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Abbreviations

BLCCs Bilayered living cellular constructs

CA Cadaveric allograft

CDM Collagen dermal matrix

CEAs Cultured epidermal autografts

CPM Cryopreserved placental membrane

DFU Diabetic foot ulcer

DHACM Dehydrated human amnion/chorion
membrane

DRT Dermal regeneration template

ECM Extracellular matrix

PU Pressure ulcer

VLU Venous leg ulcer

Introduction

Wounds are the most common skin disease.
Therefore, dermatologists should develop a thor-
ough understanding of the etiology, natural his-
tory, principles of diagnosis, and treatment of
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wounds. However, even under optimal expert
care, some wounds do not heal at the appropriate
rate. Fortunately, advanced wound therapy with
skin substitutes and matrices can often correct
the healing trajectory of a stalled wound.
Therefore, dermatologists should be familiar
with these products and develop basic under-
standing of the classes available, the way they are
applied, and how they work since they are simple
to use and often effective.

Historically, the first written account of skin
substitutes occurred in the fifteenth century BCE
in Ebers Papyrus, where frog skin was used as a
xenograft [1]. Skin allografts were first reported
3000 years later in writings from the Branca
family of Sicily in the first half of the fifteenth
century [2]. In the early 1900s, amnion began to
be used as a biological dressing for the manage-
ment of burns [3]. Over the past 40 years, there
have been breakthroughs in the ability to bioen-
gineer tissue substitutes leading to a vast array
of products. The first major breakthrough was
in 1975 when Rheinwald and Green cultivated
keratinocyte sheets from epidermal cells allow-
ing for the production of large quantities of kera-
tinocytes in vitro [4]. In 1981, the first artificial
skin bilayer was used to treat burn wounds, and it
was found that the host tissue utilized the bilayer
to synthesize neoepidermis and neodermis [5, 6].
This paved the way for the first commercially
available epithelial autografts in 1988 with the
development of Epicel®, a cultured epidermal
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autograft. Since then, a multitude of matrices
have been made available that allows the clini-
cian to tailor to the unique needs of each clinical
encounter.

Acellular and cellular matrices, also referred
to as skin substitutes, are a form of advanced
wound care utilized when standard wound care
fails to heal a wound. Wound recalcitrance is
often due to the “edge effect” whereby the epi-
thelium fails to migrate across the granulation tis-
sue. Utilization of skin substitutes may be used to
overcome the edge effect by providing structural
support for migration, tissue regeneration, growth
factors, and cytokines and via restoration of the
biochemical and moisture balance within the
nonhealing wound [7]. Additionally, evidence
suggests that skin substitutes revert the wound’s
inflammatory environment back to an acute heal-
ing phenotype that promotes wound healing [5,
8]. Interestingly, these engineered tissues do not
persist in the wound and are replaced by the
patient’s tissues. These skin substitutes afford the
clinician the ability to cover larger areas than
what is usually allowed with a traditional skin
graft [9]. Furthermore, skin substitutes obviate
the need for autografts, thus avoiding a surgical
procedure, painful surgical donor site, and addi-
tional scarring, which is often the most distress-
ing aspect of a traditional skin graft [10].

There are multiple ways to classify skin sub-
stitutes. Most broadly, they can be classified as
acellular or cellular skin equivalents [11].
Acellular matrices functionally act as a scaffold
by transiently functioning as an extracellular
matrix (ECM), which promotes host cellular
migration leading to wound healing via replace-
ment of the skin equivalent with endogenous host
tissue. They may be biologically active or inert
and are produced from natural sources, manufac-
tured, or from a combination of both. On the
other hand, cellular matrices contain functional
cells that are embedded into an ECM. These cells
are capable of secreting cytokines, growth fac-
tors, collagen, fibronectin, and glycosaminogly-
cans that promote angiogenesis, granulation, and
re-epithelialization [12]. Generally, acellular
matrices are less expensive and easier to produce,
apply, and store [9].

Skin substitutes can be further divided into
epidermal grafts, dermal replacements, and com-
posite grafts. Epidermal grafts consist of autolo-
gous cultured keratinocytes, while dermal grafts
consist of cellular or acellular dermal compo-
nents, mainly collagen. Composite grafts are
bilayered skin equivalents and consist of an epi-
dermal layer of keratinocytes or synthetic mate-
rial on top of a dermal layer. This categorization
can be further divided into allogeneic, xenoge-
neic, or autologous grafts.

Characteristics of an ideal tissue-engineered
skin substitute [11, 13, 14]:

e Allow for endogenous cell adherence and
migration

* Nontoxic

* Non-inflammatory

* Non-immunogenic

e Cost-effective

*  Widely available

e Stored at room temperature

e Prolonged shelf life

e Durable

* Malleable

e Biodegradable

* Prevent water loss

e Provide coverage for unique wound character-
istics including location, depth, and underly-
ing etiology

Although no single skin equivalent meets all
of these characteristics, the numerous products
available afford the clinician the ability to tailor
treatment to the unique clinical picture.

Principles of Selection and Use
of Skin Equivalents

Skin substitutes should be applied according to
manufacturer’s instructions, and typically the com-
pany can readily provide technical support. Since a
myriad of products are available, each with some
unique features and subtleties, an overview of the
principles of selection and applications is provided.

Assessment and preparation of the wound bed
is the essential first step in preparing for advanced
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wound therapy. This is first accomplished by a
thorough history and physical examination to
determine the etiology of the wound. Any under-
lying causes for the delayed healing such as
immunosuppression, poor nutrition, infection, or
systemic illness should be addressed prior to ini-
tiation of advanced wound therapy [15].

The wound should then be inspected and
measured for wound size, depth, color, under-
mining, edema, erythema, and exudate. Often,
chronic wounds contain necrotic tissue and
biofilms that impede healing and should be
debrided. Wound edge should be assessed, and
undermined tissue should be removed to allow
for re-epithelialization. Similarly, debridement
of callus is essential for relieving pressure. The
wound surface should be cleansed of contami-
nants, bacteria, and remnants of previous dress-
ings. If erythema, tenderness, and warmth are
noted at the wound, infection should be sus-
pected, and initiation of topical or systemic anti-
microbials is essential. Moisture balance should
be achieved with proper dressing choice to man-
age exudate and avoid excessive dryness or mac-
eration at the skin edges [16]. The importance
of meticulous wound bed preparation cannot be
understated as healthy granulation tissue is cru-
cial for the success of skin substitutes’ applica-
tion [17, 18].

Typically, initiating treatment with advanced
wound therapies should be considered when a
wound fails to heal for at least a few weeks with
appropriate standard wound care (i.e., multilay-
ered compression for venous leg ulcers [VLUs]
or offloading for diabetic foot ulcers [DFUs])
[9]. Contraindications to placing a skin substi-
tute include wound infection; exposed muscle,
tendon, or bone; or hypersensitivities to the
matrix [19].

Following wound bed preparation, accurate
measurements of the wound should be recorded
to obtain a baseline by which the clinician can
monitor the healing response to the skin substi-
tute. Additionally, these measurements will help
the clinician select and prepare the matrix to
properly fit the wound. Careful preparation must
be taken to ensure proper placement of the prod-
uct as some come ready to be placed onto the

wound, while others must be fenestrated to allow
for exudate to permeate through the matrix [20].
Matrices that contain only one layer need not
take into account orientation, while the bilayered
composite grafts need to be carefully placed to
ensure proper orientation [21]. Skin substitutes
that are dehydrated require rehydration, and oth-
ers matrices that are cryopreserved must be
thawed with care according to the manufactur-
er’s instructions. Flowable matrices that are
injected into wounds are usually hydrated before
use [22]. The applied product should be secured
with a preferred method such as Steri-Strips® or
suture. Following placement of the matrix, appli-
cation of a non-adherent contact layer helps to
secure the product in place and protect during
secondary dressing changes. A secondary dress-
ing can then be placed to maintain moisture bal-
ance. Throughout these steps, aseptic technique
should be strictly maintained. Once application
is complete, standard of care should be com-
pleted as appropriate. Increase in exudate is
common after application of skin substitutes,
and the patient should be advised, and proper
secondary dressing should be provided.
However, the clinician should be vigilant for
signs of infection.

Generally, it is advised that the primary dress-
ing should not be disturbed for a week following
placement of skin substitutes. However, clini-
cians should be familiar with the specific post-
care instructions of each product as those may
differ. Once the allotted time has passed, the cli-
nician should remove the primary dressing and
thoroughly inspect the wound for evidence of
healing such as advancing wound edge. If
unhealed, many of the wounds will retain some
residue of the skin substitute in the wound, and it
is generally advised to not remove it. In this case,
necrotic tissue can be removed selectively, and
new primary non-adherent dressing can be
applied followed by standard of care. If the clini-
cian is still concerned about the healing progress,
reapplication may be considered. Guidelines for
reapplication are generally derived from pivotal
trials that classically utilize weekly applications.
Howeyver, evidence on the most adventitious tim-
ing for reapplication is lacking.
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Cellular Matrices (Table 15.1)

Cultured Epidermal Autografts (CEA,
Epicel®, Vericel, Cambridge, MA)

Indications: deep dermal or full-thickness burns
greater than or equal to 30% of total body surface
area [40]

The in vitro capability of skin stem cells to
expand has been leveraged to create an autolo-
gous skin graft from a biopsy taken from the
patient [41]. In order to obtain autologous kera-
tinocytes for culture, two 6 cm X 2 cm full-
thickness biopsies are taken within 24-48 hours
of admission from the axilla and/or groin. These
biopsies are placed into biopsy media tubes pro-
vided by the manufacturer and sent to Epicel®
for ex vivo expansion. The grafts mature over
approximately 17 days to create 4800 cm? sheets
of keratinocytes that are 2—8 cell layers thick.
This process allows expansion of a relatively

Table 15.1 Cellular matrices

small donor site into a graft that can cover a
large body surface area. Additionally, if the use
of the graft is not immediately necessary, the
cultured autograft may be cryopreserved for
future use [42].

Once the expanded cultured autograft is
obtained, the graft should be arranged with the
cell sheet facing down to preserve the basal-
apical orientation of the keratinocyte sheets. The
grafts should be placed as close together without
overlap as possible and then stapled in place.
Importantly, the graft material should not be sta-
pled until the sheets are providing full coverage
over the wound in case rearrangement is neces-
sary. Once in place, the grafts should be covered
with a primary nylon dressing and then an outer
secondary dressing.

The disadvantages of CEAs include the high
cost of the graft, sensitivity of the keratinocyte
sheets to infection due to breakdown from bacte-
rial proteases and cytotoxins, variable graft take

Product Product type Indications Contraindications Level of evidence*
Epicel® Cultured Deep dermal or full- Clinically infected wounds Level 3 [23-25]
epidermal thickness burns greater
autograft than or equal to 30% of
the total body surface area
Apligraf ® Bilayered living Partial- and full-thickness | Exposed muscle, tendon, or VLUs: Level 1
cellular construct | VLUs >1 month bone, infected wounds, [26]
Full-thickness neuropathic | hypersensitivities to bovine DFUs: Level 1
diabetic foot ulcers collagen or components of [27, 28]
>3 weeks shipping medium
Dermagraft® | Collagen dermal | Full-thickness neuropathic | Clinically infected wounds, Level 1 [29, 30]
matrix DFUs >6 weeks wounds with sinus tracts,
hypersensitivity to bovine
products
TransCyte® | Collagen dermal | Partial- and full-thickness | Clinically infected wounds Level 2 [31, 32]
matrix burns
Epifix® Epifix® DFUs Infected wounds DFUs: Level 1
VLUs [28, 33, 34]
VLUs: Level 1
[35, 36]
Grafix® Cryopreserved DFUs Acute or chronic infection, Level 1 [37, 38]
placental hypersensitivity to gentamicin,
membrane vancomycin, amphotericin B

“Level of evidence derived from The Oxford 2011 Levels of Evidence [39]:

1. Systematic review of randomized trials or n-of-1 trials.

2. Randomized trial or observational study with dramatic effect.

3. Non-randomized controlled cohort/follow-up study.

4. Case series, case-control studies, or historically controlled studies.

5. Mechanism-based reasoning.
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rate, and the length of time it takes to culture and
produce the epidermal autograft [43]. Some labs
have reported using fibrin glue to decrease the
culturing time to approximately 14 days.
However, this has not been widely available
[44]. The initial optimism for CEA has been
hampered by reports of poor results from sur-
geons and various burn centers throughout the
country [45]. Currently, its use is limited to the
initial closing of the wound, but not for perma-
nent closure [46, 47].

Similar products have recently been FDA
approved such as RECELL®, which is a CEA
spray [48]. There are many CEA products out-
side of the United States such as Celaderm,
Laserskin, Autoderm, TransDerm, Myskin,
Epidex, Lyphoderm, and Cryoceal, but they are
not currently approved for use in the United
States [49]. The level of evidence for the use and
efficacy of CEAs is limited to smaller trials and
case studies [44].

Bilayered Living Cellular Constructs
(BLCC, Apligraf®, Organogenesis,
Canton, MA, and OrCel, Ortec
International, Atlanta, GA)

Indications: noninfected partial- and full-
thickness VLUs that remain unhealed for greater
than 1-month duration and full-thickness neuro-
pathic DFUs that remain unhealed for greater
than 3 weeks duration. In both cases, there should
be no exposed tendon, muscle, or bone. Its suc-
cessful use has also been reported in partial- and
full-thickness burns, epidermolysis bullosa, sur-
gical excisions, and pyoderma gangrenosum [20,
50-53].

BLCCs are tissue-engineered composite skin
equivalents that have been shown to decrease
wound healing time [54]. Both Apligraf® and
OrCel® contain epidermis from human neonatal
foreskin on top of bovine collagen [55]. Thus, it
possesses both allographic and xenographic fea-
tures. Of the two, Apligraf® (Fig. 15.1) is the
best trialed and consists of allogeneic neonatal
keratinocytes and fibroblasts derived from neona-
tal foreskin on top of bovine type I collagen [50,

Fig. 15.1 Apligraf®, a BLCC, is shown to the left. It is
important for the clinician to be prepared before graft
placement as the BLCC is delicate. The easiest method to
apply the Apligraf® is to place a gauze over the top of the
matrix, which is contained in the center circle of the petri
dish (black arrow). Wet the gauze with a few drops of
saline to allow the membrane to adhere to the gauze. Then
gently peel back the matrix and gauze together. If needed,
fenestrate the membrane with a blade and cut to size while
still attached to the gauze. Then place the matrix on the
wound with the gauze side facing up so as to maintain the
polarity of the matrix. The matrix can be gently separated
from the gauze using a cotton-tipped applicator. It can
then be affixed in place with Steri-Strips ™, a noncontact
primary layer and a secondary dressing

52-55]. Since it contains both keratinocytes and
fibroblast, it allows for cross talk between the dif-
ferent cell types. Additionally, this graft can pro-
duce its own matrix proteins and growth factors.
During engineering of the Apligraf®, the epider-
mal layer is exposed to air, allowing the keratino-
cytes to stratify and create a stratum corneum
[56]. Apligraf® remains viable at room tempera-
ture for 10 days from the date of shipping.

After the wound bed is prepared, Apligraf®
should be fenestrated with a blade. Fenestration
allows the product to remain affixed in case of
wound exudate. Care should be taken to maintain
the orientation of the product such that the dermal
layer is in contact with the wound bed. It should
then be affixed with a preferred method such as
wound glue or Steri-Strips™ at the periphery. The
graft should then be covered with a primary non-
adherent dressing and then covered with a sec-
ondary dressing. The wound should be inspected
and redressed within 1 week [20].

OrCel® is comprised of keratinocytes derived
from neonatal foreskin cross-linked to a bovine
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type I collagen sponge (epidermal side) that con-
tains human dermal fibroblasts on the opposite
side of the sponge (dermal side). This composite
graft also produces necessary growth factors and
matrix proteins. One of the benefits of OrCel® is
that it can last for up to 9 months due to cryo-
preservation. OrCel® should be applied in a sim-
ilar fashion as the Apligraf® [49].

These composite grafts promote fibrovascular
ingrowth and re-epithelialization. Studies have
demonstrated a lack of cultured cell DNA when
the wound heals suggesting that it is the patient’s
endogenous skin that heals the wound and the
composite graft biodegrades [40]. The main dis-
advantage of the BLCCs is their high cost [57].
Contraindications to use include infected wounds
or if the patient has known hypersensitivities to
bovine collagen or components of the shipping
medium [20].

Collagen Dermal Matrix (CDM,
Dermagraft®, Organogenesis,
Canton, MA TransCyte, Advanced
BioHealing Inc., Westport, CT)

Indications: The bestevidenceis for Dermagraft®,
and it has been approved for the treatment of full-
thickness neuropathic DFUs that have failed to
heal for more than 6 weeks without involvement
of the tendon, muscle, bone, or joint capsule [29].
It has also been trialed, albeit with less success,
in the treatment of VLUs and burns [58, 59].
TransCyte has been FDA approved for partial-
and full-thickness burn wounds [31].

Dermagraft® is a CDM that is a bioabsorb-
able cryopreserved human fibroblast-derived der-
mal substitute. The dermal matrix is synthesized
by culturing neonatal fibroblasts in a glycolic
acid mesh. This mesh serves as a scaffold for the
production of cytokines, growth factors, matrix
proteins, and collagen into a three-dimensional
matrix [29]. Aside from fibroblasts, Dermagraft®
does not contain other skin cells like keratino-
cytes, endothelial cells, hair follicles, or white
blood cells. When placed into a wound, the CDM
stimulates  fibrovascular growth and re-
epithelialization [40].

Dermagraft® comes in a clear bag containing
a single piece of 2 inch x 3 inch CDM. The prod-
uct should be maintained at a temperature of
=75 °C £ 10 °C. Additionally, Dermagraft®
should not be kept at room temperature for more
than 30 minutes. Dermagraft® should be removed
from the foil packaging but kept in the clear
packaging and submerged into a 34-37 °C water
bath to thaw for 2 minutes. The clear bag should
then be cut open, liquid should be removed, and
the product should be rinsed three times with
room temperature saline until ready for use. Once
ready, the saline should be poured out, and the
clear bag should be closed. The clear bag should
then be placed over the ulcer, and a marker should
be used to trace the ulcer. The bag should then be
cut along the tracing, and CDM should be placed
in the ulcer. After placement, it should be secured
with a preferred method. It should then be cov-
ered with a non-adhesive primary dressing and
then with a secondary dressing. The ulcer site
should not be disturbed for 72 hours after place-
ment of the CDM. Dermagraft® is contraindi-
cated in infected wounds, wounds with sinus
tracts, and patients that have hypersensitivity to
bovine products [21].

TransCyte is synthesized from human new-
born fibroblasts cultured onto a nylon mesh of
Biobrane® (Dow B. Hickam, Inc., Sugarland,
Tex). It is similar to Dermagraft®; however, the
fibroblasts are not viable. It is prepared and
applied in a similar fashion as Dermagraft®.

Dehydrated Human Amnion/Chorion
Membrane (DHACM, Epifix®, MiMedx
Group Inc., Marietta, GA)

Indications: VLUs, chronic vascular ulcers,
DFUs, partial- and full-thickness wounds, pres-
sure ulcers (PUs), trauma wounds, surgical
wounds, and third-degree burns [28, 33, 36,
60-62]

Epifix® is an allographic cellular matrix that
is composed of human amnion and chorion
matrix. It contains a single layer of epithelial
cells, basement membrane, and an avascular con-
nective tissue matrix. This product is bioengi-
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neered in such a way that it removes blood
products but leaves intact the amniotic membrane
and extracellular matrix (ECM). As a result, the
product contains cytokines, growth factors, and
ECM proteins [36].

Epifix® can be stored in a clean, dry environ-
ment at room temperature for up to 5 years.
Multiple sizes are available in sheets or mesh
from 2 cm? up to 49 cm? allowing the clinician to
meet the needs of a specific clinical scenario.

After the wound bed is prepared, remove the
DHACM from the packaging and carefully cut to
the size of the wound allowing no more than
I mm of overlap of the wound margins. When
placing the DHACM, use the embossed letters as
a guide to maintain correct orientation. If the
wound is exudative, the product can be fenes-
trated. Additionally, the product can be wet or dry
depending on the clinical picture. To wet the
DHACM, apply sterile saline after it has been
placed in the wound. Place a non-adherent pri-
mary dressing followed by a secondary dressing
and do not disturb the wound site for several days
[63]. Epifix® is contraindicated in infected
wounds [64]. The company also bioengineers
other DHACM products such as AminoFix®
(injectable DHACM) and EpiBurn® (DHACM
for burn wounds) as well as other products
derived from placental tissue and amniotic fluid.
However, the evidence and efficacy of these
products have not been extensively studied.

Cryopreserved Placental Membrane
(CPM, Grafix®, Osiris Therapeutics,
Inc., Columbia, MD)

Indications: The best evidence is for use in the
management of DFUs [37, 38]. It has shown ben-
efit in the treatment of VLUs, PUs, burns, surgi-
cal wounds, pyoderma gangrenosum, and
epidermolysis bullosa [62, 65].

CPM is an allogeneic graft composed of
growth factors, cytokines, ECM proteins, and
cells including mesenchymal stem cells, epithe-
lial cells, and neonatal fibroblasts [38].

CPM is available in multiple sizes and should
be maintained at —80 °C. When maintained at

that temperature, it has a shelf life of 2 years.
After wound bed preparation, warm water that
does not exceed 32 °C should be placed into a
basin. Place the inner plastic bag into the basin
with the label side up. Once no ice crystals are
visible, remove the plastic bag and cut open.
Using forceps, transfer the CPM to a second
basin that is filled with saline. After the wound
bed is prepared, remove the top cover from the
CPM and place over the wound. Gently remove
the back cover from the CPM to place the CPM
on the wound. Using cotton tip applicators,
arrange the CPM so that it is covering the entire
wound including the wound edges. Cover with a
non-adherent dressing and then a secondary
dressing. CPM is contraindicated in wounds with
acute or chronic infection or if the patient has
known hypersensitivities to gentamicin, vanco-
mycin, or amphotericin B [65].

Acellular Matrices (Table 15.2)

Porcine Derived (Oasis®, Smith
and Nephew, Largo, FL, Biobrane®,
UDL Laboratories, Inc., Rockford,
Illinois)

Indications: Oasis® has been studied in the man-
agement of partial- and full-thickness wounds,
DFUs, VLUs, PUs, chronic vascular ulcers, tun-
neled or undermined wounds, trauma wounds,
second-degree burns, and surgical wounds [66,
67, 84-87]. The best evidence is for VLUs and
DFUs [66, 67]. Biobrane® is indicated for donor
sites and partial-thickness burns [69-73, 88-90].

Oasis® is three-dimensional dermal sub-
stitute that is derived from porcine small intes-
tinal mucosa. It provides a collagen scaffold
as well as other ECM components such as
glycosaminoglycans, proteoglycans, fibronec-
tin, and growth factors [66]. It is available in
multiple sizes as either a single- or tri-layered
matrix. It can be stored at room temperature for
up to 2 years. After the wound bed is prepared,
the Oasis® sheet should be cut to the size and
shape of the wound. After placement, it should be
hydrated with sterile saline, and a non-adhesive
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Table 15.2 Acellular matrices

Product Product type Indications Contraindications Level of evidence*
Oasis® Porcine derived VLUs Hypersensitivity to porcine VLUs: Level 2 [66]
DFUs DFUs: Level 3 [67,
68]
Biobrane® | Porcine derived Donor sites Hypersensitivity to porcine Donor sites: Level 3
Partial- [69-71]
thickness burns Partial-thickness
burns: Level 3 [72,
73]
Integra® Dermal DFUs Infected wounds, hypersensitivity to Level 1 [74,75]
regeneration bovine or chondroitin material
template
AlloDerm® | Cadaveric Partial- and Hypersensitivity to gentamicin, Burns: Level 2 [76]
allograft full-thickness lincomycin, polymyxin, vancomycin, Soft tissue defects
burns or Polysorbate 20 and scars: Level 4
Soft tissue [77-83]
defects and
scars

“Level of evidence derived from The Oxford 2011 Levels of Evidence [39]:

1. Systematic review of randomized trials or n-of-1 trials

2. Randomized trial or observational study with dramatic effect

3. Non-randomized controlled cohort/follow-up study

4. Case series, case-control studies, or historically controlled studies

5. Mechanism-based reasoning

primary dressing should be placed followed by
a secondary dressing. Its use is contraindicated
in those with known porcine hypersensitivities
[91]. Biobrane® is a bilaminar nylon mesh that is
filled with porcine collagen type I. The product is
available in multiple sizes and is placed in a simi-
lar fashion but should be secured in place with a
preferred method under tension [92].

Dermal Regeneration Template (DRT,
Integra®, LifeSciences, Plainsboro, NJ)

Indications: Partial- and full-thickness wounds,
PUs, VLUs, repair of scar contractions, surgical
wounds, chronic vascular ulcers, and second-
degree burns [74, 75, 93-97]

Integra® is an acellular three-dimensional
DRT that consists of a porous bilayer matrix. The
temporary epidermal layer is made of a thin layer
of silicone, and the dermal layer consists of a
cross-linked bovine tendon collagen and glycos-
aminoglycan (chondroitin-6-sulfate) biodegrad-
able matrix. This provides a scaffold for cellular
migration and angiogenesis [74, 97].

It is available in sheet, mesh, fenestrated, or
flowable form. These products may be stored at
room temperature. Once the wound bed is pre-
pared, remove the DRT from the packaging and
peel off the cover sheet. Place the DRT in a basin
with sterile saline. Cut the DRT to fit the wound
and carefully place it on the wound ensuring
direct contact. Care must be taken to maintain the
orientation so that the dermal layer is in direct
contact with the wound. This can be verified by
black threads in the silicone layer, which should
be facing outward (away from the wound bed). It
should be affixed with a preferred method, and a
non-adherent primary dressing should be placed
followed by a secondary dressing [97]. For tun-
neled wounds, the flowable form should be uti-
lized. This can be prepared by drawing up sterile
saline into an empty syringe and connecting the
syringe to the syringe that contains collagen via a
Luer Lock Connector. Depress the plungers back
and forth to mix together. Once mixed, discon-
nect the two syringes and attach the flexible
injector. The product can then be injected into the
wound. Place a primary dressing and then a sec-
ondary dressing over the wound [22]. DRMs are
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contraindicated in infected wounds and those
with known hypersensitivities to bovine collagen
or chondroitin materials. Newer products such as
PriMatrix® (Dermal Repair Scaffold, Integra®,
LifeSciences, Plainsboro, NJ) are available, but
their evidence and efficacy have not been exten-
sively studied. Additional DRMs such as
Matriderm® are available outside of the United
States.

Cadaveric Allograft (CA, AlloDerm®
Regenerative Tissue Matrix, LifeCell,
Branchburg, NJ)

Indications: replacement of damaged or inade-
quate integument including surgical wounds,
burns, soft tissue defects, and sinus tracts [77,
98-102].

CA is an acellular dermal allograph that is
processed to remove all cellular components so
as to minimize the risk of tissue and graft rejec-
tion while preserving the three-dimensional
structure of the dermis as well as other biological
components [100]. It is available as a sheet or in
an injectable form (Cymetra® Micronized
AlloDerm® Tissue) (Fig. 15.2) [103].

The CA should be stored at room temperature.
Before the wound bed is prepared, remove the
tissue from the packaging and place it into a basin
filled with 37 °C saline for 5 minutes. Transfer
the tissue into the second basin filled with rehy-
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Fig. 15.2 Cymetra®, which is an acellular matrix is a
micronized injectable form of AlloDerm®. This cadaveric
allograft is a flowable matrix that comes in a syringe and
is best used for the treatment of tunneling wounds

dration fluid for approximately 40 minutes. Once
it is rehydrated, place onto the wound making
sure the “L” that is in the mesh pattern on the tis-
sue is facing outward, assuring that the dermal
layer is in contact with the wound. Cover with a
non-adherent primary dressing and then a sec-
ondary dressing [98].

CA is contraindicated in known hypersensi-
tivities to antibiotics listed on the packaging
(gentamicin, cefoxitin, lincomycin, polymyxin,
and vancomycin) or to Polysorbate 20.

Future Research

Many new acellular and cellular skin substitutes
are currently being developed, and it is hoped
that new grafting sources and multipurpose prod-
ucts will deliver better outcomes; however, clini-
cal evidence is still premature. For example, an
acellular xenogeneic dermal matrix derived from
fish skin (Kerecis® Omega3 wound matrix,
Isafjordur, Iceland) is being trialed to heal vari-
ous wound etiologies and has initially demon-
strated efficacy in the stimulation of granulation
tissue and re-epithelialization. Additionally, it
has been reported to have antinociceptive and
analgesic properties [104]. Hyalomatrix PA®
(Fidia Advanced Biopolymers, Padua, Italy) that
is a bilayer of esterified hyaluronan scaffold
beneath a silicone membrane has been shown to
provide a favorable environment for cellular
migration and wound healing [105]. PuraPly ®
Antimicrobial Wound Matrix is a collagen sheet,
similar to Oasis®, that is coated with the antimi-
crobial agent polyhexmethylenebiguanide. It was
released in 2016 and indicated for the manage-
ment of wounds of multiple etiologies and is
intended to provide a scaffold for cellular migra-
tion as well as protect against bacterial overload.

Conclusion

Acellular and cellular skin substitutes are an
important adjunctive treatment for nonhealing
wounds. These products provide key elements
and scaffolding that promote healing and may be
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used to treat varying wound etiologies. Many
different skin substitutes are available on the
market, and each product has unique characteris-
tics, benefits, and disadvantages. For example,
non-exudating wounds may benefit from sheet
matrices, while exudative wounds may benefit
from fenestrated or mesh forms. Additionally,
flowable matrices are advantageous in tunneled
or sinus wounds. Some may be able to cover
wounds with exposed tendon, bone, or muscle,
while others may not. Although some have been
extensively trialed, further research is necessary
to demonstrate the full efficacy of many of the
matrices currently available. It is imperative that
clinicians are familiar with the many differing
products available in order to best tailor the
product to the unique clinical presentation.
Correct patient and product selection combined
with meticulous wound bed preparation is key to
successful use of these products. Future studies
are needed to better understand the mechanism
of action of these products, and large, well-
designed, randomized controlled clinical trials
are warranted to compare between products.
Given the high cost of these grafts, evidence of
the best application timing, number, and spacing
of applications will help to develop efficient
guidelines for use.
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