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KEY POINTS

� Amniotic membrane composed of amnion and chorion has been recognized for its use as
a facilitator of wound healing for more than 100 years.

� Amniotic membrane–based products have various therapeutic applications in the foot and
ankle, including the treatment of chronic wounds, fasciitis, and tendonitis.

� Several products containing various components of amniotic membrane are available, but
for most there are limited clinical and scientific data.

� Dehydrated human amnion/chorion membrane contains an array of growth factors known
to play critical roles in the physiologic processes of normal healing and tissue regeneration.
INTRODUCTION

Normal wound healing occurs in a well-orchestrated and predictable sequence of
events including hemostasis, inflammation, proliferation, and remodeling. These inter-
related physiologic processes create a reparative microenvironment characterized by
high initial levels of growth factors and other soluble mediators of cell signaling;
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controlled levels of proteases and bacteria; and functional fibroblasts, keratinocytes,
and vascular endothelial cells.1

Cell-mediated regeneration of extracellular matrix (ECM), the largest component of
dermal skin layer, remains an integral part of this complex dynamic.1 In acute wounds
the provisional wound matrix composed of fibrin and fibronectin provides a scaffold to
direct cells into the site of injury, which then participates in secreting ECM. The ECM
forms communications signals with cells and between cells through a process known
as dynamic reciprocity.1

Angiogenesis, the formation of new blood vessels, is another critical process to
normal wound repair.2 Activated by growth factors released by platelets, inflammatory
cells, and fibroblasts, vascular endothelial cells sprout and form new capillary channels
in the wound bed. Together with the provisional matrix, these angiogenic vessels
comprise the granulation tissue heralding a successfully healing wound. Many
advanced wound healing modalities, ranging from negative pressure to growth factor
therapy to living skin equivalents, are designed to stimulate angiogenesis and accel-
erate wound repair.
More recently, regenerative mechanisms have been elucidated in wound healing. A

variety of stem cells may play a role in wound repair, including mesenchymal stem
cells, adipose stromal cells, and endothelial progenitor cells.3–5 These cells are mobi-
lized, recruited, and homed to sites of injury by soluble mediators generated by the
wound healing cascade. A growing number of regenerative therapies in development
exploit these stem cells as a novel wound healing strategy.
In contrast, chronic, or delayed healing, wounds are characterized by an aberrant

and hostile wound microenvironment, including persistent inflammation, cell senes-
cence, growth factor deficiencies, bioburden, and increased levels of destructive pro-
teases.1 These factors impede angiogenesis, granulation, and epithelialization.1,6

Despite multiple causes of chronic wounds (eg, diabetes, venous insufficiency, pe-
ripheral arterial disease, and pressure) virtually all chronic wounds share one or
more of these common pathologic features.
Many advanced wound management interventions are clinically used to support or

promote healing of chronic wounds. These interventions include recombinant growth
factors, living skin equivalents, negative pressure therapy, low-frequency ultrasonog-
raphy, and more recently products derived from amniotic membrane. This article re-
views recent scientific data and clinical findings related to amniotic membrane in
wound healing.
AMNIOTIC MEMBRANE AS A THERAPEUTIC INTERVENTION

Human amniotic membrane is a reproductive tissue representing the innermost lining
of the placenta. Two distinct layers, the amnion and chorion, become fused at approx-
imately 3 months of gestation (Fig. 1). These layers serve to protect the fetus during
growth in the uterus. Among the key functions of amniotic membrane are:

� Its immunologically privileged state
� Reservoir of multiple growth factors involved with tissue growth and regeneration
� Antiinflammatory properties

Such properties confer remarkable therapeutic potential for amniotic membrane for
wound healing, tissue repair, and regenerative therapy.7–11 Native human amnion/
chorion membrane contains growth factors, such as epidermal growth factor (EGF),
basic fibroblast growth factor (bFGF), keratinocyte growth factor (KGF), vascular
EGF (VEGF), transforming growth factors (TGFs); nerve growth factor (NGF), and



Fig. 1. The amniotic membrane consists of 2 conjoined layers: the amnion and chorion.
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many chemokines known to be important for the healing of both acute and chronic
wounds.12,13 Note that amniotic membranes are avascular.14

The amnion is composed of 5 distinct layers15,16:
� The epithelium
� A basement membrane
� The compact layer
� A fibroblast layer
� The intermediate or spongy layer
The chorion17:
� Is 3 to 4 times thicker than the amnion
� Is composed of a cellular layer, a thick reticular layer, a pseudobasement
membrane, and a trophoblast layer, which remains adhered to the maternal
decidua

In a amnion/chorion graft, the chorion contributes 75% of the overall growth factor
content.18

The source of amniotic membrane for wound management is donor placenta. How-
ever, fresh amniotic grafts are not practical for routine clinical use in thewound clinic, so
commercially available amniotic membrane products undergo a range of processing
and preservation techniques, including dehydration and cryopreservation, and repre-
sent a range of membrane configurations, from amnion alone to amnion and chorion.
Most data, both scientific and clinical, supporting the benefit of amniotic membrane

for wound repair have been obtained from studies of dehydrated human amnion/
chorion membrane (dHACM) allograft (EpiFix, AmnioFix, MiMedx Group, Marietta,
GA), so these data are the focus of this article.18–31 This allograft originates from hu-
man placentas from low-risk patients planning scheduled caesarean delivery donated
under informed consent. All donors are prescreened and tested to be free of infectious
diseases, including human immunodeficiency virus, human T-lymphotropic virus, hep-
atitis B and C, and syphilis. The proprietary PURION process gently cleanses and
washes the membranes to reduce bioburden, with minimal tissue manipulation to
maintain structural integrity, and dehydrates the tissue. This procedure makes it
distinct from products that are cryopreserved, or cross-linked and frozen. Allografts
that have undergone this dehydration process have no viable cells and retain a
5-year shelf life under ambient conditions.
The dHACM allograft is regulated under Section 361 of the Public Health Service Act

by the United States Food and Drug Administration. It is intended for homologous use,
which is defined by regulatory authorities as “the repair, reconstruction, replacement,
or supplementation of a recipient’s cells or tissues with a human cell, tissue and
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cellular, and/or tissue based product (HCT/Ps) that performs the same basic function
or functions in the recipient as in the donor.”32
AMNIOTIC MEMBRANE MECHANISMS OF ACTION IN WOUND HEALING

Although the full spectrum of wound repair induced by amniotic membrane has not yet
been defined, several key mechanism of action have been elucidated: enzyme-linked
immunosorbent assay (ELISA) assays performed on samples of dHACM have shown
quantifiable levels of the following growth factors20:

� Platelet-derived growth factor (PDGF)–AA and PDGF-BB
� TGF-a and TGF-b1
� bFGF
� EGF
� Granulocyte colony stimulating factor (GCSF)

The ELISA assays20 also identified the presence of interleukin (IL)-4, IL-6, IL-8, and
IL-10, which suppress inflammation and may contribute to dHACM’s immune-
privileged properties,33 and tissue inhibitors of metalloproteinase (TIMP)–1, TIMP-2,
and TIMP-4, which neutralize the destructive biological effects of matrix metalloprotei-
nases 2 and 9, which are often overexpressed in chronic wounds. The presence and
amount of signaling molecules, including 14 cytokines and 10 chemokines known to
regulate inflammation, and 12 cytokines known to regulate wound healing processes
present in dHACM, are presented in Table 1.
There are several amniotic membrane products of various configurations beingmar-

keted as treatments of diabetic foot ulcers (Table 2). Because some products
comprise only a single-layered amnion, without chorion, an in vitro study18 compared
growth factor levels from single-layered therapy with multilayered allografts
composed of both amnion and chorion (eg, dHACM). The total cytokine content
contributed by chorion was higher than that contributed by amnion alone. In all cases,
bilayered (amnion plus chorion) allograft contained significantly more growth factors
than the single-layer amnion grafts. The growth factors present in dHACM have
been shown to induce human dermal fibroblast proliferation, which is relevant to
wound healing, especially in diabetic feet.19

Studies of amniotic membrane using dHACM showed the ability of the tissue to
recruit multiple stem cells relevant to wound repair and regeneration. Both stromal
cell-derived factor 1 (SDF-1) and chemokine receptor type 4 (CXCR4), which are
stem cell recruitment and homing factors, are present in dHACM. In vitro studies
confirmed that the dehydrated allograft can attract stem cells to stimulate the migra-
tion of mesenchymal stem cells.19 In vivo studies showed that stem cells homed to
sites of neovascularization, reflecting their role as endothelial progenitor cells.19–21

Unlike cellular therapies that deliver cells with so-called stemlike characteristics,
the dHACM releases factors that recruited endogenous stem cells, suggesting
bona fide regenerative capability when used in wound management.
Studies of dHACM grafts also clearly showed their ability to induce angiogenesis,

associated with the presence of multiple proangiogenic factors present in and
released by the dehydrated tissue with retained biological activity.21 Furthermore,
studies using the conditioned media of dHACM stimulated the upregulated produc-
tion of endogenous angiogenic factors by endothelial cells, supporting a paracrine
amplifying effect by the graft to stimulate wound angiogenesis.21

These recently defined mechanisms of an amnion/chorion platform used in wound
management help explain the clinical benefits of dHACM.



Table 1
Cytokines and chemokines in dHACM

Regulators of Wound Healing in EpiFix and AmnioFix

Cytokines

Ang IGFBP-2

ANG-2 IGFBP-3

bFGF IGFBP-4

BMP-5 IGFBP-6

BDNF b-NGF

EG-VEGF PIGF

EGF PDGF-AA

FGF-4 PDGF-BB

KGF; FGF-7 TGF-a

GH TGF-b1

HB-EGF VEGF

HGF TIMP-1

IGF-I TIMP-2

IGFBP-1 TIMP-4

Regulators of Inflammation in EpiFix and AmnioFix

Cytokines Chemokines

GCSF BLC

GM-CSF Eotaxin-2

GDF-15 I-309

IFNg IL-8

IL-1a IL-16

IL-1b MCP-1

IL-1ra MIG

IL-4,5,6,7,10 MIP-1a

IL-12p40 MIP-1b

IL-12p70 MIP-1d

IL-15 RANTES

IL-17 —

MCSF —

OPG —

Abbreviations: Ang, angiopoietin; BDNF, brain-derived neurotrophic factor; BLC, B-lymphocyte
chemoattractant; BMP, bone morphogenetic protein; GDF, growth differentiation factor;
GH, growth hormone; GM-CSF, granulocyte-macrophage colony stimulating factor; HGF, hepato-
cyte growth factor; IFNy, interferon gamma; IGF, insulin-like growth factor; IGFBP, insulin-like
growth factor-binding protein; MCP, monocyte chemotactic protein; MCSF, macrophage colony-
stimulating factor; MIG, monokine induced by gamma-interferon; MIP, macrophage inflammatory
Protein; OPG, osteoprotegerin; PlGF, placental growth factor; RANTES, regulated on activation,
normal T cell expressed and secreted.
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CLINICAL APPLICATION OF AMNIOTIC MEMBRANE FOR TREATMENT OF CHRONIC
WOUNDS

Chronic wounds, such as diabetic neuropathic foot ulcers, venous or arterial insuffi-
ciency ulcers, and pressure ulcers lead to disability, morbidity, and accelerated



Table 2
Comparison of amniotic membrane products marketed as a treatments of neuropathic foot
ulcers

Product Preservation and Configuration
Peer-reviewed Publications of
Effectiveness for DFU

EpiFix dHACM Rapidly expanding body of evidence in
the peer-reviewed literature
including basic science, case studies,
case series and RCTs

AmnioClear Dehydrated amnion/chorion laminate None

Neox100 Cryopreserved: single-layer amnion None

Grafix Cryopreserved: single-layer amnion Limited to 1 randomized study, N5 2039

BioDfactor
Flograft

Cryopreserved: liquid amnion None
Limited to case series of N 5 20

Abbreviations: DFU, diabetic foot ulcer; RCT, randomized controlled trial.
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mortality. An evidence-based, patient-centered, multidisciplinary approach is central
to optimizing the treatment of nonhealing wounds.34 However, many ulcers remain re-
fractory to standard treatment algorithms. A meta-analysis35 of standard wound care,
defined as debridement, offloading, and use of saline-gauze dressings, examined 10
control groups from clinical trials of patients with diabetic lower extremity wounds. The
weighted mean rates of neuropathic ulcer healing were 24.2% at 12 weeks, and
30.9% at 20 weeks. These data provide realistic benchmarks for expectations of ulcer
healing over time, and clearly show that standard care is often not satisfactory for
healing foot ulcers in patients with diabetes. Venous leg ulcers are also slow to
heal, with less than two-thirds (62%) of all venous leg ulcers being healed by 24 weeks
using standard care alone.36 When ulcerations fail to respond to standard therapies
over a reasonable period of time, clinicians may select advanced modalities with a
clear scientific rationale, such as amniotic membrane, to promote accelerated healing.
CLINICAL RESEARCH SUMMARY
Early Clinical Case Series

The early literature for amniotic membrane commenced with published case reports22

describing a prospective series of 3 recalcitrant patients successfully treated with
dHACM. The patients were diagnosed with insulin-dependent or non–insulin-depen-
dent diabetes and were receiving conservative care for treatment of a foot ulcer.
Advanced therapy was considered because their wound size had not decreased by
50% after 4 weeks of standard care. All patients went on to completely heal with
dHACM therapy.
Another case series25 described 4 patients with refractory wounds that were initially

referred for a definitive plastic surgery procedure (ie, flap reconstruction surgery) but
received dHACM instead. Healing was observed in a variety of wound types with 1 to 3
applications of the dehydrated graft, eliminating the need for surgical intervention. In
each case, a large reduction in wound size was observed after the initial application of
dHCAM, and the ulcers did not recur in long-term follow-up.
In another retrospective case series of 5 patients with recalcitrant wounds (failure to

heal at least 50% for a period of a month)23 ulcers treated with dHACM showed
improved healing accompanied by a change in healing trajectories compared with
those documented before application.
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Randomized Controlled Trials

Zelen and colleagues26 conducted a prospective, randomized, single-center clinical
trial to compare healing characteristics of diabetic foot ulcers treated with dHACM
versus standard of care. Patients were randomized to receive standard of care alone
or standard of care with the addition of dHACM. Wound size reduction and rates of
complete healing were evaluated after 4 and 6 weeks. At 4 weeks, wounds reduced
in size by a mean of 32.0% � 43.7% in the standard of care arm (n 5 12) versus
97.1% � 7.0% (P�.001) in the dHACM group (n 5 13). However, at 6 weeks, in the
standard of care group mean wound size had increased 1.8% � 0.3% versus a
mean wound size reduction of 98.4% � 5.8% in the dHACM group (P�.001). After
4 and 6 weeks of treatment, the overall healing rates for dHACM were 77% and
92% respectively, compared with 0% and 8.0% respectively for the standard of
care (P�.001). Because of the large effect size, despite the small study size (n 5
25), statistical significance between the groups was reached (P<.001), and a decision
was made to terminate the study early for ethical reasons.
During the initial study 11 of 12 patients receiving standard of care remained un-

healed after 6 weeks. These nonhealers (n 5 11) were then treated with dHACM. A
retrospective analysis was conducted to determine the effectiveness dHACM in
these patients.27 As anticipated, a similar accelerated healing effect was observed
in these individuals. Mean wound chronicity was 21.1 � 12.4 weeks and a mean
wound size of 4.7 � 5.0 cm2 at initiation of dHACM treatment. Complete healing
was achieved in 55% by 4 weeks, 64% by 6 weeks, and 91% by 12 weeks with
biweekly applications.
Wound recidivism is often a problem even following the use of advanced modalities.

For this reason, a retrospective study28 was performed on all patients who received
dHACM and healed in the aforementioned trials. Patients (N 5 18) were available
for follow-up evaluation at 9 to 12 months after primary healing. Seventeen of 18
(94.4%) ulcers remained fully healed at this later time point, strongly suggesting dura-
bility of wound repair (Fig. 2).
In order to optimize the quality of clinical care it is important to establish the ideal

application frequency for advanced treatment modalities. Therefore, a prospective,
randomized, comparative study of 40 patients with diabetic foot ulcers of greater
than or equal to 4 weeks’ duration that did not heal with standard treatment were ran-
domized to receive weekly (n5 20) versus biweekly (n5 20) application of dHACM, in
addition to nonadherent, moist wound healing, compression wraps, and offloading.29

During the 12-week study period, 92.5% (37 of 40) ulcers completely healed. Mean
time to heal was 4.1 � 2.9 weeks in the biweekly group versus 2.4 � 1.8 weeks in the
weekly group (P 5 .039). Complete healing occurred in 50% versus 90% by 4 weeks
in the biweekly versus the weekly groups, respectively. Number of grafts applied
were similar in both groups (P 5 .841). In summary, the difference in healing rates for
weekly versus biweekly applications of dHACM showed a clear clinical preference for
weekly application of thematerial, because thosewounds receivingweekly application
of dHACMhealedmore than 40% faster. The faster healingwithweekly application also
shows an economic advantage given that the patients receiving weekly application
required fewer treatment visits and dressing changes at the wound healing center.
Venous leg ulcers represent the largest category of ambulatory wounds in the

United States and are responsible for causing pain and disability for thousands of pa-
tients. A multicenter randomized controlled clinical trial30 (N5 84) evaluated the use of
dHACM and multilayered compression therapy versus multilayered therapy alone in
the treatment of venous leg ulcers. Fifty-three patients were randomized to receive



Fig. 2. Examples of wounds at first dHACM application, when healed, and at long-term
follow-up visit.
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the dHACM allograft and 31 were randomized into the control group. The primary
study outcome was the proportion of wounds achieving 40% closure at 4 weeks in pa-
tients treated with dHACM and multilayer compression versus patients treated with
multilayer compression without dHACM. At 4 weeks, 62% in the dHACM group and
32% of controls showed greater than 40% wound closure (P 5 .005), thus showing
a significant advantage in the dHACM-treated group compared with the control group
at a 4-week surrogate end point. After 4 weeks, wounds treated with dHACM had
reduced in size a mean of 48.1% compared with 19.0% for controls. This study
showed that venous leg ulcers treated with dHACM allograft had a significant
improvement in healing at 4 weeks compared with multilayered compression alone.
Other Clinical Indications in Distal Extremities

Sheets of amniotic membrane have been used to decrease scarring and improve func-
tion in various soft tissue and bone procedures of the foot and ankle.37 In addition, am-
niotic membrane can also be delivered in an injectable micronized form. The injectable
form can also be used for wound healing applications, including tunneling or deep
wounds, but there is also evidence that the material can be used for treatment of
tendon and ligament disorders of the foot and ankle.31

Tendon and ligament disorders are common conditions seen by many clinical spe-
cialties and are responsible for much pain and morbidity, and the healing process is
often prolonged and incomplete.38 Growth factors contained in dHACM including
EGF, TGF-b, and fibroblast growth factor (FGF) are known to stimulate epithelial cell
migration and proliferation, whereas PDGF-A and PDGF-B stimulate many metabolic
processes, including general protein and collagen synthesis, collagenase activity, and
chemotaxis of fibroblasts and of smooth muscle cells.7,33 TGF-b has been shown to
significantly increase type I collagen production by tendon sheath fibroblasts.7
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Delivering these growth factors to areas of tendon or ligament damage via micronized
dHACM injection may allow more rapid and complete healing.
Anecdotal and unpublished data suggest that dHACM injection may be a viable

treatment of a variety of tendon and ligament injuries. A prospective, randomized,
single-center clinical trial was performed to examine efficacy of dHACM injection for
the treatment of plantar fasciitis.31 The dHACM used in the trial went through amicron-
ization process creating a dHACM powder that was dispersed into suspension with
sterile 0.9% saline solution for injection. On study enrollment all patients had been
diagnosed with plantar fasciitis for greater than 2 months and had failed at least 3 con-
servative treatment regimens, including corticosteroid injection. Forty-five patients
were randomized to receive injection of 2 mL of 0.5% Marcaine plain, then either
1.25 mL of saline (controls), 0.5 mL of dHACM, or 1.25 mL of dHACM. Follow-up visits
occurred over 8 weeks to measure function, pain, and functional health and well-
being. Within 1 week of treatment and during the study period significant improvement
in plantar fasciitis symptoms was observed in patients receiving either amount of
dHACM versus controls. American Orthopedic Foot and Ankle Society (AOFAS) hind-
foot scores increased by a mean of only 2.2 � 17.4 points for controls versus
38.7 � 11.4 points for those receiving 0.5 mL of dHACM (P<.001) and 33.7 � 14.0
points for those receiving 1.25 mL of dHACM (P<.001). After 8 weeks AOFAS hindfoot
scores increased by a mean of 12.9 � 16.9 points for controls versus 51.6 � 10.1 and
53.3 � 9.4 for those receiving 0.5 mL and 1.25 mL of dHACM respectively (both
P<.001). Treatment response was not significantly different for patients receiving
0.5 mL versus 1.25 mL of dHACM. Patients receiving dHACM experienced signifi-
cantly reduced pain over the study period, whereas this was not observed in controls.
Taken together, these clinical results, combined with the scientific data on mecha-

nism of action, suggest that dHACM has potent and efficacious activity as a wound
healing intervention in soft tissue disorders of the lower extremity.
SUMMARY

Unsuccessful healing represents a significant medical dilemma for both patients and
clinicians and create a financial burden on the health care system. Despite the efforts
of physicians, many injuries fail to heal with standard care alone. For decades human
amniotic membrane composed of both amnion and chorion has shown remarkable
therapeutic potential, but only recent preservation methods have allowed its wide-
spread use. Variations in configurations and the ability to micronize the material allow
clinical uses that were previously not possible. Although there are limited data avail-
able regarding most amniotic membrane–based products, there is substantial preclin-
ical and clinical evidence supporting the rationale and effectiveness of dHACM
allograft as a treatment modality. The rapidly growing body of evidence suggests
that the properties inherent in dHACM promote tissue regeneration and healing,
recruiting patients’ own stem cells into the wounded area. Randomized controlled tri-
als evaluating dHACM now include more than 200 patients collectively and the results
consistently show improved healing. Use of dHACM has been shown to be more clin-
ically effective and cost-effective than other frequently used advanced wound care
products.38 This cost-effectiveness results from dHACM showing higher healing rates
andmore rapid healing than other advanced wound care products. Cost-effectiveness
is also enhanced through the availability of grafts of multiple sizes, which reduces
wastage, and through ease of handling and storage for clinical use. Ongoing and
future studies will further define and establish the value of amniotic membrane for
chronic tissue repair and regeneration.
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