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HEALTH EVIDENCE REVIEW COMMISSION (HERC)

COVERAGE GUIDANCE:  SKIN SUBSTITUTES FOR CHRONIC SKIN ULCERS 

DRAFT as posted for public comment 11/13/2015 to 8 a.m. 12/16/2015 
 

†Note: the recommendation for OASIS Wound Matrix has been changed for the purposes of this draft to 

“Not recommended for coverage” after approval by the subcommittee due to an error in the 

presentation. The subcommittee will discuss this change along with any public comments received. 

HERC Coverage Guidance 

Skin substitutes for chronic venous leg ulcers and chronic diabetic foot ulcers are recommended 
for coverage (weak recommendation) when all of the following criteria are met: 

1. Product is recommended for the type of ulcer being treated (see table below) 

2. FDA indications and contraindications are followed, if applicable 

3. Wound has adequate arterial flow (ABI > 0.7), no ongoing infection and a moist wound 
healing environment 

4. For patients with diabetes, Hba1c level is < 12. 

5. Prior appropriate wound care therapy (including but not limited to appropriate 
offloading, multilayer compression dressings and smoking cessation counseling) has 
failed to result in significant improvement (defined as at least a 50 percent reduction in 
ulcer surface area) of the wound over at least 30 days  

6. Ulcer improves significantly over 6 weeks of treatment with skin substitutes, , with 
continued significant improvement every 6 weeks required for coverage of ongoing 
applications 

7. Patients is able to adhere to the treatment plan  
 

The following products are recommended/not recommended for coverage as shown below. All 
recommendations are weak recommendations except as specified.  

Product Diabetic foot ulcers Venous leg ulcers 

Dermagraft Recommended Not recommended 

Apligraf Recommended  Recommended 

OASIS Wound 
Matrix 

Not Recommended† Recommended 

Epifix Not recommended Not recommended 

Grafix Not recommended Not recommended 

Graftjacket Not recommended Not recommended 

Talymed Not recommended Not recommended 
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Theraskin Not recommended Not recommended 

Other skin 
substitutes 

Not recommended Not recommended 

 

The use of skin substitutes is not recommended for coverage of chronic skin ulcers other than 
venous leg ulcers and diabetic foot ulcers (e.g. pressure ulcers) (weak recommendation). 

Note: Definitions for strength of recommendation are provided in Appendix A GRADE Informed 

Framework Element Description. 

PLAIN LANGUAGE SUMMARY 

[Staff will insert lay language summary once the coverage guidance has been reviewed by 

subcommittee] 

RATIONALE FOR GUIDANCE DEVELOPMENT 

The HERC selects topics for guideline development or technology assessment based on the following 

principles: 

 Represents a significant burden of disease 

 Represents important uncertainty with regard to efficacy or harms 

 Represents important variation or controversy in clinical care 

 Represents high costs, significant economic impact  

 Topic is of high public interest 

Coverage guidance development follows standard methodology to translate evidence reviews into a 

policy decision. Coverage guidances are based on a thorough review of the evidence by the Evidence-

based Guideline Subcommittee or the Heath Technology Assessment Subcommittee. The evidence 

review used in the coverage guidance development process may use existing systematic reviews of the 

evidence on a given topic and incorporate additional individual studies published more recently than the 

included systematic reviews. Included evidence sources are generally published within the last three to 

five years. A full description of the evidence review methodology is included in each coverage guidance 

as an appendix. The translation of the evidence review to a policy decision is based on a GRADE-

informed framework, as described below.
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GRADE-INFORMED FRAMEWORK  

The HERC develops recommendations by using the concepts of the Grading of Recommendations Assessment, Development and Evaluation 

(GRADE) system. GRADE is a transparent and structured process for developing and presenting evidence and for carrying out the steps involved 

in developing recommendations. There are several elements that determine the strength of a recommendation, as listed in the table below. The 

HERC reviews the evidence and makes an assessment of each element, which in turn is used to develop the recommendations presented in the 

coverage guidance box. Estimates of effect are derived from the evidence presented in this document. The level of confidence in the estimate is 

determined by the Commission based on assessment of two independent reviewers from the Center for Evidence-based Policy. Unless otherwise 

noted, estimated resource allocation, values and preferences, and other considerations are assessments of the Commission. 

Note: The Quality of Evidence rating was assigned by the primary evidence source, not the HERC Subcommittee. The GRADE framework 

elements are described in Appendix A. A GRADE Evidence Profile is provided in Appendix B. 

Apligraf® / Graftskin 

Coverage question: Should Apligraf® be recommended for coverage for treatment of chronic skin ulcers? 

 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Resource allocation 

Deep soft tissue 

or bone 

infection 

(Critical 

outcome) 

DFU1: osteomyelitis 2.7% vs 10.4% (p = 0.4)  

●●◌◌ (low certainty of no benefit, based on one good quality 

RCT) 

DFU (Apligraf vs Theraskin): One amputation due to infection 

with Theraskin vs none for Apligraf (p-value not reported) 

●◌◌◌ (very low certainty of no comparative benefit, based on 

one fair quality RCT) 

Incremental cost for adding Apligraf to a patient’s course of 

treatment for a small leg ulcer (<25 cm2) under Medicare 

FFS (using average national prices for October, 2015) would 

range from $771.20 for a single application in an 

ambulatory surgery center to $4,553.81 for three 

applications in the physician’s office setting. Prices are 

                                                           

1 DFU: Diabetic Foot Ulcer; VLU: Venous Leg Ulcer 
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Coverage question: Should Apligraf® be recommended for coverage for treatment of chronic skin ulcers? 

 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Resource allocation 

VLU: osteomyelitis 8.1% vs 0% (no statistical analysis) 

●◌◌◌ (very low certainty of benefit, based on one good quality 

RCT) 

 

somewhat higher for foot ulcers due to higher physician 

fees/bundled fees for application. 

Product is sold in 44 cm2 sheets.  

Up to 3 applications appear to be the maximum necessary 

based on included studies. 

 

 

Complete 

wound healing 

(Critical 

outcome) 

DFU: RR 1.5, 1.96 (p = 0.01, 0.03)  

●●●◌ (moderate certainty of benefit, based on two good 

quality RCTs) 

DFU (Apligraf vs Theraskin): 47.1% vs 66.7% (p-value not 

reported) 

●◌◌◌ (very low certainty of no comparative benefit, based on 

one fair quality RCT) 

VLU: RR 2.38 (p < 0.001) 

●●◌◌ (low certainty of benefit, based on one good quality RCT) 

Unspecified non-healing ulcers: 100% vs 75% (p < 0.01) 

●◌◌◌ (very low certainty of benefit, based on one poor quality 

RCT) 

Quality of life 

(Critical 

outcome) 

No evidence identified. 

Time to 

complete 

wound healing 

DFU: No evidence identified. 

VLU: 61 vs 191 days (statistical analysis not provided) 

●●◌◌ (low certainty of benefit, based on one good quality RCT) 
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Coverage question: Should Apligraf® be recommended for coverage for treatment of chronic skin ulcers? 

 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Resource allocation 

(Important 

outcome) 

Unspecified non-healing ulcers: 7 vs 51 weeks (statistical 

analysis not provided) 

●◌◌◌ (very low certainty of benefit, based on one poor quality 

RCT) 

Adverse effects 

(Important 

outcome) 

DFU: Pooled data from 4 RCTs showed similar incidence of 

cellulitis, dermatitis, and peripheral edema with Apligraf® vs 

control (statistical analysis not reported) 

●●◌◌ (low certainty of no harm, based on four good quality 

RCT) 

VLU: Infection rates of 8.2% vs 7.8% (statistical analysis not 

reported)  

●◌◌◌ (very low certainty of no harm, based on one good 

quality RCT) 

Rationale: Apligraf is recommended for coverage for venous leg ulcers and diabetic foot ulcers, based on improved complete wound healing, 

low variability in patient preference, and despite its cost. A strong recommendation was not made because only 2/5 of the predefined 

critical/important outcomes were addressed by the evidence and in favor of Apligraf for DFU. Coverage is recommended only when other 

conditions exist for wound healing (see Other Considerations section, below).  

 

Recommendation: Apligraf is recommended for coverage for diabetic foot ulcers and venous leg ulcers (weak recommendation) when 

conditions necessary for wound healing are present. Payers may wish to consider bundled payment, reference pricing, or other effective 

alternatives for smaller ulcers, as this product is sold in units of 44 cm2 and has a short shelf life, which may lead to waste.  
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Dermagraft® 

Coverage question: Should Dermagraft® be recommended for coverage for treatment of chronic skin ulcers? 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Resource allocation 

Deep soft tissue 

or bone infection 

(Critical outcome) 

DFU: Osteomyelitis incidence 8.6% in both intervention and 

control groups  

●◌◌◌ (very low certainty of no benefit, based on one fair 

quality RCT) 

Incremental cost for adding Dermagraft® to a patient’s 

course of treatment for a small leg ulcer (<25 cm2) under 

Medicare FFS (using average national prices for October, 

2015) would range from $771.20 for a single application in 

an ambulatory surgery center to $11,960.80 for eight 

applications in the hospital outpatient setting.  Up to 4 

applications total appears equivalent efficacy to 8 

applications. 

Product is sold in 37.5 cm2 sheets.  

 

 

 

 

Complete wound 

healing (Critical 

outcome) 

DFU: OR 1.64 (95% CI, 1.10 to 2.43) in pooled data from 3 fair 

quality RCTs; one poor quality RCT with 38.5% versus 31.7% 

(p = 0.138)  

●●◌◌ (low certainty of benefit, based on three fair quality 

concordant RCTs and one poor quality discordant RCT) 

DFU (Dermagraft vs OASIS): 84.6% vs 76.9%, p = 0.62 

●◌◌◌ (very low certainty of no comparative benefit, based on 

one fair quality RCT) 

VLU: RR 1.83 (95% CI, 0.47 to 7.21) and RR 3.04 (95%, CI 0.95 

to 9.68) ●◌◌◌ (very low certainty of no benefit, based on two 

fair quality RCTs) 

Quality of life 

(Critical outcome) 

No evidence identified.  

Time to complete 

wound healing 

(Important 

outcome) 

DFU: 13 weeks vs 28 weeks(statistical analysis not reported) 

●●◌◌ (low certainty of benefit, based on four poor to fair 

quality RCTs)  

DFU (Dermagraft vs OASIS): 40.90 vs 35.67 days, p = 0.73 
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●◌◌◌ (very low certainty of no comparative benefit, based 

on one fair quality RCT) 

VLU: 35 weeks vs 74 weeks, (statistical analysis not reported)  

●◌◌◌ (very low certainty of benefit, based on one fair quality 

RCT)  

Adverse effects 

(Important 

outcome) 

DFU: 19% vs 32%, p = 0.007; second RCT no difference in 

rates of AE.  

●◌◌◌ (very low certainty of benefit, based on two fair quality 

RCTs) 

VLU: Similar number of AEs in all groups, statistical analysis 

not reported  

●◌◌◌ (very low certainty of no harm, based on one fair 

quality RCT)  

 

Rationale: Dermagraft is recommended for coverage for diabetic foot ulcers based on evidence of reduced time to wound healing and a higher 

likelihood of complete wound healing than usual care, with low variability in patient values and preferences. The recommendation is weak 

because of the low certainty of the evidence, and relatively high cost. 

Dermagraft is not recommended for coverage for venous leg ulcers based on insufficient evidence of benefit for any critical or important 

outcome and lack of FDA approval for this indication. 

Recommendation:  

Dermagraft is not recommended for coverage for venous leg ulcers (weak recommendation) 

Dermagraft is recommended for coverage for diabetic foot ulcers (weak recommendation) when conditions necessary for wound healing are 

present. 

Payers may wish to consider bundled payment, reference pricing, or other effective alternatives for smaller ulcers, as this product is sold in units 

of 37.5 cm2 and has a short shelf life, which may lead to waste. 
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OASIS® Wound Matrix 

Coverage question: Should OASIS® Wound Matrix be recommended for coverage for treatment of chronic skin ulcers? 

 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Resource allocation 

Deep soft tissue 

or bone infection 

(Critical outcome) 

No evidence identified.  Incremental cost for adding OASIS Wound Matrix to 

a patient’s course of treatment for a small leg ulcer 

(<25 cm2) under Medicare FFS (using average 

national prices for October, 2015) would be $235.69 

for a single application in an ambulatory surgery 

center. In a physician’s office, the cost would be 

$10.72 per cm2 plus physician’s fees of $143.73. The 

manufacturer recommends re-application every 

three to seven days as needed. 

Product is sold in units of varying sizes, the smallest 

of which is 10.5 cm2.  

 

 

Complete wound 

healing (Critical 

outcome) 

DFU: 49% vs 28% (p = 0.06) 

●◌◌◌ (very low certainty of benefit, based on one fair quality RCT) 

DFU (OASIS vs Dermagraft): 76.9% vs 84.6%, p = 0.62 

●◌◌◌ (very low certainty of no comparative benefit, based on one 

fair quality RCT) 

VLU: 80% vs 65% at 8 weeks (p < 0.05); 83% vs 46% at 16 weeks (p < 

0.001); 55% vs 34% at 12 weeks, (p = 0.02) 

●●◌◌ (low certainty of benefit, based on three fair to good quality 

RCTs with inconsistency in comparator groups) 

Quality of life 

(Critical outcome) 

No evidence identified.  

Time to complete 

wound healing 

DFU: 5.4 vs 8.3 weeks, statistical analysis not reported; 67 vs 73 

days (p = 0.245)  
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Coverage question: Should OASIS® Wound Matrix be recommended for coverage for treatment of chronic skin ulcers? 

 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Resource allocation 

(Important 

outcome) 

●●◌◌ (low certainty of no benefit, based on two fair quality RCTs) 

DFU (OASIS vs Dermagraft): 35.67 vs 40.90 days, p = 0.73 

●◌◌◌ (very low certainty of no comparative benefit, based on one 

fair quality RCT) 

VLU: 63% vs 40% expected to heal at 12 weeks, p = 0.0226 

●◌◌◌ (very low certainty of benefit, based on one good quality RCT 

Adverse effects 

(Important 

outcome) 

DFU: Approximately equal number of AEs between groups, 

statistical analysis not reported 

●◌◌◌ (very low certainty of no benefit, based on one fair quality 

RCT) 

VLU: Approximately equal number of AEs between groups, 

statistical analysis not reported 

●◌◌◌ (very low certainty of no benefit, based on one good quality 

RCT) 

Rationale: OASIS Wound Matrix is recommended for coverage for venous leg ulcers based on low-certainty evidence that it improves complete 

wound healing and time to complete wound healing, with low variability in values and preferences. OASIS Wound matrix is not recommended 

for coverage for diabetic foot ulcers based on inadequate evidence of benefit, other alternatives available, and its costliness.  

 

Recommendation: OASIS is not recommended for coverage for diabetic foot ulcers (weak recommendation). 

OASIS is recommended for coverage for venous leg ulcers (weak recommendation), when conditions necessary for wound healing are present. 
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EpiFix® 

Coverage question: Should EpiFix® be recommended for coverage for treatment of chronic skin ulcers? 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Deep soft tissue 

or bone infection 

(Critical outcome) 

No evidence identified. 

Complete wound 

healing (Critical 

outcome) 

DFU: 92% versus 8% (p < 0.0001) 

●◌◌◌ (very low certainty of benefit, based on one RCT of fair quality) 

Quality of life 

(Critical outcome) 

No evidence identified. 

Time to complete 

wound healing 

(Important 

outcome) 

No evidence identified. 

Adverse effects 

(Important 

outcome) 

No evidence identified. 

Rationale: Epifix is not recommended for coverage due to insufficient evidence of effectiveness and the availability of effective alternatives 

(weak recommendation). 

Recommendation: EpiFix is not recommended for coverage for chronic skin ulcers (weak recommendation).  
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Grafix® 

Coverage question: Should Grafix® be recommended for coverage for treatment of chronic skin ulcers? 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Deep soft tissue 

or bone infection 

(Critical outcome) 

DFU: “Wound-related infection” (undefined) 18.0% vs 36.2%, p = 0.044●◌◌◌ (very low certainty of benefit, based on one 

RCT of poor quality) 

Complete wound 

healing (Critical 

outcome) 

DFU: 62% vs 21%, p < 0.01  

●◌◌◌ (very low certainty of benefit, based on one RCT of poor quality) 

Quality of life 

(Critical outcome) 

No evidence identified. 

Time to complete 

wound healing 

(Important 

outcome) 

DFU: 42 days vs 69.5 days (statistical analysis not reported) 

●◌◌◌ (very low certainty of benefit, based on one RCT of poor quality) 

Adverse effects 

(Important 

outcome) 

DFU: 44% vs 66% (p = 0.031)  

●◌◌◌ (very low certainty of benefit, based on one RCT of poor quality) 

Rationale: Grafix is not recommended for coverage for any indication due to insufficient evidence of effectiveness and the availability of 

effective alternatives (weak recommendation). 

Recommendation: Grafix is not recommended for coverage for chronic skin ulcers (weak recommendation). 
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Graftjacket® 

Coverage question: Should Graftjacket® be recommended for coverage for treatment of chronic skin ulcers? 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Deep soft tissue 

or bone infection 

(Critical outcome) 

One trial had a single pt with hallux amputation due to infection in the treatment group and zero in control.  

●◌◌◌ (very low certainty of harm, based on one RCT of poor quality) 

Complete wound 

healing (Critical 

outcome) 

DFU, vs moist dressing: 70% vs 46% (p = 0.03) 

DFU, vs Curasol: 86% vs 29% (p = 0.006) 

●●◌◌ (very low certainty of benefit, based on two poor to fair quality RCTs) 

Quality of life 

(Critical outcome) 

No evidence identified. 

Time to complete 

wound healing 

(Important 

outcome) 

DFU: 11.92 vs 13.5 weeks and 5.7 vs 6.8 weeks, not significant 

●◌◌◌ (very low certainty of no benefit, based on two poor to fair quality RCTs) 

Adverse effects 

(Important 

outcome) 

DFU: Wound infection 21.4% vs 35.7%,statistical analysis not reported 

●◌◌◌ (very low certainty of no harm, based on one poor quality RCT) 

Rationale: Graftjacket is not recommended for coverage because of the very low evidence of benefit for the critical outcome of complete 

wound healing, and a lack of efficacy for improving time to complete wound healing. Given only one application is required, fewer resources 

would be needed which would be an argument in favor, however, there is insufficient evidence to justify if even at the lower cost, this would 

provide significant benefit to patients.  

Recommendation: Graftjacket is not recommended for coverage for chronic skin ulcers (weak recommendation). 
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Talymed® 

Coverage question: Should Talymed® be recommended for coverage for treatment of chronic skin ulcers? 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Deep soft tissue 

or bone infection 

(Critical outcome) 

No evidence identified.  

Complete wound 

healing (Critical 

outcome) 

VLU: 86% vs 45% (p = 0.0005)  

●◌◌◌ (very low certainty of benefit, based on one good quality RCT) 

Quality of life 

(Critical outcome) 

No evidence identified. 

Time to complete 

wound healing 

(Important 

outcome) 

No evidence identified. 

Adverse effects 

(Important 

outcome) 

VLU: No significant treatment-related AEs 

●◌◌◌ (very low certainty of no benefit, based on one good quality RCT) 

Rationale: Talymed is not recommended for coverage because of very low certainty of benefit, a lack of strong patient preferences for this, 

alternatives available, and its high cost.  

Recommendation: Talymed is not recommended for coverage for chronic skin ulcers (weak recommendation). 
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TheraSkin® 

Coverage question: Should Theraskin® be recommended for coverage for treatment of chronic skin ulcers? 

Outcomes Estimate of Effect for Outcome/ 

Confidence in Estimate 

Deep soft tissue 

or bone infection 

(Critical outcome) 

DFU (Theraskin vs Apligraf): One amputation for infection, compared to none with Apligraf 

●◌◌◌ (very low certainty of no comparative benefit, based on one RCT of fair quality) 

Complete wound 

healing (Critical 

outcome) 

DFU (Theraskin vs Apligraf): 66.7% vs 41.3% (p = 0.21) (p-value not reported) 

●◌◌◌ (very low certainty of no comparative benefit, based on one RCT of fair quality) 

Quality of life 

(Critical outcome) 

No evidence identified. 

Time to complete 

wound healing 

(Important 

outcome) 

No evidence identified. 

Adverse effects 

(Important 

outcome) 

No evidence identified. 

Rationale: Theraskin is not recommended for coverage because of insufficient evidence of benefit (limited evidence suggesting it is comparable 

to another effective product), a lack of strong patient preferences for this, alternatives available, and its moderate cost.  

Recommendation: TheraSkin is not recommended for coverage for chronic skin ulcers (weak recommendation). 
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EVIDENCE OVERVIEW 

Clinical background 

Diabetic foot ulcers (DFUs), venous leg ulcers (VLUs), and decubitus ulcers can be serious wounds, 

leading to severe health outcomes such as amputations and death. Diabetic foot ulcers are the result of 

atherosclerosis that impedes blood flow to the extremities and peripheral neuropathy that reduces the 

ability to sense injuries from extended pressure or other causes. Diabetic foot ulcers can lead to 

infections such as osteomyelitis and amputation. Appropriate treatment of these wounds can minimize 

the negative health outcomes and improve patient quality of life. Treatment for diabetic foot ulcers 

include cleaning, dressing, debridement, and pressure relief (Wound, Ostomy, and Continence Nurses 

Society, 2012). During the past 20 years, the prevalence of diabetes among adults in Oregon has more 

than doubled, to 9% in 2011. Among adults covered by the Oregon Health Plan, 17% have diabetes 

(Oregon Heart Disease and Stroke and Diabetes Prevention Programs, 2013). The annual incidence of 

foot ulcers among Medicare patients with diabetes is 6% (Margolis et al., 2011). 

Venous leg ulcers are caused by chronic venous insufficiency. Treatment for venous leg ulcers include 

cleaning and dressing the wound, hemodynamic support to control the underlying disorder that caused 

the ulcer (e.g., medication or vascular bypass procedures), compression bandages, and compression 

stockings. The lifetime incidence of venous leg ulcers is about 1% (O’Meara, Al-Kurdi, & Ovington, 2008). 

Decubitus ulcers or pressure ulcers (commonly called bed sores or pressure ulcers) occur when patients 

are unable to reposition themselves, most commonly in hospitals, long-term care facilities, and at home. 

Sustained pressure on a specific part of the body (often a bony prominence such as hip or sacrum) for 

long periods of time can cause a pressure ulcer. Treatment includes removing the pressure from the 

affected area, skin protection, debridement of necrotic tissues, cleaning, and dressing. Data from the 

National Nursing Home Survey indicate that 11% of nursing home residents had pressure ulcers (Park-

Lee & Caffrey, 2009). 

Skin substitutes have been used to treat ulcers that do not heal with the standard treatments. The most 

common use for skin substitutes is for the treatment of diabetic foot ulcers, venous leg ulcers, and 

decubitus ulcers. The etymologies of these ulcers make the wounds slower to heal, and the usual wound 

treatments are not always sufficient to ensure complete healing. 

Indications 

Skin substitutes are indicated for the treatment of chronic wounds, usually defined as having not healed 

within 30 days, having not responded to initial treatment, or persisting despite appropriate care. Skin 

substitutes were originally designed to treat burns, but now the most common usage is treating diabetic 

foot ulcers, venous leg ulcers, and decubitus ulcers.  
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Technology description 

Skin substitutes promote healing and wound closure by mimicking or substituting for the skin structure. 

The skin substitute is designed to help the healing process by stimulating the host to regenerate lost 

tissue and replace the wound with functional skin. Skin substitutes can be categorized (Snyder, Sullivan, 

& Schoelles, 2012) based upon how they are derived or produced: 

 Products derived from human donor tissue 

 Products derived from living human or animal tissues and cells 

 Acellular animal –derived products 

 Biosynthetic products  

Currently, there are over 73 skin substitute products approved by the FDA for use in humans. While skin 

substitute products can be broadly grouped according to their source materials, the products are all 

sufficiently unique as to make generalization of efficacy across categories impracticable.  

Table 1 shows skin substitute products available in the United States, categorized by how the product is 

derived and thus regulated by the FDA. This list of skin substitutes was created from the evidence and 

policy sources, and may not be complete. Products in the same category may not be equivalent in terms 

of effectiveness (Snyder, Sullivan, & Schoelles, 2012). 

Human-derived skin substitute products that are minimally processed are regulated by the FDA as 

human cells, tissues, and cellular and tissue-based products (HCT/Ps). With HCT/Ps, tissue is obtained 

from human donors then processed and used in the same role in the patient (e.g., skin for skin, tendon 

for tendon). These HCT/Ps are regulated as human tissue intended for transplantation as long as the 

processing and clinical use are consistent with “Minimal Manipulation” and “Homologous Use” as 

defined in 21 CFR 1271. Products regulated as HCT/Ps must be registered with the FDA but are not 

required to demonstrate safety or effectiveness. 

Cellular-derived material for wound healing cultured from human-derived tissues are regulated using 

the Biologics License Application (under the Federal Public Health Service Act) or with premarket 

approval (PMA) or as a Humanitarian Use Device obtained through a humanitarian device exemption 

depending on their composition and primary mode of action. The application for products regulated 

under the PMA process must include scientifically valid clinical studies demonstrating that the product is 

effective and safe. 

Acellular animal-derived products and synthetic products are regulated under Section 510(k) of the 

Food, Drug and Cosmetic Act. This requires a premarket submission to the FDA to demonstrate that the 

device is substantially equivalent, i.e., at least as safe and effective, to a legally marketed device that is 

not subject to PMA. Submitters can compare their device to a device that was legally marketed prior to 

May 28, 1976 or a device which has been previously found to be substantially equivalent through the 

510(k) process (Snyder, Sullivan, & Schoelles, 2012).  
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Table 1: Skin Substitutes 

Products derived from 

human donor tissue, 

minimally processed 

Products derived from 

living human and/or 

animal tissue 

Acellular animal-

derived products Biosynthetic products 

AlloDerm Regenerative 

Tissue Matrix 

Allpatch HD™ 

Alloskin™ 

Cymetra® Micronized 

AlloDerm 

Dermacell® and 

Arthroflex® 

Flex HD® 

GammaGraft® 

Graftjacket® 

Regenerative Tissue 

Matrix 

Graftjacket® Express 

Scaffold 

Matrix HD™ 

Memoderm™ 

Puros® Dermis 

Repliform® 

TheraSkin® 

Apligraf®/Graftskin 

Dermagraft® 

AlloMax™ 

Celaderm®  

OrCel™  

TransCyte™ 

 

Acell UBM Hydrafted 

Wound Dressing 

Acell UMB Lyophilized 

Wound Dressing 

Aongen™ Collagen 

Matrix 

Atlas Wound Matrix 

Avagen Wound 

Dressing 

Biobrane® 

Collagen Sponge 

(Innocoll) 

Collagen Wound 

Dressing (Oasis 

Research) 

Collaguard® 

CollaSorb™ 

CollaWound™ 

Collexa® 

Collieva® 

Coreleader Colla-Pad 

Dermadapt™ Wound 

Dressing 

DressSkin 

EndoForm Dermal 

Template™ 

Excellagen 

E-Z Derm™ 

FortaDerm™ Wound 

Dressing 

Helicoll 

Integra® Dermal 

Regeneration 

Template 

Epicel™ 

Hyalomatrix® 

(Laserskin®) 

Hyalomatrix® 

Jaloskin® 

Suprathel® 

Talymed® 
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Products derived from 

human donor tissue, 

minimally processed 

Products derived from 

living human and/or 

animal tissue 

Acellular animal-

derived products Biosynthetic products 

Integra™ Bilayer Matrix 

Wound Dressing 

Integra™ Flowable 

Wound Matrix 

LTM Wound Dressing 

MatriStem 

Matristem 

Micromatrix®  

Matristem® Burn 

Matrix 

MatriStem® Wound 

Matrix 

Matrix Collagen Wound 

Dressing 

Medline Collagen 

Wound Dressing 

OASIS Burn Matrix™ 

OASIS Wound Matrix ™  

Primatrix™ 

Primatrix™ Dermal 

Repair Scaffold 

SIS Wound Dressing II 

SS Matrix™ 

Stimulen™ Collagen 

TheraPorm™ 

Standard/Sheet 

Unite® Biomatrix 

Unite™ Biomatrix 

 

The following skin substitute products may not be available for chronic wounds in the US: Dermagen, 

EpiDex, Hyalograft, Kaloderm, Matriderm, PermaDerm, StrataGraft/ExpressGraft, and Xelma. 

 

Key Questions and Outcomes 

The following key questions (KQ) guided the evidence search and review described below. For additional 

details about the review scope and methods please see Appendix D. 
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1. What is comparative effectiveness of different types of skin substitutes compared with wound 
care alternatives for individuals with chronic skin ulcers? Include consideration of: 

a. Age 
b. Body mass index (BMI) 
c. Comorbidities 
d. Site of ulcer 
e. Ulcer etiology (e.g. infectious, pressure or circulatory). 
f. Wound severity 
g. Prior need for skin substitute  
h. Failure of prior therapies 

2. What adverse events are associated with skin substitutes?  

3. What are contraindications to the use of skin substitutes? 

Critical outcomes selected for inclusion in the GRADE table: deep soft tissue or bone infection, complete 

wound healing, and quality of life. Important outcomes selected for inclusion in the GRADE table: time 

to complete wound healing and adverse effects. 

Evidence overview 

Four systematic reviews and two additional RCTs address the use of skin substitutes for chronic skin 

ulcers; they are summarized in Tables 2 and 3. The outcomes considered critical for purposes of this 

coverage guidance are deep soft tissue or bone infection, complete wound healing, and quality of life. 

Time to complete wound healing and adverse effects are considered important outcomes. Complete 

wound healing is generally defined as “full epithelialization with no drainage, no exudate or eschar 

(scab) present” (Snyder, Sullivan & Schoelles, 2012, p. 48). 

Although some products may have similar components or substrates, “[t]he results obtained from 

studies of a single product […] cannot be extrapolated to all products in a group because of differences 

in product components and healing properties” (Snyder, Sullivan & Schoelles, 2012, p. 48). Therefore, 

the results are organized by product type below. 

Results are also separated by indication (diabetic foot ulcer or venous leg ulcer; the search did not 

identify any evidence for skin substitutes in the treatment of decubitus ulcers). Effectiveness for one 

type of wound cannot be extrapolated across indications “because of the difference in etiology and 

pathophysiology” between different types of wounds (Snyder, Sullivan & Schoelles, 2012, p. 56). 

One limitation of the body of evidence is a lack of standardization of comparators. Some trials compare 

one skin substitute versus another, but many use “usual care” in the control group. Some treatments 

that fall into the category of usual care can include (but are not limited to):  

 Diabetic Foot Ulcers – usual care techniques: 

o Nonadherent gauze dressing (Mepitel), covered with a secondary dressing including 

saline-moistened gauze and dry gauze  
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o Saline-moistened, nonadherent gauze (Teapore) covered with a layer of saline-

moistened gauze followed by dry gauze and petrolatum gauze layer  

o Nonadherent interface + saline moistened gauze  

o Saline moistened gauze  

 Venous Leg Ulcers – usual care techniques: 

o Tegapore (gauze bolster), zinc oxide-impregnanted, paste bandage (Unna boot), and 

self-adherent elastic wrap  

o Multilayered compression therapy  

The body of evidence is also limited in the evidence addressing the considerations in Key Question 1. 

Where possible, discussion of study inclusion/exclusion criteria are presented.  

Table 2. Summary of Included Systematic Reviews 

Systematic 

Review  

(Quality) 

Total N 

Population 

No. and Type of 

Included Studies Skin Substitute Category  Outcomes of Interest  

Game (2015) 

(Fair) 

N = 1461 

 

Diabetic foot ulcers: 

11 RCTs 

1 Cohort 

1 Case-control  

 Allogeneic fetal fibroblasts 

on polyglactic matrix 

(Dermagraft) 

 Tissue engineered sheet 

of fibroblast/keratinocyte 

co-culture (Graftskin) 

 Living keratinocytes and 

fibroblasts (Apligraf®) 

 Amniotic membrane 

wound graft (Epifix) 

 Complete wound 

healing 

 Time to complete 

wound healing  

 

Felder (2012) 

(Fair) 

N = 2043 

Chronic foot ulcers 

(diabetic, 

angiopathic, venous 

stasis, pressure-

induced, or 

infected):  

15 RCTs 

1 Cohort 

5 SRs  

 Bilayer of neonatal 

keratinocytes and 

fibroblasts on hyaluronic 

acid matrix 

(Apligraf/Graftskin) 

 Neonatal fibroblasts and 

keratinocytes cultured 

onto bovine collagen 

matrix (OrCel) 

 Complete wound 

healing 

 Time to complete 

wound healing 

 Infection rate 

 Complications  

 Ulcer recurrence 
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Systematic 

Review  

(Quality) 

Total N 

Population 

No. and Type of 

Included Studies Skin Substitute Category  Outcomes of Interest  

 Cryopreserved split-

thickness skin allograft 

(TheraSkin) 

 Allogeneic fetal fibroblasts 

on polyglactic matrix 

(Dermagraft) 

 Autologous cultured 

keratinocytes on 

hyaluronic acid-derived, 

perforated lamina 

(Laserskin) 

 Decellularized cadaveric 

dermis (Graftjacket®) 

 Bovine collagen and 

chondroitin-6-sulfate 

scaffold with silicone 

covering (Synthetic 

Integra)  

Jones (2013) 

(Good) 

N = 438 

Venous leg ulcers: 

5 RCTs 

 Allogenic bilaminar 

Composite Cultured Skin 

(OrCel™) 

 Cultured epidermal 

allograft (Autoderm™)  

 Products derived from live 

human/animal tissue 

(Apligraf®, Dermagraft®) 

 Complete wound 

healing 

 Time to complete 

healing 

 Rate of change in 

ulcer area 

 Pain 

 Adverse events 

Snyder (2012) 

(Good) 

N = 1,829 

 

Diabetic foot ulcers:  

12 RCTs 

Vascular leg ulcers: 

6 RCTs 

 Products derived from 

human donor tissue 

(Graftjacket®) 

 Products derived from live 

human/animal tissue 

(Apligraf®, Dermagraft®) 

 Wound infection 

 Complete wound 

healing 

 Time to complete 

wound healing 
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Systematic 

Review  

(Quality) 

Total N 

Population 

No. and Type of 

Included Studies Skin Substitute Category  Outcomes of Interest  

 Acellular animal derived 

products (OASIS® Wound 

Matrix) 

 Biosynthetic products 

(Talymed®) 

 Adverse events 

 Quality of life 

surrogate outcomes 

(return to baseline 

activities of daily living 

and function, pain 

reduction) 

 

Table 3. Summary of Included Randomized Controlled Trials identified in additional 
Medline search 

RCT 

(Quality) 

Total N Population Skin Substitute Category  Outcomes of Interest  

Lavery 2014 

(Poor) 

N = 97 

Diabetic foot ulcers  Placenta-derived human 

viable wound matrix 

(Grafix®) 

 Complete wound 

healing 

 Time to complete 

healing 

 Adverse events 

 Wound-related 

infections 

 

EVIDENCE SUMMARY 

 Snyder [AHRQ] (2012) 

The AHRQ systematic review by Snyder, Sullivan and Schoelles (2012) included 18 RCTs (12 on DFUs, 6 

on VLUs). Of the 18 studies, eight were assessed as a low risk of bias, nine as a moderate risk of bias, and 

one with an unclear risk of bias. The review authors limited study inclusion to RCTs that had a minimum 

of 10 patients per treatment arm. In addition to the outcomes described in Table 1, the AHRQ review 

evaluated wound recurrence, need for amputation, need for hospitalization, return to baseline activities 

of daily living and function, pain reduction, and exudate and odor reduction.  
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Felder (2012) 

The systematic review by Felder, Goyal, and Attinger (2012) included 15 RCTs and one prospective 

cohort study as well as five systematic reviews. This SR was concerned with chronic foot ulcers of any 

origin. There is significant overlap in included studies (nine RCTS) between the AHRQ SR (Snyder, 

Sullivan and Schoelles, 2012) and this SR. Felder and colleagues (2012) included five additional studies (3 

DFU, 1 VLU, 1 non-healing foot ulcer) that were not included in the AHRQ review (Snyder, Sullivan and 

Schoelles, 2012). Of these five, one was assessed at low risk of bias, one at moderate risk of bias, and 

three at high risk of bias. Rate of complete wound healing was the primary outcome; secondary 

outcomes included time to complete wound healing, infection rates, and ulcer recurrence.  

Jones [Cochrane] (2013) 

The Jones systematic review (Jones, Nelson and Al-Hity, 2013) focused on the treatment of VLUs and 

included five RCTs on the use of skin substitutes, two of which overlap with the AHRQ review (Snyder, 

Sullivan and Schoelles, 2012). Of the remaining three studies, one is rated as unclear risk of bias, one at 

low risk of bias, and one at moderate risk of bias. Authors included any randomized study, regardless of 

publication status or language, in which skin grafts or skin replacements for venous leg ulcers were 

compared against any other intervention (only studies involving skin substitutes are summarized in this 

coverage guidance), and which reported on the primary outcomes of wound healing, time to complete 

healing, or absolute rate of change of ulcer area.  

Game (2015) 

A systematic review by Game and colleagues (2015) assessed the effectiveness of various interventions 

for diabetic foot ulcers. This is the second update of a systematic review undertaken by the International 

Working Group of the Diabetic Foot (IWGDF) in 2006 and first updated in June 2010. Game and 

colleagues (2015) included all controlled studies, both prospective and retrospective, that evaluated 

treatment of chronic foot ulcers in adults (age 18 and older) with type 1 or type 2 diabetes. Primary 

outcomes were healing, time to healing, and reduction in wound area. The 2015 review included 11 

RCTs relevant to skin substitutes; all but three of them overlap with the other SRs included in this report. 

Of those three, one was rated at medium risk of bias and the others at high risk of bias.  

Apligraf® / Graftskin 

Apligraf®, known previously as Graftskin, is a “living cell based bilayered skin substitute derived from 

bovine type 1 collagen and human fibroblasts and keratinocytes derived from neonatal foreskins” 

(Snyder, Sullivan, and Schoelles, 2012, pg 38).  

The FDA has approved Apligraf®  

For use with standard therapeutic compression for the treatment of non-infected partial 

and full-thickness skin ulcers due to venous insufficiency of greater than 1 month 

duration and which have not adequately responded to conventional ulcer therapy. 

Apligraf is also indicated for use with standard diabetic foot ulcer care for the treatment 
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of full-thickness neuropathic diabetic foot ulcers of greater than three weeks’ duration 

which have not adequately responded to conventional ulcer therapy and which extend 

through the dermis but without tendon, muscle, capsule or bone exposure. 

Apligraf is contraindicated for use on clinically infected wounds. Apligraf is 

contraindicated in patients with known allergies to bovine collagen. Apligraf is 

contraindicated in patients with a known hypersensitivity to the components of the 

Apligraf agarose shipping medium.” of non-infected partial and full-thickness skin ulcers 

due to venous insufficiency of greater than 1 month duration and which have not 

adequately responded to conventional ulcer therapy. Apligraf is also indicated for use 

with standard diabetic foot ulcer care for the treatment of full-thickness neuropathic 

diabetic foot ulcers of greater than three weeks’ duration which have not adequately 

responded to conventional ulcer therapy and which extend through the dermis but 

without tendon, muscle, capsule or bone exposure (Snyder, Sullivan, and Schoelles, 

2012, pg 38).  

The prescribing information contains a caution; “The safety and effectiveness of Apligraf have 

not been established for patients receiving greater than 5 device applications.” 

Inclusion criteria for trials of Apligraf® varied in the size and severity of wounds. Minimum 

duration was 2-4 weeks. Patients were excluded for conditions that would impair wound healing 

such as poor glycemic control (identified in one trial as hemoglobin A1c ≥12), active infection, 

immunocompromise (either from underlying disease, radiation, chemotherapy, or recent 

corticosteroid use), evidence of skin cancer at or near the wound, renal or hepatic impairment, 

drug or alcohol abuse, and Charcot foot or inability to offload the ulcer. Some studies excluded 

patients whose ulcers responded to usual care in a 7-14 day run-in period. The majority of 

patients were male and in their 50s or 60s.  

Three early studies (Sabolinski, 1996; Falanga, 1998; Falanga & Sabolinski, 1999) all used the 

same protocol of up to five applications within the first 21 days of treatment. Ulcers were re-

examined every few days and if less than 50% of the previous application “took,” researchers 

applied the product again, up to five times in total. The earliest study reported that 70% of 

patients got 1-3 grafts; the others did not report how many applications were required. A 2009 

study re-examined patients at 4 and 8 weeks after initial application and re-applied as 

necessary. “In the Apligraf group, 13 of the 33 subjects required only 1 application of Apligraf, 

and 15 and 5 subjects received 2 or 3 applications, respectively. On average, subjects received 

1.8 Apligraf applications during the course of the study” (Edmonds, 2009, pg. 14). The 

comparative study of Apligraf® vs TheraSkin® (DiDomenico, 2011) put no limits on the number 

of applications and allowed them at clinician discretion, they report an average of 1.53 

applications (SD = 1.65).  

Chang, 2000 used only a single application for all subjects, and reported on costs thusly:  
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At our institution, professional fee reimbursement for all skin graft procedures averages $1 350. 

A single 7-inch disk of Apligraf costs $1000 to the third-party insurer or the patient. The 

reimbursement for a 3- to 5-day hospital stay, including operating room and recovery room 

costs, average $8000-$11,000 for a Medicare patient. Therefore, Apligraf application in these 

patients costs $7000 to $10,000 less that an autologous skin graft. Moreover, further cost 

reductions may be possible as demand for this product increases. Finally, wound closure yields 

may further be improved with multiple applications of TESG and as the optimal dressing and 

management of TESG-treated wounds in this patient population become better defined (Chang, 

2000, pg. 49). 

Critical Outcome: Deep Soft Tissue or Bone Infection 

The AHRQ review (Snyder, Sullivan and Schoelles, 2012) included one trial that reported cases of 

osteomyelitis in patients with DFUs treated with either Apligraf®/Graftskin or usual care. The RCT 

compared Apligraf® to saline-moistened gauze (treatment group, n = 112; usual care group, n = 96). 

There was a significantly lower incidence of osteomyelitis in the Apligraf® group compared to usual care 

(2.7% vs 10.4%, p = 0.04).  

For VLUs, the AHRQ review included a single RCT comparing Apligraf® to compression therapy 

(treatment group, n = 161; usual care group, n = 136) that reported incidence of osteomyelitis. 

Approximately eight percent of patients receiving Apligraf® developed osteomyelitis at the study site, 

compared with no patients in the comparison group developing a bone infection (no statistical analysis 

conducted). 

Critical Outcome: Complete Wound Healing 

Snyder and colleagues (2012) included three RCTs comparing Apligraf® to usual care. Two of the trials 

included patients with DFUs (total n = 280) and the third trial focused on VLUs (n = 275). The AHRQ 

review (Snyder, Sullivan and Schoelles, 2012) found the use of Apligraf® was associated with significantly 

greater percentage of wound closures compared to usual care for patients with DFUs at 12 weeks (Trial 

1, n=72, 52% vs 26%, p=0.03, relative risk 1.96, 95% CI 1.05 to 3.66; Trial 2, n=208, 56% vs 38%, p=0.01, 

relative risk 1.5, 95% CI 1.11 to 2.04) and patients with VLUs at 12 weeks (53% vs 22%, p<0.001, relative 

risk 2.38, 95% CI 1.67 to 3.39).  

Felder and colleagues (2012) included two additional RCTs comparing Apligraf® to usual care. The first 

was a subgroup analysis of a larger study which looked at 120 patients whose ulcers had been present 

for at least one year, comparing Apligraf® to multilayer compression wrap. In this hard-to-heal 

subgroup, complete healing occurred by six months in 47% of subjects receiving Apligraf® versus 19% of 

the control subjects. The second study included by Felder (2012) compared Apligraf® against saline 

gauze dressing in patients with chronic foot ulcers of any etiology who had undergone limb 

revascularization within 60 days. Complete closure by six months occurred in 100% of Apligraf® patients, 

compared to 75% of usual care patients (p < 0.01).  
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Apligraf® vs Theraskin® 

One RCT included in the AHRQ review (Snyder, Sullivan and Schoelles, 2012) evaluated the comparative 

effectiveness of Apligraf® and Theraskin® for DFUs (n = 28). Average wound size was similar between 

groups. There were no significant differences reported in complete wound closure between the two 

products (Apligraf® 41% vs Theraskin® 67%, p=0.21).  

Critical Outcome: Quality of Life 

No SRs or RCTs reported on the effect of Apligraf® on validated quality of life indicators. One RCT 

included in the AHRQ review reported on pain, noting that it improved significantly in both Apligraf® and 

control groups (Snyder, Sullivan and Schoelles, 2012).  

Important Outcome: Time to Complete Wound Healing 

Snyder and colleagues (2012) included one RCT that reported on the time to complete wound healing in 

the use of Apligraf® for VLU. In the single RCT, patients who received Apligraf® experienced shorted 

median time to wound closure (61 days) compared with usual care (i.e., Unna boot) (191 days). 

Felder and colleagues (2012) included one RCT of patients with chronic foot ulcers who had recently (60 

days) undergone limb revascularization, which found mean time to healing with Apligraf® was seven 

weeks, compared to 15 weeks in the group treated with saline-gauze dressing (p = 0.0021).  

Important Outcome: Adverse Effects 

The AHRQ review (Snyder, Sullivan and Schoelles, 2012) included four studies that reported on adverse 

effects from Apligraf® for a total of 332 patients treated with the product and 283 patients treated with 

usual care. Two RCTs (N = 28 and N = 72) reported only “serious adverse events” in the treatment and 

follow-up phases, and these were roughly equivalent (3-5 patients in each group). One trial only 

reported on osteomyelitis, which is discussed above. In the fourth RCT (N = 297), there were 

approximately equal incidences of cellulitis (15.5% vs 13.2%), dermatitis (8.7% vs 8.8%), and peripheral 

edema (5.0% vs 5.0%) in the Apligraf® group compared to usual care. 

Although not explicitly stated as a critical outcome, one trial reported on the incidence of death. Six 

cases of death reported in the Apligraf® group compared with five cases in the usual care group (reasons 

not described); there were no other deaths reported across the three other trials. 

Felder and colleagues (2012) included one additional study (a subgroup of a previous study, separating 

out 120 patients with hard-to-heal venous ulcers present longer than one year) that reported infection 

rates of 8.2% in the Apligraf® treatment group (n = 72) versus 7.8% in the usual care control group (n = 

48).  

In addition to the adverse effects described above, trials also reported relatively rare incidence of 

rashes, pain, urinary tract infection, pain, dyspnea, congestive heart failure, accidental injury, 

pharyngitis, asthenia, arrhythmia, arthralgia, increased cough, erythema, and kidney failure.  

Dermagraft® 
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Dermagraft® is a “cryopreserved human fibroblast-derived dermal substitute on a bioabsorbable 

polyglactin mesh scaffold. The fibroblasts are obtained from human newborn foreskin tissue” (Snyder, 

Sullivan and Schoelles, 2012, pg 38). It is indicated by the FDA  

[f]or use in the treatment of full-thickness diabetic foot ulcers greater than six weeks’ 

duration which extend through the dermis, but without tendon muscle, joint capsule or 

bone exposure. Dermagraft® should be used in conjunction with standard wound care 

regimens and in patients that have adequate blood supply to the involved foot. 

Dermagraft is contraindicated for use in ulcers that have signs of clinical infection or in 

ulcers with sinus tracts. Dermagraft is contraindicated in patients with known 

hypersensitivity to bovine products, as it may contain trace amounts of bovine proteins 

from the manufacturing medium and storage solution (Snyder, Sullivan and Schoelles, 

2012, pg 38).  

The FDA prescribing information contains a caution than Dermagraft has not been studied in patients 

receiving greater than 8 device applications.  

Trials of Dermagraft® included patients with adequate glycemic control and evidence of adequate 

circulation as measured by ankle brachial pressure index (ABPI). Patients were excluded for evidence of 

active infection, impaired mobility, and significant comorbidities such as HIV, severe peripheral vascular 

disease, or a bleeding disorder. Patients were also generally excluded if their ulcers responded to usual 

care during a run-in or screening period. Average age ranged from 55 to 72 years.  

Application regimens for Dermagraft® are diverse in the literature. Earlier trials involved weekly 

applications for up to 7 or 8 treatments (Gentzkow, 1996; Naughton, 1997; Marston, 2003). A study in 

2003 divided patients into three different treatment arms; weekly applications for up to 12 weeks and a 

total of four applications at 0, 1, 4, and 8 weeks had identical efficacy (5/13 wounds healed). The most 

recent trial in this report (Omar, 2004) used this same 0, 1, 4, and 8 protocol and had a similar result 

(5/10 ulcers healed). 

Critical Outcome: Deep Soft Tissue or Bone Infection 

The AHRQ review (Snyder, Sullivan and Schoelles, 2012) identified one RCT comparing Dermagraft® to 

saline-moistened gauze in the treatment of DFU that reported on incidence of osteomyelitis. Rates were 

8.6% in both the intervention and the control groups.  

Critical Outcome: Complete Wound Healing 

Snyder and colleagues (2012) included three RCTs that reported on complete wound healing in the use 

of Dermagraft® for DFUs. All three RCTs on DFUs found that patients receiving Dermagraft® experienced 

greater rates of complete wound healing compared to usual care at 12 weeks. A meta-analysis found 

Dermagraft to be more effective for achieving wound closure compared to usual care (saline-moistened 

gauze) for patients with DFUs (odds ratio 1.64; 95% CI 1.10 to 2.43).  
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Felder and colleagues (2012) identified one additional RCT of Dermagraft® in care of DFUs, in which the 

metabolic activity of the graft was assessed and patients in the treatment arm were stratified by 

whether or not the Dermagraft® was “metabolically active within the therapeutic range” (Felder, 2012, 

p. 150). At twelve weeks, the rate of complete healing was 38.5% in the entire treatment group and 

31.7% in the control group (p = 0.138), but was 50.8% in the “metabolically active” Dermagraft® group.  

Snyder and colleagues (2012) identified one RCT that included patients with VLUs, which found greater 

rates of complete wound healing in the Dermagraft® group at 12 weeks, although this finding was not 

statistically significant (28% vs 15%, p=0.30, relative risk 1.83, 95% CI 0.47 to 7.21). 

Jones and colleagues (2013) identified one additional RCT of Dermagraft® versus usual care in VLUs that 

used a four-piece protocol. They pooled this data with the results of the aforementioned RCT and found 

that “There was no evidence of overall benefit associated with four pieces of dermal skin replacement 

(at baseline, one, four and eight weeks) in the two studies (RR 3.04, 95% CI 0.95 to 9.68), when pooled 

using a fixed-effect model (44 participants)” (Jones, Nelson, and Al-Hity, 2013, p. 10).  

Dermagraft® vs OASIS® 

One RCT included in the AHRQ review (Snyder, Sullivan and Schoelles, 2012) evaluated the comparative 

effectiveness of Dermagraft® and OASIS® for DFUs (n = 26). Average wound size was similar between 

groups (p = 0.94). There were no significant differences reported in complete wound closure between 

the two products (Dermagraft 84.6% vs OASIS® 76.9%, p = 0.62). 

Critical Outcome: Quality of Life 

No SRs or RCTs reported on the effect of Dermagraft® on validated quality of life indicators or surrogate 

measures.  

Important Outcome: Time to Complete Wound Healing 

Felder and colleagues (2012) identified four RCTs that reported on time to complete healing for DFUs 

treated with Dermagraft®. In all four trials, generally speaking, healing was faster in the Dermagraft® 

group than in the control. A fair quality small RCT testing three different Dermagraft® regimens against 

usual care (N=50) found that weekly application of Dermagraft® resulted in mean time to healing of 12 

weeks, while less frequent applications and usual care led to healing times greater than 12 weeks. A 

second, fair quality RCT (N=235) assessed the metabolic activity of the Dermagraft® product prior to 

application and found an improvement in healing time (13 weeks vs 28 weeks) only when the product 

was “metabolically active within the therapeutic range” (Felder, Goyal, and Attinger, 2012, p. 150). A 

poor quality RCT (N=281) published the same year had identical results (13 weeks vs 28 weeks), while 

the final RCT in this review (also poor quality, N=245) demonstrated that time to healing was 

significantly faster with Dermagraft than with control (p = 0.04) 

Similarly, the one RCT included in the AHRQ review (Snyder, Sullivan and Schoelles, 2012) on the use of 

Dermagraft® for patient with VLUs found shorter wound closure time in the Dermagraft group 

compared with usual care (35 weeks vs 74 weeks).  
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Dermagraft® vs OASIS® 

One RCT included in the AHRQ review (Snyder, Sullivan and Schoelles, 2012) evaluated the comparative 

effectiveness of Dermagraft® and OASIS® for DFUs (n = 26). There were no significant differences 

reported in complete wound closure between the two products (Dermagraft 40.90 ± 32.32 days vs 

OASIS® 35.67 ± 41.47 days, p = 0.73). 

Important Outcome: Adverse Effects 

Two trials identified by Felder and colleagues (2012) reported on adverse effects with Dermagraft®. One 

trial (n = 314) found that compared to usual care (saline-moistened gauze), patients who received 

Dermagraft® had lower rates of adverse effects (i.e., infection, osteo and cellulitis) (19% vs 32%, 

p=0.007). In the second trial, patients in the Dermagraft® groups had similar rates of adverse events 

(undefined, statistical significance not reported in the AHRQ review). Unrelated AEs in this study (N = 53) 

included syncope, skin excoriation, bleeding from biopsy site, latex allergy, development of bullous 

pemphigoid, and cerebrovascular accident.  

The AHRQ review (Snyder, Sullivan and Schoelles, 2012) reported adverse events from one fair quality 

RCT (N=53) of Dermagraft® in treatment of VLUs. With 13-14 subjects in each treatment group, total 

number of adverse events was 15-18 per group, Serious adverse events were not reported in the control 

group; the three treatment groups each had at least one serious adverse event, with four serious events 

in the most intensive treatment arm.  

EpiFix®  

EpiFix® is derived from human amniotic membrane and is marketed both in a skin allograft form as well 

as an injectable form. It does not presently have any FDA indications. This evidence review identified 

one small RCT of EpiFix®. Patients were 56-62 years old, were 69% and 58% male in the intervention and 

control groups, respectively, and had ulcers averaging 2.8cm2 in the intervention group and 3.4 cm2 in 

the controls. Other inclusion/exclusion criteria were not described and significance of baseline 

differences were not reported.  

In this RCT (Zelen, 2013), patients who had incomplete epithelialization received an additional 

application at weeks 2, 4, 6, 8, and 10. The authors state, “Five patients (45%) healed with one dHAM 

application, one (9.1%) healed with two applications, one (9.1%) healed with three applications, two 

(18%) healed with four applications, and one (9.1%) healed after five applications.” This is an average of 

2.3 applications. 

Critical Outcome: Deep Soft Tissue or Bone Infection 

 No SRs or RCTs reported on the effect of EpiFix® on deep soft tissue or bone infection.  

Critical Outcome: Complete Wound Healing 

Game and colleagues (2015) identified one RCT of Epifix®, an amniotic membrane graft product, in the 

treatment of DFUs. This was a small pilot study in which 13 patients with an average wound size of 2.8 
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cm2 were treated with EpiFix® and 12 patients with an average wound size of 3.4 cm2 were treated with 

moistened gauze and silver; all patients received compression dressings. At four weeks, complete 

healing was 77% in the EpiFix® group and 0% in the control group (p < 0.0001). By six weeks, rates of 

complete healing were 92% and 8%, respectively (p < 0.0001). This is an unexpectedly low rate of 

healing in the control group.  

Critical Outcome: Quality of Life 

 No SRs or RCTs reported on the effect of EpiFix® on validated quality of life indicators or surrogate 

measures. 

Important Outcome: Time to Complete Wound Healing 

 No SRs or RCTs reported on the effect of EpiFix® on time to complete wound healing.  

Important Outcome: Adverse Effects 

 No SRs or RCTs reported on the adverse effects of EpiFix®. 

Grafix®  

Grafix® is another product derived from cryopreserved human placental membrane. It is approved by 

the FDA as a “wound cover” for both acute and chronic wounds. According to the manufacturer it 

intends to submit a Biologics License Application for more clinical indications. This evidence review 

identified only one RCT of poor quality. Patients in this trial had wounds of four to 52 weeks’ duration, 

and of one to 15 cm2 in area. Patients were excluded for A1c ≥12, inadequate ABPI, presence of active 

infection, and response to usual care during a one-week screening period. Other subject characteristics 

were not reported. Patients received weekly applications for up to 84 days (Lavery, 2014). 

Critical Outcome: Deep Soft Tissue or Bone Infection 

No SRs or RCTs reported on the effect of Grafix® on deep soft tissue or bone infection. The RCT by 

Lavery and colleagues (2014) did report that patients randomized to Grafix® did experience significantly 

fewer wound infections than the usual-care group (18.0% versus 36.2%, p = 0.044), and a trend to fewer 

infection-related hospitalizations (6% versus 15%, p = 0.15).  

Critical Outcome: Complete Wound Healing 

Lavery and colleagues (2014) conducted an RCT of Grafix® versus standard wound care for DFUs. Patient 

groups were similar at baseline. Complete wound healing occurred in 62% of patients treated with 

Grafix® and in 21% of the control group (p < 0.01). The quality of this study is poor due to having no 

description of randomization methodology, nor concealment or blinding efforts. The study was funded 

by manufacturer. 

Critical Outcome: Quality of Life 

No SRs or RCTs reported on the effect of Grafix® on validated quality of life indicators or surrogate 

measures. 
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Important Outcome: Time to Complete Wound Healing 

In the poor quality RCT by Lavery and colleagues (2014), time to complete healing was a secondary 

outcome. Patients treated with Grafix® experienced complete wound healing in a median time of 42 

days, compared to 69.5 days in the control group (p = 0.019).  

Important Outcome: Adverse Effects 

Lavery and colleagues (2014) reported that patients treated with Grafix® were less likely to experience 

any adverse event than patients in the control group (44% versus 66%, p = 0.031). One control group 

subject underwent amputation due to an adverse event; there were no amputations in the intervention 

arm. There was no discussion of whether any of the adverse events were thought to be related to 

treatment.  

Graftjacket® 

Graftjacket® is derived from donated human tissue, and is composed of extracellular components of 

human dermis (collagen, elastin, and proteoglycans). One RCT included patients with non-infected ulcers 

and a palpable/audible pulse to the affected extremity, but did not describe other inclusion/exclusion 

criteria. A second RCT included only patients with good diabetic control (Hgb A1c < 12, serum creatinine 

< 3.0 mg) and adequate ABPI, and excluded patients who had received biomedical or topical growth 

factors within 30 days. Other subject characteristics were not reported. Both RCTs used a single 

application in the treatment group (Brigido, 2006; Reyzelman, 2009). 

Critical Outcome: Deep Soft Tissue or Bone Infection 

The AHRQ review (Snyder, Sullivan and Schoelles, 2012) identified one RCT that reported wound 

infection rates in the use of Graftjacket®. In 46 patients treated with Graftjacket®, one patient 

experienced a wound infection that eventually ended with amputation; there were no cases of wound 

infection in the 39 control group subjects.  

Critical Outcome: Complete Wound Healing 

Two RCTs were included in the AHRQ review (Snyder, Sullivan and Schoelles, 2012) that evaluated the 

use of Graftjacket® in patients with DFUs (total n = 113). The authors of both studies report a 

significantly greater proportion of wound closure compared to usual care at 12 weeks (compared with 

moist-wound therapy dressings: 70% vs 46%, p=0.03, relative risk 1.51, 95% CI 1.02 to 2.22; compared 

with Curasol: 86% vs 29%, p=0.006). In the AHRQ review, one of these RCTs was assessed at moderate 

risk of bias; the other was determined to be at low risk of bias after author communications clarified the 

randomization procedures. However, Felder and colleagues (2012) point out other flaws in this second 

RCT, specifically that the dropout rate was twice as high in the treatment group as in the control group, 

that the average pretreatment wound size was biased in favor of the Graftjacket arm (3.6cm2 in the 

treatment subjects versus 5.1cm2 in the control subjects), and that the control group “had a higher 

percentage of foot wounds, which are more likely to be weight-bearing and therefore more difficult to 

heal” (Felder, Goyal and Attinger, 2012, p. 60).  
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Critical Outcome: Quality of Life 

No SRs or RCTs reported on the effect of Graftjacket® on validated quality of life indicators or surrogate 

measures. 

 Important Outcome: Time to Complete Wound Healing 

The AHRQ SR (Snyder, Sullivan and Schoelles, 2012) included two RCTs that reviewed the effectiveness 

of Graftjacket for DFUs. In one trial, time to complete healing was 11.92 weeks in the treatment group 

versus 13.5 weeks in the control group; in the other, it was 5.7 weeks in the treatment group versus 6.8 

weeks in the control. While both studies reported a shortened time to would closure compared to a 

usual care group, neither finding was statistically significant. 

Important Outcome: Adverse Effects 

One RCT reported wound infection rates of 21.4% versus 35.7% in the treatment and control groups, 

respectively (Felder, Goyal and Attinger, 2012). The other RCT reported on a control group patient who 

experienced altered mental status and hypotension and another who developed an abscess; in the 

treatment group, one patient had an infection leading to amputation (discussed above), and a second 

required vascular surgery. 

OASIS® Wound Matrix 

OASIS® is derived from hydrolyzed bovine collagen and is approved by the FDA “[f]or the management 

of wounds including full thickness and partial thickness wounds, pressure ulcers, venous ulcers, ulcers 

caused by mixed vascular etiologies, diabetic ulcers, second-degree burns, donor sites and other 

bleeding surface wounds, abrasions, traumatic wounds healing by secondary intention, dehisced surgical 

incisions” (Snyder, Sullivan and Schoelles, 2012, pg. ES-12). The AHRQ review identified five RCTs 

evaluating the effectiveness of OASIS®. Patients were enrolled with a wound of >4 weeks duration (in 

one trial, > 6 months). Patients with conditions that would slow wound healing were excluded from all 

trials, for example, malnutrition (albumin < 2.5 g/dL), poor glycemic control (A1c >12), active smoker 

status, inadequate circulation to the affected limb, active infection, immunosuppression, use of steroids, 

vascular disease, and Charcot foot.  
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In three trials of OASIS® for DFU, the product was re-applied as deemed clinically necessary. One RCT 

(Niezgoda, 2005) reported an average use of 10 sheets of OASIS per patient. A trial of OASIS compared 

to Dermagraft® (Landsman, 2008) reported that up to eight applications of OASIS was similarly effective 

to up to three applications of Dermagraft®. The third trial (Romanelli, 2010) reported an average of 5.2 

days between dressing changes for OASIS patients.   

Two RCTs reported on OASIS® in treatment of VLU. One (Mostow, 2005) reported an average of eight 

sheets per patient; the other (Romanelli, 2007) reported an average of 6.4 days between dressing 
changes but did not report on number of sheets of product used.   

Critical Outcome: Deep Soft Tissue or Bone Infection 

No SRs or RCTs reported on the effect of OASIS® on deep soft tissue or bone infection. 

Critical Outcome: Complete Wound Healing 

The AHRQ review (Snyder, Sullivan and Schoelles, 2012) included one RCT of patients with DFUs (n = 98), 

comparing OASIS® Wound Matrix with Regranex Gel (contains platelet-derived growth factor) and found 

greater wound closure of plantar ulcers at 12 weeks in the OASIS® group (49% vs 28%, p=0.06).  

Snyder and colleagues (2012) included three RCTs of patients with VLUs that evaluated the effectiveness 

of OASIS® Wound Matrix (total n = 222). The trials included disparate usual care groups (petrolatum-

impregnated gauze with no compression, Jaloskin containing hyaluronan, nonadherent dressing with 

compression bandages). However, healing rates were greater in the OASIS® Wound Matrix arms across 

all three trials and follow-up periods (80% vs 65% at 8 weeks, p<0.05; 83% vs 46% at 16 weeks, p<0.001; 

55% vs 34% at 12 weeks, p=0.02; respectively).  

OASIS® Wound Matrix vs Dermagraft® 

The AHRQ SR included one RCT that compared OASIS® Wound Matrix with Dermagraft® for individuals 

with DFUs (n = 26) (Snyder, Sullivan and Schoelles, 2012). The study found no significant difference in 

the percentage of wound closure between the two products (Dermagraft 84.6% vs OASIS® 76.9%, p = 

0.62).  

Critical Outcome: Quality of Life 

No SRs or RCTs reported on the effect of OASIS® on validated quality of life indicators. One RCT 

identified in the AHRQ review reported fewer wound dressings with OASIS® (6.46 ± 1.39 changes vs 2.54 

± 0.78), while a second reported lower pain levels in the intervention group as measured by a 10-point 

visual analog scale (3.7 vs 6.2, p < 0.05). A third RCT reported that 2/17 patients in the OASIS® group 

experienced pain, compared to 1/10 control patients.  

Important Outcome: Time to Complete Wound Healing 

Of the three RCTs included in the AHRQ review (Snyder, Sullivan and Schoelles, 2012) that evaluated 

OASIS® Wound Matrix in patients with DFUs, only one trial reported a shorter time to wound closure 
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compared to nonadherent dressing with compression bandages (5.4 weeks vs 8.3 weeks, statistical 

analysis not reported). A second RCT reported 35.67 ± 41.47 days in the OASIS® arm vs 40.90 ± 32.32 

days in the control (not significant). The third RCT reported average time of 67 days with OASIS® and 73 

days with control (p = 0.245). All three RCTs were of fair quality.  

One RCT of OASIS® in VLUs did not report time to healing, but did estimate using Cox analysis that at 

twelve weeks, 63% of the treatment group vs 29% of the controls would be expected to achieve 

complete wound healing (Snyder, Sullivan and Schoelles, 2012).  

OASIS® Wound Matrix vs Dermagraft® 

The AHRQ SR included one RCT that compared OASIS® Wound Matrix with Dermagraft for individuals 

with DFUs. The study found no significant difference in the time to wound closure between the two 

products (Snyder, 2012). 

Important Outcome: Adverse Effects 

The AHRQ SR included one RCT that compared OASIS® with Regranex growth gel (Snyder, Sullivan and 

Schoelles, 2012). The authors reported adverse effects in the OASIS® group (n=17) including one patient 

with depression/mood disorder, one patient with gastrointestinal disorder, and three patients with 

infections in a non-study ulcer. In the Regranex group (n=10), there was one instance of infection in a 

non-study ulcer, two cases of limb injury, one respiratory tract infection, one case of septic arthritis, and 

one skin injury.  

The AHRQ SR also reported on one trial in which eight patients received OASIS® and 15 were treated 

with compression. In this trial, three patients in each group experienced an allergic reaction or 

intolerance to the secondary dressing. One patient in the OASIS® group died of cardiovascular disease; 

one patient in the compression group developed a new ulcer from the compression. One patient in each 

group developed an infection in another (non-target) wound, one patient receiving compression 

developed a seroma, and one patient in each group suffered skin injury.  

  

Talymed® 

Talymed® is a wound dressing product containing poly-N-acetyl glucosamine (pGlcNAc) derived from 

microalgae. (Snyder, Sullivan and Schoelles, 2012, pg. 56). This evidence review identified one small pilot 

RCT within the AHRQ review. Patients in this trial were 59-63 years old, 25-65% male, and had wounds 

ranging from 2.7 to 3.6 months duration. Patients in both intervention and control groups had 

comorbidities including hypertension, diabetes, obesity, arthritis, and blood clotting disorders. Patients 

were excluded for a variety of more severe indications such as collagen vascular disease, Charcot 

disease, previous radiation, current hemodialysis, or insufficient ABPI.  

The RCT (Kelechi, 2011) included three treatment arms (single application, application every other week, 

or application every three weeks). Weekly application was equivalent to control (45%, n = 9 of 20). 
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Complete healing occurred in 86.4% (n = 19 of 22) and 65.0% (n = 13 of 20) with applications every two 

and every three weeks, respectively. P-value was significant for every other week versus standard care 

(p < 0.01). 

Critical Outcome: Deep Soft Tissue or Bone Infection 

No SRs or RCTs reported on the effect of Talymed® on deep soft tissue or bone infection. 

Critical Outcome: Complete Wound Healing 

The AHRQ review (Snyder, Sullivan and Schoelles, 2012) included a single RCT that evaluated the use of 

Talymed® in combination with usual care compared to usual care alone for VLUs (n=82). Patients 

receiving Talymed® with usual care every other week experienced higher wound closure rates than 

usual care alone at 20 weeks (86% vs 45%, p=0.0005). Snyder and colleagues (2012) note that patients 

receiving Talymed® once every three weeks or only receiving one application did not experience 

statistically significant results. 

Critical Outcome: Quality of Life 

No SRs or RCTs reported on the effect of Talymed® on validated quality of life indicators or surrogate 

measures.  

Important Outcome: Time to Complete Wound Healing 

No SRs or RCTs reported on the effect of Talymed® on time to complete wound healing. 

Important Outcome: Adverse Effects 

In the AHRQ review (Snyder, Sullivan and Schoelles, 2012), a single RCT reported “no pain, edema, or 

significant treatment-related adverse events occurred” (p. C-65). 

TheraSkin® 

TheraSkin® is a cryopreserved human skin allograft (Snyder, Sullivan and Schoelles, 2012). This evidence 

review identified one RCT in which TheraSkin® was used as a comparison for Apligraf® for diabetic foot 

ulcers, discussed above. Patients in this trial had either Type I or Type II diabetes with A1c < 12.0 and the 

ability to comply with an offloading regimen as well as adequate ABPI (>0.75) and absence of infection, 

gangrenous tissue, or abscess. The study was rated at moderate risk of bias.  

Patients in the RCT (DiDomenico, 2011) received up to five applications, in accordance with the 

manufacturer’s recommendations. Authors report that most patients received only a single application 

and that the mean number of applications was 1.38 (SD = 0.29). 

 Critical Outcome: Deep Soft Tissue or Bone Infection  

The AHRQ review (Snyder, Sullivan and Schoelles, 2012) identified one RCT in which TheraSkin® was 

used as the comparator to Apligraf®. In this trial, one patient treated with TheraSkin® was hospitalized 

due to infection, but no further information is available.  
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Critical Outcome: Complete Wound Healing 

The RCT identified in the AHRQ review (Snyder, Sullivan and Schoelles, 2012) reported complete wound 

healing at two time points. By 12 weeks follow up, the TheraSkin® group had 66.7% complete healing, 

versus 41.3% in the Apligraf® group (p = 0.21). The difference was even smaller at 20 weeks, as no more 

patients in the TheraSkin group experienced complete healing (66.7% vs 47.1%, p not reported).  

Critical Outcome: Quality of Life 

No SRs or RCTs reported on the effect of TheraSkin® on validated quality of life indicators or surrogate 

measures.  

Important Outcome: Time to Complete Wound Healing 

No SRs or RCTs reported on the effect of TheraSkin® on time to complete wound healing. 

Important Outcome: Adverse Effects 

No SRs or RCTs reported on the adverse effects of TheraSkin® 

Summary of the Evidence 

The field of biologic skin substitutes for treatment of chronic skin ulcers such as venous leg ulcers and 

diabetic foot ulcers is rapidly expanding with a variety of new innovations and products. An AHRQ 

review in 2012 identified 57 unique products, while this updated search found 73 and there are likely 

more. Evidence for the effectiveness and safety of these products has not kept pace with their 

development, however, as this review was only able to find published trials of nine products (available in 

the US), and none dealing with pressure ulcers. While early tests are promising for these products in the 

treatment of serious and occasionally life-threatening wounds, our confidence in the estimates of 

effectiveness is generally very low. Studies are almost universally limited by small sample size and 

inconsistency in control groups and what is defined as “usual care.” There is virtually no evidence to 

illuminate the comparative effectiveness of these products, nor to compare their effectiveness versus 

other alternative types of wound dressings besides moist saline gauze and compression.  

Our key question regarding subgroup analysis (considerations of age, BMI, comorbidities, etc.) went 

largely unanswered by these studies. Where inclusion/exclusion criteria were reported, in general the 

patients were predominantly male, between 50-70 years of age, had hemoglobin A1c < 12.0%, had no 

active infectious process, and had adequate circulation to the extremity as measured by ankle-brachial 

pressure index (ABPI). Some trials excluded other comorbidities such as immunosuppression.  

Most trials did report on the likelihood of complete wound closure, which makes comparison of results 

across studies possible; however, the limitation is that many studies have a short follow-up time that 

may miss complete healing that takes place in the usual care group at a later time. The second critical 

outcome was incidence of deep soft tissue or bone infection; this outcome was not widely reported and 

could be inferred from some studies only by the occasion of an amputation. No information was 
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identified related to validated quality of life indicators for any of the products, although there is very 

limited information about pain and number of dressing changes for a few products. Time to complete 

healing is another outcome considered important to this review. In these early trials, the skin substitutes 

do appear to reduce time to wound healing but it should be noted that none of the trials had adequate 

blinding and many are subject to selection as well as observer bias.  

In the AHRQ review, Snyder and colleagues (2012) express concern about the external validity of this 

body of evidence:  

The overall applicability of the evidence base is limited to a small number of skin substitute 

products examining diabetic foot ulcers and venous and/or arterial leg ulcers and to patients in 

generally good health. Although these results are consistent in showing a benefit when using skin 

substitutes and suggest that skin substitutes could be used in treating diabetic foot ulcers and 

venous leg ulcers, the patients enrolled in these studies were in generally good health and free of 

infected wounds, medications that would impede wound healing, clinically significant medical 

conditions, significant peripheral vascular disease, malnutrition, or uncontrolled diabetes. The 

results of these studies may not easily translate to everyday clinical situations. The expected 

population with chronic wounds is likely to have these conditions; therefore, the results reported 

in studies without these patients may not extrapolate well. The applicability of the findings to 

sicker patients may be limited (Snyder, Sullivan and Schoelles, 2012, p. 74).  

These products are dissimilar enough that even though they can be broadly categorized by derivation, 

results from a trial of one product cannot be extrapolated to other products in its category. With such a 

large number of products, it will be challenging to have high confidence in the evidence of their 

effectiveness without many, many more trials.  

 

OTHER DECISION FACTORS – 

Resource Allocation 

Cost for a course of treatment with skin substitutes can vary widely, depending on the product used, the 

number of applications required, the amount of skin substitute purchased, where it is applied (inpatient 

hospital, outpatient hospital, ambulatory surgical center, office) and payer reimbursement policies. 

Costs for a course of treatment can vary from a few hundred dollars for an in-office treatment with a 

low-cost skin substitute such as OASIS® Wound Matrix to several thousand dollars for multiple 

applications of higher cost products such as Apligraf and Dermagraft. While these products are 

sometimes billed separately from the physician fees for applying them (including related debridement), 

some payers are bundling payment in order to incentivize the use of cost-effective products. For 

instance, in the ambulatory surgery center setting, Medicare fee for service bundles the professional fee 

with the product itself. In addition, in a form of reference pricing, Medicare groups these bundles into 

two groups--for high-cost and low cost products—in order to encourage the use of cost-effective 
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products. Some other payers follow Medicare’s practices, but others have their own reimbursement 

policies. 

When not bundled, prices for the skin substitute product itself are usually based on the number of 

square centimeters purchased, though some products are only sold in relatively large pieces (creating 

waste when used for small ulcers), while others can be purchased in a variety of sizes. In addition, some 

products are perishable and must be ordered to arrive within a few days of use; others have a longer 

shelf life. If these products are effective at improving time to complete ulcer healing, or preventing 

amputations, they could be cost-effective. However, given the low quality evidence available on most of 

these products, it is difficult to determine whether or not the expected improvement is sufficient to 

justify the cost.  

For products recommended for coverage, the GRADE-informed framework above shows examples of 

pricing for smaller ulcers for Medicare fee-for-service in various settings.  

 When multiple effective skin substitutes are available for a given indication, strategizing preferred 

products based on price or using alternative payment strategies may create savings for payers. 

Values and preferences 

Ulcers can be painful, distressing, and debilitating to patients and patients would likely be highly 

motivated to have effective treatment. However, few of these products have any evidence of benefit at 

this point and patients would be unlikely to strongly prefer skin substitutes if benefit is unclear. Skin 

substitutes, however, do not appear to add much burden to the patient; they would continue to require 

frequent wound dressings, offloading, and other mediating treatments regardless of the use of skin 

substitutes, so adverse effects or impact on convenience would not be a strong consideration against 

these products.  

Other considerations 

Expert input and study inclusion criteria show that skin substitutes can only be effective when other 

conditions necessary for wound healing exist. These conditions include the following:  

1. Product is recommended for the type of ulcer being treated (see table below) 

2. FDA indications and contraindications are followed, if applicable 

3. Appropriate offloading has been performed 

4. Wound has adequate arterial flow, no ongoing infection and a moist wound healing 
environment 

5. Multilayer compression dressings are used (when clinically appropriate) 

6. Patient has not used tobacco products 4 weeks prior to placement 

7. For patients with diabetes, Hba1c level is < 12. 

8. No prior failure of the same skin substitute for the ulcer being treated 

9. Prior appropriate wound care therapy has failed to result in significant improvement of the 
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wound over at least 30 days 

10. Ulcer improves significantly over 6 weeks of treatment with skin substitutes, required for 
coverage of ongoing applications 

11. Patients is able to adhere to the treatment plan  
 

POLICY LANDSCAPE 

Quality measures 

No quality measures related to skin substitutes were identified on the National Quality Measures 

Clearinghouse. 

Payer coverage policies 

Among the four private payers reviewed, two payers provide coverage of skin substitute products 

(Aetna and Cigna) and two payers do not have coverage criteria (Moda and Regence). Washington 

Medicaid only covers one skin substitute (Theraskin for diabetic foot ulcers) and requires prior 

authorization. No National Coverage Determinations were identified. However, there are four Local 

Coverage Determinations (LCDs) that specify coverage of skin substitutes. Two of the LCDs detail specific 

products covered (L34285 and L34593), while the other two do not (L36377 and L35041). Table 4 

summarizes the coverage for skin substitutes to treat diabetic foot ulcers (DFU) and venous leg ulcers 

(VLU) across payers. None of the skin substitute coverage policies cover decubitus ulcers. All payers 

reviewed, except the Medicare NCD and Washington Medicaid, cover skin substitutes when a wound 

has not adequately responded to standard treatments, usually within 30 days. Many coverage policies 

have additional indications that limit use, such as the ulcer being infection-free (Aetna, L35041, L34593, 

and L34285), the foot having adequate blood supply (Aetna, Cigna, L 35041, and L34593), and HbA1C < 

12% (Cigna). Some payers limit the number of applications of skin substitutes, for example, a maximum 

of four treatments of Apligraf or Epifix in 12 weeks and wound healing must be present (Cigna), not 

more than 10 applications per wound (L35041), Apligraf and Epifix limited to five applications (L34593), 

and Graftjacket is limited to one application (L34285). 

Table 4. Summary of Other Payer Coverage of Skin Substitutes 

 

Payer 

Skin Substitutes 

Apligraf® Dermagraft® Epifix® Graftjacket® OASIS® Primatrix® Theraskin® 

Aetna DFU, VLU DFU X DFU DFU, VLU X X 

Cigna DFU, VLU DFU DFU, VLU DFU DFU, VLU X DFU 

Washington X X X X X X 
DFU 

w/ author-

ization 
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Payer 

Skin Substitutes 

Apligraf® Dermagraft® Epifix® Graftjacket® OASIS® Primatrix® Theraskin® 

LCD-Alabama 

(L34285) 
DFU, VLU DFU DFU, VLU DFU DFU, VLU X DFU, VLU 

LCD-Iowa 

(L34593) 
DFU, VLU DFU DFU, VLU DFU DFU, VLU DFU, VLU DFU, VLU 

LCD-Delaware 

(L35041) 
DFU, VLU – no specific products identified 

LCD-Florida 

(L36377) 
DFU, VLU – no specific products identified 

Key: X – product is not covered 

Abbreviations: DFU – diabetic foot ulcer; LCD – local coverage determination; VLU – venous leg ulcer 

Clinical Practice Guidelines 

Diabetic foot ulcers 

Three clinical practice guidelines address care for diabetic foot ulcers (Braun, Kim, Margolis, Peters, & 

Lavery, 2006; NICE, 2011; Registered Nurses' Association of Ontario, 2013). The good-quality National 

Institute for Health and Care Excellence (NICE) clinical practice guidelines recommend to, “Consider 

dermal or skin substitutes as an adjunct to standard care when treating diabetic foot ulcers, only when 

healing has not progressed and on the advice of the multidisciplinary foot care service” (2015, p.18). The 

fair-quality guideline from the Registered Nurses' Association of Ontario and Braun and colleagues 

(2006) poor-quality update to the Wound Healing Society guideline did not include a recommendation 

on use of skin substitutes. 

Venous leg ulcers 

Three clinical practice guidelines address care of venous leg ulcers (AAWC, 2010; Australian Wound 

Management Association Inc. and the New Zealand Wound Care Society Inc., 2011; SIGN, 2010). One 

good-quality guideline, Australian and New Zealand Clinical Practice Guideline for Prevention and 

Management of Venous Leg Ulcers, and one poor-quality guideline from the Association for the 

Advancement of Wound Care (AAWC) recommend skin substitutes for non-healing or persistent venous 

leg ulcers, but do not provide recommendations on the use of specific products. The good-quality SIGN 

guideline found that there is insufficient evidence on which to base a recommendation for including skin 

substitutes, or any skin grafting.  

Pressure ulcers 

The good-quality Institute for Clinical Systems Improvement (ICSI) guideline recommends that clinicians 

refer the patient to a wound-focused physician or clinician to select the appropriate skin substitute or 
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other biological application for the treatment of chronic skin ulcers, such as platelet gels, platelet-

derived growth factor therapy, or extracellular matrix sheets. 
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Coverage guidance is prepared by the Health Evidence Review Commission (HERC), HERC staff, and 

subcommittee members. The evidence summary is prepared by the Center for Evidence-based Policy at 

Oregon Health & Science University (the Center). This document is intended to guide public and private 

purchasers in Oregon in making informed decisions about health care services.  

The Center is not engaged in rendering any clinical, legal, business or other professional advice. The 

statements in this document do not represent official policy positions of the Center. Researchers involved in 

preparing this document have no affiliations or financial involvement that conflict with material presented in 

this document. 
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APPENDIX A. GRADE INFORMED FRAMEWORK – ELEMENT DESCRIPTIONS 

Strong recommendation 
In Favor: The subcommittee is confident that the desirable effects of adherence to a recommendation 

outweigh the undesirable effects, considering the quality of evidence, cost and resource allocation, and 

values and preferences. 

Against: The subcommittee is confident that the undesirable effects of adherence to a recommendation 

outweigh the desirable effects, considering the quality of evidence, cost and resource allocation, and values 

and preferences. 

Weak recommendation 
In Favor: The subcommittee concludes that the desirable effects of adherence to a recommendation 

probably outweigh the undesirable effects, considering the quality of evidence, cost and resource allocation, 

and values and preferences, but is not confident.  

Against: The subcommittee concludes that the undesirable effects of adherence to a recommendation 

probably outweigh the desirable effects, considering the quality of evidence, cost and resource allocation, 

and values and preferences, but is not confident.  

Quality or strength of evidence rating across studies for the 
treatment/outcome2 
High: The subcommittee is very confident that the true effect lies close to that of the estimate of the effect. 

Typical sets of studies are RCTs with few or no limitations and the estimate of effect is likely stable. 

Moderate: The subcommittee is moderately confident in the effect estimate: The true effect is likely to be 

close to the estimate of the effect, but there is a possibility that it is substantially different. Typical sets of 

studies are RCTs with some limitations or well-performed nonrandomized studies with additional strengths 

that guard against potential bias and have large estimates of effects. 

                                                           

2 Includes risk of bias, precision, directness, consistency and publication bias  

Element Description 
Balance between 

desirable and 

undesirable effects 

The larger the difference between the desirable and undesirable effects, the higher the 

likelihood that a strong recommendation is warranted. The narrower the gradient, the 

higher the likelihood that a weak recommendation is warranted 

Quality of evidence The higher the quality of evidence, the higher the likelihood that a strong 

recommendation is warranted 

Resource allocation The higher the costs of an intervention—that is, the greater the resources consumed—

the lower the likelihood that a strong recommendation is warranted 

Values and 

preferences 

The more values and preferences vary, or the greater the uncertainty in values and 

preferences, the higher the likelihood that a weak recommendation is warranted 

Other considerations Other considerations include issue about the implementation and operationalization of 

the technology or intervention in health systems and practices within Oregon. 
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Low: The subcommittee’s confidence in the effect estimate is limited: The true effect may be substantially 

different from the estimate of the effect. Typical sets of studies are RCTs with serious limitations or 

nonrandomized studies without special strengths. 

Very low: The subcommittee has very little confidence in the effect estimate: The true effect is likely to be 

substantially different from the estimate of effect. Typical sets of studies are nonrandomized studies with 

serious limitations or inconsistent results across studies. 
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APPENDIX B. GRADE EVIDENCE PROFILE3 

Apligraf® / Graftskin 

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

DFUs 1 RCT Low Unknown Direct Precise None Low confidence in estimate of effect 

●●◌◌ 

VLUs 1 RCT Low Unknown Direct Imprecise None Very low confidence in estimate of 

effect 

●◌◌◌ 

Complete Wound Healing 

DFUs 2 RCT Low Consistent Direct Precise None Moderate confidence in estimate of 

effect ●●●◌  

VLUs 1 RCT Low Unknown Direct Precise None Low confidence in estimate of effect 

●●◌◌ 

Nonhealing 

foot ulcers – 

undefined  

1 RCT High Unknown Indirect Precise None Very low confidence in estimate of 

effect 

●◌◌◌ 

Quality of Life 

No evidence identified 

                                                           

3 All GRADE Evidence Profiles in this Appendix are in comparison to usual care. 
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Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Time to Complete Wound Healing 

VLUs 1 RCT Low Unknown Direct Precise None Low confidence in estimate of effect 

●●◌◌ 

Nonhealing 

foot ulcers – 

undefined  

1 RCT High Unknown Indirect Precise None Very low confidence in estimate of 

effect 

●◌◌◌ 

Adverse Effects 

DFUs 1 RCT Low  Unknown Direct Imprecise None Very low confidence in estimate of 

effect 

●◌◌◌ 

VLUs 1 RCT Low Unknown Direct Unknown None Very low confidence in estimate of 

effect 

●◌◌◌ 

Abbreviations: DFU – diabetic foot ulcer; RCT – randomized controlled trial; VLU – venous leg ucler 
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Dermagraft® 

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

DFU 1 RCT Moderate Unknown Direct Precise None Very low confidence in 

estimate of effect 

●◌◌◌ 

Complete Wound Healing 

DFUs 4 RCTs Moderate 

to high 

Inconsistent Direct Precise 3 RCTs of moderate 

ROB are consistent, a 

high-risk RCT had a 

discrepant result 

Low confidence in estimate 

of effect 

●●◌◌  

VLUs 2 RCTs Moderate Unknown Direct Imprecise None Very low confidence in 

estimate of effect 

●◌◌◌ 

Quality of Life 

No evidence identified  

Time to Complete Wound Healing 

DFUs 4 RCT Moderate 

to high 

Consistent Direct Unknown None Low confidence in estimate 

of effect 

●●◌◌ 

VLUs 1 RCTs Moderate Unknown Direct Imprecise None Very low confidence in 

estimate of effect 
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Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

●◌◌◌ 

Adverse Effects 

DFUs 2 RCT Moderate Unknown Direct Unknown  Very low confidence in 

estimate of effect 

●◌◌◌  

VLUs 1 RCT Moderate Unknown Direct Unknown  Very low confidence in 

estimate of effect 

●◌◌◌ 

Abbreviations: DFU – diabetic foot ulcer; RCT – randomized controlled trial; VLU – venous leg ulcer 

 

 

EpiFix® 

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

No evidence identified 

Complete Wound Healing 

DFU 1 RCT Moderate Unknown Direct Precise None Very low confidence in estimate of effect 

●◌◌◌ 
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Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Quality of Life 

No evidence identified 

Time to Complete Wound Healing 

No evidence identified 

Adverse Effects 

No evidence identified 

Abbreviations: DFU – diabetic foot ulcer; RCT – randomized controlled trial  
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Grafix® 

Abbreviations: DFU – diabetic foot ulcer; RCT – randomized controlled trial 

  

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

DFUs 1 RCT High Unknown Direct Precise “Wound-related 

infection” not 

defined 

Very low confidence in estimate of 

effect 

●◌◌◌ 

Complete Wound Healing 

DFU 1 RCT High Unknown Direct Precise None Very low confidence in estimate of 

effect 

●◌◌◌ 

Quality of Life 

No evidence identified 

Time to Complete Wound Healing 

DFU 1 RCT High Unknown Direct Precise None Very low confidence in estimate of 

effect 

●◌◌◌ 

Adverse Effects 

DFU 1 RCT High Unknown Direct Precise None Very low confidence in estimate of 

effect 

●◌◌◌ 
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Graftjacket® 

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) Risk of Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

No evidence identified 

Complete Wound Healing 

DFUs 2 RCT Moderate 

to high 

Consistent 

 

Unknown Precise None Very low confidence in estimate of effect 

●◌◌◌ 

Quality of Life 

No evidence identified 

Time to Complete Wound Healing 

DFUs 2 RCTs Moderate 

to high 

Unknown Direct Unknown None Very low confidence in estimate of effect 

●◌◌◌ 

Adverse Effects 

DFUs 1 RCT High Unknown Direct Unknown None Very low confidence in estimate of effect 

●◌◌◌ 
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Abbreviations: DFU – diabetic foot ulcer; RCT – randomized controlled trial 

 

OASIS® Wound Matrix 

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

No evidence identified  

Complete Wound Healing 

DFUs 1 RCT Moderate Unknown Direct Imprecise None Very low confidence in estimate 

of effect 

●◌◌◌ 

VLUs 3 RCT Low to 

moderate 

Unknown Direct Imprecise Effectiveness 

varied based on 

type of usual care 

Very low confidence in estimate 

of effect 

●◌◌◌ 

Quality of Life 

No evidence identified  

Time to Complete Wound Healing 

VLUs 3 RCTs Low to 

moderate 

Unknown Direct Imprecise Effectiveness 

varied based on 

type of usual care 

Very low confidence in estimate 

of effect 

●◌◌◌ 

Adverse Effects 
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Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

VLUs 1 RCT Low Unknown Direct Imprecise None Very low confidence in estimate 

of effect 

●◌◌◌ 

DFUs 1 RCT Moderate Unknown Direct Imprecise None Very low confidence in estimate 

of effect 

●◌◌◌ 

Abbreviations: DFU – diabetic foot ulcer; RCT – randomized controlled trial; VLU – venous leg ulcer 

  



 

  

57 Skin substitutes for chronic skin ulcers 

DRAFT as posted for public comment 11/13/2015 to 8 a.m. 12/16/2015 

Talymed® 

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

No evidence identified  

Complete Wound Healing 

VLUs 1 RCT Low Unknown Direct Imprecise None Very low confidence in estimate of 

effect 

●◌◌◌ 

Quality of Life 

No evidence identified 

Time to Complete Wound Healing 

No evidence identified  

Adverse Effects 

VLU 1 RCT Low Unknown Direct Unknown None Very low confidence in estimate of 

effect 

●◌◌◌ 
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Abbreviations: RCT – randomized controlled trial; VLU – venous leg ulcer 

TheraSkin® versus Apligraf® 

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

DFUs  RCT Moderate Unknown Indirect Unknown None Very low confidence in estimate of 

effect 

●◌◌◌ 

Complete Wound Healing 

DFUs 1 RCT Moderate Unknown Indirect Unknown None Very low confidence in estimate of 

effect 

●◌◌◌ 

Quality of Life 

No evidence identified 

Time to Complete Wound Healing 

No evidence identified  

Adverse Effects 

No evidence identified 
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Abbreviations: RCT – randomized controlled trial; DFU – diabetic foot ulcer 

OASIS® versus Dermagraft®  

Indication 

Quality Assessment (Confidence in Estimate of Effect)  

No. of 

Studies 

Study 

Design(s) 

Risk of 

Bias Inconsistency Indirectness Imprecision 

Other 

Factors Quality 

Deep Soft Tissue or Bone Infection 

No evidence identified  

Complete Wound Healing 

DFUs 1 RCT Moderate Unknown Indirect Unknown None Very low confidence in estimate of 

effect 

●◌◌◌ 

Quality of Life 

No evidence identified 

Time to Complete Wound Healing 

No evidence identified  

Adverse Effects 

No evidence identified 

Abbreviations: RCT – randomized controlled trial; DFU – diabetic foot ulcer 
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APPENDIX C. METHODS 

Scope Statement 
Populations 

Adults with chronic skin ulcers  

Population scoping notes: Considered limiting scope to diabetic foot ulcers and venous leg ulcers, 

sacral decubitus ulcers, but decided on the broader definition above, considered burns and other 

types of wounds 

Interventions 

Skin substitutes  

Intervention exclusions: None 

Comparators 

Usual care 

Outcomes 

Critical: Deep soft tissue or bone infections, complete wound healing, quality of life 

Important: Time to complete wound healing, adverse effects 

Considered but not selected for the GRADE table: Cellulitis, sepsis, death, need for surgical 

management, ulcer recurrence 

Key Questions 

1. What is comparative effectiveness of different types of skin substitutes compared with wound 
care alternatives for individuals with chronic skin ulcers? Include consideration of: 

a. Age 
b. Body mass index (BMI) 
c. Comorbidities 
d. Site of ulcer 
e. Ulcer etiology (e.g. infectious, pressure or circulatory). 
f. Wound severity 
g. Prior need for skin substitute  
h. Failure of prior therapies 

2. What adverse events are associated with skin substitutes?  

3. What are contraindications to the use of skin substitutes? 

Search Strategy 
A full search of the core sources was conducted to identify systematic reviews, meta-analyses, 

technology assessments, and clinical practice guidelines using the terms “wound,” “ulcer,” “skin 

substitute,” or “bioengineered skin.“ Searches of core sources were limited to citations published after 

2005.  
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The core sources searched included:  

Agency for Healthcare Research and Quality (AHRQ) 

Blue Cross/Blue Shield Health Technology Assessment (HTA) program 

BMJ Clinical Evidence 

Canadian Agency for Drugs and Technologies in Health (CADTH) 

Cochrane Library (Wiley Interscience)  

Hayes, Inc. 

Institute for Clinical and Economic Review (ICER) 

Medicaid Evidence-based Decisions Project (MED) 

National Institute for Health and Care Excellence (NICE) 

Tufts Cost-effectiveness Analysis Registry 

Veterans Administration Evidence-based Synthesis Program (ESP)  

Washington State Health Technology Assessment Program 

A MEDLINE® (Ovid) search was then conducted to identify systematic reviews, meta-analyses, and 

technology assessments published after the search dates of the AHRQ report (Snyder et al, 2012). The 

search was limited to publications in English published after 2011 (the end search date for the AHRQ 

SR). Using the 2012 AHRQ systematic review as the predominant evidence source, a second MEDLINE® 

(Ovid) search was conducted to identify any randomized controlled trials published after the search 

dates of the AHRQ review (2011).  

Searches for clinical practice guidelines were limited to those published since 2010. A search for relevant 

clinical practice guidelines was also conducted, using the following sources:  

Australian Government National Health and Medical Research Council (NHMRC) 

Centers for Disease Control and Prevention (CDC) – Community Preventive Services  

Choosing Wisely 

Institute for Clinical Systems Improvement (ICSI) 

National Guidelines Clearinghouse 

New Zealand Guidelines Group 

NICE 

Scottish Intercollegiate Guidelines Network (SIGN) 

United States Preventive Services Task Force (USPSTF) 

Veterans Administration/Department of Defense (VA/DOD) 

Inclusion/Exclusion Criteria 

Studies were excluded if they were not published in English, did not address the scope statement, or 

were study designs other than systematic reviews, meta-analyses, technology assessments, or clinical 

practice guidelines. A MEDLINE® search was conducted for randomized control trials published after the 

AHRQ systematic review. 

The AHRQ systematic review (Snyder, Sullivan and Schoelles, 2012) was selected as the base systematic 

review for this topic based on its comprehensiveness; thus systematic reviews published prior to the 
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AHRQ review were excluded. In addition, several systematic reviews published more recently than the 

AHRQ review were excluded because they did not include any additional studies that were not already 

summarized by the included systematic reviews. These four systematic reviews were excluded because 

they included only studies that were in the AHRQ systematic review: 

Game , F. L., Hinchliffe, R. J., Apelqvist, J., Armstrong, D. G., Bakker, K., Hartemann, A., … Jeffcoate, 

W.J. (2012). A systematic review of interventions to enhance the healing of chronic ulcers of the 

foot in diabetes. Diabetes Metab Res Rev, 28 Suppl 1:119-41. DOI: 10.1002/dmrr.2246. 

Greer , N., Foman, N., Dorrian, J., Fitzgerald, P., MacDonald, R., Rutks, I., & Wilt, T. (2012). 

Advanced wound care therapies for non-healing diabetic, venous, and arterial ulcers: A 

systematic review. VA-ESP Project #09-009.. Retrieved from 

http://link.springer.com/article/10.1007%2Fs40257-014-0081-9. 

Hankin , C. S., Knispel, J., Lopes, M., Bronstone, A., & Maus, E. (2012). Clinical and cost efficacy of 

advanced wound care matrices for venous ulcers. Journal of Managed Care Pharmacy, 18(5), 

375‐384. Retrieved from http://www.amcp.org/WorkArea/DownloadAsset.aspx?id=15289. 

Iorio, M. L.,Shuck, J., Attinger, C. E.(2014). Wound healing in the upper and lower extremities – A 

systematic review on the use of acellular dermal matrices. Plastic and Reconstructive Surgery, 

130: 5S-2. DOI: 10.1097/PRS.0b013e3182615703. 

The following systematic review was excluded because it only included studies found in the AHRQ 

systematic review or Jones and colleagues (2013): 

Valle , M. F., Maruthur, N. M., Wilson, L. M., Malas, M., Qazi, U., Haberl, E., … Lazarus, G. (2014). 

Comparative effectiveness of advanced wound dressings for patients with chronic venous leg 

ulcers: A systematic review. Wound Repair and Regeneration, 22(2), 193-204. DOI: 

10.1111/wrr.12151. 

Finally, the following systematic review was excluded because it did not provide sufficient detail 

regarding outcomes reported in trials of skin substitutes:  

Braun, L. R., Fisk, W. A., Lev-Tov, H., Kirsner, R.S., & Isseroff, R. R. (2014). Diabetic foot ulcer: an 

evidence-based treatment update. Am J Clin Dermatol, 15, 267–281. DOI: 10.1007/s40257-

014-0081-9. 

 

http://link.springer.com/article/10.1007%2Fs40257-014-0081-9
http://www.amcp.org/WorkArea/DownloadAsset.aspx?id=15289
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APPENDIX D. APPLICABLE CODES 

  

CODES DESCRIPTION 

ICD-10 Diagnosis Codes 
E08.621 
E09.621 
E10.621 
E11.621 
E13.621 

Diabetes mellitus due to underlying condition with foot ulcer 
Drug or chemical induced diabetes mellitus with foot ulcer 
Type I diabetes mellitus with foot ulcer 
Type II diabetes mellitus with foot ulcer 
Other diabetes mellitus with foot ulcer 

L97-L97.9 Non-pressure chronic ulcer of lower limb 

L89-L89.0 Pressure ulcer 

L98.4 Non-pressure chronic ulcer of skin 

CPT Codes 

15271 
Application of skin substitute graft to trunk, arms, legs, total wound surface area up to 100 sq cm; 
first 25 sq cm or less wound surface area 

15272 Each additional 25 sq cm wound surface, or part thereof 

15275 
Application of skin substitute graft to face, scalp, eyelids, mouth, neck, ears, orbits, genitalia, 
hands, feet, and/or multiple digits, total wound surface area up to 100 sq cm; first 25 sq cm or less 
wound surface area 

15276 Each additional 25 sq cm wound surface, or part there of 

15273 
Application of skin substitute graft to trunk, arms, legs, total wound surface area greater than or 
equal to 100 sq cm; first 100 sq cm wound surface area, or 1% of body area of infants and children 

15274 
Each additional 100 sq cm wound surface area or part thereof, or each additional 1% of body area 
of infants and children or part thereof 

15277 
Application of skin substitute graft to face, scalp, eyelids, mouth, neck, ears, orbits, genitalia, 
hands, feet, and/or multiple digitis, total wound surface area greater than or equal to 100 sq cm; 
first 100 sq cm wound area, or 1% of body area of infants and children 

15278 
Each additional 100 sq cm wound surface area, or part thereof, or each additional 1% of body area 
of infants and children or part thereof 

HCPCS Level II Codes 

C5271 
Application of low cost skin substitute graft to trunk, arms, legs, total wound surface area up to 
100 sq cm; first 25 sq cm or less wound surface area 

C5272 
Application of low cost skin substitute graft to trunk, arms, legs, total wound surface area up to 
100 sq cm; each additional 25 sq cm wound surface area, or part thereof (list separately in 
addition to code for primary procedure) 

C5273 
Application of low cost skin substitute graft to trunk, arms, legs, total wound surface area greater 
than or equal to 100 sq cm; first 100 sq cm wound surface area, or 1% of body area of infants and 
children 

C5274 
Application of low cost skin substitute graft to trunk, arms, legs, total wound surface area greater 
than or equal to 100 sq cm; each additional 100 sq cm wound surface area, or part thereof, or 
each additional 1% of body area of infants and children, or 

C5275 
Application of low cost skin substitute graft to face, scalp, eyelids, mouth, neck, ears, orbits, 
genitalia, hands, feet, and/or multiple digits, total wound surface area up to 100 sq cm; first 25 sq 
cm or less wound surface area 

C5276 
Application of low cost skin substitute graft to face, scalp, eyelids, mouth, neck, ears, orbits, 
genitalia, hands, feet, and/or multiple digits, total wound surface area up to 100 sq cm; each 
additional 25 sq cm wound surface area, or part thereof (list  
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C5277 
Application of low cost skin substitute graft to face, scalp, eyelids, mouth, neck, ears, orbits, 
genitalia, hands, feet, and/or multiple digits, total wound surface area greater than or equal to 100 
sq cm; first 100 sq cm wound surface area, or 1% of bod 

C5278 
Application of low cost skin substitute graft to face, scalp, eyelids, mouth, neck, ears, orbits, 
genitalia, hands, feet, and/or multiple digits, total wound surface area greater than or equal to 100 
sq cm; each additional 100 sq cm wound surface area, or 

Q4100 Skin substitute, NOS 

Q4101 Apligraf 

Q4102 OASIS wound matrix 

Q4103 OASIS burn matric 

Q4104 Integra BMWD 

Q4105 Integra DRT 

Q4106 Dermagraft 

Q4107 Graftjacket 

Q4108 Integra Matrix 

Q4110 Primatrix 

Q4111 Gammagraft 

Q4112 Cymetra injectable 

Q4113 Graftjacket Xpress 

Q4114 Integra Flowable Wound Matrix 

Q4115 Alloskin 

Q4116 Alloderm 

Q4117 Hyalomatrix 

Q4118 Matristem Micromatrix 

Q4119 Matristem Wound Matrix 

Q4120 Matristem Burn Matrix 

Q4121 Theraskin 

Q4122 Dermacell 

Q4123 Alloskin 

Q4124 Oaskis Tri-layer Wound Matrix 

Q4125 Arthroflex 

Q4126 Memoderm/derma/tranz/integup 

Q4127 Taylmed 

Q4128 Flexhd/Alopatchhd/matrixhd 

Q4129 Unite Biomatrix 

Q4131 Epifix 

Q4132 Grafix core 

Q4133 Grafix prime 

Q4134 HMatrix 

Q4135 Mediskin 

Q4136 EZderm 

Q4137 Amnioexcel or Biodmatrix, 1cc 

Q4138 DioDfence DryFlex, 1cc 

Q4139 Amniomatrix or Biodmatrix, 1cc 

Q4140 Biodfence 1cm 

Q4141 Alloskin ac, 1 cm 

Q4142 Xcm biologic tiss matrix 1cm 

Q4143 Repriza, 1cm 

Q4145 Epifix, 1mg 
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Q4146 Tensix, 1 cm 

Q4147 Architect ecm px fx 1 sq cm 

Q4148 Neox 1k, 1cm 

Q4149 Excellagen, 0.1cc 

Q4150 Allowrap DS or Dry 1 sq cm 

Q4151 AmnioBand, Guardian 1 sq cm 

Q4152 Dermapure 1 square cm 

Q4153 Dermavest 1 square cm 

Q4154 Biovance 1 square cm 

Q4155 NeoxFlow or ClarixFlo 1mg 

Q4156 Neox 100 1 square cm 

Q4157 Revitalon 1 square cm 

Q4158 Marigen 1 square cm 

Q4159 Affinity 1 square cm 

Q4160 NuSheild 1 square cm 

Q9349 Fortaderm, fortaderm antimic 

Q9358 SergiMend, fetal 

C9360 SurgiMend, neonatal 

C9363 Integra Meshed Bil Wound Mat 

ICD-10-PCS (Procedure Codes) 
Section Body System Operation Body Part Approach Device Qualifier 

O 
(Medical 
and 
surgical) 

H (skin and 
breast) 
J (subcutaneous 
tissue and fascia) 
R (mouth and 
throat) 

R (replacement) 
U (supplement) 
W (revision) 

All (0-X) 
except:  
Q finger nail 
R toe nail 
S hair 
 

O (open) 
3 (percu-
taneous) 

J (synthetic 
substitute) 
K (nonauto-
logous tissue 
substitute) 

Z (no 
qualifier) 

CODES DESCRIPTION 

0HR0 Skin, Scalp 

0HR1 Skin, Face 

0HR2 Skin, Right Ear 

0HR3 Skin, Left Ear 

0HR4 Skin, Neck 

0HR5 Skin, Chest 

0HR6 Skin, Back 

0HR7 Skin, Abdomen 

0HR8 Skin, Buttock 

0HR9 Skin, Perineum 

0HRA Skin, Genitalia 

0HRB Skin, Right Upper Arm 

0HRC Skin, Left Upper Arm 

0HRD Skin, Right Lower Arm 

0HRE Skin, Left Lower Arm 

0HRF Skin, Right Hand 

0HRG Skin, Left Hand 

0HRH Skin, Right Upper Leg 

0HRJ Skin, Left Upper Leg 
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Note: Inclusion on this list does not guarantee coverage. 

0HRK Skin, Right Lower Leg 

0HRL Skin, Left Lower Leg 

0HRM Skin, Right Foot 

0HRN Skin, Left Foot 

0HRQ Finger Nail 

0HRR Toe Nail 

0HRS Hair 

0HRT Breast, Right 

0HRU Breast, Left 

0HRV Breast, Bilateral 

0HRW Nipple, Right 

0HRX Nipple, Left 


