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Wound Healing Update
Laurel M. Morton, MD, and Tania J. Phillips, MD

The management of acute and chronic wounds has drastically changed within the past 20
years. This update focuses on the most recent recommendations for acute wound care as
well as new technologies that are available for chronic wounds.
Semin Cutan Med Surg 31:33-37 © 2012 Elsevier Inc. All rights reserved.
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Acute Wound Healing
Topical Antibiotics
Superficial acute wounds from dermatologic procedures
were traditionally treated with topical antibiotics1,2 based on
early studies reporting that prophylactic topical antibiotics
resulted in decreased infection rates and improved healing.3,4

Current practices also emphasize the importance of a moist
wound environment in accelerating healing.5 The fact that
many antibiotic ointments create such an environment pro-
motes their use. However, a 1996 randomized control trial
evaluating 922 patients with 1249 wounds treated with ei-
ther white petrolatum or bacitracin found that 1.5% of pa-
tients in the white petrolatum group developed infections
compared with 0.09% in the bacitracin group (P � 0.37),
and researchers concluded that topical antibiotics are unnec-
essary for uncomplicated skin wounds.6 Similarly, Campbell
t al reported that in 144 auricular Mohs micrographic sur-
ery wounds, there was no difference in the incidence of
uppurative chondritis in patients treated with topical genta-
icin versus white petrolatum.7 Furthermore, there was no

difference in healing or infection of shave biopsy sites when
comparing Aquaphor Healing Ointment (Beiersdorf, Inc,
Wilton, CT) with Polysporin (Poly/Bac, Johnson & Johnson,
New Brunswick, NJ).8

Frequent use of topical antibiotics can cause problems.
First, the development of resistant organisms is increasing,
and there are few new antibiotics to combat this problem.1
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Exposure to mupirocin is a risk factor for developing methi-
cillin-resistant Staphylococcus aureus resistance to this antibi-
otic.9 In 1 study of 4980 methicillin-resistant Staphylococcus
ureus strains, high-level mupirocin resistance increased
rom 1.6% to 7.0% between 1995-1999 and 2000-2004.10

Second, antibiotic ointment can cause allergic contact der-
matitis. Smack et al reported that 4 of 444 patients treated
postprocedurally with bacitracin developed allergic contact
dermatitis versus no cases in 440 patients treated with white
petrolatum.6 The prevalence of allergic contact dermatitis to
opical antimicrobials is unknown in the general population.
owever, the sensitivity to neomycin and bacitracin ranges

rom 7.2% to 13.1% and 1.5% to 9.1%, respectively, in pa-
ients presenting for patch testing.11 Another rare allergic
onsequence of topical antibiotics, particularly bacitracin, is
naphylaxis.12,13

Cleansing Acute Wounds
In the past, management of acute cutaneous wounds has
included cleansing with many agents, including hydrogen
peroxide and povidone-iodine.14 Both chemicals reduce mi-
gration and proliferation of fibroblasts in a dose-dependent
manner, and their undiluted use is not recommended. Silver-
containing antiseptics and chlorhexidine also reduce prolif-
eration at high concentrations but may enhance epithelial
growth at lower doses.15

A 2008 Cochrane Review concluded that cleansing acute
wounds with potable tap water is more effective at reducing
infection rate compared with cleansing with saline.16 For heavily
ontaminated wounds, high-pressure irrigation should be
erformed using a 10- to 50-mL syringe and splatter shield.17

Acute Wound Closure
Closure methodologies for surgical or traumatic wounds in-
clude sutures, staples, adhesive tapes, and glues. The punch
biopsy, a procedure carried out daily by most dermatologists,

is most commonly closed primarily with simple sutures.
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However, suturing is not always necessary from a cosmetic,
patient satisfaction, and economic perspective. Christenson
et al completed a prospective, randomized study in which 82
patients underwent two 4- or 8-mm punch biopsies on the
upper outer arms, thighs, or upper back. One site was closed
with 1 interrupted 4-0 nylon suture, and the opposite site
was allowed to heal by secondary intention. Using a visual
analog scale, 3 physicians were unable to detect a difference
in wound healing between biopsy sites allowed to heal pri-
marily versus those that healed by secondary intention. Pa-
tients preferred suturing of the 8-mm, but not 4-mm, biopsy
sites. By choosing secondary healing, the cost of biopsy pro-
cedures is reduced by saving on the cost of supplies and
professional costs for suture placement and removal.18

Other alternatives to sutures are tissue adhesives (TAs), such
as butylcyanoacrylate and octylcyanoacrylate. Advantages of us-
ing TAs in the appropriate clinical setting include decreased risk
of needlestick injuries and avoidance of suture removal. Two
reviews comparing TAs with standard wound closure (sutures,
staples, adhesive tapes) found that there was no significant dif-
ference in cosmesis when treating traumatic lacerations. How-
ever, there were decreased procedure times and pain scores and
a small increase in dehiscence rate with the former.19,20 Con-
ersely, TAs may not be the best option for closure of surgical

Table 1 A Review of Useful Dressings

Dressing
Types Examples

ilms Bioclusive (Johnson & Johnson, New
Brunswick, New Jersey)

OpSite (Smith & Nephew, London, Englan
Polyskin II by Kendall (Covidien, Dublin,

Ireland)
Tegaderm (3M, St Paul, MN)

ydrogels Derma-Gel (Medline Industries, Inc,
Mundelein, IL)

2nd Skin (Spenco Medical Corporation, W
Tex)

Vigilon (Bard Medical Division, Covington

ydrocolloids DuoDERM (Convatec, Skillman, NJ)
Restore (Hollister wound Care LLC,

Libertyville, IL)
Comfeel (Coloplast, Minneapolis, MN)

lginates Maxorb Extra (Medline Industries, Inc,
Mundelein, IL)

Nu-Derm (Johnson & Johnson, New
Brunswick, New Jersey)

Tegaderm alginate Silver (3M, St Paul, MN

oam dressings Allevyn (Smith & Nephew, London, Englan
Lyofoam (Molnlycke Health Care, USA, LL

Norcross, GA)

aminates Biobrane(Smith & Nephew, London, Engla
ounds.21 A Cochrane Review of 14 randomized controlled
trials involving 1152 patients found a significantly increased risk
of dehiscence with the use of TAs compared with sutures.21

An important principle that contradicts early beliefs about
wound healing is maintenance of a moist wound environment.
Until the 1950s, a dry wound environment was thought to be
necessary to prevent bacterial growth.22 However, in 1962,
Winter demonstrated that epidermal healing was improved in a
moist wound environment in animal models.23 Soon after, Hin-

an and Maibach confirmed that this was also true for human
kin.24 A moist environment is considered essential for proper

healing and is thought to prevent cellular dehydration and to
stimulate cell migration, collagen synthesis, and angiogenesis.15

Table 1 lists manufactured dressings designed to create a moist
environment for wound healing.

Chronic Wound Healing
Evaluation of Lower-Extremity Wounds
Venous ulcers are the most common type of leg ulcer, compris-
ing 50%-70% of all cases,25 with a prevalence between 1% and
1.5%.26 In the United States, ulcers in more than 6 million pa-
ients lead to treatment costs of $2.5 billion and 2 million work-
ays lost annually.27 The etiology for venous ulcers is ambula-

Advantages Disadvantages

Adherent
Transparent
Bacterial barrier

Fluid collection
Can be difficult to apply or

strip away newly formed
epithelium with removal

Comfortable
Absorbent
Desloughing agents

Nonadherent
Maceration of skin around

the wound
Cost

Enhanced wound healing
Easy to use
Cost-effective
Promote granulation tissue

Unpleasant odor
Yellow-brown, gel-like fluid

drainage
Difficult to use in cavities
Can stimulate excess

granulation tissue

Absorbent
Useful in sinuses
Hemostatic properties

Large quantities of saline to
remove fibers on wound

Frequent dressing changes
for moist wounds

Not useful for dry wounds

Absorbent
Moist healing environment
Conforms to body contours

Can adhere to wounds if
exudate dries

Recommended for
superficial wounds
d)

aco,

, GA)

)

d)
C,

nd)
tory venous hypertension resulting from reflux, obstruction, or



t
a
b
d
p
m

i
G
d
a

U
c
h
c
e
v
s
m
e
s

0
r
r
s
s
d
c
s
s
c

v
u
F

g
g
d
t

f
l
c
fi
s
d
u
b

Wound healing update 35
insufficiency of the calf muscle pump. Hypertension affects the
superficial and deep venous systems as well as perforating ves-
sels connecting both systems. Classically, venous ulcers are lo-
cated in the gaiter region, from midcalf to ankle. Surrounding
skin changes may include varicosities, pitting edema, dermatitis,
and hyperpigmentation secondary to hemosiderin deposition.26

These characteristics alone are often not sufficient to diagnose a
venous ulcer. Particularly, if distal pulses are absent, arterial disease
must be ruled out, and an ankle-brachial index is recommended to
ensure thesafeuseofcompression.26 Duplexultrasonographyis the
est of choice in evaluating for venous disease because it maps the
natomy of superficial, perforating, and deep veins and assesses
lood flow, reflux, and obstruction.25 Patients with chronic venous
isease exhibit venous reflux in superficial veins in 90% of cases,
erforator involvement in 20% of cases, and deep venous involve-
ent in 30% of cases.28

Postthrombotic syndrome is another cause of venous ulcer
disease.29 In selected populations, such as young patients for
whom the presence of a venous ulcer seems unusual, the
cause of thrombosis should be investigated and coagulation
defects should be ruled out. In 2000, Gaber et al found that in
53 patients with postthrombotic leg ulcers, 36% had acti-
vated protein C resistance secondary to factor V Leiden mu-
tation, compared with 5% of healthy controls.30 Other hered-
tary risk factors include prothrombin gene mutation
20210A, antithrombin deficiency, protein C and protein S
eficiencies, homocystinuria, hyperhomocysteinemia, and
ntiphospholipid antibody syndrome.31

Treatment for Venous Insufficiency
Standard of care for the treatment of venous insufficiency and
ulcers is compression. It is thought that external compression
combats the increased hydrostatic pressure associated with
venous insufficiency.32 Forms of compression include the

nna boot (a noncompliant plaster dressing), multilayer
ompression bandages, short-stretch bandages, compression
osiery, and intermittent pneumatic devices. A 2009 Co-
hrane Review analyzed 39 randomized control trials that
valuated the efficacy of compression bandages or hosiery for
enous ulcer healing. There is good evidence that compres-
ion is important for treating venous ulcers, and specifically,
ulticomponent systems, especially those containing an

lastic component, are more effective than single-component
ystems.32 A 2011 Cochrane Review analyzed the use of in-

termittent pneumatic devices for venous ulcer healing and
found that they increase healing when compared with no
compression. It remains unclear whether adding this meth-
odology to bandage treatment improves healing.33

In the effect of surgery and compression on healing and re-
currence (ESCHAR) randomized controlled study, Gohel et al
evaluated 500 patients with open or recently healed leg ulcers
and superficial venous reflux. Patients were randomized to
treatment with multilayer compression alone or compression
plus superficial venous surgery. At 3 years, 89% of patients in
the compression group and 93% of patients in the compression
plus surgery group had ulcer resolution (P � 0.73). However,

ulcer recurrence rates at 4 years were 56% for the compression
group and 31% for the compression plus surgery group (P �
.01).34 Thus, when duplex ultrasonography reveals superficial
eflux in venous ulcer patients, surgical intervention to prevent
ecurrence should be part of the treatment regimen. Types of
urgical intervention include conventional high ligation and
tripping, as well as less invasive procedures, including en-
ovenous thermal ablation (via radio frequency or laser) or
hemical ablation. Thermal ablation results in less short-term
ide effects, such as pain, but more long-term studies are neces-
ary to determine whether endovenous ablation is superior to
lassic surgical intervention.35

An oral adjuvant for difficult-to-heal venous ulcers is the
hemorheologic agent pentoxifylline, which affects microcircula-
tory blood flow and oxygenation of ischemic tissues.36 A 2009
meta-analysis of 12 trials, which evaluated 864 participants in
all, reported that pentoxifylline is more effective than placebo for
complete venous ulcer healing or marked improvement (relative
risk [RR]: 1.70). Notably, 72% of patients reported gastrointes-
tinal side effects.36 Pentoxifylline is a poor solitary treatment for
enous ulcer disease, but it is a useful adjunct. The target dose
sed in most studies is 400 mg 3 times daily, although a study by
alanga et al administered 800 mg 3 times daily.36

Bioengineered Skin Substitutes
Lower-extremity wounds that are recalcitrant to classic therapies
are a difficult therapeutic challenge. A recent advance is the
development of bioengineered skin substitutes, which have
been Food and Drug Administration (FDA) approved for the
treatment of recalcitrant diabetic foot ulcers and venous leg ul-
cers.

The first bioengineered tissues consisted of autologous
keratinocyte sheets cultivated from a skin biopsy from the
affected patient and were initially used to treat burn
wounds.37 Disadvantages included a lag time of 3-4 weeks for
raft growth, fragility of the keratinocyte sheet, short-term
raft stability, contracture, and slow regeneration of a “neo-
ermis.” Allogeneic keratinocyte sheets were developed, but
hey were still delicate and lacked a dermal component.38

As technology advanced, skin replacements composed of
only dermal components included Dermagraft (Advanced
Biohealing, Inc, Westport, CT), which consists of neonatal
fibroblasts, seeded onto a biodegradable mesh, secreting col-
lagen, glycosaminoglycans, fibronectin, growth factors, and
other extracellular matrix proteins.38 This is FDA approved
or diabetic foot ulcer treatment. A bilayered construct, Ap-
igraf (Organogenesis, Canton, MA), was the first commer-
ially available composite tissue analog and is composed of
broblasts and keratinocytes generated from neonatal fore-
kin. It is FDA approved for venous leg ulcers of �4 weeks’
uration and for diabetic foot ulcers. Off-label, but reported,
ses include epidermolysis bullosa, pyoderma gangrenosum,
urn wounds, pressure ulcers, and ulcerative sarcoidosis.39

The mechanism of action of bilayered substitutes is unclear. It
is thought that they supply necessary growth factors in the ap-
propriate concentration and sequence that are otherwise lacking
in chronic wounds. Also, the metabolic activity of young cells

may supply larger numbers of growth factors.38
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In a clinical trial of 120 patients with venous ulcers present
for �12 months, 47% of Apligraf patients versus 19% of
ontrol patients had complete wound closure after 5 graft
pplications.40 In a study of 208 diabetic foot ulcer patients,
6% of the Apligraf treatment group achieved complete
ound healing compared with 38% of the control group.41

Growth Factor Therapy
Both granulocyte-macrophage colony-stimulating factor and
platelet-derived growth factor (PDGF) have been shown to im-
prove wound healing.42 Data are limited, but both injected and
opical interventions are useful in certain cases. In 60 venous leg
lcer patients injected with granulocyte-macrophage colony-
timulating factor, up to 61% demonstrated wound healing at
3 weeks versus 19% in the placebo group.43 Topical recombi-

nant human PDGF-BB (becaplermin) has been FDA approved
for treatment of diabetic foot ulcers.44 In a 4-center, randomized
study including 922 patients, diabetic foot wounds showed up
to a 39% increase in complete wound healing when treated
topically with becaplermin gel (100 �g/g) compared with pla-
cebo group.45 It may also be effective for nondiabetic foot ulcer

ounds, leading to closure of 64% of such wounds in a small
eries of 14 patients.44

Stem Cell Therapy
Adult stem cells are tissue-specific, self-renewing cells that can
differentiate into many cell types associated with their organ of
origin. Populations that are potentially useful in wound therapy
include bone marrow, adipose, umbilical cord, and, possibly,
epithelial stem cells, such as follicular bulge cells.46

Adipose-derived stem cells (ASCs) cultured from liposuc-
tioned or excised fat are relatively well-studied as a treatment
for chronic wounds. Nie et al used a wound-healing rat
model to present gross and histologic evidence that ASCs
accelerate wound closure in normal and diabetic rats. ASCs
differentiate into both epithelial and endothelial cell types
and secrete angiogenic cytokines, suggesting their impor-
tance for neovascularization.47 Additionally, ASCs promote

ermal fibroblast proliferation by cell-to-cell contact and
aracrine activation.48

Bone marrow-derived stem cells have also been shown to
improve chronic wound healing. Fathke et al demonstrated
that these cells promote wound healing in mice by increasing
the dermal fibroblast population and collagen production.49

In humans, Badiavas and Falanga applied autologous bone
marrow cells to chronic wounds that had not responded to
conventional therapy, bioengineered skin application, or
skin grafting. All 3 patients experienced wound closure.50

Luo et al51 reported improved wound healing in mice when
human cord blood-derived mesenchymal cells were applied to
wounds. Immunohistochemistry showed that these cells differ-
entiated into keratinocytes in wound tissue. Zebardast et al re-
cently used fibrin to deliver human umbilical cord perivascular
cells to bilateral full-thickness defects created in nude mice.
Compared with those receiving fibrin only, wounds that re-
ceived stem cells demonstrated reepithelialization more quickly

and thicker, better organized dermal tissue.52
Gene Therapy
Stem cells are a form of gene therapy, but genes can also be
transferred directly to the skin using topically applied or
injected DNA in the form of nonviral and viral vectors.46,53

Nonviral vectors include liposomal sprays54 and biphasic
vesicles.55 Nonviral gene therapy is less costly and avoids
infection risk but tends to be nonspecific with variable levels
of gene expression.46 Long-term gene expression requires the
ntegration of a gene into a cell’s genome and is better accom-
lished by viral vectors. Retro- and lentiviral vectors have
een integrated into cultured cells, such as stem cells, which
re then injected into tissue. Adeno-associated virus vectors
ave led to long-term expression of genes after direct subcu-
aneous injection and topical application.53

Gene therapy can be used to promote granulation, vascu-
larization, and reepithelialization and improve scar qual-
ity.46,53 In a mouse model for diabetic foot ulcers, adenoviral-
mediated gene transfer of PDGF led to improved vessel
density, formation of granulation tissue, and enhanced epi-
thelial gap closure when compared with controls.56 Similar
findings were reported in humans in a phase 1/2 study in-
volving 15 patients with diabetic foot ulcers.57 Adenoviral-

ediated transfer of PDGF may be applicable to venous ul-
ers. In a 2009 phase 1 trial, Margolis et al reported that
eriulcer injection of an adenoviral construct expressing
DGF-beta was safe and feasible, resulting in granulation
issue and wound healing. Injection appears to be more ef-
ective than topical therapy.58

Conclusions
The practice of wound care has evolved during the past half
century. Potentially surprising recommendations reviewed in
this article include avoidance of topical antibiotics and the
fact that punch biopsy wounds heal equally well with or with-
out epidermal sutures. Although many tenets of chronic wound
management, such as the importance of compression for venous
ulcers, remain the same, there are many exciting advances in
treatment for chronic wounds. Skin substitutes are now clini-
cally available, and stem cell and gene therapy represent prom-
ising avenues for further advancements in wound care.
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