. He notes that “pain 
arises from and is modulated by, a number of  mechanisms. 
These mechanisms are not static but change over time and 
involve all levels of  the central nervous system. In an 
attempt to understand these mechanisms, several experi-
mental tools have been employed to further elucidate the 
exact pathways involved in pain transmission and to better 
understand the therapies used to relieve pain.”

Some of  these tools are cortical evoked potentials, func-
tional brain imaging (positive emission tomography [PET]), 
functional magnetic resonance imaging (fMRI), source 
analysis of  evoked activity, and electrophysiological record-
ing from the human brain. As noted by Gracely, comparing 
these measures with verbal judgments of  pain magnitude 
validates these physiologic measures: “This implicitly ele-
vates subjective judgment to the level of  a validation stan-
dard.”3 Clinical measurements of  pain must continue to 
rely on standard subjective measures. A tool to use in the 
clinical setting must be quick and easy to use and useful for 
frequently repeated assessments.

A major concern in the clinical setting is the use of  a 
consistent pain measurement tool before and 1–2 hours 
after the administration of  a pain-relieving medication. For 
procedural pain management, the same tool should be used 
to measure pain at the beginning of  a procedure, during the 
procedure, and post-procedure in order to measure the 
effectiveness of  the pain management regimen used for pro-
cedural pain.

PAIN MEASUREMENT TECHNIQUES FOR 
ADULT BURNED PATIENTS

A variety of  pain measurement techniques have been used 
with adult burned patients. The more common measures 
include adjective scales (Table 64.1), numeric scales (i.e., 
rating pain on a scale of  0–5, 0–10, or 0–100), and visual 
analog scales (Fig. 64.1). Each of  these scales measures the 
sensory component of  a patient’s pain. Adjective scales and 
numeric scales are quick and easy to administer because 
they do not require a visual representation of  the scale. The 
visual analog scale requires a visual representation of  the 
scale to be presented to a patient. Patients must mark or 
point to the place on the scale that represents their level of  
pain. This presents a problem for a patient whose hands are 
burned, so some investigators have used a technique of  
sliding a line or color strip along the scale with instructions 
to a patient to direct the movement of  the slide, stopping at 

Table 64.1 Adjective Scales in English and Spanish.

0 No pain 0 Nada de color

1 Slight pain 1 Dolor leve (ligero)

2 Moderate pain 2 Dolor moderado

3 Severe pain 3 Dolor severo

Fig. 64.1 Visual analog scale (VAS) for children to rate their levels of 
pain. (From the Varno/Thompson Pediatric Pain Questionnaire. With per-
mission from the American Society for Clinical Pharmacology and 
Therapeutics.)
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Pain during procedures is especially important to assess. 
In 1997, the FLACC scale was developed for postoperative 
pain.51 This has now been applied for pain related to dress-
ing changes on burn wounds. This scale is now documented 
to reflect patient pain intensity as well as nurse clinical 
experience.52

A burn-specific observational tool was developed by 
Barone et al. at Shriners Hospitals for Children-Cincinnati.53 
The Observational Pain Assessment Scale (OPAS) is useful 
in children 0–3 years of  age. The scale is depicted in Table 
64.2.

Research suggests that simple self-report scales can be 
used with preschool children. Examples of  such scales 
include the Oucher Scale (photographs of  children with 
various facial expressions).54–56 Drawings of  faces19,57 have 
also been used with preschool-aged children58 and school-
aged children (8 years).59 Preschool children have also used 
the Poker Chip Tool,60 color scales,61,62 and a thermometer62 
to report the degree of  pain or hurt. These simple tools 
allow a preschooler to report pain and are easy to use. One 
caution with the face scales is that a practitioner must help 
a child differentiate between physical pain and sadness 
unrelated to pain. Since there is no evidence that any one 
of  these is more valid than another, it is recommended to 
pick one and use it consistently. When self-report scales are 
used in conjunction with observational scales, a practitio-
ner gets a better picture of  a child’s response to pain and 
pain therapies.

A school-aged child’s cognitive development allows for 
more abstract thinking. In addition to the Faces Pain Rating 
Scales, which they enjoy,19 they can use simple numeric 
scales 0–5 in the early school years (ages 7–8)63 and more 
complex scales 0–10 or 0–100 in the later years (age 9–12). 
Visual analog scales anchored with happy and sad faces62 
and simple adjective scales62,64 also can be used with this 
age group. In addition to self-reports of  pain, observational 
scales such as the CHEOPS40 or the Procedure Behavior 
Check List65 can be used with a school-aged child. Again, 
the important issue is to use one selected scale consistently 
since no one has been shown to be more valid than others.

Adolescents can think abstractly and can quantify and 
qualify phenomena and so can use the same scales as 
adults. One concern with adolescents is that when they are 
ill they tend to regress and thus may require the use of  a 
simpler scale during such times.66

respiratory rate,35 blood pressure,35 endocrine changes,35,36 
and changes in PO2.37 None of  these shows promise as an 
indicator for measuring pain in sick children because all are 
affected by a variety of  stressors, metabolic changes related 
to a burn, and medications in addition to pain.

Behavior scales have been devised to measure pain by 
providing standardized instructions and guidelines for 
observing behaviors thought to be specific to pain. A 
number of  investigators38–43 have looked at infants’ cries as 
measurable behaviors that can be observed in order to eval-
uate pain. Although these studies demonstrate that length 
of  cry, pitch, intensity, and other characteristics of  crying 
may be used to evaluate pain in infants, the analyses of  
crying are very time-consuming and require elaborate 
audio equipment. Izard et al.,44 Craig et al.,45 and Granau 
and Craig42 have attempted to code facial expressions as 
measures of  pain in infants. Their system characterizes 
nine facial actions involved in the expression of  pain, but its 
use requires videotaping and detailed analyses of  an infant’s 
facial movements. Although this method offers excellent 
research applications, it, like the detailed analyses of  crying, 
is too cumbersome and not appropriate for the clinical 
setting. On the other hand, the studies do provide clinicians 
with information about various facial reactions, as catego-
rized by Granau and Craig, which may be helpful in the 
clinical identification of  pain in infants. Other investigators 
have devised multidimensional scales that include length of  
cry, facial expressions, and behavioral states in order to 
measure pain in infants.46–48 These scales are easier to use 
and allow an observer to assess pain as either present or 
absent without further quantification.

Examples of  observational scales that allow for quantifi-
cation and may be used with toddlers and preverbal chil-
dren are the Children’s Hospital of  Eastern Ontario Pain 
Scale (CHEOPS)49 and The Observer Scale.50 The CHEOPS is 
a scale of  six behaviors, each scored on a numeric range; it 
yields a total numeric score for pain. This scale has been 
shown to be valid and to have good interrater reliability. The 
Observer Scale is another standardized instrument that cat-
egorizes overall pain or comfort behaviors on a scale of  1–5. 
The five categories are laughing, euphoric; happy, con-
tented, playful; calm or asleep; mild-moderate pain—crying, 
grimacing, restlessness, but can be distracted with toy,  
food, or parent; and severe pain—crying, screaming, and 
inconsolable.

Table 64.2 Observational Pain Assessment Scale (OPAS)44

Assess each of the areas identified in the “Observed Behavior” column rating each behavior using the 0, 1, or 2 rating. Add the
ratings together for each observed behavior. Document your total score.

Observed Behavior 0 1 2

Restlessness Calm, cooperative Slightly restless, consolable Very restless agitated, inconsolable

Muscle, Tension Relaxed Slight tenseness Extreme tenseness

Facial Expression No frowning or grimacing, composed Slight frowning or grimacing Constant frowning or grimacing

Vocalization Normal tone, no sound Groans, moans, cries out in pain Cries out, sobs

Wound Guarding No negative response to wound Reaching/gently touching wound Grabbing vigorously at wound

Used with permission of the authors.
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Measurement of Itching

Itching is very common in burn survivors. Even in small 
burns, the prevalence is 35% with moderate pruritus and 
14% with severe, and, in many cases, the pruritus impacts 
daily living.75–77 Another series of  510 burns reported a 
prevalence of  87%.78 The severe itching of  burn scars and 
wounds has not been discussed much in the literature, but 
clinicians can testify that this phenomenon is a very serious 
problem. Patients who experience such itching often excori-
ate new grafts or recently healed skin, thus enhancing their 
susceptibility to infections. The measurement of  itching has 
been part of  a number of  scales that focus on all the prob-
lems that the patient has, such as the Patient and Observer 
Scar Assessment Scale (POSAS)79 and the Assessment of  
Health Outcomes in Children with Burn Injury.80 When 
pruritus is severe, patients can focus on nothing else. Until 
very recently there have not been any tools focused on mea-
suring itch. Now, Field et al.81 reported using a visual analog 
scale of  1–10 to assess itching. Pat Blakeney and Janet 
Marvin at the Shriners Hospital for Children in Galveston 
developed an instrument to measure itch called “itch man” 
(Fig. 64.3). This instrument was based on a patient’s 
drawing of  his experience in the hospital.82 Children seem 
to be able to relate to “itch man,” and validation has been 
completed.83 Several scales have been developed for adults 
to use. One from Belgium has been translated and validated 
in English and seeks to measure all the aspects of  itching 
and how it relates to other types of  variables.84 Another 
coming from the dermatologic literature measuring itching 
in five dimensions is named the 5-D itch Scale.85

In summary, symptom assessment and management are 
very important in burn care. The experience of  pain may 
affect the perceptions of  other symptoms, including anxiety, 
fear, or itch. Each symptom should be assessed within the 
context of  other symptom assessments. There are many 
measurement tools for pain, anxiety, and itch assessment 
across the life span that can be useful to the clinician and 
the researcher. Further studies need to be completed in all 
these areas.

Treatment Considerations

Once pain has been assessed and quantified, treatment can 
be considered. Three modalities of  treatment are effective 

Intubated and sedated children provide more challenges 
in the assessment of  pain. The more disabilities that a child 
has and the more medications that are being given to the 
patient create challenges to the clinician. A 2-year-old child 
who is blind, with only one extremity that is functioning 
and on numerous medications presents a huge assessment 
challenge to the clinician. Table 64.3 presents a list of  clini-
cally useful tools according to patient age.

“Pain is what the child says it is.”67 What about the case 
where the nurse documents a lower number than the child 
says because the nurse believes the child is over-rating the 
score? Reiman et al.68 surveyed nurses’ knowledge and atti-
tudes regarding pain and their ability to manage pain. The 
modified Pediatric Nurses’ Knowledge and Attitude Survey 
Regarding Pain tool (PNKAS – Shriners Version 2002) 
needs further validation but demonstrates the need to con-
sider the healthcare provider’s attitude and knowledge of  
pain.

Measurement of Anxiety

Anxiety is measured in a variety of  ways. In 2000, Robert 
et al. surveyed 64 burn treatment centers to determine how 
they evaluated and treated anxiety, especially in children.69 
They found that most centers did not use standardized mea-
sures of  anxiety. Based on that survey and other informa-
tion, the Shriners Hospital for Children in Galveston has 
been using the Fear Thermometer adapted by Silverman 
and Kurtines70 from the Walk’s Fear Thermometer71 (Fig. 
64.2).

Taal and Faber introduced a tool to measure burn-specific 
pain anxiety (BSPAS).72 It uses a five-item scale used to 
measure anxiety associated with anticipated procedural 
pain in adult patients.73 Initial reliability, validity, and utility 
studies have been completed.73,74 A similar tool is needed for 
children.

Table 64.3 Recommended Pain Measurement Tools 
for Burned Patients

INFANTS AND TODDLERS

CHEOPS42

The Observer Pain Scale43

PRESCHOOLER

Faces Pain Rating Scale26,48

Oucher45-47

Pediatric Pain Questionnaire52

CHEOPS42

SCHOOL-AGED CHILD

Faces Pain Rating Scale26,54

Visual analog
Numeric scale
Pediatric Pain Questionnaire52

Procedure Behavior Checklist56

ADOLESCENTS AND ADULTS

Visual analog
Numeric scales
Adjective scales
McGill Questionnare23

None

A little
bit

Some

A lot

Very,
very
much

4

3

2

1

0

4

3

2

1

0

4

3

2

1

0

4

3

2

1

0

4

3

2

1

0

Fig. 64.2 Fear thermometer to rate anxiety level. (From Silverman and
Kurtines W. Anxiety and phobic disorders: a pragmatic approach. New York:
Plenum; 1996; Springer Science and Business Media.)
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The newest approach to reducing the pain of  a scar is the 
use of  fat grafting. It was initially developed in animals and 
more recently used clinically in humans.101 The fat decreases 
local neuroinflammation.

TOPICAL AGENTS

Aloe vera has been used as a home remedy for burns for 
many generations, and several recent studies have exam-
ined its efficacy more thoroughly. Maenthaisong et al. con-
ducted a systematic review and meta-analysis and concluded 
from the published studies of  first- and second-degree burns 
that aloe vera was more effective than Vaseline gauze 
alone.102 In that study, aloe use was associated with a 
shorter healing time by 8.79 days. A more recent random-
ized controlled study in 2009 by Khorasani et al. confirmed 
the greater efficacy of  aloe over silver sulfadiazine.103

In contrast, topical morphine was not very effective in 
reducing the pain of  partial-thickness burns.104 The final 
word on the effectiveness of  topical heparin is still out.105

Physical coverage of  the burn wound decreases pain. For 
example, blisters left intact lead to less pain,106 but this prac-
tice is questionable because of  possible infection associated 
with the blisters. One additional issue concerning proce-
dures is the amount of  pain created by removing a dressing 
from the burned area. These removals are usually facilitated 
by soaking the dressings off, but the soaks are sometimes 
painful. Some newer dressings are easy and painless to 
remove, and moist, exposed-burn ointment dressings107 are 
being developed to further reduce pain.

Acticoat was found to be much less painful than silver 
sulfadiazine in the treatment of  partial-thickness burns by 
Varas et al.108 Several new lipido-colloid dressings seems to 
show promise for reducing pain.109, 110 Cellulose dressings 
also reduce pain.111 Several new products are adherent to 
dry skin but not moist skin and therefore much less pain 
than has been reported to be associated with silver sulfadia-
zine.112,113 Suprathel is a reabsorbable skin substitute that 
goes even further to reduce the pain of  dressing by eliminat-
ing the need for dressing changes.114

A more novel technique of  painlessly cleaning the burn 
wound is to use an ultrasound mist, and there are two short 
reports advocating this.115,116

PHARMACOLOGICAL TREATMENT OF 
BURN PAIN

Optimal pain management for burn patients requires a 
multidisciplinary approach and individualized therapy. 
However pharmacologic management of  burn pain is the 
mainstay of  therapy. General rules are helpful in governing 
the use of  pain medication. The first tenet is that if  the 
patient says he or she is having pain, he or she is suffering. 
The second tenet is that analgesics are most effective when 
given on a regularly scheduled basis (not “as needed” or 
PRN). The third tenet is that, when avoidable, pain medica-
tion should not be given as an intramuscular injection since 
injections themselves cause pain and anxiety. In addition, 
initial physiological changes associated with large burns 
make uptake from injection sites erratic and unpredictable. 
Last, dose and type of  medication should be reevaluated 
frequently during the hospital course to make sure pain is 

with pain secondary to burn injury: surgical, pharmaco-
logical, and behavioral.

SURGICAL TREATMENT OF PAIN

In burn patients, pain is predominately related to the open 
wound. Once the wound is closed, the pain subsides. The 
use of  resection and grafting of  open burn wounds signifi-
cantly reduces burn pain. Open wounds should be grafted 
as soon as they are clean enough to do so. Even temporary 
coverage with cadaver skin or pigskin reduces pain in the 
area of  the burn. In the case of  second-degree wounds, the 
use of  Biobrane, Opsite, Tegaderm, Dressilk, Polymem, 
Copoymer, Acticoat, Mepilex AG, Duoerm, or other wound-
covering dressings almost immediately eliminates pain at 
the burn wound site.86–95 Biobrane has also been used for 
toxic epidermal necrolysis and was found to reduce pain 
significantly; Duoderm is a similar but cheaper product 
than Biobrane and has the same beneficial effect on pain. 
Cultured allogeneic keratinocyte sheets accelerated healing 
and thereby reduced pain and suffering compared to Opsite 
treatment. The cultured keratinocyte sheets cut healing 
time in half. Pain assessment as early as day 3 revealed 
lower pain scores in those sites treated with keratinocyte 
sheets. Less costly dressings include honey because it pro-
vides the synergistic interactions of  a moist environment, 
antibacterial activity, and antiinflammatory action and 
thereby promotes healing.96–98

Negative-pressure wound dressing therapy is a relatively 
new approach to the closure of  wounds. As a byproduct of  
that treatment, Fischer et al. claim less pain but give no 
data.99 Other new techniques include laser treatment of  
scars. The CO2 fractional photothermolysis treatment of  
scars does reduce scars and pain. On the other hand,  
it reduces neuropathic pain by 54% and pruritus by  
49%.100

0
Comfortable,

no itch

1
Itches a little; does

not interfere
with activity

3
Itches a lot; difficult to

be still, concentrate

4
Itches most terribly; impossible

to sit still, concentrate

2
Itches more;

sometimes interferes
with activity

Fig. 64.3 Itch Man Scale to rate itching intensity in children, designed 
by Blakeney and Marvin, 2000, at Shriners Hospital for Children. 
(Reprinted with permission of Shriners Hospital for Children.)
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to pain control can increase the quality of  pain control in 
part by reducing the dose and thus the adverse effects of  
opiates needed.

Morphine

Morphine has been described as the gold standard for treat-
ing burn pain and remains the first choice in many burn 
units. Time to peak effect and duration of  action for mor-
phine are appropriate for treating background and break-
through pain most of  the time. Although morphine is often 
used with PCA, some clinicians prefer drugs with quicker 
on–off  kinetics, especially for painful procedures. The active 
morphine-6-glucuronide metabolite of  morphine is excreted 
in urine and can accumulate in patients with renal failure.120

Chronic treatment with opiates will result in tolerance 
and increasing dosage requirements to control pain. Opiate 
tolerance is accompanied by an increased sensitivity to 
pain. The central mechanism of  this hyperalgesia appears 
to involve glutamate transmission mediated by N-methyl-D-
aspartate (NMDA) receptors. In addition to tolerance to 
narcotic analgesics, some patients experience a phenome-
non referred to as OIH. OIH differs from tolerance in that, 
where patients tolerant to morphine respond to larger 
doses, with OIH, increasing doses of  morphine are associ-
ated with increased pain.

OIH associated with burns has been reviewed by Holtman 
and Jellish.121 Although it may at times be difficult to distin-
guish opiate tolerance from OIH, deteriorating pain control 
despite large increases in morphine dosage is suggestive of  
OIH. One benefit of  a multimodal approach to pain control 
is that it allows lower doses of  opiates, which also reduces 
the risk of  OIH. When OIH is suspected, the dose of  mor-
phine must be reduced, and additional changes in drug 
therapy are needed to compensate for the reduced effect of  
morphine. All patients with OIH will not respond in the 
same manner to pharmacological interventions. A switch 
to methadone has been reported effective in patients poorly 
controlled by morphine. This benefit has been explained by 
NMDA receptor antagonism by methadone. α-2 Adrenergic 
agonists, as well as low-dose ketamine have also been found 
effective. Additional agents included in multimodal strate-
gies to reduce narcotic analgesics are benzodiazepines, 
acetaminophen, gabapentin, and pregabalin.

Fentanyl

Fentanyl is a potent synthetic opiate with a relatively rapid 
onset of  action and a shorter duration of  effect than mor-
phine. The relatively rapid onset and shorter duration of  
action with bolus doses make fentanyl a suitable choice for 
analgesia during painful procedures and with PCA. An oral 
transmucosal dosage form is also available and has been 
found effective in pediatric patients during procedures.122 
With continued infusion, however, the drug accumulates, 
and, due to its long context-sensitive half-time, prolonged 
infusions can delay extubation of  ventilated patients. This 
can be prevented by the daily wake-up protocols practiced 
in many ICUs. Discontinuing sedation in ventilated patients 
can also be associated with significant morbidity, such as 
unplanned extubations. A benefit similar to daily wake-up 
protocols but without associated morbidity is also possible 
with a protocol of  daily assessment of  sedation and dosage 
adjustment.123

continuously controlled and that the patient is experiencing
no serious side effects.

Dramatic physiological changes associated with large
burns produce significant pharmacokinetic and pharmaco-
dynamic alterations that affect drug selection and dosing
considerations.117 Two metabolic and hemodynamic phases
are recognized following major burn injury. An initial burn
shock (ebb) phase with decreased circulating blood volume,
decreased cardiac output, and increased systemic vascular
resistance is followed after approximately 48 hours by a
hyperdynamic/hypermetabolic (flow) phase with increased
cardiac output and decreased systemic resistance, increased
oxygen consumption, and intense catabolism. These
changes in cardiac output and organ perfusion also affect
hepatic and renal drug clearance in a biphasic fashion. For
example, during the ebb phase, hepatic and renal blood flow
may be reduced enough to impair drug metabolism and
excretion. Conversely, during the flow phase, increased
hepatic blood flow enhances clearance of  drugs such as
fentanyl and propofol that are efficiently extracted by the
liver.118 Likewise renal excretion of  some drugs may be
increased enough to require alteration of  the dose. Further-
more loss of  plasma proteins through open wounds and
extensive edema due to massive fluid resuscitation pro-
foundly alter drug distribution and binding to plasma pro-
teins. Sympathetic tone and drug exposure during the
hospital course alter the up- and downregulation of  various
drug receptors. Perception of  pain is enhanced by anxiety.
Devastating burn injuries produce intense anxiety that can
be exaggerated or reduced by the effectiveness of  pain
control. All these factors ultimately affect responses to anal-
gesic (and other) drugs in ways that are often unpredictable.
Patient response should be closely monitored and drug
selection and dosing adjusted carefully to avoid undertreat-
ment or complications of  overdose.

OPIOIDS

Opioid analgesics have been the mainstay of  burn pain drug
therapy.119 Burn pain is not a single entity but is experi-
enced in several distinct ways: background, breakthrough,
procedural, and postoperative pain. Drug selection and
dosing are very different for each of  these clinical situa-
tions. There are several opiate drugs with widely different
pharmacokinetic profiles. This allows selection of  an agent
with speed of  onset and duration of  action appropriate to
specific clinical needs. For background pain, slower onset
and long duration of  action are suitable. For patient-
controlled analgesia (PCA), a rapid onset is desirable. For
procedural pain, it is best that the drug effect (and adverse
effects) not last much longer than the procedure. A variety
of  routes of  administration are also possible with this large
group of  drugs. In most cases, it is better to give a sufficient
dose to control pain over its recommended length of  action
rather than smaller doses more frequently. This problem
occurs frequently when physicians are reluctant to pre-
scribe the recommended dose for pain.

The use of  opiate analgesics is often limited by their
adverse effects. Continuous use may be limited by pruritus
or constipation. Higher doses needed for intense pain asso-
ciated with procedures may cause unsafe depression of  res-
piration. Use of  adjuvant drugs and a multimodal approach
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burned patients. These results suggest that although the 
clearance of  diazepam may be unpredictably slow and 
accumulation of  doses may be possible in burned patients, 
this is not the case with lorazepam. As a result, treatment 
of  burn patients with lorazepam should be more predictable 
than with diazepam and therefore more controllable and 
effective. Diazepam has a relatively long half-life and is bio-
transformed to active metabolites. Midazolam is a shorter-
acting agent suitable for brief  procedures or infusion and 
is the most frequently used sedative in U.S.-based burn 
centers.134 Midazolam undergoes extensive first-pass 
metabolism by intestinal and hepatic tissues after oral 
administration. However its major hydroxylated metabolite, 
α-hydroxymidazolam, is at least as potent as midazolam.135 
Lorazepam has a duration intermediate between mid-
azolam and diazepam. Lorazepam is metabolized by gluc-
uronidation to inactive metabolites, and, because of  this, it 
is often preferred for anxiolysis in burn ICUs.

NONOPIATE ANALGESICS

Acetaminophen is a nonantiinflammatory antipyretic 
analgesic. Although its analgesic action is too weak to 
adequately control pain of  more than minor burns by 
itself, acetaminophen acts synergistically with more potent 
analgesics and is an important component of  multimodal 
pain protocols. When used in this manner acetaminophen 
reduces the dose requirements of  opiates. It is effective 
when given alone for minor burns. Meyer et al. found 
that 10–15 mg/kg of  acetaminophen given orally every 
4 hours was effective without producing toxic plasma 
concentrations.136

Nonsteroidal antiinflammatory drugs (NSAIDs) also 
possess significant analgesic and antipyretic action and are 
also antiinflammatory agents. They are not used routinely 
in burn patients due to additional adverse effects. NSAIDs 
have been found to promote acute kidney injury in hypovo-
lemic patients through inhibition of  prostaglandin synthe-
sis, which reduces renal blood flow due to constriction of  
afferent renal arterioles.137 Increased bleeding due to an 
antiplatelet effect is another concern.

ANTICONVULSANTS

Drugs originally intended as anticonvulsants have also 
proved helpful in pain management protocols. Gabapentin 
and pregabalin are such drugs that have been found to be 
effective for the management of  neuropathic pain.138,139 
Since neuropathic pain and narcotic-induced hyperalgesia 
appear to share pathophysiological etiologies, it is likely that 
drugs effective against neuropathic pain should also facili-
tate pain control by reducing hyperalgesia associated with 
narcotic administration. The proposed mechanism is not 
established, but there is preclinical evidence that these 
drugs reduce central sensitization through an interaction 
with spinal voltage-gated calcium channels.139 Van Els-
traete and colleagues found that although gabapentin did 
not affect the initial analgesic effect of  fentanyl in rats, it did 
prevent, in a dose-dependent manner, the delayed hyperal-
gesia associated with fentanyl administration.140 In a clini-
cal study Rimaz et al.141 reported that a single preoperative 
dose of  gabapentin given prior to burn surgery decreased 

Remifentanil

Remifentanil is an ultra-short-acting opioid with a rapid 
time to peak activity (90 s). Elimination is very rapid by 
nonspecific esterases in blood and tissue, which give it a 
context-sensitive half-time of  approximately 4 min without 
regard to duration of  infusion.124 The pharmacokinetic 
properties of  remifentanil make it appropriate when rapid 
emergence is desired. The abrupt recovery from remifent-
anil analgesia has been associated with hyperalgesia. This 
can be prevented by concomitant doses of  α-2 adrenergic 
agonists, ketamine, or a longer-acting opiate prior to termi-
nation of  infusion.125

Alfentanil

Alfentanil has a short time to peak effect similar to remi-
fentanil (90 s) and shorter duration than fentanyl. With 
a Vd of  less than one-fourth that of  fentanyl, alfentanil 
also has a faster clearance and shorter half-life.126 These 
properties make it suitable to provide analgesia for brief  
procedures and to infuse for longer procedures and yet 
provide relatively rapid recovery. The pharmacokinetics of  
alfentanil are especially suited for PCA. Sim and others127 
used alfentanil alone with PCA for burn dressing and 
wound care with excellent satisfaction of  patients and 
nurses.

Methadone

Methadone is a synthetic opiate that combines µ receptor 
agonist, NMDA antagonist, and amine uptake inhibition 
properties.128 Preclinical studies have shown that through 
its NMDA receptor antagonist action, methadone inhibits 
morphine tolerance and hyperalgesia.129 These properties 
make it theoretically suited for treating burn pain by reduc-
ing the risks of  central sensitization of  pain and OIH. In 
clinical studies there appears to be a lack of  cross-tolerance 
with morphine. There are multiple reports of  improved pain 
control in patients switched from morphine to metha-
done.130,131 The mean bioavailability is about 80% after 
enteral administration. Its onset of  action is more rapid 
than morphine after intravenous injection due to its higher 
lipid solubility. Its elimination is quite variable but signifi-
cantly longer (t1/2 7–65 hours) than that of  morphine  
(t1/2 1.7–3.3 hours).128

BENZODIAZEPINES

Significant burn injuries are associated with considerable
anxiety and psychological stress. Pain sensation is enhanced
by anxiety and, in some cases, pediatric patients for
example, even complete elimination of  pain does not make
procedures stress-free. Reducing anxiety can reduce nar-
cotic requirements for pain control. Benzodiazepines are
the most commonly used anxiolytic agents used in burn
centers. Pharmacokinetic considerations influence the
choice of  benzodiazepines in burn patients. Martyn et al.
evaluated the clearance of  diazepam132 and lorazepam133

in burned patients and in nonburned controls. Diazepam
is metabolized by P450 oxidases (phase I reaction), and its
metabolism and clearance were depressed in burned
patients. In contrast, lorazepam is metabolized by conjuga-
tion (phase II), and its clearance is slightly enhanced in
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available as a solution for injection and can also be admin-
istered as an intranasal mist.146 Clonidine is the more inex-
pensive of  the two agents.

The analgesic action of  dexmedetomidine and clonidine 
is weak, and these drugs are most effective as adjuvants. 
They reduce dose requirements for narcotics and counter-
act opiate-induced hyperalgesia. Compared to clonidine, 
dexmedetomidine is a more selective adrenergic agonist and 
has a higher affinity for the α2 receptor. The elimination 
half-life for dexmedetomidine is much shorter than cloni-
dine’s (2 hours vs. >12 hours).147 Intravenous infusion of  
dexmedetomidine allows more precise titration of  sedation 
to the patient’s needs but is more expensive.

Among the advantages of  α2 adrenergic agonists are the 
lack of  effect on airway patency, respiratory drive, and 
airway reflexes. Dexmedetomidine is especially effective in 
combination with ketamine. Dexmedetomidine limits the 
hypertension and tachycardia associated with ketamine, 
which can be problematic in older patients. In addition, 
dexmedetomidine also potentiates the analgesic effect of  
ketamine and in this way reduces the dose of  ketamine 
needed.

PROPOFOL

Propofol is a nonbarbiturate intravenous anesthetic without 
analgesic activity.148 Advantages include rapid onset of  
action and a rapid emergence with little cumulative effect 
after prolonged infusion.149 A disadvantage is pain when 
administered through a peripheral vein. It is most com-
monly used for induction and/or maintenance of  general 
anesthesia. Propofol has also been used in sub-anesthetic 
doses along with an analgesic drug for sedation during 
stressful procedures.

Under certain conditions and with limited duration pro-
pofol is given by intravenous infusion for sedation of  intu-
bated patients requiring mechanical ventilation in the ICU. 
Ronan and others found sedation of  intubated patients to 
be superior with propofol than with midazolam infusion in 
terms of  speed of  wake-up and quality of  sedation.149 The 
rate and duration of  propofol infusion should be limited, 
and patients receiving propofol should be closely observed 
for signs and symptoms of  propofol infusion syndrome 
(PRIS). This is a rare but serious and often fatal complica-
tion of  propofol. PRIS has a variable clinical presentation 
but includes combinations of  metabolic acidosis, arrhyth-
mias, rhabdomyolysis, renal failure, and other disorders. 
The total cumulative dose is the main risk factor for PRIS, 
and the U.S. Food and Drug Administration (FDA) recom-
mends a maximum dose rate of  4 mg/kg per hour, but case 
reports have included dose rates lower than this.150 Some 
intensivists limit propofol to provide sedation during 
weaning of  longer-acting agents or for relatively short-term 
infusions of  24–48 hours.

In doses that result in loss of  consciousness (general 
anesthesia) propofol causes loss of  pharyngeal tone, which 
may cause airway occlusion.151 It also causes reduction of  
respiratory drive and loss of  airway reflexes, making patients 
vulnerable to hypoventilation or apnea, aspiration, and 
laryngospasm. Hypotension is also associated with these 
doses. As a result, propofol in these higher doses should only 
be administered by personnel with formal anesthesia 

the postoperative PCA morphine consumption. These drugs 
are often used as part of  a multimodal pain control 
protocol.

KETAMINE

Ketamine is a potent analgesic with many characteristics 
that make it suitable for treating burn patients. It has been 
used extensively alone and in combination with other drugs 
primarily for controlling pain during procedures related to 
burn care, but also low-dose infusions can improve pain 
control in some patients tolerant to morphine. It has been 
administered orally, intramuscularly, and intravenously. 
Ketamine causes pain when administered intramuscularly 
or through a peripheral intravenous catheter. It also causes 
tachycardia and hypertension, which may be poorly toler-
ated by older patients with hypertension or coronary artery 
disease. These side effects can be reduced by concomitant 
administration of  an α2 adrenergic agonist. Ketamine has 
been avoided in patients with increased intracranial pres-
sure because it has been reported to cause increased cere-
bral blood flow that might further increase intracranial 
pressure. More recent evidence contradicts this warning. 
Clinical and experimental data suggest that, especially for 
patients who are mechanically ventilated, ketamine may 
offer neurological protection, decreased intracranial pres-
sure, and improved cerebral perfusion.142

In doses above 1–2 mg/kg intravenously ketamine pro-
duces a dissociative state that renders the patient insensible. 
At the same time, respiratory drive, airway patency, and 
airway reflexes are preserved.

Ketamine has an extensive record of  safety in pediatric 
emergency departments even when given without regard to 
prandial state.143 This combination of  features is especially 
beneficial in pediatric patients who can experience intense 
psychological stress and may be combative even if  all pain 
is prevented. A more bothersome problem is delirium during 
emergence. Midazolam is often described as a remedy, but 
dexmedetomidine may be more effective.144 It is best that 
midazolam be co-administered with ketamine to avoid  
this complication. Ketamine sedation can be associated
with increased salivation that can make laryngospasm
more likely but, in contrast to laryngospasm caused by
inhalation agents, laryngospasm with ketamine is largely
self-limiting.

α2 AGONISTS

The use of  α2 adrenergic agonists has increased dramati-
cally for perioperative and ICU applications.145 These drugs
are used for both sedative and analgesic properties. For
these applications α2 agonists’ predominant effect is medi-
ated by central inhibition of  norepinephrine release. This
action results in sedation and reduction of  sympathetic
tone. Peripheral release of  norepinephrine is also inhibited.
If  blood pressure is maintained by increased sympathetic
tone, as with decreased circulating blood volume, adminis-
tration of  clonidine or dexmedetomidine can cause
hypotension.

Clonidine is available for oral or intravenous use. When
administered by mouth or nasogastric tube, clonidine has
an approximately 85% bioavailability. Dexmedetomidine is
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given later and lead to oversedation and respiratory 
depression.

In the case of  second-degree wounds, the use of  wound-
covering dressings almost immediately eliminates pain in 
the burn wound site. As an example, Schwarze and col-
leagues compared the clinical efficacy of  two synthetic burn 
wound dressings, Suprathel and Omiderm. Both were 
highly effective in reducing pain. Omiderm was more cost 
effective, but Suprathel was slightly more effective in reduc-
ing pain (10-day average visual analog score [VAS] pain 
score was 1.0 for Suprathel, 1.59 in the Omiderm group).158

Although the most widely followed burn shock formula, 
the Parkland formula, recommends 4 mL/kg per percent-
age of  TBSA burned, Engrav and colleagues reported in 
2000 that many burn centers were administering consider-
ably more fluid than this and that patients were experienc-
ing serious morbidity from overresuscitation.159 This trend 
of  administering increasing amounts of  resuscitation fluids 
has been termed “fluid creep” by Pruitt and is associated 
with significant morbidity due to fluid overload. The mecha-
nism of  this phenomenon has not been established, but 
Sullivan and colleagues found an association of  increased 
fluid volumes administered with increased doses and variety 
of  narcotics given to burn patients.160 They suggested that 
higher doses of  narcotics could contribute to hypotension 
and increase the fluid needs of  these patients. Saffle exam-
ined factors associated with “fluid creep” and reasoned that 
it is unlikely that narcotics contribute significantly to the 
practice of  administering larger volumes of  fluid to burn 
patients.161

Background and  
Breakthrough Pain

Pain perception and analgesic requirements for burn inju-
ries vary widely. Adequate pain control requires that each 
patient be continuously assessed for pain and anxiety. For a 
variety of  reasons the simplest effective treatment plan is 
optimal. Often morphine in combination with a benzodiaz-
epine is adequate. However the advantages of  a multimodal 
approach to pain control are generally accepted, especially 
for patients with moderate and severe pain. The use of  mul-
tiple drugs with different mechanisms of  action provides 
synergistic effects that improve pain control and allows the 
use of  lower doses of  opiates. For this reason the addition 
of  scheduled doses of  acetaminophen and gabapentin may 
reduce OIH and neuropathic pain. Cuignet et al. reported 
that if  2400 mg of  gabapentin is given to adult burn survi-
vors per day, the amount of  morphine needed is less and the 
pain control better.138 An unexpected finding was that 
improved pain scores and reduced morphine requirements 
persisted after treatment with gabapentin was stopped.

During the acute phase of  recovery from burn injuries 
patients with good pain control often experience transient 
periods of  sudden intense increase in their pain. This is 
referred to as breakthrough pain. A pain management plan 
must include orders for as-needed or p.r.n. doses of  an anal-
gesic. The intensity of  breakthrough pain is usually so great 
that an opiate is required.

One technique that can accommodate both background 
and breakthrough pain is PCA. PCA requires patient 

training or by credentialed personnel who are part of  a care
team designed to provide sedation for procedures.

NITROUS OXIDE

Nitrous oxide is the only nonhalogenated anesthetic gas still
in clinical use. Its low potency requires 50–70% inhaled
concentrations to provide significant analgesia. Filkin and
Marvin have reported effective analgesia during burn
wound care with self-administered nitrous oxide.152 More
recently, Ozil et al. used 50% nitrous oxide in combination
with morphine premedication to provide analgesia for 33
children with small (<10% TBSA) burns.153 In these cases
pain scores and patient/parent satisfaction were favor-
able.205 Do Vale et al. found that the use of  fentanyl was not
reduced by using nitrous oxide.154 A brief  intermittent expo-
sure to nitrous oxide and chronic exposure to trace amounts
appear safe, but repeated exposure to higher concentrations
can result in significant hematopoietic and neurological
toxicity. This results from oxidation by nitrous oxide of  the
cobalt in vitamin B12, which impairs its coenzyme function.
Synthesis of  methionine and tetrahydrofolate needed for
DNA synthesis and metabolic reactions involving methyl-
ations is inhibited by nitrous oxide inactivation of  vitamin
B12. Clinical presentation mimics pernicious anemia, with
megaloblastic anemia and subacute combined degenera-
tion of  the spinal cord. Hayden and colleagues reported a
case of  myeloneuropathy in a burn patient chronically
exposed to high concentrations when he was given 50%
nitrous oxide in oxygen to self-administer ad lib over approx-
imately 4 months.155,206 Chronic exposure also is possible
for workers chronically exposed to nitrous oxide. Sweeny
et al. found bone marrow changes consistent with nitrous
oxide toxicity in three of  21 dentists who used nitrous oxide
for sedation and analgesia for their patients during long
procedures.156,207 Ambient nitrous oxide concentration
were as high as 4,600 ppm in their work areas. With
modern scavenging systems, operating room personnel are
not considered at risk. If  nitrous oxide is used for analgesia
for burn patients, adequate consideration must be given to
chronic exposure of  personnel.

Initial Injury

Although areas of  full thickness burn injury are initially
insensate, Singer and colleagues157 reported that only 25%
of  patients presenting with isolated full-thickness burns
had pain scores of  0; that is, were painless. Of  all other
patients with partial or partial plus full-thickness burns,
18% were also painless. The differences in the frequency of
painless wounds between these two groups were not statis-
tically significant. These observations suggest that most
patients with full-thickness burns have significant pain.

If  possible, intramuscular injections should be avoided.
Not only is the injection painful, but, during the early stages
of  major burns, absorption from tissue sites is highly vari-
able and unpredictable. With decreased intravascular
volume and cardiac output, tissue perfusion may be low
and absorption poor. Later, with fluid resuscitation, drug
may enter the circulation as tissue perfusion is restored.
This can combine with any sedative or analgesic drugs
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neuropathic component of  pain that often develops with 
healing of  burn wounds.
α2 Adrenergic agonists represent another class of  drugs 

that may dramatically improve pain control in patients no 
longer controlled with morphine. Clonidine has been found 
effective specifically in burn patients poorly controlled by 
large doses of  morphine.167 Clonidine is inexpensive, and 
bioavailability is very good when given via nasogastric tube. 
Fagin and colleagues compared sedation of  burned pediat-
ric patients with midazolam or dexmedetomidine infusions. 
Patients receiving dexmedetomidine were treated for an 
average of  just over 3 weeks. They found sedation more 
effective with dexmedetomidine and with less hypoten-
sion.168 Caution is necessary when giving α2 adrenergic 
agonists to acute burn patients, however. If  the patient is 
hypovolemic and blood pressure is maintained by increased 
sympathetic tone, administration of  clonidine or dexme-
detomidine can result in hypotension. In pediatric patients 
this may be treated by volume administration, but adults, 
especially those with coexisting disease, may need prompter 
treatment with vasoactive drugs while hypovolemia is cor-
rected. Dexmedetomidine can also be helpful when increased 
doses of  morphine are ineffective. It is more expensive than 
clonidine but sedation can be more easily titrated with alter-
ations of  rate of  intravenous infusion.

Not all patients respond in the same manner to analge-
sics, and it is necessary to have alternative choices when 
pain control is especially challenging. Ketamine is an effec-
tive NMDA receptor antagonist, and, as a result, it can 
reduce central sensitization and improve analgesia for 
patients with neuropathic pain or who are experiencing 
OIH. Subanesthetic doses (0.1–0.3 mg/kg as bolus or 
0.1–0.3 mg/kg per hour infusion) have been found to 
improve pain scores and reduce perioperative narcotic 
requirement.169 We have found low-dose ketamine infusion 
helpful in patients with poorly controlled pain and inade-
quate response to methadone and α2 adrenergic agonists 
(unpublished observation).

Analgesia for Procedures

Burn patients require frequent painful procedures to facili-
tate healing of  their wounds. Among others, these include 
initial wound débridement, daily dressing changes, range of  
motion and exercise therapy, wound staple removal, and 
placement of  intravascular catheters. Providing safe and 
effective sedation and analgesia for these procedures can be 
challenging for a number of  reasons (Table 64.5).

Poorly controlled pain can make it difficult to accomplish 
a procedure effectively or safely and increases anticipatory 
anxiety, which can impair patient compliance and may con-
tribute to behavioral morbidity such as post-traumatic 
stress syndrome.170 Effective pain control in adults can often 
be sufficient to reduce anxiety. In pediatric patients, however, 
anxiolysis is also needed. For especially stressful procedures, 
most pediatric patients must be rendered insensible. For this 
reason, the popular term “conscious sedation” is inaccurate 
and misleading when treating pediatric patients. A very 
young patient who is aware of  the procedure will resist 
enough to make the procedure difficult or less safe, and the 
anxiety associated with this experience makes future 

cooperation, which means that the patient is able to under-
stand and perform tasks necessary to self-administer the 
medication. When hands are burned and the PCA pump 
cannot be activated manually by the patient, a foot pedal 
can be used. When neither of  these options is possible, pro-
tocols have allowed a nurse to activate the pump at the 
patient’s request. To avoid overdose when PCA is used to 
cover postoperative pain or background pain in the burn 
ICU, it is important that family members or other visitors do 
not activate the PCA for the patient. Nilsson and colleagues 
evaluated the use of  PCA with morphine to control burn-
related background pain and pain associated with mobiliza-
tion.162 Background pain was adequately controlled, but 
even a double PCA dose given in anticipation of  mobiliza-
tion was not sufficient to control the associated increased 
pain. Although subcutaneous administration is generally 
to be discouraged in burn patients, Shipton and others 
reported safe and effective control of  background pain with 
PCA morphine administered subcutaneously.163

Fear related to a traumatic injury and apprehension asso-
ciated with pain enhance the perception of  pain and make 
it more difficult to control. Pain is most effectively treated if  
aggressive measures to control pain are accompanied by 
consideration for the patient’s anxiety. Complaints of  pain 
should not be attributed solely to anxiety, however.

Patterson et al.164 reported that in a double-blind placebo-
controlled study of  79 patients, 1 mg lorazepam signifi-
cantly reduced procedural pain ratings in those patients 
with high baseline pain, but did not reduce baseline trait 
anxiety. In a survey of  the use of  antianxiety drugs in 
burned children, 72% received lorazepam at a dose of  
0.03–0.05 mg/kg or higher every 4 hours for much of  their 
initial hospitalization.165 Lorazepam provided aid in anxiety 
control with essentially no side effects.

Occasionally the quality of  pain control will deteriorate 
to the point that changes in drug dose or selection must be 
changed to maintain adequate analgesia. A variety of  
mechanisms can account for difficulty or deterioration of  
pain control by standard protocol (Table 64.4). Also, intu-
bated patients requiring mechanical ventilation present an 
additional challenge for managing pain control.

Burn patients poorly controlled with increasing doses  
of  morphine have benefited from substitution of  metha-
done.130 As discussed earlier, in addition to µ opiate receptor 
agonist activity, methadone is an NMDA antagonist and 
inhibits amine uptake similar to tricyclic amines.166 These 
properties reduce central sensitization and hyperalgesia 
that are not sensitive to morphine. Methadone reduces a 

Table 64.4 Factors Complicating Quality of Pain
Control

■ Repeated pain of daily wound care
■ Intubation for mechanical ventilation
■ Physical therapy range of motion and exercise therapy
■ Postoperative pain
■ Wound infection
■ Tolerance to narcotics
■ OIH
■ Development of neuropathic pain
■ Exaggerated anxiety
■ Post-traumatic stress disorder
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and found similar analgesic and sedative efficacies. 
Humphries et al. found oral ketamine to be effective.172 In 
pediatric patients prior to dressing change, Borland and col-
leagues compared analgesia and sedation with morphine 
administered orally and fentanyl given intranasally.173 
Although both were effective, intranasal fentanyl was more 
palatable and had a much more rapid onset. Although 
these regimens provide significant analgesia, pain control 
is often not optimal. It is difficult to provide sufficient anal-
gesia with enterally administered drugs to control intense 
pain without unacceptable risk of  adverse effects, especially 
prolonged sedation. Remifentanil administered intranasally 
is an attractive alternative. Remifentanil is an ultra-short-
acting opioid rapidly metabolized by plasma esterase.174 
In our institution 5–10 µg/kg of  intranasal remifentanil 
enhanced the effectiveness of  oral transmucosal fentanyl 
as judged by pain scores and the subjective evaluations of  
nurses and patients (unpublished observations) and did not 
delay recovery. The ultra-short duration of  action allows 
rapid recovery, which reduces risks of  sedation and may 
improve patient satisfaction.

When patients have an intravenous catheter in place 
there are many more treatment options that allow more 
profound analgesia, more rapid onset with shorter duration 
of  action, and, depending on which drugs are administered, 
reversal of  drug toxicity with antagonists. Sedative and 
analgesic drugs can be given as a bolus with supplemental 
doses given as needed, as an infusion to be titrated or sup-
plemented with bolus doses, and by PCA. Infusion of  short-
acting opiates such as remifentanil or alfentanil is a logical 
choice.

Deep sedation can be associated with the risk of  serious 
adverse events, including mortality (Table 64.6). These 
include airway obstruction, depressed airway reflexes and 
respiratory drive, and hemodynamic instability. Loss of  con-
sciousness with most sedatives causes reduced pharyngeal 
tone and airway obstruction of  varied degree depending 
largely on the patient’s anatomy.151 If  this is not recognized 
or attempts to open the airway are not successful (operator 
skill or difficult patient anatomy), hypoxia can result. An 
airway exam is a critical part of  the preprocedure evalua-
tion, and a sedation plan must take into consideration 
potential difficulties with airway and respiration. Obstruc-
tion due to laryngospasm can be very difficult to relieve and, 
in extreme cases, may require muscle relaxation and intu-
bation. Hypoxia can also result from hypoventilation due to 
depressed respiratory drive. If  airway reflexes are depressed, 
aspiration of  gastric contents may occur when passive 
reflux or active vomiting occur. In addition, deep sedation 
can cause loss of  sympathetic tone or direct cardiovascular 
depression. These effects can lead to morbidity due to hemo-
dynamic instability (Table 64.7).

procedures more difficult. The level of  sedation and analge-
sia required in this situation cannot accurately be described 
as “conscious sedation.” A more accurate descriptive term 
is “moderate or deep sedation for procedures.” The depth of  
sedation must be individualized depending on the intensity 
of  the pain associated with the procedure and the patient’s 
maturity, level of  anxiety, and pain tolerance.

Clinical needs of  patients presenting for burn procedures 
vary widely from outpatient care of  small superficial burns 
to inpatients with extensive burns who require intensely 
painful dressing changes and wound care. Additionally, 
availability of  staff  credentialed to provide deep sedation 
varies from hospital to hospital. In Europe and elsewhere 
many burn centers are staffed by anesthesiologists who can 
provide general anesthesia at the bedside. In the United 
States burn centers are staffed by surgeons, and, with some 
exceptions, anesthesiologists may not always be available 
for these procedures outside of  the operating suite. It is not 
possible to describe a protocol that is appropriate for all 
centers. Each institution must recognize the challenges 
faced in controlling pain during burn procedures and plan 
care to address these challenges with the resources 
available.

Minor injuries treated with outpatient procedures may 
need very little medication for preparation. Children may 
benefit from low doses of  benzodiazepines and/or opiates. 
More extensive outpatient procedures become progressively 
more problematic as the intensity of  pain and associated 
anxiety increase. Several effective protocols for delivery of  
moderate sedation for procedures have been published 
involving a variety of  drugs and routes of  administra-
tion.122,127 The ideal pharmacological treatment would be 
easily administered in a palatable form, produce intense 
analgesia with a rapid onset, have a relatively short dura-
tion of  action, and produce minimal side effects. Most drugs 
in current use will produce prolonged sedation when given 
in doses that prevent most of  the intense pain during wound 
care. On a daily basis, this prolonged period of  sedation can 
interfere with nutritional support and other therapies. In 
the outpatient setting without an intravenous catheter, the 
most common technique is to give a preprocedural fixed 
dose of  an analgesic with or without an anxiolytic by the 
oral, transmucosal, or intranasal route. Fentanyl citrate is 
available as a flavored Oralet to administer by the oral trans-
mucosal route. The oral transmucosal route has the advan-
tage of  direct absorption into the systemic circulation, 
which bypasses the first-pass hepatic clearance effect and 
improves its bioavailability.

Sharar and colleagues have compared oral transmucosal 
fentanyl citrate with hydroxymorphone122 and oxycodone171 

Table 64.5 Challenges of Sedation and Analgesia for 
Burn Procedures

■ Intense but brief pain requiring rapid onset and short duration of
drug effects to avoid overdose or delayed recovery

■ Lack of intravenous access, especially for outpatient care
■ Nutritional requirements for large burns preclude frequent fasting

periods for deep sedation
■ Exaggerated anxiety states
■ Staffing resources may limit availability of personnel credentialed

to provide deep sedation

Table 64.6 Risks of Deep Sedation for Burn Procedures

■ Decreased respiratory drive (hypoventilation or apnea)
■ Upper airway obstruction
■ Difficult airway (difficult intubation and/or difficult mask

ventilation)
■ Decreased airway reflexes
■ Aspiration after emesis
■ Cardiovascular depression
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In our institution (Shriners Hospital for Children, Galves-
ton), competency-based credentialing for sedation privileges 
requires knowledge of  hospital policy regarding sedation 
guidelines, current advanced cardiac life support (ACLS) or 
pediatric advanced life support (PALS) training, passage of  
a written exam over self-study didactic material, and suc-
cessfully managing the airway of  a minimum of  five patients 
in the operating room under general anesthesia each year. 
Educational material, supervision of  airway training, and 
oversight of  adverse events is provided by personnel from 
the anesthesiology department. Medication errors and 
adverse events are monitored, and adverse events are to be 
reviewed during monthly hospital morbidity and mortality 
conferences. Owens described the safe and effective imple-
mentation of  a similar protocol at the Northern California 
Shriners Hospital (Table 64.8).180

PCA is a technique that can effectively avoid many prob-
lems associated with titrating sedatives and analgesics 
during stressful procedures since the patient remains con-
scious and in control of  dosing. Requirements and limita-
tions of  PCA were described earlier. During procedures 
rapid and intense changes in pain level are experienced. 
Adequate control in these circumstances requires a rapid 
onset of  effect. Narcotics such as remifentanil, alfentanil, 
and fentanyl are more appropriate. A number of  studies 
have described a variety of  PCA protocols for burn proce-
dures. Prakash and others performed a dose-response study 
with fentanyl with burn patients during dressing change.181 
They found that after a loading dose of  1 µg/kg the optimal 
demand dose was 30 µg with a 5-minute lockout period. 
Sim and colleagues gave a 1 mg loading dose of  alfentanil 
followed by an infusion of  200–800 µg/h. Demand doses of  
from 200 µg to 400 µg with a lockout time of  3 minutes 
produced comfort and mild sedation during dressing 
change.127 Nilsson and others compared analgesia with a 
mixture of  propofol and alfentanil administered either by 
PCA or titrated by an anesthesiologist.182 Patients preferred 
PCA to titration by an anesthesiologist in spite of  the fact 
that PCA doses were lower and bispectral index scores (BIS) 
higher than when the patients were sedated by an anesthe-
siologist. Coimbra and others used BIS scores to individual-
ize PCA propofol doses for patients during burn dressing 
changes.183

Itch Medications

Itch is one of  the most common sequelae of  burn injury.184 
Field et al. reported that pruritus occurs in 87% of  patients 
who have a burn injury.185 Itching will often last for many 
years.186 Although it is thought to be secondary to the injury 
of  the skin, the possibility that morphine is adding to the 
itch needs to be kept in mind. Itch can definitely influence 
the quality of  life and duration of  rehabilitation required. 
Scratching further injures the skin, leading to graft loss 
and skin breakdown requiring sometimes further grafting. 
In addition, it is very common for the patient to have a 
significant problem exercising or sleeping if  the itching is 
intense. Several classes of  medications can be used to treat 
itch but very few real comparative studies have been done. 
The approaches to treatment are as varied as the presumed 
causes of  the itching.187 Pruritus associated with burns is 

Ketamine has been widely used as a sedative and analge-
sic for painful procedures in burn patients. The properties 
of  ketamine described above make it a nearly ideal drug for 
use during stressful procedures, especially for children. As 
Ketamine has recently been described as possibly the first 
choice for anesthesia in burn patients.175 Several qualities 
make ketamine an effective drug for stressful procedures. It 
is a potent analgesic, and its inhibition of  NMDA receptors 
reduces hyperalgesia associated with morphine toler-
ance.176 Increased salivation with ketamine can be con-
trolled with glycopyrrolate.

The combination of  an opiate with a benzodiazepine is 
another common choice for sedation and analgesia. Adverse 
events associated with deep sedation with these agents 
during endoscopy177 led the Joint Commission to set guide-
lines for sedation that included restrictions regarding who 
can administer deep sedation. A controversy developed since 
the American Society of  Anesthesiologists (ASA) defines 
general anesthesia as a condition induced by medication 
that results in the patient’s inability to respond purposefully 
to verbal communication.178 Since hospital guidelines 
restrict administration of  general anesthesia to anesthetists, 
this interpretation precludes personnel other than anesthe-
tists from administering deep sedation. Requiring the pres-
ence of  an anesthesiologist or certified nurse anesthetist 
during moderate or deep sedation creates problems in that 
there are not enough anesthetists available to provide cover-
age for all procedures and the added professional fees sig-
nificantly increase the costs of  these procedures, often, it is 
argued, without proportional added benefit. Numerous 
studies have demonstrated that with competency-based cre-
dentialing along with appropriate planning and organiza-
tion, moderate and deep sedation can be administered safely 
by nonanesthetists.179,180 Components of  a suitable program 
are listed in Table 64.7. Currently (Joint Commission update 
from July 10, 2010), Joint Commission standards require 
that personnel “permitted” to administer sedation must be 
able to rescue patients from the effects of  sedation that inten-
tionally or unintentionally result in a state of  general anes-
thesia. These standards leave it up to each organization to 
decide how to determine which personnel are permitted to 
administer moderate or deep sedation. Regional regulations 
as well as interpretation vary and change over time. To be 
compliant, each institution must examine current regula-
tions to determine which personnel are permitted to provide 
sedation and monitor patients during procedures. Depart-
ments of  anesthesia are a logical and convenient resource 
for training, organizing, and monitoring sedation programs. 

Table 64.7 Organizational Recommendations for 
Provision of Moderate or Deep Sedation for Procedures

1. Preprocedural evaluation of the patient, including airway exam
2. A documented plan for sedation and monitoring
3. Availability of equipment for continuous monitoring of breathing

effort, airway patency, oxygenation, and circulation
4. A designated practitioner with documented airway skills whose

primary responsibility is to administer the sedative drugs and 
monitor the patient during the procedure and during recovery

5. Personnel administering and monitoring sedation cannot be the
same individual performing the procedure and can do other tasks 
only for brief intervals

6. Resuscitation equipment must be immediately available
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and electroacupuncture treatment194 to reduce pruritus in 
burn scar. Silicone gel sheeting has been reported to also 
be effective.195

Usually the antihistamines are given orally. Using only 
one antihistamine results in complete relief  for only 10% of  
patients.196 Diphenhydramine PO 1.25 mg/kg every 6 
hours is often the first oral medicine used because of  its 
sedative effect as well as helping control the itch. A few 
children respond better to loratadine, which is much longer 
acting. If  itch is not well controlled using only one, then 
another class of  antihistamine can be added, such as 
hydroxyzine PO 0.5/kg every 6 hours. Last, if  the itch is still 
not well controlled, an antiserotonergic agent, such as 
cyproheptadine 0.1 mg/kg every 6 hours, can be added, 
scheduled so that one of  the medications is given every 2 
hours. This is targeted against the 5-HT3 receptors. Care 
must be taken to not use the cyproheptadine with patients 
who are on serotonergic antidepressants.

Gabapentin (10–35 mg/kg per day in divided doses) is 
becoming a reliable safe standard for treating severe itching 
following burn injury.197 The typical individual dose is 
5 mg/kg during the day and 10 mg/kg at bedtime. Com-
parative studies using gabapentin have demonstrated its 
efficacy. Goutos et al. demonstrated that it was usually more 

poorly understood, so blocking histamine, kinins, proteases, 
prostaglandins, substance P, and serotonin (5-HT) release 
and receptors have all been tried. The first line of  defense 
is a series of  moisturizing body shampoos and lotions to 
alleviate itching due to dry scaly skin. If  these measures 
are inadequate in providing relief, Preparation H, which 
contains a local anesthetic  has been advocated. In contrast 
topical benzocaine is not effective in treating itching even 
though it reduces pain.188 Topical steroids are not usually 
used until the skin is well healed because of  the infection 
risk. They are effective in controlling the itching. Only a 
small area of  skin should be treated with steroids in order 
to reduce the risk of  systemic adrenal suppression. Anti-
histamine creams such as Benadryl (diphenyl hydramine) 
are available. Other topical medications include colloid and 
oatmeal baths.189 Newer topicals are tricyclic antidepres-
sants such as doxepin.190,191 The major side effect of  this 
preparation is that too much is absorbed, with resultant 
oversedation. Several nonpharmacologic approaches have 
been used. Massage seems to have a very beneficial effect.185 
In addition Hettrick et al. reported that transcutaneous 
electrical nerve stimulations (TENS) considerably reduced 
the perception of  itching in nine adult patients compared to 
controls.192 The most recent is the use of  pulse dye laser193 

Table 64.8 Pharmacologic Therapies for Burn Pain and Anxiety Relief

EMERGENT PHASE

Procedural Analgesics Background Analgesics Anxiolytics

Morphine (IVB, IVCI) Morphine (IVCI, PCA) Diazepam (IV) (Valium)

Meperidine (IVB) Meperidine (PCA) Lorazepam (IV) (Ativan)

Fentanyl (IVB, IVCI) Methadone (PO, NPC) Midazolam (IV, IVCI) (Versed)

Hydromorphone (IVB, PO)
(Dilaudid)

Nalbuphine (IVB) (Nubain)

Ketamine (IV) (Ketalar)

Nitrous oxide (IH)

ACUTE PHASE

Procedural Analgesics Background Analgesics Anxiolytics

Morphine (IVB, IVCI, PCA)
Roxanol (oral morphine)

Morphine (IVCI, PCA) Diazepam (PO) (Valium)

Meperidine (IVB, IM) Meperidine (IVCI, PCA) Lorazepam (PO) (Ativan)

Fentanyl (IVB, IM) Methadone (PO, NPC) Alprazolam (PO) (Xanax)

Hydromorphone (PO) (Dilaudid) Sustained-release morphine (PO, NPC) 
(MS Contin)

Nalbuphine (IVB) (Nubain) Acetaminophen (PO, NPC)

Ketamine (IV, IM) (Ketalar) NSAIDs (PO, NPC)

Oxycodone (PO) (Percocet) Choline magnesium trisalicylate

REHABILITATIVE PHASE

For Severe Pain For Mild to Moderate Pain Anxiolytics

Hydromorphone (PO) (Dilaudid) Oxycodone (PO) (Percocet) Diazepam (PO) (Valium)
Nonsteroidal antiinflammatory drugs 

(NSAIDs) with or without narcotics
Lorazepam (PO) (Ativan)

Usually not necessary: Acetaminophen 
NSAIDs

Alprazolam (PO) (Xanax)



64 • Management of Pain and Other Discomforts in Burned Patients 693

enough to elicit a fearful response in burned children.207 In 
terms of  operant (reinforcement) conditioning, patients can 
be thought to gain reinforcement by avoiding or escaping 
painful procedures, perhaps by screaming enough to termi-
nate treatment, or to obtain some sort of  reinforcement 
from the staff  by showing pain behaviors. Between the 
stimulus that precedes pain and the pain response that 
follows, there is the cognitive processing of  pain. Such cog-
nitions can be modified, as can behavior, and can influence 
how much pain a patient experiences. Classical and operant 
conditioning principles and modifying internal cognitions 
have a bearing on how nonpharmacologic approaches are 
applied to burn pain. A series of  articles by Thurber and 
Martin and colleagues208,209 provide an extensive discussion 
of  the theory and application of  such principles to control-
ling pain during pediatric wound care.

Classical Conditioning

If  the stimuli associated with a painful procedure have been 
conditioned to evoke anxiety or pain, then a logical goal is 
to reduce the impact that the stimuli have on the fear/pain 
response. An obvious environmental intervention is to 
make the wound care procedure setting as minimally 
threatening as possible. For children this might involve 
making the hydrotherapy tank a “bath tub play area” with 
age-appropriate floating toys and the like. Cheerful or relax-
ing music, a warm room, and pleasing art on the walls can 
also lessen the threatening nature of  a typical tank room. 
Providing the patient with choices in music or art gives a 
greater sense of  control over the procedure. Some clever 
children’s hospital staffs have turned their magnetic reso-
nance imaging (MRI) scanner into a “cave in a jungle”; 
obviously such a setting will be less threatening to a child 
than the typical scanner. Similar principles can certainly be 
applied to burn care.208,209

There are other implications from classical conditioning, 
the most important of  which is that the best way to prevent 
a conditioned pain response is to optimize pain control in 
the first place. By aggressively and proactively treating pain, 
the contributions of  conditioned anxiety will be minimized. 
Conversely, once a patient undergoes a procedure with 
inadequate analgesia, concomitant anxiety can be extremely 
difficult to treat. Since it is rare that a child who requires 
wound care would not find the setting anxiety-provoking, 
burn units will often use an anxiolytic at the first dressing 
change to prevent this anticipatory anxiety.

Any attempts to enhance a patient’s control over the situ-
ation can minimize anticipatory anxiety. Patients tell us 
that the hospital environment, unlike any other environ-
ment, strips a person of  control. A functioning, indepen-
dent adult prior to an injury is suddenly dependent on 
others for almost all aspects of  care, including when and 
what they eat, what medications they will be taking, the 
painful procedures they will undergo, and their daily sched-
ule. In addition, burn care can be quite complicated, and 
the medical information that patients are required to 
process can be overwhelming. When an adult or child feels 
out of  control, anxiety increases. We can enhance a patient’s 
sense of  control over the hospital environment by allowing 
them to have input into their care as much as possible. For 

effective than antihistamines.198 In the experience of  the
Shriners Hospital in Galveston, a daily dose of  30 mg/kg is
often needed in three divided doses. Recently a retrospective
study was done with pregabalin with promising results. For
many of  those who fail gabapentin therapy, pregabalin has
been found to be effective.199

Another new class of  medications to be used in chronic
itching is naltrexone. First LaSalle et al.200 reported some
improvement in itch with naltrexone. Then Jung et al.201

reported a significant decrease in itching sensation and
scratching from 9 to 5.9 on a 10-point scale after 2 weeks
of  treatment with 50 mg of  naltrexone at night, when it
was given with the usual antihistamines. Side effects of
headache and nausea were noted in many of  the patients.

Development of Protocols
for Comfort

Interest in pain management of  burned patients has been
a high priority in the treatment of  burns only in the past
10–15 years. Several institutions have developed pain and
anxiety management protocols. In 1995, the Journal of
Burn Care and Rehabilitation published a special issue devoted
to then-current practices of  systematic treatment of  burn
pain. In the first edition of  this book in 1996, we reported
the initial use of  a burn pain protocol at the Shriners Burns
Hospital in Galveston; the protocol currently used there is
reviewed and updated every few years.2 In 1997, a Boston
group headed by Tompkins published a 3-year history with
a similar protocol.202 They incorporated a distinction in
treating ventilated acute patients differently from nonven-
tilated acute patients. Most recently a national consensus
on pain management has been reached. Ulmer203 brought
these recommendations to the attention of  the burn com-
munity in a 1998 article. The most recent version of  the
Shriners Burns Hospital protocol is shown in Table 64.9
and includes management of  the most common discom-
forts of  burned patients. It is extremely important to con-
tinue to improve these protocols as more is learned about
the treatment of  pain in burn injury.

Nonpharmacologic Therapies in Burned Patients

As discussed, there is a strong interaction between psycho-
logical and physiological factors contributing to the pain
experience. Anxiety in particular is prevalent in patients
with burn injuries and is known to exacerbate acute pain.
Nonpharmacologic therapies play an important role in
addressing the psychological factors that exacerbate pain as
well as having a direct impact on the pain itself.204

In American Burn Association practice guidelines for the
management of  burn pain, Faucher and Furukawa in 2006
argued for the use of  nonpharmacological techniques as
part of  the standard of  care for burn centers.205 In under-
standing how nonpharmacologic approaches can be used
with burn pain, it is important to discuss how behavioral
principles contribute to the patient’s experience.206 In terms
of  classical (stimulus–response) conditioning, patients
(particularly children) often develop a conditioned anxiety
response to stimuli associated with painful burn proce-
dures. One study demonstrated that the simple event of
seeing a healthcare worker who is wearing scrubs was
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choices” as often as possible to create a sense of  control. 
Forced choice is a technique whereby a child is given two 
reasonable options and allowed to choose the one they 
prefer. For example, a child might be given a choice of  
whether to have wound care before lunch or after lunch, or 
whether he or she prefers to take medicine with apple juice 

example, adults and adolescents may be able to work with 
the nurse to determine the day’s schedule, to specify tech-
niques that they have found make wound care go more 
smoothly, to choose to eat in the cafeteria instead of  having 
meals served in their room, and to choose the music played 
during wound care. Children should be offered “forced 

Table 64.9 Shriners Hospitals for Children (Galveston): Comfort Protocol for Children

BACKGROUND PAIN

Inpatient

Consciousness should be noted on the vital signs flow sheet.

■ IV Morphine dose: 0.03–0.06 mg/kg/dose IV q2–4h (scheduled while
awake)

■ PO Morphine dose: 0.1–0.3 mg/kg/dose PO q4h (scheduled while
awake)

Note: Begin bowel prep program simultaneously with beginning 
opioids: prune juice, docusate, etc.

■ If requires longer-acting pain medicine
■ Methadone dose: 0.1 mg/kg/dose PO q6–8h, then reduce frequency

to q12h to taper off

Outpatient:

■ Oral acetaminophen 15 mg/kg/dose PO q4h
■ Tramadol 1–2 mg/kg/dose q 4–6 h
■ If inadequate, add hydrocodone 0.2 m/kg usually in combination

with acetaminophen
■ Ibuprofen PO 10 mg/kg/dose PO q6h

■ The antiplatelet effects of ibuprofen last as long as the drug is still
in the body.

Pre-Wound Cleaning:

■ Oral transmucosal Fentanyl (Actiq) dose: 10 µg/kg/dose rounded to
nearest available dose. Oral transmucosal Fentanyl is available in
200 µg, 400 µg, and 600 µg doses

■ IV Morphine dose: 0.03–0.06 mg/kg/dose IV q 2–4 h (scheduled while
awake)

■ PO Morphine dose: 0.1–0.3 mg/kg/dose PO q4h
■ PO hydrocodone 0.2 m/kg usually in combination with

acetaminophen 10–20 mg/kg
■ Benzodiazepam added: diazepam 0.1 mg/kg or lorazepam 0.05 mg/

kg.

Pre-Rehabilitation Therapy:

■ At request of therapist, PO hydrocodone 0.2 m/kg usually in
combination with acetaminophen 10–20 mg/kg given with diazepam 
0.1 mg/kg

Postoperative Pain:

Option A:

■ IV Morphine via PCA pump (if >5 years), total dose 10–20 mg/kg per
4 h.

Option B:

■ Attendant administered bolus, slow IV push morphine 0.03–0.05 mg/
kg per 2 h (hold if level of responsiveness is decreased)

Neuropathic Pain

■ Pain which is described as tingling, or burning in nature; like fire ants
or ants walking with cleats; due to nerve entrapment, nerve damage, 
and venous congestion

■ Pain often does not respond to opiates
■ PO gabapentin (Neurontin) 100 mg, 300 mg, 600 mg
■ Gabapentin dose: 5–30 mg/kg/dose q8h
■ PO pregabalin (Lyrica) 50 mg, 100 mg
■ Not indicated for small children
■ Begin with 50 mg tid; then titrate up to 100 mg tid.
■ PO amitriptyline 0.5–2 mg/kg. Do not advance to 2 mg/kg without

checking blood level. Do not give with fluoxetine or sertraline; check 
PR interval on EKG

Reference: Pediatric and Neonatal Dosage Handbook, 21st Edition, Lexi-Comp

ANXIETY

Inpatient

■ Before using anxiolytics address pain management
■ PO lorazepam 0.05 mg/kg/dose q4h (scheduled while awake)

Outpatient

■ If muscle relaxation is also desired, PO diazepam 0.1 mg/kg/dose
q8–12h

ACUTE STRESS DISORDER OR POST-TRAUMATIC STRESS DISORDER 
SYMPTOMS

■ PO Fluoxetine usually administer in the morning

≤20 kg 2.5 mg

≤40 kg 5 mg

>40 kg and <60 kg 10 mg

>60 kg 20 mg

■ PO imipramine 1 mg/kg and increase slowly to 3 mg/kg as needed
after checking concentration (usually used in young children where 
duloxetine could not be easily dosed)

■ PO sertraline 1 mg/kg. Available as a 25-mg, 50-mg, and 100-mg
tablet. Begin with 25 mg once daily; titrate dose as needed

■ Approved for children 6 years old and older

Note: watch for serotonin syndrome characterized by agitation, 
confusion, rapid heart rate, dilated pupils, twitching muscles, muscle 
rigidity, heavy sweating

MANAGEMENT OF AGITATION AND HALLUCINATIONS NOT 
ASSOCIATED WITH ASD AND PTSD:

■ PO risperidone (Risperdal)
■ Children <5 years: Oral initial dose 0.1–0.2 mg once daily at bedtime
■ Children ≥5 years and adolescents: Oral initial dose 0.2–0.5 mg once

daily at bedtime; may titrate to the lowest effective dose every 1–2
days

■ PO quetiapine (Seroquel)
■ Children ≤10 years and adolescents ≤17 years: 25 mg twice daily on

day 1; increase to 50 mg twice daily on day 2, then increase by
100 mg daily (administered twice daily) each day until 200 mg twice
day is reached on day 5. May further increase up to 600 mg daily in
increments of ≤100 mg daily. Usual dosage range: 400–600 mg daily;
maximum: 600 mg daily

MANAGEMENT OF SLEEP NOT ACCOUNTED FOR AS ASD OR PTSD:

■ Instruct in sleep hygiene
■ Rule out pain and anxiety and itching
■ PO Benadryl 1– 2 mg/kg at bedtime
■ PO melatonin 0.01 mg/kg or 3 mg at bedtime
■ PO zolpidem (Ambien) 5 or 10 mg with side effect of sleep walking
■ PO Trazodone 1.5–2 mg/kg/dose qh
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motivated to escape such events. Staff  members who allow 
patients to terminate procedures might be reinforcing and 
potentially exacerbating such escape behaviors. When left 
unchecked this process can lead to a distressed patient 
becoming combative rather than tolerant of  procedures. 
While such avoidance behavior should (more importantly) 
alert the staff  that analgesia is inadequate and that the 
many potential pharmacologic protocols discussed earlier 
should be invoked, it can also occasionally suggest a need 
for further limit setting. Rewarding a patient with rest once 
a stage of  wound care is completed, rather than stopping 
the procedure based on pain behavior, can be a useful 
means to minimize such escalating behavior. Children can 
also be given a predetermined number (usually five is ade-
quate) of  “timeout cards” that they can present at any time 
during wound care, each worth a 1-minute timeout or rest 
period. Once the cards are used up, they no longer have any 
timeouts. This technique can enhance their sense of  control 
over the environment as well as ensuring that rest periods 
do not reinforce pain behaviors. Again, however, the goal 
of  a burn team should be to provide enough preparation 
and analgesia in a preemptive fashion that the need for such 
escape behaviors does not develop in the first place.

Operant conditioning also has implications for the 
manner in which patients receive pain medication. When 
patients are medicated in response to pain behaviors, they 
are potentially receiving social reinforcement in terms of  
attention from the staff  as well as the euphoric effects that 
the drugs might cause. This is one reason that, as men-
tioned earlier, it is far preferable that patients are medicated 
at regular time intervals rather than in response to their 
pain; the latter encourages them to complain more often in 
order to get the reward.226 A similar application of  operant 
principles is particularly important for the patient who 
excessively complains about pain out of  emotional depen-
dency needs, attention seeking, or in seeking the euphori-
genic properties of  the pain medications. In such patients, 
provided that adequate levels of  pharmacologic analgesia 
have indeed been established, it may be important to extin-
guish pain behavior by ignoring it and simultaneously 
engaging the patient in distraction unrelated to pain. This 
is a model more consistent with that used for chronic pain 
but one that is occasionally useful for burn patients who 
seem to overreact independent of  how aggressively pain is 
managed.227

Another common application of  operant principles has 
to do with “token economies” for children. It can be 
extremely useful to reward children for successful comple-
tion of  procedures by using star charts, prize boxes, or rein-
forcement schedules of  this nature. Thus a child, upon 
completing a procedure, may receive a star in a grid that 
covers a week of  burn care. Older children can use an accu-
mulation of  points to purchase a desired reward. Courage 
beads have also become popular in pediatric hospital set-
tings. Differently colored beads are assigned to various 
painful or unpleasant procedures (e.g., wound care, physi-
cal therapy, X-ray, blood draws, etc.). Each time a child com-
pletes one of  these unpleasant procedures, he or she receives 
a corresponding bead and adds it to a necklace. Both boys 
and girls have responded positively to these necklaces and 
often wear or display them as a source of  pride. It is impor-
tant that children are rewarded for completing procedures 

or milk. The key is to only provide two options and to ensure
that the healthcare provider and parent are agreeable to
whichever option is chosen. Kavanaugh has described how
giving children more control during procedures can reduce
the effects of  learned helplessness and enhance pain toler-
ance.210 He reported that children who were provided with
the opportunity to participate in and make decisions about
their wound care showed lower depression, anxiety, hostil-
ity, and stress scores than did controls.

Finally, psychological preparation can also play an impor-
tant role in enhancing control and minimizing anticipatory
anxiety. Patients can be provided with procedural or sensory
preparatory information.211, 212 When providing procedural-
based preparatory information, patients are explained the
mechanics of  their procedure (e.g., “we will unwrap your
bandages, wash your wounds and débride necrotic skin,
apply silver sulfadiazine cream, and then rewrap your dress-
ings”). When providing sensory information, patients are
prepared about what they might feel during a procedure
(“You will likely feel a pulling sensation as we remove your
dressings and a stinging sensation when we wash your
wounds with an antiseptic”). Such information is usually
helpful to patients, but it must be emphasized that some
patients prefer to have as little information as possible, given
their particular coping styles. It is best to follow a patient’s
lead in determining how much detail to provide when
explaining upcoming procedures.206

One study found that a multimodal approach that com-
bines procedural preparatory information and distraction
was more effective at reducing pain, distress, and length of
treatment than distraction alone.212

Another approach based on classical conditioning is
relaxation training. Patients can be taught deep relaxation
and imagery prior to undergoing painful procedures. The
rationale is to counteract the anxiety stimulated by prepro-
cedural stimuli with the relaxation response. If  anticipatory
anxiety is minimized with deep relaxation, the potential for
a cyclical interaction between anxiety and acute pain is
reduced. Recent topographic electroencephalographic
(EEG) mapping during relaxation and imagery has shown
changes in EEG activity that are similar to stage 1 sleep.
Imagery also appears to activate the hippocampus, which
is involved in emotion regulation.213,214 Clinicians have also
reported success with administering massage therapy on
nonburned areas immediately prior to wound care.215 Chil-
dren who received 15 minutes of  massage therapy reported
lower pain scores during wound care than did a control
group. A number of  studies have applied relaxation train-
ing and stress inoculation techniques, as well as some of  the
behavioral techniques discussed later, to reduce burn
pain.216–224 One study even found that the simple technique
of  jaw relaxation practiced 20 minutes prior to dressing
changes can significantly reduce pain and anxiety during
and after the procedure.225

Operant Conditioning

The consequences that patients receive for showing pain
can have implications for pain control. Since almost all
burn procedures are extremely aversive, it will be the
natural tendency of  patients, particularly children, to be
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he or she can better tolerate the difficult procedures (e.g., 
positive self-talk vs. catastrophizing). Thurber et al.209 and 
Martin-Herz et al.208 have published a two-part series on a 
conceptualization of  psychological approaches to burn 
pain, as well as specific examples for treatment. Crucial in 
choosing an approach is the assessment of  a person’s coping 
strategies. Simply, most adult and pediatric patients have 
coping styles that fall on an approach-avoidant continuum. 
At one end of  the continuum is the avoidant coping style in 
which patients prefer to turn away or be distracted during 
painful procedures. Any distraction technique described in 
this chapter would be appropriate for this group of  patients. 
On the opposite anchor of  the continuum are those with an 
approach coping style who seek information and like to be 
involved as much as possible in their care. In this group, 
having them participate in wound care and giving them as 
much information as they request will help to decrease their 
anxiety. If  they are told to close their eyes, turn away, and 
distract themselves from the procedure at hand, their 
anxiety will only increase.

Distraction is another cognitively based approach to 
pain control. Processing pain requires a certain amount 
of  conscious attention, and distracting such patients’ 
attention can enable them to tolerate pain better. Movies, 
music therapy, and games have all been used with some 
success as distraction techniques for burn pain.221,223,229 
Music has the additional benefit of  inducing a relaxation 
response.220,230 One study found that music therapy sig-
nificantly reduced pain and anxiety levels and muscle 
tension before, during, and after dressing changes.231

Augmented Reality

Another form of  distraction-gaining attention is the use 
of  augmented reality or virtual reality (VR) technology. 
Several researchers have reported on the use of  immersive 
VR as a powerful analgesic.229,232–242

VR can immerse patients’ attention in a computer-
generated world and engage them in interaction with that 
world. These investigators indicate that VR can significantly 
reduce pain during wound care and physical therapy,232 
even relative to computer game distraction and televi-
sion.233,243 Recently Morris et al. conducted a systematic 
review on the use of  VR distraction for reducing both 
pain and anxiety in acute burn pain.244 They found nine 
studies that met their rigorous inclusion criteria. Results 
showed that VR distraction is most often used for burn 
wound care and physical therapy and as an adjunct to 
pharmacotherapy. When compared to pharmacotherapy 
alone, it appears that VR distraction is superior in reduc-
ing pain. Other interactive video-gaming technology that 
tracks body movements has also been shown to enhance 
participation and reduce pain and anxiety during physical 
therapy.245,246

Finally, one randomized controlled trial looked at the 
used of  augmented reality in reducing acute procedural 
pain in burn patients.247 Augmented reality overlays virtual 
images onto the physical world, rather than creating a 
complete immersive virtual world as in traditional virtual 
reality. They randomized 42 children between the ages of  
3 and 14 years into either the experimental or control 

rather than for “being brave” as the latter can serve as a
subtle form of  punishment to children; in other words, rein-
forcement should not be withheld if  children act out and
have a bad day during wound care as long as wound care
is completed.208,209

One final application of  operant principles that is bor-
rowed from the chronic pain literature is the use of  a quota
system that rewards activity with rest. This is particularly
useful with patients who are overwhelmed by therapies or
who appear to have poor motivation. Patients complete
predetermined quotas of  activity that are within their
capacity and then are allowed to rest. A baseline assessment
determines what is within their capacity. For example, a
patient who is trying to walk with burned legs might be
instructed to walk until tired for three therapy sessions. The
distance walked is recorded for those three sessions,
the average is taken, and 80% of  that average becomes the
starting point. For example, the patient walks 50, 150, and
100 feet during three sessions. The average is 100 feet, and
80% of  that is 80 feet. This (80 feet) becomes the starting
point. Patients start at 80 feet and increase that amount
by 5% (about 5 feet) each session. If  they fail to meet a
quota, they return to the last successful one. However they
also quit when they reach the goal. They do not keep exer-
cising even when they are having a “good day.” This
addresses the problem of  pacing and overfatigue. Ehde, Pat-
terson, and Fordyce have reported the successful use of  the
quota system with a number of  patients with burn injury,
both in terms of  increasing therapy performance and
reducing depression.228

Cognitive Interventions

How patients think about their pain can be regarded as
a modifiable behavior and, in turn, can influence the
degree of  suffering they experience. As such, an impor-
tant nonpharmacologic approach is to draw out the
thoughts patients have about their pain and teach them
to modify these thoughts accordingly. A particularly salient
example is catastrophizing about pain. Catastrophizing
thoughts include those such as “I cannot stand this pain,”
“I will never get better,” or “The pain means I will die.”
Such catastrophizing thoughts have been associated with
greater amounts of  pain and less favorable health out-
comes in a variety of  studies. Patients can be taught to
challenge and reinterpret such thoughts. Along the same
lines, it can be useful to teach patients to reinterpret
the meaning of  their pain sensations. For example, the
appearance of  skin buds and enhanced pain sensation
may indicate that a wound is healing and skin grafts
may not be necessary.206

Under the rubric of  cognitive interventions patients may
be taught techniques to enhance their ability to cope with
pain. Positive self-talk and imagery designed to facilitate
coping during periods of  pain are examples of  this. Thurber
and colleagues have described the two-process model of
control as it relates to controlling pediatric burn pain.209 In
terms of  primary control, the patient attempts to modify the
objective conditions of  the painful procedure, such as nego-
tiating how and when a dressing change will take place. In
secondary control, the patient makes adjustments so that
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The technology simply requires patients to open their eyes 
and watch the induction presented to them; minimal cogni-
tive effort or skill is required. Delivering hypnosis in this way 
addresses several concerns of  standard therapist-induced 
hypnosis. First, this standardized procedure allows for 
greater use in that it does not require a trained therapist to 
be present at each session. Second, with the visual images 
in front of  them, it decreases the extent of  cognitive effort 
required. This is important for patients who are taking 
opiate medications and cannot concentrate as effectively. It 
also helps those who are lower in visual imagery skills and 
therefore unable to visually imagine the scenes described 
by the therapist during traditional hypnosis. One clinical 
case series of  13 patients used hypnotic analgesia delivered 
through VR technology for patients with burn injuries. Pre- 
and postprocedure pain ratings were collected from patients 
undergoing painful wound care procedures over a 3-day 
period. There was a decrease in reported pain and anxiety, 
the need for opioid medication was cut in half, and there 
were no undesirable side effects. No randomized controlled 
trials have yet been published.

OTHER APPROACHES

There is some evidence that TENS can be effective with burn 
pain,258 but we are aware of  only one study of  this nature. 
Massage therapy has been reported to be useful in reducing 
burn pain.259 We are unaware of  any studies on the efficacy 
of  acupuncture on burn pain although this modality has 
been useful in controlling pain from a variety of  different 
etiologies. The acute nature and variable distribution of  
burn pain may make acupuncture a challenging modality 
to apply to this problem.

For patients in the post-hospital, long-term rehabilitation 
phase, nonpharmacologic approaches from physical and 
occupational therapists become critical. Stretching, 
strengthening, increasing activity, and hot/cold therapy 
may all become instrumental in enhancing pain control 
during the rehabilitative stage.

EMPIRICAL SUPPORT

Recently there have been several rigorous systematic reviews 
of  studies that have focused on both pediatric and adult non-
pharmacological pain management strategies. In a review 
of  risk factors for anticipatory distress to painful medical 
procedures, Racine and colleagues found 77 articles that 
addressed this issue. Their review concluded that the factors 
most relevant in increasing anticipatory distress in children 
undergoing painful medical procedures are child psychopa-
thology, difficult child temperament, parental distress, pre-
vious painful events, a parent’s anticipation of  distress, and 
anxious disposition in parents. Many of  these factors are 
amenable to intervention with the techniques mentioned 
in this chapter. It appears that parents’ presence during 
painful procedures is neither inherently good nor bad, but 
is instead entirely dependent on the characteristics of  the 
parents and their ability to provide a calming presence. A 
focus on training parents in distress-reducing behaviors is 
warranted.260 Hanson, Gauld, Wathen, and MacMillan con-
ducted a systematic review of  nonpharmacological inter-
ventions for acute procedural pain in pediatric patients with 

condition and found that augmented reality significantly
reduced mean pain scores. This technique shows promise
as well.

Hypnosis

Hypnosis involves a blend of  relaxation, imagery, and
cognitive-based approaches. This technique deserves special
attention because there are a number of  reports on its use
with burn pain, and, when it is effective, its impact on burn
pain can be quite dramatic. There are more than 100 anec-
dotal reports in the literature indicating that hypnosis can
dramatically reduce pain, and at least a dozen have been
done with pain from burn injuries; however such studies
lack control groups, standard measures of  pain, or informa-
tion about pain medications.248 More recently, tightly con-
trolled studies with reliable measures of  pain have supported
hypnosis as an effective nonpharmacologic approach to
burn pain.249,250 Patterson and Jensen have reported 12
controlled studies on chronic pain and 17 with acute pain
indicating pain reduction; indeed, this modality is becom-
ing far more scientifically acceptable.251

Patients with burn injuries are ideal candidates for hyp-
nosis for a number of  reasons. In a review of  such factors,
Patterson et al. listed motivation, regression, dissociation,
and hypnotizability as factors that promote hypnotic anal-
gesia on the burn unit.252 Specifically patients who are faced
with the excruciating nature of  burn pain are motivated to
engage in techniques such as hypnosis. The nature of  a
burn and its resulting care can cause a patient to become
emotionally regressed (i.e., more dependent on the burn
staff) and dissociated (i.e., removed from their emotions),
and both of  these factors seem to be associated with hypno-
tizability. Such factors likely account for the frequent dra-
matic effects that are seen with hypnosis during burn care.
On the other hand, hypnosis clearly will not benefit some
burn patients, and the degree to which patients are inher-
ently hypnotizable (or not hypnotizable) almost certainly
has some bearing on this issue.252

The protocol used by Patterson and colleagues243–251,253–255

is to provide hypnosis prior to wound care and have nurses
provide standard post-hypnotic suggestions during wound
care. This approach is efficient for both the hypnotist and
the nurses. Patterson et al. have recommended that hypno-
sis used in this fashion be an adjunct to, rather than replace-
ment for, pain medication.250 A randomized controlled trial
by Wiechman et al. used this protocol for burn wound pain
and found that hypnosis significantly reduced the affective
component of  pain when compared to an attention-only
control group.256 Furthermore Shakibaei et al. conducted a
randomized controlled trial of  hypnosis for reducing pain
and flashbacks in burn patients.257 They also showed that
the hypnotherapy group had significantly lower pain ratings
and fewer flashbacks than did the control group.

VIRTUAL REALITY HYPNOSIS

More recently, investigators have combined immersive VR
with hypnosis in order to control burn pain. This approach
has the advantage of  not requiring a trained hypnotist to be
present and appears to work as well as “live hypnosis.”255,257
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children. It is no wonder that Perry and Heidrick264 found 
great disparity in what burn care staff  would order or 
administer to a young child as compared to an adult with 
burns of  similar size and area of  distribution on the body. 
More pharmacokinetic studies in both adults and children 
with burn injuries must be initiated.

Similar to the lack of  conclusive data about the use of  the 
various opioids or anxiolytic agents is the scarcity of  scien-
tific data to recommend any of  the nonpharmacologic tech-
niques. However significant progress has been made just 
since the previous edition of  this book 5 years ago. Most 
burn centers recognize anxiety as contributing to patient 
discomfort and are beginning to treat both anxiety and 
pain. Standardized protocols such as the guidelines (see 
Table 64.9)2 modified for starting doses of  medication from 
the Shriners Burn Hospital in Galveston are being dissemi-
nated. Nonpharmacologic techniques are more frequently 
included in a center’s repertoire of  tools for managing 
anxiety and recognized as a definite adjunct to pharmaco-
therapy. The major problem currently with these techniques 
is that they are personnel intensive and therefore are often 
not offered or reimbursed in the current managed care 
environment in the United States.

How, then, can we provide the “best” pain management 
for a burned patient? Probably the first answer to that ques-
tion is vigilance in assessment and flexibility in treatment. 
Patients show great individual variation in their responses 
to the variety of  agents and modalities presented. A success-
ful approach with a burned patient requires that health-
care personnel understand the pain associated with the 
different depths of  wounds, the phase of  the healing process, 
and the components of  the pain response. For the burned 
patient during the initial 3–7 days, the more superficial 
areas give rise to moderate or severe pain, while the full-
thickness areas contribute less to the overall pain response.11 
Although moderate to severe pain is usually related to pro-
cedures or physical therapy, background pain (or pain at 
rest) is usually described as mild or very mild but may be 
exacerbated by emotional concerns and anxiety. By the 
second week post-burn, the moderately deep partial-
thickness burn with its multitude of  skin buds accounts for 
the majority of  the moderate to severe pain. In many burn 
centers, deep dermal and full-thickness burns are excised 
and grafted between the third and tenth days post-burn. 
Although this often eliminates the severe pain associated 
with wound débridement during the second and third week, 
donor sites are often as painful as the areas of  more super-
ficial burns were initially. Dressing changes 3–5 days post-
grafting also may be accompanied by the removal of  sutures 
or staples, a procedure that is usually described by patients 
as excruciatingly painful. By the third or fourth week, if  the 
wounds are not mostly healed, anxiety and depression may 
cause a patient to perceive increased levels of  pain. And, 
within a single phase of  recovery and within a single 
patient, pain frequency and intensity will vary from day to 
day. A fixed and inflexible approach to treatment is likely to 
overmedicate on one day and undermedicate the next.

To avoid over- and undermedication in adults, regimens 
that allow patients to control their own therapy seem most 
appropriate. This is very important for adults and teenagers, 
but children also can benefit from having this control. PCA 
can be used safely by many children and should not be 

burn injuries.261 Using a systematic review of  methods of  
the U.S. Preventative Services Task Force, they found 12 
articles that met the study criteria and seven of  the 12 arti-
cles were rated as “fair or good.” They categorized these 12 
articles into child-mediated interventions, parent-mediated 
interventions, and healthcare provider-mediated interven-
tions. Of  the child-mediated interventions, both VR distrac-
tion and stress management showed promising effects. Of  
the healthcare provider interventions, massage therapy and 
optimizing patient control during wound care were effective 
at relieving wound care pain when compared to a control 
group. Parent-mediated interventions were not found to be 
effective, and, in fact, one study showed an increase in chil-
drens’ distress when parents were present.262 Although the 
study designs in these interventions were rated as poor, the 
findings are consistent with those reported by clinicians, in 
that parental presence during painful procedures can either 
help or hurt a child depending on the parents’ affect and 
ability to soothe their child. This is a difficult intervention 
to study, but one that deserves more attention in this era of  
family-centered care and the emphasis on increased paren-
tal involvement in a child’s care. It would be a tremendous 
benefit to the field if  we could determine which variables 
are necessary to facilitate a positive parental presence and 
which variables serve as barriers to the success of  this prac-
tice. Hanson et al.261 acknowledged that it is very difficult to 
conduct randomized controlled trials with adequate sample 
sizes in this population, but we must strive to find empirical 
support for the techniques that we choose.

De Jong et al. also conducted a systematic review of  the 
literature for nonpharmacological interventions for acute 
burn pain in adults.263 They found that hypnosis was the 
most frequently studied intervention and that the majority 
of  the studies on hypnosis showed a beneficial effect when 
compared to a control group. They concluded that hypnosis 
seems to have a strong impact on the affective component 
of  pain. Their review also showed beneficial effects of   
distraction relaxation and found that any technique  
that enhances a patient’s control over the situation is 
beneficial.

The authors of  these systematic reviews provided  
directions for future researchers that would advance
our knowledge of  the effectiveness of  nonpharmacological
interventions. These suggestions included the need for large
sample sizes, documentation regarding study response rates
and randomization methods, experimental control for pre-
morbid psychosocial variables, details on instructions given
to patients, cost outcomes, and assurance of  treatment
integrity/adherence.261,264

Conclusion

The state of  the art in burn pain management would seem
to be based more on personal bias and tradition than on a
systematic, scientific approach. In addition, the number of
pharmacokinetic studies of  pain-relieving drugs of  any
kind in young children is virtually nil. Since approximately
35% of  all burn injuries occur in children under 16 years
of  age, with a great majority of  these occurring in children
under 2 years of  age, we have almost no information on
which to base the use of  pain-relieving drugs in burned
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that successful pain management can significantly reduce 
the occurrence of  psychological disorders such as post-
traumatic stress syndrome.

Burn care professionals who desire to keep their patients 
as comfortable as possible can perhaps best prepare them-
selves by learning to:

■ watch and listen to their patients with vigilance;
■ use a standardized assessment tool for measuring dis-

comfort on a scheduled basis as well as during moments
when the patient is complaining, either verbally or behav-
iorally, pre- and post-administration of  treatment;

■ know how discomforts are likely to change as the patient
recovers;

■ include a variety of  pharmacologic and nonpharmaco-
logic methods for managing discomfort and be prepared
to change as the patient’s needs change;

■ feel comfortable with a process that never ends, but
which can bring many moments of  relief  for the patient
and satisfaction for the caregivers.
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suicide attempts) or indirectly through problems in impulse 
control (e.g., conduct disorders), by reducing vigilance or 
affecting judgment (e.g., substance abuse disorders, depres-
sion).1,7,8 The knowledge of  preexisting psychiatric prob-
lems is important for burn care mainly for two reasons: first, 
to better understand and identify psychiatric symptoms 
occurring during treatment and to recognize them as 
ongoing or reactivated problems instead of  reactions to the 
injury; and second, to increase awareness of  potential dif-
ficulties during rehabilitation (for a comprehensive review 
refer to McKibben et al.1).

Patients with preinjury psychiatric disorders have been 
observed to require longer hospitalization, they more fre-
quently experience complications during treatment and 
problems with rehabilitation and postburn adjustment, and 
they have a higher risk of  developing other psychiatric dis-
orders (e.g., posttraumatic stress disorder; PTSD).2–4,9–13

Psychiatric morbidity is common in burn patients. Two-
thirds of  all patients with burns have a lifetime history of  at 
least one psychiatric disorder, 50% had a psychiatric disor-
der in the year before injury, and one-third have an ongoing 
psychiatric disorder at the time of  injury.1 Patients with pre-
existing psychiatric morbidity have a higher risk of  sustain-
ing a preventable injury, and, in individuals with psychotic 
disorders, self-inflicted burns are overrepresented.1

The most frequent preexisting psychiatric disorder in 
burn patients is the mood disorder major depression, which 
is present in up to 42% of  individuals, a proportion much 
higher than in the general population.1 Smoking (i.e., sub-
stance use disorder, tobacco use disorder; Z72.0 or F17.2x), 
has been shown to increase the risk of  burns; smoking more 
than 10 cigarettes a day increases the risk of  burns by up 
to sixfold.1 Similarly, other substance use disorders (e.g., the 
stimulant drug methamphetamine or the use of  highly 
volatile and flammable substances) increase the risk of  sus-
taining a burn.1,14

Personality disorders are also overrepresented in burn 
patients compared to the general population, and persons 
who score high on the personality traits neuroticism and 
extraversion appear to have a higher risk of  injury.1 In addi-
tion, persons with dementia have a higher age-standardized 
incidence rate of  burns than do those without dementia 
(22.7 vs. 14.2 per 100,000 inhabitants), and they have a 
longer length of  hospital stay.15

Disorders in Children 
and Adolescents

Psychiatric morbidity can increase the risk for burns in chil-
dren and adolescents, and specific psychiatric disorders 

Introduction

All members of  the burn treatment team should have a
basic knowledge of  psychiatric problems because they com-
monly occur and often play a central role in burn recovery.
It is useful to have mental health professionals as integrated
members of  the team because their expertise and skills are
often needed in the management of  patients with burns to
screen and identify problems and to assist in the treatment
of  the multitudes of  psychiatric and psychological issues
concomitant to burns.

Preexisting psychiatric disorders and symptoms are rela-
tively common in the histories of  burned patients and fre-
quently appear to have contributed significantly to the
etiology of  the injury itself.1–4 The converse is also true.

In addition to premorbid disorders, a number of  patients
will develop psychiatric symptoms during acute treatment
for burns, as also can be seen after other major trauma.4

Pain, itching, and stress during hospitalization can contrib-
ute to problems during acute treatment, such as sleep dis-
orders and depression, starting a vicious circle. Dissociation
and anxiety experienced during the burn have been shown
to predict later psychopathology.5,6 While it is understand-
able to expect patients with major burns to be at risk, even
minor burns can result in significant psychological distress
and psychiatric symptoms.7

At present, there is no profile that can reliably predict and
identify which patients will suffer psychiatric symptoms fol-
lowing burns. Furthermore, there is a clear risk that patients
will not actively seek help for psychological distress or psy-
chiatric symptoms, and this can have a strong effect on
outcome and rehabilitation. All members of  the burn team
should be aware of  this risk and be observant of  signs or
symptoms.

This chapter will focus on the recognition and treatment
of  common mental disturbances that can be expected to
occur in patients suffering serious burns. This includes spe-
cific attention to both pediatric as well as adult patients, and
it is important to be aware that symptoms and signs may
differ between ages. Also, preexisting psychopathology may
alter the expression of  a patient’s distress and complicate
medical management of  the patient.

In the following text ICD-10 codes can be found in paren-
theses after each diagnosis.

Preexisting Factors

Psychiatric morbidity greatly increases the risk of  sustain-
ing an injury, either directly (e.g., self-inflicted burns or
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have been found to occur more frequently in pediatric burn 
survivors than in the general population. Commonly pedi-
atric burn survivors may not exhibit symptoms of  prior 
psychiatric disorders during the acute phase of  treatment 
due to the impact of  injuries and other treatments. When 
symptoms are evident, continuation of  prior treatment or 
implementation of  indicated treatment for a preexisting 
psychiatric disorder may not only control symptoms but 
also facilitate patient participation and cooperation with 
acute care and long-term rehabilitation.

Repeated inhaling of  psychoactive volatile hydrocarbons 
from, for example, glue, fuels, or paint (“sniffing”) can be 
classified as inhalant use disorder (F18.x). This disorder can 
result in burns because many of  the substances are flam-
mable. Inhalant use disorder is most common in adoles-
cents, whereas prevalence declines rapidly in adulthood.16

Across cultures attention-deficit/hyperactivity disorder 
(ADHD, F90.x) in children has a prevalence of  about 5%.16 
One of  the key features of  ADHD is impulsivity (i.e., actions 
without forethought), which can expose the individual to 
high-risk situations, and children with ADHD have repeat-
edly been shown to be at greater risk for burns.17–19

Conduct disorders (F91.x) encompass repetitive and per-
sistent behavioral patterns of  violations of  social norms and 
rules. Childhood-onset conduct disorder often is concurrent 
with ADHD, and individuals displaying this subtype (in con-
trast to adolescent-onset type) often display physical aggres-
sion; thrill-seeking and recklessness are frequent personality 
features.16 In this context, playing with fire and fire-setting 
can be symptoms of  conduct disorder16 and can result in 
burns. Conduct disorders have a prevalence of  around 4%, 
and the childhood-onset subtype has a worse prognosis 
with risk for adulthood psychiatric morbidity.

In contrast, pyromania (F63.1) is a specific conduct dis-
order in which deliberate and purposeful fire-setting occurs 
not as an aggression but in a setting of  tension or affective 
arousal. This repeated fire-setting behavior increases the 
risk for burns, both for the individuals and those around 
them. Possibly the prevalence of  pyromania may be under-
estimated; it has been observed that a slight majority of  
individuals with pyromania restrict their fire-setting to con-
trolled situations, such as controlled fires on their own 
property, and therefore can remain “undetected.”20 The 
prevalence of  pyromania as a comorbidity has been found 
to be 3–7%.16,20 There is limited knowledge about the time 
course of  pyromania. It has been postulated that the disor-
der is rare in children and begins in late adolescence but 
that some individuals “switch” to other impulsive, reward-
seeking behaviors.16,20

Social Considerations in 
Pediatric Burns

Clearly parental and family characteristics can increase 
both the risk for burns in children as well as influence their 
subsequent recovery and outcome. The presence of  child 
abuse or neglect can directly result in pediatric burns.1,21,22 
The presence of  parental anxiety, depression, poor coping 
skills, or lack of  social support at the time of  injury are 
associated with poorer functional outcome in pediatric 
burn survivors.23,24 Possibly high parent state anxiety in 

combination with ineffective coping strategies rather than
family functioning or burn severity can be most predictive
of  pediatric burn outcome.25

Parents face numerous emotional challenges not only
due to the psychological trauma of  their children’s burns,
but also during subsequent treatment and recovery. Parents
report more feelings of  anxiety and being stressed, depressed,
and guilty than the normal reference population even in
areas unrelated to their children.24,26 These stresses can
result in psychiatric disorders in parents up to 2 years after
the injury, with mothers at greater risk for developing
mental health problems and depressive and posttraumatic
stress symptoms.27–29 Increased risk for depression was
associated with having an only child or multiple offspring
injured and with complicated burn injuries (secondary
infection or amputation). Larger burns and the presence of
parent–child conflict, parental dissociation, or PTSD symp-
toms in the child are strongly correlated with parental
PTSD symptoms.30–32 This emphasizes the need for psycho-
logical attention to parents of  burned children, as well as to
the children themselves. As child and parent ratings do not
always match, recent studies suggest that burn centers
adopt a family perspective and include assessments of  both
parents and children.32

Self-Inflicted Burns and
Suicide Attempts

The proportion of  self-inflicted burns differs across the world:
whereas it is between 1% and 9% in North America and
Europe with no clear gender distribution, self-inflicted burns
are a major cause of  burns in females in the Middle East,
Africa, and south Asia, with a prevalence of  up to 28%.33,34

Of  patients with self-inflicted burns, those attempting suicide
are more likely to have larger burns and longer hospitaliza-
tions than those with the intent of  self-mutilation.33 Across
cultures psychiatric morbidity is an important additional
risk factor, often in conjunction with social stress factors
such as marital problems or unemployment.1

In-Hospital Contributing
Factors and Disorders

Several problems during acute burn treatment can affect
the course of  treatment and the eventual outcome after
burns. Pain, itching, and sleep disorders are caused by both
the injury and its treatment. High levels of  stress and
anxiety may contribute to the development of  psychiatric
morbidity (e.g., PTSD). In patients with substance-related
disorders (F10.x–F19.x), withdrawal symptoms can occur
during acute care, and patients with preinjury substance
abuse have a higher risk of  developing psychiatric symp-
toms during and after acute care. There is evidence that, in
the case of  comorbidity of  PTSD and substance-related dis-
orders, concurrent treatment of  both disorders is necessary
to achieve improvement.35

After the initial postburn period patients will undergo
a series of  operative procedures or dressing changes
interspersed with physical therapy. Constant pain or the
sure knowledge of  repeated painful episodes in the near
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In contrast to delirium and psychosis, burn encephalopa-
thy is often observed in children,54,55 characterized by leth-
argy, withdrawal, or coma. Electroencephalograms (EEGs) 
in such cases typically reveal diffuse, nonspecific slow 
waves. Causative factors probably are the same as those for 
delirium.56

Even young children can experience severe anxiety fol-
lowing burns, with up to a third of  patients reporting symp-
toms of  acute stress disorder (ASD) in the immediate 
aftermath of  burns.57 Mediating factors for the presence of  
anxiety symptoms appear to be size of  burn, parental stress, 
and the experience of  pain. High resting heart rate, poor 
body image, and parental stress symptoms have been found 
to be significant risk factors in development of  ASD in 
children.58

Similarly to adults, pain in children appears to dramati-
cally increase the risk for developing anxiety symptoms and 
subsequent anxiety disorders, and appropriate pain man-
agement can reduce or resolve anxiety symptoms.59,60

DELIRIUM

Delirium (F05) is a state of  acute brain dysfunction, and, in 
burn patients, it is important to consider that it can both be 
due to the trauma itself  as well as a symptom of  substance 
withdrawal. It is a transient and usually reversible syn-
drome with disturbance of  consciousness and cognition 
compared to previous levels of  functioning. Hallucinations 
and delusions can occur, and patients in delirium can 
become suicidal or combative. Early symptoms can be rest-
lessness, anxiety, disorientation, or sleep disorders.

Delirium in burn patients has been found to occur 
more often in individuals with a history of  substance 
abuse or other psychological problems and with larger  
burns.61,62

Other potential causes of  disorientation, hallucinations, 
and agitation may be medications used in the treatment of  
the acute burn patient, sepsis, and metabolic conditions.62 
These hallucinations can blur the line between delirium 
and ASD. Sleep deprivation has also been discussed as a 
cause for delirium in ICU patients.63

Acute Stress Disorder and 
Posttraumatic Stress Disorder

In the course of  the progression from the Diagnostic and 
Statistical Manual of  Nervous and Mental Disorders, Fourth 
Edition (DSM-IV) to DSM-5, ASD (F43.0) and PTSD (F43.10) 
no longer are regarded as anxiety disorders; they are now 
listed as a separate group called trauma- and stressor-
related disorders: an overanxious patient is afraid of  what 
might happen, whereas the patient with PTSD reexperi-
ences and fears what has happened. The patient with PTSD 
is stuck in a heightened perception of  threat and uses avoid-
ant behaviors that maintain the symptoms.

ASD is the most common psychiatric disorder seen in 
survivors of  major burns, in addition to PTSD, and it has a 
prevalence as high as 19% after burns.48,64,65 ASD symp-
toms appear immediately following the trauma, last for at 
least 3 days, and usually resolve within a month after the 
trauma.16

future and feelings of  anxiety and powerlessness are
predominant36–38 because every movement, even shifting
position and change of  bedclothes, is painful. Therefore
treatment and the experience of  hospitalization may be
as traumatic psychologically as the original burn. Patients
who experience high levels of  pain not only have a higher
risk of  poor adjustment and psychiatric problems after
discharge, but wound healing also can be affected due to
stress.38,39 Furthermore, high levels of  stress, anxiety, and
PTSD decrease pain tolerance.37

Itching is a common problem during wound healing
and scar maturation, and it can cause considerable distress
and anxiety.40,41 Persistent itching can disrupt sleep, which
increases stress levels and also impairs everyday func-
tioning and participation in rehabilitation.42 Anxiolytic,
antidepressant, and antipsychotic agents have been used
successfully to reduce itch.41

Significant sleep problems are common during and after
treatment for acute burns.43–45 The noise and light on the
unit and interruptions for treatment will disrupt sleep.46

Pain, anxiety, and itching can disrupt sleep or affect sleep
quality. Symptoms of  stress and PTSD (e.g., nightmares)
can both cause awakening and a fear of  going back to
sleep.44,47 Pain severity during hospitalization has been
shown to predict insomnia after discharge, and insomnia in
turn predicts long-term pain.45 Burn patients who experi-
ence poor sleep at night will also have lower pain tolerance
during the day.47

IN-HOSPITAL DISORDERS

Disorientation, confusion, delirium, transient psychosis,
depression and anxiety, stress, and sleep disorders are com-
monly observed during acute burn treatment.3 Causes of
these symptoms are multifactorial: hypoglycemia, sepsis,
and/or a variety of  other organic problems can contribute.
The altered state of  consciousness may be transitory, wax
and wane over several days, or, with large burns, persist for
weeks.

A significant number of  burn survivors will experience
acute or posttraumatic stress disorder symptoms, includ-
ing intrusive memories of  the injury, during their acute
recovery.1,48,49

Symptoms of  depression and agitation related to exces-
sive pain will subside with adequate pain management. The
experience of  pain has been found to be a mediating risk
factor for PTSD in both pediatric and adult burn patients.38,50

The recurrence of  pain in a scar area following laser treat-
ment or with wound cleaning can lead to recurrence of  the
PTSD symptoms associated with the original pain.

After severe burns patients are at risk for the development
of  substance abuse in the wake of  PTSD,3,35 but the use of
opioids and other pain medication will not cause depen-
dence per se if  adequately administered and tapered when
pain levels decrease.37,51

Symptoms of  delirium and transient psychosis rarely
occur among children under the age of  10 years.52 True
hallucinations are uncommon in children, but, when they
do occur, the most likely cause is stress, followed by pain and
medications.53 In young burn patients sepsis and metabolic
conditions are a more frequent cause of  hallucinations
than are psychiatric disorders.
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Another predictor of  psychiatric problems is the presence 
of  psychiatric or personality disorders preburn.2 Cognitive 
processes may play an important role because, for example, 
burn-related attentional bias has been shown to be strongly 
associated with PTSD 1 year post injury.82 Skull burns are 
associated with cognitive as well as affective disorders post 
burn,83 but there does not seem to be a relationship to facial 
burns or even very large burns.

It has been observed that depressive symptoms were 
linked to physical limitations at 5 years after injury.84 The 
appearance and location of  the burn scar may be predictive 
for PTSD symptoms of  avoidance and emotional numbing85 
or depression, especially in women.86 In contrast, other 
studies found that neither the severity nor the visibility of  
burn scars influence long-term adjustment, but rather 
social introversion, which predicted the development of  
pathological shame.87,88 Many patients with PTSD have 
comorbid depression;89 both are sequelae of  trauma and 
share a lot of  symptoms, but they develop independently of  
each other.90 In the trauma literature,91 as well as in the 
burns literature,92 subgroups of  patients developing PTSD 
symptoms in different patterns over time can be identified 
(e.g., resilient with no or low symptoms, recovery, delayed, 
and chronic). The chronic group carries more of  the above-
mentioned medical, social, and psychological risk factors 
and should, together with those who have delayed onset of  
symptoms, receive the most attention from the burn reha-
bilitation team.

General Anxiety Disorder

Many patients continue beyond acute hospitalization to 
have periods during which they appear extremely anxious 
and express fear. These periods often recur in association 
with return to a hospital for reconstructive surgeries. 
General anxiety disorder (GAD, F41.1) is characterized by 
excessive worry for more days than not for at least 3 months 
and difficulty in controlling the anxiety. Typical symptoms 
are restlessness or the feeling of  being on edge, muscle 
tension, and changes in behavior due to anxiety and worry, 
such as avoidance of  potentially negative events, procrasti-
nation, or seeking reassurance.16

In the literature, the prevalence of  anxiety disorders in 
adults during the year after burn—usually GAD or agora-
phobia without panic—is less than 20%, and those with 
very small burns had even less anxiety.7,93 Avoidant coping 
style was significantly correlated with the level of  anxiety 
at 3 months.6 In a study of  young adults burned as children 
and with much larger burns than those examined in other 
studies, all the anxiety disorders were found, and they were 
twice as common as in matched controls: 12.9% of  the 
subjects had a specific phobia and 6.9% had generalized 
anxiety.94

Not infrequently, anxiety spills over to other situations 
and/or becomes focused on specific objects; thus, phobias 
develop that are characterized by excessive persistent 
fear in response to specific stimuli. In a burned patient, 
difficulty controlling anxiety, restlessness, and behav-
ioral changes are diagnostic of  anxiety disorders since 
some other symptoms can be related to burn injuries  
specifically.

In contrast to PTSD, dissociative symptoms can be present. 
Whereas these symptoms previously (i.e., in DSM-IV) had 
been given a central role for the diagnosis, it is now under-
stood that some individuals develop ASD without dissocia-
tive symptoms.16,66

In children, repetitive reenactment of  the traumatic 
event in play can be a symptom of  intrusion and/or 
dissociation.

The presence of  avoidant symptoms during the acute 
phase of  recovery has been shown to predict chronic post-
traumatic disorder in burn patients.67,68 It is of  great impor-
tance to recognize symptoms of  ASD and PTSD at an early 
stage because the former has been shown to be a predictor 
for PTSD, and, once PTSD is established, it usually will 
persist.48,69

PTSD is, in addition to depression and general anxiety 
disorder (GAD), one of  the most common psychiatric disor-
ders seen in survivors of  major burns with prevalence rates 
ranging between 7% and 45%.2,48,49,65,70,71 In DSM-5 behav-
ioral symptoms of  PTSD encompass four instead of  the pre-
vious three clusters: (B) intrusion, (C) avoidance, (D) 
negative cognition and mood—this is the new cluster—and 
(E) arousal (which in DSM-IV was the D cluster).16 Aggres-
sive, reckless, or self-destructive behaviors are now recog-
nized as aspects of  arousal. The DSM-5 definition of  PTSD 
no longer differentiates between acute and chronic PTSD. 
Instead, two new subtypes of  PTSD are identified in DSM-5: 
PTSD in children younger than 6 years (PTSD preschool 
subtype) and PTSD with prominent dissociative symptoms 
(PTSD Dissociative subtype) (for a review of  the changes, 
see reference 66).

About one-third of  burn survivors develop PTSD within 
2 years of  their injury,72 and this was true for even small 
burns.73 Individuals should be interviewed about sleep pat-
terns and startle response because nightmares and altered 
sleep patterns are usually the symptoms first noted. In fact, 
in adults, it has been shown that one of  the most important 
piece of  information when screening for PTSD is night-
mares.74 Another potential marker for ASD and PTSD is 
heart rate at admission to the burn unit, although it appears 
to be mediated by gender.75 A significant number of  burn 
survivors will experience PTSD symptoms, including intru-
sive memories of  the injury, during their acute recovery.76,77 
Children may express intrusive symptoms by reenactment 
of  the traumatic event, and nightmares may not be directly 
related to the event.16

The presence of  avoidant PTSD symptoms during the 
acute phase of  recovery is reported to predict chronic PTSD 
in burn patients.67–69,72,78

Long-Term Postburn Disorders

Pain and previous psychiatric illness are the main factors 
that have been suggested as reasons for psychiatric prob-
lems beyond the time of  discharge from the burn care 
center.49 Pain and depression seem to be linked in such 
a way that they can cause each other.79 Also, acute 
pain at the time of  discharge from the hospital seems to 
produce long-term suicidal ideation.80,81 There is a recip-
rocal relationship between pain with depression and  
anxiety.81
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the latter do not include the symptoms anhedonia, psycho-
motor agitation/retardation, and recurrent thoughts about 
death. The time frame also differs: persistent depressive dis-
order must be present for at least 2 years in adults or at least 
1 year in children and adolescents in order to be diagnosed. 
Patients often report chronic anger, appetite changes, sleep 
difficulties, fatigue, low self-esteem, poor concentration, dif-
ficulty making decisions, and feelings of  hopelessness. The 
same combination of  medication and psychotherapy is rec-
ommended for patients with persistent depressive disorder 
as for major depression.

Substance-Related and 
Addictive Disorders

There are few studies that indicate the prevalence of  sub-
stance abuse or alcohol abuse in adults. Recent studies indi-
cate that substance abuse may be one of  the most prevalent 
psychiatric disorders. A Finnish study found that 26% of  
the surveyed patients had alcohol abuse or dependence, and 
6.5% had drug abuse or dependence during a 6-month 
follow-up after trauma.49 Another study reported that 25% 
of  former patients had an at-risk drinking pattern 2–7 years 
after burn injury, and it was predicted by an avoidant coping 
pattern that involved using alcohol, tobacco, or other drugs 
to handle problems.100 Certainly prior abuse is a major risk 
factor for abuse after burns. Maes et al.93 reported an inci-
dence of  6% for new-onset psychoactive substance use dis-
orders after trauma. In a study in young adults who were 
burned as children the prevalence of  the use of  alcohol and 
substances was 7.9% for alcohol and 35.7% for other sub-
stances; however this rate later fell to 3% for alcohol and 
9.9% for other substances.94 These young adult prevalence 
rates are lower than the reference population in the United 
States for alcohol but were higher for substance abuse/
dependence, which may reflect the socioeconomic back-
ground of  the subjects studied.

Comorbidity and Problems 
Beyond Psychiatric Illness

PTSD and depression are both linked to poor long-term out-
comes in adults.39,70 PTSD and pain together predicted poor 
functional and increased disability after major burns. PTSD 
symptoms led to greater physical and psychosocial disabil-
ity, poorer social functioning, and less vitality.39 Pain is 
linked to poor concurrent physical functioning, and depres-
sion can predict decreased physical health 2 months post 
discharge.80,101

Adjustment in Children 
After Burns

A significant number of  the children and adolescents 
who survive major thermal injury develop a variety of  
significant behavioral and emotional problems at some 
point in their lives, but good adjustment is achieved by 
the majority of  individuals.102–106 In studies in adolescent 
and young adult survivors of  pediatric burns, about half  

Although adults may express anxiety through “panic”
symptoms such as sweating, palpitations, trembling, or
nausea, children may express anxiety by crying, tantrums,
freezing, or clinging. A differential diagnosis of  these
anxiety disorders distinct from PTSD is difficult and requires
a careful interview.

Major Depressive Disorder

Although feeling depressed is a reaction most observers
would expect of  burned patients, only a relatively small
number of  patients with burns have been observed to have
symptoms of  severe depression (F32.x and F33.x).2,49,64,95,96

In most studies preinjury depression or lower levels of  well-
being were stronger predictors than burn size for subse-
quent depression. All the same, those individuals who
experience symptoms of  depression during hospitalization
will continue to do so after discharge so that early recogni-
tion and treatment may improve their situation consider-
ably.95 Depression is also a rare long-term sequela of  burns
in children: fewer than 50% of  the children had ever suf-
fered symptoms of  major depression, and, in a sample of
adolescent survivors, only 6% met criteria for a major
depressive disorder.96,97

Symptoms of  a major depressive episode according to
DSM-5 are as follows: (1) depressed mood, (2) diminished
interest or pleasure in activities (“anhedonia”), (3) signifi-
cant weight or appetite changes, (4) insomnia or hypersom-
nia, (5) psychomotor agitation or retardation, (6) fatigue,
(7) feelings of  worthlessness or guilt, (8) diminished ability
to think or concentrate, and (9) recurrent thoughts about
death.16 Children and adolescents may display irritable
mood instead of  depressed mood and a failure to gain weight
instead of  weight or appetite changes.

This is an extremely difficult diagnosis to make during the
acute burn period since many of  the criteria are linked to
physical symptoms. A number of  approaches have been
used to determine the incidence among adult survivors of
major burns using self-report measures such as the Beck
Depression Inventory. A review of  the literature on depres-
sion in burn survivors found a prevalence of  major depres-
sion at 1 year post discharge of  between 4% and 7%. At
more than 1 year post discharge the prevalence ranged
between 9% and 23% (for a comprehensive review, refer to
Thombs et al.98

Even beyond the acute phase, the diagnosis is often com-
plicated by grief. The critical symptoms of  major depressive
disorder are the first two listed—depressed mood and
anhedonia—whereas grief  is mainly characterized by feel-
ings of  emptiness and loss.16

Persistent Depressive Disorder

A smaller percentage of  burned patients, around 4%,
will develop a milder but more protracted type of  depres-
sion called persistent depressive disorder, or dysthymia
(F34.1).98,99 In some cases the persistent depressive disorder
may be preceded and/or interspersed by major depression.
The main differences between major depression and per-
sistent depressive disorder are that diagnostic criteria for
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Treatment

DELIRIUM AND AGITATION

Due to the problems associated with phenothiazines, ben-
zodiazepines have been used to a greater extent in recent 
years for the combative, delirious patient.117–119 The two 
most commonly used benzodiazepines are diazepam and 
lorazepam. Lorazepam (0.03 mg/kg) orally or intrave-
nously can usually be given every 4–8 hours; for a very 
combative patient it can be given hourly. A third benzodiaz-
epine that is frequently used is midazolam at 0.05 mg/
kg IV, typically used in conjunction with morphine for pro-
cedures such as tubbing and staple removal. Midazolam is 
also used for sedation as a continuous infusion for intubated 
patients. When using the benzodiazepine class of  medica-
tions, a clinician must balance the desired effects of  relax-
ation with oversedation. Visual and auditory hallucinations 
may occur if  the dose of  benzodiazepine is too high. In cases 
of  excessive anxiety in the presence of  adequate pain 
control, lorazepam can be added to a patient’s treatment. 
Nighttime doses usually enhance sleep. Diazepam may be 
used in place of  lorazepam if  simultaneous muscle relax-
ation is desired.120 Diazepam has an extremely long half-life, 
40 hours, and therefore should be used sparingly. To avoid 
excessive sedation by benzodiazepines, a patient should not 
be awakened for the next dose.

ASD AND PTSD

Therapy is the same for ASD and PTSD and usually includes 
a combination of  psychotherapy and pharmacotherapy. For 
a comprehensive description of  common aspects of  psycho-
therapy for PTSD, see Schnyder et al.121 Trauma-focused 
cognitive behavioral therapy (TFCBT) can relieve PTSD 
symptoms and typically includes imagined and in vivo 
exposure, where prolonged exposure is one of  the most 
effective treatment protocols today. Exposure involves in-
depth recalling and verbalizing of  the event, physically 
revisiting the site of  the accident either in person or, as most 
recently studied, by means of  virtual reality. Another treat-
ment component is cognitive restructuring and skills train-
ing, sometimes by role play and cognitive tasks. Training in 
anxiety management using stabilizing and relaxation tech-
niques is also important for recovery from PTSD. Another 
evidence-based psychological treatment is eye-movement 
desensitization and reprocessing (EMDR) where in-depth 
processing of  the memory is achieved by having the patient 
track a bilateral stimulus with his or her eyes at the same 
time as the memory is retrieved. In a Cochrane review, 
TFCBT and EMDR were found more effective in the treat-
ment of  PTSD in the long term than were other psycho-
therapies or waitlist conditions.122

Pharmacotherapy developed over the past two decades 
with the use of  selective serotonin reuptake inhibitors 
(SSRIs), such as sertraline and fluoxetine, as first-line drugs. 
Other useful medications are tricyclic antidepressants 
(TCAs); antipsychotics, such as risperidone and quetiapine 
fumarate; and α2 adrenergic agonists, such as clonidine. 
SSRI antidepressants, such as fluoxetine, or a TCA like imip-
ramine should be considered for ASD.123 Both SSRIs and 
TCAs are helpful in reducing nightmares and improving 

of  the individuals met criteria for one or more psychiat-
ric disorders,94,97 and adult survivors of  childhood burns
have a significantly higher relative rate of  both psychiatric
and physical illnesses.107 About one-fifth of  children with
burns are reported to have more problems with conduct
and peers than does the norm population,106 and 35% of
preschool children with burns were diagnosed with at least
one psychological disorder.108 A recent study also showed
that 13.2% of  infants and toddlers with burns met the
proposed alternative criteria for PTSD.109 Severity of  symp-
toms and adjustment were associated with family relations
and maternal PTSD. Compared to a group of  survivors of
flood trauma and a community sample, burned children
had significantly more phobic disorders, overanxious dis-
orders, enuresis, encopresis, major depression, PTSD, and
substance/ethanol abuse.96,110 Sleep disorders and psy-
chotic disorders were also slightly more common among the
burned children.

Parents usually report more problems than do the chil-
dren themselves or their teachers.102,111,112 This observation
could be explained by increased problems in these children
following severe burns that would not be easily observed by
persons who do not live with them or that parents became
overly sensitive to any indication of  difficulty for their chil-
dren following burns.

Another area of  long-term psychiatric outcome follow-
ing pediatric burns that has received little attention is the
development of  personality disorders. In the same sample
of  young adults mentioned earlier,94 personality disorders
were common and significantly associated with comorbid
Axis I diagnoses.113

Diagnosis (Screening
Instruments, SCID)

Two techniques are used to determine the prevalence of
psychiatric disorders in burn survivors. The one most com-
monly used has been the self-report questionnaire, such as
the Beck Depression Inventory, Impact of  Event Scale-
Revised,114 Davidson Trauma Scale, Brief  Symptom Inven-
tory, McGill Pain Questionnaire, and Quality of  Life surveys
such as the Short Form 36 (SF-36) or the EQ-5D, which has
been validated with burn survivors.115

For a more complete diagnostic survey, the gold standard
is the Structured Clinical Interview for DSM-5 Disorders
(SCID-5) interview.

The American Burn Association had a consensus confer-
ence in February 2013 to establish a recommendation for
uniform psychiatric screening and diagnostic tools for the
burn survivor. Wiechman et al. published a list of  recom-
mended tools a few months later.116 The group focused on
depression and PTSD symptoms.

Criteria for the screening instruments were that they
be validated, easy to use, and free. For depression in
adults, the Patient Health Questionnaire (PHQ-2 and
9), Beck Depression Inventory, Brief  Symptom Inven-
tory, and SCID were recommended; for childhood depres-
sion, the Child Depression Inventory was recommended.
For PTSD symptoms in adults, the PTSD Symptom
Checklist and in children the UCLA PTSD Index were
recommended.
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posttraumatic stress, is often helpful. Once the symptoms 
have responded to medication, treatment should con-
tinue for 9 months to a year in order to avoid relapse on  
discontinuation.

Many times the depression is comorbid with PTSD. There-
fore medications that affect both are preferred. Fluoxetine 
and the other SSRIs are the first-line medications for treat-
ment of  patients with depressive symptoms.124,132

SLEEP DISTURBANCES

After discharge, many burn survivors have significant sleep 
problems. As in the hospital setting this may be secondary to 
PTSD symptoms, depression, itch, or pain. Pain in the hos-
pital before discharge will predict insomnia.45 When sleep 
disturbance with nightmares is associated with posttrau-
matic anxiety, as described earlier, antidepressant medica-
tions are the drugs of  choice. Imipramine and doxepin are 
both sedating antidepressants that are effective treatments 
for sleep problems in burn patients. Trazodone and nefazo-
done are alternative medications for insomnia and do not 
appear to alter sleep architecture as much as other antide-
pressants. Mirtazapine is another antidepressant that has 
been used for insomnia, although little is known about its 
effects on sleep architecture. Pain and itch are other prob-
lems that can interfere with sleep and should be addressed 
with appropriate analgesic or antipruritic medications.133 If  
a patient continues to have significant sleep problems, sleep 
can be induced with diphenhydramine. Diphenhydramine 
doses of  1.5 mg/kg are often used throughout the day for 
itching and may be used alone for sleep at night or as an 
adjunct to other sleep medications. Usually, doses of  25 or 
50 mg in the evening are adequate. Recently quetiapine 
fumarate (Seroquel) PO has been found to be safe and useful 
in this setting.

SPECIAL ASPECTS IN PEDIATRIC TREATMENT

As with adults, pediatric patients suffering with psychiatric 
symptoms can benefit from psychotherapy, with appropri-
ate indicated treatment for their specific problems. A 
number of  specific therapies have been adapted for treat-
ment of  anxiety, PTSD, and depression in children and ado-
lescents. In addition, specific treatments for pediatric burn 
survivors have been developed, such as social skills training 
addressing disfigurement.134 In school-aged children there 
is preliminary support for a brief, early psychological inter-
vention in reducing later internalizing problems.135

Early opiate management of  burn-related pain is 
important for decreasing the risk of  long-term PTSD in  
children.136

Pediatric burn patients appear to have a much higher rate 
of  adverse reactions to haloperidol, and alternative man-
agement of  agitation should be considered.137 Chlorproma-
zine and thioridazine may be used in place of  haloperidol in 
the dosage range of  25–100 mg per dose. Chlorpromazine 
and thioridazine have strong sedative effects and interfere 
with learning but are less likely than haloperidol to produce 
associated dystonia, pseudo-parkinsonism, and akathisia. 
If  more than 2 mg of  haloperidol per day is used, atten-
tion must be given to simultaneous administration of  1 

sleep patterns. Treatment with an SSRI or TCA should be 
continued for at least 9 months to a year following the 
improvement of  symptoms because of  the risk of  relapse.

One of  the major issues with the use of  TCA is that cardiac 
arrhythmias, associated with a prolonged PR interval, can 
be life-threatening.124 When medication is discontinued, 
it should be reduced over time to avoid uncomfortable—
although not medically threatening—discontinuation 
symptoms. The relatively long half-life of  fluoxetine usually 
protects patients from any discontinuation symptoms but 
requires extended vigilance for any drug–drug interactions.

Typically the SSRIs are given in the morning rather than 
the evening because they may interfere with sleep onset. 
Side effects of  SSRIs include gastrointestinal upset, increased 
agitation, headaches, sexual symptoms, and sweating. A 
rare but potentially life-threatening side effect is serotoner-
gic syndrome,125 characterized by at least three of  the fol-
lowing symptoms: delirium, agitation, sweating, fever, 
hyperreflexia, myoclonus, tremor, incoordination, diar-
rhea, and shivering. Severe cases can result in hyperpy-
rexia, shock, or death. The risk of  serotonergic syndrome 
increases when patients are on multiple medications that 
potentiate central nervous system serotonin, such as an 
SSRI and a monoamine oxidase inhibitor. There is a reported 
case of  serotonin syndrome in a pediatric burn patient who 
was receiving fluoxetine and linezolid, a broad-spectrum 
antibiotic with monoamine oxidase inhibition.126 Sexual 
side effects are the most likely reason that a teen or an adult 
would refuse to take an SSRI.

In an emergency room setting, propranolol has been tried 
with some success for those with minor injuries. It has been 
reported to be very helpful in the treatment of  PTSD and 
ASD and to prevent their occurrence following a variety of  
different types of  trauma. Longer-term studies with larger 
injuries have not shown propranolol to be helpful for the 
prevention or treatment of  ASD or PTSD.127,128 Benzodiaz-
epines will control some immediate symptoms but are not 
useful long term.

Concerns that midazolam administration might interfere 
with this process and actually enhance PTSD could not be 
substantiated.129

OTHER ANXIETY DISORDERS

Most burn patients, certainly those who qualify for the diag-
nosis of  generalized or overanxious disorder, will benefit 
from lorazepam therapy in addition to psychotherapy. If  
anxiety is associated with other symptoms of  posttraumatic 
stress, such as hypervigilance or poor sleep, an SSRI123 or 
the older TCAs130 should be considered. The SSRIs have the 
advantage of  being safer drugs for outpatient treatment 
since an overdose is unlikely to cause the significant cardiac 
problems that have been attributed to the TCAs.131

MAJOR DEPRESSION

Major depression, with or without grief  reaction, should 
be treated by a team approach. The patient should be 
involved in scheduled daily activities. Psychotherapy 
should begin to identify and address appropriate issues. 
Medication with SSRIs or TCAs, as described for acute and 
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Resilience, Posttraumatic Growth

Although it has become generally accepted knowledge that 
trauma and injury can lead to psychological and psychiat-
ric problems, the fact that a considerable proportion of  indi-
viduals do not develop problems after trauma and injury 
has found much less attention, and, to date, there is only an 
extremely small number of  studies in burn patients.

Resilience and posttraumatic growth (PTG) are two sepa-
rate constructs. Resilience is a trait that exists before expo-
sure to trauma or adverse events that PTG.147,148 Resilient 
individuals have an ability to “bounce back” and regain 
balance in all aspects of  life, as well as having endurance in 
the face of  adverse events.147–151 Resilience is the most 
common response pattern seen after burns: approximately 
40% of  adult patients respond in this way.92 Three catego-
ries of  protective factors, which also are predictive of  resil-
ience, have been identified:150 individual characteristics, 
relationships, and social network.

In contrast, PTG is the development of  new behaviors and 
attitudes that were not present before the event. It is a posi-
tive psychological development, the result of  struggles in the 
face of  hardship or traumatic events.147,152 The Posttrau-
matic Growth Inventory152 identifies five different aspects of  
PTG: new possibilities, relating to others, personal strength, 
spiritual change, and appreciation of  life. PTG appears to be 
somewhat related to the personality traits of  optimism and 
extraversion. Female gender and social support are the 
strongest predictors of  PTG, and higher levels of  education 
and higher socioeconomic status also are predictive.145,147

Resilience and PTG can both occur concurrently with 
distress and lower quality of  life; in fact PTG may not occur 
without some level of  distress, but distress diminishes over 
time in individuals who experience PTG. Longitudinal 
studies show that PTG levels out at about 6 months after 
trauma.147

INTERVENTIONS TO FOSTER PTG

While alleviating distress does not foster PTG, growth can 
protect from further distress. The patient’s own experiences 
and psychological development appear to play a central role 
in PTG. The caregiver’s role should be to support and 
improve coping, strengthen self-image, and enhance social 
support; caregivers “must be comfortable in allowing the 
patient to struggle with the event.”147,153 Common aspects 
of  PTG in burn patients appear to be the use of  active and 
flexible coping, social support, enhanced self-image, and the 
successful search for meaning.148,154,155

Conclusion

Preinjury psychiatric morbidity can have a major effect on 
outcome after a burn. Furthermore, psychiatric symptoms 
occur commonly as part of  the complex systemic response 
to burn injuries. Psychological and pharmacologic treat-
ment is important in the successful recovery of  a burned 
person and may reduce the risk of  long-term psychiatric 
sequelae of  the injury. It is important to note that 

or 2 mg/d of  benztropine or 2–5 mg/d of  trihexyphenidyl 
in divided doses. Benztropine or trihexyphenidyl are used 
to avoid dystonia, pseudo-parkinsonism, and akathisia.117 
Occasionally, dystonia takes the form of  an oculogyric 
crisis, which resembles an acute neurological catastro-
phe138 and can be a true medical emergency if  respira-
tion is impaired. These reactions are usually alleviated by 
50 mg IV diphenhydramine.

The treatment of  anxiety and depression in children 
with SSRIs and TCAs requires closer attention to dosage 
and potential side effects. The usual starting dose of  fluox-
etine is 5 mg for children weighing less than 40 kg, 10 mg 
for children between 40 and 60 kg, and the adult dose for 
any children weighing more than 60 kg. The usual starting 
dose of  imipramine is 25 mg/d unless the patient weighs 
less than 25 kg. The beginning dose is 12.5 mg for those 
under 25 kg. The dose can be increased rapidly over the 
next few days to a dose of  1 mg/kg. If  the symptoms are 
still uncontrolled, the dose may be increased stepwise to 
3 mg/kg, but only with frequent checking of  the plasma 
level and electrocardiographic changes with each incre-
ment of  dose. A steady state is usually not reached until a 
given dose is maintained for 3–5 days. The preferable time 
of  administration is in the evening to aid with sleep. Major 
side effects of  the TCAs are anticholinergic (dry mouth and 
dry nasal passages, constipation, urinary hesitance, and 
occasional esophageal reflux).117 Autonomic complications 
such as orthostatic hypotension, palpitations, and hyper-
tension have been reported in adolescents using this medi-
cation.139 Cardiac arrhythmias associated with a prolonged 
PR interval can be life-threatening.124,132 Sudden death has 
been reported for teenagers and children receiving desip-
ramine and other TCAs.140 Amitriptyline or doxepin may 
be used in place of  imipramine. The dosages are similar; 
however both these medications may cause more sedation 
than imipramine.117

Following clinical reports of  increased suicidal ideation 
in pediatric patients treated with certain antidepressant 
medications and a review of  clinical trial data, the U.S. Food 
and Drug Administration instructed all manufacturers to 
include a “black box” warning with all antidepressant med-
ications.141 Pediatric patients and their caretakers must be 
aware of  these risks, and clinicians should closely monitor 
children and adolescents on these medications for possibly 
increased suicidal ideation and behavior.142

NONPHARMACOLOGICAL PREVENTION 
OF PTSD

Currently there is no evidence-based nonpharmacological 
method for prevention of  PTSD. The dominating approach 
is psychological first aid that is largely based on consensus 
agreement and has replaced the much criticized psychologi-
cal debriefing as the standard intervention for trauma 
victims.143 However there are preliminary indications that 
TFCBT can be effective in preventing PTSD in groups of  
trauma victims with early signs of  high symptomatology.144 
Other complementary and alternative treatment modalities 
such as meditation, mindfulness, and acupuncture may 
also be effective, but to date the evidence is not as strong as 
for the aforementioned modalities.145,146
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becomes a responsibility of  the expert in burn care and the 
entire burn team to be aware of  frequently occurring prob-
lems, to ask the right questions to assess a patient’s status, 
and to assist a patient in receiving psychological and psy-
chiatric assistance.

Complete references available online at 
www.expertconsult.inkling.com

psychological adaptation is a lengthy process occurring 
over months or years. During the postburn years, it is 
imperative that the burn team assesses the mental and 
affective states of  patients while assessing their physical 
recovery. In most cases, patients with sleep disorders, 
depression, or withdrawal from previous activities will not 
seek psychiatric attention and treatment, although these 
problems can be ameliorated by treatment. It therefore 
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family into the treatment plan from the beginning facili-
tates successful outcomes.

PREINJURY ADJUSTMENT

Shortly after being admitted to the burn unit, a clinical 
interview is done to gather information regarding variables 
that may influence the patient’s recovery and treatment. 
Information about the burn injury, previous stressful events, 
risk factors, preburn physical and psychological health, 
coping skills, family and social support, and the family’s 
strengths and weaknesses are important factors to take into 
account when developing treatment plans.4,5 Gathering 
information about factors that contributed to the circum-
stances of  the burn is emphasized in instances of  suspected 
maltreatment and neglect.6 Because patients will be depen-
dent to some extent on family during recovery, it is essential 
to identify risk factors in the family system. Risk factors that 
may predispose individuals to burn injury and that may 
affect postburn recovery include physical illness, substance 
abuse, psychiatric illness, behavioral problems, poverty, 
inadequate social support, and heightened family disrup-
tion.5,7–9 Part of  the clinical interview involves initiation of  
a therapeutic alliance with those who are most likely to be 
involved in assisting a patient’s recovery.

ADMISSION CRISIS

When people with burns are admitted to the intensive care 
unit (ICU), they may be frightened, confused, experience 
shock and disbelief, have pain and anxiety, and fear dying. 
While the physiological emergency is treated medically, 
the psychological crisis must also be addressed. The goals 
at this time are to establish therapeutic rapport with the 
patient, decrease anxiety, and assess strengths and needs of  
the patient. The first two tasks are addressed immediately 
by orienting the patient, focusing on immediate priorities, 
and assuring the patient that the burn team is composed 
of  knowledgeable experts who will provide excellent care. 
The patient’s heightened anxiety can be expected to inter-
fere with his or her comprehension, so it is usually nec-
essary to repeat statements of  reassurance. To prevent 
a patient from becoming emotionally overwhelmed, it 
may be necessary initially to avoid or limit talking about 
trauma-related content. Children in this early stage of  
recovery may exhibit signs of  cognitive and emotional 
regression, and it is important to respond to them on that 
level. Techniques such as deep breathing, relaxation with 

Introduction

Burn survivors may deal with diverse psychosocial issues in
the recovery from a major burn injury. Common concerns
include adapting to physical limitations and permanent
changes; dealing with grief  and loss; experiencing trau-
matic stress, anxiety, pain, sleep disturbance, depression,
and body image concerns; and other adjustment issues.
Approximately 30% of  survivors experience long-term psy-
chosocial difficulties.1,2 Psychological healing occurs across
time commensurate with physical healing in a relatively
predictable and consistent pattern.3 Awareness of  this
process permits survivors and their family members to
anticipate the development of  psychosocial issues, view
concerns as normal reactions to the trauma instead of
symptoms of  psychological impairment, and facilitates
coping with these issues. The goal of  the recovery process
is to attain optimal psychological, emotional, and social
functioning (Figs. 66.1 and 66.2). Therefore, availability of
psychosocial support is important for the recovery of  the
burn survivor and the adjustment of  the family.

This chapter provides an overview of  psychosocial issues
that burn survivors and their families may experience
during the phases of  the recovery. There is also a review of
important psychosocial constructs that can affect recovery
such as assisting with grief  and loss; cultural sensitivity;
psychological distress; acute and posttrauma distress; resil-
ience and recovery; body image concerns, stigmatization
and social integration; social belongingness; long-term
quality of  life; and interventions beyond acute care. The
medical management of  pain and anxiety are presented in
chapter 4 in this book.

Integrating Psychological
Treatment With Physical
Treatment

Comprehensive burn treatment requires a coordinated
interdisciplinary team approach for physical and psychoso-
cial recovery to occur concurrently. Mental health profes-
sionals on a burn team provide direct patient care and work
indirectly through consultation with other caregivers to
address survivors’ psychosocial concerns and to assist
family members with their adjustment. Integrating the
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opportunities for them to experience the reality of  their 
roles in helping the patient. The manner in which an indi-
vidual and a family will ultimately adjust to the long-term 
sequelae of  a burn is often determined in the early stages of  
recovery.

CRITICAL CARE PHASE

This phase involves intensive medical and surgical care 
until the majority of  open wounds are covered, and it is 
an important phase psychologically. Organic factors result-
ing from the injury and treatment can contribute to psy-
chological symptoms of  disorientation, confusion, sleep 
disturbance, transient psychosis, and delirium. Helpful 
interventions include frequent orientation to person, place, 
time; placing comforting objects in patient’s view to see and 
touch; and making the environment as soothing as possible. 
Visits from family and friends can provide familiarity, reas-
surance, and comfort the patient. A schedule that approxi-
mates a regular wake–sleep cycle helps patients begin to feel  
normal.

Reassurance from staff  about normal aspects of  recovery, 
the treatment plan, and how staff  plans to help improve 
function can decrease anxiety and provide a sense of  hope. 
When a patient is alert the psychotherapist can facilitate 
grief  work to help the patient adjust to the effects of  the 
burn. Patients with altered mental states may be able to hear 
although not respond, and discretion should be used regard-
ing what is said near them. Psychological interventions are 
aimed at diminishing anxiety and increasing comfort 
instead of  correcting the person’s perception of  reality.10

Pain and anxiety management are crucial in this stage 
of  recovery. Providing good pain control enhances psycho-
logical recovery. Routine and scheduled assessments of  
background and procedural pain11–13 and anxiety11,13 vali-
dates a patient’s concerns but also set an expectancy of  
relief. The use of  standardized scales provides the message 
that experiencing a range of  pain is normal. When staff  
assess comfort routinely, patients are less likely to feel 
anxious about their pain management. Clinicians, research-
ers, and burn survivors have noted that patient recall of  
satisfaction with acute pain management in the hospital 
has indicated the need to improve this salient aspect of  burn 
care. Perhaps this may be accomplished by combining a 
standard pain medication regimen with individualized 
adjustments based on behavioral observation and patient-
reported pain.14 Similarly, survivors have voiced dissatisfac-
tion with various aspects of  care and aftercare, including 
pain management and the means by which they observed 
and coped with  their injuries.15 These are ongoing areas of  
focus and psychosocial intervention.

Psychological interventions for pain and anxiety should 
be used in conjunction with pharmacological manage-
ment. Anticipatory anxiety may influence a person’s per-
ception of  pain. Cognitive and behavioral interventions that 
enhance a patient’s mastery or control can decrease pain 
and anxiety. Patients often tolerate procedures better when 
the reasons for each procedure are explained. They may feel 
more comfortable participating in their own care and gain 
some mastery over pain when they are allowed to remove 
their own dressings or participate in wound debridement. 
The presence of  a supportive person during procedures can 

focused imagery, and hypnotherapy may decrease patients’  
anxiety.

Family members are often traumatized and may experi-
ence difficulty eating, sleeping, or concentrating, and feel a 
loss of  control and a generalized sense of  incompetence and 
helplessness. Providing psychosocial support and education 
about recovery may facilitate the coping of  the family. They 
may need frequent repetition of  information and direction 
in providing comfort to the patient. The psychotherapeutic 
goals to be accomplished with the family include establish-
ing a therapeutic relationship and diminishing anxiety. This 
can be facilitated by assisting with orientation to the hospi-
tal, providing information about normal reactions to 
trauma, and validating that their distress is normal and 
temporary, which helps communicate empathy and under-
standing. Learning about the injury and its treatment helps 
restore the family’s sense of  competence and provides 

Fig. 66.1 Quinceañera cutting cake with parents. (From Herndon DN, 
ed. Total burn care. London: WB Saunders; 2007.)

Fig. 66.2 A relaxing day before attending college. 
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may experience difficulty adapting to physical limitations 
and changes in their physical appearance. They may feel 
apprehensive about the future, continue to grieve losses, 
experience a loss of  control and autonomy due to being 
dependent on others, and feel ambivalent about resuming 
self-care. The team can help motivate the survivor to par-
ticipate in his or her treatment and assume responsibility 
for recovery. Individuals who desire optimal recovery need 
to comply with the medical team’s instructions, many of  
which require significant physical discomfort. Pain contin-
ues to be a concern as patients become increasingly active 
in rehabilitative exercises. Pain and anxiety management 
are important to regain optimal physical functioning, and 
the interventions mentioned previously can facilitate pain 
and anxiety management.

Emotional lability and cognitive and behavioral regres-
sion may occur with younger children. Children often have 
difficulty expressing verbally their thoughts and feelings 
and may exhibit behavioral outbursts. Parents may be 
relieved to find that such behaviors are normal, and they 
often require guidance with implementation of  treatment 
plans that target and positively reinforce desirable behav-
iors. Emotional reactions such as frustration, anger, and 
feelings of  hopelessness can be difficult for family members 
to cope with. Hopelessness can occur when patients feel a 
lack of  control and eventually give up trying, which can 
lead to depression. Research found that depressive symp-
toms may decrease during the initial hospitalization,32 and 
depression during hospitalization is associated with physi-
cal functioning the first year post burn.33 Psychotherapeu-
tic work may involve helping the patient experience control, 
combat feelings of  hopelessness and helplessness, facilitate 
healthy expression of  emotions, achieve success, and feel 
rewarded while progressing through difficult procedures. 
Early in this phase, as the patient begins to ask about the 
future, the psychotherapist can describe the predictable 
pattern of  emotional vicissitudes indicating that they are 
normal and can be endured and managed. Staff  can dem-
onstrate positive regard and acceptance of  the patient while 
also helping the patient exercise control over destructive 
behaviors. Responses to questions should be honest but 
hopeful regarding the expectations of  treatment and recov-
ery. Interventions aimed at facilitating grief  work, coping 
with body image concerns, management of  anxiety and 
depression, and social skills training to facilitate social 
interactions are helpful.

Much psychotherapeutic work during this phase is 
accomplished with patient and family together. Families 
must learn to assist the patient’s adjustment to the new 
situation, and the family system must accommodate as 
well. Research suggests it is important to strengthen the 
family unit, facilitate family closeness, and support attempts 
to organize their lives to incorporate additional duties 
involved in providing continued care for the patient.34,35 
Families will have to adapt to changes in their relationships 
and in the home environment that are necessary for the 
patient’s recovery and rehabilitation after discharge.

REINTEGRATION PHASE

Preparing for a patient’s discharge to outpatient status and 
eventually home begins upon admission to the burn unit. 

be effective in decreasing pain. Instructing a family member
on how to comfort his or her loved one is important during
these procedures.

Other effective interventions in decreasing pain and dis-
tress associated with burn treatment include deep breath-
ing, progressive relaxation, visual imagery, biofeedback,
hypnosis, virtual reality, mindfulness exercises, and relaxed
jaw.16 Hypnosis induces a relaxed and focused state of
awareness that can be extremely helpful in facilitating
comfort for patients. Hypnotic inductions and suggestions
must be modified to facilitate a patient’s use of  imagery.
Some individuals will respond well to suggestions of  imagin-
ing a “favorite place.” Older children may respond well to
storytelling, with suggestions for comfort and mastery
interwoven into the story.17 Survivors may benefit from
interventions that redirect their attention away from the
painful procedure. Studies found immersive virtual reality,
in which individuals’ attention was immersed in a computer-
generated world, was effective in reducing pain during
wound care18–20 and in the tub room.21 This intervention
may also be helpful during physical therapy.22,23 Mott and
colleagues reported augmented reality, where a character
viewed on a screen, was effective in decreasing pain ratings
of  children with burns during prolonged wound care.24

Music therapy is an excellent adjunct to analgesia during
burn care with children.25–27 Fratianne and colleagues men-
tioned that music therapy significantly decreased the per-
ception of  pain in children during wound care;28 whereas a
sensory-focused intervention was more effective with adult
burn survivors.29 Child life interventions such as medical
play that gives children control by having them role play and
manipulate medical equipment, preoperative preparation
about procedures or surgeries, and procedural support can
facilitate coping in children and adolescents and decrease
anxiety during burn care. The child’s age and development
need to be considered when selecting the intervention.30

Although over time family members may become more
at ease with hospital routines, they will continue to have
difficulty coping, feel anxious, and need updates about their
patient’s present and future status,31 and they may develop
new concerns as they are given new roles and responsibili-
ties. Being away from support systems can be difficult. It is
helpful to provide information about what to expect in the
immediate future, to facilitate patient interaction, and
provide honest information while allowing family members
to protect themselves from overwhelming despair. Staff  can
find ways to allow family members to nurture their loved
one and can assist them in becoming comfortable in caring
for their patient’s needs. Taking the time to treat the family
is a very important part of  treating the patient. This facili-
tates the family’s resumption of  feelings of  competence and
control, promotes hope, and encourages them to join with
the burn team in the healing and rehabilitation of  the
patient. Psychotherapeutic work with the family should
also identify and plan for management of  family issues that
may impede a patient’s recovery and rehabilitation.

IN-HOSPITAL RECUPERATION PHASE

This phase involves burn survivors becoming physically
and emotionally stronger as they face new challenges.
Patients begin to comprehend the extent of  their injury and
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assisting persons with facial disfigurement, and recom-
mends a brief  social skills training program called 
3-2-1-GO!46,47 Each of  these programs provides strategies to 
prepare patients and their loved ones to answer questions 
related to the burn and to deal with staring and stigmatiza-
tion. The patient may benefit from rehearsal using these 
skills on brief  outings outside the hospital. If  difficulties are 
encountered, the patient can consult with the burn team 
for direction and support to develop an alternate plan. 
Support groups for inpatients, outpatients, and their fami-
lies can be extremely helpful in the process of  anticipating 
difficulties at discharge and rehearsing solutions while also 
providing emotional support.

Reintegration of  the patient into the family is also an area 
where the burn team can provide assistance. Patients are 
usually pleased to go home, but upon arrival, may find that 
their role in the family has changed significantly. The 
spouse–partner or parent–child relationship may now be 
one of  survivor–caregiver, and the patient may feel helpless 
or burdensome. Staff  can offer advice to families on ways to 
make the transition home go more smoothly. Tips such as 
spending time listening to the patient and trying to better 
understand his or her burn and hospital experience, limit-
ing visitors so the patient can rest, working through feelings 
of  guilt or blame, asking for help from friends and family, 
and utilizing relaxation techniques for pain management 
can aid both the patient and family in an easier return 
home.48

The burn team may also prepare the community to 
which a patient will return. Instructing those unfamiliar 
with burns in what to say or do to ease a survivor’s reentry 
may assist with reintegration.49–51 Variables that may affect 
burn survivors’ ability to return to work once they are dis-
charged from the hospital include size and severity of  
burn,52,53 duration of  hospitalization,53,54 location of  
burn,52,53 physical impairment,53–56 pain,55,56 prior employ-
ment history,52,53,56 lack of  vocational training,57 work envi-
ronment impediments,54 and psychosocial difficulties.53–57 
Variables found to assist with return to work were psycho-
social support, positive thinking, and vocational train-
ing.56,57 Quinn and colleagues found that 66% of  burn 
survivors returned to work within the first 2 years post 
burn.53 In a study of  young adults who sustained burns 
during childhood, Meyer and colleagues found 65% of  the 
sample were employed either full- or part-time.58 Individu-
als who do worked reported improved quality of  life.59,60

Factors that affect adults returning to work can also 
influence school reentry for children. Staley and colleagues 
reported that children with small burns returned to school 
within the first week or month post burn, and most per-
formed well academically.61 However pediatric burn survi-
vors often require assistance to return to school so they can 
learn, develop, and form peer relationships. Many burn 
centers in the United States have developed school reentry 
programs. These programs are designed to educate staff  
and students about aspects of  burns, provide generic infor-
mation about treatment and recovery, emphasize the child’s 
abilities and needs, clarify ways in which the child may 
require assistance, address the importance of  normalizing 
school activities, and providing peer support and accep-
tance. Working with the family and the school, a burn pro-
fessional develops a plan to integrate the child back into 

A major objective is to facilitate a person’s reintegration to
life at home with the family and back to his or her commu-
nity. Community reintegration is the process of  becoming
involved in the community, school, work, and leisure activi-
ties.36 Returning home signifies social interactions with the
immediate family as well as the extended family, friends, and
strangers. Individuals must prepare for those encounters.
They often feel anxious, fear social rejection, worry about
being accepted, and are concerned about receiving social
support.37 Returning to a cohesive and supportive family
environment35,38 and loyal friends39 can make this transi-
tion much smoother.

Psychotherapeutic activities involve education and prep-
aration of  patient and family about difficulties that may be
encountered at discharge. Coping skills that can help should
be discussed and practiced. Survivors and families often
deny that they will have problems; however, psychothera-
pists can help prepare patients by offering suggestions to
address problems that others have experienced. Issues such
as recurrence of  posttraumatic stress symptoms, anxiety
and pain management, sleep disturbance, irritability, or fear
of  resuming sexual activities should be discussed prior to
discharge.

There are now a spectrum of  programs available to the
survivor and some for the family. These professional pro-
grams help individuals and families through all the phases
of  recovery from major burn injuries. The Model System
Knowledge Translation Center has a large number of  print
and downloadable forms containing useful information on
a wide-range of  burn-specific topics available in English and
Spanish.

The Phoenix Society for Burn Survivors Inc. is “a non-
profit organization dedicated to empowering anyone
affected by a burn injury.”40 This organization has several
videos providing information and instruction on new skills,
such as social skills, training survivors how to conduct sup-
portive therapy, image enhancement, and school reentry.40

Cognitive-behavioral therapists have developed several
techniques for treating negative body image and social
anxiety related to a physical difference. Likely the most
important is teaching a specific set of  social skills.41–43 Social
skills programs are available to facilitate positive reintegra-
tion into society, improve social comfort, and increase con-
fidence in social interactions. Social skills include having a
short precise answer to explain “what happened,” guiding
the topic of  conversation, using confident body language
and eye contact, and assertively confronting confused and
rude behavior. After mastering these skills through in-
therapy practice, the survivor is encouraged to practice the
skills by engaging in social activities. This practice helps
break the social avoidance–depression cycle that may main-
tain the burn survivor’s negative body image.

The program Be Your Best, by Barbara Kammerer Quayle
and The Phoenix Society for Burn Survivors Inc., was devel-
oped to help burn survivors with community reintegra-
tion.44 The UBelong Social Skills program includes skills to
increase social comfort and confidence. Acquiring such
skills can make encountering new people and situations
and handling stares and unwelcome comments easier. They
can help survivors and their loved ones navigate such
encounters with added confidence.44,45 Additionally Chang-
ing Faces, by James Partridge, a program dedicated to
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alcohol abuse, psychological distress, and psychological 
function both before the burn and at discharge.69 These 
data can inform providers and adult patients about factors 
that could be modified to effect more desirable outcomes.

Assisting With Grief 
Following Trauma

Traumatic events are frightening experiences that create 
uncertainty, anxiety, and a sense of  threat for victims and 
their families.70,71 An individual who experiences a burn 
injury may face multiple changes and losses, including sepa-
ration from one’s support network and home environment, 
uncertainty regarding the length of  hospitalization and 
process, changes with physical appearance, and in certain 
circumstances, death of  loved ones. On the burn unit, these 
issues often become the focus of  psychosocial intervention. 
Successful grief  therapy requires that mental health pro-
fessionals have an understanding of  the traumatic event 
and knowledge of  the individual’s past experiences with 
loss and coping styles and cultural and religious beliefs.70 
Mental health professionals can assist re-establishing a 
sense of  equilibrium following trauma by facilitating the 
grieving process.

The terms “bereavement,” “grief,” and “complicated 
grief ” merit clarification. Bereavement refers to coping with 
the death of  a loved one, whereas grief is a broader term 
referring to coping with loss in general.72 Grief  reactions are 
individually unique and age dependent.71,73 Complicated grief 
occurs in adults when the grieving process is compromised 
by trauma. Prigerson and Jacobs described complicated 
bereavement as difficulty comprehending and accepting 
the death of  a loved one, persistent and intense longing for 
the deceased, intrusive thoughts about the deceased, and 
avoidance of  painful memories.74 Children can also experi-
ence childhood traumatic grief  when there is traumatic loss 
or bereavement.71,75,76 This construct evolved from the lit-
erature in child development and trauma and occurs when 
trauma symptoms interfere with the child’s ability to grieve 
normally. The child may engage in avoidance behaviors that 
interfere with the normal grieving process.71,75,76 Trau-
matic grief  can co-occur with psychiatric disorders such as 
depression and posttraumatic stress disorder (PTSD).71,75,77 
The prevalence of  burn survivors and family members who 
experience traumatic grief  is unknown. Clinical experience 
suggests that many burn survivors progress through the 
grieving process without complications and are resilient 
when faced with loss. Brown and Goodman found that chil-
dren who retained a positive memory and ongoing presence 
of  their loved one were able to grieve normally.71

On the burn unit, mental health professionals may need 
to inform the burn survivor about multiple losses and life 
changes, which may include changes in appearance, loss of  
body parts, the death of  others such as family and friends, 
loss of  a pet, or loss of  a home. In some circumstances it 
requires informing, supporting, and preparing the family 
for bereavement of  the burn trauma victim. This is a deli-
cate process that requires appropriate timing and psychoso-
cial planning. Important factors to consider when planning 
the disclosure process with patients and families include the 
patient’s medical stability and ability to participate in 

school. Usually, part of  the process includes the burn profes-
sional visiting the child’s classroom, explaining the nature
of  burns and rehabilitation, engendering compassion and
support for the survivor, and answering questions. Burn
professionals running school reentry programs have
received a good deal of  positive feedback from schools and
families, but the long-term efficacy of  school reentry pro-
grams has not been empirically demonstrated.51,62 A few
studies found interventions such as on-site school visits62

and educational videos/DVDs62,63 are beneficial. The
Journey Back, by The Phoenix Society for Burn Survivors,
is a comprehensive program providing generic materials
designed to help pediatric burn survivors, families, and
school communities with the re-entry process.64 Another
program, developed by Shriners Hospitals for Children–
Cincinnati, is the Remember Me Program, which keeps the
pediatric burn patient in touch with his or her classmates
during the lengthy burn-related hospitalization. A teddy
bear is placed in the child’s seat while he is absent, and com-
munication with and from classmates is encouraged.65

REHABILITATION PHASE, POSTDISCHARGE

When survivors transition to the outpatient setting and
home, they continue to have physical and psychosocial
needs. Rehabilitation may require several months to years,
wounds may be vulnerable to breakdown, and individuals
may need to use special splints and pressure garments’ and
continue to exercise. Grief  work often continues as survi-
vors cope with losses and delayed grief  reactions can occur.
Symptoms of  posttraumatic stress may recur upon leaving
the protective hospital environment. Body image concerns
may become more acute as survivors confront stigmatizing
reactions from others. Family’s social and emotional
resources may become taxed as the family transitions into
becoming the patient’s primary caregivers.

The ratings of  significant others on a standardized behav-
ioral scale suggested that young adult survivors of  child-
hood burns who were an average of  14 years post burn
were doing well. However on standardized psychiatric inter-
views, a high percentage of  survivors reported experiencing
psychiatric disorders specifically related to social situa-
tions,66 and personality disorders67 warranting diagnoses.
Similar results were found in a study of  adolescents who
were an average 10 years post burn.68 In these studies sur-
vivors44,48 were rated by a physical therapist to have no
physical limitations that prevented caring for themselves
and participating in ordinary activities, their anxieties were
severe enough to limit their achievement to full capacity.68

Even if  most burn survivors eventually function satisfacto-
rily by external criteria, clinically, they may be suffering
significant distress that is not easily observable. A psycho-
social goal is to understand the sources of  survivors’ dis-
tress and to develop interventions that enable survivors to
become full participants in society. It would be extremely
valuable to patients leaving the hospital, as well as to their
social network, employers, and care providers, if  there were
a set of  predictors that could reliably estimate when and to
what degree functional improvement could be expected
over time. Fauerbach and colleagues evaluated functional
impairment of  survivors from discharge and across 2 years
and found psychological impairment was predicted by prior
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improve outcome. Staff  can acknowledge their lack of  
familiarity and ask the patient/family whether there is any-
thing the team can do to help meet their cultural, spiritual, 
and religious needs. The question conveys respect for cul-
tural differences and a desire to help through the accultura-
tion process.

Knowledge and sensitivity of  cultural practices is also 
important when focusing on safety and prevention educa-
tion with patients and families. Epidemiological research 
has focused on identification of  sociodemographic risk 
factors and cultural practices that have contributed to burn 
injuries in developed and developing countries and found 
differences among these countries.87–91 The highest inci-
dence of  severe burns occurs in low- and middle-income 
countries,92 with children being at highest risk.87 In devel-
oping countries, factors such as poverty, crowding, food 
preparation practices, unstable cooking methods, and 
inconsistent supervision practices place young children at 
high risk for scald burns.88,93,94 Identification of  modifiable 
risk factors and cultural practices can facilitate education 
about prevention for burn survivors and their families. A 
recent study of  children 5 and younger from Mexico who 
received medical care in a U.S. hospital found the primary 
causes of  burns were flame and scald injuries. Flame burns 
were caused by explosions of  flammable substances and 
house fires, and scalds were attributed to falling in large 
containers of  hot liquids placed on the ground and spills.91

Postburn Psychological Distress 
and Long-Term Outcome

There are many disturbing aspects of  a major burn injury 
including memories and emotions from the burn injury 
event and its circumstances, the initial sight of  the wound, 
and pain both at rest and during unavoidable wound care 
and rehabilitation. Further challenges accrue as healing 
progresses, such as changes in appearance and function as 
skin contracts and scars progress through the maturation 
phases. There are additional disturbances from expected or 
actual reactions of  family, friends, associates, and strangers 
as these members of  the social sphere view the wounds, the 
scars throughout maturation phases, rehabilitation splints 
and garments, and the like. Each of  these stressors, when 
exceeding individual and group resilience factors, imposes 
a burden on the person (distress within mind–body self) and 
between the person and his or her social network (recipro-
cal distress between/within the patient and those affected 
individuals within the embedded social network).

Among the most common manifestations of  psychoso-
cial distress for burn survivors following an injury are sleep 
disturbance,95,96 depression,97,98 body image dissatisfac-
tion,99 and acute and posttraumatic distress.96,100 Not unex-
pectedly, the average level of  psychological distress among 
those with major burns was significantly higher than that 
of  a normative sample.34

ACUTE AND POSTTRAUMA DISTRESS

Acute stress disorder (ASD) and Post-traumatic stress dis-
order (PTSD) following exposure to trauma may occur. 
According to the Diagnostic and Statistical Manual of  Mental 

conversations; the readiness of  the patient and family to
hear the news; identification of  what they know about the
trauma and the factors related to the traumatic event; their
wishes regarding disclosure; and knowledge of  their cul-
tural, religious and spiritual needs.78 Bronson and Price
discussed important principles to keep in mind when
working with grieving children after burn trauma. They
suggest a process that includes supportive and compassion-
ate truth-telling, acceptance, respectfulness of  individual
differences and feelings, and giving the individual an oppor-
tunity to say good-bye.79 If  death occurs on the burn unit,
staff  can psychologically support the family by obtaining
desired spiritual assistance, assisting them with paperwork
for the burial process, allowing them quiet private time with
the deceased, and providing distraught family with memory
items if  they wish to have them.

Cultural Sensitivity

Burn survivors come from diverse cultures, and burn care
teams must be sensitive to how cultural issues can affect
survivors and families in all the phases of  the recovery
process. “Culture” refers to the socially transmitted expecta-
tions, beliefs, traditions, and behavioral patterns of  a given
community at a point in time.80 Factors influencing culture
include country of  origin, geographical location within the
country, ethnicity, and socioeconomic background. Staff
must also be aware of  their own biases, values, and assump-
tions that stem from their cultures.81,82

Acculturation is the process by which individuals from one
culture embrace patterns, customs, beliefs, values, and the
language of  the dominant culture.83,84 Patients and their
families on first arriving at a burn care facility must rapidly
adapt to the culture of  the hospital environment. Even if
the hospital is within their own community, they experi-
ence some level of  culture shock and acculturation. This
process is even more complicated for those who are trans-
ported for care to communities far removed from their
homes and perhaps in another country. For some patients,
this traumatic situation is the first time they have traveled
to another country and the first time they have had to deal
with differences in language, currency, living accommoda-
tions, and foods. Individuals’ concepts of  time and space,
appropriate hospitality, importance of  greetings, how non-
verbal gestures are interpreted, and ways of  expressing
gratitude may differ greatly among cultures. Ideas of  what
caused the burn injury and what is necessary for healing to
occur also are determined by cultural values.85,86

Coping with such a multitude of  unfamiliar experiences
in a traumatic situation is an extraordinary challenge that
can inhibit a patient’s or family’s ability to participate in the
recovery process. The burn team must be aware of  cultural
differences and make culturally appropriate accommoda-
tions to a patient’s treatment plan. Cultural traditions can
be incorporated into treatment plans to enhance participa-
tion toward recovery. For example, if  a Latino family believes
that the burn incident was a result of  an “evil eye,” they
may request a cleansing ritual.83 It is impossible for provid-
ers to know the beliefs and expectations of  every culture;
however, cultural sensitivity and a willingness to learn are
necessary for good patient–provider communication and
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reliable and clinically significant change in distress that 
moved them from one trajectory to another.103 Of  the 
5–10% of  participants who changed from one trajectory to 
another, about half  reported less distress (improved) and 
half  reported increased distress (worsened). The stability in 
distress trajectories among survivors of  major burns is 
largely unique relative to other trauma-exposed samples. 
These other populations tend to show recovery trajectories 
of  early recovery (~6 months), mid-term recovery (~12 
months), and a chronic trajectory, and some studies found 
a delayed-onset trajectory with early low symptom severity 
followed by increasing symptoms beginning about 6 months 
out.119 Thus, some research to date has identified varied 
forms of  psychological distress, their prevalence, the stabil-
ity of  distress level over long-term follow-up, and the endur-
ing impact of  early psychological distress on longitudinal 
psychological and social adjustment. These replicated find-
ings highlight the need for identifying early survivors with 
high levels of  distress to attempt to circumvent the suffer-
ing, impairment, and disability that may ensue.

The goal of  rehabilitation is to enable full social-
environmental integration, including access to social 
opportunities and physical space (absence of  physical bar-
riers). The National Institute of  Disability and Independent 
Living Rehabilitation Research (NIDLRR) formerly the 
National Institute of  Disability Rehabilitation Research 
(NIDRR) presents a paradigm for conceptualizing and con-
ducting rehabilitation research that places environmental 
factors on an equal footing with person factors.120 Burn-
related research has begun to progress beyond identifying 
forms of  distress and quantifying their prevalence, largely 
on the basis of  targeted federal funding by the NIDLRR 
through its multicenter Burn Model System database and 
both multicenter and site-specific projects.121 There are at 
least three key questions to address as research focus shifts 
to developing new psychological, behavioral, and social 
treatments: What are the mechanisms by which early dis-
tress levels are maintained across long-term follow-up? Is 
the best approach to prevent distress by (a) reducing risk 
factors, (b) enhancing resilience factors, or (c) reducing risk 
and enhancing resilience? Also, can high levels of  distress, 
once developed, be effectively reduced and maintained at 
low levels? Finally, can the factors that initiate and maintain 
low distress levels be influenced by medical, psychological, 
or social factors in a way that can provide relief  to those 
experiencing distress?

Theory-Guided Research as the 
Next Step in Enhancing 
Psychological and Social 
Adjustment

Unfortunately there has not been enough burn-specific 
research in which a priori aims were explicitly stated 
addressing the questions just listed. It is proposed that, in 
order to promote such research, a common theory and lan-
guage should be adopted in the field. Specifically, learning-
based theories grounded in biology and neuroscience122 are 
the best formulated theories, and treatments developed 
with these theories have acquired the strongest evidence 

Disorders (DSM-5), individuals with trauma disorders expe-
rience intrusion symptoms, negative mood, dissociative
symptoms, avoidance behaviors, and increased arousal.101

The prevalence rate of  ASD among adult burn survivors
has varied between 10% and 23%,100,102,103 whereas the
rate among pediatric survivors has been between 8% and
31%.11,104,105 It is estimated that 15–45% of  adult burn
survivors meet the criteria for PTSD in the first year post
burn,103 and almost 50% meet the criteria for at least one
of  the PTSD symptoms clusters.99,106 The current and life-
time incidences of  PTSD in pediatric burn survivors are 7%
and 30% respectively;107 and in young adults who sustained
childhood burns, they were 9% and 21% respectively.66

Posttrauma distress has been found to be associated with
greater lengths of  acute hospitalization,106 enhanced sense
of  distress, and impaired adjustment to injury.108 In the
population of  patients surviving severe burns, certain
aspects of  pretrauma adjustment (history of  mood disor-
der) and coping style109 can influence the risk of  developing
PTSD following trauma exposure.5 Individual factors (avoid-
ance of  reminders) and aspects of  the injury (injury sever-
ity, facial injury) have been associated with poorer
outcome.110 Those with high levels of  trait neuroticism
appear to be at greater risk of  PTSD symptomatology fol-
lowing burn injury, whereas high levels of  extraversion
appear protective against PTSD.52,111

It might be assumed that PTSD is related to greater initial
injury; however, PTSD among burn survivors has not been
found to be related to severity of  injury.112 On the other
hand, high levels of  acute posttrauma stress symptomatol-
ogy have been shown to be positively related to perception
of  more intense pain among hospitalized burn patients.113,114

High emotional distress and ASD symptoms during hospi-
talization are risk factors for PTSD in adults 2 years post
burn.103,115 However, in a long-term follow-up study of  chil-
dren who experienced ASD symptoms during their initial
hospitalization and a non-ASD matched comparison group,
there was no significant difference in the prevalence of  life-
time PTSD between the groups. Eight percent of  the chil-
dren in the ASD group and 5% in the non-ASD group met
diagnostic criteria for PTSD. Children were an average of  5
years post burn.116

Chronicity of Postburn
Psychological Distress: From
In-Hospital Through Long-Term
Follow-Up

Prospective longitudinal research has shown that the level
of  distress one reports experiencing during acute hospital-
ization tends to persist across at least 2 years of  follow-up.
Analyses of  2-year longitudinal data quite consistently
identified 3–4 groups of  survivors whose level of  distress
(posttrauma distress, body image dissatisfaction/social dis-
comfort, generalized distress) formed trajectories character-
ized as chronically severe, moderately severe hovering
around cutoff  for clinical disorder, a subclinical group, and
a group essentially without symptoms.103,117,118 The stabil-
ity of  these trajectories is illustrated in that, across the
2-year follow-up, only 5–10% of  participants reported a
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more prepared for the future. The ability to plan for the 
future will reduce the likelihood of  recurrence and provide 
one the means for helping others to acquire this knowledge 
without having to go through a similar episode.

Social learning occurs by watching another person 
behave in novel ways as they respond to social situations of  
importance to the observer. When observing a person 
whom we hold in high esteem as that person achieves a 
desired outcome (reduced distress), the observer is more 
likely to acquire and practice that behavior. Social learning 
can help one to learn new methods of  healthy coping. 
Seeing someone skillfully use social skills to defuse a nega-
tive comment can be helpful. Such learning enhances one’s 
comfort and confidence in intentionally overcoming the 
distress associated with trauma memories and social 
stigmatization.

RESILIENCE AND RECOVERY

Resilience is the capability to adjust well when dealing with 
difficult situations. While some individuals adapt well, 
others experience difficulty.119 When exposed to a traumatic 
event or significant stressors, coping is affected by the indi-
vidual’s characteristics and social structures. Social support 
in the form of  emotional, material, and cognitive support is 
important in the adjustment process. These facets of  social 
support can be facilitated and maintained by different 
systems, including family, community, state, national, and 
international systems.119

BODY IMAGE, STIGMATIZATION, AND 
SOCIAL INTEGRATION

Body image is one’s self-evaluation of  one’s physical appear-
ance.124 Negative body image or body dissatisfaction is the 
belief  that one is unattractive. Body image is highly corre-
lated with self-esteem, particularly among adolescents and 
young adults. Negative body image is a component of  or is 
highly associated with a number of  psychiatric disorders 
including depression, social anxiety, eating disorders, and 
drug abuse.124 Due to the fact that burn survivors may be 
permanently scarred by their injuries, it is commonly 
hypothesized that burn survivors are at high risk of  devel-
oping a negative body image.125–128 Body image is a conse-
quence of  the interaction between a person and his or her 
social environment.124,129 In order to understand the chal-
lenge of  adapting one’s body image to having burn scars, it 
is necessary to be familiar with the appearance norms of  
the burn survivor’s culture. These sociocultural norms 
establish criteria for the importance of  appearance, how 
one should appear, and the room for deviation allowed from 
the norms.124,127,129,130

SOCIAL BELONGINGNESS AS CORE 
SURVIVAL NEED

Belongingness is understood as one of  the core needs 
driving human social behavior. Individuals are particularly 
sensitive to being excluded, especially when this is on the 
basis of  one’s appearance and function that cannot be 
readily changed.131 The pivotal sociometer theory posits that 
self-esteem is a marker for the degree of  belonging one is 

base in other trauma-related fields.123 Thus it is suggested
that burn researchers utilize theories and associated design/
methods to more effectively guide treatment development
in burns and to conceptualize the related research aims.
Our general approach to assessment is a behavioral
approach based on learning principles (e.g. conditioning,
cognitive restructuring, and social learning theories) where
adjustment is the target of  intervention. Assessment and
treatment are integrally related, and both occur simultane-
ously throughout the recovery and rehabilitation process.
In this section, posttrauma distress is examined, but similar
explication will be necessary for each problem area being
addressed, such as body image dissatisfaction, social stig-
matization, and social rejection.

Formulating Psychological
Distress Following Burn Injury:
Using Posttrauma Distress as
an Illustration

Classical conditioning can be used to describe the process
involved in the development of  trauma symptoms. The
traumatic event can be conceptualized as the uncondi-
tioned stimulus (UCS) that causes an unconditioned
response (UCR) such as fight–flight, freeze, and distress.
Reexperiencing the trauma is the conditioned stimulus (CS)
and elicits a conditioned response (CR) such as flight–fight,
freeze, and distress. Failure to extinguish the CR when a CS
is presented may lead to maladaptive behavior. In addition,
there are preinjury variables that may contribute to a per-
son’s difficulty coping, including early life experiences, pre-
vious traumas, learned behaviors, genetic predisposition,
and personality characteristics.

Maintenance occurs when approaching cues, reminders,
and triggers (CS) cause increased distress (feelings of
horror/helplessness) (CR) and, if  perceived intolerable, can
lead to escape, avoidance, and withdrawal behaviors. The
avoidance response is reinforced by lessening the distress
and more likely to continue as the habit strengthens with
each exposure and avoidance pairing. Three key motives
have been observed in adult burn survivors, and these have
been conceptualized as: Approach (move toward threat;
Fight), Avoidance (move away from threat; Flight), and
Approach-Avoidance conflict or ambivalence (alternately
moving toward then away from threat; Freeze). The behav-
iors associated with these motives are the classic survival
responses.115 For example, re-experiencing symptoms of
ASD/PTSD can be understood as CS that elicit basic survival
motivations and behaviors (CR) that were elicited by the
life-threatening event itself  (UCS).

We propose use of  cognitive-behavioral interventions
designed to lessen the trauma-related distress target symp-
toms of  re-experiencing (memories, flashbacks, night-
mares), avoidance behaviors (flight from cues/contexts),
and hyperarousal (anticipation or expectation of  further
threat/harm). It is proposed that an important component
of  the cognitive and emotional processing of  traumatic
events is to provide or renew the sense that memories, even
horrific ones, can no longer harm us directly, are the means
by which we can learn from the past, and can help us to be
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in comparison to all other aspects of  their person or 
behavior.

The most troubling challenge for many people re-entering 
society following major burns is their own appraisal of  
scars and related changes in appearance and function and 
their expectations of  what others will think and do. Social 
stigmatization is a process in which people are socially 
rejected (put out) and ostracized (kept out) based on a nega-
tive stereotype.139 People with visible differences have long 
been stigmatized in the mass media. In many movies and 
video games, the villain is a person with a physical differ-
ence, often burn scars. Stigmatizing interpersonal behav-
iors experienced by burn survivors include an absence of  
friendliness and courtesy, staring, pointing, startled and 
disgusted reactions, ignoring, avoidance, confused behav-
ior, teasing, bullying, and discrimination.126,127,138,140 There 
is evidence that people with visible differences are more 
likely than people without visible differences to experience 
stigmatizing interpersonal behavior. For example, when 
interacting with an actor who had makeup applied that 
looked like a real disfigurement, participants were less likely 
to offer assistance or sit or stand close, and they limited their 
interactions. Job interviewers rated actors without such dis-
figurements as more fit for the position than those with a 
mock visible difference.141–143

This emphasis on an attractive appearance is an onerous 
barrier to inclusion and social participation for those with 
a visible difference. In addition, acquired disfigurement can 
be difficult to incorporate into preinjury body image.144 
Body image, a facet of  self-esteem, is formed at the nexus at 
which individual differences intersect with social group 
norms.145 Consequently, injury-related disfigurement 
creates distress over both an altered body image and social 
exclusion based on appearance. Burn injuries cause an 
immediate change in appearance, and to complicate 
matters, uncertainty about final appearance outcome per-
sists as healing is followed by months or years of  scar matu-
ration during which appearance typically becomes worse 
before improving.146 This change in appearance thus repre-
sents an amalgam of  threats to safety, body image/self-
esteem, and social belonging.

What are the psychosocial consequences for burn survi-
vors living in a highly beauty-conscious society? Few studies 
have investigated the frequency of  body image dissatisfac-
tion and perceived stigmatization and their correlates 
among burn survivors.

Studies that have compared the body image of  burn sur-
vivors to a nonburn comparison group have found no nor-
mative differences.147,148 In one study comparing a group of  
long-term pediatric burn survivors to an age-matched 
nonburn comparison group on a body image measure, 
there was no difference between the males in the two 
groups. Among the females, on average, the burn group 
had higher body image scores than the comparison group.148 
This surprising finding needs to be interpreted with caution 
given that it has not been replicated. Much more remains 
to be done in order to discern whether, with whom, and at 
what point in recovery burn survivors are most affected by 
altered appearance. Furthermore, there remains much to 
do in order to firmly establish what person, injury, and 
social factors may protect against body image dissatisfac-
tion or promote recovery from it.

experiencing.131 As belonging improves (inclusion in an
activity), self-esteem increases. When belonging declines
(excluded from an activity), self-esteem diminishes. A recent
meta-analysis confirmed expectations that, following social
exclusion, negative mood increases and both positive mood
and self-esteem decline.132 Exclusion-related social pain
stimulates neural structures that also affect mood and self-
esteem and thus motivate adaptive coping to these threats
to social belonging.132

An elegant series of  experiments found that the group of
participants who were made to feel excluded, relative to
those who were not made to feel excluded afterward attended
more to positive memories and interpreted ambiguous
stimuli more positively.133 Of  note, this automatic emotion
regulation process was observed among individuals with
high self-esteem and low depression but not among those
with low self-esteem or high depression.133 In addition, a
study was conducted among participants whose self-esteem
was strongly based on appearance and who were subjected
to social exclusion. Those with high self-esteem sought to
reconnect to those who had excluded them, whereas those
with low self-esteem avoided social contact.134 Taken
together, these findings suggests that high self-esteem along
with low depression is a good marker for resilience, whereas
low self-esteem in the presence of  high depression is a good
marker for vulnerability. These means of  estimating vulner-
ability (low self-esteem, high depression) and resilience
(high self-esteem, low depression) may serve as a means of
discerning in the acute phase those burn survivors at high
versus low risk for having difficulty reintegrating into social
roles and public settings.

Perceived discrimination, similar in nature and impact to
social exclusion, has also been linked to poor health out-
comes.135 A systematic review found strong evidence that
discrimination increases the stress response and concluded
that it is associated with increased engagement in health
risk behavior and decreased participation in protective
health behaviors.136 Discrimination is a form of  exclusion
that is omnipresent culturally and globally, is distressing,
and negatively impacts health and adjustment.135

APPEARANCE, SOCIAL STIGMATIZATION, AND
SOCIAL EXCLUSION

Appearance norms are communicated to the individual
through both mass media and interpersonal behavior. Via
mass media (magazines, television, and the Internet),
people are exposed to hundreds of  images daily of  “beautiful
people” technologically enhanced through processes such
as airbrushing, soft-focus camera shots, and manipulated
digital images. The message, implicit or explicit, of  cosmetic
product advertisements is that you are an inadequate
person unless you are very attractive, and that a particular
product will enhance your appearance. There is also inter-
personal pressure to conform to appearance norms. One
review of  the literature on appearance concluded that
people tend to both make positive assumptions about “good-
looking” people and treat them more favorably than less
attractive people.137 On the other hand people who deviate
from the beauty standard are more likely to experience stig-
matization and discrimination behavior.138 For example,
children are most frequently teased about their appearance
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correlates of  body image among burn survivors has been 
social and emotional variables such as social support, per-
ceived social stigmatization, importance of  appearance, and 
depression (r’s ranging from 0.30 to 0.60).99,148,151,152,154

In regards to stigmatization a few studies have focused on 
pediatric burn survivors. Among pediatric burn survivors, 
there is some evidence that appearance-related stigmatiza-
tion is a common concern. In a survey of  250 pediatric 
burn survivors, 60% of  participants reported being bullied 
within the last 6 months. Twenty-five percent of  the sample 
indicated that bullying was a “big problem.”155 However, to 
date, there is not enough evidence to conclude that burn 
survivors experience stigmatizing interpersonal behavior 
more frequently than the general population. First, 
appearance-related teasing appears to be very common in 
the general population. In a survey of  adolescents in Britain, 
52% of  the sample had experienced distress related to 
appearance-related teasing, and 10% reported at least one 
incidence of  avoiding going to school fearing appearance-
related teasing.128 No studies have been completed directly 
comparing the experience of  burn survivors with stigmatiz-
ing behaviors to a comparison group. Two studies compar-
ing the frequency with which children with craniofacial 
differences experienced teasing and other victimization 
behavior to a comparison group found no differences 
between groups.156,157

To date there is no empirical evidence that burn survivors 
as a group experience higher levels of  negative body image 
or more stigmatizing behavior than nonburn comparison 
groups. However relatively few studies have been com-
pleted, and these findings need to be replicated before they 
are accepted as fact. Over the past decade, a number of  new 
standardized measures and structured interviews have 
been validated to measure body image, perceived stigmati-
zation, and social comfort among people with visible differ-
ences.153,158–160 Hopefully these instruments will facilitate 
future body image research among burn survivors. Clinical 
experience suggests that approximately 20–30% of  burn 
survivors struggle with body image and social integration 
issues. For these burn survivors, the emotional pain that 
results from body image dissatisfaction and social discom-
fort can be very intense.

DISTRESS OF FAMILIES OF BURN SURVIVORS

Long-term impact on families of  burn survivors has not 
been well studied, but clinical experience and scant empiri-
cal data indicate the sequelae to be significant. Family 
members may continue to experience symptoms of  post-
traumatic stress after a patient has returned home.31 
Parents of  survivors of  massive injuries appear extraordi-
narily stressed even several years after their children’s 
recoveries.4,161 A series of  studies found that parents of  pedi-
atric burn patients reported significant depressive symp-
toms at 2 years post injury, and they attributed their distress 
to their children.4,162 Although parental distress appears to 
improve with time for most, parents of  the most troubled 
burned children continued across time to be troubled them-
selves.162 Parents also express concern for their other chil-
dren, whom some felt had been slighted of  attention and 
time while the child with a burn injury required a lot of  the 
family’s attention. Even free medical and surgical care did 

FACTORS AFFECTING BODY IMAGE
DISSATISFACTION AND SOCIAL DISCOMFORT

Physical appearance is an almost universal criterion for
group membership.149 The greater the degree to which one
fits in with the group culture, including normative appear-
ance, the greater likelihood one has of  being included. This
is problematic in that burn scars often change appearance
in a manner that unnecessarily disrupts inclusion and may
lower the belonging and self-esteem of  some burn survi-
vors. Recent studies among burn survivors investigated the
theory that social exclusion of  individuals with differences
in appearance is motivated by the fear of  disease or injury149

or emotions.150 It seems plausible to consider that there may
be two stages of  observer’s reactions to altered appearance.
The first is likely genetically determined and is the fear of
external signs on the body that might connote disease. This
reaction is automatic and largely beyond conscious choice.
The second reaction is more likely to involve a higher order
of  cognition that is acquired through social norms, parental
training, and peer conformity. This higher level of  cognitive
processing and emotion regulation involves conscious
appraisal of  appearance alterations and takes into consid-
eration social norms for appropriate behavior.

In regards to risk factors for negative body image, severity
of  burn scarring has proved to have a modest relationship
with body image among both adult and child burn survi-
vors. Across studies, the correlation between burn severity
and body image has ranged from 0.00 to 0.40.99,148,151,152

One study suggested that the relationship between per-
ceived scar severity and body image is moderated by impor-
tance of  appearance.153 For those burn survivors who
placed little value on physical appearance, self-rated scar
severity had no relationship with body image. For those
burn survivors who highly valued physical appearance,
scar severity was highly predictive of  body image dissatis-
faction. All studies investigating the relationship between
scar severity and body image have been limited by the lack
of  a reliable, standardized measure of  scar severity. Many
studies to date have used proxy variables to measure scar
severity, such as total body surface area (TBSA), TBSA-full
thickness (TBSA-FT), and location or number of  burn-
related surgeries.

Within the literature there has been a theoretical debate
regarding the relationship between burn scar location and
body image. The “visible hypothesis” posits that socially
visible scars, such as scars on the face, will be highly related
to body image dissatisfaction because burn survivors with
visible scars will experience more frequent stigmatizing
reactions from others. The “hidden scar” hypothesis posits
that because the person has fewer opportunities to learn
how to deal with the reactions of  others, he or she will live
in fear of  the scar being revealed and thus have a negative
body image. There is little empirical evidence for either
hypothesis. In the studies that have tested these formula-
tions, the correlation between facial scarring and body
image ranged from 0.00 to 0.20.151 Gender has also been
investigated as a possible risk factor. In comparison to men,
women burn survivors tend to have lower body image sat-
isfaction; however the gender difference in burn survivors
has not been as great or as consistent across studies as it is
in the general population. Across studies the strongest
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of  significant problems with adjustment during subsequent 
phases of  recovery.108,176 These and other quality-of-life 
outcome studies clearly establish the enduring impact of  
early distress on early, mid-term, and long-term psychoso-
cial adjustment. In conclusion, the quality-of-life research 
points to the importance of  early detection and treatment 
of  psychosocial problems among burn survivors.

INTERVENTIONS FOR BURN SURVIVORS 
BEYOND ACUTE CARE

Moving beyond general social support, psychologists and 
psychiatrists specializing in burn recovery have been 
working to develop theoretically based, empirically testable 
interventions that can be tailored to the individual needs of  
both pediatric and adult patients. As stated earlier, the psy-
chosocial sequelae of  a burn are quite varied. In order to 
create effective individual treatment plans there need to be 
effective treatment protocols for treating specific common 
problems. Within recent years detailed psychotherapy 
treatment programs have been described to treat PTSD177 
and ASD178 and to teach social skills training for coping 
with disfigurement.42,43 However much more research is 
needed to empirically demonstrate the efficacy of  these 
interventions among burn survivors and other groups with 
physical differences.179

Cognitive therapy for the treatment of  body image and 
social integration concerns of  people with visible differ-
ences is an example of  a tailored psychotherapy.42,43,180,181 
Although much has been learned about the risk and protec-
tive factors for body image issues and social adjustment, 
there are few empirically validated treatments.154 The 
therapy is based on a detailed conceptualization of  how a 
survivor’s social environment, thoughts, behaviors, and 
emotions interact to maintain the survivor’s distress. Given 
the sociocultural premium placed on appearance, it is 
understandable that some burn survivors adapt personal 
values that prioritize physical appearance. Consequently 
these individuals may ruminate about the discrepancy 
between their appearance and the ideal (their lost appear-
ance). Self-conscious about appearance, these individuals 
may act in ways that confirm their belief  that their appear-
ance is socially unacceptable. For example, they may mini-
mize or avoid social interactions with others. This social 
avoidance may be interpreted by others as curt or rejecting 
behavior by the burn survivor. Thus brief  awkward social 
encounters turn into self-confirming experiences that vali-
date survivors’ beliefs that their burn scars make them 
socially inadequate persons.

Many burn survivors lack access to mental health care 
in general and access to mental health providers with 
expertise in treating burn survivors in particular. Most 
burn survivors who suffer psychological symptoms of  dis-
tress following discharge from a burn center and who desire 
treatment must rely on mental health professionals in the 
community. However, it may be difficult for them to find 
helpful resources. In a study of  young adults who sustained 
burns during childhood, none were receiving professional 
help for their difficulties as adults.66 Burn survivors do not 
always qualify for financial assistance because their “dis-
abilities” are declared insufficient to require such aid. Even 
when they can afford such treatment, they may be unable 

not eliminate the burden of  direct and indirect costs of  burn
injury, and many families experience financial difficulties
attendant to the injury and treatment of  their child.4

LONG-TERM OUTCOME: QUALITY OF LIFE

After survival is assured, quality of  life is arguably the
most important outcome to individuals who are seriously
ill or injured. Health-related quality of  life has been defined
as a multifactorial construct that involves an individual’s
degree of  satisfaction and level of  health and functioning in
several core domains including: physical-behavioral (ability
to perform self-care behaviors) and psychological well-
being (subjective sense of  contentment and the absence
of  emotional distress), social and role functioning (ability
to fulfill family, work, and community responsibilities),
and personal perception of  health (satisfaction with one’s
health status).163 Research has found that participation
in a comprehensive wellness and exercise program helps
improve physical and psychosocial well-being for burn
survivors.164–168

Quality of  life has been investigated using general health
questionnaires or measures that focus on specific behaviors.
Recent research has begun to focus on the overall quality
of  life.169–171 As with self-report behavioral scales, most
long-term (>2 years) burn survivors appear to have eventu-
ally developed satisfactory adjustment and are within
normal range on domain subscales of  the SF-36, a widely
used measure that assesses general health quality of
life.163,169,171 Using a measure that examined specific behav-
iors, young adults who sustained burns as children rated
their overall quality of  life lower than the normative
group.170

Many burn survivors question if  they can have meaning-
ful relationships and have questions about intimacy and
sexual activity. Meyer and colleagues examined the sexual
attitudes and behaviors of  adult burn survivors and found
that, overall, they felt positive about their sexual experi-
ences; however gender differences were evident, with the
women reporting an easier time finding partners.172 Bianchi
found that there was no relationship between burn severity
and sexual esteem for male survivors.173

The past couple of  decades of  our burn-related research
has consistently shown that early psychological distress
(i.e., in-hospital) can have an enduring impact on physical,
psychological, and social health and function.34,100,174 For
example, psychological distress while in the hospital was
found to be associated with significantly greater impair-
ment of  physical and psychological function and slower
rates of  recovery over the course of  the first year following
a major burn injury, even when preburn physical and psy-
chological health and function were statistically con-
trolled.174 In a second longitudinal study following burn
survivors over the first year of  recovery, psychological dis-
tress was highly correlated with poor quality of  life through-
out the study.175 In addition, body image dissatisfaction
upon leaving the hospital is associated with prolonged
periods of  poorer mental health-related quality of  life
among adult patients following disfiguring burns, and this
was independent of  general distress, injury severity, and
preinjury psychosocial adjustment.99 Furthermore, post-
trauma distress during the late inpatient phase is predictive
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creating “a culture of  inclusion for people with disfigure-
ment.”47 In addition to providing counseling and support-
ing research, it organizes sustained political campaigns 
in support of  the civil and human rights of  people with 
visible differences. For example the group has organized 
the ongoing “face equality” campaign with the goal of  
challenging “media, advertisers, and the film industry to 
adopt more factual and unbiased portrayals of  people with 
disfigurements, actively avoiding language and imagery 
that creates prejudice.” In addition, the campaign has 
asked politicians and policy-makers to “ensure that facial 
prejudice and discrimination are effectively outlawed by 
improving anti-discrimination law and promoting best  
practice.”47

Summary

Most burn survivors do eventually adapt well and resume 
lives of  productive activity with satisfactory self-esteem 
and social interactions. Empirical data indicate that the 
first year or so postburn is fraught with discomfort and 
distress, but much of  the difficulty is transient. The process 
of  psychological adaptation often continues for several 
years. Symptoms of  disturbance that linger among burn 
survivors are likely to be such that only intimate friends 
and family members will observe them, so it is valuable 
for persons with expertise in burn care adaptation to peri-
odically assess survivors and provide an opportunity for  
intervention.

That most burn survivors do amazingly well should never 
be interpreted as indicative of  ease in adaptation. We must 
never diminish the pain and suffering they endure from 
physical and psychological wounds. As psychotherapists to 
a large number of  burn survivors, we know very well the 
struggles survivors can experience. They have moments of  
true despair and hopelessness, moments of  rage, and 
moments of  joy. Fortunate psychotherapists can know 
them through all extremes: looking for glimmers of  hope, 
validating anger, celebrating victories, and gaining deep 
respect for resilience of  human beings.
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to find a mental health professional to work with them who 
is knowledgeable about burn care.

Given the limited access to effective psychotherapy, 
perhaps more effective strategies for improving psychoso-
cial outcomes for burn survivors are those interventions 
that create more accepting and tolerant social environ-
ments. Programs or organizations with the mission of  
engendering social acceptance for burn survivors and other 
people with physical differences include school reentry pro-
grams, burn camps, the Phoenix Society for Burn Survivors 
in the United States,40 and Changing Faces based in the 
United Kingdom.46,47 Burn camps provide an opportunity 
for pediatric burn survivors to interact and socialize with 
other burn survivors and participate in recreational activi-
ties in a supportive environment. These camps may increase 
self-esteem and also help to build confidence and diminish 
anxiety.182,183 Some camps were designed to provide mental 
health and rehabilitation services to children once they 
have left the hospital, whereas other camps are for recre-
ational purposes only.184 A recent study revealed that 
increased years of  attendance at burn camp was positively 
correlated with lower rates of  somatic, separation, and total 
anxiety symptoms.185 Adolescents in another study credited 
the burn camp experience with helping them with identity 
formation and reflection, improved social interactions, and 
increased initiative and cooperation with others. Results 
suggested that burn camp participation not only helped 
burn-injured youth deal with their burns, but also assisted 
them in the development of  social and basic life skills.186 
Increased posttraumatic growth has also been a docu-
mented outcome of  long-term tenure at burn camp, as well 
as attendance at young adult retreats that serve burn-
injured youth ages 16–21.187 These programs provide assis-
tance with the transition to adulthood and provide burn 
survivor support beyond the burn camp setting.

The Phoenix Society for Burn Survivors in conjunction 
with multiple burn centers coordinates the Soar Program, 
which provides peer support for hospitalized patients and 
their families. “In addition, they host the annual World 
Burn Congress, a conference that brings together burn sur-
vivors, their families, firefighters, and burn care profession-
als to address the aftercare and reintegration issues of  burn 
survivors.”40 The Phoenix Society for Burn Survivors and 
the American Burn Association also have a joint Aftercare 
and Reintegration Committee. This group is devoted to 
improving psychological health and social reintegration fol-
lowing burns.

As mentioned previously, Changing Faces is another 
charity based in the United Kingdom and is dedicated to 



720.e166 • Psychosocial Recovery and Reintegration of Patients With Burn Injuries

25. Prensner JD, Yowler CJ, Smith LF, et al. Music therapy for assistance
with pain and anxiety management in burn treatment. J Burn Care 
Rehabil. 2001;22(1):83-88.

26. Jung Tae S, Sun Hwa K. The effects of  self-selected music on anxiety 
and pain during burn dressing changes. J Korean Acad Nurs. 2006; 
36(1):159-168.

27. Protacio J. Patient-directed music therapy as adjunct during burn
wound care. Crit Care Nurs. 2010;30(2):74-76.

28. Fratianne RB, Prensner JD, Huston MJ, et al. The effect of  music-
based imagery and musical alternate engagement on burn debride-
ment process. J Burn Care Rehabil. 2001;22:47-53.

29. Haythornthwaite JA, Lawrence JW, Fauerbach JA. Brief  cognitive
interventions for burn pain. Ann Behav Med. 2001;23(1):42-49.

30. Brewer S, Gleditsh SL, Syblik D, et al. Pediatric anxiety: child life
intervention in day surgery. J Pediatric Nurs. 2006;21(1):13-22.

31. Cella D, Perry S, Kulchycky S, et al. Stress and coping in relatives
of  burn patients: a longitudinal study. Hosp Comm Psychiatry. 
1988;39(2):159-166.

32. Ptacek JT, Patterson DR, Heimbach DM. Inpatient depression in
persons with burns. J Burn Care Rehabil. 2002;23:1-9.

33. Ullrich PM, Wiechman A, Patterson DR. Pain, depression, and
physical functioning following burn injury. Rehabilitation Psychol. 
2009;54(2):211-216.

34. Patterson D, Ptacek J, Cromes F, et al. Describing and predicting 
adjustment in burn survivors. J Burn Care Rehabil. 2000;21(6): 
490-498.

35. Rosenberg L, Blakeney P, Thomas CR, et al. The importance of  family 
environment for young adults burned during childhood. Burns. 
2007;33(5):541-546.

36. Esselman PC, Ptacek JT, Kowalske K, et al. Community integration
after burn injuries. J Burn Care Rehabil. 2001;22:221-227.

37. Blakeney P, Partridge J, Rumsey N. Community integration. J Burn
Care Rehabil. 2007;28(4):598-601.

38. Landolt MA, Grubenmann S, Meuli M. Family impact greatest: pre-
dictors of  quality of  life and psychological adjustment in pediatric 
burn survivors. J Trauma Injury Infect Crit Care. 2002;53:1146-1151.

39. Orr DA, Reznikoff  M, Smith GM. Body image, self-esteem, and
depression in burn-injured adolescents and young adults. J Burn 
Care Rehabil. 1989;10:454-461.

40. Phoenix Society for Burn Survivors at http://www.phoenix-society.
org.

41. Rumsey N, Bull R, Gahagan D. A preliminary study of  the potential
of  social skills for improving the quality of  social interaction for the 
facially disfigured. Soc Behav. 1986;1(2):143-145.

42. Robinson E, Rumsey N, Partridge J. An evaluation of  the impact 
of  social interaction skills training for facially disfigured people.  
Br J Plastic Surg. 1996;49(5):281-289.

43. Blakeney P, Thomas C, Holzer C 3rd, et al. Efficacy of  a short-term,
intensive social skills training program for burned adolescents.  
J Burn Care Rehabil. 2005;26(6):546-555.

44. Quayle BK. Be your best. In: The Journey Back. Grand Rapids, MI: The 
Phoenix Society for Burn Survivors, Inc; 2006:27-35.

45. https://www.phoenix-society.org/our-programs/UBelong.
46. James Partridge of  Changing Faces. Personal communication, 2005.
47. Changing Faces, http://www.changingfaces.org.uk/Home.
48. Rimmer RB. Family reintegration after burn injury. Presented at

the Aftercare Reintegration Committee Forum. Proceedings of  the 
American Burn Association 48th Annual Meeting. 2016 Abstract#
209;37(3):S171.

49. Doctor ME. Returning to school after a severe burn. In: Boswick
JA Jr, ed. The art and science of  burn care. Rockville, MD: Aspen; 
1987:323-328.

50. Dobner D, Mitani M. Community reentry program. J Burn Care
Rehabil. 1988;9(4):420-421.

51. Blakeney P. School reintegration. In: Tarnowski KJ, ed. Behavioral 
aspects of  pediatric burns. New York: Plenum Press; 1994:217-241.

52. Hwang Y, Chen-Sea M, Chen C. Factors related to return to work
and job modification after a hand burn. J Burn Care Rehabil. 
2009;30:661-667.

53. Quinn T, Wasiak J, Cleland H. An examination of  factors that affect
return to work following burns: a systematic review of  the literature. 
Burns. 2010;36(7):1021-1026.

54. Esselman PC, Wiechman Askay S, Carrougher GJ, et al. Barri-
ers to return to work after burn injuries. Arch Phys Med Rehabil. 
2007;88(2):S50-S56.

References
1. Faber A, Klasen H, Sauer E, et al. Psychological and social prob-

lems in burn patients after discharge: a follow-up study. Scand J Plast 
Reconstr Surg. 1987;21(3):307-309.

2. Malt U. A long-term psychosocial follow-up study of  burned adults.
Acta Psychiatr Scand Suppl. 1989;80(355):94-102.

3. Meyer W, Murphy L, Robert R, et al. Changes in adaptive behav-
ior among pediatric burn survivors over time. Proceedings Ameri-
can Burn Association 30th Annual Meeting. 1998 Abstract #84; 
19(1Part2): S177.

4. Blakeney P, Meyer W, Moore P, et al. Social competence and behav-
ioral problems of  pediatric survivors of  burns. J Burn Care Rehabil. 
1993;14:65-72.

5. Fauerbach JA, Lawrence JW, Haythornthwaite J, et al. Preinjury psy-
chiatric illness and postinjury adjustment in adult burn survivors. 
Psychosomatics. 1996;37(6):547-555.

6. Thombs BD. Patient and injury characteristics, mortality risk,
and length of  stay related to child abuse by burning: evidence 
from a national sample of  15,802 pediatric admissions. Ann Surg. 
2008;247(3):519-523.

7. Noyes R, Frye S, Slyment D, et al. Stressful life events and burn inju-
ries. J Trauma. 1979;19(3):141-144.

8. Knudson-Cooper M. Emotional care of  the hospitalized burned child. 
J Burn Care Rehabil. 1982;3:109-116.

9. Darko D, Wachtel T, Ward H, et al. Analysis of  585 burn patients
hospitalized over a 6-year period. Part III: psychosocial data. Burns. 
1986;12:395-401.

10. Blakeney P, Meyer WJ. Psychological aspects of  burn care. Trauma Q. 
1994;11(2):166-179.

11. Ratcliff  SL, Brown A, Rosenberg L, et al. The effectiveness of  a pain
and anxiety protocol to treat the acute pediatric burn patient. Burns. 
2006;32:554-562.

12. Wiechman Askay S, Patterson DR, Sharar SR, et al. Pain man-
agement in patients with burn injuries. Intl Rev Psychiatry. 
2009;21(6):522-530.

13. Patterson DR, Jensen MP, Wiechman SA, et al. Virtual reality hyp-
nosis for pain associated with recovery from physical trauma. Intl J 
Clin Exper Hypnosis. 2010;58(3):288-300.

14. McGhee LL, Maani CV, Garza TH, et al. The intra-operative admin-
istration of  ketamine to burned U.S. service members does not 
increase the incidence of  post-traumatic stress disorder. Military 
Med. 2014;179(8):41-46.

15. Dahl O, Wickman M, Wengstrom Y. Adapting to life after burn
injury-Reflections on Care. J Burn Care Res. 2012;33:595-606.

16. Mohammadi FF, Rafii F, Jamshidi OR. The effect of  jaw relaxation on 
pain anxiety during burn dressings: randomised clinical trial. Burns. 
2013;39(1):61-67.

17. Kuttner L. Favorite stories: a hypnotic pain-reduction technique for
children in acute pain. Am J Clin Hypn. 1985;28:289-295.

18. Das DA, Grimmer KA, Sparnon AL, et al. The efficacy of  playing a
virtual reality game in modulating pain for children with acute burn 
injuries: a randomized controlled trial. BMC Pediatr. 2005;5(1): 
1-10.

19. Patterson DR, Wiechman SA, Jensen M, et al. Hypnosis delivered
through immersive virtual reality for burn pain: a clinical case series. 
J Clinical Exper Hypnosis. 2006;54(2):130-142.

20. Sharar SR, Carrougher GJ, Nakamura D, et al. Factors influencing
the efficacy of  virtual reality distraction analgesia during postburn 
physical therapy: preliminary results from 3 ongoing studies. Arch 
Phys Med Rehabil. 2007;88(12 suppl 2):S43-S49.

21. Gonzalez M, Hoffman HG, Peña R, et al. Water-friendly adjunctive
virtual reality pain distraction for pediatric burn patients during 
wound debridement in the ICU tubroom. Proceedings of  the Ameri-
can Burn Association 48th Annual Meeting. 2016 Abstract # 
62;37(3): S97.

22. Schmitt YS, Hoffman HG, Blough DK, et al. A randomized, controlled 
trial of  immersive virtual reality analgesia, during physical therapy 
for pediatric burns. Burns. 2011;37(1):61-68.

23. Carrougher GJ, Hoffman HG, Nakamura D, et al. The effect of  virtual 
reality on pain and range of  motion in adults with burn injuries.  
J Burn Care Rehabil. 2009;30:785-791.

24. Mott J, Bucolo S, Cuttle L, et al. The efficacy of  an augmented virtual 
reality system to alleviate pain in children undergoing burns dressings 
changes: a randomized controlled trial. Burns. 2008;34:803-808.



720.e2 66 • Psychosocial Recovery and Reintegration of Patients With Burn Injuries

83. Paniagua FA. Assessing and treating culturally diverse clients. 2nd ed.
Thousand Oaks, CA: Sage; 1998:5-19.

84. Cuellar I. Acculturation and mental health: ecological transactional 
relations of  adjustment. In: Cuellar I, Paniagua FA, eds. Handbook of  
multicultural mental health: assessment and treatment of  diverse popula-
tions. New York: Academic Press; 2000:45-62.

85. Angel RJ, Williams R. Cultural models of  health and illness. In:
Cuellar I, Paniagua FA, eds. Handbook of  multicultural mental health: 
assessment and treatment of  diverse populations. New York: Academic 
Press; 2000:25-44.

86. Gomez-Beloz A, Chavez N. The botánica as a culturally appro-
priate health care options for Latinos. J Altern Complement Med. 
2001;7(5):537-546.

87. Forjuoh SN. Burns in low and middle income countries: a review of
available literature on descriptive epidemiology, risk factors, treat-
ment, and prevention. Burns. 2006;32(5):529-537.

88. Peck M, Kruger GE, van der Merwe AE, et al. Burns and fires from
non-electric domestic appliances in low and middle income coun-
tries: the scope of  the problem. Burns. 2008;34:303-311.

89. Dissanaike S, Rahimi M. Epidemiology of  burn injuries: highlight-
ing cultural and socio-demographic aspects. Intl Rev Psychiatry. 
2009;21(6):505-511.

90. McKibben JBA, Ekselius L, Girasek DC, et al. Epidemiology of  burn
injuries II: psychiatric and behavioural perspectives. Intl Rev Psychia-
try. 2009;21(6):1-10.

91. Patel DD, Rosenberg L, Rosenberg M, et al. The epidemiology of  burns 
in young children from Mexico treated at a U.S. hospital. Burns. 
2016; (accepted), http://dx.doi.org/10.1016/j.burns.2016.06.008.

92. Atiyeh BS, Costagliola M, Hayek SN. Burn prevention mecha-
nisms and outcomes: pitfalls, failures and successes. Burns. 
2009;35(2):181-193.

93. Cruz S, Calfa A. Estudio epidemiológico de quemaduras en niños
menores de 6 años admitidos en la corporación de ayuda al niño 
quemado de la ciudad de Antofagasta. Revista Ciencia y Salud. 
2001;5:17-26.

94. Delgado J, Ramirez-Cardich ME, Gilman RH, et al. Risk factors for
burns in children: crowding, poverty, and poor maternal education. 
Inj Prev. 2002;8(1):38-41.

95. Ehde DM, Patterson DR, Wiechman SA, et al. Posttraumatic
stress symptoms and distress following acute burn injury. Burns. 
1999;25:587-592.

96. Ehde DM, Patterson DR, Wiechman SA, et al. Posttraumatic stress
symptoms and distress 1 year after burn injury. J Burn Care Rehabil. 
2000;21:105-111.

97. Wiechman SA, Ptacek JT, Patterson DR, et al. Rates, trends, and
severity of  depression after burn injuries. J Burn Care Rehabil. 
2001;22(6):417-424.

98. Thombs BD, Bresnick MG, Magyar-Russell G, et al. Symptoms of
depression predict change in physical health after burn injury. Burns. 
2007;33:292-298.

99. Fauerbach JA, Heinberg LJ, Lawrence JW, et al. Effect of  early
body image dissatisfaction on subsequent psychological and 
physical adjustment after disfiguring injury. Psychosomatic Med. 
2000;62(4):576-582.

100. Difede J, Ptacek JT, Roberts J, et al. Acute stress disorder after burn
injury: a predictor of  posttraumatic stress disorder? Psychosom Med. 
2002;64(5):826-834.

101. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders. 5th ed. (DSM-5). Washington, DC: American Psy-
chiatric Association; 2013:271-286.

102. Harvey AG, Bryant RA. Acute stress disorder across trauma popula-
tions. J Nerve Ment Dis. 1999;187(7):443-446.

103. McKibben JB, Bresnick MG, Wiechman Askay SA, Fauerbach JA.
Acute stress disorder and posttraumatic stress disorder: a prospective 
study of  prevalence, course, and predictors in a sample with major 
burn injuries. J Burn Care Res. 2008;29(1):22-35.

104. Saxe G, Stoddard F, Chawla N, et al. Risk factors for acute stress disor-
der in children with burns. J Trauma Dissociation. 2005;6(2):37-49.

105. Stoddard FJ, Saxe G, Ronfeldt H, et al. Acute stress symptoms in
young children with burns. J Am Acad Child Adolesc Psychiatry. 
2006;45(1):87-93.

106. Fauerbach JA, Lawrence J, Richter D, et al. Preburn psychiatric history 
affects posttrauma morbidity. Psychosomatics. 1997;38(4):374-385.

107. Stoddard FJ, Norman DK, Murphy JM, et al. Psychiatric outcome of
burned children and adolescents. J Am Acad Child Adolesc Psychiatry. 
1989;28(4):589-595.

55. Schneider JC, Bassi S, Ryan CM. Barriers impacting employment
after burn injury. J Burn Care Rehabil. 2009;30:294-300.

56. Mackey SP, Diba R, McKeown D, et al. Return to work after burns: a
qualitative research study. Burns. 2009;35:338-342.

57. Oster C, Kildal M, Ekselius L. Return to work after burn injury: burn-
injured individuals’ perception of  barriers and facilitators. J Burn
Care Rehabil. 2010;31:540-550.

58. Meyer WJ III, Blakeney P, Russell W, et al. Psychological problems
reported by young adults who were burned as children. J Burn Care
Rehabil. 2004;25:98-106.

59. Druery M, Brown TLH, Muller M. Long term functional outcomes and
quality of  life following severe burn injury. Burns. 2005;31:692-695.

60. Dyster-Aas J, Kildal M, Willebrand M. Return to work and health-
related quality of  life after burn injury. J Rehabil Med. 2007;39:49-55.

61. Staley M, Anderson L, Greenhalgh D, Warden G. Return to school
as an outcome measure after a burn injury. J Burn Care Rehabil.
1998;20(1):91-94.

62. Blakeney P, Moore P, Meyer W, et al. Efficacy of  school reentry pro-
grams. J Burn Care Rehabil. 1995;16:469-472.

63. Rosenberg L, Rosenberg M, Bishop B, et al. Assisting pediatric burn
survivors from other countries returning to school. Proceedings
for the American Burn Association 37th Annual Meeting. 2005
Abstract #216;26(2):S153.

64. Phoenix Society. The journey back. Grand Rapids, MI: The Phoenix
Society for Burn Survivors, Inc; 2006:1-159.

65. Dunlap D, Kagan RJ, Arnold S, Gottschlich M. “Remember Me”
program: bridging the gap between hospital and school. J Burn Care
Res. 2013;34(2):99-103.

66. Meyer WJ, Blakeney P, Thomas CR, et al. Prevalence of  major psychi-
atric illness in young adults who were burned as children. Psychoso-
matic Med. 2007;69(4):377-382.

67. Thomas CR, Russell W, Robert RS, et al. Personality disorders
in young adult survivors of  pediatric burn injury. J Pers Dis.
2012;26(2):255-266.

68. Thomas CR, Blakeney P, Holzer CE III, et al. Psychiatric disorders in
long-term adjustment of  at-risk adolescent burn survivors. J Burn
Care Res. 2009;30:458-463.

69. Fauerbach JA, Heltshe S, Lezotte DL, et al. Early predictors of
long term impairment following burn injury. J Burn Care Res.
2006;27(2):S64.

70. Clements PT, DeRanieri JT, Vigil GJ, et al. Life after death: grief
therapy after the sudden traumatic death of  a family member. Persp
Psychiatric Care. 2004;40(4):149-154.

71. Brown EJ, Goodman RF. Childhood traumatic grief: an exploration
of  the construct in children bereaved on September 11. J Clin Child
Adolesc Psychol. 2005;34(2):248-259.

72. Stroebe MS, Hansson RO, Stroebe W, et al. Handbook of  bereavement
research: consequences, coping, and care. Washington, DC: American
Psychological Association; 2001.

73. Wilsey SA, Shear MK. Descriptions of  social support in treatment
narratives of  complicated grievers. Death Stud. 2007;31:801-819.

74. Prigerson HG, Jacobs SC. Caring for bereaved patients. JAMA.
2001;286:1369-1376.

75. Cohen JA, Mannarino AP. Treatment of  childhood traumatic grief. J
Clin Child Adolesc Psychol. 2004;33(4):819-831.

76. Brown EJ, Amaya-Jackson L, Cohen J, et al. Childhood traumatic
grief: a multi-site empirical examination of  the construct and its
correlates. Death Stud. 2008;32:899-923.

77. Boelen PA, Van Den Bout J, de Keijser J. Traumatic grief  as a dis-
order distinct from bereavement related depression and anxiety: a
replication study with bereaved mental health care patients. Am J
Psychiatry. 2003;160:1339-1342.

78. Robert R, Rosenberg L, Amrhein C, et al. Pediatric patients, their
families, and truth-telling. Association for the Care of  Children’s
Health, 34th Annual Conference 1999: Long Beach, CA.

79. Bronson M, Price S. Grief, loss and healing after burn trauma:
helping children. Burn Support News. 2007;4:13-15.

80. Marsella AJ, Yamada AM. Culture and mental health: an introduc-
tion and overview of  foundations, concepts, and issues. In: Cuellar
I, Paniagua FA, eds. Handbook of  multicultural mental health: assess-
ment and treatment of  diverse populations. New York: Academic Press;
2000:3-24.

81. Sue DW, Bernier JE, Durran A, et al. Position paper: cross-cultural
counseling competencies. Counseling Psychologist. 1982;10:45-52.

82. Battaglia B. Meeting the demands of  cross cultural counseling. Cross
Cultural Connections. 2001;6(4):3.



720.e366 • Psychosocial Recovery and Reintegration of Patients With Burn Injuries

134. Park LE, Maner JK. Does self-threat promote social connection?
The role of  self-esteem and contingencies of  self-worth. J Pers Social 
Psychol. 2009;96(1):203-217.

135. Parker R. Stigma, prejudice and discrimination in global public
health. Cad Saúde Pública. 2012;28(1):164-169.

136. Pascoe EA, Smart Richman L. Perceived discrimination and health:
a meta-analytic review. Psychol Bull. 2009;135(4):531-554.

137. Dion K, Berscheid E, Walster E. What is beautiful is good. J Pers Social 
Psychol. 1972;24(3):285-290.

138. Bull RHC, Rumsey N. The social psychology of  facial appearance. New
York: Springer-Verlag; 1988.

139. Link BG, Phelan JC. Conceptualizing stigma. Ann Rev Sociol. 
2001;27:363-385.

140. Lawrence JW, Fauerbach JA, Heinberg L, et al. The reliability and
validity of  the Perceived Stigmatization Questionnaire (PSQ) and the 
Social Comfort Questionnaire (SCQ) among an Adult Burn Survivor 
Sample. Psychol Assess. 2006;18:106-111.

141. Bull R, Stevens J. Effect of  unsightly teeth on helping behavior. Per-
ceptual Motor Skills. 1980;51(2):438.

142. Rumsey N, Bull R, Gahagan D. The effect of  facial disfigurement
on the proxemic behavior of  the general public. J Appl Soc Psychol. 
1982;12(2):137-150.

143. Piliavin IM, Piliavin JA, Rodin J. Costs, diffusion, and the stigmatized 
victim. J Pers Social Psychol. 1975;32(3):429-438.

144. Rybarczyk B, Edwards R, Behel J. Diversity in adjustment to a leg
amputation: case illustrations of  common themes. Disabil Rehabil. 
2004;26(14-15):944-953.

145. Tiggemann M. Sociocultural perspectives on human appearance
and body image. In: Cash TF, Smolak L, eds. Body image: a hand-
book of  science, practice and prevention. 2nd ed. New York: Guilford; 
2011:12-19.

146. Linares HA. From wound to scar. Burns. 1996;12(5):339-352.
147. Pope SJ, Solomons WR, Done DJ, Cohn N, Possamai AM. Body

image, mood and quality of  life in young burn survivors. Burns. 
2007;36(6):747-755.

148. Lawrence JW, Rosenberg LE, Fauerbach JA. Comparing the body
esteem of  pediatric survivors of  burn injury with the body esteem of  
an age-matched comparison group without burns. Rehabil Psychol. 
2007;52(4):370-379.

149. Oaten M, Stevenson RJ, Case TI. Disease avoidance as a functional basis 
for stigmatization. Philosoph Trans R Soc B. 2011;366:3433-3452.

150. Willebrand M, Sveen J. Injury-related fear avoidance and symptoms
of  posttraumatic stress in parents of  children with burns. Burns. 
2016;42:414-420.

151. Lawrence JW, Fauerbach JA, Heinberg L, Doctor M. Visible vs
hidden scars and their relation to body esteem. J Burn Care Rehabil. 
2004;25(1):25-32.

152. Thombs BD, Notes LD, Lawrence JW, et al. From survival to socializa-
tion: a longitudinal study of  body image in survivors of  severe burn 
injury. J Psychosomatic Res. 2008;64(2):205-212.

153. Lawrence JW, Fauerbach JA, Thombs BD. A test of  the moderating
role of  importance of  appearance in the relationship between per-
ceived scar severity and body-esteem among adult burn survivors. 
Body Image. 2006;3(2):101-111.

154. Corry N, Pruzinsky T, Rumsey N. Quality of  life and psychosocial
adjustment to burn injury: social functioning, body image, and 
health policy perspectives. Intl Rev Psychiatry. 2009;21(6):539-548.

155. Rimmer RB, Foster KN, Bay CR, et al. The reported effects of  bullying on 
burn-surviving children. J Burn Care Rehabil. 2007;28(3):485-489.

156. Broder HL, Smith FB, Strauss RP. Developing a behavior rating scale 
for comparing teachers’ ratings of  children with and without cranio-
facial anomalies. Cleft Palate Craniofac J. 2001;38(6):560-565.

157. Carroll P, Shute R. School peer victimization of  young people with
craniofacial conditions: a comparative study. Psychol Health Med. 
2005;10(3):291-304.

158. Lawrence JW, Heinberg LJ, Roca R, et al. Development and validation 
of  the Satisfaction with Appearance Scale: assessing body image 
among burn-injured patients. Psychol Assess. 1998;10(1):64-70.

159. Carr T, Moss T, Harris D. The DAS24: a short form of  the Derri-
ford Appearance Scale DAS59 to measure individual responses to 
living with problems of  appearance. Br J Health Psychol. 2005;10(Pt 
2):285-298.

160. Lawrence JW, Rosenberg LE, Rimmer RB, et al. Perceived stigma-
tization and social comfort: validating the constructs and their 
measurement among pediatric burn survivors. Rehabil Psychol. 
2010;55(4):360-371.

108. Fauerbach J, Lawrence J, Munster A, et al. Prolonged adjustment
difficulties among those with acute post trauma distress following
burn injury. Behav Med. 1999;22:359-378.

109. Kildal M, Willebrand M, Andersson G, et al. Coping strategies, injury
characteristics and long-term outcome after burn injury. Injury.
2005;36(4):511-518.

110. Davydow DS, Katon WJ, Zatzick DF. Psychiatric morbidity and
functional impairments in survivors of  burns, traumatic inju-
ries, and ICU stays: a review of  the literature. Intl Rev Psychiatry.
2009;21(6):531-538.

111. Willebrand M, Andersson G, Kildal M, et al. Injury-related
fear-avoidance, neuroticism and burn-specific health. Burns.
2006;32(4):408-415.

112. Bryant RA. Predictors of  posttraumatic stress disorder following
burn injury. Burns. 1996;22:89-92.

113. Williams D, Kiecolt-Glaser J. Self-blame, compliance and distress
among burn patients. J Person Soc Psychol. 1987;53:187-193.

114. Taal LA, Faber AW. Post traumatic stress, pain and anxiety in adult
burn victims. Burns. 1998;23:545-549.

115. Fauerbach JA, McKibben J, Bienvenu OJ, et al. Psychological distress
following major burn injury. Psychosomatic Med. 2007;69:473-
482.

116. Rosenberg L, Rosenberg M, Robert R, et al. Does acute stress disorder
predict subsequent posttraumatic stress disorder in pediatric burn
survivors? J Clin Psychiatry. 2015;76(11):1564-1568.

117. Thombs BD, Notes LD, Lawrence JW, et al. From survival to social-
ization: a longitudinal study of  body image in survivors of  severe
burn injury. J Psychosom Res. 2008;64(2):205-212. doi:10.1016/j.
jpsychores.2007.09.003.

118. Mason ST, Corry N, Gould NF, et al. Growth curve trajectories of
distress in burn patients. J Burn Care Res. 2010;31(1):64-72.

119. Southwick SM, Sippel L, Krystal J, et al. Why are some individuals
more resilient than others: the role of  social support. World Psychia-
try. 2016;15(1):77-79.

120. National Institute of  Disability and Rehabilitation Research. Long
range plan and the new paradigm. Washington DC: U.S. Department of
Education; 1999.

121. Klein MB, Lezotte DL, Fauerbach JA, et al. The National Institute on
Disability and Rehabilitation Research burn model system database:
a tool for the multicenter study of  the outcome of  burn injury. J Burn
Care Res. 2007;28(1):84-96.

122. Morrison FG, Ressler KJ. From the neurobiology of  extinction to
improved clinical treatments. Depression Anxiety. 2014;31:279-290.

123. Shalev AY, Ankri Y, Gilad M, et al. Long-term outcomes of  early
interventions to prevent posttraumatic stress disorder. J Clin Psychia-
try. 2016;e1–e8.

124. Thompson JK, Heinberg LJ, Altabe M, et al. Exacting beauty: theory,
assessment, and treatment of  body image disturbance. Washington, DC:
American Psychological Association; 1999.

125. Blakeney P, Robert R, Meyer WJ. Psychological and social recovery of
children disfigured by physical trauma: elements of  treatment sup-
ported by empirical data. Intl Rev Psychiatry. 1998;10(3):196-200.

126. Macgregor FC. Facial disfigurement: problems and management
of  social interaction and implications for mental health. Aesthetic
Plastic Surg. 1990;14(4):249-257.

127. Pruzinsky T, Doctor M. Body images and pediatric burn injury. In:
Tarowski KJ, ed. Behavioral aspects of  pediatric burns. New York:
Plenum; 1994:169-191.

128. Lovegrove E, Rumsey N. Ignoring it doesn’t make it stop: adolescents,
appearance, and bullying. Cleft Palate Craniofac J. 2005;42(1):33-44.

129. Thompson A, Kent G. Adjusting to disfigurement: process involved
in dealing with being visibly different. Clin Psychology Rev.
2001;21(5):663-682.

130. Walters E. Problems faced by children and families living with
visible differences. In: Lansdown R, Rumsey N, Bradbury E, Carr
T, Partridge J, eds. Visibly different. Oxford: Butterworth–Heineman;
1997:112-120.

131. Macdonald G, Leary MR. Why does social exclusion hurt? The rela-
tionship between social and physical pain. Psychol Bull. 2005;131(2):
202-223.

132. Smart Richman L, Leary MR. Reactions to discrimination, stigmati-
zation, ostracism, and other forms of  interpersonal rejection: a mul-
timotive model. Psychol Rev. 2009;116(2):365-383.

133. DeWall CN, Deckman T, Pond RS Jr, Bonser I. Belongingness as a core
personality trait: how social exclusion influences social functioning
and personality expression. J Personal. 2011;79(6):1281-1314.



720.e4 66 • Psychosocial Recovery and Reintegration of Patients With Burn Injuries

175. Cromes GF, Holavanahalli R, Kowalske K, et al. Predictors of
quality of  life as measured by the Burn Specific Health Scale in 
persons with major burn injury. J Burn Care Rehabil. 2002;23(3):229- 
234.

176. Saxe G, Stoddard F, Sheridan R. PTSD in children with burns: a
longitudinal study. J Burn Care Rehabil. 1998;19(1 Pt 2):S206.

177. Foa EBE, Keane TME, Friedman MJE, Cohen JAE. Effective treatments
for PTSD: practice guidelines from the International Society for Traumatic 
Stress Studies. 2nd ed. New York: Guilford; 2009.

178. Bryant RA, Harvey AG. Acute stress disorder: a handbook of  theory,
assessment, and treatment. Washington, DC: American Psychological 
Association; 2000.

179. Bessell A, Moss TP. Evaluating the effectiveness of  psychosocial
interventions for individuals with visible differences: a systematic 
review of  the empirical literature. Body Image. 2007;4(3):227- 
238.

180. Cash TF. The body image workbook: an 8-step program for learning to like 
your looks. New York: New Harbinger; 1997.

181. Rosen JC. Improving body image in obesity. In: Thompson JK, ed.
body image, eating disorders, and obesity: an integrative guide for assess-
ment and treatment. Washington, DC: American Psychological Asso-
ciation; 2001:425-440.

182. Cox ER, Call SB, Williams NR, et al. Shedding the layers: exploring
the impact of  the burn camp experience on adolescents campers’ 
body image. J Burn Care Rehabil. 2004;25:141-147.

183. Rimmer RB, Fornaciari GM, Foster KN, et al. Impact of  a pediatric
residential burn camp experience on burn survivors’ perceptions 
of  self  and attitudes regarding the camp community. J Burn Care 
Rehabil. 2007;28:334-341.

184. Doctor ME. Burn camps and community aspects of  burn care. J Burn 
Care Rehabil. 1992;13:68-76.

185. Rimmer RB, Bay RC, Alam NB, et al. Burn-injured youth may be
at increased risk for long-term anxiety disorders. J Burn Care Res. 
2014;35(2):154-161.

186. Rimmer RB, Pressman MS, Takach OP, et al. Burn-injured adoles-
cents report gaining multiple developmental benefits and improved 
life skills as a result of  burn camp attendance. J Burn Care Res. 
2012;33(4):552-560.

187. Rimmer RB, Bay R, Wise D, et al. Post-traumatic growth in adoles-
cent burn survivors as compared to survivors of  serious childhood 
illness. Proceedings for the American Burn association 48th Annual 
Meeting. 2016;37(3): Abstract No. 209.

161. Blakeney P, Meyer W 3rd, Robert R, et al. Long-term psychosocial
adaptation of  children who survive burns involving 80% or greater 
total body surface area. J Trauma. 1998;44(4):625-634.

162. Meyer W, Blakeney P, Moore P, et al. Parental well-being and behav-
ioral adjustment of  pediatric burn survivors. J Burn Care Rehabil. 
1994;15:62-68.

163. Ware JE, Snow KK, Kosinski M, et al. SF-36 health survey: manual and 
interpretation guide. Boston, MA: Nimrod; 1993.

164. Suman OE, Spies RJ, Celis MM, Mlcak RP, Herndon DN. Effects of  a
12-wk resistance exercise program on skeletal muscle strength in
children with burn injuries. J Appl Physiol. 2001;91:1168-1175.

165. Suman OE, Mlcak RP, Herndon DN. Effects of  exercise training on
pulmonary function in children with thermal injury. J Burn Care 
Rehabil. 2002;23:288-293.

166. Suman OE, Herndon DN. Effects of  cessation of  a structured and
supervised exercise conditioning program on lean mass and muscle 
strength in severely burned children. Arch Phys Med Rehabil. 
2007;88(12 suppl 2):S24-S29. PubMed PMID: 18036977.

167. De Lateur BJ, Magyar-Russell G, Bresnick MG, et al. Augmented exer-
cise in the treatment of  deconditioning from major burn injury. Arch 
Phys Med Rehabil. 2007;88(12 suppl 2):S18-S23.

168. Rosenberg M, Celis MM, Meyer IIIW, et al. Effects of  a hospital based 
wellness and exercise program on quality of  life of  children with 
severe burns. Burns. 2013;39:599-609.

169. Sheridan RL, Hinson MI, Liang MH, et al. Long-term outcome of
children surviving massive burns. JAMA. 2000;283(1):69-73.

170. Rosenberg M, Blakeney P, Robert R, et al. Quality of  life of
young adults who survived pediatric burns. J Burn Care Rehabil. 
2006;27:773-778.

171. Baker C, Russell WJ, Meyer W III, et al. Physical and psychologic
rehabilitation outcomes for young adults burned as children. Arch 
Phys Med Rehabil. 2007;88(12 suppl 2):S57-S64.

172. Meyer WJ, Russell W, Thomas CR, et al. Sexual attitudes and
behaviour of  young adults who were burned as children. Burns. 
2011;37(2):215-221.

173. Bianchi TLG. Aspects of  sexuality after burn injury: outcomes in
men. J Burn Care Rehabil. 1977;18:183-186.

174. Fauerbach JA, Lezotte D, Cromes GF, et al. 2004 American Burn
Association Clinical Research Award. Burden of  burn: a norm-
based inquiry into the influence of  burn size and distress on recov-
ery of  physical and psychosocial function. J Burn Care Rehabil. 
2005;26(1):21-32.


	Total Burn Care
	Copyright Page
	Preface
	In Memorium of Ted Huang, MD
	List of Contributors
	Video Table of Contents
	List of Video Contributors
	1 A Brief History of Acute Burn Care Management
	Early Excision
	Skin Grafting
	Topical Control of Infection
	Nutritional Support
	Fluid Resuscitation
	Inhalation Injury
	Hypermetabolic Response to Trauma
	Conclusion
	Further Reading
	References

	2 Teamwork for Total Burn Care
	Introduction
	Members of a Burn Team
	Burn Surgeons
	Plastic Surgeons
	Anesthesiologists
	Nurses
	Physical and Occupational Therapists
	Respiratory Therapists
	Exercise Physiologist
	Nutritionists
	Psychosocial Experts
	Spiritual Therapists
	Music Therapists
	Students, Residents, and Fellows

	Dynamics and Functioning of the Burn Team
	Summary
	References

	3 Epidemiological, Demographic and Outcome Characteristics of Burns
	Introduction
	Demography
	High-Risk Populations
	Children
	Elderly
	Disabled
	Military Personnel

	Burn Etiologies
	Fire/Flame
	Scald
	Contact
	Work-Related Burns
	Chemical Burns
	Electrical Current Injury
	Lightning Burns
	Fireworks
	Intentional Burns
	Hospital Burns

	Burn Patient Transport and Transfer
	Mass Casualties
	Outcome Analysis in Burns
	Conclusion
	References

	4 Prevention of Burn Injuries
	Introduction
	Injury Prevention Models
	Burn Intervention Strategy
	Epidemiology
	Overview of Burn Injuries in the United States
	Common Mechanisms of Injury
	High-Risk Populations

	Engineering and Enforcement
	Smoke Alarms
	Fire Sprinklers
	Fabric Flammability
	Fire-Safe Cigarettes
	Water Temperature Regulations
	Fireworks Regulation

	Education
	Evaluation
	Global Burn Prevention
	Future
	References

	5 Burn Management in Disasters and Humanitarian Crises
	Introduction
	Definitions
	The Historical Record
	Terrorist Attacks
	New York City—September 11, 2001
	Kuta, Bali, Indonesia—October 12, 2002
	Madrid, Spain—March 11, 2004
	London, England—July 7, 2005

	Indoor Fires
	Gothenburg, Sweden—October 30, 1998
	Volendam, the Netherlands—January 1, 2001
	Warwick, Rhode Island—February 20, 2003
	Buenos Aires, Argentina—December 30, 2004
	Kiss Nightclub Fire, Santa Maria, Rio Grande do Sul, Brazil—January 27, 2013
	Colectiv Nightclub Fire, Bucharest, Romania— October 30, 2015

	Transportation Crashes
	Alcanar, Spain—July 11, 1978
	Lyce Diyarbakir, Turkey—July 21, 2014
	Ramstein, West Germany—August 28, 1988
	Pope Air Force Base, North Carolina—March 23, 1994

	Explosions
	San Juanico, Mexico—November 19, 1984
	Piper Alpha, North Sea—July 6, 1988
	Bashkir Autonomous Soviet Socialist Republic— June 4, 1989


	Phases of Mass Casualty Events
	Chaos and Alarm
	Organization
	Search and Rescue
	Triage and First Aid
	Initial Transport
	Burn Center Referral
	Evacuation to Other Burn Centers
	Secondary Transport
	Transport Home
	Long-Term Follow-Up and Rehabilitation
	Debriefing

	Emergency Care: Special Considerations in Disasters
	First Aid
	Fluid Resuscitation
	Oral Resuscitation
	Airway Management
	Oxygen
	Anesthesia
	Blood
	Wound Care and Escharotomies

	Communication
	Means of Communication
	Cellular Telephone
	Conventional Telephone
	Voice over Internet Protocol
	Two-Way Radio
	Trunked Radio System
	Satellite Telephone
	Internet
	Electronic News Media

	Communication With News Media
	Communication With Relatives and Friends

	Strategies for Distribution of Patients and Resources
	The Role of Burn Centers
	The Role of Trauma Centers
	The Role of Burn-Bed Databases
	The Role of International Cooperation

	Humanitarian Crises
	Conclusions
	References

	6 Care of Outpatient Burns
	Introduction
	Who Can Be Managed as an Outpatient?
	Percent of the Burn
	Depth of the Burn
	Distribution of the Burn
	Injuring Agent
	Electricity
	Chemicals

	Respiratory Complications
	Associated Trauma
	Comorbid Disorders
	Social Circumstances
	Hospital Resources

	Management of Minor Burns
	Cooling the Burn
	Pain Control
	Blisters
	Cleansing the Wound
	Topical Agents
	Dressing the Wound
	Synthetic Wound Dressings
	Mepitel
	Mepilex AG
	Acticoat
	TheraBond 3D
	Silverlon
	Suprathel
	Hydrocolloid Dressings

	Synthetic Tissue-Engineered Wound Dressings
	Biobrane

	Biologic Wound Dressings
	Allogenic Amnion
	Xenograft
	Allograft

	Elevation of the Burned Part
	Infection and Use of Systemic Antibiotics
	Vaccinations
	Instructions and Follow-Up Care
	Definitive Wound Closure
	Pruritus
	Traumatic Blisters in Reepithelialized Wounds
	Rehabilitative Physical Care

	Outpatient Treatment of Moderate and Major Burns
	Conclusion
	References

	7 Prehospital Management, Transportation, and Emergency Care
	Introduction
	Prehospital Care
	Onsite Assessment of a Burned Patient
	Primary Assessment
	Secondary Assessment

	Transport to Hospital Emergency Department
	Keeping the Patient Warm and Dry
	Pain Control

	Transferring a Burn Patient
	Privacy and Security Issues
	Transportation Guidelines
	Transport Team Composition
	Training and Selection
	Modes of Transportation
	Ground Transport
	Air Transport
	Helicopters and Fixed-Wing Aircraft.


	Equipment
	Portable Monitor
	Infusion Pump
	Ventilator


	Stabilization
	Patient Assessment Prior to Transport to a Specialized Burn Care Unit From a Referring Hospital
	Summary
	Further Reading
	References

	8 Pathophysiology of Burn Shock and Burn Edema
	Introduction and Historical Notes
	Hypovolemia and Rapid Edema Formation
	Normal Microcirculatory Fluid Exchange
	Mechanisms of Burn Edema
	Capillary Filtration Coefficient (Kf)
	Capillary Pressure (Pc)
	Interstitial Hydrostatic Pressure (Pif)
	Osmotic Reflection Coefficient (σ)
	Plasma Colloid Osmotic Pressure (πp)
	Interstitial Colloid Osmotic Pressure (πif)
	Endothelial Dysfunction and the Glycocalyx

	Unburned Tissue
	Altered Cellular Membranes and Cellular Edema
	Inflammatory Mediators of Burn Injury
	Histamine
	Prostaglandins
	Thromboxane
	Kinins
	Serotonin
	Catecholamines
	Reactive Oxygen Species
	Nitric Oxide
	Platelet Aggregation Factor
	Angiotensin II and Vasopressin
	Other Mediators

	Hemodynamic Consequences
	Myocardial Dysfunction
	Increased Systemic Vascular Resistance and Organ Ischemia

	Pulmonary Circulation and Lung Edema
	Fluid Overload and Abdominal Compartment Syndrome

	Conclusion
	Further Reading
	References

	9 Burn Resuscitation
	Introduction
	Early Approaches to Fluid Resuscitation
	Brooke and Parkland Formulas

	Children
	Choice of Fluid
	Route of Administration
	Patients at Increased Risk During Resuscitation
	Monitoring Resuscitation
	Fluid Creep and Edema Management
	Pharmacologic and Extracorporeal Adjuncts
	Protocol-Driven and Computerized Resuscitation
	Conclusion
	References

	10 Evaluation of the Burn Wound
	Introduction
	Pathophysiology of the Burn Wound
	Skin Biology

	Pathophysiological Changes of Thermal Injury
	Assessment of Burn Depth
	Clinical Observation
	Adjuncts to Clinical Evaluation

	Mechanisms of Thermal Injury
	Flash and Flame Burns
	Scalds
	Contact Burns
	Chemical Burns
	Electrical Burns

	Further Reading
	References

	11 Treatment of Infection in Burn Patients
	Introduction
	Prevention of Infection
	Diagnosis of Burn Wound Infection
	Treatment of Burn Wound Infections
	Topical Antimicrobial Compounds
	Systemic Antimicrobials in Burn Patients

	Specific Pathogens in Burn Wounds
	Infections From Sources Other Than Wounds in the Burn Patient
	Conclusion
	References

	12 Operative Wound Management
	Introduction
	Advantages of Operative Wound Management
	Techniques of Burn Wound Excision
	Excision of a Small Burn
	Tangential Excision
	Fascial Excision
	Controlling Blood Loss During Burn Excision
	Techniques of Wound Closure

	Advances in Wound Closure
	Dermal Replacement
	Cultured Epidermal Autografts
	Skin Procurement
	Management of Donor Site
	Dressings
	Temporary Skin Substitutes

	Management of Specific Types of Burns
	Scald Burns
	Extensive Burns
	The Operating Room
	The Operation


	Operative Management of Burns Involving Special Areas
	The Hand
	Escharotomy and Fasciotomy
	Techniques of Excision and Grafting
	Techniques to Salvage Length in Fourth-Degree Hand Burns

	The Scalp
	The Face
	Eyelids
	Genital Burns
	The Breast

	Conclusion
	Further Reading
	References

	13 Anesthesia for Burned Patients
	Introduction
	Preoperative Evaluation
	Initial Evaluation of Burn Injury
	Airway and Pulmonary Function
	Effect of Burn Injury on Circulation
	Effect of Burn Injury on Renal Function
	Metabolic Changes Associated With Burn Injury
	Thermoregulation in Burn Patients

	Pharmacological Considerations
	Airway Management
	Monitors
	Vascular Access
	Patient Transport
	Selection of Anesthetic Agents
	Fluid Management
	Blood Transfusion
	Blood Components
	Whole Blood
	Packed Red Blood Cells
	Fresh Frozen Plasma
	Platelets
	Cryoprecipitate

	Complications of Massive Blood Transfusion
	Coagulopathy
	Citrate Toxicity
	Potassium Abnormalities
	Acid–Base Abnormalities
	Altered Oxygen Transport
	Hypothermia
	Pulmonary Complications
	Transfusion Reactions
	Infection


	Postoperative Care
	Conclusion
	References

	14 The Skin Bank
	History
	The Growth of Skin Banking
	Role of the American Association of Tissue Banks
	Clinical Uses of Allograft Skin
	Coverage of Extensive Full-Thickness Wounds
	Coverage of Widely Meshed zSkin Autografts and Partial- Thickness Wounds
	Template for Delayed Application of Keratinocytes
	Acellular Dermal Matrix

	Potential Disadvantages of Allograft Use
	Infection
	Rejection

	Technical Aspects of Skin Banking
	Donor Screening
	Skin Recovery
	Skin Processing
	Processing Environment
	Microbiologic Testing
	Maintenance of Viability

	Refrigeration
	Cryopreservation
	Lyophilization
	Irradiation

	Transport
	Rewarming
	FDA Regulation of Human Skin Banking
	Amnion Processing

	The Future of Skin Banking
	References

	15 Skin Substitutes and ‘the next level’
	Introduction
	Structure and Function of the Skin
	Consequences of Loss of Barrier Function

	Temporary Skin Substitutes and Dressings
	Biological Tissues
	Allograft
	Human Amnion
	Xenograft

	Synthetic Materials

	Permanent Skin Substitutes
	Epidermal Cells and Constructs
	Dermal Constructs
	Tissues
	Dermal Scaffolds

	Cellular Dermal Substitutes
	Subcutaneous Fat

	Full Skin Substitutes
	Regulatory Issues
	Conclusion
	References

	16 The Pathophysiology of Inhalation Injury
	Introduction and Epidemiology
	Pathophysiology
	Injury to the Oropharynx
	Injury to the Tracheobronchial Area
	Injury to the Lung Parenchyma
	Long-Term Effects of Inhalation Injury

	The Fire Environment and Toxic Smoke Compounds
	Carbon Monoxide
	Symptoms and Diagnosis of Carbon Monoxide Poisoning

	Hydrogen Cyanide
	Symptoms and Diagnosis of Cyanide Poisoning

	Other Toxic Chemicals

	References

	17 Diagnosis and Treatment of Inhalation Injury
	Introduction
	Diagnosis
	Pathophysiology of Pulmonary Insufficiency with Inhalation Injury
	Treatment
	Potential Future Therapeutic Strategies
	Long-Term Changes in Pulmonary Function
	References

	18 Respiratory Care
	Introduction
	Bronchial Hygiene Therapy
	Therapeutic Coughing
	Series of Three Coughs
	Tracheal Tickle
	Cough Stimulation

	Chest Physiotherapy
	Bronchial Drainage/Positioning
	Percussion
	Vibration/Shaking

	Early Ambulation
	Airway Suctioning
	Therapeutic Bronchoscopy
	Pharmacologic Adjuncts

	Mechanical Ventilation
	Modes of Ventilation
	Control Mode
	Assist-Control Mode
	Synchronized Intermittent Mandatory Ventilation
	Pressure Control Mode
	Pressure Support Ventilation

	Alternate Modes of Ventilation
	High-Frequency Ventilation
	Airway Pressure Release Ventilation

	Volumetric Diffusive Ventilation
	Ventilator Settings
	Tidal Volumes
	Respiratory Rate
	Flow Rates
	Inspiratory/Expiratory (I:E) Ratio
	Inspired Oxygen Concentration
	Positive End-Expiratory Pressure

	Extubation Criteria

	Infection Control of Respiratory Equipment
	Handwashing
	Chemical Agents for Sterilization/Disinfection
	Aldehydes
	Alcohols


	Late Complications of Inhalation Injury
	Tracheal Stenosis
	Obstructive/Restrictive Disease

	Summary
	Further Reading
	References

	19 The Systemic Inflammatory Response Syndrome
	Introduction
	Definition of SIRS
	The Initiating Event
	SIRS and Immunological Perturbations
	The Two-Hit Hypothesis
	Cytokine and Noncytokine Mediators of SIRS
	Circulating Cytokines as Markers of SIRS and Predictors of Outcome
	Anti-Inflammatory Therapy for SIRS
	Activation of the Coagulation Cascade During Inflammation
	The Hemodynamic Response

	Changes in Endothelial Permeability
	Increased Epithelial Permeability

	The Hyperdynamic State
	Conclusion
	Further Reading
	References

	20 Host Defense Antibacterial Effector Cells Influenced by Massive Burns
	Introduction
	Neutrophils
	Impaired Neutrophil Recruitment
	Impaired Neutrophil Killing
	Pro- and Antiinflammatory Neutrophils
	Role of Damage-Associated Molecular Patterns in Inducing Antiinflammatory Neutrophils Postburn Injury
	Suppressing Adaptive Immunity

	Macrophages
	Tissue Macrophages and Infiltrating Monocyte-Derived Macrophages
	M1 Macrophages as an Antibacterial Effector Cell
	M2 Macrophages as Inhibitors for Macrophage Polarization From Quiescence to the M1 Phenotype
	Plasticity of Various Phenotypes of Macrophages

	Innate Lymphoid Cells
	Impaired ILC1 Generation Due to Impaired IL-12 Production After Burn Injury
	Type 2 Immune Responses Induced by Activated ILC2s
	Intestinal ILC3s

	Dendritic Cells
	Summary
	References

	21 Biomarkers in Burn Patient Care
	Introduction
	Prediction of Sepsis and Infection
	TNF-α
	IL-8
	IL-6
	C-Reactive Protein
	Procalcitonin
	Leptin
	Combined Panels

	Prediction of Patient Survival with Clinical Characteristics
	Inhalation Injury and Mechanical Ventilation
	Resuscitation and Kidney Function
	Wound Healing
	Conclusion
	Further Reading
	References

	22 Hematology, Hemostasis, Thromboprophylaxis, and Transfusion Medicine in Burn Patients
	Introduction
	Etiology of Anemia in Burn Patients
	Hemostasis in Burn Patients
	Coagulopathy in Burn Patients
	Transfusion of Blood Cells
	Venothromboembolic Prophylaxis
	Hematopoiesis
	Myeloid Growth Factors
	Granulocyte Colony-Stimulating Factor
	CSF-1
	GM-CSF

	Lymphoid Growth Factors
	Megakaryocyte Growth Factors
	Transcription Factors

	Conclusion
	References

	23 Significance of the Hormonal, Adrenal, and Sympathetic Responses to Burn Injury
	Introduction
	Normal Hypothalamic- Pituitary-Adrenal Axis
	Strong Sympathetic Activation Following Burn Trauma
	Cardiovascular Response
	Catecholamine Resistance
	Catecholamines and Hypermetabolism
	β-Blockade
	Sympathetic Influences on Immune Function
	Sympathetic Response to Sepsis

	Role of Thyroid Function
	Sex Steroids Following Burn Trauma
	Androgens
	Release of C19 Steroids.

	Estrogens

	Adrenal Cortical Steroids Following Burn Trauma
	Free versus Total Cortisol

	Substrate Cycling
	Influence on Metabolic Pathways
	Hormonal Determinants of Glucose Utilization

	Glucocorticoids Following Burn Injury
	Glucocorticoids and Carbohydrate Metabolism
	Glucocorticoids and Protein Metabolism
	Glucocorticoids on Bone Metabolism
	Glucocorticoids on Immune Suppression


	Further Reading
	References

	24 The Hepatic Response to Thermal Injury
	Introduction
	Anatomy and Physiology of the Liver
	Anatomy
	Physiology

	The Hepatic Response to a Severe Thermal Injury
	Liver Damage and Morphological Changes
	Underlying Molecular Mechanisms

	Effects on the Biliary System
	Mononuclear Phagocyte System (MPS)
	Glucose, Protein, and Lipid Metabolism
	Acute-Phase Response
	Vitamin Metabolism
	Coagulation and Clotting Factors
	Hormones


	Importance of the Liver for Postburn Outcomes
	Conclusion
	Acknowledgments
	Further Reading
	References

	25 Importance of Mineral and Bone Metabolism after Burn
	Metabolic Actions of Calcium, Phosphate, and Magnesium
	Calcium
	Phosphate
	Magnesium

	Homeostasis of Calcium, Phosphate, and Magnesium
	Calcium
	Phosphate
	Magnesium

	Effect of Burn Injury on Calcium, Phosphate, and Magnesium Homeostasis
	Rationale for Therapy
	Treatments for Maintaining Mineral Homeostasis
	Hypercalcemia and Impaired Renal Function After Burns
	Bone
	Treatment of Bone Catabolism After Severe Burn
	Heterotopic Ossification After Burn Injury
	Acknowledgement
	Further Reading
	References

	26 Micronutrient Homeostasis
	Importance of Vitamins and Trace Elements
	Vitamins
	Vitamin C
	Vitamin D
	Vitamin E
	Vitamin K

	Trace Elements
	Blood Concentrations
	Exudative and Urinary Losses
	Role of Trace Elements in Inflammation and Antioxidant Defenses
	Trace Element Therapy

	Conclusion
	Further Reading
	References

	27 Hypophosphatemia
	Etiology of Postburn Hypophosphatemia
	Stress Response
	Resuscitation and Topical Therapy
	Ulcer Prophylaxis
	Hyperventilation
	Metabolic Support
	Burn Wound Physiology
	Acute-Phase Response and Sepsis
	Other Electrolytes
	Summary

	Consequences of Hypophosphatemia
	Cardiac Dysfunction
	Neuromuscular Dysfunction
	Hematologic Dysfunction
	Summary

	Prevention and Treatment of Hypophosphatemia
	Summary

	Further Reading
	References

	28 Nutritional Needs and Support for the Burned Patient
	Introduction
	Metabolic Pathology Associated With Burn Injury
	Nutritional Demand and Substrate Metabolism in Burn Patients
	Increased Total Caloric Demand
	Substrate-Specific Requirements
	Carbohydrates
	Fats
	Protein


	Nutritional Support
	Enteral Nutrition
	Benefits of Enteral Nutrition
	Initiation of Feeds
	Early Initiation.


	Delivering Enteral Feeds
	PO Feeding
	Enteral Access for Feeding

	Diet Composition and Enteral Feed Formulas
	Immunonutrition

	Parenteral Nutrition
	Meeting Prescribed Feeding Goals
	Complications of Nutritional Support

	Nutritional Assessment and Monitoring
	Total Caloric Requirements
	Body Composition
	Total Body Weight
	Muscle and Lean Body Mass
	Obesity
	Ideal Body Weight
	Clinical Imaging
	Dual-Energy X-Ray Absorptiometry.
	Computed Tomography and Ultrasound.

	Albumin and Serum Markers for Nutrition


	Conclusion
	Further Reading
	References

	29 Modulation of the Hypermetabolic Response after Burn Injury
	Introduction
	Cardiovascular Dysfunction
	Skeletal Muscle Catabolism and Regeneration
	Insulin Resistance and Hyperglycemia
	Alterations in Lipid Metabolism and Fat Composition
	Nonpharmacological Modulation of the Hypermetabolic Response
	Environmental Support
	Early Wound Excision and Closure
	Nutritional Support
	Exercise

	Pharmacological Modulation of the Hypermetabolic Response
	Recombinant Human Growth Hormone (rhGH)
	Insulin-Like Growth Factor-1
	Oxandrolone
	Propranolol
	Insulin
	Metformin

	Alternative Therapeutic Options
	Conclusion
	References

	30 Etiology and Prevention of Multisystem Organ Failure
	Introduction
	Etiology and Cellular Response
	Common Ground: Humoral Mediators

	Organ-Specific Failure and Prevention
	Hypermetabolism
	Cardiovascular
	Lungs
	Gastrointestinal Dysfunction
	Renal

	Prevention of Sepsis
	Ensuring Adequate Oxygen Delivery
	The Potential Role of Nutritional and Specific Immunomodulators
	Nutritional Immunomodulation
	Nonspecific and Specific Immunomodulation

	References

	31 Acute Renal Failure in Association with Thermal Injury
	Introduction
	Definition
	Etiology
	Early
	Hypovolemia
	Overresuscitation and Abdominal Compartment Syndrome
	Rhabdomyolysis
	Cardiac Dysfunction

	Late
	Sepsis

	Toxins
	Antibiotics


	Diagnosis
	Urine Volume
	Urinalysis
	Creatinine Clearance
	FeNa
	Microscopy

	Serum Biomarkers
	Creatinine
	NGAL
	Others


	Treatment
	Renal Protection in the Early Phase of Acute Burn Care
	Resuscitation
	Other Acute Issues
	Heart.
	Remove Nephrotoxins.

	Late
	Workup.
	Sepsis Treatment.
	Medical Therapy: Fenoldopam.

	Renal Replacement Therapy
	Modalities.



	Conclusion
	References

	32 Critical Care in the Severely Burned
	Introduction
	Burn Intensive Care Unit Organization
	Physical Plant
	Personnel
	Equipment

	Hemodynamic Monitoring in the Burn Intensive Care Unit
	Cardiovascular Monitoring
	Arterial Lines
	Cardiac Output Measurement
	Arterial Waveform Analysis
	Echocardiography
	Laboratory Estimates of Perfusion


	Multisystem Organ Failure
	Humoral Mediators
	Course of Organ Failure

	Critical Care Interventions
	Toxicological Burn Critical Care
	Neurological Burn Critical Care
	Cardiovascular Burn Critical Care
	Preload
	Cardiac Contractility
	Afterload
	Heart Rate and Rhythm
	Effects of Burn on Cardiac Performance
	Hemodynamic Therapy: Preload Augmentation.
	Hemodynamic Therapy: Inotropes and Vasopressors.

	Effects of β-Blockade on Cardiac Performance After Severe Burn

	Pulmonary Burn Critical Care
	Indications for Intubation
	Pulmonary Physiology
	Ventilation.
	Oxygenation.
	Expectoration.

	Mechanical Ventilation
	Ventilator Modes.
	Weaning From Mechanical Ventilation.
	Monitoring of Mechanical Ventilation.
	limiting ventilator-induced lung injury.

	Epidemiology, Pathophysiology, and Treatment of ARDS.
	Treatment of ARDS.


	Gastrointestinal System Burn Critical Care
	Pathophysiologic Changes in the Gut After Burn
	Clinical Changes in the Gut After Burn

	Renal Burn Critical Care
	Pathophysiology

	Hematologic Burn Critical Care
	Endocrine Burn Critical Care
	Infectious Disease Burn Critical Care

	Prevention of Organ Failure
	Conclusion
	Further Reading
	References

	33 Burn Nursing
	Introduction
	Emergency Needs: Resuscitation and Pulmonary Priorities
	Acute Care of the Burn Wound
	Surgical Care
	Nutrition and Metabolic Changes
	Pain and Anxiety Assessment and Management
	Patient and Family Education
	Rehabilitation of the Burn Patient
	Work-Hardening Programs for Adults
	Assessment
	Planning
	Implementation
	Evaluation

	Extensive Exercise in Children
	Assessment
	Planning
	Implementation
	Evaluation


	Reconstructive Care
	Assessment
	Planning
	Implementation
	Evaluation

	Recovery and Social Reintegration
	Conclusion
	Further Reading
	References

	34 Care of the Burned Pregnant Patient
	Introduction
	Mortality Factors
	Fetal Viability
	Practical Management Algorithm

	Treatment
	Additional Considerations
	Hematology and Coagulopathy
	Psychological Issues
	Nonsevere Burns

	Conclusion
	Further Readings
	References

	35 Special Considerations of Age
	Introduction
	Initial Evaluation
	Resuscitation
	Assessment of Resuscitation
	Evaluation and Management of Airways
	Inhalation Injury
	Hypermetabolism
	Thermoregulation
	Nutritional Support

	Growth Delay
	Management of Burn Wound
	Pain Management
	Rehabilitation
	Prevention
	Further Reading
	References

	36 Care of Geriatric Patients
	Introduction
	Epidemiology
	Outcome
	Risk Factors
	Decreased Cardiopulmonary Reserve
	Infections
	Malnutrition and Decreased Lean Body Mass
	Aging Skin and Wound Healing
	Immune Response

	Treatment
	Initial Resuscitation
	Wound Management
	Metabolic and Nutritional Support

	Pain, Sedation, and Comfort Care
	Perioperative Optimization
	Rehabilitation
	Intentional Burns in Older Adults
	Conclusion
	Further Reading
	References

	37 Surgical Management of Complications of Burn Injury
	Introduction
	Burns and Trauma
	Primary Assessment
	Associated Injuries

	Gastrointestinal Tract Complications
	Paralytic Ileus
	Ogilvie’s Syndrome
	Abdominal Compartment Syndrome
	Complications Associated With Feeding Tubes

	Stress Gastritis
	Acalculous Cholecystitis
	Pancreatitis
	Superior Mesenteric Artery Syndrome
	Necrotizing Enterocolitis
	Clostridium difficile Infection

	Vascular Complications
	Suppurative Thrombophlebitis
	Complications Related to Central Venous Access
	Distal Limb Ischemia

	Thoracic Complications
	Pneumothorax
	Empyema

	Urologic Complications
	Conclusion
	Further Reading
	References

	38 Electrical Injuries
	Introduction
	Pathophysiology
	Acute Care
	Electrocardiographic Monitoring
	Myoglobinuria
	Compartment Syndrome and Initial Operative Intervention
	Further Surgical and Wound Considerations
	Problem Areas
	Lightning Injury
	Low-Voltage Injuries
	Complications
	References

	39 Cold-Induced Injury
	History of Frostbite
	Pathophysiology and Classification of Frostbite
	Clinical Findings and Classification of Frostbite Injury
	Initial Management of Freezing Cold Injury
	Post-Thaw Evaluation and Management
	Nonsurgical Therapies
	Imaging and Surgical Management

	Conclusion
	Further Reading
	References

	40 Chemical Burns
	Introduction
	Pathophysiology
	General Principles of Management
	Specific Agents
	Acids
	Acetic Acid
	Carbolic Acid (Phenol)
	Chromic Acid
	Epichlorohydrin Acid
	Formic Acid
	Hydrochloric Acid, Muriatic Acid, and Sulfuric Acid
	Hydrofluoric Acid
	Nitric Acid
	Oxalic Acid
	Phosphoric Acid

	Alkalis
	Cement
	Metals
	Hydrocarbons
	Hypochlorite Solutions
	Alkyl Mercuric Compounds
	Tar
	Vesicant Chemical Warfare Agents (Mustard, Lewisite, Nitrogen)

	Conclusion
	Further Reading
	References

	41 Radiation Injuries and Vesicant Burns
	Radiation Injury: Introduction
	Terminology
	Incidence
	Pathophysiology
	Thermal Effects
	Radiation Effect
	Localized Injury
	The Acute Radiation Syndrome
	Hematopoietic Syndrome
	Gastrointestinal Syndrome
	Neurovascular Syndrome

	Triage

	Treatment
	First Aid
	Assessment
	General Care of Irradiated Patients
	Oral Resuscitation

	Care of Burn Wounds
	Treatment of Complications
	Hematologic
	Infection

	Summary

	Vesicant Burns
	Introduction
	Mechanisms of Action
	Clinical Features
	Acute Treatment for Exposure to a Vesicant Agent
	Long-Term Effects of Acute Exposure
	Summary

	Further Reading
	References

	42 Exfoliative Diseases of the Integument and Soft Tissue Necrotizing Infections
	Introduction
	Severe Exfoliative Disorders
	Toxic Epidermal Necrolysis
	Epidemiology
	Prognosis, Morbidity, Mortality

	Etiology
	Triggers and Risk Factors
	Genetics
	Immunopathology

	Clinical Presentation
	Diagnosis and Prognostic Evaluation
	Histopathology

	Complications
	Systemic and Other Nonmucocutaneous Complications

	Management
	General Management and Resuscitation
	Immunomodulation Therapy
	Corticosteroid Therapy.
	Cyclosporine A.
	Intravenous Immunoglobulin.
	TNF-α Inhibitors, Thalidomide.
	Surgical Approach.
	Topical Therapy.

	Nutritional Support


	Soft-Tissue Infections and Other Acute Skin Disorders
	Staphylococcal Scalded Skin Syndrome
	Pathology
	Presentation
	Diagnosis
	Management

	Necrotizing Fasciitis and Bacterial Myonecrosis
	Diagnosis
	Management

	Purpura Fulminans
	Calciphylaxis

	Conclusion
	Further Reading
	References

	43 Burn Injuries of the Eye
	Introduction
	Selected Anatomy
	Examination
	Applied Pathology
	Electrical Injury
	Exposure Keratitis and Eyelid Burns
	Epithelial Defects
	Corneal Ulcer
	Bacterial Keratitis
	Fungal Keratitis
	Viral (Herpetic) Keratitis
	Orbital Compartment Syndrome
	Amblyopia
	Descemetocele, Corneal Perforation, and Open Globe

	Interventions
	Bandage Contact Lens
	Lateral Canthotomy
	Eyelid Closure and Reconstruction
	Conjunctival (Gundersen) Flaps
	Reconstruction of the Lacrimal Apparatus
	Corneal Transplantation

	References

	44 The Burn Problem
	Introduction
	Systemic Reactions to Burns
	Hypoxia and Ischemia
	Infection
	Coagulopathy

	Review of Organ Systems Affected by Burns
	Integumentary System
	Respiratory System
	Cardiovascular System
	Urinary System
	Digestive System and Hepatobiliary Tract
	Lymphoid System
	Endocrine System
	Musculoskeletal System
	Central Nervous System

	The Burn Autopsy
	Further Reading
	References

	45 Molecular and Cellular Basis of Hypertrophic Scarring
	Introduction
	Extracellular Matrix
	Collagen
	Proteoglycans and Glycoproteins

	Cellular Contributions to Hypertrophic Scar
	Hypertrophic Scar Fibroblasts
	Role of Myofibroblasts in Normal and Pathological Situations
	Role of Mechanical Stress and Myofibroblasts
	Pathological Repair (Hypertrophic Scars and Keloids)
	Origin of (Myo)Fibroblasts
	The Role of Fibrocytes in Hypertrophic Scar
	Hypertrophic Scar Keratinocytes

	The Role of Cytokines in Hypertrophic Scar
	TGF-β
	CTGF/CCN2
	Platelet-Derived Growth Factor
	Insulin-Like Growth Factor 1
	Interferons

	The Immune System Regulates Wound Healing
	Conclusion
	Further Reading
	References

	46 Pathophysiology of the Burn Scar
	Introduction
	Prehistoric and Historic Perspectives
	Incisional Wounds With Primary Closure
	Delayed Wound Closure “by Second Intention” and Wound Contraction
	First-Degree or Superficial Injury of Skin
	Second-Degree or Partial- Thickness Injury
	Third-Degree or Full-Thickness Injury

	Biology of Wound Healing
	Changes in Vascular Permeability
	Granulation Tissue and the Proliferative Phase of Wound Healing
	Influx of Circulating Cells
	Migration of Keratinocytes to Cover the Wound (Epiboly)
	Collagen Matrix Formation and Maturation
	Cytokines and Growth Factors
	Biophysics of Thermal Injury

	Factors That Alter Wound Healing
	Changes in Blood Supply and Perfusion
	Compromised Wound Healing: Requirements for Optimal Wound Healing
	Biologic Responses to Wound Excision and Grafting
	Wound Infection

	Hypertrophic Wound Healing
	Histologic Features of Hypertrophic Scars
	Experimental Models of Hypertrophic Healing
	Phenotypic Abnormalities of Hypertrophic Scar Fibroblasts
	Gene Expression in Hypertrophic Scars
	Interplay of Systemic and Local Inflammatory Responses
	Pathogenic Concepts

	Conclusion
	Further Reading
	References

	47 Burn Rehabilitation Along the Continuum of Care
	Introduction
	Evaluation of the Burn Patient
	Positioning and Splinting of the Burn Patient
	Head
	Neck
	Spine
	Shoulder Girdle/Axilla
	Elbow/Forearm
	Wrist/Hand
	Hip
	Knee
	Foot/Ankle
	Orthotic Treatment of the Lower Extremity

	Serial Casting

	Prosthetic Interventions
	Burn Scar Management
	Historical Review
	The Scar
	Scar Assessment
	Treatment of Hypertrophic Scars
	Pressure Therapy
	Inserts
	Burn Scar Massage
	Therapeutic Exercise
	Exercise During the Acute Rehabilitation Phase
	Exercise During the Intermediate Rehabilitation Phase
	Long-Term Rehabilitation Phase


	The Role of Exercise Physiology in Burn Rehabilitation
	Exercise for the Outpatient
	Exercise Evaluation
	Subjective Data
	Objective Data

	Exercise Testing
	Three-Repetition Maximum Test (3RM)
	Body Composition Measurement


	When to Implement an Exercise Program
	Components of an Exercise Program
	Warm-Up Stage
	Endurance Stage
	Recreational Activities
	Cool-Down Stage


	Exercise Prescription
	Aerobic Training
	Intensity
	Duration
	Frequency
	Mode
	Progression of Exercise
	Initial Conditioning Stage.
	Improvement Stage.
	Maintenance Stage.


	Resistive Training
	Exercise Type
	Training Frequency
	Type of Contraction
	Amount of Load Lifted
	Number of Repetitions
	Number of Sets
	Exercise Order
	Rest Periods
	Progressive Overload


	Example of an Exercise Program
	Important Considerations

	Patient and Caregiver Education
	Conclusion
	Further Reading
	References

	48 Musculoskeletal Changes Secondary to Thermal Burns
	Acknowledgment
	Introduction
	Changes Confined to Bone
	Osteoporosis
	Osteomyelitis
	Fractures

	Changes Involving Pericapsular Structures
	Heterotopic Ossification
	Pathogenesis of Heterotopic Ossification
	Percentage of Burn Effect on Heterotopic Ossification
	Location of Burn Effect on Heterotopic Ossification
	Period of Confinement Effect on Heterotopic Ossification
	Osteoporosis and Heterotopic Ossification
	Superimposed Trauma on Heterotopic Ossification
	Genetic Predisposition to Heterotopic Bone

	Characteristics and Behavior of Heterotopic Bone
	Prevention and Treatment of Heterotopic Bone

	Changes Involving the Joints
	Dislocation
	Septic Arthritis
	Amputations

	Alterations in Growth
	Further Reading
	References

	49 Reconstruction of Bodily Deformities in Burn Patients
	Reconstruction of Burn Deformities
	General Principles
	Early Treatment of Deformity and Timing of Surgical Intervention
	The Techniques of Reconstruction
	Primary Wound Closure Technique
	Skin Grafting Technique
	Free Skin Graft Without Incorporating a Dermal Template.
	Free Skin Graft With Prior Incorporation of a Dermal Regenerative Template.

	Skin Flap Technique
	The Axial Skin Flap.
	The Z-Plasty Technique.
	The Modified Z-Plasty Technique; Alias Three-Quarters Z-Plasty Technique.

	Musculocutaneous or Fasciocutaneous Flap Technique
	Musculocutaneous Z-Plasty Technique.
	Fasciocutaneous Z-Plasty Technique.
	Three-Quarter Fasciocutaneous Z-Plasty Technique.
	Paratenon Cutaneous Z-Plasty and Three-Quarter Paratenon Cutaneous Z-Plasty Techniques.

	Tissue Expansion Technique
	Free Composite Tissue Transfer via Microsurgical Technique
	Fat Grafting Technique


	Allotransplantation: Facial Transplantation
	Comments
	Further Reading
	References

	50 Reconstruction of the Head and Neck after Burns
	Introduction
	Acute Management
	Pathogenesis
	Evaluation of Facial Burn Deformities
	Fundamental Principles and Techniques
	Contractures
	Aesthetic Units
	Z-plasty
	Laser Therapy
	Grafts
	Flaps
	Tissue Expansion

	Timing of Reconstructive Surgery
	Acute-Phase Reconstruction
	Eyelids
	Perioral Deformities
	Cervical Deformities

	Intermediate-Phase Reconstruction
	Late-Phase Reconstruction

	Reconstruction of Specific Areas of the Head and Neck
	Scalp
	Eyebrows
	Eyelids
	Lower Lip and Chin
	Upper Lip Deformities
	Electrical Burns of the Oral Commissure
	Nasal Deformities
	Ear Deformities

	Burn Neck Contractures
	Prevention
	Release and Grafting
	Local Flap Reconstruction
	Distant Flap Reconstruction

	Further Reading
	References

	51 Management of Postburn Alopecia
	Introduction
	Spectrum of Postburn Alopecia
	Classification of Scalp Burns

	Surgical Correction of Alopecia
	Serial Excision
	Bipedicle Flaps
	Local Flaps and the Rotation Flap Template
	Tissue Expansion
	Hair Follicle Grafting

	Conflict of Interest
	References

	52 Trunk Deformity Reconstruction
	Introduction
	Reconstruction of the Trunk Soft Tissue Layers
	Acute Reconstructive Management of the Trunk Soft Tissue Layers
	Late Reconstructive Management of the Trunk Soft Tissue Layers

	Reconstruction of the Trunk Boundaries
	Reconstruction of the Breast
	Principles of Breast Reconstruction
	Release and Scar Resurfacing
	Replacement of Missing Parts: Breast Mound Reconstruction
	Nipple-Areola Complex Reconstruction
	Asymmetry

	Conclusion
	References

	53 Management of Contractural Deformities Involving the Shoulder (Axilla), Elbow, Hip, and Knee Joints in Burned Patients
	Introduction
	Contractural Deformities of the Shoulder (Axilla), Elbow, Hip, and Knee Observed in a Burned Patient
	The Factors Leading to Formation of Contractural Deformities
	Incidence of Burn Contracture Involving the Shoulder (Axilla), Elbow, and Knee Joints
	Efficacy of Splinting in Controlling Burn Contractures of Shoulder (Axilla), Elbow, and Knee Joints

	Management During the Acute Phase of Recovery
	Body Positioning and Joint Splinting
	Body Position
	Shoulder (Axillary) Joint.
	Elbow Joint.
	Wrist Joint.
	Hip Joint.
	Knee Joint.


	Exercise

	Management During the Intermediate Phase of Recovery
	Body Positioning and Joint Splinting
	Pressure Dressing

	Management of Established Contractural Deformities
	Patient Evaluation
	Nonoperative or Minimally Invasive Approach to Correct a Contracted and/or Stiff Joint
	Shoulder (Axillary) Contracture
	Figure-of-Eight Compression Dressing.
	Airplane Splint.

	Elbow and Knee Contracture
	Three-Point Extension Splint.
	Skeletal Traction Technique.


	Surgical Treatment of a Contracted Joint
	Presurgical Evaluation
	Techniques of Joint Contracture Release
	Release of Joint Contracture by Incising the Scarred Tissue.
	Z-Plasty Technique.

	Wound Coverage
	Primary Closure of the Wound.
	Skin Grafting Technique.
	operative technique.
	after-care.

	Interposition Flap Technique.
	operative technique.
	after-care.

	Muscle Flap or Skin-Muscle Flap Technique.
	Use of a Free Flap or Muscle Flap.



	Conclusion
	Further Reading
	References

	54 Acute and Reconstructive Care of the Burned Hand
	Introduction
	Initial Assessment and First Aid
	Acute Care of the Burned Hand
	Occupational Therapy of the Burned Hand
	Management of Established Burned Hand Deformities
	Reconstructive Methods

	Reconstruction of Phalangeal Deformities
	Flexion Contracture Deformities
	Extension Contracture Deformities
	Web Space Contracture
	First Web Space Contracture

	Reconstruction of a Deformed Thumb
	Reconstruction of a Claw Hand

	Electrical Injuries Involving the Upper Limb
	Decompressive Escharotomy and Fasciotomy
	Early Débridement
	Wound Management
	Functional Reconstruction of Limb Deformities

	Conclusion
	Further Reading
	References

	55 Management of Burn Injuries of the Perineum
	Introduction
	Management During the Acute Phase of Injury
	Burns of the Penis
	Skin Loss Over the Penile Shaft and Scrotum
	Burns of Labia Majora
	Perineal Wound Coverage
	Anal Burns
	Rectal Prolapse

	Reconstruction of Established Deformities of the Perineum and Perineal Structures
	Reconstruction of Penile Deformity
	Reconstruction of Scrotal Deformities
	Reconstruction of Labial Deformity
	Reconstruction of Band Deformity Around the Perineum
	The Technique of Multiple Z-Plasties

	Reconstruction of Anal Strictures
	Reconstruction of Rectal Prolapse

	Conclusion
	Further Reading
	References

	56 Reconstruction of Burn Deformities of the Lower Extremity
	Assessment of Salvage Potential
	Amputations
	Early Reconstruction
	Late Reconstruction
	Grafts and Flaps
	Conclusion
	References

	57 Electrical Injury
	Introduction
	Physiological Basis of Tissue Destruction
	Diagnosis and Acute Treatment
	Assessment of Tissue Damage
	Rhabdomyolysis and Myoglobinuria
	Renal Failure
	Cardiac Monitoring
	Surgical Debridement
	Compartment Syndrome
	Head: Scalp, Skull, and Mouth
	Thorax and Abdomen
	Extremities
	Amputations
	Peripheral Nerve Injury
	Complications
	Central Nervous System
	Ocular Manifestations of Electrical Injury

	Skeletal Injury
	Conclusion
	Further Reading
	References

	58 The Role of Alternative Wound Substitutes in Major Burn Wounds and Burn Scar Resurfacing
	Introduction
	Classification of Alternative Wound Substitutes
	Clinical Applications of Alternative Wound Substitutes in Major Burn Wounds
	Clinical Applications of Alternative Wound Substitutes in Burn Scar Resurfacing
	Future Directions
	References

	59 Aesthetic Reconstruction in Burn Patients
	Introduction
	Timing of Reconstruction
	Patient–Surgeon Relationship
	Pre- and Postoperative Care in Burn Reconstruction
	Surgical Approach to the Burn Reconstructive Patient: The Role of the Reconstructive Ladder
	Aesthetic Reconstruction of Burned Patients
	Head and Neck
	Burn Alopecia
	Upper Extremity
	Breasts
	Lower Extremity

	References

	60 Laser for Burn Scar Treatment
	History of Laser and Intense Pulse Light
	Physics of Laser
	Overview of Lasers in Hypertrophic Burn Scar
	General Considerations
	Pulsed Dye Laser Therapy
	Ablative/Nonablative Fractional Lasers
	Erbium-YAG Laser
	CO2 Laser
	Lasers to Target Pigment
	Intense Pulsed Light

	Treatment of Specific Post Burn Scar Conditions
	Four-Year Review
	Vascular and Hypertrophic Scars
	Folliculitis

	Scar Contracture
	Hyperpigmentation

	Laser Complications and Laser Safety
	Laser Complications
	Laser Safety

	Logistical and Financial Considerations
	Future Investigations
	Conclusion
	References

	61 The Ethical Dimension of Burn Care
	Introduction
	What Is an Ethical Problem?
	How Should Clinical Ethics Problems Be Managed?
	The Role of the Care-Provider in Ethical Dialogue
	The Role of the Patient or Surrogate in Ethical Dialogue
	How Should Persistent Ethical Conflict Be Managed?

	The Patient Without Decision-Making Capacity, Surrogate, or Advance Directive
	How Should Organizational Ethics Problems Be Managed?
	Conclusion
	Further Reading
	References

	62 Intentional Burn Injuries
	Introduction
	Prevalence Rates of Intentional Burn Injuries
	Prevalence of Childhood Burns
	Prevalence in Elderly

	Distinctive Characteristics of Perpetrators and Families
	Indicators of Intentional Injuries
	Self-Inflicted Burn Injuries
	Clinical Evaluation of Suspicious Injury With Pediatric Patient and Family
	Physician Assessment

	Types of Burn
	Scald
	Contact
	Chemical Burns

	Psychosocial Assessment
	Reporting Suspected Intentional Burn Injury
	Clinical Interviewing With Other Vulnerable Populations
	Maintaining Professional Relationships With Patient and Family
	Future Burn Prevention and Child Safety
	Further Reading
	References

	63 Functional Sequelae and Disability Assessment
	Introduction
	Postburn System-Based Disability Assessment
	Constitutional
	Skin/Integument
	Facial Injuries, Scars, and Ear/Nose/Throat Problems
	Musculoskeletal
	Hand Function
	Neurological
	Cardiovascular/Metabolic
	Respiratory
	Eyes/Vision
	Renal/Genitourinary
	Gastrointestinal
	Endocrine
	Hematological and Lymphatic
	Psychological
	Overall Quality of Life

	References

	64 Management of Pain and Other Discomforts in Burned Patients
	Introduction
	Pathology of a Burn Injury Pain and Pain-Generating Mechanisms
	Additional Factors Contributing to Pain Generation
	Pain as a Function of the Healing Process
	Tolerance to Opiates and Opiate-Induced Hyperalgesia
	Measurement of Pain in Burned Patients
	Pain Measurement Techniques for Adult Burned Patients
	Pain Measurement Techniques for Pediatric Burned Patients

	Measurement of Anxiety
	Measurement of Itching
	Treatment Considerations
	Surgical Treatment of Pain
	Topical Agents
	Pharmacological Treatment of Burn Pain
	Opioids
	Morphine
	Fentanyl
	Remifentanil
	Alfentanil
	Methadone

	Benzodiazepines
	Nonopiate Analgesics
	Anticonvulsants
	Ketamine
	α2 Agonists
	Propofol
	Nitrous Oxide

	Initial Injury
	Background and Breakthrough Pain
	Analgesia for Procedures
	Itch Medications
	Development of Protocols for Comfort
	Nonpharmacologic Therapies in Burned Patients

	Classical Conditioning
	Operant Conditioning
	Cognitive Interventions
	Augmented Reality
	Hypnosis
	Virtual Reality Hypnosis
	Other Approaches
	Empirical Support

	Conclusion
	References

	65 Psychiatric Disorders Associated With Burn Injury
	Introduction
	Preexisting Factors
	Disorders in Children and Adolescents
	Social Considerations in Pediatric Burns
	Self-Inflicted Burns and Suicide Attempts
	In-Hospital Contributing Factors and Disorders
	In-Hospital Disorders
	Delirium

	Acute Stress Disorder and Posttraumatic Stress Disorder
	Long-Term Postburn Disorders
	General Anxiety Disorder
	Major Depressive Disorder
	Persistent Depressive Disorder
	Substance-Related and Addictive Disorders
	Comorbidity and Problems Beyond Psychiatric Illness
	Adjustment in Children After Burns
	Diagnosis (Screening Instruments, SCID)
	Treatment
	Delirium and Agitation
	ASD and PTSD
	Other Anxiety Disorders
	Major Depression
	Sleep Disturbances
	Special Aspects in Pediatric Treatment
	Nonpharmacological Prevention of PTSD

	Resilience, Posttraumatic Growth
	Interventions to Foster PTG

	Conclusion
	References

	66 Psychosocial Recovery and Reintegration of Patients With Burn Injuries
	Introduction
	Integrating Psychological Treatment With Physical Treatment
	Preinjury Adjustment
	Admission Crisis
	Critical Care Phase
	In-Hospital Recuperation Phase
	Reintegration Phase
	Rehabilitation Phase, Postdischarge

	Assisting With Grief Following Trauma
	Cultural Sensitivity
	Postburn Psychological Distress and Long-Term Outcome
	Acute and Posttrauma Distress

	Chronicity of Postburn Psychological Distress: From In-Hospital Through Long-Term Follow-Up
	Theory-Guided Research as the Next Step in Enhancing Psychological and Social Adjustment
	Formulating Psychological Distress Following Burn Injury: Using Posttrauma Distress as an Illustration
	Resilience and Recovery
	Body Image, Stigmatization, and Social Integration
	Social Belongingness as Core Survival Need
	Appearance, Social Stigmatization, and Social Exclusion
	Factors Affecting Body Image Dissatisfaction and Social Discomfort
	Distress of Families of Burn Survivors
	Long-Term Outcome: Quality of Life
	Interventions for Burn Survivors Beyond Acute Care

	Summary
	Acknowldgments
	References


