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Significance: Injury to the skin provides a unique challenge, as wound healing
is a complex and intricate process. Acute wounds have the potential to move
from the acute wound to chronic wounds, requiring the physician to have a
thorough understanding of outside interventions to bring these wounds back
into the healing cascade.

Recent Advances: The development of new and effective interventions in
wound care remains an area of intense research. Negative pressure wound
therapy has undoubtedly changed wound care from this point forward and has
proven beneficial for a variety of wounds. Hydroconductive dressings are an-
other category that is emerging with studies underway. Other modalities such
as hyperbaric oxygen, growth factors, biologic dressings, skin substitutes, and
regenerative materials have also proven efficacious in advancing the wound-
healing process through a variety of mechanisms.

Critical Issues: There is an overwhelming amount of wound dressings avail-
able in the market. This implies the lack of full understanding of wound care
and management. The point of using advanced dressings is to improve upon
specific wound characteristics to bring it as close to “ideal” as possible. It is
only after properly assessing the wound characteristics and obtaining
knowledge about available products that the “ideal” dressing may be chosen.
Future Directions: The future of wound healing at this point remains un-
known. Few high-quality, randomized controlled trials evaluating wound
dressings exist and do not clearly demonstrate superiority of many materials
or categories. Comparative effectiveness research can be used as a tool to
evaluate topical therapy for wound care moving into the future. Until further
data emerge, education on the available products and logical clinical thought
must prevail.
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Abbreviations
and Acronyms

CMC = carboxymethylcellulose

MMP = matrix metallo-
proteinase

MRSA = methicillin-resistant
Staphylococcus aureus

NPWT =negative pressure
wound therapy

ORC =oxidized regenerated
cellulose

PHMB = polyhexamethyle bi-

SCOPE AND SIGNIFICANCE

THE SKIN IS THE LARGEST ORGAN of
the human body with numerous
complex functions essential for our
survival. Its primary function is to
serve as a protective barrier against
the environment. It can protect
against harmful chemicals, ultravio-
let radiation, and pathogenic organ-
isms, while at the same time it can
produce vitamin D and regulate body
temperature and moisture loss.
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Injury to the skin provides a un-
ique challenge, as wound healing is
acomplex and intricate process. With
more than 1.25 million burns in
the Unites States annually' and 6.5
million chronic skin ulcers caused by
pressure, venous stasis, or diabetes
mellitus,? it is no wonder why cuta-
neous wound healing has become a
topic of ongoing research and debate
worldwide. Cost-effectiveness of dif-
fering modalities in treatment is yet
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guanide
RCT=randomized control trial

VRE =vancomycin-resistant
enterococci
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another variable in treating these wounds. Chronic
wounds account for an estimated $6-$15 billion
annually in U.S. health care costs.? The exact costs
remain unknown due to difficulty in obtaining ac-
curate measurements because patients are seen in
avariety of settings or even fail to access the health
care system. There is tremendous pressure on the
medical system to develop cost-effective therapies.

Many complicated and delicate interactions
are involved in wounds successfully transition-
ing from an acute inflammatory phase to the sub-
sequent proliferation and remodeling phases.
Abnormal wound healing becomes evident when
optimized local and systemic conditions are absent,
leading to a “nonideal” wound-healing environ-
ment. Acute wounds have the potential to move
from the acute wound to chronic wounds, requiring
the clinician to have a thorough understanding of
outside interventions to bring these wounds back
into the healing cascade.

TRANSLATIONAL RELEVANCE

The development of new and effective interven-
tions in wound care remains an area of intense
research. The roles of inflammatory cells, cyto-
kines, chemokines, and gene regulation have been
extensively studied. However, studies are filled
with conflicting evidence resulting in a multitude
of available products and few randomized con-
trolled trials (RCTs).

In the 1960s, the idea of moist wound healing
was introduced, in the 1990s advanced technologi-
cal products became available at a commercial
level, and at the turn of the 21st century tissue-
engineered products emerged in the market.
Despite the many beneficial advances, the under-
standing of the mechanisms and pathways involved
in normal and abnormal wound healing are limited.

To achieve an effective outcome, certain princi-
ples hold universally true. The host environment
must be suitable for wound healing. Optimizing
blood glucose and supplementing host nutrition, if
inadequate, should generally be regarded as the
first step in successful treatment. A suitable wound
bed that is well vascularized with minimal bacte-
rial burden and little or no exudates is crucial. By
re-creation of an acute wound, progression through
the normal and well-understood stages of wound
healing proceeds. All chronic wounds contain bac-
teria, but this does not necessarily mean that the
wound is infected or that bacteria have impaired
wound healing. Some research has even suggested
that low levels of bacteria may aid wound healing
by producing proteolytic enzymes that help wound

debridement and stimulate release of proteases
from neutrophils.* When the number of bacteria
reaches critical colonization and moves to infection,
wound healing becomes impaired. Wounds must
also have a reliable and adequate inflow of oxygen,
nutrients, enzymes, and cells in order for healing
to occur. Nonviable tissue impedes movement of
cells needed to build granulation tissue and this
leads back to the importance of wound debridement
as a principal intervention. Edema or exudates also
prevent cell migration and prevent bactericidal
activity of leukocytes.

CLINICAL RELEVANCE

For wounds to heal, they must have consistent
and sufficient supply of oxygen, nutrients, enzymes,
and cells. Once the mentioned factors are controlled
and the wound bed is prepared with adequate de-
bridement and moisture control, wound healing will
be ready to progress. Products aimed at achieving a
well-prepared wound bed suitable to healing will be
discussed in this article with mention of available
comparative effectiveness data.

DISCUSSION OF FINDINGS
AND RELEVANT LITERATURE

Wound healing, obstacles, and optimization

Abnormal wound healing. The basic elements in
wound healing can be described using three se-
quential and overlapping phases: inflammation,
proliferation, and remodeling. Chronic wounds are
arrested in a specific phase of wound healing and
unable to progress, and those that remain unhealed
at ~4 weeks are placed into this category. There are
several factors responsible for chronic wounds—
namely, age, ischemia, and infection.’ In patients
deemed complicated or with multiple factors, the
body’s innate ability to heal may be impeded.

There has been increasing experimental evi-
dence suggestive of an impaired response by aging
cells to stress. Microarray analysis of human fi-
broblasts from aged patients reveal a baseline in-
crease in expression of stress response genes.® This
may reduce cell viability and decrease the ability to
upregulate the pathways essential in a normal
stress response. Impaired blood flow to a wound
bed undoubtedly leads to decreased oxygen, nutri-
ents, and cells. Ischemic wound models on several
species have demonstrated a major impairment in
wound healing.” Ischemia reperfusion injury has
been linked to abnormal tissue healing due to the
production of proinflammatory cytokines and oxy-
gen free radicals. Wounds that have reached criti-
cal colonization by bacteria also demonstrate a
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decreased ability to heal due to the metabolic load
imposed by bacteria.

Other local factors such as matrix metalloprotei-
nases (MMPs) also play a role in wound healing.
These proteolytic enzymes are present in all wounds
and promote cell migration, regulate biologically
active molecules, and facilitate the remodeling of
extracellular matrices.® In chronic wounds with ex-
cessive exudates these enzymes can be overproduced
resulting in premature degradation of fibronectin
and collagen. Keeping in the mind the principle of
managing exudates in wounds can help keep MMPs
at an optimal level, reducing chronic inflammation
and degradation of essential growth factors.’

Bacterial burden. All wounds eventually be-
come hosts to bacteria and are usually contami-
nated within 48 h. The point at which bacteria have
a negative effect on wound healing is still contro-
versial, but the number of bacteria on a wound
should be looked as part of a continuum. Wounds
can be classified into four groups with reference to
bacterial presence. Contaminated wounds have a
low number of bacteria that do not replicate. Co-
lonized wounds have microflora adherent to the
body’s surface, which replicate and form colonies.
At this stage, there is no overt host reaction. When
a wound is critically colonized, the increasing
number of bacteria becomes a bioburden and delay
wound healing. At this stage, secondary signs and
symptoms of impending infection become present,
such as increased serous exudates, friable granu-
lation tissue, a change in color of granulation tissue
to bright red, increasing pain at the wound site,
increasing or unusual wound odor, and breakdown
of the wound caused by deficient tissue. The final
stage in the continuum is infection. At this stage
bacteria have invaded the tissue, are reproducing,
and are causing a host reaction. Classic signs and
symptoms include fever, warmth, edema, swelling,
pain, erythema, and purulent drainage. Infected
wounds will have a density of >10° colony-forming
bacterial units per cubic millimeter of tissue.'®

The point of intervention with bacterial presence
is very case specific, although most experts will
agree that once a wound reaches the level of critical
colonization or infection, intervention is necessary.
The term “bacterial bioburden” represents the
metabolic demands placed upon the tissue by the
bacteria, including toxic by-products, competition
for local nutrients and oxygen, and detrimental
effects of the host inflammatory reaction.’* A high
level of bacterial bioburden may overwhelm host
healing and result in prolongation or stagnation in
the inflammatory phase.

Bacteria are known to form a protective poly-
saccharide coating, especially in chronic wounds,
called a “biofilm.” This coating goes unrecognized
by host defenses and is impermeable to most sys-
temic and topical antimicrobials. It is for this rea-
son that the primary intervention of wound
debridement is essential, disrupting this film and
allowing permeation of beneficial host cells and
interactive materials from dressings.

Wound optimization. As described above, wound
optimization involves many variables. The first and
most important is viewing and identifying host
compromise to healing—including glycemic control
and nutritional support if necessary. Revasculariza-
tion and optimization of blood flow to a wound is
critical and it should be performed before im-
plementing advanced wound care methods. Other
factors such as edema/exudates, bacterial burden,
and nonviable tissue must be addressed with de-
bridement. There are various debridement tech-
niques including sharp or surgical, autolytic,
enzymatic, mechanical, or larval therapy. Eliminat-
ing external forces of wound compromise including
shear forces is equally important. If viable tissue is
insufficient or unavailable to form a well-formed
wound base, flap reconstruction must be considered.

Before proceeding to use various wound dress-
ings and topical agents, the patient and wound
characteristics above must be addressed. For the
purposes of this article, we will assume the patient
has been optimized in terms of medical comorbid-
ities, nutrition, and blood supply. This assumption
generally means that a patient will have controlled
blood glucose <200 g/dL, albumin >3.0g/dL, pre-
albumin level >15mg/dL, total lymphocyte count
>1,500, cessation of smoking, and a well-
vascularized wound bed (in conjunction with either
a revascularization procedure or various aggres-
sive debridement techniques to remove nonviable
tissue, debris, and bacteria).

Ideal dressings

Since ancient times, many different materials
have been used to treat wounds in an attempt to
stop bleeding, absorb exudates, and promote heal-
ing. Some of these materials consisted of honey,
animal oils or fat, cobwebs, mud, leaves, sphag-
num moss, or animal dung.'? Although most of these
readily available natural substances would later
prove to provide little benefit, others such as honey
have been studied and shown to provide some value.

What we do know is that wounds are more sus-
ceptible to healing in a moist, clean, and warm
environment.’®> A moist wound bed will allow
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Characteristics of an ideal dressing
e (reates a moist, clean, warm environment

e Provides hydration if dry or desiccated

e Removes excess exudates

e Prevents desiccation and is nontraumatic
e Provides protection to periwound area

e Allows for gaseous exchange

e |mpermeable to microorganisms

e Free of toxic or irritant particles

e Does not release particles or fibers

e (Can conform to wound shape

e Minimal pain during application and removal
e Fasy to use

e Cost-effective

growth factors and numerous cell types including
epithelial cells to migrate, facilitating wound edge
contraction.'* To create and maintain this envi-
ronment, appropriate dressings come into play.
There are four basic principles involved in choosing
an optimal dressing.'® If a wound proves to be dry
or desiccated, it will need hydration. If a wound
produces excessive exudates, the fluid needs to be
absorbed. If a wound has necrotic tissue or evident
debris, it will need debridement. Lastly, if a wound
is infected, it needs to be treated with the appro-
priate antibacterial agent. There are also several
other factors that are important when choosing a
dressing, such as providing protection to the peri-
wound skin, forming an effective bacterial barrier,
conforming to wound shape, producing minimal
pain during application and removal, being free of
toxic or irritant extractables, not releasing parti-
cles or nonbiodegradable fibers into the wound, and
maintaining the wound at an optimal temperature
and pH. Each set of needs can be met with a corre-
sponding dressing that fits the situation. It is im-
portant to remember that as the wound environment
changes the dressing also needs to change.

There is an overwhelming amount of wound
dressings available in the market. This implies the
lack of full understanding of wound care and
management. The point of using advanced dress-
ings is to improve upon specific wound character-
istics to bring it as close to “ideal” as possible. It is
only after properly assessing the wound charac-
teristics and obtaining knowledge about available
products that the “ideal” dressing may be chosen.

Dressing descriptions
The standards for early dressings were rather
simple and concentrated mainly on product com-

position and structure. In 1982, Lawrence'® pub-
lished a review on the structure of dressings and
their effects upon wound healing where he implied
the importance of dressing design to prevent ad-
herence and fiber loss while providing a degree of
environmental control. Early testing of absorbency
and dressing specifications were described by Pis-
kozub!” and Thomas et al.'® As more sophisticated
dressings were developed, new standards and test
systems were required to prove that these new
materials performed a specific function in consis-
tent and reproducible ways. Thomas,'? in his book
on Surgical Dressings and Wound Management
(2012) discusses the need for dressing standards,
describes how these have evolved, and outlines
test methods that can be used to assess key aspects
of performance in the many different available
products.

All interactive dressing materials have the
ability to manipulate one or multiple aspects of
wound environment. Deciding which to use will
depend on matching wound characteristics with
dressing capabilities, keeping in mind that the
wound characteristics will change in the process
likely requiring change in dressing subtype.
There are three broad wound-dressing categories,
each with a specific goal. The first category of
dressings exerts its effects on the tissue itself,
facilitating autolytic debridement. Autolytic de-
bridement entails the host’s own proteolytic en-
zymes and phagocytic cells promoting debridement
of the nonviable tissue.?’ The second category ad-
justs moisture level of the wound bed. The third
category involves controlling the bacterial load.
Either combining dressings or using dressings that
are multifaceted may allow many of these goals to
be met.

The current medical literature continues to be
lacking in comparative effectiveness data of spe-
cific dressing subtypes. The available data will be
presented in conjunction with each dressing sub-
type to provide the most current evidence.

Gauze. Johnson and Johnson began mass-
producing a sterile surgical dressing by sterilizing
cotton yarn and thread in 1891, after which time
gauze has become the most widely used surgical
dressing.?! Gauze is undoubtedly familiar to hos-
pital staff, inexpensive, reliable, available, and
highly absorbent. Gauze comes in woven and
nonwoven forms, with the latter made of synthetic
fibers pressed together and having a greater ab-
sorbency. It is highly permeable and nonocclusive
and can be used as a primary or secondary wound
dressing. It is commonly used on both infected and
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noninfected wounds, large or irregularly shaped
wounds, or in packing strips to prevent premature
closure or to keep away exudates (Fig. 1).

Although gauze has proven useful in many sit-
uations, clinicians and hospital staff must be aware
when use of this material is not optimal. Woven
gauze requires force to remove, and it can poten-
tially lead to wound trauma and/or mechanical
debridement. Residue left behind from woven
gauze may allow the body to respond with granu-
loma formation. Kerlix Gauze® (Coviden, Mans-
field, MA), or rolled gauze, should be applied
without tension to prevent a tourniquet-like effect
of tissues.

Although wet-to-dry dressings have gained
popularity throughout much of the 20th century for
its ability to mechanically debride tissues, many
investigations have published reports on the neg-
ative aspects of this method. Ovington states, “re-
moval of a wet-to-moist dressing that has dried
may then cause reinjury of the wound, resulting in
pain and delayed wound healing.”?* Gauze dress-
ings have been reported to cause local tissue cool-
ing during the evaporation period in wet-to-dry
dressings. This cooling results in reflex vasocon-
striction, hypoxia, impaired leukocyte and phago-
cyte activity, and increased affinity of hemoglobin
for oxygen; all of which contribute to impaired
wound healing.?? The removal of these dressings
when dry also leads to patient discomfort and pain.
The mechanical debridement via removal of these
dressings can lead to cross-contamination of
wounds by dispersion of bacteria into the air upon
removal. The nonselective mechanical debride-
ment of healthy adjacent tissue is among another
negative aspect of this wound care method. The

Figure 1. Gauze used as packing in an infected and irregularly shaped
wound of the lower extremity. To see this illustration in color, the reader is
referred to the web version of this article at www.liebertpub.com/wound

average nursing time and costs per patient may be
significantly affected, as this dressing type often
requires dressing changes three times a day.

Gauze has also been criticized for its inherent
nonocclusive nature. Lawrence®® demonstrated
that bacteria can pass through up to 64 layers of
dry gauze in an in vitro study. It is permeable to
exogenous bacteria and is associated with a higher
infection rate than with transparent films or hy-
drocolloids.?*?5

Most of the criticisms with regard to gauze re-
main theoretical. A somewhat recent (2004) Co-
chrane Collaboration review of “dressings and
topical agents for surgical wounds healing by sec-
ondary intention” revealed a paucity of RCTs
demonstrating a statistically significant difference
between dressings when the primary end point was
time to wound healing.?® More data are needed on
this subject.

Impregnated gauze. Gauze dressings are also
available impregnated with substances such as
petroleum, iodine, bismuth, and zinc. The impreg-
nated materials help make these dressings non-
adherent and moderately occlusive. They add
moisture to the wound bed and facilitate wound
healing by decreasing trauma and preventing
desiccation during dressing changes. They can
function well as nonadherent primary dressings or
used as a contact layer on granulating wound beds
combined with secondary gauze dressings (Fig.
2A). They are commonly used on skin graft donor
sites as a single layer and as the primary dressing
overlying the actual skin graft (Fig. 2B). Im-
pregnated gauze is also commonly used on burn
wounds because of its pain-free removal (Fig. 2C).

Semiocclusive dressings such as impregnated
gauze decrease moisture loss from the wound,
preventing local cooling and its negative associated
effects,?? as described above. It must be taken into
consideration that bismuth, present in many
preparations, is cytotoxic to inflammatory cells and
may cause an increased inflammatory response. It
is for this reason that bismuth-containing com-
pounds are not advisable for patients with venous
insufficiency ulcers. Iodine-impregnated gauze is
also cytotoxic and only mildly antimicrobial. It is
indicated for tunneling wounds with foul discharge,
but it must be frequently changed and limited to <5
days due to its tissue destructive nature. Recent
studies have shown that semiocclusive dressings do
not lead to a reduction in costs and wound healing
time compared with gauze dressings for surgical
patients.?”?® Essentially, the savings from less fre-
quent dressing changes (with occlusive or semi-
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Figure 2. (A) Adaptic Gauze® (Johnson and Johnson, New Brunswick, NJ) used as a contact layer on a granulating wound bed of the lower leg combined
with a compressive dressing. Removal shows nonadherent nature of dressing and facilitation of intrinsic healing. (B) Xeroform Gauze® (Coviden) used as the
primary dressing over a split-thickness skin graft donor site on the lateral thigh. (C) Xeroform Gauze used as a contact layer on second- and third-degree burns
of the chest and arm. To see this illustration in color, the reader is referred to the web version of this article at www.liebertpub.com/wound

occlusive dressings) do not balance the higher costs
of these materials. Lastly, impregnated gauze does
not absorb exudates and therefore does not have a
role in wounds with a heavy drainage.

Transparent film dressings. Transparent film
dressings are thin flexible transparent sheets with
adhesive backing, composed of polyurethane or co-
polyester. They are permeable to water vapor, oxy-
gen, and carbon dioxide but impermeable to bacteria
and water. They provide a moist healing environ-
ment and promote autolytic debridement. They do
not have any absorptive capabilities and therefore
do not have a role in wounds with excessive exu-
dates. This material should not cover infected
wounds because bacteria have an ideal environment
to multiply without adequate drainage.

Transparent films are commonly used to cover
primarily closed surgical incision sites, superficial
wounds with minimal exudates, skin graft donor
sites, intravenous catheter sites, and areas of fric-
tion (Fig. 3). When film dressings were compared
with other modalities including paraffin gauze and
foam dressings in a prospective randomized study
involving 80 patients undergoing elective split-
thickness skin grafting, there were no dressing-
dependent differences in healing rates detected at
14 days, but polyurethane film was shown to be
more comfortable in use and easier to remove.?®
Many earlier studies reported improved healing
rates and greatly reduced pain in treating skin
graft donor sites.?*3! Although transparent films
do not have any exudative management cap-
abilities, they are still widely used for the purpose
of covering skin graft donor sites. When excess
exudates do arise under the treated areas, this can
be managed with release of the exudates and sub-
sequent patch coverage with another transparent
film. Film dressings have also been used following
primary closure in surgery or for wounds left to
heal by secondary intention. Rubio®? used three

different film dressings as a protective cover for
3,637 surgical incisions over 8 years. He concluded
that films resulted in faster wound healing, de-
creased pain, less scarring, visual wound assess-
ment, and promoted patient mobility and hygiene.

Foam dressings. Foam dressings are made
from a polyurethane base and are permeable to
both gases and water vapor. Their hydrophilic
properties allow high absorptive properties while
they also provide thermal insulation. These highly
versatile dressings are indicated for wounds with
moderate-to-heavy exudates, granulating or
slough covered partial and full-thickness wounds,
donor sites, ostomy sites, minor burns, and diabetic
ulcers. They are not recommended in dry or eschar
covered wounds and arterial ulcers due to their
ability to dry wounds further. They can be left in
place for up to 4-7 days, but should be changed
once saturated with exudates. Their composition
makes them atraumatic upon removal. If changed
daily, they can also be used on infected wounds.??

Figure 3. Tegaderm® (3M, St. Paul, MN) used as a primary dressing over
a split-thickness skin graft donor site of the lateral thigh. To see this il-
lustration in color, the reader is referred to the web version of this article at
www.liebertpub.com/wound
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Different types of foam dressings have been
compared in numerous publications, mainly due
to their affinity for liquid and/or permeability
to moisture vapor. These properties may make cer-
tain foams more appropriate for treatment of lightly
exudative wounds versus excessively draining
wounds. Anderson et al.?* conducted an RCT to
compare the effectiveness of Allevyn (Smith and
Nephew, London, United Kingdom) versus Biatain
(Coloplast, Humblebaek, Denmark) in the man-
agement of lower leg ulcers. Of the 118 patients,
76% had excellent absorbency rated during dressing
changes with Biatain, versus 7% with Allevyn.
Noting the presence of leakage at weekly assess-
ment and requirement of using secondary absorbent
layers supported these results. Statistically fewer
dressing changes per week were required in wounds
dressed with Biatain (2.14 vs. 3.34), which resulted
in lower treatment costs ($10.87 vs. $18.99) in favor
of Biatain. Data comparing foam dressings to other
modalities in the treatment of highly exudative
modalities are lacking to date.

Hydrogels. Hydrogels are complex hydrophilic
organic cross-linked polymers, consisting of an
80%—-90% water base. These gels are available in a
free-flowing amorphous or fixed flexible sheet form
(Fig. 4). They can absorb a minimum amount of
fluid by swelling, but they also can donate moisture
to a dry wound, thereby facilitating autolytic de-
bridement and maintaining a moist wound envi-
ronment that is thermally insulated. They have also
been shown to promote granulation and epithelial-
ization and reduce the temperature of a wound bed
by up to 5°C.2%%¢ They are permeable to gas and
water and have proven to be a less effective bacterial
barrier than occlusive dressings. The main applica-
tion of these dressings is hydrating dry wound beds
and softening and loosening slough and necrotic
wound debris. They are unable to absorb heavy
drainage due to their high water concentration; they
absorb very slowly and therefore are not useful on
bleeding wounds, and they generally require a sec-
ondary dressing. They can be used on a variety of
wounds including pressure ulcers, partial and full-
thickness wounds, and vascular ulcers. Maceration
can be of concern, as periwound skin areas need to be
protected from excess hydration. Among its benefits,
hydrogels can be used in conjunction with topical
medications or antibacterial agents. The fixed form
of hydrogels should not be used in infected wounds.
Hydrogels need to be covered with secondary dress-
ings while remaining in place for up to 3 days.

In 1990, Darkovich et al.?’ compared Biofilm®
(B.F. Goodrich, Akron, OH), a hydrogel dressing,

Figure 4. (A) Regranex® (Healthpoint Biotherapeutics, Arlington, TX), a
platelet-derived growth factor therapy that utilizes an amorphous hydrogel
as a vehicle for its active ingredient, being applied to a sacral decubitus
ulcer. (B) Flexigel (Smith and Nephew) hydrogel flexible sheet dressing
applied to a nonhealing wound of the lower breast. To see this illustration in
color, the reader is referred to the web version of this article at www
Jliebertpub.com/wound

with Duoderm® (Convatec, Skillman, NJ), a hy-
drocolloid, in an RCT involving 90 patients with
129 pressure ulcers. Sixty-two wounds were trea-
ted with hydrogel and 67 with the hydrocolloid for a
maximum of 60 days. About 90% of the hydrogel-
treated wounds and 78% of the hydrocolloid
improved during the treatment while nearly dou-
ble the amount of wounds actually healed with
hydrogel (43% vs. 24%). In 2005, Kaya et al.®®
compared hydrogel with gauze soaked in povidone-
iodine solution, in a prospective study involving 27
spinal cord injury patients with a total of 49 pres-
sure ulcers. The number of wounds that healed in
the two groups was 84% with hydrogel versus 54%
with gauze and was statistically significant
(p<0.04). The authors of this study concluded that
hydrogel dressing facilitated healing of pressure
ulcers by promoting more rapid epithelialization.

Hydrocolloids. Hydrocolloid dressings contain
an inner layer that is self-adhesive, gel forming,
and composed of hydrophilic colloid particles such
as carboxymethylcellulose (CMC), pectin, gelatin,
or an elastomer. This layer absorbs exudates and
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swells into a gel-like mass over the wound. This
allows for a moist healing environment and also
provides thermal insulation to the wound bed. The
outer layer, which usually consists of polyure-
thane, seals and protects the wound from bacteria,
foreign debris, and shearing. These dressings are
available in a variety of sizes/shapes and also come
in a paste, powder, or granule form. The effective-
ness of these dressings lie in their ability to provide
a moist healing environment, prevent contamina-
tion, promote autolytic debridement, and not re-
quire a secondary dressing. They can remain in
place for up to 7 days or until drainage is noted
from beneath the dressing. They are indicated
for partial and full-thickness wounds with low-
moderate exudates, granular and necrotic wounds,
minor burns, and pressure ulcers. They must be
avoided in clinically infected wounds. Caution
should also be taken in fragile periwound skin as
the adhesive may cause further damage.

Varghese et al.?? attempted to compare the local
environment of chronic wounds under hydrocolloid
versus film dressings who examined fluid collected
from 9 patients with 14 chronic full-thickness ul-
cers dressed with Duoderm or Opsite® (Smith and
Nephew), a transparent film dressing. They found
that pOgy was very low beneath both dressings de-
spite the relative permeability of film dressings.
They also found that pH of the wound fluid beneath
the hydrocolloid was more acidic, postulated to be
due to the chemical nature of the hydrocolloid base.
It was thought that this acidic fluid has an in-
hibiting effect on the growth of some bacteria, and
reduces the histotoxicity of ammonia produced by
enzymatic breakdown. Many subsequent studies
looked into fibrinolytic activity of hydrocolloid,
much of which has been refuted.*

Since hydrocolloids were first developed, many
animal and clinical studies have been conducted
comparing them to film dressings. In 1991, Chvapil
et al.*! compared the effect of eight dressing regi-
mens on the rate of epithelialization of 92 split-
thickness wounds on pigs. Inflammatory changes,
moderate or severe, were induced by dressings
such as collagen sponge, polyethylene glycol, Duo-
derm, and lanolin ointment. The same wounds also
re-epithelialized significantly faster than the con-
trols (gauze-covered wounds). They hypothesized
that wound dressings that induce an inflammatory
reaction thereby enhance healing by activat-
ing cells such as macrophages or fibroblasts that
produce growth factors and mediators of the re-
pair process. In 1992, Gokoo and Burhop*? com-
pared healing rates of Duoderm with Clearsite®
(ConMed, Utica, NY), a hydrogel sheet dressing, on

eight full-thickness circular surgical wounds pro-
duced on the backs of four micropigs. The hydrogel
dressing showed a more rapid rate of closure and re-
epithelialization versus the hydrocolloid. Histologi-
cal examination of the same wounds confirmed
larger numbers of vacuoles and foam cells in the
hydrocolloid-treated wounds compared with hydro-
gel. Subsequent studies have implied that there is
extensive incorporation of the hydrophobic dressing
material from the hydrocolloid dressings, which may
cause the wound bed to be less suitable for epithelial
migration during acute secondary wound healing.*?

Alginates. Alginates are yet another dressing
for clinicians to use in highly exudative wounds.
They contain alginic acid from seaweeds and are
covered in calcium/sodium salts. These dressings
are highly absorbent, nonadherent, biodegradable,
contain nonwoven fibers derived from brown sea-
weed, and may contain controlled-release ionic sil-
ver. When placed on a wound, sodium and calcium
ions interact with serum to form a hydrophilic gel.
Alginates are useful because they allow formation of
a moist wound environment, are highly absorptive,
and can prevent microbial contamination.

Alginates are capable of absorbing 20 times
their weight; although this may vary depending
on a particular product. These dressings are par-
ticularly effective for managing highly draining
wounds, pressure/vascular ulcers, surgical inci-
sions, wound dehiscence, tunnels, sinus tracts,
skin graft donor sites, exposed tendons, and in-
fected wounds. Alginates have also been implied to
have hemostatic properties that make them useful
on bleeding wounds. These dressings are contra-
indicated for dry wounds as they readily promote
absorption and have no hydration qualities. In
clean wounds, they may be kept in situ for up to
7 days or until the gel loses its viscosity. For in-
fected wounds, alginate dressings should be chan-
ged daily.

The majority of alginate dressings are produced
in sheet form, which is beneficial for superficial
wounds, but also available in the form of a ribbon or
rope,** useful for packing deep wounds and cavi-
ties. There have been many reviews published on
alginate dressings and a literature search reveals
many references to their use.

In an RCT, Cannavo et al.*> compared three
different dressing materials in the management of
36 cases of abdominal wound dehiscence. The
dressings included an alginate; gauze moistened
with 0.05% sodium hypochlorite solution, and a
combined dressing pad consisting of an absorbent
pad with addition of a semipermeable film dress-
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ing. The healing rates between the three groups did
not prove to be statistically significant. Pain was
significantly greater (p=0.011), satisfaction sig-
nificantly lower, and costs generally higher in the
sodium hypochlorite group. The authors implied
that based on these results the use of sodium hy-
pochlorite dressings for surgical wounds be aban-
doned. Studies to assess performance of alginate
and film dressing combinations have also been
performed,*® with results largely pointing to the
effectiveness of this combination approach for moist
chronic wounds that produce low-to-moderate levels
of exudates. The first RCT involving alginates was
carried out as a Drug Tariff reimbursement study.*’
Sixty-four community patients with leg ulcers
were treated with Sorbsan® (UDL, Rockford, IL), an
alginate, or paraffin gauze dressings. Sorbsan
showed a 31% healing rate during the course of
study versus 4% for ulcers treated with tulle.
Overall, 73% of patients in the Sorbsan group
showed evidence of improvement during the trial,
indicated by a reduction in wound area versus con-
trol. This study was criticized mainly due to lacking
of a sustained graduated compression.*®*° The ef-
fect of application of alginates to skin graft donor
sites have also been heavily studied, many alluding
to significantly better healing and reduced pain as
compared with controls with paraffin gauze.?®

Although a substantial number of alginate
dressings are used annually, there are few publi-
cations producing statistically significant evidence
to justify their use in any particular type of wound
environment. Randomized trials performed have
often produced conflicting evidence. It must be
realized that the secondary dressing used in con-
junction with alginates has much to do with their
performance. An absorbent pad may be necessary
for heavily exudating wounds while a semiper-
meable film or foam may be more practical for
lightly exudating wounds. Pirone et al.’! com-
pared two types of alginate dressings covered with
either polyurethane film or gauze with a hydro-
colloid dressing in partial thickness wounds on
pigs. Their results alluded to the fact that the
healing rate was related to the moisture-retaining
properties of the dressing system. Healing was
significantly diminished beneath alginate and
gauze, leading the authors to suggest that algi-
nates should not be used on dry wounds or under
gauze dressings. Thomas,'® in his book Surgical
Dressings and Wound Management (2012), al-
ludes to three factors that need to be considered,
including chemical nature of the alginate, the
amount of fiber implanted, and the vascularity of
the tissue at the site of implantation.

Hydrofibers. Hydrofiber dressings made from
sodium CMC and interact with serum or exudates
to form a gel. In 1997, Convatec Ltd. launched the
brand name Aquacel®, consisting of 100% CMC fi-
ber. Hydrofibers are structurally similar to algi-
nates and have many of the same properties. They
are comfortable, easy to remove, and are amenable
to heavily exudating or infected wounds (Fig. 5).
Hydrofibers have been proven to be effective in
reduction of MMP and bioburden levels due to their
highly absorptive nature. They have also been
combined with silver in Aquacel Ag®. These
dressings may be left in place for up to 3—7 days or
until saturated.

The marked similarities in appearance and
physical properties of Aquacel and alginate dress-
ings suggest that they will have a similar range of
indications; specifically, highly exudative and/or
infected wounds. Several studies have been per-
formed comparing these two materials. Robinson®?
performed an RCT multicenter leg ulcer study that
compared Aquacel with Sorbsan involving 132 pa-
tients for 84 days. A significant preference was
reported for Aquacel in terms of its ease of appli-

Figure 5. (A) A chronic nonhealing wound of the posterior upper thigh.
(B) Same wound covered with Aquacel prior to placement of a secondary
compressive dressing. To see this illustration in color, the reader is referred
to the web version of this article at www.liebertpub.com/wound
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cation and removal, an increased interval between
dressing changes, and decreased treatment costs.
The use of hydrofibers in treatment of split-
thickness skin graft donor sites was examined by
Barnea et al.’® He compared hydrofibers with
paraffin gauze dressings in a study involving 23
patients, in which half of the donor site was covered
with Aquacel and the other with paraffin gauze.
The Aquacel-treated wounds produced signifi-
cantly less pain and healed more rapidly according
to the study, with a superior cosmetic appearance
noted at 1 year. Studies on burns revealed that
CMC could be considered for partial thickness and
small burns but allograft skin was to be preferred
for larger burns of mixed depth.?* Cost-analysis
studies of treating wounds with Aquacel or gauze
was compared using a theoretical model by Guest
and Ruiz,?® who calculated probable cost advan-
tages associated with CMC due to reduced nursing
costs associated with a lower frequency of dressing
changes in comparison to gauze.

Hydroconductive dressings. Hydroconductive
dressings (SteadMed Medical’s Drawtex®, Fort
Worth, TX) are a relatively new and novel class of
products introduced at the Symposium on Advanced
Wound Care in Spring of 2011. These dressings
provide a capillary action that lifts and moves exu-
dates away from a wound into the core of the
dressing from where it disperses into a second layer.
They also have the additional benefit of moving de-
bris from the wound surface. Levafiber™, the pro-
prietary name of the Drawtex dressing technology,
utilizes two types of absorbent, cross-action struc-
tures that facilitate the ability to move large vol-
umes of exudates and debris through the dressing.
These dressings can move fluid in a horizontal or
vertical vector into the dressing and hold up to
30-50x of its own weight. The hydroconductive
debridement component helps to lift and loosen ad-
herent slough tissues, allowing for easy removal
when the dressing is changed. These dressings are
versatile and can be tailored to fit different sizes and
shapes. The material does not shed fibers or break
apart and can be utilized for a 7-day wear time.

Over the past year, much investigation has been
done on the many actions of this hydroconductive
dressing. Drawtex has demonstrated in multiple
RCTs to decrease wound exudate, decrease tissue
bacterial levels, decrease nutrients for biofilm
production, decrease MMPs, facilitate wound bed
preparation, aid in burn wounds, and serve as a
possible alternative to negative pressure wound
therapy (NPWT). Ortiz et al. presented the first
in vitro experiments in an infected burn wound

model, demonstrating a significant reduction in
bacterial counts in methicillin-resistant Staphylo-
coccus aureus (MRSA)—containing media that had
Drawtex submerged in it, while simultaneously
showing a significant increase in bacteria in the
Drawtex material itself. A protein assay also
demonstrated significant reduction in protein
concentration over time in solutions containing
Drawtex, suggesting the capability of this material
to absorb other proteins such as virulence factors
in a wound environment.’® In a chronic wound
model, Ochs et al. demonstrated decreasing bacte-
rial levels to <10? colony-forming units per gram,
decreasing MMP-1 and MMP-9 levels, while si-
multaneously measuring increased levels in the
Drawtex material itself. These data suggest that
hydroconductive dressings have the ability to draw
bacteria and deleterious cytokines from wound
tissue into the dressing.’” In a published series of
eight patients using independent digital wound
analysis, the average area of necrotic tissue, fibrin,
and slough of all the patients were reduced by 36%
in week 1, 52% by week 2, and 77% in 3 weeks.?®
There was also a corresponding reduction in wound
area of 15% in 1 week, 35% by week 2, and 47% by
week 3. Wolcott and Cox performed a study on 10
patients with nonhealing, moderate to highly ex-
udative venous leg ulcers in a small cohort study.
Drawtex dressings were applied with a multilayer
compression wrap. Nine of 10 patients showed a
40% or more healing within the 4-week duration of
the study. Polymerase chain reaction methods were
used to quantify the amount of bacteria on the wound
pre- and post-treatment. Their study demonstrated
that the rapid removal of wound exudate speeds
healing and suppresses biofilm activity, although
there did not seem to be a correlation between the
reduction of wound biofilm and wound healing. They
concluded that the ability of the hydroconductive
dressing to rapidly remove wound exudate improves
wound healing, but not by the mechanism of reduc-
ing the number of bacteria present.
Hydroconductive dressings have already begun
to suggest multiple uses and benefit a variety of
wounds. With the innate ability to absorb high-
protein fluid from the wound bed, the ability of
bacteria to survive is affected. With further re-
search into this material and RCTs, Drawtex may
further prove to be an attractive alternative to
currently available methods of wound treatment.

Oxidized regenerated cellulose and collagen.
Oxidized regenerated cellulose (ORC) is a bioab-
sorbable topical hemostatic woven material used to
control bleeding. It has been used as a surgical and
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dental hemostat for almost half a century, proving
to be efficacious at controlling capillary, venous,
and small arterial bleeding in various settings.
When applied to a bleeding surface, it forms a ge-
latinous mass, which eventually is absorbed within
2-7 days. ORC may also exert moderate bacterio-
static effects in vitro due to creation of an acidic
pH.6O

Hofman et al.5' conducted a small-scale, 12-
week pilot study involving Traumacel (Synapse
Medical, Dublin, Ireland), the calcium salt of oxi-
dized cellulose, on 11 patients with 15 nonhealing
leg ulcers. Five ulcers healed within the study pe-
riod and three patients reported significant pain
relief. The authors concluded that the treatment
was safe in management of chronic wounds and
appeared to promote healing in some recalcitrant
ulcers. The same authors undertook a study to
determine the effect of Traumacel P® powder on
human dermal fibroblasts in vitro.%* At concen-
trations of 0.5 and 1.0 mg/mL, they found stimu-
lation in metabolic activity of fibroblasts in a
variety of growth media and concluded that direct
stimulation of fibroblast proliferation may be a
mechanism in which this material facilitated
healing of ulcers reported earlier.

ORC can also be manufactured in combination
with a collagen matrix. Collagen is a major protein
of the body and necessary in wound healing and
repair. Commonly, 55% bovine collagen is com-
bined with 45% ORC. In the presence of exudates,
this dressing transforms into a gel matrix and
binds to MMPs to help inactivate some of these
overproduced enzymes. A study comparing ORC/
collagen dressing with hydrocolloid in a rat model
demonstrated a statistically significant increased
rate of repithelialization in the ORC/collagen
group.®® Decreased skin cell apoptosis, increased
local growth factor concentrations and accelerated
wound healing in full-thickness excisional wounds
in the ORC/collagen group from this study.

Silicone dressings. Abnormal wound healing, as
described earlier in this article, can lead to a hyper-
trophic or keloid scar. Historically, these have often
been treated with long-term application of pressure
garments. In 1981, it was found that the benefits of
pressure therapy could be enhanced or replaced by
applying a sheet of silicone gel made from poly-
dimethylsiloxane (Fig. 6). This would relax or soften
scar tissue and thereby allow a leveling effect on the
hypertrophied area.®* The mechanism of action of
silicone gel sheeting is not fully understood at this
point in time. A popular hypothesis involves the al-
tered local environment created under the silicone

sheet in which decreased vapor loss allows hydration
of the scar. Capillary and fibroblast activity are re-
duced and collagen deposition decreased, with a net
result of a less hypertrophic scar.®

In several published studies, silicone sheeting
subjectively was shown to stop development of
hypertrophic scars and to soften existing scars in
certain populations. De Oliveira et al.%® compared
silicone with nonsilicone gel dressings in a con-
trolled prospective trial in treatment of keloids and
hypertrophic scars. Compared to the untreated
controls, all of the measured parameters including
scar size and induration were reduced in both sili-
cone and nonsilicone-treated groups. The authors
concluded that both treatments were equally ef-
fective in the treatment of keloids and hypertrophic
scars. Silicone sheeting has also decreased the in-
cidence of new hypertrophic scarring when applied
to surgical wounds ~2 weeks postoperatively in
high-risk populations.®”

Unfortunately, most of the studies evaluat-
ing silicone gel suffer from several shortcomings:

Figure 6. (A) A hypertrophic scar extending from the lower border of the
mandible to the neck. (B) Cica-Care (Smith and Nephew) silicone sheet
applied to this wound. To see this illustration in color, the reader is referred
to the web version of this article at www.liebertpub.com/wound
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small sample size, lack of controls and other
methods of treatment, and short follow-up times. A
number of formal reviews of the use of silicone gel
sheet and other agents in the management of hy-
pertrophic and keloid scars have been published.
Three concluded that there appeared to be some
benefits associated with the use of silicone gel al-
though with weak evidence,®"° one suggested
that surgical excision followed by postoper-
ative intralesional steroid injection seemed to
provide a reasonable treatment outcome,’* one re-
commended a polytherapeutic strategy for scar
management, 2 and one concluded that insufficient
information was available for clinicians to make
informed decisions.”® There has been an increasing
trend to use silicone as a nontraumatic adhesive
component in many existing dressing categories to
reduce procedural pain associated with dressing
changes. Silicone is inert, and therefore does not
chemically interact with the wound or have any
effect upon the cells responsible for healing, but
rather due to the ease of removal of soft silicone,
it does not traumatize the wound or the sur-
rounding skin.

Silver dressings. The use of topical antimicro-
bials in wounds is filled with controversy. Concern
over bacterial resistance has led to a revived in-
terest in silver-based agents. Silver has been used
in medicine for its antimicrobial properties for
thousands of years. John Woodall first documented
its use in surgical patients in 1617 in The Surgeons
Mate. Today, silver is commonly used in numerous
dressings and topical agents. Silver is a broad-
spectrum antimicrobial agent that is effective
against bacteria, fungi, viruses, and yeast. It has
also been proven to be active against MRSA and
vancomycin-resistant enterococci (VRE) when
used at an appropriate concentration.”* It has also
been known that silver reduces inflammation of
wounds and promotes healing. The concentra-
tion of silver needed to exert a baceriostatic or
bacteriocidal effect depends on the local wound
environment.”® It has proven to effective against
superficial pathogens but may not affect bacteria
that have penetrated a significant distance into the
wound bed. Therefore, silver is indicated for mild
wound infections in which it may be used to help
decrease the bacterial count when colonization or
critical colonization is suspected.”®

Silver cations are released from their carrier
dressings upon contact with fluid. The rate, dura-
tion, and peak level of silver released greatly varies
depending on the dressing used. Once released,
silver acts to destroy bacteria in multiple ways. It

disrupts bacterial cell walls, inactivates bacterial
enzymes, and interferes with bacterial DNA syn-
thesis. Due to its multi-mode of action, widespread
bacterial resistance has yet to be documented, al-
though reports of isolated Escherichia coli and
Pseudomonas aeruginosa have shown resistance to
silver in vitro.™ This is especially problematic if
the minimum inhibitory concentrations of silver
are not maintained in contaminated wounds.

Although multiple in vitro studies have been
performed on simulated wound fluid in the labo-
ratory, in vivo studies are lacking. Because of
factors such as presence of a biofilm, mixture of
multiple bacterial species, tissue proteins, and
anions, silver dressings in vivo may not achieve the
results seen in vitro studies. In a fairly recent re-
view by the Cochrane Collaboration, the effect of
topical silver and silver dressings on wound heal-
ing in contaminated and infected wounds was
evaluated.”” Only three RCTs met the inclusion
studies. Most of the studies comparing silver-
containing dressings with other treatment modal-
ities found no significance in the rate of complete
healing. Of the studies analyzed, one demonstrated
a statistically significant reduction in relative
wound size in the silver-treated group,’® another
reported a statistically significant advantage of
silver as reflected in the wound-healing rate (cm?/
day) over 4 weeks,’® and the third reported that the
relative wound size reduction was statistically
faster in the treatment group.®’ None of the studies
examined duration of wound infection, and the
conclusion of the Cochrane Collaboration was that
there is insufficient evidence to recommend the use
of silver containing dressings or topical agents for
treatment of infected or contaminated wounds. It is
due to the lack of studies that clinicians must make
assumptions about superiority of silver dressings
based on in vitro results.®!

Even with a lacking of quality in vivo evidence,
silver is available in many preparations (Fig. 7). It
is manufactured in combination with almost every
available dressing type, including cream, algina-
tes, collagens, hydrofibers, negative pressure
sponges, films, hydrogels, foams, and hydrocol-
loids.”® Active or ionic silver is released at different
rates and durations depending on delivery system
chosen. The minimum concentration of silver for
most clinically relevant bacteria is between 5 and
50 ppm. The various dressings deliver silver levels
within a very large range. In addition, in vivo
wound environments are much more complex than
those simulated in the lab, with bacterial biofilms
and host proteins likely reducing the total delivery
of silver ions to the bacteria. Without further in-
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Figure 7. A silver-impregnated dressing used to cover a chronic lower
extremity wound. To see this illustration in color, the reader is referred to
the web version of this article at www.liebertpub.com/wound

vestigation and clinical data, only assumptions can
be made in regard to which formulations and
dressings with silver work best.

Polyhexamethylene biguanide and honey dress-
ings. There are several other well-known anti-
microbial dressings that have been on the market
for years. Polyhexamethylene biguanide (PHMB)
is an antiseptic that is currently attracting interest
from wound care professionals, although it has a
long history of use in things such as contact lens
cleaning solutions, wet wipes, and others. PHMB is
available both as a cleansing solution and in bio-
cellulose dressings. In a concentration of 0.3%, it
has proven to be both noncytotoxic and a nonirri-
tant, with a very low risk of sensitization.®? It has
also been found to be effective against a broad
spectrum of bacteria, fungi, molds, yeasts, MRSA,
and VRE. Eberlein et al. compared treatment with
a PHMB containing biocellulose wound dressing
versus silver dressings in 38 critically colonized
or locally infected wounds.®® Compared with the
silver-treated group, the PHMB-biocellulose group
had a significantly faster reduction of critical col-
onization and local wound infection (p <0.001) in
the 28-day study period. Both groups were effective
in reducing pain and bacterial burden; however,
the PHMB group was significantly faster and bet-
ter in removing the critical bacterial load.

Manuka honey is an ancient remedy for the
treatment of infected wounds and was first recog-
nized as a topical antibacterial agent in 1892. Since
this time, there have been many published reports
describing the effectiveness of honey products in

wound healing. In laboratory studies, Manuka
honey has been shown to provide antibacterial ac-
tion against a broad spectrum of bacteria and
fungi, including S. aureus, P. aeruginosa MRSA,
and VRE.?* Published reports have recognized that
honey can inhibit biofilms of various species. Honey
may also have a role in reducing malodor, provid-
ing an autolytic debridement environment where-
by the osmotic action of honey encourages exudates
to move away from the wound bed, and having an
anti-inflammatory and immune-modifying effect.
Gethin and Cowman conducted a prospective,
multicenter RCT to compare the desloughing effi-
cacy and healing outcome in venous ulcers with
Manuka honey versus hydrogel.®®> At week 4 of
treatment, the mean reduction in slough was 67%
with Manuka honey versus 52.9% with hydrogel
(p=0.054). Mean reduction in wound size was 34%
versus 13% (p=0.001). At 12 weeks, 44% versus
33% healed (p=0.037). The Manuka honey group
had an overall increased incidence of healing, ef-
fective desloughing, and a lower incidence of in-
fection than the control (hydrogel). This study
helps to confirm that Manuka honey may be con-
sidered for use in sloughly venous ulcers. Gupta
et al. compared honey dressings versus silver sul-
fadiazine dressings for wound healing in burn pa-
tients in a retrospective study.®® The average
duration of healing was found to be 18.16 versus
32.68 days in the honey and silver sulfadiazine
groups, respectively. All wounds treated with
honey became sterile within 21 days, while for sil-
ver sulfadiazine this was 36.5 days. The authors
concluded that honey dressings make the wounds
sterile in less time, enhance healing, and have a
better outcome in terms of hypertrophic scars and
postburn contractures.

Both of the materials examined above have pro-
ven to be efficacious versus silver in published
studies. The type of wound must be taken into con-
sideration when contemplating use of these agents,
as not all wounds are amenable to treatment.

lodine dressings. lodine is a natural, nonme-
tallic element that plays a key role in human me-
tabolism. The antimicrobial properties of this
element were first demonstrated in 1882.%” Since
this time, iodine-based preparations have played
an important role in the prevention of surgical site
infections. Iodophors were developed in the 1950s
to overcome the side effects associated with ele-
mental iodine, including pain, irritation, and skin
irritation. Bonding iodine with another molecule
makes it less toxic and able to be slow released from
the carrier molecules over a more sustained period
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of time. The two most commonly used iodophors in
modern dressings include povidone-iodine and ca-
dexomer iodine. Povidone-iodine preparations, in-
troduced in the 1960s, are popularly used as an
antiseptic in preparing patient’s skin before sur-
gery as in preoperative hand scrubs.

There is extensive evidence in support of using
povidone-iodine in wound healing but this has been
met with controversy due to perceived issues with
toxicity, systemic absorption, and delayed healing.
Numerous reviews have analyzed the conflicting
evidence and cited that studies on animal models
tend to support the argument for iodine’s cytotox-
icity while human studies suggest that povidone-
iodine preparations can help the wound-healing
process by reducing bacterial load.®*#° The mode of
action is not understood but it is believed to be as-
sociated with its ability to rapidly penetrate the cell
wall of microrganisms.”® Nonetheless, povidone-
iodine and cadexomer iodine have been proven in
numerous in vitro studies to be effective in com-
mon bacterial wound isolates as well as MRSA
infections.

The effectiveness of iodine in the management of
bacterial biofilm is currently unclear, although
studies have cited that low-dose, slow release io-
done is effective in killing free-floating microor-
ganisms and is therefore a good choice of antiseptic
dressing when the intention is to suppress biofilm
formation or prevent recontamination.”>*? Thorn
et al. studied the antimicrobial effectiveness of
silver- and iodine-containing wound dressings
against preformed mature biofilms of pathogenic
wound bacteria grown in vitro,?® and demonstrated
that both dressings exerted an antimicrobial effect
against the target species biofilms, although the
iodine dressing was more efficacious under the
experimental conditions employed. Similar results
from Phillips et al. also suggest that sustained re-
lease iodine may penetrate biofilms more effec-
tively than silver or PHMB.**

Slow release iodine dressings are indicated in a
wide range of wound types where infection is
present or suspected. These wound types include
pressure ulcers, venous leg ulcers, diabetic foot
ulcers, minor burns, and superficial skin-loss in-
juries. These dressings should be used under close
medical supervision in patients with thyroid dis-
ease, iodine sensitivity, pregnant or breastfeeding
women, or in newborn babies. To avoid toxicity or
risk of thyroid-related complications, iodine prod-
ucts should be used in caution in children, in pa-
tients with large burn areas, and when prolonged
treatment of large open wounds may be required.
Generally, when the dressing has lost its color, the

antiseptic effect has been lost and the dressing
should be changed.

Although speculation exists in regard to iodine
delaying healing and being cytotoxic, substantial
evidence also exists to suggest that the commonly
used low concentration and slow release iodo-
phors can improve healing rates and are effec-
tive as highly potent antimicrobial with a broad
spectrum of activity. The studies and methods
of design of several studies make it difficult to
draw reliable comparison and conclusion of this
dressing type.

Charcoal dressings. The key function of acti-
vated charcoal dressings is to reduce wound odor
by absorbing gases released by bacteria. They have
a large surface area and can absorb odor molecules
and therefore act as a deodorizing agent. It is dif-
ficult to accurately measure and quantify wound
odor and it is therefore highly subjective in nature.
Wounds that are most commonly associated with
odor production include leg ulcerations and fun-
gating lesions of various types. The organisms
frequently associated from malodorous wounds
include anaerobes such as Bacteroides and Clos-
tridium species in addition to numerous aerobic
bacteria. Research has also shown that certain
wound odors may be specific to a species.?®

The most effective method of dealing with wound
odors is elimination of the offending organism.
Systemic antibiotics may be effective but achieving
an effective concentration of the antibiotic at site of
infection may be difficult. Topical preparations
such as metronidazole, clindamycin, honey, and
sugar have been shown to be promising in this re-
gard in various studies to date.?®® Despite wide-
spread use of activated charcoal dressings in
malodorous wounds, many publications to date
tend to focus on wound healing rather than odor
control.”*71°! The ability of these dressings to de-
crease wound odor is undeniable in respect to
clinical experiences to date, but objective data of
strictly charcoal compounds are lacking.

Negative pressure wound therapy. NPWT was
developed in the early 1990s and since has become
familiar to any practitioner dealing with wounds.
NPWT applies subatmospheric pressure, or suc-
tion, to the wound bed via a unit attached to a
dressing/sponge. The exact type of dressing varies
by manufacturer, but an adhesive drape around
the sponge provides for a semiocclusive environ-
ment in which moist wound healing is encouraged.
The nature of semiocclusive dressings has been
discussed above, facilitating gas exchange and so
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on. The suction effect of the device removes excess
fluid allowing for enhanced circulation and dis-
posal of cellular waste thereby reducing the risk of
bacterial contamination.

The NPWT guidelines for appropriate wounds
include acute and traumatic wounds; surgical de-
hiscence; pressure ulcers; diabetic, arterial, and ve-
nous ulcers; and fresh flaps and any compromised
flaps. Use of this system to bolster skin grafts and
increase the rate of granulation and epithelialization
for draining wounds and fistulae has also been ad-
vocated. With NPWT, the dressing changes can vary
between 48 and 72h, but in dealing with untreated
infected wounds should be changed every 12 h. There
are various types of foam densities utilized for dif-
ferent types of wounds (Fig. 8). The black, sterile,
polyurethane foam has large pores and is more ef-
fective for stimulating granulation tissue and wound
contraction. The white, sterile, polyvinyl alcohol
foam is denser with smaller pore size. The latter foam
is recommended in deep wounds, undermined flaps,
sinus tracts, or overexposed vertebra. It has fewer
tendencies to adhere to the wound bed, but does not
stimulate granulation. There are other wound contact
dressings available for NPWT, including gauze and
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Figure 8. (A) A chronic lower extremity wound after sharp debridement.
(B) The same wound closed with a black, sterile, polyurethane foam and
negative pressure wound therapy. To see this illustration in color, the
reader is referred to the web version of this article at www.liebertpub.com/
wound

polyurethane. There is currently a lack of compara-
tive effectiveness data regarding these contact layers.

The literature on NPWT is very extensive and is
full of case reports, reviews, and trials on wounds
with varying complexities and qualities. In 2008,
Vikatmaa et al.'°? identified 14 RCTs involving
patients with a variety of wound types. Only two of
these were classified as “high-quality” studies, the
remainder was classified as having poor internal
validity. Nevertheless, in all studies NPWT was
found to be at least as effective, and in some cases
more effective, than the control treatment. The cost
of NPWT has also been extensively studied. Phil-
beck et al.'® conducted a retrospective study
comparing treatment costs of NPWT with more
conventional therapies by comparing healing
rates. Treatment records of 1,032 Medicare pa-
tients with 1,170 NPWT-treated wounds of all
types were reviewed. They calculated that the time
to heal a group of patients with wounds 22.2 cm?
would be 97 days and cost $14,546, compared with
247 days with traditional therapy with a cost of
$23,465. They concluded that NPWT is an effective
treatment modality for a variety of chronic wounds
producing healing in certain types of pressure ul-
cers 61% faster than saline-soaked gauze while at
the same time reducing costs by 38%. Studies in
regard to time at which NPWT have also proved
fruitful. Kaplan et al.'** used retrospective data
to study the clinical and cost-effective benefits of
using NPWT at an early stage (day 1 or 2, 518
patients) compared with initiating later (day 3 or
later, 1,000 records) in the management of trau-
matic wounds. The early group of patients dem-
onstrated fewer hospital inpatient days (10.6 vs.
20.6 days; p<0.0001) and fewer treatment days
(5.1 vs. 6.0 days; p=0.0498). The early-treated
group also demonstrated lower total and variable
costs per patient discharge ($43,956 vs. $32,175;
p<0.001 and $22,891 vs. $15,805; p<0.001, re-
spectively). The data suggest that early inter-
vention with NPWT has potential clinical and
cost-effective benefits in the treatment of trau-
matic wounds.

Although there are numerous articles and pub-
lications in support of NPWT for various types of
wounds, the costs of initiating this therapy create
reluctance for some practitioners. The further need
for high-quality RCTs is necessary to demonstrate
cost effectiveness in routine use. Regardless,
NPWT treatment undoubtedly plays a role in
the management of extensive cavity wounds that
cannot be primarily closed and are too large to be
dressed with conventional modalities. Heavily ex-
udative wounds, including those with lymphatic
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involvement and excluding those without
proper hemostasis, also prove to be an
amenable group to this therapy. In 2008,
Calne'®® published an excellent summary
of the indications and contraindications
of NPWT in the form of a consensus doc-
ument.

FUTURE DIRECTIONS

Advanced treatments
and biologically active therapies

There are several new modalities and
products that have emerged over the past
decade that have aided the constant need
for improvement in wound care. NPWT
has undoubtedly changed wound care
from this point forward and has proven
beneficial for a variety of wounds. Hy-
droconductive dressings are another cat-
egory that is emerging and studies of
its functionality are underway. Other
modalities such as hyperbaric oxygen,
growth factors, biologic dressings, skin
substitutes, and regenerative materials
also have proven efficacious in advancing
the wound-healing process through a va-
riety of mechanisms (Fig. 9). The future of
wound healing at this point remains un-
known, but the entities mentioned will
likely help shape our future. These prod-
ucts and methods fall outside the scope of
this article and are discussed in detail
elsewhere.

SUMMARY

TAKE-HOME MESSAGES
e Acute wounds have the potential to move from the acute wound to chronic

wounds, requiring the clinician to have a thorough understanding of out-
side interventions to bring these wounds back into the healing cascade.

Chronic wounds are arrested in a specific phase of wound healing and
unable to progress, and those that remain unhealed at ~4 weeks are
placed into this category.

The point of intervention with bacterial presence is very case specific,
although most experts will agree that once a wound reaches the level of
critical colonization or infection, intervention is necessary.

Wound characteristics such as edema/exudates, bacterial burden, and
nonviable tissue must be addressed with debridement.

There are several other factors that are important when choosing a
dressing: providing protection to the periwound skin, forming an effective
bacterial barrier, conforming to wound shape, producing minimal pain
during application and removal, being free of toxic or irritant extract-
ables, not releasing particles or nonbiodegradable fibers into the wound,
and maintaining the wound at an optimal temperature and pH.

Gauze in wet-to-dry dressings can re-injure the wound upon removal.

Semiocclusive dressings are not necessarily better than gauze for sur-
gical patients.

Many physicians have accepted transparent film dressings as the
dressing of choice for skin graft donor sites.

Hydrocolloids appear to trigger an inflammatory reaction, which may help
granulation but not epithelial migration.

Hydrogels are superior to hydrocolloids and gauze for pressure ulcers.

Alginates are particularly suited for highly draining wounds and bleeding
wounds due to their high absorbency and hemostatic properties.

Silver dressings lack in vivo evidence of efficacy.

All interactive dressing materials have the ability to manipulate one or
multiple aspects of the wound environment. Deciding which to use will
depend on matching wound characteristics with dressing capabilities,
keeping in mind that the wound characteristics will change in the pro-
cess likely requiring change in dressing subtype.

After a careful review of current literature on
wound management and dressing materials, it is
evident that the information, although abundant,
provides much conflicting data. Few, high-quality
RCTs evaluating wound dressings exist and do not
clearly demonstrate superiority of many materials

or categories. There is, however, evidence to sug-
gest the following points: gauze in wet-to-dry
dressings can re-injure the wound upon removal,
semiocclusive dressings are not necessarily better
than gauze for surgical patients, many physi-
cians have accepted transparent film dressings as

- .'-\..\
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Figure 9. (A) Open chest wound after coronary artery bypass graft covered with Biobrane® (UDL Laboratories), a biocomposite dressing composed of nylon
fibers embedded in silicone and collagen. (B) After removal of Biobrane 2 weeks later, showing abundant granulation tissue present at base. (C) After
coverage with a split-thickness skin graft. To see this illustration in color, the reader is referred to the web version of this article at www.liebertpub.com/wound
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the dressing of choice for skin graft donor sites,
hydrocolloids appear to trigger an inflammatory
reaction that may help granulation but not epi-
thelial migration, hydrogels have proven superior
to hydrocolloids and gauze for pressure ulcers, al-
ginates are particularly suited for highly draining
wounds and bleeding wounds due to their highly
absorbency and hemostatic properties, and silver
dressings lack in vivo evidence of efficacy.

Comparative effectiveness research can be used
as a tool to evaluate topical therapy for wound care.
As described by van Rijswijk and Gray,'® using
clearly defined processes to study patient-centered
outcomes and only product groupings that meet an
operational definition of functioning will help cli-
nicians decide whether an intervention can and
will work and whether the value of the clinical/
economic benefits is greater than the potential
harm/cost. While consensus exists that clinical
practice in wound care should be evidence based,
difficulty arises due to confusion about the various
approaches to wound management. In efforts to
address this, the European Wound Management
Association set up a Patient Outcome Group to
produce recommendations on clinical data and
collection on wound care.'®” The authors of this
article urge readers to refer to this document, dis-
seminated by the Journal of Wound Care, to fur-
ther understand how to ensure that studies are
consistent and reproducible.

Until further data emerges, education on the
available products and logical clinical thought
must prevail. Each individual wound must be

carefully evaluated, categorized, and treated. The
importance of identifying the need for debride-
ment, level of exudates, and presence of infection
cannot be overstated. Armed with the knowledge
on different interactive dressing materials pre-
sented in this article, an effective and efficient
wound care strategy can be formed.
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