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Introduction

Today’s wound healing environment remains compromised 
by reimbursement disincentives, which are cost shifting 
more chronically ill patients to lesser skilled facilities, 

including the home. Less surgery is being offered as patients 
are found more catabolic and in less than optimal states for 
reconstructive options. On the other hand, there is greater 
awareness and knowledge of the factors that can positively 
impact healing potential.1 Marked technological strides in 
stimulatory growth factors and biologic skin substitutes have 
reduced cost and improved healing when used appropriately. 

Surgery, with the ultimate goal of hastened healing, pain 
reduction, durable repair, and less healthcare costs, is offered 
in those relatively few patients whose catabolic states have 
been reversed and whose wounds are of such size and clini-
cal magnitude they otherwise would not heal. Advanced 
wound caring now includes compassionate patient manage-
ment for those whose wounds will not heal.

It is prudent for the modern wound care specialist to 
appreciate more global views of chronic wound healing. 
The human ecosystem survives within a galaxy of overlying 
environments. 

World Orders: The Big Picture
Anabolic growth, catabolic aging, and disease-oriented 

decline are best described by the subcellular nanoenviron-
ment. Within the cellular environment, DNA transcribes 
RNA, and RNA translates cellular messengers and structur-
al proteins. These cellular messengers come in many shapes 

Objectives
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•  Justify the role of surgical wound 

repair in the spectrum of wound 
management

•  Differentiate the reconstructive 
options in surgical wound healing

•  Distinguish the difference be-
tween a skin graft and tissue flap.
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treating pressure ulcers. 
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European Pressure Ulcer Advisory Panel/
National Pressure Ulcer Advisory Panel and 
Pan Pacific Pressure Injury Advisory Panel - 
Treatment of pressure ulcers. In: Prevention 
and treatment of pressure ulcers: clinical 
practice guideline. 
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pressure-ulcers-clinical-practice-guideline?q=s
urgery+pressure+ulcers

http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD012032.pub2/full
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD012032.pub2/full
https://guideline.gov/summaries/summary/48866/treatment-of-pressure-ulcers-in-prevention-and-treatment-of-pressure-ulcers-clinical-practice-guideline?q=surgery+pressure+ulcers
https://guideline.gov/summaries/summary/48866/treatment-of-pressure-ulcers-in-prevention-and-treatment-of-pressure-ulcers-clinical-practice-guideline?q=surgery+pressure+ulcers
https://guideline.gov/summaries/summary/48866/treatment-of-pressure-ulcers-in-prevention-and-treatment-of-pressure-ulcers-clinical-practice-guideline?q=surgery+pressure+ulcers
https://guideline.gov/summaries/summary/48866/treatment-of-pressure-ulcers-in-prevention-and-treatment-of-pressure-ulcers-clinical-practice-guideline?q=surgery+pressure+ulcers
https://guideline.gov/summaries/summary/48866/treatment-of-pressure-ulcers-in-prevention-and-treatment-of-pressure-ulcers-clinical-practice-guideline?q=surgery+pressure+ulcers


280 CHRONIC WOUND CARE: The Essentials e-Book

21   Kane

and sizes. Growth factors, hormones, cytokines, 
interleukins, eicosanoids, and other chemical 
transmitters distribute instructions intra-, extra-, 
and intercellularly. 

The intercellular environment, or “microenvi-
ronment,” determines cell health. Without a bal-
ance of nutrients, oxidants, and antioxidants, each 
cell will not function optimally. Each cell has a 
particular form and function and works in con-
cert with other cells orchestrated by intercellular 
messengers. 

Those cells with similar function compose 
each “minienvironment.” These minienviron-
ments may include organs or, for the purposes 
of this discussion, chronic wounds. Each chronic 
wound has a different environment based on lo-
cation, pathologic entity, and comorbidities of the 
individual patient. A diabetic neuropathic ulcer 
has a different world of environments than a pres-
sure ulcer or nonhealing malignancy, yet they are 
all part of the human constellation. 

The “macroenvironment” includes the con-
stellation of organs in each unique patient. Aging 
and organ system decline appear to be regulated 
by intra- and intercellular messengers, as well as 
the harmony or disharmony of the external envi-
ronment, including social, financial, familial, and 
health opportunities. 

The pathophysiology of each wound and 
recognition of those significant comorbidities 
unique to each patient must be reversed in order 
to optimize healing. A domino effect of catabolic 
decline accelerates when wounds are not viewed 
globally. Only after this big picture of a chronic 
wound is appreciated will optimal outcomes and 
surgical management of the chronic wound be 
achieved. 

History 
Wound healing dates back to the caveman. The 

“gestures” inscribed into the Sumerian clay tablet 
of 2100 BC2,3 including incantations, charms, and 
potions had little direct effect on the healing of in-
juries. The Edwin Smith Papyrus in 1600 provides 
the first written documentation of wound heal-
ing. The ancient physicians of Egypt, Greece, India, 
and Europe provided debridement and cleansing, 
removal of foreign bodies, covering and protection, 
drainage, and wound closure to hasten healing and 
protect their patients from limb loss and loss of 

life.2 The first written documentation of wound 
care dates back to the Ebers Papyrus in 1534 BC 
where bleeding vessels were “burnt with fire.”2 

Wound healing evolved through centuries of 
caustic and gentle treatments often carried out on 
the battlefield of history’s famous field surgeons 
where amputation was reasoned to obviate gan-
grene and death.4

Wound healing, however, is mostly dependent 
on the body’s natural ability to heal itself. Boiling 
oil, hot cautery, and scalding water were aggres-
sive 14th century responses to injuries caused by 
gunpowder and bullets. Ambroise Paré espoused 
salves and gentle care in the 1500s. Metals, such 
as silver, were used in wounds during the 1800s. 
Not much has changed in 3,600 years; however, a 
better understanding of the wound healing pro-
cess, occlusive, moist environments, and surgical 
reconstruction has hastened the wound heal-
ing process to achieve the body’s first priority, a 
healed barrier from the outside environment. 

Surgical Versus Nonsurgical Wound 
Healing

Most wounds, given the opportunity, will heal 
by secondary intent or round wound healing. If 
the wound is greater than the size of a quarter (2.5 
cm in diameter) and/or is on a pressure-bearing 
site, the wound may heal secondarily, but without 
durable cover, it will eventually split, erode, bleed, 
or become infected endlessly. If the wound and 
the patient can tolerate it, surgical closure or lin-
ear wound healing is recommended.

When a wound is fully excised, a new acute 
wound has been created with removal of all in-
fected, senescent cells and tissues. Primary closure 
or approximation of wound edges uses under-
mining to create random adjacent flaps. Visu-
ally, the wound is closed linearly. Linear wound 
healing is hastened as the tissue components are 
placed in apposition at the repair site and only 
collagen needs to hold the wound together. Since 
it takes 6 weeks in the immunocompetent patient 
to achieve 60% tensile strength (Figure 1), splint-
ing and protection of the wound against stress are 
recommended for at least that period of time. 

The essence of modern day surgical recon-
struction is to carry prefabricated tissues into the 
prepared wound site for repair. This may include 
the plumbing (vessels), electrical conduits (nerves 
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for sensation and proprioception), fill, and dura-
ble cover. This may be as complex as a free tissue 
transfer (free flap), which may carry all layers of 
tissue, including tendons, muscle, fascia, and skin. 
For wounds of lesser clinical magnitude, surgical 
options range from simple to complex, providing 
the missing components according to the clinical 
stage of injury. This may include the foundation 
of the wound (bone, cartilage, muscle, or subcuta-
neous tissue), the walls (structure and scaffolding) 
of the wound, or its roof (skin). 

The Most Common Wounds
Each wound is created by a unique physi-

ologic event. Accurate diagnosis of the cause 
of the wound is essential in order to create the 
appropriate management plan. The wound spe-
cialist should seek the consultation of a plastic 
surgeon when he or she believes that a wound 
will not spontaneously heal given an optimized 
wound environment or the risk of such wound 
may complicate the patient’s life or limb. Surgi-
cal closure is called for when a more efficacious 
outcome is expected by a more intensive surgical 
approach. 

Pressure ulcers. Also called decubitus ulcers, 
bed sores, and pressure sores, these wounds occur 
when unrelieved pressure causes soft tissue necro-

sis between the underlying chair or bed surface 
and the overlying bony prominence. More than 
$1.3 billion in healthcare costs were spent treating 
an estimated 2.1 million pressure ulcers5 in 1990. 
Patients with central neurologic maladies, such as 
stroke or Parkinson’s disease, as well as peripheral 
nerve injuries, including such polyneuropathies 
as diabetes or spinal cord lesions (paraplegics and 
quadriplegics), have a high risk of immobility, and 
therefore, pressure ulcer formation is common. 

In addition to local pressure relief and con-
siderations for reconstruction, the total manage-
ment scheme includes nutrition, hydration, pain 
control, pressure-relieving or pressure-reducing 
surfaces, and a turning schedule that adequately 
maintains patient mobility and tissue perfusion. 

The outward signs of pressure ulcer formation 
are typically described as the “tip of the iceberg.” 
The redness, blistering, or small necrotic eschar 
first visualized on the outer skin overlying sacral, 
ischial, trochanter, scapular, posterior heel, elbow, 
and occipital ulcers are always smaller than the 
underlying cone-shaped zone of necrosis, which 
includes epidermis, dermis, subcutaneous fat, fas-
cia, and muscle. If the zone of necrosis due to 
unrelieved pressure is deep enough, it will par-
ticipate with the underlying periosteum, bone, 
and joint.

Figure 1.  Postoperative linear wound strength.
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Rapid coagulation necrosis with infection of 
soft tissue planes may occur. If this becomes a 
source of infection and sepsis, surgical debride-
ment and drainage of infected tissues are required. 
Topical and systemic antibiotics may be recom-
mended. Local care is indicated and if consistent 
with the patient’s overall plan of care may include 
staged debridement of necrotic tissue until such 
time that the wound has progressed through the 
inflammatory stages of wound healing and has 
achieved a clean granulation base free of infec-
tion, which hastens the realization of wound 
healing goals. 

Both surgical and nonsurgical options should 
be considered to achieve closure of a wound. Oc-
casionally, given the appropriate environment, 
wounds go on to complete healing by secondary 
intent. Surgical alternatives are considered when 
reconstruction will hasten the healing process, 
provide greater pain reduction, and/or reduce 
costs. The risk/benefit ratio must be clearly dis-
cussed with the patient and family. 

Flap reconstruction provides well vascularized 
composite tissue resurfacing, lending greater du-
rability to sites with bony prominences. Many 
patients are not appropriate candidates for such 
surgical options (eg, patients with multiorgan 
failure causing malnutrition, immobility, and 
multiple pressure ulcers). For these individuals, 
the secondary goals of wound care, which are to 
promote a stable, chronic, aseptic wound, com-
fort measures, and reduced pain, are essential. 
Appropriate candidates for flap reconstruction 
may require interim periods of rehabilitation, 
including activities of daily living (ADLs), in 
order to regain nutrition, strength, range of mo-
tion, and mobility. During this time, the wounds 
are stabilized after debridement and drainage of 
infection. Once optimized, these patients with 
better prognostic outcomes would undergo 
excision of the ulcer, including the underly-
ing bone, to create an acute noninfected, round 
wound. The patients would then immediately 
undergo myofasciocutaneous flap reconstruc-
tion, filling the defect and closing the donor 
site in a linear fashion. Six weeks following flap 
reconstruction when surgical wound strength is 
reasonable, these patients may continue their re-
habilitation to optimize function. 

Patients who have the highest pressure ulcer 

acuity include people with diabetes, incontinence, 
or sacral pressure ulcers. These patients frequently 
become septic, necessitating broad-spectrum an-
tibiotic coverage for the multibacterial flora at the 
time of debridement. Should fecal incontinence 
continue, a diverting colostomy or newer inter-
nal or external collection devices/options should 
be considered in order to reduce chronic, septic 
recurrences whether or not flap reconstruction 
is offered. 

Many well vascularized and durable flaps are 
available based on the axial circulation of the re-
gion. Gluteal myocutaneous and gluteal fasciocu-
taneous flaps are used in the sacral region. Ten-
sor fascia lata fasciocutaneous flaps reconstruct 
hip ulcers. Biceps femoris myocutaneous flaps 
fill ischial sores. Latissimus dorsi myocutaneous 
and lumbar fasciocutaneous flaps cover scapula 
wounds. 

Posterior heel wounds are often the most dif-
ficult pressure ulcers to heal due to the end arte-
rial blood supply based on the peroneal vessels 
laterally and the posterior tibial vessels medially 
of the foot, especially in the arterially insufficient 
patient. Once the dermal blood supply has been 
interrupted by full-thickness necrosis, no collat-
eral circulation is available, and healing by sec-
ondary intent frequently fails. Debriding these 
types of wounds may lead to wet gangrene due to 
distal peripheral vascular disease. In these cases, it 
is recommended the clinician lift the heel off all 
hard surfaces using a splint or pillow under the 
calf. The wound also should be desiccated with 
an antiseptic, such as povidone iodine. Many pa-
tients with posterior heel dry gangrene will sub-
sequently lose their limbs to wet gangrene if not 
monitored often. A stable, chronic, dry wound 
may be the best option for many of these patients. 
The use of a splint itself also may cause a pressure 
or traumatic injury; the surfaces in contact with 
the skin should be watched carefully for any signs 
of pressure or erosion. 

Most pressure ulcers occur on the sacrum 
while the patient is in a lying or partially upright 
position. Pressure ulcers of the trochanter occur 
while the patient is in a side-lying position. Pres-
sure ulcers of the ischium occur while the patient 
is in a sitting position. Depending on immobility, 
contractures, and neurologic incompetence (in-
cluding spasticity), other sites of pressure ulcers 
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and necrosis include the occiput, scapulae, elbows, 
knees, ankles, iliac crest, and buttocks. 

Those patients with some of the poorest out-
comes for healing and greatest morbidity are pro-
tein and/or calorie malnourished. Patients with 
albumin levels less than 2.5 mg/dL carry a mor-
bidity 4 times greater than normal and a mortal-
ity 6 times greater.6 Recommendations are made 
to postpone reconstruction while protein, vita-
min, and mineral stores are replenished. 

Lower-extremity ulcers. Lower-extremity 
ulcers include arterial, venous, diabetic, vasculitic, 
skin-malignant, and other chronic wounds. Many 
pathophysiologic and comorbid processes occur 
together, so accurate diagnosis remains the initial 
step in appropriate wound management. 

Arterial ulcers. Arterial ulcers develop from in-
adequate arterial perfusion to the lower extremity. 
These ulcers may compound pressure ulcers and 
diabetic neuropathic ulcers. They may also ex-
acerbate venous ulcers and traumatic wounds. If 
isolated, arterial ulcers typically present with gan-
grene or necrosis of the most distal aspects of the 
leg and foot. The wounds themselves appear to be 
round and punched out from lack of end arterial 
perfusion. Many patients experience claudica-
tion or ischemic pain during their presentation. 
Increased rubor or erythema of the extremity is 
noted as collateral circulation occurs at the sub-
dermal level.

If a lack of circulation is palpated or deter-
mined by Doppler, noninvasive testing, such as 
arterial pulse volume recordings, is indicated to 
identify the level of arterial occlusion. This testing 
may lead to arteriogram and subsequent angio-
plasty or revascularization. A treatment plan must 
be coordinated between the vascular surgeon and 
the reconstructive surgeon. If infection is pres-
ent, debridement to reduce the septic burden 
is necessary, while improved perfusion is ren-
dered. Once increased blood supply is provided 
and the wound is free of infection with healthy 
and clean granulation tissue, reconstructive op-
tions can be offered. Split-thickness skin grafts, 
full-thickness skin grafts, and flap reconstructions 
may be considered. While revascularization is 
often short lived, healing the wound during the 
interval of good perfusion may avert limb loss. If 
unable to be revascularized, these patients are best 
off undergoing amputation prior to unrelieved 

ischemic pain. This reduces the likelihood of the 
phantom limb pain syndrome, which could nega-
tively impact their lives on a daily basis.

Venous ulcers. Venous insufficiency is seen in a 
large proportion of the ambulatory population. 
Venous drainage of the lower-extremity returns 
to the heart through deep and superficial veins 
that are connected by veins perforating the deep 
fascial layer. These perforating veins have valves 
that drain blood from the superficial to the deep 
venous system but not vice versa, unless they be-
come incompetent from phlebitic obstruction in 
the deep venous system. Pelvic masses and obe-
sity may worsen deep venous obstruction, causing 
chronic swelling and lymphedema. 

The majority of venous insufficiency ulcers 
maintain epithelial islands within the irregular 
distal leg wounds, and when properly managed, 
these islands will re-epithelize without surgical 
intervention. On occasion, split-thickness skin 
grafts are necessary. These grafts may be per-
formed as outpatient procedures as long as the 
patient has adequate home support to maintain 
leg elevation and minimize ambulation during 
the 3 to 6 weeks of skin graft healing. 

Split-thickness skin grafts are typically harvest-
ed from the lateral thigh, although other donor 
sites are available. Current techniques allow for 
expansion of these grafts prior to placing them on 
the noninfected, well granulated wound bed. Five 
to 7 days of compression are necessary, and most 
patients are maintained on prophylactic antibiot-
ics while the dressings are in place. Seven days of 
healing provide minimal, if any, collagen anchor-
ing of the skin grafts to their beds, and immediate 
ambulation after initial take of the skin grafts will 
lead to skin graft loss. These patients require com-
pression and elevation for 3 to 6 weeks, depend-
ing on their level of activity following venous 
stasis ulcer skin grafting. 

Diabetic neurotropic ulcers. Diabetic wounds are 
multifactorial in origin. Patients with long-term 
diabetes develop polyneuropathy creating mo-
tor, sensory, and proprioceptive abnormalities. 
Skin surfaces become insensate, and foot clawing 
creates abnormal joint positions, placing greater 
pressure over bones and joints previously unac-
customed to such stresses. Combined with vas-
cular disease and immunosuppression, patients 
with diabetes have a higher incidence of pressure 
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ulcers, traumatic injury, and infected progressive 
wounds than the normal population. 

Neurotropic infections in people with dia-
betes commonly take longer to heal due to the 
delayed introduction of macrophages as well as 
diminished leukocyte migration, which prolongs 
the inflammatory phase. This process allows for 
progressive bacterial invasion and results in longer 
hospital stays. Once infection and osteomyelitis 
or pyarthrosis are controlled, reconstruction is de-
pendent on wound location. For weight-bearing 
surfaces, durable tissue in the form of flaps is rec-
ommended. Nonweight-bearing surfaces may be 
allowed to heal by secondary intent or, depending 
on their size, grafted with split- or full-thickness 
skin. 

With the majority of diabetic wounds origi-
nating within the toe web spaces or plantar meta-
tarsal phalangeal joint prominences, amputations 
should be limited and used only for extensive 
soft-tissue injury in the face of systemic sepsis. In 
these cases, patience is a virtue. Saving a patient’s 
limb will protect the patient’s function as well as 
prevent stress on the remaining leg, plantar sur-
faces, posterior heels, and pressure areas during 
ambulation, sitting, and lying. While amputation 
may be a quicker opportunity for wound healing, 
it also accelerates the deterioration of functional 
outcomes for these patients. The incidence of 
pressure ulcers from greater instability and immo-
bility leads to sepsis and early death. Transmeta-
tarsal, Ray, Syme, below-knee, or above-knee 
amputations should be the last resort. 

Skin cancers. Nonhealing, bleeding wounds, 
whether heaped with granulation tissue, pig-
mented, or punched out and exuding, must be 
suspected as possible skin cancers, particularly 
those noted on sun-exposed body surfaces. These 
lesions should be biopsied for definitive diagnosis 
and, depending on the pathologic result, widely 
excised and reconstructed. 

Basal cell. Basal cell cancers are less aggressive 
and rarely metastatic. Large basal cell cancers can 
become quite deforming and can invade the un-
derlying bone. Options include wide excision 
with skin grafting or random flaps. Full-thickness 
skin grafts and adjacent-tissue, random-flap re-
construction provide the best color and texture 
match when considering the exposed areas of 
the face, neck, and hands. Other options include 

Mohs micrographic surgery with similar recon-
structive options or radiation therapy. 

Squamous cell. Squamous cell cancers tend to 
be more ulcerating and may be highly metastatic. 
Chronic pressure ulcers and burn scars of pro-
longed duration have been known to degenerate 
into squamous cell carcinomas (Marjolin’s ulcer). 
They necessitate wide excision with wound clo-
sure. Again, if on the face, reconstructing the ana-
tomic defect with skin matched for color, texture, 
and quality will provide the greatest aesthetic 
appearance. If these wounds appear on pressure-
bearing areas, a durable myofasciocutaneous flap 
is indicated. Regional lymph node dissection may 
be necessary to assess for metastatic disease. 

Melanomas. Melanomas are the most fatal 
types of skin cancer. If extensive, they may ap-
pear as pigmented or nonpigmented, ulcerated, 
necrotic lesions on any body surface. Incisional 
or excisional full-thickness (not shave) biopsies 
are necessary for diagnosis. Depending on tissue 
depth, prognosis and treatment management op-
tions should be discussed with the patient/family. 
Distal extremity lesions with possible cure often 
require Ray amputation or partial-limb amputa-
tion. Surgical and medical oncology recommen-
dations are requested for this uniquely individual 
problem. 

Surgical wounds. Postoperative surgical 
wounds will usually heal when placed in tradi-
tional midline or well-vascularized sites. Many 
wounds are complicated by infection, tobacco 
use, diabetes, and other circulatory-limiting prob-
lems. Initially, epidermolysis and erythema may 
be noted. As wound healing deteriorates, full-
thickness necrosis, serous drainage, infected exu-
date, and ultimately wound dehiscence, occur. 

Consideration to optimize healing should be 
given to reduce tension across the surgical site 
and to improve perfusion, nutrition, and free 
radical destruction. Hydration, vitamins, protein 
and caloric repletion, as well as nonsteroidal anti-
inflammatory drugs should all be considered. 

Early intervention, such as revision of the 
wound closure back to bleeding edges of the 
nonhealing surgical incision, may prevent wound 
dehiscence. Debridement and local care that al-
low for healing of the wound by secondary intent 
or by other approaches ascending the reconstruc-
tive ladder should be entertained (Table 1). 
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Surgical Reconstructive Options
Split-thickness skin grafts. When large su-

perficial injuries occur, a split-thickness skin graft 
is indicated to resurface the wound. Healing is 
rapid and stable, providing the defect with epithe-
lial and partial dermal components. As with all re-
constructive options, a donor site wound remains, 
as does the defect site. Split-thickness skin grafts 
leave behind epithelial cells in the dermal adnexal 
appendages, such as sweat glands and hair follicles, 
to repopulate the donor surface. If the donor site 
is void of such adnexal appendages as is seen in 
elderly patients with no hair-bearing thigh skin, 
a secondary chronic wound at the donor site can 
be expected. In such a case, consideration should 
be made for full-thickness skin grafting or ex-
panded meshed split-thickness skin grafting to 
both the defect and the donor site. 

Skin graft take is a process by which the har-
vested paper-thin layer of skin now devoid of cir-
culation becomes attached and viable to the de-
fect site. Plasmatic imbibition and a transfer of cell 
fluids, nutrients, and toxins occur during the first 
3 days. Inosculation, a process whereby the cut 
capillary edges of the skin graft match up with 
those of the recipient site, begins the process of 
revascularization. Initially, arterioles attach, caus-
ing congestion of the split-thickness skin graft. 
Greater tissue weight is noted as well as cyanosis 
and swelling. When the venules have approximat-
ed and tissue decongestion occurs, the skin graft 
turns pale pink and becomes viable. 

It takes up to 3 weeks of collagen formation 

to develop 30% tensile strength and up to 6 
months for 90% tensile strength (Figure 1). Clini-
cally, those skin grafts that have initially taken 
but subsequently failed may have occurred due 
to the misconception that a taken skin graft is 
fully healed. Should the patient be remobilized, 
remember the graft is not fully durable until scar 
or collagen anchoring of the skin graft has oc-
curred (3–6 weeks).

Full-thickness skin grafts. A full-thickness 
skin graft includes the epidermis and full-thick-
ness dermis. On occasion, composite grafts also 
include underlying fat or fascia. These grafts re-
place a total skin deficit as might occur with a 
skin cancer excision on the nose. Full-thickness 
skin grafts will contract less and blend better due 
to equal texture and color if donated from sur-
rounding redundant tissues. Due to their extra 
thickness and perfusion needs, full-thickness skin 
grafts need longer immobilization in order to 
take. On occasion, epidermolysis may occur due 
to delayed perfusion of the epidermal layer. Re-
epithelization will occur because of the adnexal 
appendages left in the full-thickness skin grafts. 

Random flaps. Adjacent tissue reconstruction 
is the next level in wound construction complex-
ity. Flaps based on the random circulation of the 
subdermal capillary plexus under the skin allow 
for undermining and advancement or flap cre-
ation and rotation of the skin and subcutaneous 
tissues (Figure 2).

Random flaps are useful in any portion of 
the body from the scalp to the toes where re-
dundancy of tissue in 1 direction will allow for 
linear closure of the donor site and advancement 
or rotation of tissues to fill the defect. Due to the 
random nature of the circulation, areas of greater 
vascularity, such as the face and neck, will al-
low for more disproportionate length and width 
dimensions of the flap. Generally on the trunk 
and lower extremities, length of the flap and base 
width must be equal in order to achieve circula-
tion to the tip of the random flap.7–9

Axial flaps. More complex on the reconstruc-
tive ladder is the axial flap (Figure 3). When larger 
or deeper defects, such as Stage IV, V (injury in-
cluding bone), and VI (open joints) wounds oc-
cur, thicker, better vascularized, and more du-
rable flaps will be necessary (Plates 25–27, Page 
347). Transferring a tongue of tissue based on its 

Table 1. The reconstructive ladder of surgical 
wound healing options4

Free tissue transfer flap 

Myofasciocutaneous flap 

Random flap 

Skin graft (split and full thickness) 

Wound approximation (primary and secondary)

Based on the technical complexity and clinical 
staging of the wound, surgeons must consider the 
fastest, most cost-effective, durable, least painful, 
most functional, and best aesthetic reconstructive 
option appropriate for the patient’s needs.
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own blood supply yet leashed to its origin is the 
concept of transferring skin, subcutaneous tissue, 
fascia, muscle, and bone as a flap. These myofas-
ciocutaneous flaps are useful in reconstruction 
of oral, face, and neck cancers and traumatic ex-
tremity injuries. The rectus abdominus myocuta-
neous flap is a well-recognized breast reconstruc-
tion following mastectomy. 

Free tissue transfer flaps. State-of-the-art 
techniques, including microrevascularization, 
have allowed for composite tissues to be trans-
ferred from a body area, such as the face or back, 
to the defect site. Supple, well vascularized fascia 
or muscle tissue may be transferred as a free flap 
to defects in the leg, which would have otherwise 
progressed to limb loss (Figure 3). These free tis-
sue transfers are more technically challenging but 
are now the basis for complex oral and maxil-
lofacial reconstructions from cancer. Traumatic 
reconstructions of the legs and dynamic recon-
structions for patients with nerve injuries or hand 
dysfunctions are other examples of the use of free 
tissue transfers. 

Postoperative Surgical Care
Common sense should be the guide regarding 

postoperative wound care. Understanding the con-
cepts of the wound healing curve will provide the 
basis of wound healing dynamics and appropriately 
timed therapeutic intervention (Figure 4).9

While skin graft take is occurring, immobili-

zation of the wound site is mandatory to allow 
for adherence and neovascularization. Disruption 
of the partial- or full-thickness skin graft due to 
sliding or direct pressure forces will cause separa-
tion of the graft from its vascularized bed with 
seroma, hematoma, fibrin, or purulent secondary 
effects. Immobilization with the use of splinting, 
restricted motion, and at times pinning or ex-
ternal fixation across joints may be necessary. A 
sterilized wound bed and antibiotics should be 
maintained to reduce skin graft loss due to infec-
tion. Assessment should be made at first dressing 
removal (5–7 days), and topical dressings should 
be applied according to wound-dressing match-
ing schemes. 

Considering the need for collagen anchoring 
of the skin graft to its bed, 3–6 weeks of protected 
care may be necessary until the tensile strength 
between the skin graft and its bed will prevent 
further disruption. Lower-extremity surgery will 
necessitate longer immobility and greater protec-
tion using firm compressive dressings and con-
tinuous elevation of the site. Other skin-grafted 
wounds closer to and including the head region 
will require less immobility and are usually al-
ready elevated. 

Random adjacent tissue transfers and all flaps 
require elevation, pressure relief, immobilization, 
and reduction of shearing forces. These round 
wounds have been reconstructed in linear fash-
ion. While these flaps are vascularized, they also 

Figure 2. Random pattern skin flap.
Reprinted with permission from Grabb WC, Smith JW. Plastic Surgery. 3rd ed. Little, Brown and Company; 1979:39.
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Figure 4. The wound healing curve noting acceleration (left shift) of the wound healing 
process and deceleration (right shift). 

Figure 3.  Axial pattern skin flaps. 
Reprinted with permission from Grabb WC, Smith JW. Plastic Surgery. 3rd ed. Little, Brown and Company; 1979:39.
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develop neovascularization from their wound 
bed and wound edges. Any disruption between 
the overlying flap and underlying wound bed will 
cause similar wound healing problems including 
seroma, hematoma, fibrin separation, and puru-
lent consequences, endangering the flaps viabil-
ity. While linear wound healing is certainly faster 
than round wound healing, the incision line 
should be protected from infection, incontinence 
of urine and stool, and tension. Suture selection 
is imperative to provide the appropriate time for 
collagen deposition and remodeling of the scar to 
reduce wound dehiscence. The weakest point in 
time of the incision is when the suture strength 
is weakest (2–3 weeks) and at the beginning of 
collagen production (2 weeks) (Figure 1). Ex-
ternal suture or staple removal timing is depen-
dent on the wound site. Pressure bearing areas 
and sites of dependency, such as pressure ulcer 
flap reconstructions or lower-extremity wound 
flap reconstructions, necessitate at least 6 weeks 
of wound approximation to approximate 60% 
tensile strength before attempting to stress the 
incision line. Three weeks, approximating 30% 
tensile strength of suture or staple reinforcement, 
is provided for major trunk and upper extremity 
flap reconstructions (Figure 1). When consider-
ation is made regarding the aesthetic appearance 
of the scar in the less stressed regions of the face 
and neck or in smaller reconstructive sites, sutures 
may be removed at 5–7 days when layered dermal 
closure has also been performed. In addition, the 
current use of skin glue to retain skin approxima-
tion without the use of staples and sutures will 
maintain strength across the incision line for an 
extra 2–3 weeks.

These grafts or flaps may be rescued by direct-
ing medical or surgical attention to the adverse 
problem if wound disruption, infection, underly-
ing collection of fluids, or vascular compromise 
occurs during the early wound healing phases. 

Postoperative Graft and Flap 
Assessment

Assessment for reconstructive wound healing 
failure is timed according to the risk of its oc-
currence as well as the magnitude of the problem 
that such a complication might create. If the mag-
nitude of the deformity or the risk of secondary 
deformity is great, such as loss of a free, latissimus, 

or rectus abdominus myofasciocutaneous flap, as-
sessment may be necessary in the intensive care 
unit every hour using visibility as a guide or more 
refined technology, such as Doppler flow meters, 
laser Doppler flow meters, transcutaneous pO

2 

sensors, temperature probes, and others. Small 
flaps and skin grafts may need reevaluation at 5 
days when sutures are to be removed and then 
daily or weekly depending on the magnitude of 
the secondary defect. 

Flap and Skin Graft Failure
Even with valiant attempts for wound closure, 

underlying problems may cause flap or skin graft 
failure. Flap or skin graft failure proceeds through a 
series of events that, if caught early enough, may be 
reversed. The cardinal signs of flap failure include: 

• Swelling (hyperpermeability) 
• Erythema (hyperemia) 
• Cyanosis (venous congestion)
• Epidermolysis (partial-thickness necrosis) 
•  Demarcation necrosis (full-thickness necrosis)
•  Wound separation (loss of vascularity, fibrin/

collagen attachments).
With flap failure, the cardinal signs of infection 

may become superimposed on the cardinal signs of 
flap failure. These include: 

• Rubor (redness)
• Calor (warmth) 
• Dolor (pain) 
• Tumor (induration).
•  Functio laesa (organ dysfunction), 

ie, Vichow’s pentad as seen in flap failure.
These may then become more complicated by 

progressive infection: contamination, coloniza-
tion, cellulitis, and sepsis. 

Flap rescue. The rescue of failing flaps is de-
pendent on the critical observation and manage-
ment plan to reverse the physical and physiologic 
cause of the causative event (Table 2). 

The “essential cannons of wound healing” in-
clude adequate circulation and a robust anabolic 
immune system. 

Immunocompromise occurs with inadequate 
calories and protein, minerals, anti-oxidants, and 
vitamins to maintain hemostasis, debridement, 
and structural and repair functions of wound 
healing. Nutrition is absolutely essential to the 
reversal of catabolic effects, immunosuppression, 
morbidity, and mortality.10 The added energy re-
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quirements and mechanical and physiologic stress 
will strain the success of a wound reconstruction, 
including flaps and grafts. Reassessment of all 
wound healing parameters is necessary when a 
failing flap or skin graft is found. 

Volume expansion and increased cardiac out-
put will assist in arterial perfusion of the flap and 
wound. When a kinked arterial and venous blood 
supply is considered, “take-down” of the flap for 
re-evaluation and untwisting of the pedicle or re-
anastamosis of the microvascular approximation 

are necessary. Lidocaine without epinephrine 
may reverse arterial vasospasm. Nitroglycerin as 
an intravenous infusion, sublingual tablet, paste, or 
transdermal patch may reduce venous congestion. 
Today, medicinal leaches that secrete hirudin, an 
antithrombin anticoagulant, as they ingest pooled 
venous blood are used. Pain control is recom-
mended to reduce the elevated epinephrine levels 
associated with surgical and ischemic discomfort. 

The inflammatory and coagulability cascades 
have been described in Chapters 8 and 12 and 

Table 2. Rescue of failing surgical flaps

Physiologic conditions of graft/flap failure Graft/flap rescue

Reduced or lack of perfusion

Inadequate hydration
IV hydration
    volume expansion: lactated ringers, whole blood 

transfusion

Vasospasm Vasodilatation
    lidocaine 1% topical to blood vessels

arterial
    sublingual calcium channel blocker, L-arginine; 

sympathetic blockage: epidural anesthesia; antihis-
tamines: cimetidine, ranitadine, others

venous    topical/sublingual nitroglycerin

pain (catecholamine release)     pain control: analgesics, steroids

Inflammatory edema Membrane stability: IV or oral steroids, NSAIDs

Hypercoagulability

Platelet aggregation and degranulation Platelet deaggregation: ASA 84mg/day 
(⇑prostacyclin, ⇑thromboxane)

Venous obstruction Leeches (local anticoagulation) 

Hyperperfusion injury, due to free radical 
formation and xidants

Antioxidants; free radical scavengers: melatonin, super 
oxide dismutase, glutathione, others

Hypo-oxygenation Stop all nicotine products, nasal oxygen, hyperbaric 
oxygen, topical oxygen

Infection Anti-infectants
   antibiotics, antifungals, antivirals

Physical causes of graft/flap failure Graft/flap rescue

Twist or tension of vascular pedicle Release or untwist flap pedicle; release extension 
(ie, flexion across the surgical site)

Swelling of flap or surrounding tissues Reduce tension: release sutures, elevate body site



290 CHRONIC WOUND CARE: The Essentials e-Book

21   Kane

other chapters of this textbook. Aspirin and other 
nonsteroidal, anti-inflammatory medications are 
useful in reducing the vasospastic, fibrin-clotting 
actions associated with the complement, arachi-
donic, and other inflammatory cascades at the 
risk of excess bleeding. Cell membrane stability 
and reduction in edema are also assisted with the 
use of intravenous or oral steroids. Simply elevat-
ing the extremity may reduce edema and venous 
congestion. Antioxidants, such as vitamins A, C, 
and E as well as alpha-lipoic acid, are useful in 
neutralizing the membrane, protein, and nucleic 
acid injuries attributed to free radical formation. 

Oxygenation is necessary as an anti-infective 
and for cell metabolism. Nasal oxygen, topical 
oxygen, and hyperbaric oxygen have all found 
their niche in reversing the failing flap.

Should infection be the source of skin graft 
or flap failure, irrigation and drainage to reduce 
bioburden may revive the graft or flap. Secondary 
bacterial infections may occur following viral or 
fungal colonization. Antiviral and antifungal medi-
cations will need to be considered in addition to 
topical antiseptics and oral/intravenous antibiotics.

A combined rescue approach must be con-
sidered early and aggressively. Once permanent 
injury has occurred, the flap or graft is dead, and 
chronic wound healing pathways persist. 

Summary
A greater global appreciation of wound healing 

is necessary, including overlapping environments 
kept in anabolic repair by chemical transmitters, 
(eg, hormones, cytokines, growth factors, and oth-
ers) in order to achieve a durable, healed wound. 
Current goals for wound care include the reversal 
of wound progression in order to save limb and 
life. Thereafter, healing, function, and aesthetics 
are desired outcomes. Many present-day patients 
with chronic, debilitating, neurologic maladies, 
malnutrition, and immobility may never heal a 
chronic wound nor are they suitable candidates 
for reconstruction. For these patients, compas-
sionate, local management and dignified, holistic 
care are reasonable alternatives that should be 
provided. Surgical reconstructive options should 
be considered for selected patients whose length 
of healing would be extraordinarily long (months 
or years) and whose health status is appropriate 
for rapid healing.

Self-Assessment Questions
1.  The cardinal signs of inflammation include all 

of the following EXCEPT:
A. Rubor (redness)
B. Calor (warmth)
C. Pallor (ischemia)
D. Tumor (induration)

2. The cardinal signs of flap failure include:
A.  Swelling, erythema, cyanosis, epidermol-

ysis, necrosis, dehiscence
B.  Hemostasis, inflammation, proliferation, 

remodeling
C.  Imbibition, inoculation, neovasculariza-

tion
D. All of the above

3.  Reconstructive options for wounds include all 
of the following EXCEPT:

A. Amputation 
B. Split- and full-thickness skin grafts
C. Random and axial flaps
D.  Vascularized flaps of skin, fat, muscle, and 

bone

4.  Which of the following comorbidities would 
be LEAST likely to delay wound healing?

A. Diabetes
B. Peripheral vascular disease
C. Venous insufficiency
D. Osteoarthritis

Answers: 1-C, 2-A, 3-A, 4-D

Take-Home Messages for Practice
•  Surgical alternatives from simple to complex are 

considered when reconstruction will hasten the 
healing process, provide greater pain reduction, 
and/or reduce costs.

•  Adequate nutrition and vascular competence 
are essential to wound healing.

•  Reversal of catabolism (immobility, anti-
inflammatory medications, anti-infectives) is as 
critical as anabolic stimulation (nutrition, topical 
wound care, growth factors) in wound healing.

•  Compassionate care is acceptable in those 
patients whose wounds will not heal.
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