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Objective: Burn injuries remain a large financial burden on the healthcare system.
According to CDC statistics (2010), nonfatal and hospitalized burns in the U.S. cost
$1.8 billion for an annual incidence of*486,000 cases. To date, no technique proves
to be the ideal therapy of deep partial-thickness burns. In this study, we review a
trial usage of ACell (ACell, Inc.) wound matrix on deep partial-thickness burns.
Approach: Burn patients were admitted through the Vanderbilt Emergency De-
partment. Three were consented to receive ACell therapy. Each patient suffered
extremity burns, to which ACell MatriStem matrix was applied. Time to epitheli-
alization and healing was monitored up to 1 month postintervention.
Results: ACell MatriStem matrix use in deep partial-thickness burns enabled
healing by 29 days on average without requiring autografts. The average total body
surface area (TBSA) of injury was 7.2% with average TBSA treated with ACell
equal to 2.5%. All burn sites underwent re-epithelialization after 5.6 days on
average (range 4–7 days). Average length of stay after ACell placement totaled
2 days. All patients fully healed without the need for subsequent grafting or
contracture development. No postoperative complications were noted.
Innovation: To the extent of our knowledge, this is one of the first reported series
to utilize ACell MatriStem product in deep partial-thickness extremity burns.
Conclusion: Despite numerous products currently available for burn recon-
struction, no one product embodies all the characteristics of an ideal graft. ACell
biological extracellular matrix scaffolding appears promising, allowing for healing
without use of an autograft.

Keywords: partial thickness burn, urinary bladder matrix, skin substitute,
extracellular matrix scaffold

INTRODUCTION

Patients who sustain burn in-
juries are some of the most complex
patients to care for, often requiring a
multidisciplinary team of providers
specialized in burn pathophysiology.
While many facets of burn care must
be accounted for, including fluid
management, nutrition, respiratory
status, immunologic and cardiovas-
cular function, the use of biological

dressings after surgical management
for deep partial-thickness burns is of
paramount importance.

Burn injuries continue to be a sig-
nificant financial burden on the U.S.
healthcare system. The 2015 National
Burn Registry—accounting for 9 years
of cumulative data from 99 U.S. Burn
Centers/hospitals—presents 203,422
cases. Approximately 70% of the pa-
tients were male; 73% of cases occurred
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at home, classified as accidental and nonwork related.
The mean age for all cases was 32 years. Of the re-
ported total burn sizes, more than 75% were less than
10% total body surface area (TBSA) and the mortality
rate was equal to 0.6%, compared to 3.2% and 5.7%
for fire/flame injuries. Over the 10-year period, im-
provements in care decreased the average length of
stay for both genders from 9 to 8 days. Additionally,
mortality rates decreased from 3.4% to 2.7% in
males and 4.6% to 3.3% in females. However, the
costs of care remained elevated. The cost per case for
each death is estimated to be three times greater
than that of a survivor ($309,733 vs. $93,167).1

In the acute setting, management of deep partial-
thickness burns involves the standard approach to
any trauma patient—securing the airway, establish-
ing adequate pulmonary function and cardiovascular
support, appropriate resuscitation, and debridement
of nonviable tissue.2 Currently, the gold standard for
full-thicknessburncoverage is theautograft, oragraft
from the patient’s own body, which undergoes imbi-
bition, vascularization, and remodeling after place-
ment.3 Coverage of the wound bed decreases potential
wound contamination and infection by offering a
barrier to bacteria, limiting fluid loss, preventing
desiccation, accelerating granulation and epithelial-
ization, and decreasing pain. Ideally, coverage should
also conform to irregularly contoured surfaces. It
should remain minimally immunogenic, flexible, du-
rable, inexpensive, and require minimal prepara-
tion.4,5 Additionally, the treatment should not incite
an inflammatory response. It should, however, facili-
tate growth, maintain its structure, and resist degra-
dation until the host has had sufficient time to initiate
angiogenesis, cell proliferation, migration, and differ-
entiation. Current methods for coverage include non-
adherent dressings, which require daily changes that
are painful, labor intensive, and expensive.

A second method, the allograft is a graft from the
same species as the recipient. One example is a
temporary cadaveric graft, which possesses several
attributes of the ideal graft. Products like cadaveric
AlloDerm (LifeCell Corporation) have been used in
conjunction with meshed autografts to enhance
prevention of fluid loss and decrease metabolic
stress. Other allograft acellular matrix products on
the market include DermaMatrix (Synthes), Allo-
Max (Bard), and FlexHD (Ethicon, Inc.). Despite
the numerous options, allografts are temporary,
lasting only weeks until immunologic rejection by
the recipient, expensive, and have not been shown
to have definitive advantages over other products.6

A third method, the xenograft is a graft donor
from a different species than the recipient. Most
commonly derived from porcine skin, they have been

used as a temporizing measure either preceding
autografting or in conjunction with an autograft to
promote wound healing. The xenograft, unlike the
autograft, does not undergo vascularization, capil-
lary ingrowth, or vessel-to-vessel connection. Also
over time, avascular necrosis occurs as the nutrition
supply ceases. Although there is no evidence of
immunological rejection, the graft is functionally
rejected as host epithelium grows underneath it.
Porcine skin grafts are currently used for partial-
thickness burns (most common use), split skin graft
donor sites, and exfoliative conditions, including
Stevens–Johnson syndrome and toxic epidermal
necrolysis. In terms of use, the graft is typically ap-
plied after exudation is decreased, enabling better
adherence. The graft can either be removed after
epithelialization or changed at regular intervals as
appropriate with dirty wounds.7 Studies have shown
that porcine skin grafts reduce pain, decrease heat,
protein, and electrolyte losses, offer physical pro-
tection, and decrease risk of infection.7–9

ACell (ACell, Inc.) is one of the newest xenograft
biological dermal substitutes composed of extracel-
lular matrix (ECM) derived from porcine urothelium
that is lyophilized and dehydrated. Products main-
tain their natural collagen structure—the intact
epithelial basement membrane enabling natural
healing and tissue remodeling—and are subse-
quently resorbed by the body. ACell MatriStem
possesses several of the ideal graft attributes in-
cluding barrier protection, pliability, and minimal
preparation. Furthermore, it has not been identified
as a vector for infectious agents. ACell has several
forms, including singular and multi ply sheets, in
addition to moralized granules. Few rigorous clinical
studies have been performed using this method,
with the majority of the literature originating from
materials science papers. This study aims to review
a trial usage of ACell for early application on deep
partial-thickness burns. Extremity deep partial-
thickness burns, in particular, were evaluated to
allow assessment of functional outcomes.

CLINICAL PROBLEM ADDRESSED

To date, no one technique proves to be the ideal
therapy of deep partial-thickness burns. In this
study, we review current products as well as a trial
usage of ACell (ACell, Inc.) wound matrix on deep
partial-thickness burns.

MATERIALS AND METHODS

Deep partial-thickness burn patients (n = 3),
determined clinically, were admitted through
the Vanderbilt Emergency Department. Exclusion
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criteria included full-thickness burns that clini-
cally required skin grafting. Before application of
ACell therapy for deep partial-thickness burns,
informed consent for the procedure was obtained
from all patients. No IRB approval was required for
this intervention. At the time of initial debride-
ment, we discussed treatment options with the
patient, offering standard treatment versus ACell
therapy. Procedures were done under deep seda-
tion. The wound bed was cleaned with removal of
necrotic and scar tissue, then rinsed with normal
saline solution. Excessive exudate was irrigated
and hemostasis achieved. ACell MatriStem burn
matrix (shown in Fig. 1)10 fenestrated sheet xeno-
graft was used in all cases. The xenoderm was
prepared in normal saline solution and affixed with
standard application of skin adhesive. Petroleum
gauze dressing was applied with the graft, followed
by a circumferential woven gauze wrap and elastic
bandage. Each patient had a postoperative wound
check within 7 days. Patients were followed for 1
month and evaluated for time to epithelialization,

time to heal, contracture percentage, and postop-
erative complications.

RESULTS

ACell has received FDA clearance for use in
several wound types including partial- and full-
thickness wounds.11 For this retrospective study,
IRB approval was submitted to review the dei-
dentified data. A total of three patients with deep
partial-thickness burns on the dorsum of the hand,
dorsum of the foot, or volar wrist received ACell
MatriStem matrix. Two of the patients were male
and one female with an average age of 39 years
(range of 21–59 years). Two of the patients were
smokers with an average of 12.5 pack years and
none of the patients had any other known co-
morbidities (Table 1). The average time from burn
to treatment with ACell was equal to 2 days (range
1–4 days). An average of 166 cm2 of ACell xenograft
was used (range of 150–200 cm) with an average of
TBSA burned equal to 7.1% (range of 2.5–10%).

FIG. 1. ACell MatriStem product illustrations; (A) MicroMatrix, (B) Wound Matrix, (C) Multilayer Wound Matrix, (D) Burn Matrix.

Table 1. Patient Demographics

Patient Age, Years Gender Smoking (Pack Years) Burn Location % Total Body Surface Area

1 39 Male 20 Face and bilateral hands 3
2 59 Male 0 Face, wrists, right hand, right leg 2.5
3 21 Female 5 Face, right hand, left arm, right foot 2

FIG. 2. A 39-year-old male with furnace flash burn of the left hand. Images from left to right: initial injury, 7 days post-ACell, and 21 days post-ACell.

548 KIM ET AL.



The average area treated with ACell was 2.5%. No
patient experienced any complications from the
ACell therapy. All patients demonstrated evi-
dence of re-epithelialization on their postoperative
wound check at an average of 5.6 days (range of 4–
7 days). The average length of stay after ACell
placement totaled 2 days; one patient was admit-
ted, underwent treatment, and discharged on the
same day. Furthermore, all patients fully healed
by an average of 29 days without the need for
subsequent grafting or development of contracture
(Figs. 2–4). There were no postoperative compli-
cations noted.

DISCUSSION

To date, only small clinical case series have re-
ported favorable outcomes using ACell for recalci-
trant radiation wounds, chronic wounds, open

complex pilonidal excisional wounds, and a mix-
ture of chronic peripheral vascular disease.12–15

The ACell product has shown promising results in
the setting of both acute and chronic wounds.
Moreover, these wounds have been in various an-
atomical locations and secondary to different pa-
thologies. Due to its biological profile, ease of use,
and versatility, ACell matrix and its application
in burn wounds should be further investigated.
Data from this retrospective study demonstrate
promise for patients with deep partial-thickness
injuries. In all three cases, healing occurred in a
timely fashion with epithelialization evident as
early as postoperative day 4. None of the cases
required additional grafting and no complications
from ACell therapy were observed. Furthermore,
no contracture development was observed in
these patients, a significant finding in the setting
of extremity burn injuries. Additionally, the pa-

FIG. 3. A 59-year-old male with flash burn from diesel garbage. Images from left to right: initial injury, 4 days post-ACell, and 50 days post-ACell.

FIG. 4. A 21-year-old female with a grease burn. Images from left to right: initial injury, 14 days post-ACell, and 28 days post-ACell.
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tients in this case series were discharged quickly
after ACell application. One patient was admit-
ted, operated, and discharged on the same day.
The data from this study demonstrate the suc-
cessful utilization of ACell in deep partial-
thickness burns.

Nonetheless, there are several alternative skin
substitute therapies currently available on the
market. Classified by Kumar, these alternatives
include class I (temporary impervious dressings),
class II (single-layer durable skin substitutes), and
class III (composite skin substitutes) products.16

Class I comprises substances that do not have an
epidermal component, thus, serving as a mechan-
ical barrier. Examples include potato peels, Tega-
derm (3M Healthcare), and TransCyte (Advanced
Tissue Sciences). The last is composed of a polymer
membrane and newborn human fibroblast cells,
which are cultured on a nylon mesh that enables
proliferation. The fibroblasts secrete human der-
mal collagen, matrix proteins, and growth factors.
These factors allow the patient’s epithelial cells to
migrate quickly, increasing the rate of healing.
TransCyte is primarily used for excised burns be-
fore autografting and has great use in facial burn
cases due to its flexibility. Kumar et al. (2004) de-
termined that TransCyte increases the rate of
re-epithelialization and decreases the amount of
dressings required compared to Biobrane and Sil-
vazine cream in children with partial-thickness
burns.17 Similarly, Lukish et al. (2001) established
that TransCyte in children with burns greater than
7% TBSA led to reduced length of stay and served
as a safe and effective treatment method.18 An-
other study by Noordenbos et al. (1999) found that
TransCyte led to wound healing with less hyper-
trophic scarring compared to wounds treated with
silver sulfadiazine.19 Several other studies support
the successful use of Transcyte in partial-thickness
burns regarding wound infections, healing time,
wound closure, and safety.20,21 However, its use
with deep partial- and full-thickness burns is less
well studied.

Class II substitutes include cultured epithelial
autograft, bovine collagen sheet, porcine collagen
sheet, or Permacol (Tissue Science Laboratories
PLC), bovine dermal matrix or Matriderm (Skin &
Health Care AG), and human dermal matrix or
AlloDerm (LifeCell Corp.). AlloDerm, specifically,
is an acellular dermal matrix that consists of fi-
brillar collagen, collagen VI, elastin, hyaluronan,
proteoglycans, fibronectin, and vascular chan-
nels.16 These components enable tissue regenera-
tion. The matrix is, however, derived from donated
human skin. Therefore, restrictions in use involve

limited quantity and costliness compared to other
skin substitutes. Nevertheless, Yim et al. demon-
strated that early intervention with AlloDerm
could prevent scar formation and joint contracture
in patients with greater than 20% TBSA burns.22 A
study by Callcut et al. showed AlloDerm to be a
method successful in reducing donor site morbid-
ity, enhancing cosmetic as well as functional out-
comes, and eradicating the need for follow-up
procedures in acute thermal burn injuries.23 Pub-
lished data on AlloDerm in patients with deep
partial-thickness burns, however, continue to be
limited.

The third class of skin substitutes includes al-
lografts, xenografts, and tissue-engineered skin
such as Integra (Integra LifeSciences Corp.) and
Biobrane (Smith & Nephew). Developed in the
1980s, Integra contains three layers—an outer
temporary silicone epidermal layer, a dermal layer,
and a matrix. The matrix is composed of bovine
collagen and glycosaminoglycans, and incorporates
the patient’s cells. Regeneration of the dermis oc-
curs and the silicone epidermal layer can be re-
moved. This skin substitute is indicated for both
full-thickness and deep partial-thickness burns.
Branski et al. determined that Integra led to im-
proved scarring with regard to height, thickness,
vascularity, and pigmentation. This therapy,
however, did not significantly affect mortality or
length of stay for pediatric patients with 58–88%
TBSA burns.24 Pham et al. (2007) conducted a
systematic review of the literature on bioengi-
neered skin substitutes. In terms of graft take and
infection rates, data showed that Integra was not
as efficient compared to autograft, allograft, and
Biobrane although it was proven to decrease time
to healing.25,26 Moreover, Integra is costly and re-
quires *2 weeks to mature, at which point a split-
thickness skin graft can be applied for definitive
wound closure. Biobrane xenograft is a second ex-
ample. It also has an outer silicone layer as well as
an inner knitted nylon mesh layer that is coated
with porcine collagen. It serves as a temporary
cover for clean, non-full-thickness burns, donor
sites, and meshed autografts. Again, Pham et al.
found that Biobrane did not significantly affect
the number of dressing changes or need for pain
medications when compared to silver sulfadiazine
and TransCyte.17,27–29 Specific studies on the use
of Biobrane in deep partial-thickness burns are
limited.

In general, animal studies have shown that
the ECM scaffolding retains basement mem-
brane morphology as well as collagen IV, lami-
nin, and collagen VII. The content of these
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scaffolds exceeds those of porcine small
intestine and liver-based ECM.30 Al-
though the clinical implications have
not been tested, there is potential for
improvement in the scaffolding geome-
try and three-dimensional molecular
architecture for regeneration of the
dermis. Furthermore, in vitro studies
have suggested an antimicrobial prop-
erty of urothelium against Staphylo-
coccus aureus and Escherichia coli.31

Although there is a variety of products
available on the market used to miti-
gate deleterious physiological effects of
burn reconstruction, no one product has embod-
ied all the characteristics of an ideal graft. The
ACell biological ECM scaffolding is promising as
it allows for healing without use of autografting.
There are limitations to this study including
the small sample size and length of follow-up.
Future studies may extend the type of burn
patient population to those with similar injuries
as well as increase the period for follow-up.
Further study is necessary to demonstrate su-
perior efficacy and to determine the safety pro-
file. A more complete assessment of the cost
profile for treatment of deep partial-thickness
wounds is similarly needed.

INNOVATION

There is a great variety of burn injury recon-
struction therapies on the market today. Skin
substitutes, including ACell MatriStem, are one
class of therapy proven to be effective. However, no
one product demonstrates comprehensive proper-
ties of the ideal treatment for deep partial-
thickness burns. The study results reveal ACell to
be promising in this regard. Data showed quick
time to re-epithelialization and healing, no con-
tracture development or postoperative complica-
tions, and eliminated the need for subsequent
autografting. To the extent of our knowledge, this

is the first reported series to utilize ACell Ma-
triStem product in deep partial-thickness burns.
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KEY FINDINGS
� ACell enables rapid healing with all patients demonstrating evidence of

re-epithelialization by an average of 5.6 days.

� Patients treated with ACell did not require an extensive hospital stay.
The average length of stay after ACell placement totaled 2 days while
one patient was admitted, underwent treatment, and discharged on the
same day.

� All ACell recipients were fully healed by an average of 29 days without
need for subsequent grafting or development of contracture.

� Although additional studies are necessary to determine the safety pro-
file, there were no postoperative complications noted for any patient in
this study.
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Abbreviations and Acronyms

ECM ¼ extracellular matrix
TBSA ¼ total body surface area
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