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PREFACE

MiMedx® is a leading biopharmaceutical company developing and marketing 
regenerative and therapeutic biologics utilizing human placental tissue 
allografts with patent-protected processes for multiple sectors of healthcare. 
The Company processes the human placental tissue utilizing its proprietary 
PURION® process methodology, among other processes, to produce clinically 
effective allografts by employing aseptic processing techniques in addition to 
terminal sterilization. MiMedx has supplied over 1 million allografts to date 
for application in the Wound Care, Burn, Surgical, Orthopedic, Spine, Sports 
Medicine, Ophthalmic, and Dental sectors of healthcare.

Since 2006, MiMedx has become a leader in producing scientific and clinical 
data on amniotic based tissues. MiMedx has invested millions of dollars to 
characterize its PURION processed tissues as well as conduct multiple, Level 
I, randomized, clinical studies to provide scientific evidence of the therapeutic 
benefits of amnion/chorion membranes. MiMedx is a leader in increasing the 
knowledge of placental-based allografts and tissue function and benefits.

MiMedx has accumulated a large library of literature on the placenta 
including textbooks and over 300 articles on the medical applications of 
amniotic membrane. This literature forms a compelling base for the clinical 
use of amniotic membrane that is further expanded upon by product specific 
scientific and clinical support.

A growing body of literature has evolved surrounding the various applications 
of MiMedx’s products. Also, a Primer on Amniotic Membrane Regenerative 
Healing has been published and covers the majority of the scientific and clinical 
data. The Primer is available upon request. For additional information, please 
visit www.mimedx.com
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I N T R O D U C T I O N

MiMedx is committed to and is actively involved in state of the art basic scientific research directed towards an 
understanding of the mechanisms of action underlying the clinical effectiveness of its dehydrated human amnion 
chorion membrane allografts (dHACM). We use analytical biochemical methods to characterize graft composition, 
especially related to inherent growth factors, cytokines, and chemokines. In vitro cell culture is used as a targeted 
model system to investigate and delineate the effects of dHACM on the metabolic activities of human cells critically 
involved in wound healing and tissue regeneration. We employ ischemic murine models to evaluate the effect of 
dHACM in vivo on cellular activities during wound healing. Seven peer-reviewed papers have been published 
or are in the process of being published. The following provides a brief summary of the salient conclusions and 
interpretations from these studies. 

Normal wound healing progresses through three inter-related phases: inflammation, proliferation and remodeling 
(see illustration below). Each of these phases requires the coordinated participation of a suite of specific cell types, 
including cells of the immune system, fibroblasts, endothelial cells and hematopoietic and mesenchymal stem cells. 
The studies described below focused on critical cell-mediated mechanisms inherent in these phases. The role of 
dHACM in regulating these cellular mechanisms was evaluated.
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Biological properties of dehydrated human amnion/chorion composite graft:  
implications for chronic wound healing1   
International Wound Journal, 2013, 10: 493-500  
(Available at: https://doi.org/10.1111/iwj.12140)

This study set out to evaluate the biological properties of MiMedx PURION® processed dHACM by measuring 
a selected set of regulatory factors known to be important for wound healing, by assessing the ability of dHACM to 
regulate the functional expression of human dermal fibroblasts in culture, and by delineating the effects of dHACM 
on recruitment of stem cells in an in vivo murine, ischemic skin wound model. It was established that MiMedx’s 
dHACM contains the following wound healing growth factors: PDGF-AA and PDGF-BB, TGFα and TGFβ1, bFGF, 
EGF, GCSF, and confirmed the presence of the inflammatory regulators IL- 4, 6, 8 and 10 and inhibitors of matrix 
degrading enzymes, TIMPs 1, 2 and 4. dHACM treatment acts by delivering these molecules into the hydrated 
wound environment. The results showed that dHACM directly causes human dermal fibroblasts to proliferate in 
vitro by releasing growth factors that activate the proliferative response. MiMedx dHACM delivers soluble factors 
that cause human mesenchymal stem cells to migrate towards the graft. The in vivo animal model showed that 
EpiFix® recruits mesenchymal stem cells to an ischemic dermal wound.

Dermal fibroblasts create the extracellular matrix that is fundamental to tissue regeneration in the proliferative 
phase of wound healing. MiMedx’s dHACM causes human dermal fibroblasts to proliferate, thereby increasing the 
regenerative potential of these cells in the wound. Mesenchymal stem cells are pivotal cells that are normally recruited 
to sites of injury, where they mount a multifaceted cascade regulating inflammatory mechanisms, angiogenesis and 
tissue regeneration. MiMedx dHACM is capable of inducing human mesenchymal stem cells to migrate and was 
shown to recruit stem cells to the site of an ischemic wound in vivo in the murine model. These results indicate that 
an important action of dHACM is to revitalize a wound by recruiting mesenchymal stem cells.

Angiogenic properties of dehydrated human amnion/chorion allografts:  
therapeutic potential for soft tissue repair and regeneration2    
Vascular Cell, 2014, 6: 10  
(Available at: https://doi.org/10.1186/2045-824X-6-10) 

Angiogenesis, or the creation of new blood vessels, is paramount during the late inflammatory and proliferative 
phases of wound healing since chronic wounds are commonly associated with poor circulation and vascularization. 
Chronic wounds will not heal without new vasculature. This study examined the angiogenic properties of MiMedx 
PURION processed dHACM both in vitro with human dermal microvascular endothelial cells and in vivo in a 
murine ischemic injury model. The following angiogenic cytokines are intrinsically present in dHACM: angiogenin, 
angiopoietin-2 (ANG-2), epidermal growth factor (EGF), basic fibroblast growth factor (bFGF), heparin binding 
epidermal growth factor (HB- EGF), hepatocyte growth factor (HGF), platelet derived growth factor BB (PDGF-
BB), placental growth factor (PlGF), and vascular endothelial growth factor (VEGF). The dHACM had a direct effect 
on human microvascular endothelial cells: it caused these cells to proliferate in vitro and, significantly, it induced 
production of over 30 angiogenic factors by these cells, including granulocyte macrophage colony- stimulating 
factor (GM-CSF), angiogenin, transforming growth factor β3 (TGF-β3), and HB-EGF. In vitro migration studies 
showed that dHACM is able to recruit endothelial cells. 
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The results of this study indicate that MiMedx dHACM will stimulate angiogenesis when applied to a wound. 
The presence of angiogenic factors coupled with the dHACM’s direct effect on the production of angiogenic factors 
by endothelial cells produces a potent local angiogenic environment that revitalizes the resident endothelial cells to 
regenerate normal vasculature. The effect of dHACM is amplified by increasing the number of endothelial cells in 
the wound and inducing them to produce even more angiogenic factors. Proof that dHACM causes vascularization 
in a wound was obtained in the murine ischemic wound model in which there was a steady increase in microvessels 
over a 4 week period to levels equivalent to healthy and healed skin, indicative of a dynamic intra-dHACM implant 
neovascular process. 

Taken together, these results demonstrate that MiMedx dHACM grafts: 1) contain angiogenic growth factors 
retaining biological activity; 2) promote amplification of angiogenic cues by inducing endothelial cell proliferation 
and migration and by upregulating production of endogenous angiogenic growth factors by endothelial cells; and 
3) support the formation of blood vessels in vivo. The dHACM grafts are an effective wound care therapy with the 
potential to promote revascularization and tissue healing within poorly vascularized, non-healing wounds. 

Properties of dehydrated human amnion/chorion composite grafts:  
Implications for wound repair and soft tissue regeneration3  
Journal of Biomedical Materials Research: Part B - Applied Biomaterials, 2014, 102: 1353-1362 
(Available at: https://doi.org/10.1002/jbm.b.33141) 

MiMedx’s PURION processed dehydrated human amnion/chorion membrane tissue products were analyzed for 
the effectiveness of the PURION process in retaining the native composition of the amniotic membrane and preserving 
bioactivity in the resulting products. The dHACM was analyzed for extracellular matrix composition through 
histological staining and for growth factor content. Bioactivity was assessed by evaluating endogenous growth 
factor production by human dermal fibroblasts in response to dHACM. Histology of the dHACM demonstrated 
preservation of the native amnion and chorion layers with intact, nonviable cells, collagen, proteoglycan, and elastic 
fibers distributed in the individual layers. An array of thirty-six cytokines known to regulate processes involved in 
inflammation and wound healing were identified in the MiMedx dHACM. When treated with dHACM extracts, 
bioactivity was demonstrated through an upregulation of bFGF, GCSF and PlGF biosynthesis, three growth factors 
involved in wound healing, by human dermal fibroblasts in vitro. The dHACM induces these cells to produce more 
wound healing growth factors, which amplifies dHACM’s regenerative effect during the proliferative phase. 

Inflammation is critical during the early stages of wound repair, but chronic inflammation is a primary cause 
of refractive healing of wounds. The dHACM contains inflammatory cell chemokines and cytokines that regulate 
the activity of cells derived from the immune system. Chemokines recruit immune cells to the site of a wound, and 
cytokines regulate activity of these immune cells. The dHACM contains chemokines and cytokines that directly 
affect T-cells, B lymphocytes, monocytes and macrophages, neutrophils, eosinophils, and natural killer cells. 
Together this balance of inflammatory regulators modulates the inflammation response within refractory wounds, 
and together with additional wound healing cytokines also retained in dHACM provides an ideal balance of cues 
to promote healing. 
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Cell recruitment by amnion chorion graft promotes neovascularization4 
Journal of Surgical Research, 2015, 193: 953-962  
(Available at: https://doi.org/10.1016/j.jss.2014.08.045) 

Stem cells are vital for normal wound repair and regeneration. Non-healing wounds suffer from pathologies that 
can be attenuated by stem cells. MiMedx PURION processed dHACM graft was tested for its ability to recruit 
hematopoietic stem cells and bone marrow mesenchymal stem cells to a surgically implanted dHACM graft in a 
murine ischemic injury model. Two murine models were used for this study: a wild type model and a parabiosis 
model. The dHACM was surgically implanted subcutaneously in wild type mice and the number of hematopoietic 
stem cells and mesenchymal progenitor cells recruited to the graft with time after implantation was measured. 

Implanted dHACM recruited significantly more progenitor cells compared to controls, and upregulated expression 
of the major stem cell recruiting factor (SDF1-α) with incorporation of progenitor cells within the matrix. Parabiosis 
modeling confirmed the bone marrow origin of recruited mesenchymal stem cells, which co-expressed progenitor 
cell markers and were localized to foci of neovascularization within the implanted graft. 

In summary, MiMedx dHACM effectively recruits circulating stem and progenitor cells. The recruited cells 
express markers of “stemness” and localize to sites of neovascularization, providing a partial mechanism for the 
clinical efficacy of human amniotic membrane in the treatment of chronic wounds and together with additional 
wound healing cytokines also retained in dHACM provides an ideal balance of cues to promote healing. 

Cytokines in single layer amnion allografts compared to multi-layer  
amnion/chorion allografts for wound healing5   
Journal of Biomedical Materials Research: Part B - Applied Biomaterials, 2015, 103: 1133-1140 
(Available at: https://doi.org/10.1002/jbm.b.33265)

dHACM contains both amnion and chorion. To determine the relative cytokine contribution of the amnion and 
chorion in amniotic allografts, the content of 18 cytokines involved in wound healing were measured in samples of 
MiMedx PURION processed dehydrated amnion, chorion, and amnion/chorion grafts. Both amnion and chorion 
contained similar amounts of each factor when normalized per dry weight; however, when calculated per surface 
area of tissue applied to a wound, amnion contained on average only 25% as much of each factor as the chorion. 
Therefore, an allograft containing both amnion and chorion would contain four to five times more cytokine than a 
single layer amnion allograft alone. 

Both single layer amnion and multi-layer allografts containing amnion and chorion are currently marketed 
for wound repair. To examine the role of tissue processing technique in cytokine retention, cytokine contents in 
representative dehydrated single layer wound care products were measured. The results demonstrated that cytokine 
content varied significantly among the allografts tested, and that MiMedx PURION processed single layer amnion 
grafts contained significantly more cytokines than other single layer products. These results suggest that PURION 
processed dHACM contains substantially more cytokines than single layer amnion products, and the MiMedx 
PURION process retains greater cytokine content than other commercial processing methods, even when only 
comparing single layer amnion products. dHACM may be a more effective treatment to promote wound healing due 
to increased growth factor delivery to the wound. 
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Dehydrated human amnion/chorion membrane regulates  
stem cell activity in vitro6    
Journal of Biomedical Materials Research: Part B - Applied Biomaterials, 2016, 104: 1495-1503  
(Available at: https://doi.org/10.1002/jbm.b.33478) 

Adult stem cells are important for the normal maintenance and repair of wounded tissues through their ability 
to differentiate, remodel extracellular matrix (ECM), modulate immune responses, and secrete growth factors and 
cytokines that stimulate cell migration and neovascularization. Bone marrow mesenchymal stem cells (BM-MSCs), 
adipose-derived stem cells (ADSCs), and hematopoietic stem cells (HSCs) are recruited to healing wounds, where 
they support healing in a variety of ways, including paracrine signaling of immunomodulatory cytokines. MiMedx 
PURION processed dehydrated human amnion/chorion membrane (dHACM) was previously shown to recruit 
hematopoietic and mesenchymal stem cells to the treated site of injury in vitro and in vivo. Therefore, in this study, 
MiMedx dHACM was examined for the ability to modulate various types of reparative stem cells in vitro. 

Treatment with soluble extracts of dHACM tissue stimulated BM-MSCs, ADSCs, and HSCs to proliferate with 
a significant increase in cell number after 24 hours. dHACM treatment also accelerated closure of an acellular zone 
by ADSCs and BM-MSCs after 3 days. Stem cell migration and proliferation are critical to the healing process as 
these reparative cells are recruited into wound sites and amplify their cell numbers, where they modulate healing 
responses and replace damaged tissue. 

In addition, dHACM treated BM-MSCs, ADSCs, and HSCs modulated endogenous production of a number 
of various soluble signals, including regulators of inflammation, mitogenesis, and wound healing. Stem cells 
increased secretion of immunomodulatory chemokines, including I-309, IL-8, IL-16, MCP-1, MIP-1α, and MIP-
1β; immunomodulatory cytokines, including GDF-15, IL-1RA, and IL-6; and tissue growth regulatory molecules, 
including EGF, FGF-4, GH, IGFBP-1, IGFBP-2, SCF, and TIMP-1. Stem cell secreted immunoregulatory proteins 
may be crucial in chronic wounds to transition the wound out of a state of sustained inflammation and into a normal 
acute healing response. Therefore, dHACM may impact wound healing by amplifying host stem cell populations 
and modulating their responses in treated wound tissues. 

Type I and II diabetic adipose-derived stem cells respond in vitro to  
dehydrated human amnion/chorion membrane allograft treatment by  
increasing proliferation, migration, and altering cytokine secretion7     
Advances in Wound Care, 2016, 5: 43-54   
(Available at: https://doi.org/10.1089/wound.2015.0661)

Diabetes is a chronic disease affecting 347 million people globally and causes complications that lead to both 
patient morbidity and mortality. Up to 25% of all people with diabetes will develop chronic wounds, which without 
proper treatment are the cause of 70-84% of lower limb amputations. MiMedx PURION processed dehydrated 
human amnion/chorion membrane (dHACM) allografts have been shown to be effective for healing diabetic foot 
ulcers clinically and to regulate stem cell activity in vitro and in vivo; however, diabetic stem cells may be impaired 
as a sequela of the disease. Diabetes-induced hyperglycemia and abnormal cytokine signaling may impair stem 
cell responses and normal wound healing. In this study, MiMedx dHACM was evaluated for the ability to regulate 
diabetic stem cells in vitro. 
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Despite impaired cellular responses in diabetic tissues, the soluble growth factors and cytokines in dHACM 
stimulated human adipose-derived stem cells (ADSCs) from type I and type II diabetic patients to proliferate after 
3 days and enhanced chemotactic migration over 24 hours, similar to ADSCs from normal donors. Diabetic ADSCs 
also modulated secretion of soluble signals in response to dHACM treatment, including regulators of inflammation, 
angiogenesis, and healing. Type I and Type II diabetic ADSCs increased secretion of the immunomodulatory factors 
IL-6, IL-8, MCP-1, MIP-1β, and RANTES and upregulated gene expression of IL-1α, IL-1β, and IL-1Ra. These 
immunomodulatory signals modulated by dHACM are essential for normal progression of wounds through an acute 
healing trajectory. 

These results suggest that, despite their diabetic state, stem cells in diabetic patients may respond to dHACM 
to accelerate wound healing. This is the first reported case demonstrating that diabetic ADSCs respond to novel 
amniotic membrane therapies, specifically treatment with MiMedx dHACM. Therefore, MiMedx dHACM is an 
effective treatment to promote healing in diabetic foot ulcers, due in part to regulation of stem cell responses by 
dHACM in diabetic patients. 

Identification of extracellular matrix components and biological factors in 
micronized dehydrated human amnion/chorion membrane8     
Advances in Wound Care, 2017, 6: 43-53 
(Available at: https://doi.org/10.1089/wound.2016.0699) 

The use of bioactive extracellular matrix (ECM) grafts such as amniotic membrane is a promising treatment 
option for enhancing repair of soft tissues. In addition to the well-documented presence of growth factors, cytokines, 
and chemokines in MiMedx placental tissue products, PURION processed dehydrated human amnion/chorion 
membrane (dHACM) also preserves the extracellular matrix structure of the native amniotic membrane. This study 
characterized the concentrations, activity, and distribution of matrix components, growth factors, proteases, and 
protease inhibitors in the micronized form of PURION processed dHACM. 

In conjunction with numerous growth factors, cytokines, and chemokines, a diverse collection of ECM components 
were identified in dHACM tissues, including collagens I and IV, hyaluronic acid, heparin sulfate proteoglycans, 
fibronectin, and laminin. While matrix metalloproteinases (MMPs) were identified in dHACM tissues, MMPs were 
largely present in their latent, inactive forms. Additionally, inhibitors of MMPs including TIMPs overwhelmingly 
outnumbered MMP enzymes by a ratio of more than 28:1, and soluble extracts of dHACM significantly inhibited 
the protease activity of collagenase in vitro. 

This scientific study is the first published study to characterize components that function in wound healing, 
including protease inhibitors and protease content and activity, in amniotic membrane products. This work 
provides a better understanding of how MiMedx micronized dHACM tissues can be used to effectively promote 
wound repair. At an injury site, the administration of MiMedx micronized dHACM tissue will deliver matrix 
molecules, a cocktail of growth factors and cytokines, and protease inhibitors that collectively promote healing and 
ECM remodeling. 
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Placental cells and tissues: The transformative rise in advanced wound care9  
Worldwide Wound Healing - Innovation in Natural and Conventional Methods. Rijeka, Croatia: 
InTech, 2016. p. 121-151  
(Available at: https://doi.org/10.5772/65321) 

Placental tissues including the placental disc, umbilical cord, amniotic fluid, and amniotic sac are highly specialized 
tissues responsible for transporting nutrients and coordinating developmental cues during pregnancy. Due to their 
role in supporting fetal development, placental tissues are nutrient rich, structurally complex, and immunologically 
privileged, making them promising allograft therapies for advanced wound care. This chapter reviews the published 
scientific and clinical data supporting the use of placental tissues including PURION processed dehydrated human 
amnion/chorion membrane (dHACM) as effective therapies for treatment of wounds. 

EpiFix amniotic membrane allografts in particular have been shown to be effective therapies for treatment of 
chronic wounds, including diabetic and venous ulcers, by modulating inflammation, reducing scar tissue formation, 
and enhancing healing. dHACM has demonstrated the ability to stimulate stem cell activity, promote angiogenesis, 
and modulate inflammation in vitro and in vivo, and dHACM has been proven to promote wound healing in 
randomized, controlled clinical trials. Placental tissues are complex tissues composed of extracellular matrix, cells, 
and a broad array of cytokines that may collectively enhance wound healing by modulating wound environments 
and stimulating endogenous cells to progress through the normal stages of healing. 

Dehydrated human amnion/chorion membrane allograft promotes cardiac 
repair following myocardial infarction10   
Journal of Cardiology & Cardiovascular Therapy, 2017, 2: 555599  
(Available at: https://doi.org/10.19080/JOCCT.2017.02.555599) 

Acute myocardial infarction, more commonly known as heart attack, results in irreversible damage or cell death 
to cardiac tissue and may ultimately lead to heart failure. MiMedx PURION processed dehydrated human amnion/
chorion membrane (dHACM) allografts contain a unique array of regenerative cytokines, growth factors, and 
extracellular matrix involved in the regulation of tissue healing and modulation of inflammation, suggesting that 
dHACM grafts may be promising grafts to treat myocardial infarction. In this study which was performed at the 
University of Miami Miller School of Medicine, EpiFix and AmnioFix allografts were examined for the ability to 
prevent cardiac damage or promote healing in an in vivo mouse model of acute left ventricular myocardial infarction. 

Treatment of infarcted cardiac tissue with AmnioFix and EpiFix patches immediately after infarction reduced 
the size of fibrotic scarring after 8 weeks post-treatment, compared to controls treated with saline alone. Cellular 
analysis of the infarcted cardiac tissue demonstrated that dHACM treatment increased the number of stem cells and 
cardiac progenitor cells, enhanced cardiac cell survival with greater cell proliferation and decreased cell death, and 
improved angiogenesis with an increased number of new blood vessels in the infarcted tissue. 

Treatment with dHACM in this animal model improved cardiac repair following myocardial infarction through 
multiple paracrine effects, including through improved cell survival, enhanced vascularization, and recruitment of 
autologous stem cells within the infarcted cardiac tissue. This is the first report that dHACM may have positive 
effects in protecting cardiac tissue or promoting repair following acute myocardial infarction. 
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Dehydrated human amnion/chorion membrane (dHACM)  
allografts as a therapy for orthopaedic tissue repair11   
Techniques in Orthopaedics, 2017, 32: 149-157  
(Available at: https://doi.org/10.1097/BTO.0000000000000229) 

The regenerative properties of MiMedx PURION processed dehydrated human amnion/chorion membrane 
(dHACM; Epifix and Amniofix) include the ability to reduce scar tissue formation, modulate inflammation, and 
enhance healing, and these properties suggest that dHACM may be an effective therapy to promote healing within 
a variety of orthopedic tissues. In this scientific review which was published as part of a special Symposium 
issue of Techniques in Orthopaedics on “Evolving Materials for Orthopaedics,” the basic structure, function, and 
components of dHACM are discussed, and its current in vitro, in vivo, and clinical usages in orthopedic tissue repair 
applications are summarized. 

dHACM retains high levels of growth factors, cytokines, and chemokines that can be delivered to promote soft 
tissue healing. In addition to an established history in promoting healing of chronic wounds, amniotic membrane 
allografts have recently been used in various orthopedic applications to reduce pain, prevent scar tissue formation, 
and promote healing, including in tendon and ligament repair, treatment of cartilage and joint space disorders, 
and spine procedures. For tendon and ligament repair, dHACM has been used in the treatment of plantar fasciitis, 
anterior cruciate ligament (ACL) reconstruction, supraspinatus and infraspinatus tendon (rotator cuff) injury, 
common extensor tendon tear, lateral epicondylitis (tennis elbow), patellar tendon tear, and Achilles tendinopathy, 
and collectively, dHACM has been shown to reduce pain and improve function following treatment of these tendon/
ligament injuries. For cartilage disorders, dHACM demonstrated the ability to increase production of hyaluronic 
acid by human fibroblast-like synoviocytes in vitro, including in cells derived from osteoarthritis and rheumatoid 
arthritis donors, and in a rat model of osteoarthritis, injection of micronized dHACM into the knee joint space 
attenuated cartilage degeneration with a significant reduction in lesions, erosions, and proteoglycan loss. For spine 
procedures, dHACM has also been successfully used during transforaminal lumbar interbody fusion (TLIF) to 
minimize postlaminectomy epidural adhesions and scarring, resulting in significantly lower patient pain scores. 

Over 226 growth factors and bioactive protein have been identified to date in dHACM allografts, including a 
significantly higher content of growth factors than two other commercially available placental-derived flowable 
products, FloGraft® FREEDOM (Applied Biologics) and PX50® (Skye Biologics), according to an independent, third 
party comparison. These collective proteins have been shown to regulate activity of a variety of cell types including 
stem cells that are critical for orthopedic repair. Current research and clinical cases for repairing orthopedic tissues 
have shown that dHACM allografts have promising results in repairing injured and diseased tissues due to their 
ability to reduce scar tissue formation, modulate inflammation, and enhance healing. Therefore, the use of dHACM 
allografts has great potential for regenerative applications in orthopedics. 
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Bioactive placental tissue matrices modulate stem cell activity to promote 
healing12   
Perinatal Stem Cells: Research and Therapy. Cambridge, MA: Elsevier Academic Press, 2018. p. 157-174 
(Available at: https://doi.org/10.1016/B978-0-12-812015-6.00012-1)

Stem cell activity plays critical roles in tissue development, maintenance, and repair in both fetal and adult 
tissues. Placental tissues including amniotic membrane, amniotic fluid, umbilical cord, and the placental disc act as 
stem cell niches for a diverse population of perinatal stem cells that are intricately involved in tissue development. 
Therefore, placental tissues, cells, and matrix retain diverse signals that may modulate stem cell responses to 
promote tissue growth and repair. This chapter reviews the clinical history, current regulatory landscape, and recent 
advances in the processing of placental tissue allografts, as well as the characterization of perinatal stem cells and 
their associated stem cell niche.  

MiMedx PURION processed placental tissue allografts including EpiFix/AmnioFix, EpiCord/AmnioCord, 
AmnioFill, and OrthoFlo contain a vast array of growth factors, cytokines, chemokines, extracellular matrix 
components, and other regulatory proteins that have been shown to modulate cell activity. Scientific analyses 
presented in this chapter establish:  

•  Signaling molecules including over 200 regulatory proteins, over 500 microRNAs, and various matrix   
 proteins have been identified in MiMedx PURION processed dehydrated human amnion/chorion   
 membrane (dHACM).
• These soluble signals from placental tissues have the ability to promote cellular responses including   
 proliferation, migration, and growth factor production by fibroblasts, synoviocytes, endothelial cells, and  
 various stem cell populations such as bone marrow mesenchymal stem cells (MSCs), adipose-derived   
 stem cells (ADSCs), and hematopoietic stem cells (HSCs) in vitro.
•  Preclinical studies have also demonstrated beneficial bioactivity of dHACM in in vivo animal models of  
 stem cell recruitment, angiogenesis, osteoarthritis, and myocardial infarction.
•  Randomized controlled clinical trials have proven the clinical efficacy of dHACM in treatment of diabetic  
 foot ulcers, venous leg ulcers, and plantar fasciitis by the use of dHACM to provide a barrier, modulate  
 inflammation, enhance healing, and reduce scar tissue formation in various clinical applications.

Therefore, bioactive placental tissue matrices are a promising source of allograft tissue, which may amplify 
endogenous stem cell populations through the proliferation, migration, and growth factor production of the patient’s 
own cells. By preserving intact perinatal stem cells, their endogenous signals, and their associated stem cell niches, 
PURION processed placental tissue allografts deliver a diverse set of bioactive signals that modulate cellular 
microenvironments at the site of repair to promote healing.
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Evaluation of dehydrated human umbilical cord biological properties for wound 
care and soft tissue healing13  
Journal of Biomedical Materials Research: Part B - Applied Biomaterials, 2018, DOI: 10.1002 
jbm.b.34196  
(Available at: https://doi.org/10.1002/jbm.b.34196) 

Amniotic membrane allografts, including dehydrated human amnion/chorion membrane (dHACM), are a widely 
accepted therapeutic option to promote soft tissue healing due to their immunologically privileged status and 
bioactive properties; however, the umbilical cord has also garnered significant clinical interest because of its unique 
composition that shares a similar placental origin but differs in key components from amniotic membrane. The aim 
of this study was to characterize PURION PLUS processed dehydrated human umbilical cord (dHUC; EpiCord and 
AmnioCord) and evaluate the biological properties of this tissue that may contribute to healing.  

The umbilical cord is composed of Wharton’s jelly which is a collagenous matrix that is rich in hyaluronic acid. In 
this paper, extracellular matrix components (ECM) including collagen I, hyaluronic acid, laminin, and fibronectin 
were identified in dHUC. In addition, a total of 241 well-known regulatory proteins that consisted of growth factors, 
cytokines, inflammatory modulators, chemokines, and proteases and inhibitors were detected in EpiCord and 
AmnioCord. These results demonstrate that the PURION Plus process preserves the natural composition of the 
umbilical cord, including ECM components and a rich composition of regulatory proteins within a dehydrated graft 
that is stored at ambient conditions. These regulatory proteins are known to play key roles in diverse physiological 
processes involved in healing, remodeling, and regeneration. Treatment with soluble dHUC extracts promoted 
increases in adipose-derived stem cell (ADSC) and mesenchymal stem cell (MSC) proliferation, dermal fibroblast 
(HDF) migration, and vessel formation by endothelial cells in a dose-dependent manner, indicating that soluble 
factors in stimulate cellular activity in vitro. Lastly, dHUC allografts were resorbed without fibrous encapsulation 
in vivo in rat subcutaneous implantation model, demonstrating biocompatibility of EpiCord and AmnioCord despite 
being a human-derived tissue with intact cells in a xenogeneic host animal.  

To date, this is the first published characterization of dehydrated human umbilical cord tissue. These 
scientific results suggest that EpiCord and AmnioCord are promising therapies for the treatment of acute and chronic 
wounds and other soft tissue injuries due to their unique structural and regenerative composition, including the vast 
content of regulatory proteins, ECM components with high amounts of hyaluronic acid, and their ability to promote 
beneficial cell responses. Therefore, EpiCord and AmnioCord may promote endogenous cells at the site of delivery 
to induce a potent healing response and repair injured tissues. 
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“Patients were randomized to receive standard of care alone or standard of care with 
the addition of EpiFix. Wound size reduction and rates of complete healing after 4 and 6 
weeks were evaluated. In the standard care group (n =12) and the EpiFix group (n =13) 
wounds reduced in size by a mean of 32.0% ± 47.3% versus 97.1% ± 7.0% (p <0.001) 
after 4 weeks, whereas at 6 weeks wounds were reduced by −1.8% ± 0.3% versus 98.4% 
± 5.8% (p<0.001), standard care versus EpiFix, respectively. After 4 and 6 weeks of 
treatment the overall healing rate with application of EpiFix was shown to be 77% and 
92%, respectively, whereas standard care healed 0% and 8% of the wounds (p<0.001), 
respectively. Patients treated with EpiFix achieved superior healing rates over standard 
treatment alone. These results show that using EpiFix in addition to standard care is 
efficacious for wound healing.” 

Zelen, C; Serena, T; Denoziere, G; and Fetterolf, D. A prospective randomized 
comparative parallel study of amniotic membrane wound graft in the 
management of diabetic foot ulcers17   
International Wound Journal, 2013 
(Available at: https://onlinelibrary.wiley.com/doi/abs/10.1111/iwj.12097) 

The first randomized controlled trial (RCT) examined the use of MiMedx EpiFix dHACM in patients with lower 
extremity diabetic ulcers, a particularly difficult wound type typically characterized by chronicity and long healing 
times. The study was a single center, randomized, placebo controlled trial conducted by Dr. Charles Zelen at the 
Professional Education and Research Institute in Roanoke, VA. Patients with diabetic foot ulcers were treated with 
either standard of care (moist dressing changes) alone or standard of care and EpiFix applied every two weeks. 
The objective was to compare the reduction of wound size and proportion of wounds healed at 4 and 6 weeks. The 
secondary objectives were to measure the mean time to healing and the cost effectiveness of the two protocols of care. 

The initial effect on wound reduction was so significant that the trial was terminated early at 25 patients. Results 
indicated a markedly different healing rate between the treatment and control groups, as outlined in the results. It was 
initially felt by the investigator that further progression in the study by patients would be potentially unethical given 
this significant difference. Statistically the results were significant at small sample size due to the large healing effect 
of dHACM when compared to a moist saline standard of care control. Since this was larger than expected, the study 
achieved a high level of statistical significance with a much lower number of subjects, which were otherwise matched 
across study groups. (See study.) The final results reported in the paper showed a high level of statistical significance: 

RANDOMIZED CONTROLLED TRIALS

As an added measure and to confirm the remarkable initial results, the full series of patient photographs and 
wound measurements were reviewed by two independent nationally recognized wound surgeons, Thomas Serena, 
MD, current President of the American Professional Wound Care Association and Jason Hanft, DPM, a widely 
published wound specialist. Their review of the material confirmed the findings of Dr. Zelen and resulted in early 
termination of the study. Results of the study noted a significant difference between standard of care and the 
treatment group, the large effect size creating a high level of statistical significance with these 25 patients (p<0.001). 
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Figure 2. Comparison of wound surface area reduction from baseline 
for patients receiving the Standard of Care and for patients after the 
application of EpiFix.

Reviewers examining the study noted in particular 
that the normally chaotic wound size variation seen 
in many wound populations was absent in the EpiFix 
population, where dramatic wound size reductions 
were evident across the treatment group, as shown in 
Figure 3.

Figure 3. Comparison of wound surface area reduction from baseline for patients receiving the Standard of Care or EpiFix. Note 
that fluctuation in wound size typically seen in patients with these wounds treated with Standard of Care. When EpiFix is applied, a 
consistent reduction in size over time is noted.
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Zelen, C. An evaluation of dehydrated human amniotic membrane allografts in 
patients with DFUs15  
Journal of Wound Care, 2013 
(Available at: https://www.magonlinelibrary.com/doi/10.12968/jowc.2013.22.7.347) 

As part of the above study, the anticipated nonresponse of the control group patients presented an opportunity for 
demonstrating the effectiveness of EpiFix dHACM in these patients when they were subsequently treated with this 
material after leaving the study, essentially creating an N of 1 style case series crossover component to the study. 
A similar notable healing response of these patients was also documented by the investigator; these results were 
published in a peer reviewed medical journal as well. The 11 patients in the crossover study demonstrated the same 
rapid healing kinetics, with 88% of the patients eventually healing within 9 weeks as shown in Table 1 and Figure 4.

Graphical representation of the wound healing 
kinetics is self-explanatory, and demonstrates a 
striking effect on wound size over time with biweekly 
application of the material, as shown in Figure 2.

Table 1. Table indicating original and crossover EpiFix treated patients.

GROUP INITIAL NUMBER HEAL 6 WEEKS HEAL 9 WEEKS NOTES

Tx grp 13 12 13 Initial tx group 
patients

Control 12 (11 went to 
Crossover)

7 9 11 Crossover 
patients

Total 25/24 19 22 Total patients
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“Eleven patients were included in the [crossover] study. Mean wound chronicity was 21.1 ± 
12.4 weeks (median 19 weeks, range 11-54) and mean wound size was 4.7 ± 5.0 cm2, at baseline. 
Complete healing was achieved in 55% by 4 weeks, 64% by 6 weeks and 91% by 12 weeks with 
bi-weekly dHACM application. Mean weeks to complete healing was 4.2 ± 3.1 weeks for the 10 
patients healed. After 4 weeks of standard care, wounds had decreased in size an average of 26.8 ± 
45.3% versus 87.6 ± 16.0% after 4 weeks of dHACM treatment (two applications; p< 0.001).”

From the paper,

Figure 4. Comparison of wound surface area reduction from baseline for patients receiving the 
Standard of Care and for patients after the application of EpiFix.
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These results collectively reflect a product effectiveness that is robust. These results are reviewed in comparison 
to the respective major clinical trial that was done with Dermagraft®, where out of 130 patients, 10% healed at 4 
weeks; 22% healed at 8 weeks, and 30% healed at 12 weeks. Comparison of the overall healing effects of EpiFix 
compared with historical clinical trials of competing products reveals a clear advantage with the use of EpiFix.

Zelen, C; Serena, T; and Fetterolf, D. Dehydrated human amnion/chorion 
membrane allografts in patients with chronic diabetic foot ulcers: A long-term 
follow-up study16   
Wound Medicine, 2014 
(Available at: https://www.sciencedirect.com/science/article/pii/S2213909513000402) 

In a final publication, the investigators examined the long term durability of the healing of these wounds. 
Investigators and clinicians from earlier case series mentioned above commented on and documented the somewhat 
unusual finding that the wounds closed with EpiFix remained closed long after the initial healing had occurred. In 
an effort to confirm that result, patients from the original and crossover populations were followed for periods of 
up to one year to confirm that healing created by EpiFix dHACM remained and did not recur at the same location. 

From the article,

“Twenty-two patients with chronic DFU that healed with the use of dHACM were eligible for 
inclusion. All eligible patients had completed a single-center randomized clinical trial comparing 
rates of primary healing over a 12 week period with dHACM versus a standard regimen of care 
(Zelen et al., 2013). Follow-up examinations were scheduled for 9–12 months after primary healing 
with dHACM. Subsequent evaluation of clinical records was made with IRB approval and patient 
consent. Eighteen of 22 eligible patients (81.8%) returned for follow-up examination. Mean wound 
size prior to treatment with dHACM was 3.1 ± 3.8 cm2, median 1.7 cm2 (0.7, 13.5). Mean time to wound 
closure after dHACM initiation was 3.1 ± 2.8 weeks (median 2.0 weeks, range 1.0–9.0 weeks). At the 
9–12 month follow-up visit 17 of 18 (94.4%) wounds treated with dHACM remained fully healed.”
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Zelen CM, Serena TE, Snyder RJ. A prospective, randomized comparative study 
of weekly versus biweekly application of dehydrated human amnion/chorion 
membrane allograft in the management of diabetic foot ulcers17   
International Wound Journal, 2014 
(Available at: https://onlinelibrary.wiley.com/doi/abs/10.1111/iwj.12242) 

The optimal dosing or timing for the application of EpiFix dHACM allografts was investigated in another 
randomized controlled trial. Extensive reports from the medical community on the rapid healing properties in 
wounds treated more frequently informed the design of this trial, where weekly application of dHACM was compared 
with then standard every other week application recommended for the use of the membrane. In this study, 40 
patients were randomized to either weekly or biweekly 
applications of EpiFix dHACM (weekly n=20, biweekly 
n=20) in addition to non-adherent, moist dressing with 
compressive wrapping. Results of this comparison were 
statistically significant and clearly indicated that weekly 
application of EpiFix dHACM to diabetic foot ulcers was 
superior to every other week application of the material.

The difference in healing rates for weekly vs 
biweekly application of EpiFix dHACM is illustrated in 
Figure 5 and demonstrates a clear clinical and economic 
preference for weekly application of the material:
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“This was an institutional review board-approved, registered, prospective, randomized, 
comparative, non-blinded, single-center clinical trial. Patients with non-infected ulcers of ≥4 
weeks duration were included for the study. They were randomized to receive weekly or biweekly 
application of allograft in addition to a non-adherent, moist dressing with compressive wrapping. 
All wounds were offloaded. The primary study outcome was mean time to healing. 

Overall, during the 12-week study period, 92.5% (37/40) ulcers completely healed. Mean time 
to complete healing was 4.1 ± 2.9 weeks versus 2.4 ± 1.8 weeks (p=0.039) in the biweekly versus 
weekly groups, respectively. Complete healing occurred in 50% versus 90% by 4 weeks in the 
biweekly and weekly groups, respectively (p=0.014). Number of grafts applied to healed wounds 
was similar at 2.4 ± 1.5 grafts and 2.3 ± 1.8 grafts for biweekly versus weekly groups, respectively 
(p=0.841). 

These results validate previous studies showing that the allograft is an effective treatment for 
diabetic ulcers and show that wounds treated with weekly application heal more rapidly than with 
biweekly application. More rapid healing may decrease clinical operational costs and prevent 
long-term medical complications.

From the article,

Figure 5. Rates of healing over time for each study group.



18 SB696.001MiMedx Abstract Summary Compendium        

Charles M. Zelen, DPM: Lisa Gould, MD; Thomas E. Serena, MD; Marissa Carter, 
PhD.; Jennifer Keller; and William Li, MD. A prospective, randomised, controlled, 
multi-center comparative effectiveness study of healing using dehydrated human 
amnion/chorion membrane allograft, bioengineered skin substitute, or standard 
of care for treatment of chronic lower extremity diabetic ulcers18   
International Wound Journal, November, 2014.  
(Available at: https://onlinelibrary.wiley.com/doi/abs/10.1111/iwj.12395)

In the next randomized controlled trial in the series, we examined the clinical cost effectiveness of EpiFix 
compared with a leading skin substitute product and standard of care in one of a very few head to head, cost 
effectiveness studies with these types of products. The prospective multi-center randomized controlled trial (RCT) 
was conducted at three sites to compare the healing effectiveness of chronic lower extremity diabetic ulcers treated 
with either weekly applications of Apligraf®, EpiFix®, or standard wound care with collagen-alginate dressing. 

The highlights of the study include the following key points:

• After 4 weeks, 85% of EpiFix patients achieved complete healing compared to only 35% of 
Apligraf patients.

• After 6 weeks, 95% of EpiFix patients achieved complete healing compared to only 45% of 
Apligraf patients.

• Median time to healing with EpiFix was 13 days compared to 49 days with Apligraf.

• Mean number of EpiFix grafts used was 2.51 at an average cost of $1,669, compared to 6.2 
Apligraf grafts used at a cost of $9,216.

• For every square centimeter of EpiFix wasted, approximately 61.5 centimeters of Apligraf 
was wasted.

• EpiFix had a superior rate of wound healing and significantly faster rate of wound closure 
while utilizing 65% fewer grafts and 97.1% fewer square centimeters of graft material.

• EpiFix dramatically reduces wastage and costs while achieving superior clinical results

Graphically, the mean percentage of wound area healed per week showed a rapid initial increase, with progression 
to complete healing over time as seen in previous studies, and with more rapid and more complete healing results 
than when compared with either standard of care or Apligraf, as shown in Figure 6.
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Figure 6. Percent reduction in lower extremity diabetic ulcer surface area following treatment with EpiFix, compared to 
Organogenesis Apligraf bioengineered skin substitute and Standard of Care treatment with collagen-alginate dressing.
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Looking at it another way, as the percentage of patients having complete healing at 4 and 6 weeks, we note a 
substantial difference between the two competing treatments as shown in Figure 7:
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Figure 7. Percentage of patients who experienced complete healing after 4 and 6 weeks of EpiFix treatment, compared to 
Organogenesis Apligraf bioengineered skin substitute and Standard of Care treatment with collagen-alginate dressing. 

This study also meticulously kept track of individual expenses for each of the treatment arms, and similarly, 
noted a substantial difference in costs between the two therapies, as shown in Figure 8:

 
Note that the difference in both total costs of the grafts in the study and the average per patient graft cost in the 

study was significantly less expensive for EpiFix by a factor of five.
In summary, this comparative effectiveness study examining the effectiveness of EpiFix vs. a leading 

competing product and against Standard of Care in an IRB approved, formal clinical study reaffirms both 
the efficacy and cost effectiveness of the product in healing diabetic ulcers alone and in comparison with a 
leading skin substitute.

Figure 8. Cost comparison between EpiFix and Apligraf
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Thomas E. Serena, MD, FACS; Marissa J. Carter, PhD MA; Lam T. Le, MD; Matthew 
J. Sabo, DPM; Daniel T. DiMarco, DO; and the EpiFix VLU Study Group. Multi-
center Randomized Controlled Clinical Trial Evaluating the Use of Dehydrated 
Human Amnion/Chorion Membrane Allografts and Multi-layer Compression 
Therapy vs. Multi-layer Compression Therapy Alone in the Treatment of Venous 
Leg Ulcers19 

Wound Repair and Regeneration, 2014.  
(Available at: http://onlinelibrary.wiley.com/doi/10.1111/wrr.12227/pdf)

In another randomized controlled trial for lower extremity ulcers, the effectiveness of MiMedx PURION 
processed dHACM in venous leg ulcers was investigated using a multicenter, randomized controlled study at eight 
clinical sites across the United States. 

The purpose of this multi-center, randomized, controlled study was to evaluate the safety and efficacy of one 
or two applications of MiMedx dHACM and multi-layer compression therapy (MLCT) versus MLCT alone in the 
treatment of venous leg ulcers. The primary study outcome was proportion of patients with ≥40% reduction of 
wound size at 4 weeks for those receiving dHACM versus those receiving MLCT only, a surrogate endpoint found 
throughout the literature. Of the 84 participants enrolled in this published analysis, 53 were randomized to receive 
allograft and 31 were randomized to the control group.  

At 4 weeks, 62% in the allograft group and 32% in the control group demonstrated a ≥40% wound closure 
(p=0.005) thus demonstrating a significant difference between the allograft-treated groups and the multi-layer 
compression therapy alone group at the 4-week surrogate endpoint, as shown in Figure 9. After 4 weeks wounds 
treated with allograft had reduced in size a mean of 48.1% compared to 19.0% for controls, as shown in Figure 
10. Venous leg ulcers treated with allograft had a significant improvement in healing at 4 weeks compared to 
multi-layer compression therapy alone.

Figure 9. Reduction in wound size of ≥40% in patients receiving 
MiMedx dHACM and MLCT versus those receiving MLCT only; 62% 
versus 32%, respectively (p=0.005).
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Figure 10. After 4 weeks mean reductions of 48.1% for EpiFix patients 
versus 19.0% for MLCT only patients were observed (p=0.005).
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Percent of wound reduction was similar for those receiving 1 or 2 dHACM applications at 51.9% and 44.4% 
respectively, as shown in Figure 11. (The investigators speculate that wider separation of these dose administration 
curves, as was observed above with diabetic foot ulcers, might occur at longer time periods. The difference with 
more aggressive frequency of dosing and over a longer follow up period is being evaluated in the next multicenter 
VLU study as outlined below.)
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MEAN PERCENT REDUCTION IN WOUND SIZE

Figure 11. Mean percent reduction in wound size during the 4 week study period.

Within the EpiFix dHACM group, wound 
area was reduced by a mean of 2.28 ± 3.04 cm2 
during the study period (from randomization 
to end of study). For those patients receiving 
MLCT only, wound area was not reduced as 
much during the study period with a mean 
difference of only 0.41 ± 2.68 cm2 between 
randomization and the 4-week visit. In 
the 4-week study period, 6 patients in the 
dHACM group and 4 patients in the MLCT 
group had complete wound closure.
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Pain scores were also collected at randomization and week 4 for 49 patients in the dHACM group and 28 patients 
in the MLCT only group using a visual analogue scale (VAS). Of those with recorded pain scores (44/49 [89.8%]) 
in the dHACM group reported VLU pain at randomization and in the MLCT group (21/28 [75.0%]) reported VLU 
pain. During the study period 35/44 (79.5%) of patients in the dHACM group reported a reduction in pain from the 
randomization visit when dHACM was applied and the 4-week visit, as shown in Figure 12. For patients receiving 
MLCT only, 11/21 (52.4%) reported reduced VLU pain in the study period.

Figure 12. Pain reduction was observed to be greater for the dHACM study group with 
79.5% of patients reporting pain reduction versus 52.4% of patients in the MLCT group.

The results of this multi-center randomized clinical trial show that VLUs treated with dHACM and MLCT 
experience an accelerated rate of healing compared with VLUs treated with MLCT alone. These results demonstrate 
that the addition of dHACM to MLCT is more efficacious for the treatment of VLUs.
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Bianchi C, Cazzell S, Vayser D, Reyzelman AM, Dosluoglu H, Tovmassian G; EpiFix 
VLU Study Group. A multicentre randomised controlled trial evaluating the 
efficacy of dehydrated human amnion/chorion membrane (EpiFix®) allograft for 
the treatment of venous leg ulcers20 
International Wound Journal, 2018  
(Available at: onlinelibrary.wiley.com/doi/epdf/10.1111/iwj.12843)

Venous leg ulcers (VLUs) are frequently marked by a substantial level of chronicity and may need several 
months of treatment before an adequate level of healing is achieved.21 Even when closure is achieved, the recurrence 
of VLUs is common.22 Delayed healing and frequent recurrence result in lengthy disability and the necessity for 
repetitive care.

This multicenter randomized controlled clinical trial was performed to evaluate the efficacy of dehydrated human 
amnion/chorion membrane (EpiFix) allograft as an adjunct to multilayer compression therapy for the treatment of 
persisting full-thickness venous leg ulcers. 109 subjects were randomly allocated to receive EpiFix and multilayer 
compression (n=52) or dressings and multilayer compression therapy alone (n=57). Patients were enrolled from 15 
centers across the USA and were followed up for 16 weeks.

Key Messages
• venous leg ulcers are characterized by an extensive level of chronicity, often requiring months 

of treatment before a satisfactory level of healing is achieved; slow rates of healing and 
recurrence result in prolonged disability and the need for repetitive care, which compounds 
the psychosocial issues and economic burdens associated with this condition

• the purpose of this study was to randomize and evaluate the clinical efficacy of the weekly 
application of dehydrated human amnion/chorion membrane (EpiFix) allograft as an adjunct 
to multilayer compression therapy in 109 patients from 15 clinical centers across the USA

• this study corroborates that the weekly application of EpiFix leads to significantly increased 
rates of complete healing of VLUs and decreases the time to healing compared with standard 
moist dressings, debridement and multilayer compression alone

Of the 15 study locations, six were hospital-affiliated centers, and nine were private clinics. Patient consent was 
obtained prior to any study-connected procedures, and an Investigational Review Board (IRB)-approved informed 
consent form was signed. In obtaining and documenting informed consent, each study location met the terms of 
applicable regulatory requirements and adhered to Good Clinical Practice (GCP) principles, and the study was 
conducted in accordance with the provisions of the Declaration of Helsinki. 

Patients over the age of 18 with a full-thickness VLU present for at least 30 days, ranging between 1 and 25 
cm2, with an ankle-brachial pressure index of > 0.75, were eligible for study inclusion. However, candidates were 
excluded based on the following criteria:

• VLU penetrating into muscle, tendon or bone
• signs of ulcer infection or cancer 
• VLU located on the dorsum of the foot or more than 50% of the ulcer below the malleolus 
• received negative pressure wound therapy or hyperbaric oxygen therapy in the last 7 days
• treatment with other advanced wound care products within the past 30 days.
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The primary end point of the trial was defined as time to complete ulcer healing. Complete healing of the study 
ulcer was defined as 100% epithelialization without drainage. Eligible subjects entered a 2 week run in period. If 
the study ulcer had not reduced in size by at least 25% with moist dressings and multilayer compression during the 
prior 2 weeks, and who continued to meet all inclusion and exclusion criteria were then randomized and entered the 
treatment phase of the study.

Demographics and wound characteristics of the study population are presented in Table 2. In the study population 
(n=109), the majority (79%) of enrollees were Caucasian. Patient age ranged from 29 to 93 years, with a median age 
of 60. Two-thirds (66%) were male, 31% were diagnosed with diabetes, and 71% were obese (BMI ≥30). The study 
groups were well matched for clinical factors, including presence of comorbidities as well as location, duration and 
size of the study ulcer.

Table 3 shows the corresponding hazard ratios (HRs) for the covariates in the initial model. Model refinement 
was then carried out by eliminating stepwise covariates with the highest (non-significant) P values. Table 4 shows 
the corresponding hazard ratios for the covariates in Model 2 and represents the definitive Cox regression results.

Table 2. Descriptive patient demographics and wound characteristics.*
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Wounds treated with EpiFix were 2.26 times more likely to close within 12 weeks than wounds treated with 
standard care alone. While not expected, the presence of hypertension was found to have a positive correlation on 
healing. Where not unexpectedly, wound duration and wound size negatively influenced healing within the 12-week 
study period.

The study outcomes, summarized in Figure 13, showed 31 of 52 (60%) VLU patients receiving EpiFix completely 
healed compared with a healing rate of 20 of 57 (35%) in those treated with standard care alone (p=0.0128). At the 
16-week follow-up visit, complete VLU healing was observed in 37 of 52 (71%) and 25 of 57 (44%) of those treated 
with EpiFix or standard care, respectively (p=0.00625).

Figure 13. VLU Healing Rates at 4, 8, 12, and 16 Weeks.

Table 3. Model 1. Hazard ratios (HRs) and associated 95% confidence intervals (CIs) for 
covariates in Cox Regression Model.

Table 4. Model 2. Hazard ratios (HRs) and associated 95% confidence intervals (CIs) for 
covariates in Cox Regression Model.
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A Kaplan-Meier plot of time to heal within 12 weeks by study group demonstrated a superior wound healing 
trajectory for EpiFix compared to VLUs treated with standard care alone. The log-rank test of equality of the 
healing function over the two study groups produced a chi-square test statistic of 6.4597, with p=0.011 (Figure 14).

Figure 14. A Kaplan–Meier plot of time to heal within 12 weeks by study group.

Adverse events classified by system are reported in Table 5. None of the adverse events or serious adverse events 
was established by the primary investigators or the Clinical Events Committee to be related to the EpiFix product 
or any study procedure.

In conclusion, VLUs treated with EpiFix as an adjunct to debridement, moist wound dressings and compression 
had substantially higher rates of healing than those treated with standard care alone. Cox regression analysis showed 
that subjects treated with EpiFix had a significantly higher probability of complete healing within 12 weeks (HR: 
2.26, 95% confidence interval 1.25–4.10, p=0.01) versus without EpiFix. These results confirm the advantage of 
EpiFix allograft as an adjunct to multilayer compression therapy for the treatment of non-healing, full-thickness 
venous leg ulcers. This additional Level I evidence is useful to clinicians who are determining a treatment plan for 
patients struggling with non-healing VLUs.

Table 5. All adverse events reported during the study period.
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Tettelbach W, Cazzell S, Reyzelman AM, Sigal F, Caporusso JM, Agnew PS. 
A confirmatory study on the efficacy of dehydrated human amnion/chorion 
membrane dHACM allograft in the management of diabetic foot ulcers: A 
prospective, multicentre, randomised, controlled study of 110 patients from 14 
wound clinics23 
International Wound Journal, 2018  
(Available at: onlinelibrary.wiley.com/doi/epdf/10.1111/iwj.12976)

This randomized, controlled multicenter clinical trial was conducted at 14 wound care centers in the United States 
to confirm the efficacy of dehydrated human amnion/chorion membrane allograft (dHACM) for the treatment of 
chronic lower extremity ulcers in persons with diabetes. Patients with a diabetic foot ulcer (DFU) of at least 4-weeks 
duration were entered into a 2-week study run-in phase and treated with alginate wound dressings and appropriate 
offloading. Major enrollment inclusion and exclusion criteria are noted in Table 6. Those with less than or equal 
to 25% wound closure after run-in were randomly assigned to receive weekly dHACM application in addition to 
offloading or standard of care (SOC) with alginate wound dressings, for 12 weeks.

Patients were randomized in a 1:1 ratio to receive a weekly application of dHACM (dHACM group) directly to 
the wound, in addition to absorbent non-adhesive hydropolymer secondary dressings and gauze, or to receive only 
standard wound dressings with alginate dressings, absorbent non-adhesive hydropolymer secondary dressings, and 
gauze, (no-dHACM group). A total of 110 patients were included in the intent-to- treat (ITT) analysis, with n=54 in 
the dHACM group and n=56 in the no dHACM group. Of the 110 enrolled participants, 98 completed the study per 
protocol (PP), with 47 receiving dHACM and 51 not receiving dHACM. 

Patient demographics and pertinent medical history are presented in Table 7. Underscoring the risk factors for 
poor healing in the study population, 73% of the study population was male, 67% were obese, 37% were smokers, 
40% consumed alcohol, 33% had an A1c ≥ 9%, and 25% had a prior amputation. 

Table 6. Major inclusion and exclusion criteria
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Characteristics of the study ulcers are presented for each study group in Table 8. Overall, 61% of study ulcers 
were plantar, with a median duration of 14 (range 4, 96) weeks at study enrolment. Plantar ulcers were less prevalent 
in the dHACM group than in the no-dHACM group.

Table 7. Clinical characteristics at study enrollment.

Table 8. Characteristics of study ulcer at baseline.
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Cox regression modelling, a multivariate assessment controlling all factors and measuring the impact of 
each specific variable in the model, was performed to examine patient demographics, medical history, ulcer 
characteristics, and clinical treatment influencing ulcer healing within the 12-week treatment period. Table 9 shows 
the corresponding hazard ratios (HRs) for the covariates in the initial model.

Refinement of the model was then performed through elimination of stepwise covariates with descending 
P-values. The final model includes only those covariates found to be significantly associated with complete ulcer 
healing. The definitive Cox regression results and corresponding HRs are presented in Table 10.

Factors with a negative influence on healing during the 12-week study period included larger ulcer size, history 
of recurring ulcers, and inadequate wound debridement. Subjects identified as having inadequate debridement were 
64% less likely to heal within 12 weeks when controlling for other significant factors in the model. More notably 
the cox regression analysis also revealed a positive influence on healing in that dHACM-treated subjects were 
more than twice as likely to heal completely within 12 weeks than no-dHACM subjects (HR: 2.15, 95% confidence 
interval 1.30–3.57, p=0.003).

The primary study outcome, summarized in Figure 15, was the percentage of study ulcers completely healed in 
12 weeks, with both ITT and PP participants receiving weekly dHACM significantly more likely to completely heal 
than those not receiving dHACM (ITT - 70% versus 50%, p=0.0338, PP - 81% versus 55%, p=0.0093).

Table 9. Corresponding hazard ratios (HRs) for the covariates in the initial Cox regression model.
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Figure 15. Summary of DFU Healing Rates at 12-Weeks

The median cost per dHACM healed was $2252.33 (range $306.95–12, 394.02). The dHACM allograft is available 
in multiple sizes to reduce waste through the ability of applying a wound size appropriate graft. Of the 227 allografts 
applied, 190 (83%) were 14 mm or 18 mm grafts. Of the 38 healed wounds treated with dHACM during the 12-week 
treatment phase, 36 of 38 (95%) remained closed at the week 16 follow up, while 24 of the 28 wounds healed without 
dHACM (86%) had remained closed.

A Kaplan–Meier analysis, displayed in Figure 16, was performed to compare the time-to-healing performance 
with/without dHACM, which showed a significantly improved time to healing with the use of allograft, log-rank 
p< 0.0187. 

In conclusion, the results of the current multicenter, randomized controlled trial support and confirm that 
dHACM is an efficacious treatment for lower extremity diabetic ulcers. This additional Level I evidence is useful to 
clinicians who are determining which advanced wound care product to choose when caring for their patients.

FIGURE 16. A Kaplan–Meier plot of time to heal within 12 weeks by study 
group

Table 10. Refined Cox regression results after eliminating stepwise covariates with 
descending P-values.

Innovations in Regenerative and Therapeutic BiologicsLEVEL I EVIDENCE      EPIFIX PUBLISHED STUDY

EPIFIX® DEMONSTRATES SUPERIOR 
HEALING RATES IN DFUs vs. SOC
In a recently published Level 1 study examining the efficacy of EpiFix in conjunction with 
Standard of Care (SOC) for the treatment of diabetic foot ulcers (DFU), it was reported that 
EpiFix demonstrates higher healing rates with a superior wound healing trajectory 
in a heterogeneous patient population compared to SOC alone (control).
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Tettelbach W, Cazzell S, Sigal F, Caporusso JM, Agnew PS, Hanft J, Dove C. 
A multicentre prospective randomised controlled comparative parallel study 
of dehydrated human umbilical cord (EpiCord) allograft for the treatment of 
diabetic foot ulcers24 
International Wound Journal, 2018 
(Available at: onlinelibrary.wiley.com/doi/epdf/10.1111/iwj.13001)

The aim of this sentinel study was to determine the safety and effectiveness of dehydrated human umbilical cord 
allograft (EpiCord) compared with alginate wound dressings for the treatment of chronic, non-healing diabetic foot 
ulcers (DFU). A multicenter, randomized, controlled, clinical trial was conducted at 11 canters in the United States. 
Individuals with a confirmed diagnosis of Type 1 or Type 2 diabetes presenting with a 1 to 15 cm2 ulcer located 
below the ankle that had been persisting for at least 30 days were eligible for the 14-day study run-in phase.  Table 
11 shows the inclusion and exclusion criteria in detail.

After 14 days of weekly debridement, moist wound therapy, and off-loading, those with ≤ 30% wound area 
reduction post-debridement (n=155) were randomized in a 2:1 ratio to receive a weekly application of EpiCord (n = 
101) or standard of care (SOC) with alginate wound dressing, non-adherent silicone dressing, absorbent non-adhesive 
hydropolymer secondary dressing, and gauze bandage roll (n=54). All wounds continued to have appropriate off-
loading during the treatment phase of the study. Study visits were conducted for 12 weeks. At each weekly visit, 
the DFU was cleaned and debrided as necessary, with the wound photographed pre- and post-debridement and 
measured before the application of treatment group-specific dressings. A final follow-up visit was performed at 
week 16. 

In the overall study population (n=155), 81.3% were male, 42.9% were smokers, 63.2% were obese, and 17.4% 
had a prior amputation. Demographics of the study groups are presented in Table 12. Characteristics of the study 
ulcers are presented for each study group in Table 13. The two study groups were well matched for demographic and 
clinical factors, as well as location, duration, and size of the study ulcer.

The primary study end point was the percentage of complete closure of the study ulcer within 12 weeks, as assessed 
by Silhouette camera. Complete healing was defined as 100% epithelialization of the wound. Pre-debridement and 
post-debridement Silhouette wound images were evaluated by a team of wound care specialists at study completion 
to determine if adequate debridement had occurred. Adequate debridement was defined as the exposure of healthy 
tissue in the ulcer bed, with no significant eschar, callous, necrotic tissue, or foreign material present in or around 
the wound. 

Data for randomized subjects meeting study inclusion criteria were included in an intent-to-treat (ITT) analysis. 
Additional analysis was conducted on a group of subjects (n = 134) who completed the study per protocol (PP) 
(EpiCord, n=86, alginate, n=48) and for those subjects receiving adequate debridement (EpiCord, n=67, alginate, 
n=40). ITT analysis showed that DFUs treated with EpiCord were more likely to heal within 12 weeks than those 
receiving alginate dressings, 71 of 101 (70%) vs 26 of 54 (48%) for EpiCord and alginate dressings, respectively, 
p=0.0089. Healing rates at 12 weeks for subjects treated PP were 70 of 86 (81%) for EpiCord-treated and 26 of 
48 (54%) for alginate-treated DFUs, p=0.0013. For those DFUs that received adequate debridement (n=107, ITT 
population), 64 of 67 (96%) of the EpiCord-treated ulcers healed completely within 12 weeks, compared with 26 of 
40 (65%) of adequately debrided alginate-treated ulcers, p<0.0001. The above end points are summarized below in 
Figure 17.
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Figure 17. EpiCord Demonstrated Exceptional Wound Healing at 12 Weeks vs Control

Table 11. Major inclusion and exclusion criteria. Table 12. Clinical characteristics at study enrollment.

Table 13. Characteristics at study ulcer at baseline.
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The median number of EpiCord allografts applied per healed wound was 7 (range 2-12). Average cost per EpiCord-
healed ulcer was $3250.99 ± $2898.48.

Seventy-five subjects experienced at least one adverse event, with a total of 160 adverse events recorded. There 
were no adverse events related to either EpiCord or alginate dressings, as presented in Table 14. These results 
demonstrate the safety and efficacy of EpiCord as a treatment for non-healing DFUs.

A Kaplan-Meier plot of time-to-heal within 12 weeks by study group, demonstrated a superior wound-healing 
trajectory for EpiCord-treated ulcers compared with ulcers treated with alginate dressings. The log-rank test of 
equality of the healing function over the two study groups produced a χ2 test statistic of 5.89, with a p=0.0152 
(Figure 18).

Figure 18. A Kaplan-Meier plot of time to heal within 12 weeks by study group demonstrated a superior 
wound-healing trajectory for EpiCord-treated vs alginate-treated (SOC) ulcers. The log-rank test of equality 
of the healing function over the two study groups produced a χ2 test statistic of 5.89, with a p=0.0152.

Of the 71 healed ulcers treated with EpiCord during the 12-week treatment phase, 68 of 71 (96%) remained closed 
at week 16 follow up, while 22 of the 26 ulcers healed with alginate dressings (85%) had remained closed.

In conclusion, the results of the present study show that DFUs treated with the weekly application of EpiCord 
had significantly greater rates of complete healing within 12 weeks of treatment initiation than DFUs treated with 
alginate dressings, which by today’s benchmarks are considered part of the standard of care. To obtain the highest 
level of treatment success and ultimately reduce costs, advanced wound therapy must be used as an adjunct to, and 
not in lieu of, good wound care practices such as adequate debridement and off-loading. The appropriate use of 
strong evidence-based products such as EpiCord, in the hands of a skilled clinician, is likely to provide the most 
benefits for patients struggling with hard to chronic wounds.

Table 14. Adverse events.
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