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Preface

For the past 400 years, wound care has been managed by a wide variety of physicians and 
medical professionals of different backgrounds. In general there is a medical approach and a 
surgical approach to the treatment of wounds. For the past two decades both the editors, 
Dr Granick and Dr Teot, have dedicated a considerable effort toward bringing the disparate 
wound care philosophies together into a more coordinated endeavor. The advent of sophisti-
cated, but expensive, biologically active wound treatments and improved versatile technolo-
gies is a major driving force propelling the wound management consortium into a specialty of 
its own. While it is critical for surgeons who treat wounds to know and understand about the 
appropriate dressings and medical interventions, it is equally important for medically oriented 
wound specialists to recognize when a patient will benefi t from surgery.

In compiling this second edition of Surgical Wound Management, Dr Teot has joined 
Dr Granick as co-editor. Both editors are highly invested in wound care education. Dr Teot 
developed a program in Europe dedicated to teaching a broad range of medical professionals 
about emerging wound care technologies. He and Dr Granick have extended this program 
worldwide. Both editors independently began telemedicine projects to facilitate wound man-
agement. They independently started different journals devoted to wound care and surgery. 
Both editors have written and lectured extensively about their initiatives to educate all wound 
care specialists in the full spectrum of available care options. In Europe, Dr Teot has developed 
a university-endorsed diploma to certify a wound care training program. In the United States 
and Canada, Dr Granick is working with a diverse group of wound specialists to create the 
American Board of Wound Medicine and Surgery.

In this edition, we have brought together many of our close colleagues from all areas of the 
world to share their surgical experience. The fi rst two chapters deal with the basic topics and 
serve as the background for understanding the process of wound healing and the philosophy of 
wound surgery. The debridement chapters cover rare and aggressive diseases such as necrotiz-
ing fasciitis, as well as common problems such as open fractures and burns. The tools of the 
trade are then reviewed including skin grafting, various fl ap reconstructions, and negative pres-
sure wound therapy from a surgical perspective. Infectious issues are reviewed with regard to 
surgical prostheses and surgical site infections. The surgical management of the major wound 
disease categories is then approached with chapters on diabetic foot ulcers, venous leg ulcers, 
and pressure ulcers. The role of advanced therapies in the surgeon’s armamentarium is then 
discussed. The next chapter introduces the concept and use of telemedicine as applied to surgi-
cal wound management in three different countries. The fi nal chapter is an expert overview of 
dressings, which is directed specifi cally at surgeons. This excellent summary highlights how an 
effective and effi cient use of the wide range of dressing materials enhances surgical outcomes.

This edition is intended to update the wound surgery community on current develop-
ments in wound care and expose them to the excellent work being performed by their interna-
tional colleagues. We hope that this edition will additionally empower all medical professionals 
who treat wounds to understand the effi cacy, utility, and role of surgery in wound management.

Mark S. Granick, MD, FACS
Newark, New Jersey, USA

Luc Téot, MD, PhD
Montpellier, France





  The physiology of wound bed preparation
Gregory S. Schultz

CONCEPT OF WOUND BED PREPARATION
The concept of wound bed preparation originally emerged primarily as a result of the develop-
ment of advanced wound healing products, such as exogenous growth factors and bioengi-
neered skin substitutes. It was recognized through careful clinical observation that chronic 
wounds must be properly prepared for these advanced products to be effective. This prepara-
tion included debridement of nonviable tissue and denatured extracellular matrix (ECM); con-
trol of bacterial burden and infl ammation, establishing optimal moisture balance; and 
stimulation of epidermal cell migration at the wound edge.

Wound bed preparation eventually broadened into a basic approach to chronic wound 
management that aimed to “stimulate the endogenous process of wound repair without the 
need for advanced therapies” (1). Wound Bed Preparation is now established as a systematic 
approach for managing all types of chronic wounds, and wound care practitioners are broad-
ening it further to adapt the principles for the management of acute wounds (2).

The development of wound care products such as bioactive wound dressings, bioengi-
neered skin substitutes, and exogenous growth factors was only possible through an increased 
understanding of the roles of cellular factors in regulating normal healing. The rationale for 
their development was that there was a simple molecular or cellular disorder underlying the 
failure of a wound to heal, and that if the wound was supplied with enough of the appropriate 
element, healing would take place. In fact, as we shall see, the physiology of the wound bed is 
far more complex than this: each element is part of an orchestrated sequence. Cells and the 
ECM components interact with each other in a complex integrated manner that changes during 
the different stages of wound healing. This concept has been described as “Dynamic Reciproc-
ity” in which the ECM components and growth factors infl uence the pattern of gene expression 
by wound cells, which in a reciprocal manner, directly affects the composition and functions of 
the ECM through synthesis and breakdown of components of the ECM (3). As explained later 
in this chapter, disruption of the Dynamic Reciprocity communication between cells and the 
ECM by excessive proteases and reactive oxygen species impairs healing and contributes to the 
development of chronic wounds.

The greater understanding of the biology of normal wound healing and a recognition of 
the molecular and cellular abnormalities that prevent wounds from healing have allowed 
wound care practitioners to move from an almost entirely empirical approach, to one based on 
an analysis of the wound microenvironment and correction of the factors that prevent healing 
from occurring.

THE MOLECULAR AND CELLULAR PROCESSES INVOLVED IN HEALING
Much of the current understanding of wound management derives from studies of the healing 
process in acute wounds. Wounds caused by trauma or surgery generally progress through a 
healing process, which has four well-defi ned phases: (i) hemostasis (or coagulation), (ii) infl am-
mation, (iii) repair (cell migration, proliferation, matrix repair, and epithelialization), (iv) and 
remodeling (or maturation) of the scar tissue (4). These stages overlap during the entire process 
and last for months (Fig. 1.1).

Coagulation/Hemostasis
Coagulation rapidly slows down bleeding and prevents hemorrhaging from the wound but 
also provides various components to the wound surface that are essential for healing. Platelets 
aggregate at the site of injury and form a hemostatic plug. The coagulation process activates 
thrombin which converts fi brinogen to fi brin, which then polymerizes to form a stable clot. 
The fi brin clot provides the provisional wound matrix into which fi broblasts and vascular 
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SURGICAL WOUND HEALING AND MANAGEMENT2

endothelial cells will migrate. Epithelial cells do not express fi brin receptors on their plasma 
membrane so they cannot migrate over pure fi brin, but only migrate on/in matrix containing 
other proteins like collagens and fi bronectin, which is why fi brin slough can retard epithelial 
cell migration in chronic wounds (5). The aggregated platelets degranulate and release che-
moattractants for infl ammatory cells as well as a number of soluble proteins including platelet-
derived growth factor (PDGF), insulin-like growth factor-1 (IGF-1), epidermal growth factor 
(EGF), fi broblast growth factor (FGF), and transforming growth factor-β (TGF-β). The function 
of these growth factors is to stimulate the growth and proliferation of wound cells such as kera-
tinocytes and fi broblasts and to promote the migration into the wound of other cells such as 
macrophages (Table 1.1).

Infl ammatory Phase
During the infl ammatory phase, which is initiated by blood clotting and platelet degranula-
tion, there is vasodilation and increased capillary permeability, which give rise to the visible 
signs of infl ammation: erythema, swelling (edema), and a rise in temperature in the injured 
tissue. At the molecular level, the release of growth factors from platelets is responsible for 
inducing vasodilatation and an increase in blood fl ow to the site of injury. Vascular permeabil-
ity is also increased, enabling an infl ux of phagocytic cells (macrophages), polymorphonuclear 
granulocytes (neutrophils), mast cells, complement and antibody.

Neutrophils are the fi rst infl ammatory cells to respond. Their primary role is to phagocy-
tize and kill bacteria, primarily by generating reactive oxygen molecules. They also release 
proteases that degrade and digest damaged components in the ECM so newly synthesized 
ECM molecules (e.g., collagen) synthesized during the repair phase of healing can correctly 
interact with ECM components at the wound edge. Neutrophils also release infl ammatory 
mediators such as tumor necrosis factor alpha (TNF-α) and interleukin-1 (IL-1), which recruit 
further infl ammatory cells, fi broblasts, and epithelial cells.

2
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Figure 1.1 The sequence of molecular and cellular events in normal (acute) wound healing.
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Monocytes begin to migrate into the wound about 24 hours following injury and differ-
entiate into tissue macrophages when exposed to the correct cytokines and when their integrin 
receptors contact the fi brin provisional matrix. Tissue macrophages also have a major phago-
cytic role, and produce collagenases and elastase to break down devitalized tissue. This process 
is self-regulated by the production and secretion of inhibitors for these enzymes, including the 
tissue inhibitors of metalloproteases.

Macrophages mediate the transition from the infl ammatory to proliferative phase by 
secreting additional growth factors and cytokines, including TNF-α, TGF-α, PDGF, IL-1, IL-6, 
insulin-like growth factor (IGF-1), heparin-binding epidermal growth factor, and basic fi bro-
blast growth factor (bFGF) as well as TGF-β. Fibroblasts and keratinocytes drawn to the wound 
by these growth factors also release cytokines.

Cytokines are small polypeptides, which have a range of actions essential to the wound 
healing process (6). For example, the cytokines IL-1 and IL-6 stimulate the migration, prolifera-
tion, and differentiation of fi broblasts, while TNF-α stimulates the production of proteases 
(especially matrix metalloproteinases; MMPs) and induces apoptosis in fi broblasts (Table 1.2). 

Table 1.1 Major Growth Factors and Their Function in Wound Healing

PDGF Activates immune cells and fi broblasts 
Stimulates deposition of ECM and angiogenesis 
Stimulates synthesis of collagen and TIMPs 
Suppresses synthesis of MMPs

IGF-1 Stimulates proliferation of keratinocytes, fi broblasts and endothelial cells 
Stimulates angiogenesis, collagen synthesis, and deposition of ECM 

EGF Stimulates proliferation and migration of keratinocytes 
Stimulates deposition of ECM 

FGF Stimulates endothelial cells and proliferation and migration of keratinocytes 
Stimulates deposition of ECM 
Stimulates angiogenesis 

TGF-β Stimulates growth of fi broblasts and keratinocytes 
Stimulates TIMPs 
Suppresses synthesis of MMPs 
Stimulates deposition of ECM, particularly collagen

Abbreviations: ECM, extra-cellular matrix; MMPs, matrix metalloproteinases; TIMPs, tissue inhibitor of 
matrix metalloproteinases.

Table 1.2 The Role of Cytokines in the Wound Healing Process

Proinfl ammatory cytokines
TNF-α Migration of PMN and apoptosis of cells 

MMP synthesis
IL-1 Fibroblast and keratinocyte chemotaxis 

MMP synthesis
IL-6 Fibroblast proliferation, protein synthesis
IL-8 Macrophage and PMN chemotaxis 

Maturation of keratinocytes
IFN-γ Activation of macrophages and PMN 

Suppression of collagen synthesis and cross-linking 
MMP synthesis

Anti-infl ammatory cytokines
IL-4 Inhibition of TNFα, IL-1, and IL-6 production 

Proliferation of fi broblasts 
Stimulates collagen synthesis

IL-10 Inhibition of TNFα, IL-1, and IL-6 production 
Inhibition of macrophages and PMN

Abbreviations: MMPs, matrix metalloproteinases; PMN, polymorphonuclear leukocyte; 
TIMPs, tissue inhibitor of matrix metalloproteinases.
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The signifi cance of these will become clear in the next section that is on cell proliferation and 
matrix repair. Macrophages continue to stimulate inward migration of fi broblasts, epithelial 
cells, and vascular endothelial cells into the wound to form granulation tissue around fi ve days 
after injury.

Cell Proliferation and Matrix Repair
The provisional fi brin matrix is populated with platelets and macrophages, which release 
growth factors that initiate activation of fi broblasts. Fibroblasts migrate into the wound using 
the fi brin matrix as a scaffold and proliferate until they become the most common cell type 
within about three to fi ve days. As fi broblasts enter and populate the wound, they utilize MMPs 
to digest the provisional fi brin matrix and deposit large glycosaminoglycans (GAGs). At the 
same time, they deposit collagens onto the fi bronectin and GAG scaffold in a disorganized fash-
ion. Collagen types I and III are the main interstitial, fi ber-forming collagens in ECM and in 
normal human dermis. Type III collagen and fi bronectin are deposited by the fi broblasts within 
the fi rst week, and later, type III collagen is replaced by type I (7). About 80% of dermal collagen 
is type I which provides tensile strength to the skin (8). The collagen is cross-linked by lysyl 
oxidase, which is also secreted by fi broblasts. The initial scar matrix acts rather like a bridge over 
which the sheet of epidermal cells migrates. Once the initial layer of epithelial cells has formed, 
the keratinocytes proliferate and eventually form a multilayered stratifi ed epidermis.

Cell proliferation and synthesis of new ECM increases the demand for energy in the 
wound, which is met by a substantial increase in vascularity of the injured area. Granulation 
tissue gradually builds up, consisting of a dense population of blood vessels, macrophages, 
and fi broblasts embedded within the loose ECMs.

During the repair phase, the level of infl ammatory cells in the wound decreases, and fi bro-
blasts, endothelial cells, and keratinocytes take over the synthesis of growth factors (Table 1.3) 
to promote further cell migration, proliferation, formation of new capillaries, and synthesis of 
the components required for the ECM.

EPITHELIALIZATION AND REMODELING
At the edge of the wound, keratinocytes sense the extracellular matrix, proliferate, and begin to 
migrate from the basal membrane onto the newly formed surface. As they migrate, they become 
fl at and elongated (9) and sometimes form long cytoplasmic extensions. At the ECM they make 
contact with large fi bers of type I collagen, attach, and migrate along them using specifi c integrin 
receptor (8). Collagenase is released from migrating keratinocytes to dissociate the cell from the 
dermal matrix and to allow locomotion over the provisional matrix (10) Keratinocytes also syn-
thesize and secrete other MMPs: MMP-2 and MMP-9, particularly when migrating (11,12).

A simple model of this process is to think of the migratory cell putting forward an exten-
sion, which attaches to components of the provisional matrix. It then assembles and contracts its 
cytoskeleton and, as it moves forward, disengages itself by expressing proteases to degrade the 
matrix (13). These enzymes are clearly essential for the process of epithelialization, but MMPs can 
also interfere with the healing process if expressed at elevated levels in an uncontrolled fashion.

In the provisional wound matrix, collagen is deposited in a random orientation. As the 
keratinocytes migrate and settle over the provisional matrix, the process of controlled degrada-
tion, synthesis, and reorganization of molecules in the matrix normalizes the tissue structure 
and composition, leading to increased tensile strength and anchoring of the upper to the lower 

Table 1.3 Sources of Growth Factors During Cell Proliferation

Keratinocytes TGF-β, TGF-α, IL-1
Fibroblasts IGF-1, bFGF, TGF-β, PDGF, KGF, connective tissue growth factor
Endothelial cells bFGF, PDGF, VEGF

Abbreviations: bFGF, basic fi broblast growth factor; KGF, keratinocyte growth factor; PDGF, platelet-
derived growth factor; VEGF, vascular endothelial cell growth factor.
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layers (14). The migrating keratinocytes do not divide until the epithelial layer is re-established. 
Following this, the keratinocytes and fi broblasts secrete laminin and type IV collagen to form 
the basement membrane and the keratinocytes then become columnar and divide to provide 
further layers to the epidermis.

This reorganization of the matrix is an important component of connective tissue repair. 
During this process, fi broblasts, especially myofi broblasts, in the granulation tissue attach to 
newly deposited collagen and contract to draw together the wound edges. This process is also 
regulated by proteases expressed by migrating keratinocytes at the leading edge of the epithe-
lium and by proliferating keratinocytes lying just behind the wound edge, which restructure 
the basement membrane newly formed by the migrating keratinocytes (14).

Proteases are proteolytic enzymes that catalyze the breakdown of peptide bonds in pro-
teins. Collagenase is just one member of a family of more than 20 MMPs. The MMPs, along with 
neutrophil elastase, can degrade most of the components of the ECM (15). They are secreted by 
neutrophils, macrophages, fi broblasts, epithelial cells, and endothelial cells. Collectively, these 
and other MMPs are involved in re-epithelialization, remodeling (16), and migration processes 
(Table 1.4). Proteolytic degradation of ECM is an essential part of wound repair and remodel-
ing, but excessive levels of MMPs may degrade ECM, preventing cellular migration and 
attachment.

As the migrating epithelium moves forward over the initial scar matrix, it is replaced by 
new keratinocytes generated by proliferating keratinocytes that are located several millimeters 
behind the leading edge of migrating cells. Eventually the new epithelium stratifi es and dif-
ferentiates, while the provisional, randomly-oriented basement membrane over which the epi-
dermal cells have migrated is re-formed to increase tensile strength. This initial remodeling 
process continues for several weeks after the initial wound closure and the scar may be red and 
raised during this period, due in part to the increased density of fi broblasts and capillaries. At 
the cellular level, a balance is reached between the synthesis of ECM components and their 
degradation by proteases. Tensile strength fi nally reaches a maximum once the cross-linking of 
collagen fi brils is complete.

Table 1.4 Proteases Important in the Wound Healing Process

MMP-1 Interstitial collagenase 
Fibroblast collagenase

Collagens: types I, II, III, VII, and X

MMP-2 72 kDa gelatinase 
Type IV collagenase

Collagens: types IV, V, VII, and X

MMP-3 Stromelysin-1 Collagens: types III, IV, IX, and X 
Gelatins: types I, III, IV, and V 
Fibronectin, laminin, and procollagenase

MMP-7 Matrilysin 
Uterine metalloproteinase

Gelatins: types I, III, IV, and V 
Casein, fi bronectin, and pro-collagenase

MMP-8 Neutrophil collagenase Collagens: types I, II, and III
MMP-9 92 kDa gelatinase 

Gelatinase B 
Type IV collagenase

Collagens: types IV and V 
Gelatins: types I and V 
α-1 protease inhibitor 

MMP-10 Stromelysin-2 Collagens: types III, IV, V, IX, and X 
Gelatins: types I, III, and IV 
Fibronectin, laminin, and procollagenase

MMP-11 Stromelysin-3 Not determined
MMP-12 Macrophage metalloelastase Soluble and insoluble elastin
MMP-14 Membrane type MMP-1 Pro-MMP-1, gelatin, fi bronectin
MMP-15 Membrane type MMP-2 Pro-MMP-2, gelatin, fi bronectin
Elastase Neutrophil elastase Elastin, fi bronectin, laminin, TIMPs 

Collagens: types I, II, III, IV, VIII, IX, and XI 
Activates procollagenases, progelatinases, and 

prostromelysins

Abbreviations: MMP, matrix metalloproteinase; TIMPs, tissue inhibitor of matrix metalloproteinases.
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MOLECULAR PROCESSES IN THE NONHEALING WOUND
In nonhealing wounds, there is a failure of the injured tissue to progress through the expected 
phases of healing. While abnormalities can occur at any point, it is not always clear to the clini-
cian where the abnormality has occurred. Improved understanding of the molecular patho-
physiology and biology of chronic wounds enables clinicians to take a more rational approach 
to wound management.

Trengove et al. (17) showed that the activity of TNF-α and IL-1 decreases consistently in 
venous ulcers as they progress from nonhealing to healing (Fig. 1.2). In addition, diabetic 
patients typically have elevated levels of advanced glycation endproducts, which bind to the 
receptors for advanced glycation endproducts and stimulate chronic infl ammation (18). Thus, 
at a molecular level, nonhealing wounds tend to be stuck in a chronically proinfl ammatory 
cytokine status that reverses when the wounds begin to heal.

The fi broblast is a crucial component in the processes of deposition of ECM and remodel-
ing. It deposits a collagen-rich matrix and secretes growth factors during the repair process. Any 
impairment to fi broblast function will therefore obstruct normal wound healing. Hehenberger 
et al. (19) and Loots et al. (20) observed that the proliferation of fi broblasts from chronic diabetic 
wounds was inhibited or disturbed. Earlier, Spanheimer (21) had observed reduced collagen 
production in fi broblasts from diabetic animals. It has also been seen, in vitro, that diabetic fi bro-
blasts show a 75% reduction in their ability to migrate compared with normal fi broblasts, and 
also show a sevenfold reduction in the production of vascular endothelial growth factor (22).

The traditional explanation for the failure of diabetic fi broblasts to migrate is that the cells 
have become unresponsive to the appropriate signals. This observation is based on studies 
which show that some fi broblasts in chronic wounds display phenotypic dysregulation and are 
therefore unresponsive to certain growth factors (23,24). One explanation is that they had 
become senescent (25–28). In vitro studies with fi broblasts from venous ulcers (25–27) also 
show that there is a decreased proliferative potential, and that there are other markers of senes-
cence. One explanation for senescence could be that, during repeated attempts at wound repair, 
these cells undergo numerous cycles of replication and exhaust their replicative potential. It 
may also be that senescent cells are not responsive to the normal apoptosis mechanisms and 
cannot be easily eliminated.

However, senescence of fi broblasts does not fi t all the observations. Some chronic wounds 
display hyperproliferation of cells at the margins, due possibly to suppression of differentia-
tion and apoptosis within the keratinocyte and fi broblast cell populations (29). In one study, 
biopsies taken from the edge of chronic venous ulcers revealed that epidermal cells were in a 
heightened proliferative state, but the epidermal basement membrane lacked type IV basement 
membrane collagen, which is necessary if the epithelial cells are to attach and migrate (30).

It was initially assumed that failure to migrate was due to problems with synthesis of 
new cells, but these observations suggested that wound cells were present but did not have an 
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appropriate structure over which to migrate. Attention turned to the role of proteases in wound 
healing.

Proteases are clearly central to the healing process. Proteolytic degradation of ECM is an 
essential part of wound repair and remodeling, permitting removal of damaged components, 
cell migration during wound re-epithelialization, and revascularization, and fi nally, remodel-
ing after new tissue has formed. Restructuring of the ECM is necessary to allow cells to adhere 
and to form basement membrane. However, if the regulation of proteases is disrupted in some 
way, they may be produced to excessive levels and may corrupt the ECM, preventing migra-
tion and attachment of keratinocytes, and, eventually, destroying newly formed tissue (31).

The activity of MMPs is partly regulated by a family of small proteins known as tissue 
inhibitors of metalloproteinases (TIMPs; Table 1.5). The natural inhibitor of neutrophil elastase 
is α1-protease inhibitor and abundant serum protein.

Successful wound healing requires a balance between proteinase and inhibitor levels in 
order to bring about controlled synthesis and degradation of ECM components. Ladwig and 
colleagues (32) showed that the ratio of MMP-9/TIMP-1 correlated inversely with the rate of 
healing of pressure ulcers (Fig. 1.3). In addition, levels of TIMP-1 increase more than 10-fold as 
healing progresses (33).

It is clear that there needs to be a coordinated expression of MMPs and TIMPs for success-
ful re-epithelialization. Blocking the key molecules of either group will prevent or delay wound 
healing. In addition to TIMPs, which are specifi c inhibitors of proteases, there are also a num-
ber of nonspecifi c protease inhibitors such as alpha-1 protease inhibitor, that, together, create a 
powerful anti-protease “shield” in the plasma and interstitial fl uid to limit the activity of MMPs 
to the area under repair (34,35).

Table 1.5 Inhibitors of Proteinases

TIMP-1 Inhibits all MMPs except MMP-14
TIMP-2 Inhibits all MMPs
TIMP-3 Inhibits all MMPs, binds pro-MMP-2 and pro-MMP-9
α1-protease inhibitor Inhibits elastase

Abbreviations: MMP, matrix metalloproteinase; TIMPs, tissue inhibitors of metalloproteinases.
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There is a substantial body of evidence which suggests that the temporal and spatial dis-
tributions of MMPs, serine proteases, and TIMPs are disrupted in nonhealing wounds.

Vaalamo et al. (36) in a study on normally healing acute wounds versus chronic venous 
ulcers found that the inhibitor TIMP-1 was only detectable in acute wounds. Keratinocytes 
bordering chronic wounds appear to express lower levels of TIMP-1 than normal ones; collage-
nase (MMP-1) was therefore able to act without regulation from its inhibitor (37). Agren et al. 
(38) have observed that TIMP-3 expression is absent from the epidermis of chronic venous 
ulcers even though it is expressed in high levels in acute wounds.

Elevated levels of MMPs in the granulation tissue of chronic pressure ulcers suggest that a 
highly proteolytic environment impedes healing (31). This observation is supported by a num-
ber of other studies which show that levels of MMP-2 and MMP-9 are higher in chronic wound 
fl uid compared with surgical wound fl uids or fl uids from donor graft sites. Trengove et al. (17) 
reported that MMP activity was 30-fold higher in chronic wounds compared with acute wounds. 
Wysocki et al. (39) found that the levels of MMP-2 and 9 were higher in wound fl uid from 
chronic leg ulcers than in the fl uid from acute (mastectomy) wounds. Tarnuzzer and Schultz (40) 
observed that levels of MMP activity in the early stages of healing were low in mastectomy fl u-
ids and did not change substantially in the seven days following surgery. By contrast, the aver-
age level of proteases in chronic wounds was 116-fold higher than in acute wounds and dropped 
only two weeks after the ulcers began to heal. Biopsies of chronic pressure ulcers showed that 
levels of MMPs were highly elevated than in normal skin tissue (Fig. 1.4, (41)).

Bullen et al. (33) found that TIMP levels were lower and MMP-9 levels higher in chronic 
wound fl uid and Yager et al. (35) showed that activity of MMP-2 and MMP-9 in decubitus 
patients were 10–25 times those found in surgical wounds, while levels of TIMPs were lower. 
Nwomeh et al. (42) and Bullen et al. (33) also reported lower levels of TIMP-1 in fl uid from leg 
and pressure ulcers than are found at peak levels in fl uid from healing surgical wounds or open 
dermal wounds.

As is the case with chronic wounds such as venous ulcers and pressure ulcers, levels of 
proteases are disrupted in diabetic ulcers. Lobmann et al. (43) measured the concentrations of 

(A) (B) (C) (D)

(K)(I) (J)

(H)(G)(F)(E)

(L)

MMPs are low in normal skin
MMPs are elevated in nonhealing wounds
MMPs immunolocalize with inflammatory cells  

Normal
skin

Non
healing
pressure
ulcer  

MMP-2
72 kDa Gelatinase 

MMP-9
92 kDa Gelatinase 

MMP-1
Collagenase

MMP-3
Stromelysin

Schultz, Ladwig, and Wysocki, Extracellular Matrix in Wounds.  World Wide Wounds, 2005

Figure 1.4 Matrix metalloproteinases in normal skin and nonhealing wounds. Source: From Ref. 41.
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various MMPs and TIMPs in biopsy samples taken from diabetic foot ulcers and trauma 
wounds in nondiabetic patients. The concentrations of MMPs were signifi cantly elevated in 
diabetic wounds compared with traumatic wounds in nondiabetics: MMP-1 (x65); MMP-2pro 
(x3); MMP-2active (x6); MMP-8 (x2), and MMP-9 (x14). At the same time, the expression of TIMP-2 
in diabetic wounds was half of that seen in nondiabetic lesions.

Loots et al. (44) found differences in the pattern of deposition of ECM molecules and the 
cellular infi ltrate in diabetic wounds, compared with chronic venous ulcers and acute wounds. 
ECM molecules, including fi bronectin, chondroitin sulfate, and tenascin are expressed early in 
normal dermal wounds and reach a peak at three months before returning to pre-wounding 
levels; in chronic wounds, a prolonged presence of these molecules was noted. The chronic 
wounds also had a higher level of cellular infi ltrates such as macrophages, B cells, and plasma 
cells. A summary of these observations can be seen in Table 1.6.

In the early stages of wound repair, neutrophil proteases participate in the antimicrobial 
activity and the debridement of devitalized tissue. But in chronic wounds, it has been demon-
strated that the levels of neutrophil elastase activity are elevated (34). Elastase is very nonspe-
cifi c in its actions and is capable of degrading fi bronectin in the provisional matrix. The 
majority of proteases found in elevated levels in chronic wounds are primarily of neutrophil 
origin, including collagenase (MMP-8), gelatinase (MMP-9), neutrophil elastase, cathepsin G, 
and urokinase-type plasminogen activator (45).

Wysocki and Grinnell (46) found that fi bronectin in diabetic ulcers was partially degraded 
and there was no fi bronectin in pressure ulcer wound fl uid. When intact fi bronectin was added 
to pressure ulcer wound fl uid, it was fragmented within 15 minutes (Fig. 1.5).

Herrick et al. (47) took sequential biopsies from the margins of venous leg ulcers during 
the course of healing and found that fi bronectin was initially absent in the ulcer base but reap-
peared during healing (Fig. 1.6).

To summarize, all chronic wounds begin as acute wounds but fail to progress through the 
normal healing process and become locked in an extended infl ammatory phase. In this phase, 
there are increased levels of proteases such as MMPs, elastase, plasmin, and thrombin, leading 

Table 1.6 Levels of Proteases and Tissue Inhibitors in Acute and Chronic Wounds

Factor Acute Chronic References

TIMP-1 Present Absent (36)
Keratinocytes bordering chronic 

wounds
Express lower levels of TIMP-1 (10)

TIMP-3 in venous leg ulcers High levels Absent (38)
MMPs in the granulation tissue 

of pressure ulcers
Normal High levels (31)

MMPs in wounds 30× acute levels (17)
MMP-2 and MMP-9 in wound fl uid Normal (mastectomy fl uid) Higher (39)
Levels of protease activity Normal (mastectomy fl uid) 116× acute levels (40)
TIMP 
MMP-9

Normal 
Normal

Lower 
Higher

(33)

MMP-2 and MMP-9 
TIMPs

Normal in surgical wounds 12–25× in decubitus ulcers 
Lower

(35)

TIMP-1 Normal in surgical wounds Lower in leg ulcers (42)
TIMP-1 Normal in dermal wounds Higher in pressure ulcers (33)
MMPs in tissue Low in normal tissue Elevated in nonhealing wounds (41)
MMP-1 in diabetic foot ulcers 65× normal (43)
MMP-2 in diabetic foot ulcers 6× normal (43)
MMP-8 in diabetic foot ulcers 2× normal (43)
MMP-9 in diabetic foot ulcers 14× normal (43)
TIMP-2 in diabetic foot ulcers Half normal levels (43)

Abbreviations: MMPs, matrix metalloproteinases; TIMPs, tissue inhibitor of matrix metalloproteinases.
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to the deterioration of the structure of the provisional matrix and an inability of the wound cells 
to proliferate and migrate (Fig. 1.7; (48)).

Specifi cally, there is an excess of two cytokines: TNF-α and IL-1β, high levels of a number 
of proteases, including MMP-2 and MMP-9, along with correspondingly low levels of their reg-
ulators, TIMPs which increases the ratio of proteases relative to that of their inhibitors (40). As 

Fibronectin profile in plasma shows a single
intact band at 250 kDa. In contrast,
fibronectin is degraded to lower molecular
weight fragments in venous stasis ulcers
and in diabetic ulcers.     

Wysocki and Grinnell. Lab Invest 63:825, 1990

P
la

sm
a

V
en

ou
s 

ul
ce

r 
1

V
en

ou
s 

ul
ce

r 
2

Plasma

93 kD–

FN–

125 kD–

1 2 3 4 5 6 7 8 9

VU1 VU2 DU1 DU2 MF1 MF2 Plasma + CWFs

D
ia

be
tic

 u
lc

er
 1

D
ia

be
tic

 u
lc

er
 2

M
as

te
ct

om
y 

flu
id

 1

M
as

te
ct

om
y 

flu
id

 2

P
la

sm
a 

+
 C

W
F

 1

P
la

sm
a 

+
 C

W
F

 2

Figure 1.5 Action of chronic wound fl uid on fi bronectin. Source: From Ref. 46.

Herrick, Sloan, McGurk, Freak, McCollum and
Ferguson.  Am J  Pathol 141, 1992   

Fibronectin reappears (stable) as ulcer heals

Fibronectin is degraded in nonhealinzg ulcer

Skin Ulcer edge

Initial ulcerB

Healing

Ulcer base

Figure 1.6 Fibronectin levels during healing. Source: From Ref. 47.
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the ECM is constantly being degraded, the tissue perceives that there is still injury and maintains 
the infl ammatory cascade which continues to draw in neutrophils, macrophages, and other 
phagocytic cells. The massive infl ux of neutrophils releases cytokines, reactive oxygen species, 
and infl ammatory mediators which injure host tissue in a continuous cycle (Fig. 1.8).

However, this begs the question: why is this process perpetuated? What is happening at 
the wound bed to maintain this cycle of injury and attempted repair? There is a large body of 
evidence to suggest that bacteria play an important role in maintaining a proinfl ammatory 
cycle in nonhealing wounds.

THE ROLE OF BACTERIA IN NONHEALING WOUNDS
Once a wound has been created, whether it is through surgery, trauma, or endogenous mecha-
nisms there is nearly a 100% probability of it being contaminated.

A number of studies have been carried out in an attempt to assess the impact of microbial 
load on wound healing. In 1964, Bendy et al. (49) reported that healing in decubitus ulcers was 
inhibited if the bacterial load was greater than 106 CFU/mL of wound fl uid. Superfi cial wound 
swabs were used in this study but other studies, using tissue biopsy specimens reported similar 
results in pressure ulcers and surgical wounds (50–52).

A substantial amount of data has shown that a bacterial load greater than 104 per gram 
of tissue is necessary to cause wound infection (53), whereas Elek (54) demonstrated that an 
average of 7.5 × 106 staphylococci is required to produce a pustule in normal human skin. 

Cellular and molecular imbalance between
healing and nonhealing wounds 

Healing wounds
Balanced inflammatory cytokines
Low proteases, ROS
High mitotic activity
Cells responsive to growth factors
Rapid cellular migration

Nonhealing wounds
High inflammatory cytokines
High proteases
Low mitotic activity
Cells unresponsive to growth factors
Poor cellular migration  

Mast & Schultz, Wound Repair and Regeneration 1996

Figure 1.7 Cellular and molecular imbalance between healing and nonhealing wounds. Source: From Ref. 48.
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Figure 1.8 Hypothesis of chronic wound pathophysiology. Source: From Ref. 48.
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Krizek et al. (55) in a study on 50 granulating wounds receiving skin grafts, showed that the 
average graft survival rate was 94% on wounds with a bacterial count of <105 bacteria per 
gram of tissue, but was only 19% when the bacterial count was above this level.

Similar data have been reported for wounds undergoing delayed closure. In an initial 
study on 40 wounds, a review of the bacterial counts performed at the time of delayed wound 
closure showed that 28 out of 30 wounds containing 105 or fewer bacteria per gram of tissue 
progressed to uncomplicated healing, whereas none of the 10 wound closures performed on 
wounds with a higher bacterial load were successful (56). These fi ndings were confi rmed in a 
later study on 93 wounds where 89 wounds with a bacterial count of <105 per gram of tissue 
progressed rapidly to uncomplicated healing (57).

Successful closure of pedicled fl aps also depends on the bacterial load in the wound at the 
time of closure (58). In heavily contaminated wounds containing 106 bacteria per gram of tis-
sue, the fl ap was not able to prevent bacterial proliferation and subsequently failed. But in 
minimally contaminated wounds containing up to 104 bacteria, both random and musculocu-
taneous fl aps achieved wound healing and decreased the bacterial level in the wound. In an 
intermediate group containing 105 bacteria per gram of tissue, musculocutaneous fl aps low-
ered the bacterial count and allowed wound closure, whereas the random fl aps failed.

It is clear from the available data that bacteria in the wound—even in the absence of overt 
infection—can inhibit the normal would healing processes and prevent wound closure, whether 
it be by direct approximation, skin graft, pedicled fl ap or spontaneous contraction, and 
epithelialization.

All wounds are at risk of progressing to infection. Burn wounds and donor sites are 
highly susceptible for opportunistic colonization by endogenous and exogenous organisms. 
Surgical wounds are rarely at risk from exogenous sources of bacteria, but overwhelming evi-
dence exists to implicate endogenous sources (53). Traumatic wounds have obvious sources of 
bacteria, both exogenous and endogenous. Even wounds which appear clean may harbor sig-
nifi cant numbers of organisms. In a series of 80 emergency department wounds, 20% yielded 
at least 105 organisms per gram of tissue (59).

Time is also important. In the latter study, there was a strong correlation between the 
bacterial load and the time since injury. Patients with fewer than 102 bacteria per gram of tissue 
in their wounds were seen within a mean time since injury of 2.2 hours. Those who had been 
injured three hours previously had a bacterial load of 102–105 bacteria per gram of tissue, and 
patients who presented to the emergency department at a mean of 5.17 hours after injury had 
a bacterial load greater than 105 organisms per gram of tissue. Only those in the last group 
developed clinical infection that prevented primary healing.

It is not always possible to detect infection solely on the basis of clinical signs (55), par-
ticularly when the bacterial load is around 105 bacteria per gram of tissue. At this level of 
“critical colonization” bacteria replicate and prevent the wound from healing without display-
ing signs of frank infection. The evidence suggests that elevated MMP levels can occur in the 
absence of outright infection but where the bacterial load is still suffi cient to stimulate an 
infl ammatory response (17,48).

Recently, the concept of “critical colonization” of chronic or stalled wounds has been 
enlarged to include the presence of bacteria in biofi lm communities (Fig. 1.9). As explained in a 
“clinician friendly” brief summary of biofi lms entitled Biofi lms Made Easy (60), almost all bacteria 
can exist in two dramatically different phenotypic states. Planktonic bacteria are typically rap-
idly growing, single bacteria that are not attached to a surface. Good examples of planktonic 
state of bacteria are the rapidly growing (logarithmic phase) suspension culture of bacteria 
growing in enriched culture broth or the colonies of bacteria growing on enriched agar plates. In 
marked contrast, biofi lm communities of bacteria are complex communities of one or more bac-
terial species that are surrounded by an extensive, complex exopolymeric matrix of various 
polysaccharides, proteins, and bacterial DNA that are synthesized and secreted by the bacteria 
in the biofi lm community. Bacteria evolved the ability to shift from planktonic to biofi lm pheno-
types (and back to planktonic state) as a defense mechanism to escape natural predators in their 
environment such as amoebas that engulf and eat planktonic bacteria, and bacterial phage 
viruses that infect, replicate, and lyse bacteria (61). Unfortunately, the formation of a biofi lm in a 
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wound also provides bacteria with extremely high tolerance to infl ammatory phagocytic cells 
(neutrophils and macrophages), to antibodies, to antibiotics, and to most antiseptics or disinfec-
tants (62). These properties result in chronic infl ammation that is stimulated by the persistence 
of the biofi lm communities, as found in other pathological conditions with chronic infl amma-
tion including periodontitis, cystic fi brosis, and osteomyelitis (63,64). Standard microbiology lab 
cultures only measure planktonic bacteria and do not detect bacteria in mature biofi lm struc-
tures unless samples are subjected to ultrasonic dispersion of the biofi lms extensively. Thus, the 
presence of biofi lms in chronic wounds was not conclusively demonstrated until recently when 
biofi lm structures were detected by electron microscopy in 60% of 50 wound biopsies, in con-
trast to biofi lm structures found in only 6% of acute healing wounds (65).

The extreme tolerance of bacteria in biofi lms to infl ammatory cells, antibodies, antibiot-
ics, and antiseptics/disinfectants obviously poses a problem for wound care. However, a con-
cept of “biofi lm-based” wound care has evolved based on laboratory and clinical results (66). 
The key concepts of this clinical approach is to remove biofi lms with frequent debridement 
which is followed by the use of effective bacterial barrier dressings and/or topical and systemic 
antibiotics and antiseptics that kill planktonic bacteria before they can attach and reform func-
tional biofi lm communities. The combination of effective debridement and bacterial barrier 
dressings, topical/systemic antibiotics, and antiseptics is crucial since recent clinical data 
showed that planktonic bacteria can reform functional biofi lm structures within 48–72 hours 
after effective removal of biofi lms by physical debridement of chronic wounds on patients and 
with in vitro models (67). Thus, there is a relatively short time window that is opened by 
debridement of biofi lms on chronic wounds in which to prevent biofi lms from reforming.

THE ROLE OF DEBRIDEMENT IN RESTORING NORMAL HEALING
In acute wounds, debridement is used to remove devitalized, damaged tissue and bacteria, and 
once this has been accomplished, there is a clean wound bed that is likely to heal with relative 
ease. Chronic wounds are slowly and constantly accumulating abnormal cells that are no 

Inflammation

“Seeding”
dispersion of

biofilm fragments

Swarming dispersion
of motile bacteria

Systematic
infection

Spreading
infection

Requires intervention

Mature polymicrobial biofilm

Quorum sensing

Microcolony
coaggregation
differentiationPermanent

attachment

Reversible
attachment

Contamination Colonization Critical
colonization

Localized
infection

May or may not be 
accompanied by the “classic”

signs of infection and
inflammation.

BIOFILM

(C)

(B)

(A)

20 mm

Planktonic growth

Figure 1.9 Confocal laser scanning microscopy (top view) of BacLight Live/Dead-stained (Life Technologies 
Corporation, Grand Island, NY) four-day Pseudomonas aeruginosa biofi lm (A) void space containing planktonic 
bacteria formed on porcine explants and (B) bacterial microcoloines. Red bacteria are dead and green/yellow 
bacteria are alive. (C) Schematic representation of polymicrobial bacterial biofi lm formation. Source: From Ref. 60.



SURGICAL WOUND HEALING AND MANAGEMENT14

longer responsive to growth factors and which impede the growth of healthier cells. Frequent 
maintenance debridement is therefore required to remove debris, including exudate, which 
may be impairing healing. While debridement is rarely required more than once in an acute 
wound, it is now clear that chronic wounds continue to generate a necrotic burden, which 
requires regular removal if the wound is to heal (68).

The term “chronic” is generally used to refer to wounds that have not healed in six weeks. 
Yet, in some respects, all chronic wounds begin as acute wounds; however, the underlying 
pathology that accompanies the acute injury slows the healing process so much that other fac-
tors (infection, ischemia) begin to alter the molecular and cellular environment of the wound 
and healing cannot proceed. Burns can be considered chronic if scarring remains a problem for 
the patient. Surgical wounds can be chronic if they become infected. Debridement removes 
necrotic tissue which may provide nutrients for further bacterial growth and allows for a thor-
ough investigation of the wound to remove pockets of infection.

Debridement also directly removes bacteria from the wound surface. Barret and Herndon 
(69) carried out quantitative bacteriological assessments of wound and biopsy samples taken 
from wounds that were excised 24 hours after burning and those that received delayed exci-
sion. Patients who received immediate excision had <105 bacteria per gram of tissue in biopsy 
samples, compared with >105 bacteria per gram of tissue in the other group of patients. Patients 
in the fi rst group suffered no infection or graft loss, compared with three in those receiving 
delayed excision. The pattern of colonization also differed between the two groups, with 
the conservatively managed group displaying a greater concentration of gram-negative spe-
cies. Overall, greater bacterial colonization and higher rates of infection were correlated with 
topical treatment and late excision. Early excision of wounds, along with improvements in 
fl uid resuscitation and general medical care, signifi cantly reduced the incidence of infections 
following thermal injury (70,71). The pattern of infection also changed, with a difference in the 
organisms that were responsible for infection, and an increase in the time between injury and 
infection (72).

Debridement may be of benefi t by removing senescent cells from the wound (73). The new 
granulation tissue that forms may initiate the healing cascade. Desiccated areas that may impede 
cellular migration can be removed and the environment of the chronic wound can be adjusted 
to one that more closely resembles an acute wound. With optimal support to the patient in order 
to maximize host defenses, debridement can be a powerful tool to kick start the healing process.

However, even good debridement will not be effective if the patient is compromised. 
Adequate tissue perfusion is necessary for wounds to heal rapidly. Good blood perfusion 
allows oxygen, nutrients, and cells to be delivered to the wound and limits the opportunity for 
microorganisms to colonize. Acute wounds in otherwise healthy individuals usually have oxy-
gen tensions of 60–90 mmHg, whereas chronic non-healing wounds are frequently hypoxic due 
to poor blood perfusion, and oxygen tensions can be as low as 5–20 mmHg. Hypoxic conditions 
cause cell death and tissue necrosis which create ideal growing conditions for the growth of 
microorganisms. Anaerobes are likely to proliferate in low oxygen tension conditions and to 
continue to proliferate as the remaining oxygen is consumed by facultative bacteria. Arterial or 
venous insuffi ciency, trauma, blood loss, and edema all interfere with tissue perfusion and 
increase the likelihood of microbial proliferation.

Other chapters in this book will discuss in detail the techniques and outcomes of various 
forms of debridement.

SUMMARY
In a chronic wound the normal cellular processes are disrupted and the molecular and cellular 
environment is very different to that in an acute wound. In particular, levels of cytokines and 
proteases are much higher than in acute wounds, leading to degradation of the extra-cellular 
matrix and growth factors, and consequently, a failure of wound cells to migrate across the 
wound bed. Subinfective levels of bacteria can lock the wound in this cycle of repeated trauma 
and infl ammation. Debridement is a highly effective method of removing bacteria and their 
nutrients from the wound bed, and restoring the environment to that of an acute wound.
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  Wound surgery
Mark S. Granick and Luc Téot

Surgeons have been in the business of treating wounds for two millennia. However, the 
 development of the disciplines of surgery and medicine, including their handling of wounds, has 
followed different paths during the past 500 years. Surgeons were allied with barbers for 
centuries because of their shared skills with knives and scissors. Consequently, surgeons acted as 
tradesmen, while the practice of medicine evolved as a more intellectual pursuit. Over time sur-
gery became more academically oriented but was limited until three major breakthroughs 
occurred in the late nineteenth century: safe anesthesia, antisepsis, and advances in instrumenta-
tion. The course of surgical wound management parallels these developments. Until recently, the 
primary sources of wounds have been war and work-related injuries. In the late eighteenth cen-
tury, the French military surgeon Dessault determined that aggressive debridement of war 
wounds saved lives. These fi ndings were echoed by Larre and other military surgeons throughout 
the nineteenth century. Following the overwhelming evidence that debridement was lifesaving in 
World War I, the procedure became ingrained in surgical thinking and practice. During the last 
half century advances in medicine and medical care including insulin, anticoagulants, and spinal 
injury protocols have allowed persons with diabetes, phlebitis, and para- and quadriplegia to live 
longer lives. This has opened the door to the now common presence of chronic wounds and 
ulcers. The medical approach to these wounds is largely based on topical care and treatment of the 
underlying disease. Surgeons, however, have relied on debridement and various reconstructive 
efforts. As technology advanced, sophisticated bioactive dressings, advanced therapies, new sur-
gical debridement tools, and reconstructive instrumentation became available. The role and pro-
cess of wound bed preparation was precisely defi ned during this time as well. Now, optimal care 
of patients demands that medical and surgical specialists work in concert to treat wounds (1).

Wounds heal best when the patient’s underlying medical conditions are optimized. 
Disorders which commonly impede wound healing include, but are not limited to, diabetes, 
chronic renal failure, cancer, immune-suppression, malnutrition, smoking history, and 
 peripheral cardiovascular disease. In addition to the basic requirement of controlling these 
disorders, specifi c wound characteristics can impact adversely in wound healing. Local infec-
tion, presence of necrosis, biofi lm, local or regional ischemia, and a chronic wound interface 
must be managed either topically or surgically. In many instances, surgical debridement facili-
tates wound bed preparation. The goal of surgical debridement is to mechanically remove bar-
riers to wound healing. The surgeon must determine whether a procedure is indicated and 
must then design an approach which will control infection, remove necrosis, exteriorize the 
wound, and refresh the wound surface. In most cases, it is best to preserve collateral tissue and 
to retain the healing edge of the wound. Once the wound is properly prepared, closure can be 
affected by application of an advanced therapy device, a skin graft or fl ap. Negative pressure 
wound therapy and a variety of topical devices are also available to manage the wound bed. 

Wound surgeons have a distinctive approach to the evaluation and management of 
wounds. Once the patient’s overall medical condition is optimized, the surgeon must ensure 
that the wound bed is manipulated to create an environment favorable to healing. Debride-
ment is usually necessary. There are numerous tools for debridement. While mechanical 
debridement is considered too nonspecifi c, enzymatic debridement is generally considered to 
be too slow. Biodebridement is effective (2). Diabetic foot wounds can similarly be cleared of 
slough by maggots (3). Maggot therapy is useful in the debridement of leg ulcers with fi brinous 
debris (4). Larval therapy, compared with hydrogel application for slough clearance in venous 
ulcers, was found to be cost effi cient and clinically effective. However, in some regions the 
application of maggots is poorly accepted by patients and supporting staff. 

Negative pressure wound therapy (NPWT) can be useful as a wound bed preparation 
technique prior to skin grafting or application of advanced therapies (5). The device can be 
applied over subcutaneous fat, exposed tendon, and bone after surgical debridement. After fi ve 
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or more days, the wound will develop a vascularized base which is able to support a skin 
graft. Loree et al. (6) noted that NPWT facilitated removal of fi brinous debris from venous leg 
ulcers. In general, however, NPWT is very useful as a wound bed preparation technique but 
more for its angiogenic effects. Ultrasonic mist has developed a role in debridement of 
fi brinous debris and stimulating healing. This painless procedure is done serially at bedside on 
awake patients.

Surgical debridement consists of using a surgical instrument to remove necrotic tissue, 
slough, fi brinous debris, and an unhealthy chronic wound surface. Serial debridements at bed-
side (Fig. 2.1) are generally well tolerated and over a period of time, can be effective for small 
wounds, but run the risks of pain, uncontrolled bleeding, and failure to adequately remove all 
of the necessary tissue in larger wounds. Tangential excision is an effective way for surgeons to 
remove thin layers of a burn down to a dermal level that can support a skin graft. Burn out-
comes and the resultant scarring are dependent on the amount of dermis that is retained. 
Schmeller (7) employed a similar concept is treating venous leg ulcers. By shaving the ulcer and 
surrounding lipodermatosclerotic skin down to a healthy wound bed, long term positive out-
comes were achieved with skin grafting. When debriding a large wound such as a pressure 
ulcer, a wide excisional approach (Fig. 2.2), akin to tumor extirpation, is often utilized. This can 
be thought of as a centripetal approach to debridement (8). In these procedures, a margin of 
healthy appearing tissue is removed in continuity with the wound. While the wound can be 
effectively cleaned back to healthy edges using this technique, a considerable amount of nor-
mal tissue can be removed in the process. Another approach that has been facilitated by the 
development of the Versajet (Smith and Nephew, Hull, UK) involves the sequential controlled 
removal of tissue in a centrifugal pattern from within the wound to the periphery (Fig. 2.3). 
Versajet produces a high powered focused beam of saline which runs parallel to the wound 
surface and can be used to tangentially ablate soft tissues. Skin needs to be sharply excised and 

(A) (B)

(C)

Figure 2.1 (A) Diabetic foot ulcer with a granular bed and hyperkeratotic edges. (B) Maintenance debridement 
at bedside. Most diabetics with ulcers are neuropathic, so debridement is painless. (C) The cleaned ulcer.
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bone needs to be removed with bone instruments when necessary. The Versajet, however, pro-
vides extreme precision, paring the wound back to normal appearing tissue at the exact inter-
nal edge of the wound. The device has been shown to reduce bacterial counts comparable to a 
high powered pulse lavage (9). An economic analysis of the centrifugal debridement approach 
demonstrated Versajet is a cost-saving system (10). There are additional surgical instruments 
which have similar effects using different energy sources, but these have not yet been intro-
duced to many countries.

Once the unhealthy tissues, bacterial load, biofi lm, desiccated debris, and curled wound 
edge are removed from the wound, the wound surgeon must now decide from many options 
how to best approach reconstruction. In some areas of the body, particularly the lower extrem-
ity, blood supply is frequently a concern. In those instances a thorough noninvasive assessment 
must be made. Depending on the results more detailed vascular mapping can require a mag-
netic resonance arteriogram or an angiogram. Occlusive disease can be treated by a vascular 
surgeon with stenting, endovascular repair, or bypass grafting.

The traditional approach to reconstructive surgical thinking is referred to as the recon-
structive ladder. Essentially the surgeon chooses the simplest, least invasive technique to man-
age the wound. The order of complexity from least invasive to most complex is secondary 
healing, application of advanced biologically active and regenerative therapies (Fig. 2.4), skin 
graft (Fig. 2.5), local skin transposition fl ap (Fig. 2.6), pedicled/axial/island fl ap (Fig. 2.7), fas-
ciocutaneous fl ap, muscle fl ap with or without a skin paddle, and microvascular tissue transfer 
(Fig. 2.3C). Each of these techniques has an important role in the right patient. Both functional 
and esthetic outcomes are of concern, but function comes fi rst in most cases. All of these 
surgical techniques will be addressed throughout this book. 

Advances in the reliability and safety of the more complex reconstructive surgeries have 
led to a rethinking of the reconstructive ladder. The process can now be thought of as the recon-
structive elevator. The surgeon assesses the patient’s medical status and the wound and 

(A) (B)

(C) (D)

Figure 2.2 Centripetal debridement; (A) a sacral pressure sore, (B) wide excision of soft tissue, (C) ostectomy 
of protruding sacrum, and (D) a clean wound.
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chooses the best procedure to optimize function and esthetics, and not the simplest one. In 
other words, the surgeon gets into the elevator, presses the button to get where he/she wants 
to go, and gets out at that level (Fig. 2.8). It is important to realize that there are usually mul-
tiple options available to the reconstructive surgeon. The decision will be made based on their 
experience, technical abilities, and medical judgment. Each operation that is performed is cus-
tomized to the specifi c needs of the patient. Learning how to make the correct evaluation and 
plan and then having the technical skill to carry it out requires years of training and 
experience.

(A) (B)

(C)

Figure 2.3 (A) Complicated compound open tibial/fi bular fracture. (B) Road dirt, necrotic debris, and compro-
mised tissue removed with Versajet with subsequent VAC therapy (KCI, San Antonio, Texas, USA). (C) Healed 
after latissimus dorsi microvascular tissue transfer and split-thickness skin graft. Source: Courtesy of Ramazi 
Datiashvili, MD.
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Nearly a decade ago, surgical management of wounds experienced resurgence as new 
technologies were introduced and new procedures refi ned. At that time, the fi rst edition of 
“Surgical Wound Management” was published to reassert the important role of surgery in 
wound care. While this second edition gives a glimpse into new and potentially important 
technologies, such as stem cells, it transitions away from an emphasis on technology to present 
a surgical philosophy of wound care. Many new authors were invited to participate in this 

(A) (B)

(C)

Figure 2.4 (A) Nonhealing postoperative wound which had failed multiple skin grafts. (B) Versajet debridement 
and application of Dermagraft (Advanced Biohealing, San Diego, California, USA). (C) At two months post- 
operative the wound is healed.
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truly international project. We intend this to be a current compilation of knowledge and 
experience from many of the foremost wound surgeons in the world. Throughout the book, 
these surgeons recognize that their role in wound management is critical, but is only part of the 
overall patient plan of care. Inter-specialty and disciplinary cooperation is essential in order to 
deliver the best care available to our patients.

(A) (B)

(C)

Figure 2.5 (A) Chronic lateral leg wound. (B) Following excision of necrotic tendon and Versajet debridement of 
surrounding soft tissue a split-thickness skin graft is placed. (C) Healed skin graft two years later.
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(A) (B)

(C) (D)

Figure 2.6 (A) Basal Cell Carcinoma of the lower lip. (B) Labial defect following tumor excision and surgical 
planning for transposition fl ap reconstruction. (C) Reconstructed surgical wound. (D) Healed wound.

(A) (B)

(C) (D)

Figure 2.7 (A) Defect of the ulnar metacarpal phalangeal joint resulting from a bullet wound. (B) Island fl ap of 
the skin based on the digital neurovascular pedicle. (C) Healed fl ap with fi ngers in fl exion; (D) fi ngers in extension.
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  Surgical management of necrotizing fasciitis
Tristan L. Hartzell and Dennis P. Orgill

HISTORY AND INTRODUCTION
Necrotizing fasciitis is a rapidly spreading soft tissue infection that travels along subcutaneous 
fascial planes and obliterates perforating skin vessels, but spares the underlying muscle. The 
rapid pace of advancement coupled with high mortality rates has resulted in a heightened 
awareness by surgeons with a low threshold for intervention. 

Severe, life-threatening soft tissue infections have been recognized throughout history. 
They have been referred to as non-clostridial gas gangrene, malignant ulcer, gangrenous ulcer, 
putrid ulcer, phagedenic ulcer, phagedena gangrenosa, hospital gangrene (1,2), gangrenous 
erysipelas, necrotizing cellulitis, hemolytic streptococcal gangrene, Fournier gangrene (if it 
involves the perineal area or genitals), Ludwig’s angina (if it involves the submandibular 
space), and Meleney gangrene (1).

Hippocrates fi rst described necrotizing fasciitis in the fi fth century BC (3). Since then, it has 
been frequently noted in military confl icts (4). The Gendarmerie Hospital in Brussels reported 
several cases after the Battle of Waterloo (1). From her hospital base in Scutari, Florence 
 Nightingale noted 80 cases during the Crimean war (1). It wasn’t until 1871 that the term necro-
tizing fasciitis was coined. Joseph Jones, a confederate army surgeon reported on over 2600 cases 
of “hospital gangrene” with a 46% fatality rate (5). Over the coming decades, the disease became 
better characterized and understood. In 1918, Pfanner demonstrated that necrotizing fasciitis 
was caused by beta-hemolytic streptococcus, describing it as “necrotizing erysipelas” (1). Subse-
quently, Meleney reported 20 cases from Beijing, characterized by rapidly progressive subcuta-
neous necrosis due to beta-hemolytic streptococci (1). In 1948, McCafferty and Lyons 
acknowledged the importance of early recognition and surgical intervention (6).

The number of annual cases of necrotizing fasciitis is diffi cult to ascertain, owing to inac-
curate reporting, incorrect identifi cation, and the many misnomers. It has been reported that 
the annual rate is 0.40 cases per 100,000 (7). This number appears to be increasing (8), possibly 
as a result of more commonplace intravenous drug use and a higher percentage of immuno-
compromised individuals in the community. Predisposing factors include intravenous illicit 
drugs, immunosuppression, diabetes, malignancy, chronic kidney disease, vascular pathology, 
burns, insect bites, needle stick injury, and trauma (3). Seventy percent of patients have one or 
more chronic illnesses, 50% have a history of skin injury, and 25% have experienced blunt 
trauma (3). The disease is more common in men (7), seen more frequently in winter, and the 
incidence increases with higher age (3).

The mortality rate has been reported to be between 20 and 60% (9–13), with more recent 
data suggesting the number is at the low end of this range (14). The cornerstones of treatment 
continue to be early recognition, aggressive antibiotic coverage, prompt surgical debridement, 
and modern supportive care.

DIAGNOSIS
A rapid diagnosing of necrotizing fasciitis reduces morbidity and mortality. However, the diag-
nosis is notoriously diffi cult and often missed until very late in the hospital course. In the head 
and neck region, only 15–34% of patients with necrotizing fasciitis are accurately diagnosed on 
admission (15). Since there is no defi nitive test to diagnose necrotizing fasciitis, it is mandatory 
that the overall clinical picture be carefully considered. When there is doubt, early surgical 
treatment is preferred as the infection can progress to sepsis and death within hours. When 
unsure, a biopsy from normal looking adjacent tissue, a fascial biopsy, and a Gram stain can be 
performed before beginning with a disfi guring debridement.

A careful history can also aid in the diagnosis. Patients who are intravenous drug users 
or immunocompromised should be of special concern. Those with liver or spleen dysfunction 
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suggest a decreased immune response to organisms typically found in necrotizing fasciitis, 
especially those bacteria that are encapsulated. Vibrio and Aeromonas are two well-known 
waterborne organisms that cause necrotizing fasciitis. A history of seawater exposure or fi sh 
stings (16) should heighten alert. In newborns, omphalitis and recent circumcision have been 
associated. Children with leukemia and malnutrition are also at a higher risk (17).

Nonspecifi c signs of necrotizing fasciitis include tenderness, swelling, erythema, and pain. 
Unfortunately, these signs mimic non–life threatening infections such as cellulitis and erysipelas 
(Fig. 3.1). In our experience and several other published reports (3,18,19), the most distinguish-
ing feature is severe pain early in the course of the disease. This pain is out of proportion to the 
examination fi ndings. As the infection advances, this pain progresses to paresthesias and numb-
ness, indicating destruction of the cutaneous nerves. Similarly with advanced infection, the skin 
changes in appearance from red, hot, and swollen with ill-defi ned borders to pale, mottled, 
blistered, and gangrenous with sharp lines of demarcation. Hemorrhagic bullae are a late fi nd-
ing, but suggestive of the disease. The odds ratio (OR) of bullae for necrotizing fasciitis com-
pared with a cellulitis was found to be 3.5 with a 95% confi dence interval (CI) of 1.0–11.9 (20).

Subcutaneous emphysema is an often sought fi nding of necrotizing fasciitis. However, 
the diagnosis must not be eliminated if there is no crepitus on examination or air on radio-
graph. Most of the cases of necrotizing fasciitis that we have treated have not had subcutaneous 
emphysema. This fi nding is only seen when gas-forming organisms are present.

Fever (44%; OR 3.5 with CI 1.6–7.4), tachycardia (59%; OR 4.5 with CI 1.7–11.8), and hypo-
tension (21%; OR 2.6 with CI 1.1–6.0) often help distinguish routine infections from necrotizing 
(20). There are four classic laboratory abnormalities described in necrotizing fasciitis. These are 
leukocytosis, hyponatremia, renal failure, and coagulopathy. Patients who have a white blood 
count >20,000/mm3 (OR 3.7, CI 1.6–8.5), sodium level <135 mmol/L, blood urea nitro-
gen>18 mg/dL (OR 6.8; CI 2.9–16.3), serum creatinine >1.2 mg/dL (OR 4.5; 95% CI 1.1–19.5), 
and elevated prothrombin and partial thromboplastin times should be carefully considered 
fornecrotizing fasciitis (3,20). Reports are available that suggest that C-reactive protein level 
>16 mg/dL should also increase suspicion for necrotizing fasciitis (21).

The role that imaging has in the diagnosis of necrotizing fasciitis is debatable. It should only 
be considered as an adjunct to the clinical examination in doubtful cases and should not be used 
to determine the extent of surgical debridement. Nevertheless, there has been an extensive report 
about the plain X-ray (22), computed tomography (CT) (23), and magnetic resonance imaging 
(MRI) (24) for diagnosing necrotizing fasciitis and the extent of the infection. In our experience, 
plain X-rays and CT rarely show subcutaneous gas and MRI is too sensitive. In addition, per-
forming these studies prolongs the time to treatment. If imaging studies are performed, it is 
important to reiterate that the clinical examination should supersede image fi ndings at all times.

CLASSIFICATION SCHEMES AND MICROBIOLOGY
Necrotizing fasciitis has historically been classifi ed as either type 1 (polymicrobial) or type 2 
(monomicrobial). Type 1 is a polymicrobial infection caused by aerobic and anaerobic bacteria, 

Figure 3.1 Erythema and edema are nonspecifi c signs of necrotizing fasciitis.
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classically affl icting patients with diabetes or who are immunocompromised. Type 1 is more 
common than type 2 necrotizing fasciitis. A review of 87 cases found that only 4 were monomi-
crobial (25). In addition to group A streptococcus (GAS) and Staphylococcus aureus, anaerobic 
bacteria often predominate in the type 1 disease. Common isolates include Peptosstreptococcus, 
Prevotella, Porphyromonas, Bacteroides, and Clostridium (25).

Type 2 necrotizing fasciitis is the classic “fl esh-eating” infection originally attributed to only 
GAS. However, over the past several decades many more types of bacteria have been recognized 
to cause type 2 disease. These include S. aureus, Vibrio vulnifi cus, A. hydrophila, Enterobacteriaceae 
(Escherichia coli, Pseudomonas species, and Klebsiella species), and anaerobic streptococcus (3).

S. aureus merits unique discussion because of its methicillin-resistant strain (MRSA). In 
most U.S. cities, MRSA is now the most common pathogen cultured from skin infections in 
emergency departments (26). Furthermore, several strains of MRSA appear to have garnered 
the appropriate cassettes to become more virulent and have been found to cause necrotizing 
fasciitis (27). A report from Taiwan found that 10 of 105 cases of necrotizing fasciitis were caused 
by a monomicrobial MRSA infection, all occurring since 2000. Five of the 10 with MRSA died, 
as compared with only one of eight patients who had monomicrobial methicillin-sensitive 
S. aureus infection (28).

V. vulnifi cus and A. hydrophila also stand out among the list of monomicrobial causes of 
necrotizing fasciitis (29). They have several unique virulent factors, making them even more 
lethal than GAS (30). One study reported a 50% mortality rate within 48 hours of admission 
(31). For unknown reasons, patients infected with V. vulnifi cus often have a history of liver dis-
ease, gouty arthritis, chronic renal failure, diabetes mellitus, or chronic use of steroids (32). It is 
thought that chronic hepatic dysfunction or adrenal insuffi ciency alters neutrophil and macro-
phage activity. In addition, in cirrhotic patients it is believed that these marine organisms are 
able to escape phagocytosis by Kupffer cells due to shunting through the portal-system circula-
tion (33), leading to a rapid spread of infection.

MECHANISM OF ACTION
In the 1980s, researchers observed a rapid expansion in the number of invasive, severe GAS 
infections (14,34). Especially concerning was the fi nding that many of those most severely 
affected by the life-threatening disease were young, healthy individuals (34). Specifi cally, sero-
type M1 GAS strains have become the most common cause of necrotizing GAS infections (35). 
Over the past several decades, researchers have tried to explain these observations.

Macroscopically, necrotizing fasciitis produces a rapid liquefactive necrosis of the subcu-
taneous fat and connective tissue while sparing the overlying skin. This is in contrast to cellulitis 
and erysipelas, which affect the superfi cial layers of the skin and the lymphatics but spare the fat 
and fascia. With necrotizing fasciitis, liquefaction of fat (Fig. 3.2) leads to the development of a 
plane between the fascia and subcutaneous tissue that can easily be fi nger dissected. It also leads 
to massive edema and the pathognomonic “dishwater pus” (15). Veins traversing the infl amed 
fat thrombose, leading to a propagation of vicious cycle of infl ammation and necrosis (15).

Explaining how GAS leads to this lethal cycle in some cases, but not in other  non-necrotizing 
infections, is a major goal of microbiologists studying the disease. There are over 10 million 
cases of GAS infections annually in the United States, but a vast majority of them are  self-limiting, 
mild throat and skin infections (36). Several theories have been presented.

The fi rst is that invasive GAS has the ability to manufacture proteases that cleave host and 
bacterial proteins. This allows for tissue destruction and dissemination. One particular virulent 
factor that has been identifi ed is the streptococcal cysteine protease SpeB (34). This protease has 
also been shown to alter humeral and cell-mediated immunity by preventing immunoglobulin 
and C3b opsonization (37) and inducing apoptosis in macrophages and neutrophils (38).

In addition, SpeB may play a role in the dispersal of GAS biofi lms. Biofi lms are a three-
dimensional matrix of extracellular protein, DNA, and polysaccharides that bacteria encase 
themselves in. Traditionally, they have been viewed as a device that allows a bacterium to hide 
from immune factors. Some have estimated that as many as 60% of all infections involve bio-
fi lms (34). However, GAS infections that have constitutively upregulated SpeB disperse their 
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biofi lm. When this biofi lm is absent, GAS is more invasive. When it is inactivated with an 
inhibitor and the biofi lm returns, it leads to a much milder infection (34). In GAS necrotizing 
fasciitis, the biofi lm may promote a more quiescent bacterial infection; when it is absent, the 
microbe is essentially unleashed.

Alternatively, it has been suggested that GAS necrotizing fasciitis occurs because of 
immunodefi ciencies in the host. Specifi cally, the M protein is a major GAS virulence factor that 
has antiphagocytic activity and has been linked with disease severity (39). It has been proposed 
that a lack of GAS-specifi c antibodies may lead to a large proportion of viable GAS (9). The 
viable GAS then rapidly produces exotoxin A and B, leading to a cytokine storm, local tissue 
necrosis, and shock (40).

Necrotizing fasciitis-producing GAS may promote this cytokine storm by overactivating 
the immune system with the super antigens (SAgs) as virulent factor. SAgs are extracellular 
toxins that stimulate the immune system by cross-binding to the HLA class II molecule and 
T-cell receptor (39). This cross-binding can activate up to 30% of the T cells and results in a mas-
sive secretion of cytokines (41). However, the role of SAgs in necrotizing fasciitis is debatable, 
as reports have suggested that noninvasive GAS contains SAgs with similar activity (39).

Much less is understood about how polymicrobial necrotizing fasciitis develops. It likely 
results from a similar combination of factors. Destructive proteases allow for aggressive bacte-
rial invasion; exotoxins lead to cytokine storm; and virulent factors allow for the bacteria to 
evade the immune system response. Presumably, in polymicrobial infections an individual 
bacteria-type lacks the virulence to induce necrotizing fasciitis, but taken together, the polymi-
crobial population is able to generate necrotizing fasciitis.

TREATMENT
Necrotizing fasciitis requires both medical and surgical treatment. Patients with necrotizing fas-
ciitis should receive immediate, empiric antibiotic therapy and emergent surgical debridement of 
the involved tissue. A multispecialty approach is also mandatory, with the involvement of sur-
geons, infectious disease experts, and intensivists. The hospital course is often prolonged, with 
one study reporting an average stay of 28 days (42), and nosocomial complications are frequent.

The current antibiotic regimen of choice varies by region and hospital. Common fi rst-line 
antibiotics for suspected polymicrobial necrotizing fasciitis are as follows:

1. Ampicillin-sulbactam or piperacillin-tazobactam plus clindamycin plus ciprofl oxacin
2. Imipenem/cilastatin or Meropenem
3. Cefotaxime plus metronidazole or clindamycin

Figure 3.2 Liquefi ed fat in a patient with necrotizing fasciitis.
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For polymicrobial necrotizing fasciitis, it is essential that anaerobes be covered (3).
For suspected GAS infection the antibiotic treatment is penicillin plus clindamycin. How-

ever, as mentioned previously, certain strains of MRSA have been recognized as a cause of 
necrotizing fasciitis. For this reason, the addition of vancomycin should be considered if MRSA 
is endemic in the region (3).

If a Vibrio infection is suspected, early use of tetracycline and third-generation cephalo-
sporins is critical, which has been shown to reduce mortality (16).

Clindamycin merits special mention in the antibiotic treatment of necrotizing fasciitis. It 
works by inhibiting bacterial protein synthesis, specifi cally decreasing the production of pro-
teins such as SpeB (19). Furthermore, its mechanism of action makes it not subject to the inocu-
lum effect that occurs when large numbers of bacteria become slow-growing and decrease 
expression of penicillin-binding proteins (19).

Ultimately, antibacterial coverage is tailored to culture results. With the initial debride-
ment, a Gram stain and culture must be sent. In addition, blood cultures should be done. If the 
patient defervesces and the clinical picture improves, the results from these tests can then be 
used to narrow antibiotic coverage. Most consider necrotizing fasciitis a deep infection and 
treat with antibiotics for four to six weeks (3).

Many adjuvant medical therapies have been explored for the treatment of necrotizing 
fasciitis. Two of the more commonly discussed are intravenous immunoglobulin (IVIG) and 
hyperbaric oxygen (HBO) (14). IVIG is postulated to work by neutralizing the streptococcal 
toxins. Several authors have advocated for its use based on their experience in small series 
(40,43,44). HBO has also been advocated based on the results from small series (45,46). One 
group reported a treatment regimen of three to four 90-minute dives per day for fi ve days and 
thought that it improved the fi nal outcome in one of their patients (47). Another reported a 0% 
mortality rate in 13 cases of cervical necrotizing fasciitis (48). It is important to note that HBO 
is not without risk and has been reported to cause reversible myopia, barotraumas, pneumo-
thorax, and cramps (49). Better studies are needed before IVIG and HBO can be fully endorsed 
in the treatment of necrotizing fasciitis. If they are used it is important that they be considered 
adjunctive treatment to traditional antibiotics and surgical debridement.

The most critical part of treating necrotizing fasciitis is surgical debridement. It must be 
swift and decisive. Any delay in surgery will increase mortality (50). As soon as necrotizing 
fasciitis is suspected, the patient must be brought emergently to the operating room for an 
aggressive and extensive debridement. Signs suggestive of necrotizing fasciitis are necrosis of 
the superfi cial fascia and fat, thrombosis of superfi cial vessels, and foul-smelling drainage. 
Swabs should be sent for immediate Gram stains and culture.

With necrotizing fasciitis, tissue should be resected beyond the involved borders to 
healthy, bleeding edges. If the tissue edge is not bleeding, the vessels are likely thrombosed due 
to the infl ammatory, necrotic process. Also, with necrotizing fasciitis there is easy separation of 
the subcutaneous tissue from the fascia by blunt dissection and the margin of resection must 
extend beyond this easily separated plane. The deep fascia and muscle are spared in true nec-
rotizing fasciitis (Fig. 3.3); however, these may be involved due to an antecedent event, com-
partment syndrome, streptococcal myonecrosis, clostridial infection, or a polymicrobial 
infection. If necrotic, it also must be aggressively resected to healthy muscle. Reconstructive 
concerns are secondary. It must not be forgotten that this is a life-threatening condition. Before 
leaving the operating room at the initial debridement, the wound should be reinspected for any 
remaining signs of necrotizing fasciitis. A dilute betadine or hydrogen peroxide soaked dress-
ing is often used to cover the initial wound at this stage (1).

“Second-look” surgeries are often necessary within 12–24 hours of the initial debridement. 
Less urgency is often placed on these “second-look” surgeries. However, it must be remembered 
that this is the same rapid, aggressive, disease process and it merits the same expediency as the 
initial presentation. Multiple “second-look” procedures may be necessary. One study found that 
an average patient underwent 33 debridements and grafting procedures (7). In our experience, 
we make every effort to resect all actively infected and necrotic tissue from the start. We do not 
plan on “second looks” and have found that many times with an aggressive, proper debride-
ment the infection can be contained in the initial operating room visit.
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RECONSTRUCTION
The reconstructive process begins with the preparation of the wound bed. To maximize suc-
cess, the systemic condition must be addressed. Hemodynamic stability must be achieved and 
severe anemia corrected. Similar to patients with large burns, nutritional support is mandatory 
from the fi rst day of admission. A tremendous amount of protein and fl uid is lost from these 
large, infl amed wounds and it is easy for the patient to spiral into a catabolic state. Enteral feed-
ing tubes may be necessary.

While the patient is being systemically optimized, dressing changes to the involved area 
are being done. The surgeon should not be fi rmly set on one type of dressing, but rather fl uid 
in dressing choices depending on the wound status. A typical regimen is to begin with dilute 
betadine dressings for several days. Once the infection is clearly resolved, this is transitioned to 
a wet to dry saline soaked dressing with or without topical antibiotics. The wound should be 
kept moist but not overly so. Desiccation leads to decreased epithelial cell migration and excess 
moisture contributes to tissue maceration. Subsequently, a hydrogel dressing may be employed 
to promote granulation. Another alternative is vacuum-assisted closure (VAC). The VAC device 
has been shown to reduce the days of hospitalization, decrease patient discomfort and pain 
medication use, and allow for a more prompt reconstructive surgery in patients with necrotiz-
ing fasciitis (51). The VAC device has become very popular in the management of these large 
wounds and we tend to employ it in all of our patients with necrotizing fasciitis once the infec-
tious process is under control (Fig. 3.4). When a clean and well-vascularized wound bed is 
achieved, surgical closure can be considered.

The workhouse of necrotizing fasciitis reconstruction is the split-thickness skin graft. 
While local tissue rearrangement and primary closure may be employed for some wounds, a 
vast majority of patients with necrotizing fasciitis receive a skin graft. Prior to tissue rearrange-
ment, primary closure, or skin graft placement the surgical bed is further prepared in the oper-
ating room. Any remaining necrotic tissue is removed and microbial colonization is reduced 
with debridement and irrigation. Areas of hypergranulation are also debrided. The wound 
edges are excised to remove fi brotic tissue and obtain a uniform, level edge.

Split-thickness skin grafts are meshed to allow better contouring to the wound and 
expansion of the skin (Fig. 3.5). We mesh at 1.0:1.5 or 1:2 for most wounds. Only for the largest 
wounds, do we expand to 1:3. The skin graft is secured with staples or absorbable sutures. A 
bolster dressing or VAC device is placed over the graft. Those wounds where infection remains 
a signifi cant concern can be moistly dressed with 5% mafenide acetate solution (52). If a bolster 
or VAC device is placed, it is removed at four to seven days or earlier if indicated.

Postoperatively, the patient must be rehabilitated from a demanding hospital courses. 
Extremities tend to get extremely stiff and benefi t from physical and occupational therapy. 
They also tend to get edematous and may benefi t from compression garment therapy. The 
debilitated patient may also require recovery in an inpatient rehabilitation facility. One study 

Figure 3.3 An arm three days after an initial aggressive debridement to the deep muscular fascia.
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found that nearly 50% of patients who survived necrotizing fasciitis required further subacute 
care after hospital discharge before returning home (53).

POSSIBLE IMPROVEMENTS
Few would argue that there is much to be learned regarding necrotizing fasciitis. When Jones 
fi rst described necrotizing fasciitis, the mortality rate was reported to be 46% (1). Since then, the 
mortality rate has decreased but remains high. Nearly 140 years later, a review of 122 consecu-
tive cases reported that 16.4% of patients with community-acquired necrotizing fasciitis and 
36.6% of patients with post-procedural necrotizing fasciitis died (20). Other studies have quoted 
an overall fatality rate between 30 and 40% (1,54). All of the patients in these studies were 
treated with the current standard of care: intravenous antibiotics, surgical debridement, and 
intensive care support. Given the overall medical progress we have made since Jones coined 
the phrase “necrotizing fasciitis” in 1871, it is somewhat surprising that we have not substan-
tially improved the mortality rate for  necrotizing fasciitis.

It is likely that the current microbiological research will contribute to improving the treat-
ment of necrotizing fasciitis. Many strains of GAS that are particularly virulent have been iden-
tifi ed. From this, researchers have been able to identify virulence factors and have targeted 
them with molecular therapeutics (34,55). The role the immune system plays in the develop-
ment and propagation of necrotizing fasciitis has also been recognized (39). It appears that 
basic immune defi ciencies may contribute to the initial development of the disease (9). Con-
versely, as a result of exotoxin and cytokine release, the later course of necrotizing fasciitis is 

Figure 3.4 The same arm as in Figure 3.3 after fi ve days of negative wound pressure therapy. Eight days had 
passed since the initial aggressive debridement.

Figure 3.5 Split-thickness skin graft coverage of a necrotizing fasciitis defect of the arm.
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characterized by an excessive infl ammatory response (40,56). As the details of these responses 
are delineated, researchers likely will target them in the treatment of the disease.

Ultimately, prevention of necrotizing fasciitis remains the gold standard for improve-
ment. One study found a 12% rate of invasive GAS colonization among 152 household contacts 
of patients with necrotizing fasciitis. These household contacts had an incidence of about 3 per 
1000 households of invasive GAS infection, which is much higher than the rate in the general 
public (8). This rate is similar to that in contacts of patients with meningococcal infection. 
Hence, proper hand washing and education are encouraged in contacts of patients with necro-
tizing fasciitis.

CONCLUSION
Necrotizing fasciitis is a rare but serious infection that has a very high mortality rate. Early 
diagnosis is critical. Patients presenting with out-of-proportion pain to the examination, 
spreading erythema, systemic laboratory abnormalities, and clinical deterioration should raise 
signifi cant suspicion. Once suspected, the treatment must be prompt and defi nitive. Broad 
spectrum antibiotic therapy should be administered and the patient has to be brought immedi-
ately to the operating room. The surgical debridement should be aggressive until healthy, 
bleeding tissue is encountered. Reconstruction concerns are secondary and the surgical intent 
should be to rid off the necrotizing infection defi nitively, rather than plan on needing “second 
looks.” Dressing care can transition to a VAC device, which assists in creating an ideal wound 
bed for skin graft, primary closure, or local tissue rearrangement. Much remains to be discov-
ered in the pathogenesis of necrotizing fasciitis; however, unique virulence factors and the 
abnormal interactions with the immune system have been recognized. It is hoped that one day 
these insights will contribute to a reduction in the mortality rate of this aggressive disease.
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  Debridement of acute traumatic wounds 
(avulsion, crush, and high-powered)
Michael Suk and Corey Rosenbaum

INTRODUCTION
High energy wounds, including crush and avulsion injuries pose considerable management 
problems to the surgeon. The soft tissue injury is a vital factor in determining the risk of com-
plications and eventual outcome. Advancements in the understanding of the pathophysiology 
of soft tissue injuries have led to changes in the initial management of these wounds. Hydro-jet 
therapy is a newer technological tool used to improve wound debridement. New dressings and 
negative pressure wound therapy (NPWT) are used more often in wound care. There is new 
literature regarding the optimum timing of debridement, mode of irrigation and irrigation 
additives. The management protocol of these injuries consists of early administration of anti-
biotics, meticulous debridement, copious irrigation, stabilization of the injury, and early soft 
tissue coverage. However, the understanding of the pathophysiology of soft tissue injuries 
 continues to evolve and this had let to new advancements in the initial management of these 
wounds.

HIGH-ENERGY WOUNDS
High Energy Open Fractures (Figs. 4.1–4.3)
The soft tissue injury in extremity trauma takes priority in treatment. These injuries should be 
seen as soft tissue injuries that surround a fracture. Open fractures are among the most severe 
wounds seen in emergency and trauma centers. The management of both bone and soft tissues 
is the major determinant of fracture-healing and functional restoration of the traumatized 
extremity (1). Additional factors such as age, energy absorbed, setting of injury, vascular 
 disruption and patient co-morbidities can affect management. The Gustillo and Anderson clas-
sifi cation system is used to grade open fractures (Table 4.1) (2). In this system, type I indicates 
a puncture wound of less than 1 cm with minimal contamination or muscle crushing. Type II 
indicates a laceration of >1 cm in length with moderate soft-tissue damage and crushing; bone 
coverage is adequate and comminution is minimal. A type-IIIA open fracture involves exten-
sive soft-tissue damage, often due to a high-energy injury with a severe crushing component. 
Massively contaminated wounds and severely comminuted or segmental fractures are included 
in this subtype. Soft-tissue coverage of the bone is adequate. Type IIIB indicates extensive soft-
tissue damage with periosteal stripping and bone exposure, usually with severe contamination 
and bone comminution. Flap coverage is required to provide soft-tissue coverage. A type-IIIC 
fracture is associated with an arterial injury requiring repair.

The most common mechanisms that produce these injuries are automobile and motor-
cycle crashes, high velocity guns, falls from signifi cant heights, and crushing by heavy machin-
ery. These high energy mechanisms often produce open fractures with comminuted and 
displaced fracture fragments, extensive soft tissue damaged, periosteal stripping, neurovascu-
lar injury and multi system trauma. The soft tissue envelope may be severely contused or 
crushed and is commonly breached, allowing external contamination through the wound and 
an increase in infection rate.

Management of these injuries requires an understanding of the personalities of soft tissue 
injuries, which helps guide decision-making. Although the general protocol for the treatment 
of open fractures includes immediate splinting, administration of antibiotics, tetanus prophy-
laxis, early surgical debridement, fracture reduction and stabilization, and defi nitive soft tissue 
coverage (1), these high energy wounds are often associated with signifi cant soft-tissue deglov-
ing. This is often seen in deceleration injuries, particularly in the elderly individuals and often 
results in avulsion of perforating vessels to the overlying skin (3). In the pelvis this is called a 

  4
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Morel-Lavalle lesion; however, the same pathological process is seen in the extremities and 
can progress to skin necrosis (4). Timing of debridement, mode and types of irrigation and 
optimum methods of wound coverage is still debated.

High Energy Gunshot Wounds (Figs. 4.4–4.8)
High velocity gunshot wounds (> 2000 ft/sec) can cause signifi cant soft tissue damage.

Gunshot wounds from high-energy weapons, which includes most shotgun blasts and 
rifl es are designated Gustillo-Anderson Grade 3 regardless of wound size because of the 
extreme soft tissue injury and devitalized tissue. These high impact wounds have multiple 
effects on tissue and bone. Damage is caused owing to the transfer of kinetic energy from 
the projectile to body tissues. There are three mechanisms of tissue damage because of bullets: 
laceration and crushing, shock waves, and cavitations (5). Laceration and crushing are caused 
by the projectile displacing the tissues that lie in its track and are generally recognized as being 
the primary wounding mechanism produced by handguns (6). The degree and extent of lac-
eration and crushing are related to the velocity and shape of the missile, the angle of impact 
and yaw (deviation from fl ight path), and the degree of tumbling of the projectile.

Shock waves occur because of the compression of tissues that lie ahead of the bullet. They 
are only generated by high-velocity missiles with a speed of at least 2500 feet per second and 
are therefore rarely a factor in most handgun wounds, but are encountered in wounds caused 
by high-velocity rifl es.

Cavitation occurs when kinetic energy imparted to the tissues forces them forward and 
in a radial direction, with this displacement producing temporary cavity in its wake. The tem-
porary cavity lasts a few milliseconds and then collapses into the permanent cavity generated 
by the bullet (7). The wounding effect of the cavitation phenomenon is only signifi cant at mis-
sile velocities exceeding 1000 feet per second and has been used to explain the fracturing of 
bone not in the direct path of a missile (8).

The amount of kinetic energy possessed by the projectile is not the only factor that deter-
mines the extent of injury. Soft, elastic tissue does not signifi cantly retard the projectile, which 
may therefore pass through the skin or organ with relatively little collateral damage. Bone, 
however is much denser and causes rapid deceleration of a bullet and transfer of a large amount 
of kinetic energy leading to complete shattering of the bone at the point of impact. Cancellous 
bone usually suffers less damage than more compact cortical bone as kinetic energy can readily 
dissipate within its structure (7).

In addition to the primary damage caused by the missile, bone fragments often function 
as secondary projectiles, further disruption the tissue. These multiple mechanisms of injury 
are responsible for producing complex wound problems. High energy wounds mandate 
 immediate and aggressive irrigation and debridement, including a thorough search for  foreign 

Figure 4.1 Grade IIIC distal tibia injury of a 
57-year-old involved in a high-velocity motorcycle 
accident.

Figure 4.2 A grade IIIB foot injury of a 9-year-old 
run over by an ice cream truck.
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material, such as clothing and shotgun wadding (9). Open fracture protocols, including early 
 administration of antibiotics, debridement and irrigation, soft tissue coverage, and stabiliza-
tion with external fi xation or intramedullary nailing should be instituted.

Debridement techniques include enlargement of wounds by incision. The margins of the 
entrance and exit wounds should be excised, and the track thoroughly irrigated (10). The track 
can be identifi ed by passing a length of saline soaked gauze through it (9). All contaminated 
and crushed subcutaneous fat should be removed, contaminated muscle excised, and devital-
ized bone fragments removed (10). Blood vessels may require debridement after high energy 
injuries. If there is extensive damage to the blood vessel, complete transection and debridement 
of each vessel end are necessary followed by anastomosis. If this is not possible, a reverse 
saphenous vein graft can be used (11,12). In general, repeat procedures should be performed 
until all contaminated and necrotic tissue has been removed. If wounds remain clean, early 
closure can be performed.

Table 4.1 Gustilo Open Fracture Classifi cation. Worsening prognosis from A to C

Type I Open fracture, clean wound, wound <1 cm in length
Type II Open fracture, wound >1 cm in length without extensive soft-tissue damage, fl aps, 

avulsions
Type III Open fracture with extensive soft-tissue laceration, damage, or loss or an open 

segmental fracture. This type also includes open fractures caused by farm injuries, 
fractures requiring vascular repair, or fractures that have been open for 8 h prior to 
treatment

Type IIIA Type III fracture with adequate periosteal coverage of the fracture bone despite the 
extensive soft-tissue laceration or damage

Type IIIB Type III fracture with extensive soft-tissue loss and periosteal stripping and bone 
damage. Usually associated with massive contamination. Will need further 
soft-tissue coverage procedure

Type IIIC Type III fracture associated with an arterial injury requiring repair, irrespective of 
degree of soft-tissue injury

Figure 4.3 Anteroposterior radiograph of a grade IIIB 
proximal tibia injury after a high-velocity gunshot wound 
(AK-47).

Figure 4.4 Lateral radiograph of a 
grade IIIB proximal tibia injury following 
a high-velocity gunshot wound (AK-47).
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High Pressure Injection Injuries (Fig. 4.9)
High-pressure injections into the hand are potentially devastating injuries that frequently 
lead to permanent functional loss or amputation (13). Common substances involved in high-
pressure injection (HPI) injuries include grease, which accounts for 57% of injuries (at pres-
sures of up to 5,000–10,000 pounds per square inch [psi]), paint (up to 5,000 psi), and diesel 
fuel (accounting for 14% of injuries, with pressures of up to 2,000–6,000 psi) (14–16). The 
entrance site is deceptively small and this initial benign appearance of the wound often fools 
patients into delays in seeking medical attention leading to a delay in appropriate surgical 
consultation and intervention (17).

The severity of the injury is dependent on many factors, including the type, toxicity, tem-
perature, amount, and viscosity of the material injected, the pressure of injection, the involve-
ment of synovial sheaths, the anatomy and distensibility of the injection site, secondary 
infection, and the time interval between injury and surgery (18).

Proper treatment relies on early recognition of the severity of the injury. Due to the 
amount of ischemic and devitalized tissue, broad spectrum antibiotics should be administered 
to prevent secondary infection. Also, tetanus prophylaxis should be updated. Strict monitoring 
for compartment syndrome is necessary. Radiographs are helpful for determining the proximal 

Figure 4.5 A soft tissue knee injury after “wood 
chipper projectile.”

Figure 4.6 Versajet™ debridement and gravity  irrigation.

Figure 4.7 Final appearance of a wound after 
debridement and irrigation. (See color insert).

Figure 4.8 A grade IIIA distal tibial injury (clamp 
demonstrating the length of undermined soft tissue).
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spread of the injected material, either by the presence of radio-opaque signal or evidence of 
lucent areas that represent either injected radiolucent material or injected air.

Most authors agree that only a fast and wide exploration of the wound with wide 
debridement of the foreign material and necrotic tissue is the treatment of choice for a 
 high-pressure injection injury (19). This relieves the external pressure created by the injected 
material, attenuates the local infl ammatory response, and reduces bacterial counts. The proce-
dure occurs under tourniquet but without using the Esmarch bandage for exsanguination of 
the arm to avoid further spreading of the injection material along the tendon sheaths and 
neurovascular bundles (20,21). Returning to the operating room for further irrigation and 
debridement is recommended, and the wound should be left open (22). This not only improves 
circulation but also diminishes the risk of infection. Unfortunately, there is still a high rate of 
amputation of up to 19–43% with these injuries (13).

GOALS OF TREATMENT
Owing to the severe and extensive nature of high-energy traumatic wounds, patients usually 
need to be treated according to the Advanced Traumatic Life Support Guidelines of the 
American College of Surgeons. These injuries often have associated life threatening injuries 
that need to be addressed before attention is directed to the soft tissue wound. Vascular inju-
ries can cause muscle necrosis within six hours and surgical intervention is necessary to 
restore arterial fl ow.

Traumatic open wounds allow contamination of debris and bacteria to colonize the 
wound. Control of infection is vital, as the development of deep infection is a major risk factor 
for amputation. The goals of treatment are aimed at reducing the bacterial load and removing 
debris and necrotic tissue.

Debridement of High Energy Wounds
High energy injuries require aggressive irrigation and debridement. Currently, debridement 
involves wound excision of tissue as well as incisions for additional exposure and drainage 
(23). The aim of debridement is to remove foreign material and contaminated material from the 
wound, and to excise devitalized tissue and bone. The presence of foreign bodies in any open 
wound increases the risk of bacterial proliferation, but this risk is increased in severe fractures 
where the surrounding tissue is often contused and devitalized.

Timing of Debridement
Surgical debridement of severe soft tissue wounds and open fractures is a mainstay of treatment 
and it therefore seems logical to carry it out as soon as possible to minimize risk of infection. 

Figure 4.9 Size comparison of Acticoat™ sheet to wound opening.
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The so-called 6 hour rule describes maximum time allowable for a patient to wait for surgery 
without increasing the risk of infection (Werner). However, there are limited studies in the lit-
erature documenting the necessity for prompt surgical debridement and irrigation. There are 
currently no large, prospective trials. Delays of up to 24 hours may occur without infl uencing 
infection rate, and the effects of delays beyond 24 hours is not clear (24,25). Pollack et al. (26) 
examined the relationship between the timing of the initial treatment of open fractures and the 
development of subsequent infection, as well as assessing contributing factors. Eighty-four 
patients (27%) had development of an infection within the fi rst 3 months after the injury. No 
signifi cant differences were found between patients who had development of an infection and 
those who did not, when the groups were compared with regard to the time from the injury to 
the fi rst debridement, the time from admission to the fi rst debridement, or the time from the 
fi rst debridement to soft tissue coverage. It appears that only time to transfer to a trauma center 
and early administration of antibiotics are the only prognostic factor related to infection rate. 
Although the available data fails to provide full support for emergent debridement, it also fails 
to provide support for elective delay in surgical debridement of open fracture (27).

Zalavras et al. (28) reported that most open fractures are contaminated with micro-
organisms; antibiotics are used not for prophylaxis but rather to treat wound contamination. 
The importance of antibiotic administration in the management of open fractures has been 
well established and the administration of antibiotics before debridement decreases infection 
rate (29).

Because these studies have small sample sizes and methodological limitations,  elective 
delay is not supported in the surgical treatment of these injuries. Antibiotics should be 
administered as soon as possible and severe soft tissue wounds and open fractures should 
undergo surgical debridement and irrigation on an urgent basis when the patient is physi-
ologically stable.

Extent of Debridement
It is diffi cult to assess how much excisional debridement should be done in acute traumatic 
contaminated injuries. The Extremity War Injury Symposium (30) concluded that necrotic, 
devitalized, and contaminated tissue must be removed but that objective assessment of com-
pleteness of debridement is diffi cult. High-energy wounds usually involve injury that extends 
beyond the margins of the visible wound; therefore, extension of the wound is the fi rst step to 
assess the need and extent of the debridement. Because of the severity of trauma surrounding 
open fractures and crush injuries, compartment syndrome may occur locally. Extension of the 
open wound through longitudinal incisions helps relieve pressure and allows for inspection of 
the wound and free drainage if necessary (31). While full access to the area of injury is required, 
this step must be balanced against the need to preserve the viability of the remaining skin.

As with all debridement, it is often diffi cult to assess the extent to which it should be car-
ried out. But all soft tissue must be evaluated for viability and should be removed if there are 
obvious signs of necrosis or lack of vascularity. The determination for excising muscle should 
be based on the muscle’s color, consistency, circulation and contractility (31). This can be diffi -
cult because dead muscle can still bleed and muscle may appear discolored if there is local 
hematoma or bruising. Therefore, relying on the consistency and contractility is a more reliable 
indication of the viability of the muscle. Owing to the importance of muscle for limb function, 
muscle that responds weakly to mechanical or electrical stimuli should be left in place and 
assessed at subsequent debridements.

With regards to open fractures and comminuted bone fragments, all necrotic bone or 
bone that is at risk should be debrided until bleeding edges are seen. There has been consider-
able discussion in the literature regarding the approach to debridement of devascularized corti-
cal bone fragments. The argument for leaving them in situ is that mechanical integrity of the 
internal fi xation and eventual limb length may be improved, but often at the cost of deep 
wound infection, which typically occurs in up to 25% of the patients. Removal of all necrotic 
bone prior to external fi xation and wound coverage typically results in lower infection rates at 
9% (32). With improved fi xation techniques, and given the extremely serious consequences of 
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deep bone infection, it is now generally accepted that all bone fragments that are devitalized 
and not adherent to any soft tissue be removed.

One exception involves the surgical treatment of complete talar extrusion (Fig. 4.10). A 
recent study assessed the safety of talar reimplantation (33). Although there is an early risk of 
infection, discarding the talus adversely affects hindfoot function and limits subsequent recon-
structive options. The results of the study showed no late infection of the ankle in the 27 patients 
reviewed. It appears that salvage of the extruded talus appears to be a safe operation with 
minimal risk of infection.

Regardless of open injury tissue necrosis may not be evident in the initial surgery, but 
may become apparent on re-debridement. Therefore, staged surgical debridement should be 
planned every 24 to 48 hours. Delayed wound closure can be performed after all compromised 
tissue is removed.

Debridement Techniques
High traumatic wounds are best treated with surgical and sharp debridement. A tourniquet should 
be used during the debridement to distinguish blood-stained tissue from normal tissue, as local 
hemorrhage obscures debris and dirt that must be removed (34). Sharp debridement is essential 
and should be done in a centripetal pattern (28). Radical excision of necrotic tissue, as proposed by 
Godina, should be performed so that all non-viable tissue including bone is removed (35).

Hydro-Surgical Debridement (Figs. 4.11–4.13)
Other mechanical methods of debridement are used to treat these injuries. Water jet dissection 
has been used in liver, kidney, and laparoscopic surgery for some time (36–38) but a new tool 
for tangential excision- the Versajet™ Hydrosurgery System (Smith & Nephew, Largo, FL)- has 
recently become more widely available as a method for excision of contaminated tissue in 
 various open wounds (39). In this system, a jet of pressurized saline travels parallel to the 
wound surface across the operating room window of the hand-piece and then into a suction 
collector, along with the debrided tissue which is carried in by the venturi effect. The fl uid jet is 
accelerated through a constricted opening with a corresponding decrease of pressure, which 
results in a suction effect that lifts and removes contaminants from the wound site without 
requiring external suction. This reduces spillage, maintains good visibility, and minimizes 
overload of the tissues with fl uid. The suction effect also makes it possible to “hold” the tangen-
tial tissue as if by forceps while the high-pressure jet cuts the tissue.

The Versajet™ Hydrosurgery System has been advocated to selectively debride eschar 
and necrotic material while sparing healthy tissues and vital structures, and use of this method 
has been increasingly reported in the last few years (40). Clinical outcomes have shown reduced 

Figure 4.10 Placement of Acticoat™ sheet into entire soft tissue space.
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bacterial load, preservation of viable tissue, and improved graft and synthetic dressing results. 
The unique hand-piece allows for improved excision of contoured areas such as facial  structures 
and deep spaces in addition to minimizing peripheral tissue damage. In terms of an economic 
impact, this has helped reduce the number of total debridements, reduced healing time, repeat 
procedures, and overall treatment cost (41–49).

Irrigation
Sterile irrigation is used in open wounds to reduce the bacterial content and help remove dead 
material and foreign bodies. A number of irrigation techniques have been developed: continu-
ous high-pressure lavage, high-pressure pulsitile lavage (HPPL), low-pressure lavage, gravity 
fl ow irrigation, and bulb syringe irrigation. Certain types of wounds and/or contaminants 
presumably respond better to certain types of irrigation and worse to others, but a consensus 
regarding the best irrigation method and optimal pressure at which to deliver irrigation has yet 
to be determined (50).

Surgeon preference for irrigation solutions used for open fracture wounds was recently 
surveyed (51). According to members of the Canadian Orthopaedic Association at an AO 
 fracture course, normal saline was preferred by 676 of 984 (70.5%) of the respondents. When 
delivering the irrigation solution to the wound, 695 of 984 (71%) reported using low pressures.

Svoboda et al. (52) compared bulb syringe and pulsed lavage irrigation and showed both 
methods were signifi cant in the reduction of bacterial count from 6 to 9 liters of irrigation. How-
ever, pulsed lavage did have a higher rate of removing bacteria. In another study comparing 
irrigation methods, Draeger and Dahners (53) examined the use of bulb irrigation, suction 
 irrigation, or HPPL by contaminating beef fl ank steaks with rock dust. Their results showed that 
tissue treated with HPPL was damaged signifi cantly more than tissue treated with bulb syringe 

Figure 4.11 Anteroposterior and Mortise radiograph 
of a 34-year-old with a grade IIIC distal tibial injury, one 
year after initial injury.

Figure 4.12 A lateral radiograph demonstrat-
ing an infected nonunion.
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or suction irrigation. Surprisingly, HPPL removed less inorganic contaminant than other 
debridement methods. These studies support the concept that suction and sharp debridement 
with irrigation removes foreign bodies well. Although higher pressures may be more effective at 
decreasing the bacterial load, it may be more damaging to soft tissues and prevent wound 
 healing because bacteria may spread farther into the wound.

Irrigation Additives
There is no recommended ideal additive to irrigation fl uid. Most commonly, bacitracin has 
been used due to its properties that prevent degradation in irrigation solution. Anti-septics 
have also been evaluated. Providine- iodine, chlorhexidine gluconate, sodium hypochlorite 
and hydrogen peroxide are commonly used.

Surfactants (soap solutions) are also used for cleansing of open wounds. A recent 
 prospective, randomized study compared bacitracin and castile soap in 400 patients with 458 
open fractures (54). They found that irrigation of open fractures with the antibiotic solution 
offered no advantage over the use of non-sterile soap and may actually increase the risk of 
wound healing problems.

Nanocrystalline Silver Dressings
Prevention and treatment of wound colonization or infection can be achieved by using silver-
based dressings, which have been used as an antimicrobial agent for centuries (55). Silver 
impregnated dressings have bactericidal ability that works by the oligodynamic effect. Silver 
dressings are known to prevent wound adhesion, limit nosocomial infection, control bacterial 
growth and facilitate burn wound care.

Figure 4.13 A six-month postoperative anteroposterior radiograph after debridement, treatment of infection, 
bone grafting, and open reduction internal fi xation.
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The effi cacy of hydrosurgical debridement and nanocrystalline silver dressings for 
 infection prevention in type 2 and 3 open injuries were recently evaluated (56). Open Gustilo/
Anderson grade II and III fractures were acutely stabilized in the trauma centre/emergency 
department, while a nanocrystalline silver dressing was placed within the wound. Debride-
ment using a hydrosurgical scalpel and gravity irrigation was performed within 6–8 hours of 
injury. Cultures were obtained prior to defi nitive fi xation. The primary outcome measure-
ments were positive cultures and clinical infection rates. The results showed a clinical infec-
tion rate was 5.9% when using the nanocrystalline dressing with the Gustilo & Anderson 
control of 4–42%.

The use of silver impregnated dressings with NPWT for treatment of Staphylococcus 
aureus (S. aureus) in an open fracture model was found to signifi cantly reduce the bacterial 
level compared to standard NPWT (57). The silver decreased the amount of S. aureus by a 
 factor of fi ve compared to the control group.

One side effect of the silver dressings that should be noted is the discoloration of the skin 
and wound bed. The distinction for the surgeon treating traumatic wounds is that the darker 
tissue color may mislead one to suspect further tissue necrosis. However, in the acute, highly 
traumatized soft tissue wound, silver impregnated dressings with the use of NPWT may have 
a role in treatment.

NPWT
NPWT can play an important role in the management of traumatic wounds. Potential bene-
fi ts include improved wound healing, decreased wound dehiscence, reduced secondary 
infection rates and simplifi cation of wound care for nursing personnel (58). In a prospective 
randomized study, the rate of deep infections with the use of Vacuum assisted closure 
 dressing was 5.4% compared to the control group (28%) that received standard wound care. 
For open tibia fractures, the same trend continued with a 36% infection rate for controls and 
8% in the NPWT group (59).

On a basic science level NPWT optimizes micro-perfusion and blood fl ow, increases the 
partial oxygen pressure within the tissue and reduces bacterial colonization. The mechanism of 
action is the sub-atmospheric pressure alters the cytoskeleton of the cells in the wound bed, 
triggering a cascade of intracellular signals. This increases cell division and formation of granu-
lation tissue (60). A recent study has shown that the combination of reticulated open cell foam 
and the negative pressure induces changes in the wound healing cascade. VAC therapy was 
shown to increase interleukin-8 and vascular endothelial growth factor levels in beds of trau-
matic wounds (61). This is thought to induce angiogenesis. Furthermore, NPWT helps to 
increase local blood fl ow, reduce edema, stimulate formation of granulation tissue, stimulate 
cell proliferation, reduce cytokines, reduce bacterial load, and draw wounds together (62,63). 
The current thought is that these mechanisms may decrease the need for further debridement 
done every 24–48 hours to every 48–72 hours.

In Grade IIIb open fractures that require soft tissue coverage, there was hope that the 
VAC dressing could be used as a temporary measure for an extended period of time until 
coverage could be attained. It has been established that open fractures covered with a free 
fl ap or rotational fl ap have a lower rate of infection with early coverage. Unfortunately, 
using the wound VAC for extending the time period until coverage can be attained, has 
not proved to be true. In a recent study, the rate of infection was four times greater in late 
flap coverage with NPWT than early fl ap coverage (57% vs 10%). Therefore it is not 
 recommended that vacuum-assisted closure therapy be used to delay soft-tissue coverage 
past 7 days (64).

CONCLUSION
Acute traumatic wounds caused by high-energy mechanisms often result in signifi cant soft 
 tissue damage as well as complex fractures. These injuries are often associated with multiple 
injuries. Following ATLS protocols, acute traumatic wounds caused by avulsion, crush and 
high powered mechanisms, should undergo debridement and cleaning of the wounds urgently 
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in order to minimize infections. The soft tissues must be allowed to recover before any attempt 
at surgical fi xation is made. Debridement should be meticulous and comprehensive, and repeat 
debridements should be done every 24–48 hours to ensure all necrotic and devitalized tissue 
has been removed. However, the use of NPWT has decreased the need for further debride-
ments to every 48–72 hours. Consensus on irrigation technique and additives still remains to be 
determined. Currently, low pressure bulb syringe without any additives is commonly used. A 
newer method of debridement using a water jet system can supplement traditional debride-
ments, especially in highly contaminated wounds and diffi cult anatomical areas. Other 
 additions to wound care including the use of silver dressings and NPWT have proven success-
ful in helping reduce infection rates. The use of better debridement and wound management 
techniques has helped decrease complications leading to improved outcomes in the treatment 
of severe soft tissue injuries.
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  Burn surgery
Malachy E. Asuku and Stephen M. Milner

HISTORICAL PERSPECTIVE
At the onset of the twentieth century fl uid resuscitation was grossly inadequate and often too 
late to forestall acute renal failure; burn shock leading to death was the lot of the severely 
burned patient (1–4). For survivors, invasive burn wound sepsis laid in ambush in the second 
and third weeks making way only occasionally for demise from metabolic and nutritional 
exhaustion (1,4). “Burn disease” was defi ned as the most severe form of surgical trauma, char-
acterized by high mortality, severe morbidity, lengthy hours of surgical salvage, and residual 
disfi gurement.

Over seven decades of scientifi c advances an array of laboratory and clinical research has 
led to signifi cant improvement in the prospects of the patient suffering severe burn injury. Cur-
rent literature supports an over 10-fold increase in the probability of surviving burn injury that 
would have been lethal only fi ve decades ago (1,2,4–9). The fi gure gets even better outside the 
extremes of age where the expectation is fast becoming survival irrespective of severity of 
injury (10). Major players in this monumental improvement include the consolidation of mul-
tidisciplinary resource in the modern burn center, the conquest of fl uid and electrolyte pathol-
ogy, the victory over invasive burn wound sepsis, the advent of pharmacological modulation 
of the hypermetabolic response, and the predominance of early burn wound excision and clo-
sure with skin or its substitutes (1,2,4–6,8–14).

In the fi rst quarter of the twentieth century, the standard of care was to allow burn 
wounds to suppurate and initiate the process of eschar separation. The surgeon then embarked 
on wound excision while coverage with skin graft was delayed for several weeks until granula-
tion tissue on the wound bed was considered healthy and graftable (1). Various escharotics 
such as tannic acid and gentian violet were introduced to accelerate the process of suppuration 
but their use was fraught with problems of hepatotoxicity and electrolyte disturbances leading 
to early abandonment (1). With time the occlusive dressing became popular as a means of 
facilitating the liquefaction of eschar. Unfortunately, this approach promoted bacterial prolif-
eration, masked sub-eschar suppuration, and increased the incidence of invasive burn wound 
sepsis. Modern burn wound care with topical antimicrobial agents was introduced by 
A B  Wallace in 1949 (15). This approach, described as the exposure technique was shown to 
delay the interval between injury and colonization and to signifi cantly reduce the levels of 
wound fl ora. The topical agents in use at the time included sulfonamide cream popularized by 
Allen et al. (16), penicillin cream by Colebrook et al. (17), 0.5% silver nitrate by Moyer et al. (18), 
11.1% mafenide hydrochloride cream by Moncrief et al. (19) and later silver sulfadiazine by Fox 
et al. (20). Unfortunately the dynamic shift in the profi le of the microorganisms causing inva-
sive burn wound sepsis as well as the development of a spectrum of drug resistance dampened 
the gains of the era. The disappointment translated into strength as burn surgeons became less 
tolerant of the burn wound and embraced progressively more radical options in dealing with 
it. This is the prelude to the resurgence of surgical excision of the burn wound.

Although primary excision was often used for burns of limited extent in the early decades 
of the twentieth century, excision of large total body surface area (TBSA) burns in an attempt to 
salvage septic patients was rather unconventional (1). In 1968, Zora Janzekovic reported 
impressive results with the use of tangential excision in the early treatment of patients who had 
deep partial-thickness burns (21). The technique entailed layered excision of burn tissue down 
to viable wound bed that was closed immediately. This technique was revolutionary in that it 
marked the end of the “burn disease” and transformed the burn patient into a regular surgical 
patient with improved morbidity and mortality profi le. However, the collateral requirements 
of blood transfusion and skin or its substitute for coverage of the excised bed constituted an 
impediment to the immediate acceptance and widespread practice of the technique (1,22). 
Levine et al. in 1978 documented improvement in survival in patients with 40–60% burn when 
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the wounds were excised to the depth of the investing fascia and closed immediately (23). The 
technique which was associated with less blood loss and reduced transfusion requirements 
was most appealing and became an instant addition to the armamentarium of the burn sur-
geon. Yet, it was only after a committee of burn experts from across the globe attested to the 
benefi ts of early excision and skin grafting at an international round table conference in Geneva 
in 1987 that the technique became the standard of care for full-thickness burns and deep 
 partial-thickness burns that is unlikely to heal within three weeks (24,25). The advancement in 
the science of tissue banking which made allograft readily available to many centers played a 
key role in this development as the clinical benefi ts of excision are dependent upon the imme-
diate closure of the excised wound.

Advances in surgical techniques accompanied by better understanding and management 
of the critically ill as well as a robust laboratory back-up has made it possible to push the enve-
lope to the limit (14,25). The technique of excision and grafting is now effectively applied to 
patients with deep burns of any extent and as early as possible too, including the day of injury, 
an approach described as immediate excision and grafting (14). Proponents of this approach 
are quick to mention the signifi cant reduction in blood loss when burn wounds are excised on 
the day of injury as opposed to several days later. Stakeholders are agreed on the fact that of all 
the advancements of the last century, the paradigm shift in approach that has led to early exci-
sion and closure of the burn wound has had the most signifi cant impact on the mortality profi le 
of the burn patient (6,9,11–14,21–25).

With the myriad of evolving technologies, the future holds promise for the burn patient. 
The impressive technologies in the horizon include the high-throughput pyrosequencing, 
which has confi rmed the limitations of standard bacteriological cultures in identifying the com-
plex communities of organisms involved in chronic wounds and provided new insights into 
the identity, organization, and behavior of bacteria in wounds (26–29). This technology has the 
potential to resolve the dilemma between wound colonization versus wound infection (30) and 
may provide a scientifi c basis for a judicious protocol on the use of topical and systemic anti-
microbial agents in the burn population. Another exciting innovation pertains to the develop-
ment of biologic and synthetic skin substitutes where a number of outstanding products have 
continued to make their ways from basic science laboratories into the clinical arena. These 
products which provide permanent or temporary wound coverage help to maintain wound 
viability, reduce infection, and limit pain and metabolic stress (31). Research is already far 
advanced in the utilization of human stem cell derivatives in the synthesis of pluristratifi ed 
epidermis (32,33) With guided optimism it is possible to conceive a future where understand-
ing the concept of “donor site” morbidity in the burn patient would require access to the 
archives of burn wound treatment.

PATHOPHYSIOLOGY OF THE BURN WOUND
Although man has been able to adapt to and conquer extreme climatic conditions, the human 
body and its skin envelope is endowed with capacity to tolerate a very narrow range of tem-
perature changes. Outside the confi nes of the physiological range, the extent of injury is deter-
mined by the temperature difference and the duration of exposure. The initial cellular damage 
induced by heat and ischemia is potentiated by the effects of mediators that activate infl amma-
tory responses leading to generalized loss of capillary integrity and edema.(34) The magnitude 
of the local and systemic responses to burn injury has been shown to be directly proportional 
to the TBSA of injury and infl uenced by factors such as age, pre-injury state of health, and the 
adequacy and promptness of fl uid resuscitation (8,34–36). While the infl ammatory insult is 
sustained by the presence of eschar and bacterial colonization, it is potentially attenuated by 
prompt excision of burned tissue. This constitutes the scientifi c basis for the current concept in 
the management of the burn wound (37,38).

Jackson in 1947 identifi ed three distinct three-dimensional histopathological zones of 
injury (39). In the center of the wound lies the zone of necrosis or coagulation. Here the tissue 
is irreversibly damaged; the cellular protein is denatured by intense heat. Healing will take 
place by suppuration and extrusion, a process that can be hastened surgically. In the periphery 



BURN SURGERY 51

lies the tissue most remote from the heat source, the zone of infl ammation, or hyperemia. This 
zone is expected to recover. The treatment of the burn wound is directed at the middle, the zone 
of ischemia or stasis, where vessel spasms and intravascular micro thrombi compromise tissue 
perfusion. The injured tissue has the tendency to progress to a deeper wound by a process of 
conversion (40). At the cellular level, neutrophil-mediated ischemia reperfusion injury has been 
implicated in the process. However, attempt at attenuating conversion by inhibition of 
 neutrophil-endothelial adhesion has shown only limited success in laboratory animals (34). 
The limited therapeutic maneuvers that have proven useful in the prevention of burn wound 
conversion include prompt fl uid resuscitation, protection from further mechanical trauma and 
prevention of edema, desiccation, and infection (40).

PRINCIPLES OF BURN WOUND MANAGEMENT
The fundamental principles of treating burn wounds include removal of nonviable tissue, pre-
vention of microbial invasion, provision of moisture, and the resurfacing of epithelial defects. 
The extent and complexity of the requirement is determined by the TBSA involved and the 
depth of the burn injury (34,41). While optimal methods of body surface area assessment 
abound, the science of burn wound depth assessment has remained diffi cult. Sophisticated 
techniques for determining depth have included color temperature mapping (42), injection of 
vital dyes such as India ink and fl uorescein (43), and ultrasonography (44). Perhaps the most 
reliable is laser Doppler imaging (45) which utilizes a color coded map depending on tissue 
perfusion. For the most part, however, the judgment remains a clinical one (46). Various clas-
sifi cations of burn wound depth have been proposed; however, as a guide to treatment and 
prognosis it is most relevant to differentiate injuries into superfi cial and deep categories. Super-
fi cial burns usually heal by epithelialization with minimal scarring within three weeks of injury 
in contrast to deep burns which take longer and heal with signifi cant scarring (Table 5.1) (34,41).

Superfi cial Burns
Debridement of Burn Wound
Dead tissue prolongs the infl ammatory phase of wound healing and serves as culture medium for 
microorganisms. Debridement entails complete exposure and cleansing of the burn wound with 
mild soap solution or an antiseptic solution such as chlorhexidine. Pain control, asepsis, and pre-
vention of hypothermia are paramount (22). Current practice favors de-roofi ng blisters to remove 
proinfl ammatory cytokines present in blister fl uid, and implicated in burn wound conversion (40).

Wound Care
Following debridement of superfi cial burns, wound care is aimed at providing an environment 
conducive for timely healing. The wound bed should be protected and kept moist with a non-
adherent dressing such as petrolatum gauze or XeroformTM (Tyco Healthcare Group LP, Mans-
fi eld, Massachusetts, USA). It is customary for these to be used alongside a topical antimicrobial 

Table 5.1 Distinction Between Superfi cial and Deep Burn

Superfi cial Vs. Deep Burns

Depth Traditional Signifi cance Characteristics

Superfi cial 1st & 2nd degrees. Superfi cial 
partial-thickness burn

Suffi cient epithelial appendages to 
allow healing within 
3 wks

Wet, pink, blistered, blanches 
with pressure, and painful

Deep 3rd degree. 
Deep partial and full-thickness 

burns

Insuffi cient epithelial appendages; 
healing is slow with resultant 
unstable scar, scar hypertrophy 
and contracture; best treated by 
excision and grafting

Ranges from cherry red, 
mottled, white, and 
non-blanching to leathery, 
charred, brown, and insen-
sate



SURGICAL WOUND HEALING AND MANAGEMENT52

ointment. A number of proprietary products are currently available and include silver sulfadia-
zine, mafenide, bacitracin, neomycin, and polymyxin B (41). Biologic dressings have equally 
been used to facilitate healing of superfi cial burns, particularly in pediatric patients. Biobrane® 
which consists of collagen peptides integrated into a knitted nylon fabric has proven useful in 
pediatric hand burns where it is applied in the form of gloves. The dressing is retained for 
10–14 days until the wound has re-epithelialized. It is said to shorten the healing time, decrease 
pain, and to signifi cantly reduce nursing care requirements when compared with conventional 
alternatives (47).

Deep Burns
Although the basic principles of treatment remain the same, removal of the dead skin or eschar 
requires sharp dissection with the resultant wound bed ultimately requiring closure with skin 
graft.

Burn Wound Excision
Early excision performed within the fi rst week of injury is the current standard of care though 
the concept of immediate excision as early as on the day of injury has continued to enjoy anec-
dotal mention (22,48). The importance of patient selection in this regard cannot be overempha-
sized, the provisos include hemodynamic stability, absence of inhalational injury, and absence 
of signifi cant concomitant trauma and comorbidities (22).

Tangential/Sequential/Layered Excision
This technique pioneered by Zora Janzekovic in the early 1970s entails sequential excisions of 
thin layers of burnt skin until a viable bed is encountered (21). The instruments available for 
serial excision include the hand-held Goulian/Weck knife with variable guards; the hand-held 
Humby knife and lately the powered dermatome has been employed for the same purpose 
(22,41,49). The presence of active punctuate bleeding is indicative of a healthy bed that will 
support a skin graft (41,49).

The technique is associated with signifi cant blood loss the magnitude of which has been 
estimated at 0.75 ml for every square centimeter excised during days 2–16 and 0.40 mL/cm2 if 
excision is done in the fi rst 24 hours (22). Strategies aimed at keeping the blood loss to a mini-
mum include use of telfa pads soaked in epinephrine 1:10,000 to 1:30,000 solution, topical 
thrombin solutions, pre-debridement tumescence with 1:50,000 epinephrine solution, and sus-
pension of the limbs from the ceiling (41,49). The use of tourniquets infl ated above the systolic 
pressure following exsanguinations is most effective in controlling blood loss from excised 
limbs. It, however, demands of the surgeon the ability to determine the correct level of excision, 
a feat that requires some measure of experience (38,41,49).

Fascial Excision
Excision of burned skin with underlying subcutaneous fat down to fascia is performed in very 
deep burns (23). It is also reserved for very large life-threatening injuries and elderly patients 
with multiple comorbidities in whom graft “take” at the fi rst operation is most imperative. The 
procedure entails less blood loss; however, the major disadvantages are damage to lymphatics, 
cutaneous nerves, and loss of subcutaneous fat with resultant long-term contour deformity 
(23,38,41).

Burn Wound Coverage
Closure of the burn wound with durable native skin represents a tangible end to a series of 
events initiated by the burn injury. For the patient with large surface area burns it heralds vic-
tory over the long drawn battle against bacterial colonization and wound infections. Tradition-
ally, obtaining complete wound coverage marked the end of acute care and the onset of 
reconstructive procedures and rehabilitative efforts towards reintegration into the society. The 
ultimate goal of burn wound care is complete coverage with autograft. Unfortunately, this may 
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Figure 5.1 The challenges of wound coverage in a patient with 90% total body surface area full-thickness burn. 
(A) Escharotomy of the anterior torso to prevent respiratory compromise and abdominal compartment syndrome. 
(B) Anterior torso following fascial excision. (C) Sandwich technique on the posterior torso, allograft (2:1) overlay 
on widely meshed autograft (4:1).

not be readily attainable in patients with full-thickness large surface area burns. Figure 5.1 
shows the challenges encountered in providing skin cover in a patient with 90% TBSA full 
thickness burns.

Cadaver allograft represents the best option for temporary cover. Its immediate “take” helps 
sterilize the wound bed and prepares it for autograft placement. Allograft is best substituted before 
the process of rejection sets in; otherwise the infl ammatory reaction makes removal of the allograft 
more diffi cult and the accompanying hemorrhage worse. Large surface area burn is known to 
cause signifi cant immune suppression which plays a role in the delayed onset of allograft rejection 
in this group of patients (31). This phenomenon is suggestive of the possibility of successful per-
manent allografting in the future as immune suppression therapy continues to improve (31).

The favored skin donor sites for harvest include the thighs, the buttocks, the back, the 
legs, and the scalp. Donor skin is best procured with the powered dermatome, though the 
hand-held dermatomes remain useful tools (49). Meshing the graft in ratios of 1:1, 2:1, 3:1, and 
4:1 allows limited skin to be applied over larger surface areas at the expense of durability and 
cosmetic result. When autograft is widely meshed to the 3:1 and 4:1 ratios, survival of the graft 
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Figure 5.1 (Continued) (D) Anterior torso ready for defi nitive coverage following a series of allograft coverage 
and replacements. (E) Anterior torso covered with cultured epithelial autograft (CEA), note the widely meshed 
autograft (4:1) on the wound bed. (F) Outcome of CEA on the anterior torso at six months.

and healing of the wide interstices is improved by an allograft overlay described as the sand-
wich or Alexander technique (38). The allograft is usually meshed to a lesser ratio such as 2:1 
and is left in place until it is extruded by the underlying epitheliazation. Where donor skin is at 
the most premium, other techniques aimed at achieving wound coverage include the recrop-
ping of previously harvested skin. The interval between cropping and recropping is dependent 
on the thickness of the residual dermis which determines the rate and quality of donor site 
wound healing. Cultured epithelial autograft (CEA) which provides sheets of in-vitro cultured 
keratinocytes is an additional means of obtaining skin cover. Clinical experience over the years 
has however exposed the inadequacy of using an epidermal component to replace  full-thickness 
skin loss (50). Attempts at enhancing the durability of CEA have included engrafting the cul-
tured cells over a widely meshed autograft or vascularized allogeneic dermis obtained by 
excising the epidermis and upper dermis of engrafted allograft (51). It is generally accepted 
that the stringent requirements, expense, and suboptimal outcome of CEA is only justifi ed by 
the overwhelming burn wound size Fig. 5.1 (52).

Escharotomy
Deep circumferential burns may result in compartment syndromes and require urgent decom-
pression to prevent ischemia of the limbs or to improve chest wall compliance (49). The prime 
clinical indication is fi rmness and rigidity in a limb or muscle compartment on palpation. Other 
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signs include severe pain on passive movement or at rest and paresthesia. Loss of palpable 
pulses is a late and ominous sign. Escharotomy may be performed by the bed side using elec-
trocautery or a scalpel. Narcotic analgesia is desirable to allay anxiety. A practical point of 
importance is to ensure that the upper limbs remain in the anatomical position to avoid injury 
to the superfi cial radial nerve at the wrist. Other structures to be protected include the ulnar 
nerve in the cubital tunnel and the common peroneal nerve around the neck of the fi bula. The 
incision must traverse eschar into subcutaneous tissue (49).

Should escharotomy fail to relieve the compartmental pressure, a fasciotomy may be 
indicated. Performed in the operating room and under general anesthesia, fasciotomy is most 
frequently indicated in high voltage electrical injuries of the extremities. The high amputation 
rates associated with these injuries is a constant reminder of the need for high index of suspi-
cion and prompt intervention in all but the most trivial of such injuries (53).

PRINCIPLES OF BURN RECONSTRUCTION
Survival has ceased to be an acceptable outcome in modern day burn care. The goal of care is 
to optimize the quality of life of survivors toward functional reintegration into the society. This 
is attainable through a coordinated team approach from initial consultation through recovery 
and rehabilitation. Reconstructive and rehabilitative efforts should commence from the time of 
injury. Events from this point to the time the patient reaches maximal functional level is indeed 
a continuum punctuated by several signifi cant milestones (54). Burn wound management must 
be targeted at optimal closure through due consideration in donor site selection, prioritization 
in autograft placement, and early scar therapy (55). Plastic surgery expertise will make only 
marginal improvement to the outcome of poorly executed acute care such as placement of 
widely meshed skin graft over the face and hands. It is needless to mention that these areas are 
better served by sheet grafts from the outset.

Reconstructive efforts are aimed at the restoration of function and esthetic appearance. 
The late effects of burns related to loss of normal tissue and scarring, limitation of movement 
and pain, disfi gurement and social embarrassment must be addressed for optimal outcome. An 
inventory of potential reconstructive needs obtained by the burn team in concert with the 
patient and family members has been identifi ed as a useful tool in harnessing the limited 
resources in the care of the burned patient (56). The timeline of surgical and non-surgical inter-
ventions is equally critical to outcome. While immediate reconstructive procedures may be 
required to protect vital organs and to arrest worsening deformities, most procedures that 
address cosmetic concerns are delayed until after 9–12 months to allow for scar maturity.

As the number of patients requiring burn reconstructive surgery continues to increase 
due to declining mortality in acute care, the expectations regarding the outcome of reconstruc-
tive and rehabilitative efforts are also rising exponentially. Monumental improvements in the 
techniques of free tissue transfer, laser scar therapy, tissue expansion, and distraction lengthen-
ing coupled with advancements in prostheses technology have remained the bedrock of recon-
structive burn surgery.
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  Skin grafts in wound management
Lars-Peter Kamolz and Raymund E. Horch

A wound is a disruption of the normal structure and function of the skin and skin architecture. 
Acute wounds refer to those wounds, where wound physiology is normal and healing is antic-
ipated to progress through the normal stages of wound healing, whereas a chronic wound is 
defi ned as one that is physiologically impaired.

To ensure proper healing, the wound bed needs to be well vascularized, be free of devital-
ized tissue, and be clear of infection and moist. Wound dressings should eliminate dead space, 
control exudate, prevent bacterial overgrowth, ensure maintenance of proper fl uid balance, be 
cost effi cient, and be manageable for the patient and/or nursing staff. Wounds that demon-
strate progressive healing as evidenced by granulation tissue and epithelialization can undergo 
closure or coverage.

The goal of surgical reconstruction is to restore preoperative function and appearance. 
Therefore, the surgeon must close the defect with tissue that is missing and which allows defect 
coverage with tissue of similar contour, texture, and color.

In clinical daily routine, combinations of different techniques are often applied in order to 
permit optimal defect coverage and surgical reconstruction.

THE RECONSTRUCTIVE CLOCKWORK
The image of interlocking wheels of a clock work illustrates the integration of different recon-
structive methods, which are often needed to be combined in order to get an optimal functional 
and esthetic result (1).

GENERAL PRINCIPLES
There are several techniques routinely used to reconstruct deformities and to close defects: 

• Excisional techniques
• Serial excision and tissue expansion
• Skin grafting techniques with or without the combination of a dermal substitute
• Local skin fl aps
• Distant fl aps
• Composite allotransplantation
• Tissue engineering

NECRECTOMY
Since necrotic tissue represents a principal nidus for bacterial infection and a source for toxic 
cytokines, excision of necrotic areas is of utmost importance to obtain a wound bed suitable for 
skin grafting (2).

SKIN GRAFTING TECHNIQUES
Skin Graft Without the Combination of a Dermal Substitute (2–8)
Covering an open wound with a skin graft harvested at a various thickness is a very common 
approach of wound closure. A skin graft including epidermis and dermis is defi ned as a full-
thickness skin graft, and a piece of skin cut at a thickness varying between 8/1000 of an inch 
(0.196 mm) and 18/1000 of an inch (0.441 mm) is considered to be a partial- or a split-thickness 
skin graft. The sectional plane is located in a manner that not only avascular tissue but also vital 
parts of dermis are cut and thus transferred to the lesion. The dermal appendage which is 
located in deeper cutaneous layers remains at the excision site after transplantation and serves 
as a source for the re-epithelization of the extraction site.

  6
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The criteria for using skin grafts of various thicknesses are mainly based on the following: 

• The use of a thin graft is more appropriate for closing wounds with unstable vascular supply. 
• Moreover, the quality and the presence of dermis have an infl uence on the extent of wound 

contraction. The extent of contraction, which is noted if a thin partial-thickness skin graft is 
used, is larger than using a full-thickness graft. The presence of a suffi cient dermal structure 
is able to reduce wound contracture.

Responsible for a solid adhesion of the transplant is the formation of a strong interplanar 
fi brin bridge which is fi xed between the elastin parts of the skin graft and the wound ground 
elastin. This modest linkage allows the sprouting of capillaries and bridges the time until more 
differentiated adhesion structures arise. 

Autologous Full-Thickness Skin Grafts
The autologous full-thickness skin graft is still considered to be the gold standard, because the 
strong dermal component prevents excessive scar formation. Moreover, the full-thickness graft 
represents the best choice for esthetic and functional demands, especially for grafting of burned 
areas that involve the face, the hands, or regions over large joints. 

In case of a full-thickness skin graft a paper template may be made to determine the size 
of the skin graft needed to close a wound. The skin graft is laid down to the wound bed and is 
anchored into place by suturing the graft onto the wound bed (2).

Autologous Meshed Split-Thickness Skin Grafts
Reduction in the size of the skin-graft donor site can be realized by turning the split-thickness 
skin graft into a “mesh graft.” Due to a specifi c parallel arrangement of scissors on a role mul-
tiple small slits can be placed in the graft, allowing it to expand up to six times of the original 
area. The method is based on the tendency of keratinocytes to migrate into the intermediate 
spaces. In addition, these so-called “mesh slits” provide drainage of wound fl uid, thus prevent-
ing the appearance of hematoma, respectively seroma. Mesh grafts are of special importance if 
the defect is large (e.g., large burns) that the surface of donor sites is limited. The most common 
expansion ratios are 1.0:1.5 to 1:3 (Fig. 6.1).

A continuous contact of the skin graft with the wound bed is essential to ensure an in-
growth of a vascular network in the graft within three to fi ve days and thereby for the graft 
survival. A gauze or cotton bolster tied over a graft has been the traditional technique to anchor 
and to prevent fl uid accumulating underneath a graft, if there is a fl at and well-vascularized 
wound bed. In regions, which are associated with a less good take rate (concave defects; regions, 
which are subject to repeated motion like joints) or in patients with comorbidities, which may 
have an impact on graft healing, other techniques instead of the bolstering technique, are used 
for skin graft fi xation. The use of topical negative pressure or fi brin glue can lead to better skin 
graft healing.

Figure 6.1 Long-time result after autologous mesh graft transplantation and consecutive compression therapy.
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Meek Technique
In 1958, Meek (9) invented a dermatome which was able to cut harvested split skin into small 
squares of equal size. Meanwhile, the mesh technique was founded which was mostly pre-
ferred to Meek invention because of its simpler handling. Besides rare published Chinese 
reports, it was Kreis and his colleagues (10) who modifi ed the Meek technique to a simple 
method that allows to cut of split skin as well as to expand it up to a ratio of 1:6 on a special cork 
and silk carrier in one step. Due to its practicability and attractive magnifi cation factor this 
modifi ed approach is currently well established in many burn centers and in case of large burns 
(>50% TBSA) often favored toward mesh grafts (Fig. 6.2) (11).

There has been ample evidence that meshed skin grafts do not provide their claimed 
expansion rates. The claimed 1:3 expansion rate is achieved by only 53.1% using the mesh 
(1:1.59 ± 0.15) and by 99.8% using the micrografting technique (1:2.99 ± 0.09; p = 0.0001, Mann–
Whitney test), respectively.

Meshed skin grafts become even more unreliable beyond 1:6 expansion rates. Moreover, 
micrografting allows even the use of small skin remnants and mimics the true expansion rate 
used by 86.5–99.8% when using expansion rates of 1:3 and above (12).

Stamp Technique
The stamp technique has a higher prevalence in Asia and is based on split skin cut into large 
squares. Afterward the quadratic skin pieces are positioned in an appropriate manner over the 
debrided area. By varying the square size respectively to suit the distance between the islands 
it is also possible to achieve an expansion ratio up to 1:6. The stamp technique was no longer of 
practical importance in Europe after the microskin technique combined with allogeneic or 
xenogeneic skin was implemented (2,13,14).

Alternative Methods
The surgical procedures discussed above are dependent upon the availability of intact donor 
skin. If the burn is so extensive (>60% of TBS) that there are minimal viable areas of donor skin, 
alternative methods should be used to enable a chance of survival.

Temporary Allogeneic and Xenogeneic Skin Grafts
Allogenic Skin Grafts When there is a lack of suffi cient donor skin, allogenic skin transplants 
can be used as a temporary coverage. Usually this skin is submitted to a rejection process. Due 
to the burn injury of the mainly immunocompetent organ skin the rejection starting from the 
recipient occurs usually with a delay of one to two weeks after application.

First experiences were collected with cryoconserved skin, which was used to cover deep 
second-degree burns or areas, where autologous grafts had not been grown in. An advantage 
of the cryoconservation is a partial loss of the antigenicity (2,15–17).

Burns treated with cryoconserved allogeneic skin become germ free and exhibit an 
epithelial migration tendency starting from the wound edge. Hence it is a useful tool to 

Figure 6.2 Direct comparison between mesh and Meek grafts (right side: Meek grafts; left side: mesh grafts).
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bridge the time to the autologous transplantation. Cryoconserved allogeneic grafts were also 
used for the so-called sandwich technique (see the section on sandwich), where largely 
meshed autologous transplants were covered with less expansive meshed allogeneic skin. 
(Fig. 6.3) Although this approach did not represent a durable solution it was able to prolong 
the period of the rejection occurrence up to three weeks. To minimize the allogeneic skin 
antigenicity among others, a graft conservation with 98% glycerine was developed, whereby 
the cellular plasma was replaced by glycerine without affecting the tissue structure. Glycer-
inized allografts are well suited for the sandwich technique expressed by a high epitheliali-
zation rate.

Allogeneic grafts mostly serve as a temporary cover when there is insuffi cient donor skin 
available. These grafts are usually attached with sutures or staples to the surrounding tissue 
after slitting at stated intervals with a scalpel to guarantee a draining of the secretions.

Until the rejection occurs, allogeneic grafts have the same benefi cial properties as autolo-
gous ones, including the ability to reduce infl ammation, fl uid loss as well as the risk of infec-
tion, wound sepsis, and multiorgan failure.

Up to the present day there are just a few cases known whereby selected immunosup-
pression has achieved a durable integration of the allogeneic graft into the wound ground. 
Usually the antigenic potency of the epidermis is responsible for the rejection. In theory the 
dermal elements might survive; however, selective y-chromosamtic methods for detection can-
not prove the appearance of allogeneic cells in all cases. Exposure to UV light and the use of 
glucocorticoids can induce an inactivation of Langerhans cells within the graft in order to delay 
the duration up to the allograft rejection. Due to immunosuppression the interaction between 
Langerhans-cells and class-II-antigens of graft keratinocytes is diminished. In this case cyclo-
sporine is a suitable agent because of its suffi cient inhibition of the keratinocyte DNA-synthesis 
without adverse effects for the vitality of the transplant (2,18–21).

Xenogeneic Skin Grafts Since the mid-1950s the use of pig skin has become famous for 
temporary grafting of large burns especially in China. There it was used particularly in 
combination with the so-called “intermingled” technique. 

The nutritive maintenance of the xenogeneic grafts occurs mainly due to diffusion 
because an initial revascularization disappears after a short period and is rapidly replaced by 
collagen structures (2,22,23). In countries, that do not perform allogeneic grafting because of 
ethical concerns, xenogeneic transplants are still an important tool for temporary wound cover-
ing. From South America comparable good results are also reported with frog or snake skin 
being used as temporary transplants.

Mixed Skin Grafts
The Chinese Method: Intermingled Grafting
The intermingled grafting method is based on the migrative properties of epidermal cells. On a 
large sheet of homo- or heterologous skin, islands of autologous skin are inserted into pre-punched 

Figure 6.3 Sandwich technique I: widely expanded autografts covered with allogeneic keratinocytes.
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holes at certain distances. The expansion ratio is dependent upon the distance and the size of the 
skin islands. Yang and colleagues selected a distance of 1 cm between their 0.25 qcm sized autolo-
gous islands which correlates with an expansion ratio of 1:4. Bäumer and his group modifi ed this 
method by raising the island size up to 1 qcm and by inserting the islands 3.5 cm away from each 
other, thus enhancing the expansion ratio up to 1:20. Despite its effectiveness the method is mostly 
restricted to Asia primarily because of high personnel and manual requirements (2,24,25).

Autologous-Allogeneic Intermingled Grafts
The autologous-allogeneic intermingled grafts technique was performed for the fi rst time in 
the mid/end 1950s to minimize the loss of blood during the allograft removal. 

After transplantation the autologous epithelium grows concomitant to the recipient rejec-
tion from the placed islands rapidly in between the allogeneic dermis and the allogeneic 
 epidermis. This histopathomorphologic behavior is called the “sandwich phenomena.” At the 
end of the process the desquaming alloepidermis is replaced completely by the confl uating 
neoepidermis. The allogeneic dermis beneath the intact autoepidermis degenerates and is reab-
sorbed due to the immunogenic response.

Autologous-Xenogeneic Intermingled Grafts
Intermingled grafts using xenogeneic pig skin as a heterogenic donor show a similar outcome 
compared with autologous-allogeneic intermingled grafts. After transplantation the xenogeneic 
graft exhibits a vital character due to the plasma and tissue fl uids of the underlying tissue that 
provide a nutritive environment. Neocapillaries appear two to four days after transplantation 
within the heterogenic graft followed by an ingrowth of capillaries from the granulating wound 
ground on day 7–10. The internal autologous transplants start to grow immediately leading to an 
undermining of the xenoepidermis. The rejection of the pig skin dermis occurs as either an exter-
nal or an internal process. The external rejection is associated with an infi ltration of fi broblasts and 
infl ammatory cells that degrade the heterogenic skin. The internal rejection describes the confl u-
ent and expansive growth of the autologous epithelium into the xenogeneic corium. Rejection of 
the corium induces furthermore the desquamation of the xenogeneic epidermis. During these 
processes, the heterogenic connective tissue is infi ltrated by a large number of capillaries, fi bro-
blasts, and lymphocytes. Finally the dermal collagen is degraded and partially reabsorbed (2).

“Sandwich” Technique
The term “Sandwich” describes the application of a wide meshed autologous split skin graft, 
which is covered by a sparsely meshed (1:1,5), or a slit, or an untreated allogeneic transplant. 
Knowing that the integration into the healing wound of wide meshed autologous skin grafts 
with an expansion ratio up to 1:6 is rather weak because of the adverse relation between the 
gaps and the cell-carrying grid-like skin; this method improves the rate of the integration into 
the healing wound by means of a temporary coverage with allogeneic skin. Thus, it is well 
suited for the treatment of severe burns with limited skin donor sites (Figs. 6.3 and 6.4) (2,26,27).

Microskin Grafts
According to microskin grafts thin split is harvested and mechanically reduced to small parti-
cles <1 qmm (microskin grafts), which are placed onto the wound followed by a coverage with 
a homo- or heterologous graft. For this purpose the skin particles are distributed equally on fat 
gauze using a NaCl water bath. The resulting pulp is topically applied to the wound ground. 
The microskin technique was developed and perfected in China, where it is today the fi rst 
choice for the treatment of large burns in combination with an allogeneic coverage instead of 
the transplantation of cultured keratinocytes. Besides the relatively easy handling, the attain-
able expansion ratio up to 1:100 is one of the major benefi ts. Thereby, unburned areas are used 
economically offering satisfying results (2,28–31).

Buried Chip Graft Technique
The effectiveness of conventional, meshed split skin is rather low in the critical perianal and 
perineal area because of the complex location and the usually heavily contaminated sore 
ground. Therefore, in these areas the buried chip graft technique is particularly useful.
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Within this method the split skin taken from an unburned area is mechanically chopped 
into small pieces (1–2 qmm). Afterwards the particles are inserted obliquely (depth ~3–4 mm) 
and in rows (distance ~1 cm) into the wound ground, thus the gluteal skin’s surface closes itself 
after a few weeks above the “seedlings.” Usually a particle-free area is left within a radius of 
5–6 cm around the anus. Due to their inoculation the small transplants are well protected 
against fecal contamination and mechanical cleaning activities. Even in the case of infection, 
the risk for destruction and a complete loss of the transplants is rather low.

Five to nine days after insertion, fi rst epithelial islands appear at the surface. Starting 
from their edges the epithelialization runs concentrically leading to a closed epidermis. Histo-
morphologically noticeable is a characteristic bell-shaped growth from the deep to the wound 
surface, which exhibits a regular epidermal layering (2,32).

Skin Graft in Combination with a Dermal Substitute
For the past several years, artifi cial dermal substitutes have been used in order to improve skin 
quality, such as Alloderm™ (LifeCell, USA) and Integra™ (Integra Life Sciences, USA). These 
materials, when implanted over an open wound, have been found to form a layer of resembled 
dermis, thus providing a wound bed better for skin grafting and thereby better skin quality. 
However, the need for a staged approach to graft a wound using this technique is considered 
cumbrous. Matriderm™ (Medskin Solutions Dr. Suwelack, Germany) is a new dermal matrix, 
which consists of collagen and elastin and allows a single-step reconstruction of the dermis and 
epidermis in combination with a split-thickness skin graft. By using this technique results sim-
ilar to those obtained by the use of a full-thickness skin graft are possible (33,34).

Figure 6.4 Sandwich technique II: widely expanded autografts covered with less expanded allografts.
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  Alternatives to skin grafts
Franck Duteille and Luc Téot

INTRODUCTION
Thin split-thickness skin graft is a simple technique which is readily available, inexpensive, 
and has a high success rate. However, it is only one of the many techniques in the surgeon’s 
therapeutic arsenal to obtain successful wound healing. Other techniques, sometimes consid-
ered complex, can and should be used to solve acute and chronic wound healing problems. In 
this chapter, we discuss fl aps and skin substitutes. Both these techniques are usually used for 
wounds presenting with associated soft tissue loss (1,2). Indeed, with both fl aps and skin sub-
stitutes, there is a tissue input that should theoretically be justifi ed by soft tissue loss. We shall 
see later how indications can be extended for certain wounds. 

When treating a wound, the choice of therapeutic method varies and often depends on 
the surgeons’ practice habits or school of practice. Each technique has its advantages and dis-
advantages and we endeavor here to describe them and defi ne the indications. 

FLAPS
Advantages
A fl ap is a mass of living, vascularized tissue transferred from one part of the body to another. 
The advantage of fl aps is that they bring autonomous, independent vascularization to the area 
covered. Vascularization is of fundamental importance since it is the basis of the many advan-
tages of this technique. 

This vascular autonomy makes it possible to cover any soft tissue loss, particularly in 
situations where the vascular status of the wound is precarious or absent (lacerated wound, 
periosteal bone loss).

Vascular fl ow is also a major anti-infectious factor (both curative and preventive). Indeed, 
oxygen and all the elements of the immune system found in blood can have a very benefi cial 
effect on wound healing. Moreover, antibiotherapy is only effective if suffi cient amounts of the 
antibacterial compound reach the target site (3). Thus, wound covered with a fl ap renders anti-
biotherapy more effective in poorly perfused areas.

Flaps are well vascularized because living tissue is used. Hence they have a growth rate 
that is equivalent to that which they would have had if they had not been transferred. This is 
vital, especially in children (4,5). Flap growth reduces the risk of scar tissue seen with other 
means of coverage, especially skin grafts.

There are different types of fl aps (random fl ap, pedicled fl ap, free fl ap, and perforator 
fl ap) but they all have similar features: 

1. Random fl aps: They derive their blood supply from the dermal vascular plexus. They are 
not based on an anatomical study of the skin. Technically they are relatively easy to do and 
can be taken from any part of the body as long as the length–width ratio is complied with.

2. Pedicled fl aps: They are based on an anatomical study of the skin. They can be removed at a 
distance from the wound and thus provide a relatively unharmed tissue. Pedicled fl aps may 
consist of other tissues, particularly muscles which are important in the event of any infection. 

3. Free fl aps: They have all the advantages of pedicled fl aps, but are not limited by the rotation 
angle. They provide more possibilities of reconstruction with regard to the choice of tissue 
(6,7) enabling customized chimeric cell transfer which is sometimes very interesting and ele-
gant (Figs. 7.1–7.3). We should also mention fascia fl aps (8) which produce very little scar tis-
sue and, because they are so fi ne, are easily integrated resulting in normal fi tting and mobility.

4. Perforator fl aps: This is the latest technique and the exact role of perforator fl aps in wound 
management still needs to be defi ned, but they are already part of the therapeutic arsenal 
(9–11). The great advantage of perforator fl aps is that they can be performed on patients 
with impaired vascular territories. In our experience, in this context, perforator fl aps have 
a particularly good success rate.

  7
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Disadvantages
1. Random fl aps: Because of their mode of vascularization, random fl aps can only be cutane-

ous. Similarly, they must be removed very close to the wound, which is a major limitation 
for acute wounds where the neighboring tissue is often damaged, and for chronic wounds 
where the surrounding tissue is often of poor quality or not easily transferred. Random 
fl aps are usually small since the entire surface of the cutaneous tissue from the point of 
rotation to the tip of the fl ap must be sacrifi ced, which may have sequelae and result in 
major detachment. Finally, random fl aps often present venous damage which is always 
problematic. The damage always appears at the most distal part of the fl ap, the most inter-
esting area as it covers the wound.

2. Pedicled fl aps: These are most diffi cult to perform and have the most sequelae in terms of 
cosmetic issues, although this remains a point of discussion. As they can be easily mapped, 
it is necessary to consider whether a pedicled fl ap has a suffi ciently wide rotation angle to 
cover the wound. There are situations where no pedicled fl aps are available. For acute 

Figure 7.1 Chronic wound on the anterior surface of the leg in a 47-year-old woman, with soft tissue loss and 
osteitis following an accident that occurred during childhood.

Figure 7.2 Osteomyocutaneous fl ap composed of a rib fragment (K8), serratus anterior muscle, and a skin 
addle. The structure was vascularized by the thoracodorsal pedicle.
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wounds, particularly in traumatology, pedicled fl aps cannot be used because the feeder 
pedicle itself has been damaged.

3. Free fl aps: These fl aps are time consuming and require specifi c equipment (microscope, 
instruments, etc.) and a well-qualifi ed team. Free fl aps require revascularization surgery 
and good quality “recipient” vessels, that is, vessels where micro-anastomoses can be per-
formed and where there is an effective blood supply. However, many patients undergoing 
wound management have impaired vascular status which is incompatible, or poorly com-
patible, with this type of surgery.

4. Perforator fl aps: The mapping of perforator fl aps has not been clearly defi ned yet and is 
certainly less specifi c and reproducible from one patient to another than free or pedicled 
fl aps. Usually feeder vessels are screened for using Doppler ultrasonography, so a qualifi ed 
medical imaging team is required. This is not possible in the event of an emergency. As for 
random fl aps, vascularization (beyond the feeder vessel) derives from the dermal vascular 
plexus. So, the same type of problems are seen, that is, a risk of venous impairment (11) and 
the need to remove the whole area of skin from the point of rotation to the distal tip, which 
often entails extensive cutaneous sacrifi ce.

Indications
Indications remain somewhat vague since they are based on the surgeon’s habits and the clini-
cal situation. Each clinical situation has its own specifi c characteristics that may modify the 
indications. Flaps are often criticized by surgeons who consider them time-consuming, compli-
cated, and causing sequelae. Yet they are an integral part of our therapeutic arsenal and are 
sometimes indispensable in certain situations.

Exposure of vital elements such as tendons, nerves, bone, cartilage, joints or vascular struc-
tures is an indication for fl ap surgery. Some areas must be covered by fl aps to guarantee quality 
coverage. Here we refer to weight-bearing areas (heel) and areas damaged by radiodermatitis.

We said earlier that the indication for fl ap surgery was a wound associated with soft tissue 
loss. However, this does not apply in certain circumstances, as, for example, when wounds fail to 
heal with more conventional methods. Repeated failure of a skin graft is an indication for fl ap 
surgery. We must take care not to choose the easiest technical solution every time. Indeed, 
repeated failures will cause concern to physicians, and desperate patients will lose confi dence in 
their medical team. Above all, the patient will not recover. It is diffi cult to assess exactly after how 
many failures fl ap surgery should be performed, but if the skin graft fails when there is no techni-
cal problem, and other methods (negative pressure treatment) have been tried unsuccessfully, in 
our opinion, fl ap surgery should be envisaged. It is often a problem of poor vascularization of the 

Figure 7.3 The patient after 12 months; infection has resolved, soft tissue loss regained, and the fl ap and rib 
perfectly integrated.
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basal layer which invariably results in graft failure if the technique is not improved. The same 
applies to radiodermatitis lesions (12) or posttraumatic vascular impairment.

1. Random fl aps: In our opinion, random fl aps should be used only on small wounds. 
Although, in theory, large random fl aps can be removed, in practice there are many incon-
veniences as stated earlier, mainly cosmetic sequelae and venous impairment and compli-
cations related to extensive detachment (effusion, hematoma).

The transferred skin is removed from an area close to soft tissue loss. In the event 
of chronic wounds, random fl aps are not suitable because of the quality of perilesional skin. 
This skin is often infl amed and chronic infl ammation usually causes some degree of necrosis, 
 rendering transfer of fl aps diffi cult, if not impossible.

The principal indication for random fl aps is acute wounds associated with soft tissue 
loss. In this situation, they are much better than skin grafts if the donor area can heal alone (this 
depends on the part of the body and the age of patients).
2. Pedicled fl aps: These can be used for both chronic and acute wounds since, unlike random 

fl aps, pedicled fl aps are removed from a distant part of the body and the condition of the 
skin around the lesion does not need to be taken into consideration. We have already men-
tioned the limitations of pedicled fl aps whose use depends mainly on where the wound is 
located. We consider that they can be used on wounds of all sizes. Pedicled fl aps can be 
used in the event of slight soft tissue loss. As we said earlier, the healing process is one thing 
and scar quality is yet another, and sometimes the latter must be prioritized to improve the 
patient’s quality of life.

3. Free fl aps: The indications are similar to those of the pedicled fl aps. The major limiting fac-
tor is the need to fi nd good-quality recipient vessels. Hence, in some cases, the vascular 
status of patients is a formal contraindication to using this technique.

When they can be performed, free fl aps have many advantages. First, they can cover any 
area of the body and are not restricted by any point of rotation (unlike all other types of fl ap). 
For example, wounds on the lower third of the leg (6–8) are not easily covered by pedicled 
fl aps.

The diversity of transferable tissue, in both quality and quantity, is the second main 
advantage of this technique. Suffi cient tissue can be transferred with free fl aps and this guaran-
tees improved cosmetic integration by avoiding any surplus tissue.

Another argument for free fl aps is the great diversity of tissue that can be transferred 
(muscle, cutaneous tissue, fascia, bone, and tendon structure) and the potential associations 
(osteocutaneous fl ap, myocutaneous fl ap, and osteomyocutaneous fl ap) which enable optimal 
reconstructions. Finally, we must highlight that cosmetically, free fl aps can be removed from 
areas where scars can be easily hidden (anterior axillary line for a sample of the latissimus 
dorsi, serratus anterior, or serratus anterior fascia) or are completely invisible (scalp for fascia 
superfi cialis temporalis fl ap (8)).
4. Perforator fl aps: These are the most recent and thus there has been less experience with 

them. No comparative studies have been conducted and so it is diffi cult to specify indica-
tions. There are, indeed, many restrictive factors limiting their indications. As for random 
fl aps, they can only be used as cutaneous fl aps. In the event of any patient infection, they 
should not be used. The same applies to vessels; we have stated earlier that it is diffi cult to 
use perforator fl aps in an emergency situation, but they can be performed later once 
perforator vessels have been located. In our experience, perforator vessels are well 
preserved even in patients with vascular impairment (patients with diabetes, patients with 
arteritis, etc.). In this context, they are certainly a therapeutic method that should be devel-
oped, especially bearing in mind all the chronic wounds associated with vascular disease.

ACELLULAR SKIN SUBSTITUTES
Principle
Acellular skin substitutes, sometimes referred to as artifi cial dermis, are relatively new in wound 
management. They have been on the market for about 10 years and were initially 
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developed for acute burns (13,14). The indications for acellular skin substitutes now include wound 
management in general, and they are included in the therapeutic arsenal of surgeons and used in 
many fi elds (15–17). There are many products on the market and we shall discuss those we have 
used, that is, Integra® (Integra Life Science) and Matriderm® (Matriderm, Medskin Solution).

All acellular skin substitutes comprise a matrix of bovine collagen that may be enriched 
with elastin, chondroitin, etc. Once this inert matrix has been placed over a wound, it will be 
colonized by the patient’s fi broblasts and endothelial cells which will create the equivalent to a 
vascularized dermis. The initial collagen matrix will later be destroyed by phagocytosis over 
two to three months.

The new dermis will then require a thin split-thickness skin graft. Initially, three weeks’ 
time was needed between placing the collagen matrix and performing the thin split-thickness 
skin graft. However, with some new products (Matriderm 1 mm and Integra), it is now possible 
to perform skin grafting and place the collagen matrix during the same operation. This techni-
cal advance has greatly simplifi ed the procedure and we shall discuss the advantages and dis-
advantages in this chapter.

There is one product, Hyalomatrix® (Hyalomatrix Prolonged action), which is different 
from the others in that the matrix is composed of hyaluronic acid and not collagen. It is used in 
exactly the same way as the other skin substitutes, and skin grafting can be performed after 
about 10 days. Indications will be discussed later.

Advantages and Disadvantages
All acellular skin substitutes aim to recreate a vascularized interface for the thin split-thickness 
skin graft to be performed. This notion of vascularized layer best describes the advantages of 
these products and their use in wound management.

First, this layer provides supplementary thickness that will be useful for covering 
weight-bearing areas and areas of repeated rubbing (elbow fold, tibial crest, etc.). In this 
context, thin split-thickness skin grafts may cause erosion, recurrent wounds, and pain. 
These fragile areas may even become a social handicap for patients because of the recurrent 
wounds.

Moreover, this supplementary thickness will produce better esthetic results and will pre-
vent, or reduce, the demarcation line between a graft and healthy skin which is sometimes 
referred to as an “apple core” and is usually seen when the split-thickness skin graft is placed 
directly over an aponeurotic structure.

The second key element of this supplementary layer is the fact that it is vascularized. 
There are, however, limits to this vascularization. Unlike the fl aps described above, it is not 
autonomous vascularization, but results from the revascularization of an inert product. This 
“vascularized” status is of particular interest for covering a tendon structure since it avoids the 
adhesions often seen with a simple skin graft (18).

As we said above, the endothelial cells colonize the skin substitute (which will lead to 
revascularization), but so do other dermal cells, especially fi broblasts and elastin fi bers. These 
elements will provide the new dermis with such qualities as plasticity, elasticity, and solidity 
and improve healing by providing fl exibility and elasticity. The proof of their effi cacy lies in the 
fact that a skin fold is seen, which is often quite impossible to obtain with a simple  split-thickness 
skin graft (18,19). Similarly, scar retraction is far less frequent (20). Some authors have proposed 
other advantages, such as reinervation (21).

Indications
Before defi ning the indications, it is important to defi ne the limits of these artifi cial dermis 
products. First, the risk of infection must be considered since it is the most serious and 
severe complication, often causing the whole procedure to be unsuccessful. If the matrix is 
infected, it must be removed, particularly if the area close to matrix implementation is 
infected. Ablation may not be necessary if infl ammation occurs later on, once the new der-
mis is completely or partially revascularized. Revascularization will enable antibiotics to 
circulate which, when associated with surgical cleansing, may save all, or part of, the 
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matrix. In our experience, Hyalomatrix is less sensitive to infection than other products on 
the market (22).

One of the advantages of using artifi cial dermis is that even if the whole layer of artifi cial 
dermis is lost, its effects on patients remain minor: no supplementary scarring, no tissue sam-
pling, etc. It has been said that artifi cial dermis shows no sequelae, but we should add that thin 
split-thickness skin grafting is required systematically and this occasionally causes visible scar-
ring, particularly in the event of hypertrophic scars, keloids, and dyschromia.

As for fl aps, the indications given here refl ect our personal experience and should be 
used as a basis for refl ection. In our opinion, there are two main indications for skin substitutes.

Scar Improvement
Here the aim is not wound healing but improving the quality of scars. The reconstituted  dermis, 
if not perfect, reproduces a certain amount of elasticity and plasticity (Fig. 7.4), thus reducing 
the risk of retraction and scar tissue. Skin substitutes can be used for acute, clean wounds if the 
entire dermis is destroyed and needs replacing (third-degree burns, signifi cant posttraumatic 
lesions, and fl ap removal).

The same applies for chronic wounds but they can be used less frequently for two 
 reasons: (i) the risk of infection due to systemic bacterial contamination. We have already dis-
cussed the problem of infected wounds and risk of infection and will not go into further details. 
However, some authors have recently reported using skin substitutes for management of 
chronic wounds, even in conditions of sepsis (23). (ii) With chronic wounds, the main aim is to 
obtain wound healing, and the quality of the scar is not necessarily a priority, either for patients 
or the nursing team.

We found no scientifi c or comparative studies with these products and the debate is 
open as to whether it is better to treat patients using “classical” techniques (graft performed 
later) or new techniques with immediate grafting. We consider it more logical to use classical 
techniques since a thicker layer of new dermis can be obtained which improves the scar 
quality.

Coverage of Vital Organs
As mentioned above, skin substitutes may be preferred to fl aps for covering exposed vital 
organs (17,24,25), but they will never have the ability to provide extensive vascularization and 
the ensuing advantages. On the contrary, skin substitutes require a vascularized basement 
membrane before they can themselves be vascularized and used effectively. 

Figure 7.4 The patient is post 18 months after soft tissue loss with tendon exposure covered by a skin substi-
tute. Note the new skin fold and the elasticity.
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However, unlike skin grafts, revascularization of skin substitutes may be transverse (as 
well as classical axial revascularization from the basal layer to the surface). This transverse 
revascularization bridges the devascularized areas, such as bone and tendon, if they are small 
(Figs. 7.5A, B and 7.6). This method can be coupled with negative pressure therapy to reduce 
the area that needs coverage and maybe promote the use of skin substitutes.

(A)

(B)

Figure 7.5 (A and B) Cutaneous soft tissue loss on the dorsal surface of the foot in a young female patient 
presenting with tendon exposure, implementation of a skin substitute.

Figure 7.6 Result after one year; no tendon adhesions. Note the quality of the scar.
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CONCLUSIONS
Care must be taken not to overuse these techniques. Because of the nutritional and vascular 
qualities of fl aps, they remain irreplaceable for consolidating bone, fi lling dead space, and con-
trolling infection. Skin substitutes may compete with fl aps for covering tissue loss and for acute 
wounds. As we said earlier, care must be taken with chronic wounds because of the risk of 
infection. There is another problem with chronic wounds; they are often poorly vascularized 
and skin substitutes need supply of blood. In this context, wounds are treated by negative pres-
sure therapy to obtain the required bud. If, however, a bud cannot be obtained, skin substitutes 
are not recommended since they will certainly fail.
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  Timing of reconstruction
Naveen K. Ahuja and James M. Russavage

INTRODUCTION
The timing of flap reconstruction is critical to the reconstructive effort. A technically perfect flap 
done at an imperfect time can result in a suboptimal outcome or even total flap loss. This type 
of failure can result in significant donor site morbidity, loss of a first-line option for reconstruc-
tion, increased physiologic and mental stress for the patient, and an increase in the complexity 
of the reconstruction problem. The patient must be optimized for surgery in a systematic way. 
This involves both systemic physiologic optimization as well as local optimization of the 
wound.

GENERAL CONSIDERATIONS
The reconstructive surgeon is faced with different types of problems. Each situation brings 
unique factors that relate to the timing of surgery, and as such, must be considered on a case-
by-case basis. There are, however, some general considerations that should be given to all 
reconstructive problems.

In general, wounds should be closed as soon as safely possible. Wounds place patients at 
risk for infection, increase physiologic stress, and can have significant psychologic morbidity 
for the patient. Some wounds lend themselves easily to immediate reconstruction. Other 
wounds, some complex and some in suboptimal hosts, may require optimization of multiple 
systems and levels of preparation prior to reconstruction.

One must consider the nature of the wound. Is the wound a critical wound? A critical 
wound implies the exposure of critical structures such as blood vessels, brain, spinal cord, 
dura, exposed vascular grafts or hardware, etc. Historically, these types of situations necessi-
tated immediate flap coverage to prevent complications associated with the exposure of the 
critical structures. However, with improvements in dressings, skin substitutes, and other 
modalities, these situations can now often be temporized for hours, days, or even weeks to 
months allowing for patient optimization. In a case where temporization is not possible, the 
surgeon may be placed in a position where providing flap coverage at a suboptimal time is the 
only choice.

If the patient has a non-critical wound, or a critical wound that can be temporized, many 
factors must be optimized to give the reconstructive effort the largest chance of success. Nutri-
tion, bacterial burden, and hematologic parameters are three important foci of optimization. 
Further, if the reconstructive need is not anticipated prior to surgery, a thorough evaluation of 
the patient and associated tests may be done at this time to optimize flap selection.

NUTRITION
Adequate nutrition is vital to the success of the reconstructive effort. Without the basic build-
ing blocks of wound healing, even procedures utilizing the most sophisticated techniques are 
destined for failure. The increased morbidity and mortality of malnourished patients have 
been demonstrated over and over again in the general surgical literature (1). With regard to 
plastic surgery, focus on nutrition is given utmost consideration by those surgeons routinely 
treating massive weight loss patients. In this area it has been shown that adequate nutrition 
greatly decreases postsurgical complications (2). There is a paucity of literature regarding 
nutritional workup in patients undergoing general reconstructive procedures. However, 
given that nutritional adequacy has been shown to decrease morbidity and mortality in many 
specialties of medicine, it is not a stretch of the imagination to apply its importance to recon-
structive procedures.

  8
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There are many parameters that may be evaluated as markers for overall nutrition. These 
include albumin level, which can help to stratify a patient’s level of malnutrition. Generally 
accepted classifications are normal (albumin between 3.3 and 4.8 mg/dL), moderate malnutri-
tion (albumin between 2.5 mg/dL and 3.2 mg/dL) and severe malnutrition (albumin <2.5 mg/ dL). 
Pre-albumin (normal value 16 mg/dL to 35 mg/dL), with a short half-life of approximately two 
days, can give the surgeon a “real-time” view of the patient’s nutritional status. Albumin, on the 
other hand, gives more of a long-term picture of the patient’s status, reflecting nutrition over 
three to four weeks. A surgeon may use the albumin level to guide intervention in chronic condi-
tions such as decubitus ulcers, but may elect to use the pre-albumin level for acute or subacute 
problems such as extremity or chest wall reconstruction. Other tests used to determine a patient’s 
nutritional status include absolute neutrophil count, serum transferrin levels, and individual 
tests for specific vitamins and minerals.

If the patient is found to be nutritionally deplete, enteral or parenteral feedings should be 
started and continued until the patient’s markers are found at least to be trending upward, if 
not waiting until levels are in the normal range. Also, it is often helpful to obtain a consult from 
the dietary or nutrition service to help manage the patient’s nutritional status. Conventional 
wisdom and classic studies demonstrate the need for at least one week of feedings for a mean-
ingful change in the nutritional state. The time taken to improve the patient’s nutritional status 
can be used to serially debride the wound to optimize it for reconstruction, or it may be tempo-
rized with skin substitutes or negative pressure dressings.

It is also important to ensure that the patient is receiving adequate supplementation, 
including essential vitamins such as vitamin C (essential to the cross-linking of collagen) and 
minerals such as zinc and selenium. These are often found in hospital formularies in various 
forms of multivitamins. Again, a nutritional consult can be invaluable in assuring that patients 
are receiving all that they need.

The reconstructive surgeon should pay special attention to nutritional needs in patients 
who are chronically ill, have multiple prior failed interventions, and patients referred to for 
specialized tertiary care, as these patients are “set-ups” for failure of reconstruction!

BACTERIAL BURDEN
Bacteria have long been recognized as an impediment to wound healing. The presence of 
bacteria does not always imply infection; however, and it is important to be aware that bacte-
rial presence occurs on a spectrum in wounds. At one end of the spectrum is contamination, 
which indicates the presence of non-replicating bacteria in the wound. Next is colonization, 
which is represented by the presence of replicating bacteria in the wound in the absence of 
tissue damage. Some experts believe in a state of “critical colonization,” which is a state 
between colonization and infection. In this state, there is no tissue invasion, but the granula-
tion tissue may have an unhealthy appearance and the wound may exhibit delayed healing. 
Finally, infection consists of replicating bacteria within the wound with associated damage to 
host tissues. The conversion from colonization to infection is mediated by bacterial quantity, 
the virulence of involved pathogens, and the host’s immune response. Also, more recently, the 
concept of biofilms has become accepted. A biofilm is a community of bacteria living in a self-
created polysaccharide matrix which can protect it from host immune responses and possibly 
antibiotics (3). The presence of hardware or other foreign bodies in the wound can contribute 
to biofilm formation. However, most hardware in contaminated wounds is colonized but not 
virulent.

Attempting reconstruction of an infected wound is an ill-advised endeavor at best. Prior 
to reconstruction, the surgeon must ensure that the wound is clean. This is generally done by 
serial debridement, ensuring the wound is clear of devitalized tissue, biofilm, and frank puru-
lence, as well as the judicious use of culture specific antibiotics. Historically, a wound was 
considered infected if the bacterial count was greater than 105. Certain pathogens, such as 
Pseudomonas and b-hemolytic streptococci can cause infection in much lower numbers (4). 
Quantitative microbiology has fallen out of favor in recent times, largely replaced by clinical 
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assessment of the wound. In the senior author’s practice, the preferred technique for chronic 
wounds is to obtain negative wound cultures prior to attempting flap reconstruction. While it 
is certainly impossible in many cases to produce a sterile wound, the presence of positive 
wound cultures in a patient receiving antibiotic therapy is likely indicative of retained necrotic 
material or the presence of a superinfection, both of which are potential sources of reconstruc-
tive failure.

HEMATOLOGIC PARAMETERS
Anemia by itself is not a major factor in wound healing. In reality, it may not be a factor at all. 
The literature is rife with cases of major reconstructive operations being carried out on patients 
with severe anemia (hemoglobin <3 to 6 mg/dL) with reasonable success. Often, these patients 
refused blood transfusions due to religious or personal reasons. However, these cases are 
often the result of subacute or chronic anemia, and there is no associated hemodynamic  
instability (5).

Coagulopathy, however, can profoundly affect reconstructive efforts. Procoagulant 
states can cause vessel thrombosis in both pedicled and free flaps, as well as thrombus in 
the microcirculation which can be difficult or impossible to detect and/or treat. Anticoagu-
lated states may result in significant postoperative hemorrhage which can be life threaten-
ing. More often, these coagulopathies can result in donor- or recipient-site hematomas 
which can become secondarily infected, cause skin necrosis, or cause local compression of 
the pedicle.

Many complex defects are the result of extensive tumor extirpations or trauma. In either 
case the patient may have hematologic instability as a result of hemorrhage, hypothermia, or a 
myriad of other causes. Particularly in the case of a polytrauma, the patient may have other, 
more significant injuries requiring urgent or emergent care. In these cases, it is best to delay 
definitive reconstruction if possible, until such time as the patient has regained hemodynamic 
stability, normalized their coagulation cascade, and have had successful treatment of life-
threatening injuries. Further, it is important to consider a patient’s total operative need prior to 
undertaking a reconstruction. Performing a free tissue transfer on a patient who is to go back 
under general anesthesia several times in the critical postoperative period for other injuries 
(with the associated fluctuations in blood pressure) will result in suboptimal flap perfusion, 
and as such is ill advised.

Also, attention must be paid to physiologic changes brought on by constant stress, nutri-
tional insufficiency, medications (such as chemotherapeutics), and systemic diseases (such as 
diabetes) that can impair the host’s ability to heal. Many of these will not be able to be fully 
treated. They should, however, be optimized to the greatest extent possible.

SPECIFIC CONSIDERATIONS
Specific defects warrant specific considerations with regards to flap timing. Providing an 
exhaustive list of situations is beyond the scope of this chapter, but some of the more common 
situations will be addressed.

SKULL BASE
Skull base defects are increasingly prevalent, owing to the use of novel techniques for approach-
ing tumors of the skull base by the extirpating surgeons. These approaches allow the resection 
of tumors that were previously considered unresectable by standard means. These tumors 
often require multiple teams and multiple approaches to achieve an appropriate resection. As 
a result, the patient may have been in the operating room for a day or more. Thus, when it is 
time for the reconstruction, the plastic surgeon enters into a situation where the patient is likely 
hypothermic, anemic, coagulopathic, and quite possibly requiring vasoactive medication to 
maintain perfusion. Given the complex nature of these reconstructions, often requiring sophis-
ticated and lengthy free tissue transfer or the use of several local or regional flaps, adding a 
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time-consuming reconstruction to the extirpation in an already compromised patient will likely 
result in  reconstructive failure, increased morbidity, and possibly death. In these cases, it is 
often judicious to temporize the wound, transfer the patients to the critical care setting where 
they may be warmed, fluid resuscitated, weaned from their vasoactive medications, and gener-
ally optimized over the course of 24–48 hours before returning to the operative theater for 
definitive reconstruction.

OROMANDIBULAR, PALATOMAXILLARY, AND OTHER HEAD AND NECK DEFECTS
Oromandibular and palatomaxillary defects are common problems faced by head and neck 
reconstructive surgeons. They are complex, three-dimensional defects with significant func-
tional and esthetic considerations. Furthermore, there is often a communication between the 
saliva- and bacteria-filled oral cavity and critical structures, such as the great vessels in the 
neck. Given the rising popularity of the two-team approach to these types of patients, operative 
times have decreased to a point where it is most often possible to extirpate and reconstruct 
these patients within the scope of a single surgery. However, preoperative optimization of these 
patients is of the utmost importance. Given the location of these tumors and defects, patients 
are often unable to eat a normal diet, resulting in a catabolic state. Also, many patients with 
tumors of this type have significant alcohol and tobacco histories, which can also be associated 
with poor nutrition and depleted vitamin stores. Consideration should be given to preopera-
tive admission and placement of a nasogastric or percutaneous gastric feeding tube to optimize 
nutrition in these patients.

CHEST WALL
Chest wall defects are most often the result of median sternotomies or tumor extirpations. 
These patients are usually vasculopaths with a decreased ability to perfuse tissues, which 
necessitated the inciting surgery. Patients with this type of defect are often anticoagulated, 
may have poor pump function, and may have associated lung disease. They have many 
times had a long course in the cardiac intensive care unit, which can result in a catabolic 
state, immunosuppression due to multiple transfusions of blood products, and prolonged 
sepsis due to sternal osteomyelitis or mediastinitis. In these cases it is imperative to ensure 
adequate debridement of devitalized tissues is carried out in conjunction with the cardiac 
surgeon, adequate antibiotic coverage, and adequate nutrition, and to ensure the patient’s 
pulmonary and cardiac status can tolerate the stress of general anesthesia and operative 
intervention.

ABDOMINAL WALL
Abdominal wall reconstruction encompasses a spectrum of procedures from simple fascial 
reapproximation to complete abdominal wall reconstruction following loss of domain. There 
are some specific considerations given to abdominal wall patients, given the presence of vis-
ceral structures in the abdominal cavity, and the myriad problems that can result from dysfunc-
tion of these structures.

Many times, the patient has intact abdominal viscera and a simple component separation 
with or without the additional use of mesh (biologic or otherwise) will suffice to reconstruct the 
abdominal wall. However, the surgeon may also be faced with “disaster” situations where the 
abdominal domain has been completely lost, a large hernia is present, and there may be enteric 
fistulae present.

As always, the patients must be nutritionally replete and free of infection prior to 
undertaking an abdominal wall reconstruction. If possible, it is advisable to wait six months 
to a year from previous abdominal surgery to allow for softening of adhesions of the viscera 
to the abdominal wall. Any enteric fistulas should be either repaired or successfully 
diverted, as these present a possible source of malnutrition and/or infection. Total paren-
teral nutrition may be required for extended periods of time in patients with high-output 
fistulae.
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Timing of reconstruction in these situations is of utmost importance, as the first attempt 
is generally the easiest and best option. Failure of this first attempt can exponentially increase 
the difficulty of subsequent repair attempts.

PRESSURE SORES
Pressure sores are among the most prevalent problems confronting healthcare providers 
today. In addition, they place a significant cost burden on the healthcare industry, account-
ing for billions of dollars per year of healthcare dollars. They are a heterogeneous group 
of pathology, with wide variations in pathology, demographic, and treatment protocols. 
Recurrence is common, despite advances in preventative technology and increased 
awareness (6).

It appears that each one, be it the institution or the surgeon, has specific preferences for 
treating pressure sores. Some tout nutritional status as the paramount factor in the develop-
ment or prevention of these wounds. Others cite large retrospective studies to show that 
nutritional status is not predictive of recurrence. Some surgeons encourage early sitting and 
ambulation (if possible), others prolonged bed rest. Similar controversies exist with regards to 
the presence of osteomyelitis, prolonged VAC therapy, and sitting schedules, among other 
factors.

As such, it is difficult to provide a consensus statement regarding the optimal treatment 
of these difficult problems. It is our belief that a common-sense approach should be used when 
treating these problems. Nutritional status, patient compliance, availability of preventative 
resources, and the determination of the presence or absence of i nfection should be used to 
guide therapy. Additionally, given the propensity for recurrence of these wounds, it is of great 
importance to not “burn any bridges” while treating these wounds. One should climb the 
reconstructive ladder, progressing from simple to complex solutions, as given sufficient time 
the majority of these sores will recur, owing to the inability to eliminate the factors that caused 
them in the first place.

LOWER EXTREMITY
Lower extremity reconstructions are fairly commonly performed procedures. Most proximal 
defects can be reconstructed with regional muscle flaps with relative ease. Distal injuries requir-
ing microvascular reconstruction are far more complex.

Historically, the parameters for microsurgical reconstruction of the lower extremity were 
defined by Godina in 1986 (7). At that time, it was found that early (within 72 hours) inter-
vention and reconstruction resulted in the best outcomes and that delayed reconstruction  
(72 hours–3 months) resulted in an increased rate of flap loss.

As microsurgical techniques have been refined, these initial findings have been chal-
lenged over the intervening years (8). Many studies have been published reporting equivalent 
or even improved results when reconstruction is undertaken in the delayed period. Often these 
patients are initially seen and treated at an outside hospital and then subsequently transferred 
to a tertiary institution for definitive reconstruction. This transfer often takes place outside of 
72 hours, eliminating the possibility of reconstruction in the acute period. Also, these patients 
are most often patients who have suffered systemic trauma and have other, more pressing inju-
ries. These patients can be temporized with debridements and VAC dressings until their over-
all condition allows definitive intervention.

When the patient has been cleared by the trauma service to undergo lower extremity 
reconstruction, the reconstructive surgeon must ensure that the wound is ready to be recon-
structed as delineated earlier in this chapter. There are some additional considerations for 
lower extremity reconstruction. We recommend that all patients undergoing lower extremity 
microvascular reconstruction have preoperative angiography of the affected extremity (either 
direct angiography or CT angiography). These studies provide valuable information about the 
vascular status of the leg, the availability of inflow and outflow vessels, and an appropriate 
location of anastomosis outside of the zone of injury. The patient should ideally have more than 
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one vessel run-off to the foot such that one of the vessels can be used for flap inflow and out-
flow, though in the case of one vessel run-off the surgeon can undertake end-to-side anastomosis 
to power the flap.

Attention is then turned to donor flap selection. Factors influencing the choice of flap 
include the size of the defect, length of the required pedicle, previous surgeries that pre-
clude the use of certain flaps, and patient concern about donor site morbidity. Commonly, 
muscle flaps are used to reconstruct lower extremity defects. Most often, donor flaps are the 
rectus abdominus, latissimus dorsi, gracilis, or vastus lateralis. As perforator flaps have 
gained in popularity, newer studies evaluating the use of fasciocutaneous flaps have dem-
onstrated equivalent outcomes when compared with that of muscle flaps. Commonly used 
fasciocutaneous perforator flaps are the anterolateral thigh flap, thoracodorsal artery perfo-
rator flap, and the deep inferior epigastric artery flap. Proponents of these flaps argue that 
these flaps provide sufficient tissue and vascularity to salvage lower extremity wounds, and 
with revision surgery and liposuction done at later stages, provide a superior cosmetic 
result.

It is extremely important, however, prior to undertaking lower extremity salvage 
that the reconstructing surgeon engage in a long, detailed conversation with the patient 
regarding the long rehabilitative course required after extremity salvage, the possibility of 
not being able to return to work even with successful surgery, the possibility of chronic 
pain syndromes, and the potential of long-term narcotic addiction related to their recovery 
process.

In summary, lower extremity reconstruction should take place when the patient is other-
wise stable, the wound has been adequately prepared, the patient has been optimized for sur-
gery, preoperative angiographic workup has been completed, and the patient has been 
adequately counseled. By choosing the proper timing for intervention, as well as selecting 
donor vessels that are of sufficient caliber and sufficiently distant from the zone of injury, the 
reconstructive surgeon can maximize success rates.

ILLUSTRATIVE CASES
Case 1: A 37-year-old female with a Gustilo grade IIIB open tibial fracture, s/p tibial intramed-
ullary nail and open reduction, internal fixation of the talonavicular joint with significant soft 
tissue loss and exposure of the fracture site in the wound. The wound was managed by the 
orthopedics service for approximately one week with a VAC dressing, and then Plastic Surgery 
was consulted for definitive wound closure. Preoperative photograph shows exposed bone 
and fracture site.

PREOPERATIVE

The patient was taken to the OR for serial debridement and VAC dressings until leg edema was 
judged to be sufficiently resolved. Operative plan was for mobilization of the soleus and tibialis 
anterior muscles, as well as rotational medial gastrocnemius flap. Postoperative picture shows 
wound with total muscle coverage. The patient was ultimately skin grafted and limb salvage 
was carried out successfully.
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POSTOPERATIVE

Case 2: A 50–year-old male patient with T2N2bM1 squamous cell carcinoma of the phar-
ynx who underwent primary treatment with chemoradiation presented four months later with 
persistent right pharyngeal disease. He then underwent total laryngopharyngectomy. Plan was 
for immediate free flap reconstruction. However, due to intraoperative instability and inability 
to obtain negative frozen sections, reconstruction was delayed pending resuscitation, optimi-
zation, and permanent pathology. The wound was temporized for one week, and he was taken 
back for anticipated free flap reconstruction. However, upon induction of anesthesia, the 
patient again became hemodynamically unstable. After discussion between the extirpating, 
reconstructive, and anesthesia teams, choice was made to proceed with salvage reconstruction 
with bilateral pectoralis myocutaneous flaps to reduce intraoperative time and maximize the 
chance for success of the operation. Intraoperative photograph showed partially inset flaps.
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Case 3: This is a 57-year-old male with squamous cell carcinoma of the face involving the 
orbit, infratemporal fossa, and middle cranial fossa. Following an extensive extirpation involv-
ing significant blood loss and intraoperative hemodynamic instability the patient was tempo-
rized and returned to the ICU for resuscitation. Pre-reconstruction pictures are shown.

Following resuscitation, the patient was returned to the OR for definitive reconstruction. 
Free myocutaneous rectus abdominis muscle flap was undertaken. The patient healed unevent-
fully. Postoperative photograph is shown.

Final intraoperative picture is shown. The patient healed uneventfully.
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SUMMARY
Reconstructive surgeons face a unique set of challenges in their day-to-day practice. Given that 
the scope of reconstructive needs encompasses the entire body and all organ systems, the 
reconstructive surgeon needs a working knowledge of anatomy, physiology, and pathology 
that is much broader than most surgical specialists. In addition to being possessed of technical 
competence and modern surgical techniques, a successful reconstructive surgeon must also 
possess clinical acumen. The timing of surgical intervention is as important to the overall 
reconstructive effort as the surgery itself. Paying attention to the patient’s nutritional status, 
bacterial burden, hematologic parameters, as well as to defining the reconstructive problem 
and selecting an appropriate reconstructive option will allow for consistently  successful out-
comes and will minimize complications. It is also of paramount importance when dealing with 
complex wounds to not forget the basics: removal of devitalized tissue, eradication or stabiliza-
tion of infection, complete tumor removal, and temporization of the wound when the patient’s 
life is threatened by airway compromise or hemodynamic instability.
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  The infl uence of negative pressure wound 
therapy on wound surgery
Ravi K. Garg and Geoffrey C. Gurtner

DEVELOPMENT OF NEGATIVE PRESSURE WOUND THERAPY
The global burden of surgical disease is extensive, with an estimated 230 million major surgical 
procedures performed each year (1). Negative pressure wound therapy (NPWT) plays an impor-
tant role in the global surgical landscape as it is an increasingly common dressing choice for 
acute and chronic surgical wounds. It has been used in a range of surgical problems, from open 
fractures and diabetic ulcers, to burns, necrotic fl aps, and skin grafts. Each year, there are an 
estimated 500,000 wounds treated with NPWT in the United States alone (2). At the global level, 
expenditures on NPWT were estimated at 1.6 billion dollars in 2009 with a projected increase to 
3 billion dollars by 2016 (3).

By applying suction to a wound in a closed environment, NPWT augments and improves 
upon wound healing principles that have been used for many years, including hemostasis, fl uid 
evacuation, and wound debridement (4). The idea of applying suction to drain and close wounds 
was developed in the 1980s and 90s by groups including Chariker and Jeter describing a gauze-
based system (5), and a German group led by Fleischmann who reported the management of 
patients with open fractures using a foam dressing (6,7). Argenta and Morykwas contributed 
early animal and clinical studies using a polyurethane system and negative pressure (8). Since 
then, anecodotal physician experience has propelled the use of NPWT in ambulatory, emer-
gency, inpatient, and international settings.

The growing expenses of NPWT and the application of this technology to nearly every 
type of wound encountered by surgeons raise many questions about not only the effi cacy of this 
technology, but also the biological mechanisms by which it functions. Multiple mechanisms are 
believed to play a role and some are only now beginning to be understood, particularly the role 
of mechanical forces in wound healing. The majority of clinical studies on NPWT consist of 
small case series and retrospective studies, leaving physicians with a vacuum of knowledge 
about the science and clinical utility of this technology.

This chapter provides an overview of the potential mechanisms of therapy, mode of appli-
cation, clinical indications for use, effi cacy, cost effectiveness, and contraindications. As our 
understanding of each of these areas continues to grow, the physician’s grasp of the science 
behind this therapy coupled with his/her clinical experience will provide the foundation for 
using this technology in the appropriate settings, where its benefi ts outweigh its costs.

BIOLOGICAL MECHANISMS
While much of the literature has described an association between NPWT and increased granu-
lation tissue formation, little is known about the specifi c mechanisms underlying this process. 
Considering that the application of NPWT to a wound fundamentally alters the infl ammatory, 
circulatory, and mechanical environments, there are likely multiple mechanisms that play a 
role in this treatment.

Clearance of Bacteria and Toxins
Early descriptions of NPWT used to close incisional and cutaneous fi stulae suggested that a 
critical aspect of the system was the removal of fl uids and the associated reduction in wound 
leukocytes and infl ammation (5). This hypothesis was strengthened by animal studies compar-
ing wounds inoculated with human Staphylococcus or porcine Streptococcus species and treated 
with either NPWT or a sealed foam dressing without suction (9). By day 5, there was a signifi -
cant decrease in the wound inoculate of NPWT wounds compared with control wounds that 
did not have negative pressure applied. The implication of these fi ndings was that NPWT can 
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facilitate the clearance of toxic substances including occult bacteria. As our knowledge of the 
wound environment has evolved to include an understanding of growth factors and cytokines, 
it is becoming clear that NPWT may also facilitate the removal of molecules that play an 
adverse role in wound healing, such as dysregulated matrix metalloproteinases (10).

In spite of the data suggesting an ability of NPWT to mitigate infection and infl amma-
tion, it is important to note that infected wounds cannot simply be dressed with a subatmo-
spheric pressure device and left alone. Ideally, the wound is cleaned prior to application of 
NPWT. Thorough wound debridement helps minimize the risk of quarantining pathogens in 
the wound and remove necrotic material that may form a nidus for bacterial growth. NPWT, 
therefore, serves an adjunctive role in the management of open wounds following initial 
wound exploration and removal of devitalized tissue.

Augmentation of Blood Flow
Investigations on porcine excisional wounds have shown that NPWT increases blood fl ow to 
the wound bed (9). This theoretically results in increased oxygen and nutrient delivery to the 
wound and a reduction in toxic materials and waste products. More recent laser Doppler stud-
ies have led to a nuanced appreciation of blood fl ow patterns and suggest that NPWT increases 
blood fl ow a few centimeters from the wound edge but decreases blood fl ow at the immediate 
wound edge (11). Furthermore, patterns of blood fl ow appear to differ across subcutaneous 
tissue and muscle compartments, with wound edge ischemia being more apparent in subcuta-
neous tissue than muscle (12). It is possible that the perfusion gradient between wound com-
partments creates regions of hypoxia contributing to angiogenesis (13).

Mechanotransduction
Mechanosensory pathways play a role in tissue growth and proliferation and are highly rele-
vant to understanding NPWT. According to the tensegrity model fi rst proposed by Ingber (14), 
cells, intracellular contents, and extracellular matrix are connected by an array of structural and 
scaffolding proteins. Mechanical alteration of tissue structure can therefore be transmitted into 
a biological signal at the structural interfaces between and within cells. Stretch-sensitive ion 
channels, integrin-linked kinases, latent cytokines in the extracellular matrix, and growth fac-
tor and G-protein coupled receptors are among the many biological participants in mechano-
transduction events (15–17) (Fig. 9.1).

In the skin specifi cally, both fi broblasts and keratinocytes play an important role in mech-
anosensation. Tension applied to fi broblasts grown in a collagen lattice results in increased col-
lagen expression and downregulation of pro-apoptotic genes, suggesting that fi broblast 
mechanosensory pathways contribute to cell survival and remodeling of the extracellular 
matrix (18). Mechanical stretching of keratinocytes in vitro has similarly been demonstrated to 
enhance keratinocyte proliferation through mitogen-activated protein kinase pathways (19). 
Considering that mechanical forces affect the survival and proliferation of cells in both the epi-
dermis and dermis, it is likely that microdeformation of cells at the wound–sponge interface by 
NPWT plays an essential role in wound healing (13,20). The biology of this process is complex 
and involves remodeling of the actin cytoskeleton, activation of intracellular signaling cascades, 
and secretion of paracrine factors between cells and skin compartments (21–23).

In vivo studies have revealed that mechanosensory pathways contribute to wound angio-
genesis and granulation tissue formation. Excisional rat wounds that were treated with NPWT 
showed increased expression of vascular endothelial growth factor and fi broblast growth fac-
tor, with evidence of earlier wound closure and improved collagen organization compared 
with control dressings (24). A murine model of stretched skin fl aps revealed an upregulation of 
pro-survival signaling pathways, vascular growth factors, and blood fl ow, suggesting that the 
stimulation of stretch responsive cells augments angiogenesis and enhances wound healing 
(25). Additionally, anecdotal reports of increased scar formation in cutaneous wounds treated 
with NPWT attest to the importance of mechanical forces in remodeling of the wound environ-
ment (26). As we continue to learn more about the mechanisms of mechanotransduction, we 
will likely gain further insight into critical pathways underlying NPWT.
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DEVICE DESIGN: FOAM- AND GAUZE-BASED SYSTEMS
Although NPWT has become a routine of most wound care services, little is known about the 
optimal device design needed to most effectively deliver this therapy. Both foam and gauze 
dressings have been used, but the specifi c indications for each of these dressing choices are 
unknown.

A prospective, randomized comparison of foam and gauze dressings was performed in a 
trial involving patients with acute postsurgical or traumatic wounds (27). The investigators 
found that gauze dressings were as effi cacious as foam dressings in reducing wound area and 
volume but that there was a signifi cant cost saving, reduction in time for dressing changes, and 
less pain reported by patients treated with gauze. In a few cases, patients failed foam dressings 
due to the proximity of their wounds to moist body orifi ces or signifi cant wound drainage, 
making it diffi cult to maintain a tight seal over the sponge. These patients were successfully 
treated after crossing over to the gauze dressing. Although treatment protocols were designed 
in accordance with ideas about best clinical practice, variability in suction settings and fre-
quency of dressing changes could have confounded the study results. Additionally, the study 
was unblinded, did not declare whether there were any confl icts of interests and relied on a 
small patient cohort with only seven days of follow-up.

Considering the ambiguity of how foam and gauze dressings compare, the current decision 
regarding the use of gauze or foam dressings is largely based on physician preference. While 
there are physical differences between the two dressing choices, they have yet to be fully charac-
terized. The foam dressing is specifi cally manufactured to achieve a 400 to 600 micron pore size, 
but the consistency and quality of porous spaces in the gauze dressing have not been described.

Further investigations into the material properties of the gauze and foam dressings will 
lend insight into their effi cacy as a medium for wound drainage, toxin removal, and microde-
formation of cells in the wound bed. With the limited data available, the gauze dressing may be 
considered advantageous for sealing wounds near moist orifi ces where the foam dressing is 
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Figure 9.1 Mechanical forces are transmitted into biological signals at the cellular level. Activation of stretch- 
sensitive ion channels, growth factor receptors, integrins, and G-protein coupled receptors through cell–matrix 
interactions results in multiple intracellular signaling cascades. Intracellular mechanisms include calcium-dependent 
and nitric oxide (NO) signaling pathways as well as activation of mitogen-activated protein kinases (MAPKs), Rho 
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genes, with implications for cell growth, cell proliferation, and ultimately wound healing. Source: From Ref. 54.
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diffi cult to apply. It may also prove useful in health care environments where fi nancial limita-
tions otherwise prohibit the use of NPWT. On the other hand, studies on the foam dressing 
implicate the open-pore polyurethane as having unique properties that facilitate healing of the 
wound bed (28). In addition, the foam system may reduce the frequency of dressing changes 
and therefore ease the burden of dressing changes on medical workers.

Device Set-Up
NPWT devices are simple to assemble. Key principles are to debride devitalized tissue prior to 
device assembly, maintain an even distribution of negative pressure throughout the wound, 
and monitor healing in a controlled environment with appropriate attention to vital structures, 
hemostasis, and wound hygiene. The device consists of a piece of gauze or foam sponge, a 
plastic adhesive to create an airtight seal over the sponge, plastic tubing, a collection canister, 
and a source of suction (Fig. 9.2). The gauze or foam should cover the wound bed completely 
and be sealed with a transparent dressing. The tubing delivers negative pressure to the wound 
from a portable or wall suction device and clears secretions. It is imperative to maintain an 
airtight seal over the wound in order to retain moisture and ensure an even distribution of 
negative pressure throughout the wound. An air leak can delay wound healing, cause wound 
desiccation, and potentially damage an underlying skin graft.

Modes of therapy in clinical use include intermittent or continuous suction and a continu-
ous scale of pressure settings. Although animal studies have shown an increase in blood fl ow to 
the wound bed with intermittent suction (9), patients typically fi nd this painful and continuous 
suction is often used instead. Continuous suction is also preferable in the presence of an under-
lying skin graft or artifi cial dermal substitute to prevent shearing. Initial studies using the foam 
system were set at negative 125 mmHg, although lower settings of 75–80 mmHg are used with 
gauze therapy and appear to be equally effective. Recent studies in diabetic mice revealed that 
continuous therapy and triangular therapy, which involves cycling the pressure between 50 and 
125 mmHg over a seven-minute interval, resulted in signifi cantly thicker granulation tissue than 
intermittent therapy with a square waveform (29). The square waveform was set at a baseline of 
50 mmHg with sudden increases to 125 mmHg at varying intervals. These fi ndings challenge 
previous animal studies that advocate for intermittent therapy and point to interesting differ-
ences between a gradual change in pressure with the triangular waveform and the abrupt 
change in pressure that occurs with the square waveform. Further variations in NPWT wave-
forms are possible and may need to be optimized toward specifi c wound environments.

CLINICAL APPLICATIONS
NPWT was initially developed to treat patients with wounds that were chronic or failing to close 
due to signifi cant drainage (5,8), but has found application in an extensive range of clinical settings. 
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Figure 9.2 Negative pressure wound therapy relies on the application of subatmospheric pressure to a sealed 
wound in a clean environment. A foam or gauze sponge is placed over the wound and sealed with a transparent 
adhesive. A tube that exits the dressing both delivers negative pressure to the system and removes wound drainage. 
Negative pressure is established through a portable pump or wall suction. Source: With permission, from Ref. 55.
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It is commonly used to manage postoperative surgical wounds, burns, and traumatic soft tissue 
injuries, as well as soft tissue defects involving exposed viscera, skin grafts, and artifi cial dermal 
substitutes.

Acute Trauma
Among patients with large soft tissue defects following acute trauma, NPWT may minimize 
the need for free tissue transfer and complex fl ap reconstruction. A cohort of 21 patients with 
high-energy injuries resulting from falls or motor vehicle or sporting accidents were managed 
with NPWT and the majority of these patients required no further treatment (30).

NPWT may be particularly useful for acute injuries occurring in war zones. A case series 
based at a military trauma center in Iraq described the implementation of NPWT to manage 
high-energy ballistic injuries (31). This study included 77 patients with 88 high-impact injuries 
that were aggressively debrided, pulse lavaged, and subsequently closed with a wound 
 vacuum. No wound infections developed and all patients left the hospital with closed wounds. 
Investigators commented on the utility of the wound vacuum for reducing nursing responsi-
bilities and decreasing patient length of stay.

Chronic Wounds
Common causes of chronic wounds include diabetic, pressure, and venous stasis ulcers in 
addition to wounds that fail to heal following traumatic injury or surgery (7). Pivotal observa-
tional data by Argenta and Morykwas suggested that wounds failing to close after one week 
could be closed with or signifi cantly contracted with NPWT, enabling defi nitive closure with a 
split-thickness skin graft (STSG) or rotational muscle fl ap (8). To date, there remain few ran-
domized studies to confi rm the benefi ts of NPWT for closure of chronic wounds. One small 
study randomized patients with pressure ulcers to NPWT or topical debriding agents and 
noted a trend toward decreased ulcer volume and increased granulation tissue in the NPWT 
group (32). A retrospective series on patients with chronic foot and ankle wounds found that 15 
of 18 wounds closed successfully with NPWT, demonstrating the potential value of this device 
to the large patient population with chronic foot ulcerations (33).

Chest Wounds
NPWT has found a useful role in postoperative cardiac patients. The traditional approach to 
chest wall reconstruction has been to achieve a thorough debridement of the sternum and pro-
ceed with immediate chest wall reconstruction with local muscle or omental fl aps. However, 
there are scenarios in which chest wall reconstruction must be delayed because the patient is 
too unstable for immediate reconstructive surgery or the patient refuses a reoperative interven-
tion. In these situations, NPWT serves as a bridge to wound closure and can subsequently be 
followed with delayed reconstruction or be used alone in certain cases (34). In some instances, 
delayed reconstruction may be the preferred treatment plan for patients with sternal infections. 
A retrospective study involving 48 patients with major wound infections following coronary 
artery bypass graft surgery found a signifi cant reduction in wound complications following 
delayed fl ap closure (35). It is possible that using NPWT to facilitate wound bed maturation 
prior to muscular coverage may improve the long-term prognosis of these patients.

Abdominal Wounds
Traumatic abdominal injuries, postoperative wound dehiscence, and abdominal infections 
may be complicated by signifi cant wound edema following efforts at fl uid resuscitation. NPWT 
can be effective as a temporizing measure prior to defi nitive reconstructive surgery by decreas-
ing edema, helping to maintain a moist, clean wound environment, and assisting with wound 
contracture. A retrospective study of 100 patients with partial- and full-thickness abdominal 
wounds identifi ed that abdominal wound closure with NPWT occurred rapidly, although there 
was no control group for comparison (36). The wound infection rate was low and there were no 
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cases of postoperative enterocutaneous fi stula or hernia. Further studies are needed to deter-
mine whether NPWT can facilitate primary abdominal wound closure and decrease mortality 
rates in this patient population.

Skin Grafts and Substitutes
NPWT facilitates skin grafting by maintaining a clean, closed environment that creates a tight 
seal between the graft and the underlying wound and removes excess moisture, enabling graft 
take over irregular surfaces. Not only is graft adherence improved, but also wound healing 
tends to occur more quickly, enabling early patient mobilization (37). Skin grafting over the 
skull has traditionally occurred in two stages, but a small case series demonstrated that skin 
grafting over the exposed skull could be achieved in a single procedure with the assistance of 
the wound vacuum as there was no need to delay placement of the skin graft for granulation 
tissue maturation (38). A prospective study involving 22 patients requiring skin grafting for 
acute or chronic wounds found a signifi cant qualitative improvement in graft appearance fol-
lowing vacuum closure compared with bolster dressings (39).

In addition to skin grafts, NPWT has been used to facilitate vascularization of artifi cial 
dermal substitutes including Integra®. A small case series described accelerated vascularization 
of the artifi cial dermal substitute, which enabled early skin grafting (40).

Burns
Soft tissue burn injuries continue to develop after their initial presentation as the areas sur-
rounding the burn become edematous, resulting in capillary stasis, thrombosis, and cell death. 
A burn that is initially partial thickness in severity may therefore progress to become a full-
thickness burn. An observational case series suggested that NPWT may be helpful for reducing 
wound edema, increasing tissue perfusion, and therefore preventing the progression of injury 
from the initial zone of necrosis to surrounding areas of stasis and edema (41). This may be 
particularly helpful for removing and closely monitoring wound drainage from large wounds. 
It has also been suggested that by removing fl uid from the wound immediately, the wound 
vacuum prevents recirculation of toxic materials and the development of a systemic infl amma-
tory response syndrome (42).

Fasciotomy Wounds
Fasciotomy wounds are often diffi cult to close primarily due to wound edema. Healing by 
secondary intention or skin grafting must often be employed but results in a functionally com-
promised, esthetically unappealing scar. A retrospective review of 458 patients who underwent 
804 fasciotomies found that application of the wound vacuum shortened the time to wound 
closure and signifi cantly increased the rate of primary wound closure (43). A small case study 
of three trauma patients was also suggestive of a more rapid time to closure with reduced need 
for skin grafting of fasciotomy wounds treated with a combination of vacuum suction and 
hyperbaric oxygen therapies (44).

EFFICACY
The popularity of NPWT has grown as clinical experience continues to suggest its effi cacy and 
indications for use expand. Most of the literature evaluating NPWT, however, comprises case 
reports, small case series, or retrospective reviews (45). Randomized controlled trials are rare 
and usually include small cohorts of patients. A recent literature review identifi ed 14 random-
ized controlled trials that compared NPWT to an alternative wound treatment and concluded 
that NPWT is at least as good as or better than existing local wound therapies (46). Evidence 
was particularly suggestive of a benefi t for vasculitic ulcers, diabetic ulcers, and STSGs. 
 However, the study noted that only one trial declared itself as having no confl ict of interest 
with product manufacturers, whereas four trials did not report their confl ict of interest and 
eight trials cited a fi nancial relationship with the product company. Only two trials were 
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 considered high–quality trials. Additionally, the trials were limited by follow-up duration, met-
rics for comparing wound improvement, and explicitness about confounding variables.

In light of the paucity of high-level clinical studies, an expert panel was convened to 
develop consensus recommendations on the use of NPWT (47). Recommendations were voted 
on by a cohort of independent healthcare professionals with the limit of 80% for passing a recom-
mendation. As most of the literature on NPWT is based in small case series and retrospective 
studies, the evidence was limited and the majority of recommendations for use in traumatic 
injury were grade C, indicating that NPWT “may” be helpful. The strongest evidence was for the 
use of NPWT to facilitate healing of STSGs and the weakest evidence was for healing of compro-
mised fl aps, fl ap donor sites, and burn injuries.

COSTS AND RESOURCE UTILIZATION
Further investigations into NPWT effi cacy will not only shed light on the clinical utility of this 
intervention but also provide insight into potential ways to reduce healthcare costs. While there 
have been no large clinical trials evaluating the expenses of NPWT delivery compared with 
standard wound care, multiple studies indicate that NPWT decreases dressing change time 
and frequency, enabling healthcare providers to allocate their resources toward other responsi-
bilities. A small, randomized trial involving patients with a variety of acute and chronic wounds 
found that the burden of care for nursing staff was signifi cantly lower for patients treated with 
NPWT compared with conventional methods (48). Although total costs per day for NPWT 
were signifi cantly higher than standard care, the overall cost of care between the two groups 
was not signifi cantly different, likely because wounds treated with NPWT healed more quickly.

The economics of NPWT can be better understood by accounting for specifi c patient sub-
groups. Trauma patients who underwent early treatment with NPWT compared with delayed 
treatment demonstrated a signifi cant decrease in days required for wound care, intensive care 
unit and hospital length of stay, and overall costs (49). A cohort of diabetic patients with postam-
putation foot wounds were found to have a signifi cant decrease in resource utilization and over-
all cost of care compared with the control group, which utilized more resources including a 
greater number of surgical procedures for debridement and repeat amputation (50). Future tar-
geting of specifi c subgroups may both improve clinical outcomes and contribute to cost and 
resource savings in inpatient as well as outpatient settings.

COMPLICATIONS
NPWT applies mechanical stress to tissues and underlying visceral structures, so it is impor-
tant to use this technology with an awareness of complication risks and contraindications. 
Early clinical work emphasized the importance of (i) providing a barrier between visceral 
structures and the sponge in order to prevent fi stula formation, (ii) thoroughly debriding the 
infected bone to prevent entrapment and spread of osteomyelitis, and (iii) changing dressings 
regularly to prevent tissue growth into the sponge (8).

The threat to mediastinal structures may be especially life threatening if appropriate pre-
cautionary measures are not taken. Isolated case reports of ventricular rupture in the setting of 
NPWT applied to the chest have been reported. The more common complication that has been 
described is tearing of venous bypass grafts during dressing changes for patients with postster-
notomy mediastinitis, even with several layers of paraffi n gauze as a barrier between the medi-
astinum and wound vacuum dressing (51). Insertion of a rigid barrier between mediastinal 
structures and the NPWT system has been proposed as a way of minimizing the risk of injuring 
grafted blood vessels. An additional recommendation has been to change the wound vacuum 
in the operating room in order to optimize the sterility of the dressing change environment and 
ensure the availability of surgical resources in the event of a complication.

Additional reported complications include toxic shock syndrome and bleeding from 
exposed blood vessels. A MRSA colonized patient receiving NPWT developed toxic shock syn-
drome, possibly due to the removal of antimicrobial factors and creation of an oxygen-rich, 
moist environment conducive to bacterial proliferation (52). A complication in a patient with 
an exposed left anterior tibial artery following traumatic injury has also been described (53). 
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The patient was being anticoagulated and eventually the artery eroded, resulting in a 6-unit 
blood loss. This event reinforces the importance of avoiding direct coverage of vasculature or 
placing a barrier between the vessel and the sponge if NPWT is attempted.

CONCLUSIONS
Prior to the advent of NPWT, basic techniques in wound management involved maintaining a 
moist wound environment, performing serial surgical debridements, and skin grafting exposed 
tissue. NPWT was found to augment the process of wound contraction and closure in a variety 
of applications, ranging from open diabetic wounds to exposed viscera, as well as serving as an 
aid in the healing of skin grafts and the vascularization of synthetic dermal substitutes. The 
mechanisms by which this therapy works are several fold, including clearance of edematous 
fl uid and toxins, augmentation of blood fl ow, and mechanical forces that facilitate tissue granu-
lation. Further basic science and clinical studies are needed to better understand how NPWT 
works and the specifi c clinical circumstances in which this therapy should be used to enhance 
closure of surgical wounds, reduce healthcare costs, and improve resource utilization in the 
ambulatory, inpatient, and international settings.
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    10 The clinical use of negative pressure 
wound therapy with instillation in 
surgical wound healing
Tom A. Wolvos

NEGATIVE PRESSURE WOUND THERAPY
Negative pressure wound therapy (NPWT) is a system that uses an open-cell reticulated 
foam, which is placed on a wound and then sealed with a semiocclusive dressing. A suction 
tubing is attached to a hole cut in the dressing allowing the tube to come in direct contact 
with the foam. The other end of the tubing is attached to a pump, run by a microprocessor 
that can be programmed to create negative pressure as suction in the wound in a continu-
ous or intermittent fashion (1). This device has revolutionized advanced wound care. 
“ Currently, the most valuable of the available adjuncts to wound care is the vacuum-assisted 
closure device” (2).

Besides removing fl uid and debris from the wound, NPWT has been shown to help create 
a more favorable environment for wound healing. Positive effects observed include decreasing 
edema, decreasing the bacterial load, increasing perfusion, and maintaining a moist environ-
ment (1,3). The therapy also may remove activated polymorphonuclear leukocytes and inhibi-
tory cytokines (4). Macrostrain, that is, the contraction of the open-cell reticulated foam 
(polyurethane) after the suction is applied, has been demonstrated to exaggerate wound con-
traction. Microstrain, meaning the stretching and straining of the tissue into the interstices of 
the foam, has been demonstrated in models to promote cell division (5).

NPWT AND INFECTED SURGICAL WOUNDS
Controlling and preventing infection are important for normal wound healing to occur. NPWT 
is often used in infected wounds. There have been many successful reports using NPWT with 
polyurethane foam alone in a variety of sternal, abdominal, and extremity infected wounds 
(6–8). Along with this system, a silver impregnated polyurethane foam and a more dense, 
hydrophilic, polyvinyl alcohol foam are also available for the treatment of infected wounds. 
A modifi cation of the NPWT system that adds automated intermittent wound irrigations 
(V.A.C. Instill® Kinetic Concepts Inc. Texas, USA) was introduced nearly a decade ago (9). An 
algorithm was developed by an expert panel to help guide clinicians in treating infected 
wounds with NPWT. The choices discussed for treatment of these wounds were using the 
polyurethane foam, silver impregnated polyurethane foam, or NPWT with instillation ther-
apy using either a polyurethane or polyvinyl alcohol foam (10).

The types of wounds commonly treated from NPWT with instillation are listed in Table 10.1. 
Care needs to be taken to closely monitor the progress of an infected wound and adjust the treat-
ment plan as needed.

THE SCIENCE OF NPWT WITH INSTILLATION
The effect of instillation therapy appears to be more than just decreasing the bioburden in a 
wound with an antimicrobial solution. Published data have shown that instillation of normal 
saline alone can speed up wound fi ll with higher-quality granulation tissue composed of 
increased collagen compared with traditional NPWT using an open-cell reticulated foam 
alone (11).

Intermittent instillation of an antiseptic or an antibiotic into an infected wound can help 
decrease the bioburden and create a more favorable environment for wound healing. Very high 
concentrations of the instilled fl uids come in intimate contact with the wound and any foreign 
bodies or hardware also located in the wound. A question has been raised of the possibility of 



THE CLINICAL USE OF NEGATIVE PRESSURE WOUND THERAPY WITH INSTILLATION IN SURGICAL WOUND HEALING  95

systemic absorption of the instilled fl uids. Systemic absorption of vancomycin and aminogly-
cosides was not demonstrated when random serum levels were monitored by the author. 
However, it is recommended that random levels whenever possible should be done periodi-
cally when using these solutions to identify whether signifi cant systemic absorption has 
occurred.

Solutions Used with NPWT with Instillation Systems
A variety of antibiotic and antiseptic solutions are acceptable to be used with the NPWTi sys-
tems (Table 10.2). General categories of solutions used include normal saline, antibiotics, anti-
fungals, and antiseptics. In addition, analgesics may be mixed with some solutions to treat the 
pain that may be associated with NPWT therapy (9). Much higher concentrations of antibiotics 
and antiseptics can be delivered locally in the wound bed than would be possible if they were 
dosed systemically. With this local fl uid administration system, such high concentrations are 
present, often multiple times the minimal inhibitory concentration of the microorganism being 
treated. The result of these high levels is more likely cell death than the development of antibi-
otic resistance.

V.A.C. Instill® and V.A.C. Ulta™ Therapy Systems: A Comparison
Negative pressure wound therapy with instillation (NPWTi) can be delivered with the V.A.C. 
Instill® and the newly improved V.A.C. VeraFlo™ Therapy feature of the V.A.C. Ulta™ unit (kinetic 
concepts, Inc., SanAntonio, TX, USA). The V.A.C. Instill® can be programmed to  intermittently 

Table 10.2 Solutions Compatible with NPWTi

A list of concentrations of compatible solutions for use with negative pressure wound therapy with instillation 
(NPWTi) (9,15,16,18–20).

Polyhexamethylene biguanide (polyhexanide/PHMB)
Neomycin and bacitracin (Nebacetin® Nycomed: a Takeda Company, Brazil)
Polihexanide ((Lavasept® Braun Melsungen AG, Germany) 0.2–0.4%)
Hypochlorous acid (Microcyn® Oculus, Inc, USA/Dermacyn™ Oculus, Inc, USA; Vashe®, Puricore PLC, USA)
Sodium hypochlorite (Dakin’s® Dakins Group, New Zealand)
Vancomycina

Aminoglycosides (gentamicin, tobramycin)a

aRandom serum levels can be done of some antibiotics to monitor whether there is systemic absorption. Signifi cant serum levels 
of absorbed antibiotics have not been found in some reports (9).

Table 10.1 Indications for NPWT with Instillation

• Wounds with persistent infection, especially after a trial of traditional negative pressure wound therapy 
(NPWT)

• Infected wounds with a foreign body in place (orthopedic hardware and total joint arthroplasty)
• Exposed biologic or monofi lament polypropylene mesh
• Stalled wounds
• Painful wounds
• Wounds with signifi cant biofi lm present
• Patients whose wounds are at a high risk of resulting in a major amputation due to the advanced nature of 

the wound and associated patient comorbidities
• Wounds with a viscous exudate
• Necrotizing fasciitis
• Complex sternotomy wounds
• Acute osteomyelitis
• Chronic osteomyelitis after adequate debridement
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instill fl uid into a wound administered by a gravity feed system. As this is a gravity system, inac-
curacies can occur if the distance between the solution container and the patients’ wound varies. 
In this older system, no history is created to confi rm that the fl uid has been appropriately deliv-
ered into the wound.

The V.A.C. VeraFlo™ Therapy (NPWTi) has been improved to deliver a pre-set volume of 
fl uid into the wound (12). This is a much more accurate delivery system than the gravity sys-
tem, as the fl uid is delivered in the wound independently of the relationship of the level of the 
fl uid and the patient’s wound. A history feature records completion of an accurate administra-
tion of the fl uid at each cycle.

Additional improvement of the V.A.C. VeraFlo™ Therapy is a fi ll assist feature that 
allows the clinician to manually start and stop the fl uid instillation to determine the volume 
of fl uid to be automatically delivered at each subsequent instillation phase. A test cycle per-
forms an abbreviated complete cycle to confi rm functioning of each phase of the system. 
Dressing soak allows a clinician to soak the dressing with the instillation fl uid in anticipa-
tion of a dressing change.

New Foams for NPWTi
NPWTi (V.A.C. VeraFlo™ Therapy) with instillation of normal saline with a new open cell foam 
dressing V.A.C.VeraFlo™ Dressing (ROCF-V) that has an increased tensile strength and is less 
hydrophobic has been studied. NPWTi with ROCF-V in a full-thickness porcine excisional 
wound model resulted in a 43% increase (p < 0.05) in granulation tissue thickness compared 
with NPWT using an open cell foam (13). A second foam dressing, the V.A.C.VeraFlo Cleanse™ 
Dressing, has a very high tensile strength and also promotes the development of granulation 
tissue making it ideal to be used in areas of undermining or in tunnels.

NPWTI TO TREAT SOFT TISSUE INFECTIONS
Skin, soft tissue infections and necrotizing fasciitis have been treated successfully with NPWTi. 
Adequate debridement is needed initially and often at each dressing change for the success of 
the treatment. The foam dressing is placed topically on top of the wound with the suction and 
irrigation tubing pad placed on a hole cut in the drape (Fig. 10.1). This is in contrast to other 
wounds, for example those with an orthopedic implant, where the foam is embedded in the 
wound along with the suction and irrigation tubes. A window may be left open to observe the 
foam through the drapes (Fig. 10.2).

Figure 10.1 NPWTi dressing placed on top of the wound.
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NPWTI TO TREAT ABDOMINAL WALL INFECTIONS WITH EXPOSED MESH
Historically it has been taught that to ultimately eradicate an infected wound with a foreign 
body in place, the foreign material will need to be removed. Salvage of infected exposed 
abdominal wall mesh has been achieved by the author. This approach is usually limited to a 
biologic or monofi lament mesh (polypropylene). After the infection has been adequately 
treated with NPWTi, a split-thickness skin graft, a fl ap or delayed complete primary wound 
closure can be carried out.

NPWTI WITH INSTILLATION TO TREAT ORTHOPEDIC INFECTIONS
NPWT with instillation has been used to manage patients with infected orthopedic wounds 
(14,15). The types of orthopedic wounds that have been successfully treated include open 
fractures to prevent the development of wound infections or osteomyelitis. Also treated have 
been acute infections of bone and soft tissue, and osteomyelitis of the pelvis or lower extremity. 
Though more diffi cult to treat, success has also been reported with chronic wounds and chronic 
osteomyelitis. Debridement of the infected and devitalized tissue and bone is important prior 
to the initiation of the NPWTi. This is considered especially true with chronic infections where 
the presence of a biofi lm may make penetration into and treatment of the chronic infections 
more diffi cult.

A study comparing outcomes of patients with posttraumatic osteomyelitis of the pelvis 
or lower extremities showed that treatment with NPWTi signifi cantly reduced the need for 
repeat surgical interventions and the rate of recurrent infections when compared with antibi-
otic impregnated beads (p < 0001) (14).

In orthopedic wounds the foam is embedded into the tissue and the skin is closed over 
the foam. Approximately, two to three weeks of NPWTi are needed until the wound character-
istics are such that it can be closed (16).

Figure 10.2 NPWTi dressing embedded in a wound with an orthopedic prosthesis.
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TECHNICAL CONSIDERATIONS IN TREATING INFECTED WOUNDS WITH NPWTI
NPWTi is conducted in distinct phases (17). During the fi rst step of the instillation phase, fl uid 
is instilled to fi ll the foam. Enough fl uid should to be instilled to completely fi ll the foam but 
care should be taken to not instill too much fl uid into the foam as that will lead to an increased 
likelihood of losing the seal with resulting leakage from the dressing. The length of time for the 
next step, the hold phase, is infl uenced by an understanding of the pharmacology of the anti-
septic or antibiotic solution being used and the susceptibility of the organisms present. A typi-
cal hold time is 10–20 minutes. In the next step, NPWT is then performed continuously, typically 
at a setting of −100 mmHg to −125 mmHg, until the entire cycle automatically repeats itself. The 
cycle is generally repeated every two to four hours.

NPWTi can be discontinued when the patient and wound show clinical signs that the 
infection has been adequately treated. Typically NPWTi is continued two to three weeks in 
infected wounds or wound with infected orthopedic implants.

When using NPWTi over a biological mesh the length of treatment is determined by not 
only adequately treating any infection present but also the amount of time necessary for the 
graft to have enough serum coming through it to support the “take” of a thin split-thickness 
skin graft. This typically takes about two weeks. The skin graft should be thinner than nor-
mal, done in the range of 6–8/1000th of an inch. The skin graft is covered by a non-adherent 
layer (Mepitel® (Mölnlycke Health Care, UK) or Adaptic® (Systagenix, UK)), and bolstered 
with traditional NPWT at −100 to −125 mmHg for six to seven days (two days longer than 
traditional skin graft treatment).

FUTURE CONSIDERATIONS
As we better understand the phases of wound healing, the real future of NPWTi may be to 
instill fl uids specifi c to each phase and thereby accelerate the healing process.
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  Debridement of infected orthopedic prostheses
John S. Davidson, Eugene M. Toh and Tom A. Wolvos

INTRODUCTION
The implantation of any orthopedic prosthesis represents a major undertaking, the aim of which 
is to relieve pain and regain previously lost musculoskeletal function to degeneration or trauma. 
While the continued advent of biomechanical materials improves the longevity of these 
implants, infection remains a major nemesis compromising their function and longevity.

Despite the use of antibiotics and advances in surgical technique, the incidence of implant-
associated infection in joint replacement remains between 0.5% and 2%, owing to the ubiquity 
of pathogenic organisms. Such an infected implant requires further surgical debridement as a 
systemic antibiotic is ineffective in eradicating an infection completely.

PATHOGENESIS
Host Factors
There are various host factors that increase the incidence of infection. These include systemic 
compromises to the immune system such as diabetes, and the presence of intercurrent infec-
tions during implantation such as chronic skin conditions or poor nutrition. In addition, the 
increasing age of the average orthopedic patient undergoing this type of surgery results in 
candidates with decreased lymphocyte effi ciency secondary to thymic atrophy.

The use of immunosuppressant therapy required for autoimmune diseases such as rheu-
matoid arthritis increases the opportunity for infection to take hold. Other common medica-
tions that have been shown to decrease the effi cacy of the immune system include corticosteroids 
and nonsteroidal anti-infl ammatory drugs (1).

Tissue necrosis is always present to some extent following surgery. This, coupled with 
hematoma formation and the presence of a large implanted foreign body, provides an ideal bed 
for deep infection. Pathogenic bacteria are either deposited at the time of surgery or tract deeply 
from an infected surgical wound.

Bacterial Factors
The vast majority of implant-associated infections are because of skin commensals such as 
Staphylococcus aureus or S. epidermidis. Together these generally account for more than 50% of 
the deep periprosthetic infections. In conjunction with other Gram-positive bacteria, approxi-
mately 75% of the causal organisms are accounted for deep periprosthetic infections (2). Com-
mon bacteria implicated in periprosthetic infections are shown in Table 11.1.

The severity of the periprosthetic infection relies on both the host response and the viru-
lence of the causal organism. In general, organisms that create a glycocalyx biofi lm or that are 
resistant to multiple antibiotics are particularly virulent (Table 11.2) (3).

Environmental Factors
The operation theater is the primary source of contamination of wounds.

Back in 1867, Lister identifi ed airborne bacteria (4). Once a quantitative assessment of air 
contamination was established using slit lamp techniques (5), ventilation systems in theaters 
could demonstrate a signifi cant reduction in surgical site infection (6). Charnley demonstrated 
a reduction in infection rates in hip replacements from 8.9% (theater exhaust ventilation) to 
3.7% using plenum ventilation and a further reduction to 1.3% when multiple-fi ltered air enclo-
sures are used with 300 air changes per hour (7,8). Ultraclean air theaters should show less than 
10 colony-forming units per cubic meter and will reduce infection rates to 0.6% (9).

Theater personnel are a known source of bacterial contamination. This comes not just 
from nasal carriage but also by the shedding of skin squames. Each squame carries 4–10 viable 
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bacteria (10,11) and the human body sheds 3000–62,000 bacteria per minute (12). The use of 
impermeable body exhaust suits has been shown to further reduce infection rates in joint 
replacement to 0.3% (13).

Even with ultraclean air and body exhaust suits, contamination of wounds is inevitable 
and if the bacterial load is suffi cient, and/or the host response is weak, then infection will ensue.

DIAGNOSIS
Acute Prosthetic Joint Infection
These either occur early in the postoperative period (fi rst four weeks) or later and more rarely 
owing to hematogenous spread from a distant source of sepsis. They are usually characterized 
by sudden onset and the patients are often unwell with local and systemic symptoms.

In the acute setting, infl ammatory markers such as erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) along with a full blood count can be useful for supportive evi-
dence but cannot be used in isolation. The CRP is normally raised postoperatively, peaking at 
day 3 and falling back to normal levels three weeks post surgery (14).

Obtaining specimens of joint fl uid for culture is essential prior to any antimicrobial ther-
apy. If the bacteria are cultured and antibiotic sensitivities are known, then the outcome of the 
surgery is signifi cantly enhanced.

Chronic Prosthetic Joint Infection
The diagnosis of a chronic infected prosthesis is often challenging. The infections often present 
several months, if not years, following surgery. Patients complain of constant pain, especially 

Table 11.1 Common Organisms Associated with Periprosthetic Infections

Category Organism

Gram-positive Staphylococcus aureus, 
S. epidermidis, 
Streptococcus viridians, 
Enterococcus

Gram-negative Escherichia coli, 
Proteus mirabilis, 
Pseudomonas aeruginosa, 
Salmonella spp., 
Klebsiella spp.

Anaerobic Peptococcus, 
Mycobacterium, 
Clostridium bifermentans

Table 11.2 Common Organisms Classifi ed by Virulence

Category Organism

Less virulent Are not antibiotic resistant and do not produce a glycocalyx biofi lm 
Staphylococcus aureus, 
Staphylococcus epidermidis, 
Streptococcus viridans

More virulent Are antibiotic resistant and produce a glycocalyx biofi lm 
methicillin-resistant Staphylococcus aureus 
Staphylococcus epidermidis 
Gram-negative bacilli 
Group D Streptococcus, 
Enterococcus
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“start-up” pain suggesting loosening of implant. Malaise, anemia of chronic disease, and occa-
sionally sinus formation (15) are pathognomonic of the underlying infection.

Pyrexia is often not a useful indication of chronic infection as a vast majority of them 
remain afebrile (16). An estimation of the ESR and CRP may give an indication of concurrent 
infection although this is often not specifi c. The use of these markers is frequently unhelpful for 
diagnosis. The CRP is not always raised, and less than 50% of the confi rmed infections have a 
raised ESR (17). Despite having limited use in the acute diagnostic phase, these parameters 
may be used in monitoring the treatment progress of periprosthetic infections.

Standard radiographic imaging may indicate radiolucent lines, focal osteolysis, or perios-
teal reaction and these may be associated with aseptic loosening of the prosthesis. However, 
any evidence of gross boney destruction or irregular periosteal reaction is often very suggestive 
of a periprosthetic infection (18).

Nuclear medicine scans such as three-phase bone scan can also be used and are very sen-
sitive, but are nonspecifi c as aseptic loosening will have a similar result (19). Radiolabeled 
white cell scans profess a much higher sensitivity (90%) and specifi city (85%), although these 
are labor-intensive, time consuming to perform, and expensive (20). In practical terms though, 
they are not very useful tools if the implant has been in situ for less than two years as there is a 
higher false-positive rate.

Traditionally ultrasound, computed tomography, and magnetic resonance scans have a 
minimal role. However, the authors have been able to perform a magnetic resonance scan on a 
nonmetallic-infected total knee arthroplasty with good effect (21).

Aspiration of the prosthesis in question under sterile conditions in an operating theater 
after cessation of any antibiotics for at least two weeks represents the best way of obtaining 
laboratory diagnosis. It would require at least two samples to get a 96% accuracy of diagnosis 
(22). The aspirations are cultured in pediatric blood culture bottles and a separate specimen is 
sent for synovial fl uid analysis looking specifi cally for primitive polymorphonuclear leuko-
cytes. These primitive polymorphs are highly suggestive of an infection.

PRINCIPLES OF MANAGEMENT
The classifi cation of periprosthetic infection was described by Coventry to apply to an infected 
total hip arthroplasty (23). However, this classifi cation has been extended to include the prin-
ciples of management and can be applied to various other prostheses (24). This is outlined in 
Table 11.3.

The principles of this management plan can be explained by the presence of biofi lm pro-
duced by the virulent organism (25). The organism is protected in the biofi lm which is charac-
terized by cells that are irreversibly attached to each other, embedded in a matrix of extracellular 
polymeric substances (26,27). The immune system is able to gradually penetrate an immature 
biofi lm within the fi rst two weeks of infection (28) but is ineffective once the biofi lm is estab-
lished. It is for this reason that implant removal becomes necessary.

Surgical Management
The aim of surgical intervention is to eradicate infection and provide the patient with an 
 infection-free stable functional prosthesis. We must be aware that in addition to eradicating an 
infection, we should endeavor not to introduce a new infection into the surgical bed. The 
patient is made well aware that this is limb salvage surgery and not all cases will achieve the 
fi nal surgical aim.

Patient Optimization
Once diagnosis has been achieved and surgical management has been agreed upon, the patient 
will need to be optimized prior to the procedure. All intercurrent medical problems are 
optimized to reduce the length of inpatient stay for reasons other than the postsurgical recov-
ery. Any immunosuppressants are withheld if possible for as long as possible. In addition, any 
intercurrent infections are treated prior to surgery.
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Operating Environment
The operating environment is vital to reduce any new bacterial contamination. Reducing bacte-
rial contamination of the wound by limiting dispersal from the operating staff is essential. The 
number and movement of staff should be kept to a minimum. The usage of disposable exhaust 
suits, laminar airfl ow, and perioperative antibiotics all combine to reduce the total incidence of 
bacterial contamination (29).

Surgeon Asepsis
Although commonly taken for granted, surgical asepsis including hand asepsis has an impor-
tant role. In addition to the basic surgical scrub, hands are cleaned in 70% isopropyl alcohol 
prior to surgical glove usage. This is based on the fact that while an iodine scrub eliminates up 
to 89% of bacteria, the addition of an alcoholic disinfectant can increase this level of asepsis to 
97% (30) as illustrated in Table 11.4.

Surgical Draping
An alcohol-based antiseptic is used in the preparation of the skin in line with the amount of 
bacterial elimination (30) as shown in Table 11.4. In addition to this, the surgical fi eld is draped 
with disposable impermeable drapes. A betadine-impregnated plastic adhesive drape is then 
stuck onto the site of the surgical incision. This is because more than 50% of deep infections are 

Table 11.3 Classifi cation and Management Principles of Infected Prostheses

Category Symptoms Management

Positive intraoperative cultures Patient is often symptomatic Antibiotic therapy for 6 wks
Early infection Symptomatic infection within the 

fi rst month of surgery. 
Retain fi xed components. 
Polyethylene may be exchanged if 

possible. 
Antibiotic therapy

Debride and washout prosthesis

Late chronic infection Symptomatic infection after the fi rst 
month of surgery

Debride and washout prosthesis

Acute hematogenous infection Previously normal implant. 
Acute infection following hematog-

enous spread. 
Polyethylene may be exchanged if 

possible. 
Remove fi xed components if loose 

by either a single- or two-stage 
procedure. 

Antibiotic therapy

Debride and washout prosthesis. 
Retain fi xed components

Table 11.4 Percentage of Asepsis 3 Hours Following Surgical Hand Washing with Various Antiseptics

Antiseptics Percentage Asepsis After 3 Hours

Soap 12.3
Povidone iodine 89.4
70% ethanol 90.9
70% isopropyl alcohol 93.8
0.5% chlorhexidine with 70% ethanol 96.2
0.5% chlorhexidine with 70% isopropyl alcohol 96.9
4% chlorhexidine with 70% isopropyl alcohol 97.4
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a result of contamination by skin commensals, commonly S. aureus and S. epidermidis (2). Dis-
posable surgical drapes are impermeable to both squames shed from the operating surgeon or 
the patient, as compared with woven reusable drapes (31). In addition, the usage of the plastic 
adhesive further limits the possibility of bacterial contamination from skin commensals (32).

Surgical Technique
It is common for the previous scar to be utilized while revising an infected prosthesis. How-
ever, if there is any sign of frank infection or of sinus formation, this region of skin should be 
avoided and debrided thoroughly. Good tissue care is essential to avoid the presence of dead 
or necrotic tissue postoperatively as well as hematoma formation that would result in a good 
culture medium for subsequent infections.

Tissue Samples
Tissue samples as well as fl uid are taken from various sites prior to debridement. Each sample 
is taken with either a clean syringe or needle (for fl uid) or clean scalpel and forceps for tissue 
(using separate instruments for each sample). Each specimen is labeled and processed individu-
ally to prevent cross-contamination. Samples are sent for both microbiological and histological 
examinations. At least three positive cultures and histological results would be required to con-
fi rm infection and not due to the possibility of cross-contamination (22) as shown in Table 11.5.

Debridement
The complete debridement of infected tissue is essential in either a single stage or a two-staged 
revision of an infected prosthesis. All biofi lms produced by the bacteria need to be removed. This 
includes various corners, regions close to neurovascular bundles, and within any boney cavities. 
This is often very diffi cult to excise or remove fully, owing to the adherent nature of the biofi lm (26).

Sharp dissection with a scalpel is often excessive and imprecise, leading to concomitant 
injury to various normal structures. This macroscopic debridement is crude and invariably leads 
to increased subsequent scar tissue formation, a signifi cant factor in postoperative stiffness, and 
poor functional outcome. Pulse lavage is useful in removing any loose material but quite ineffec-
tive against the adherent biofi lm. It is thought that it may even drive bacteria into the soft tissues.

Versajet™ (Smith & Nephew Inc., Largo, Florida, USA) (33) is a very effective tool in 
debriding biofi lm and various cavities while preserving adjacent normal structures (34). There 
is a great deal of control and accuracy in using this instrument for soft tissue debridement. By 
drawing up the infected synovium, it has the capacity for controlled removal of this surface. 
Normal underlying tissues are less readily removed unless higher settings are applied. Thus, a 
more thorough and less aggressive removal of infected material takes place (Fig. 11.1). 
The infected prosthesis and any remaining cement are removed fully unless debriding for an 
acute infection as explained previously.

Negative Pressure Wound Therapy with Instillation
Negative pressure wound therapy with instillation [(NPWTi) V.A.C Instill® and V.A.C Ulta™, 
Kinetic Concepts Inc., San Antonio, Texas, USA] is an effective adjunct in the treatment of 
infected orthopedic prosthesis. Debridement of the infected, devitalized, necrotic tissue and 

Table 11.5 Percentage Accuracy of Infection Based on the Number of 
Positive Tissue Cultures

Number of Positive Cultures Percentage Accuracy of True Infection

1 10.6
2 41.0
>2 96.0
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infected bone is important prior to the initiation of NPWTi. This is especially true with chronic 
prosthetic infections where the presence of a biofi lm may make penetration and treatment of 
the infections more diffi cult. Intermittent instillation of appropriate antibiotics or antiseptics 
(See Table 10.2 in chapter 10, page 95) appears to be effective in decreasing the bioburden in 
these wounds and increasing the likelihood of being able to salvage the prosthesis. In one study 
86.4% of patients with acutely infected implants (less than eight weeks after surgery) and 80% 
of patients with chronically infected implants (more than eight weeks after surgery), retained 
their implant at a four to six months follow-up after treatment (35).

The technique of NPWTi includes embedding the foam in the wound around the implant. 
Commonly, the polyvinyl alcohol foam has been used with infected prosthesis. The irrigation 
and suction tubing is placed and the soft tissue is then completely closed with a semipermeable 
drape over the foam, or a small window is left exposing the foam so as to observe it through the 
drape (See Figure 10.2) (36). New foams have recently been developed specifi cally for use with 
NPWTi (37). A more hydrophilic polyurethane foam (VeraFlo™, KCI Licensing Inc, USA) may 
be better suited to bathe the wound with the instilled fl uid. A second foam, one with a very 
high tensile strength, can also promote the development of granulation tissue (VeraFlo 
Cleanse™, KCI Licensing Inc, USA) and may be ideal for use with these wounds since it can be 
placed into areas of undermining and tunnels. It is important to remember that the wound 
should be debrided if indicated at each NPWTi dressing change.

A modifi cation of the NPWTi system, the V.A.C Ulta™ replaces the gravity fi ll technology 
of the V.A.C VeraFlo™ Therapy that includes instillation of a predetermined volume of fl uid. 
This is a much more accurate and reproducible method of delivery of the solution into wound. 
A treatment history recorded by the V.A.C Ulta™ microprocessor pump documents the 
accurate administration of the preset settings. Typical settings for NPWTi used by clinicians to 
treat infected orthopedic prosthesis are summarized in Table 11.6.

Figure 11.1 Before and after debridement with Versajet™.

Table 11.6 Typical Settings for NPWTi (35–39)

Step 1: Instill enough volume of fl uid to fi ll the foam (this is aided with the “fi ll assist” feature of the VAC Ulta)
Step 2: Hold time (infl uenced by the pharmacology of the fl uid instilled)
 Typical hold time: 19 min (range 5–80 min)
Step 3: Negative pressure phase (administered continuously until the entire process repeats itself)
 Typically: −125 mmHg pressure (range −100 mmHg to −200 mmHg)
Step 4: Time to automatically repeat each complete cycle
 Typically the cycle is repeated every 60 min (range 30–270 min)
 Dressing changes were done on an average 4.4 days (range 1–8 days)a

 Length of therapy: Average of 16 days (range 9–46 days)

aManufacturer’s recommendations are for dressing changes to be done every 48–72 hours but at least three times a week.
Abbreviation: NPWTi, negative pressure wound therapy with instillation.
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Once the wound has improved, NPWTi is stopped, the foam is removed and the skin is 
closed. Factors that can be monitored to help determine when to stop NPWTi and close the 
wound are listed in Table 11.7. Often these patients are left on culture-directed antibiotics for six 
weeks after the treatment. Continued long-term surveillance is needed in these patients to 
identify a late infectious relapse.

Staging
In the acute setting (within four weeks postoperatively or acute hematogenous infection), open 
debridement and exchange of polyethylene are advocated (Fig. 11.2).

In chronic infection, a single-stage procedure involves removing the implant and all for-
eign material. Debridement of all the soft tissues and reimplantation of the prosthesis are per-
formed during the same operation.

A two-stage procedure requires an interval of several weeks or months between the ini-
tial removal and debridement and subsequent reimplantation. During this time, an antibiotic-
impregnated bone cement spacer acts as an interposition arthroplasty. This helps prevent soft 
tissue contracture and provides high dose local antimicrobial therapy. The choice between per-
forming a single-stage or two-stage revision for an infected prosthesis remains controversial.

Advocates of the single-stage procedure quote the advantage of a cost-effective single 
procedure compared with two in an already frail individual (40). Success rates of up to 64% 
have been quoted in the Endo-Klinik, Hamburg for single-stage total knee arthroplasties, rising 
to 81% following a second revision in unsuccessful cases (41,42). The success rate of the more 
commonly performed two-stage procedure ranges from 12% to 85% (34,43–46) (Fig. 11.3).

Table 11.7 Factors that Help Monitor the Effectiveness of the Response to NPWTi

Tissue cultures
C-reactive protein levels 
Erythrocyte sedimentation rate
White blood count
Clinical judgment

Abbreviation: NPWTi, negative pressure wound therapy with instillation.

Figure 11.2 Debridement of an acutely infected knee replacement with Versajet™. Note that polyethylene has 
been removed for exchange.
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A multifactorial approach is prudent in determining the choice between a single-stage 
and a two-stage procedure. Patient factors unconducive toward a single-stage procedure 
include major problems with soft tissue quality such as the presence of draining sinuses or 
overt evidence of concurrent immunosuppression. Other factors include the inadequacy of sur-
gical debridement as well as the virulence of the organism encountered.

Reimplantation
Once debridement is completed, and a decision is made regarding a single-stage or two-stage 
procedure, reimplantation can be performed. The surgical wound is scrubbed again with 
antiseptic and the limb is re-draped. Surgeons rescrub and use new surgical gowns. Reimplan-
tation is performed as a clean procedure. Antibiotic-impregnated cement is used to fi x the 

Figure 11.3 An antibiotic-impregnated cement spacer in a two-stage revision for infection.

Figure 11.4 Reimplantation of a rotating-hinge knee prosthesis.
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 prosthesis or used as a spacer in the two-stage procedure. The elution of the antibiotic from the 
cement provides an added barrier toward reinfection (49) (Fig. 11.4).

DISCUSSION
With the use of sound basic principles of diagnosis and initial and surgical management, the 
debridement of infected orthopedic prosthesis can be undertaken with a reasonable degree of 
success, giving your patient a functional quality of life.

However, the cost, both human and fi nancial, of treating these cases is huge. The mis-
ery and suffering prior to and following surgery is enormous, with failure resulting often 
with amputation. In our institution, we have been able to carry out single-stage procedures 
on these diffi cult cases using the Versajet system. This has signifi cantly reduced the amount 
of surgery a patient has to endure and reduced the cost of management signifi cantly. 
 Anecdotally, they also seem to get a better functional outcome, probably because of a combi-
nation of factors including a more selective debridement, less scar tissue formation, and ear-
lier rehabilitation.
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  Management of surgical site infections
David Leaper and Donald Fry

HEALTHCARE-ASSOCIATED INFECTIONS
Healthcare-associated infections (HCAIs) are infections that are acquired through contact with 
any aspect of health care. They can vary from minor discomfort to serious disability or death and 
can involve a wide variety of resistant or emergent organisms. Respiratory tract infections 
include hospital- and ventilator-associated pneumonias which are complicated by enterococci 
resistant to the glycopeptides; urinary tract infections which are resistant to the quinolones and 
increased by the presence of a catheter, mostly involve coliform bacteria that can produce 
extended spectrum β-lactamases (and more worryingly metalloproteinases); infections involv-
ing prosthetic materials, as diverse as hip replacement or vascular grafts, are caused mainly by 
multiple antibiotic-resistant coagulase negative staphylococci; bacteremias and complicated skin 
and soft tissue infections are associated with methicillin-resistant Staphylococcus aureus (MRSA); 
and emergence of Clostridium diffi cile is the underlying cause of antibiotic-related enteritides.

Among HCAIs, surgical site infection (SSI) is of greatest recent concern. SSI is caused by 
many organisms which may involve resistant organisms and is the subject of this chapter. 
Patients who develop HCAIs usually have related underlying contributory illnesses or treat-
ments but the misuse of antibiotics is a key factor and all the HCAIs can be reduced by atten-
tion to known risk factors. The costs to healthcare are large (1,2) and have prompted many 
initiatives, associated with extensive international media and political campaigns which will be 
explored in this chapter with reference to SSIs.

The bacteria involved in SSIs include those encountered from the patients themselves, 
and those that may be introduced from the environment of the operating theater. Native colo-
nization, that is the source of infection, is determined through the type of surgery being under-
taken (e.g., coliforms and anaerobes in colorectal surgery), although staphylococci predominate 
overall from the bacterial reservoir in skin. Gram-positive pathogens from airborne microbes, 
the surgical team, or from suboptimal sterilization of instruments may be infrequent sources of 
contamination of the surgical site. Opportunistic and resistant organisms may be cultured from 
infections after selected operations (e.g., prosthetic surgery). All patients are at risk of acquiring 
resistant organisms, particularly if they have an underlying debilitating illness, poor compli-
ance with accepted prevention guidelines, or they have healthcare-associated exposure (i.e., 
prior hospitalization or admission to a chronic care facility) which colonizes them with unusu-
ally resistant bacteria.

SSIs make up approximately a fi fth of the HCAIs and at least 5% of patients undergoing 
open surgery develop an SSI (3). The SSIs are probably the most preventable HCAI but have 
received the least attention; although that is changing with increased surveillance and public 
awareness of published data of individual specialty and hospital incidence rates (4–6). SSIs are 
associated with over a third of postoperative-related deaths; they can range from a relatively 
trivial, short-lived, wound discharge (e.g., after open hernia surgery) to being life threatening 
(e.g., mediastinitis and sternal wound dehiscence) (7). In between there are the cosmetically 
unacceptable scars which may cause pain, prolonged duration, and expense of hospitalization, 
and poor emotional wellbeing (8).

SURGICAL SITE INFECTION
Defi nitions
Many surgeons were unaware of their SSI rate (some still are!) because of suboptimal surveil-
lance and inconsistent defi nitions. The fi rst realistic survey was not sensitive as only the pres-
ence of pus was used for the defi nition of SSI (9) but since then many defi nitions have been 
devised. A categorization of surgical wounds into clean (no viscus opened), clean-contaminated 
(viscus opened, minimal spillage), contaminated (viscus opened with spillage or presence of 
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infl ammatory disease), and dirty (pus or perforation present or incision made through an 
abscess) has been widely used (10). This categorization was based purely on a theoretical divi-
sion of potential for SSI development. It is rather fl awed by the failure to include patient risk 
and the use of prosthetic materials which may dramatically impact SSI in procedures within 
the clean category.

It is critical that the same defi nitions are used to allow studies to be comparable. The most 
widely used and most comprehensive defi nition is that proposed by the Centers for Disease 
Control and Prevention (CDC) of North America (Table 12.1) (11). This system only gives cat-
egorical data which does not refl ect the severity of an SSI. In brief, SSIs are categorized at three 
levels: superfi cial incisional, infection in the skin or subcutaneous tissues; deep incisional 
where infection involves fascia or muscle; and deep/organ space, infection involving, as exam-
ples, the pleura after lung surgery or the liver after hepatic resection. Most SSIs fall into the 
superfi cial group and the less common deep/organ space infections are the most serious or life 
threatening. The defi nitions are open to interpretation and may depend on the attending 
 physician’s diagnosis. By contrast, the Additional treatment, Serous discharge, Erythema, 
Purulent exudate, Separation of deep tissues, Isolation of bacteria, Stay in hospital >14 days 
(ASEPSIS) score gives interval data (12) but, despite its simplicity to use, has only been used in 
research trials. In these days of day case/fast track/enhanced recovery after surgery, ASEPSIS 
is less easy to use and its validity may be questioned (13).

Table 12.1 Summary of CDC Defi nition of SSI

Superfi cial incisional SSI
• Infection occurs within 30 days after the operation 
• Infection involves only the skin or subcutaneous tissue 
• At least one of the following:

 Purulent drainage (culture documentation not required)
 Organisms isolated from fl uid/tissue of superfi cial incision
 At least one sign of infl ammation (e.g., pain or tenderness, induration, erythema, local warmth of the 
wound)
 The wound is deliberately opened by the surgeon
 Surgeon or attending physician declares the wound infected

• A wound is not considered a superfi cial site infection if:
 A stitch abscess is present
 Infection of episiotomy or circumcision site
 Infected burn wound
 Incisional SSI that extends into the fascia or muscle

Deep incisional SSI
• Infection occurs within 30 days of operation, or within 1 year if an implant is present, and
• Infection involves deep soft tissues (e.g. fascia and/or muscle) of the incision
• At least one of the following:

 Purulent drainage from the deep incision but without organ/space involvement
 Fascial dehiscence, or fascia is deliberately separated by the surgeon due to signs of infl ammation
 Deep abscess is identifi ed by direct examination, or during reoperation, or by histopathology, or radiologic 
examination
 Surgeon or attending declares that deep incisional infection is present

Organ/Space SSI
• Infection occurs within 30 days of operation, or within one year if an implant is present, and
• Infection involves anatomic structures not opened or manipulated by the operation, and 
• At least one of the following:

 Purulent drainage from a drain placed by a stab wound into the organ/space
 Organisms isolated from organ/space by aseptic culturing technique
 Identifi cation of abscess in the organ/space by direct examination, during reoperation, or by histopathologi-
cal or radiological examination
 Diagnosis of organ/space SSI by the surgeon or attending physician

Abbreviations: CDC, Centers for Disease Control and Prevention of North America; SSI, surgical site infection.
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Surveillance, Incidence, and Cost of SSI
In addition to agreed defi nitions, surveillance is equally critical. The CDC defi nition requires 
that surveillance for infection should be undertaken for 30 days for infection in soft tissues and 
up to a year for orthopedic and vascular prosthetic surgery. Again, the uptake of day case/fast 
track/enhanced recovery after surgery has seriously dented the accuracy of surveillance 
 fi gures, which were largely based on in-patient data. Postdischarge surveillance must now be 
included since the majority of SSIs have a mean time to presentation of 8–10 days and are not 
apparent until after the patient has left the hospital. Ideally, surveillance should include a 
trained, blinded observer using agreed defi nitions rather than surrogate automated methods 
(13–19). Accurate surveillance, including postdischarge data, can inform and infl uence practice 
by allowing valid comparisons to be made. In some countries the surveillance of SSI is becom-
ing mandatory. The methodology used has to be pragmatic and mostly depends on telephone 
or questionnaire follow-up, but in research trials individual follow-up by direct observation is 
required for accuracy. Some areas of surgery have a low incidence of SSI and the trend toward 
laparoscopic/endoscopic surgery is an example (20).

There have been several predictive indices for SSI. The Study on the Effi cacy of Nosoco-
mial Infection Control ( contaminated wound, diagnosis at discharge, duration of surgery, and 
abdominal surgery) and the National Nosocomial Infection Surveillance index (contaminated 
wound, American Society of Anesthesiologists grade, and duration of surgery). They have 
been compared (21,22) and both were found to be capable of predicting SSI.

Apart from the unrecorded indirect costs related to loss of productivity, reduced quality 
of life, and expensive litigation the actual cost of an SSI can involve many days of inpatient 
treatment and added procedures which can run into many thousands of pounds (23). An exam-
ple of this is the morbidity and mortality which may follow sternal infection after cardiac sur-
gery (24). There is a paucity of prospective cost–benefi t analysis of the SSI, but retrospective 
analyses clearly identify that the economic costs of SSI are very substantial.(25).

PREVENTION OF SURGICAL SITE INFECTION (LEVEL I EVIDENCE)
There are now many national and international guidelines which present the best available 
evidence for the prevention of SSI. In the United Kingdom, for example there are two: from the 
National Institute for Health and Clinical Excellence (NICE) (26) and the Scottish Intercolle-
giate Guideline Network (SIGN) (27). In the United States, similar quality improvement pro-
grams include the Surgical Care Improvement Project (SCIP) (28) and the National Surgical 
Quality Improvement Program (NSQIP) (29,30). The principal recommendations have been 
collated into a “care bundle” by the Department of Health of the United Kingdom (31). The 
concept of using this best evidence should summate the effects of the interventions but depends 
on the quality of compliance. The longer-term follow- up of NICE, SCIP, and NSQIP and their 
respective degree of compliance will determine how effective they are.

The effectiveness of these national guidelines and performance measures to improve the 
rates of SSI remain undefi ned. Three recent studies have demonstrated no improvement in SSI 
rate despite national efforts in the United States to enforce compliance with SCIP measures 
(32–34). Hospitals that have high rates of compliance do not have better SSI rates than those 
with less compliance. It is important to emphasize that SSI rates are infl uenced by multiple 
clinical variables and not just those articulated by national agencies. The recommendations by 
NICE and SCIP are clinically valid but poor surgical technique and suboptimal compliance with 
the many other variables that infl uence SSI will negate the benefi ts that should be seen. Clini-
cians and government policy makers must understand the complexity of SSI as a clinical out-
come, and should understand that recommendations that focus upon only a limited number of 
practices are only a starting point in prevention, and by themselves may not infl uence overall 
outcomes.

Common to all of the guidelines and performance measures is the level I evidence which 
supports the rational use of antibiotic prophylaxis and the avoidance of razors for hair removal. 
Considerable level I evidence shows that antibiotic prophylaxis signifi cantly reduces SSIs after 
clean prosthetic, clean-contaminated, and contaminated operations (26–31). Prophylaxis should 
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be initiated within the immediate preincisional period of time (<60 minutes for incision) and 
the antibiotic that is chosen should cover the organisms which are likely to be encountered. The 
selected antibiotic may depend on local resistance patterns and guidance of a local formulary 
may be necessary. Usually a single dose at or immediately before the induction of anesthesia is 
suffi cient. Dirty operations where infection already exits will need a longer course of antibiotics 
which acts both as therapy as well as prophylaxis.

The studies which give evidence that the use of razors to remove hair preoperatively are 
mostly over 30 years old but most guidelines suggest that if hair has to be removed it should be 
with a disposable clipper head close to the time of surgery (26,35). The studies are robust 
enough to give level I evidence. The damage caused to skin by shaving too long before surgery 
encourages the growth of organisms which increase the risk of SSI.

Also common to the guidelines and performance measures are methods to optimize the 
physiology of the host at the time of the operations; that is, avoidance of hypothermia, ade-
quate glycemic control, and supplemental oxygen administration. The clinical value of avoid-
ing perioperative hypothermia was fi rst realized over 15 years ago (36) and since then there 
have been many adequate RCTs which have confi rmed the relevance of warming in the preven-
tion of SSI (18) and led to a NICE guideline (37). The pathophysiological benefi t also has been 
well examined (38).

From the analysis of secondary outcomes in clinical trials, it has been suggested that 
patients who have diabetes and whose blood sugar is out of control are more at risk of SSI. This 
is supported by experimental evidence that many physiological mechanisms are impaired by 
hyperglycemia. Certainly most guidelines suggest that blood glucose should be tightly con-
trolled in diabetic patients (31). However, after cardiac surgery it has been convincingly shown 
that, even in nondiabetic patients, poor glucose control is associated with poor wound healing 
and SSI in sternal wounds and in leg wounds after harvest of saphenous vein (39). The mainte-
nance of blood glucose is an adopted practice in cardiac surgery and it is unlikely that RCTs 
will be undertaken to further prove this point. However, glycemic control in other fi elds of 
major surgery remains unproven, and tight glycemic control in nondiabetic patients remains an 
area to be explored with RCTs. This may be especially true in trauma patients and patients with 
major surgical interventions where hyperglycemia is part of the normal metabolic response to 
trauma and major surgical stress.

Intraoperative and immediate postoperative use of supplemental oxygen in the preven-
tion of SSI is addressed here because of the confl ict in the results of RCTs. Considerable exper-
imental evidence supports the use of supplemental oxygen to prevent incisional infection (40). 
Two RCTs have demonstrated signifi cant reductions in SSI by the use of intraoperative and 
immediately postoperative oxygen supplementation (FiO2 = 0.8) (41,42). A single RCT has 
demonstrated an increase in SSI rates with supplemental oxygen (43). While the theoretical 
arguments to support supplemental oxygen are abundant, additional studies appear to be 
warranted before guidelines or performance measures can be applied for the prevention 
of SSI.

PREVENTION OF SURGICAL SITE INFECTION (OTHER EVIDENCE 
AND RISK FACTORS) 
Many guidelines and reviews have listed many other factors which can infl uence the incidence 
of SSI; most are of level II evidence base at best (Table 12.2) (44,45). Many are anecdotal; others 
more importantly have been identifi ed by logistic regression analysis in trials and audit of SSI; 
and others by meta-analysis. They are listed in Table 12.1 but many deserve extra mention.

Many of these reports suggest that being male or being elderly is associated with an 
increased risk of SSI; although one cohort study found a decreasing risk after 65 years (46). 
Obesity is also cited in studies as being an important, independent risk factor (18,26). In addi-
tion many of the patient-related factors, including smoking, have a strongly supportive 
experimental base which has not been proven conclusively in clinical trials. This also applies 
to immunosuppressive, nutritional, and metabolic factors. It is not in the scope of this chapter 
to explore them in depth. Serum albumin is an example of a factor which is often ascribed 
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signifi cance for being an independent clinical risk factor, but has not been clearly defi ned as 
such in prospective trials. A low value is associated with uncertain causation and may not 
refl ect nutritional defi ciencies in the developed world. However, experimental data show 
beyond reasonable doubt that it is a strong marker of poor healing but in clinical practice is 
usually related to confounding factors associated with severe systemic illness, such as cancer 
cachexia or sepsis. The NSQIP places emphasis on low albumin being a predictor of surgical 
complications but only further prospective studies will confi rm its true role as a predictor 
of SSI.

Nasal decontamination (suppression) of staphylococci was introduced in an effort to 
reduce the risk of MRSA in infection prevention programs. Both MSSA and MRSA can cause 
SSI, and staphylococci remain overall the commonest infecting organisms. Nasal suppression 
has not been recommended by NICE or SCIP to reduce SSI, but there is now evidence that this 
is useful and it is important to remember that MSSA infections are just as important (47).

Mechanical bowel preparation has been the subject of a meta-analysis which has shown 
that it does not reduce the risk of SSI (48). However, this fi nding, like many Cochrane Collabo-
ration meta-analyses, needs clinical interpretation prior to implementation for all patients. Two 
separate meta-analyses show that mechanical bowel preparation when combined with the oral 
antibiotic bowel preparation and systemic prophylactic antibiotics do reduce SSI in elective 
colon resection (49,50).

Table 12.2 Factors Implicated in a Higher Risk of Surgical Site Infection

i. Patient factors
age, sex, obesity, smoking
immunosuppression 
 steroids, cancer, anticancer therapy (chemo and radiotherapy), HIV
nutritional indices
metabolic factors
 diabetes mellitus, hepatorenal failure, serum albumin, hemoglobin

ii. Preoperative factors
nasal decontamination
mechanical bowel preparation
skin preparation (surgical teams’ hands, patients’ skin)

iii. Operative factors
previous surgery 
antiseptic-impregnated incise drapes
length and complexity of operation
operating surgeon
blood loss
antimicrobial sutures
diathermy

iv. Postoperative factors 
antiseptic lavage of wounds and cavities
antimicrobial dressings
supplemental oxygen in recovery

v. Other factors observed but with varying levels of evidence
theater environment
preoperative showering
theater wear
minimizing movement in the OR
banning of jewelry and nail polish
drapes and gowns
wound drainage

The relevance of many of these factors needs revisiting with adequate trial design.
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Skin preparation is routinely undertaken prior to surgery but here has been little clear 
evidence as to which antiseptic preparation is the best. Chlorhexidine has been a popular skin 
preparation, but in 2% alcohol it has been shown to signifi cantly reduce superfi cial and deep 
SSIs (51). The use of topical antiseptics for preparation of the surgical team’s hands and patients’ 
traditional preoperative “scrub” has a good evidence base which needs recognition (52–54). 
In view of the continued rise of antibiotic resistance, the use of antiseptic dressings and prophy-
lactic antiseptic lavage of wounds and cavities bears reconsideration in future clinical trials, as 
well as for treatment of established SSIs (26,52).

Intraoperative factors which might relate to the incidence of SSI are traditionally observed 
and operating theater (room) discipline is long established with a reluctance to change without 
clear evidence. Operating theater environment control has to be placed in this category. Some 
of these factors do have some basis and are included in the risk factor prediction indices (21,22). 
The NICE guideline, having reviewed the old trials of antiseptic impregnated drapes, recom-
mended that they be used as non-impregnated drapes clearly had an increased risk of SSI 
associated with their use. By contrast the guideline could not recommend, for example the use 
of diathermy to reduce the risk of SSI. The evidence that the use of antimicrobial sutures can 
reduce SSIs is increasing; this has been found in clean, prosthetic, abdominal and thoracic 
surgery (13,45,55–58). Again we are seeing the return of antiseptics as a fi rst-line treatment in 
managing SSI.

Many of the remaining factors listed in Table 12.1 have been challenges, although many 
of them are part of the traditional lore of clinical surgery. Guidelines continue to support gowns 
and drapes, appropriate use of surgical gloves, and reduction of movement in the operating 
theater (room). Some have advocated the banning of jewelry and nail polish, but the evidence 
to support this policy is lacking. Preoperative showering and the value of wound drains are 
areas with supportive opinions but need additional research to validate their application.

TREATMENT OF ESTABLISHED SSI
The treatment of surgical infection is covered by other chapters in this book. The essential 
aspect of treating superfi cial and deep SSIs is to open the area of infection and to drain pus. 
With deep SSI, this may require opening and draining the entire incision, while superfi cial SSI 
may only require a limited area of drainage. Fibrinous debris is removed and any remaining 
sutures or staples in the area of infection should also be removed. The open wound commonly 
needs specifi c wound care to allow healing by secondary intention although delayed primary, 
or secondary, closure may be feasible in selected cases. The open wound is managed with inter-
active moist dressings and wound desiccation should be avoided. The use of topical antimicro-
bial therapy is largely chosen by physician preference and remains an area for additional 
comparative investigations of alternative agents. The concerns that antiseptics may induce bac-
terial resistance to themselves, or even to antibiotics, with the risks of transmission are 
unfounded (59).

Topical negative pressure wound management may be desirable in specifi c cases, but most 
superfi cial and deep SSIs do not require antibiotics when drainage and debridement is prompt. 
Antibiotics are warranted when local cellulitis or wound necrosis is present (Table 12.3). 

Table 12.3 Indications for Antibiotic Use in Surgical Practice for Treating Surgical Site Infection

• Cellulitis
• Lymphangitis
• Bacteremia
• Systemic infl ammatory response and multiple organ dysfunction syndromes 
• Defi nite pathogens (β-hemolytic streptococcus)
• Large numbers of organisms (critical-colonization local infection)
• Poor host defenses (immunosuppression, diabetes)
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For staphylococcal SSI, microbiological culture and sensitivities may be needed to direct 
 antibiotic coverage for MSSA or MRSA. With community-associated MRSA clindamycin, 
 trimethoprim/sulfamethoxazole, or doxycycline may be suffi cient. Beware of the clindamycin-
sensitive but erythromycin-resistant MRSA since many of these organisms develop induced 
resistance to clindamycin during therapy. For conventional healthcare-associated MRSA, the 
use of vancomycin, linezolid, or daptomycin may be appropriate. Gram-negative infections 
need culture guidance, and when infections follow colonic procedures, the coverage of enteric 
anaerobic species, with use of metronidazole for example, is necessary.

The organ/space infection may require more aggressive measures. When there is necro-
tizing infection and separation of the fascia, debridement is essential and temporary absorbable 
meshes may be required for abdominal wounds when there is loss of fascia. Intra-abdominal 
abscesses may require percutaneous drainage procedures. Management of the source of the 
organ/space infection, such as a leaking intestinal suture line, may require surgical manage-
ment to control the source of continued contamination. Infected prostheses generally require 
removal, although these infections of vascular grafts, heart valves, and prosthetic joints pose 
special problems. Antibiotics are almost always required for organ/space infections, the spe-
cifi c choice of which must be guided by culture and sensitivity data. Organ/space SSI patho-
gens are often staphylococcal but these infections are commonly associated with resistant 
organisms from the hospital environment. Antibiotic therapy again must be driven by specifi c 
culture and sensitivity data.

On occasion, after appropriate drainage of an SSI, additional surgical intervention is nec-
essary to protect underlying structures. These structures can be exposed tendon or nerve, vis-
cera, mediastinum, prosthetics, in-situ vascular bypasses, etc. In these instances, critical 
structures can be protected or salvaged by means of a skin graft, muscle or fascial fl ap, or a 
microsurgical procedure (Fig. 12.1). Adequate wound bed preparation is mandatory prior to 
any attempt at reconstruction of an SSI site to minimize the risk of recurrent infection (Fig. 12.2).

(A) (B)

Figure 12.1 (A) This patient suffered a surgical site infection after median sternotomy for heart surgery. Debride-
ment required removal of the sternal wires, partial sternectomy, and drainage of the mediastinum. (B) The wound 
was treated with negative pressure wound therapy for fi ve days. It was then reconstructed with muscle fl aps to 
protect the heart and mediastinal structures. This is a picture of the healed wound. Source: Courtesy of Mark S. 
Granick.
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SUMMARY
SSI continues to be a complication of surgical care. These infections span a continuum of sever-
ity with some being quite innocent and easy to manage, while others are life threatening. Con-
siderable evidence provides direction in the prevention of SSI (e.g. systemic antibiotic 
prophylaxis) but many preventive strategies need better defi nition with additional clinical 
studies. When SSI occurs, the clinician needs to quickly recognize it and tailor management to 
the specifi c needs of the patient. In general drainage, debridement, and specifi c antibiotics for 
the putative pathogen are the hallmarks of management.
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  Surgical management of venous leg ulcers
Dieter Mayer

INTRODUCTION
The management of chronic venous leg ulcers must include three strategies: (i) treatment of the 
underlying disease whenever possible and indicated (e.g., surgical treatment of superfi cial 
venous refl ux due to varicose veins); (ii) local wound care; and (iii) compression therapy (espe-
cially in the presence of deep venous refl ux and/or edema).

The general role of surgical treatment of superfi cial varicose veins in patients with chronic 
venous ulceration has been elucidated in a recent prospective randomized controlled study 
comparing surgery and compression with compression therapy alone (Effect of surgery and 
compression on healing and recurrence (ESCHAR) study) (1). In this study comprising 500 
(randomized) patients, no effect was found on the rate and time of wound healing between 
both groups up to 12 months postoperatively. However, in patients with isolated superfi cial 
refl ux or combined superfi cial and segmental deep refl ux treated by surgery and compression, 
the recurrence rate was signifi cantly reduced (not so in patients with combined superfi cial and 
complete deep refl ux). These results were consistent after four years of follow-up and the 
authors concluded that surgical correction of superfi cial venous refl ux, in addition to compres-
sion bandaging, does not improve ulcer healing but reduces the recurrence of ulcers at four 
years and results in a greater proportion of ulcer-free time (2). In clinical practice, however, a 
subgroup of patients with so-called “feeder veins” (i.e., incompetent veins directly running 
into and thus feeding the ulcer) may have a direct positive impact on the healing of their non-
healing ulcers by improving microcirculation and reducing chronic (remote) infl ammation. 
Surgery for deep venous refl ux has been a roller coaster since its fi rst propagation. Positive and 
negative results passed the door handle from hand to hand. However, in a recent publication 
by Ashrani, it was shown that a timely intervention for acute deep vein obstruction (i.e., a pro-
phylactic intervention) or a later reconstruction for chronic deep vein obstruction (i.e., a thera-
peutic intervention) might considerably increase the quality of life of this patient cohort (3).

Local wound care of chronic or hard-to-heal venous ulcers may follow the principles of the 
TIME concept described by Schultz et al. in 2004: Tissue removal, Infection (or Infl ammation) 
control, Moisture balance, and (promotion of) Edge effect (4). Tissue necrosis, fi brin, slough, and 
local infection may block the wound healing process in the stage of (chronic) infl ammation and 
sometimes leads to excess scarring or even calcifi cation. Removal of necrosis, fi brin, or slough 
will often reset this chronic infl ammation into acute infl ammation (“make it acute!”) allowing 
the wound to progress to the next step of wound healing (proliferation) (5). Elimination of infec-
tion will further contribute to this reset and help to overcome the pathophysiological barriers of 
wound healing. Adequate dressings and promotion of the edge effect [e.g. by application of split 
skin grafts, (SSGs)] will accelerate the fi nal stages of wound healing.

Compression therapy is the mainstay of treatment of (chronic) venous ulcers (6). A large 
body of evidence is available today showing that compression therapy is indispensable in the 
treatment of venous leg ulcers and the prevention of their recurrences. Even after successful 
surgical treatment of varicose veins, compression has an important role in the ulcer recurrence 
prevention, especially in the presence of combined superfi cial and deep refl ux or in postthrom-
botic syndrome (1,7).

LOCAL SURGICAL MANAGEMENT
Debridement (tissue removal) is one of the (and the fi rst) pillars of the TIME concept, a concept 
widely used for local wound care (4). In the era of modern wound dressings, the term “soft 
debridement” has been proposed to distinguish gentle tissue preserving debridement from 
more radical forms of debridements. Soft debridement may be carried out by autolytic 
dressings (e.g., hydrocolloids) or dressings containing microfi bers. Enzymatic debridement 
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using ointments containing exogenous enzymes may be used for special indications (e.g., hard-
to-remove coatings). These forms of debridement, although valuable alternatives in certain 
clinical settings, are less effective than mechanical or sharp forms of tissue removal and may 
not lead to a timely clearance of tissue necrosis, fi brin, slough, or infected tissue.

More radical forms of debridement include biological debridement (i.e., maggots), 
water jet debridement, and mechanical and sharp (including surgical) debridement. Unfor-
tunately, local surgical management of (venous leg) ulcers is still often neglected, although it 
is the most effi cient and radical form of debridement. Furthermore, the term surgical man-
agement is widely interpreted and used for a variety of different procedures. This latter fact 
might in part be the reason for surgical management being generally considered as the only 
resort when other less invasive therapies have failed, thus often leading to delay of the ade-
quate treatment.

Graduation of Surgical Procedures
In order to make the decision of which procedure is best to be used more reproducible and clear, 
these surgical techniques should be categorized in order of increasing invasiveness (Fig. 13.1).

Sharp (Mechanical) Debridement
In the case of a superfi cial chronic venous ulcer [without dermato-liposclerosis or dermato-lipo-
fasciosclerosis (DLFS)], sharp debridement is the most effective and effi cient form of removal 
of pathologic and infected tissues. Various tools to carry out sharp debridement are on the 
market: (i) sharp spoons; (ii) ring curettes; (iii) devices for water-jet debridement; and (iv) surgi-
cal blades or scissors. Advantages, disadvantages, and indications for the various devices are 
shown in Table 13.1. Usually, sharp debridement is carried out in an outpatient setting. Pain 
management may differ according to further comorbidities (e.g., diabetes with polyneuropa-
thy) and the extent of the ulcer(s). In the author’s clinic, patients generally receive local anes-
thetics (LAs) in the form of creams, pads, or soaked gauzes for 20–30 minutes before sharp 
debridement. It must be cautioned that in patients with big sized ulcers (e.g., gaiter ulcers), the 
toxic dose of LA may be reached, especially in the presence of progressive granulation tissue 
(absorption due to high capillarity).

Shave Therapy
Recurrences of venous ulcers after sharp debridement followed by conservative management 
(compression therapy) or surgical treatment (SSG) are frequent (8–10). Extensive infl ammation 
and scarring of the dermis and fat tissue, so-called dermato-liposclerosis, may be responsible 
for recurrent ulceration despite application of multiple SSGs. Scar tissue formed by chronic 
infl ammation due to chronic venous insuffi ciency generally has a deprived microvasculature 
(11). Even in the case of healing, an unstable wound will be the result, prone to reulceration. In 
1996, therefore, Schmeller et al. suggested to remove this scar tissue by “shaving” it with a 
dermatome (12). A SSG was applied either simultaneously or after wound conditioning. 
Practically, you “shave” layer after layer until you reach the “healthy looking” (epifascial) tis-
sue and capillary bleeding (Fig. 13.2). Effectively, dermato-liposclerosis is removed completely. 
Either primarily or secondarily after conditioning (e.g. with negative pressure wound therapy, 
NPWT), an SSG is applied onto this well-conditioned and capillarized tissue (Fig. 13.2). The 
shave therapy needs to be carried out in a standard operating room in regional or general anes-
thesia in an inpatient setting. Healing rates at 12 weeks were approximately 80%, comparable 
with other treatment modalities for this disease. However, recurrence rates were signifi cantly 
reduced to about 25% after two-and-a-half years (13).

Fasciectomy
In longstanding and progressive venous disease, involvement of the fascia in the chronic 
infl ammatory process may lead to progressive fascial scarring and thickening (i.e., DLFS). 
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(C)(B)(A)

(D) (E) (F)

Figure 13.1 Illustration of surgical management of venous leg ulcers considering invasiveness (graduation of 
surgical procedures). Sketch (A) and section (B) of sharp (mechanical) debridement: (A) Sharp debridement 
may be carried out by (i) sharp spoons; (ii) ring curettes; (iii) devices for water-jet debridement; and (iv) surgical 
blades or scissors. As an example, superfi cial debridement using a ring curette is shown in this illustration. (B) 
Section showing a wound that is limited to the upper layers of the skin. Usually, sharp debridement is confi ned 
to and not extending beyond the dermis (dashed line). Sketch (C) and section (D) of shave therapy: (C) Shave 
therapy may be carried out by various devices. Most commonly, a fi nger dermatome as depicted in this illustra-
tion is used for “layer-by-layer” debridement. Contrary to sharp debridement, the wound size will increase 
beyond the visual borders of the initial wound after the shave therapy. The wound margins are intentionally 
freshened up in order to remove senescent cells (“make the wound acute”) and to remove dermato-liposclerosis 
covered by cells of poor quality. (D) Section showing a wound that is extending to the lower layers of the skin. 
Generally, shave therapy is confi ned to and not extending beyond the subcutaneous tissue (dashed line). Sketch 
(E) and section (F) of fasciectomy: (E) Fasciectomy is usually carried out using a surgical knife and/or scissors. 
In case of heavy bleeding, an electrosurgical unit might (partly) be used. The wound size usually increases 
secondarily to the extent of dermato-lipo-fasciosclerosis. (F) Section showing a wound that is extending to the 
lowest layers of the skin and including the fascia (note the schematic depiction of thickening of the fascia). The 
thickened (scarred) fascia is removed until relatively healthy fascial borders are reached whenever possible 
(dashed line).
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 Rarefaction of vessels and capillaries, and increased compartment pressure are responsible for 
the bad prognosis of these ulcers (14). Patients suffering from DLFS often show a long-lasting 
medical and surgical history suffering from many outpatient visits and often multiple surgical 
interventions. Even in the case of wound closure, often the latter is only temporary and recur-
rence rates are frequent, even when surgical correction of venous refl ux had been carried out to 
treat the underlying disease. In the case of venous refl ux-induced DLFS, not only regional 
(venous refl ux) but also the specifi c local (DLFS) factors have to be corrected. Described fi rst in 
1965 by Vigoni, removal of all the pathologic tissues including the fascia might bring the solu-
tion to promote healing in such refractory venous leg ulcers (15). A few smaller series followed; 
however, mid- or long-term results are missing to date.

In 2001, a study was initiated at the author’s institution to detect the short- to midterm 
outcomes of adapted radical surgery for venous leg ulceration. From January 2001 to 
December 2002, 40 patients (16 men, 24 women; mean age 65.9 years, range 28–89 years) 
with nonhealing venous or mixed arteriovenous ulcerations since 28.2 months (range 
1–72 months) qualifi ed according to the institution’s intention-to-treat algorithm (see the 
next section) for a fasciectomy treatment. All patients had undergone multiple previous 
interventions (including multiple SSGs in six patients) and best standard of care for at least 
one month. Patients were admitted to hospital and treated in a standard operating room. In 
regional or general anesthesia, all pathologic tissues including the underlying fascia were 
excised (Fig. 13.3) and sent for histologic examination (indeed, two specimens showed 
neoplastic growth). In 33 of 40 (82%) patients, the wound was primarily covered by a SSG 
(Fig. 13.3) and in 28/33 (70%) patients, NPWT(VAC; KCI International, Amstelveen, 
 Netherlands) was administered as the primary wound dressing. In seven patients, NPWT 
was used for wound conditioning until application of SSG was possible. In all patients, 
compression therapy was an integral part of the overall treatment (also in the case of 
NPWT). In 40% of the patients, concomitant vascular procedures had to be carried out (such 
as surgical vein procedures or angioplasty). After a follow-up of eight months, all  previously 

Table 13.1 Comparison of Various Devices for Sharp Debridement

Device Indication Advantage(s) Disadvantage(s)

Sharp spoon Small wounds, fi stulae Simple, cheap, ecologic, 
outpatient procedure, 
local anesthesia

Non-selective (damage 
to healthy tissue), often 
not sharp any more

Ring curette Small wounds Simple, effective, outpa-
tient procedure, local 
anesthesia

Non-selective (damage 
to healthy tissue), 
single use, cost

Debritom™ 
(High pressure water jet 
system; MEDAXIS AG, 
Aarau, Switzerland)

Large wounds Selective (protects healthy 
tissue), effective, reduced 
pain, outpatient proce-
dure, local anesthesia not 
always necessary

Workload, needs a tent, 
mask, and coat for 
protection of staff 
(aerosols), cost

VERSAJET™ 
(Versajet Hydrosurgery 
System, Smith and 
Nephew, Hull, UK)

Large wounds Very effective, suction of 
debris, less bleeding than 
with surgical blades

Less selective than 
Debritom, needs regional 
or general anesthesia, 
needs operating room 
infrastructure, cost

Surgical blade 
Scissors

Small and large wounds, 
fi stulae

Most effective, radical, 
allows to send specimen 
for histologic examination

Non-selective (damage 
to healthy tissue), may 
need regional or general 
anesthesia, may need 
operating room 
infrastructure
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hard-to-heal wounds were closed. At a mean follow-up of 22 (range 12–35) months, 87.5% 
of the 38 (two were lost during follow-up) patients were still ulcer free. Even in the case of 
recurrence, the mean ulcer area was 2 cm2 (0.5–4.0), signifi cantly less than at fi rst presenta-
tion. In conclusion, fasciectomy was proved to be feasible and safe showing excellent short-
term and midterm results.

ALGORITHM
Up to date, various surgical alternative treatments have usually been presented as stand-alone 
solutions. Rather than regarding these options as competitive, an algorithm is presented 
(Fig. 13.4) that takes into consideration the patho(physio)logy of mixed and venous leg ulcers. 
Furthermore, modern imaging modalities help to confi rm certain pathologies otherwise only 
conjecturable (16–19).

(A)

(C)

(B)

(D)

Figure 13.2 Shave therapy of venous leg ulcer. A 73-year-old male patient with longstanding chronic venous 
insuffi ciency and dermato-liposclerosis-induced lateral ulcer of the right leg. (A) Preoperative presentation of the 
nonhealing ulcer: typical scar with almost no granulation tissue despite multiple debridements and best standard 
of care. (B) Presentation after shave therapy. Note: the wound size is increased and multiple bleeding capillaries 
are present. (C) A split skin graft (SSG) has been applied during the same intervention. Note: The SSG is not 
sutured to the edges to avoid further skin damage; instead, the SSG overlaps the edges to guarantee physio-
logic take even at the wound borders. The SSG is then fi xed either traditionally or by negative pressure wound 
therapy (NPWT). In the latter case, the SSG is fi xed with a silicon-based dressing that overlaps the SSG, before 
application of white polyvinyl alcohol foam on top of the dressing; generally, continuous negative pressure of 
125 mmHg is applied for 5 days. (D) Presentation after 5 days when NPWT has been removed. Note: Excellent 
take of the SSG even at the wound borders; the overlapping margins of the SSG are gently removed by cutting 
them with sterile scissors on the ward. The SSG is then exposed to room air (i.e., no dressing is applied) for 
4 hours every day. Thereafter, the wound is covered with antiseptic paraffi n gauze and compression bandages 
are applied on top.



SURGICAL MANAGEMENT OF VENOUS LEG ULCERS 125

Approaching mixed and venous ulceration in a more scientifi c and targeted way will 
slingshot this common disease to a different level of perception without doubt. This will hope-
fully lead to a better and earlier treatment of a long-time neglected pathologic entity.

SUMMARY
Surgical management of chronic venous leg ulcers has become more reproducible and predict-
able by the application of a stage adapted pathophysiologic algorithm.

Correction of regional factors (e.g., venous refl ux or arterial malperfusion) is important 
before correction of the local pathology (e.g., scarring or thickening of the dermis, subcutane-
ous tissue and/or muscle fascia).

Compression therapy is a mandatory complementary measure even after successful sur-
gical intervention correcting superfi cial or deep venous refl ux.

(A)

(C)

(B)

(D)

Figure 13.3 Fasciectomy of venous leg ulcer. An 86-year-old female patient with longstanding chronic 
venous insuffi ciency and dermato-lipo-fasciosclerosis (DLFS) induced ulcer of the right leg (medial aspect). 
(A) Presentation after fasciectomy. Note the “feeding” vein (greater saphenous vein) entering the ulcer area 
(tip of the forceps). The specimen was sent for histologic examination and DLFS confi rmed. The wound was 
completely covered by a split skin graft (SSG) during the same intervention and negative pressure wound 
therapy (NPWT) was applied as described in Figure 13.2. (B) Clinical aspect 5 days postoperatively after 
removal of the NPWT dressing (99% take rate of SSG). Note a complete take of SSG even over the exposed 
Achilles tendon; the overlapping margins of the SSG were gently removed by cutting them with sterile scissors 
on the ward. (C) Presentation at 3 months during the planned outpatient visit. Note, perfect healing at the 
borders as well as over the Achilles tendon. (D) Outpatient visit 17 months postoperatively due to ulceration 
at the contralateral (left) leg. The right leg presents in a stable condition without reulceration. Note: Compared 
with B and C there has been a further remodeling of the scar with less soft tissue defi cit that was caused by 
the fasciectomy.
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Targeted defi nite treatment of the underlying disease as well as the underlying local 
pathology will help avoid recurrences and with it suffering from this well-known pathology: 
venous ulceration.
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    Surgical management of diabetic foot ulcers
Joseph L. Fiorito, Brian Leykum, and D.G. Armstrong

INTRODUCTION
Foot wounds are among the most common and severe complications of diabetes, and are the 
most frequent cause for diabetes-associated hospitalization (1–3). It is estimated that the annual 
population-based incidence of a diabetic foot ulcer ranges from 1.0% to 4.1% (4). The lifetime 
incidence may be as high as 25% (5,6). The presence of a diabetic foot ulcer is the major predispos-
ing factor for nontraumatic foot amputations (7). It is estimated that 85% of these amputations are 
preceded by an infection (5,8,9). It is estimated that the rate of amputation can be diminished by 
49–85% through implementation of an effective evidence-based prevention program, patient 
education, foot ulcer treatment by a multidisciplinary team, and periodic surveillance (10).

Despite the efforts of conservative therapy there will always be a percentage of wounds 
that will require surgical intervention in order to heal the wound. Typically this involves elimi-
nation of infection, surgical procedures designed to offl oad areas of increased pressure, improv-
ing diminished vascular fl ow or a combination of all of these. One randomized trial, conducted 
by Piagessi and coworkers (11), in an amalgam of a 21-patient cohort with various types of 
diabetic foot wounds, suggested that the time to wound healing was more rapid with surgical 
intervention than nonsurgical therapy.

 In order to formulate a surgical plan for the treatment of patients at risk or who currently 
have an open wound or infection, one must subscribe to a methodical evidence-based clinical 
and surgical approach to the management of diabetic foot ulcers in order to adequately admin-
ister the appropriate treatment strategy.

CLASSIFICATION OF DIABETIC FOOT ULCERS
When surgically treating diabetic foot ulcers it is imperative to understand the type of wound 
that you are dealing with. When choosing a particular way to classify an ulcer it is important to 
detail the depth of the ulcer as well as the nature of the level of ischemia and infection. For this 
purpose the University of Texas Diabetic Wound Classifi cation system has been accepted as an 
appropriate means of categorizing wounds among our colleagues (Table 14.1).

TEAM APPROACH TO DIABETIC FOOT CARE
With the exception of emergency procedures, the vascular function of a patient who presents 
with a diabetic foot wound should always be assessed prior to any surgical intervention. Many 
patients with diabetes will present with some level of peripheral arterial disease, and that is 
why a multidisciplinary approach to the treatment of diabetic foot ulcers is critical. Peripheral 
arterial disease is a major limiting factor in wound healing, but through the efforts of a vascular 
surgery team, many ischemic wounds can be converted to nonischemic wounds.

Due to the large percentage of diabetic patients who develop peripheral arterial disease, 
it is important for models of care to be developed that can fi ll the key tasks required to most 
effi ciently manage this complex population. One effective means, the model in which the podi-
atric surgeon works closely with the vascular surgeon has become known as “toe and fl ow” 
model of diabetic foot care (12).

Peripheral arterial disease can lead to critical limb ischemia, either alone or when com-
bined with an injury like a foot ulcer. The diabetic foot ulcer requires adequate circulation to 
heal. When this circulation is impaired and the oxygen demand exceeds supply from the arte-
rial system, critical limb ischemia ensues, risking loss of limb. 

There is often a common pathway that leads to amputation in those with diabetes. This 
pathway begins with the disease itself, and usually progresses with a patient who develops 
peripheral neuropathy leading to foot ulceration. If there is underlying limb ischemia, the wound 

14
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will not predictably heal. As the wound remains open, the chances of infection increase, as does 
the chance of a lower extremity amputation. This common pathway can be looked at as a stair-
way to amputation with each step representing a further complication. With some overlap, the 
vascular surgeon or podiatrist will take over depending on which step they have found the 
patient to be (Fig. 14.1 Stairway to amputation).

A vascular examination should always be performed on any patient who presents with a 
diabetic foot wound. If the patient does not have palpable pedal pulses, a Doppler should be uti-
lized to listen for signals. Depending on the results of this initial examination, the patient may be 
referred for noninvasive vascular studies, including ankle brachial indexes and toe pressures. Many 
studies have looked at these examinations as predictors of healing in patients with lower extremity 
wounds. Kalani and coworkers found that toe pressures greater than 30 mmHg demonstrated sen-
sitivity, specifi city, and positive predictive values of 15%, 97%, and 67% (13). In a study by Apelqvist 
and coworkers, which evaluated 314 patients with diabetic foot wounds, primary healing was 
achieved in 85% of patients with a toe pressure greater than 45 mmHg. Only 36% of patients healed 
without amputation with a toe pressure less than 45 mmHg (14). While none of these examinations 
are completely accurate in predicting wound healing, they can assist the physician in deciding the 
next best step for a patient with a diabetic foot wound. If no limb-threatening infections are present, 
patients with low values for these examinations should be evaluated by vascular surgery for 

Table 14.1 Diabetic Wound Classifi cation System, University of Texas Health Science Center, San Antonio

Grade 0 1 2 3

Grade A 
Noninfected and 

nonischemic

Pre-or postulcerative 
lesion completely 
epithelialized

Superfi cial wound not 
involving tendon, 
capsule, or bone

Wound penetrating 
to tendon capsule 
or bone

Wound penetrating to 
bone or capsule

Grade B 
Infection

Pre-or postulcerative 
lesion completely 
epithelialized

Superfi cial wound not 
involving tendon, 
capsule, or bone

Wound penetrating 
to tendon capsule 
or bone

Wound penetrating to 
bone or capsule

Grade C 
Ischemia

Pre-or postulcerative 
lesion completely 
epithelialized

Superfi cial wound not 
involving tendon, 
capsule, or bone

Wound penetrating 
to tendon capsule 
or bone

Wound penetrating to 
bone or capsule

Grade D 
Infection and 

Ischemia

Pre-or postulcerative 
lesion completely 
epithelialized

Superfi cial wound not 
involving tendon, 
capsule or bone

Wound penetrating 
to tendon capsule 
or bone

Wound penetrating to 
bone or capsule

InfectionAmputation

Vascular impairment

Ulceration

Neuropathy

Diabetes

Figure 14.1 Stairway to amputation.
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 possible angiography and/or interventional surgery. Ideally, once the perfusion to the extremity is 
improved, the “toe” side of the team can once again take over treatment of the wound.

RISK-BASED CLASSIFICATION OF DIABETIC FOOT SURGERY
In 2003 Armstrong and coworkers proposed a classification model for surgical management of 
the diabetic foot based on fundamental variables present in the assessment of risk and indica-
tion: (1) presence of neuropathy (loss of protective sensation); (2) presence or absence of an 
open wound; (3) presence or absence of any acute limb-threatening infection (15). The concep-
tual framework for this classification is to define distinct classes of surgery in the order of 
increasing risk for high-level amputation as summarized in (Table 14.2).

Since the introduction of this classification system, it has since been validated by Arm-
strong and colleagues through a retrospective cohort model and abstracted medical records from 
180 patients with diabetes who underwent a surgical procedure. Patients were assigned to appro-
priate classes as determined by clinical presentation of the diabetic foot. Any patient who was 
diagnosed with peripheral vascular disease was excluded. The results reported a significant 
trend toward increasing postoperative complications with an increasing class of foot surgery (16).

Of the classes of diabetic foot surgery, class III (curative) and class IV (emergency) proce-
dures involve a current diabetic foot ulcer or open wound. In the following text we discuss 
some of the most common implemented surgical approaches to the management of diabetic 
foot ulcers based on the risk-based classification system involving open wounds. 

Class IV: Emergency
Emergency procedures are those performed to limit the spread of acute, limb-threatening infec-
tions. This class of surgery may be performed in the presence of limb ischemia in order to prevent 
fur-ther spread of the infection. The potential for vascular intervention should be considered either  
concomitant with this procedure, or in the immediate postoperative hospitalization period.

As mentioned in the previous text, the majority of diabetic foot infections are preceded  
by an ulcer. At the time of presentation, many of these infections will fall into the Infectious 

Table 14.2 Risk-Based Classes of Diabetic Foot Surgery

Diabetic foot surgery
class

Class IV: Emergent

Description

Procedure performed to
limit progressionof acute

infection

Potential risk for
high level

amputation

High

Moderate

Low

Very low

Procedure performed to
assist in healing open

wound

Procedure performed to
reduce risk of ulceration or

reulceration in a person with
loss of protective

sensation but without open
wound 

Procedure performed to
alleviate pain or limitation

of motion in a person
without loss of protective

sensation

Class III: Curative

Class II: Prophylactic

Class I: Elective
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Disease Society of America category of moderate to severe infections requiring hospitalization 
for IV antibiotics in addition to surgical incision and drainage (Table 14.3).

The main goal of surgical intervention with infection is to evacuate abscess formation, 
remove necrotic tissue, and minimize the risk of further spread. The basic principles to the 
surgical approach to treating the infection are incision, investigation, debridement, wound 
lavage, and surgical closure.

Class III: Curative Foot Surgery
The goal of the curative procedure is to speed up the healing of the diabetic foot wound and 
prevent recurrence of this wound. Surgical decision making is heavily dependent on the type of 
wound and its location. It is our experience that the majority of chronic ulcerations present in the 
diabetic foot are a direct result of increased plantar pressure in the presence of peripheral neu-
ropathy. The surgical goal for these types of ulcers is to relieve the source of increase in pressure.

BONE RESECTION
Some of the most time-honored procedures involve some sort of bone resection. This type of 
procedure aids in eliminating pressure underlying the wound. In the forefoot, bone resection 
has been well documented as able to heal a wound faster, prevent ulcer reoccurrence, and lower 
the incidence of infection compared with conservative treatment (17,18). This may include iso-
lated metatarsal head resection, pan metatarsal head resection, transmetatarsal amputation 
(TMA), exostectomy, and partial calcanectomy.

Figure 14.2 Chronic plantar third metatarsal head ulcer of the right foot.

Table 14.3 Diabetic Foot Infection Classifi cation System, Infectious Disease Society of America

Clinical Description Degree of Infection

No purulence or evidence of infl ammation Uninfected
Presence of ≥2 signs of infl ammation: purulence or pain, tenderness, warmth, or 

induration erythema ≤2 cm. Infection limited to the skin and subcutaneous tissue. 
No systemic symptoms of illness

Mild

At least one of the following: cellulitis >2 cm, lymphangitis streaking, spread beneath the 
fascia, abscess, gangrene, or involvement of muscle, tendon, or bone. Systemically 
unwell and metabolically unstable

Moderate

Evidence of local infection as well as systemic toxicity, such as fever, hypotension, 
leukocytosis, or azotemia

Severe
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Figure 14.3 Ulcer excision with metatarsal head resection and primary wound closure.

Figure 14.4 Wound healed at seven weeks after procedure.
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Metatarsal Head Resection
One procedure that is often utilized in diabetic patients with plantar forefoot wounds is the 
metatarsal head resection. Although metatarsal shortening and lengthening procedures are 
often carried out to relieve areas of excessive pressure in sensate patients, metatarsal head 
resection is often a better option in patients with open plantar foot wounds. This procedure 
prevents the use of hardware in an area with increased risk of infection, and can reduce soft 
tissue tension allowing for the primary closure of plantar foot wounds.

Armstrong et al. in 2005 reported on the results of fi fth metatarsal head resections in the 
treatment of chronic plantar foot ulcers. The results of this retrospective cohort study of 
40 patients reported that compared with the nonsurgical group, the surgical group had a faster 
healing time and a lower reulceration rate (17). An example of performing isolated metatarsal 
head resection can be seen in (Figs. 14.2, 14.3, 14.4). It has been our experience that this holds 
true not only for isolated procedures but for performing pan metatarsal head resections as well.

Transmetatarsal Amputation
One of the most widely used procedures by a foot surgeon in the event of ischemic toes or pro-
found infection is the transmetatarsal TMA. This procedure lends the benefi t of possible pri-
mary or delayed wound closure, removal of the necrotic or infectious source, and the ability to 
ambulate after soft tissue healing occurs (Figs. 14.5, 14.6). We especially will utilize this surgical 
procedure when there is need to remove the majority of the digits including the hallux and 
accompanying metatarsal head. As there remains a substantial amount of biomechanical trans-
fer of load to the lesser metatarsals and a higher incidence of transfer ulceration when the fi rst 
ray is partially removed and the lesser metatarsals and digits remain (19).

PARTIAL CALCANECTOMY
Heel wounds are commonly encountered in neuropathic diabetic patients. Posterior heel 
wounds are often seen in patients who have been on bed rest for extended periods of time, 
while plantar heel wounds are more common in ambulatory patients. It can be very diffi cult to 

Figure 14.5 Fifth digit and metatarsal necrotic ulcer with underlying osteomyelitis.
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get these wounds to close without surgical intervention when there is an underlying bony 
prominence or bone infection prohibiting soft tissue granulation (Figs. 14.7, 14.8).

ARTHROPLASTY, TENOTOMIES, AND TENDON LENGTHENING
In the sensate patient, a forefoot deformity such as a hammertoe or bunion will often result 
in painful corn or callus formation. In the insensate diabetic patient, these lesions can often 

Figure 14.6 Conversion of infected ischemic ulcer to a transmetatarsal amputation.

Figure 14.7 Chronic posterior heel ulcer with underlying bony prominence and infection.
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Figure 14.8 One week after ulcer excision with partial calcanectomy and primary wound closure.

Figure 14.9 Ulcer of the distal second digit secondary to mallet toe deformity.
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progress to ulceration. Despite the differences in severity, the procedures utilized to treat these 
conditions are often the same.

Neuropathic patients who develop a hammertoe deformity will present with ulcerations 
at the apex of the effected joint or at the distal tips of the digits (Fig. 14.9). In patients with 
rigid deformities, these wounds can be easily treated through a simple arthroplasty procedure 
resulting in decreased pressure at the wound site. In patients with more fl exible deformities, 
a simple tenotomy, tendon transfer, or tendon lengthening may be adequate to correct the 
deformity.

Insensate patients with deformities at the fi rst metatarsophalangeal joint may present 
with ulcerations in various locations depending on the type of deformity present. Patients with 
bunion deformities may develop ulcerations over the medial side of the fi rst MPJ due to 
increased pressure in this area. Patients with hallux limitus or rigidus deformities will often 
develop ulcerations under the hallux itself. The same procedures utilized to correct these defor-
mities in the sensate patient may be used in the diabetic patient to prevent excessive pressure 
in areas of ulceration.

A case–control study of fi rst metatarsophalangeal joint arthroplasties in patients with 
diabetic foot wounds reported signifi cantly faster healing in the surgical group (SG) than 
patients in the standard therapy group (ST) (ST 67.1 ± 17.1 days vs. SG 24.2 ± 9.9 days). These 
patients were also found to have fewer recurrent ulcers (ST 35.0 vs. SG 4.8); both groups had 
similar rates of infection (ST 38.1 vs. SG 40.0%, p = 0.9) and short-term amputation (ST 10.0% vs. 
SG 4.8 vs. p = 0.5) (18).

TENDO ACHILLES LENGTHENING AND GASTROCNEMIUS TENDON RECESSION
Although many forefoot ulcers are the result of forefoot deformities, equinus represents a rear 
foot deformity that can result in plantar forefoot ulceration. Depending on the area of contrac-
ture, a gastrocnemius resection or Achilles lengthening may be adequate to offl oad a plantar 
foot wound in the insensate patient. This is also a great adjunct procedure when performing a 
TMA to prevent residual forefoot plantar pressure that commonly causes breakdown under the 
tissue fl ap resulting in new ulceration.

Lin and coworkers (20), in a hybrid case–control study of Achilles tendon lengthening, 
reported rapid healing of previously recalcitrant plantar wounds coupled with a signifi cantly 
lower rate of recurrence (19% vs. 0%). This procedure is outlined in Figures 14.10, 14.11, 14.12. 
Mueller and colleagues, in a randomized trial of Achilles lengthening, reported a similar trend 
toward lower ulcer recurrence (52% reduced risk for reulceration at two years) (21).

SKIN GRAFTING AND ACELLULAR TISSUE GRAFTS
Following the correction of deforming forces resulting in diabetic foot ulceration, a large 
defect often remains that cannot be primarily closed. In these cases, grafting should be con-
sidered as a means to more rapidly heal these wounds. Allogeneic and other acellular colla-
gen matrices are commercially available to assist in wound closure, but are not intended to 
replace skin grafting. Different products are indicated for different wound depths, but when-
ever possible, split-thickness skin grafting remains one of the best treatment options for 
wounds with adequate granulation (Figs. 14.13, 14.14, 14.15). The use of local rotational fl aps 
or free fl aps is also a viable option for achieving wound closure. These techniques require 
certain profi ciency by the treating surgeon and may need the involvement of a plastic 
surgeon.

In a prospective randomized study that compared the proportion of healed diabetic foot 
ulcers and mean healing time between patients receiving “acellular” matrix (study group) and 
standard of care (control group) therapies. Complete healing and mean healing time were 
69.6% and 5.7 weeks, respectively, for the study group and 46.2% and 6.8 weeks, respectively, 
for the control group. The proportion of healed ulcers between the groups was statistically 
signifi cant (P = 0.0289), with odds of healing in the study group 2.7 times higher than in the 
control group (22). An example of this type of procedure is demonstrated in Figures 14.16 
and 14.17.
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Figure 14.11 Planned sites for two medial and one lateral “stab” incision on the posterior aspect of the leg.

Figure 14.10 Achilles tendon lengthening (A). Plantar diabetic foot wound with equinus prior to Achilles tendon 
lengthening (B).
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Figure 14.12 Forcible dorsifl exion of foot improving ankle joint dorsifl exion.

Figure 14.13 Plantar hallux and fi rst metatarsal ulcer showing healthy granulation tissue preparatory to skin 
grafting.
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Figure 14.14 Application of a split-thickness skin graft.

Figure 14.15 Well-incorporated healing skin graft three weeks after application.
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Figure 14.16 Left hallux diabetic foot ulcer following debridement of nonviable tissue.

Figure 14.17 Application of acellular dermal allograft to hallux ulcer.
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DIABETIC ULCER IN THE PRESENCE OF CHARCOT FOOT SYNDROME
The treatment of Charcot deformities represents a specialized area of diabetic foot surgery that is 
deserving of its own chapter. It is important to note that many patients with Charcot often 
develop ulcerations underlying bony prominences following bony breakdown and foot collapse. 
A simple resection of the bony prominence may be enough to treat some of these patients, but a 
more extensive reconstruction involving multiple osteotomies or joint fusions is often required. 

CONCLUSION
Surgical management of diabetic foot ulcers involves a methodical and strategic plan with the 
involvement of a multidisciplinary approach. Understanding the type of ulcer and the concurrent 
ischemic or infectious components using a detailed wound classifi cation system coupled with a 
risk-based surgical classifi cation will help guide surgeons to an evidence-based treatment strata-
gem that helps to heal wounds faster, minimize the overall incidence of infection, reulceration, 
and amputation.
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  Surgical management of pressure ulcers
Sadanori Akita

PATHOPHYSIOLOGY OF PRESSURE ULCERS
Pressure ulcers refl ect patients’ systemic health in addition to their physical, nutritional, social, 
and psychological status. The complex pathophysiology of pressure ulcers suggests that  several 
processes are involved in the evolution of these ulcers. The sustained pressure force or shear 
force over the soft tissue in between the body mass, bony process, and surface initiates this 
complex process. This is followed by a reduction in the capillary vessel fl ow, occlusion of the 
blood vessel and lymphatic vessel, and capillary thrombosis. Tissues become ischemic under 
these conditions, as a result of which capillary permeability increases and fl uid is collected in 
the third space (extravascular space). The edematous tissues so formed may result in necrosis, 
which is irreversible. Once the tissue develops necrosis, the extent of debridement needed 
should be determined. Surgical intervention can be initiated after determining when to evalu-
ate the necrosis of tissue and how to effectively remove the necrotic tissue from the surround-
ing healthy tissue (Figure 15.1).

IMPORTANCE OF DEBRIDEMENT: INDICATIONS AND CONTRAINDICATIONS
Pressure ulcers can be treated quickly and correctly by surgical intervention. Surgical debride-
ment is the mainstay in the treatment of chronic pressure ulcer wounds that if properly applied 
facilitates their transformation to the healing phase. For the preparation of wound beds, surgi-
cal debridement helps with the removal of necrosis and removal or reduction of infectious 
bacterial load or biofi lms, corrupt matrices, or senescent cells. Currently, the most commonly 
used grading scale is that developed by the National Pressure Ulcer Advisory Panel (NPUAP) 
(Table 15.1). Originally, the scale consisted of four stages based on visual examination of the 
ulcer. The scale was modifi ed in 2007 to include two other stages, namely, deep tissue injury 
and unstageable ulcers. Surgery is implicated in stage II, III, and IV ulcers. In stage II, there is 
partial damage to the skin even though in most of the cases wounds in this stage are often 
reversible during their natural course. In stage III, the wound’s depth reaches the fascia and 
ischemia is irreversible; slough and necrotized tissues are identifi ed and recommended for 
surgical debridement to expose the surrounding and peripheral spread undermining and 
tracts. Usually, stage III lesions over the heel, malleolus, or patella/knee that have developed 
as a result of immobilization, splinting, or bracing are not as deep as lesions found over the hip 
or gluteal region.

Some pressure ulcers that are unstageable and require debridement may result in a 
stage IV ulcer. These ulcers have exposed bone, tendon, and/or muscle in the wound bed, 
which is often covered by eschar (dried necrosis) tissue at the base of the wound. Removal of 
the overlying eschar reveals the exposed underlying tissue and the presence of undermining or 
tunneling tracts distally underneath the intact skin from the wound edge. A patient with a stage 
IV ulcer is at a risk of developing osteomyelitis because the wounds penetrate into the bone. 
Stage IV ulcers do not go through a progression of healing via the previous three stages until 
resolution. In stage IV, “reverse staging” to the better stage is not possible and is an inaccurate 
method of describing improvement or deterioration and determining treatment. Healing 
occurs via contraction and scar formation; however, debridement that is adequate in terms of 
width and depth is ideal for faster healing.

The modifi ed NPUAP staging system includes unstageable areas and injuries that fall 
under the category of pressure-induced necrosis of muscle with intact skin.

As muscle tissue is more sensitive to ischemia than the overlying skin, compression 
between the surface and bony prominence results in earlier damage to the muscle tissue than 
to local skin as a result of occluded blood and lymphatic vessels. Indications of deep tissue 
injury include an area that appears maroon or purple in color and a blood-fi lled blister in an 

15
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area of intact skin. This area may initially present with warm, painful skin that may be fi rm or 
boggy compared with the surrounding tissue. These deep tissue injuries can evolve rapidly 
from an apparently minor skin lesion to one that involves exposure of deeper layers. This evo-
lution can progress through additional layers of skin despite optimal treatment. Surgical explo-
ration and debridement is useful both for diagnosis of the level of deep tissue injury and for 
decompression and removal of the necrotized tissue.

Table 15.1 Classifi cation of Pressure Ulcers (NPUAP, 2007)

Stage Description

Stage I Intact skin with non-blanchable redness of a localized area usually over a bony 
prominence. Darkly pigmented skin may not have visible blanching; its color may 
differ from the surrounding area

Stage II Partial thickness loss of dermis presenting as a shallow open ulcer with a red-pink 
wound bed, without slough. May also present as an intact or open/ruptured 
serum-fi lled blister

Stage III Full-thickness tissue loss. Subcutaneous fat may be visible but the bone, tendon, or 
muscle is not exposed. Slough may be present but it does not obscure the depth of 
tissue loss. May include undermining and tunneling

Stage IV Full-thickness tissue loss with exposed bone, tendon, or muscle. Slough or eschar 
may be present in some parts of the wound bed. Often include undermining and 
tunneling

Unstageable Full-thickness tissue loss in which the base of the ulcer is covered by slough (yellow, 
tan, gray, green, or brown) and/or eschar (tan, brown, or black) in the wound bed

Suspected deep injury Purple or maroon localized area of discolored intact skin or blood-fi lled blister due to 
damage of underlying soft tissue by pressure and/or shear. The area may be 
preceded by tissue that is painful, fi rm, mushy, boggy, warmer, or cooler when 
compared with adjacent tissue

Source: http://www.npuap.org/pr2.htm.

Figure 15.1 Pathophysiology of pressure ulcers.

Sustained pressure force/shear force

Reduced capillary fl ow

Occluded blood and lymphatic vessels,  capillary thrombosis

Increase of reactive capillary permeability
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Fluid collection in the third (extravascular) space

Tissue edema

Irreversible tissue necrosis
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Unstageable ulcers are characterized by a deep ulcer or by multilayer tissue loss, and they 
also contain a large amount of slough or eschar tissue in the wound bed. Adequate debride-
ment is necessary for revealing the characteristics of the ulceration.

When undergoing surgical debridement and removal of eschar, slough and necrosis, care 
should be taken to avoid excessive bleeding from the intact tissues and vessels. All procedures 
are performed as atraumatically as possible. All cases are prepared for hemostasis with electro-
cautery, ligation, and compression in advance. Surgically obtained specimens are sometimes 
used for quantitative tissue culture assessment. 

In patients with coagulopathy, taking anticoagulant medication, and having a tendency 
for bleeding, special attention is paid to control and normalize the systemic condition prior to 
the surgical procedures. If the local blood supply or tissue perfusion is insuffi cient and antibac-
terial coverage for current and potential septic status is lacking, surgical debridement is not 
recommended.

CHOICE OF SURGICAL DEBRIDEMENT
Wound bed preparation using sharp instruments and mechanical debridement with surgical instru-
ments are the most fundamental methods for adequate wound healing management that can selec-
tively and effectively reduce the bioburden of a wound. The elimination of necrotic tissue, which 
acts as a substrate for proliferating bacteria that strive for the same nutrients and oxygen molecules 
essential for wound healing, is crucial for the promotion of the normal wound-healing process of a 
tissue. If the border of the normal, healthy, and devitalized skin cannot be determined clearly, tan-
gential excision starting at the center of the necrotic skin should be considered until scattered bleed-
ing is observed in the dermis. Bleeding is less indicative of subcutaneous tissue debridement, 
because fat tissue is poorer in vascularity than skin. Debridement should be performed until the 
shimmering yellowish fat tissue level is reached. Hemostasis is usually achieved by clamping or 
compression while scattered bleeding is well controlled with electrocautery. If bleeding is observed 
from large diameter vessels, ligation with a monofi lament suture is attempted.

Nonvascularized fascia should be removed with special attention to the neurovascular bun-
dles in the superfi cial vicinity. Muscle, tendon, cartilage, and bone in stage IV ulcers can be resected 
when an apparent blood supply is not observed. In the case of deep tissue injury, sharp penetration 
to the muscle and deeper tissue level is very helpful to determine the extension of the wounds.

Surgical equipment comprise scalpel blades, pickups, electrocautery, scissors, curettes, ron-
geurs, harmonic scalpels, Cavitron Ultrasonic Surgical Aspirator (CUSA®, Tyco Healthcare, 
Burlington, MA, U.S.A), water jet (hydrojet) system (Versajet™, Smith & Nephew Inc., St. Petersburg, 
FL, U.S.A), elevators, chisels, osteotomes, saws, rasps, burrs, and so on. Simple incisions and 
minor resections can be performed at the bedside if the methods of hemostasis are readily avail-
able; however, deeper and wider surgical debridement is planned for the operation ward where 
appropriate lighting, anesthesia, irrigation, suction systems, and manpower are provided. 

The most frequently used instruments are scalpel blades and they should be exchanged 
for new ones when the edges of the blade become blunt. There are two types of scalpel blades: 
one with a round-tip edge and the other with a pointed-tip edge. Both the #10 and the #15 blades 
have round-tip edges. The #10 scalpel has a more traditional blade shape and is generally used 
for making small incisions on the skin and muscle, while the #15 blade has a small curved cut-
ting edge and is the most popular blade shape that is ideal for making short and precise incisions 
for deeper tissues. The #11 scalpel blade is an elongated, triangular, pointed-tip edge blade that 
is sharp along the hypotenuse edge and has a strong pointed tip making it ideal for stab inci-
sions. These characteristic features also facilitate its use for screening and evaluating by stabbing 
the deeper tissues of the fascia and muscle to evaluate deep tissue injury. For this purpose, the 
pointed-tip edge scalpel blade is more frequently used to try to open through a small incision.

The harmonic scalpel uses ultrasonic energy to enable hemostatic cutting and coagulation 
of tissue that help a surgeon to incise a tissue when hemorrhage control and minimal thermal 
injury to the surrounding tissue are required. CUSA transmits a 23 kHz ultrasonic vibration to 
the tip of the handpiece and enables the disruption of the target tissue, irrigation of the 
 surrounding the tissue by cold saline water, and aspiration of the resected tissue. This system 
does not affect elastic blood vessels, biliary tract, fascia, and nerves but selectively disrupts 
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parenchymal, fat, and tumor tissues. It is often used in neurosurgery, hepatic surgery, and onco-
logic surgery. CUSA is useful for debridement of deep and wide wounds near blood vessels and 
nerves. The Versajet hydrosurgery system uses a razor-thin saline jet for surgical debridement. 
This system facilitates the reduction of the bacterial burden in the wound, preservation of viable 
 tissue, and removal of unwanted necrosis and debris. The handpiece of the system can move 
tangentially over the soft tissue surface and helps in the preparation of the wound bed.

Hard tissues such as bone, cartilage, and calcifi ed tissue can be removed using curettes, ron-
geurs, elevators, chisels, osteotomes, saws, rasps, and burrs. The size and hardness of the attached 
tissues should be taken into account for selection of the appropriate instrument for debridement.

Surgical debridement is an essential procedure for both treatment and diagnosis in the 
presence of osteomyelitis. Primary closure or delayed primary closure by reconstructive proce-
dures or wound closure by secondary intention follows post-debridement.

CHOICE AND INDICATION OF COVERAGE
Negative Pressure Wound Therapy
Although it is desirable that the wound is covered immediately after surgical debridement using 
any reconstructive procedure, sometimes associated factors such as the systemic condition of the 
patient, the extensiveness of the wound, and the uncertain bacterial control of the wound bed will 
lead to wound closure by secondary intention. There are many diverse techniques that have been 
developed for this purpose and negative pressure wound therapy (NPWT) is one of the most 
powerful and effective techniques for postsurgical wound closure and management, in combina-
tion with skin grafting or artifi cial dermis (1).

In a prospective clinical study of patients with severe pressure ulcers, over 80% of which 
are stage IV ulcers, patients with infection underwent surgical debridement safely and success-
fully and were managed with vacuum-assisted closure (VAC®, KCI, Tokyo, Japan) therapy 
post-surgically (2). VAC®, one of the most well-known NPWT techniques, is more effective in 
treating pressure ulcers with osteomyelitis in 3 out of 13 cases during a 6-week observation 
period than treatment with three gel products, which demonstrated no improvement on MRI 
or bone biopsy (3). NPWT has become an integral part of the wound treatment process as it 
improves wound tissue perfusion, increases granulation tissue, decreases bacterial counts, 
reduces excessive wound fl uid, and enhances physiological  cellular pathways.

 In a randomized prospective study of surgically debrided pressure ulcer wounds com-
pared with a technique that used wet-to-dry and wet-to-wet gauze soaked with Ringer’s solution, 
NPWT was found to be superior in reducing treatment cost and improving the comfort in terms 
of less frequent dressing change (4). NPWT is also used for adjunctive procedures following skin 
grafting and the application of artifi cial dermis. In small- to medium-sized wounds exposing 
bone, joint, and tendon, autologous mesh dermal grafting followed by split-skin grafting after 
2 weeks led to successful wound closure (Fig. 15.2) (5). In complex combat-related severe soft tis-
sue loss with exposure of tendon and bone, preoperative VAC immediately after surgical debride-
ment is followed by the application of a single or multiple artifi cial dermis, with VAC and 
secondary skin grafting resulting in more than 80% wound coverage (6).

Closure by Reconstructive Surgery
Stage III and stage IV pressure ulcers may require some kind of reconstructive procedure for 
wound closure if not secondary intention wound healing, which takes a longer time and results 
in higher risks such as infection during the clinical course, especially in stage IV ulcers with 
exposure of bone. Numerous reconstructive procedures have been reported. Special attention 
and consideration should be given to each reconstructive procedure and the anatomical loca-
tion of the ulcer.

In case of stage IV ulcers and osteomyelitis, preoperative MRI diagnosis is helpful. The 
failure to clarify and properly manage osteomyelitis leads to high rate of recurrence or worsening 
of the symptoms. The principle for the management of osteomyelitis is based on total resection of 
a nonviable bone and antibiotic therapy as proven by bone biopsy (7). In a retrospective study, 
patients with osteomyelitis diagnosed by MRI demonstrated similar ulcer recurrences as patients 
with  osteomyelitis diagnosed by bone culture (8). In this study, the patients with a diagnostic 
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preoperative MRI did not differ signifi cantly in rates of antibiotic administration, ostectomy, 
dehiscence, revision, or infection.

Skin Grafting
Skin grafting is the simplest method of wound closure, but it is not ideal for weight-bearing 
areas. Thus, only a small population of patients with a non-weight-bearing area of stage III 
ulcers and in whom systemic conditions necessitate early wound closure to avoid exudates and 
unnecessary water loss are candidates for this procedure (Fig. 15.3).

The combined use of skin grafting and NPWT demonstrated bolster and splinting effects 
in skin grafts of the forearm free fl ap donor (9) and reliable split-thickness skin grafting dress-
ing for lower limb defects (10). When higher pressure and shear pressure are considered, an 
alternative procedure such as fl ap reconstruction is used.

Flaps
Several types of fl aps have been proposed for the closure of pressure ulcer wounds. The pattern 
of blood perfusion, tissue, and location of the fl ap donors are varied; therefore, anatomical and 
physiological aspects should be taken into account when using fl aps for repairs.

Flap Types
Local skin fl aps such as V-Y advancement fl ap, rotation fl ap, and Limberg fl ap can be used 
for smaller-sized wounds. The current knowledge of vascular anatomy of the skin and 
 subcutaneous areas enables surgeons to use anterolateral perforator fl aps in place of “freestyle” 

(A) (B)

(C) (D)

Figure 15.2 (A) Image showing a medium-sized wound in a 62-year-old male patient with paraplegia due to 
HTLV-1 myelopathy where the sacral bone and para-sacral tendons are exposed with proximal undermining. 
(B) Application of VAC®, a well-known NPWT technique, after surgical debridement. (C) Four weeks after NPWT, 
the undermining adheres well to the wound bed and granulation tissue envelops the tendons. (D) Image obtained 
3 weeks after split-thickness skin grafting over the NPWT-prepared wound bed. Abbreviations: HTLV-1, human 
T-lymphotropic virus 1; NPWT, negative pressure wound therapy; VAC, vacuum-assisted closure.
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(A) (B)

(C)

Figure 15.3 (A) Image of a pressure ulcer in a 56-year-old male patient who is paraplegic due to a labor acci-
dent on a boat. Complete surgical debridement was performed for the pressure ulcer in the sacral and coccygeal 
regions. (B) Split-thickness skin grafting of the entire lesion. (C) Image showing the completely closed wound 
without recurrence for 3 years.

perforator fl aps (Fig. 15.4) (11,12). Musculocutaneous and fasciocutaneous fl aps are the most 
commonly used composite fl aps for the reconstruction of pressure ulcers. In paraplegic and 
tetraplegic patients, musculocutaneous fl aps are often used because the loss of muscle is less 
severe. The muscle volume may fi ll the deep wound defect after surgical debridement, thereby 
eliminating dead space; the muscle of the musculocutaneous fl ap may serve as a supplier of 
blood to the overlying soft tissue and the skin, a cushion that relieves pressure, and a means of 
potential infection control via abundant blood fl ow. However, the muscle becomes less tolerant 
under ischemic conditions.

Fascia has better resistance to pressure and mechanical stress than muscle and thus is 
more frequently applied in high-pressure and shear-stressed wounds (13). A clinical study indi-
cates that musculocutaneous fl aps are not superior to fasciocutaneous fl aps for the reconstruc-
tion of pressure ulcers. Therefore, both fasciocutaneous and musculocutaneous fl aps can be 
used but only extremely large defects justify the use of muscle, whereas a fasciocutaneous fl ap 
is usually suffi cient to cover average-sized lesions. These results question the long-standing 
belief that muscle is needed for the repair of pressure ulcers (14).

In selective cases, free fl ap transfer is applied when the defect is too large to cover using 
a local fl ap and cases free fl ap transfer are applied more frequently in patients with diabetes, 
incontinence, and paraplegia (15).

Location
Sacral ulcers These ulcers develop in patients who are on bed rest for prolonged periods. 
Sacral pressure ulcer wounds require removal of the bursa, with dye staining inside the 
lumen. When the bone is necrotic, sacrectomy using an osteotome and/or a rongeur is recom-
mended. After surgical debridement, a musculocutaneous (using gluteus maximus muscle), 
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 fasciocutaneous, cutaneous, or perforator fl ap is elevated over skin design of a rotational, 
 rotation-advancement, or V-Y advancement fl ap. When the patient is sensate and has intact hip 
function, the gluteus maximus muscle should be preserved. Alternatively, a part of the gluteus 
maximus muscle is used as a “split” musculocutaneous fl ap with rich blood supply from para-
sacral perforators, which helps to maintain most of the deep muscle and hip joint functions (16).

Perforator fl aps, in which blood vessels reach up to the skin by perforating through muscle 
and/or fascia underneath various parasacral areas, are benefi cial and durable as they have 
shown a lower recurrence rate of 2.9% in 32 cases for a mean follow-up period of 13 months (17).

The gluteus fasciocutaneous rotation-advancement fl ap with V-Y closure, which has the 
advantages of both rotational and V-Y advancements with minimal skin incision, is also an 
effective tool for the coverage of sacral defects (13); for larger defects, the modifi ed bilateral 
gluteal V-Y advancement fasciocutaneous fl ap may be used (18).

Ischial ulcers These ulcers are characterized by a small skin defect and a large cavity or bursa 
formation underneath. An ischial pressure ulcer is caused due to the pressure from prolonged 
sitting; for example, paraplegic patients in wheelchairs may experience considerable pressure 
and shear forces during sitting. In such cases, bed rest is essential until complete wound healing 
is achieved. Ischial ulcers are one of the multivariate predictors of recurrence and late recurrence 
as well as previous same-site failure, poor diabetic control, or age younger than 45 years (19). 
Ischial fl ap reconstruction is often hampered by movement over the ischium, pressure or shear 
exertion on the ischium during sitting, and failure to provide adequate protection. There is a 
very high possibility for excursion of soft tissues attached to the patient’s trunk or pelvis based 
on the position of the pelvis/thigh; thus, the coverage of the ischial bony prominence is easily 
detached, which is one of the reasons for late recurrence.

Musculocutaneous, fasciocutaneous, and perforator-based fl aps have been used for the 
treatment of ischial ulcers. The inferior gluteus maximus musculocutaneous fl ap can provide 

(A) (B)

(C)

Figure 15.4 (A) Image showing a recurred sacral pressure wound in a 70-year-old male paraplegic patient, 
where a rotation and advancement perforator fl ap was used. (B) Identifi cation of the superior gluteal artery and 
veins over the gluteus maximus muscle. (C) Image showing the closed fl ap without any complications.
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adequate blood supply and issue volume to cover deep ulcers, but most of the perforators from 
the inferior gluteal artery are  scarifi ed by elevating this fl ap, thereby resulting in the division of 
the gluteus maximus muscle, which is contraindicated for ambulatory patients. The tensor 
fascia lata (TFL) musculocutaneous fl ap is an innervated fl ap that can be used in patients with 
sensory innervation at the third lumbar level. Using a TFL musculocutaneous fl ap, both ischial 
and trochanteric ulcers can be covered simultaneously. The pedicle of the TFL fl ap is consistent 
but relatively short and there is a larger amount of tissue at the proximal end than at the distal 
end. The TFL fl ap can be used in combination with the vastus lateralis musculocutaneous fl ap. 
The gracilis musculocutaneous fl ap is simple, strong, and effective for relatively small- to 
medium-sized defects. The gracilis muscle comprises a large-caliber vessel even though the 
belly of the muscle may be atrophied, especially in paraplegic patients (20). The posteromedial 
fasciocutaneous fl ap is effective for both primary and recurrent ischial ulcer closures (21), and 
a long-term follow-up outcome at a mean of 62 months using a lateral posterior-thigh fasciocu-
taneous fl ap demonstrated complete primary wound healing in all 12 cases. Two of the 12 cases 
showed a recurrence of stage II ischial ulcer at 24 and 27 months, respectively (22).

The inferior gluteal artery perforator fl ap demonstrated almost 80% (18 of 23 cases) success 
clinically without recurrence for an average of 25 months of postoperative follow-up (23). For 
recurrent cases, the combined gracilis muscle fl ap and V-Y profunda femoris artery  perforator-base 
fl ap can provide enough bulk in the dead space and mechanical resistance (24). The medial 
planter fl ap, which is more resistant to shear stress due to its anatomical characteristics, is also 
used for recurrent ulcers in paraplegic and active wheelchair-bound patients (Fig. 15.5) (25).

Trochanteric ulcers Although less frequent when compared with sacral ischial ulcers, once the 
pressure ulcer develops in the trochanteric region, it usually involves larger undermining and 
deeper tissues. The trochanteric bone is very mobile, so the stabilization after reconstruction of 
the surface of the trochanteric bone is not easily achieved. Trochanteric pressure sores develop 

(A) (B)

(C)

Figure 15.5 (A) Image showing a recurred left ischial pressure ulcer in a 65-year-old, active, male paraplegic 
patient in a wheel-chair. Several fl ap surgeries including posterior thigh, gluteus maximus, and gracilis fl aps were 
already used. (B) A left medial plantar-free fl ap was used to elevate the posterior tibial vessels. (C) Two years 
postoperatively, the fl ap was so resistant to pressure that friction and shear forces occurred in the ischium.
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in patients who are confi ned to a lateral position, especially in those with signifi cant fl exion 
contracture (26). Successful treatment requires a multidisciplinary approach and good surgical 
planning. Debridement should reach the deeper regions of the affected tissue, sometimes to 
bony prominences,  resulting in smoothing of the surface. Since its introduction, the TFL fl ap has 
become a standard technique for the management of trochanteric ulcers (27). However, the dis-
advantages of fl ap tip necrosis and dog-ear deformity from its original design led surgeons to 
look for new designs for this fl ap. Some modifi cations were proposed, such as the bilobed fl ap 
(28), the advancement V-Y fl ap (29), and the retroposition V-Y fl ap (Fig. 15.6) (30). Despite these 
successful alternatives, the problems of long operation times and unaesthetic scars remained. 
Recurrence rates of up to 80% have been observed for the treatment of trochanteric pressure 
sores using musculocutaneous fl aps based on the TFL fl ap. The primary considerations in the 
surgical treatment of trochanteric pressure ulcers are the need to fi ll skin and soft tissue losses 
and the coverage of the greater trochanter with a durable, well-perfused musculocutaneous 
fl ap. The pedicled anterolateral thigh musculocutaneous fl ap is suitable for this purpose. Recon-
struction using 21 consecutive anterolateral thigh musculocutaneous fl aps, after a mean follow-
up of 13 months, demonstrated successful wound closures without recurrence (31).

Two cases involving the use of superfi cial gluteal artery “free-style” local perforator fl aps 
succeeded in the closure of the wounds sized 12 × 20 cm and 16 × 30 cm with a follow-up of 12 
and 14 months, respectively (12).

Heel ulcers The posterior heel is a common area for the formation of pressure ulcers among 
bed-bound patients or immobile patients. Wound coverage of the exposed tendon and/or 
underlying calcaneal bone is diffi cult because the local blood supply and tissue perfusion are 
deprived. Durable, well-perfused, and proper-sized fl aps are needed. A lateral calcaneal artery 
skin fl ap is widely used for coverage of the tendon and calcaneus area, and modifi cation using 
an island fl ap diminishes the kinks in the pedicles (32). V-Y modifi cation of a lateral calcaneal 
artery fl ap has the advantage of not needing skin grafting at the donor site (33).

The medial plantar artery fl ap is useful for reinnervation of the heel in patients who 
maintain the medial plantar nerve. Of the 51 fl aps used, 48 patients demonstrated 98% fl ap 

(A) (B)

(C)

Figure 15.6 (A) Image showing a recurred right trochanteric pressure ulcer in a 54-year-old male paraplegic 
patient with diffi culty in the fl exion of the lower extremities. A tensor fascia lata (TFL) musculocutaneous fl ap was 
used. (B) After complete dissection and elevation of the TFL muscle, preserving the lateral femoral circumfl ex 
artery originating from the profunda femoris, the musculocutaneous fl ap was retropositioned over the trochanteric 
ulcer and a closed suction drain was inserted underneath the fl ap. (C) Postoperative care for the fl ap and pres-
sure ulcer involves the use of an air-fl uidized bed for a period of at least 4 weeks.
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survival (34). Reverse fl ow sural artery-based adipofascial or adipofasciocutaneous fl aps are 
used for heel ulcers. The reverse sural artery fl ap is effective in high-risk patients with condi-
tions such as  diabetic neuropathy, critically ischemic limbs, and end-stage renal disease; in 
spite of these systemic conditions, 10 of the 15 reconstructions using this fl ap have been 
 successful (35).

POSTOPERATIVE MANAGEMENT
Adequate operative and postoperative management schemes are essential to obtain success-
ful results. Conditioning of the systemic nutrition status and normalizing anemic, hypoalbu-
minemic, and abnormal blood cholesterol levels are primarily important. Wound drainage 
carried out in the reconstructed areas prevents postoperative seroma, hematoma, and surgi-
cal site infection (SSI). A prospective randomized clinical trial comparing the use of a closed-
suction drain and a Penrose drain after colectomy revealed no signifi cant difference in the SSI 
rate, but the closed-suction drain resulted in cost and labor savings and reduction of medical 
wastes (36).

In postoperative reconstruction, the reconstructed fl ap should be observed carefully at 
least for several weeks by repositioning the fl ap every 2 hours for patients with para plegia or 
quadriplegia. Tissue viability is well preserved by pressure-relieving bedding. Multicenter, 
randomized controlled clinical trials have shown that surgical patients treated with an alterna-
tive pressure air mattress developed fewer heel ulcers and had less worsening from stage I to 
later stages compared with patients using an viscoelastic foam mattress (37).

In severe cases of extensive and multiple pressure ulcers, the use of an air-fl uidized bed 
was found to be extremely effective, which can be attributed to its weightlessness and pressure-
relieving features that are extremely useful during the several weeks of postoperative care in 
the hospital setting (38).

PREPARING THE WOUND BED AND USE OF bFGF
The recombinant form of glycoprotein cytokines has received a lot of attention. Among these 
cytokines, basic fi broblast growth factor (bFGF) is the most important because it promotes 
wound bed preparation by inducing local mesenchymal cell proliferation for collagen synthesis, 
mitogenic and chemoattractant for endothelial cells and induction of neovascularization for 
increase of granulation, and mitogenic to keratinocytes (39,40). A randomized, placebo- 
controlled, prospective trial involving the use of recombinant bFGF for the treatment of stage III 
and IV pressure ulcers of 50 wounds ranging from 10 to 200 cm3 with mechanical debridement 
when necessary 24 hours prior to initial treatment demonstrated greater healing effects and 
more number of patients with over 70% wound closure (39). For burn ulcer treatment, sharp 
debridement, application of human recombinant bFGF to the wound after surgical debridement 
with mesh split-thickness skin grafting, and continued bFGF application over mesh skin grafts 
resulted in faster skin grafting healing and softer and durable scar formation (41). To conclude, 
for defi nitive reconstructive surgery it is important to better prepare wound beds and use human 
recombinant bFGF as a candidate for this purpose.
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  Incorporating advanced wound therapies into 
the surgical wound management strategy
William J. Ennis, Claudia Lee, Malgorzata Plummer, Audrey Sui, and Patricio Meneses

Wound healing is a complex pathway that requires cells, an appropriate biochemical environ-
ment (i.e., cytokines, chemokines), an extracellular matrix, perfusion, an electrical current, and 
the application of both macro and microstrain. Gurtner et al. described the complex interactions 
between these integral components of healing (1). Healing is both biochemically complex and 
energy dependent and can be assisted in diffi cult cases, through the use of energy-based physical 
modalities. In the current literature, there is much debate over which treatment modality, dosage 
levels, and timing are optimal. A brief description of the mechanism of action for electrical stim-
ulation, ultrasound, ultraviolet light, shock wave therapy, and vibration therapy is reviewed 
along with recommendations for how to incorporate them into a surgery-based wound practice.

INTRODUCTION
Over the past 10–15 years, the approach to a patient with a chronic wound has evolved from 
pure observation and topical dressing selection, into an appreciation of a complex microenvi-
ronment that contains numerous interdependent biochemical pathways. As the knowledge 
base continues to grow, so does the level of sophisticated technology employed to treat non-
healing wounds. Unfortunately, the pace of diagnostic innovations has lagged far behind ther-
apeutic discovery in wound care. In the 1980s, the concept of moist wound healing, originally 
described in the 1960s, was brought into clinical reality with the release of moisture retentive 
dressings. Acute and chronic wound fl uid analysis led to the appreciation of the wound micro-
environment. Further investigations into the biomolecular environment of wound healing 
became possible through the use of 31P-NMR spectroscopy (2). This technique allowed the 
investigator to quantify the energy available for wound healing to occur. Although cumber-
some and invasive, these studies stimulated the interest in cellular energetics both from a diag-
nostic and therapeutic aspect.

Physical therapy modalities share in common, the delivery of an energy source to target 
tissues. Various treatment techniques and energy settings have been used both by researchers 
and clinicians making comparisons and meta-analysis diffi cult. There are many modalities 
available and this chapter discusses many of the common devices, but is not intended to be an 
exhaustive review. The authors refer the reader to comprehensive text books dedicated to the 
subject (3).

CLINICAL IMPLICATIONS FOR THE SURGEON
The surgeon is often called to initiate therapy for a nonhealing wound through the use of 
debridement. Despite the availability of numerous debridement methods, there is little evidence 
to determine which method, how often, or how aggressive to perform an initial debridement. 
Debridement is clinically important, but in many cases is not enough, by itself, to heal the 
wound. Tissue perfusion is critically important and despite often heroic attempts at revascular-
ization, the tissue level perfusion (microcirculation) is inadequate for healing. The surgeon is 
then left with a wound bed that is adequately debrided; however, inadequate granulation tissue, 
and/or absent wound contraction or epithelialization results in a persistent nonhealing status. 
If there is no sign of healing after four weeks despite maximizing a patient’s overall medical 
condition, nutritional status, relieving pressure, managing bioburden, and controlling pain, then 
energy-based modalities should be considered. The surgeon needs to consider that healing by 
secondary intention generates granulation tissue which is composed mainly of scar tissue. The 
resulting tensile strength of wounds that heal with signifi cant contraction and scar tissue is less 
than the prior native tissue leading to a high reported recidivism rate for most chronic wounds. 
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In an attempt to re-create fetal (scar less) healing, the use of energy-based modalities might 
enable the clinician to achieve tissue regeneration and minimize scar (4). As a support of this 
concept, Genovese et al. has demonstrated that through the use of electrical fi elds, cell pheno-
typic expression in noncommitted cells can be altered in vitro (5).

The use of energy-based modalities has been shown to promote angiogenesis (6). Our 
group has demonstrated that even with successful restoration of fl ow to the macrocirculation 
through bypass or endovascular techniques, there are many instances in which wound healing 
still fails (7). After revascularization and debridement, the use of energy-based therapies can 
infl uence wound bed tissue in a similar pattern to that of pulsatile blood fl ow which is often not 
restored in revascularization procedures (8). The use of energy-based technologies as adjunc-
tive therapy is being employed post hospital discharge in a subacute care wound unit run by 
the authors with consistent benefi cial results (9). The above-mentioned subacute unit also 
employs megahertz-based ultrasound therapy postoperatively for patients who have had pres-
sure ulcers closed by fl ap surgery which has been reported by other authors (10).

In general, energy-based treatments have cellular effects that arise from the generation of 
micromechanical forces that cause temporary perturbations across the cell membrane. Subse-
quently, there are ion fl ux changes that allow for intracellular secondary messengers to result 
in a series of intracellular changes. Each device has a specifi c mechanism of action to achieve 
these effects and even a single technique can result in a wide spectrum of results depending of 
dosage, treatment frequency, and the condition of the host making literature reviews and meta-
analysis techniques diffi cult to interpret. 

ELECTRICAL STIMULATION
Tissue injury results in the generation of endogenous electric fi elds. There is a natural electro-
negative voltage on the surface of intact human skin while the dermis is electropositive (11). 
These transepithelial potentials, which vary by site, are a result of sodium channels in the api-
cal membrane of skin which allow for the inward diffusion of sodium. The concept of a skin 
“battery” and its potential implications for wound healing has been used therapeutically since 
the early 1980s. The use of electrical stimulation for wound healing allows a clinician to deliver 
exogenous electrical signals into wound tissue thereby mimicking the natural underlying natu-
ral bioelectrical response to injury. Within 1 mm of the wound edge, a steady DC electrical fi eld 
gradient exists which can be manipulated through therapeutic electrical stimulation in order to 
accelerate the wound-healing process. The resulting electrical fi elds result in the stimulation of 
biomolecular signaling pathways and cell migration (12). Electrical stimulation is already being 
used in pain management, neurorehabilitation, and fracture healing (12). A recent review by 
Zhao describes potential biochemical pathways that might be affected through the application 
of electrical stimulation (13). Using human fi broblast cell cultures, Bourguignon and Bourgui-
gnon used high voltage, pulsed, galvanic stimulation and demonstrated an increase in DNA 
and protein synthesis (14). Interestingly however, at voltages above 250 volts, protein and DNA 
synthesis was inhibited implying that not unlike pharmaceuticals, energy-based therapies 
need to be studied in dose-escalating trials and increasing treatment frequency, or dosage does 
not always correlate with improved outcomes. In subsequent study the above authors identi-
fi ed immediate increased levels of intracellular calcium with subsequent increases in insulin 
receptor sites on the cell membrane of human fi broblasts in vitro (15).

The use of sodium and calcium channel blockers has mitigated the effects of electrical 
stimulation during in-vitro studies further supporting the theory that membrane depolarization 
and ion shifts are at least partially responsible for the changes noted with electrical therapy (12). 
The movement of cells toward an electrical fi eld is known as galvanotaxis (16). Investigators 
have shown that in a mouse model, even the same cell type (endothelial cell) will have a unique 
polarity and migration pattern depending on whether the cell originates from the macro- or the 
microcirculation (17).

Another area of intense research has been the potential antimicrobial effects of electrical 
stimulation. An excellent review of all of the antibacterial studies focused on the bacteriostatic 
or bactericidal actions of electrical stimulation can be found in a review paper by Kloth (18).
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It has now been well established that electrical stimulation can enhance the formation 
and release of VEGF and is thereby a form of therapeutic angiogenesis (6).

There are numerous reports in the literature describing skin graft, incisional, and fl ap 
survival in animal models using adjunctive electrical stimulation. The use of electrical stimula-
tion was shown to overcome the negative impact of subcutaneous nicotine treatment in ran-
dom skin fl aps in a rat model (19). In this study, random fl ap necrosis was signifi cantly reduced 
at day 7 with the use of electrical stimulation for two consecutive days post procedure. 

Goldman et al. in a prospective, randomized trial of high-voltage pulsed electrotherapy 
versus a sham device found that the wound area decreased and microcirculation improved as 
measured by transcutaneous oxygen levels (20).

A prospective, randomized study was conducted on post-mastectomy patients in 
Turkey (21). A total of 173 patients were randomized to standard of care compared with trans-
cutaneous electrical stimulation. Mastectomies were non-skin sparing and no reconstruction 
was performed. Electrical stimulation was performed for one hour per day for fi ve consecutive 
days postoperatively. Flap necrosis was the primary endpoint of the trial. There was a statistical 
reduction in fl ap necrosis and ecchymosis in the electrical stimulation group, p < 0.001.

In an effort to allow for interstudy analysis of clinical results, Kloth, a pioneer in electrical 
stimulation, attempted to analyze the clinical literature using a formula that calculates the total 
charge per second of electrical stimulation (22). Using this method, Kloth was able to show 
within a range of 250–500 microcoulombs per second, there were multiple randomized clinical 
trials that could be compared once a uniform dosage was established (22). It is incumbent on 
each investigator to clearly describe the values for each of the critical components of this 
 formula so that results can be assessed in future meta-analyses.

The authors use electrical stimulation for skin graft salvage. After autologous skin graft-
ing there are frequently areas of the graft that fail to take, or a rim of nonhealing tissue at the 
graft–host interface develops shortly after the procedure. The authors will debride the edges of 
the tissue with a small disposable curette and then apply electrical stimulation at 100 volts, 
100 pulses per second, and 5 one-hour treatments per week using the cathode as the active 
electrode. The treatment frequency is then dropped to three times per week during the second 
week. The protocol is continued until epithelial migration is completed and the wound is com-
pletely resurfaced. Dressings are used to provide a moist environment. Recently, Dube et al. 
have shown that epithelial cell migration is infl uenced by electrical stimulation with less dif-
ferentiated cells responding to a greater degree (23). These authors also confi rmed a partial 
mitigating effect with the use of calcium channel blockers. The overall effect of electrical stimu-
lation on healing is considered to be more regenerative than reparative (12).

ULTRASOUND 
Ultrasound is defi ned as a mechanical vibration transmitted at a frequency above the upper 
limit of human hearing (>20 kHz) (24). One of the main mechanisms of action for ultrasound is 
achieved through the process of cavitation (25). Cavitation involves the production and vibra-
tion of micron-sized bubbles within the coupling medium and fl uids within the tissues. As the 
bubbles collect and condense, they are compressed before moving on to the next area. The 
movement and compression of the bubbles can cause changes in the cellular activities of the tis-
sues subjected to ultrasound. Microstreaming is defi ned as the movement of fl uids along the 
acoustical boundaries as a result of the mechanical pressure wave associated with the ultra-
sound beam (26). The combination of cavitation and microstreaming which are more likely to 
occur with kilohertz ultrasound, provide a mechanical energy capable of altering cell membrane 
activity.

 In-vitro studies have demonstrated leukocyte adhesion, growth factor production, colla-
gen production, increased angiogenesis, increased macrophage responsiveness, increased fi bri-
nolysis, and increases in nitric oxide are all examples of ultrasound-induced cellular effects (27).

During the infl ammatory phase ultrasound has an effect on macrophages as evidenced 
by increased cytokine production and increased leukocyte adhesion and migration (18). Many 
cellular processes depend on intercellular communication and cellular adhesion to the 



SURGICAL WOUND HEALING AND MANAGEMENT158

 extracellular matrix. Ultrasound may also promote increased collagen production, thereby 
improving the growth of the extracellular matrix (27) Additional studies have proposed an 
increased expression of transforming growth factor beta, and subsequently collagen produc-
tion, through gene upregulation (28).

In a study by Seigel et al., animals with occluded coronaries were treated with a 
 low-frequency catheter-based ultrasound for up to one hour (29). Signifi cant increases in fl ow 
were noted and these results were nullifi ed with use of L-nitro arginine methyl ester, a known 
nitric oxide synthase inhibitor. These fi ndings suggest the primary mechanism of action of 
ultrasound is nitric oxide production.

The results of several clinical trials conducted on noncontact, low-frequency ultrasound 
were recently reported in a meta-analysis by Driver et al. (30).

The mainstay of treatment for pressure ulcers is to offl oad the pressure, maximize the 
underlying medical condition of the patient, and provide appropriate local wound care. 
Recently, the Journal of the American Medical Association published a systematic review of 
pressure-ulcer treatment options (31). The authors concluded there was no healing benefi t 
through the use of modalities such as ultrasound. The study, however, limited the review of 
literature to randomized controlled trials and, therefore, most of the published literature on 
ultrasound therapy was not included in the fi nal analysis. There were recent clinical and eco-
nomic cost-effectiveness trials that failed to demonstrate benefi t from the use of ultrasound for 
the treatment of leg ulcerations (32,33). Ultrasound was only used once per week in these trials 
which is not consistent with standard therapeutic protocols, again making it diffi cult to assess 
the translational importance of these fi ndings.

Ultrasound has been shown to improve the overall success of fl ap surgery (34). The 
authors use 1 MHz contact ultrasound, for all postoperative fl aps. The protocol begins on 
day 4 and continues through day 21. The patients are maintained on an air-fl uidized bed 
through day 21 as well. The ultrasound therapy is directed at the entire fl ap surface and the 
harvest incision lines. Through the mechanisms of increased fi brinolysis, increased collagen 
deposition, increased angiogenesis, and edema control, we have found a decrease in hema-
toma, seroma, and incision line separation (unpublished data). Patients have also been able to 
start a programmed sitting protocol at day 21. The surgeon is faced with a number of ultra-
sound devices, frequencies, and confl icting literature when attempting to employ ultrasound 
therapy in their practice. Recent investigations using low frequency ultrasound appear promis-
ing and the reader is encouraged to read a review chapter on ultrasound therapy by Driver (35).

ULTRAVIOLET-C LIGHT
Ultraviolet light in the C-band wavelength, however, is a form of radiant energy recognized in 
the past two centuries for its germicidal and wound healing effects. Physical therapists have 
utilized ultraviolet C light as a therapeutic modality for wound healing for many years; how-
ever, the physician community has been slow to adopt this technology. Ultraviolet light in the 
C-band wave length has also enjoyed broad adoption in major basic science laboratories as a 
means for sterilization for many medical devices. 

Varying biological effects are correlated with the depth of penetration of ultraviolet light. 
It should be pointed out that there are more than one classifi cation systems to identify the 
 specifi c bands of UV energy. The following description is adopted from the World Health Orga-
nization (36). UVA light for example, has the longest wavelength (320–400 nm) and penetrates 
to the level of the upper dermis in human skin. Ultraviolet light in the B-band (280–320 nm) 
only penetrates down to the stratum basale. UVC light (200–280 nm) which has therapeutic 
wound care implications, however, reaches only the upper layers of the epidermis (36).

Ultraviolet radiation exposure to the skin produces erythema, epidermal hyperplasia, 
increased blood fl ow in the microcirculation, and has a bactericidal effect (36). The induced 
erythema initiates the fi rst phase of healing (infl ammatory phase) by creating an infl ammatory 
response via the mechanism of vasodilation. This may be partially explained by the effects of 
UV light on the arachidonic acid pathway. Kaiser et al. used a porcine model to demonstrate 
that UV radiation stimulates the production and release of interleukin-1 (IL-1) by keratinocytes 
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(37). IL-I enhances wound epithelialization via keratinocyte chemotaxis and proliferation as 
well as the proliferation of fi broblasts (38).

Increased cell permeability occurs that results in increased intercellular edema at the 
prickle cell level causing a separation of the upper and lower layers of the epidermis (39). The 
upper layer is sloughed off, or debrided, with an accumulation of phagocytic white blood cells 
in the local blood vessels. Growth factors are released from epidermal cells exposed to UV irra-
diation which further augments the healing cascade (40). In addition, UV light exposure 
induces cellular proliferation in the stratum corneum. This proliferation/thickening of the skin 
is a protective mechanism against further sunlight damage. 

A growing number of organisms are resistant to currently available antibiotics. In addi-
tion, many wound care patients suffer from comorbid illnesses which impair local tissue perfu-
sion thereby affecting antibiotic delivery. This clinical scenario creates a need for effective 
topical therapies for treating wound infections and managing wound bed bioburden which is 
known to negatively impact wound healing. Ideally this should be achieved without further 
impacting the resistance patterns for the involved bacteria.

There is a growing body of literature examining the anti-microbial effects of UVC irradia-
tion at 254 nm. Conner-Kerr et al. conducted an in-vitro study demonstrating the antimicrobial 
effects of UVC light using a 254 nm wavelength cold quartz generator with a 90% output of UV 
energy (41). The lamp was placed one inch from the wound surface during treatment. Kill rates 
for methicillin-resistant Staphylococcus aureus were 99.9% at 5 seconds, and 100% at 90 seconds. 
Kill rates for vancomycin-resistant Enterococcus faecalis were 99.9% at 5 seconds and 100% at 45 
seconds. They proposed a further evaluation of in-vivo kill rates at shorter than the recom-
mended 72–180 seconds based on the results of their study. There have been a few human 
clinical trials utilizing ultraviolet therapy. Unfortunately it is diffi cult to draw strong conclu-
sions or compare the papers as different wavelengths are used at various treatment times and 
distances from the wound surface. Wills et al. demonstrated the effectiveness of ultraviolet 
light (combination of UVA, B, and C) in the treatment of pressure sores in a randomized con-
trolled trial (42). Sixteen patients with superfi cial pressure sores (less than 5 mm deep) were 
treated two times per week compared with control patients who received the same light; how-
ever, a mica cap was left over the quartz window effectively blocking all UV radiation. In the 
UV-treated group, mean time to healing was 6.3 weeks, whereas mean time to healing was 
8.4 weeks for the placebo group (P < 0.02).

Nussbaum et al. examined the effects of UVC light combined with ultrasound therapy on 
pressure ulcers in a spinal cord injured population (43). Twenty patients with 22 wounds were 
randomly assigned to either laser light therapy, UVC light combined with ultrasound, or stan-
dard of care which consisted of wound products that maintain a moist environment. Treatment 
parameters for UVC were based on wound appearances using erythema dosages with E1 for 
granular wounds and E4 for heavily infected areas. Ultrasound was applied at 3 MHz and at 
0.2 W/cm2. Ultrasound and ultraviolet therapy were performed 5 days a week on an alternat-
ing day basis. Therefore, some patients received three ultrasound therapies one week and only 
two the following week. Laser light at 820 nm wavelength was applied three times a week with 
for a fi nal energy density of 4 J/cm2 in a 35-second treatment time. The results indicated that a 
combination of ultraviolet and ultrasound treatment was more effective on wound healing 
compared with nursing care alone or laser light therapy (p = 0.32). The fact that ultrasound 
was combined with ultraviolet therapy, however, makes it diffi cult to arrive at any meaningful 
interpretation of the results.

The authors utilize ultraviolet light just prior to the application of biological scaffoldings, 
skin grafts, and as a bioburden reduction technique at the time of NPWT dressing changes.

SHOCK-WAVE THERAPY
Another energy-based modality has recently been introduced to the wound healing fi eld after it 
was modifi ed from its original use for treating renal lithiasis. The mechanism of action for this 
new treatment modality is still under review. There appears to be an increase in angiogenesis, an 
effect in ischemic preconditioning, and even a proposed systemic effect (44). An excellent review 
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paper on this subject was recently published by Qureshi et al. (45) Again micromechanical forces 
lead to intracellular changes resulting in increased angiogenesis, growth factor release, and cell 
division (45). Unfortunately, as with the other modalities described in this review, a myriad of 
pulse number, energy density, and employment of focused or unfocused beams limits our abil-
ity to determine best treatment options. Thus far, clinical applications that impact wound heal-
ing including the prevention of fl ap necrosis, treatment of burns, healing skin graft donor sites, 
and surgical wound site healing (45). In a large retrospective review there does not appear to be 
specifi c wound etiologies or host comorbidities that result in poor outcomes (46). There are some 
promising potentials for shock wave therapy including a biweekly treatment regimen. The 
device has been used for bone healing, tendonitis, and osteoradionecrosis (45). A larger cohort 
of patients that could use the treatment could lead to increased adoption by hospital clinics as 
the cost of therapy could be shared by numerous departments.

VIBRATION THERAPY
We close this review with a very recent addition to the energy-based treatment options known 
as vibration therapy. There is not much strong scientifi c research or evidence on the direct effects 
of vibration therapy in wound healing; however, there is scientifi c evidence supporting the use 
of vibration therapy in bone, cartilage, and fi brous tissue healing. One type of vibration therapy 
is the use of low magnitude, high-frequency (LMHF) accelerations to tissue. Its effectiveness for 
bone and fi brous tissue regeneration has been debated. LMHF accelerations are typically around 
0.3 g in magnitude, where 1 g is the Earth’s gravitational fi eld, with frequencies >30 Hz. These 
LMHF accelerations are often delivered via whole-body vibration (WBV). The subject stands 
upon a vibrating motor-driven plate daily for a short duration of time. The plate either delivers 
synchronous vibration, an oscillating up and down motion, or side alternating vibration, where 
the plate vibrates upon a fulcrum (47). Two theorized mechanisms by which the LMHF accelera-
tions lead to osteogenic effects are either by direct stimulation of the bone or indirectly through 
the skeletal muscles. There are confl icting reports on animal models and human studies as to the 
effectiveness of WBV as a stimulus for both fi brous tissue growth and bone regeneration (48).

A recent systematic review and meta-analysis provide the reader with the relevant litera-
ture pertaining to bone density studies (49). A recent paper demonstrated a shift in mesenchymal 
stem cell differentiation away from adipocyte formation and was proposed as a potential non-
pharmacologic option for the treatment of obesity (50). As there appears to be a positive healing 
impact on bone it is likely that there will be soft tissue effects that could be employed. The authors 
are pursuing an animal-based wound healing model using vibration therapy at the present time.

SUMMARY
Energy-based modalities have a role in wound healing and should be considered for wounds 
that have failed at least 30 days of standard of care for the specifi c wound etiology in question. 
The type of therapy, frequency, and dosage are dependent on equipment availability, local 
expertise, patient preference, reimbursement, and ultimately trying to match the physiological 
needs of the wound with the known mechanism of action for the device. Comparative effective-
ness studies are needed to bring clarity to the treatment decisions. Prior to comparative effec-
tiveness, however, additional studies are needed to defi ne mechanisms of action and for 
investigators and clinicians alike to agree with standard dosing formulas which will enable 
better comparisons between studies. With an explosion of obesity, diabetes, and an aging soci-
ety, it is clear that nonhealing wounds will continue to grow and the clinician will need advanced 
modalities that are both clinically and cost effective.
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  Evolution of telemedicine in plastic 
and reconstructive surgery
M. Trovato, M. Granick, L. Téot, and H. Kaufman

INTRODUCTION
As medical science, technology, and overall living conditions improve, our population lives 
longer. The ability to provide care to an aging population with increased quality, availability, 
and effi ciency, while simultaneously reducing healthcare costs, is paramount. Applications of 
technologic advancements in telecommunications networks and mobile devices may provide a 
potential for addressing these needs.

Telemedicine is in broad use in radiology and cardiology, where the electronic transmis-
sion and initial evaluation of radiographs and electrocardiographic tracings improve the effi -
ciency of clinical care (1). The use of this technology has increased since 2002, where it was 
reported that 300 programs in the United States generated 250,000 consults a year in both 
 military and civilian healthcare delivery systems (2).

Plastic surgery patients frequently have conditions readily evaluated by visual inspec-
tion; namely acute and chronic wounds. Furthermore, plastic surgeons routinely photograph 
wounds and areas of pathology for documentation and future reference. Evaluation and triage 
of plastic surgery patients using telemedicine have become a topic of great interest. Thus far, 
studies have been descriptive, relatively small, and few have addressed the accuracy and con-
cordance of surgical patient evaluation using store and forward technology. Several studies 
have stressed the standardization of digital photos and the use of high quality digital imaging 
in evaluation of wounds and triage of injuries.

Beginning in 1998, Stoloff et al. (3) concluded that e-mail and Internet were the only cost-
effective means of shipboard telemedicine. According to that study, an estimated cost savings 
was $4400 per MEDEVAC. In 2004 Tsai et al. (4) utilized teleconsultation by using a mobile 
camera phone for remote management of severe extremity wounds. They found gangrene, 
necrosis, erythema, and infection to be 80, 76, 66, and 74% respectively. In 2005, Hseih et al. (5) 
found sensitivity and specifi city of recognizing digital replantation potential, 90% and 83%, 
respectively. The 2005 tsunami was the fi rst global news event where news coverage was pri-
marily possible because of citizen journalists on cellular networks. Katz et al. (6) in 2006 used a 
telemanipulator slave robot to perform microvascular anastomoses. In 2006, Karamanoukian 
et al. (7) studied the feasibility of robotic-assisted microvascular anastomoses in plastic surgery. 
Taleb et al. (8) in 2008 performed a telemicrosurgery feasibility study in a rat model. In 2008, 
Varkey et al. (9) used digital photography and Internet as cost-effective tools in monitoring free 
fl aps. Five re-explorations in 67 cases yielded early recognition of venous congestion and fl ap 
salvage.

Simply put, we have become increasingly comfortable with digital technology and recog-
nize its value in a visually oriented clinical fi eld of medicine. Various strategies have been 
employed over the past 15 years to apply telemedicine to the clinical demands presented by 
acute and chronic wounds. Representative examples of three models are selected.

TECHNOLOGY-DRIVEN MODEL: FOCUS ON MAXIMUM BANDWIDTH, VIDEO, 
AND ROBOTICS
In Israel, Maccabi Health Services, the second largest HMO in Israel, provides a wide range of 
medical services based on sophisticated telecommunications and information technologies 
infrastructures. Their experience in remote wound therapy uses real-time video technologies.

The described remote consultation technique requires that snap shots are taken of the 
wound and preserved with wound images in the patient’s fi le for a future follow-up by a remote 
physician, known as store and forward. A special purpose software package was  developed to 
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manage the video communications and to take and store the images. This software allows a 
video session management from doctor’s workstation without a need for manual manipulation 
by the on-site medical staff.

A patient arrives to the Maccabi Health Services branch of his residential area. Upon his 
identifi cation by a branch’s staff, a remote physician is connected to the branch system and 
both parties may commence in the dialogues. A nurse is assisting the patient on-site and the 
doctor remotely at all times.

At fi rst only a static high-defi nition (HD) camera is used for patient’s dialogue with the 
remote physician. Such session is required also for the mutual trust establishment with the 
patient sitting in front of a 24-inch LCD screen and the camera.

At the second stage, the patient’s wound is monitored using an additional HD camera 
installed on a mobile arm allowing a stable view. A patient may be positioned on the chair or 
on the bed, depending on his or her wound location. At this time, the system is switched to the 
second HD camera with ×10 zoom. The resolution used generally depends on a function of the 
telecom infrastructure. A 720p or 1020p using up to 1.3 Mbps communication very low latency 
channel was employed. Quality-of-service procedures were applied in necessary cases.

The physician is able to focus the mobile camera from his location. In order to achieve 
an acceptable red, white, and yellow color view on the remote screen, the “cold” white 
 dispersed sealing light is used in the patient’s room. The camera mobile arm packaging 
required a special design which assures the image stability. The arm design allows easy 
 cleaning ( sterilization) when required. The HD camera is adjusted by the nurse according to 
the physician’s direction.

During the course of a session, a consulting physician may decide to take a snap shot for 
future references. A second software package was developed in order to allow interaction 
between the video system and snap-shot storage. This software allows the snap-shot recording 
in compliance with the medical treatment protocol. The recorded fi le (one or more snap shots) 
carries the necessary patient identifi ers: patient ID, date, and doctor ID. The fi les will be acces-
sible via the patient medical records as other information treatment may require.

A second opinion or an additional consultation initialized by the doctor is also possible. 
In such cases a third video participant could be introduced. Thus the video session becomes a 
multiuser session, based on video conferencing multisession control unit equipment. Switch-
ing back to the original mode will change the mode of operation to peer-to-peer with better 
image quality. Other functionality remains the same in both modes.

Additional on-line procedures are performed if necessary:

• Patient’s limb screening
• Pulse and sensation examination
• Measurement of wound dimensions
• Probing of the wound and channels
• Drainage estimation

Snap shots are stored at the defi ned storage for future use. The session ends by the patient 
and medical staff at the remote location instruction, future procedure defi nitions, and visit 
summary.

Results
The following samples depict the image of patient’s wound on locations, one taken locally 
(Fig. 17.1) and other as seen on the monitor at doctor’s location (Fig. 17.2).

It should be noted that the samples shown have slightly different coloring as compared 
with the actual session, owing to the use of different cameras and the printing process. The 
photograph taken at the doctor’s site was external to the video system (as human eye sees it).

In 20 months since the system introductions, some 67 patients were treated at each loca-
tion. During the last four months, 14 patients were treated in 44 sessions. The clinical results 
achieved and analyzed are based on the 20-month experience with the new doctor–patient 
interaction technique. With over 18 years’ experience in wound therapy, the authors conclude 
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that without the video-conferencing sessions, limb loss was inevitable, citing the fact that those 
patients would not travel a long distance to the doctor’s clinic.

Patient satisfaction could be measured in real time by their responses during the consul-
tations and their attitude to have more frequent session of the same type. The medical staff at 
the remote locations report high patient satisfaction.

The use of the virtual session requires some adjustment to the new technique. The learn-
ing time is very short—a matter of few hours to a day-long experience. The nurse–doctor inter-
action and understanding has a larger impact. The authors conclude that the success of a 
session in terms of the clinical results and the patient satisfaction depends entirely on the 
 effi ciency of this factor.

Advantages
• Equality in health treatment provision—gap reduction
• Patients suffering from ambulation diffi culty do not have to travel long distances for treatment
• Increasing number of patients receiving skilled and consistent treatment
• Reducing the number of referrals for hospitalization and to outpatient clinics
• Provision of advanced medical knowledge to the medical staff at the distant regions
• Real-time dynamic image provision
• Interactive treatment
• Immediate consultation
• Patient–doctor interactivity

Limitations
• Administrative—need for previous arrangement and agreements with the doctors.
• Virtual session may take longer than the interactive session when a patient arrives to a 

clinic, although the overall time for the treatment is shorter.
• The information and image storage requires elaborate information technology support and 

system maintenance.

ORGANIZATIONAL MODEL: FOCUS ON THE SYSTEM OF PHYSICIANS 
TO DIRECTLY ANSWER CONSULTATIONS USING E-MAIL
A different experience in wound healing has been accumulated in Languedoc Roussillon, 
France. The fi rst initiative was offi cially formalized in 2000 in the Languedoc Roussillon region, 
before the regional health authorities recognized in 2004 the problem of wound healing as a 
health priority; the network Wound and Healings Home Hospital Languedoc Roussillon is 
based on a network of telemedical nurse experts providing advice in wound management to 
private physicians and nurses throughout the Languedoc Roussillon. Their role is to go at home 

Figure 17.1 Image at the local site. Figure 17.2 Image at the doctor’s site.
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with the local private nurse, bring them training and defi ne strategy for the patient, and report 
this exchange on a software program, with pictures and the proposed strategy which was 
defi ned with the patient. A physician will then control the accuracy of the prescription and vali-
date it with the patient physician. Telemedical nurses are trained, validated, and recognized by 
a University of Medicine training program of 120 hours of theoretical and practical courses. 
They are selected from a batch of candidates and submitted to a permanent exchange of infor-
mations with colleagues and the staff. Over 4000 patients have been registered since the pro-
gram’s inception.

The program has been fi nanced by the regional government funds since 2007. Each year 
since January 2007, health authorities allowed the network to include an additional 1000 
patients. Three visits per patient were completed by the telemedical nurses, one of them real-
ized by a physical visit at home, and the two others being done by exchange of pictures by 
e-mail and telephone.

Survey results showed that 75% of the patients healed within a period ranging from three 
months to four years. Cancer wounds were improved in terms of pain scores. In two out of 
three situations, the presence of the expert and the relation to a physician decreased the stress 
induced by the existence of large malodorous, unsightly wounds among the surrounding fam-
ily and caregivers and prevented unnecessary hospitalization. The knowledge of a remote phy-
sician providing coverage of the potential complications and follow-up was a factor considered 
as positive by end users.

Advantages
• Equality in health treatment provision—gap reduction
• Patients suffering from ambulation diffi culty do not have to travel long distances for 

treatment
• Increasing number of patients receiving skilled and consistent treatment
• Reducing the number of referrals for hospitalization and to outpatient clinics
• Provision of advanced medical knowledge to the medical staff at the distant regions

Limitations
• Administrative—need for previous arrangement and agreements with the doctors.
• Need for standardized and costly educational curriculum for telenurses.
• Practical: Tele nurses are required to visit and formulate treatment plans with visiting nurses.

EASE-OF-USE MODEL: FOCUS ON MINIMUM REQUIREMENT FOR 
TRIAGE DECISION BY A POINT-OF-CARE PROVIDER
Given the reliance on photography for surgical outcome evaluation and achieving reproducible 
and valid results in research, Galdino et al. (10) proposed guidelines for the standardization of 
digital photographs. In assessing the reliability of digital images in the evaluation of burn 
wounds, Jones et al. (11) used these guidelines and found concordance in injury assessment 
between transmitted digital photos and bedside examination. Among their principal conclu-
sions was that limitations in picture quality were a major disadvantage of telemedicine. Subse-
quently, investigators examined the diffi culties of achieving photographic standardization in 
clinical settings (12). A second series of guidelines was proposed to help physicians achieve 
comparable quality photos.

An alternative approach, which has recently gained signifi cant traction, is the use of non-
standardized photos for telemedicine applications based on the observation that the feasibility 
of patient triage for most ER-based plastic and reconstructive surgery consultations is less 
dependent on the quality of photographs than it is on the ability to process and remotely inter-
pret such images. This approach was based on data derived from two landmark studies.

The fi rst study arm used a 4.0 megapixel camera to show 68–100% agreement among 
 on-site surgeons for wound description and 84–89% agreement for wound management. 
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A similar study in vascular surgery revealed similar results among on-site surgeons (64–85% 
for wound description and 63–91% for wound management) (13). When compared with  
a remote, store-and-forward evaluation, agreement among physicians was 63–100% for wound 
description and 52–100% for wound management. The authors concluded that digital image 
evaluation of wound description correlates with bed-side examination.

Furthermore, on-site agreement was lowest for edema, erythema, and drainage with 68.4, 
73.6, and 78.9% respectively. Remote agreement was lowest for erythema, edema, and exposed 
structures with 63.1, 73.6, and 73.6% respectively. The data reveal discordance when evaluating 
wound description for edema, erythema, and drainage at bedside. A parallel tendency in 
wound evaluation by remote surgeons was recognized. A similar pattern was documented by 
Wirthlin (13) in 1998 for evaluation of erythema in which agreement at bedside among physi-
cians was 64% and agreement between on-site and remote surgeons was 66%. This variability 
in agreement regarding wound description is attributed to the inherent variability in surgeon 
bed-side examination.

Wound description was then compared between on-site and remote evaluation using store-
and-forward telemedicine. Here, physicians agreed 46.6–86.1% (Table 17.1). Gangrene, necrosis, 
ischemia, and ecchymosis showed greatest correlation which was consistent with results 
obtained by Tsai et al. (4) who observed 80, 76, 66, and 74% agreements for gangrene, necrosis, 
erythema, and infection, respectively. Our data also showed a decrease in agreement for  drainage 
evaluation (46.6%) and edema (57.6%) between on-site and remote physicians. This disagree-
ment between on-site and remote physicians can be attributed to physician disagreement during 
bed-side evaluation in similar areas (Table 17.1) and not due to store and forward technology.

A review of the trauma and burn literature reveals wound evaluation studies using 
high-quality digital images (10,14,15). Table 17.1 is consistent with previous studies and illus-
trates the accuracy and reliability of wound description using a 4.0 megapixel Canon A80 and 
a store-and-forward approach, termed e-consultation.

For wound management, on-site physicians consistently agreed 84–89% (Table 17.1). In 
contrast, remote evaluation varied between 52% and 100%. Healing problems requiring imme-
diate attention were recognized with 100% accuracy. On the other hand, lower concordance 
was achieved during remote evaluation for antibiotic use and emergent evaluation (52.6%) and 
for hospitalization and debridement (68.4%). Furthermore, 65–81% agreement for wound man-
agement was achieved between on-site and remote evaluation. Remote physicians tended to be 
aggressive in treatment with antibiotics, increased hospital admission, and recommending 
bedside surgical consultation within 24 hours when compared with on-site physicians.

Table 17.1 On-Site Vs. Remote Wound Evaluation of 43 Inpatients

 
On-site Agreement %

 
Remote Agreement %

On-site/Remote 
Concordance %

Gangrene 89.4 84.2 82.3
Necrosis 94.7 84.2 86.1
Erythema 73.6 63.1 71.4
Cellulitis/Infection 89.4 89.4 76.4
Ischemia 89.4 73.6 85.2
Granulation 89.4 89.4 79.4
Ecchymosis 100 84.2 81.5
Exposed 89.4 73.6 76.4
Edema 68.4 89.4 57.6
Drainage 78.9 100 46.6
Healing 84.2 100 81.2
24-hr MD 89.4 52.6 70.5
Hospitalization 84.2 68.4 75
IV antibiotics 84.2 52.6 65.6
Debridement 84.2 68.4 75
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Figure 17.3 This photo series was e-mailed from a remote, referring ER, preparing to transfer the patient via 
fi xed-wing aircraft during inclement weather for replantation. The avulsive and multilevel nature of this injury 
 precludes replantation. The proximal stump retained suffi cient soft tissue for closure without complex tissue 
 rearrangement. Unnecessary transfer was averted on the basis of these two e-mailed images (Courtesy of ePlasty). 
Ref. 16.

Although this would seem to increase the frequency of offi ce visits due to increased 
 management, the reverse effect has been found to be true in practice. When triage decisions are 
made promptly, ER throughput time is reduced, ultimately effecting healthcare quality and 
costs. Cost containment and effective healthcare can be achieved with an e-Consult (16). 
 Furthermore, the use of a digital photograph and the Internet has allowed physicians to view 
surgical situations and achieve increased utilization of time (2,9). e-Consultation has further 
been shown to increase the use of same-day surgery and decrease wait time to physician 
bedside examination, thereby improving triage decisions.

A most recent, prospective, 100-patient study sought to measure the accuracy of a dis-
armed, remote evaluator; the image was not standardized and the evaluator was given no 
qualifying clinical data in addition to the image. Additionally, neither patient identifi ers nor 
identifi able patient information, according to the U.S. HIPPA were required or transmitted. 
Overall, surgical management was correct in 93% of cases (Table 17.2). Ultimately, these data 
may serve to help refocus our efforts to harness the potential of telemedicine in plastic and 
reconstructive surgery. The authors proposed the concept of a cloud-based Internet platform in 
which end users could easily upload and evaluate patients without patient identifi ers. Taken in 
tandem, their studies suggest that increasing the effi ciency of clinical decisions is less a matter 
of digital image focus, resolution, and bandwidth and more a matter of timing, method of 
delivery, and evaluation.

Table 17.2 Remote Diagnostic Accuracy of 100 Consecutive Clinic Patients

Skin Lesion Acute Wound Chronic Wound
benign: 96.74% 
malignant: 100% 
undetermined: 98.95% 
infected: NA

Early: 96.94% 
Delayed: 98.89% 
Cellulitic: NA 
Exposed Structure: NA

Stage I: NA 
Stage II: NA 
Stage III: 96.94% 
Stage IV: 98.98%

Postoperative Hand Injury Scar 
Wound problem: 88.04% 
Infected: NA 
Uneventful: 90.79% 
Suture removal: 94.74%

Laceration: 95.6% 
Bony injury: 88% 
Suspected Tendon/nerve/vascular: 92.71% 
Late effect/deformity: 91.67%

Burn: 100% 
Keloid/hypertrophic: 100% 
Unfavorable: 97.6% 
Normal: NA
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Advantages
• Standardized electronic/network system not required
• Standardized education/curriculum not required
• Simple delivery and evaluation
• Portability
• High concordance
• Reduced time for triage decisions by point-of-care providers
• No patient identifying information; medicolegally safe

Limitations
• Limited interactivity.

CONCLUSIONS: FROM e-CONSULTATION TO i-CONSULTATION
The Israeli approach extols the virtues of real-time e-mail and videoconference-based connec-
tion between patient and physician, taking advantage of the latest technologic advancements. 
The French have demonstrated the benefi ts of infrastructure and standardized curriculum in 
telemedicine in achieving effective results. In the United States, recent developments reveal the 
potential for a nonstandardized, Internet-based, low-technology, ease-of-use approach which 
enables the point-of-care provider to make triage decisions more effi ciently. This refl ects a par-
adigm shift from e-mail-based applications to Internet-based consultation platforms. Globally, 
telemedicine applications will continue to evolve to meet the needs of an aging population 
with increasingly chronic medical issues, particularly those requiring long-term, outpatient 
wound management.
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  18 Wound dressings for surgeons
Sylvie Meaume and Isabelle Weber

INTRODUCTION
Dressings are medical devices used to treat wounds and are subject to manufacturing and secu-
rity requirements almost identical to those of drugs. The deciding authorities (mainly the Food 
and Drug Administration) recommend conducting randomized controlled clinical trials for 
registration under the “brand names” for the new dressings that do not fi t into the “generic” 
class. These are largely used since the 1980s for some of the generic medicines (1).

Wounds that heal within six weeks are considered to be acute. Postsurgical wounds, trau-
matic wounds, burns, bites, skin grafts, graft areas, skin abrasions, and pilonidal sinus surgery 
are considered to be acute wounds (1). A wound is considered chronic when it has been evolv-
ing for more than four to six weeks. Leg ulcers, pressure ulcers, diabetic wounds, cancer 
wounds, and amputation stumps are open chronic wounds. The wound treatment is fi rst of all 
etiological, and the dressings only help heal the wounds. They maintain a moist environment 
conducive to natural healing. They absorb exudates and prevent maceration around the wound 
or moisturize if it is dry. They protect the wound from infection and external trauma. They are 
designed not to adhere to the wound and to reduce pain during dressing changes. A number of 
dressings can also handle the problems of the surrounding skin.

The objective of this article is to help surgeons and caregivers to use these medical devices 
that have transformed the lives of patients suffering from acute or chronic wounds. Primary 
dressings are in direct contact with the wound; secondary dressings may cover them. A large 
number of devices are available to fi x primary devices. These last two categories of products 
will not be discussed in this chapter.

Before applying any dressing, the wound has to be washed with water (tap water) and 
soap or rinsed with a saline solution.

DIFFERENT TYPES OF DRESSINGS
The Dressings Not Frequently Used by Surgeons
Hydrocolloids
Composition, Forms, and Presentation
Hydrocolloids (HCs) consist of absorbent polymers, whose physical and chemical properties 
are related to the presence of carboxymethyl cellulose (CMC). The HCs are available as adhe-
sive dressings whose outer surface acts as waterproof to all liquids. The form (standard or 
anatomical) and the thickness of HCs vary. They are also available in the paste form (used in 
deep and hollow wounds).

Using Instructions
After washing the wound, the surrounding skin is dried so that the plaster can adhere to the 
surface. The HC plate is applied directly to the wound and surrounding skin, overlapping a 
few centimetres on the surrounding skin. When the wounds are very exudative, the dressing 
can be covered by a secondary dressing that will absorb excessive exudates. The secondary 
dressing can also help fi xing and thus avoid the HCs from slipping of the wound, especially in 
locations where friction or shearing forces are present. Thin dressing HCs are used in less exu-
dative, epithelializing wounds. The rate of change of dressing is between two and seven days, 
depending on the importance of exudates. The dressing will be changed when the HC is “satu-
rated” or when the dressing comes partially off.

Indications
The use of HCs is indicated in acute or chronic wounds at all stages of healing. The HCs are 
applied on spontaneously moist wounds, moderately exuding. They respect the bacterial cycle 
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of chronic wounds. The fi lm that covers the dressing protects against external bacterial con-
tamination and allows patients to shower. Because of the low adhesion to the wound, dressing 
changes are not painful.

The ContraIndications
The contraindications are relative. HCs are not indicated in completely dry wounds, and in 
clinically infected wounds, because of occlusion.

Disadvantages
In contact with exudates, the CMC turns into a smelly pus-like substance. This is often mis-
taken for infection.

Maceration around the wound can be observed when the wound is too exudative; this is 
an indication for more absorbent dressings. HCs seldom lead to contact dermatitis correspond-
ing to sensitization to the adhesives or more rarely to the CMC. It is recommended to do allergy 
patch tests to identify the allergen (frequently the adhesive component) that may be present in 
dressings of a different category.

Very few HCs are used by surgeons, most of them arguing that the aspect of the gel, the 
odor, and the global evolution of the wound evoke maceration, a term usually incompatible 
with the postoperative period in their mind. However, this dressing fi ts perfectly with a closed 
wound in the postoperative period, especially when a minor exudation is anticipated.

Foam Dressings
Composition, Form, and Presentation
These dressings consist of a hydrophilic absorbent layer, which is usually a polyurethane foam 
(PU), associated to an outer layer impermeable to liquids. Their absorption capacity is higher 
than that of HCs. Some are adhesive over their entire surface, whereas others are less or not 
adhesive and must be maintained by a secondary dressing. There are of varying sizes and 
shapes to fi t different locations of the wounds. Recently, less absorbent forms (“thin” foam 
dressings) were created for superfi cial and less exudative wounds.

Some foam dressings “adhere” to surfaces “without being sticky,” which allows painless 
and nontraumatic removal, and eases the application. In fact, sometimes the application of the 
dressing requires repositioning of the dressing a few times to fi nd the right position and adap-
tation to the wound. These dressings are coated with silicone, a lipocolloid interface, or other 
active ingredients allowing non-traumatic adhesion. “Hydroabsorbent,” “irrigoabsorbant,” or 
“hydrobalance” dressings are closer to the category of foam dressings. They are used for 
debridement and sometimes also to obtain wound granulation.

Using Instructions
The dressing is supposed not to exceed the size of the wound by more than a few centimeters. 
Some can be cut to the right size and form, others have welded edges and the choice will 
depend on the size and location of the wound.

There are nonadhesive forms, which can be used even if the skin surrounding the wound 
has eczema, irritation, or maceration lesions. These nonadherent dressings are fi xed by a sec-
ondary dressing. The adhesive forms do not need to be fi xed. The pace of change depends on 
the amount of exudate, ranging from three to seven days.

Indications
Foam dressings preserve moisture and are indicated when the wound is already partially 
debrided, especially at granulation or epithelialization stages. They are used in leg ulcers and 
pressure sores, in graft donor sites and sutured surgical wounds. They are attractive in some 
cases: plantar ulcers, surgical wounds (ingrown nails), and so on.

Advantages
Foam dressings are comfortable dressings that do not disintegrate, do not leak, and do not 
release unpleasant odors. It is possible to take a shower with the adhesive forms. Dressing 
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changes are painless because the dressing never adheres to the wound. They have properties 
equivalent to those of HCs, but are more comfortable and there is a much greater variety 
adapted to both acute and chronic wounds.

Disadvantages
Their absorption capacity is insuffi cient for heavily exuding wounds and leads to maceration. 
Rare cases of allergy have been observed with adhesive forms. Irritation due to adhesives is 
possible if foam dressings are changed too often.

Foam dressings have been adopted by some surgeons in the postoperative care of donor 
site areas, due to the comfort (pain free when dressing is changed) and due to the high-absorption 
capacities. They are also used as PU foams to fi ll the cavities during negative pressure therapy, 
covered with fi lms.

Dressings Composed of Carboxymethyl Cellulose
Composition, Forms, and Presentation
 Currently there is only one dressing in this class of dressings, called hydrofi ber. It consists 
mostly (>50%) of nonwoven fi bers of HC (sodium CMC) and exists in the form of gauzes and 
ribbons. This dressing is transformed into a cohesive gel on contact with exudate.

Using Instructions
This dressing is very absorbent and is used almost as an alginate. The main difference is that it 
is not hemostatic. After cleaning the wound, the compress is applied, with or without overlap-
ping the surrounding skin. For deep undermined wounds, it is preferable to use ribbons. In all 
cases, the pad should be covered by a secondary dressing to fi x it or to absorb important exu-
date. The time between dressing changes will vary depending on the quantity of the exudate. 
It can be maintained between one and three days.

Indications
On the surface of the wound, the hydrofi bers interact immediately with the exudate to form a 
cohesive gel, creating a moist environment conducive to healing while controlling excessive 
exudate. Products such as alginates, belonging to this category, are used in the debridement 
and granulation of exuding wounds. Controlled studies in the treatment of pressure ulcers, 
burns, and leg ulcers were performed.

Advantages
This dressing is very absorbent and does not adhere to the wound and changes of dressings 
turn out to be less painful.

Disadvantages
They must be covered and fi xed by a secondary dressing but have no hemostatic capacity, a 
reason for which surgeons ignore the use of hydrofi bers.

Dressings Frequently Used by Surgeons
Alginates
Composition, Forms, and Presentation
These polymers are obtained from algae and are largely (>50%) composed of alginate. They 
have a signifi cant absorbing capacity. They form a gel when in contact with exudate, allowing 
them not to adhere to the wound. They are sometimes mixed with CMC at a variable percent-
age. Varying sizes and forms exist, adapting to different sizes and depths of wounds. They also 
have hemostatic properties.

Indications
Already used for hemorrhagic wounds, alginates found an additional indication for the treat-
ment of exuding wounds, mainly at the stage of debridement. Alginates are listed in the local 
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treatment of pressure ulcers (2), leg ulcers, and diabetic foot ulcers at the stage where the 
wounds are covered with yellow and humid fi brin. They are also used on graft donor sites, 
which are classical models of acute hemorrhagic wounds.

Using Instructions
A dry alginate is placed on the wound; it can overlap the extent of the wound without harm-
ing the surrounding skin. It must be covered and protected by a secondary dressing and 
fi xed with an elastic bandage, or adhesive fi lm. When the wound is not exudative, it is pos-
sible to soak the alginate with saline solution and cover it with a polyurethane fi lm to main-
tain a moist environment and prevent it from sticking to the wound. The renewal of the 
dressing is based on the abundance of the exudate: daily during the debridement phase or if 
the wound is infected, and every two to three days during the granulation process. Rinsing 
with saline solution or water may be helpful to eliminate the dressing. In the particular case 
of hemorrhagic wounds the dressing may be left in place for several days and “dry” on the 
wound. It drops usually after a week, without pain, in these superfi cial wound during re-
epithelialization.

Advantages
They have a very high absorbing capacity and are used in granulation and debridement phases, 
especially for heavily exuding wounds. They do not adhere to exudative wound and maintain 
the moist environment conducive to healing. It is possible to use them in infected wounds, but 
they should not be covered with occlusive dressings. Their hemostatic character is interesting 
for bleeding wounds (after cleansing) or in patients receiving anticoagulant or antiplatelet 
agents and whose wounds bleed easily.

Disadvantages
This type of dressings must be covered and fi xed with a secondary dressing. They can, if 
applied on dry wounds, adhere to the wound and must be moistened to be removed.

Calcium alginates are very popular among surgeons, as they present combined capacities 
of exudation management and hemostasis. During bleeding in patients after surgical debride-
ment, under anticoagulation, or in deep cavities after trauma on the face, alginates will help 
surgeons to control bleeding and exudation.

Interface or contact layer dressing
Composition, Forms, and Presentation
The primary dressings were grease gauzes impregnated also with antibiotics, antiseptics or 
steroids. They led to sensitization to components, to selection of resistant organisms and were 
perhaps responsible of some cytotoxicity for keratinocytes. The more recent interface are 
impregnated with neutral, hypoallergenic fatty substances (Vaseline or paraffi n). These syn-
thetic interfaces have a smaller mesh and do not adhere to the wound. Some are covered with 
silicone or associated with CMC to form an absorbent gel on the surface of the wound. The 
coating of the frame and the formation of a gel allow a low adhesion to the wound, reducing 
trauma and pain during dressing changes.

Using Instructions
They are applied directly to the wound and then covered with absorbent secondary dressings. 
They should be changed every one to two days regardless of the stage of the wound. “Compos-
ite dressings” include sometimes interfaces and a fi lm or an absorbent cover that allow to use 
them without secondary dressings.

Indications
They are used in low exuding wounds (abrasions, wounds of epidermolysis bullosa, burns, 
superfi cial wounds, or in the process of epithelialization). They are used during the phases of 
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granulation and epithelialization, especially in the fi nal phase of wound healing, or in very 
superfi cial wounds. Controlled studies on these products showed interesting results for both 
acute and chronic wounds (3) and situations where the skin is fragile (congenital epidermolysis 
bullosa and Lyell syndromes).

Disadvantages
The classic interfaces have a large mesh, and the granulation tissue might grow through it, put-
ting them at a risk of pulling the buds with bleeding and pain during dressing changes. Mod-
ern interfaces no longer present these problems.

Surgeons persist in using impregnated gauze, even if pain relief has been demonstrated 
as much better when using silicone-coated tulles. One of the possible reasons is that postopera-
tive dressing changes are often realized under general anesthesia, when pain relief is a second-
ary problem.

Adhesive, Semipermeable Sterile Film
Composition, Forms, and Presentation
These are mainly used as incision drapes in surgery or as dressings for maintaining central 
catheters or peripheral venous lines. They are also considered as support systems (secondary 
dressing) for nonadhesive dressings. They are also used for negative pressure therapy. They 
consist of a transparent membrane of PU coated on one side with a hypoallergenic adhesive. 
Varying sizes exist. Nonsterile forms also exist (not described here).

Using Instructions
They can be directly applied to the wound and fi xed on the surrounding skin that has been 
previously dried. They are used to fi x other dressings as well; they help provide occlusion and 
protection of the wound. They are used as secondary dressings for alginates, hydrogels, or 
hydrocellular or simple gauzes.

Indications
PU fi lms possess the properties of semipermeable membranes. Being permeable to oxygen and 
water vapor, they avoid maceration; being waterproof they retain moisture, and they prevent 
external bacterial contamination. They also provide physical protection against friction sores 
and dirt. Various studies have shown their usage as a primary dressing in minor burns, graft 
donor sites and superfi cial pressure sores.

Advantages
They adhere to healthy skin but not to the wound. These dressings maintain the required moist 
environment conducive to healing and prevent crust formation. As they are transparent, they 
allow visual inspection of the wound. They are fl exible and adaptable.

Disadvantages
These dressings are not absorbent at all. They are quite diffi cult to apply and require prior 
training.

Surgeons know the fi lm properties well as they are extensively used to maintain foams 
during negative pressure therapy.

Dressings Ignored by Surgeons
Hydrogels
Composition, Forms, and Presentation
The hydrogels contain predominantly water (>50%). The different forms that exist are transpar-
ent plaques, impregnated sheets of gauze, or amorphous, cohesive, translucent gel. They are 
intended to ensure wetting and moisturizing of wounds. 
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Using Instructions
The gel, which is the most used hydrogel for the treatment of wounds, is applied in a thick layer 
over the wound after cleansing. The addition of a secondary dressing like a thin HC or foam 
dressing, or a fi lm of PU is often necessary. The conventional gauzes are not recommended as 
they absorb hydrogel. The dressings are changed every two to three days. Impregnated gauzes 
are directly applied to the wound or in hollow wounds. The plaques are directly placed on 
irradiated areas and fi xed on healthy skin or maintained by elastic or tubular garments.

Indications
Hydrogels are used for debridement of little or non-exuding wounds. Randomized multicenter 
studies on hydrogels have been published in pressure ulcers, leg ulcers, graft donor sites, and 
burns. The hydrogel sheets have an excellent indication in the treatment of radiodermatitis 
(pain reduction, improved comfort and so on).

They hydrate wounds that are not exuding spontaneously, allowing a moist wound heal-
ing, and easing the debridement. They relieve pain in radiodermatitis.

Disadvantages
The hydrogels are not absorbent and promote maceration of the wound edges. The use of water 
paste on the surroundings of the wounds can overcome this disadvantage.

Contraindications
Exuding wounds should not be treated with hydrogels. The use of hydrogels should always be 
used a short time in addition to mechanical debridement. There is no need to use them through-
out the whole debridement phase. When the wound becomes exudative even if it is not com-
pletely debrided, other dressings must take over.

Surgeons rarely use hydrogels, as these dressings were designed for nurses to act as 
debriders. A surgeon will be more prone to surgically debride the wound.

Charcoal Dressings
Composition, Forms, and Presentation
These dressings contain activated charcoal associated to an absorbent support. They are avail-
able as sheets or pads. Some of these dressings contain silver, which controls bacterial growth 
in the wound or bandages.

The charcoal absorbs the degradation products released in situ, responsible for the pro-
duction of odor from wounds that are colonized or infected by anaerobic or Gram-negative 
bacteria (chronic wounds in the process of debridement and cancer wounds).

Using Instructions
These dressings can be applied either dry or sometimes moistened with saline solution. They 
must be covered with a secondary dressing.

Indications
They can be used as primary or secondary dressings for malodorous wounds; their use is very 
effective in chronic cancerous wounds, for example. As they are not occlusive, they can cover 
infected wounds.

Contraindications
There are no contraindications for their use. Tolerance is excellent.

Disadvantages
Sometimes they are diffi cult to adapt to the wound. Some criticize their high cost, especially 
when used in combination with other dressings.

Charcoal dressings are occasionally used by surgeons, who prefer to redebride when 
needed. These dressings are mostly used by nurses in palliative care.
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Other Dressings
Dressings for Infl ammatory Wounds
Infl ammatory wounds are wounds with signs of infl ammation (redness, warmth, pain, dis-
charge, and odor). They may be infected wounds (that need specifi c antibiotic therapy), wounds 
with superfi cial infection, or wounds with critical colonization.

Composition, Forms, and Presentation
The best known are the silver (Ag) dressings. Silver sulfadiazine (SAg) has existed since 1930 
(France) and is widely used in the treatment of burns. The silver dressings have recently 
appeared in the market for the treatment of acute and chronic wounds that are infl ammatory, 
with infectious risk of infection. With the increase of the colonization of wounds by germs that 
are resistant to antibiotics, the silver dressings were developed. There are also dressings con-
taining povidone or polyhexamethylene biguanide (PHMB).

SAg-impregnated interfaces or tulle (gauzes) are available. The association between 
SAg and cerium nitrate is used for the treatment of burns in specialized centers. The “new 
silver dressings” contain ionized, metallic, or nanocrystalline silver and are associated with 
variable support (hydrocellular dressings, alginates, hydrofi bers, absorbent dressings, inter-
faces and so on). Some meshes are impregnated with povidone iodine dressings and Anti 
Microbial Dressing (AMD) with PHMB.

Silver has a broad “antibacterial” spectrum. Depending on the product, the amount of 
silver that is released is more or less important, and the kinetics of release of the silver is dif-
ferent. The silver acquires an anti-infl ammatory action that decreases the activity of metallo-
proteinases present in wounds and delays the healing process. Silver ions are rapidly 
inactivated in the wound and chelated by chlorine. At this moment no resistance to silver ions 
was described. Increased silver blood levels were observed in patients using SAg chronically 
and in large quantities. These rates are to be monitored, especially in children and renal insuf-
fi cient patients. Among the antibacterial agents, povidone-iodine-I (PVP-I) is used in infected 
wounds for a short period (for surgery and in diabetic patients especially); it has a broad anti-
MRSA spectrum. Another more recently developed antimicrobial dressing is the PHMB. It 
reducesthe microbial load of wounds and is indicated for the prevention of infection,  especially 
in surgical sites.

Indications
These dressings are indicated especially in chronic wounds. Numerous other dressings con-
taining silver are currently available and reimbursed in the same way as the “generic” dress-
ings which serve as support. Many studies are going on for these products, which should 
generally be used only for a period limited to few weeks (4–7).

Advantages
The number of reported cases of contact dermatitis to SAg is very low and should not limit its 
prescription. The risk of generalized argyria is more theoretical than real. Some cases of methe-
moglobinemia were reported with the use of SAg combined with cerium nitrate on some exten-
sive burns. With SAg, transient and reversible leukopenia has been described in patients with 
burns over 15%, but these effects are exceptional. All other silver dressings are usually well 
tolerated. PVP-I dressings too are well tolerated and less allergenic than previously thought. 
The PHMB dressings are well tolerated, but further studies are needed to clarify their 
indication.

Disadvantages
With the use of products that contain high concentrations of Ag, wounds can develop a metallic 
gray color. It disappears a few weeks after stopping the treatment.

Surgeons will preferably use silver dressings delivering high doses of silver in post skin 
graft infections and infection prevention in burns. These dressings were described to locally 
treat the infection and promote spontaneous re-epithelizalization.
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Dressings Containing Hyaluronic Acid
Why Use Hyaluronic Acid
Fetal skin heals without giving out scars. The dermis is very rich in hyaluronic acid (HA) at this 
stage, but the rate decreases very rapidly thereafter; the skin does not regenerate but repairs 
itself by giving out a scar. Several experimental studies have suggested a biological effect of HA 
in wound healing.

Composition, Forms, and Presentation
There are several types of products containing HA that can be used in wound healing. Cream, 
tulle impregnated with HA, HC dressings combined with HA, and a tulle dressing containing 
HA and silver indications (8).

Surgeons know this class of dressings especially in burns surgery in Europe.

The Healing Boosting Dressings
Some dressings act as metalloproteinase inhibitors: some are used mainly in the debridement of 
chronic wounds; others are made from oxidized regenerated cellulose, and were the subject of two 
controlled randomized trials about leg ulcers (9) and in diabetic foot wounds. Another foam dress-
ing that is marketed contains Nano-Oligo Saccharide Factor (NOSF), showing significant efficacy 
in the treatment of hard-to-heal leg ulcers (10). It has recently been the subject of a randomized 
controlled double-blind clinical trial in the treatment of leg ulcers that confirms its efficacy.

Dressings Containing Active Drugs
There are no longer dressings containing topical corticosteroids. Topical corticosteroids are used 
for hypergranulating wounds and are usually covered with a bandage or Vaseline interface.

The first dressing incorporating ibuprofen in low concentrations has been the subject of 
studies on pain in leg ulcers. It is indicated in patients with pain between dressing changes and 
that have exuding wounds.

CONCLUSION
Dressings and biomaterials currently available for the wound dressings optimize the natural 
healing in a moist environment, and improve patient comfort and help the surgeons and care-
givers in the management and assessment of acute or chronic wounds (Table 18.1).

The number of dressings may seem important, but a better knowledge of these products 
is essential to improve the comfort of patients and caregivers. Compliance with good practices 
and their rational use in combination with the treatment of the wound should be cost-efficient 
(cost-effectiveness studies completed and in progress).

Surgeons may know some categories, but most of them are still ignored.

Hydrocolloids Algoplaque™ 
Askina™ Biofilm/  

Askina™  
hydro 

Comfeel™ Plus 
DuoDerm™ 
Hydrocoll™ 
Hydrosorb™ 
Suprasorb™H 
Ultec Pro™ 
Urgomed™ 
Tégaderm  

Hydrocolloid™

(continued)

Foam Dressings Allevyn™ 
Askina™ transorbent/ thinsite 
Biatain™ 
Cellosorb™ 
Combiderm™ 
Copa™ 
Hydroclean™ 
Lyofoam™ 
Mepilex™, Mepilex™Border 
Permafoam™ 
Suprasorb™ 
Tegaderm foam 
Tetracell™ 
Tielle™

Table 18.1 Examples of Dressings (List is Not Exhaustive)
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Abbreviations: PHMB, polyhexamethylene biguanide; PVP-I, povidone-iodine.

Alginates Algisite™ 
Algosteril™ 
Askina™ Sorb 
Coalgan™ 
Curasorb™ 
Melgisorb™ 
Seasorb™ 
Sorbalgon™ Plus 
Suprasorb™ A 
Urgosorb™

Hydrofi bers Aquacel™

Interfaces and 
contact layer 
dressings

Adaptic™ 
Askina Silnet™ 
Atrauman ™ 
Curity™ 
Cuticell™ 
Hydrotul™ 
Interface ™S 
Jelonet ™ 
Lomatuell™ 
Mépitel™ 
Physiotulle™ 
Tétratul™ 
Urgotul™

Vaseline gauzes Grassolind™ 
Tulle gras ™ 
Vaselitulle™

Polyurethane 
fi lms

Askina Derm™ 
Hydrofi lm™ 
Leukomed T™ 
Op Site™ 
Polyskin™ 
Suprasorb™F 
Tegaderm™ Film

Hydrogels (gel) Askina ™gel 
Curafi l™ 
Duoderm 

hydrogel™ 
Hydrosorb™ gel 
Hypergel™ 
Intrasite gel 

Aplipak™ 
Normlgel™/

Hypergel™ 
Nu Gel™ 
Purilon™ 
Suprasorb™ G 
Urgo™ hydrogel

Table 18.1 (continued) Examples of Dressings (List is Not Exhaustive)

Hydrogel 
( dressings)

Curafi l™ 
Intrasite™ conformable

Hydrogel (shits) Aquafl o™ 
Curagel™ 
Hydrosorb™ Comfort 
Nu gel 
Suprasorb™ G

Charcoal 
dressings

Actisorb™Plus 
Askina Carbosorb™ 
Carbofl ex™ 
Carbonet™ 
Mépilex™Ag 
Vliwactiv™

Silver dressings Alginate + Ag 
 Hydrocolloid + Ag 
Hydrocellular + Ag 
 Hydrofi ber +Ag 
Interface + Ag 
 Charcoal +Ag 
Other silver dressings

Acticoat™ 
absorbent 

Release Ag 
Suprasorb™ A + Ag 
Ialuset™ hydro 
Acticoat™ site 
Allevyn™Ag 
Biatain™ Ag 
Cellosorb™ Sag/Ag 
Mépilex™ Ag 
Aquacel™ Ag 
Acticoat™ fl ex 
Altreet™ Ag 
Atrauman™ Ag 
Urgotul S Ag™/

Urgotul Ag
Actisorb Plus Ag+™
Vliwactiv™ A 
Askina Calgitrol™ Ag

Antibacterial 
dressings

PHMB 
 
PVP-I

Kerlix AMD, Telfa 
AMD 

Suprasorb™ 
X-PHMB 

Hyaluronic acid 
dressings

Effi dia™ 
Ialuset™ 
Ialuset™ hydro

Booster 
dressings

Promogran™ 
Urgostart™

Other dressings Biatain™ Ibu
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