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Technologies Selected 

  Technology Safety Efficacy Cost 

1 Extracorporeal Shock Wave Therapy for Musculoskeletal 
Conditions 

High High Med/High 

Policy Context/Reason for Selection: Extracorporeal shock wave therapy (ESWT) is a noninvasive 
treatment based on ultrasound technology.  ESWT is used for a variety of conditions including 
treatment of kidney stones.  ESWT for soft tissue injuries is applied with the goal of promoting 
healing.  ESWT may have multiple effects thought to impact healing including breaking calcium 
deposits and causing an inflammatory response that may stimulate tissue healing.    

2 Interventions for Treatment of Migraines/Headaches Med/High Med/High Med/High 

 Policy Context/Reason for selection:  Non-pharmacologic treatments for headaches include Botox 
injections, transcranial magnetic stimulation, nerve destruction, acupuncture and massage. The 
topic is proposed to determine the safety, efficacy and value of non-drug treatments for migraines 
and other headaches types. 

3 Varicose Veins Medium High Medium 

Policy Context/Reason for selection: A variety of treatments for varicose veins are available. 
Treatment goals include reducing pain or discomfort and for cosmetic reasons. The topic is 
identified based on uncertainties related to the safety, efficacy and value of the certain procedures 
including chemical ablation, stab phlebectomy and laser ablation. 

4 Skin Substitutes Low Med/High Med/High 

 

Policy Context/Reason for Selection: A variety of skin substitute products are available for 
treatment of complex and/or non-healing wounds.  The level of evidence available varies for 
different products and the safety, efficacy and value of the products is uncertain. The reason for 
proposing this topic is to identify and review the available evidence to determine coverage for 
products that are demonstrated to be safe and effective for treatment of wounds.   

5 Mammogram: Computer-Aided Detection (CAD) Low High Med/Low 

 

Policy Context/Reason for selection: Computer aided detection (CAD) and diagnosis for 
mammography is an adjunct to traditional reading of images by radiologists. CAD technology has 
developed to improve early detection of disease to then reduce deaths caused by breast cancer. 
Evidence addressing the utility of CAD for mammography will be reviewed to determine coverage 
for CAD as an adjunct to mammography screening and diagnosis. 
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Technologies Considered, Not Proposed 

 Technology 

1 Peripheral Artery Stenting   

2 Interventions for Overactive Bladder   

3 Hysterectomy/Fibroid Tumor Removal  

4 Carpal Tunnel Treatments  

5 Non-pharmacologic Therapy  for Pain in Primary Care  

6  PET Beta Amyloid and Tau Scanning for Alzheimer’s and Mild Cognitive Impairment   

 

Technologies Selected for Re-review: 

Technologies are considered for re-review at least once every eighteen months based on availability of 
new evidence that may change the decision. (Detailed criteria are included below). All technologies with 
determinations beyond 18 months since the final determination previously reviewed by the Health 
Technology Clinical Committee (HTCC) are listed below, along with information on whether they have 
been selected for re-review. 

 Technology 
Originally 
Reviewed 

Recommended  
for Re-review 

1 Artificial Disks (Cervical & Lumbar) October 2008 Yes 

 New indications. New literature identified. Surveillance report attached. 

 

For the current period, the program has not received or identified new evidence to support review of 
the following:  

 
HTA Decisions Latest Review/ Scan 

1 Arthroscopic Knee Surgery October, 2008 

2 Computed Tomographic Angiography (CTA) May, 2009 

3 Calcium Scoring May, 2010 

4 Knee Joint Replacement or Knee Arthroplasty December, 2010 

5 Vertebroplasty, Kyphoplasty and Sacroplasty March, 2011 

6 Glucose Monitoring June, 2011 

7 Positron Emission Tomography (PET) Scans for Lymphoma November, 2011 

8 Microprocessor-controlled Lower Limb Prosthetics March, 2012 

9 Osteochondral Allograft / Autograft Transplantation March,2012 

10 Sleep Apnea Diagnosis and Treatment May, 2012 

11 Bone Morphogenetic Protein May, 2012 

12 Upright / Positional MRI June, 2012 
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HTA Decisions Latest Review/ Scan 

13 Hip Resurfacing August, 2012 

14 Robotic Assisted Surgery September, 2012 

15 Upper Endoscopy for GERD and GERD-like symptoms September, 2012 

16 Virtual Colonoscopy or Computed Tomographic Colonography (CTC) December, 2012 

17 Vitamin D Screening and Testing March, 2013 

18 Hyperbaric Oxygen for Wound Healing May, 2013 

19 Cervical Spinal Fusion for DDD May, 2013 

20 Ablation Procedures for Supraventricular Tachycardia September, 2013 

21 Cochlear Implants September, 2013 

22 Discography November, 2013 

23 Implantable Infusion Pumps November, 2013 

24 Electrical Neural Stimulation (ENS) November, 2013 

25 Hyaluronic Acid / Viscosupplementation November, 2013 

26 Routine Ultrasound for Pregnancy November, 2013 

27 Intensity Modulated Radiation Therapy November, 2013 

28 Carotid Artery Stenting November, 2013 

29 Cardiac Nuclear Imaging November, 2013 

30 Spinal Cord Stimulators January, 2014 
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1.  Introduction 

A Health Technology Assessment titled: Artificial Disc Replacement, was published on September 19, 
2008 by the Health Care Authority.  Findings and Coverage Decision was released on October 17, 2008 
and adopted on March 20, 2009.   The Committee’s Coverage Decision is summarized below. 
 

HTCC Coverage Determination 
Cervical and Lumbar Artificial Disc Replacement is a covered benefit only under criteria identified in the 
reimbursement determination 
 

HTCC Reimbursement Determination 
Limitations of Coverage:  

Lumbar Artificial Disc Replacement (L-ADR) 
1) Patients must first complete a structured, intensive, multi-disciplinary program for management of 
pain, if covered by the agency;  
2) Patients must be 60 years or under;  
3) Patients must meet FDA approved indications for use and not have any contra-indications. FDA 
approval is device specific but includes:  

 Failure of at least six months of conservative treatment  

 Skeletally mature patient  

 Replacement of a single disc for degenerative disc disease at one level confirmed by patient 
history and imaging  

 
Artificial Disc Replacement FDA general contra-indications:  
Active systemic infection or infection localized to site of implantation  
Allergy or sensitivity to implant materials  
Certain bone and spine diseases (e.g. osteoporosis, spondylosis)  
 
Cervical Artificial Disc Replacement (C-ADR)  
1) Patients must meet FDA approved indications for use and not have any contra-indications. FDA 
approval is device specific but includes:  

 Skeletally mature patient  

 Reconstruction of a disc following single level discectomy for intractable symptomatic cervical 
disc disease (radiculopathy or myelopathy) confirmed by patient findings and imaging.  

 
Artificial Disc Replacement FDA general contra-indications:  

 Active systemic infection or infection localized to site of implantation  

 Allergy or sensitivity to implant materials  

 Certain bone and spine diseases (e.g. severe spondylosis or marked cervical instability)  
 
Non-Covered Indications 
Non-FDA approved uses  
 

Committee Conclusions 
Having made findings as to the most significant and relevant evidence regarding health outcomes, key 
factors and identified evidence related to those factors, primarily based on the evidence based 
technology assessment report, the committee concludes:  
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1. Evidence availability and technology features  
The committee concludes that the best available evidence on artificial disc replacement has been 
collected and summarized.  
1.1. There is moderate evidence from 5 randomized controlled trials and about 40 uncontrolled studies 

about several important health outcomes for artificial disc replacement. The randomized trials have 
shared limitations: some methodological flaws, fusion as only comparator, non-inferiority design, 
lack of long term data, and measure/definition of success.  

1.2. The controlled studies compare surgical options only. Fusion surgery as a treatment for spine pain is 
still not established a clearly superior option, so the lack of inclusion of optimized medical 
management severely limits the results.  

1.3. As compared to fusion, a currently approved alternative, the overall evidence is moderate and 
demonstrates at least equivalence of ADR in short term safety and efficacy.  

1.4. Longer follow up data, especially around safety events and reoperation rates is needed (often this 
evidence comes from non RCT data such as registries). Also, the post approval FDA studies requiring 
up to seven year follow up should be monitored.  

 
2.  Is it safe?  
The committee concludes that the comprehensive evidence reviewed shows that the technology has 
been proven at least equally safe as a currently offered alternative, fusion. Key factors to the 
committee’s conclusion include:  
2.1. Moderate evidence demonstrated that L-ADR has a similar safety profile as lumbar anterior or 

circumferential fusion two years following surgery. Longer term safety on L-ADR is not known.  
2.2. Moderate evidence demonstrated that C-ADR tends to be safer than fusion as measured by the risk 

of device failure and surgical complications up to two years following surgery. Longer term safety on 
C-ADR is not known. 

 
3. Is it effective?  
The committee concludes that the comprehensive evidence reviewed shows that the technology has 
been proven equally or more effective as a currently offered alternative, fusion. Key factors to the 
committee’s conclusion include:  
3.1. While there is no evidence comparing ADR with non-operative care, there are five moderate quality, 

controlled studies comparing ADR with a currently performed alternative, fusion. Based on the 
limited comparator and other evidence limitations, the evidence of efficacy should not be 
generalized beyond carefully selected patients that match trial and FDA indications.  

3.2. Moderate evidence demonstrated that the efficacy/effectiveness of L-ADR is comparable with 
fusion up to two years following surgery based on a composite measure for FDA approval of overall 
clinical success, pain improvement, an ODI and SF-36 improvement..  

3.3. Moderate evidence demonstrated that the efficacy/effectiveness of C-ADR is equal to fusion for 
pain and function and potentially superior to fusion for neurological and overall success up to two 
years following surgery.  

3.4. There is insufficient evidence to draw conclusions regarding the safety and efficacy of ADR in special 
populations or populations outside those studied for FDA approval. Thus, coverage should be 
limited to studied indications.  

 
4. Is it cost-effective?  
The Committee concludes that the comprehensive evidence review does not show that the technology 
is more cost effective. Although cost-effectiveness was not a major decision factor, the committee 
concluded cost-effectiveness is unproven because of insufficient evidence.  
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4.1. The cost analyses were limited by short time horizons, comparators chosen, and differences with US 
health system, and provided mixed answers. For L-ADR, one assessment showed an increase in cost 
based on the device cost and another showed similar or possibly reduced cost based primarily on 
shorter hospital stays for L-ADR. For C-ADR, one cost analysis showed similar surgical costs, but higher 
total cost with C-ADR due to device cost.  
 
5. Medicare Decision and Expert Treatment Guidelines  
The committee deliberations included a discussion of National Medicare Decisions and expert treatment 
guidelines, and an understanding that the committee must find substantial evidence to support a 
decision that is contrary. RCW 70.14.110. The independent evidence report identified a national 
Medicare coverage decision on lumbar fusion and no expert treatment guidelines. The committee’s 
conditional coverage is consistent with the national Medicare decision to not cover L-ADR for patients 
older than 60 years of age.  

 
2.  Purpose of Report 
The purpose of this literature update is to determine whether or not there is sufficient evidence 
published after the original report to conduct a re-review of this technology based on the presence of 
preset signal criteria.  The key questions included the following: 

Key question 1  
What is the evidence of efficacy and effectiveness of ADR compared with comparative therapies 
(including non-operative therapy; spinal fusion; other surgery)?  

Key Question 2 
What is the evidence related to the ADR safety profile?  (including device failure, reoperation)  

Key Question 3  
What is the evidence of differential efficacy or safety issues amongst special populations (including but 
not limited to the elderly and workers compensation populations)?  

Key Question 4 
What are the cost implications and cost effectiveness for ADR? 
 

 
3.  Methods 
To determine the need for systematic review update, the following algorithm was followed: 
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Figure 1.  Algorithm of the modified Ottawa Method of Identifying Signals for SR Updates 

 
3.1 Literature Searches 
We conducted a limited electronic literature of Medline for systematic reviews with meta-analysis 
during the period January 1, 2008 through January 8, 2016 using search terms used for the original 
report. Appendix A includes the search methodology for this topic. In addition, we searched the FDA 
website to determine if there was approval of new indications for ADR.  Finally, we searched for 
individual cost-effectiveness studies for KQ 4.    
 

3.2 Study selection 
We sought systematic reviews of randomized controlled trials (RCTs) of efficacy and safety with meta-
analysis that included articles that met inclusion and exclusion criteria similar to the original report.  In 
addition we sought systematic reviews reflecting updates or new advances for the technology.  
Secondary to the large number of citations returned, we focused on screening only systematic reviews 
and meta-analyses of RCTS published between 2012 and 2015.  Although quality of systematic reviews 

New SR published? 

Yes No 

Pivotal trials? 

Yes No 

All relevant new 
studies evaluated 

Criteria: 
A. Potentially invalidating change in evidence* 

B. Major changes in evidence† 

*A-1.  Opposing findings: Pivotal trial or SR including at least one new trial that characterized the treatment in 
terms opposite to those used earlier 

A-2.  Substantial harm: Pivotal trial or SR whose results called into question the use of the treatment based on 
evidence of harm or that did not proscribe use entirely but did potentially affect clinical decision making 

A-3.  Superior new treatment: Pivotal trial or SR whose results identified another treatment as significantly 
superior to the one evaluated in the original review, based on efficacy or harm.  

†B-1.  Important changes in effectiveness short of “opposing findings” 

B-2.  Clinically important expansion of treatment 

B-3.  Clinically important caveat 

B-4.  Opposing findings from discordant meta-analysis or nonpivotal trial 
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was not formally evaluated for this report, we chose two systematic reviews, one for the lumbar and 
one for the cervical spine that that were the most comprehensive and of high quality based on the 
following:  report of search strategies (two or more data bases and description of dates searched), 
number of included relevant RCTs, pre-stated inclusion and exclusion criteria, information on 
methodologies used for synthesis of data, inclusion of patient reported or safety outcomes and 
evaluation of the strength of the body of literature using GRADE or another analogous system.  A 
summary of the two SRs is found in Appendix B. 
 

4. Results 
4.1 Search 
We identified 11 lumbar and 24 cervical systematic reviews from the electronic search that addressed in 
part or in full key questions 1 and 2, Figure 2.  We reviewed the full text of four lumbar and 16 cervical 
studies.  We chose one systematic review for each anatomical region (lumbar and cervical) that we felt 
most closely met the inclusion criteria (see excluded studies and the reasons for exclusion in Appendix 
C).  There were no systematic reviews on differential efficacy or safety (key questions 3).  We found 
three cervical cost-effectiveness studies (Key Question 4) where there were none in the previous report.   
 
The FDA approved one device (Mobi-C) for two- level cervical disc reconstruction since our initial report.   
 
 

 

 

Figure 2.  Electronic search results for systematic reviews 
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4.2 Identifying signals for re-review 
Table 1 shows the original key questions, the conclusions of the original report, the new sources of evidence, the new findings, and the 
recommendations of Spectrum Research, Inc. (SRI) regarding the need for update. 

 
Table 1. ADR Summary Table for Key Question 1. 
Key Question 1.  What is the evidence of efficacy and effectiveness of ADR compared with comparative therapies (including nonoperative therapy, spinal 
fusion, other surgery)?   

Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

L-ADR vs. nonoperative care 
No evidence available 

Systematic 
Review 
 
Jacobs et al

1
 

 

 A systematic review identified one study that 
compared disc replacement against rehabilitation 
and found a statistically significant advantage in ODI 
in favor of surgery, which, however, did not reach 
the predefined threshold for clinical relevance. 

This section of the report 
is NOT valid.  A new 
comparison group is added 
and the report needs 
updating 

L-ADR vs. lumbar fusion  
 There is moderate evidence that the efficacy of L-

ADR as measured by the composite measure of 
overall clinical success, Oswestry Disability Index 
(ODI) improvement, pain improvement, 
neurological success, SF-36 improvement, and 
patient satisfaction is comparable with anterior 
lumbar interbody fusion or circumferential fusion 
up to two years following surgery.   

 This evidence is based on two moderate quality 
randomized controlled trials conducted as FDA 
Investigational Device Exemption non-inferiority 
trials.   

 Overall clinical success (a composite measure 
considering most or all of the following: ODI 
improvement, device failure, complications, 
neurological change, SF-36 change and 
radiographic success) was achieved in 56% of 
patients receiving L-ADR and 48% receiving lumbar 
fusion.   

 Though the results suggest that 24 month outcomes 

 
Systematic 
Review 
 
Jacobs et al

1
 

 
 
 
 
 

 
 A systematic review (Jacobs) included 39 

publications, describing six unique RCT’s. The follow-
up of the studies was 24 months, with only one 
extended to five years. Five studies had a low risk of 
bias, although there is a risk of bias in the included 
studies due to sponsoring and absence of any kind 
of blinding.  

 The six studies found that the mean improvement in 
VAS back pain was 5.2 mm (of 100 mm) higher (two 
studies, 676 patients; 95% confidence interval (CI) 
0.18 to 10.26) with a low quality of evidence, while 
from the same studies leg pain showed no 
difference. 

 The improvement of Oswestry score at 24 months in 
the disc replacement group was 4.27 points more 
than in the fusion group (five studies; 1207 patients; 
95% CI 1.85 to 6.68) with a low quality of evidence.  

 Both upper bounds of the confidence intervals for 
VAS back pain and Oswestry score were below the 
predefined clinically relevant difference. Choice of 

 
This section of the report 
is still valid and does not 
need updating. 
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Key Question 1.  What is the evidence of efficacy and effectiveness of ADR compared with comparative therapies (including nonoperative therapy, spinal 
fusion, other surgery)?   

Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

for L-ADR are similar to lumbar fusion, it should be 
noted that a non-inferiority trial requires that the 
reference treatment have an established efficacy or 
that it is in widespread use.  For the lumbar spine, 
the efficacy of the comparator treatment, lumbar 
fusion, for degenerative disc disease remains 
uncertain, especially when it is compared with 
nonoperative care.  Given what is known about 
lumbar fusion as a comparator and having evidence 
that only compares L-ADR with lumbar fusion limits 
the ability to fully answer the efficacy/effectiveness 
question. 

 There are no (medium-) or long-term follow-up 
data assessing efficacy/effectiveness from the two 
index RCTs at this time 

control group (circumferential or anterior fusion) did 
not appear to result in different outcomes. 

 
 

C-ADR vs. nonoperative care 
No evidence available 

No new evidence 
 

No new evidence 
 

This section of the report 
is still valid and does not 
need updating. 

C-ADR vs. cervical fusion  
 There is moderate evidence for the cervical spine 

that C-ADR is superior to ACDF with respect to 
overall clinical success (77% versus 68%) and 
neurological success (92% versus 86%), and is 
comparable with ACDF with respect to Neck 
Disability Index (NDI), and pain up to two years 
following surgery.   

 The evidence is based on two moderate quality 
randomized controlled FDA Investigational Device 
Exemption non-inferiority trials.  An interim 
analysis of approximately 65% of a third RCT was 
reported in an FDA Panel Executive Summary.  If 
the results following completion of the trial are 

 
Systematic 
Review 
 
Zhang et al

2
 

 
 
 
 
 

19 RCTs (n = 4516) 
Short-term follow-up (2-3 years) 

 The C-ADR group had statistically lower NDI scores 
(SMD, -0.34; 95% CI: -0.68 to 0.00, P = 0.05) than the 
ACDF group. However, there existed a substantial 
heterogeneity. In sensitivity analysis, the result also 
showed that C-ADR group had better NDI scores 
(SMD, -0.13; 95% CI: -0.25 to -0.02, P = 0.02) 
compared with ACDF group.  

 The C-ADR group had a statistically higher NDI 
success rate than the ACDF group (OR, 0.72; 95% CI: 
0.54 to 0.95, P = 0.02). 

 A higher neurological success rate was seen in the C-
ADR group than in the ACDF group (OR, 0.62; 95% CI: 

 
This section of the report 
is NOT valid.  There are 
new data for medium-
term follow-up of 4-5 
years. 
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Key Question 1.  What is the evidence of efficacy and effectiveness of ADR compared with comparative therapies (including nonoperative therapy, spinal 
fusion, other surgery)?   

Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

similar to the interim results of that same trial, the 
confidence in the evidence that C-ADR is superior 
to ACDF will increase.    

 There is evidence that segmental motion is 
maintained or improved up to three years in the L-
ADR patients and up to four years in C-ADR patients 
compared with preoperative motion.  It is unclear 
the true extent to which preserving segmental 
motion by using ADR instead of fusion influences 
rates of adjacent segment disease (ASD).  Whether 
ASD is a continuation of a disease process 
necessitating fusion or a result of fusion continues 
to be disputed.   Furthermore, there continues to 
be debate on whether the presence of ASD is 
clinically important given that patients with marked 
radiographic ASD often have no symptoms. 

0.45 to 0.85, P = 0.003). 
 C-ADR group had significantly lower neck pain scores 

in three studies using numerical rating scales (SMD, -
0.14; 95% CI: -027 to -0.01) and lower neck (SMD -
1.28; 95% CIO: -2.16 to 0.40) and arm pain scores 
(SMD -0.19; 95% CI: -0.35 to -0.03) vs. ACDF in three 
studies using VAS. 

 The C-ADR group presented a significantly higher 
overall composite success rate (OR, 0.59; 95% CI: 0.48 
to 0.74, P < 0.00001)    

 
Medium-term (4-5 years) 

 NDI scores in the C-ADR group were lower than those 
of the ACDF group in two studies (SMD, -0.31; 95% CI: 
-0.47 to -0.15, P = 0.0002). 

 Neurological success from two studies occurred more 
frequently in the C-ADR group than in the ACDF group 
(OR, 0.55; 95% CI: 0.30 to 1.01, P = 0.05).  

 Neck (SMD, -0.28; 95% CI: -0.44 to -0.12, P = 0.0008) 
and arm pain scores (SMD, -0.19; 95% CI: -0.35 to -
0.03, P = 0.02) were lower in two studies using NRS 
scores. 
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Table 2. ADR Summary Table for Key Question 2. 
Key Question 2:  What is the evidence related to the ADR safety profile (including complications, adverse events, device failure, reoperation)? 

Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

L-ADR vs. nonoperative care 
No evidence available 

Systematic 
Review 
 
Jacobs et al

1
 

 A systematic review (Jacobs) identified one study that 
compared disc replacement against rehabilitation.  
Among those receiving L-ADR, six patients (8%) had 

complications resulting in impairment at two year follow-

up, and the reoperation rate was 6.5% (n=5). 

This section of the report 
is NOT valid.  A new 
comparison group is added 
and the report needs 
updating 

L-ADR vs. lumbar fusion  
 There is moderate evidence that L-ADR results 

in a similar proportion of device-related 
complications (7 to 18%) compared with 
lumbar fusion (4 to 20%) 

 There is moderate evidence that L-ADR results 
in a similar proportion of major complications 
(0 to 1%) compared with lumbar fusion (0 to 
1%) 

 There are no (medium-) or long-term follow-up 
data assessing safety from the two index RCTs 
at this time 

 
Systematic 
Review 
 
Jacobs et al

1
 

 

 
 There were 63 of 810 (7.8%) re-operations in the total 

disc replacement group and 35 of 384 (9.1%) in the 
fusion group. There is very low quality evidence from five 
studies that the difference in re-operations up to 24 
months was not statistically significant.  

 Only one secondary publication of a low risk of bias study 
reported neurological complications and found no 
difference between the two groups.  

 There is very low quality evidence from one low risk of 
bias study that the difference in adjacent segment 
degeneration at 24 months was not statistically different. 
This one study only marginally reported adjacent 
segment degeneration mentioning six of 72 cases of 
fusion and only one of 80 cases of total disc replacement 
with adjacent segment problems.  

 There is very low quality of evidence from one low risk of 
bias study that the occurrence of facet joint 
degeneration is not statistically significantly different.  

 
This section of the report 
is still valid and does not 
need updating. 

C-ADR vs. nonoperative care 
No evidence available 

No new evidence 
 

No new evidence 
 

This section of the report 
is still valid and does not 
need updating. 

C-ADR vs. cervical fusion  
 Complication rates varied among the studies 

but generally device related or device/surgical 
procedure related complications or adverse 
events occurred less frequently among the C-

 
Systematic 
Review 
 
Zhang et al

2
 

Short-term follow-up (2-3 years) 
 Adverse events occurred more frequently in the ACDF 

group than in the C-ADR group (OR, 0.58; 95% CI: 0.43 to 
0.80, P = 0.0007) in eight studies.   

 Secondary surgical procedures were defined as any 

 
This section of the report 
is NOT valid.  There are 
new data for medium-
term follow-up of 4-5 
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Key Question 2:  What is the evidence related to the ADR safety profile (including complications, adverse events, device failure, reoperation)? 

Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

ADR patients (5%) than anterior fusion patients 
(10%). 

 There are no (medium-) or (medium-) or long-
term follow-up data assessing safety from the 
five index RCTs at this time 

 
 
 
 

 

hardware removal, revisions, supplemental fixations, and 
reoperations. They were typically used to resolve 
persistent neck or shoulder pain, dysphagia, prosthesis 
flexibility or adjacent level degeneration.  Secondary 
surgical procedures were recorded at the index level and 
the adjacent level.  C-ADR group had significantly fewer 
secondary surgical procedures at the index (OR, 0.32; 
95% CI: 0.19 to 0.53, P < 0.00001) and the adjacent level 
(OR, 0.28; 95% CI: 0.11 to 0.72, P = 0.008).  
 

Medium-term (4-5 years) 
 Only one study with 74 patients had valid adverse-event 

data for midterm follow-up, no data given for this study. 
 The rate of secondary surgical procedures at the 

adjacent level (OR, 0.76; 95% CI: 0.47 to 1.22, P = 0.25) 
was not significantly different between the groups in five 
studies. There were significantly fewer secondary 
surgical procedures related to the index level in the C-
ADR group in five studies (OR, 0.45; 95% CI: 0.29 to 0.68, 
P = 0.0002).  

years. 
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Table 3. ADR Summary Table for Key Questions 3 and 4. 

Key Question 3:  What is the evidence of differential efficacy or safety issues amongst special populations (including but not limited to the elderly and 
workers compensation populations)? 

Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

There is insufficient evidence to draw 
conclusions regarding the safety and efficacy of 
LADR in the few special populations studied 
(elderly, smokers, athletes). No studies or sub-
analyses were found on the use of C-ADR in 
special or subpopulations. 

No new evidence 
 

No new evidence This section of the report 
is still valid and does not 
need updating. 

    

Key Question 4:  What are the cost implications and cost effectiveness for ADR? 

Conclusions from CER Executive Summary New Sources of 
Evidence 

New Findings Conclusion from SRI 

There are inadequate data from partial 
economic studies reflecting short time horizons 
for L-ADR and no economic studies for C-ADR to 
truly assess the potential cost effectiveness of 
ADR technology. One report and one previously 
done HTA suggest that the type of fusion may 
influence complication rates and therefore 
costs. 

1 lumbar
3
; 2 

cervical (1 single-
4 

 
and 1 two-level 
replacement

5
) 

 

Lumbar: 
L-ADR was cost-effective compared with multi-disciplinary 
rehab after 2 years when using EQ-5D for assessing QALYs 
gained and a willingness to pay. L-ADR was not cost-
effective when SF-6D was used. Longer follow-up is 
needed to accurately assess cost-effectiveness of L-TDR. 
Cervical:   
Single level – One study suggests that a non-significant 
added benefit versus ACDF comes at a reasonable cost, 
whether actual hospital costs or Medicare reimbursement 
values are used.   
Two-level – One study concludes that the incremental 
cost-effectiveness ratio of C-ADR compared with 
traditional ACDF is lower than the commonly accepted 
threshold of $50,000 per QALY.  

This section of the report 
is NOT valid.  Studies of 
cost-effectiveness are now 
available for 1-level L-ADR 
versus conservative care, 
1-level C-ADR versus 1-
level cervical fusion, and 2-
level C-ADR versus 2-level 
cervical fusion.  Therefore, 
this section of the report 
needs updating. 
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5.  Conclusions 
 
L-ADR 

 There are several systematic reviews that include new RCTs since the publication of the original ADR 
report.   From a review of these systematic reviews, there is one new RCT that evaluates L-ADR 
versus conservative (non-operative) care.  This is the first study making this comparison and 
warrants an update of the section comparing efficacy and safety of ADR versus a treatment other 
than ACDF, (criteria B-3, Figure 1).  

 New studies comparing the efficacy and safety of L-ADR versus ACDF are consistent with the original 
ADR HTA.  This section does not need an update. 

 One study on cost effectiveness of L-ADR intervention has been published since the original HTA 
comparing L-ADR versus conservative (non-operative) care.  Therefore, this section of the report 
needs updating.   
 

C-ADR 

 There are no new data for C-ADR versus new comparisons other than cervical fusion.   

 One C-ADR, the Mobi-C, has been approved by the FDA for 2-level fusion. This is a new indication 
since the original report.  There is at least 1 RCT (the FDA trial) that reports 2 year results on 2-level 
C-ADR.  This warrants an update of the section of the report on efficacy and safety of C-ADR, 
(criteria B-2, Figure 1). 

 The results of integrating new RCTs (total number: 19 RCTs, 4,516 patients) are similar to the 
original report with respect to pain and function for the short-term (24 months).  However, there 
are new efficacy and safety data for medium-term (4-5 years) that were not present in the original 
report.  Therefore, this section needs updating for both efficacy and safety. 

 There were no new studies on differential efficacy or safety.  This section of the report does not 
need updating. 

 Two studies on cost effectiveness of C-ADR intervention have been published since the original HTA; 
1-level C-ADR versus 1-level cervical fusion, and 2-level C-ADR versus 2-level cervical fusion.  
Therefore, this section of the report needs updating. 
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APPENDIX A.  SEARCH STRATEGIES 
Below is the search strategy for PubMed.   

(artificial[TI] OR TOTAL[TI] OR ARTHROPLASTY[TI] OR PROSTHETIC*[TI] OR 

PROSTHES*[TI]) AND (DISC[TI] OR DISK[TI]) AND (LOW BACK[TIAB] OR 

LUMBAR[TIAB]) AND META-ANALYS* 
 

(artificial[TI] OR TOTAL[TI] OR ARTHROPLASTY[TI] OR PROSTHETIC*[TI] OR 

PROSTHES*[TI]) AND (DISC[TI] OR DISK[TI]) AND (NECK[TIAB] OR 

CERVICAL[TIAB]) AND META-ANALYS* 
 

(artificial[TI] OR TOTAL[TI] OR ARTHROPLASTY[TI] OR PROSTHETIC*[TI] OR 

PROSTHES*[TI]) AND (DISC[TI] OR DISK[TI]) AND (LOW BACK[TIAB] OR 

LUMBAR[TIAB]) AND COST*[TI] 
 

(artificial[TI] OR TOTAL[TI] OR ARTHROPLASTY[TI] OR PROSTHETIC*[TI] OR 

PROSTHES*[TI]) AND (DISC[TI] OR DISK[TI]) AND (NECK[TIAB] OR 

CERVICAL[TIAB]) AND COST*[TI] 
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APPENDIX B.  SUMMARY OF INCLUDED SYSTEMATIC REVIEWS. 
 

Assessment 

(year) 

Search dates 

Purpose Condition Treatments   v

s. controls 

Primary 

Outcomes 

Evidence- 

base Used 

Primary Conclusions 

Jacobs  

(2012) 

Database 

inception to 

12/2011 

To assess the 

effect of total disc 

replacement for 

chronic low-back 

pain in the 

presence of 

lumbar disc 

degeneration 

Chronic low-

back pain 

Lumbar total 

disc 

replacement vs. 

lumbar fusion 

 

  

 

 

Pain, overall 

improvement, 

patient 

satisfaction, 

back-specific 

function status, 

quality of life 

5 RCTs 

(1,301 

patients) 

Total disc replacement 

has slightly better 

outcomes in terms of 

back pain and function 

than those who had 

fusion surgery, but these 

differences were not 

clinically significant.  

Zhang 

(2015)  

Database 

inception to 

12/2014 

To determine if 

cervical total disc 

replacement is 

superior to 

cervical fusion. 

Symptomatic 

cervical disc 

disease 

Cervical total 

disc 

replacement vs. 

anterior 

cervical 

decompression 

and fusion 

 

 

Pain, function, 

quality of life, 

adverse events, 

overall success 

19 RCTs 

(4,516 

patients) 

At short- and mid-term 

follow-up, cervical total 

disc replacement is 

superior to anterior 

cervical decompression 

and fusion with regards 

to efficacy and safety. 

However, longer-term 

multicenter studies are 

needed to better evaluate 

the long-term efficacy 

and safety. 

 



WA Health Technology Assessment – Signal for update, ADR 1/25/16 
 
 
 

 16 

APPENDIX C.  SYSTEMATIC REVIEWS EXCLUDED AT FULL TEST REVIEW 
 
Excluded systematic reviews, lumbar spine. 

Citation Reason for exclusion 

Nie H, Chen G, Wang X, Zeng J. Comparison of Total Disc Replacement with 
lumbar fusion: a meta-analysis of randomized controlled trials. J Coll 
Physicians Surg Pak. 2015;25(1):60-67. 

Not comprehensive; lacks 
inclusion/exclusion criteria; 
no GRADE 

Wei J, Song Y, Sun L, Lv C. Comparison of artificial total disc replacement 
versus fusion for lumbar degenerative disc disease: a meta-analysis of 
randomized controlled trials. Int Orthop. 2013;37(7):1315-1325. 

Lacks inclusion/exclusion 
criteria; no GRADE 

Rao MJ, Cao SS. Artificial total disc replacement versus fusion for lumbar 
degenerative disc disease: a meta-analysis of randomized controlled trials. 
Arch Orthop Trauma Surg. 2014;134(2):149-158. 

Combined studies with 
short and medium f/u; no 
GRADE 

 
Excluded systematic reviews, cervical spine. 

Citation Reason for exclusion 

Zhu Y, Tian Z, Zhu B, Zhang W, Li Y, Zhu Q. Bryan Cervical Disc 

Arthroplasty Versus Anterior Cervical Discectomy and Fusion for Treatment 

of Cervical Disc Diseases: A Meta-Analysis of Prospective Randomized 

Controlled Trials. Spine (Phila Pa 1976). 2015. 

Not comprehensive; 

metaanalyses of one 

manufacturer’s disc results 

Jee YM, Bak JS, Weinlander E, Anderson PA. Comparing Nonrandomized 

Observational Studies With Randomized Controlled Trials in Cervical Disc 

Arthroplasty: A Meta-analysis. Spine (Phila Pa 1976). 2015. 

Not comparison of interest; 

RCT vs observational 

studies 

Wu AM, Xu H, Mullinix KP, et al. Minimum 4-year outcomes of cervical 

total disc arthroplasty versus fusion: a meta-analysis based on prospective 

randomized controlled trials. Medicine (Baltimore). 2015;94(15):e665. 

No comprehensive; only 

looked at 4+ year f/u 

Rao MJ, Nie SP, Xiao BW, Zhang GH, Gan XR, Cao SS. Cervical disc 

arthroplasty versus anterior cervical discectomy and fusion for treatment of 

symptomatic cervical disc disease: a meta-analysis of randomized controlled 

trials. Arch Orthop Trauma Surg. 2015;135(1):19-28. 

Combined studies with short 

and medium f/u; no 

GRADE 

Yao Q, Liang F, Xia Y, Jia C. A meta-analysis comparing total disc 

arthroplasty with anterior cervical discectomy and fusion for the treatment of 

cervical degenerative diseases. Arch Orthop Trauma Surg. 2015. 

No GRADE 

Luo J, Huang S, Gong M, et al. Comparison of artificial cervical arthroplasty 

versus anterior cervical discectomy and fusion for one-level cervical 

degenerative disc disease: a meta-analysis of randomized controlled trials. 

Eur J Orthop Surg Traumatol. 2015;25 Suppl 1:S115-125 

No GRADE 

Zhao H, Cheng L, Hou Y, et al. Multi-level cervical disc arthroplasty (CDA) 

versus single-level CDA for the treatment of cervical disc diseases: a meta-

analysis. Eur Spine J. 2015;24(1):101-112. 

Not comparison of interest; 

single vs. multilevel 

Ren C, Song Y, Xue Y, Yang X. Mid- to long-term outcomes after cervical 

disc arthroplasty compared with anterior discectomy and fusion: a 

systematic review and meta-analysis of randomized controlled trials. Eur 

Spine J. 2014;23(5):1115-1123. 

Not comprehensive; 4 year 

only 

Verma K, Gandhi SD, Maltenfort M, et al. Rate of adjacent segment disease 

in cervical disc arthroplasty versus single-level fusion: meta-analysis of 

prospective studies. Spine (Phila Pa 1976). 2013;38(26):2253-2257. 

Not comprehensive; 

adjacent segment disease as 

primary outcome 

Gao F, Mao T, Sun W, et al. An Updated Meta-Analysis Comparing 

Artificial Cervical Disc Arthroplasty (CDA) Versus Anterior Cervical 

Discectomy and Fusion (ACDF) for the Treatment of Cervical Degenerative 

Disc Disease (CDDD). Spine (Phila Pa 1976). 2015;40(23):1816-1823 

Not comprehensive; limited 

studies; no GRADE 
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Citation Reason for exclusion 

Boselie TF, Willems PC, van Mameren H, de Bie R, Benzel EC, van 

Santbrink H. Arthroplasty versus fusion in single-level cervical degenerative 

disc disease. Cochrane Database Syst Rev. 2012;9:CD009173. 

Not comprehensive; limited 

studies 

Nunley PD, Jawahar A, Cavanaugh DA, Gordon CR, Kerr EJ, 3rd, Utter PA. 

Symptomatic adjacent segment disease after cervical total disc replacement: 

re-examining the clinical and radiological evidence with established criteria. 

Spine J. 2013;13(1):5-12. 

Not comprehensive; 

adjacent segment disease as 

primary outcome 

Luo J, Gong M, Huang S, Yu T, Zou X. Incidence of adjacent segment 

degeneration in cervical disc arthroplasty versus anterior cervical 

decompression and fusion meta-analysis of prospective studies. Arch Orthop 

Trauma Surg. 2015;135(2):155-160. 

Not comprehensive; 

adjacent segment disease as 

primary outcome 

Yang B, Li H, Zhang T, He X, Xu S. The incidence of adjacent segment 

degeneration after cervical disc arthroplasty (CDA): a meta analysis of 

randomized controlled trials. PLoS One. 2012;7(4):e35032 

Not comprehensive; 

adjacent segment disease as 

primary outcome 

Chen J, Wang X, Bai W, Shen X, Yuan W. Prevalence of heterotopic 

ossification after cervical total disc arthroplasty: a meta-analysis. Eur Spine 

J. 2012;21(4):674-680. 

Not comprehensive; 

heterotopic ossification as 

primary outcome 
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Health Technology Assessment Program 

Selected Technologies 2016 
 
This document responds to all comments received on the 2016 proposed technology topics.  Public 
comments were accepted on the topics from February 26, to March 11, 2016.  Comments were received 
from the following individuals and groups: 
 

 Jim C. Blankenship, MD, MHCM, FSCAI, President Society for Cardiovascular Angiography & 
Interventions Foundation 

 Karen L. Campbell, PharmD, Sr. Medical Scientific Manager, Alergen 

 Wendy Chan, Senior Manager, Health Economics & Reimbursement, Boston Scientific 

 Gracie Farias, MBA, Senior Manager of Reimbursement, Medtronic 

 Donald Fetterolf, MD, MBA, FACP, Chief Medical Officer,  MiMedx Group, Inc 

 Jeff Hughes, Director of Reimbursement, Integra 

 Andrew McIntyre, President, WA East Asian Medicine Association 

 Pamela McKeown, Dir of Health Policy, MiMedx Group, Inc 

 Chad Redinbo, New Leaf Hyperbarics 

 Paul Radensky, MD, JD, Principal, Smith & Nephew, PLC 

 Dirk Sutherland, Regional Director Health Policy, Alliqua Biomedical 

 Diana L. Thompson, LMP, 2nd VP, AMTA-WA, American Massage Therapy Association – WA 

 Pooja Voria, MD, MBA, Vice President, WA State Radiological Society 
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Topic Comments Response 

Artificial Disc Replacement (ADR)   

Gracie Farias, MBA,  
Senior Manager of Reimbursement, 
Medtronic 

Complete comments with 
information attached below. 

Thank you for your comments.  The 
intent of selecting ADR for update is to 
include consideration of new 
indications for 2 level cervical disc 
arthroplasty. All references provided 
will be considered in review.    
 
No change to proposed technologies. 

CAD Mammography   

Pooja Voria, MD MBA,  
Vice President, WA State Radiological 
Society 

Complete comments with 
information attached below. 

Thank you for your comments.  Though 
the legislation may apply to Medicare 
coverage it does not apply to state 
purchased health care programs and it 
is not clear that the law prevents an 
evidence-based review and policy for 
CAD Mammography. 
 
No change to proposed technologies. 

Left Atrial Appendage Closure Device (LAAC) 

Wendy Chan,  
Senior Manager, Health Economics & 
Reimbursement, Boston Scientific 

Complete comments with 
information attached below. 

Thank you for the information and 
comments on this topic and the CMS 
policy including coverage with evidence 
development and national coverage 
determination.  
 
Based upon a review of the new CMS 
policy this topic is not selected for 
review at this time. 

Jim C. Blankenship, MD, MHCM, FSCAI, 
President, Society for Cardiovascular 
Angiography & Interventions Foundation 

Complete comments with 
information attached below. 

Thank you for the information and 
comments on this topic and the CMS 
policy including coverage with evidence 
development and national coverage 
determination.  

 
Based upon a review of the new CMS 
policy this topic is not selected for 
review at this time. 

Interventions for treatment for migraines/headaches 

Karen L. Campbell, PharmD,  
Senior Medical Scientific Manager, 
Allergan 

Complete comments with 
information attached below. 

Thank you for the comments. We have 
modified the topic title to remove the 
term “non-pharmacologic”. The focus 
of the review will include interventions 
or procedures to address headaches. 
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Topic Comments Response 

We have reviewed the supporting 
documents and feel a review of the 
evidence for all headache types 
including chronic migraine will be 
helpful to establish an appropriate 
evidence-based coverage 
determination for interventions that 
may include botulinum toxin. 

Chad Redinbo,  
New Leaf Hyperbarics 

Complete comments with 
information attached below. 

Thank you for your comments. In 2012 
WA Health Technology Assessment 
Program reviewed Hyperbaric Oxygen 
Therapy for a number of conditions 
including headache.   
 
No change to proposed technologies. 

Diana L. Thompson, LMP,  
2nd Vice President, American Massage 
Therapy Association - WA 

Complete comments with 
information attached below. 

Thank you for the comments and 
citations. Information provided will be 
considered for inclusion in the review. 
 
No change to proposed technologies. 

Andrew McIntyre,  
President, Washington East Asian 
Medicine Association 

Complete comments with 
information attached below. 

Thank you for the comments.  Cited 
references will be considered for 
inclusion in the review. 
 
No change to proposed technologies. 

Skin Substitutes 

Donald Fetterolf, MD, MBA, FACP, Chief 
Medical Officer 
Pamela McKeown, Dir of Health Policy, 
MiMedx Group, Inc 

Complete comments with 
information attached below. 

Thank you for the comments.  No 
change to proposed technologies 

Paul Radensky, MD, JD, Principal, 
McDermott + Consulting on behalf of 
Smith and Nephew 

Complete comments with 
information attached below. 

Thank you for your comments and 
submission of supporting 
documentation.  All references and 
other evidence will be considered for 
inclusion in the review of the topic. 

Dirk Sutherland,  
Regional Director Health Policy, 
Alliqua Biomedical 

Complete comments with 
information attached below. 

Thank you for your comments and 
submission of supporting 
documentation. All references and 
other information will be considered 
for inclusion in the review of this topic. 
 
No change to proposed technologies 

Jeff Hughes,  
Director of Reimbursement, Payer 
Access, Integra LifeSciences Corporation 

Complete comments with 
information attached below. 

Thank you for your comments and 
supporting references. All references 
provided will be considered in the 
review of this topic.  
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Topic Comments Response 

No change to proposed technologies 

Petition for Review   

Dirk Sutherland, 
Regional Director of Health Policy Alliqua 
Biomedical 

Re: Petition for review of 
the MIST  

We have reviewed the information 
submitted for this petition. A separate 
contact for further information has 
been initiated.  
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From: Farias, Gracie <gracie.farias@medtronic.com>
Sent: Friday, March 11, 2016 8:04 AM
To: HCA ST Health Tech Assessment Prog
Subject: 2016 HTA Comments for the Re-Review Technoology of Artificial Disk (Cervical & 

Lumbar)
Attachments: Kang et al_EurSPineJ_2015_Sep.pdf; Muheremu et al_EurJOrthopSurgTraumatol_2015

_Jul.pdf; Radcliff et al_Spine(PhyilaPa1976)_2015_Apr.pdf; Hellum et al_BMJ_2011 May 
19_342_d2786.pdf

Follow Up Flag: Follow up
Flag Status: Completed

The following are comments and/or recommendation regarding the Re-Review Technologies for “Artificial 
Disk (Cervical & Lumbar).” 
 

Page 1 – Introduction, Cervical Artificial Disc Replacement (C-ADR) :  Assuming you will also consider 
FDA approvals for 2-level, as such PI/IFU indication(s) would be device dependent.  

 
Page 6 – Table 1. ADR Summary Table for Key Question 1.  L-ARD vs. non-operative care indicates no 
evidence available.     
There is a prospective randomized multicenter study done in Norway on conservative treatment vs L-ADR. 
Bibliography: 
Hellum C, Johnsen LG, Storheim K, Nygaard OP, Brox JI, Rossvoll I, Rø M, Sandvik L, Grundnes O; 
Norwegian Spine Study Group. Surgery with disc prosthesis versus rehabilitation in patients with low back 
pain and degenerative disc: two year follow-up of randomised study. BMJ. 2011 May 19;342:d2786. doi: 
10.1136/bmj.d2786. PubMed PMID: 21596740; PubMed Central PMCID: PMC3100911. 
 
Page 9 – Table 2. ADR Summary Table for Key Question 2.  L-ARD vs. non-operative care again indicates 
no evidence available.   
There is a prospective randomized multicenter study done in Norway on conservative treatment vs L-ADR 
Bibliography: 
Hellum C, Johnsen LG, Storheim K, Nygaard OP, Brox JI, Rossvoll I, Rø M, Sandvik L, Grundnes O; 
Norwegian Spine Study Group. Surgery with disc prosthesis versus rehabilitation in patients with low back 
pain and degenerative disc: two year follow-up of randomised study. BMJ. 2011 May 19;342:d2786. doi: 
10.1136/bmj.d2786. PubMed PMID: 21596740; PubMed Central PMCID: PMC3100911. 
 
Page 11 – Table 3. ADR Summary Table for Key Questions 3 and 4.  Key Question 3:  What is the evidence 
of differential efficacy or safety issues amongst special populations (including but not limited to the elderly 
and workers compensation populations)?  
I believe this publication might be relevant to this topic: 
Kang J, Shi C, Gu Y, Yang C, Gao R. Factors that may affect outcome in cervical artificial disc 
replacement: a systematic review. Eur Spine J. 2015 Sep;24(9):2023-32. doi: 10.1007/s00586-015-4096-6. 
Epub 2015 Jul 9. PubMed PMID:  26155894. 
 
Page 11 – Table 3.  ADR Summary Table for Key Questions 3 and 4.  Key Questions 4:  What are the cost 
implications and cost effectiveness for ADR?   
I believe this publication to be highly relevant to cost effectiveness for C-ADR: 



2

Radcliff K, Zigler J, Zigler J. Costs of cervical disc replacement versus anterior cervical discectomy and 
fusion for treatment of single-level cervical disc disease: an analysis of the Blue Health Intelligence database 
for acute and  long-term costs and complications. Spine (Phila Pa 1976). 2015 Apr 15;40(8):521-9. doi: 
10.1097/BRS.0000000000000822. PubMed PMID: 25868092. 

I did not see this article mentioned or a citation.  The purpose of this study was to determine the reoperation 
rates, adverse event rate, as well as the direct and follow-on costs of cervical disc arthroplasty (CDA) 
compared with anterior cervical discectomy and fusion (ACDF) in a "real-world" population of patients with 
single-level symptomatic cervical disc disease.  It was retrospective, but it utilized the insurance companies’ 
own data.   
The authors concluded that patients who underwent CDA for single-level degenerative disease had lower 
readmission rates, lower reoperation rates, and reduced index and total costs than those treated with ACDF. 
CDA was effective in reducing the monthly cost of care compared with ACDF.  

Thanks in advance for your consideration. 

Gracie Farias | MBA 
Sr. Mgr. of Reimbursement | Medtronic 
Healthcare Policy & Reimbursement | Texas | Southwest | Northwest 
2314 Blossom Dr. | San Antonio, TX  78217 
Cell: 210/625-2809 |  gracie.farias@medtronic.com  

[CONFIDENTIALITY AND PRIVACY NOTICE] Information transmitted by this email is proprietary to 
Medtronic and is intended for use only by the individual or entity to which it is addressed, and may contain 
information that is private, privileged, confidential or exempt from disclosure under applicable law. If you are 
not the intended recipient or it appears that this mail has been forwarded to you without proper authority, you 
are notified that any use or dissemination of this information in any manner is strictly prohibited. In such cases, 
please delete this mail from your records. To view this notice in other languages you can either select the 
following link or manually copy and paste the link into the address bar of a web browser: 
http://emaildisclaimer.medtronic.com  
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Abstract

Purpose To identify the factors that may affect outcome

in C-ADR and provide the pooled results of postoperative

success rate of implanted segment range of motion (ROM),

incidence of heterotopic ossification (HO), incidence of

radiographic adjacent segment degeneration (r-ASD)/ad-

jacent segment disease (ASD), and surgery rate for ASD.

Methods We systematically searched in PubMed,

Embase, Cochrane library and Web of knowledge from

2001 to May 2015. Two independent reviewers screened

the primary records. Eleven questions regarding the effect

of patient selection issues and radiographic parameters

issues on outcome were posed previously. Studies

addressing the framed questions were included for analysis.

Results Twenty-two studies were included for the final

analysis. Results showed that number of surgical level

(single versus double-level) had no effect on primary

clinical outcome and radiographic outcome, surgical level

had no effect on clinical and radiographic outcome, and

smoking habits had negative effect on clinical outcome.

No evidence for the effect of patient’s age and pathology

category (radiculopathy or myelopathy) on outcome was

found. The overall success rate of ROM was 79.4 %.

ROM of the implanted segment and cervical sagittal

alignment had no effects on clinical outcome. The pooled

incidences of grade 1–4 HO and grade 3–4 HO were 27.7

and 7.8 %, respectively. The pooled incidence of r-ASD

and surgery rate for ASD were 42.4 and 3.8 %,

respectively.

Conclusions The available evidence showed that most

of the pre-selected factors had no effect on outcome

after C-ADR, and the ROM success rate, incidence of

HO and r-ASD/ASD, and surgery rate for ASD are

acceptable. There is a lack of evidence from RCTs for

some factors.

Keywords Artificial disc replacement � Systematic

review � Factors � Outcome � Pooled results

Introduction

Cervical artificial disc replacement (C-ADR) has been

proposed as an alternative to anterior cervical discec-

tomy and fusion (ACDF) for patients with symptomatic

cervical degenerative disc disease (DDD) during the last

decade. It has been demonstrated that C-ADR can

maintain physiological cervical mobility, thereby reduc-

ing the risk of development of radiographic adjacent

segment degeneration (r-ASD) and adjacent segment

disease (ASD) secondary to altered mechanics at adja-

cent segments of the fusion site [1]. This is also the

primary rationale for the development and use of artifi-

cial disc devices.
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Although C-ADR is becoming more widely used,

there is also some conflicting evidence regarding the

incidence of ASD after C-ADR, and the correlation

between outcome and a variety of factors are still

unclear [2]. However, from arthrodesis to arthroplasty is

a trend of the surgical evolution, and it is expected that

the future growth of ADR will come either from indi-

cations for surgery not present today, or from elimina-

tion of current contraindications [3]. For the evidence-

based medicine approach can integrate the best clinical

research evidence, such a review that assesses the factors

that may affect outcome in C-ADR is apparently

essential and beneficial to the surgeons and patients who

need to undergo C-ADR. Therefore, we performed a

systematic review of all the relevant literature relating to

randomized controlled trials (RCTs) on C-ADR to

identify the factors that may affect outcome and provide

the pooled results of success rate of implanted segment

range of motion (ROM), incidence of heterotopic ossi-

fication (HO), incidence of r-ASD/ASD, and surgery rate

for ASD.

Materials and methods

Literature search strategy

The literature search was conducted in the PubMed,

Embase, Cochrane library and Web of knowledge on May

14, 2015, and all English-language publications on C-ADR

since 2001 were retrieved. The search terms that we

selected were ‘‘(artificial disc OR total disc OR disc

arthroplasty OR arthroplasty OR non fusion OR disc

replacement) AND (cervical spine) AND (randomized OR

randomization)’’ which were mainly based on the official

thesaurus (MeSH). Duplicate studies were removed. We

screened the references of the related articles as supple-

mentary search. Figure 1 shows the search strategy and its

corresponding flow chart.

Study selection

Specific questions about factors that might affect the clin-

ical and radiographic outcomes after C-ADR were posed in

Fig. 1 Flow diagram of study selection
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advance by referring to the previous lumbar-ADR review

[3]. These posed 11 questions were grouped into 2 cate-

gories: (a) Questions about patient selection issues: (i) ef-

fect of single-level versus double-level implantation, (ii)

effect of the level of implantation, (iii) effect of patient’s

age, (iv) effect of radiculopathy versus myelopathy,

(v) effect of smoking habits. (b) Questions about radio-

graphic parameters issues: (i) success rate of the implanted

segment ROM (ROM C 4�), (ii) effect of ROM on out-

come, (iii) effect of postoperative cervical sagittal align-

ment on outcome, (iv) incidence of HO, (v) incidence of

r-ASD/ASD, (vi) surgery rate for ASD.

All initial search results were reviewed by the title and

abstract. Then, the potential RCTs or studies reporting the

results of C-ADR outcome from RCTs were all identified;

full texts were obtained and reviewed for further data

retrieving. Studies addressing the above framed questions

were identified and included for the final analysis. In the

case of multiple publications of the same study or data set,

we selected only the most recent version for analysis.

Previous systematic reviews on C-ADR were also not

included.

Data extraction was performed by two of the authors

independently, whereas another author checked the results.

If a disagreement existed, the relevant procedures were

repeated until a consensus was achieved between the

reviewers. Importantly, results from non-RCTs were not

included for analysis.

Statistical analysis

Meta-analysis for the pooled results of success rate of

implanted segment ROM, incidence of HO, incidence of

r-ASD, and surgery rate for ASD were performed. Statis-

tical heterogeneity was measured using Cochran’s Q test; a

P value less than 0.05 was considered significant for

heterogeneity. The random-effects model was used when

there was significant heterogeneity, and the 95 % confi-

dence interval was also calculated. Analyses were per-

formed with StatDirect Statistical software, version 2.7.0.2

(http://www.statsdirect.com) [4].

Results

A total of 332 studies were identified in the selected

database. After applying the inclusion/exclusion criteria to

these studies and those identified from a manual search of

the reference lists, 22 studies were deemed relevant to the

formulated questions and were therefore subjected to the

final review process, including 19 published studies and 3

conference abstracts (Fig. 1).

Patient selection issues

Is the outcome after single-level implantation similar

to double-level implantation?

Two studies were found (Table 1). Both of them provided

direct comparison results [5, 6]. One study reported no

difference in neck disability index (NDI) and visual analog

scale (VAS) (primary clinical outcome) between 1-level

and 2-level replacement, however, the difference was sig-

nificant in European quality of life 5-Dimensions ques-

tionnaire (EQ-5D) [5]. Another study found there were no

differences in NDI, VAS, the 12-item short form health

survey (SF-12), ROM, HO incidence of the surgical level,

and even the incidence of r-ASD [6].

Does spinal level of C-ADR affect outcome?

Two studies were found. In a multicenter trial consisting of

164 ProDisc patients, 44 underwent an ADR at C6/C7, 96

at C5/C6, 18 at C4/C5, and 6 at C3/C4. Results showed

there were no significant differences at a mean of

24 months in sagittal segmental ROM between C3/C4

(3.9), C4/C5 (6.1�), C5/C6 (5.8�), and C6/C7 (5.3�). And
there was also no significant difference in the delta lateral

ROM (difference between pre- and postoperative) between

the segments C3/C4, C4/C5, C5/C6, and C6/C7 [7]. In

another single-center trial consisting of 22 Bryan patients,

the effect of treatment level on clinical outcome was

observed, and the result showed there was no difference in

Table 1 Effect of single-level versus double-level implantation on clinical and radiographic outcome

References Prosthesis Design FU

(months)

No. pts Evaluation scale Effect on outcome

Skeppholm

et al. [5]

Discover Multicenter 24 1 level: 58

2 level: 23

NDI, VAS, EQ-5D No difference in NDI, VAS; greater mean value

of EQ-5D in the double-level

Bae et al. [6] Mobi Multicenter 48 1 level: 164

2 level: 225

NDI, VAS, SF-12,

ROM, HO, r-ASD

No difference

FU follow-up, No.Pts number of patients, NDI neck disability index, VAS visual analog scale, EQ-5D European quality of life 5-Dimensions

questionnaire, SF short form health survey, ROM range of motion, HO heterotopic ossification, r-ASD radiographic adjacent segment

degeneration
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NDI improvement between C5/6 treatment and C6/7

treatment [8].

Does patient’s age affect outcome?

No evidence from RCTs was identified.

Is the outcome of patients with radiculopathy similar

to those with myelopathy?

No evidence from RCTs was identified.

Does smoking affect outcome?

Only one study was found. In this multicenter trial using

Discover prosthesis, 31 % of the patients were smokers.

Comparison between smokers and nonsmokers showed

unfavorable outcome for the smokers in NDI value at the

2-year follow-up [5].

Radiographic parameters issues

What is the success rate of implanted segment ROM?

Four studies were found (Table 2). To answer this question,

we first defined ROM success as at least 4� of motion in

flexion/extension X-ray at the implanted segment according

to the literature [9–12]. One largemulticenter trial consisting

of 205 Prestige patients found that ROM success was seen in

70.5 % of patients at 60 months and 68.8 % at 84 months

[11]. The success rate of implanted segment ROM in the four

studies ranged from 68.8 to 84.5 %. Overall, the pooled

success rate of implanted segment ROM was 79.4 %

(P = 0.002; 95 % CI 71.4–86.3 %) (Fig. 2).

Table 2 Success rate of range

of motion at the implanted

segment

References Prosthesis Design FU (months) No. pts Success rate (%)

Murrey et al. [9] ProDisc Multicenter 24 103 84.5

Coric et al. [10] Kineflex Multicenter 24 119 83.2

Burkus et al. [11] Prestige Multicenter 84 205 68.8

Hisey et al. [12] Mobi Multicenter 48 138 81.9

Pooled rate 79.4

FU follow-up, No.Pts number of patients

Fig. 2 Pooled success rate of

range of motion at the implanted

segment
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Does ROM of the implanted segment affect outcome?

Only one study was found. A total of 191 target levels with

Bryan prosthesis were included for analysis at the

24-month follow-up, results showed the mean ROM was

7.95�, and only 7 % of patients had 2� or less motion. No

correlation between ROM of the implanted segment and

NDI or VAS was found. Furthermore, there was also no

correlation between ROM at adjacent levels and NDI or

VAS scores, and a low postoperative ROM was signifi-

cantly associated with a low preoperative ROM [13].

Does postoperative cervical sagittal alignment affect

outcome?

Three studies were found (Table 3). In these trials, seg-

mental sagittal alignment was evaluated by functional

spinal unit (FSU) angle, and overall sagittal alignment was

evaluated by the angle between the inferior endplates of C2

and C7. Results showed both segmental sagittal alignment

and overall sagittal alignment had no effect on clinical

outcome when evaluated by NDI, VAS, or SF-12/SF-36 [8,

14, 15].

What is the incidence of HO at the implanted segment?

Four studies were found (Table 4). In this analysis, only

studies in which HOwas evaluated byMcAfee classification

were included [16]. The incidence of grade 1–4 HO and

grade 3–4 HO in these studies ranged from 12.5 to 32.7 %

and 1.8 to 24.8 %, respectively [6, 17–19]. In the largest RCT

that includes 314 Mobi patients with at least 48 months

follow-up, results showed 24.8 % of the patients had grade

3–4 HO [6]. Overall, the pooled incidences of grade 1–4 HO

and grade 3–4 HO were 27.7 % (P\ 0.0001; 95 % CI

13.8–44.2 %) and 7.8 % (P\ 0.0001; 95 % CI

0.7–21.4 %), respectively (Figs. 3, 4).

What is the incidence of r-ASD and ASD after C-ADR?

Four studies were found, three in r-ASD and one in ASD

(Table 5). The incidence of r-ASD in these three large

multicenter trials ranged from 39.1 to 47.5 % evaluated by

Kellgren–Lawrence scale or Walraevens scale [20, 21],

with an overall incidence of 42.4 % (P = 0.46; 95 % CI

38.3–46.6 %) (Fig. 5) [6, 18, 22]. In the study of Bae et al.,

the author also compared the incidence of r-ASD between

single-level and double-level patients, results showed the

incidence was not statistically different [22]. The incidence

of ASD was only found in one study. ASD was evaluated

by Hilibrand criteria, and the patients should be demon-

strated a clinical–radiological correlation between their

symptoms and radiographic studies [23]. Results showed

the incidence of ASD was 15.2 %, with an annual inci-

dence of 3.14 %, and the mean period for freedom from

ASD was 70.4 months. The author also found osteopenia

and lumbar degenerative disc disease were independent

risk factors for ASD [24].

Table 3 Effect of postoperative cervical sagittal alignment on clinical outcome

References Prosthesis Design FU

(months)

No. pts Sagittal

parameters (�)
Evaluation scale Effect on clinical

outcome

Xu et al. [14] Bryan Single

center

6 Investigational: 19 (FSU)

Control: 20 (FSU)

Investigational:

-1 (FSU)

Control: 4 (FSU)

NDI, SF-36 No effect

Sasso et al. [8] Bryan Single

center

24 22 4.4 (overall)

-3.9 (FSU)

NDI No effect

Hisey et al. [15] Mobi Multicenter 24 141 9.6 (overall) NDI, VAS, SF-12 No effect

FU follow-up, No.Pts number of patients, FSU functional spinal unit angle, NDI neck disability index, SF short form health survey, overall

sagittal alignment from C2 to C7, VAS visual analog scale

Table 4 Incidence of postoperative heterotopic ossification

References Prosthesis Design FU (months) No. pts Grade 1–4 HO (%) Grades 3–4 HO (%)

Zhang et al. [17] Bryan Multicenter 24 56 12.5 1.8

Phillips et al. [18] PCM Multicenter 24 182 37.9 4.4

Zhang, 2014 [19] Mobi Multicenter 48 55 32.7 3.6

Bae, 2015 [6] Mobi Multicenter 48 314 – 24.8

Pooled incidence 27.7 7.8

FU follow-up, No.Pts number of patients, HO heterotopic ossification

Eur Spine J (2015) 24:2023–2032 2027

123



Fig. 3 Pooled incidence of

grade 1–4 heterotopic

ossification

Fig. 4 Pooled incidence of

grade 3–4 heterotopic

ossification
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What is the surgery rate for adjacent segment disease

after C-ADR?

Thirteen studies were found (Table 6). The surgery rates in

these studies ranged from 0.9 to 7.6 % [5, 10–12, 17, 19,

24–30]. In the study with the longest follow-up

(84 months), the surgery rate was 4.6 % in 239 patients

[11]. Overall, the pooled surgery rate for ASD was 3.8 %

(P = 0.09; 95 % CI 2.8–5.1 %) (Fig. 6).

Discussion

This systematic review identified the current available level

I evidence (RCTs) to document the factors that may affect

outcome in C-ADR. It is reported that evidence-based

medicine can apply the best available evidence gained from

the scientific method to medical decision making. It seeks

to assess the strength of evidence of the risks and benefits

of treatments and diagnostic tests [31]. The included

studies in this review covered all high-quality clinical

researches in C-ADR. In addition, the previously framed

questions covered most of the related factors that may

affect the clinical and radiographic outcome.

C-ADR as a successful alternative to ACDF gradually

emerges in the last 10 years in light of mobility preserva-

tion and leads to preventing or reducing ASD [1]. There

have been several meta-analysis and systematic reviews

that assess the safety and efficacy of C-ADR versus ACDF.

Results in these reviews showed that C-ADR is the same or

slightly superior to ACDF in morbidity or neurological

success [31–34]. However, these analyses were all limited

Fig. 5 Pooled incidence of

radiographic adjacent segment

degeneration

Table 5 Incidence of postoperative radiographic adjacent segment degeneration and adjacent segment disease

Author Prosthesis Design FU (months) No. Pts Evaluation scale Incidence (%)

Radiographic adjacent segment degeneration

Spivak et al. [22] ProDisc Multicenter 60–84 80 Kellgren–Lawrence scale [20] 47.5

Phillips et al. [18] PCM Multicenter 24 151 Walraevens scale [21] 39.1

Bae et al. [6] Mobi Multicenter 48 314 Kellgren–Lawrence scale [20] 42.7

Pooled incidence 42.4

Adjacent segment disease

Nunley et al. [24] Bryan; ProDisc;

Kineflex; Mobi;

Multicenter 51 171 Hilibrand criteria [23] 15.2

FU follow-up, No.Pts number of patients
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in the comparison between the two surgical procedures.

Which factors can affect outcomes in C-ADR is still

unclear.

In the patient selection issues, results showed there was

no difference in primary clinical outcome evaluated by

NDI and VAS between single-level and double-level

Fig. 6 Pooled surgery rate for

adjacent segment disease

Table 6 Surgery rate for adjacent segment disease after C-ADR

Author Prosthesis Design FU (months) No. Pts Surgery rate

Sasso et al. 25] Bryan Multicenter 48 181 5.5

Coric et al. [10] Kineflex Multicenter 24 119 7.6

Zhang et al. [17] Bryan Multicenter 24 56 1.8

Upadhyaya et al. [26] Bryan; Prestige; ProDisc Multicenter 24 584 1.9

Delamarter et al. [27] ProDisc Multicenter 60 61 3.3

Coric et al. [28] Bryan; Kineflex Single center 48 41 4.9

Blumenthal et al. [29] ProDisc; Kineflex; Mobi; Discover; Neodisc; Advent Single center 55 84 4.8

Nunley et al. [24] Bryan; ProDisc; Kineflex; Mobi Multicenter 51 171 5.3

Zhang et al. [19] Mobi Multicenter 48 55 1.8

Burkus et al. [11] Prestige Multicenter 84 239 4.6

Myer et al. [30] Secure Multicenter 72 151 2.6

Hisey et al. [12] Mobi Multicenter 48 114 0.9

Skeppholm et al. [5] Discover Multicenter 24 76 2.6

Pooled rate 3.8

FU follow-up, No.Pts number of patients
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patients, although it is slightly conflicting on quality of life

when evaluated by SF-12 and EQ-5D [5]. The surgical

level had no effect on clinical and radiographic outcome,

and smoking habits had negative effect on clinical out-

come. There was no evidence for the questions on patient’s

age and pathology category (radiculopathy or myelopathy)

from RCTs. It is probably because there was no older or

younger patients in RCTs due to the strict inclusion crite-

ria, and most of the patients could present with radicu-

lopathy and myelopathy simultaneously which made them

hardly to be divided into two groups in a prospective study.

Further studies about these factors are necessary.

When considering the role of ROM at the implanted

segment and cervical sagittal alignment, evidence showed

that there were no effects on clinical outcome [8, 13–15].

When defining ROM C 4� as ROM success, the overall

success rate was 79.4 %. Furthermore, the factors that

affect ROM and cervical sagittal alignment were also

evaluated in these studies. Results showed preoperative

ROM had a significant correlation with postoperative

ROM, and preoperative focal kyphosis had a significant

correlation with postoperative focal kyphosis [8, 13].

HO is frequently seen after arthroplasty, but the inci-

dence of HO following C-ADR is still unclear. In this part,

to avoid heterogeneity of the data, only studies using the

McAfee classification of HO were included. In the McA-

fee’s classification of HO, grade 0–2 HO has nearly no

effect on the motion, while grade 3–4 HO partly or totally

blocks the motion [16]. The pooled incidences of grade 1-4

HO and grade 3–4 HO were 27.7 and 7.8 %, respectively,

in this analysis. It should be noted that, HO could be a

normal body response after C-ADR, unless HO invaded the

spinal canal requiring another operation, lower grades of

HO (even grade 4) had no influence on clinical outcome. In

a recent Meta-analysis of prospective cohort and retro-

spective studies, VAS and NDI between the patients with

and without HO showed no significant difference after

C-ADR [34].

Prevention of the accelerated degeneration at the adja-

cent segments is one of the main theoretical advantages of

ADR. In this issue, we identified the incidence of r-ASD

and ASD, and surgery rate for ASD. Also, to avoid

heterogeneity, only studies with the Kellgren–Lawrence

scale or Walraevens scale for r-ASD, and Hilibrand diag-

nosis criteria for ASD were included [22–24]. The pooled

incidence of r-ASD and surgery rate for ASD were 42.4

and 3.8 %, respectively. In the study evaluating incidence

of ASD, the author also found the annual incidence of ASD

after C-ADR was 3.14 %, and the independent risk factors

for ASD were osteopenia and lumbar degenerative disc

disease [24].

A limitation of the present study is that the previously

framed questions did not cover all factors that might affect

outcome in C-ADR. Factors in this study were selected

mainly by referring to the previous lumbar-ADR review

[3]. Undoubtedly, there are various factors that might affect

clinical and radiographic outcome in C-ADR, such as

compression type (osteophyte or soft disc herniation) and

coexistent lumbar DDD. Furthermore, no evidence for the

factors of patient’s age and pathology category (radicu-

lopathy or myelopathy) on outcome was found in this

analysis, suggesting there is a lack of clinical studies that

attempt to determine the possible demographic factors that

could affect the outcome. Further clinical studies that

explain the discrepancy in outcome of patients undergoing

C-ADR within RCTs are needed, such as Nunley’s

research in determining the factors that affect reoperations

after C-ADR [24].

Conclusion

From the available evidence, factors such as number of

surgical level (single- versus double-level) had no effect on

primary clinical outcome and radiographic outcome, sur-

gical level had no effect on clinical and radiographic out-

come, and smoking habits had negative effect on clinical

outcome. The overall success rate of ROM was 79.4 %.

ROM and cervical sagittal alignment had no effects on

clinical outcome. The pooled incidences of grade 1–4 HO

and grade 3–4 HO were 27.7 and 7.8 %, respectively. The

pooled incidence of r-ASD and pooled surgery rate for

ASD were 42.4 and 3.8 %, respectively. Because of no

evidence for some questions (patient’s age and pathology

category), further clinical studies that systematically iden-

tify the possible demographic factors that could affect

outcome are still needed.

Conflict of interest None.
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   Study Design.     Retrospective review of prospectively collective 
administrative data. 
   Objective.   The purpose of this study was to determine the 
reoperation rates, adverse event rate, as well as the direct and follow-
on costs of cervical disc arthroplasty (CDA) compared with anterior 
cervical discectomy and fusion (ACDF) in a “real-world” population 
of patients with single-level symptomatic cervical disc disease. 
   Summary of Background Data.   Until very recently, there was a 
paucity of human clinical data to demonstrate that CDA lowers the 
rate of adjacent segment disease over ACDF. 
   Methods.   This was a retrospective, matched cohort analysis of a 
prospectively collected database of costs and outcomes for patients 
aged 18 to 60 years, who were continuously enrolled in a Blue Cross 
Plan contributing data to a claims database. Inclusion criteria were 
as follows: all patients who were treated surgically with either CDA 
or ACDF between January 2008 and December 2009, with single-
level cervical pathology and claims refl ecting at least 6 weeks of 
nonsurgical preoperative care without claims history of prior surgery. 
   Results.   There were 6635 ACDF patients and 327 CDA patients. 
There were no signifi cant differences in the incidence of 
comorbidities or mean follow-up time (ACDF 25.7 mo  vs.  CDA 26.1 
mo) between groups. By 36 months postoperatively, the reoperation 
rate was signifi cantly increased in the ACDF group (10.5%)  versus  
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     Symptomatic cervical radiculopathy and/or myelopathy 
are common indications for surgical intervention. Both 
anterior cervical decompression and fusion (ACDF) and 

cervical disc arthroplasty (CDA) have been demonstrated by 
many level I studies to achieve clinical success, relieve symp-
toms of neural compression, and improve health-related qual-
ity of life. 1–7  Biomechanical models have shown that CDA 
maintains normal cervical range of motion and kinematics at 
adjacent levels as compared with ACDF. 8  –  16  

 Recent investigational device exemption (IDE) studies 
have demonstrated lower rates of reoperation in patients who 
undergo CDA than in patients who undergo ACDF. 2  ,  4  ,  17–19  
However, the effect of CDA on reoperation rates has not 
been observed in all studies, 20–25  nor confi rmed in all meta-
analyses. 26–31  Also, due to the rare incidence of reoperation, 32  
many prospective, randomized trials may be underpowered to 
detect differences in reoperation. 4  ,  26  This results in limited data 
on the cost-effectiveness of CDA compared with ACDF. 1  ,  33  

 Payers and other assessors of health technology rou-
tinely consider “real-world” evidence that corroborates data 

the CDA group (5.7%) (hazard ratio,  P   =  0.0214). The index surgery 
and 90-day global window costs were signifi cantly lower in the 
CDA groups. At fi nal follow-up, there was a statistically signifi cant 
reduction in total costs paid by insurer in CDA patients (CDA 
$34,979  vs . ACDF $39,820). 
   Conclusion.   Patients who underwent CDA for single-level 
degenerative disease had lower readmission rates, lower reoperation 
rates, and reduced index and total costs than those treated with 
ACDF. CDA was effective in reducing the monthly cost of care 
compared with ACDF. 
    Key words:   cervical disc replacement  ,   cervical arthroplasty  , 
  anterior cervical discectomy and fusion  ,   cervical arthroplasty  versus  
fusion costs  ,   comparative effectiveness of cervical disc replacement  , 
  cervical disc replacement costs  ,   cervical fusion costs  . 
  Level of Evidence:  2 
 Spine 2015;40:521–529  
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obtained during controlled clinical studies. 34  The purpose 
of this study was to compare the total short- and long-term 
costs of surgery routine postoperative care, complications, 
and reoperation rates between similar groups of patients who 
underwent ACDF and CDA for single-level cervical degen-
erative disease in a large, geographically diverse population 
under “real-world” conditions, outside of an IDE study.   

 MATERIALS AND METHODS 
 This was a retrospective, matched cohort analysis of a pro-
spectively collected database of patients enrolled in the Blue 
Health Intelligence (BHI) national claims database. The 
BHI database is a national, prospectively collected data-
base of 110 million patients enrolled in 18 of the BlueCross 
BlueShield Association plans across the United States, and 
it includes all inpatient, outpatient, and offi ce-setting care 
reported by procedure and diagnosis codes.  

 Eligible Population 
 The study population in this retrospective claims analysis 
was patients with single-level degenerative cervical disease 
similar to the US Food and Drug Administration IDE clinical 
studies of cervical disk replacements (ProDisc, Prestige, and 
Bryan). 2  ,  35  ,  36   

 Inclusion/Exclusion Criteria 
 We queried the database for all consecutive patients aged 18 
to 60 years who were continuously enrolled and treated surgi-
cally with either CDA or ACDF between January 2008 and 
December 2009 for single-level degenerative disc disease, with 
at least 6 weeks of conservative care and without history of 
cervical surgery.    

 Index Surgery and Health Care Utilization Tracking 
 Patients identifi ed in the eligible population were assessed 
presurgery, at the index surgery event, and then followed 
longitudinally to determine postoperative health care costs 
related to the surgery, as well as the timing of any future 
surgical interventions. The analysis of reoperation rate was 
calculated to include only the fi rst reoperation event because 
this would be a refl ection of the index procedure (ACDF 
 vs . CDA), and subsequent reoperation may be attributable 
to either the index procedure or the reoperation. However, 
the cost analyses included all future reoperations. Prior to 
surgery, the extent of nonsurgical treatment was assessed by 
calculating the costs and count of physical therapy claims, 
identifi ed by CPT procedure codes, pain management pro-
cedures by cervical epidural injection codes, and durable 
medical equipment (bracing/collars) by cervical equipment 
codes.   

 Adverse Event Analysis 
 Adverse events (AEs) were determined by reviewing study 
population patients’ claims for subsequent care, which con-
tained the presence of specifi c  International Classifi cation 
of Diseases, Ninth Revision  ( ICD-9 ) diagnosis or procedure 
coding.   

 Statistics 
 AEs were calculated using the Cox Proportional Hazards 
model to compare the rate of events between treatment 
groups. The Anderson-Gill (A-G) model was used because it 
was deemed most appropriate when modeling multiple failure 
time data where patients can experience more than 1 AE of 
the same type over time. Cumulative event probability curves 
were presented by treatment group for each AE type where, 
for each time segment, the probability of not experiencing an 
AE for the Andersen-Gill model was calculated as the time 
since the beginning of the trial to the fi rst event and the time 
between events. Estimated hazard ratios were presented along 
with the  P  value for testing the null hypothesis that this ratio 
is 1 ( i.e. , event hazard rates are the same). 

 For the cost analyses, payer allowed amounts inclusive of 
the index procedure event, as well as allowed amounts for all 
care provided within the specifi ed windows, were calculated 
to estimate and compare acute care costs by treatment group. 
To normalize the costs by the length of follow-up, the total 
allowable amounts were then calculated as dollar amount 
allowed per person, per month of follow-up, to derive the 
true cost of care at varying follow-up periods. Because the 
amount of allowable reimbursement for the index procedures 
may have been subject to market factors, or provider-specifi c 
contracting for remuneration of the index procedure, we also 
calculated the cost of ongoing care per person, per month 
of CDA and ACDF patients, excluding the cost of the index 
procedure.    

 RESULTS  

 Study Population 
 There were 25,518 eligible ACDF patients and 533 eligible 
CDA patients between January 1, 2008, and December 31, 
2009. Of these, there were 6962 patients who comprised the 
study population, including 6635 ACDF patients and 327 
CDA patients. Between groups, there were no signifi cant dif-
ferences in mean follow-up (CDA 26.01 mo  vs . ACDF 25.67 
mo,  P   =  0.7140) ( Figure 1 ). Approximately 65%, 26%, and 
2% of patients have at least 24, 36, and 48 months of follow-
up, respectively. The CDA group was slightly younger (CDA 
43.97 yr  vs . ACDF 46.57 yr,  P   =  0.0001). There were no sig-
nifi cant differences in the incidence of comorbidities between 
groups (ACDF 25.05%  vs . CDA 21.41%,  P   =  0.0884) (see 
Supplemental Digital Content Table 1, available at  http://
links.lww.com/BRS/A956 ).    

 Acute Postoperative Course 
 There was a shorter length of stay after cervical arthroplasty 
(CDA 1.17  vs . ACDF 1.32 d,  P   =  0.0036). There were 
no signifi cant differences ( P   >  0.05) in readmission rates 
between groups. Patients with comorbidities had signifi cantly 
increased rates of readmission compared with patients with-
out comorbidity. There were no signifi cant differences ( P   >  
0.05) in readmission rates between groups with comorbidities 
and without comorbidities. The characteristics of the patients 
who underwent readmission are displayed in  Table 2 .    
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 TABLE 2.    Characteristics of Patients Who Were 
Readmitted Within 90 Days After 
Index Procedure  

All Readmis-
sion Patients ACDF CDA

N 371 358 13

% Male 45.28 44.97 53.85

Postindex Data 
Availability (mo) 25.91 25.87 26.84

Average age (yr) 46.86 46.91 45.46

Average length of stay 1.71 1.74 1

% With existing 
comorbidity 27.22 27.37 23.08

% Using BMP 2.70 2.79 0.00

7-d readmission 65.77% 66.20% 53.85%

30-d Readmission 73.85% 74.30% 61.54%

90-d readmission 100.00% 100.00% 100.00%

Distribution of complications in readmission patients

 Myocardial infarction 1.89% 1.68% 7.69%

  Congestive heart 
 failure 1.89% 1.96% 0.00%

 Peripheral vascular 
 disease 0.27% 0.28% 0.00%

  Cerebrovascular 
 disease 3.50% 3.63% 0.00%

 Dementia 0.00% 0.00% 0.00%

 Pulmonary disease 12.13% 12.29% 7.69%

 Rheumatic 2.16% 2.23% 0.00%

 Peptic ulcer 0.81% 0.84% 0.00%

 Mild liver 2.16% 1.96% 7.69%

 Without complications 3.77% 3.91% 0.00%

 Diabetes (with 
 complications) 0.00% 0.00% 0.00%

 Neurological 1.35% 1.40% 0.00%

 Renal 0.81% 0.84% 0.00%

 Malignancy 2.70% 2.79% 0.00%

 Moderate-severe 
 liver disease 0.00% 0.00% 0.00%

 Metastatic cancer 0.27% 0.28% 0.00%

 AIDS 0.27% 0.28% 0.00%

 Atherosclerosis 5.66% 5.59% 7.69%

 Cancer 2.70% 2.79% 0.00%

 Diabetes (sum) 3.77% 3.91% 0.00%

 Percentage with 
 comorbidity present 27.22% 27.37% 23.08%

 ACDF indicates anterior cervical discectomy and fusion; CDA, cervical disc 
arthroplasty; BMP, bone morphogenetic protein; AIDS, acquired immunode-
fi ciency syndrome. 

 Postoperative Complications 
 The most common, relevant AEs were grouped into pain 
management, dysphagia, mechanical (device-related), and 
miscellaneous reoperation categories. There were no sig-
nifi cant differences in the incidence of pain AEs (including 
referral for specialized procedures, imaging, or treatment 
due to pain) during the study period (3.47%  vs . 3.84%, 
hazard ratio: 1.38 [95% confi dence interval (CI): 0.87–
2.19,  P   =  0.1654]) ( Table 3 ). There were no mechanical 
(device-related) complications such as fracture or implant 
migration in the CDA group. By contrast, there was an 
increased incidence of mechanical complications in the 
ACDF group  versus  the CDA group ( Table 4 ). The inci-
dence of dysphagia complications was not signifi cantly 
different between groups at 6 weeks (CDA 0%  vs . ACDF 
0.03%,  P   =  1) or 3 months (CDA 0%  vs.  ACDF 0.016%, 
 P   =  1). By 24 months, the incidence of dysphagia in both 
groups was 0%. (see Supplemental Digital Content Table 
5, available at  http://links.lww.com/BRS/A957 ). The inci-
dence of medical AEs was compared between groups (see 
Supplemental Digital Content Table 6, available at  http://
links.lww.com/BRS/A958 ). There was an increased inci-
dence of medical complications in the ACDF patients at 
each time point.   

 The incidence of reoperation complications was exam-
ined (see Supplemental Digital Content Table 7, available at 
 http://links.lww.com/BRS/A959 ). The cumulative 36-month 
incidence of reoperation in the ACDF patients (10.5%, 
95% CI: 9.4%–11.6%) was almost twice that of the CDA 
patients (5.7%, 95% CI: 2.6%–8.6%,  P   =  0.0214, hazard 
ratio: 1.91,  P   =  0.0214) ( Figure 2 ). There was a signifi cant 
decrease in long-term (up to 4 yr) survival in the ACDF 
group (95.51%)  versus  CDA group (91.42%) ( Table 8 ). 
Of the patients who underwent reoperation, there was an 
increase in the percentage of medical comorbidities in the 
ACDF patients (25.65%)  versus  the CDA patients (10%, 
 P   =  0.43) ( Table 9 ).      

 Figure 1.    Percentage of patients’ follow-up by month. ACDF indicates 
anterior cervical discectomy and fusion; CDA, cervical disc arthro-
plasty.  
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 Costs 
 Costs were considered at the index surgery, 90-day global 
period, and in total at 2, 3, and 4 years until patients’ fi nal 
month of continuous enrollment was exhausted ( Table 10 ) 
( Figure 3 ). There were no signifi cant differences in mean base-
line cost for the 6 months of preoperative treatment (CDA 
$5744  vs . ACDF $6339,  P   =  0.72). The mean index surgery 
cost was lower in the CDA  versus  ACDF groups (CDA $20,722 
 vs . ACDF $22,379,  P   =  0.016). The index surgery and global 
90-day window costs (including payment to all relevant health 
care providers and facilities, except drug costs) were signifi -
cantly lower in the CDA  versus  ACDF groups (CDA $22,761 
 vs . ACDF $25,029,  P   =  0.0086). For the index allowed 
amount, the median values are $20,022.75 and $18,890.81 
for ACDF and CDA, respectively. For the Index  +  90 Days 
allowed amount, the medians are $21,812.27 and $20,310.36 
for the ACDF and CDA groups, respectively ( Figure 4 ).    

 Consequently, by 2 years postindex procedure ( Table 10 ), 
there was a signifi cant reduction in all costs in cervical arthro-
plasty patients  versus  ACDF patients (CDA $34,979  vs . 
ACDF $39,820). Because of the variable follow-up period, 
based on exhaustion of health plan enrollment, costs were 

also calculated as mean cost per person, per month of follow-
up. There was a signifi cant decrease in total overall cost per 
person, per month of follow-up in CDA  versus  ACDF groups 
at all time points. There was also a lower cost per patient per 
month in CDA patients excluding those patients with medi-
cal comorbidities ( Table 11 ). We also calculated the cost of 
ongoing care per person, per month between CDA and ACDF 
patients, excluding the cost of the index procedure ( Table 12 ) 
and found no difference between groups.      

 DISCUSSION 
 In a “real-world” population of patients with cervical pathol-
ogy outside of IDE study conditions, we found that patients 
who underwent CDA for single-level cervical degenerative 
disc disease have lower readmission rates, fewer mechani-
cal complications, and, most importantly, lower reoperation 
rates than ACDF patients. Furthermore, we have determined 
that the cost of care is reduced in CDA patients at the time of 
the index procedure and throughout the postoperative course. 
Not surprisingly, patients with medical comorbidities in both 
groups had increased rates of readmission and increased costs 
compared with patients without comorbidities. 

  Figure 2.    Cumulative reoperation rate in 
ACDF (arrow) and CDA (circle) patients. 
ACDF indicates anterior cervical discec-
tomy and fusion; CDA, cervical disc ar-
throplasty.  

 TABLE 3.    Pain Complications (Percentage of 
Patients With at Least 1 Event)  

Time Period ACDF, % CDA, %

0–6 wk 0.17 0.00

6 wk to 3 mo 0.20 0.00

3 mo to 6 mo 0.45 0.32

6 mo to 12 mo 0.70 1.03

12 mo to 18 mo 0.68 0.75

18 mo to 24 mo 0.59 1.27

24 mo to 36 mo 0.68 0.47

 ACDF indicates anterior cervical discectomy and fusion; CDA, cervical disc 
arthroplasty. 

 TABLE 4.    Mechanical Complications (Percentage 
of Patients With at Least 1 Event)  

Time Period ACDF, % CDA, %

0–6 wk 0.06 0.00

6 wk to 3 mo 0.06 0.00

3 mo to 6 mo 0.10 0.00

6 mo to 12 mo 0.15 0.00

12 mo to 18 mo 0.21 0.00

18 mo to 24 mo 0.17 0.00

24 mo to 36 mo 0.10 0.00

 ACDF indicates anterior cervical discectomy and fusion; CDA, cervical disc 
arthroplasty. 
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 TABLE 8.    Reoperation-Free Survival of ACDF 
and CDA Groups  

Approximate 
Survival All, % ACDF, % CDA, %

Up to 6 wk 99.35 99.32 100.00

6 wk to 3 mo 99.21 99.17 100.00

3 mo to 6 mo 98.55 98.50 99.68

6 mo to 12 mo 96.81 96.72 98.68

12 mo to 18 mo 95.29 95.16 97.93

18 mo to 24 mo 94.25 94.11 97.11

24 mo to 36 mo 92.71 92.51 96.65

36 mo to 48 mo 91.62 91.42 95.51

 ACDF indicates anterior cervical discectomy and fusion; CDA, cervical disc 
arthroplasty. 

 TABLE 9.    Comparison of Patients Who 
Underwent Reoperation in ACDF 
 Versus  CDA Populations  

Patients With Reoperation ACDF CDA

N 421 10

Average index cost $21,352.02 $26,317.05

Index cost SD $13,067.04 $14,136.58

Average enrollment (mo) 30.6 29.4

Enrollment SD (mo) 11.4 10.4

Myocardial infarction 0.48% 0.00%

Congestive heart failure 0.95% 0.00%

Peripheral vascular disease 0.24% 0.00%

Cerebrovascular disease 3.56% 0.00%

Dementia 0.00% 0.00%

Chronic pulmonary disease 13.06% 10.00%

Rheumatic disease 2.14% 0.00%

Peptic ulcer disease 1.19% 0.00%

Mild liver disease 1.43% 0.00%

Diabetes without chronic com-
plication 3.09% 0.00%

Diabetes with chronic compli-
cation 0.48% 0.00%

Neurological 0.71% 0.00%

Renal disease 0.48% 0.00%

Any malignancy, except neo-
plasm of skin 1.66% 0.00%

Moderate or severe liver disease 0.00% 0.00%

Metastatic solid tumor 0.24% 0.00%

AIDS/HIV 0.00% 0.00%

Myocardial infarction and/or 
congestive heart failure and/
or peripheral vascular disease 
and/or cerebrovascular 
disease

4.28% 0.00%

Metastatic solid tumor and/
or any malignancy, except 
neoplasm of skin

1.66% 0.00%

Diabetes without chronic com-
plication and/or diabetes with 
chronic complication

3.09% 0.00%

% With existing comorbidity 25.65 10.00

 ACDF indicates anterior cervical discectomy and fusion; CDA, cervical disc 
arthroplasty. 

between the ACDF and CDA patient cohorts. This fi nding 
suggests that patients in both groups underwent successful 
decompression of radiculopathy and stabilization. We would 
not expect signifi cant differences in early pain after either 

 A major strength of the current observational study is that 
patients were treated outside of strict IDE study conditions. 
Investigational study conditions may not imitate actual clini-
cal practice and, therefore, the conclusions may not be readily 
extrapolated to “real-world” conditions. To control for selec-
tion bias in a study, there may be disparities between IDE study 
conditions and “real-world” practice in prevalence of contra-
indications 37  ,  38  and consequently reoperation rates 39  between 
CDA and ACDF patients. Our study evaluated patients oper-
ated upon outside the IDE milieu and had available to study a 
number of Food and Drug Administration–approved cervical 
CDA devices. Therefore, we think that the methodology in 
the current study of observational data on a large popula-
tion captures patients who otherwise might not enroll in a 
prospective, randomized IDE study. Other advantages of this 
study include the large number of patients and the high rate 
of long-term follow-up. These factors enable comparison of 
relatively rare events, such as reoperation, that smaller studies 
may be underpowered to detect. In addition, the decision sen-
sitivity for further treatment (such as pain injections) or reop-
eration can be infl uenced by IDE study conditions in some 
cases. 39  We, therefore, think that our data more accurately 
refl ect the “real-world” rate of pain-related complications, 
mechanical complications, reoperation, and other health care 
utilization, more so than IDE study data. Finally, patients in 
our study are less likely to be subject to affi rmation bias due 
to the “winning” effect of receiving the investigational inter-
vention as in a prospective, randomized study. 3  

 Overall, CDA was found to have a lower rate of mechani-
cal, device-related complications than ACDF. This fi nding is 
expected because failure of ACDF fusion devices has been 
described in the setting of pseudarthrosis. 40  The differential in 
mechanical complications may refl ect the relative expertise of 
a smaller group of surgeons who have undergone specialized 
training to perform CDA whereas ACDF is likely practiced by 
a larger percentage of orthopedic spine and neurosurgeons. 
There were no signifi cant differences in pain complications 
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procedure, if performed successfully. Most importantly, the 
reoperation rate is reduced after CDA  versus  ACDF at 1, 2, 
and 3 years postoperatively. These fi ndings are similar to other 
studies in the literature that demonstrate a lower long-term 
reoperation rate after CDA  versus  ACDF. 4  The 36-month 
cumulative reoperation rate in the ACDF population current 
study (10.5%, 95% CI: 9.4%–11.8%) 4  was similar to that of 
IDE studies. 4  ,  24  ,  41  Given the equivalent pain complication rates 
in both groups, we think that the main drivers of reoperation 
are mechanical complications and development of adjacent-
level pathology. 

 We found that CDA resulted in less total cost than ACDF 
at the time of the index procedure ($1657) during the 90-day 
postoperative period ($2268) and by 2 years postoperatively 
($4841). Per month costs during this follow-up period were 
also lower ($583 at 3 yr) for CDA over ACDF patients. 
Excluding the cost of the index procedure, there was a trend 
for lower ($221) per patient per month maintenance costs 
(excluding the direct index surgical procedure cost) at up to 
3 years’ follow-up. Not surprisingly, patients with comor-
bidities had signifi cantly increased readmissions, compli-
cations, and higher health care costs than patients without 

 TABLE 10.    Mean Payer Index and Available Follow-up Costs Per Patient (CDA  vs.  ACDF)  
CDA Surgery N ACDF Surgery N

Index event $20,722 327 $22,379 6635

Index Event  +  90 Day global post-
operative period $22,761 317 $25,029 6416

 Continuously Enrolled Patients Available at Follow-up 

 CDA F/U  N  ACDF F/U  N 

Discharge to 6 wk $791 327 $1236 6635

6 wk to 3 mo $1216 317 $1497 6416

3–6 mo $2147 317 $2631 6260

6–12 mo $4127 291 $4566 5825

12–18 mo $3106 266 $3914 5163

18–24 mo $2862 236 $3596 4576

24–36 mo $3753 212 $4806 4124

36–48 mo $1040 76* $1526 1576*

Total $34,979 $39,820

 *CDA: 76.8% attrition at 37-month time point. ACDF: 76.2% attrition at 37-month time point. 

 ACDF indicates anterior cervical discectomy and fusion; CDA, cervical disc arthroplasty. 

 Figure 3.    Distribution of cost for the surgery and 90-day global period 
for ACDF and CDA patients. ACDF indicates anterior cervical discec-
tomy and fusion; CDA, cervical disc arthroplasty.  

 Figure 4.    Average cost/patient/month excluding the index procedure 
cost for ACDF and CDA patients. ACDF indicates anterior cervical dis-
cectomy and fusion; CDA, cervical disc arthroplasty.  
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 TABLE 11.     Specifi c Comorbidity Rates Between ACDF and CDA Groups in Patients With Greater 
Than 70,000 Cost  

All ACDF CDA

N 64 62 2

% Male 51.56 53.23 100.00

Postindex data availability (mo) 27.8 27.92 24

Average age (yr) 46.78 46.98 40.5

Average length of stay 5.63 5.77 1

% With existing comorbidity 37.50 38.71 0.00

% Using BMP 0.09 0.10 0.00

7-d readmission 10.94% 11.29% 0.00%

30-d readmission 9.38% 9.68% 0.00%

90-d readmission 17.19% 16.13% 50.00%

Incidence of comorbidities

 Myocardial infarction 3.13% 3.23% 0.00%

 Congestive heart failure 1.56% 1.61% 0.00%

 Peripheral vascular disease 3.13% 3.23% 0.00%

 Cerebrovascular disease 0.00% 0.00% 0.00%

 Dementia 1.56% 1.61% 0.00%

 Pulmonary disease 18.75% 19.35% 0.00%

 Rheumatic 3.13% 3.23% 0.00%

 Peptic ulcer 1.56% 1.61% 0.00%

 Mild liver 1.56% 1.61% 0.00%

 Diabetes (without complications) 4.69% 4.84% 0.00%

 Diabetes (with complications) 0.00% 0.00% 0.00%

 Neurological 3.13% 3.23% 0.00%

 Renal 1.56% 1.61% 0.00%

 Malignancy 4.69% 4.84% 0.00%

 Moderate-severe liver disease 0.00% 0.00% 0.00%

 Metastatic cancer 0.00% 0.00% 0.00%

 AIDS 0.00% 0.00% 0.00%

 Atherosclerosis 6.25% 6.45% 0.00%

 Cancer 4.69% 4.84% 0.00%

 Diabetes (sum) 4.69% 4.84% 0.00%

 Percentage with comorbidity present 37.50% 38.71% 0.00%
 ACDF indicates anterior cervical discectomy and fusion; CDA, cervical disc arthroplasty; BMP, bone morphogenetic protein. 

comorbidities. Our procedure costs were slightly higher than 
those reported in the literature by Carreon  et al  42  (current 
study $22, 1579  vs . $15,714), although the Carreon results 
are normalized to the 2012 Medicare Fee Schedule, whereas 
our costs are indicative of commercially contracted private 
insurance rates across varying regions of the United States. 

 One limitation of this study is that the distribution of 
product brands (ProDisc, Bryan, Prestige) is unknown. Based 
on the years of the study distribution, we speculate that 
the majority of patients underwent ProDisc-C, Prestige, or 
Bryan disc arthroplasty. However, different brands of cervical 
arthroplasty have been combined in other meta-analyses for 

this purpose 16  ,  26  –  31,42  because, to the authors’ knowledge, no 
specifi c brand of CDA has been shown to reduce reoperation 
over other CDA brands. Although our study was industry-
funded by a grant from Synthes, the database analysis and 
writing was subsequently performed “blinded” to the specifi c 
product brand being used. In addition, although the study 
was funded by a grant from industry, one could argue that the 
medical device industry would benefi t from the study regard-
less of the outcome of the study. We think that use of a third-
party health insurer database (BHI) may reduce the possibility 
of systemic biases in data collection and reporting, inherent 
in some other industry-funded studies. 43  Another limitation 
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 TABLE 12.     Per Person Per Month Costs of ACDF 
 Versus  CDA Excluding the Index 
Procedure Cost  

ACDF CDA

 P  (Wilcox-
on Rank 
Sum Test)

Total costs less index costs 
(per person per month of 
follow-up up to 1 yr)

932.38 754.7  P   =  0.0082

Total costs less index costs 
(per person per month of 
follow-up up to 2 yr)

953.34 751.63  P   =  0.0080

Total costs less index costs 
(per person per month of 
follow-up up to 3 yr)

982.35 761.75  P   =  0.0057

 ACDF indicates anterior cervical discectomy and fusion; CDA, cervical disc 
arthroplasty. 

of our study is that pain medication usage was not included. 
Therefore, the cost estimates also do not include pain medica-
tion. We excluded pain medication on the basis of the signifi -
cant variability in drug coverage, drug costs, and co-pays for 
individuals within a single health insurance plan. Similarly, 
the procedure cost data in our study also refl ects direct costs 
of care for patients with ACDF or CDA. It is not adjusted 
to account for variability in patient benefi t plans, geographic 
factors, or physician-hospital reimbursement contracts. We 
are also unable to identify surgeon- (specialty, experience, 
volume) or patient- (pain distribution, degree of neural ele-
ment compression, duration of symptoms, facet arthrosis, 
pseudarthrosis, or sagittal balance) specifi c factors after either 
type of surgical intervention. The lower number of patients 
receiving CDA as opposed to ACDF likely refl ects a combi-
nation of surgeon’s experience and insurance reimbursement 
issues. Certainly, other surgery-specifi c factors such as bone 
graft choice, use of biologic products, plate usage, or post-
operative orthosis usage can infl uence our analyses of cost, 
readmission, reoperation, and complications. We think that 
our data accurately refl ect the actual length of stay, compli-
cations, and costs of treatment of this condition, despite the 
clinical heterogeneity of practice patterns and the lack of a 
standard of care. These limitations are inherent to any admin-
istrative database study. 44  Finally, the long-term follow-up is 
another limitation of the study. However, the poor follow-up 
rate in our opinion in this study merely refl ects the fact that 
patients do not stay with a particular insurance company for 
more than 2 years. The follow-up numbers are low in this 
study because the majority of these patients had switched to 
another carrier, not because Blue Health Intelligence (or the 
study investigators) failed to track them.   

 CONCLUSION 
 After cervical arthroplasty, patients have lower readmission 
rates, fewer mechanical complications, and lower reopera-
tion rates than those in patients receiving ACDF, resulting in a 

lower cost of care from a payer perspective. The costs savings 
of CDA are realized at the index procedure and maintained 
throughout the follow-up period of this study. Patients with 
comorbidities in both groups had increased rates of readmis-
sion and increased costs compared with patients without med-
ical comorbidities, underscoring the need for careful patient 
selection prior to utilization of either surgical procedure. 
Based on these fi ndings, and within the limitations noted pre-
viously, one could conclude that CDA is a safe and less costly 
operation than ACDF and is more likely to reduce the rate of 
reoperation in patients with single-level disease. Aside from 
clinical decision-making, purchasing, and health care utili-
zation, decision-makers are now provided a cost-conscious 
alternative in CDA for appropriately selected patients.                 

  ➢  Key Points 

        After cervical arthroplasty, patients have lower 
readmission rates, fewer mechanical complica-
tions, and lower reoperation rates than those in 
patients receiving ACDF.  
      The costs savings of CDA are realized at the 

index procedure and maintained throughout the 
follow-up period of this study.  
      Patients with comorbidities in both groups had 

increased rates of readmission and increased 
costs compared with patients without medical 
comorbidities.      

  Supplemental digital content is available for this article. Direct 
URL citations appearing in the printed text are provided in 
the HTML and PDF version of this article on the journal’s 
Web site ( www.spinejournal.com ).   
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Abstract

Background Anterior cervical discectomy and fusion

(ACDF) has been used as a gold standard for the treatment of

cervical spondylosis, but it may cause complications such as

pseudarthrosis and junctional degeneration. Cervical disk

arthroplasty (CDA) may help overcome such problems, but

there are inconsistencies among the published literature on

its effectiveness comparing with ACDF.

Methodology We searched ‘‘PubMed’’ (2000.1–2013.10),

‘‘Medline’’ (2000.1–2013.10), ‘‘Elsevier’’ (2000.1–

2013.10), Cochrane library (2008.1–2013.10) databases

with the key words of ‘‘cervical disk arthroplasy’’, ‘‘CDA’’,

‘‘anterior cervical disk fusion’’, ‘‘ACDF’’, ‘‘cervical’’,

‘‘randomized controlled study’’, ‘‘RCT’’ and searched for

randomized controlled trials comparing the efficacy of

ACDF and CDA for the treatment of cervical spondylosis.

Neck disability index (NDI), VAS arm pain score, VAS

neck pain score, ROM of the adjacent level, SF36-PCS

score, SF36-MCS score and patient satisfaction were cal-

culated by Revman5.2 software.

Results From 1,400 papers found, we chose 18 random-

ized controlled trials and cohorts evaluating the efficacy of

CDA and ACDF on symptomatic cerebral spondylosis. The

total number of patients is 3,056, in which 1,576 were in

the CDA group and 1,480 were in the ACDF group. The

CDA group demonstrated better results than the ACDF

group concerning VAS arm pain score 1, 2, 4 years after

the surgery, VAS neck pain score 1, 2, 4 years after the

surgery, ROM of the adjacent level 1 and 2 years after the

surgery, patient satisfaction 1, 2, 4 years after the surgery,

NDI scores 1, 2, 4 years after the surgery, SF36-PCS score

1 and 2 years after the surgery and SF36-MCS score at 1

and 4 years after the surgery. There are no significant

differences between the groups concerning SF36-PCS

score 4 years after the surgery and SF36-MCS score at

2 years after the surgery.

Conclusions CDA can be an effective alternative method

to ACDF for the treatment of cervical spondylosis.

Keywords Anterior cervical discectomy and fusion �
Cervical disk arthroplasty � Meta-analysis

Introduction

Cervical spondylosis is a common condition that may

result in chronic and proressive neck pain, radiculopathy

and myelopathy. Cervical disk degenerates through age and

may eventually prolapse or form osteophytes, which can

pressure the spinal cord, causing myelopathy or radicu-

lopathy. For the treatment of symptomatic degenerative
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cervical diseases, anterior cervical discectomy and fusion

(ACDF), originally described by Cloward [1] and Smith

and Robinson [2], has been used as a gold standard.

Although ACDF can effectively alleviate the symptoms,

it may cause several complications such as pseudarthrosis

and junctional degeneration.

Intervertebral disk replacement can effectively preserve

motion of adjacent levels, which is a positive element for

preventing adjacent level degeneration after the surgery. As

a result, cervical disk arthroplasty (CDA) has been applied

by more surgeons as an alternative to ACDF for the

treatment of symptomatic cervical spondylosis [3, 4].

Several RCTs have been published comparing the

ACDF and CDA and provided valuable first-hand material

for further application of these techniques; however, most

of these studies have relatively small patient number, and

the clinical outcome is not all the same. Moreover, as most

of these studies were designed as non-inferiority trials,

there might be certain study design bias comparing the

outcomes of two procedures. This makes it necessary to

find a combined effect of current reports and provide a

conclusion based on larger number of patient basis.

Meta-analysis is a statistical method that can combine

treatment effects of several comparable studies and merged

effect of these studies. In the current paper, we have ana-

lyzed all the RCTs published between 2000 and 2013 by

meta-analysis to compare the effectiveness of emerging

CDA and the current gold standard ACDF.

Materials and methods

Inclusion of studies

Assuming that there might be not enough papers about

CDA and ACDF for the treatment of cervical spondylosis,

we applied a broad search strategy using the following

mesh terms: ‘‘cervical disk arthroplasy’’,‘‘CDA’’, ‘‘anterior

cervical disk fusion’’, ‘‘ACDF’’, ‘‘cervical’’, ‘‘randomized

controlled study’’, ‘‘RCT’’ in databases PubMed, OVID,

Embase, Cochrane library. Two independent evaluators

reviewed all English and Chinese language articles pub-

lished between January 2000 and June 2013.

Two authors independently reviewed titles, abstracts and

some of the full text articles that may be potentially eligible

for the inclusion criteria. In the case of disputes over the

eligibility of a study for the inclusion, a third author made

the final decision.

Included studies reported the effects of CDA and ACDF

on cervical spondylosis. Where there were insufficient data

presented for inclusion, authors were contacted for further

details. All randomized controlled trials investigating the

efficacy of CDA and ACDF for cervical spondylosis were

included. All the included studies were carried out inde-

pendently, but used similar inclusion criteria with little

difference (Table 1).

Study quality assessment

Two authors independently assessed the quality of the

included studies by the 12 criteria recommended by the

Cochrane Back Review Group [5]. Each study was scored

by ‘‘?’’ (positive), ‘‘-’’ (negative) and ‘‘?’’ (unclear). In

the case of disputes, a third author made the final decisions.

Studies scores less than 6 ‘‘?’’ were recognized as with

low methodological quality and high risk of bias. The

methodological quality of the included trials was outlined

in Table 2.

Data extraction

Data in the included trials were extracted by two independent

reviewers:authors of each study, study design, patients’ size,

patients’ age, origin, time of follow-up as well as interven-

tion methods. Trials results, such as neck and arm pain

scores, NDI, ROM of the adjacent level, SF36-PCS score,

SF36-MCS score and patient satisfaction, were extracted and

recorded in specific tables. In the cases that the same patients

were analyzed in more than one study, they were extracted

and analyzed as one patient population.

Data were analyzed and processed in Review Manager

5.2 as supplied by the Cochrane Collaboration (Oxford,

UK). Two authors checked the data input to make sure

Table 1 Inclusion and exclusion criteria for article selection

Inclusion criteria Exclusion criteria

Type of

study

Randomized control

trials

Prospective trials,

retrospective trials expert

opinion, biomechanical

and individual case

studies

Patients 18 years old or older Patients less than 18 years

old

Type of

condition

Symptomatic cervical

disc disease required

single-level CDA

Acute spinal fracture,

infection, tumor,

osteoporosis, rheumatoid

arthritis, severe

spondylosis or

symptomatic cervical

disc disease required

multi-level CDA

Treatment Single-level CDA versus

ACDF

Studies not included CDA

versus ACDF

Publication

date

Published between 2000

and 2013

Published before 2000

Language All English and Chinese

papers

Non-English or non-

Chinese papers
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that no errors were made. Considering that there can be

publication bias between the papers, the analyses were

performed using random-effects models. I2 test was used

to test the heterogeneity. Studies were considered to have

significant heterogeneity if I2[ 50 %. Subgroup or sen-

sitivity analysis was used at the incidence of significant

heterogeneity due to methodological quality of included

trials. The differences in each study were defined by

standard mean difference with 95 % confidence intervals

(95 % CI) for continuous value and the odds ratio (OR)

with 95 % confidence intervals (95 % CI) of the cate-

gorical outcome frequencies in the study groups and the

control groups, respectively. Standard mean difference

and OR of each individual trial were showed in a forest

plot.

Results

Studies included

In total, 1,400 English and Chinese language articles were

identified through the bibliographic literature search. Two

authors independently reviewed the titles and abstracts to

identify studies meeting the inclusion/exclusion criteria.

Based on the title and abstract, 1,346 studies were exclu-

ded. The full text of the remaining 54 were subsequently

reviewed (Fig. 1).

Based on the inclusion and exclusion criteria above, 18

articles [6, 23] were included in the meta-analysis. No

significant differences were found about demographic

characteristics of patients in the two groups (CDA and

ACDF). The total number of patients included is 3,056, in

which 1,576 in the CDA group and 1,480 were in the

ACDF group (Table 2).

Quality of the included studies

Most of the included studies scored more than 6, indicating

high liability of the outcomes that were extracted from

these studies to perform meta-analysis (Table 3).

Combined results of studies

VAS arm pain score

Thirteen studies including 2014 patients (1,054 patients

from the CDA group and 960 patients from the ACDF

Records identified through 

database searching (n =1400)

Additional records identified 

through other sources (n =0)

Records after duplicates removed (n =1400)

Titles screened

(n =1400) 

Records excluded 

(n =1195) 

Full-text articles assessed 

for eligibility (n =54) 

Full-text articles excluded, 

with reasons

-not randomized controlled 

studies n=27

-high lost in follow up rate 

n=2

-used different outcome 

measures (n=5) 

-sufficient data not available 

(n=2)

Studies included in 

quantitative synthesis 

(meta-analysis) (n = 18)

Abstracts screened  

(n =205) 

Records excluded 

(n =151) 

Fig. 1 Schematic chart for

inclusion of studies
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group) have reported Visual analog scale (VAS) arm pain

scores at different time points after the surgical treatment.

The mean difference between the groups is 1.46

(0.91–2.01) a year after the surgery, 0.73 (0.28, 1.18)

2 years after the surgery, 1.03 (0.31, 1.74) 4 years after

the surgery. The CDA group gained better arm pain

scores than the ACDF group 1, 2, 4 years after the sur-

gery (P\ 0.01) (Figs. 2, 3, 4).

VAS neck pain score

Fifeen studies including 2,265 patients (1,203 patients from the

CDA group and 1,062 patients from the ACDF group) have

reported Visual analog scale (VAS) neck pain scores at dif-

ferent time points after the surgical treatment. The mean dif-

ference between groups is 0.96 (0.44–1.47) a year after the

surgery, 0.96 (0.38, 1.55) 2 years after the surgery, 1.47 (0.78,

Fig. 2 VAS arm pain score at 1 year postoperatively

Fig. 3 VAS arm pain score at 2 years postoperatively

Fig. 4 VAS arm pain score at 4 years postoperatively
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2.15) 4 years after the surgery. The CDA group gained better

neck pain scores than the ACDF group 1, 2, 4 years after the

surgery (P\0.01) (Figs. 5, 6, 7).

ROM of the adjacent level

Seven studies including 1,404 patients (740 patients from

the CDA group and 664 patients from the ACDF group)

have reported ROM of the adjacent level at different time

points after the surgical treatment. The mean difference

between the groups is 2.55 (0.77–4.32) a year after the

surgery and 3.08 (1.35, 4.82) 2 years after the surgery. The

CDA group gained better ROM of the adjacent level than

the ACDF group 1 and 2 years after the surgery (P\ 0.01)

(Figs. 8, 9).

NDI score

Eleven studies including 1,810 patients (964 patients from

the CDA group and 846 patients from the ACDF group)

have reported NDI score at different time points after the

surgical treatment. The mean difference between the

groups is 0.8 (0.26–1.34) a year after the surgery, 2.97

(0.85, 5.09) 2 years after the surgery and 1.11 (0.35, 1. 87)

4 years after the surgery. The CDA group gained better

NDI score than the ACDF group 1, 2, 4 years after the

surgery (P\ 0.01) (Figs. 10, 11, 12).

SF36-PCS score

Nine studies including 1,679 patients (890 patients in the

CDA group and 786 patients in the ACDF group) have

Fig. 5 VAS neck pain score at 1 year postoperatively

Fig. 6 VAS neck pain score at 2 years postoperatively
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Fig. 7 VAS neck pain score at 4 years postoperatively

Fig. 8 ROM of the adjacent level at 1 year postoperatively

Fig. 9 ROM of the adjacent level at 2 years postoperatively

Fig. 10 NDI score at 1 year postoperatively
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reported SF36-PCS score at different time points after the

surgical treatment. The mean difference between the

groups is 0.58 (0.37–0.78) a year after the surgery, 0.32

(0.19, 0.46) 2 years after the surgery and 0.13 (-0.36,

0.61) 4 years after the surgery. The CDA group gained

better SF36-PCS score than the ACDF group 1 and 2 years

after the surgery (P\ 0.01), but has no significant differ-

ence 4 years after the surgery (Figs. 13, 14, 15).

SF36-MCS score

Nine studies including 1,679 patients (890 patients in the

CDA group and 786 patients in the ACDF group) have

reported SF36-MCS score at different time points after the

surgical treatment. The mean difference between the

groups is 0.52 (0.32–0.72) a year after the surgery, 0.05

(-0.09, 0.20) 2 years after the surgery and 0.67

Fig. 11 NDI score at 2 years postoperatively

Fig. 12 NDI score at 4 years postoperatively

Fig. 13 SF36-PCS score at 1 year postoperatively
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Fig. 14 SF36-PCS score at 2 years postoperatively

Fig. 15 SF36-PCS score at 4 years postoperatively

Fig. 16 SF36-MCS score at 1 year postoperatively

Fig. 17 SF36-MCS score at 2 years postoperatively
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(0.01–1.32) 4 years after the surgery. The CDA group

gained better SF36-MCS score than the ACDF group 1

(P\ 0.01) and 4 years (P = 0.05) after the surgery, but

has no significant difference 2 years after the surgery

(Figs. 16, 17, 18).

Patient satisfaction

Six studies including 1,667 patients (944 patients in the CDA

group and 823 patients in the ACDF group) have reported

patient satisfaction rates at different time points after the

Fig. 18 SF36-MCS score at 4 years postoperatively

Fig. 19 Patient satisfaction at 1 year postoperatively

Fig. 20 Patient satisfaction at 2 years postoperatively

Fig. 21 Patient satisfaction at 4 years postoperatively
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surgical treatment. The Odds ratio is 1.71 (1.31–2.22) a year

after the surgery, 1.41 (1.00, 2.00) 2 years after the surgery

and 2.20 (1.55–3.13) 4 years after the surgery. The CDA

group gained better patient satisfaction rates than the ACDF

group 1 (P\ 0.01), 4 (P = 0.05) and 4 (P\ 0.01) years

after the surgery (Figs. 19, 20, 21).

Discussion

The first part of surgical procedure for both ACDF and

CDA is rather similar: the discectomy. In fusion, autograft

material is placed in the disk space after the interposition of

a cage which followed by the plate and screw fixation. In

arthroplasty, only the movable disk prosthesis is implanted

intervertebrally. Although the procedure of CDA may take

a little longer and more traumatic than that of ACDF, there

are similar surgical risks such as esophageal, vertebral

arterial and neural injuries [24].

The current meta-analysis included more studies, has

larger number of patients, and applied subgroups, sensi-

tivity analysis to avoid bias caused by heterogeneity, which

makes its results more reliable.

In our meta-analysis, we have applied the random-

effects model as it can account for both within- and among-

trial variability. A possible advantage of applying the

random-effects model is that it tends to equalize the

weights of trials in different sizes and has wider CIs as the

estimated trial heterogeneity can be another origin of

uncertainty. Therefore, random-effects model has more

conservative results than those in the fixed-effects model

[25].

The conclusions of our study are limited by the fact that

a complete meta-analysis was not possible. Although we

performed a meta-analysis on some variables, the incon-

sistencies of reported data made pooling of our data

impossible at times. Moreover, the lack of patient homo-

geneity and the presence of confounding factors limited our

ability to perform meta-analyses on the entire group. The

inability to differentiate treatment options based on the

fracture pattern also limited our study.

Bias in the assignment of quality scores is another

possible limitation of this study. We attempted to minimize

potential bias with the use of predetermined inclusion and

exclusion criteria, standard evaluation forms, two review-

ers and a blinded statistician.

This meta-analysis indicates that CDA can be an

effective alternative to ACDF for the treatment of symp-

tomatic cervical spondylosis. Future studies should include

the use of more large multicenter randomized trials to

overcome the limitations of small patient populations and

low-quality study data currently present in the literature.
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Surgerywithdisc prosthesis versus rehabilitation inpatients
with lowbackpainanddegenerativedisc: twoyear follow-up
of randomised study

Christian Hellum, orthopaedic surgeon,1 Lars Gunnar Johnsen, orthopaedic surgeon,2,3 Kjersti Storheim,
physiotherapist,4,5,6 Øystein P Nygaard, neurosurgeon,2 Jens Ivar Brox, consultant,1 Ivar Rossvoll, orthopaedic
surgeon,2,3 Magne Rø, consultant,7 Leiv Sandvik, professor,8 Oliver Grundnes, orthopaedic surgeon5 and the
Norwegian Spine Study Group

ABSTRACT

Objective To compare the efficacy of surgery with disc

prosthesis versus non-surgical treatment for patientswith

chronic low back pain.

Design A prospective randomised multicentre study.

Setting Five university hospitals in Norway.

Participants 173 patients with a history of low back pain

for at least one year, Oswestry disability index of at least

30 points, and degenerative changes in one or two lower

lumbar spine levels (86 patients randomised to surgery).

Patientswere treated fromApril 2004 to September 2007.

Interventions Surgery with disc prosthesis or outpatient

multidisciplinary rehabilitation for 12-15 days.

Main outcome measures The primary outcome measure

was the score on the Oswestry disability index after two

years. Secondary outcome measures were low back pain,

satisfaction with life (SF-36 and EuroQol EQ-5D), Hopkins

symptom check list (HSCL-25), fear avoidance beliefs

(FABQ), self efficacy beliefs for pain, work status, and

patients’ satisfaction and drug use. A blinded

independent observer evaluated scores on the back

performance scale and Prolo scale at two year follow-up.

Results The study was powered to detect a difference of

10 points on the Oswestry disability index between the

groups at two years. At two years there was a mean

difference of −8.4 points (95% confidence interval −13.2
to −3.6) in favour of surgery. In the analysis of

prespecified secondary outcomes, there were significant

differences in favour of surgery for low back pain (mean

difference −12.2, −21.3 to −3.1), patients’ satisfaction
(63% (n=46) v 39% (n=26)), SF-36 physical component

score (mean difference 5.8, 2.5 to 9.1), self efficacy for

pain (mean difference 1.0, 0.2 to 1.9), and the Prolo scale

(mean difference 0.9, 0.1 to 1.6). There were no

significant differences in return to work, SF-36 mental

component score, EQ-5D, fear avoidance beliefs, Hopkins

symptom check list, drug use, and the back performance

scale. One serious complication of leg amputation

occurred during surgical revision of a polyethylene

dislodgement. The drop-out rate was 20% (34) and the

crossover rate was 6% (5).

Conclusions Surgical intervention with disc prosthesis for

chronic low back pain resulted in a significantly greater

improvement in the Oswestry score compared with

rehabilitation, but this improvement did not clearly

exceed the prespecified minimally important clinical

difference between groups of 10 points, and the data are

consistent with a wide range of differences between the

groups, including values well below 10 points. The

potential risks of surgery and the substantial amount of

improvement experienced by a sizeable proportion of the

rehabilitation group also have to be incorporated into

overall decision making.

Trial registration www.clinicaltrial.gov NCT 00394732.

INTRODUCTION

Lowback pain is commonwith a lifetime prevalence of
about 59-84%.1 Although relatively few patients
develop chronic low back pain with disability, it repre-
sents extensive individual, societal, and financial pro-
blems. In patients who have had longstanding or
serious disabling low back pain in the previous
12 months, a third will improve and have less serious
problems during the following year.2 Most patients
who develop chronic low back pain, however, stay in
this condition for years.
Fusion of assumed symptomatic segments in

patients with chronic low back pain has been used
widely, but randomised studies comparing fusion
with non-surgical treatment indicate that a rehabilita-
tion programme can be as effective as surgery. Four
randomised studies have compared lumbar fusion
with non-operative treatment.3-7 Fritzell et al found
that fusion significantly reduced pain and disability
compared with usual care.3 Brox et al and Fairbank et
al compared fusion with a multidisciplinary rehabilita-
tion programme focusing on cognitive intervention
and supervised exercise.4-7 They found similar
improvement in pain and disability in the two inter-
vention groups.
During the past 25 years, insertion of a disc prosthe-

sis has become an option. In the four published
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randomised studies comparing disc prosthesis with
fusion, the clinical outcome of disc prosthesis was at
least equivalent to that of fusion.8-11 As surgical proce-
dures should be evaluated against non-surgical
methods,12 13 we compared the efficacy of disc prosthe-
sis and a multidisciplinary rehabilitation programme.

METHODS

Study design

A multicentre study conducted at five university hos-
pitals in Norway included patients with low back pain
and degenerative discs. Patients were included in the
period between April 2004 and May 2007 and were
treated within three months after randomisation.
They were randomised in blocks with a website hosted
by themedical faculty.Allocationwas concealed for all
people involved in the trial. A coordinating secretary

not involved in the treatment could access randomisa-
tion details on the internet. The patient and the treating
unit were informed about the allocation shortly after
randomisation. Randomisationwas stratified by centre
(the five university hospitals) and whether the patient
had had previous surgery (microsurgical decompres-
sion) or not. Independent observers collected and
entered data. Storage of data was allowed by the Nor-
wegian data inspectorate.

Participants

Patients were referred from all health regions in Nor-
way. They were recruited from local hospitals or pri-
mary care to their nearest university hospital as usual
without any supplemental recruitment attempt. An
orthopaedic surgeon and a specialist in physical medi-
cine and rehabilitation examined the patients before
enrolment. All patients were informed about the pro-
cedures and told that neither of the treatment methods
was documented as superior to the other. Eligible
patients were aged 25-55 and had low back pain as
the main symptom for at least a year, structured
physiotherapy or chiropractic treatment for at least
six months without sufficient effect, a score of at least
30 on the Oswestry disability index, and degenerative
intervertebral disc changes in L4/L5 or L5/S1, or both.
Degeneration had to be restricted to the two lower
levels. We evaluated the following degenerative
changes: at least 40% reduction of disc height,14

Modic changes type I or II, or both,15 high intensity
zone in the disc,16 and morphological changes classi-
fied as changes in signal intensity in the disc of grade
3 or 4.17 The disc was classified as degenerative if the
first criterion alone or at least two changes were found
on magnetic resonance imaging. The discs were inde-
pendently classified by two observers (orthopaedic
surgeon/radiologist). When there was disagreement,
a third observer classified the images and the outcome
was decided by simple majority.
Degeneration of the facet joints was not an exclusion

criterion, but symptoms of nerve root involvement
were. Details of further inclusion and exclusion cri-
teria, compliance with randomisation, and drop-outs
are listed in the appendix 1 on bmj.com.

Study interventions

Rehabilitation—The rehabilitation was based on the
treatmentmodel describedbyBrox et al4 and consisted
of a cognitive approach and supervised physical exer-
cise. A team of physiotherapists and specialists in phy-
sical medicine and rehabilitation directed the
multidisciplinary treatment. Other specialists, such as
psychologists, nurses, social workers, etc, could com-
plete the team. The intervention was standardised
through three seminars and videos and lecture sessions
for the treatment providers before the study. The inter-
vention was organised as an outpatient treatment in
groups at the involved university hospitals and lasted
for about 60 hours over three to five weeks. The treat-
ment consisted of lectures and individual discussions
focusing on relevant topics (such as anatomy and the

3 patients excluded shortly after randomisation†
Allocated to rehabilitation (n=87)
Started allocated intervention (n=80)
Did not start allocated intervention (n=7)

3 patients excluded shortly after randomisation†
Allocated to surgery (n=86)
Received allocated intervention (n=77)‡
Did not receive allocated intervention (n=9)

Analysed
Intention to treat (n=86)††
Per protocol (n=60)

Analysed
Intention to treat (n=86)
Per protocol (n=71)

Lost to follow-up at 6 weeks (n=8)
  Withdrew during treatment (n=6)

Lost to follow-up at 6 weeks (n=0)

Lost to follow-up at 3 months (n=0) Lost to follow-up at 3 months (n=9)

Screened for eligibility (n=605)

Randomised (n=179)

Excluded (n=426)*:
  Did not meet inclusion criteria (n=378)
  Refused to participate (n=48)

Allocation

Follow-up

Analysis

Enrolment

Lost to follow-up at 6 months (n=2)§ Lost to follow-up at 6 months (n=13)

Lost to follow-up at 1 year (n=4) Lost to follow-up at 1 year (n=14)¶

Lost to follow-up at 2 years (n=4)** Lost to follow-up at 2 years (n=14)¶

Fig 1 | Enrolment, randomisation, and follow-up of study patients, showing cumulative values at

two years. *Not enough degenerative change to satisfy inclusion criteria (n=29), degenerative
changes in more than two lower lumbar discs (n=80), Oswestry disability index score too low

(n=88), did not want to undergo surgery (n=28), did not want to participate in rehabilitation

(n=20), too much general pain (n=20), had previously been through similar training programme

(n=26), and other reasons (n=135; deformity, psoriasis arthritis, language problems,

coccygodynia, age, fracture, previous operation, tumour, spondylodiscitis, hip arthrosis).

†Coronary heart disease and heart attack some days after randomisation (n=1); obvious
exclusion criterion discovered some days after randomisation (n=50; earlier large abdominal

operation (n=1), not enough degenerative change to satisfy inclusion criteria (n=2),
degenerative changes in more than two lower lumbar discs (n=2). ‡One patient received one of

two disc prostheses because of bleeding. §One patient with serious vascular complication

underwent secondary leg amputation and was lost to follow-up. ¶One patient crossed over

between 6 months and 1 year and five patients between 1 year and 2 years. Five patients

underwent surgery with disc prosthesis and one patient with fusion. **Two patients underwent

surgery with instrumented fusion before two year follow-up. ††One patient excluded because

of missing baseline values and follow-up values
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physiological aspects of the back, diagnostics, imaging,
pain medicine, normal reactions, coping strategies,
family and social life, and working conditions), daily
workouts for increased physical capacity (endurance,
strength, coordination, and specific training of the
abdominal muscles and the lumbar multifidus mus-
cles), and challenging patients’ thoughts about, and
participation in, physical activities previously labelled
as not recommended (such as lifting, jumping, vacuum

cleaning, dancing, and ball games). Follow-up consul-
tations were conducted at six weeks, three months, six
months, and one year after the intervention. See
appendix 2 on bmj.com for detailed description of
the rehabilitation intervention.
Surgery—The surgical intervention consisted of

replacement of the degenerative intervertebral lumbar
disc with an artificial lumbar disc (ProDisc II, Synthes
Spine). The ProDisc consists of three pieces: twometal
endplates of cobalt chromiummolybdenum alloy and
a core (made from ultrahigh molecular weight poly-
ethylene) fixed to the inferior endplate after insertion.
Surgeons used aPfannenstiel or a para-median incision
with a retroperitoneal approach. A nearly complete
discectomywas performedwith removal of the cartila-
ginous endplates and a sufficient release of the poster-
ior longitudinal ligament to ensure disc space
mobilisation. A fluoroscope was used to ensure that
the prosthesis was placed in the midline and suffi-
ciently towards the posterior edge of the vertebrae.
All hospitals participating in the study used the same
artificial lumbar disc device. One surgeon at each cen-
tre had main responsibility for the operation (five cen-
tres and five surgeons). Surgeonswere required to have
inserted at least six disc prostheses before performing
surgery in the study. There were no major postopera-
tive restrictions. Patients were not referred for post-
operative physiotherapy, but at six weeks’ follow-up
they could be referred for physiotherapy if required,
emphasising general mobilisation and non-specific
exercises.

Outcome measures

The primary outcomemeasure was pain and disability
measured with version 2.0 of the Oswestry disability
index,18 translated into Norwegian and tested for psy-
chometric properties by Grotle et al.19 (Scores range
from 0 to 100, with lower score indicating less severe
pain and disability.) Secondary outcomes included low
back pain (measured with a visual analogue scale, ran-
ging from 0 (no pain) to 100 (worst pain imaginable))
and general health status assessed with SF-36 (scores
range from0 to 100, higher scores correspond to better
health status)20 21 and EQ-5D (scores range from −0.59
to 1 (1 equals perfect health)).22 For psychological vari-
ables we included emotional distress (Hopkins symp-
tom check list (HSCL-25), scores range from 1 to 4,
with lower scores indicating less severe symptoms)
and the fear avoidance belief questionnaire (FABQ)
for work and physical activity (scores range from 0 to
42 (work) and from0 to 24 (physical), with lower scores
indicating less severe symptoms).23 24 Self efficacy
beliefs for pain were registered by a subscale of the
arthritis self efficacy scale (scores range from 1 to 10
and are summarised and divided by 5; lower scores
indicate uncertainty inmanaging the pain).25Work sta-
tus was evaluated as suggested by Fritzell et al.3 (See
table A in appendix 3 on bmj.com.) We calculated a
net back to work rate, subtracting patients who went
back towork frompatientswho stoppedworking, satis-
factionwith the result of the treatment on a seven point

Table 1 | Baseline characteristics in patients with low back pain and degenerative disc

randomised to disc prosthesis surgery or rehabilitation. Figures are numbers (percentage)

unless stated otherwise

Surgery
(n=86)

Rehabilitation
(n=86)

Mean (SD) age (years) 41.1 (7.1) 40.8 (7.1)

Women 40 (47) 51 (59)

Mean (SD) duration of back pain (months) 76 (72 85 (74)

Education:

Primary school (9 years) 19 (22) 17 (20)

High school (12 years) 44 (51) 58 (67)

College 14 (16) 8 (9)

University 9 (11) 3 (4)

Mean (SD) body mass index (BMI) 25.6 (3.1) 25.5 (3.5)

Current smokers 42 (49) 37 (43)

Work status (working v not working):

Working (includes part time sick leave) 24 (28) 22 (26)

On sick leave 25 (29) 34 (41)

Rehabilitation 29 (34) 25 (29)

Disability pension 3 (4) 0

Homemaker 0 2 (2)

Unemployed 1 (1) 0

Student 3 (4) 0

Unknown 1 (1) 3 (4)

Comorbidity 20 (23) 21 (24)

Daily consumption of narcotics 23 (27) 17 (20)

Previous surgery 23 (27) 25 (29)

Mean (SD) ODI score 41.8 (9.1) 42.8 (9.3)

Low back pain score* 64.9 (15.3) 73.6 (13.9)

Mean (SD) SF-36 score:

Physical function 52.7 (17.6) 50.6 (17.7)

Role physical 25.3 (24.2 23.9 (18.7)

Bodily pain 24.9 (16.5) 24.4 (12.1)

General health 57.9 (19.7) 55.9 (19.9)

Vitality 37.8 (20.2) 33.1 (19.9)

Social function 53.0 (30.6) 57.6 (26.7)

Role emotion 72.5 (33.3) 67.6 (32.7)

Mental health 71.7 (18.0) 65.8 (18.9)

Physical component summary score 30.5 (7.1) 30.8 (6.5)

Mental component summary score 47.7 (13.0) 45.2 (13.2)

Mean (SD) HSCL-25 1.8 (0.5) 1.9 (0.5)

Mean (SD) FABQ work 25.9 (11.3) 27.4 (9.9)

Mean (SD) FABQ physical 14.1 (5.8) 12 (5.5)

ODI=Oswestry disability index (0 to 100, lower scores indicate less severe symptoms); SF-36=short form-36 (0

to 100, higher scores indicate better health status); HSCL-25=Hopkins symptom check list (for emotional

distress, scores range from 1 to 4, lower scores indicate less severe symptoms); FABQ=fear avoidance belief

questionnaire (scale ranges from 0 to 24 (physical) and from 0 to 42 (work), lower scores indicate less severe

symptoms).

*Calculated with horizontal scale ranging from 0 (no pain) to 100 (worst pain imaginable), with word anchors at

the beginning and end.
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Likert scale, and satisfaction with care on a five point
Likert scale.26 Further daily consumption of drugs was
registered. Patients attended for follow-up visits at six
weeks, three and six months, and one and two years
(the main end point of follow-up was at two years). At
two years we sent a questionnaire including the most
important outcome measures to 29 of the 34 patients
who were lost to follow-up (see table B in appendix 3
on bmj.com).
At the two year follow-up, two independent obser-

vers blinded to treatment evaluated patients using the
back performance scale (consists of five tests with a
score ranging from 0 to 15, worst possible)27 and the
Prolo scale (consists of functional and economic parts,
which are summed to aworst score of 2 and a best score

of 10).28 Patients were informed before this session not
to reveal the treatment received, and had tape placed
on their abdominal wall to hide the scarring from the
operation. We also carried out a full health economic
analysis, which will be reported elsewhere.

Statistical considerations

The trial was designed to have 80% power to detect a
significant difference of at least 10 points in change in
the mean Oswestry disability index score between the
intervention groups at two year follow-up.5 Baseline
standard deviation was estimated at 18.18 Considering
these assumptions and adding 25% for a multicentre
study design and 30% for possible drop-outs, we esti-
mated we required 180 patients.

Planned analyses

The main statistical analysis was in the intention to
treat population at one and two year follow-up.
According to our protocol the analysis was performed
with the assumption that patientswho dropped out had
no improvement after drop-out (last value carried for-
ward). We also determined if different centres had dif-
ferent outcomes. We used χ2 test or Fisher’s exact test
to analyse categorical variables and independent two
sided t test or analysis of variance to analyse continu-
ous variables. A significance level of 5% was used
throughout. All statistical analyses were performed
with SPSS version 16.0. We did not adjust for signifi-
cantly different baseline scores.

Unplanned analyses (analyses not recorded in the original

protocol)

We conducted a per protocol analysis for the primary
outcome variable (score onOswestry disability index).
Consistent with criteria from the Food and Drug
Administration,8 we considered an individual change
in score of at least 15 points from baseline to two year
follow-up as aminimal important change. A deteriora-
tion of 6 points in the score was considered a “change
for the worse.”29 We calculated the number needed to
treat with confidence intervals.30 A mixed model ana-
lysis was used to evaluate the effect of each efficacy

Table 2 | Treatment and complications in 77 patients with low

back pain and degenerative disc randomised to disc

prosthesis surgery

Variable Surgery group

No (%) by level of operation:

L4/L5 17 (22)

L5/S1 35 (46)

L4/L5 and L5/S1 25 (33)

Median (range) operative time (min) 165 (72-570)

Median (range) blood loss (ml) 310 (50-6000)

Mean (SD) length of hospital stay (days) 7.2 (3.6)

No with complications:

Intimal lesion in left common iliac artery* 1

Arterial thrombosis of dorsalis pedis artery† 1

Dural tear 0

Blood loss >1500 ml 4

Retrograde ejaculation (at one year) 1‡

Abdominal hernia 1

Superficial haematoma 1

Ileus 1

Temporary warm left foot 2

Temporary nausea at one year follow-up 1

Neurological deterioration:

Motor deficit at two year follow-up 0

Temporary motor deficit 0

Sensory loss at two year follow-up 2

Temporary sensory loss 4

Radicular pain at two year follow-up 2

Temporary radicular pain 4

Infection:

Superficial wound infection 0

Deep wound infection 0

Urinary tract infection 0

TotalNo (%)complicationsduring twoyear follow-up 26 (34)

Additional spinal surgery within 2 years:

Fusion 2§

Other 2¶

*Repeat surgery with insertion of new polyethylene inlay.

†Associated with temporary slightly colder foot at follow-up.

‡One patient reported retrograde ejaculation at baseline but not at one

year follow-up, one at baseline and at follow-up, and one at follow-up

but without baseline information.

§Fusion at level with disc prosthesis and level above.

¶Resection of spinous process because of possible painful contact

between adjacent levels.
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Fig 2 | Primary outcome variable within intention to treat

mixed model analysis. Mean difference in Oswestry disability

index (ODI) was 6.9 points at two year follow-up, P<0.001

(adjusted for baseline index)
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variable over time and between groups. In the mixed
model patients were not excluded from the analysis of
an efficacy variable if the variable wasmissing at some,
but not all, time points after baseline. In the additional
analysis (categorical or ordinal data at two year follow-
up), missing data were not replaced. Significantly dif-
ferent baseline scores were not adjusted for in the long-
itudinal model. Each outcome variable was adjusted
for the baseline values of the variable.

RESULTS

Of the 605 patients screened for eligibility, 173 were
included in the study and treated between April 2004
andSeptember 2007 (86with surgery and87with reha-
bilitation) (fig 1). The drop-out rate from inclusion to
two year follow-up was 20% (n=34) (15% (n=13) in the
surgical arm and 24% (n=21) in the rehabilitation arm).
Five patients (6%) crossed over from rehabilitation to
surgery, but none crossed from surgery to rehabilita-
tion.Of the 34 patients lost to follow-up, 26 answered a
questionnaire two and a half to five years after treat-
ment (see table B in appendix 3 on bmj.com).

Patients’ characteristics

Most baseline characteristics were similar in the two
treatment groups (table 1). Low back pain score and
SF-36 mental health subscores, however, were signifi-
cantly worse in the rehabilitation group than in the sur-
gery group.

Surgical treatment and complications

Of the patients randomised to surgery, 25 (33%) under-
went two level surgery. Median surgical time was

165 minutes (range 72-570 minutes) and median
blood loss was 310 ml (range 50-6000 ml) (table 2).
Four patients had bleeding of more than 1500 ml.
Six patients (8%) had complications resulting in

impairment at two year follow-up, and the reoperation
rate was 6.5% (n=5) (table 2).One patient had a serious
complication: at the three month follow-up, the poly-
ethylene inlay was found to be dislodged. During revi-
sion surgery, injury to the left common iliac artery led
to compartment syndrome resulting in a lower leg
amputation. One patient reported retrograde ejacula-
tion at one year follow-up. At two year follow-up, two
patients reported sensory loss in the thigh and two
patients reported new radicular pain. In addition, one
patient had an arterial thrombosis of the dorsalis pedis
artery, which temporarily resulted in a slightly colder
foot. Table 2 presents further complications. Two
patients had an additional fusion and two patients
had partial resection of the spinous processes because
of persistent back pain.

Primary outcome

Planned analyses according to protocol
The mean change Oswestry disability index score
frombaseline to two year follow-upwas 20.8 (95% con-
fidence interval 16.4 to 25.2) in the surgery group and
12.4 (8.5 to 16.3) in the rehabilitation group (table 3).
Themean treatment effect (difference between groups)
at two year follow-up was −8.4 (−13.2 to −3.6) in the
intention to treat analysis (last value carried forward).
Subgroup analysis showed no differences in the main
outcome variable between centres and level(s) oper-
ated on.

Unplanned analyses
In the mixed model analysis, the Oswestry score
improved significantly more in the surgical group
than in the rehabilitation group at all time points, in
both the intention to treat (fig 2) and per protocol ana-
lyses (table 4). The mean change from baseline to two
year follow-up was 22.5 (intention to treat) (95% con-
fidence interval 18.5 to 26.4) in the surgery group and
15.6 (intention to treat) (11.7 to 19.5) in the rehabilita-
tion group. The mean treatment effect (difference
between groups) at two year follow-up was 6.9 (2.1 to
11.7) in the intention to treat analysis. In an analysis in

Table 4 | Unplanned analysis of primary outcome in patients with low back pain and degenerative disc randomised to disc

prosthesis surgery or rehabilitation. Mean (SD) outcome values on Oswestry disability index (ODI) at follow-up and

treatment effect (difference (95% confidence interval)), minus values indicating larger improvement in outcome with surgery

Intention to treat analysis Per protocol analysis

Surgery Rehabilitation Treatment effect Surgery Rehabilitation Treatment effect*

Baseline 41.8 (9.1) 42.8 (9.3) — 42.2 (9.2) 42.1 (8.3) —

6 weeks 31.5 (17.2) 30.2 (13.6) 1.3 (−3.5 to 6.1) 31.1 (17.3) 29.6 (13.5) 1.7 (−3.1 to 6.6)

3 months 21.5 (14.1) 30.6 (13.1) −9.1 (−13.9 to −4.3) 20.7 (13.5) 30.3 (12.7) −9.5 (−14.4 to −4.6)

6 months 21.4 (16.3) 31.1 (14.9) −9.7 (−14.6 to −4.8) 20.7 (15.9) 29.9 (14.6) −9.2 (−14.2 to −4.2)

1 year 20.3 (17.2) 29.2 (16.1) −8.9 (−13.8 to −4.0) 19.7 (16.4) 27.0 (15.0) −7.3 (−12.3 to −2.3)

2 years 19.8 (16.7) 26.7 (14.5) −6.9 (−11.7 to −2.1) 18.8 (15.8) 26.9 (13.9) −8.1 (−12.9 to −3.2)

ODI=see footnote for table 1 for scale details.

*All P<0.001 for trend in treatment effect over time. Two sided t test.

Table 3 | Planned analysis of primary outcome in patients with low back pain and

degenerative disc randomised to disc prosthesis surgery or rehabilitation. Mean (SD)

outcome values on Oswestry disability index (ODI) at 12 and 24 months and treatment effect

Mean outcome

Treatment effect* (95% CI) P value†Surgery Rehabilitation

Baseline 41.8 (9.1) 42.8 (9.3) — —

1 year 22.3 (17.0) 33.0 (16.6) −10.0 (−15.0 to −5.0) <0.001

2 years 21.2 (17.1) 30.0 (16.0) −8.4 (−13.2 to −3.6) 0.001

ODI=see footnote for table 1 for scale details.

*Difference between groups in mean change from baseline.

†Two sided t test.
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which the patient with lower leg amputation was given
worst score in the group, the difference between the
groups remained significant (P<0.001). Some 70%
(n=51) of the patients in the surgery group and 47%
(n=31) of the patients in the rehabilitation group had
an improvement inOswestry score of at least 15 points
(P<0.006) (intention to treat). The number needed to
treat was 4.4 (2.6 to 14.5). Worsening of low back pain
was experienced by 11% (n=8) of the surgical group
and 9% (n=6) of the rehabilitation group. Subgroup
analysis showed no differences in the main outcome
variable between centres and level(s) operated on.

Secondary outcomes

Planned analyses according to protocol
Low back pain, SF-36 physical summary, and patients’
satisfaction improved significantlymore in the surgical
group than the rehabilitation group at two year follow-
up (table 5). The mean difference between the groups
in change from baseline to two year follow-up was
−12.2 (95% confidence interval −21.3 to −3.1) for low
back pain and 5.8 (2.5 to 9.1) for SF-36 physical sum-
mary. On the seven point global rating scale at two
years, 63% (46) of patients in the surgery group and
39% (26) in the rehabilitation group (P=0.005 for dif-
ference between treatment groups) considered them-
selves completely recovered or much improved. Self
efficacy for pain favoured the surgical group. SF-36
mental summary, EQ-5D, FABQ work and physical,
HSCL-25, return to work, and drug consumption did
not differ at two year follow-up. At the start of the
study, 28% (46) of patients were at work full or part
time; at two year follow-up, this had increased to 56%
(n=74). There was a “net back to work” rate of 31%
(n=21) in the surgical group and 23% (n=15) in the
rehabilitation group (P=0.31) (table 5). Scores on the
back performance scale did not differ significantly
between the groups (−0.8, −1.8 to 0.2; P=0.10). The
Prolo sum score favoured the surgical group, with a
mean difference of 0.9 (0.1 to 1.6; P=0.019).

Unplanned analyses
In the mixed model analysis, low back pain (table 6),
SF-36 physical summary (table 8), andEQ-5D,HSCL-
25, and self efficacy for pain (table 9) improved signif-
icantly more in the surgical group than the rehabilita-
tion group at all time points. The mean difference
between the groups in change from baseline to two
year follow-up for low back pain was −12.7 (95% con-
fidence interval −21.1 to −4.2, table 6) and SF-36 phy-
sical summary 4.3 (0.8 to 7.9, table 8). Further analyses
are shown in tables 7, 8, and 9.

DISCUSSION

This randomised trial comparing disc prosthesis with
multidisciplinary rehabilitation showed a significant
difference in the primary outcome variable (Oswestry
disability index after two years) in favour of surgery.
The difference between groups of 8.4 points on the
index (with intention to treat analysis) at two year fol-
low-up, however, was smaller than the difference of 10

Table 5 | Planned analysis of secondary outcomes in patients with low back pain and

degenerative disc randomised to disc prosthesis surgery or rehabilitation. Mean (SD) values

at 12 and 24 months (unless stated otherwise) and treatment effect

Variable

Mean outcome Treatment effect
(95% CI)* P value†Surgery Rehabilitation

Back pain score‡:

Baseline 64.9 (15.3) 73.6 (13.9)

1 year 35.6 (28.6) 53.2 (28.4) −14.0 (−23.0 to −5.0) 0.003

2 years 35.4 (29.1) 49.7 (28.4) −12.2 (−21.3 to −3.1) 0.009

SF-36 physical component summary:

Baseline 30.5 (7.1) 30.8 (6.5)

1 year 42.8 (12.2) 37.3 (11.0) 5.5 (1.9 to 9.1) 0.003

2 years 43.3 (11.7) 37.7 (10.1) 5.8 (2.5 to 9.1) 0.001

SF-36 mental component summary‡:

Baseline 47.7 (13.0) 45.2 (13.2)

1 year 50.2 (12.0) 49.2 (13.2) 0.2 (−3.5 to 3.8) 0.90

2 years 50.7 (11.6) 48.6 (12.8) 1.0 (−2.4 to 4.4) 0.50

EQ-5D:

Baseline 0.30 (0.27) 0.27 (0.31)

1 year 0.68 (0.34) 0.55 (0.32) 0.13 (0.01 to 0.25) 0.04

2 years 0.69 (0.33) 0.63 (0.28) 0.06 (−0.05 to 0.18) 0.26

HSCL-25

Baseline 1.81 (0.50) 1.88 (0.51)

1 year 1.51 (0.49) 1.67 (0.52) −0.12 (−0.26 to 0.02) 0.10

2 years 1.50 (0.44) 1.63 (0.52) −0.10 (−0.23 to 0.04) 0.20

FABQ work:

Baseline 25.8 (11.2) 27.4 (27.4)

1 year 19.2 (14.2) 23.1 (13.0) −2.7 (−6.5 to 1.1) 0.20

2 years 18.1 (13.9) 21.2 (12.8) −2.1 (−6.0 to 1.7) 0.30

FABQ physical:

Baseline 14.0 (5.8) 12.5 (5.6)

1 year 8.8 (6.7) 9.7 (5.8) −1.3 (−3.2 to 0.6) 0.20

2 years 9.0 (6.8) 9.9 (6.0) −1.5 (−3.4 to 0.5) 0.10

Self efficacy:

Baseline 3.4 (1.5) 3.6 (1.6)

1 year 6.3 (3.3) 5.2 (2.4) 1.2 (0.3 to 2.1) 0.01

2 years 6.1 (2.9) 5.3 (2.5) 1.0 (0.2 to 1.9) 0.02

No (%) returned to work at 2 years§: 21 (31) 15 (23) — 0.31

No (%) satisfied with outcome
at 2 years¶

46 (63) 26 (39) — 0.005

No (%) satisfied with care at 1 year** 66 (90) 48 (73) — 0.011

No (%) with drug consumption
at 2 years††

16 (22) 14 (18) — 0.30

Back performance scale at 2 years‡‡ 3.2 (3.0) 4.0 (3.0) −0.8 (−1.8 to 0.2) 0.10

Prolo scale at 2 years§§ 7.0 (2.3) 6.1 (1.9) 0.9 (0.1 to 1.6) 0.019

ED-5Q score ranges from −0.59 to 1 (1 equals perfect health); self efficacy beliefs for pain scores ranges from 1

to 10 and are summarised and divided by 5. Lower scores indicate that he/she is very uncertain if he/she is

able to manage pain. For other scores see footnote to table 1.

*Treatment effect is difference between groups in mean change from baseline. Positive value in SF-36, EQ-5D,

self efficacy for pain, and Prolo scale and negative values in remaining variables indicate larger improvement in

outcome with surgery.

†Two sided t test for continuous variables and Pearson’s χ2 test for categorical variables.

‡Values not adjusted for significantly different baseline scores.

§Net back to work rate calculated by subtracting patients who went back to work from patients who stopped

working.

¶7 point Likert scale (1=completely recovered, 2=much recovered to 7=vastly worsened); slightly improved not

included as satisfied with outcome.

**4 point global rating scale, not including slightly satisfied as satisfied with care.

††Use of drugs daily or not.

‡‡Scale comprises five tests with score ranging from 0 to 15 (worst possible).

§§Scale comprises functional and economic parts, summed to give worst score of 2 and best score of 10.
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points that the studywas designed to detect. As evident
in the confidence intervals, the data are consistent with
awide range of differences between the groups, includ-
ing values well below 10 points. There is, as far as we
know, no agreement on the size of the clinically impor-
tant difference between two treatment groups. As an
alternative we can assess the proportion of patients
achieving a clinically meaningful improvement.31 By
using a clinically meaningful improvement for an indi-
vidual patient of 15 points on the Oswestry disability
index,8 70% (n=51) of patients in the surgical group and
47% (n=31) of those in the rehabilitation group
achieved at least this improvement (intention to
treat). We will publish data on the estimated minimal
clinically important change elsewhere, but the changes
are in agreement with recommendations from FDA
studies. As there is no consensus based agreement of
how large a difference between groupsmust be to be of
clinical importance it is impossible to conclude
whether the effect found in our study is of clinical
importance. As such a decision must be made before
a new treatment can be recommended in clinical prac-
tice; our studyunderlines the need for such a consensus
agreement.
The change in theOswestry disability index score in

our study is comparable with those seen in previous

studies. In our study, the mean score was reduced by
29% (12.4 points) in the rehabilitation group (intention
to treat analysis). Brox et al4 found a similar reduction
of 29% (12.0 points) at one year follow-up, while Fair-
bank et al6 and Fritzell et al3 observed a smaller reduc-
tion at two year follow-up (8.7 and 5.5 points,
respectively). In our study, there was amean reduction
in score of 50% (20.8 points) in the surgical arm (inten-
tion to treat analysis). Similar reductions have been
reported in other studies,8 9 11 though Zigler et al used
the “chiropractor version” of the Oswestry index.32

This questionnaire has not been sufficiently validated
and consequently it is difficult to compare the
outcome.18

It could be argued that patients who withdrew after
randomisation or dropped out during or after treat-
ment had a superior or inferior outcome.We therefore
sent a questionnaire to such patients. The nine patients
whowithdrew after surgery experienced a reduction in
Oswestry score of 30.2 (SD 4.5) points. The six who
withdrew after rehabilitation had a reduction of 11.8
(SD 3.0), and the 11 patients who withdrew without
treatment had no change (1.0 (SD 4.5) points) (see
table B in appendix 3 on bmj.com). Thismight support
the assumption of no improvement in outcome after
drop-out, justifyinguse of the last value carried forward
analysis.
Most changes in secondary variables measuring dis-

ability and pain favoured surgical treatment, though
there were no significant differences between groups
in FABQ work, FABQ physical, SF-36 mental health,
EQ-5D, HSCL-25, drug consumption, return to work,
and the back performance scale in themain analysis. In
the surgical group we found a similar “net back to
work” rate as reported by Fritzell et al.3 Nevertheless,
it has been argued that sick leave, to a large extent, is
influenced by factors outside the domain of medical
and therapeutic interventions.33 The somewhat smaller
difference between groups in the back performance
scale than in the Oswestry disability index might be
explained by differences in psychometric properties
between the outcome measurements or by patients
overstating the effect in a subjective questionnaire.

Table 6 | Unplanned analysis in secondary outcome in

patients with low back pain and degenerative disc

randomised to disc prosthesis surgery or rehabilitation.

Mean (SD) outcome values for back pain* at follow-up and

treatment effect (difference (95% confidence interval))

Intention to treat analysis

Surgery Rehabilitation Treatment effect†

Baseline 64.9 (15.3) 73.6 (13.9) —

6 weeks 34.7 (27.5) 51.1 (24.6) −16.5 (−24.8 to −8.2)

3 months 29.3 (25.0) 55.4 (23.4) −26.2 (−34.5 to −17.8)

6 months 36.1 (28.5) 50.0 (24.5) −13.8 (−22.3 to −5.3)

1 year 33.0 (29.4) 48.7 (28.9) −15.7 (−24.3 to −7.0)

2 years 32.7 (28.8) 45.3 (28.6) −12.7 (−21.1 to −4.2)

*See table 1 for score details.

†Negative values indicate larger improvement in outcome with surgery.

All P<0.001 for trend in treatment effect over time. Two sided t test.

Table 7 | Unplanned analysis in secondary outcomes in patients with low back pain and degenerative disc randomised to disc prosthesis surgery or

rehabilitation. Mean (SD) outcome values for SF-36*

Variable

Baseline 3 months 6 months 1 year 2 years

P value†Surgery Rehabilitation Surgery Rehabilitation Surgery Rehabilitation Surgery Rehabilitation Surgery Rehabilitation

Physical function 52.7 (17.6) 50.6 (17.8) 76.2 (18.3) 64.0 (22.4) 76.0 (21.4) 63.7 (21.0) 79.5 (20.6) 66.7 (22.9) 78.9 (20.2) 69.6 (22.2) <0.001

Role physical 25.3 (24.2) 23.9 (18.7) 50.0 (31.5) 45.6 (31.9) 57.2 (35.1) 47.8 (31.2) 58.9 (37.3) 55.9 (33.9) 66.4 (33.5) 55.1 (35.0) 0.135

Bodily pain 24.9 (16.5) 24.4 (12.1) 48.2 (22.4) 34.9 (16.1) 50.8 (29.1) 39.1 (20.8) 52.5 (30.8) 43.5 (24.6) 55.5 (29.1) 44.4 (23.0) <0.001

General health 57.9 (19.7) 55.9 (19.9) 67.6 (22.8) 60.7 (24.7) 65.5 (24.3) 60.1 (24.4) 68.1 (26.8) 61.7 (22.1) 65.7 (26.0) 61.1 (24.8) 0.125

Vitality 37.8 (20.2) 33.1 (20.0) 50.3 (21.6) 44.4 (22.1) 55.6 (23.7) 45.7 (22.9) 57.5 (27.5) 48.2 (24.9) 55.0 (27.1) 46.8 (23.5) 0.003

Social function 53.0 (30.6) 57.6 (26.7) 72.8 (25.0) 68.8 (25.6) 75.0 (28.6) 71.1 (26.7) 76.7 (25.7) 74.3 (26.8) 78.3 (26.8) 77.9 (27.4) 0.725

Role emotion 72.5 (33.3) 67.6 (32.7) 85.1 (23.3) 69.0 (34.7) 83.3 (26.3) 74.5 (29.8) 80.4 (31.0) 79.2 (26.3) 83.9 (25.6 ) 79.2 (29.0) 0.010

Mental health‡ 71.7 (18.0) 65.8 (18.7) 78.6 (15.6) 72.4 (17.9) 79.5 (16.8) 74.1 (16.4) 80.4 (17.5) 73.8 (20.9) 78.3 (18.2) 75.8 (17.5) 0.007

*See table 1 for score details.

†For trend in treatment effect over time.

‡Values are not adjusted for significantly different baseline scores.
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Strengths and limitations

Our studyhas several strengths. It was randomised and
had few patients who crossed over to the other treat-
ment regimen. In addition, an independent research
assistant collected the data, the observers at the two
year evaluation were blinded, the interventions were
standardised, and the financing of the studywas public.
Choosing magnetic resonance imaging criteria for
inclusion could be a strength or limitation. To our
knowledge, there are no specific criteria to determine
which degenerative changes should be operated on.
When designing the study we wanted the inclusion of
patients across centres to be as unanimous as possible,
treating the same population, although this possibly
would lead to less external validity of the study. It
could also possibly lead to inclusion of more severe
degenerated discs in our study compared with other
studies.8 9

One limitation of our study is the lack of a placebo or
sham group. The regression to the mean and the nat-
ural resolution of chronic low back pain must also be
considered in both groups. When balancing a non-
operative regimen with an operative treatment, there
is probably a difference in placebo effect that is difficult
to untangle from the treatment effect.34-37 The placebo
effect might be higher in the surgical group, although
the possible placebo effect of rehabilitation over sev-
eral weeks with personal contact with a therapist
should not be underestimated. Furthermore, it could
be argued that the patients included in the study
wanted surgery, but the number of patients not want-
ing the rehabilitation programme was similar to the
number of patients not wanting surgery (see figure
and appendix 1 on bmj.com). Brox et al found no dif-
ference in treatment effect between patients who did
and did not “believe” in surgery,4 5 and a recent study
found no significant relation between baseline

expectations and follow-up scores.38 On the other
hand, “expectation being fulfilled” might be a predic-
tor of global outcome.38 During the inclusion process,
we emphasised the advantages and disadvantages of
the two treatment options and that none of the treat-
ments are documented as superior to another. It is still
possible, however, that patients in the rehabilitation
group found themselves faced with “more of the
same.”The lack of routine rehabilitation in the surgical
arm could be another limitation in the study. We
wanted to avoid the postoperative treatment contain-
ing elements from the rehabilitation programme.
Hence, patients received only general advice when
they were discharged from the hospital and received
no rehabilitation in the first weeks after surgery. At
six weeks, however, patients could be referred if
required to a physiotherapist at their home for func-
tional mobilisation and general muscle training.

Table 8 | Unplanned analysis in secondary outcome in

patients with low back pain and degenerative disc

randomised to disc prosthesis surgery or rehabilitation.

Mean (SD) outcome values for physical and mental

component summary scores on SF-36* at follow-up and

treatment effect (difference (95% confidence interval))

Surgery Rehabilitation Treatment effect†

SF-36 physical component summary

Baseline 30.5 (7.1) 30.8 (6.5) —

3 months 40.3 (10.9) 37.3 (8.9) 3.0 (−0.6 to 6.6)

6 months 41.4 (12.3) 37.2 (9.2) 4.2 (0.6 to 7.8)

1 year 43.5 (12.7) 39.4 (11.5) 4.2 (0.6 to 7.7)

2 years 43.9 (11.9) 39.6 (10.4) 4.3 (0.8 to 7.9)

SF-36 mental component summary

Baseline 47.7 (13.0) 45.2 (13.2) —

3 months 50.9 (10.4) 47.0 (12.9) 3.9 (−0.2 to 8.0)

6 months 52.0 (9.7) 49.5 (10.5) 2.5 (−1.6 to 6.6)

1 year 51.7 (11.6) 49.7 (12.0) 2.0 (−2.0 to 6.1)

2 years 51.0 (11.0) 50.5 (11.0) 0.5 (−3.4 to 4.5)

*See table 1 for score details.

†Positive treatment effect indicates larger improvement in outcome for

surgery. P=0.002 for physical and 0.166 for mental for trend in treatment

effect over time.

Table 9 | Secondary outcomes in patients with low back pain

and degenerative disc randomised to disc prosthesis surgery

or rehabilitation. Mean (SD) outcome values on EQ-5D, HSCL-

25, FABQ, and self efficacy at follow-up and treatment effect

(difference (95% confidence interval))

Variable* Surgery Rehabilitation Treatment effect†

EQ-5D‡‡

Baseline 0.30 (0.30) 0.27 (0.31) —

6 weeks 0.59 (0.30) 0.55 (0.29) 0.04 (−0.06 to 0.15)

3 months 0.70 (0.23) 0.48 (0.31) 0.22 (0.12 to 0.33)

6 months 0.68 (0.28) 0.51 (0.33) 0.17 (0.06 to 0.27)

1 year 0.67 (0.35) 0.54 (0.32) 0.13 (0.02 to 0.23)

2 years 0.68 (0.34) 0.60 (0.30) 0.08 (−0.03 to 0.18)

HSCL-25§§

Baseline 1.81 (0.50) 1.88 (0.51) —

3 months 1.38 (0.34) 1.66 (0.51) −0.27 (−0.44 to −0.11)

6 months 1.44 (0.45) 1.66 (0.49) −0.22 (−0.38 to −0.05)

1 year 1.45 (0.50) 1.59 (0.49) −0.14 (−0.30 to 0.03)

2 years 1.47 (0.49) 1.55 (0.50) −0.09 (−0.25 to 0.08)

FABQ work§§

Baseline 25.8 (11.2) 27.4 (9.9) —

3 months 20.0 (12.9) 24.3 (11.9) −4.3 (−8.6 to 0.1)

6 months 18.7 (12.9) 23.0 (12.7) −4.3 (−8.7 to 0.1)

1 year 18.2 (13.9) 21.3 (13.2) −3.1 (−7.4 to 1.2)

2 years 16.7 (13.5) 18.5 (12.5) −1.8 (−6.1 to 2.5)

FABQ physical§§

Baseline 14.0 (5.8) 12.5 (5.6) —

3 months 8.8 (5.3) 9.1 (6.3) −0.3 (−2.4 to 1.7)

6 months 8.6 (6.3) 9.3 (6.7) −0.7 (−2.8 to 1.3)

1 year 8.0 (6.3) 8.9 (5.8) −0.8 (−2.9 to 1.2)

2 years 8.0 (6.0) 8.3 (5.7) −0.3 (−2.3 to 1.7)

Self efficacy‡‡

Baseline 3.4 (1.5) 3.6 (1.6) —

3 months 6.1 (2.3) 5.0 (2.2) 1.0 (0.2 to 1.9)

6 months 6.0 (2.6) 5.6 (2.4) 0.5 (−0.3 to 1.3)

1 year 6.4 (3.3) 5.5 (2.5) 0.9 (0.0 to 1.7)

2 years 6.2 (2.7) 5.6 (2.7) 0.5 (-1.4 to 2.8)

*See tables 1 and 5 for score details.

†EQ-5D P<0.001, HSCL P<0.001, FABQ work P=0.057, FABQ physical

P=0.548, self efficacy P=0.019 for trend in treatment effect over time.

‡Positive scores indicate larger improvement in outcome with surgery.

§Negative scores indicate larger improvement in outcome with surgery.

RESEARCH

page 8 of 11 BMJ | ONLINE FIRST | bmj.com



Furthermore, some surgical patients underwent a sec-
ond operation but repeat rehabilitationwas not consid-
ered. Patients did not request a second chance for
rehabilitation, though they were advised during fol-
low-up consultations. Another weakness in our study
is the difference in compliance between groups and the
high drop-out rate. This difference in adherence to the
protocol probably leads to an underestimate of the true
effect of surgery, especially in the intention to treat ana-
lysis. In similar studies comparing surgerywith rehabi-
litation, the drop-out rates were similar to ours.6 39-41

The patients we included in our study were highly
selected, with one or two level degenerative changes
and good general health. Thus, our results are valid
only in similar patients. Furthermore, we examined
several secondary outcome variables that could lead
to the detection of differences by chance. Although
we conducted several unplanned analyses (not
recorded in the original protocol), in common with
similar studies, we consider it as an important asset to
our data. Lately, similar studies have applied repeated
measurements by using mixed models.40 Using
unplanned analysis could be considered a weakness,
but our findings in these analyses support our main
analyses and strengthen our conclusion. Nevertheless,
caution should be used in interpreting the results of
non-prespecified analyses.

Potential harms of disc prosthesis surgery

Surgery carries a risk of serious complications, as seen
in one of our patients. In a review by Inamasu et al, the
perioperative vascular injury rate for anterior lumbar
interbody fusion was 0-18% (mean 3%).42 This is an
important drawback of surgery. No major differences
in complication rates between insertion of a disc pros-
thesis and fusion have been found in a randomised
setting.8 9 11 The short term reoperation rate in our
study was 6.5% (n=5) and the vascular injury rate was
6.5% (n=5) (table 2). Although vascular complications
are reported, serious consequences like amputation
and mortality are rare.43 Recently Kurtz et al looked
at the rates of short term revision and mortality total
disc replacement.43 They found similar reoperation
rates as with anterior fusion surgery and hip arthro-
plasty. Four retrospective studies have reported long
term reoperation rates of up to 13%.44-47 Data on the

anterior revision rate of the prosthesis is difficult to
extract from these studies but seems considerably
lower. The potential long term revision rate with a
higher complication rate on revisions needs to be
considered.48

Earlier addressed but unresolved questions are the
incidence of adjacent level degeneration after total disc
replacement and distinct characteristics of patients
associated with good outcome. Some studies have
examined these issues but more information is
needed.49-51 In a univariate analysis we found indica-
tions that patients with Modic I or II changes have a
superior result in the surgical arm and that patients
with high Oswestry scores seem to be more suitable
for rehabilitation. A full multivariate analysis of good
outcomes will be published soon to answer these ques-
tions. Another important issue is the incidence of
degeneration in the facet joints of the operated level.
An analysis of adjacent level degeneration and degen-
eration of the operated level in addition to a full health
economic analysis will be published later.
The total blood loss and operation time were higher

in our study than in similar studies. The learning curve
might be quite flat, and perhaps the participating sur-
geons should have carried out disc prosthesis surgery
in more patients before the start of the study. Using a
surgeon to expose the disc (access surgeon), might also
have reduced the blood loss and operation time. Blu-
menthal et al and Zigler et al performed one level sur-
gery, while a third of our patients underwent two level
surgery.8 9 This could explain some of the increased
blood loss and operation time in our study. Because
of the complexity of the surgery and the risk of serious
complications, we think this kind of surgery should be
confined to a few specialist centres with experienced
spine surgeons and available vascular surgeons. A
high quality rehabilitation programme should be avail-
able.
Our study was not designed to evaluate specific

mechanisms of reduction of pain and disability. Possi-
ble explanations for the pain reduction are removal of
the disc in the surgical group and better coping in the
rehabilitation group, but the patients were heteroge-
neous and probably had a mixed aetiology difficult to
separate. Even thoughwedid not have a control group,
themixed causes of chronic low back pain, the associa-
tion of surgery with potentially serious complications,
and the considerable improvement in the rehabilita-
tion group suggest that it is reasonable to consider a
rehabilitation programme before surgery.

We thank the patients participating in the study; Coast Hospital for

Physical Medicine and Rehabilitation, Stavern, for videos and material for

lectures for the rehabilitation intervention; Hege Andresen at St Olavs

Hospital, Trondheim, for data coordination; Per Farup at St Olavs Hospital,

Trondheim, for organising the web randomisation system; Astrid

Woodhouse and Kirsti Vanvik from St Olavs Hospital for performing the

two year control; and Lucy Hyatt for paid editorial assistance.
The Norwegian Spine Study Group
University Hospital North Norway, Tromso (eight patients): Odd-

Inge Solem (department of orthopaedic surgery), Jens Munch-Ellingsen

(department of neurosurgery), and Franz Hintringer, Anita Dimmen

Johansen, Guro Kjos (department of physical medicine and rehabilitation).

WHAT IS ALREADY KNOWN ON THIS TOPIC

In patients with chronic low back pain, compared with fusion, the clinical outcome with disc
prosthesis has been at least equivalent

Compared with multidisciplinary rehabilitation, improvement in disability and pain are
similar

WHAT THIS STUDY ADDS

Surgery with disc prosthesis resulted in a significantly greater improvement in scores on the
Oswestry disability index and variables measuring disability and pain, although the
difference in Oswestry score between groups was lower than the study was designed to
detect

There were no differences in return to work and several outcomes measuring mental health

RESEARCH

BMJ | ONLINE FIRST | bmj.com page 9 of 11



Trondheim University Hospital, Trondheim (21 patients): Hege
Andresen, Helge Rønningen, Kjell Arne Kvistad (national centre for spinal
disorders, department of neurosurgery), Bjørn Skogstad, Janne Birgitte
Børke, Erik Nordtvedt, Gunnar Leivseth (multidiscipline spinal unit,
department of physical medicine and rehabilitation).
Haukeland University Hospital, Bergen (64 patients): Sjur Braaten,
Turid Rognsvåg, Gunn Odil Hirth Moberg (Kysthospitalet in Hagevik,
department of orthopaedic surgery), Jan Sture Skouen, Lars Geir Larsen,

Vibeche Iversen, Ellen H Haldorsen, Elin Karin Johnsen, Kristin Hannestad
(Outpatient Spine Clinic, department of physical medicine and
rehabilitation).
Stavanger University Hospital, Stavanger (27 patients): Endre
Refsdal (department of orthopaedic surgery).
Oslo University Hospital, Oslo (53 patients): Vegard Slettemoen,
Kenneth Nilsen, Kjersti Sunde, Helenè E Skaara (department of

orthopaedics), Anne Keller, Berit Johannessen, Anna Maria Eriksdotter
(department of physical medicine and rehabilitation).
Contributors:All authors had full access to the data, were responsible for
study concept and design, and critically revised the manuscript for

important intellectual content. Acquisition of data: CH, LGJ, KS, OPN, MR,
OG acquired the data, which were analysed and interpreted by HC , LGJ,
KS, OPN, JIB, LS, IR, and OG. CH drafted the manuscript. CH and LS did the
statistical analysis. CH, LJ, KS, OPN, JIB, MR, and OG provided

administrative, technical, or material support. CH, KS, OPN, JIB, IR, LS, and
OG supervised the study. CH is guarantor.
Funding: The study was funded by the South Eastern Norway Regional
Health Authority and EXTRA funds from the Norwegian Foundation for
Health and Rehabilitation, through the Norwegian Back Pain Association.
Competing interests: All authors have completed the Unified Competing
Interest form at www.icmje.org/coi_disclosure.pdf (available on request

from the corresponding author) and declare: no support from any
organisation for the submitted work; no financial relationships with any
organisations that might have an interest in the submitted work in the
previous three years; no other relationships or activities that could appear

to have influenced the submitted work.
Ethical approval: The study was evaluated and approved by the regional
committees for medical research ethics in east Norway and all
participants gave written informed consent. We did not obtain

participants’ informed consent for data but the presented data are
anonymised and risk of identification is low.
Data sharing: Dataset available from the corresponding author at

christian.hellum@medisin.uio.no.

1 Waddell G. The back pain revolution. 2nd ed. Churchill Livingstone,
2004.

2 Thomas E, Silman AJ, Croft PR, Papageorgiou AC, Jayson MI,
Macfarlane GJ. Predicting who develops chronic low back pain in
primary care: a prospective study. BMJ 1999;318:1662-7.

3 Fritzell P, Hagg O, Wessberg P, Nordwall A, for the Swedish Lumbar
Spine Study Group. 2001 Volvo Award Winner in Clinical Studies:
lumbar fusion versus nonsurgical treatment for chronic low back
pain: a multicenter randomized controlled trial from the Swedish
Lumbar Spine Study Group. Spine 2001;26:2521-32.

4 Brox JI, Sorensen R, Friis A, Nygaard O, Indahl A, Keller A, et al.
Randomized clinical trial of lumbar instrumented fusion and
cognitive intervention and exercises in patients with chronic low
back pain and disc degeneration. Spine 2003;28:1913-21.

5 Brox JI, Reikeras O, Nygaard O, Sorensen R, Indahl A, Holm I, et al.
Lumbar instrumented fusion compared with cognitive intervention
and exercises in patients with chronic back pain after previous
surgery for disc herniation: a prospective randomized controlled
study. Pain 2006;122:145-55.

6 Fairbank J, Frost H, Wilson-MacDonald J, Yu LM, Barker K, Collins R.
Randomised controlled trial to compare surgical stabilisation of the
lumbar spinewith an intensive rehabilitationprogramme for patients
with chronic low back pain: the MRC spine stabilisation trial. BMJ
2005;330:1233.

7 Brox JI, Nygaard O, Holm I, Keller A, Ingebrigtsen T, Reikeras O. Four-
year follow-up of surgical versus non-surgical therapy for chronic low
back pain. Ann Rheum Dis 2009;69:1643-8.

8 Blumenthal S, McAfee PC, Guyer RD, Hochschuler SH, Geisler FH,
Holt RT, et al. A prospective, randomized, multicenter Food and Drug
Administration investigational device exemptions study of lumbar
total disc replacement with the CHARITE artificial disc versus lumbar
fusion: part I: evaluation of clinical outcomes Spine
2005;30:1565-75.

9 Zigler J, Delamarter R, Spivak JM, Linovitz RJ, Danielson GO III,
Haider TT, et al. Results of the prospective, randomized, multicenter
Food and Drug Administration investigational device exemption

study of the ProDisc-L total disc replacement versus circumferential
fusion for the treatment of 1-level degenerative disc disease. Spine
2007;32:1155-62.

10 Guyer RD, McAfee PC, Banco RJ, Bitan FD, Cappuccino A, Geisler FH,
et al. Prospective, randomized, multicenter Food and Drug
Administration investigational device exemption study of lumbar
total disc replacement with the CHARITE artificial disc versus lumbar
fusion: five-year follow-up. Spine J 2009;9:374-86.

11 Berg S, Tullberg T, Branth B, Olerud C, Tropp H. Total disc
replacement compared to lumbar fusion: a randomised controlled
trial with 2-year follow-up. Eur Spine J 2009;18:1512-9.

12 Gibson JN, Waddell G. Surgery for degenerative lumbar spondylosis.
Cochrane Database Syst Rev 2005;4:CD001352.

13 Van den Eerenbeemt KD, Ostelo RW, van Royen BJ, Peul WC, van
Tulder MW. Total disc replacement surgery for symptomatic
degenerative lumbar disc disease: a systematic review of the
literature. Eur Spine J 2010;19:1262-80.

14 Masharawi Y, Kjaer P, Bendix T, Manniche C, Wedderkopp N,
Sorensen JS, et al. The reproducibility of quantitative measurements
in lumbar magnetic resonance imaging of children from the general
population. Spine 2008;33:2094-100.

15 ModicMT, Steinberg PM, Ross JS,Masaryk TJ, Carter JR. Degenerative
disk disease: assessment of changes in vertebral body marrow with
MR imaging. Radiology 1988;166:193-9.

16 Aprill C, Bogduk N. High-intensity zone: a diagnostic sign of painful
lumbar disc on magnetic resonance imaging. Br J Radiol
1992;65:361-9.

17 Luoma K, Riihimaki H, Luukkonen R, Raininko R, Viikari-Juntura E,
Lamminen A. Low back pain in relation to lumbar disc degeneration.
Spine 2000;25:487-92.

18 Fairbank JCTM, Pynsent PBP. The Oswestry disability index. Spine
2000;25:2940-53.

19 Grotle M, Brox JI, Vollestad NK. Cross-cultural adaptation of the
Norwegian versions of the Roland-Morris disability questionnaire
and the Oswestry disability index. J Rehabil Med 2003;35:241-7.

20 Ware JE Jr, SherbourneCD. TheMOS36-itemshort-formhealth survey
(SF-36). I. Conceptual framework and item selection.Med Care
1992;30:473-83.

21 Ware JE Jr. SF-36 health survey update. Spine 2000;25:3130-9.
22 Euroquol Group. EuroQol—a new facility for the measurement of

health-related quality of life. Health Policy 1990;16:199-208.
23 Derogatis LR, Lipman RS, Rickels K, Uhlenhuth EH, Covi L. The

Hopkins symptomchecklist (HSCL): a self-report symptom inventory.
Behav Sci 1974;19:1-15.

24 Waddell G, Newton M, Henderson I, Somerville D, Main CJ. A fear-
avoidance beliefs questionnaire (FABQ) and the role of fear-
avoidance beliefs in chronic low back pain and disability. Pain
1993;52:157-68.

25 Lorig K, Chastain RL, Ung E, Shoor S, Holman HR. Development and
evaluation of a scale to measure perceived self-efficacy in people
with arthritis. Arthritis Rheum 1989;32:37-44.

26 Ostelo RW. Clinically important outcomes in low back pain. Best
Pract Res Clin Rheumatol 2005;19:593-607.

27 Strand LI, Moe-Nilssen R, Ljunggren AE. Back performance scale for
the assessment of mobility-related activities in people with back
pain. Phys Ther 2002;82:1213-23.

28 Prolo DJ, Oklund SA, Butcher M. Toward uniformity in evaluating
results of lumbar spine operations. A paradigm applied to posterior
lumbar interbody fusions. Spine 1986;11:601-6.

29 Hagg O, Fritzell P, Nordwall A. The clinical importance of changes in
outcome scores after treatment for chronic lowbackpain. Eur Spine J
2003;12:12-20.

30 AltmanDG. Confidence intervals for the number needed to treat.BMJ
1998;317:1309-12.

31 Guyatt GH, Juniper EF, Walter SD, Griffith LE, Goldstein RS.
Interpreting treatment effects in randomised trials. BMJ
1998;316:690-3.

32 Fairbank JC. Use and abuse of Oswestry disability index. Spine
2007;32:2787-9.

33 Nachemson A. Chronic pain—the end of the welfare state? Qual Life
Res 1994;3(suppl 1):S11-7.

34 Pauza KJ, Howell S, Dreyfuss P, Peloza JH, Dawson K, Bogduk N. A
randomized, placebo-controlled trial of intradiscal electrothermal
therapy for the treatment of discogenic low back pain. Spine J
2004;4:27-35.

35 Freeman BJ, Fraser RD, Cain CM, Hall DJ, Chapple DC. A randomized,
double-blind, controlled trial: intradiscal electrothermal therapy
versus placebo for the treatment of chronic discogenic low back
pain. Spine 30:2369-77.

36 Buchbinder R, Osborne RH, Ebeling PR, Wark JD,Mitchell P,Wriedt C,
et al. A randomized trial of vertebroplasty for painful osteoporotic
vertebral fractures. N Engl J Med 2009;361:557-68.

37 Rousing R, Hansen KL, Andersen MO, Jespersen SM, Thomsen K,
Lauritsen JM. Twelve-months follow-up in forty-nine patients with
acute/semiacute osteoporotic vertebral fractures treated

RESEARCH

page 10 of 11 BMJ | ONLINE FIRST | bmj.com



conservatively or with percutaneous vertebroplasty: a clinical
randomized study. Spine 2010;35:478-82.

38 Mannion AF, Junge A, Elfering A, Dvorak J, Porchet F, Grob D. Great
expectations: really the novel predictor of outcome after spinal
surgery? Spine 2009;34:1590-9.

39 Weinstein JN, Lurie JD, Tosteson TD, Skinner JS, Hanscom B,
Tosteson AN, et al. Surgical vs nonoperative treatment for lumbar
disk herniation: the Spine Patient Outcomes Research Trial (SPORT)
observational cohort. JAMA 2006;296:2451-9.

40 Weinstein JN, Lurie JD, Tosteson TD, Hanscom B, Tosteson AN,
Blood EA, et al. Surgical versus nonsurgical treatment for lumbar
degenerative spondylolisthesis. N Engl J Med 2007;356:2257-70.

41 PeulWC, vanHouwelingenHC, van denHoutWB, Brand R, Eekhof JA,
Tans JT, et al. Surgery versus prolonged conservative treatment for
sciatica. N Engl J Med 2007;356:2245-56.

42 Inamasu J, Guiot BH. Vascular injury and complication in
neurosurgical spine surgery. Acta Neurochir (Wien)
2006;148:375-87.

43 Kurtz SM, Lau E, Ianuzzi A, Schmier J, Todd L, Isaza J, et al. National
revision burden for lumbar total disc replacement in the United
States: epidemiologic and economic perspectives. Spine (Phila Pa
1976) 2010; published online 26 Feb.

44 Putzier M, Funk JF, Schneider SV, Gross C, Tohtz SW,
Khodadadyan-Klostermann C, et al. Charite total disc replacement—
clinical and radiographical results after an average follow-up of
17 years. Eur Spine J 2006;15:183-95.

45 Lemaire JP, Carrier H, Sariali E, Skalli W, Lavaste F. Clinical and
radiological outcomes with the Charite artificial disc: a 10-year
minimum follow-up. J Spinal Disord Tech 2005;18:353-9.

46 Tropiano P, Huang RC, Girardi FP, Cammisa FP Jr, Marnay T. Lumbar
total disc replacement. Seven to eleven-year follow-up. J Bone Joint
Surg Am 2005;87:490-6.

47 David T. Long-term results of one-level lumbar arthroplasty:
minimum 10-year follow-up of the CHARITE artificial disc in 106
patients. Spine 2007;32:661-6.

48 McAfeePC,Geisler FH, SaiedySS,MooreSV, Regan JJ, Guyer RD, et al.
Revisability of the CHARITE artificial disc replacement: analysis of
688 patients enrolled in the US IDE study of the CHARITE artificial
disc. Spine 2006;31:1217-26.

49 Siepe CJ, Zelenkov P, Sauri-Barraza JC, Szeimies U, Grubinger T,
Tepass A, et al. The fate of facet joint and adjacent level disc
degeneration following total lumbar disc replacement: a prospective
clinical, x-ray, and magnetic resonance imaging investigation. Spine
(Phila Pa 1976) 2010;35:1991-2003.

50 Siepe CJ, Mayer HM, Wiechert K, Korge A. Clinical results of total
lumbar disc replacement with ProDisc II: three-year results for
different indications. Spine 2006;31:1923-32.

51 Guyer RD, Siddiqui S, Zigler JE, Ohnmeiss DD, Blumenthal SL,
Sachs BL, et al. Lumbar spinal arthroplasty: analysis of one center’s
twenty best and twenty worst clinical outcomes. Spine
2008;33:2566-9.

Accepted: 25 March 2011

RESEARCH

BMJ | ONLINE FIRST | bmj.com page 11 of 11



 



1

Masters, Christine V. (HCA)

From: Pooja Voria - WSRS Vice President <wsrsvicepresident@gmail.com>
Sent: Friday, March 11, 2016 1:09 PM
To: HCA ST Health Tech Assessment Prog
Subject: HTA review of CAD

Follow Up Flag: Follow up
Flag Status: Completed

Dear members of the review committee – 
  
As a practicing breast radiologist in Washington State I am personally committed to utilizing the best 
technologies to diagnose or rule out cancer for my patients.  CAD is fundamental technology at this time and is 
helpful to many radiologists.   
  
As the Vice President of the Washington State Chapter of the ACR, I am would like to share legislation that 
was passed with the Consolidated Appropriations Act signed into law December 18th, 2015.  The law explicitly 
spells out in Section 229, all Medicare-recognized screening mammography modalities (including digital 
mammography, screening breast tomosynthesis, and computer-aided detection/CAD) must be covered without 
cost-sharing by all non-grandfathered health plans, for women 40 and older on an annual basis.  My hope is 
that, rather than potentially creating addition confusion for patients, the HTA can support and implement this 
law so that women in Washington are provided access to these important breast screening services. 
  
You may view the complete bill by following the link below: 
  
https://www.congress.gov/bill/114th-congress/house-bill/2029/text 
  
Thank you for your consideration on this issue, 
  
Pooja Voria, MD, MBA 
Vice President – WA State Radiological Society 



 

March 11, 2016 
 
Health Technology Assessment Program 
628 8th Avenue SE 
Olympia, WA 98501 
 
Attn: Christine Masters, Program Specialist 
 
Via electronic submission at shtap@hca.wa.gov 
 
RE: 2016 Prospective HTA Technology Topics: Left Atrial Appendage Closure (LAAC) Device 
 
Dear Ms. Masters, 
 
Boston Scientific appreciates the opportunity to provide comment as it relates to the 2016 prospective HTA 
technology topic on Left Atrial Appendage Closure (LAAC) Device. We understand that Washington HTA is 
soliciting public feedback as to whether they should open up an HTA review on LAAC.  We would like to provide 
our perspective that might be helpful in evaluating your decision.  For the reasons discussed below, we 
recommend that Washington HTA not pursue a review of LAAC at this time. 
 
FDA Approval 
The WATCHMAN Device has been extensively studied in five clinical trials (e.g., PILOT (feasibility study), 
PROTECT AF (RCT-IDE), CAP (Registry), PREVAIL (RCT-IDE), and CAP2 (Registry) over the past 10 years.  In the 
clinical trials, WATCHMAN demonstrated as good or better results than the current standard of care (warfarin).  
These clinical trials ultimately led to FDA approval of the WATCHMAN Device on March 13, 2015 as a non-
pharmaceutical treatment for reducing the risk of stroke from thromboembolism originating in the  LAA in 
patients with non-valvular atrial fibrillation (NVAF).1  The FDA has provided appropriate guidance on which 
patients  are at greatest risk, hence, to be a candidate to receive WATCHMAN therapy.  To provide additional 
perspective, these NVAF patients who are at high risk of stroke are not absolutely contraindicated to oral 
anticoagulants (OACs), but the benefit of long-term OAC therapy is outweighed by the risks associated with 
lifelong exposure to OACs, particularly with respect to the risk of bleeding complications over time.  Because of 
these risks, these patients may not take any OAC on a long-term basis and therefore would be left unprotected 
from stroke.  (Importantly, these patients can use warfarin for short periods.)  Such patients are in need of an 
alternative, non-pharmacologic, lifelong stroke risk reduction therapy.  These patients are the target group for 
                                                        
1 The WATCHMAN is indicated to reduce the risk of thromboembolism from the left atrial appendage (LAA) in 
patients with non-valvular atrial fibrillation who: 
• Are at increased risk for stroke and systemic embolism based on CHADS2 or CHA2DS2-VASc scores and are 

recommended for anticoagulation therapy; 
• Are deemed by their physicians to be suitable for warfarin; and 
• Have an appropriate rationale to seek a non-pharmacologic alternative to warfarin, taking into account the 

safety and effectiveness of the device compared to warfarin. 
 

mailto:shtap@hca.wa.gov
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Appendix A: WATCHMAN Key Clinical and Cost Effectiveness Publications 

1. Block P. Watching the WATCHMAN. Journal of American College of Cardiology. Vol 49.
No. 13, 2007.

2. Sick P, Schuler G, Hauptmann K, et al. Initial worldwide experience with the WATCHMAN left atrial
appendage system for stroke prevention in atrial fibrillation. Journal of American College of Cardiology.
Vol 49. 2007. 1490-1495.

3. Stöllberger C, Schneider B, Finsterer J. Serious complications from dislocation of a WATCHMAN left atrial
appendage occluder. Journal of Cardiovascular Electrophysiology. Vol 18, 2007. Aug 18(8): 880-881.

4. Budge L, Shaffer K, Moorman J, et al. Analysis of in vivo left atrial appendage morphology in patients
with atrial fibrillation: A direct comparison of transesophageal echocardiography, planar cardiac CT, and
segmented three-dimensional cardiac CT. Journal of Interventional Cardiology Electrophysiology. Vol 23,
2008. 

5. Hara H, Matthews R, Virmani R, et al. Percutaneous left atrial appendage obliteration.
Journal of American College of Cardiology: Cardiovascular Imaging. Vol 1, No 1, 2008.

6. Khumri T, Thibodeau J, Main M. Transesophageal echocardiographic diagnosis of left atrial appendage
occluder device infection. European Journal of Echocardiography. Vol 9, 2008.

7. Möbius-Winkler S, Schuler G, Sick P. Interventional treatments for stroke prevention in atrial fibrillation
with emphasis upon the WATCHMAN device. Current Opinion in Neurology. Vol 21, 2008.

8. Ahmed H, Reddy V. Technical advances in the ablation of atrial fibrillation. Heart Rhythm Society.
2009.05.005. 

9. Di Biase L, Horton R, Wang Y, et al. Follow-up imagine of a left atrial appendage Device. Heart Rhythm
Society. 2009.04.036.

10. De Meester P, Thijs V, Willems R, et al. Percutaneous closure of the left atrial appendage in atrial
fibrillation: An alternative if standard treatment fails? Interventional Cardiology. 2009.1(1), 119-131.

11. Holmes D, Reddy V, Turi Z, et al. Percutaneous closure of the left atrial appendage versus warfarin
therapy for prevention of stroke in patients with atrial fibrillation: A randomized non-inferiority trial.
Lancet. 2009. 374: 534-42.

12. Holmes D, Schwartz R. Left atrial appendage occlusion eliminates the need for warfarin. Circulation. Vol
120, 2009. 120:1919-1926.

13. Whitlock R, Healey J, Connolly S. Left atrial appendage occlusion does not eliminate the need for
warfarin. Circulation. Vol 120, 2009. 120, 1927-1932.

14. Wrigley B, Lip G. Can the WATCHMAN device truly PROTECT from stroke in atrial fibrillation? Lancet
Neurology. 2009.
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15. Schwartz R, Holmes D, Van Tassel R, et al. Left atrial appendage obliteration; Mechanisms of healing and 
intracardiac integration. Journal of American College of Cardiology. Vol 3, No 8, 2010. 

 
16. Reddy V, Holmes D, Doshi S, et al. Safety of percutaneous left atrial appendage closure: Results from the 

WATCHMAN left atrial appendage system for embolic protection in patients With AF (PROTECT AF) 
clinical trial and the Continued Access Registry. Circulation. Vol 123, 2011. 

 
17. Singh S, Douglas P, Reddy V. The incidence and long-term clinical outcome of iatrogenic atrial septal 

defects secondary to transseptal catheterization with a 12F transseptal sheath. Circulation: Arrhythmia 
and Electrophysiology. 2011. 

 
18. Bai R, Horton R, Di Biase L, et al. Intraprocedural and long-term incomplete occlusion of the left atrial 

appendage following placement of the WATCHMAN device: A single center experience. Journal of 
Cardiovascular Electrophysiology. Vol 23, 2012. 

 
19. Gangireddy S, Halperin J, Fuster V, et al. Percutaneous left atrial appendage closure for stroke 

prevention in patients with atrial fibrillation: An assessment of net clinical benefit. European Heart 
Journal. Vol 33, 2012. 

 
20. Viles-Gonzalez J, Kar S, Douglas P, Dukkipati S, Feldman T, Horton R, Holmes D, Reddy V. The clinical 

impact of incomplete left atrial appendage closure with the WATCHMAN device in patients with atrial 
fibrillation. Journal of American College of Cardiology. Vol 59, No. 10.2012. 

 
21. Landmesser U, Holmes D. Left atrial appendage closure: A percutaneous transcatheter approach for 

stroke prevention in atrial fibrillation. European Heart Journal. Vol 33, 2012. 
 

22. Perk G, Biner S, Kronzon I, et al. Catheter-based atrial appendage occlusion procedure: Role of 
echocardiography. European Heart Journal-Cardiovascular Imaging. Vol 13, 2012. 

 
23. Walker D, Humphries J, Philips K. Combined catheter ablation for atrial fibrillation and WATCHMAN left 

atrial appendage occlusion procedures: A single centre experience. Journal of Atrial Fibrillation. Vol 5, 
2012. 

 
24. Reddy V, Doshi S, Sievert H, et al. Percutaneous left atrial appendage closure for stroke prophylaxis in 

patients with atrial fibrillation: 2.3-year follow up of the PROTECT AF (Watchman Left Atrial Appendage 
System for embolic protection in patients with atrial fibrillation) trial. Circulation. 2013;127:720-729; 

 
25. Reddy VY, Möbius-Winkler S, Miller MA, Neuzil P, Schuler G, Wiebe J, Sick P, Sievert H, Left Atrial 

Appendage Closure with the Watchman Device in Patients with a Contraindication for Oral 
Anticoagulation: ASA Plavix Feasibility Study with Watchman Left Atrial Appendage Closure Technology 
(ASAP Study). Journal of American College of Cardiology (2013), doi: 10.1016/j.jacc.2013.03.035. 

 
26. Alli O, Doshi S, Kar S, et al. Quality of Life Assessment in the Randomized PROTECT AF Trial of Patients at 

Risk for Stroke With Non-Valvular Atrial Fibrillation. Journal of American College of Cardiology. Vol 61, 
No 17, 2013; 1790-8. 

 
27. Holmes DR, Kar S, Price M, Whisenant B, Sievert H, Doshi S, Huber K, Reddy V. Prospective randomized 

evaluation of the Watchman left atrial appendage Device in patients with atrial fibrillation versus long-
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term warfarin therapy; the PREVAIL trial. Journal of the American College of Cardiology., Vol. 4, No. 1, 
2014, 1-11. 

 
28. Reddy VY, Sievert H, Halperin J, et al. Percutaneous Left Atrial Appendage Closure vs Warfarin   for Atrial 

Fibrillation: A randomized clinical trial. JAMA. 2014;312(19): 1988-1998. 
 

29. Holmes DR et al. Left atrial appendage closure as an alternative to warfarin for stroke prevention in 
atrial fibrillation: a patient meta-analysis. JACC. 2015:65(24):2614-2623. 
 

30. Reddy VY, Akehurst RL, Armstrong SO, Amorosi SL, Beard SM, Holmes DR, Jr. Time to Cost-Effectiveness 
Following Stroke Reduction Strategies in AF: Warfarin versus NOACs Versus LAA Closure. J Am Coll 
Cardiol. 2015;66(24):2728-2739. doi:10.1016/j.jacc.2015.09.084. 
 

31. Price et al. Bleeding outcomes after left atrial appendage closure compared with long-term warfarin: a 
pooled, patient-level analysis of the WATCHMAN randomized trial experience.  JACC: Cardiovascular 
Interventions. Vol 8(15), Dec 2015. 1925-1932. 
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Appendix B: Current Private Payers Covering WATCHMAN LAAC Therapy 
 
Insurer Policy link 
BCBS Kansas 
City  

http://medicalpolicy.bluekc.com/MedPolicyLibrary/Medicine/Cardiology/12-
15_2_Percutaneous_Left_Atrial_Appendage_Closure_Devices.pdf 

BCBS MS 
http://www.bcbsms.com/index.php?q=provider-medical-policy-
search.html&action=viewPolicy&path=%2Fpolicy%2Femed%2FLeft-
Atrial+Appendage+Closure+Devices.html 

BCBS NE NY https://securews.bsneny.com/content/dam/COMMON/Provider/Protocols/P/prov_pr
ot_20226.pdf     

BCBS of AZ https://www.azblue.com/~/media/azblue/files/healthcare/resources/medical-
coverage-guidelines/medicine/o616.pdf 

BCBS of MS http://www.bcbsms.com/index.php?q=provider-medical-policy-
search.html&action=viewPolicy&path=%2Fpolicy%2Femed%2FLeft-
Atrial+Appendage+Closure+Devices.html 

BCBS of RI 
https://www.bcbsri.com/sites/default/files/polices/Percutaneous%20L%20Atrial%20a
ppendage%20Clusure%20Devices%20for%20Stroke%20Prevention_Final%20V1.1_4.p
df   

BCBS TN 
http://www.bcbst.com/UpcomingMPs/Topics_4-8-
16/Percutaneous_Left_Atrial_Append_Clsr_Devices_policy.pdf   

BCBS WNY https://securews.bcbswny.com/content/dam/COMMON/Provider/Protocols/P/prov_
prot_20226.pdf   

Blue Shield CA https://www.blueshieldca.com/provider/content_assets/documents/download/publi
c/bscpolicy/PercutaneousLeftAtrial.pdf   

HealthNet https://www.healthnet.com/static/general/unprotected/pdfs/national/policies/LeftA
trialAppendageDevices.pdf 

Horizon BCBS- 
NJ 

https://services3.horizon-bcbsnj.com/hcm/MedPol2.nsf 

Independence 
Blue Cross 

http://medpolicy.ibx.com/policies/mpi.nsf/f12d23cb982d59b485257bad00552d87/e3
5204d0bb53f7ee85257f08004f299d!OpenDocument 

Premera Blue 
Cross 

https://www.premera.com/medicalpolicies/2.02.26.pdf 

 

http://medicalpolicy.bluekc.com/MedPolicyLibrary/Medicine/Cardiology/12-15_2_Percutaneous_Left_Atrial_Appendage_Closure_Devices.pdf
http://medicalpolicy.bluekc.com/MedPolicyLibrary/Medicine/Cardiology/12-15_2_Percutaneous_Left_Atrial_Appendage_Closure_Devices.pdf
http://www.bcbsms.com/index.php?q=provider-medical-policy-search.html&action=viewPolicy&path=%2Fpolicy%2Femed%2FLeft-Atrial+Appendage+Closure+Devices.html
http://www.bcbsms.com/index.php?q=provider-medical-policy-search.html&action=viewPolicy&path=%2Fpolicy%2Femed%2FLeft-Atrial+Appendage+Closure+Devices.html
http://www.bcbsms.com/index.php?q=provider-medical-policy-search.html&action=viewPolicy&path=%2Fpolicy%2Femed%2FLeft-Atrial+Appendage+Closure+Devices.html
https://securews.bsneny.com/content/dam/COMMON/Provider/Protocols/P/prov_prot_20226.pdf
https://securews.bsneny.com/content/dam/COMMON/Provider/Protocols/P/prov_prot_20226.pdf
https://www.bcbsri.com/sites/default/files/polices/Percutaneous%20L%20Atrial%20appendage%20Clusure%20Devices%20for%20Stroke%20Prevention_Final%20V1.1_4.pdf
https://www.bcbsri.com/sites/default/files/polices/Percutaneous%20L%20Atrial%20appendage%20Clusure%20Devices%20for%20Stroke%20Prevention_Final%20V1.1_4.pdf
https://www.bcbsri.com/sites/default/files/polices/Percutaneous%20L%20Atrial%20appendage%20Clusure%20Devices%20for%20Stroke%20Prevention_Final%20V1.1_4.pdf
http://www.bcbst.com/UpcomingMPs/Topics_4-8-16/Percutaneous_Left_Atrial_Append_Clsr_Devices_policy.pdf
http://www.bcbst.com/UpcomingMPs/Topics_4-8-16/Percutaneous_Left_Atrial_Append_Clsr_Devices_policy.pdf
https://securews.bcbswny.com/content/dam/COMMON/Provider/Protocols/P/prov_prot_20226.pdf
https://securews.bcbswny.com/content/dam/COMMON/Provider/Protocols/P/prov_prot_20226.pdf
https://www.blueshieldca.com/provider/content_assets/documents/download/public/bscpolicy/PercutaneousLeftAtrial.pdf
https://www.blueshieldca.com/provider/content_assets/documents/download/public/bscpolicy/PercutaneousLeftAtrial.pdf
https://www.healthnet.com/static/general/unprotected/pdfs/national/policies/LeftAtrialAppendageDevices.pdf
https://www.healthnet.com/static/general/unprotected/pdfs/national/policies/LeftAtrialAppendageDevices.pdf
http://medpolicy.ibx.com/policies/mpi.nsf/f12d23cb982d59b485257bad00552d87/e35204d0bb53f7ee85257f08004f299d!OpenDocument
http://medpolicy.ibx.com/policies/mpi.nsf/f12d23cb982d59b485257bad00552d87/e35204d0bb53f7ee85257f08004f299d!OpenDocument
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March 11, 2016  

 

Josh Morse, MPH 

Program Director Health Technology Assessment Program 

P.O. Box 42712 

Olympia, WA 98504-2712 

 

 

RE:  2016 Prospective HTA Technology Topics – Left Atrial Appendage 

Closure Device 

 

Dear Mr. Morse: 

 

Thank you for the opportunity to comment on the 2016 Prospective HTA 

Technology Topics which are posted on the internet at:  

http://www.hca.wa.gov/hta/Documents/topic_select_proposed_022516.pdf. 

We will restrict our comments to potential topic number 3 on your list “Left 

Atrial Appendage.” 

 

The Society for Cardiovascular Angiography and Interventions (SCAI) is a 

4,600-member professional organization representing invasive and 

interventional cardiologists in approximately 70 countries. SCAI's mission is 

to promote excellence in invasive/interventional cardiovascular medicine 

through physician education and representation, and advancement of quality 

standards to enhance patient care. SCAI's public education program, 

SecondsCount, offers comprehensive information about cardiovascular 

disease. For more information about SCAI and SecondsCount, visit 

www.SCAI.org or www.SecondsCount.org. 

 

While this is a promising new technology, we believe a new review by the 

HTA is unnecessary at this point for three reasons: 

 

1. The Centers for Medicare and Medicaid Services (CMS) 

recently completed a 9 month long coverage review for these devices and 

posted a National Coverage Analysis at:  https://www.cms.gov/medicare-

coverage-database/details/nca-

http://www.hca.wa.gov/hta/Documents/topic_select_proposed_022516.pdf
http://www.secondscount.org/
https://www.cms.gov/medicare-coverage-database/details/nca-details.aspx?NCAId=281&TimeFrame=7&DocType=All&bc=AAAAIAAAAAAAAA%3d%3d&
https://www.cms.gov/medicare-coverage-database/details/nca-details.aspx?NCAId=281&TimeFrame=7&DocType=All&bc=AAAAIAAAAAAAAA%3d%3d&
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details.aspx?NCAId=281&TimeFrame=7&DocType=All&bc=AAAAIAAAAAAAA

A%3d%3d&.  We aren’t aware of any deficiencies in CMS’s analysis, so we see little 

potential benefit from a repeated review. 

 

2. The roll out of this device will be carefully monitored and reviewed. The FDA’s 

approval mandates extensive follow-up and reporting (see: 

http://www.accessdata.fda.gov/cdrh_docs/pdf13/P130013a.pdf ).  Additionally, CMS 

is requiring that all facilities enroll all their patients in a national, audited registry and 

that they collect 4 years of follow-up data. 

   

3. The vast majority of patients who will be receiving these devices will be Medicare 

patients and this means that there will be little financial impact on the state from use 

of LAAC devices. 

 

We suggest that the HTA’s resources be used more effectively in reviewing other procedures or 

drugs. Thank you once again for the opportunity to provide comments on these proposed list of 

topics. As always, feel free to contact us for any reason. Wayne Powell, SCAI’s Senior Director 

for Advocacy and Government Relations, can be reached at wpowell@scai.org or (202)-741-

9869. 

 

 

Sincerely,  

James C. Blankenship, MD, MHCM, FSCAI 

President 

 

https://www.cms.gov/medicare-coverage-database/details/nca-details.aspx?NCAId=281&TimeFrame=7&DocType=All&bc=AAAAIAAAAAAAAA%3d%3d&
https://www.cms.gov/medicare-coverage-database/details/nca-details.aspx?NCAId=281&TimeFrame=7&DocType=All&bc=AAAAIAAAAAAAAA%3d%3d&
mailto:wpowell@scai.org


 

 

March 11, 2016 
 

VIA Electronic Mail to shtap@hca.wa.gov 

 

RE: Potential Health Technology Topics – Non-Pharmacologic Treatments for 

Migraines/Headaches 

To Whom It May Concern: 

The Health Care Authority (HCA) recently proposed topics for future technology assessments.  Included 

in this list is “Non-pharmacologic treatments for migraines/headaches: Includes Botox injections, 

transcranial magnetic stimulation, nerve destruction, acupuncture and massage. The topic is proposed to 

determine the safety, efficacy and value of non-drug treatments for migraines and other headaches types”.  

On behalf of Allergan, Inc., the manufacturer of BOTOX
®
 (onabotulinumtoxinA),

1i 
 we encourage HCA 

to exclude BOTOX
®
 from the scope of this review for the following reasons: 

 

 BOTOX
®
 is not a “non-pharmacologic treatment”.  BOTOX

®
 is a biological product approved 

by the U.S. Food and Drug Administration (FDA) under section 351(a) of the Public Health 

Service Act.  If the HCA intends to focus its review solely on non-pharmacologic treatments, 

BOTOX
®
 would fall outside the review’s scope. 

 

 The Medicaid Drug Rebate Law requires the HCA to cover BOTOX
®
 when administered 

for the treatment of chronic migraine.  BOTOX
®
 is FDA-approved for the prophylaxis of 

headaches in adults with chronic migraine (>15 days per month with a headache last 4 hours a 

day or longer).
2
  (The safety and effectiveness of BOTOX

®
 have not been established for the 

prophylaxis of episodic migraine (14 headache days or fewer per month) in seven placebo-

controlled studies.)  The Medicaid Drug Rebate Law requires state Medicaid programs to cover 

FDA-approved indication(s) for any drug or biological product that falls within the scope of a 

Medicaid Drug Rebate Agreement.  As CMS explained in State Release # 51: 

 

State [action] which denies Medicaid beneficiary access to medically necessary 

drugs of participating manufacturers conflicts with the mandatory coverage 

provisions of sections 1902(a)(54) and 1927 of the Social Security Act. Section 

1902(a)(54) of the Social Security Act requires States to comply with the 

applicable requirements of section 1927. Section 1927 requires, among other 

things, that States permit coverage of medically necessary covered outpatient 

drugs of manufacturers participating in the drug rebate program. Thus, State 

                                                 
1 WARNING: DISTANT SPREAD OF TOXIN EFFECT  

Postmarketing reports indicate that the effects of BOTOX and all botulinum toxin products may spread from the area of 

injection to produce symptoms consistent with botulinum toxin effects. These may include asthenia, generalized muscle 

weakness, diplopia, ptosis, dysphagia, dysphonia, dysarthria, urinary incontinence and breathing difficulties. These 

symptoms have been reported hours to weeks after injection. Swallowing and breathing difficulties can be life threatening 

and there have been reports of death. The risk of symptoms is probably greatest in children treated for spasticity but 

symptoms can also occur in adults treated for spasticity and other conditions, particularly in those patients who have an 

underlying condition that would predispose them to these symptoms. In unapproved uses, including spasticity in children, 

and in approved indications, cases of spread of effect have been reported at doses comparable to those used to treat 

cervical dystonia and spasticity and at lower doses. [See Warnings and Precautions (5.2)]. 
2 Adverse reactions reported by >2% of BOTOX®-treated patients and more frequent than in placebo-treated patients in double-

blind, placebo-controlled clinical trials in chronic migraine included headache, migraine, facial paresis, eyelid ptosis, bronchitis, 

neck pain, musculoskeletal stiffness, muscular weakness, myalgia, musculoskeletal pain, muscle spasms, injection site pain, and 

hypertension. 

mailto:shtap@hca.wa.gov
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From: chad@nlhbt.com
Sent: Thursday, March 03, 2016 12:03 PM
To: HCA ST Health Tech Assessment Prog
Subject: re: HCA accepting comments on potential health technology topics

To Whom It May Concern, 
 
We urge you to add mild hyperbaric therapy to the list of reviewed treatments for migraines/headaches.  We and many 
other hyperbaric clinics have great success with this condition.  Please feel free to contact us for further information. 
 
Thank you for your consideration, 
 
Chad Redinbo 
253‐514‐3636 
 
Chad Redinbo 
New Leaf Hyperbarics 
Lacey Clinic                                             Tacoma Clinic                                              Eugene Clinic 
O:  360‐489‐0223                                  O:  253‐212‐9211                                       O: 541‐636‐3278 
8730 Tallon Lane NE, Suite 104           6450 Tacoma Mall Blvd, Suite 3               1200 Executive Parkway, Suite 230 
Lacey, WA 98516                                   Tacoma, WA 98409                                    Eugene, OR 97401 
 
www.NewLeafHyperbarics.com 
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[action] conflicting with the mandatory coverage provisions of the drug rebate 

program would not supersede Federal law. 

 

Except for those drugs which may be restricted or excluded under section 

1927(d)(2), section 1927(d) provides that the State plan must permit coverage of 

any covered outpatient drug, regardless of its inclusion in the State formulary 

under section 1927(d)(4), pursuant to a prior authorization system. (…) 

 

Therefore, States cannot impose [a requirement] on manufacturers which denies 

coverage of their drugs under the Medicaid program contrary to the terms of the 

statute and the national rebate agreement. 

 

Because Allergan has signed a Medicaid Drug Rebate Agreement, HCA is required to provide 

coverage for all of BOTOX
®
’s FDA-approved indications, including chronic migraine. 

*    *    *    * 

I hope that you have found these comments to be helpful and informative.  If you have any questions, 

please do not hesitate to contact me at 949-677-1512 or via e-mail at campbell_karen@allergan.com.  

 

Regards,  

 

Karen L. Campbell, PharmD 

Sr. Medical Scientific Manager 

US Health Outcomes 
 

                                                 
i The current package labeling includes the following indications for BOTOX®: 

1.1 Bladder Dysfunction 

Overactive Bladder  

BOTOX (onabotulinumtoxinA) for injection is indicated for the treatment of overactive bladder with symptoms of urge urinary 

incontinence, urgency, and frequency, in adults who have an inadequate response to or are intolerant of an anticholinergic 

medication.  

Detrusor Overactivity associated with a Neurologic Condition  

BOTOX is indicated for the treatment of urinary incontinence due to detrusor overactivity associated with a neurologic condition 

(e.g., SCI, MS) in adults who have an inadequate response to or are intolerant of an anticholinergic medication.  

1.2 Chronic Migraine  
BOTOX is indicated for the prophylaxis of headaches in adult patients with chronic migraine (≥15 days per month with headache 

lasting 4 hours a day or longer).  

Important limitations  

Safety and effectiveness have not been established for the prophylaxis of episodic migraine (14 headache days or fewer per 

month) in seven placebo-controlled studies.  

1.3 Spasticity  
Upper Limb Spasticity  

BOTOX is indicated for the treatment of upper limb spasticity in adult patients, to decrease the severity of increased muscle tone 

in elbow flexors (biceps), wrist flexors (flexor carpi radialis and flexor carpi ulnaris), finger flexors (flexor digitorum profundus 

and flexor digitorum sublimis), and thumb flexors (adductor pollicis and flexor pollicis longus).  

Lower Limb Spasticity  

BOTOX is indicated for the treatment of lower limb spasticity in adult patients to decrease the severity of increased muscle tone 

in ankle and toe flexors (gastrocnemius, soleus, tibialis posterior, flexor hallucis longus, and flexor digitorum longus).  

Important limitations  

Safety and effectiveness of BOTOX have not been established for the treatment of other upper or lower limb muscle groups. 

Safety and effectiveness of BOTOX have not been established for the treatment of spasticity in pediatric patients under age 18 

years. BOTOX has not been shown to improve upper extremity functional abilities, or range of motion at a joint affected by a 

fixed contracture. Treatment with BOTOX is not intended to substitute for usual standard of care rehabilitation regimens.  

1.4 Cervical Dystonia  

mailto:campbell_karen@allergan.com
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BOTOX is indicated for the treatment of adults with cervical dystonia, to reduce the severity of abnormal head position and neck 

pain associated with cervical dystonia.  

1.5 Primary Axillary Hyperhidrosis  
BOTOX is indicated for the treatment of severe primary axillary hyperhidrosis that is inadequately managed with topical agents.  

Important limitations The safety and effectiveness of BOTOX for hyperhidrosis in other body areas have not been established. 

Weakness of hand muscles and blepharoptosis may occur in patients who receive BOTOX for palmar hyperhidrosis and facial 

hyperhidrosis, respectively. Patients should be evaluated for potential causes of secondary hyperhidrosis (e.g., hyperthyroidism) 

to avoid symptomatic treatment of hyperhidrosis without the diagnosis and/or treatment of the underlying disease. 

Safety and effectiveness of BOTOX have not been established for the treatment of axillary hyperhidrosis in pediatric patients 

under age 18.  

1.6 Blepharospasm and Strabismus  
BOTOX is indicated for the treatment of strabismus and blepharospasm associated with dystonia, including benign essential 

blepharospasm or VII nerve disorders in patients 12 years of age and above.  

 

In addition, BOTOX® Cosmetic, which has distinct labeling, packaging and NDC-coding, has been approved by the FDA for the 

temporary improvement in the appearance of moderate to severe glabellar lines associated with corrugator and/or procerus 

muscle activity in adult patients, and for the temporary improvement in the appearance of moderate to severe lateral canthal lines 

associated with orbicularis oculi activity in adult patients.  (See Tab A for a copy of the BOTOX® package insert.) 



HIGHLIGHTS OF PRESCRIBING INFORMATION  
These highlights do not include all the information needed to use 
BOTOX® safely and effectively. See full prescribing information for 
BOTOX.  
 
BOTOX (onabotulinumtoxinA) for injection, for intramuscular, 
intradetrusor, or intradermal use  
Initial U.S. Approval: 1989 

 

 
 
 
 
 
  
 
 

  

_________________________RECENT MAJOR CHANGES_________________________ 

• Indications and Usage, Spasticity (1.3)                                        1/2016 
• Dosage and Administration (2.1, 2.5)                                          1/2016 
• Warnings and Precautions (5.3, 5.10)                                          1/2016 

 
_________________________INDICATIONS AND USAGE__________________________ 
BOTOX is an acetylcholine release inhibitor and a neuromuscular 
blocking agent indicated for: 
• Treatment of overactive bladder (OAB) with symptoms of urge 

urinary incontinence, urgency, and frequency, in adults who have an 
inadequate response to or are intolerant of an anticholinergic 
medication (1.1) 

• Treatment of urinary incontinence due to detrusor overactivity 
associated with a neurologic condition [e.g., spinal cord injury (SCI), 
multiple sclerosis (MS)] in adults who have an inadequate response to 
or are intolerant of an anticholinergic medication (1.1) 

• Prophylaxis of headaches in adult patients with chronic migraine (≥15 
days per month with headache lasting 4 hours a day or longer) (1.2) 

• Treatment of spasticity in adult patients (1.3) 
• Treatment of cervical dystonia in adult patients, to reduce the severity 

of abnormal head position and neck pain (1.4)  
• Treatment of severe axillary hyperhidrosis that is inadequately 

managed by topical agents in adult patients (1.5) 
• Treatment of blepharospasm associated with dystonia in patients ≥12 

years of age (1.6) 
• Treatment of strabismus in patients ≥12 years of age (1.6) 
Important limitations: Safety and effectiveness of BOTOX have not 

been established for: 
• Prophylaxis of episodic migraine (14 headache days or fewer per 

month) (1.2) 
• Treatment of upper or lower limb spasticity in pediatric patients (1.3) 
• Treatment of hyperhidrosis in body areas other than axillary (1.5) 

 
__________________DOSAGE AND ADMINISTRATION________________________ 
• Follow indication-specific dosage and administration 

recommendations; Do not exceed a total dose of 400 Units 
administered in a 3 month interval (2.1) 

• See Preparation and Dilution Technique for instructions on BOTOX 
reconstitution, storage, and preparation before injection (2.2) 

• Overactive Bladder: Recommended total dose 100 Units, as 0.5 mL 
(5 Units) injections across 20 sites into the detrusor (2.3) 

•  Detrusor Overactivity associated with a Neurologic Condition: 
Recommended total dose 200 Units, as 1 mL (~6.7 Units) injections 
across 30 sites into the detrusor (2.3) 

•  Chronic Migraine: Recommended total dose 155 Units, as 0.1 mL (5 
Units) injections per each site divided across 7 head/neck muscles 
(2.4) 

•  Upper Limb Spasticity: Select dose based on muscles affected, 
severity of muscle activity, prior response to treatment, and adverse 
event history; Electromyographic guidance recommended (2.5) 

•  Lower Limb Spasticity: Recommended total dose 300 Units to 400 
Units divided across ankle and toe muscles (2.5)  

•  Cervical Dystonia: Base dosing on the patient’s head and neck position, 
localization of pain, muscle hypertrophy, patient response, and adverse event 
history; use lower initial dose in botulinum toxin naïve patients (2.6) 

• Axillary Hyperhidrosis: 50 Units per axilla (2.7) 
• Blepharospasm: 1.25 Units-2.5 Units into each of 3 sites per affected eye (2.8) 
• Strabismus: The dose is based on prism diopter correction or previous response 

to treatment with BOTOX (2.9) 
 

_________________________DOSAGE FORMS AND STRENGTHS_________________________ 
Single-use, sterile 100 Units or 200 Units vacuum-dried powder for 
reconstitution only with sterile, preservative-free 0.9% Sodium Chloride 
Injection USP prior to injection (3) 
 
_________________________________CONTRAINDICATIONS___________________________________ 
• Hypersensitivity to any botulinum toxin preparation or to any of the 

components in the formulation (4.1, 5.4, 6) 
• Infection at the proposed injection site (4.2) 
• Intradetrusor Injections: Urinary Tract Infection or Urinary Retention  (4.3) 

 
___________________________WARNINGS AND PRECAUTIONS___________________________ 
• Potency Units of BOTOX are not interchangeable with other preparations of 

botulinum toxin products (5.1, 11) 
• Spread of toxin effects; swallowing and breathing difficulties can lead to death. 

Seek immediate medical attention if respiratory, speech or swallowing 
difficulties occur (5.2, 5.6) 

• Potential serious adverse reactions after BOTOX injections for unapproved 
uses (5.3) 

• Concomitant neuromuscular disorder may exacerbate clinical effects of 
treatment (5.5) 

• Use with caution in patients with compromised respiratory function (5.6, 5.7, 
5.10) 

• Corneal exposure and ulceration  due to reduced blinking may occur with 
BOTOX treatment of blepharospasm  (5.8) 

• Retrobulbar hemorrhages and compromised retinal circulation may occur with 
BOTOX treatment of strabismus (5.9) 

• Bronchitis and upper respiratory tract infections in patients treated for 
spasticity (5.10) 

• Urinary tract infections in patients treated for OAB (5.12) 
• Urinary retention: Post-void residual urine volume should be monitored in 

patients treated for OAB or detrusor overactivity associated with a neurologic 
condition who do not catheterize routinely, particularly patients with multiple 
sclerosis or diabetes mellitus. (5.13)  
 

__________________________________ADVERSE REACTIONS___________________________________ 
The most common adverse reactions (≥5% and >placebo) are (6.1):  
• OAB: urinary tract infection, dysuria, urinary retention 
• Detrusor Overactivity associated with a neurologic condition: urinary tract 

infection, urinary retention  
• Chronic Migraine: neck pain, headache  
• Spasticity: pain in extremity  
• Cervical Dystonia: dysphagia, upper respiratory infection, neck pain, headache, 

increased cough, flu syndrome, back pain, rhinitis  
• Axillary Hyperhidrosis: injection site pain and hemorrhage, non-axillary 

sweating, pharyngitis, flu syndrome  
To report SUSPECTED ADVERSE REACTIONS, contact Allergan at  
1-800-433-8871 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch. 
 
_________________________________DRUG INTERACTIONS____________________________________ 
Patients receiving concomitant treatment of BOTOX and aminoglycosides or 
other agents interfering with neuromuscular transmission (e.g., curare-like 
agents), or muscle relaxants, should be observed closely because the effect of 
BOTOX may be potentiated (7) 

 
___________________________USE IN SPECIFIC POPULATIONS___________________________ 
• Pregnancy: Based on animal data, may cause fetal harm. (8.1) 
• Pediatric Use: Safety and efficacy are not established in patients under 18 years 

of age for the prophylaxis of headaches in chronic migraine, treatment of OAB, 
detrusor overactivity associated with a neurologic condition, spasticity, and 
axillary hyperhidrosis; in patients under 16 years of age for treatment of 
cervical dystonia; and in patients under 12 years of age for treatment of 
blepharospasm and strabismus (8.4) 

 
See 17 for PATIENT COUNSELING INFORMATION and Medication 
Guide 

Revised: 1/2016 

WARNING: DISTANT SPREAD OF TOXIN EFFECT 
See full prescribing information for complete boxed warning. 

The effects of BOTOX and all botulinum toxin products may 
spread from the area of injection to produce symptoms consistent 
with botulinum toxin effects. These symptoms have been reported 
hours to weeks after injection. Swallowing and breathing 
difficulties can be life threatening and there have been reports of 
death. The risk of symptoms is probably greatest in children 
treated for spasticity but symptoms can also occur in adults, 
particularly in those patients who have an underlying condition 
that would predispose them to these symptoms. (5.2) 

http://www.fda.gov/medwatch
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1   INDICATIONS AND USAGE 

 
1.1   Bladder Dysfunction 
Overactive Bladder 
BOTOX (onabotulinumtoxinA) for injection is indicated for the treatment of overactive bladder with symptoms of urge urinary 
incontinence, urgency, and frequency, in adults who have an inadequate response to or are intolerant of an anticholinergic medication.   
 
Detrusor Overactivity associated with a Neurologic Condition 
BOTOX is indicated for the treatment of urinary incontinence due to detrusor overactivity associated with a neurologic condition (e.g., 
SCI, MS) in adults who have an inadequate response to or are intolerant of an anticholinergic medication. 
 
1.2    Chronic Migraine 
BOTOX is indicated for the prophylaxis of headaches in adult patients with chronic migraine (≥15 days per month with headache 
lasting 4 hours a day or longer). 
 
Important limitations 
Safety and effectiveness have not been established for the prophylaxis of episodic migraine (14 headache days or fewer per month) in 
seven placebo-controlled studies.   
 
1.3 Spasticity 
Upper Limb Spasticity 
BOTOX is indicated for the treatment of upper limb spasticity in adult patients, to decrease the severity of increased muscle tone in 
elbow flexors (biceps), wrist flexors (flexor carpi radialis and flexor carpi ulnaris), finger flexors (flexor digitorum profundus and 
flexor digitorum sublimis), and thumb flexors (adductor pollicis and flexor pollicis longus). 
 
Lower Limb Spasticity 
BOTOX is indicated for the treatment of lower limb spasticity in adult patients to decrease the severity of increased muscle tone in 
ankle and toe flexors (gastrocnemius, soleus, tibialis posterior, flexor hallucis longus, and flexor digitorum longus). 
 
Important limitations 
Safety and effectiveness of BOTOX have not been established for the treatment of other upper or lower limb muscle groups. Safety 
and effectiveness of BOTOX have not been established for the treatment of spasticity in pediatric patients under age 18 years. 
BOTOX has not been shown to improve upper extremity functional abilities, or range of motion at a joint affected by a fixed 
contracture. Treatment with BOTOX is not intended to substitute for usual standard of care rehabilitation regimens. 
 
1.4 Cervical Dystonia 
BOTOX is indicated for the treatment of adults with cervical dystonia, to reduce the severity of abnormal head position and neck pain 
associated with cervical dystonia. 

1.5  Primary Axillary Hyperhidrosis 
BOTOX is indicated for the treatment of severe primary axillary hyperhidrosis that is inadequately managed with topical agents. 
 
Important limitations 
The safety and effectiveness of BOTOX for hyperhidrosis in other body areas have not been established. Weakness of hand muscles 
and blepharoptosis may occur in patients who receive BOTOX for palmar hyperhidrosis and facial hyperhidrosis, respectively. 
Patients should be evaluated for potential causes of secondary hyperhidrosis (e.g., hyperthyroidism) to avoid symptomatic treatment of 
hyperhidrosis without the diagnosis and/or treatment of the underlying disease. 
 

WARNING: DISTANT SPREAD OF TOXIN EFFECT 

Postmarketing reports indicate that the effects of BOTOX and all botulinum toxin products may spread from the area of 
injection to produce symptoms consistent with botulinum toxin effects. These may include asthenia, generalized muscle 
weakness, diplopia, ptosis, dysphagia, dysphonia, dysarthria, urinary incontinence and breathing difficulties. These 
symptoms have been reported hours to weeks after injection. Swallowing and breathing difficulties can be life threatening 
and there have been reports of death. The risk of symptoms is probably greatest in children treated for spasticity but 
symptoms can also occur in adults treated for spasticity and other conditions, particularly in those patients who have an 
underlying condition that would predispose them to these symptoms. In unapproved uses, including spasticity in children, 
and in approved indications, cases of spread of effect have been reported at doses comparable to those used to treat 
cervical dystonia and spasticity and at lower doses. [See Warnings and Precautions (5.2)] 
 



Safety and effectiveness of BOTOX have not been established for the treatment of axillary hyperhidrosis in pediatric patients under 
age 18. 
 
1.6 Blepharospasm and Strabismus 
BOTOX is indicated for the treatment of strabismus and blepharospasm associated with dystonia, including benign essential 
blepharospasm or VII nerve disorders in patients 12 years of age and above. 
 
2   DOSAGE AND ADMINISTRATION 

 
2.1  Instructions for Safe Use 
The potency Units of BOTOX (onabotulinumtoxinA) for injection are specific to the preparation and assay method utilized. They are 
not interchangeable with other preparations of botulinum toxin products and, therefore, units of biological activity of BOTOX cannot 
be compared to nor converted into units of any other botulinum toxin products assessed with any other specific assay method [see 
Warnings and Precautions (5.1) and Description (11)].  
 
Indication specific dosage and administration recommendations should be followed. When initiating treatment, the lowest 
recommended dose should be used. In treating adult patients for one or more indications, the maximum cumulative dose should not 
exceed 400 Units, in a 3 month interval.  
 
The safe and effective use of BOTOX depends upon proper storage of the product, selection of the correct dose, and proper 
reconstitution and administration techniques. An understanding of standard electromyographic techniques is also required for 
treatment of strabismus, upper or lower limb spasticity, and may be useful for the treatment of cervical dystonia. Physicians 
administering BOTOX must understand the relevant neuromuscular and structural anatomy of the area involved and any alterations to 
the anatomy due to prior surgical procedures and disease, especially when injecting near the lungs. 
 
2.2 Preparation and Dilution Technique 
Prior to injection, reconstitute each vacuum-dried vial of BOTOX with only sterile, preservative-free 0.9% Sodium Chloride Injection 
USP. Draw up the proper amount of diluent in the appropriate size syringe (see Table 1, or for specific instructions for detrusor 
overactivity associated with a neurologic condition see Section 2.3), and slowly inject the diluent into the vial. Discard the vial if a 
vacuum does not pull the diluent into the vial. Gently mix BOTOX with the saline by rotating the vial. Record the date and time of 
reconstitution on the space on the label. BOTOX should be administered within 24 hours after reconstitution. During this time period, 
reconstituted BOTOX should be stored in a refrigerator (2° to 8°C). 
 
Table 1: Dilution Instructions for BOTOX Vials (100 Units and 200 Units)**  

Diluent* Added 
to 100 Unit Vial 

Resulting Dose 
Units per 0.1 mL 

Diluent* Added 
to 200 Unit Vial 

Resulting Dose 
Units per 0.1 mL 

1 mL 
2 mL 
4 mL 
8 mL 

10 mL 

10 Units 
5 Units 

2.5 Units 
1.25 Units 

1 Unit 

1 mL 
2 mL 
4 mL 
8 mL 

10 mL 

20 Units 
10 Units 
5 Units 

2.5 Units 
2 Units 

*Preservative-free 0.9% Sodium Chloride Injection, USP Only 
**For Detrusor Overactivity associated with a Neurologic Condition Dilution see Section 2.3 

Note: These dilutions are calculated for an injection volume of 0.1 mL. A decrease or increase in the BOTOX dose is also possible by 
administering a smaller or larger injection volume - from 0.05 mL (50% decrease in dose) to 0.15 mL (50% increase in dose). 

An injection of BOTOX is prepared by drawing into an appropriately sized sterile syringe an amount of the properly reconstituted 
toxin slightly greater than the intended dose. Air bubbles in the syringe barrel are expelled and the syringe is attached to an 
appropriate injection needle. Patency of the needle should be confirmed. A new, sterile needle and syringe should be used to enter the 
vial on each occasion for removal of BOTOX. 

Reconstituted BOTOX should be clear, colorless, and free of particulate matter. Parenteral drug products should be inspected visually 
for particulate matter and discoloration prior to administration and whenever the solution and the container permit. 
 
2.3  Bladder Dysfunction 
General  
Patients must not have a urinary tract infection (UTI) at the time of treatment. Prophylactic antibiotics, except aminoglycosides, [see 
Drug Interactions (7.1)] should be administered 1-3 days pre-treatment, on the treatment day, and 1-3 days post-treatment to reduce 
the likelihood of procedure-related UTI.  
 
Patients should discontinue anti-platelet therapy at least 3 days before the injection procedure. Patients on anti-coagulant therapy need 
to be managed appropriately to decrease the risk of bleeding.   
 



Appropriate caution should be exercised when performing a cystoscopy. 
 
Overactive Bladder 
An intravesical instillation of diluted local anesthetic with or without sedation may be used prior to injection, per local site practice. If 
a local anesthetic instillation is performed, the bladder should be drained and irrigated with sterile saline before injection. 
 
The recommended dose is 100 Units of BOTOX, and is the maximum recommended dose. The recommended dilution is 100 Units/10 
mL with preservative-free 0.9% Sodium Chloride Injection, USP (see Table 1). Dispose of any unused saline.   
 
Reconstituted BOTOX (100 Units/10 mL) is injected into the detrusor muscle via a flexible or rigid cystoscope, avoiding the trigone. 
The bladder should be instilled with enough saline to achieve adequate visualization for the injections, but over-distension should be 
avoided.   
 
The injection needle should be filled (primed) with approximately 1 mL of reconstituted BOTOX prior to the start of injections 
(depending on the needle length) to remove any air.  
 
The needle should be inserted approximately 2 mm into the detrusor, and 20 injections of 0.5 mL each (total volume of 10 mL) should 
be spaced approximately 1 cm apart (see Figure 1). For the final injection, approximately 1 mL of sterile normal saline should be 
injected so that the remaining BOTOX in the needle is delivered to the bladder. After the injections are given, patients should 
demonstrate their ability to void prior to leaving the clinic. The patient should be observed for at least 30 minutes post-injection and 
until a spontaneous void has occurred. 
 
Patients should be considered for reinjection when the clinical effect of the previous injection has diminished (median time until 
patients qualified for the second treatment of BOTOX in double-blind, placebo-controlled clinical studies was 169 days [~24 weeks]), 
but no sooner than 12 weeks from the prior bladder injection.   
 
Figure 1: Injection Pattern for Intradetrusor Injections for Treatment of Overactive Bladder and Detrusor Overactivity 
associated with a Neurologic Condition 

 
 
Detrusor Overactivity associated with a Neurologic Condition 
An intravesical instillation of diluted local anesthetic with or without sedation, or general anesthesia may be used prior to injection, 
per local site practice. If a local anesthetic instillation is performed, the bladder should be drained and irrigated with sterile saline 
before injection. 
 
The recommended dose is 200 Units of BOTOX per treatment, and should not be exceeded.  
 
200 Unit Vial of BOTOX 
• Reconstitute a 200 Unit vial of BOTOX with 6 mL of preservative-free 0.9% Sodium Chloride Injection, USP and mix the vial 

gently.  
• Draw 2 mL from the vial into each of three 10 mL syringes.  
• Complete the reconstitution by adding 8 mL of preservative-free 0.9% Sodium Chloride Injection, USP into each of the 10 mL 

syringes, and mix gently. This will result in three 10 mL syringes each containing 10 mL (~67 Units in each), for a total of 200 
Units of reconstituted BOTOX.  

• Use immediately after reconstitution in the syringe. Dispose of any unused saline. 
 



100 Unit Vial of BOTOX 
• Reconstitute two 100 Unit vials of BOTOX, each with 6 mL of preservative-free 0.9% Sodium Chloride Injection, USP and mix 

the vials gently. 
• Draw 4 mL from each vial into each of two 10 mL syringes. Draw the remaining 2 mL from each vial into a third 10 mL syringe 

for a total of 4 mL in each syringe.  
• Complete the reconstitution by adding 6 mL of preservative-free 0.9% Sodium Chloride Injection, USP into each of the 10 mL 

syringes, and mix gently. This will result in three 10 mL syringes each containing 10 mL (~67 Units in each), for a total of 200 
Units of reconstituted BOTOX.  

• Use immediately after reconstitution in the syringe. Dispose of any unused saline. 
 
Reconstituted BOTOX (200 Units/30 mL) is injected into the detrusor muscle via a flexible or rigid cystoscope, avoiding the trigone. 
The bladder should be instilled with enough saline to achieve adequate visualization for the injections, but over-distension should be 
avoided.  
 
The injection needle should be filled (primed) with approximately 1 mL of reconstituted BOTOX prior to the start of injections 
(depending on the needle length) to remove any air.  
 
The needle should be inserted approximately 2 mm into the detrusor, and 30 injections of 1 mL (~6.7 Units) each (total volume of 
30 mL) should be spaced approximately 1 cm apart (see Figure 1). For the final injection, approximately 1 mL of sterile normal saline 
should be injected so that the remaining BOTOX in the needle is delivered to the bladder. After the injections are given, the saline 
used for bladder wall visualization should be drained. The patient should be observed for at least 30 minutes post-injection. 
 
Patients should be considered for re-injection when the clinical effect of the previous injection diminishes (median time to 
qualification for re-treatment in the double-blind, placebo-controlled clinical studies was 295-337 days [42-48 weeks] for BOTOX 
200 Units), but no sooner than 12 weeks from the prior bladder injection. 
 
2.4           Chronic Migraine 
The recommended dilution is 200 Units/4 mL or 100 Units/2 mL, with a final concentration of 5 Units per 0.1 mL (see Table 1). The 
recommended dose for treating chronic migraine is 155 Units administered intramuscularly using a sterile 30-gauge, 0.5 inch needle as 
0.1 mL (5 Units) injections per each site. Injections should be divided across 7 specific head/neck muscle areas as specified in the 
diagrams and Table 2 below. A one inch needle may be needed in the neck region for patients with thick neck muscles. With the 
exception of the procerus muscle, which should be injected at one site (midline), all muscles should be injected bilaterally with half 
the number of injection sites administered to the left, and half to the right side of the head and neck. The recommended re-treatment 
schedule is every 12 weeks. 
 
Diagrams 1-4: Recommended Injection Sites (A through G) for Chronic Migraine 
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Table 2: BOTOX Dosing by Muscle for Chronic Migraine 

 

 
 

 

 

 

 

 

 

 

a Each IM injection site = 0.1 mL = 5 Units BOTOX 
b Dose distributed bilaterally 
 
2.5 Spasticity 
Dosing in initial and sequential treatment sessions should be tailored to the individual based on the size, number and location of 
muscles involved, severity of spasticity, the presence of local muscle weakness, the patient’s response to previous treatment, or 
adverse event history with BOTOX.  
 
The recommended dilution is 200 Units/4 mL or 100 Units/2 mL with preservative-free 0.9% Sodium Chloride Injection, USP (see 
Table 1). The lowest recommended starting dose should be used, and no more than 50 Units per site should generally be administered. 
An appropriately sized needle (e.g., 25-30 gauge) may be used for superficial muscles, and a longer 22 gauge needle may be used for 
deeper musculature. Localization of the involved muscles with techniques such as needle electromyographic guidance or nerve 
stimulation is recommended.   
 
Repeat BOTOX treatment may be administered when the effect of a previous injection has diminished, but generally no sooner than 
12 weeks after the previous injection. The degree and pattern of muscle spasticity at the time of re-injection may necessitate 
alterations in the dose of BOTOX and muscles to be injected. 
 
Upper Limb Spasticity 
In clinical trials, doses ranging from 75 Units to 400 Units were divided among selected muscles (see Table 3 and Figure 2) at a given 
treatment session. 
 
Table 3: BOTOX Dosing by Muscle for Upper Limb Spasticity 
 

Muscle Recommended Dose 
Total Dosage (Number of Sites) 

Biceps Brachii 100 Units-200 Units divided in 4 sites 

Flexor Carpi Radialis 12.5 Units-50 Units in 1 site 

Flexor Carpi Ulnaris 12.5 Units-50 Units in 1 site 

Flexor Digitorum Profundus 30 Units-50 Units in 1 site 

Flexor Digitorum Sublimis 30 Units-50 Units in 1 site 

Adductor Pollicis 20 Units in 1 site 

Flexor Pollicis Longus 20 Units in 1 site 

 

Head/Neck Area Recommended Dose (Number of Sitesa) 
Frontalisb 20 Units divided in 4 sites 
Corrugatorb 10 Units divided in 2 sites 
Procerus 5 Units in 1 site 
Occipitalisb 30 Units divided in 6 sites 
Temporalisb 40 Units divided in 8 sites 
Trapeziusb 30 Units divided in 6 sites 
Cervical Paraspinal  
Muscle Groupb 

20 Units divided in 4 sites 

Total Dose: 155 Units divided in 31 sites 



Figure 2: Injection Sites for Upper Limb Spasticity 

 
 
Lower Limb Spasticity 
The recommended dose for treating lower limb spasticity is 300 Units to 400 Units divided among 5 muscles (gastrocnemius, soleus, 
tibialis posterior, flexor hallucis longus and flexor digitorum longus) (see Table 4 and Figure 3). 
 
Table 4: BOTOX Dosing by Muscle for Lower Limb Spasticity 

Muscle Recommended Dose 
Total Dosage (Number of Sites) 

Gastrocnemius medial head 75 Units divided in 3 sites 

Gastrocnemius lateral head 75 Units divided in 3 sites 

Soleus 75 Units divided in 3 sites 

Tibialis Posterior 75 Units divided in 3 sites 

Flexor hallucis longus 50 Units divided in 2 sites 

Flexor digitorum longus 50 Units divided in 2 sites 

 



Figure 3: Injection Sites for Lower Limb Spasticity 

 
2.6 Cervical Dystonia 
A double-blind, placebo-controlled study enrolled patients who had extended histories of receiving and tolerating BOTOX injections, 
with prior individualized adjustment of dose. The mean BOTOX dose administered to patients in this study was 236 Units (25th to 
75th percentile range of 198 Units to 300 Units). The BOTOX dose was divided among the affected muscles [see Clinical Studies 
(14.5)].  
 
Dosing in initial and sequential treatment sessions should be tailored to the individual patient based on the patient’s head and neck 
position, localization of pain, muscle hypertrophy, patient response, and adverse event history. The initial dose for a patient without 
prior use of BOTOX should be at a lower dose, with subsequent dosing adjusted based on individual response. Limiting the total dose 
injected into the sternocleidomastoid muscle to 100 Units or less may decrease the occurrence of dysphagia [see Warnings and 
Precautions (5.2, 5.5, 5.6)]. 
 
The recommended dilution is 200 Units/2 mL, 200 Units/4 mL, 100 Units/1 mL, or 100 Units/2 mL with preservative-free 0.9% 
Sodium Chloride Injection, USP, depending on volume and number of injection sites desired to achieve treatment objectives (see 
Table 1). In general, no more than 50 Units per site should be administered using a sterile needle (e.g., 25-30 gauge) of an appropriate 
length. Localization of the involved muscles with electromyographic guidance may be useful. 
 
Clinical improvement generally begins within the first two weeks after injection with maximum clinical benefit at approximately six 
weeks post-injection. In the double-blind, placebo-controlled study most subjects were observed to have returned to pre-treatment 
status by 3 months post-treatment. 
 
2.7 Primary Axillary Hyperhidrosis 
The recommended dose is 50 Units per axilla. The hyperhidrotic area to be injected should be defined using standard staining 
techniques, e.g., Minor’s Iodine-Starch Test. The recommended dilution is 100 Units/4 mL with 0.9% preservative-free sterile saline 
(see Table 1). Using a sterile 30 gauge needle, 50 Units of BOTOX (2 mL) is injected intradermally in 0.1 to 0.2 mL aliquots to each 
axilla evenly distributed in multiple sites (10-15) approximately 1-2 cm apart. 
 
Repeat injections for hyperhidrosis should be administered when the clinical effect of a previous injection diminishes. 
 
Instructions for the Minor’s Iodine-Starch Test Procedure: 
Patients should shave underarms and abstain from use of over-the-counter deodorants or antiperspirants for 24 hours prior to the test. 
Patient should be resting comfortably without exercise, hot drinks for approximately 30 minutes prior to the test. Dry the underarm 
area and then immediately paint it with iodine solution. Allow the area to dry, then lightly sprinkle the area with starch powder. Gently 
blow off any excess starch powder. The hyperhidrotic area will develop a deep blue-black color over approximately 10 minutes.  
 
Each injection site has a ring of effect of up to approximately 2 cm in diameter. To minimize the area of no effect, the injection sites 
should be evenly spaced as shown in Figure 4. 
 
Figure 4: Injection Pattern for Primary Axillary Hyperhidrosis 
 
 
 
 



 
Each dose is injected to a depth of approximately 2 mm and at a 45° angle to the skin surface, with the bevel side up to minimize 
leakage and to ensure the injections remain intradermal. If injection sites are marked in ink, do not inject BOTOX directly through the 
ink mark to avoid a permanent tattoo effect. 
 
2.8 Blepharospasm 
For blepharospasm, reconstituted BOTOX is injected using a sterile, 27-30 gauge needle without electromyographic guidance. The 
initial recommended dose is 1.25 Units-2.5 Units (0.05 mL to 0.1 mL volume at each site) injected into the medial and lateral pre-
tarsal orbicularis oculi of the upper lid and into the lateral pre-tarsal orbicularis oculi of the lower lid. Avoiding injection near the 
levator palpebrae superioris may reduce the complication of ptosis. Avoiding medial lower lid injections, and thereby reducing 
diffusion into the inferior oblique, may reduce the complication of diplopia. Ecchymosis occurs easily in the soft eyelid tissues. This 
can be prevented by applying pressure at the injection site immediately after the injection. 
 
The recommended dilution to achieve 1.25 Units is 100 Units/8 mL; for 2.5 Units it is 100 Units/4 mL (see Table 1). 
 
In general, the initial effect of the injections is seen within three days and reaches a peak at one to two weeks post-treatment. Each 
treatment lasts approximately three months, following which the procedure can be repeated. At repeat treatment sessions, the dose 
may be increased up to two-fold if the response from the initial treatment is considered insufficient, usually defined as an effect that 
does not last longer than two months. However, there appears to be little benefit obtainable from injecting more than 5 Units per site. 
Some tolerance may be found when BOTOX is used in treating blepharospasm if treatments are given any more frequently than every 
three months, and is rare to have the effect be permanent. 
 
The cumulative dose of BOTOX treatment for blepharospasm in a 30-day period should not exceed 200 Units. 
 
2.9 Strabismus 
BOTOX is intended for injection into extraocular muscles utilizing the electrical activity recorded from the tip of the injection needle 
as a guide to placement within the target muscle. Injection without surgical exposure or electromyographic guidance should not be 
attempted. Physicians should be familiar with electromyographic technique. 
 
To prepare the eye for BOTOX injection, it is recommended that several drops of a local anesthetic and an ocular decongestant be 
given several minutes prior to injection. 
 
The volume of BOTOX injected for treatment of strabismus should be between 0.05-0.15 mL per muscle. 
 
The initial listed doses of the reconstituted BOTOX [see Dosage and Administration (2.2)] typically create paralysis of the injected 
muscles beginning one to two days after injection and increasing in intensity during the first week. The paralysis lasts for 2-6 weeks 
and gradually resolves over a similar time period. Overcorrections lasting over six months have been rare. About one half of patients 
will require subsequent doses because of inadequate paralytic response of the muscle to the initial dose, or because of mechanical 
factors such as large deviations or restrictions, or because of the lack of binocular motor fusion to stabilize the alignment. 
 
Initial doses in Units  
Use the lower listed doses for treatment of small deviations. Use the larger doses only for large deviations. 

• For vertical muscles, and for horizontal strabismus of less than 20 prism diopters: 1.25 Units-2.5 Units in any one muscle. 
• For horizontal strabismus of 20 prism diopters to 50 prism diopters: 2.5 Units-5 Units in any one muscle. 
• For persistent VI nerve palsy of one month or longer duration: 1.25 Units-2.5 Units in the medial rectus muscle. 

 
Subsequent doses for residual or recurrent strabismus 

• It is recommended that patients be re-examined 7-14 days after each injection to assess the effect of that dose. 
• Patients experiencing adequate paralysis of the target muscle that require subsequent injections should receive a dose  
       comparable to the initial dose. 
• Subsequent doses for patients experiencing incomplete paralysis of the target muscle may be increased up to two-fold   
       compared to the previously administered dose. 
• Subsequent injections should not be administered until the effects of the previous dose have dissipated as evidenced by   
       substantial function in the injected and adjacent muscles. 
• The maximum recommended dose as a single injection for any one muscle is 25 Units. 

 
The recommended dilution to achieve 1.25 Units is 100 Units/8 mL; for 2.5 Units it is 100 Units/4 mL (see Table 1). 
 
3              DOSAGE FORMS AND STRENGTHS 
Single-use, sterile 100 Units or 200 Units vacuum-dried powder for reconstitution only with sterile, preservative-free 0.9% Sodium 
Chloride Injection USP prior to injection. 

 



4              CONTRAINDICATIONS 
 

4.1  Known Hypersensitivity to Botulinum Toxin 
BOTOX is contraindicated in patients who are hypersensitive to any botulinum toxin preparation or to any of the components in the 
formulation [see Warnings and Precautions (5.4)]. 
 
4.2  Infection at the Injection Site(s) 
BOTOX is contraindicated in the presence of infection at the proposed injection site(s). 
 
4.3 Urinary Tract Infection or Urinary Retention  
Intradetrusor injection of BOTOX is contraindicated in patients with overactive bladder or detrusor overactivity associated with a 
neurologic condition who have a urinary tract infection. Intradetrusor injection of BOTOX is also contraindicated in patients with 
urinary retention and in patients with post-void residual (PVR) urine volume >200 mL, who are not routinely performing clean 
intermittent self-catheterization (CIC). 
 
5 WARNINGS AND PRECAUTIONS 
 
5.1 Lack of Interchangeability between Botulinum Toxin Products 
The potency Units of BOTOX are specific to the preparation and assay method utilized. They are not interchangeable with other 
preparations of botulinum toxin products and, therefore, units of biological activity of BOTOX cannot be compared to nor converted 
into units of any other botulinum toxin products assessed with any other specific assay method [see Description (11)].  
 
5.2           Spread of Toxin Effect 
Postmarketing safety data from BOTOX and other approved botulinum toxins suggest that botulinum toxin effects may, in some 
cases, be observed beyond the site of local injection. The symptoms are consistent with the mechanism of action of botulinum toxin 
and may include asthenia, generalized muscle weakness, diplopia, ptosis, dysphagia, dysphonia, dysarthria, urinary incontinence, and 
breathing difficulties. These symptoms have been reported hours to weeks after injection. Swallowing and breathing difficulties can be 
life threatening and there have been reports of death related to spread of toxin effects. The risk of symptoms is probably greatest in 
children treated for spasticity but symptoms can also occur in adults treated for spasticity and other conditions, and particularly in 
those patients who have an underlying condition that would predispose them to these symptoms. In unapproved uses, including 
spasticity in children, and in approved indications, symptoms consistent with spread of toxin effect have been reported at doses 
comparable to or lower than doses used to treat cervical dystonia and spasticity. Patients or caregivers should be advised to seek 
immediate medical care if swallowing, speech or respiratory disorders occur. 
 
No definitive serious adverse event reports of distant spread of toxin effect associated with BOTOX for blepharospasm at the 
recommended dose (30 Units and below), severe primary axillary hyperhidrosis at the recommended dose (100 Units), strabismus, or 
for chronic migraine at the labeled doses have been reported. 
  
5.3 Serious Adverse Reactions with Unapproved Use 
Serious adverse reactions, including excessive weakness, dysphagia, and aspiration pneumonia, with some adverse reactions 
associated with fatal outcomes, have been reported in patients who received BOTOX injections for unapproved uses. In these cases, 
the adverse reactions were not necessarily related to distant spread of toxin, but may have resulted from the administration of BOTOX 
to the site of injection and/or adjacent structures. In several of the cases, patients had pre-existing dysphagia or other significant 
disabilities. There is insufficient information to identify factors associated with an increased risk for adverse reactions associated with 
the unapproved uses of BOTOX. The safety and effectiveness of BOTOX for unapproved uses have not been established. 
 
5.4 Hypersensitivity Reactions 
Serious and/or immediate hypersensitivity reactions have been reported. These reactions include anaphylaxis, serum sickness, 
urticaria, soft tissue edema, and dyspnea. If such a reaction occurs, further injection of BOTOX should be discontinued and 
appropriate medical therapy immediately instituted. One fatal case of anaphylaxis has been reported in which lidocaine was used as 
the diluent, and consequently the causal agent cannot be reliably determined. 
 
5.5 Increased Risk of Clinically Significant Effects with Pre-Existing Neuromuscular Disorders 
Individuals with peripheral motor neuropathic diseases, amyotrophic lateral sclerosis or neuromuscular junction disorders (e.g., 
myasthenia gravis or Lambert-Eaton syndrome) should be monitored when given botulinum toxin. Patients with neuromuscular 
disorders  may be at increased risk of clinically significant effects including generalized muscle weakness, diplopia, ptosis, dysphonia, 
dysarthria, severe dysphagia and respiratory compromise from therapeutic doses of BOTOX [see Warnings and Precautions (5.6)]. 
 
5.6 Dysphagia and Breathing Difficulties  
Treatment with BOTOX and other botulinum toxin products can result in swallowing or breathing difficulties. Patients with pre-
existing swallowing or breathing difficulties may be more susceptible to these complications. In most cases, this is a consequence of 
weakening of muscles in the area of injection that are involved in breathing or oropharyngeal muscles that control swallowing or 
breathing [see Warnings and Precautions (5.2)].  



 
Deaths as a complication of severe dysphagia have been reported after treatment with botulinum toxin. Dysphagia may persist for 
several months, and require use of a feeding tube to maintain adequate nutrition and hydration. Aspiration may result from severe 
dysphagia and is a particular risk when treating patients in whom swallowing or respiratory function is already compromised. 
 
Treatment with botulinum toxins may weaken neck muscles that serve as accessory muscles of ventilation. This may result in a critical 
loss of breathing capacity in patients with respiratory disorders who may have become dependent upon these accessory muscles. There 
have been postmarketing reports of serious breathing difficulties, including respiratory failure. 
 
Patients with smaller neck muscle mass and patients who require bilateral injections into the sternocleidomastoid muscle for the 
treatment of cervical dystonia have been reported to be at greater risk for dysphagia. Limiting the dose injected into the 
sternocleidomastoid muscle may reduce the occurrence of dysphagia. Injections into the levator scapulae may be associated with an 
increased risk of upper respiratory infection and dysphagia. 
 
Patients treated with botulinum toxin may require immediate medical attention should they develop problems with swallowing, speech 
or respiratory disorders. These reactions can occur within hours to weeks after injection with botulinum toxin [see Warnings and 
Precautions (5.2)]. 
 
5.7 Pulmonary Effects of BOTOX in Patients with Compromised Respiratory Status Treated for Spasticity or for 

Detrusor Overactivity associated with a Neurologic Condition 
Patients with compromised respiratory status treated with BOTOX for spasticity should be monitored closely. In a double-blind, 
placebo-controlled, parallel group study in patients treated for upper limb spasticity with stable reduced pulmonary function (defined 
as FEV1 40-80% of predicted value and FEV1/FVC ≤ 0.75), the event rate in change of Forced Vital Capacity ≥15% or ≥20% was 
generally greater in patients treated with BOTOX than in patients treated with placebo (see Table 5). 
 
Table 5: Event rate per patient treatment cycle among patients with reduced lung function who experienced at least a 15% or 
20% decrease in forced vital capacity from baseline at Week 1, 6, 12 post-injection with up to two treatment cycles with 
BOTOX or placebo 

 

 BOTOX 
360 Units 

BOTOX 
240 Units 

Placebo 

>15% >20% >15% >20% >15% >20% 
Week 1 4% 0% 3% 0% 7% 3% 

Week 6 7% 4% 4% 2% 2% 2% 

Week 12 10% 5% 2% 1% 4% 1% 
 

Differences from placebo were not statistically significant 
 
In spasticity patients with reduced lung function, upper respiratory tract infections were also reported more frequently as adverse 
reactions in patients treated with BOTOX than in patients treated with placebo [see Warnings and Precautions (5.10)]. 
 
In an ongoing double-blind, placebo-controlled, parallel group study in adult patients with detrusor overactivity associated with a 
neurologic condition and restrictive lung disease of neuromuscular etiology [defined as FVC 50-80% of predicted value in patients 
with spinal cord injury between C5 and C8, or MS] the event rate in change of Forced Vital Capacity ≥15% or ≥20% was generally 
greater in patients treated with BOTOX than in patients treated with placebo (see Table 6). 
 
Table 6: Number and percent of patients experiencing at least a 15% or 20% decrease in FVC from baseline at Week 2, 6, 12 
post-injection with BOTOX or placebo 

 BOTOX  
200 Units 

Placebo 

>15% >20% >15% >20% 
Week 2 0/12 (0%) 0/12 (0%) 1/11 (9%) 0/11 (0%) 

Week 6 2/11 (18%) 1/11 (9%) 0/11 (0%) 0/11 (0%) 

Week 12 0/11 (0%) 0/11 (0%) 0/6 (0%) 0/6 (0%) 

 
5.8 Corneal Exposure and Ulceration in Patients Treated with BOTOX for Blepharospasm 
Reduced blinking from BOTOX injection of the orbicularis muscle can lead to corneal exposure, persistent epithelial defect, and 
corneal ulceration, especially in patients with VII nerve disorders. Vigorous treatment of any epithelial defect should be employed. 
This may require protective drops, ointment, therapeutic soft contact lenses, or closure of the eye by patching or other means. 
 
5.9 Retrobulbar Hemorrhages in Patients Treated with BOTOX for Strabismus 



During the administration of BOTOX for the treatment of strabismus, retrobulbar hemorrhages sufficient to compromise retinal 
circulation have occurred. It is recommended that appropriate instruments to decompress the orbit be accessible.  
 
5.10 Bronchitis and Upper Respiratory Tract Infections in Patients Treated for Spasticity 
Bronchitis was reported more frequently as an adverse reaction in patients treated for upper limb spasticity with BOTOX (3% at 251 
Units-360 Units total dose), compared to placebo (1%). In patients with reduced lung function treated for upper limb spasticity, upper 
respiratory tract infections were also reported more frequently as adverse reactions in patients treated with BOTOX (11% at 360 Units 
total dose; 8% at 240 Units total dose) compared to placebo (6%). In adult patients treated for lower limb spasticity, upper respiratory 
tract infections were reported more frequently as an adverse event in patients treated with BOTOX (2% at 300 Units to 400 Units total 
dose) compared to placebo (1%). 
 
5.11 Autonomic Dysreflexia in Patients Treated for Detrusor Overactivity associated with a Neurologic Condition  
Autonomic dysreflexia associated with intradetrusor injections of BOTOX could occur in patients treated for detrusor overactivity 
associated with a neurologic condition and may require prompt medical therapy. In clinical trials, the incidence of autonomic 
dysreflexia was greater in patients treated with BOTOX 200 Units compared with placebo (1.5% versus 0.4%, respectively). 
 
5.12 Urinary Tract Infections in Patients with Overactive Bladder   
BOTOX increases the incidence of urinary tract infection [see Adverse Reactions (6.1)]. Clinical trials for overactive bladder excluded 
patients with more than 2 UTIs in the past 6 months and those taking antibiotics chronically due to recurrent UTIs. Use of BOTOX for 
the treatment of overactive bladder in such patients and in patients with multiple recurrent UTIs during treatment should only be 
considered when the benefit is likely to outweigh the potential risk.  
 
5.13 Urinary Retention in Patients Treated for Bladder Dysfunction  
Due to the risk of urinary retention, treat only patients who are willing and able to initiate catheterization post-treatment, if required, 
for urinary retention.  
 
In patients who are not catheterizing, post-void residual (PVR) urine volume should be assessed within 2 weeks post-treatment and 
periodically as medically appropriate up to 12 weeks, particularly in patients with multiple sclerosis or diabetes mellitus. Depending 
on patient symptoms, institute catheterization if PVR urine volume exceeds 200 mL and continue until PVR falls below 200 mL. 
Instruct patients to contact their physician if they experience difficulty in voiding as catheterization may be required. 
 
The incidence and duration of urinary retention is described below for patients with overactive bladder and detrusor overactivity 
associated with a neurologic condition who received BOTOX or placebo injections.  
 
Overactive Bladder 
In double-blind, placebo-controlled trials in patients with OAB, the proportion of subjects who initiated clean intermittent 
catheterization (CIC) for urinary retention following treatment with BOTOX or placebo is shown in Table 7. The duration of post-
injection catheterization for those who developed urinary retention is also shown.  
 
Table 7: Proportion of Patients Catheterizing for Urinary Retention and Duration of Catheterization following an injection in 
double-blind, placebo-controlled clinical trials in OAB 

 
 
 
 
 
 
 
 
 
 

 
Patients with diabetes mellitus treated with BOTOX were more likely to develop urinary retention than those without diabetes, as 
shown in Table 8. 

 
 Timepoint 

BOTOX 100 Units 
(N=552) 

Placebo 
(N=542) 

Proportion of Patients Catheterizing for Urinary Retention 

At any time during complete treatment 
cycle  

6.5% (n=36) 0.4% (n=2) 

Duration of Catheterization for Urinary Retention (Days) 

Median  63 11 

Min, Max 1, 214 3, 18 



 
Table 8. Proportion of Patients Experiencing Urinary Retention following an injection in double-blind, placebo-controlled 
clinical trials in OAB according to history of Diabetes Mellitus 

 Patients with Diabetes Patients without Diabetes 
BOTOX 100 Units 

(N=81) 
Placebo 
(N=69) 

BOTOX 100 Units 
(N=526) 

Placebo 
(N=516) 

Urinary retention 12.3% (n=10) 0 6.3% (n=33) 0.6% (n=3) 
 
Detrusor Overactivity associated with a Neurologic Condition 
In double-blind, placebo-controlled trials in patients with detrusor overactivity associated with a neurologic condition, the proportion 
of subjects who were not using clean intermittent catheterization (CIC) prior to injection and who subsequently required 
catheterization for urinary retention following treatment with BOTOX or placebo is shown in Table 9. The duration of post-injection 
catheterization for those who developed urinary retention is also shown.  
 
Table 9: Proportion of Patients not using CIC at baseline and then Catheterizing for Urinary Retention and Duration of 
Catheterization following an injection in double-blind, placebo-controlled clinical trials 

 
 

 

 

 

 

 

 
Among patients not using CIC at baseline, those with MS were more likely to require CIC post-injection than those with SCI (see 
Table 10).  

Table 10: Proportion of Patients by Etiology (MS and SCI) not using CIC at baseline and then Catheterizing for Urinary 
Retention following an injection in double-blind, placebo-controlled clinical trials  

Timepoint 

MS SCI 

BOTOX 200 Units 
(N=86) 

Placebo 
(N=88) 

BOTOX 200 Units 
(N=22) 

Placebo 
(N=16) 

At any time during 
complete treatment cycle 

31% (n=27) 5% (n=4) 27% (n=6) 19% (n=3) 

 
5.14 Human Albumin and Transmission of Viral Diseases 
This product contains albumin, a derivative of human blood. Based on effective donor screening and product manufacturing processes, 
it carries an extremely remote risk for transmission of viral diseases. A theoretical risk for transmission of Creutzfeldt-Jakob disease 
(CJD) is also considered extremely remote. No cases of transmission of viral diseases or CJD have ever been reported for albumin. 
 
6 ADVERSE REACTIONS 
The following adverse reactions to BOTOX (onabotulinumtoxinA) for injection are discussed in greater detail in other sections of the 
labeling: 

• Spread of Toxin Effects [see Warnings and Precautions (5.2)] 
• Serious Adverse Reactions with Unapproved Use [see Warnings and Precautions (5.3)] 
• Hypersensitivity Reactions [see Contraindications (4.1) and Warnings and Precautions (5.4)] 
• Increased Risk of Clinically Significant Effects with Pre-Existing Neuromuscular Disorders [see Warnings and Precautions 

(5.5)] 
• Dysphagia and Breathing Difficulties [see Warnings and Precautions (5.6)] 
• Pulmonary Effects of BOTOX in Patients with Compromised Respiratory Status Treated for Spasticity or for Detrusor 

Overactivity associated with a Neurologic Condition [see Warnings and Precautions (5.7)] 
• Corneal Exposure and Ulceration in Patients Treated with BOTOX for Blepharospasm [see Warnings and Precautions (5.8)] 
• Retrobulbar Hemorrhages in Patients Treated with BOTOX for Strabismus [see Warnings and Precautions (5.9)] 
• Bronchitis and Upper Respiratory Tract Infections in Patients Treated for Spasticity [see Warnings and Precautions (5.10)] 
• Autonomic Dysreflexia in Patients Treated for Detrusor Overactivity associated with a Neurologic Condition [see Warnings 

and Precautions (5.11)] 
• Urinary Tract Infections in Patients with Overactive Bladder [see Warnings and Precautions (5.12)] 

Timepoint 
BOTOX 200 Units 

(N=108) 
Placebo 
(N=104) 

Proportion of Patients Catheterizing for Urinary Retention 

At any time during complete treatment cycle 30.6% (n=33) 6.7% (n=7) 

Duration of Catheterization for Urinary Retention (Days) 

Median 289 358 

Min, Max 1, 530 2, 379 



• Urinary Retention in Patients Treated for Bladder Dysfunction [see Warnings and Precautions (5.13)] 
 
6.1 Clinical Trials Experience  
Because clinical trials are conducted under widely varying conditions, the adverse reaction rates observed in the clinical trials of a 
drug cannot be directly compared to rates in the clinical trials of another drug and may not reflect the rates observed in clinical 
practice. 
 
BOTOX and BOTOX Cosmetic contain the same active ingredient in the same formulation, but with different labeled Indications and 
Usage. Therefore, adverse reactions observed with the use of BOTOX Cosmetic also have the potential to be observed with the use of 
BOTOX. 
 
In general, adverse reactions occur within the first week following injection of BOTOX and while generally transient, may have a 
duration of several months or longer. Localized pain, infection, inflammation, tenderness, swelling, erythema, and/or 
bleeding/bruising may be associated with the injection. Needle-related pain and/or anxiety may result in vasovagal responses 
(including e.g., syncope, hypotension), which may require appropriate medical therapy. 
 
Local weakness of the injected muscle(s) represents the expected pharmacological action of botulinum toxin. However, weakness of 
nearby muscles may also occur due to spread of toxin [see Warnings and Precautions (5.2)]. 
 
Overactive Bladder 
Table 11 presents the most frequently reported adverse reactions in double-blind, placebo-controlled clinical trials for overactive 
bladder occurring within 12 weeks of the first BOTOX treatment.  
 
Table 11: Adverse Reactions Reported by ≥2% of BOTOX treated Patients and More Often than in Placebo-treated Patients 
Within the First 12 Weeks after Intradetrusor Injection, in Double-blind, Placebo-controlled Clinical Trials in Patients with 
OAB 

 
 
Adverse Reactions 

BOTOX 
100 Units 
(N=552) 

Placebo 
(N=542) 

Urinary tract infection 
Dysuria  
Urinary retention 
Bacteriuria 
Residual urine volume* 

99 (18%) 
50 (9%) 
31 (6%) 
24 (4%) 
17 (3%) 

30 (6%) 
36 (7%) 
2 (0%) 

11 (2%) 
1 (0%) 

*Elevated PVR not requiring catheterization. Catheterization was required for PVR >350 mL regardless of symptoms, and for PVR 
>200 mL to <350 mL with symptoms (e.g., voiding difficulty).  
 
A higher incidence of urinary tract infection was observed in patients with diabetes mellitus treated with BOTOX 100 Units and 
placebo than in patients without diabetes, as shown in Table 12.  
 
Table 12: Proportion of Patients Experiencing Urinary Tract Infection following an Injection in Double-blind,  
Placebo-controlled Clinical Trials in OAB according to history of Diabetes Mellitus 

 Patients with Diabetes Patients without Diabetes 
BOTOX 100 Units 

(N=81) 
Placebo 
(N=69) 

BOTOX 100 Units 
(N=526) 

Placebo 
(N=516) 

Urinary tract infection  
(UTI) 

25 (31%) 8 (12%) 135 (26%) 51 (10%) 

 
The incidence of UTI increased in patients who experienced a maximum post-void residual (PVR) urine volume >200 mL following 
BOTOX injection compared to those with a maximum PVR <200 mL following BOTOX injection, 44% versus 23%, respectively. 
No change was observed in the overall safety profile with repeat dosing during an open-label, uncontrolled extension trial. 
 
Detrusor Overactivity associated with a Neurologic Condition 
Table 13 presents the most frequently reported adverse reactions in double-blind, placebo-controlled studies within 12 weeks of 
injection for detrusor overactivity associated with a neurologic condition.  
 



Table 13: Adverse Reactions Reported by >2% of BOTOX treated Patients and More Frequent than in Placebo-treated 
Patients Within the First 12 Weeks after Intradetrusor Injection in Double-blind, Placebo-controlled Clinical Trials  

 
 
Adverse Reactions   

BOTOX 200 Units 
(N=262) 

Placebo 
(N=272) 

Urinary tract infection 
Urinary retention   
Hematuria 

64 (24%) 
45 (17%) 
10 (4%) 

47 (17%) 
8 (3%) 
8 (3%) 

 
The following adverse reactions with BOTOX 200 Units were reported at any time following initial injection and prior to re-injection 
or study exit (median duration of 44 weeks of exposure): urinary tract infections (49%), urinary retention (17%), constipation (4%), 
muscular weakness (4%), dysuria (4%), fall (3%), gait disturbance (3%), and muscle spasm (2%). 
 
In the MS patients enrolled in the double-blind, placebo-controlled trials, the MS exacerbation annualized rate (i.e., number of MS 
exacerbation events per patient-year) was 0.23 for BOTOX and 0.20 for placebo. 
 
No change was observed in the overall safety profile with repeat dosing.  
 
Chronic Migraine 
In double-blind, placebo-controlled chronic migraine efficacy trials (Study 1 and Study 2), the discontinuation rate was 12% in the 
BOTOX treated group and 10% in the placebo-treated group. Discontinuations due to an adverse event were 4% in the BOTOX group 
and 1% in the placebo group. The most frequent adverse events leading to discontinuation in the BOTOX group were neck pain, 
headache, worsening migraine, muscular weakness and eyelid ptosis. 
 
The most frequently reported adverse reactions following injection of BOTOX for chronic migraine appear in Table 14. 
 
Table 14: Adverse Reactions Reported by >2% of BOTOX treated Patients and More Frequent than in Placebo-treated 
Patients in Two Chronic Migraine Double-blind, Placebo-controlled Clinical Trials 

 
 
Adverse Reactions by System Organ Class 

BOTOX 
155 Units-195 Units 

(N=687) 

Placebo  
(N=692) 

Nervous system disorders 
   Headache 
   Migraine 
   Facial paresis 

 
32 (5%) 
26 (4%) 
15 (2%) 

 
22 (3%) 
18 (3%) 
0 (0%) 

Eye disorders 
   Eyelid ptosis 

 
25 (4%) 

 
2 (<1%) 

Infections and Infestations 
   Bronchitis    

 
17 (3%) 

 
11 (2%) 

Musculoskeletal and connective tissue disorders 
   Neck pain 
   Musculoskeletal stiffness 
   Muscular weakness 
   Myalgia 
   Musculoskeletal pain 
   Muscle spasms    

 
60 (9%) 
25 (4%) 
24 (4%) 
21 (3%) 
18 (3%) 
13 (2%) 

 
19 (3%) 
6 (1%) 

2 (<1%) 
6 (1%) 

10 (1%) 
6 (1%) 

General disorders and administration site 
conditions 
   Injection site pain 

 
 

23 (3%) 

 
 

14 (2%) 
Vascular Disorders 
   Hypertension 

 
11 (2%) 

 
7 (1%) 

 
Other adverse reactions that occurred more frequently in the BOTOX group compared to the placebo group at a frequency less than 
1% and potentially BOTOX related include: vertigo, dry eye, eyelid edema, dysphagia, eye infection, and jaw pain. Severe worsening 
of migraine requiring hospitalization occurred in approximately 1% of BOTOX treated patients in Study 1 and Study 2, usually within 
the first week after treatment, compared to 0.3% of placebo-treated patients. 
 
Upper Limb Spasticity 
The most frequently reported adverse reactions following injection of BOTOX for adult upper limb spasticity appear in Table 15. 
 



Table 15: Adverse Reactions Reported by ≥2% of BOTOX treated Patients and More Frequent than in Placebo-treated 
Patients in Adult Upper Limb Spasticity Double-blind, Placebo-controlled Clinical Trials 

 
 
Adverse  Reactions by 
System Organ Class 

BOTOX  
251 Units-       
360 Units 
(N=115) 

BOTOX  
150 Units-         
250 Units 
(N=188) 

BOTOX   

<150 Units 
(N=54) 

Placebo 
(N=182) 

 

Gastrointestinal disorder 
    Nausea 

 
3 (3%) 

 
3 (2%) 

 
1 (2%) 

 
1 (1%) 

General disorders and 
administration site conditions 
    Fatigue 

 
 

4 (3%) 

 
 

4 (2%) 

 
 

1 (2%) 

 
 

0  
Infections and infestations 
   Bronchitis 

 
4 (3%) 

 
4 (2%) 

 
0  

 
2 (1%) 

Musculoskeletal and 
connective tissue disorders 
   Pain in extremity 

Muscular weakness 

 
 

7 (6%) 
0  

 
 

10 (5%) 
7 (4%) 

 
 

5 (9%) 
1 (2%) 

 
 

8 (4%) 
2 (1%) 

 
Twenty two adult patients, enrolled in double-blind placebo controlled studies, received 400 Units or higher of BOTOX for treatment 
of upper limb spasticity. In addition, 44 adults received 400 Units of BOTOX or higher for four consecutive treatments over 
approximately one year for treatment of upper limb spasticity. The type and frequency of adverse reactions observed in patients 
treated with 400 Units of BOTOX were similar to those reported in patients treated for upper limb spasticity with 360 Units of 
BOTOX. 
 
Lower Limb Spasticity 
The most frequently reported adverse reactions following injection of BOTOX for adult lower limb spasticity appear in Table 16. Two 
hundred thirty one patients enrolled in a double-blind placebo controlled study (Study 6) received 300 Units to 400 Units of BOTOX, 
and were compared with 233 patients who received  placebo. Patients were followed for an average of 91 days after injection. 
 
Table 16: Adverse Reactions Reported by >2% of BOTOX treated Patients and More Frequent than in Placebo-treated 
Patients in Adult Lower Limb Spasticity Double-blind, Placebo-controlled Clinical Trial (Study 6) 

Adverse Reactions 
BOTOX  
(N=231) 

Placebo 
 (N=233) 

Musculoskeletal and connective 
tissue disorders 

Arthralgia 
Back pain 
Myalgia 

8 (3%) 
6 (3%) 
4 (2%) 

2 (1%) 
4 (2%) 
3 (1%) 

Infections and infestations 
Upper respiratory tract infection 4 (2%) 2 (1%) 

General disorders and 
administration site conditions 

Injection site pain 5 (2%) 2 (1%) 
 
Cervical Dystonia 
In cervical dystonia patients evaluated for safety in double-blind and open-label studies following injection of BOTOX, the most 
frequently reported adverse reactions were dysphagia (19%), upper respiratory infection (12%), neck pain (11%), and headache 
(11%). 
 
Other events reported in 2-10% of patients in any one study in decreasing order of incidence include: increased cough, flu syndrome, 
back pain, rhinitis, dizziness, hypertonia, soreness at injection site, asthenia, oral dryness, speech disorder, fever, nausea, and 
drowsiness. Stiffness, numbness, diplopia, ptosis, and dyspnea have been reported. 
 
Dysphagia and symptomatic general weakness may be attributable to an extension of the pharmacology of BOTOX resulting from the 
spread of the toxin outside the injected muscles [see Warnings and Precautions (5.2, 5.6)]. 
 
The most common severe adverse reaction associated with the use of BOTOX injection in patients with cervical dystonia is dysphagia 
with about 20% of these cases also reporting dyspnea [see Warnings and Precautions (5.2, 5.6)]. Most dysphagia is reported as mild 
or moderate in severity. However, it may be associated with more severe signs and symptoms [see Warnings and Precautions (5.6)]. 
 



Additionally, reports in the literature include a case of a female patient who developed brachial plexopathy two days after injection of 
120 Units of BOTOX for the treatment of cervical dystonia, and reports of dysphonia in patients who have been treated for cervical 
dystonia. 
 
Primary Axillary Hyperhidrosis 
The most frequently reported adverse reactions (3-10% of adult patients) following injection of BOTOX in double-blind studies 
included injection site pain and hemorrhage, non-axillary sweating, infection, pharyngitis, flu syndrome, headache, fever, neck or back 
pain, pruritus, and anxiety. 
 
The data reflect 346 patients exposed to BOTOX 50 Units and 110 patients exposed to BOTOX 75 Units in each axilla. 
 
Blepharospasm 
In a study of blepharospasm patients who received an average dose per eye of 33 Units (injected at 3 to 5 sites) of the currently 
manufactured BOTOX, the most frequently reported  adverse reactions were ptosis (21%), superficial punctate keratitis (6%), and eye 
dryness (6%). 
 
Other events reported in prior clinical studies in decreasing order of incidence include: irritation, tearing, lagophthalmos, photophobia, 
ectropion, keratitis, diplopia, entropion, diffuse skin rash, and local swelling of the eyelid skin lasting for several days following eyelid 
injection.  
 
In two cases of VII nerve disorder, reduced blinking from BOTOX injection of the orbicularis muscle led to serious corneal exposure, 
persistent epithelial defect, corneal ulceration and a case of corneal perforation. Focal facial paralysis, syncope, and exacerbation of 
myasthenia gravis have also been reported after treatment of blepharospasm. 
 
Strabismus 
Extraocular muscles adjacent to the injection site can be affected, causing vertical deviation, especially with higher doses of BOTOX. 
The incidence rates of these adverse effects in 2058 adults who received a total of 3650 injections for horizontal strabismus was 17%. 
The incidence of ptosis has been reported to be dependent on the location of the injected muscles, 1% after inferior rectus injections, 
16% after horizontal rectus injections and 38% after superior rectus injections. 
 
In a series of 5587 injections, retrobulbar hemorrhage occurred in 0.3% of cases. 
 
6.2           Immunogenicity 
As with all therapeutic proteins, there is a potential for immunogenicity. Formation of neutralizing antibodies to botulinum toxin type 
A may reduce the effectiveness of BOTOX treatment by inactivating the biological activity of the toxin.  
 
In a long term, open-label study evaluating 326 cervical dystonia patients treated for an average of 9 treatment sessions with the 
current formulation of BOTOX, 4 (1.2%) patients had positive antibody tests. All 4 of these patients responded to BOTOX therapy at 
the time of the positive antibody test. However, 3 of these patients developed clinical resistance after subsequent treatment, while the 
fourth patient continued to respond to BOTOX therapy for the remainder of the study. 
 
One patient among the 445 hyperhidrosis patients (0.2%), two patients among the 380 adult upper limb spasticity patients (0.5%), no 
patients among 406 migraine patients, no patients among 615 overactive bladder patients, and no patients among 475 detrusor 
overactivity associated with a neurologic condition patients with analyzed specimens developed the presence of neutralizing 
antibodies. 
 
The data reflect the patients whose test results were considered positive or negative for neutralizing activity to BOTOX in a mouse 
protection assay. The results of these tests are highly dependent on the sensitivity and specificity of the assay. Additionally, the 
observed incidence of antibody (including neutralizing antibody) positivity in an assay may be influenced by several factors including 
assay methodology, sample handling, timing of sample collection, concomitant medications, and underlying disease.  For these 
reasons, comparison of the incidence of neutralizing activity to BOTOX with the incidence of antibodies to other products may be 
misleading. 
 
The critical factors for neutralizing antibody formation have not been well characterized. The results from some studies suggest that 
BOTOX injections at more frequent intervals or at higher doses may lead to greater incidence of antibody formation. The potential for 
antibody formation may be minimized by injecting with the lowest effective dose given at the longest feasible intervals between 
injections. 
 
6.3  Post-Marketing Experience 
The following adverse reactions have been identified during post-approval use of BOTOX. Because these reactions are reported 
voluntarily from a population of uncertain size, it is not always possible to reliably estimate their frequency or establish a causal 
relationship to drug exposure. These reactions include: abdominal pain; alopecia, including madarosis; anorexia; brachial plexopathy; 



denervation/muscle atrophy; diarrhea; hyperhidrosis; hypoacusis; hypoaesthesia; malaise; paresthesia; peripheral neuropathy; 
radiculopathy; erythema multiforme, dermatitis psoriasiform, and psoriasiform eruption; strabismus; tinnitus; and visual disturbances. 
 
There have been spontaneous reports of death, sometimes associated with dysphagia, pneumonia, and/or other significant debility or 
anaphylaxis, after treatment with botulinum toxin [see Warnings and Precautions (5.4, 5.6)]. 
 
There have also been reports of adverse events involving the cardiovascular system, including arrhythmia and myocardial infarction, 
some with fatal outcomes. Some of these patients had risk factors including cardiovascular disease. The exact relationship of these 
events to the botulinum toxin injection has not been established. 
 
New onset or recurrent seizures have also been reported, typically in patients who are predisposed to experiencing these events. The 
exact relationship of these events to the botulinum toxin injection has not been established.   
 
7  DRUG INTERACTIONS 
 
7.1 Aminoglycosides and Other Agents Interfering with Neuromuscular Transmission 
Co-administration of BOTOX and aminoglycosides or other agents interfering with neuromuscular transmission (e.g., curare-like 
compounds) should only be performed with caution as the effect of the toxin may be potentiated. 
 
7.2 Anticholinergic Drugs 
Use of anticholinergic drugs after administration of BOTOX may potentiate systemic anticholinergic effects. 
 
7.3 Other Botulinum Neurotoxin Products 
The effect of administering different botulinum neurotoxin products at the same time or within several months of each other is 
unknown. Excessive neuromuscular weakness may be exacerbated by administration of another botulinum toxin prior to the resolution 
of the effects of a previously administered botulinum toxin.  
 
7.4 Muscle Relaxants 
Excessive weakness may also be exaggerated by administration of a muscle relaxant before or after administration of BOTOX.   
 
8 USE IN SPECIFIC POPULATIONS 
 
8.1  Pregnancy 
Pregnancy Category C. 
There are no adequate and well-controlled studies in pregnant women. BOTOX should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 
 
When BOTOX (4, 8, or 16 Units/kg) was administered intramuscularly to pregnant mice or rats two times during the period of 
organogenesis (on gestation days 5 and 13), reductions in fetal body weight and decreased fetal skeletal ossification were observed at 
the two highest doses. The no-effect dose for developmental toxicity in these studies (4 Units/kg) is approximately equal to the 
maximum recommended human dose of 400 Units on a body weight basis (Units/kg). 
 
When BOTOX was administered intramuscularly to pregnant rats (0.125, 0.25, 0.5, 1, 4, or 8 Units/kg) or rabbits (0.063, 0.125, 0.25, 
or 0.5 Units/kg) daily during the period of organogenesis (total of 12 doses in rats, 13 doses in rabbits), reduced fetal body weights and 
decreased fetal skeletal ossification were observed at the two highest doses in rats and at the highest dose in rabbits. These doses were 
also associated with significant maternal toxicity, including abortions, early deliveries, and maternal death. The developmental no-
effect doses in these studies of 1 Unit/kg in rats and 0.25 Units/kg in rabbits are less than the maximum recommended human dose of 
400 Units based on Units/kg. 
 
When pregnant rats received single intramuscular injections (1, 4, or 16 Units/kg) at three different periods of development (prior to 
implantation, implantation, or organogenesis), no adverse effects on fetal development were observed. The developmental no-effect 
level for a single maternal dose in rats (16 Units/kg) is approximately 2 times the maximum recommended human dose based on 
Units/kg. 
 
8.3  Nursing Mothers 
It is not known whether BOTOX is excreted in human milk. Because many drugs are excreted in human milk, caution should be 
exercised when BOTOX is administered to a nursing woman. 
 
8.4           Pediatric Use 
Bladder Dysfunction 
Safety and effectiveness in patients below the age of 18 years have not been established. 
 
Prophylaxis of Headaches in Chronic Migraine 



Safety and effectiveness in patients below the age of 18 years have not been established.  
 
Spasticity 
Safety and effectiveness in patients below the age of 18 years have not been established. 
 
Axillary Hyperhidrosis 
Safety and effectiveness in patients below the age of 18 years have not been established. 
 
Cervical Dystonia 
Safety and effectiveness in pediatric patients below the age of 16 years have not been established. 

 
Blepharospasm and Strabismus  
Safety and effectiveness in pediatric patients below the age of 12 years have not been established. 
  
8.5   Geriatric Use 
Overall, with the exception of Overactive Bladder (see below), clinical studies of BOTOX did not include sufficient numbers of 
subjects aged 65 and over to determine whether they respond differently from younger subjects. Other reported clinical experience has 
not identified differences in responses between the elderly and younger patients. There were too few patients over the age of 75 to 
enable any comparisons. In general, dose selection for an elderly patient should be cautious, usually starting at the low end of the 
dosing range, reflecting the greater frequency of decreased hepatic, renal, or cardiac function, and of concomitant disease or other 
drug therapy. 
 
Overactive Bladder 
Of 1242 overactive bladder patients in placebo-controlled clinical studies of BOTOX, 41.4% (n=514) were 65 years of age or older, 
and 14.7% (n=182) were 75 years of age or older. Adverse reactions of UTI and urinary retention were more common in patients 65 
years of age or older in both placebo and BOTOX groups compared to younger patients (see Table 17). Otherwise, there were no 
overall differences in the safety profile following BOTOX treatment between patients aged 65 years and older compared to younger 
patients in these studies. 
 
Table 17. Incidence of Urinary Tract Infection and Urinary Retention according to Age Group during First Placebo-
controlled Treatment, Placebo-controlled Clinical Trials in Patients with OAB 

 <65 Years 65 to 74 Years ≥75 Years 
 
 

Adverse Reactions  

BOTOX 
100 Units 
(N=344) 

Placebo 
(N=348) 

BOTOX 
100 Units 
(N=169) 

Placebo 
(N=151) 

BOTOX 
100 Units 

(N=94) 

Placebo 
(N=86) 

Urinary tract infection 73 (21%) 23 (7%) 51 (30%) 20 (13%) 36 (38%) 16 (19%) 
Urinary retention 21 (6%) 2 (0.6%) 14 (8%) 0 (0%) 8 (9%) 1 (1%) 

 
Observed effectiveness was comparable between these age groups in placebo-controlled clinical studies. 

10     OVERDOSAGE 

Excessive doses of BOTOX (onabotulinumtoxinA) for injection may be expected to produce neuromuscular weakness with a variety 
of symptoms.  

  
Symptoms of overdose are likely not to be present immediately following injection. Should accidental injection or oral ingestion occur 
or overdose be suspected, the person should be medically supervised for several weeks for signs and symptoms of systemic muscular 
weakness which could be local, or distant from the site of injection [see Boxed Warning and Warnings and Precautions (5.2, 5.6)]. 
These patients should be considered for further medical evaluation and appropriate medical therapy immediately instituted, which may 
include hospitalization. 
 
If the musculature of the oropharynx and esophagus are affected, aspiration may occur which may lead to development of aspiration 
pneumonia. If the respiratory muscles become paralyzed or sufficiently weakened, intubation and assisted respiration may be 
necessary until recovery takes place. Supportive care could involve the need for a tracheostomy and/or prolonged mechanical 
ventilation, in addition to other general supportive care. 

 
In the event of overdose, antitoxin raised against botulinum toxin is available from the Centers for Disease Control and Prevention 
(CDC) in Atlanta, GA. However, the antitoxin will not reverse any botulinum toxin-induced effects already apparent by the time of 
antitoxin administration. In the event of suspected or actual cases of botulinum toxin poisoning, please contact your local or state 
Health Department to process a request for antitoxin through the CDC. If you do not receive a response within 30 minutes, please 
contact the CDC directly at 1-770-488-7100. More information can be obtained at 
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5232a8.htm. 
 



11 DESCRIPTION 
BOTOX (onabotulinumtoxinA) for injection is a sterile, vacuum-dried purified botulinum toxin type A, produced from fermentation 
of Hall strain Clostridium botulinum type A, and intended for intramuscular, intradetrusor and intradermal use. It is purified from the 
culture solution by dialysis and a series of acid precipitations to a complex consisting of the neurotoxin, and several accessory 
proteins. The complex is dissolved in sterile sodium chloride solution containing Albumin Human and is sterile filtered (0.2 microns) 
prior to filling and vacuum-drying. 
 
The primary release procedure for BOTOX uses a cell-based potency assay to determine the potency relative to a reference standard. 
The assay is specific to Allergan’s products BOTOX and BOTOX Cosmetic. One Unit of BOTOX corresponds to the calculated 
median intraperitoneal lethal dose (LD50) in mice. Due to specific details of this assay such as the vehicle, dilution scheme, and 
laboratory protocols, Units of biological activity of BOTOX cannot be compared to nor converted into Units of any other botulinum 
toxin or any toxin assessed with any other specific assay method. The specific activity of BOTOX is approximately 20 
Units/nanogram of neurotoxin protein complex. 
 
Each vial of BOTOX contains either 100 Units of Clostridium botulinum type A neurotoxin complex, 0.5 mg of Albumin Human, and 
0.9 mg of sodium chloride; or 200 Units of Clostridium botulinum type A neurotoxin complex, 1 mg of Albumin Human, and 1.8 mg 
of sodium chloride in a sterile, vacuum-dried form without a preservative. 
 
12 CLINICAL PHARMACOLOGY 
 
12.1   Mechanism of Action 
BOTOX blocks neuromuscular transmission by binding to acceptor sites on motor or sympathetic nerve terminals, entering the nerve 
terminals, and inhibiting the release of acetylcholine. This inhibition occurs as the neurotoxin cleaves SNAP-25, a protein integral to 
the successful docking and release of acetylcholine from vesicles situated within nerve endings. When injected intramuscularly at 
therapeutic doses, BOTOX produces partial chemical denervation of the muscle resulting in a localized reduction in muscle activity. 
In addition, the muscle may atrophy, axonal sprouting may occur, and extrajunctional acetylcholine receptors may develop. There is 
evidence that reinnervation of the muscle may occur, thus slowly reversing muscle denervation produced by BOTOX.  
 
When injected intradermally, BOTOX produces temporary chemical denervation of the sweat gland resulting in local reduction in 
sweating. 
 
Following intradetrusor injection, BOTOX affects the efferent pathways of detrusor activity via inhibition of acetylcholine release.  
 
12.3  Pharmacokinetics 
Using currently available analytical technology, it is not possible to detect BOTOX in the peripheral blood following intramuscular 
injection at the recommended doses. 
 
13 NONCLINICAL TOXICOLOGY 
 
13.1  Carcinogenesis, Mutagenesis, Impairment of Fertility 
Carcinogenesis 
Long term studies in animals have not been performed to evaluate the carcinogenic potential of BOTOX.  
 
Mutagenesis 
BOTOX was negative in a battery of in vitro (microbial reverse mutation assay, mammalian cell mutation assay, and chromosomal 
aberration assay) and in vivo (micronucleus assay) genetic toxicologic assays. 
 
Impairment of Fertility 
In fertility studies of BOTOX (4, 8, or 16 Units/kg) in which either male or female rats were injected intramuscularly prior to mating 
and on the day of mating (3 doses, 2 weeks apart for males, 2 doses, 2 weeks apart for females) to untreated animals, reduced fertility 
was observed in males at the intermediate and high doses and in females at the high dose. The no-effect doses for reproductive toxicity 
(4 Units/kg in males, 8 Units/kg in females) are approximately equal to the maximum recommended human dose of 400 Units on a 
body weight basis (Units/kg). 
 
13.2  Animal Toxicology and/or Pharmacology 
In a study to evaluate inadvertent peribladder administration, bladder stones were observed in 1 of 4 male monkeys that were injected 
with a total of 6.8 Units/kg divided into the prostatic urethra and proximal rectum (single administration). No bladder stones were 
observed in male or female monkeys following injection of up to 36 Units/kg (~12X the highest human bladder dose) directly to the 
bladder as either single or 4 repeat dose injections or in female rats for single injections up to 100 Units/kg (~33X the highest human 
bladder dose). 
 



14 CLINICAL STUDIES 
 
14.1  Overactive Bladder (OAB) 
Two double-blind, placebo-controlled, randomized, multi-center, 24-week clinical studies were conducted in patients with OAB with 
symptoms of urge urinary incontinence, urgency, and frequency (Studies OAB-1 and OAB-2). Patients needed to have at least 3 
urinary urgency incontinence episodes and at least 24 micturitions in 3 days to enter the studies. A total of 1105 patients, whose 
symptoms had not been adequately managed with anticholinergic therapy (inadequate response or intolerable side effects), were 
randomized to receive either 100 Units of BOTOX (n=557), or placebo (n=548).  Patients received 20 injections of study drug (5 units 
of BOTOX or placebo) spaced approximately 1 cm apart into the detrusor muscle. 
 
In both studies, significant improvements compared to placebo in the primary efficacy variable of change from baseline in daily 
frequency of urinary incontinence episodes were observed for BOTOX 100 Units at the primary time point of week 12. Significant 
improvements compared to placebo were also observed for the secondary efficacy variables of daily frequency of micturition episodes 
and volume voided per micturition. These primary and secondary variables are shown in Tables 18 and 19, and Figures 5 and 6. 
Table 18: Baseline and Change from Baseline in Urinary Incontinence Episode Frequency, Micturition Episode Frequency 
and Volume Voided Per Micturition, Study OAB-1   

 

BOTOX 

100 Units 
(N=278) 

Placebo 
(N=272) 

Treatment 
Difference 

p-value 
 

Daily Frequency of Urinary Incontinence 
Episodesa 

    

Mean Baseline 5.5 5.1   
Mean Change* at Week 2 -2.6 -1.0 -1.6  
Mean Change* at Week 6 -2.8 -1.0 -1.8  
Mean Change* at Week 12** -2.5 -0.9 -1.6 

(-2.1, -1.2) 
<0.001 

Daily Frequency of Micturition Episodesb     
Mean Baseline 12.0 11.2   
Mean Change† at Week 12** -1.9 -0.9 -1.0 

(-1.5, -0.6) 
<0.001 

Volume Voided per Micturitionb (mL)     
Mean Baseline 156 161   
Mean Change† at Week 12** 38  8 30 

(17, 43) 
<0.001 

* 
Least squares (LS) mean change, treatment difference and p-value are based on an ANCOVA model with baseline value as covariate and treatment 

group and investigator as factors. Last observation carried forward (LOCF) values were used to analyze the primary efficacy variable. 
† 

LS mean change, treatment difference and p-value are based on an ANCOVA model with baseline value as covariate and stratification factor, 
treatment group and investigator as factors.

 

** 
Primary timepoint

 

a Primary variable 
b Secondary variable 
 



Table 19: Baseline and Change from Baseline in Urinary Incontinence Episode Frequency, Micturition Episode Frequency 
and Volume Voided Per Micturition, Study OAB-2  

 
 

BOTOX 

100 Units 
(N=275) 

Placebo 
(N=269) 

Treatment 
Difference 

p-value 
 

Daily Frequency of Urinary Incontinence 
Episodesa 

    

Mean Baseline 5.5 5.7   
Mean Change* at Week 2 -2.7 -1.1 -1.6  
Mean Change* at Week 6 -3.1 -1.3 -1.8  
Mean Change* at Week 12** -3.0 -1.1 -1.9 

(-2.5, -1.4) 
<0.001 

Daily Frequency of Micturition Episodesb     
Mean Baseline 12.0 11.8   
Mean Change† at Week 12** -2.3 -0.6 -1.7 

(-2.2, -1.3) 
<0.001 

Volume Voided per Micturitionb (mL)     
Mean Baseline 144 153    
Mean Change† at Week 12** 40  10  31 

(20, 41) 
<0.001 

 * LS mean change, treatment difference and p-value are based on an ANCOVA model with baseline value as covariate and treatment group and 
investigator as factors. LOCF values were used to analyze the primary efficacy variable.  
† LS mean change, treatment difference and p-value are based on an ANCOVA model with baseline value as covariate and stratification factor, 
treatment group and investigator as factors.

 

** 
Primary timepoint

 

a Primary variable 
b Secondary variable 
 
Figure 5: Mean Change from Baseline in Daily Frequency of Urinary Incontinence Episodes following intradetrusor injection 
in Study OAB-1 

 
 



Figure 6: Mean Change from Baseline in Daily Frequency of Urinary Incontinence Episodes following intradetrusor injection 
in Study OAB-2 

 
 
The median duration of response in Study OAB-1 and OAB-2, based on patient qualification for re-treatment, was 19-24 weeks for the 
BOTOX 100 Unit dose group compared to 13 weeks for placebo. To qualify for re-treatment, at least 12 weeks must have passed since 
the prior treatment, post-void residual urine volume must have been less than 200 mL and patients must have reported at least 2 
urinary incontinence episodes over 3 days.      
 
14.2 Detrusor Overactivity associated with a Neurologic Condition 
Two double-blind, placebo-controlled, randomized, multi-center clinical studies were conducted in patients with urinary incontinence 
due to detrusor overactivity associated with a neurologic condition who were either spontaneously voiding or using catheterization 
(Studies NDO-1 and NDO-2). A total of 691 spinal cord injury (T1 or below) or multiple sclerosis patients, who had an inadequate 
response to or were intolerant of at least one anticholinergic medication, were enrolled. These patients were randomized to receive 
either 200 Units of BOTOX (n=227), 300 Units of BOTOX (n=223), or placebo (n=241).  
 
In both studies, significant improvements compared to placebo in the primary efficacy variable of change from baseline in weekly 
frequency of incontinence episodes were observed for BOTOX (200 Units) at the primary efficacy time point at week 6. Increases in 
maximum cystometric capacity and reductions in maximum detrusor pressure during the first involuntary detrusor contraction were 
also observed. These primary and secondary endpoints are shown in Tables 20 and 21, and Figures 7 and 8.  
 
No additional benefit of BOTOX 300 Units over 200 Units was demonstrated. 
 



Table 20: Baseline and Change from Baseline in Weekly Urinary Incontinence Episode Frequency, Maximum Cystometric 
Capacity and Maximum Detrusor Pressure during First Involuntary Detrusor Contraction (cmH20) Study NDO-1  

 
 

BOTOX        
200 Units 

Placebo Treatment 
Difference* 

p-value* 

Weekly Frequency of Urinary Incontinence 
Episodesa 

N 
Mean Baseline 
Mean Change* at Week 2 
Mean Change* at Week 6** 
 
Mean Change* at Week 12 

 
 

134 
32.3 
-15.3 
-19.9 

 
-19.8 

 
 

146 
28.3 
-10.0 
-10.6 

 
-8.8 

 
 
 
 

-5.3 
-9.2 

(-13.1, -5.3) 
-11.0 

 
 

 
 

─ 
p<0.001 

 
─ 

Maximum Cystometric Capacityb (mL) 
N 
Mean Baseline 

 Mean Change* at Week 6** 

 
123 

253.8 
135.9 

 
129 

259.1 
12.1 

 
 
 

123.9 
(89.1, 158.7) 

 
 
 

p<0.001 

Maximum Detrusor Pressure during First 
Involuntary Detrusor Contractionb (cmH2O) 

N 
Mean Baseline 

 Mean Change* at Week 6** 

 
 

41 
63.1 
-28.1 

 
 

103 
57.4 
-3.7 

 
 
 
 

-24.4 

 
 
 
 

─ 
* LS mean change, treatment difference and p-value are based on an analysis using an ANCOVA model with baseline weekly endpoint as covariate 
and treatment group, etiology at study entry (spinal cord injury or multiple sclerosis), concurrent anticholinergic therapy at screening, and 
investigator as factors. LOCF values were used to analyze the primary efficacy variable. 
** Primary timepoint 
a Primary endpoint 
b Secondary endpoint 
 
Table 21: Baseline and Change from Baseline in Weekly Urinary Incontinence Episode Frequency, Maximum Cystometric 
Capacity and Maximum Detrusor Pressure during First Involuntary Detrusor Contraction (cmH20) in Study NDO-2  

 
 

BOTOX        
200 Units 

Placebo 
 

Treatment 
Difference* 

p-value* 

Weekly Frequency of Urinary Incontinence 
Episodesa 

N 
Mean Baseline 
Mean Change* at Week 2 
Mean Change* at Week 6** 
 
Mean Change* at Week 12 

 
 

91 
32.7 
-18.0 
-19.6 

 
-19.6 

 
 

91 
36.8 
-7.9 

-10.8 
 

-10.7 

 
 
 
 

-10.1 
-8.8  

(-14.5, -3.0) 
-8.9 

 
 
 
 

─ 
p=0.003 

 
─ 

Maximum Cystometric Capacityb (mL) 
N 
Mean Baseline 
Mean Change* at Week 6** 

 
88 

239.6 
150.8 

 
85 

253.8 
2.8 

 
 
 

148.0 
(101.8, 194.2) 

 
 
 

p<0.001 

Maximum Detrusor Pressure during First 
Involuntary Detrusor Contractionb (cmH2O) 

N 
Mean Baseline 
Mean Change* at Week 6** 

 
 

29 
65.6 
-28.7 

 
 

68 
43.7 
2.1 

 
 
 
 

-30.7 

 
 
 
 

─ 
* LS mean change, treatment difference and p-value are based on an analysis using an ANCOVA model with baseline weekly endpoint as covariate 
and treatment group, etiology at study entry (spinal cord injury or multiple sclerosis), concurrent anticholinergic therapy at screening, and 
investigator as factors. LOCF values were used to analyze the primary efficacy variable.  
** Primary timepoint 
a Primary endpoint  
b Secondary endpoint  
 



Figure 7: Mean Change from Baseline in Weekly Frequency of Urinary Incontinence Episodes During Treatment Cycle 1 in 
Study NDO-1    

 
 
Figure 8: Mean Change from Baseline in Weekly Frequency of Urinary Incontinence Episodes During Treatment Cycle 1 in 
Study NDO-2 

 
 
The median duration of response in study NDO-1 and NDO-2, based on patient qualification for re-treatment was 295-337 days (42-
48 weeks) for the 200 Units dose group compared to 96-127 days (13-18 weeks) for placebo. Re-treatment was based on loss of effect 
on incontinence episode frequency (50% of effect in Study NDO-1; 70% of effect in Study NDO-2).   
 
14.3 Chronic Migraine 
BOTOX was evaluated in two randomized, multi-center, 24-week, 2 injection cycle, placebo-controlled double-blind studies. Study 1 
and Study 2 included chronic migraine adults who were not using any concurrent headache prophylaxis, and during a 28-day baseline 
period had >15 headache days lasting 4 hours or more, with >50% being migraine/probable migraine. In both studies, patients were 
randomized to receive placebo or 155 Units to 195 Units BOTOX injections every 12 weeks for the 2-cycle, double-blind phase. 
Patients were allowed to use acute headache treatments during the study. BOTOX treatment demonstrated statistically significant and 
clinically meaningful improvements from baseline compared to placebo for key efficacy variables (see Table 22). 
 
Table 22: Week 24 Key Efficacy Variables for Study 1 and Study 2 

 
 

Efficacy per 28 days 

Study 1 Study 2 

BOTOX 
(N=341) 

Placebo 
(N=338) 

BOTOX 
(N=347) 

Placebo 
(N=358) 

Change from baseline in frequency of 
headache days 

-7.8* -6.4 -9.2* -6.9 

Change from baseline in total cumulative 
hours of headache on headache days 

-107* -70 -134* -95 

* Significantly different from placebo (p<0.05)  



 
Patients treated with BOTOX had a significantly greater mean decrease from baseline in the frequency of headache days at most 
timepoints from Week 4 to Week 24 in Study 1 (Figure 9), and all timepoints from Week 4 to Week 24 in Study 2 (Figure 10), 
compared to placebo-treated patients. 
 

Figure 9: Mean Change from Baseline in Number of Headache Days for Study 1 

 
Figure 10: Mean Change from Baseline in Number of Headache Days for Study 2 

 
 
14.4 Spasticity 
Upper Limb Spasticity 
The efficacy of BOTOX for the treatment of upper limb spasticity was evaluated in three randomized, multi-center, double-blind, 
placebo-controlled studies (Studies 1, 2, and 3). Two additional randomized, multi-center, double-blind, placebo-controlled studies for 
upper limb spasticity in adults also included the evaluation of the efficacy of BOTOX for the treatment of thumb spasticity (Studies 4 
and 5).   
 
Study 1 included 126 patients (64 BOTOX and 62 placebo) with upper limb spasticity (Ashworth score of at least 3 for wrist flexor 
tone and at least 2 for finger flexor tone) who were at least 6 months post-stroke. BOTOX (a total dose of 200 Units to 240 Units) and 
placebo were injected intramuscularly (IM) into the flexor digitorum profundus, flexor digitorum sublimis, flexor carpi radialis, flexor 
carpi ulnaris, and if necessary into the adductor pollicis and flexor pollicis longus (see Table 23). Use of an EMG/nerve stimulator was 
recommended to assist in proper muscle localization for injection. Patients were followed for 12 weeks. 
 



Table 23: Study Medication Dose and Injection Sites in Study 1 
 

Muscles Injected 
Volume  

(mL) 
BOTOX  
(Units) 

Number of 
Injection Sites 

Wrist     
Flexor Carpi Radialis 

 
1 

 
50 

 
1 

Flexor Carpi Ulnaris 1 50 1 

Finger  
Flexor Digitorum 
Profundus 

 
1 

 
50 

1 

Flexor Digitorum Sublimis 1 50 1 

Thumb    
Adductor Pollicisa 

 
0.4 

 
20 

 
1 

Flexor Pollicis Longusa 0.4 20 1 
a injected only if spasticity is present in this muscle 
 
The primary efficacy variable was wrist flexors muscle tone at week 6, as measured by the Ashworth score. The Ashworth Scale is a 
5-point scale with grades of 0 [no increase in muscle tone] to 4 [limb rigid in flexion or extension]. It is a clinical measure of the force 
required to move an extremity around a joint, with a reduction in score clinically representing a reduction in the force needed to move 
a joint (i.e., improvement in spasticity).  
 
Key secondary endpoints included Physician Global Assessment, finger flexors muscle tone, and thumb flexors tone at Week 6. The 
Physician Global Assessment evaluated the response to treatment in terms of how the patient was doing in his/her life using a scale 
from -4 = very marked worsening to +4 = very marked improvement. Study 1 results on the primary endpoint and the key secondary 
endpoints are shown in Table 24.  
 
Table 24: Primary and Key Secondary Endpoints by Muscle Group at Week 6 in Study 1  

 BOTOX  
(N=64) 

Placebo 
(N=62) 

Median Change from Baseline in Wrist 
Flexor Muscle Tone on the Ashworth Scale†a 

 
-2.0* 

 
0.0 

Median Change from Baseline in Finger 
Flexor Muscle Tone on the Ashworth Scale††b 

 
-1.0* 

 
0.0 

Median Change from Baseline in Thumb 
Flexor Muscle Tone on the Ashworth Scale††c 

 
-1.0 

 
-1.0 

Median Physician Global Assessment of 
Response to Treatment†† 

 
2.0* 

 
0.0 

 †  Primary endpoint at Week 6 
†† Secondary endpoints at Week 6 
* Significantly different from placebo (p<0.05)  
a BOTOX injected into both the flexor carpi radialis and ulnaris muscles 
b BOTOX injected into the flexor digitorum profundus and flexor digitorum sublimis muscles 
c BOTOX injected into the adductor pollicis and flexor pollicis longus muscles 
    
Study 2 compared 3 doses of BOTOX with placebo and included 91 patients [BOTOX 360 Units (N=21), BOTOX 180 Units (N=23), 
BOTOX 90 Units (N=21), and placebo (N=26)] with upper limb spasticity (expanded Ashworth score of at least 2 for elbow flexor 
tone and at least 3 for wrist flexor tone) who were at least 6 weeks post-stroke. BOTOX and placebo were injected with EMG 
guidance into the flexor digitorum profundus, flexor digitorum sublimis, flexor carpi radialis, flexor carpi ulnaris, and biceps brachii 
(see Table 25). 
 



Table 25: Study Medication Dose and Injection Sites in Study 2 and Study 3 
 Total Dose  
 
Muscles Injected  

BOTOX  
low dose  

(90 Units) 

BOTOX  
mid dose  

(180 Units) 

BOTOX 
 high dose 
(360 Units) 

Volume     
(mL)       

per site 

Injection  
Sites 
(n) 

Wrist 
Flexor Carpi 
Ulnaris 

 
10 Units 

 
20 Units 

 
40 Units 

 
0.4 

 
1 

Flexor Carpi 
Radialis 

15 Units 30 Units 60 Units 0.6 1 

Finger 
Flexor Digitorum 
Profundus 

 
 

7.5 Units 

 
 

15 Units 

 
 

30 Units 

 
 

0.3 

 
 

1 
Flexor Digitorum 
Sublimis 

 
7.5 Units 

 
15 Units 

 
30 Units 

 
0.3 

 
1 

Elbow 
Biceps Brachii 

 
50 Units 

 
100 Units 

 
200 Units 

 
0.5  

 
4 

 
The primary efficacy variable in Study 2 was the wrist flexor tone at Week 6 as measured by the expanded Ashworth Scale. The 
expanded Ashworth Scale uses the same scoring system as the Ashworth Scale, but allows for half-point increments. 
 
Key secondary endpoints in Study 2 included Physician Global Assessment, finger flexors muscle tone, and elbow flexors muscle tone 
at Week 6. Study 2 results on the primary endpoint and the key secondary endpoints at Week 6 are shown in Table 26.  
 
Table 26: Primary and Key Secondary Endpoints by Muscle Group and BOTOX Dose at Week 6 in Study 2 

 
 
 
 
 

 

 

 

 

 

 

 

 

† Primary endpoint at Week 6 
†† Secondary endpoints at Week 6 
* Significantly different from placebo (p<0.05) 
a p=0.053 
b Total dose of BOTOX injected into both the flexor carpi radialis and ulnaris muscles 
c Total dose of BOTOX injected into the flexor digitorum profundus and flexor digitorum sublimis muscles 
d Dose of BOTOX injected into biceps brachii muscle 
 
Study 3 compared 3 doses of BOTOX with placebo and enrolled 88 patients [BOTOX 360 Units (N=23), BOTOX 180 Units (N=23), 
BOTOX 90 Units (N=23), and placebo (N=19)] with upper limb spasticity (expanded Ashworth score of at least 2 for elbow flexor 
tone and at least 3 for wrist flexor tone and/or finger flexor tone) who were at least 6 weeks post-stroke. BOTOX and placebo were 
injected with EMG guidance into the flexor digitorum profundus, flexor digitorum sublimis, flexor carpi radialis, flexor carpi ulnaris, 
and biceps brachii (see Table 25). 
 
The primary efficacy variable in Study 3 was wrist and elbow flexor tone as measured by the expanded Ashworth score. A key 
secondary endpoint was assessment of finger flexors muscle tone. Study 3 results on the primary endpoint at Week 4 are shown in 
Table 27. 
 

 BOTOX  
low dose 

(90 Units) 
(N=21) 

BOTOX  

mid dose 
(180 Units) 

(N=23) 

BOTOX  

high dose 
(360 Units) 

(N=21) 

Placebo 
(N=26) 

Median Change from Baseline in Wrist 
Flexor Muscle Tone on the Ashworth Scale†b 

 
-1.5* 

 
-1.0* 

 
-1.5* 

 
-1.0 

Median Change from Baseline in Finger 
Flexor Muscle Tone on the Ashworth Scale††c 

 
-0.5 

 
-0.5 

 
-1.0 

 
-0.5 

Median Change from Baseline in Elbow 
Flexor Muscle Tone on the Ashworth Scale††d 

 
-0.5 

 
-1.0* 

 
-0.5a 

 
-0.5 

Median Physician Global Assessment of 
Response to Treatment 

 
1.0* 

 
1.0* 

 
1.0* 

 
0.0 



 
 
Table 27: Primary and Key Secondary Endpoints by Muscle Group and BOTOX Dose at Week 4 in Study 3 

 
 
 
 

 

 

 

 

 

 

 

†  Primary endpoint at Week 4 
†† Secondary endpoints at Week 4 
* Significantly different from placebo (p<0.05)  
b Total dose of BOTOX injected into both the flexor carpi radialis and ulnaris muscles 
c Total dose of BOTOX injected into the flexor digitorum profundus and flexor digitorum sublimis muscles 
d Dose of BOTOX injected into biceps brachii muscle  
 
Study 4 included 170 patients (87 BOTOX and 83 placebo) with upper limb spasticity who were at least 6 months post-stroke.  In 
Study 4, patients received 20 Units of BOTOX into the adductor pollicis and flexor pollicis longus (total BOTOX dose =40 Units in 
thumb muscles) or placebo (see Table 28). Study 5 included 109 patients with upper limb spasticity who were at least 6 months post-
stroke. In Study 5, patients received 15 Units (low dose) or 20 Units (high dose) of BOTOX into the adductor pollicis and flexor 
pollicis longus under EMG guidance (total BOTOX low dose =30 Units, total BOTOX high dose =40 Units), or placebo (see Table 
28). The duration of follow-up in Study 4 and Study 5 was 12 weeks.   
 
Table 28: Study Medication Dose and Injection Sites in Studies 4 and 5  

  Muscles 
Injected 

Study 4 Study 5 Number of 
Injection Sites 
for Studies 4 

and 5 

BOTOX 
(Units) 

Volume     
 (mL) 

BOTOX 
low dose 
(Units) 

BOTOX 
high dose 

(Units) 

Volume     
low dose 

(mL) 

Volume     
high dose 

(mL) 
Thumb    
Adductor Pollicis 

 
20 

 
0.4 

 
15 

 
20 

 
0.3 

 
0.4 

 
1 

Flexor Pollicis 
Longus 

20 0.4 15 20 0.3 0.4 1 

 
The results of Study 4 for the change from Baseline to Week 6 in thumb flexor tone measured by modified Ashworth Scale (MAS) 
and overall treatment response by Physician Global Assessment at week 6 are presented in Table 29. The MAS uses a similar scoring 
system as the Ashworth Scale. 
 
Table 29: Efficacy Endpoints for Thumb Flexors at Week 6 in Study 4  

 BOTOX   
(N=66) 

Placebo  
(N=57) 

Median Change from Baseline in Thumb Flexor 
Muscle Tone on the modified Ashworth Scale††a 

 
-1.0* 

 
0.0 

Median Physician Global Assessment of 
Response to Treatment†† 

 
2.0* 

 
0.0 

†† Secondary endpoints at Week 6 
* Significantly different from placebo (p<0.001)  
a BOTOX injected into the adductor pollicis and flexor pollicis longus muscles 
 
In Study 5, the results of the change from Baseline to Week 6 in thumb flexor tone measured by modified Ashworth Scale and Clinical 
Global Impression (CGI) of functional assessment scale assessed by the physician using an 11-point Numeric Rating Scale [-5 worst 
possible function to +5 best possible function]) are presented in Table 30.   
 

 BOTOX  
low dose 

(90 Units) 
(N=23) 

BOTOX   
mid dose 

(180 Units) 
(N=21) 

BOTOX  
high dose 

(360 Units) 
(N=22) 

Placebo 
(N=19) 

 
 

Median Change from Baseline in Wrist 
Flexor Muscle Tone on the Ashworth Scale†b 

 
-1.0 

 
-1.0 

 
-1.5* 

 
-0.5 

Median Change from Baseline in Finger 
Flexor Muscle Tone on the Ashworth Scale††c 

 
-1.0 

 
-1.0 

 
-1.0* 

 
-0.5 

Median Change from Baseline in Elbow 
Flexor Muscle Tone on the Ashworth Scale†d 

 
-0.5 

 
-0.5 

 
-1.0* 

 
-0.5 



Table 30: Efficacy Endpoints for Thumb Flexors at Week 6 in Study 5  
 BOTOX 

low dose 
(30 Units) 

(N=14) 

Placebo 
low dose 

(N=9) 

BOTOX 
high dose 
(40 Units)  

(N=43) 

Placebo 
high dose 

(N=23) 

Median Change from Baseline in Thumb Flexor 
Muscle Tone on the modified Ashworth Scale†††a 

 
-1.0 

 
-1.0 

 
-0.5* 

 
0.0 

Median Change from Baseline in Clinical 
Global Impression Score by Physician †† 

 
1.0 

 
0.0 

 
2.0* 

 
0.0 

†† Secondary endpoint at Week 6 
††† Other endpoint at Week 6 
* Significantly different from placebo (p<0.010)  
a BOTOX injected into the adductor pollicis and flexor pollicis longus muscles 
 
Lower Limb Spasticity  
The efficacy and safety of BOTOX for the treatment of lower limb spasticity was evaluated in Study 6, a randomized, multi-center, 
double-blind, placebo-controlled study. Study 6  included 468 post-stroke patients (233 BOTOX and 235 placebo) with ankle 
spasticity (modified Ashworth Scale ankle score of at least 3) who were at least 3 months post-stroke. A total dose of 300 Units of 
BOTOX or placebo were injected intramuscularly and divided between the gastrocnemius, soleus, and tibialis posterior, with optional 
injection into the flexor hallucis longus, flexor digitorum longus, flexor digitorum brevis, extensor hallucis, and rectus femoris (see 
Table 31) with up to an additional 100 Units (400 Units total dose). The use of electromyographic guidance or nerve stimulation was 
required to assist in proper muscle localization for injections. Patients were followed for 12 weeks.  
 
Table 31: Study Medication Dose and Injection Sites in Study 6  

 
Muscles Injected 

BOTOX 
(Units) 

Number of 
Injection Sites 

Mandatory Ankle Muscles 
Gastrocnemius (medial head) 

 
75 

 
3 

Gastrocnemius (lateral head) 75 3 

Soleus 75 3 

Tibialis Posterior 75 3 

Optional Muscles 

Flexor Hallucis Longus 

 

50 
 

2 

Flexor Digitorum Longus 50 2 

Flexor Digitorum Brevis 25 1 

Extensor Hallucis 25 1 

Rectus Femoris 
100 4 

 
The co-primary endpoints were the average of the change from baseline in modified Ashworth Scale (MAS) ankle score at Week 4 
and Week 6, and the average of the Physician Global Assessment of Response (CGI) at Week 4 and Week 6. The CGI evaluated the 
response to treatment in terms of how the patient was doing in his/her life using a 9-point scale from -4=very marked worsening to 
+4=very marked improvement).   
 
Statistically significant between-group differences for BOTOX over placebo were demonstrated for the co-primary efficacy measures 
of MAS and CGI (see Table 32). 
 
Table 32: Co-Primary Efficacy Endpoints Results in Study 6 (Intent-to-treat Population) 

 

BOTOX 
300 to 400 Units 

(N=233) 

Placebo 
 

(N=235) 

Mean Change from Baseline in Ankle Plantar 
Flexors on the modified Ashworth Scale   

Week 4 and 6 Average -0.8* -0.6 
Mean Clinical Global Impression Score by 
Investigator   

Week 4 and 6 Average 0.9* 0.7 
* Significantly different from placebo (p<0.05) 
 



Compared to placebo, significant improvements in MAS change from baseline for ankle plantar flexors (see Figure 11) and CGI (see 
Figure 12) were observed at Week 2, Week 4, and Week 6 for patients treated with BOTOX. 
 
Figure 11: Modified Ashworth Scale Ankle Score for Study 6 – Mean Change from Baseline by Visit 

 
 
Figure 12: Clinical Global Impression by Physician for Study 6 – Mean Scores by Visit 

 
 
14.5 Cervical Dystonia 
A randomized, multi-center, double-blind, placebo-controlled study of the treatment of cervical dystonia was conducted. This study 
enrolled adult patients with cervical dystonia and a history of having received BOTOX in an open label manner with perceived good 
response and tolerable side effects. Patients were excluded if they had previously received surgical or other denervation treatment for 
their symptoms or had a known history of neuromuscular disorder. Subjects participated in an open label enrichment period where 
they received their previously employed dose of BOTOX. Only patients who were again perceived as showing a response were 
advanced to the randomized evaluation period. The muscles in which the blinded study agent injections were to be administered were 
determined on an individual patient basis. 
 
There were 214 subjects evaluated for the open label period, of which 170 progressed into the randomized, blinded treatment period 
(88 in the BOTOX group, 82 in the placebo group). Patient evaluations continued for at least 10 weeks post-injection. The primary 
outcome for the study was a dual endpoint, requiring evidence of both a change in the Cervical Dystonia Severity Scale (CDSS) and 
an increase in the percentage of patients showing any improvement on the Physician Global Assessment Scale at 6 weeks after the 
injection session. The CDSS quantifies the severity of abnormal head positioning and was newly devised for this study. CDSS allots 1 
point for each 5 degrees (or part thereof) of head deviation in each of the three planes of head movement (range of scores up to 
theoretical maximum of 54). The Physician Global Assessment Scale is a 9 category scale scoring the physician’s evaluation of the 
patients’ status compared to baseline, ranging from –4 to +4 (very marked worsening to complete improvement), with 0 indicating no 
change from baseline and +1 slight improvement. Pain is also an important symptom of cervical dystonia and was evaluated by 
separate assessments of pain frequency and severity on scales of 0 (no pain) to 4 (constant in frequency or extremely severe in 
intensity). Study results on the primary endpoints and the pain-related secondary endpoints are shown in Table 33. 
 



Table 33: Efficacy Outcomes of the Phase 3 Cervical Dystonia Study (Group Means) 
 Placebo 

(N=82) 
BOTOX        
(N=88) 

95% CI on 
Difference 

Baseline CDSS 9.3 9.2  
Change in CDSS  
at Week 6 

-0.3 -1.3 (-2.3, 0.3)[a,b] 

% Patients with Any 
Improvement on 
Physician Global 
Assessment 

31% 51% (5%, 34%)[a] 

Pain Intensity Baseline 1.8 1.8  

Change in Pain Intensity 
at Week 6 

-0.1 -0.4 (-0.7, -0.2)[c] 

Pain Frequency Baseline 1.9 1.8  

Change in Pain 
Frequency at Week 6 

-0.0 -0.3 (-0.5, -0.0)[c] 

[a] Confidence intervals are constructed from the analysis of covariance table with treatment and investigational site as main effects, 
and baseline CDSS as a covariate. 
[b] These values represent the prospectively planned method for missing data imputation and statistical test. Sensitivity analyses 
indicated that the 95% confidence interval excluded the value of no difference between groups and the p-value was less than 0.05. 
These analyses included several alternative missing data imputation methods and non-parametric statistical tests. 
[c] Confidence intervals are based on the t-distribution.  
 
Exploratory analyses of this study suggested that the majority of patients who had shown a beneficial response by week 6 had returned 
to their baseline status by 3 months after treatment. Exploratory analyses of subsets by patient sex and age suggest that both sexes 
receive benefit, although female patients may receive somewhat greater amounts than male patients. There is a consistent treatment-
associated effect between subsets greater than and less than age 65. There were too few non-Caucasian patients enrolled to draw any 
conclusions regarding relative efficacy in racial subsets. 
 
In this study the median total BOTOX dose in patients randomized to receive BOTOX (N=88) was 236 Units, with 25th to 75th 
percentile ranges of 198 Units to 300 Units. Of these 88 patients, most received injections to 3 or 4 muscles; 38 received injections to 
3 muscles, 28 to 4 muscles, 5 to 5 muscles, and 5 to 2 muscles. The dose was divided amongst the affected muscles in quantities 
shown in Table 34. The total dose and muscles selected were tailored to meet individual patient needs. 
 
Table 34: Number of Patients Treated per Muscle and Fraction of Total Dose Injected into Involved Muscles 

 
 
Muscle 

Number of 
Patients Treated 

in this Muscle  
(N=88) 

 
Mean % Dose 

per Muscle  

 
Mid-Range of % 
Dose per Muscle* 

Splenius capitis/cervicis 83 38 25-50 
Sternocleidomastoid 77 25 17-31 
Levator scapulae 52 20 16-25 
Trapezius 49 29 18-33 
Semispinalis 16 21 13-25 
Scalene 15 15 6-21 
Longissimus 8 29 17-41 

* The mid-range of dose is calculated as the 25th to 75th percentiles. 
 
There were several randomized studies conducted prior to the double-blind, placebo-controlled study, which were supportive but not 
adequately designed to assess or quantitatively estimate the efficacy of BOTOX. 
 
14.6 Primary Axillary Hyperhidrosis 
The efficacy and safety of BOTOX for the treatment of primary axillary hyperhidrosis were evaluated in two randomized, multi-
center, double-blind, placebo-controlled studies. Study 1 included adult patients with persistent primary axillary hyperhidrosis who 
scored 3 or 4 on a Hyperhidrosis Disease Severity Scale (HDSS) and who produced at least 50 mg of sweat in each axilla at rest over 5 
minutes. HDSS is a 4-point scale with 1 = “underarm sweating is never noticeable and never interferes with my daily activities”; to 4 
= “underarm sweating is intolerable and always interferes with my daily activities”. A total of 322 patients were randomized in a 1:1:1 
ratio to treatment in both axillae with either 50 Units of BOTOX, 75 Units of BOTOX, or placebo. Patients were evaluated at 4-week 
intervals. Patients who responded to the first injection were re-injected when they reported a re-increase in HDSS score to 3 or 4 and 
produced at least 50 mg sweat in each axilla by gravimetric measurement, but no sooner than 8 weeks after the initial injection.  



 
Study responders were defined as patients who showed at least a 2-grade improvement from baseline value on the HDSS 4 weeks after 
both of the first two treatment sessions or had a sustained response after their first treatment session and did not receive re-treatment 
during the study. Spontaneous resting axillary sweat production was assessed by weighing a filter paper held in the axilla over a period 
of 5 minutes (gravimetric measurement). Sweat production responders were those patients who demonstrated a reduction in axillary 
sweating from baseline of at least 50% at week 4. 
 
In the three study groups the percentage of patients with baseline HDSS score of 3 ranged from 50% to 54% and from 46% to 50% for 
a score of 4. The median amount of sweat production (averaged for each axilla) was 102 mg, 123 mg, and 114 mg for the placebo, 50 
Units and 75 Units groups respectively. 
 
The percentage of responders based on at least a 2-grade decrease from baseline in HDSS or based on a >50% decrease from baseline 
in axillary sweat production was greater in both BOTOX groups than in the placebo group (p<0.001), but was not significantly 
different between the two BOTOX doses (see Table 35). 
 
Duration of response was calculated as the number of days between injection and the date of the first visit at which patients returned to 
3 or 4 on the HDSS scale. The median duration of response following the first treatment in BOTOX treated patients with either dose 
was 201 days. Among those who received a second BOTOX injection, the median duration of response was similar to that observed 
after the first treatment. 
 
In study 2, 320 adults with bilateral axillary primary hyperhidrosis were randomized to receive either 50 Units of BOTOX (n=242) or 
placebo (n=78). Treatment responders were defined as subjects showing at least a 50% reduction from baseline in axillary sweating 
measured by gravimetric measurement at 4 weeks. At week 4 post-injection, the percentages of responders were 91% (219/242) in the 
BOTOX group and 36% (28/78) in the placebo group, p<0.001. The difference in percentage of responders between BOTOX and 
placebo was 55% (95% CI=43.3, 65.9). 
 
Table 35: Study 1 - Study Outcomes 

 
 
Treatment Response 

BOTOX 
50 Units 
(N=104) 

BOTOX 
75 Units 
(N=110) 

Placebo  
(N=108) 

BOTOX 
50-placebo  
(95% CI) 

BOTOX 
75-placebo 
(95% CI) 

HDSS Score change >2 
(n)a 

55% (57) 49% (54) 6% (6) 
 

49.3% 
(38.8, 59.7) 

43% 
(33.2, 53.8) 

>50% decrease in 
axillary sweat 
production % (n) 

81% (84) 86% (94) 41% (44) 40% 
(28.1, 52.0) 

45% 
(33.3, 56.1) 

a Patients who showed at least a 2-grade improvement from baseline value on the HDSS 4 weeks after both of the first two treatment 
sessions or had a sustained response after their first treatment session and did not receive re-treatment during the study. 
 

14.7 Blepharospasm 
Botulinum toxin has been investigated for use in patients with blepharospasm in several studies. In an open label, historically 
controlled study, 27 patients with essential blepharospasm were injected with 2 Units of BOTOX at each of six sites on each side. 
Twenty-five of the 27 patients treated with botulinum toxin reported improvement within 48 hours. One patient was controlled with a 
higher dosage at 13 weeks post initial injection and one patient reported mild improvement but remained functionally impaired. 

 
In another study, 12 patients with blepharospasm were evaluated in a double-blind, placebo-controlled study. Patients receiving 
botulinum toxin (n=8) improved compared with the placebo group (n=4). The effects of the treatment lasted a mean of 12 weeks.  
 
One thousand six hundred eighty-four patients with blepharospasm who were evaluated in an open label trial showed clinical 
improvement as evaluated by measured eyelid force and clinically observed intensity of lid spasm, lasting an average of 12 weeks 
prior to the need for re-treatment. 
 
14.8 Strabismus 
Six hundred seventy-seven patients with strabismus treated with one or more injections of BOTOX were evaluated in an open label 
trial. Fifty-five percent of these patients improved to an alignment of 10 prism diopters or less when evaluated six months or more 
following injection.   

 
16 HOW SUPPLIED/STORAGE AND HANDLING 
BOTOX is supplied in a single-use vial in the following sizes: 
100 Units      NDC 0023-1145-01 
200 Units      NDC 0023-3921-02 
 



Vials of BOTOX have a holographic film on the vial label that contains the name “Allergan” within horizontal lines of rainbow color. 
In order to see the hologram, rotate the vial back and forth between your fingers under a desk lamp or fluorescent light source. (Note: 
the holographic film on the label is absent in the date/lot area.) If you do not see the lines of rainbow color or the name “Allergan”, do 
not use the product and contact Allergan for additional information at 1-800-890-4345 from 7:00 AM to 3:00 PM Pacific Time. 
 
Storage 
Unopened vials of BOTOX should be stored in a refrigerator (2° to 8°C) for up to 36 months. Do not use after the expiration date on 
the vial. Administer BOTOX within 24 hours of reconstitution; during this period reconstituted BOTOX should be stored in a 
refrigerator (2° to 8°C). Reconstituted BOTOX should be clear, colorless, and free of particulate matter. 
 
17 PATIENT COUNSELING INFORMATION 
Advise the patient to read the FDA-approved patient labeling (Medication Guide). 
 
Swallowing, Speaking or Breathing Difficulties, or Other Unusual Symptoms  
Advise patients to inform their doctor or pharmacist if they develop any unusual symptoms (including difficulty with swallowing, 
speaking, or breathing), or if any existing symptom worsens [see Boxed Warning and Warnings and Precautions (5.2, 5.6)]. 
 
Ability to Operate Machinery or Vehicles 
Advise patients that if loss of strength, muscle weakness, blurred vision, dizziness, or drooping eyelids occur, they should avoid 
driving a car or engaging in other potentially hazardous activities. 
 
Voiding Symptoms after Bladder Injections 
After bladder injections for urinary incontinence, advise patients to contact their physician if they experience difficulties in voiding or 
burning sensation upon voiding.  



 
MEDICATION GUIDE 

BOTOX®  

BOTOX® Cosmetic  
(Boe-tox) 

(onabotulinumtoxinA) 
for Injection 

What is the most important information I should know about BOTOX and BOTOX Cosmetic? 
BOTOX and BOTOX Cosmetic may cause serious side effects that can be life threatening, 
including: 
• Problems breathing or swallowing 
• Spread of toxin effects 
These problems can happen hours, days, to weeks after an injection of BOTOX or BOTOX 
Cosmetic. Call your doctor or get medical help right away if you have any of these problems after 
treatment with BOTOX or BOTOX Cosmetic: 
1.   Problems swallowing, speaking, or breathing. These problems can happen hours, days, to 
weeks after an injection of BOTOX or BOTOX Cosmetic usually because the muscles that you use to 
breathe and swallow can become weak after the injection. Death can happen as a complication if you 
have severe problems with swallowing or breathing after treatment with BOTOX or BOTOX Cosmetic.  
• People with certain breathing problems may need to use muscles in their neck to help them breathe. 

These people may be at greater risk for serious breathing problems with BOTOX or BOTOX 
Cosmetic.   

• Swallowing problems may last for several months. People who cannot swallow well may need a 
feeding tube to receive food and water. If swallowing problems are severe, food or liquids may go into 
your lungs. People who already have swallowing or breathing problems before receiving BOTOX or 
BOTOX Cosmetic have the highest risk of getting these problems. 

2.    Spread of toxin effects. In some cases, the effect of botulinum toxin may affect areas of the body 
away from the injection site and cause symptoms of a serious condition called botulism. The symptoms of 
botulism include:   
• loss of strength and muscle weakness all over the body 
• double vision 
• blurred vision and drooping eyelids 
• hoarseness or change or loss of voice (dysphonia) 
• trouble saying words clearly (dysarthria) 
• loss of bladder control 
• trouble breathing 
• trouble swallowing 
These symptoms can happen hours, days, to weeks after you receive an injection of BOTOX or BOTOX 

Cosmetic. 
These problems could make it unsafe for you to drive a car or do other dangerous activities. See "What 
should I avoid while receiving BOTOX or BOTOX Cosmetic?" 
There has not been a confirmed serious case of spread of toxin effect away from the injection site when 
BOTOX has been used at the recommended dose to treat chronic migraine, severe underarm sweating, 
blepharospasm, or strabismus, or when BOTOX Cosmetic has been used at the recommended dose to 
treat frown lines and/or crow’s feet lines. 



What are BOTOX and BOTOX Cosmetic? 
BOTOX is a prescription medicine that is injected into muscles and used: 
• to treat overactive bladder symptoms such as a strong need to urinate with leaking or wetting 

accidents (urge urinary incontinence), a strong need to urinate right away (urgency), and urinating 
often (frequency) in adults when another type of medicine (anticholinergic) does not work well enough 
or cannot be taken. 

• to treat leakage of urine (incontinence) in adults with overactive bladder due to neurologic disease 
when another type of medicine (anticholinergic) does not work well enough or cannot be taken. 

• to prevent headaches in adults with chronic migraine who have 15 or more days each month with 
headache lasting 4 or more hours each day. 

• to treat increased muscle stiffness in elbow, wrist, and finger muscles in adults with upper limb 
spasticity. 

• to treat increased muscle stiffness in ankle and toe muscles in adults with lower limb spasticity. 
• to treat the abnormal head position and neck pain that happens with cervical dystonia (CD) in adults.  
• to treat certain types of eye muscle problems (strabismus) or abnormal spasm of the eyelids 

(blepharospasm) in people 12 years and older. 
BOTOX is also injected into the skin to treat the symptoms of severe underarm sweating (severe primary 
axillary hyperhidrosis) when medicines used on the skin (topical) do not work well enough.  
BOTOX Cosmetic is a prescription medicine that is injected into muscles and used to improve the look of 
moderate to severe frown lines between the eyebrows (glabellar lines) in adults for a short period of time 
(temporary).  
BOTOX Cosmetic is a prescription medicine that is injected into the area around the side of the eyes to 
improve the look of crow’s feet lines in adults for a short period of time (temporary). 
You may receive treatment for frown lines and crow’s feet lines at the same time. 
It is not known whether BOTOX is safe or effective in people younger than: 
• 18 years of age for treatment of urinary incontinence  
• 18 years of age for treatment of chronic migraine 
• 18 years of age for treatment of spasticity 
• 16 years of age for treatment of cervical dystonia 
• 18 years of age for treatment of hyperhidrosis 
• 12 years of age for treatment of strabismus or blepharospasm 
BOTOX Cosmetic is not recommended for use in children younger than 18 years of age.   
It is not known whether BOTOX and BOTOX Cosmetic are safe or effective to prevent headaches in 
people with migraine who have 14 or fewer headache days each month (episodic migraine). 
It is not known whether BOTOX and BOTOX Cosmetic are safe or effective for other types of muscle 
spasms or for severe sweating anywhere other than your armpits. 
Who should not take BOTOX or BOTOX Cosmetic? 
Do not take BOTOX or BOTOX Cosmetic if you: 
• are allergic to any of the ingredients in BOTOX or BOTOX Cosmetic. See the end of this Medication 

Guide for a list of ingredients in BOTOX and BOTOX Cosmetic.  
• had an allergic reaction to any other botulinum toxin product such as Myobloc®, Dysport®, or Xeomin® 
• have a skin infection at the planned injection site  
• are being treated for urinary incontinence and have a urinary tract infection (UTI)  
• are being treated for urinary incontinence and find that you cannot empty your bladder on your own 

(only applies to people who are not routinely catheterizing) 
What should I tell my doctor before taking BOTOX or BOTOX Cosmetic? 
Tell your doctor about all your medical conditions, including if you: 
• have a disease that affects your muscles and nerves (such as amyotrophic lateral sclerosis [ALS or 

Lou Gehrig's disease], myasthenia gravis or Lambert-Eaton syndrome). See "What is the most 
important information I should know about BOTOX and BOTOX Cosmetic?" 

• have allergies to any botulinum toxin product 
• had any side effect from any botulinum toxin product in the past 
• have or have had a breathing problem, such as asthma or emphysema 
• have or have had swallowing problems 
• have or have had bleeding problems 



• have plans to have surgery  
• had surgery on your face 
• have weakness of your forehead muscles, such as trouble raising your eyebrows 
• have drooping eyelids 
• have any other change in the way your face normally looks 
• have symptoms of a urinary tract infection (UTI) and are being treated for urinary incontinence. 

Symptoms of a urinary tract infection may include pain or burning with urination, frequent urination, or 
fever.    

• have problems emptying your bladder on your own and are being treated for urinary incontinence 
• are pregnant or plan to become pregnant. It is not known if BOTOX or BOTOX Cosmetic can harm 

your unborn baby. 
• are breast-feeding or plan to breastfeed. It is not known if BOTOX or BOTOX Cosmetic passes into 

breast milk. 
Tell your doctor about all the medicines you take, including prescription and nonprescription 
medicines, vitamins and herbal products. Using BOTOX or BOTOX Cosmetic with certain other 
medicines may cause serious side effects. Do not start any new medicines until you have told your 
doctor that you have received BOTOX or BOTOX Cosmetic in the past. 
Especially tell your doctor if you: 
• have received any other botulinum toxin product in the last four months 
• have received injections of botulinum toxin, such as Myobloc® (rimabotulinumtoxinB), Dysport® 

(abobotulinumtoxinA), or Xeomin® (incobotulinumtoxinA) in the past. Be sure your doctor knows 
exactly which product you received.  

• have recently received an antibiotic by injection  
• take muscle relaxants 
• take an allergy or cold medicine 
• take a sleep medicine 
• take anti-platelets (aspirin-like products) and/or anti-coagulants (blood thinners) 
Ask your doctor if you are not sure if your medicine is one that is listed above. 
Know the medicines you take. Keep a list of your medicines with you to show your doctor and pharmacist 
each time you get a new medicine. 
How should I take BOTOX or BOTOX Cosmetic? 
• BOTOX or BOTOX Cosmetic is an injection that your doctor will give you. 
• BOTOX is injected into your affected muscles, skin, or bladder. 
• BOTOX Cosmetic is injected into your affected muscles. 
• Your doctor may change your dose of BOTOX or BOTOX Cosmetic, until you and your doctor find 

the best dose for you.  
• Your doctor will tell you how often you will receive your dose of BOTOX or BOTOX Cosmetic 

injections. 
What should I avoid while taking BOTOX or BOTOX Cosmetic? 
BOTOX and BOTOX Cosmetic may cause loss of strength or general muscle weakness, vision 
problems, or dizziness within hours to weeks of taking BOTOX or BOTOX Cosmetic. If this happens, 
do not drive a car, operate machinery, or do other dangerous activities. See "What is the most 
important information I should know about BOTOX and BOTOX Cosmetic?" 
What are the possible side effects of BOTOX and BOTOX Cosmetic? 
BOTOX and BOTOX Cosmetic can cause serious side effects. See "What is the most important 
information I should know about BOTOX and BOTOX Cosmetic?" 
Other side effects of BOTOX and BOTOX Cosmetic include: 
• dry mouth 
• discomfort or pain at the injection site 
• tiredness 
• headache 
• neck pain 
• eye problems: double vision, blurred vision, decreased eyesight, drooping eyelids, swelling of your 

eyelids, and dry eyes.  



• urinary tract infection in people being treated for urinary incontinence 
• painful urination in people being treated for urinary incontinence 
• inability to empty your bladder on your own and are being treated for urinary incontinence. If you have 

difficulty fully emptying your bladder after getting BOTOX, you may need to use disposable self-
catheters to empty your bladder up to a few times each day until your bladder is able to start 
emptying again. 

• allergic reactions. Symptoms of an allergic reaction to BOTOX or BOTOX Cosmetic may include: 
itching, rash, red itchy welts, wheezing, asthma symptoms, or dizziness or feeling faint. Tell your 
doctor or get medical help right away if you are wheezing or have asthma symptoms, or if you 
become dizzy or faint. 

Tell your doctor if you have any side effect that bothers you or that does not go away. 
These are not all the possible side effects of BOTOX and BOTOX Cosmetic. For more information, ask 
your doctor or pharmacist. 
Call your doctor for medical advice about side effects. You may report side effects to FDA at 1-800-FDA-
1088.  
General information about BOTOX and BOTOX Cosmetic: 
Medicines are sometimes prescribed for purposes other than those listed in a Medication Guide.   
This Medication Guide summarizes the most important information about BOTOX and BOTOX 
Cosmetic. If you would like more information, talk with your doctor. You can ask your doctor or 
pharmacist for information about BOTOX and BOTOX Cosmetic that is written for healthcare 
professionals.  
What are the ingredients in BOTOX and BOTOX Cosmetic? 
Active ingredient: botulinum toxin type A 
Inactive ingredients: human albumin and sodium chloride 
Manufactured by: Allergan Pharmaceuticals Ireland a subsidiary of: Allergan, Inc.  2525 Dupont Dr. Irvine, CA 92612 
2016 Allergan. All rights reserved. All trademarks are the property of their respective owners. 
Patented. See: www.allergan.com/products/patent_notices 

 
This Medication Guide has been approved by the U.S. Food and Drug Administration.                                          Revised: 1/2016 
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Washington Chapter 

2442 NW Market Street PMB 92 

Seattle, WA  98017 

 

425-823-1347 

To the Washington Health Care Authority 

Regarding the call for comments on the potential health technologies topics: 

 

Thank you for reviewing and considering the recommendation of non-pharmacologic therapies 

for migraines and headaches. I am writing to urge you to recommend massage therapy treatments 

for migraines and headaches. 

 

Below I have cited 17 research articles published in the past five years demonstrating positive 

results with migraines/headaches and massage therapy. One study from New Zealand documents 

the most common conditions seen by massage therapists: migraines/headaches are seen by 99% 

of massage therapists. I also searched the industry fact sheets from the two largest massage 

therapy associations who regularly conduct surveys on the use of massage therapy. They do not 

differentiate conditions, but rather cite general acute and chronic pain as one of the primary 

reasons for seeking massage therapy, 

(https://www.amtamassage.org/infocenter/economic_industry-fact-sheet.html) and the other cites 

pain as secondary to stress reduction 

(http://www.massagetherapy.com/media/metrics_massage_clients.php ). 

 

Massage therapy has been found, both anecdotally and in the literature, to reduce pain associated 

with migraines/headaches, reduce the frequency of headaches, and improve sleep affected by 

pain associated with migraine/headaches. 

 

Thank you for your consideration, 

Diana L Thompson, LMP 

2
nd

 Vice President, AMTA-WA 
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PMID: 21589692 Free PMC Article 
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15. 

Alternative headache treatments: nutraceuticals, behavioral and physical treatments. 

Sun-Edelstein C, Mauskop A. 

Headache. 2011 Mar;51(3):469-83. doi: 10.1111/j.1526-4610.2011.01846.x. Review. 
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March 7, 2016 
                                     
Washington State Health Care Authority 
via e-mail:  shtap@hca.wa.gov  
 
RE:   Comments – Proposed Technologies for Review – HTA Program  
 Proposed Topic:  Skin Substitutes 
 
Dear HCA Director Teeter: 
 
Thank you for the opportunity to provide comments to the proposed technology topic of “skin substitutes.”  
We align with the goal of requiring “evidence-based criteria and making sure that technology is safe and 
effective, and that it offers a significant benefit before recommending use to Washington’s state health care 
programs including Apple Health (Medicaid), the Public Employees Benefits Board (PEBB) Program, and the 
Department of Labor and Industries workers’ compensation program.” 
 
We assert that new technologies and/or products meet a threshold based on clinical efficacy and published 
studies as outlined in the CMS Program Integrity Manual as it relates specifically to the creation of medical 
policy for Medicare beneficiaries.   We believe this translates to Medicaid program recipients as well. 
 
SCIENCE AND CLINICAL EFFICACY 
A review of the CMS Program Integrity Manual indicates the following requirements related to the 
development of Medicare’s Local Coverage Determination (LCD) policies and scientific and clinical evidence: 
 
CMS Program Integrity Manual – Chapter 13 
13.7.1 - Evidence Supporting LCDs  
(Rev. 473, Issued: 06-21-13, Effective: 01-15-13, Implementation: 01-15-13)  
Contractor LCDs shall be based on the strongest evidence available. The extent and quality of supporting evidence is 
key to defending challenges to LCDs. The initial action in gathering evidence to support LCDs shall always be a search 
of published scientific literature for any available evidence pertaining to the item or service in question. In order of 
preference, LCDs should be based on:  
• Published authoritative evidence derived from definitive randomized clinical trials or other definitive studies, and  
• General acceptance by the medical community (standard of practice), as supported by sound medical evidence based 
on:  

o Scientific data or research studies published in peer-reviewed medical journals;  
o Consensus of expert medical opinion (i.e., recognized authorities in the field); or  
o Medical opinion derived from consultations with medical associations or other health care experts.  

Acceptance by individual health care providers, or even a limited group of health care providers, normally does not 
indicate general acceptance by the medical community. Testimonials indicating such limited acceptance, and limited 
case studies distributed by sponsors with financial interest in the outcome, are not sufficient evidence of general 
acceptance by the medical community. The broad range of available evidence must be considered and its quality shall be 
evaluated before a conclusion is reached. 
 
Section 13.1.3:  Local Coverage Determinations 
“The LCDs specify under what clinical circumstances an item or service is considered to be reasonable and necessary. 
They are administrative and educational tools to assist providers in submitting correct claims for payment. Contractors 
publish LCDs to provide guidance to the public and medical community within their jurisdictions. Contractors develop 
LCDs by considering medical literature, the advice of local medical societies and medical consultants, public comments, 
and comments from the provider community.”  (MiMedx underline)   The contractor should adopt LCDs that have been  

http://www.mimedx.com/
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developed individually or collaboratively with other contractors. The contractor shall ensure that all LCDs are consistent 
with all statutes, rulings, regulations, and national coverage, payment, and coding policies.” 
 
Section 13.5.3:  Use of Absolute Words in LCDs 
When strong clinical justification exists, (MiMedx underline) contractors may also develop LCDs that contain absolute 
words such as "is never covered" or "is only covered for". When phrases with absolute words are clearly stated in LCDs, 
contractors are not required to make any exceptions or give individual consideration based on evidence. Contractors 
should create edits/parameters that are as specific and narrow as possible to separate cases that can be automatically 
denied from those requiring individual review.  
 
Many Medicare Contractors also focus on “science and clinical efficacy” as a basic coverage requirement for 
Medicare beneficiaries in their written LCDs.  Examples from two Medicare Contractors specific to the 
“science and clinical efficacy” parameter are as follows: 
 

NGS (LCD# 33391; effective 10/1/2015) 
“Data must include:  1) Use supported by clinical research that appears in at least two well-designed and executed 
clinical trials that definitively demonstrate safety and effectiveness; or 2) a use that is an accepted standard of 
medical practice… A product’s use is based on substantial evidence and is reflective of the safety and efficacy of 
the product as determined in clinical investigations.” (See page 3 of 12).   
 
CGS (LCD# 34053; effective 10/1/2015) 
“CGS will consider all skin substitute products regulated as Class II or Class III devices as well as those products 
regulated as HCT/Ps eligible for coverage based upon adequate clinical trial literature that clearly supports their 
use in wound care therapy.  With that in mind, we have determined to cover those which we are satisfied have 
achieved at least a threshold minimum of literature supporting their efficacy.” (See page 2 of 19). 

 
Industry Concern 
At an open meeting with one of the Medicare MACs in late 2015, certain wound care groups (e.g. Wound 
Care Stakeholders and Wound Care Coalition) advocated that CMS should include all skin substitute 
products as “covered” in written policy (LCDs) based on the argument that physicians need access to all 
products in the marketplace. However, many of the products in the marketplace with assigned HCPCS “Q” 
codes have little to no scientific data to support product use (see Appendix, Table 1).   
 
MAC Coverage 
The current focus on science and efficacy as a requirement for coverage for skin substitutes is relatively 
consistent among all MACs, including the retired LCDs from Noridian and WPS.  Table 1 (see Appendix) is a 
representation of the products with their related published clinical studies, articles, case studies or white 
papers.  It is clear that very few, if any, of the newer products with assigned HCPCS “Q” codes have 
randomized controlled trials or published clinical studies; most have case studies, posters or white papers 
only. 
 
In sum, we are proposing that Washington State HCA align with CMS’ intent to require the development of 
coverage policy for new technologies based on scientific and clinical evidence, as outlined with the above 
excerpts from the Medicare Program Integrity Manual.   
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Q4123-Alloskin Not available 
Q4124-Oasis Tri-layer 6 case studies 
Q4126-Memoderm 2 case studies 
Q4127-Talymed 1 RCT; 6 published studies; case studies 
Q4129-Unite biomatrix Case studies 
Q4131-EpiFix 6 RCTs, 23 total published studies 
Q4132-Grafix Core Not available*  RCT was only on Grafix Prime (not Core) 
Q4133-Grafix Prime 1 RCT*, 3 published studies; *RCT on Grafix Prime Only 
Q4134-hMatrix Not available 
Q4135-Mediskin 5 White Papers 
Q4136-EZderm Case studies; clinical evidence summaries 
Q4137-Amnioexcel White paper, case studies, posters 
Q4140-Biodfence Not available 
Q4141-Alloskin ac Not available 
Q4148-Neox 8 Case studies, 3 peer reviewed studies 
Q4151-AmnioBand 2 posters 
Q4152-Dermapure 1 Study (lower limbs) 
Q4153-Dermavest Not available 
Q4154-Biovance 3 Case studies; poster 
Q4156-Neox 8 Case studies; 3 peer-reviewed study 
Q4157-Revitalon Case studies 
Q4158-MariGen 2 studies 
Q4159-Affinity Not available 
Q4160-NuShield Not available 
 

http://www.mimedx.com/
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From: Radensky, Paul - McDermottPlus <pradensky@mcdermottplus.com>
Sent: Thursday, March 10, 2016 8:30 PM
To: HCA ST Health Tech Assessment Prog
Cc: Schaum, Kathleen (Kathleen.Schaum@smith-nephew.com); Godes, Deborah
Subject: HTA Comments:  Skin Substitutes
Attachments: oasis_ou_instructions_for_use.pdf; oasis_owm_instructions_for_use.pdf

Dear Ms. Frost Teeter, 
 
On behalf of Smith & Nephew plc, we are pleased to submit comments in response to the 2016 prospective Health 
Technology Assessment (“HTA”) technology topics which identifies skin substitutes as a potential topic.  Smith & 
Nephew is a diversified advanced medical technology business that markets wound care treatment and prevention 
products used to treat hard‐to‐heal wounds, including OASIS® Wound Matrix and OASIS® Ultra Tri‐layer Matrix 
(“OASIS”).  The OASIS Matrix products comprise porcine small intestinal submucosa‐derived products indicated for the 
management of partial and full‐thickness wounds, pressure ulcers, venous ulcers, chronic vascular ulcers, tunneled, 
undermined wounds, diabetic ulcers, trauma wounds (abrasions, lacerations, second‐degree burns, skin tears), draining 
wounds, and surgical wounds (donor sites/grafts, post‐Mohs’ surgery, post‐laser surgery, podiatric, wound 
dehiscence).  The OASIS Matrix products are among the class of cellular and/or tissue‐based products for wounds (CTPs) 
that are commonly referred to as skin substitutes, but which are, in fact, not intended to be substitutes or replacement 
for skin.  CTPs are cellular and/or tissue‐based biological products that are intended for use in the management of 
wounds. 
 
Our comments are provided below to help inform HTA should you decide to move forward with the technology 
assessment on skin substitutes: 
 
Evidence by Ulcer Type:               We agree with the position that there are varying levels of clinical evidence on the 

different types of CTPs.  It is important to note that the evidence for and performance of 
CTPs may vary by type of ulcer and CTPs are typically investigated by type of 
ulcer.  Therefore, we would urge the HTA Program to review the literature by type of 
ulcer and not mix ulcer types when analyzing or comparing product performance. 

Breadth of Products:                      When reviewing the products, we would encourage the HTA to include a broad range 
of products in this review, including lower cost products, such as the OASIS Matrix 
products. 

Comparator(s):                                 When doing the technology assessment, we believe that usual care and other wound 
healing products are appropriate comparators. 

Outcome(s):                                      Outcomes are critical and important to assess the safety and effectiveness of the CTPs 
for the treatment of wounds.  When reviewing studies, we recommend that HTA include 
high quality studies even if the studies do not include all critical outcomes identified by 
HTA.   

 
In addition, below is a list of references for the OASIS Matrix products that we believe would be appropriate for the HTA 
to include in its review if it decides to move forward with the technology assessment of skin substitutes.  Due to 
copyright issues, we cannot attach electronic copies of these articles.  We are happy to send hard copy reprints, for 
which we have copyright clearance, to your office.   
 
1. Cazzell SM, Lange DL, Dickerson JE Jr, Slade HB. The Management of Diabetic Foot Ulcers with Porcine Small 

Intestine Submucosa Tri‐Layer Matrix: A Randomized Controlled Trial. Adv Wound Care:2015; 4: 1‐8. DOI: 
10.1089/wound.2015.0645  
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2. Romanelli M, Dini V, Bertone MS. Randomized comparison of OASIS Wound Matrix versus moist wound dressing in 
the treatment of difficult‐to‐heal wounds of mixed arterial/venous etiology. Adv Skin Wound Care 2010; 23:34‐38.  

3. Rando T. Use of a biological extracellular matrix wound therapy to heal complex, chronic wounds. J Wound Care 
2009;18:70‐74.  

4. Barendse‐Hofmann MG, van Doorn LP, Oskam LP, Steenvoorde P. Extracellular matrix prevents split‐skin grafting in 
selected cases. J Wound Care 2007; 16:455‐458.   

5. Landsman A, Roukis TS, DeFronzo DJ, Agnew P, et al. Living cells or collagen matrix: Which is more beneficial in the 
treatment of diabetic foot ulcers. Wounds 2008; 20:111‐116.  

6. Romanelli M, Dini V, Bertone M, Barbanera S, et al. OASIS® wound matrix versus Hyaloskin® in the treatment of 
difficult‐to‐heal wounds of mixed arterial/venous aetiology. Int Wound J 2007; 4:3‐7.  

7. O’Donnell TF, Lau J. A systematic review of randomized controlled trials of wound dressings for chronic venous ulcer. 
J Vasc Surg 2006; 44:1118‐1125.  

8. Niezgoda JA, Van Gils CC, Frykberg RG, Hodde JP, and the OASIS Diabetic Ulcer Study Group. Randomized clinical trial 
comparing OASIS Wound Matrix to Regranex gel for diabetic ulcers. Adv Skin Wound Care 2005; 18:258‐266.  

9. Mostow EN, Haraway GD, Dalsing M, Hodde JP, et al. Effectiveness of an extracellular matrix graft (OASIS Wound 
Matrix) in the treatment of chronic leg ulcers: a randomized clinical trial. J Vasc Surg 2005; 41:837‐843.   

 
 
Paul Radensky, M.D., J.D.  
Principal  
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Marketed by: 

Smith & Nephew, Inc. 
Fort Worth, TX 76107 
Toll free: 1-800-441-8227 
www.smith-nephew.com 
 

 
Manufactured by: 
Cook Biotech Incorporated 
West Lafayette, IN  47906 
 

INTENDED USE: 
OASIS® Ultra Tri-Layer Matrix is indicated for the management 
of wounds including: 
• Partial and full-thickness wounds  
• Pressure ulcers 
• Venous ulcers 
• Chronic vascular ulcers 
• Tunneled, undermined wounds 
• Diabetic ulcers 
• Trauma wounds (abrasions, lacerations, second-degree 

burns, skin tears) 
• Draining wounds 
• Surgical wounds (donor sites/grafts, post-Moh’s surgery, 

post-laser surgery, podiatric, wound dehiscence) 
 
OASIS® Ultra Tri-Layer Matrix is supplied sterile in peel-open 
packages and is intended for one-time use. 
 
CAUTION:  Federal (U.S.A.) law restricts this device to sale 
by or on the order of a licensed healthcare practitioner. 
 
CONTRAINDICATIONS:  This device is derived from a porcine 
source and should not be used in patients with known 
sensitivity to porcine material.  This device is not indicated for 
use in third degree burns. 
 
PRECAUTIONS: 
• Do not re-sterilize.  Discard all open and unused portions of 

OASIS® Ultra Tri-Layer Matrix. 
• Device is sterile if the package is dry, unopened and 

undamaged.  Do not use if the package seal is broken. 
• The device must be used prior to the expiration date. 
• Discard device if mishandling has caused possible damage 

or contamination. 
• OASIS® Ultra Tri-Layer Matrix should not be applied until 

excessive exudate, bleeding, acute swelling, and infection is 
controlled.  

 
POTENTIAL COMPLICATIONS: The following complications 
are possible.  If any of these conditions occur, the device 
should be removed. 
• Infection 
• Chronic inflammation (Initial application of wound dressings 

may be associated with transient, mild, localized 
inflammation.) 

• Allergic reaction 
• Excessive redness, pain, swelling, or blistering 
 
STORAGE: This device should be stored in a clean, dry 
location at room temperature.  
 
STERILIZATION:  This device has been sterilized with 
ethylene oxide. 

SUGGESTED INSTRUCTIONS FOR USING OASIS® ULTRA 
TRI-LAYER MATRIX 
 
NOTE:  Always handle OASIS® Ultra Tri-Layer Matrix using 
aseptic technique.   
 
I. Wound Bed Preparation 

A. Prepare the wound bed using standard methods to 
ensure it is free of exudate and devitalized tissue.  An 
initial excision or debridement of the wound may be 
necessary to ensure the wound edges contain viable 
tissue. 

B. Wait for any bleeding to stop before applying OASIS® 
Ultra Tri-Layer Matrix. 

C. Cleanse the wound thoroughly with sterile saline. 
 

II. Selection and Preparation of OASIS® Ultra Tri-Layer 
Matrix 

A. Measure the wound and select the appropriate size sheet 
of dry OASIS® Ultra Tri-Layer Matrix.  If necessary, the 
product may be additionally fenestrated or meshed with a 
scalpel. 

B. Cut the sheet to a size and shape that will cover the entire 
wound surface and will extend slightly beyond the wound 
margins. 

 
III. Application of OASIS® Ultra Tri-Layer Matrix 

A. For ease of handling, apply OASIS® Ultra Tri-Layer Matrix 
by placing it in a dry state over the wound. 

B. Position the dry OASIS® Ultra Tri-Layer Matrix to 
completely contact the entire surface of the wound bed 
and extend slightly beyond all wound margins.  If multiple 
sheets are necessary to cover the wound, slightly overlap 
the edges of the sheets.   

C. As required, securely anchor OASIS® Ultra Tri-Layer 
Matrix with physician’s preferred fixation method (e.g., 
STERI-STRIPTM, tissue sealant, bolsters, dissolvable 
clips, sutures, staples, or other appropriate fixation 
method) based on the type of wound, location of wound, 
patient’s mobility, and patient compliance. 

D. Thoroughly rehydrate OASIS® Ultra Tri-Layer Matrix by 
applying sterile saline. 

E. To protect OASIS® Ultra Tri-Layer Matrix from adhering to 
the secondary dressing, apply an appropriate non-
adherent primary wound dressing over the OASIS® Ultra 
Tri-Layer Matrix. 

F. Apply an appropriate secondary dressing (multi-layer 
compression bandage system, total contact cast, or other 
appropriate dressing) that will manage the wound 
exudate, keep the OASIS® Ultra Tri-Layer Matrix moist, 
and keep all layers securely in place.  

IV. Dressing Changes 
A. To prevent damage to the newly incorporating OASIS® 

Ultra Tri-Layer Matrix, only change the primary dressing 
as necessary, typically every 7 days. 

B. Change secondary dressing as appropriate.  Take care to 
avoid dislodging the OASIS® Ultra Tri-Layer Matrix when 
the secondary dressing is changed. 

 
V. Wound Assessment and Wound Bed Preparation for 

Reapplication of OASIS® Ultra Tri-Layer Matrix 
A. Change all dressings every 7 days, or as necessary. 

 
NOTE: If a gel forms on the wound surface, do not attempt 
to forcibly remove it.  Successful absorption of OASIS® Ultra 
Tri-Layer Matrix may form a caramel-colored or off-white gel.  
Do not remove this gel by debridement.  This caramelization 
contains extracellular matrix (ECM), which continues to 
replace deficient and missing ECM in the wound. 
 
B. As healing occurs, sections of OASIS® Ultra Tri-Layer 

Matrix may gradually peel.  Carefully remove any 
remaining loose product around the edge as needed. 

C. Gently cleanse the wound surface with sterile saline; 
leave the ECM gel intact. 

D. Carefully reassess the wound and record healing 
progression such as wound dimensions, wound depth, 
wound type, and other relevant information.   

 
VI.  Reapplication of OASIS® Ultra Tri-Layer Matrix and 

Dressing Changes 
A. Change secondary dressings as needed (See step IV) 
B. If the wound is free of infection and necrosis but not fully 

epithelialized, reapply newly prepared OASIS® Ultra Tri-
Layer Matrix over previously absorbed application, (See 
Steps II and III)  

C. Reapply as needed if OASIS® Ultra Tri-Layer Matrix is no 
longer visible, typically every 7 days.   

 
NOTE: If excess exudate collects under the sheet, small 
openings can be cut in the sheet to allow the exudate to 
drain. 
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Marketed by: 

Smith & Nephew, Inc. 
Fort Worth, TX 76107 
Toll free: 1-800-441-8227 
www.smith-nephew.com 
 
 

 
Manufactured by: 
Cook Biotech Incorporated 
West Lafayette, IN 47906 
 
 
 

 
INTENDED USE: 
OASIS® Wound Matrix is indicated for the management of 
wounds including: 
• Partial and full-thickness wounds 
• Pressure ulcers 
• Venous ulcers 
• Chronic vascular ulcers 
• Tunneled, undermined wounds 
• Diabetic ulcers 
• Trauma wounds (abrasions, lacerations, second-degree 

burns, skin tears) 
• Draining wounds 
• Surgical wounds (donor sites/grafts, post-Mohs’ surgery, 

post-laser surgery, podiatric, wound dehiscence) 
 
OASIS® Wound Matrix is supplied sterile in peel-open 
packages and is intended for one-time use. 
 
CAUTION:  Federal (U.S.A.) law restricts this device to 
sale by or on the order of a licensed healthcare 
practitioner. 
 
CONTRAINDICATIONS: This device is derived from a 
porcine source and should not be used in patients with known 
sensitivity to porcine material. This device is not indicated for 
use in third degree burns. 
 
PRECAUTIONS: 
• Do not re-sterilize. Discard all open and unused portions 

of OASIS® Wound Matrix. 
• Device is sterile if the package is dry, unopened and 

undamaged. Do not use if the package seal is broken. 
• The device must be used prior to the expiration date. 
• Discard device if mishandling has caused possible 

damage or contamination. 
• OASIS® Wound Matrix should not be applied until 

excessive exudate, bleeding, acute swelling, and 
infection is controlled. 

 
POTENTIAL COMPLICATIONS:  The following complications 
are possible. If any of these conditions occur, the device 
should be removed. 
• Infection 
• Chronic inflammation (Initial application of wound 

dressings may be associated with transient, mild, 
localized inflammation.) 

• Allergic reaction 
• Excessive redness, pain, swelling, or blistering 

 
STORAGE:  This device should be stored in a clean, dry 
location at room temperature. 
 
STERILIZATION:  This device has been sterilized with 
ethylene oxide. 
 
 

 
SUGGESTED INSTRUCTIONS FOR USING  
OASIS® WOUND MATRIX 
 
NOTE:  Always handle OASIS® Wound Matrix using 
aseptic technique. 
 
I. Wound Bed Preparation 

A. Prepare the wound bed using standard methods to 
ensure it is free of exudate and devitalized tissue. An 
initial excision or debridement of the wound may be 
necessary to ensure the wound edges contain viable 
tissue. 

B. Wait for any bleeding to stop before applying OASIS® 
Wound Matrix. 

C. Cleanse the wound thoroughly with sterile saline. 
 
II. Selection and Preparation of OASIS® Wound Matrix 

A. Measure the wound and select the appropriate size 
sheet of dry OASIS® Wound Matrix. If necessary, the 
product may be additionally fenestrated or meshed 
with a scalpel. 

B. Cut the sheet to a size and shape that will cover the 
entire wound surface and will extend slightly beyond 
the wound margins. 

 
III. Application of OASIS® Wound Matrix 

A. For ease of handling, apply OASIS® Wound Matrix by 
placing it in a dry state over the wound. 

B. Position the dry OASIS® Wound Matrix to completely 
contact the entire surface of the wound bed and 
extend slightly beyond all wound margins. If multiple 
sheets are necessary to cover the wound, slightly 
overlap the edges of the sheets. 

C. As required, securely anchor OASIS® Wound Matrix 
with physician’s preferred fixation method (e.g., 
STERI-STRIPTM, tissue sealant, bolsters, dissolvable 
clips, sutures, staples, or other appropriate fixation 
method) based on the type of wound, location of 
wound, patient’s mobility, and patient compliance. 

D. Thoroughly rehydrate OASIS® Wound Matrix by 
applying sterile saline. 

E. To protect OASIS® Wound Matrix from adhering to the 
secondary dressing, apply an appropriate non-
adherent primary wound dressing over the OASIS® 
Wound Matrix. 

F. Apply an appropriate secondary dressing (multi-layer 
compression bandage system, total contact cast, or 
other appropriate dressing) that will manage the 
wound exudate, keep the OASIS® Wound Matrix 
moist, and keep all layers securely in place. 

 
 
 
 
 
 
 

 
IV. Dressing Changes 

A. To prevent damage to the newly incorporating OASIS® 
Wound Matrix, only change the primary dressing as 
necessary, typically every 7 days. 

B. Change the secondary dressing as appropriate. Take 
care to avoid dislodging the OASIS® Wound Matrix 
when the secondary dressing is changed. 

 
V. Wound Assessment and Wound Bed Preparation for 

Reapplication of OASIS® Wound Matrix 
A. Change all dressings every 7 days, or as necessary. 

 
NOTE:  If a gel forms on the wound surface, do not 
attempt to forcibly remove it. Successful absorption of 
OASIS® Wound Matrix may form a caramel-colored or off-
white gel. Do not remove this gel by debridement. This 
caramelization contains extracellular matrix (ECM), which 
continues to replace deficient and missing ECM in the 
wound. 

 
B. As healing occurs, sections of OASIS® Wound Matrix 

may gradually peel. Carefully remove any remaining 
loose products around the edge as needed. 

C. Gently cleanse the wound surface with sterile saline; 
leave the ECM gel intact. 

D. Carefully reassess the wound and record healing 
progression such as wound dimensions, wound depth, 
wound type, and other relevant information. 

 
VI. Reapplication of OASIS® Wound Matrix and Dressing 

Changes 
A. Change secondary dressings as needed (see step IV). 
B. If the wound is free of infection and necrosis but not 

fully epithelialized, reapply newly prepared OASIS® 
Wound Matrix over previously absorbed application 
(see steps II and III). 

C. Reapply OASIS® Wound Matrix every 7 days or as 
needed by repeating previous application steps. 

 
NOTE:  If excess exudate collects under the sheet, 
small openings can be cut in the sheet to allow the 
exudate to drain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Cook Biotech Incorporated 2014 
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To: Dorothy Frost Teeter, Washington State HCA Director  
From: Dirk Sutherland, Regional Director of Health Policy, Alliqua Biomedical 
Subject: WA HCA proposed technology topics 
Date: March 11, 2016 
 
Hello and thank you for this opportunity to comment on the selection of future Washington State 
Health Care Authority’s Health Technology Assessment topics. Alliqua BioMedical is a provider 
of advanced wound care solutions.  Our products are intended to enhance the wound care 
practitioner’s ability to deal with the challenges in the treatment of complex and/or non-healing 
wounds”. 
 
Skin Substitutes Topic 
 Alliqua BioMedical manufactures and markets Biovance, a Human Amniotic Membrane 
Allograft for treatments including complex and/or non-healing wounds.   
 
Alliqua BioMedical believes a technology assessment should be completed identifying products 
with clinical data demonstrating positive health outcomes for Washington Medicaid beneficiaries 
allowing access to appropriate, medically necessary use of skin substitutes as is currently 
available for Washington’s Medicare population.  Skin substitute products, like Biovance, serve 
an important role in the treatment of complex and/or non-healing wounds.   In April 2015, 
Noridian removed all HCPCS codes in the Q4xxx range, relating to skin substitutes from their 
non-covered list stating the following in an article title, “Response to Comments: Non-Covered 
Services Policy, L35212” (attached to the email this comment was sent with), “Medicare 
considers “dressings” as generally bundled services that are not paid separately. But Medicare 
considers “grafts” as separately payable. Over the last decade, the number of skin substitute 
products on the market has dramatically increased, but utilization still remains relatively low. 
Consequently, Noridian has decided, at least for the short term, to allow coverage for those 
products with a HCPCS code in the Q4xxx range. This section is being removed for this LCD.”   
It is crucial to define the distinction between a “dressing” and a “skin substitute.” A dressing is a 
material that is utilized for covering and protecting a wound, although they can be incorporated 
into the wound, they help shield the wound against the environment without exerting any direct 
biological effect in the wound bed.  Yet products that maintain a “Q Code” all contain viable or 
non-viable cells and/or are derived from biological tissue with intrinsic biological activity, are 
usually not removed from the wound, are uniquely utilized for their biological influence on the 
healing process – whether they have a positive influence on the healing process without 
incorporation OR have the ability to stabilize or support healing through incorporation in whole 
or part into the regenerating tissue.  All the products listed in this draft LCD are CTPs and are 
NOT wound dressings as they promote wound healing by interacting directly or indirectly with 
the body tissues. 
 Although complex and/or non-healing wounds are not limited to a specific patient demographic, 
our experience, speaking with our customers demonstrate a payer mix for these patients that is 
heavily weighted towards Medicare and Medicaid patients.  Skin substitutes have consistently 
been shown to reduce time to healing and increase complete healing compared to “standard of 



care” procedures thus potentially increasing patient quality of life while reducing overall 
treatment costs to these wounds. 
Presently there is not one ideal skin substitute product that provides effective wound healing 
across the entire spectrum of wound types and patient conditions.  It is critical then that 
practitioners have the ability to utilize their clinical judgment to select the most effective 
products and treatments for their patients based on the presenting sequelae. 
We are aware many payer organizations are currently looking to understand and set guidelines 
for skin substitute use.  One of these organizations is the Blue Cross Blue Shield Association 
(BCBSA).  As a participant in the BCBSA Evidence Street Pilot program I’ve attached the most 
recent review of their skin substitute policy completed January 2016 for your review.  This 
review includes the BCBSA guidelines presented in a PICO (Population, Interventions, 
Comparators, Outcomes) format. I hope is helpful for your decision. 
Additional Topic Recommendation 
Alliqua Biomedical also manufacturers and markets the MIST Therapy system, a Non-Contact 
Low Frequency Ultrasound system for wound healing.  We would like to recommend MIST 
Therapy as a topic for a HTA review.  MIST Therapy has demonstrated in multiple high level 
studies, a positive impact on health outcomes when treating complex and/or non-healing wounds.  
Please find attached a clinical summary of available data demonstrating reduced treatment time 
and increased complete healing rates along with positive outcomes in patient quality of life 
scores compared to “standard of care” for patients needing treatments for complex and/or non-
healing wounds.  Reductions in time to heal and complete healing rates for these wounds 
represent a significant cost avoidance opportunity for the Medicaid population including well 
documented success treating pressure ulcers.  Treatment of pressure ulcers is often initiated in 
the inpatient setting under a DRG type payment system, however if not available in outpatient 
setting, continuity of care can be lost resulting in a recurrence and/or re-admittance both of 
which may result in deceased quality of life and increased cost to the Medicaid population. 
 
As with Skin Substitutes, Washington’s Medicare population currently has access to MIST 
Therapy when reasonable and medically necessary through Noridian. 
 
Thanks you again for this opportunity to comment. 
 
If you have any questions regarding this comment or would like additional information, please 
contact Dirk Sutherland using the following contact information. 
 
Kind Regards, Dirk 
 
Dirk Sutherland 
Regional Director of Health Policy 
Alliqua Biomedical 
1010 Stony Hill Road, Suite 200 
Yardley, PA 19067 
Cell (214) 620-4059 
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Evidence Summary 

Bio-engineered skin and soft tissue substitutes may be derived from human tissue (autologous or 
allogeneic), nonhuman tissue (xenographic), synthetic materials, or a composite of these materials. Bio-
engineered skin and soft tissue substitutes are being evaluated for a variety of conditions, including 
breast reconstruction and to aid healing of lower-extremity ulcers and severe burns. Acellular dermal 
matrix products are also being evaluated in the repair of a variety of soft tissues.  

Populations Interventions Comparators Outcomes 
Individuals: 
 With conditions 

requiring 
surgical repair 

 

Interventions of interest are: 
 Bioengineered soft tissue 

substitutes 
 

Comparators of interest are: 
 Surgical repair alone 
 

Relevant outcomes include: 
 Symptoms 
 Morbid events 
 Functional outcomes 
 Quality of life 
 Treatment-related morbidity 

Individuals: 
 With chronic 

wounds 

 

Interventions of interest are: 
 Bioengineered skin 

substitutes 
 

Comparators of interest are: 
 Standard wound care 
 

Relevant outcomes include: 
 Disease-specific survival 
 Symptoms 
 Change in disease status 
 Morbid events 
 Quality of life 

Individuals: 
 With burns, skin 

grafts, or 
traumatic 
wounds 

Interventions of interest are: 
 Bio-engineered skin 

substitutes 
 

Comparators of interest are: 
 Standard wound care 
 

Relevant outcomes include: 
 Symptoms 
 Morbid events 
 Functional outcomes 
 Quality of life 
 Treatment-related morbidity 

Overview by Evidence Review Indications 
Indication 1: Individuals who have breast reconstruction and are treated with an 
acellular dermal matrix allograft (eg, AlloDerm, AlloMax, DermaMatrix, FlexHD, 
Graftjacket). 
  
The evidence is sufficient to determine qualitatively that the treatment 
results in a meaningful improvement in the net health outcome.  

 
Indication 2: Individuals who have parotidectomy and are treated with an 
acellular dermal matrix allograft. 
 
The evidence is insufficient to determine the effects of the technology on 
health outcomes. 

 

Substantial

Moderate

Low to None

Uncertain
2014 2015 2016 2017

Substantial

Moderate

Low to None

Uncertain
2014 2015 2016 2017
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Indication 3: Individuals who have tendon repair and are treated with an acellular 
dermal matrix allograft (eg, Graftjacket). 
 
The evidence is insufficient to determine the effects of the technology on 
health outcomes. 

 
Indication 4: Individuals who have fistula repair and are treated with an acellular 
dermal matrix allograft. 

  

The evidence is insufficient to determine the effects of the technology on 
health outcomes.  

Substantial

Moderate

Low to None

Uncertain
2014 2015 2016 2017  

Indication 5: Individuals with surgical repair of hernias who are treated with any 
bioengineered soft tissue substitute. 

  

The evidence is sufficient to determine qualitatively that the technology is 
unlikely to improve the net health outcome.  

 
Indication 6: Individuals who have oral surgery and are treated with an acellular 
dermal matrix allograft (eg, AlloDerm). 

   

The evidence is insufficient to determine the effects of the technology on 
health outcomes.  

Substantial

Moderate

Low to None

Uncertain
2014 2015 2016 2017  

Indication 7: Individuals who have laryngoplasty and are treated with micronized 
acellular dermal matrix (eg, Cymetra). 

  

The evidence is insufficient to determine the effects of the technology on 
health outcomes.  

Substantial

Moderate

Low to None

Uncertain
2014 2015 2016 2017  

Indication 8: Individuals who have tympanoplasty and are treated with an 
acellular dermal matrix product (eg, AlloDerm). 

   

The evidence is insufficient to determine the effects of the technology on 
health outcomes.  

Substantial

Moderate

Low to None

Uncertain
2014 2015 2016 2017  

Indication 9: Individuals with diabetic lower-extremity ulcers who are treated 
with certain skin and soft tissue substitutes (eg, Apligraf, Dermagraft, Integra 
Dermal Regeneration Template, Biovance, Epifix, Grafix). 

  

The evidence is sufficient to determine qualitatively that the technology 
results in a meaningful improvement in the net health outcome.  

 

Substantial

Moderate

Low to None

Uncertain
2014 2015 2016 2017

Substantial
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Low to None

Uncertain
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Indication 10: Individuals with diabetic lower-extremity ulcers who are treated 
with xenogenic skin and soft tissue substitutes (eg, Oasis Wound Matrix, 
PriMatrix). 

  

The evidence is insufficient to determine the effects of the technology on 
health outcomes.  

Substantial

Moderate

Low to None

Uncertain
2014 2015 2016 2017  

Indication 11: Individuals with lower-extremity ulcers due to venous insufficiency 
who are treated with Apligraf (living cell therapy) or Oasis Wound Matrix 
(xenogenic collagen scaffold). 
 
The evidence is sufficient to determine qualitatively that the technology 
results in a meaningful improvement in the net health outcome.  

 
Indication 12: Individuals with lower-extremity ulcers due to venous insufficiency 
who are treated with Dermagraft (living cell therapy). 
  
The evidence is insufficient to determine the effects of the technology on 
health outcomes. 

 
Indication 13: Individuals with lower-extremity ulcers due to venous insufficiency 
who are treated with amniotic membrane (eg, EpiFix) or xenogenic acellular 
dermal matrix (eg PriMatrix). 
 
The evidence is insufficient to determine the effects of the technology on 
health outcomes.  

 
Indication 14: Individuals with dystrophic epidermolysis bullosa who are treated 
with living cell therapy (eg, OrCel). 
 
The evidence is insufficient to determine the effects of the technology on 
health outcomes. 

 
Indication 15: Individuals with ocular burns who are treated with any 
bioengineered skin and soft tissue substitutes. 
 
The evidence is insufficient to determine the effects of the technology on 
health outcomes.  

 
Indication 16: Individuals with nonocular burns who are treated with living cell 
therapy (eg, Epicel). 
 
The evidence is insufficient to determine the effects of the technology on 
health outcomes.  
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Indication 17: Individuals with nonocular burns who are treated with biosynthetic 
skin and soft tissue substitutes (eg, Integra Dermal Regeneration Template, 
TransCyte). 
 
The evidence is sufficient to determine qualitatively that the technology 
results in a meaningful improvement in the net health outcome.  

 
Indication 18: Individuals with skin grafts or traumatic wounds who are treated 
with bio-engineered skin substitutes (eg, Keramatrix, Integra Dermal 
Regeneration Template). 
 
The evidence is insufficient to determine the effects of the technology on 
health outcomes.  

 
High Level of 
Evidence

Moderate Level 
of Evidence

Low Level of 
Evidence

 
 

BACKGROUND 

Bio-engineered skin and soft tissue substitutes may be either acellular or cellular. Acellular products (eg, 
dermis with cellular material removed) contain a matrix or scaffold composed of materials such as 
collagen, hyaluronic acid, and fibronectin. The various acellular dermal matrix products can differ in a 
number of ways, including as species source (human, bovine, porcine), tissue source (eg dermis, 
pericardium, intestinal mucosa), additives (eg antibiotics, surfactants), hydration (wet, freeze dried) and 
required preparation (multiple rinses, rehydration). 

Cellular products contain living cells such as fibroblasts and keratinocytes within a matrix. The cells 
contained within the matrix may be autologous, allogeneic, or derived from other species (eg, bovine, 
porcine). Skin substitutes may also be composed of dermal cells, epidermal cells, or a combination of 
dermal and epidermal cells and may provide growth factors to stimulate healing. Tissue-engineered skin 
substitutes can be used as either temporary or permanent wound coverings.  

There are a large number of potential applications for artificial skin and soft tissue products. One large 
category is nonhealing wounds, which potentially encompasses diabetic neuropathic ulcers, vascular 
insufficiency ulcers, and pressure ulcers. A substantial minority of such wounds do not heal adequately 
with standard wound care, leading to prolonged morbidity and increased risk of mortality. For example, 
nonhealing lower-extremity wounds represent an ongoing risk for infection, sepsis, limb amputation, 
and death. Bio-engineered skin and soft tissue substitutes have the potential to improve rates of healing 
and reduce secondary complications.  

The preferred outcomes for the healing of lower-extremity ulcers and burn wounds are the percentage 
of patients with complete wound healing and the time to complete wound healing.1 The percentage of 
patients with 50% wound healing and time to 50% wound healing have also been considered to be 
appropriate outcomes for these conditions.2 The percent change in wound area at 4 weeks is predictive 
of complete healing at 12 weeks in patients with diabetic foot ulcers.3 Thus, minimal improvement at 30 
days can be considered as an indicator that a wound is unlikely to heal in patients with comorbidities 
that are known to affect wound healing. 

Other situations in which bio-engineered skin products might substitute for living skin grafts include 
certain postsurgical states such as breast reconstruction, in which skin coverage is inadequate for the 
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procedure performed, or for surgical wounds in patients with compromised ability to heal. Second- and 
third-degree burns are another situation in which artificial skin products may substitute for auto- or 
allografts. Certain primary dermatologic conditions that involve large areas of skin breakdown, such as 
bullous diseases, may also be conditions in which artificial skin products can be considered as 
substitutes for skin grafts. Acellular dermal matrix products are also being evaluated in the repair of 
other soft tissues including rotator cuff repair, following oral and facial surgery, hernias, and a variety of 
other conditions.  

RATIONALE  

This evidence review was developed based on a literature search using MEDLINE in November 2007 for 
use of an allogeneic tissue-engineered skin substitute (AlloDerm) in breast reconstructive surgery. At 
the time this review was created, the available data on use of this technology were limited. In particular, 
there were no comparative studies to evaluate possible changes of the reconstructive time or to 
evaluate changes in esthetics. In addition, the duration of follow-up was limited, so the impact on 
longer-term complications such as severe contractures could not be determined. Finally, criteria to 
determine those who were candidates for use of this procedure had not been established. 

In 2011 this evidence review was expanded to address additional bio-engineered skin and soft tissue 
substitutes and other indications. The most recent literature update was performed through October 30, 
2015. Following is a summary of key literature to date. 

Breast Reconstruction 

AlloDerm 

Systematic Reviews 
Two systematic reviews from 2012 found an increased rate of complications with acellular dermal 
matrix (ADM)‒assisted breast reconstruction. One meta-analysis of 16 retrospective studies found a 
higher likelihood of seroma (pooled odds ratio [OR], 3.9; 95% confidence interval [CI], 2.4 to 6.2), 
infection (pooled OR=2.7; 95% CI, 1.1 to 6.4) and reconstructive failure (pooled OR=3.0; 95% CI, 1.3 to 
6.8) when compared with breast reconstruction using traditional musculofascial flaps.6 Another meta-
analysis that compared 19 studies using ADM (n=2037) with 35 studies using submuscular 
reconstruction (n=12,847) found an increased risk of total complications (relative risk [RR], 2.05; 95% CI, 
1.55 to 2.70), seroma (RR=2.73; 95% CI, 1.67 to 4.46), infection (RR=2.47; 95% CI, 1.71 to 3.57), and 
reconstructive failure (RR=2.80; 95% CI, 1.76 to 4.45) with ADM.7 These meta-analyses are limited by 
the poor quality of included studies and significant heterogeneity.  

Randomized Controlled Trials 
In 2012, McCarthy et al reported a multicenter blinded randomized controlled trial (RCT) of AlloDerm in  
2-stage expander/implant reconstruction.8 Seventy patients were randomized to AlloDerm ADM-
assisted tissue expander/implant reconstruction or to submuscular tissue expander/implant placement. 
There were no significant differences between the groups in the primary outcomes of immediate 
postoperative pain (54.6 AlloDerm and 42.8 control on a 100-point visual analog scale) or pain during 
the expansion phase (17.0 AlloDerm, 4.6 control), or in the secondary outcome of rate of tissue 
expansion (91 days AlloDerm, 108 days control) and patient-reported physical well-being. There was no 
significant difference in adverse events (AEs), although the total number of AEs was small. Phase 2 of 
the study will evaluate long-term outcomes. 
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Controlled Studies 
Preminger et al evaluated the impact of AlloDerm on expansion rates in immediate tissue 
expander/implant reconstruction in a retrospective matched cohort study.9 Forty-five patients had 
reconstruction with AlloDerm and 45 had standard reconstruction. Subjects were matched for expander 
size (±100 mL), history of irradiation, and indication for mastectomy. There were no significant 
differences in initial filling volume, mean number of postoperative expansions, mean rate of 
postoperative tissue expansion, or in the incidence of postoperative complications. Aesthetic outcomes 
were not addressed. In 2008, Colwell and Breuing reported on 10 patients who had mastopexy with 
dermal slings; 5 patients were given AlloDerm and 5 were given autologous tissue.10 Patients 
maintained projection and breast base width after 6 months to 3 years.  

Uncontrolled Studies 
A number of case series have also demonstrated that this approach can provide tissue coverage of 
implants and tissue expanders.11,12 AlloDerm has been reported in nipple reconstructive surgery in a 
case series on 30 nipple reconstructive procedures performed at 1 institution.13 Use of AlloDerm has 
also been reported in a small series (n=3) to correct breast implant-related problems (malposition, 
symmastia, rippling).14 

Other 
Liu et al reported postoperative complications in breast reconstruction with (n=266) or without (n=204) 
AlloDerm in 2011.15 Radiotherapy, body mass index (BMI), intraoperative use of tumescent solution, and 
medical comorbidities were similar between the 2 groups, but there were twice as many smokers and 
the implants were larger in the AlloDerm group. There was a trend for a higher rate of major infections 
that required prosthesis removal in the AlloDerm group (4.9% vs 2.5%, p=0.172) and a statistically 
significant increase in overall wound infection rate (6.8% vs 2.5%). The overall surgical complication rate 
was significantly higher in the AlloDerm group (19.5% vs 12.3%). Multivariate analysis indicated that the 
use of ADM, smoking, higher BMI, higher initial volume, and bigger implant size were associated with a 
higher overall surgical complication rate. This study is limited by the retrospective analysis and 
differences between groups at baseline. 

Bindingnavele et al reviewed charts of 41 patients (65 breasts) who had staged breast reconstruction 
with acellular cadaveric dermis to report postoperative complication rates.16 Rates for wound infection, 
expander removal, hematoma, and seroma were 3.1%, 1.5%, 1.5%, and 4.6%, respectively. The authors 
concluded that based on low rates of complications and good cosmetic outcomes, the technology 
should be in the repertoire of plastic surgeons and that follow-up is required to evaluate long-term 
outcomes. 

AlloDerm Versus DermaMatrix or FlexHD 
A 2014 retrospective review by Liu et al compared complication rates following breast reconstruction 
with AlloDerm or FlexHD in 382 consecutive women (547 breasts).17 Eighty-one percent of the sample 
was immediate reconstruction; 165 used AlloDerm, and 97 used FlexHD. Mean follow-up was 6.4 
months. Compared with breast reconstruction without use of AlloDerm or FlexHD, ADM had a higher 
rate of delayed healing (20.2% vs 10.3%), although this finding might be related to differences in fill 
volumes. In univariate analysis, there were no significant differences in complications (return to the 
operating room, surgical site infection, seroma, hematoma, delayed healing, implant loss) between 
AlloDerm and FlexHD. In multivariate analysis, there were no significant differences between AlloDerm 
and FlexHD for the return to the operating room, surgical site infection, seroma, or delayed healing. 
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Independent risk factors for implant loss included the use of FlexHD, single-stage reconstruction, and 
smoking. Another retrospective review from 2013 compared complication rates following use of 
AlloDerm (n=136) or FlexHD (n=233) in a consecutive series of 255 patients (369 breasts).18 Total 
complication rates for the 2 products were similar (19.1% for AlloDerm, 19.3% for FlexHD). Analysis by 
type of complication showed no significant difference between the 2, and regression analysis 
controlling for differences in baseline measures found that the type of ADM was not a risk factor for any 
complication.  

Brooke et al conducted a retrospective review of complication rates when AlloDerm (n=49), 
DermaMatrix (n=110), or FlexHD (n=62) was used for tissue expander breast reconstruction.19 Clinically 
significant complications were defined as cellulitis, abscess, seroma, expander leak or puncture, skin 
necrosis, wound dehiscence, or hematoma. The total clinically significant complication rate was 22% 
with AlloDerm, 15% with DermaMatrix, and 16% with FlexHD (not significantly different). Infectious 
complication rates for the 3 products were the same at 10%. When compared with breast 
reconstruction without an ADM (n=64), there was no significant difference in the total complication rate 
(17% vs 11%), but there was a trend toward a higher incidence of infectious complications (10% vs 2%, 
p=0.09) 

This small amount of evidence from retrospective comparative studies does not show any difference in 
outcomes among different types of ADM products. 

SurgiMend (Fetal Bovine ADM) Versus AlloDerm (Human ADM) 
Butterfield reported a retrospective comparison of 281 patients who underwent breast reconstruction 
with SurgiMend (79.0%) or AlloDerm (21.0%).20 AlloDerm was used at the beginning of the study while 
SurgiMend was used predominantly in the latter period due to ease of use and lower cost; the 2 groups 
were comparable on patient demographics, risk factors, and concurrent therapy. The rate of seroma, the 
most prevalent complication, was significantly lower for SurgiMend (8.3%) compared with AlloDerm 
(15.7%, p=0.044); however, the necrosis rate was higher for SurgiMend (11.1% vs 3.4%, p=0.027), due 
entirely to a higher minor necrosis rate for SurgiMend (8.8% vs 1.1%). There were no significant 
differences in complication rates for hematoma, infection, major skin necrosis, or breast implant 
removal.  

Section Summary: Breast Reconstruction 
The extensive data from controlled cohorts and case series about the usefulness of this procedure in 
providing inferolateral support for breast reconstruction supports the use of acellular dermal matrix 
(ADM) allograft (ie, AlloDerm, AlloMax, DermaMatrix, FlexHD, Graftjacket) in breast reconstruction 
when there is insufficient tissue expander or implant coverage by the pectoralis major muscle and 
additional coverage is required; when there is viable but compromised or thin postmastectomy skin 
flaps that are at risk of dehiscence or necrosis; or when the inframammary fold and lateral mammary 
folds have been undermined during mastectomy and reestablishment of these landmarks is needed. 
The evidence is sufficient to determine qualitatively that the technology results in a meaningful 
improvement in the net health outcome. 

Interpositional Graft After Parotidectomy 

AlloDerm 
In 2003, Sinha et al reported the use of AlloDerm acellular human dermal matrix as an interpositional 
physical barrier to prevent the development of Frey syndrome (gustatory sweating) after 
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parotidectomy.21 Thirty patients were divided into 3 groups; it was not described if the assignments 
were randomized. One group underwent superficial parotidectomy with reconstruction of the defect 
with AlloDerm, a second group had superficial parotidectomy without placement of an interpositional 
barrier, and the third group underwent deep-plane rhytidectomy without disruption of the parotid fascia. 
At minimum 1-year follow-up, there was a subjective incidence of Frey syndrome in 1 patient treated 
with AlloDerm and 5 patients in group 2. The objective incidence of Frey syndrome, measured with the 
Minor starch-iodine test, was 2 patients treated with AlloDerm and 8 patients in group 2. None of the 
patients in group 3 who underwent deep-plane rhytidectomy without disruption of the parotid fascia 
had subjective or objective Frey syndrome. There were no AEs.  

A 2008 publication from Asia compared use of allogeneic ADM (RENOV) in 168 patients who had 
superficial or partial parotidectomy.22 Sixty-four patients received an ADM and 104 patients had 
superficial or partial parotidectomy alone. The size of the graft depended on the amount of tissue 
required to restore the normal facial contour. The method of assignment to the 2 groups was not 
described. At a median follow-up of 16 months (range, 11-27), the subjective incidence of Frey 
syndrome was 2% in the ADM group compared with 61% in controls. Objective assessment, performed 
in 30 patients randomly selected from each group, found an incidence of Frey syndrome in 2 patients 
(7%) treated with ADM and 24 patients (80%) in the control group. One patient in the ADM group and 
18 patients in the control group developed a parotid fistula.  

DermaMatrix 
DermaMatrix is an ADM that differs from AlloDerm in several ways: it can be stored at room 
temperature (vs refrigerated), it has a shelf-life of 3 years (vs 2 years), and it can be rehydrated in 3 
minutes (vs 30 minutes).  

Athavale et al evaluated complications of AlloDerm and DermaMatrix in a retrospective review of 100 
patients treated between 2001 and 2009 at a single U.S. institution.23 Exclusion criteria for the study 
included presence of malignancy on final surgical pathology report, incomplete medical records, 
previous history of radiotherapy to the head and neck region, and additional procedures to the region of 
the parotid gland. Initially, only AlloDerm was used; this changed to a 20/80 ratio of 
AlloDerm/DermaMatrix due to more readily available stock of DermaMatrix. Complications were defined 
as any outcome that required procedural intervention for resolution (seroma/sialocele formation, 
infected fluid collection, and/or serosanguinous fluid collection). The authors identified 8 complications 
in 31 DermaMatrix implants (26%) compared with 5 complications in 69 AlloDerm implants (7%). The 
complication rate did not differ for total parotidectomies but was higher for DermaMatrix compared with 
AlloDerm for subtotal parotidectomies (37% vs 8%). Nearly half of all complications were 
seroma/sialocele formation.  

Double-blind RCTs with longer follow-up are needed to evaluate this procedure. 

Tendon Repair 

Graftjacket 
In 2012, Barber et al reported an industry-sponsored multicenter RCT of augmentation with Graftjacket 
acellular human dermal matrix for arthroscopic repair of large (>3 cm) rotator cuff tears involving 2 
tendons.24 Twenty-two patients were randomized to Graftjacket augmentation, and 20 patients were 
randomized to no augmentation. At a mean follow-up of 24 months (range, 12-38) the American 
Shoulder and Elbow Surgeons score improved from 48.5 to 98.9 in the Graftjacket group and from 46.0 
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to 94.8 in the control group (p=0.035). The Constant score improved from 41 to 91.9 in the Graftjacket 
group and from 45.8 to 85.3 in the control group (p=0.008). The University of California, Los Angeles 
score was not significantly different between the groups. Gadolinium-enhanced magnetic resonance 
imaging (MRI) scans showed intact cuffs in 85% of repairs in the Graftjacket group and 40% of repairs 
in the control group. However, no correlation was found between MRI findings and clinical outcomes. 
Rotator cuff retears occurred in 3 patients (14%) in the Graftjacket group and 9 patients (45%) in the 
control group. Although these results are promising, additional study with a larger number of patients is 
needed.  

Fistula Repair 

Acellular Dermal Matrix 
A study from Asia compared a xenogeneic ADM (J-I type; J.Y. Life Tissue Engineering, China) with 
endorectal advancement flap (ERAF) for the treatment of complex anorectal fistula in a randomized 
study with 90 consecutive patients.25 Follow-up was performed at 2 days, 2, 4, 6, and 12 weeks, and 5 
months after surgery. Success was defined as closure of all external opening, absence of drainage 
without further intervention, and absence of abscess formation. Success was observed in 82.2% of the 
ADM group. Fistula recurred in 2 (4.45%) patients in the ADM group compared with 13 (28.89%) 
patients in the ERAF group. Healing time was reduced (7.5 days vs 24.5 days), and quality of life was 
rated higher in the ADM group (85.9 vs 65.3). No significant difference was observed in the 
incontinence and anal deformity rate between the 2 groups. This product is not cleared for marketing in 
the United States, although the manufacturing process was reported to be similar to Surgisis® AFPTM 
(Cook Surgical).  

Surgical Repair of Hernias 
A 2011 systematic review included 30 level III and level IV articles on ADM for abdominal wall 
reconstruction.26 No RCTs or high-quality comparative studies (level I or II) were identified. Examples of 
the level III studies are described next. 

AlloDerm 
Gupta et al compared the efficacy and complications associated with the use of AlloDerm and Surgisis 
bioactive mesh in 74 patients who underwent ventral hernia repair in 2006.27 The first 41 procedures 
were performed using Surgisis Gold 8-ply mesh formed from porcine small intestine submucosa, and 
the remaining 33 patients had ventral hernia repair with AlloDerm. Patients were seen 7 to 10 days after 
discharge from the hospital and at 6 weeks. Any signs of wound infection, diastasis, hernia recurrence, 
changes in bowel habits, and seroma formation were evaluated. The use of the AlloDerm mesh resulted 
in 8 hernia recurrences (24%). Fifteen of the AlloDerm patients (45%) developed a diastasis or bulging at 
the repair site. Seroma formation was only a problem in 2 patients.  

In 2007, Espinosa-de-los-Monteros et al retrospectively reviewed 39 abdominal wall reconstructions 
with AlloDerm performed in 37 patients and compared them with 39 randomly selected cases.28 They 
reported a significant decrease in recurrence rates when human cadaveric acellular dermis was added 
as an overlay to primary closure plus rectus muscle advancement and imbrication in patients with 
medium-sized hernias. However, no differences were observed when adding human cadaveric acellular 
dermis as an overlay to patients with large-size hernias treated with underlay mesh. 

A 2013 study compared AlloDerm with FlexHD for complicated hernia surgery.29 From 2005 to 2007, 
AlloDerm was used to repair large (>200 cm2) symptomatic complicated ventral hernias that resulted 
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from trauma or emergency surgery (N=55). From 2008 to 2010, FlexHD was used to repair large 
complicated ventral hernias in patients meeting the same criteria (n=40). The 2 groups were comparable 
at baseline. At 1-year follow-up, all of the AlloDerm patients were diagnosed with hernia recurrence 
(abdominal laxity, functional recurrence, or true recurrence) requiring a second repair. Eleven patients 
(31%) in the FlexHD group required a second repair. This comparative study is limited by the use of 
nonconcurrent comparisons, which is prone to selection bias and does not control for temporal trends 
in outcomes. 

Reconstructive Tissue Matrix 
The PRISM Study Group reported a multicenter double-blinded randomized trial of porcine acellular 
dermal matrix for parastomal reinforcement in patients undergoing surgery for permanent abdominal 
wall ostomies.30 Patients were randomly assigned to undergo standard stoma construction with no 
reinforcement (n=58) or stoma construction with Reconstructive Dermal Matrix as parastomal 
reinforcement (n=55). At 24-month follow-up (n=75), the incidence of parastomal hernias was similar 
for the 2 groups (13.2% of controls, 12.2% of study group). 

The limited evidence available at this time does not support the use of AlloDerm in hernia repair or 
prevention of parastomal hernia. 

Oral Surgery 

AlloDerm 
In 2008, Novaes and de Barros described 3 randomized trials from their research group that examined 
use of ADM in root coverage therapy and alveolar ridge augmentation.31 Two trials used ADM in both 
the study and control groups and are not described here. A third trial compared ADM with subepithelial 
connective tissue graft in 30 gingival recessions (9 patients). At 6 months postsurgery, the ADM 
showed recession reduction of 1.83 mm while subepithelial connective tissue graft showed recession 
reduction of 2.10 mm; these were not significantly different. 

A nonrandomized cohort study compared AlloDerm with the criterion standard of split-thickness skin 
grafts in 34 patients who underwent oral cavity reconstruction following surgical removal of tumors.32 
Patients were enrolled after surgical treatment for evaluation at a tertiary care center and divided into 2 
cohorts according to the reconstruction method used, which was based on surgeon preference. 
Twenty-two patients had been treated with AlloDerm, and 12 had been treated with split-thickness skin 
grafts. The location of the grafts (AlloDerm vs autograft) were on the tongue (54% vs 25%), floor of 
mouth (9% vs 50%), tongue and floor of mouth (23% vs 8%), buccal (9% vs 0%), or other (5% vs 17%). 
More patients in the AlloDerm group were treated with radiotherapy (45% vs 17%), and the graft failure 
rate was higher (14% vs 0%). Radiotherapy had a significantly negative impact for both groups. 
Histology on a subset of the patients showed increased inflammation, fibrosis, and elastic fibers with 
split-thickness skin grafts. Functional status and quality of life were generally similar in the 2 groups. 
Interpretation of these results is limited by the differences between the groups at baseline. 

Laryngoplasty 
There are several reports with short-term follow-up of micronized AlloDerm (Cymetra) injection for 
laryngoplasty. In 2005, Milstein et al reported mean 11.2 month follow-up (range, 1-35) of Cymetra 
injection in 20 patients with unilateral vocal-fold paralysis.33 Pre- and postoperative digital voice samples 
and video stroboscopy were rated on a 4-point scale by a panel of 3 voice experts who were blinded to 
the pre- or postoperative status. Compared with preoperative measures, Cymetra improved voice quality 
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(3.23 to 1.65), glottal closure (3.21 to 1.42), and degree of vocal-fold bowing (2.38 to 1.36). Quality-of-
life measures and patients’ self-perceptions of vocal quality were also improved. In 5 patients (25%), the 
effect was temporary, and in 8 patients (40%) who had follow-up of 1 year or longer, the improvement 
was maintained. Longer-term study in a larger number of patients is needed to determine the durability 
of this procedure and to evaluate the safety of repeat injections.  

Tympanoplasty 
Vos et al reported a retrospective nonrandomized comparison of AlloDerm versus native tissue grafts for 
type I tympanoplasty in 2005.34 Included in the study were 108 patients (25 AlloDerm, 53 fascia 
reconstruction, 30 fascia plus cartilage reconstruction) treated between 2001 and 2004. One surgeon 
had performed 96% of the AlloDerm tympanoplasties. Operative time was reduced in the AlloDerm 
group (82 minutes for AlloDerm, 114 minutes for fascial cases, 140 minutes for fascia plus cartilage). 
There was no significant difference in the success rate of the graft (88% for AlloDerm, 89% for fascia 
grafts, 96.7% for cartilage plus fascia). There was no significant difference in hearing between the 
groups at follow-up (time not specified). Longer-term controlled study in a larger number of patients is 
needed to determine the durability of this procedure. 

Diabetic Lower-Extremity Ulcers 

Apligraf 
In 2001, Veves et al reported on a randomized prospective study on the effectiveness of Apligraf 
(previously called Graftskin), a living skin equivalent, in treating noninfected nonischemic chronic plantar 
diabetic foot ulcers.35 The study involved 24 centers in the United States; 208 patients were randomly 
assigned to ulcer treatment either with Apligraf (112 patients) or saline-moistened gauze (96 patients, 
control group). Standard state-of-the-art adjunctive therapy, including extensive surgical débridement 
and adequate foot off-loading, was provided in both groups. Apligraf was applied at the beginning of 
the study and weekly thereafter for a maximum of 4 weeks (maximum of 5 applications) or earlier if 
complete healing occurred. At the 12-week follow-up visit, 63 (56%) Apligraf -treated patients achieved 
complete wound healing compared with 36 (38%) in the control group (p=0.004). The Kaplan-Meier 
method median time to complete closure was 65 days for Apligraf, significantly lower than the 90 days 
observed in the control group (p=0.003). The rate of adverse reactions was similar between the 2 
groups with the exception of osteomyelitis and lower-limb amputations, both of which were less 
frequent in the Apligraf group. The study concluded that application of Apligraf for a maximum of 4 
weeks resulted in a higher healing rate when compared with state-of-the-art treatment and was not 
associated with any significant AEs. This study was reviewed in a 2001 TEC Assessment, which 
concluded that Apligraf, in conjunction with good local wound care, met the TEC criteria for the 
treatment of diabetic ulcers that fail to respond to conservative management.36 

In 2010, Steinberg et al reported on a study of 72 subjects from Europe and Australia that assessed the 
safety and efficacy of Apligraf in the treatment of noninfected diabetic foot ulcers.37 The design and 
patient population of this study were similar to the 208-subject U.S study (previously described), which 
led to FDA approval of Apligraf for the treatment of diabetic foot ulcers. For these studies, subjects with 
a noninfected neuropathic diabetic foot ulcer present for at least 2 weeks were enrolled in these 
prospective, multicenter, open-label RCTs that compared Apligraf use in conjunction with standard 
therapy (sharp débridement, standard wound care, off-loading) against standard therapy alone. Pooling 
of data was performed because of the similarity and consistency of the 2 studies. Efficacy and safety 
results were consistent across studies independent of mean ulcer duration, which was significantly 
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longer in the European study (21 months vs 10 months in the U.S. study). Reported AEs by 12 weeks 
were comparable across treatment groups in the 2 studies. Efficacy measures demonstrated superiority 
of Apligraf treatment over control-treated groups in both studies. Combining the data from both studies, 
55.2% (80/145) of Apligraf subjects had complete wound closure by 12 weeks, compared with 34.3% 
(46/134) of control subjects (p<0.001), and Apligraf subjects had a significantly shorter time to complete 
wound closure (p<0.001). The authors concluded that both the EU and U.S. studies exhibited superior 
efficacy and comparable safety for subjects treated with Apligraf compared with control subjects, and 
the studies provide evidence of the benefit of Apligraf in treating diabetic foot ulcer.  

In 2010, Kirsner et al reported on analysis of 2517 patients with diabetic neuropathic foot ulcers who 
were treated between 2001 and 2004.38 The study was a retrospective analysis using a wound care 
database; the patients received advanced biological therapy, specifically, Apligraf (446 patients), 
Regranex, or Procuren. In this study, advanced biological therapy was used, on average, within 28 days 
from the first wound clinic visit and was associated with a median time to healing of 100 days. Wounds 
treated with engineered skin (Apligraf) as the first advanced biological therapy were 31.2% more likely 
to heal than wounds first treated with topical recombinant growth factor (p<0.001) and 40.0% more 
likely to heal than those first treated with platelet releasate (p=0.01). Wound size, wound grade, 
duration of wound, and time to initiation of advanced biological therapy affected the time to healing.  

Dermagraft 
A pivotal multicenter FDA-regulated trial randomized 314 patients with chronic diabetic ulcers to 
Dermagraft or control.39 Over the course of the 12-week study, patients received up to 8 applications of 
Dermagraft. All patients received pressure-reducing footwear and were encouraged to stay off their 
study foot as much as possible. At 12 weeks, the median percent wound closure for the Dermagraft 
group was 91% compared with 78% for the control group. Ulcers treated with Dermagraft closed 
significantly faster than ulcers treated with conventional therapy. No serious AEs were attributed to 
Dermagraft. Ulcer infections developed in 10.4% of the Dermagraft patients compared with 17.9% of 
the control patients. Together, there was a lower rate of infection, cellulitis, and osteomyelitis in the 
Dermagraft-treated group (19% vs 32.5%). Retrospective analysis of the trial data found a significant 
reduction in amputation/bone resection rates with Dermagraft (5.5% vs 12.6%, p=0.031).40 Of the 28 
cases of amputation/bone resection, 27 were preceded by ulcer-related infection. 

TheraSkin Versus Dermagraft 
Sanders et al reported a small (N=23) industry-funded randomized comparison of TheraSkin (human 
skin allograft with living fibroblasts and keratinocytes) versus Dermagraft (human-derived fibroblasts 
cultured on mesh) for diabetic foot ulcers.41 Wound size at baseline ranged from 0.5 to 18.02 cm2; the 
average wound size was about 5 cm2 and was similar for the 2 groups (p=0.51). Grafts were applied 
according to manufacturer’s instructions over the first 12 weeks of the study until healing, with an 
average of 4.4 TheraSkin grafts (every 2 weeks) compared with 8.9 Dermagraft applications (every 
week). At week 12, complete wound healing was observed in 63.6% of ulcers treated with TheraSkin 
and 33.3% of ulcers treated with Dermagraft (p<0.049). At 20 weeks, complete wound healing was 
observed in 90.9% of the TheraSkin-treated ulcers compared with 66.67% of the Dermagraft group 
(p=0.428). Additional study in a larger number of subjects is needed. 

Graftjacket Regenerative Tissue Matrix 
Brigido et al reported a small (N=40) randomized pilot study of Graftjacket compared with conventional 
treatment for chronic nonhealing diabetic foot ulcers in 2004.42 Control patients received conventional 
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therapy with débridement, wound gel with gauze dressing, and off-loading. Graftjacket patients 
received surgical application of the scaffold using skin staples or sutures and moistened compressive 
dressing. A second graft application was necessary after the initial application for all patients in the 
Graftjacket group. Preliminary 1-month results showed that after a single treatment, ulcers treated with 
Graftjacket healed at a faster rate than conventional treatment. There were significantly greater 
decreases in wound length (51% vs 15%), width (50% vs 23%), area (73% vs 34%), and depth (89% vs 
25%). All of the grafts incorporated into the host tissue.  

In 2009, Reyzelman et al reported an industry-sponsored multicenter randomized study that compared a 
single application of Graftjacket versus standard of care (SOC) in 86 patients with diabetic foot ulcers.43 
Offloading was performed using a removable cast walker. Ulcer size at presentation was 3.6 cm2 in the 
Graftjacket group and 5.1 cm2 in the control group. Eight patients, 6 in the study group and 2 in the 
control group, did not complete the trial. At 12 weeks, complete healing was observed in 69.6% of the 
Graftjacket group and 46.2% of controls. After adjusting for ulcer size at presentation, a statistically 
significant difference in nonhealing rate was calculated, with odds of healing 2.0 times higher in the 
study group. Mean healing time was 5.7 weeks versus 6.8 weeks for the control group. The authors did 
not report if this difference was statistically significant. The median time to healing was 4.5 weeks for 
Graftjacket (range, 1-12 weeks) and 7.0 weeks for control (range, 2-12 weeks). Kaplan-Meier method 
survivorship analysis for time to complete healing at 12 weeks showed a significantly lower nonhealing 
rate for the study group (30.4%) compared with the control group (53.9%). The authors commented 
that a single application of Graftjacket, as used in this study, is often sufficient for complete healing. 
This study is limited by the small study population, differences in ulcer size at baseline, and the 
difference in the percentage of patients censored in each group. Questions also remain about whether 
the difference in mean time to healing is statistically or clinically significant. Additional trials with a larger 
number of subjects are needed to evaluate if Graftjacket Regenerative Tissue Matrix improves health 
outcomes in this population.  

Integra Dermal Regeneration Template 
Integra Dermal Regeneration Template is a biosynthetic skin substitute that is FDA approved for life- 
threatening thermal injury. The Foot Ulcer New Dermal Replacement Study (FOUNDER) multicenter 
study (32 sites) on Integra Template for chronic nonhealing diabetic foot ulcers was conducted under an 
FDA-regulated investigational device exemption.44 A total of 307 patients with at least 1 chronic diabetic 
foot ulcer were randomized to treatment with Integra Template or a control condition of 0.9% sodium 
chloride gel. Treatment was given for 16 weeks or until wound closure. There was a modest increase in 
wound closure with Integra Template (51% vs 32%, p=0.001) and a shorter median time to closure (43 
days vs 78 days, p=0.001). There was a strong correlation between investigator-assessed and 
computerized planimetry assessment of wound healing (r=0.97). Kaplan-Meier analysis showed the 
greatest difference between groups in wound closure up to 10 weeks, with diminishing differences after 
10 weeks. Strengths of the study include adequate power to detect an increase in wound healing of 
18%, which was considered to be clinically significant, secondary outcomes of wound closure and time 
to wound closure by computerized planimetry, and intention-to-treat (ITT) analysis. 

Dehydrated Amniotic Membrane 
In 2013, Zelen et al reported an industry-sponsored, non-blinded, RCT comparing use of EpiFix 
dehydrated amniotic membrane (n=13) with SOC (moist wound therapy, n=12) for diabetic foot ulcers 
of at least 4 weeks in duration.45 EpiFix was applied every 2 weeks if the wound had not healed, with 
weekly dressing changes comprised of nonadherent dressing, moisture retentive dressing, and a 
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compression dressing. Standard moist wound dressing was changed daily. After 4 weeks of treatment, 
EpiFix-treated wounds had reduced in size by a mean of 97.1% compared with 32.0% for the SOC 
group. Healing rate, defined as complete epithelialization of the open area of the wound, was 77% for 
EpiFix compared with 0% for SOC. After 6 weeks of treatment, wounds were reduced by 98.4% with 
EpiFix treatment compared with -1.8% for SOC. The healing rate was 92% with EpiFix compared with 
8% with SOC alone. At the conclusion of the trial, unhealed wounds from the control group were 
treated with EpiFix.46 The mean duration of foot ulcers at the beginning of treatment was 19.4 weeks 
(range, 6.0-54 weeks) for the combined group. Follow-up was available at 9 to 12 months after primary 
healing in 18 of 22 eligible patients. Examination of these 18 patients found that 17 (94.4%) wounds 
remained fully healed.  

In 2015, Smiell et al reported an industry-sponsored multicenter registry study of Biovance dehydrated 
amniotic membrane for the treatment of various chronic wound types, including 47 diabetic foot 
wounds, 20 pressure ulcers, and 89 venous ulcers.47 This study shows effectiveness of dehydrated 
amniotic membrane in a real-world setting. The size of the wounds at baseline ranged from less than 2 
cm2 (35.4% of wounds) to over 25 cm2 (9.0% of wounds). Ninety-eight percent were on the lower 
extremities. Twenty-eight ulcers had failed prior treatment with advanced biological therapies. For all 
wound types, 41.6% closed with a mean time to closure of 8 weeks and a mean of 2.4 amniotic 
membrane applications. In the subgroup of 112 patients who practiced good wound care, including 
offloading or compression therapy as indicated, 49.6% of wounds achieved closure at a mean of 7.4 
weeks. Wounds that had not closed during the observation period decreased in size by a mean of 
46.6%. 

Dehydrated Amniotic Membrane Versus Apligraf 
EpiFix (dehydrated amniotic allograft) was compared with Apligraf (living cell therapy) in a multicenter 
RCT published by Zelen et al in 2015.48 Sixty patients were randomized to treatment with Epifix, 
Apligraf, or standard wound care. Although the patient and site investigator could not be blinded due to 
differences in products, wound healing was verified by 3 independent physicians who evaluated 
photographic images. The median wound size was 2.0 cm2 (range, 1.0-9.0) and the median duration of 
the index ulcer was 11 weeks (range, 5-54). After 6 weekly treatments, the mean percent wound area 
healed was 97.1% for EpiFix, 80.9% for Apligraf, and 27.7% for standard care; 95% of wounds had 
healed in the EpiFix group compared with 45% treated with Apligraf and 35% who received standard 
wound care (p0.003). The estimated median time to wound closure, based on Kaplan-Meier analysis, 
was 13 days for EpiFix compared with 49 days for both Apligraf and SOC (p0.001). 

In 2015, Kirsner et al reported an industry-sponsored observational study comparing the effectiveness of 
Apligraf versus EpiFix in a real-world setting.49 Data was obtained from a wound care‒specific database 
from 3000 wound care facilities. The database included 1458 diabetic ulcers treated for the first time in 
2014 with either Apligraf (n=994) or EpiFix (464). Using the same criteria used in the 2015 study by 
Zelen et al (described above), data were included on the treatment of 226 diabetic foot ulcers from 99 
wound care centers. Foot wounds were included with size between 1 and 25 cm2, duration of 1 year or 
less, and wound reduction of 20% or less in the 14 days prior to treatment. Although wounds for the 2 
groups were comparable at baseline, the rationale for using a particular product was not reported. There 
were 163 wounds treated with Apligraf (mean, 2.5 applications) and 63 treated with EpiFix (mean, 3.5 
applications, p=0.003). By week 24, 72% of wounds treated with Apligraf and 47% of wounds treated 
with EpiFix had closed (p=0.01). The median time to closure was 13.3 weeks for Apligraf and 26.0 
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weeks for EpiFix (p=0.01). This study is limited by the possibility of selection bias in determining 
treatment assignment. 

Cryopreserved Amniotic Membrane 
Grafix cryopreserved amniotic membrane was compared with standard wound care in a multicenter 
RCT.50 Strengths of this well-designed study include power analysis, blinded assessment of wound 
healing, evaluation of wound closure as the primary outcome measure, and ITT analysis. Ninety-seven 
patients with chronic diabetic foot ulcers were randomized to treatment with Grafix or to standard 
wound therapy, both administered once a week for up to 12 weeks. Power analysis indicated that 94 
patients per arm would be needed for adequate power. However, after prespecified interim analysis at 
50% enrollment, the blinded review committee recommended that the trial be stopped due to efficacy 
of the treatment. ITT analysis from the blinded evaluation phase showed a significant increase in the 
proportion of patients achieving the primary outcome of wound closure by 12 weeks (62.0% vs 21.3%, 
p<0.001) and a decrease in the median time to complete wound closure (42.0 days vs 69.5 days, 
p=0.019). Safety evaluation found that fewer Grafix-treated patients experienced at least 1 AE (44.0% vs 
66.0%, p=0.031) and had wound-related infections (18.0% vs 36.2%, p=0.044), with a trend toward 
reduced hospitalization related to infections (6% vs 15%, p=0.15). 

Oasis Wound Matrix 
Niezgoda et al compared healing rates at 12 weeks for full-thickness diabetic foot ulcers treated with 
OASIS Wound Matrix, an acellular wound care product, versus Regranex Gel.51 This was an industry-
sponsored, multicenter RCT conducted at 9 outpatient wound care clinics and involved 73 patients with 
at least 1 diabetic foot ulcer. Patients were randomized to receive either Oasis Wound Matrix (n=37) or 
Regranex Gel (n=36) and a secondary dressing. Wounds were cleansed and débrided, if needed, at a 
weekly visit. The maximum treatment period for each patient was 12 weeks. After 12 weeks of 
treatment, 18 (49%) Oasis-treated patients had complete wound closure compared with 10 (28%) 
Regranex-treated patients. Oasis treatment met the noninferiority margin, but did not demonstrate that 
healing in the Oasis group was statistically superior (p=0.055). Post-hoc subgroup analysis showed no 
significant difference in incidence of healing in patients with type 1 diabetes (33% vs 25%) but showed 
a significant improvement in patients with type 2 diabetes (63% vs 29%). There was also an increased 
healing of plantar ulcers in the Oasis group (52% vs 14%). These post-hoc findings are considered 
hypothesis-generating. Additional study with a larger number of subjects is needed to evaluate the 
effect of Oasis treatment in comparison with the current SOC. 

PriMatrix 
In 2014, Kavros et al reported a prospective multicenter study of PriMatrix (a xenograft fetal bovine 
dermal collagen matrix) for the treatment of chronic diabetic foot ulcers in 55 patients.52 The average 
duration of ulcers before treatment was 286±353 days, and the average area was 4.34 cm2. Of the 46 
patients who completed the study, 76% healed by 12 weeks with an average of 2 applications of 
PriMatrix. For the ITT population, 64% of wounds healed by 12 weeks. 

In 2011, Karr published a retrospective comparison of PriMatrix and Apligraf in 40 diabetic foot ulcers.53 
The first 20 diabetic foot ulcers matching the inclusion and exclusion criteria for each graft were 
compared. The criteria were: diabetic foot ulcers of 4 weeks in duration; ulcer to at least 1 cm2 in 
diameter and to the depth of subcutaneous tissue; healthy tissue at the ulcer; adequate arterial 
perfusion to heal; and ability to off-load the diabetic ulcer. The products were placed on the wound with 
clean technique, overlapping the edges of the wound, and secured with sutures or staples. The time to 
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complete healing for PriMatrix was 38 days with 1.5 applications compared with 87 days with 2 
applications for Apligraf. Although promising, additional study with a larger number of subjects is 
needed to evaluate the effect of PriMatrix treatment in comparison with the current SOC. 

Section Summary: Diabetic Lower-Extremity Ulcers 
RCTs have demonstrated the efficacy of Apligraf, Dermagraft, and Integra Dermal Regeneration 
Template over the SOC. Several amniotic membrane products have also been shown to improve 
healing. Additional study with a larger number of subjects is needed to evaluate the effect of Oasis 
Wound Matrix and PriMatrix treatment in comparison with the current SOC. 

Lower-Extremity Ulcers due to Venous Insufficiency 

Apligraf 
Apligraf is a living cell therapy composed of living human keratinocytes and fibroblasts. Falanga et al 
reported a multicenter randomized trial of Apligraf (human skin equivalent) in 1998.54 A total of 293 
patients with venous insufficiency and clinical signs of venous ulceration were randomized to 
compression therapy alone or compression therapy and treatment with Apligraf. Apligraf was applied 
up to a maximum of 5 (mean, 3.3) times per patient during the initial 3 weeks. The primary end points 
were the percentage of patients with complete healing by 6 months after initiation of treatment and the 
time required for complete healing. At 6-month follow-up, the percentage of patients healed was 
increased with Apligraf (63% vs 49%), and the median time to complete wound closure was reduced 
(61 days vs 181 days). Treatment with Apligraf was found to be superior to compression therapy in 
healing larger (>1000 mm2) and deeper ulcers and ulcers of more than 6 months in duration. There were 
no symptoms or signs of rejection, and the occurrence of AEs was similar in both groups. This study 
was reviewed in a 2001 TEC Assessment, which concluded that Apligraf (Graftskin), in conjunction with 
good local wound care, met the TEC criteria for the treatment of venous ulcers that fail to respond to 
conservative management.36 

Dermagraft 
Dermagraft is a living cell therapy composed of cryopreserved human fibroblasts cultured on a 
bioabsorbable mesh. Dermagraft has been approved by FDA for repair of diabetic foot ulcers. Use of 
Dermagraft for venous ulcers is an off-label indication. In 2013, Harding el al reported an open-label 
multicenter RCT that compared Dermagraft plus compression therapy (n=186) versus compression 
therapy alone (n=180).55 The study had numerous inclusion/exclusion criteria that restricted the study 
population to patients who had nonhealing ulcers with compression therapy but had capacity to heal. 
ITT analysis revealed no significant difference between the 2 groups in the primary outcome measure, 
the proportion of patients with completely healed ulcers by 12 weeks (34% Dermagraft vs 31% control). 
Prespecified subgroup analysis revealed a significant improvement in the percent of ulcers healed for 
ulcers of 12 months or less in duration (52% vs 37%) and for ulcers of 10 cm or less (47% vs 39%). 
There were no significant differences in the secondary outcomes of time to healing, complete healing 
by week 24, and percent reduction in ulcer area.  

Oasis Wound Matrix 
Oasis Wound Matrix is a xenogeneic collagen scaffold derived from porcine small intestinal mucosa. In 
2005, Mostow et al reported an industry-sponsored multicenter (12 sites) randomized trial that 
compared weekly treatment with Oasis Wound Matrix versus SOC in 120 patients with chronic ulcers 
due to venous insufficiency that were not adequately responding to conventional therapy.56 Healing was 
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assessed weekly for up to 12 weeks, with follow-up performed after 6 months to assess recurrence. 
After 12 weeks of treatment, there was a significant improvement in the percentage of wounds healed 
in the Oasis group (55% vs 34%). After adjusting for baseline ulcer size, patients in the Oasis group 
were 3 times more likely to achieve healing than those in the group receiving SOC. Patients in the SOC 
group whose wounds did not heal by the 12th week were given the option to cross over to Oasis 
treatment. None of the healed patients treated with Oasis wound matrix who were seen for the 6-month 
follow-up experienced ulcer recurrence.  

A research group in Europe has described 2 comparative studies of the Oasis matrix for mixed 
arterial/venous ulcers. In a 2007 quasirandomized study, Romanelli et al compared the efficacy of 2 
extracellular matrix-based products, Oasis and Hyaloskin (extracellular matrix with hyaluronic acid).57 A 
total of 54 patients with mixed arterial/venous leg ulcers were assigned to the 2 arms based on order of 
entry into the study; 50 patients completed the study. Patients were followed up twice a week, and the 
dressings were changed more than once a week, only when necessary. After 16 weeks of treatment, 
complete wound closure was achieved in 82.6% of Oasis-treated ulcers compared with 46.2% of 
Hyaloskin-treated ulcers. Oasis treatment significantly increased the time to dressing change (mean, 6.4 
days vs 2.4 days), reduced pain on a 10-point scale (3.7 vs 6.2), and improved patient comfort (2.5 vs 
6.7).  

In a 2010 trial, Romanelli et al compared Oasis with a moist wound dressing (SOC) in 23 patients with 
mixed arterial/venous ulcers and 27 patients with venous ulcers.58 The study was described as 
randomized, but the method of randomization was not described. After the 8-week study period, 
patients were followed up monthly for 6 months to assess wound closure. Complete wound closure 
was achieved in 80% of the Oasis-treated ulcers at 8 weeks, compared with 65% of the SOC group. On 
average, Oasis-treated ulcers achieved complete healing in 5.4 weeks compared with 8.3 weeks for the 
SOC group. Treatment with Oasis also increased the time to dressing change (5.2 days vs 2.1 days) and 
the percentage of granulation tissue formed (65% vs 38%).  

PriMatrix 
PriMatrix is a xenogeneic ADM. In 2011, Karr published a retrospective comparison of PriMatrix and 
Apligraf in 28 venous stasis ulcers.53 The first 14 venous stasis ulcers matching the inclusion and 
exclusion criteria for each graft were compared. Criteria were venous stasis ulcers of 4 weeks’ duration, 
at least 1 cm2 in diameter and to a depth of subcutaneous tissue, with healthy tissue at the ulcer edge, 
adequate arterial perfusion to heal, and ability to tolerate compression therapy. The products were 
placed on the wound with clean technique, overlapping the edges of the wound, and secured with 
sutures or staples. The time to complete healing for PriMatrix was 32 days with 1.3 applications 
compared with 63 days with 1.7 applications for Apligraf. Although promising, additional study with a 
larger number of subjects is needed to evaluate the effect of PriMatrix treatment in comparison with the 
current SOC. 

Dehydrated Amniotic Membrane 
In 2014, Serena et al reported an industry-sponsored multicenter open-label RCT that compared EpiFix 
dehydrated amniotic membrane combined with compression therapy to compression therapy alone for 
the treatment of venous leg ulcers.59 Ulcers were included if they were chronic (>1 month in duration); 
extended through the full thickness of the skin but not down to muscle, tendon, or bone; and had been 
treated with compression therapy for at least 14 days. A total of 84 participants were enrolled and 
assigned to a single EpiFix allograft (n=26), 2 allografts (n=27), or compression therapy alone (n=31). 
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The primary outcome, the proportion of patients achieving 40% wound closure at 4 weeks, was 62% in 
the combined EpiFix groups and 32% in the control group (p=0.005). During the 4-week study period, 6 
patients (11.3%) in the combined EpiFix group and 4 (12.9%) in the control group achieved complete 
wound closure. Secondary outcomes, which evaluated the use of 1 versus 2 applications of amniotic 
membrane, showed no significant difference in outcomes (62% vs 63%). Strengths of this study include 
adequate power and ITT analysis with last observation carried forward. Limitations include the lack of 
blinding for wound evaluation and use of 40% closure rather than complete closure. A report was 
published subsequently in 2015 on 44 patients from this RCT (31 had been treated with amniotic 
membrane) found that wounds with at least 40% wound closure at 4 weeks (n=20) had a rate of closure 
of 80% by 24 weeks; however, this was a retrospective study and didn’t take into account additional 
treatments after the 4-week randomized trial period.60  

Section Summary: Lower-Extremity Ulcers due to Venous Insufficiency  
RCTs have demonstrated the efficacy of Apligraf and Oasis Wound Matrix over the SOC. Use of these 
products may be considered medically necessary for lower-extremity ulcers due to venous insufficiency. 
In a moderately large RCT, Dermagraft was not shown to be more effective than controls in the primary 
or secondary end points for the entire population and was slightly more effective than controls (an 8%-
15% increase in healing) only in subgroups of patients with ulcer duration of 12 months or less or size of 
10 cm or less. Given the lack of difference between 1 or 2 applications of EpiFix and the lack of 
difference between the experimental and control groups in complete wound closure at 4 weeks, 
additional study is needed. Additional study with a larger number of subjects is also needed to evaluate 
the effect of PriMatrix treatment in comparison with the current SOC. 

Dystrophic Epidermolysis Bullosa 
Dermagraft had been FDA approved by a Humanitarian Device Exemption (HDE) for the treatment of 
dystrophic epidermolysis bullosa. The manufacturer has since withdrawn Dermagraft from HDE status. 

OrCel is approved by an HDE for use in patients with dystrophic epidermolysis bullosa undergoing hand 
reconstruction surgery, to close and heal wounds created by the surgery, including those at donor sites.  

As this is a rare disorder, it is unlikely that there will be RCTs to evaluate whether OrCel improves health 
outcomes for this condition. Dermagraft is no longer considered medically necessary for this indication, 
due to the withdrawal of HDE status. 

In 2003, Fivenson et al reported the off-label use of Apligraf in 5 patients with recessive dystrophic 
epidermolysis bullosa who underwent syndactyly release.61 

Dermagraft, OrCel, and Apligraf are all living cell therapies. Apligraf is a bilayered cell therapy composed 
of living human keratinocytes and fibroblasts, while OrCel is a bilayered cellular matrix made of bovine 
collagen in which human dermal cells (fibroblasts and keratinocytes) have been cultured. Dermagraft is 
composed of cryopreserved human-derived fibroblasts and collagen on a bioabsorbable mesh.  

Ocular Burns 
A 2012 Cochrane review evaluated the evidence on amniotic membrane transplantation (AMT) for acute 
ocular burns.62 Included in the review was a single RCT from India of 68 patients with acute ocular 
burns who were randomized to treatment with AMT and medical therapy or medical therapy alone. In 
the subset of 36 patients with moderate ocular burns who were treated within 7 days, 13 of 20 (65.0%) 
of control eyes and 14 of 16 (87.5%) of AMT-treated eyes had complete epithelialization by 21 days. 
There was a trend (p=0.09) toward a reduced risk ratio of failure of epithelization in the treatment group. 



  
 

USE SUBJECT TO SUBSCRIPTION AGREEMENT AND TERMS OF USE 
Evidence Street (Site) is a proprietary, subscription-based web platform dedicated to transparent, efficient healthcare evidence reviews. Evidence 
submitted to BCBSA via this Site is considered in the same impartial manner as other evidence provided manually by Subscribers, non-Subscribers, 
and other sources. Subscription or use of this Site will not enhance review of the submitted evidence or influence BCBSA’s impartial evaluation of all 
relevant evidence from all appropriate sources. This Site and BCBSA do not determine medical policy, provide health insurance benefits information, 
or adjudicate coverage claims for any Blue Plan; do not provide medical, legal, or financial advice; and are not intended for consumer use. Each local 
Blue Plan, as an independent entity, determines its own medical policies, benefits, and adjudicates its own members’ claims, and may accept or 
reject information on this Site in its own discretion. Neither BCBSA nor any Blue Plan recommends, endorses, warrants, or guarantees, nor are they 
responsible for damages based on any program, provider, product, or service whose information may appear on this Site. Site content expresses the 
opinion of BCBSA and/or the respective authors cited therein, not those of any Blue Plan. For details, see our Terms of Use and Privacy Policy. 

Blue Cross Blue Shield Association is an association of independent Blue Cross and Blue Shield companies.  
© 2016 Blue Cross Blue Shield Association. 

Original Review Date: Dec 2007 Current Review: Jan 2016  Next Review: Jan 2017  19 
 

Bio-Engineered Skin and Soft Tissue Substitutes   
 

 

 
  
Mean LogMAR (logarithm of the minimum angle of resolution) final visual acuities were 0.06 in the 
treatment group and 0.38 in the control group. In the subset of patients with severe ocular burns treated 
within 7 days, 1 of 17 (5.9%) of AMT-treated eyes and 1 of 15 (6.7%) control eyes were epithelialized by 
day 21. Final visual acuity was 1.77 logMAR in the treated eyes and 1.64 in the control group (not 
significantly different). The risk of bias was considered to be high because of differences between the 
groups at baseline and because outcome assessors could not be masked to treatment. The review 
determined that conclusive evidence supporting the treatment of acute ocular surface burns with AMT 
is lacking. It should also be noted that the amniotic membrane used in this study was fresh frozen and is 
not commercially available. 

Nonocular Burns 

Biomembrane 
A small (N=46) quasirandomized trial compared treatment with amniotic membrane (Biomembrane) 
versus polyurethane membrane (Tegaderm) for patients with second- or third-degree burns covering 
less than 50% total body surface area (BSA).63 Treatment with amniotic membrane significantly reduced 
occurrence of infection (4.3%) compared with treatment with polyurethane (13.0%). Pain during 
dressing was reduced in the group treated with amniotic membrane (43.5% vs 60.9%), while the 
frequency of healing within the 11- to 20-day follow-up was greater (47.8% vs 39.1%). It was not 
reported if the evaluators in this quasirandomized study were blinded to treatment condition. In 
addition, this study did not have a control group treated with medical therapy alone. 

Epicel 
Epicel is FDA approved under an HDE for the treatment of deep dermal or full-thickness burns 
comprising a total BSA of 30% or more. It is unlikely that there will be RCTs to evaluate whether Epicel 
will improve health outcomes for this condition. One case series described the treatment of 30 severely 
burned patients with Epicel.64 The cultured epithelial autografts were applied to a mean of 37% of total 
BSA. Epicel achieved permanent coverage of a mean of 26% of total BSA, an area greater than that 
covered by conventional autografts (mean, 25%). Survival was 90% in these severely burned patients.  

EpiFix 
Although several small trials from the Middle East and Asia have evaluated locally harvested and 
processed amniotic membrane, no RCTs were identified with the commercially available EpiFix amniotic 
membrane. 

Integra Dermal Regeneration Template  
A 2013 study compared Integra versus split-thickness skin graft or viscose cellulose sponge (Cellonex), 
using 3 test sites of 105 cm on each of 10 burn patients.65 The surrounding burn area was covered 
with meshed autograft. Biopsies were taken from each site on days 3, 7, 14, and 21, and at 3 months 
and 12 months. The tissue samples were stained and examined for markers of inflammation and 
proliferation. The Vancouver Scar Scale was used for scar assessment. At 12-month follow-up, the 3 
methods resulted in similar clinical appearance, along with similar histologic and immunohistochemical 
findings. 

In 2007, Branski et al reported a randomized trial of Integra compared with a standard autograft-allograft 
technique in 20 children with an average burn size of 73% total BSA (71% full-thickness burns).66 Once 
vascularized (about 14-21 days), the Silastic epidermis was stripped and replaced with thin (0.05-0.13 
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mm) epidermal autograft. There were no significant differences between the Integra group and controls 
in burn size (70% vs 74% total BSA), mortality (40% vs 30%), and length of stay (41 vs 39 days, all 
respectively). Long-term follow-up revealed a significant increase in bone mineral content and density 
(24 months) and improved scarring in terms of height, thickness, vascularity, and pigmentation (12 
months and 18-24 months) in the Integra group. No differences were observed between the groups in 
the time to first reconstructive procedure, cumulative reconstructive procedures required during 2 years, 
and the cumulative operating room time required for these procedures. The authors concluded that 
Integra can be used for immediate wound coverage in children with severe burns without the 
associated risks of cadaver skin.  

In 2003, Heimbach et al reported a multicenter (13 U.S. burn care facilities) postapproval study involving 
222 burn injury patients (36.5% total BSA; range, 1%-95%) who were treated with Integra Dermal 
Regeneration Template.67 Within 2 to 3 weeks, the dermal layer regenerated, and a thin epidermal 
autograft was placed over the wound. The incidence of infection was 16.3%. Mean take rate (absence 
of graft failure) of Integra was 76.2%; the median take rate was 98%. The mean take rate of epidermal 
autograft placed over Integra was 87.7%; the median take rate was 95%.  

OrCel 
There is limited evidence to support the efficacy of OrCel compared with the SOC for the treatment of 
split-thickness donor sites. In 2003, Still et al examined the safety and efficacy of bilayered OrCel to 
facilitate wound closure of split-thickness donor sites in 82 severely burned patients.68 Each patient had 
2 designated donor sites that were randomized to receive a single treatment of either OrCel or the 
standard dressing (Biobrane-L). The healing time for OrCel sites was significantly shorter than for sites 
treated with a standard dressing, enabling earlier recropping. OrCel sites also exhibited a nonsignificant 
trend for reduced scarring. Additional studies are needed to evaluate the effect of this product on health 
outcomes.  

TransCyte 
In 2001, Lukish et al compared 20 consecutive cases of pediatric burns greater than 7% total BSA that 
underwent wound closure with TransCyte with the previous 20 consecutive burn cases greater than 7% 
total BSA that received standard therapy.69 Standard therapy consisted of application of antimicrobial 
ointments and hydrodébridement. Only 1 child in the TransCyte group required autografting (5%) 
compared with 7 children in the standard therapy group (35%). Children treated with TransCyte had a 
statistically significant decreased length of stay compared with those receiving standard therapy (5.9 
days vs 13.8 days, respectively).  

In 2006, Amani et al compared results from 110 consecutive patients with deep partial-thickness burns 
who were treated with TransCyte with data from the American Burn Association Patient Registry.70 
Significant differences were found in patients who were treated with dermabrasion and TransCyte 
compared with the population in the Registry. Patients with 0% to 19.9% total BSA burn treated with 
dermabrasion and TransCyte had length of stay of 6.1 days versus 9.0 days (p<0.001). Those with 20% 
to 39.9% total BSA burn had length of stay of 17.5 days versus 25.5 days. Patients who had 40% to 
59.9% total BSA burn had length of stay of 31 versus 44.6 days. The authors found this new method of 
managing patients with partial-thickness burns to be more efficacious and to significantly reduce length 
of stay compared with traditional management. 
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Traumatic and Surgical Wounds 
A 2013 RCT examined the efficacy of Keramatrix keratin dressing on partial-thickness skin graft donor 
sites.71 Keramatrix was placed side by side with standard dressing in this within-subject RCT of 26 
patients. Split-skin graft donor sites were chosen for the study because they provide uniform thickness 
wounds for comparisons. Wound healing was assessed as a percent epithelialization, rather than the 
preferred outcome of percentage of wounds healed and time to complete healing. In patients more than 
50 years of age, blinded evaluation found median wound healing of 5% with standard dressing and 10% 
with Keramatrix (range, 0-100; p=0.023). In patients ages 50 years or younger, median epithelialization 
was 80% at 7 days (range, 0-100) and there was no significant difference in percent healed between the 
treatment and control portions of the wound. Study in a larger number of patients/wounds with 
complicating factors is needed.  

Use of Integra Dermal Regeneration Template has been reported in small case series (<20 patients) for 
the treatment of severe wounds with exposed bone, joint and/or tendon.72-74 No controlled trials were 
identified. 

Other 
In addition to indications previously reviewed, off-label uses of bio-engineered skin substitutes have 
included pressure ulcers, inflammatory ulcers such as pyoderma gangrenosum and vasculitis, 
scleroderma digital ulcers, postkeloid removal wounds, genetic conditions, and variety of other 
conditions.75 In addition, products that have been FDA approved/cleared for 1 indication (eg, lower-
extremity ulcers) have been used off-label in place of other FDA approved/cleared products (eg, for 
burns).76 No controlled trials were identified for these indications. Therefore, they are considered 
investigational. 

Ongoing and Unpublished Clinical Trials 
Some currently unpublished trials that might influence this review are listed in Table 1. 

Table 1. Summary of Key Trials  
NCT No. Trial Name Planned 

Enrollment 
Completion 

Date 

Ongoing    
NCT02120755a A Randomized Comparison of AmnioClear™ Human Allograft 

Amniotic Membrane vs. Moist Wound Dressing in the Treatment of 
Diabetic Wounds 

60 Unknown 

NCT02399826a A Prospective, Randomized, Comparative Parallel Study of Amniotic 
Membrane Graft in the Management of Diabetic Foot Ulcers 

40 Jan 2016 

NCT02609594a A Multi-center Randomized Controlled Clinical Trial Evaluating Two 
Application Regimens of Amnioband Dehydrated Human Amniotic 
Membrane and Standard of Care vs. Standard of Care Alone in the 
Treatment of Venous Leg Ulcers 

240 Dec 2016 

NCT: national clinical trial.  
a Denotes industry-sponsored or cosponsored trial. 
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Summary of Evidence 

Surgical Repair 
The evidence on bioengineered soft-tissue substitutes for individuals undergoing surgical repair incudes 
randomized controlled trials (RCTs). Relevant outcomes are symptoms, morbid events, functional 
outcomes, quality of life, and treatment-related morbidity. Overall, there are a limited number of soft-
tissue substitutes, and the evidence is limited for any specific product. Following is a description of the 
evidence for specific indications. 

Breast Reconstruction 
The extensive data from controlled cohorts and case series about the usefulness of this procedure in 
providing inferolateral support for breast reconstruction supports the use of acellular dermal matrix 
(ADM) allograft (ie, AlloDerm, AlloMax, DermaMatrix, FlexHD, Graftjacket) in breast reconstruction 
when there is insufficient tissue expander or implant coverage by the pectoralis major muscle and 
additional coverage is required; when there is viable but compromised or thin postmastectomy skin 
flaps that are at risk of dehiscence or necrosis; or when the inframammary fold and lateral mammary 
folds have been undermined during mastectomy and reestablishment of these landmarks is needed. 
The evidence is sufficient to determine qualitatively that the technology results in a meaningful 
improvement in the net health outcome. 

Interpositional Graft After Parotidectomy  
Two lower quality controlled trials were identified that demonstrated a reduction in the incidence of Frey 
syndrome with use of an interpositional ADM allograft. Neither study described the method of group 
assignment or blinding of patients and assessors. The evidence is insufficient to determine the effects of 
the technology on health outcomes. 

Tendon Repair 
One small RCT was identified that found improved outcomes with Graftjacket ADM allograft for rotator 
cuff repair. Although these results are promising, additional study with a larger number of subjects is 
needed. The evidence is insufficient to determine the effects of the technology on health outcomes. 

Fistula Repair 
One RCT was identified that used an ADM allograft that has not been cleared for marketing in the 
United States. The evidence is insufficient to determine the effects of the technology on health 
outcomes. 

Surgical Repair of Hernias 
The limited evidence available does not support the efficacy of any tissue-engineered skin substitute for 
surgical repair of hernias. The evidence is sufficient to determine qualitatively that the technology is 
unlikely to improve the net health outcome. 

Oral Surgery 
Use of an ADM allograft (AlloDerm) has been reported for root coverage therapy and oral cavity 
reconstruction following surgical removal of tumors. Although AlloDerm may possibly result in less scar 
contracture, results to date have not shown an improvement over the standard of care. The evidence is 
insufficient to determine the effects of the technology on health outcomes. 
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Laryngoplasty 
The effect of micronized ADM (eg, Cymetra) in laryngoplasty has been reported in case series. Longer 
term controlled study in a larger number of patients is needed to determine the durability of this 
procedure and to evaluate the safety of repeat injections. The evidence is insufficient to determine the 
effects of the technology on health outcomes. 

Tympanoplasty 
AlloDerm ADM has been compared with native tissue grafts in a non-RCT. There was no significant 
difference in the success rate of the graft (88% for AlloDerm, 89% for fascia grafts, 96.7% for cartilage 
plus fascia), and there was no significant difference in hearing between the groups at follow-up. Longer-
term controlled study in a larger number of patients is needed to determine the durability of this 
procedure. The evidence is insufficient to determine the effects of the technology on health outcomes. 

Chronic Wounds 
The evidence on bioengineered skin substitutes for individuals with chronic wounds includes RCTs. 
Relevant outcomes include disease-specific survival, symptoms, change in disease status, morbid 
events, and quality of life. Overall, the number of bio-engineered skin substitutes is large, but the 
evidence is limited for any specific product. Relatively few products have been compared with the 
standard of care, and then only for some indications. Some comparative trials have been identified for 
use in lower-extremity ulcers (diabetic or venous) and for treatment of burns. In these trials, there is a 
roughly 15% to 20% increase in the rate of healing. Several other products/indications are supported by 
a U.S. Food and Drug Administration (FDA) humanitarian device exemption. Following is a description 
of the evidence for specific indications. 

Diabetic Lower-Extremity Ulcers 
 RCTs have demonstrated the efficacy of Apligraf, Dermagraft (ADM), and Integra Dermal 

Regeneration Template (biosynthetic) over the standard of care. Several amniotic membrane 
products have also been shown to improve healing. The evidence is sufficient to determine 
qualitatively that the technology results in a meaningful improvement in the net health outcome.  

 Additional study with a larger number of subjects is needed to evaluate the effect of xenogenic 
skin substitutes (eg Oasis Wound Matrix and PriMatrix) in comparison with the current standard 
of care. The evidence is insufficient to determine the effects of the technology on health 
outcomes. 

Lower-Extremity Ulcers due to Venous Insufficiency 
 RCTs have demonstrated the efficacy of Apligraf ADM and xenogenic Oasis Wound Matrix over 

the standard of care. The evidence is sufficient to determine qualitatively that the technology 
results in a meaningful improvement in the net health outcome.  

 In a moderately large RCT, Dermagraft ADM was not shown to be more effective than controls 
in the primary or secondary end points for the entire population and was slightly more effective 
than controls (an 8%-15% increase in healing) only in subgroups of patients with ulcer duration 
of 12 months or less or size of 10 cm or less. The evidence is insufficient to determine the 
effects of the technology on health outcomes. 

 In a randomized comparison of EpiFix amniotic membrane versus standard of care that used a 
primary outcome measure of 40% wound healing, there was no difference between 1 or 2 
applications of EpiFix and no difference between the experimental and controls groups in 
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complete wound closure at 4 weeks. Additional study is needed. Additional study with a larger 
number of subjects is also needed to evaluate the effect of the xenogenic PriMatrix skin 
substitute in comparison with the current standard of care. The evidence is insufficient to 
determine the effects of the technology on health outcomes. 

Burns, Skin Grafts, and Traumatic Wounds 
The evidence on bio-engineered soft-tissue substitutes for individuals with burns, skin grafts, and 
traumatic wounds includes RCTs. Relevant outcomes are symptoms, morbid events, functional 
outcomes, quality of life, and treatment-related morbidity. Overall, there are a limited number of soft-
tissue substitutes, and the evidence is limited for any specific product. Following is a description of the 
evidence for specific indications. 

Dystrophic Epidermolysis Bullosa 
OrCel (living cell therapy) has received approval via a Humanitarian Device Exemption. As this is a rare 
disorder, it is unlikely that there will be RCTs. The evidence is insufficient to determine the effects of the 
technology on health outcomes. 

Ocular Burns 
The evidence is insufficient to determine the effects of the technology on health outcomes. 

Nonocular Burns 
Epicel (living cell therapy) is FDA-approved under a humanitarian device exemption for the treatment of 
deep dermal or full-thickness burns comprising a total body surface area of 30% or more. The evidence 
is insufficient to determine the effects of the technology on health outcomes. 

Comparative studies have demonstrated improved outcomes for the biosynthetic skin substitutes 
Integra Dermal Regeneration Template and TransCyte for the treatment of burns. The evidence is 
sufficient to determine qualitatively that the technology results in a meaningful improvement in the net 
health outcome. 

Traumatic and Surgical Wounds 
Keramatrix (xenogenic skin substitute) was compared with standard of care in a small RCT for healing of 
skin graft donor sites. Results overall are equivocal. Study in a larger number of patients/wounds is 
needed. Use of biosynthetic Integra Dermal Regeneration Template has been reported in small case 
series (<20 patients) for the treatment of severe wounds with exposed bone, joint, and/or tendon. 
Controlled trials are needed to evaluate this product/indication. The evidence is insufficient to determine 
the effects of the technology on health outcomes. 

SUPPLEMENTAL INFORMATION 

Practice Guidelines and Position Statements 

American Society of Plastic Surgeons and Wound Healing Society 
Review of the literature for 2013 guidelines from the American Society of Plastic Surgeons (ASPS) found 
that evidence suggests that the use of ADM, although increasingly common in postmastectomy 
expander/implant breast reconstruction, can result in increased risk of complications in the presence of 
certain risk factors.77 ASPS notes that cellular dermal matrix is currently used to increase soft tissue 
coverage, support the implant pocket, improve contour, and reduce pain with expansion. However, 
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evidence to support these improved surgical outcomes are limited. Some evidence suggests that use of 
ADM is associated with increased postoperative complications, specifically related to infection and 
seroma. Overall, ASPS found that evidence on ADM products in postmastectomy expander/implant 
breast reconstruction is varied and conflicting, and gave a grade C recommendation based on level III 
evidence that surgeons should evaluate each clinical case individually and objectively determine the use 
of ADM. 

In 2006, ASPS endorsed guidelines from the Wound Healing Society (WHS) on the treatment of arterial 
insufficiency ulcers.78 The guidelines state that extracellular matrix replacement therapy appears to be 
promising for mixed ulcers and may have a role as an adjuvant agent in arterial ulcers, but further study 
is required (level IIIC). “Despite the existence of animal studies, case series, and a small number of 
random control trials to support biomaterial use for pressure ulcers, diabetic ulcers, and venous ulcers; 
there are no studies specifically on arterial ulcers. Therefore, studies in arterial ulcers must be conducted 
before the recommendation can be made.” 

ASPS endorsed guidelines from WHS on the treatment of venous ulcers in 2006.79 The guidelines state 
that various skin substitutes or biologically active dressings are emerging that provide temporary wound 
closure and serve as a source of stimuli (eg, growth factors) for healing of venous ulcers. Guideline 
#7b.1 states that there is evidence that a bilayered artificial skin (biologically active dressing), used in 
conjunction with compression bandaging, increases the chance of healing a venous ulcer compared 
with compression and a simple dressing (level I). 

ASPS also endorsed guidelines from WHS on the treatment of diabetic ulcers in 2006.80 The guidelines 
state that healthy living skin cells assist in healing diabetic foot ulcers by releasing therapeutic amounts 
of growth factors, cytokines, and other proteins that stimulate the wound bed. Guideline 7.2.2 states 
that living skin equivalents may be of benefit in healing diabetic foot ulcers (level I).  

The 2007 guidelines from ASPS on chronic wounds of the lower extremity state that maintaining a 
moist environment, while simultaneously removing soluble factors detrimental to wound healing, might 
logically provide optimal conditions for wound healing.81 Classic dressings include gauze, foam, 
hydrocolloid, and hydrogels. Fluid-handling mechanisms include absorption, gelling, retention, and 
vapor transmission. Bioactive dressings include topical antimicrobials, bio-engineered composite skin 
equivalent, bilaminar dermal regeneration template, and recombinant human growth factor. 

National Institute for Health and Care Excellence 
In 2015, the U.K.’s National Institute for Health and Care Excellence (NICE) published clinical guidelines 
on the prevention and management of diabetic foot problems.82 NICE recommends that clinicians 
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. 

American College of Foot and Ankle Surgeons  
The 2006 clinical consensus statement [previously called clinical practice guideline] on diabetic foot 
disorders from the American College of Foot and Ankle Surgeons states that bio-engineered tissues 
have been shown to significantly increase complete wound closure in venous and diabetic foot ulcers.83 
Tissue-engineered skin substitutes can function both as biologic dressings and as delivery systems for 
growth factors and extracellular matrix components through the activity of live human fibroblasts 
contained in their dermal elements. Currently, 2 bio-engineered tissues have been approved to treat 
diabetic foot ulcers in the United States: Apligraf and Dermagraft; both have demonstrated efficacy in 
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RCTs. Apligraf has been shown to significantly reduce the time to complete wound closure in venous 
and diabetic ulcers. Regenerative tissue matrix (Graftjacket) is used in diabetic foot ulcers, although it 
had not undergone any RCTs at the time of this guideline. This allograft skin is minimally processed to 
remove epidermal and dermal cells while preserving the bioactive components and structure of dermis. 
This results in a framework that supports cellular repopulation and vascularization. Oasis, composed of 
structural cellular components and growth factors used to promote natural tissue remodeling, 
completed a randomized trial that showed noninferiority to becaplermin gel in the healing of diabetic 
foot ulcers. Integra Dermal Regeneration Template, a collagen-chondroitin sponge overlaid with silicone 
originally developed for burns, has been shown to be ideally suited to chronic and pathologic wounds. 

Infectious Diseases Society of America 
The 2012 guidelines from the Infectious Diseases Society of America state that for selected diabetic foot 
wounds that are slow to heal, clinicians might consider using bio-engineered skin equivalents (weak 
recommendation, moderate evidence), growth factors (weak, moderate), granulocyte colony-stimulating 
factors (weak, moderate), hyperbaric oxygen therapy (strong, moderate), or negative pressure wound 
therapy (weak, low).84 It is emphasized that none of these measures have been shown to improve 
resolution of infection and that they are expensive, not universally available, may require consultation 
with experts, and reports supporting their utility are mostly flawed. 

Agency for Healthcare Research and Quality 
A 2012 Technology Assessment from the Agency for Healthcare Research and Quality does not make a 
formal recommendation for bio-engineered skin and soft tissue substitutes.4 The Assessment notes that 
autologous tissue grafting is an invasive and painful procedure and often the extent of damaged skin is 
too large to be covered by autologous tissue graft alone. A variety of skin substitutes and alternatives 
are designed to replace the damaged epithelial and dermal layers of skin, and many of the conditions 
and biological factors needed in the healing process may be provided by the substitute skin products.  

U.S. Preventive Services Task Force Recommendations 
Not applicable. 

Medicare National Coverage 
Centers for Medicare and Medicaid Services (CMS) has issued the following national coverage 
determination: Porcine (pig) skin dressings are covered, if reasonable and necessary for the individual 
patient as an occlusive dressing for burns, donor sites of a homograft, and decubiti and other ulcers.85 

Since 2014, CMS no longer distinguishes between different skin substitutes and will classify them as 
either high cost or low cost.86 CMS will package skin substitutes of the same class into the associated 
surgical procedures for hospital outpatient departments and ambulatory surgical centers. A separate 
payment might be made if the item is furnished on a different date of service as the primary service. 

Regulatory Status 
There are a large number of artificial skin products that are commercially available or in development. 
The following summary of commercially available skin substitutes describes those products that have 
substantial relevant evidence on efficacy. Information on other artificial skin and soft tissue substitutes 
that are available in the United States may be found in a 2012 Technology Assessment from the Agency 
for Healthcare Research and Quality.4  
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Acellular Dermal Matrix 
Allograft acellular dermal matrix (ADM) products derived from donated human skin tissue are supplied 
by U.S. AATB-compliant tissue banks using the standards of the American Association of Tissue Banks 
(AATB) and U.S. Food and Drug Administration (FDA) guidelines. The processing removes the cellular 
components (ie, epidermis and all viable dermal cells) that can lead to rejection and infection. ADM 
products from human skin tissue are regarded as minimally processed and not significantly changed in 
structure from the natural material; FDA classifies it as banked human tissue and therefore, does not 
require FDA approval.  

 AlloDerm® (LifeCell Corp.) is an ADM (allograft) tissue-replacement product that is created from 
native human skin and processed so that the basement membrane and cellular matrix remain 
intact. Originally, AlloDerm required refrigeration and rehydration before use. It is currently 
available in a ready-to-use product that is stored at room temperature. An injectable micronized 
form of AlloDerm (Cymetra) is also available.  

 AlloMax™ Surgical Graft (Bard Davol) is an acellular non-cross-linked human dermis allograft. 
(AlloMax was previously marketed as NeoForm™.) 

 FlexHD® (Ethicon) is an acellular hydrated dermis derived from donated human allograft skin. 
The Musculoskeletal Transplant Foundation acquires and processes the tissue. 

 DermACELL™ (LifeNet Health) is an allogeneic ADM processed with proprietary technologies 
MATRACELL® and PRESERVON®.  

 DermaMatrix™ (Synthes) is a freeze-dried ADM (allograft) derived from donated human skin 
tissue. DermaMatrix Acellular Dermis is processed by the Musculoskeletal Transplant 
Foundation® (MTF®).  

 DermaPure™ (Tissue Regenix Wound Care) is a single-layer decellularized human dermal 
allograft for the treatment of acute and chronic wounds. 

 Graftjacket® Regenerative Tissue Matrix (also called Graftjacket Skin Substitute, KCI) is an 
acellular regenerative tissue matrix that has been processed from human skin supplied from 
U.S. tissue banks. The allograft is minimally processed to remove the epidermal and dermal 
cells, while preserving dermal structure. Graftjacket Xpress® is an injectable product. 

FDA product code: FTM, OXF. 

Xenogenic 
Keramatrix® (Keraplast Research) is an open-cell foam comprised of freeze-dried keratin that is acellular 
animalderived. In 2009, it was cleared for marketing by FDA through the 510(k) marketing process 
under the name of Keratec. The wound dressings are indicated in the management of the following 
types of dry, light, and moderately exudating partial and full-thickness wounds, pressure (stage I-IV) and 
venous stasis ulcers, ulcers caused by mixed vascular etiologies, diabetic ulcers, donor sites, and grafts.  

Helicoll (Encol) is an acellular collagen matrix from bovine dermis. In 2004, it was cleared by FDA 
through the 510(k) process for topical wound management that includes partial and full-thickness 
wounds, pressure ulcers, venous ulcers, chronic vascular ulcers, diabetic ulcers, trauma wounds (eg, 
abrasions, lacerations, second-degree bums, skin tears), and surgical wounds including donor 
sites/grafts. 

Permacol™ (Covidien) is xenogeneic and composed of cross-linked porcine dermal collagen. Cross-
linking improves the tensile strength and long-term durability, but decreases pliability. 
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PriMatrix™ (TEI Biosciences) is a xenogeneic ADM processed from fetal bovine dermis. It was cleared 
for marketing by FDA through the 510(k) process for partial- and full-thickness wounds; diabetic, 
pressure, and venous stasis ulcers; surgical wounds; and tunneling, draining, and traumatic wounds. 
FDA product code: KGN. 

SurgiMend® PRS (TEI Biosciences) is a xenogeneic ADM processed from fetal bovine dermis. This 
product is currently undergoing an FDA-regulated investigational device exemption (IDE) trial for breast 
reconstruction.  

Strattice™ Reconstructive Tissue Matrix (LifeCell Corp.) is a xenogenic non-cross-linked porcine-derived 
ADM. There are pliable and firm versions, which are stored at room temperature and come fully 
hydrated. 

OASIS™ Wound Matrix (Cook Biotech) is a xenogeneic collagen scaffold derived from porcine small 
intestinal mucosa. In 2000, it was cleared for marketing by FDA through the 510(k) process for the 
management of partial- and full-thickness wounds including pressure ulcers, venous ulcers, diabetic 
ulcers, chronic vascular ulcers, tunneled undermined wounds, surgical wounds, trauma wounds, and 
draining wounds. FDA Product code: KGN. 

Amniotic Membrane 
Amniotic membrane consists of 2 conjoined layers, the amnion and chorion, and forms the innermost 
lining of the amniotic sac or placenta.5 It is harvested immediately after birth, cleaned, sterilized, and 
either fresh frozen or dehydrated. Human amniotic membrane is considered to be minimally processed 
and not significantly changed in structure from the natural material; FDA classifies it as banked human 
tissue and, therefore, it does not require FDA approval. Amniotic membrane sheet products include 
Affinity™(NuTech Medical), AlloWrap™ (AlloSource), AmnioBand and GUARDIAN (Musculoskeletal 
Transplant Foundation), AmnioGraft® (Bio-Tissue), BioDfence™ and BioDDryFlex® (both from BioD), 
Biovance® (Alliqua Biomedical), Dermavest™ and Plurivest™ (Aedicell), EpiFix® (dehydrated- MiMedix) 
Neox®1000 (Amniox® Medical), Grafix® Prime and Grafix® Core (cryopreserved, Osiris), NuShield™ 
(NuTech Medical), Revitalon™ (previously known as AmnioClear, Medline Industries). Injectable 
amniotic membrane products, such as AmnioFix® (MiMedix), are discussed in evidence review 
7.01.149. 

Living Cell Therapy 
Apligraf® (Organogenesis) is a bilayered living cell therapy composed of an epidermal layer of living 
human keratinocytes and a dermal layer of living human fibroblasts. Apligraf® is supplied as needed, in 
one size, with a shelf-life of 10 days. In 1998, it was approved by FDA for use in conjunction with 
compression therapy for the treatment of noninfected, partial- and full-thickness skin ulcers due to 
venous insufficiency and in 2001 for full-thickness neuropathic diabetic lower-extremity ulcers 
nonresponsive to standard wound therapy. FDA product code: FTM. 

Dermagraft® (Organogenesis) is composed of cryopreserved human-derived fibroblasts and collagen 
derived from newborn human foreskin and cultured on a bioabsorbable polyglactin mesh scaffold. 
Dermagraft has been approved by FDA for repair of diabetic foot ulcers. FDA product code: PFC. 

TheraSkin® (Soluble Systems) is a cryopreserved human skin allograft composed of living fibroblasts 
and keratinocytes and an extracellular matrix in epidermal and dermal layers. TheraSkin® is derived from 
human skin allograft in compliance with the AATB and FDA guidelines. It is considered a minimally 
processed human cell, tissue, and cellular- and tissue-based product (HCT/P) by the FDA. 
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Epicel® (Genzyme Biosurgery) is a cultured epithelial autograft and is FDA-approved under an HDE for 
the treatment of deep dermal or full-thickness burns comprising a total body surface area of 30% or 
more. It may be used in conjunction with split-thickness autografts or alone in patients for whom split-
thickness autografts may not be an option due to the severity and extent of their burns. FDA product 
code: OCE. 

OrCel™ (Forticell Bioscience; formerly Composite Cultured Skin) is an absorbable allogeneic bilayered 
cellular matrix, made of bovine collagen, in which human dermal cells have been cultured. It was 
approved by FDA premarket approval for healing donor site wounds in burn victims and under an HDE 
for use in patients with recessive dystrophic epidermolysis bullosa undergoing hand reconstruction 
surgery to close and heal wounds created by the surgery, including those at donor sites. FDA product 
code: ODS. 

Biosynthetic 
Biobrane®/Biobrane-L (Smith and Nephew) is a biosynthetic wound dressing constructed of a silicon 
film with a nylon fabric partially imbedded into the film. The fabric creates a complex 3-dimensional 
structure of trifilament thread, which chemically binds collagen. Blood/sera clot in the nylon matrix, 
adhering the dressing to the wound until epithelialization occurs. FDA product code: FRO. 

Integra® Dermal Regeneration Template (marketed as Omnigraft Dermal Regeneration Matrix, Integra 
LifeSciences) is a bovine, collagen/glycosaminoglycan dermal replacement covered by a silicone 
temporary epidermal substitute. It was approved by FDA for use in postexcisional treatment of life-
threatening full-thickness or deep partial-thickness thermal injury where sufficient autograft is not 
available at the time of excision or not desirable because of the physiologic condition of the patient. 
Integra™ Matrix Wound Dressing and Integra™ meshed Bilayer Wound Matrix are substantially 
equivalent skin substitutes approved by FDA through the 510(k) process for other indications. Integra® 
Bilayer Wound Matrix (Integra LifeSciences) is designed to be used in conjunction with negative 
pressure wound therapy. The meshed bilayer provides a flexible wound covering and allows drainage of 
wound exudate. FDA product code: MDD. 

TransCyte™ (Advanced Tissue Sciences) consists of human dermal fibroblasts grown on nylon mesh, 
combined with a synthetic epidermal layer and was approved by FDA in 1997. TransCyte is intended to 
be used as a temporary covering over burns until autografting is possible. It can also be used as a 
temporary covering for some burn wounds that heal without autografting. 

Synthetic 
Suprathel® (PolyMedics Innovations) is a synthetic copolymer membrane fabricated from a tripolymer of 
polylactide, trimethylene carbonate, and s-caprolactone. It is used to provide temporary coverage of 
superficial dermal burns and wounds. Suprathel® is covered with gauze and a dressing that is left in 
place until the wound has healed. 
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received FDA approval and Noridian, in conjunction with other 
contractors are studying these interventions to determine coverage. At 
this time, we will leave 0281T as non-covered. In addition, until new 
codes are issued indication that these are separate procedures, the 
descriptor “resection/ligation of atrial appendage” shall remain in 
Group 2 as a component of another service. 

https://www.cms.gov/medicare-coverage-database/details/article-details.aspx?articleId=54305&ver=4&ContrId=364&ContrVer=1&LCDId=35212&kq=1343106097&ua=highwire%7cchrome&displayPDFNote=Y&IsPopup=y&%23Top
https://www.cms.gov/medicare-coverage-database/details/article-details.aspx?articleId=54305&ver=4&ContrId=364&ContrVer=1&LCDId=35212&kq=1343106097&ua=highwire%7cchrome&displayPDFNote=Y&IsPopup=y&


Decision-DX UM. We received nine comments regarding 
the Decision-DX UM test for uveal melanoma. Most of the 
letters were testimonials, but one letter was accompanied 
by supportive literature. 

Noridian will consider coverage on a case-by-case basis provided that 
the patient has a confirmed diagnosis of uveal melanoma, has no 
evidence for metastasis, the test is performed only once for the 
beneficiary, and the beneficiary’s information has been entered in the 
appropriate registry. 

Skin Substitutes. We received 13 comments regarding 
various skin substitutes mostly one known as Grafix. 

Medicare considers “dressings” as generally bundled services that are 
not paid separately. But Medicare considers “grafts” as separately 
payable. Over the last decade, the number of skin substitute products on 
the market has dramatically increased, but utilization still remains 
relatively low. Consequently, Noridian has decided, at least for the short 
term, to allow coverage for those products with a HCPCS code in the 
Q4xxx range. This section is being removed for this LCD. 

83698, PLA2 Test. We received 23 comments on the test 
for lipoprotein associated phospholipase with mixed 
advice. Many commenters provided testimonials on the 
usefulness of this test, some on its lack of usefulness. 
Three comments were substantial with references included. 

Noridian’s review of these references indicates that this test is not used 
in guiding therapy. The primary therapy that could be affected by the 
results of this test is statin therapy for hypercholesterolemia. Current 
national guidelines offer no role for this test in initiating, monitoring or 
adjusting statin therapy. 

82172. We received five comments regarding coverage for 
apoliprotein including two with extensive references which 
we reviewed. 

Like the lipoprotein associated phospholipase, the clinical utility for this 
test remains unproven. The most recent national guidelines for 
management of hypercholesterolemia do not include a role for these 
assays. 

Procalcitonin 84145. One person provided a testimonial on 
the usefulness of procalcitonin assays. The comment 
included two pertinent papers regarding the relationship 
between sepsis and procalcitonin. 

This LCD affects services paid in outpatient settings and does not affect 
services performed during an inpatient hospital stay. The studies 
included with this comment involved persons evaluated during acute 
hospitals stays, so would not be affected by this LCD. [N.B. not for 
publication: Recent articles have been less supportive of the role for 
procalcitonin] 

Ova-1. Three persons commented on the usefulness of the 
OVA-1 genetic test and provided references to published 
studies. 

Since the publication of this draft, Noridian has worked with Palmetto 
GBA and is using the coverage determinations promulgated by the 
MolDx program at Palmetto. Coverage of the Ova-1 test, coded with 
81503, has been considered by the MolDx program, so will be removed 



from this LCD to avoid duplicated efforts. 

Prolaris. One comment was received on the clinical utility 
of Prolaris assay accompanied by numerous supporting 
articles. 

This assay is being removed from this policy and a separate LCD has 
been promulgated. 

Argus II. We received two comments regarding coverage 
insertion of the ARGUS-II retinal device. This is currently 
billed with the Category III CPT Code 0100T. 

While this technology is an exciting technical achievement the Noridian 
medical directors have carefully reviewed the published studies and do 
not see sufficient evidence to support coverage at this time. The studies 
fail to provide measurable evidence for an improvement in the patient’s 
activities of daily living. We understand that additional studies may be 
in progress and may provide additional data when they become 
available. 

SI-Fusion. Three comments regarded percutaneous sacro-
iliac fusion. All three were testimonials and did not include 
copies of published studies. 

For 2014, CPT issued a new Category I code for this service and is 
grouped with the open procedure for a similar service. Noridian has 
removed this service from the Non-covered services LCD, but is 
concerned that this procedure has limited usefulness and may develop 
an LCD dealing with both procedures. 

0042T. One testimonial was received regarding CT 
cerebral perfusion analysis, but was accompanied by no 
published studies or references. 

This was insufficient information for coverage. 

QST. We received two comments supporting the use of 
QST test (0106T-0110T). One of the comments included a 
single reference to a published paper. 

Upon review of that single published study, we do not think that the 
clinical utility of this study has been demonstrated. Therefore this 
service shall remain non-covered. 

Knee Osteochondral Grafts (27415, 27416, 29866, 29868). 
One comment provided extensive literature regarding 
osteochondral grafting procedures. 

There is impressive published literature on this service, but Medicare 
claims data indicate that less than 30 of these procedures are performed 
annually on Medicare beneficiaries. Consequently, we will remove 
these services from the Non-covered services LCD for the present time. 

Transforaminal US Guided Interventions (0228T, 0229T, 
0230T, 0231T). One comment reported on the use of 
ultrasound guided transforaminal injections and was 
accompanied by four abstracts. 

These procedures are usually performed under fluoroscopy. The 
published abstracts indicate that ultrasound guidance may offer some 
utility and this contractor had previously allowed coverage based on 
these scanty reports. So these services will be removed from this LCD. 



Artificial Disc (22856, 22861). One comment asked for 
coverage of total disc arthroplasty (cervical) and revisions 
for the lumbar disc arthroplasty providing numerous 
references. 

These are rarely performed procedures in the Medicare population with 
less than 150 in 2013 and fewer than that in prior years. At this time we 
do not believe that there are sufficient data regarding the long term 
safety and efficacy for general coverage. 

Laboratory Developed Tests. One comment regarded non-
coverage of non-FDA approved tests. 

This LCD does not provide a blanket non-coverage of laboratory 
approved tests nor of tests not cleared or reviewed by the FDA. The 
language in the Indications and Limitations Section provide examples 
of reasons for coverage. Most of the laboratory developed assays that 
have caused concern lately are those tests considered by the MolDx 
project which is a separate initiative and is not related to the LCD. 

 



 



CLINICAL SUMMARY
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Many of the wound care products available today have limited clinical evidence to support their use.  A decision was made early on 
to invest in high quality clinical evidence that supports the appropriate use of MIST Therapy to assist medical professionals in their 
wound care treatment decisions.  

CLINICAL EVIDENCE LEVEL I-III SUMMARY
MIST Therapy was introduced into the market in late 2004 and has been investigated in a variety of Level I-III Clinical Studies 
including one (1) meta-analysis, eight (8) randomized controlled trials, two (2) prospective, six (6) retrospective, and two (2) 
observational studies.

Few wound care technologies have the clinical evidence to support a meta-analysis.  In the meta-analysis using only MIST Therapy 
ultrasound clinical data, eight (8) peer-reviewed studies with consistent designs for treatment and control wound groups were 
pooled to review the effects of MIST Therapy on healing time, wound size, volume, and pain.  The authors concluded that “MIST 
Therapy demonstrates remarkable consistency of reduction in wound area, volume, pain and healing times across a wide range of 
wounds.”

Clinical Evidence

The results of these Level I-III studies demonstrate accelerated wound healing in patients with multiple comorbidities.  
When compared to standard of care results, MIST Therapy provides nearly twice the healing in the same period of time as 
traditional Standard of Care (SOC).  See tables on following pages for more details.
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SUMMARY OF MIST THERAPY LEVEL I-III CLINICAL DATA

META-ANALYSIS FINDINGS: 
•	 85.2% area reduction in 7 weeks
•	 79.7% volume reduction in 12 weeks
•	 41.7% healed at 12 weeks
•	 Mean time to heal = 8.2 weeks
•	 79% pain reduction
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TABLE OF CLINICAL EVIDENCE LEVEL I STUDY DETAILS - META-ANALYSIS

Clinical Evidence

LEVEL OF 
EVIDENCE

PUBLICATION
AUTHOR
JOURNAL

WOUND POPULATION MEASUREMENT MIST 
RESULT

SOC 
RESULT

TREATMENT 
DURATION

STATISTICS

I b Noncontact Low-Frequency Ultrasound 
Therapy in the Treatment of Chronic 
Wounds: A Meta-Analysis

Driver VR, Yao M, Miller CJ

Wound Regeneration and Repair 2011

N* = 444  (463 wounds)

Wound Closure 
(N=429) 41.7% **24% 12 weeks

95% CI 
(Confidence 
Interval)

Wound Area 
Reduction (N=188)

85.2%
reduction

Not 
reported Mean 7 weeks 95% CI

Diabetic Foot, Ischemic, 
Neuropathic, Venous, Mul-
tifactorial Etiology, Pres-
sure, Surgical, Traumatic

Wound Volume 
Reduction (N=278)

79.7%
reduction

Not 
reported

Mean 12 
weeks 95% CI

Pain Reduction 
(N=139)

79%
reduction

Not 
reported From Baseline Not 

reported

           Level I Study Details continued on next page

TABLE OF CLINICAL EVIDENCE LEVEL I STUDY DETAILS - RANDOMIZED CONTROL TRIALS

LEVEL OF 
EVIDENCE

PUBLICATION
AUTHOR
JOURNAL

WOUND POPULATION MEASUREMENT MIST 
RESULT

SOC 
RESULT

TREATMENT 
DURATION

STATISTICS

I b

NEW

A Prospective, Randomized, Controlled 
Trial Comparing the Effects of Noncon-
tact, Low-Frequency Ultrasound to Stan-
dard Care in Healing Venous Leg Ulcers

Gibbons GW,  Orgill DP,  Serena TE,
Novoung A, O’Connell JB, Li WW,
Driver VR

Ostomy and Wound Management 2015

N= 112 Enrolled
N = 81 Randomized

Mean % Wound 
Area Reduction

61.6%
reduction

45%
reduction

4 weeks

p=0.02

Venous Leg Ulcers Pain
VAS Measurement

80%
reduction

20%
reduction p=0.01

I b

NEW

A Prospective, Randomized, Controlled 
Trial Comparing the Effects of Non-
contact, Low-Frequency Ultrasound to 
Standard Care in Healing Healing Split 
Thickness Donor Sites

Prather JL, Tummel EK, Patel AB, Smith 
DJ, Gould LJ

Journal of American College of Surgeons 
2015

N=33 Enrolled
N = 27 Randomized

Time to first "no 
drainage" 12.1 days 21.3 days

NA

p=0.04

Time to 2 
consecutive visits 
with no drainage

16.1 days 28.1 days p=0.02

Split-Thickness Donor Sites

Time to Adjudicated 
Fully Epithelialized 18.2 days 27.5 days p=0.03

Recidivism at 6 
weeks 8% 45% p=0.06

I b

NEW

 

Noncontact Low-Frequency Ultrasound 
Therapy Compared with UK Standard of 
Care for Venous Leg Ulcers in a Single-
Centre, Assessor-Blinded Randomized 
Control Trial

White J, Ivins N, Wilkes A, Carolan-Rees 
G, Harding KG

International Wound Journal 2015

N=47 Enrolled
N = 36 Randomized Wound Area 47%

reduction
39%
reduction Study 

population 
too small to 
demonstrate  
statistical 
significance

p=0.565

Venous Leg Ulcers Pain -14.4 
points

-5.3 
points p=0.078

*Total patient population from 8 studies = 519 (444 treated with MIST), 538 wounds (463 treated with MIST)
**Margolis meta-analysis of standard of care treatments for DFU’s was discussed in the article and used for comparison to MIST results.
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TABLE OF CLINICAL EVIDENCE LEVEL I STUDY DETAILS - RANDOMIZED CONTROL TRIALS CONTINUED

Clinical Evidence

LEVEL OF 
EVIDENCE

PUBLICATION
AUTHOR
JOURNAL

WOUND POPULATION MEASUREMENT MIST 
RESULT

SOC 
RESULT

TREATMENT 
DURATION

STATISTICS

I b Comparison of High-Frequency and 
MIST Ultrasound Therapy for the Heal-
ing of Venous Leg Ulcers

Beheshti A, Shafigh Y, Parsa H, Zangivand 
A.

Advances in Clinical and Experimental 
Medicine 2014

N=90 Wound Area 
Reduction

63.7%                  
at 4 months

46.4%               
at 4 months

12 weeks 
followed by 
SOC

p=0.01

Venous Leg Ulcers

Mean Time to 
Healing in Months 5.7 8.13 p<0.0001

Pain Reduction
55.4%
reduction
at 4 months

33.7%
reduction
at 4 months

p<0.0001

I b

 

High-Frequency and Noncontact Low-
Frequency Ultrasound Therapy for 
Venous Leg Ulcer Treatment: A Random-
ized, Controlled Study

Olyaie M, Rad FS, Elahifar MA,Garkaz A, 
Mahsa G

Ostomy and Wound Management 2013

N = 90 Wound Area 
Reduction

72.8%
at 4 months

55.4%
at 4 months

12 weeks 
followed by 
SOC

p=0.04

Venous Leg Ulcers

Mean Time to 
Healing in Months 6.65 8.5 p<0.05

Pain Reduction
47.1%
reduction
at 4 months

17.7%
reduction
at 4 months

p=0.001

I b A Pilot Study Evaluating Noncontact 
Low Frequency Ultrasound on Diabetic 
Foot Ulcers and Underlying Molecular 
Mechanisms

Yao M, Hasturk H, Kantarci A, Gu G, 
Garcia-Lavin S, Fabbi M, Park N, Hayashi, 
H, Attala K, French M, Driver V

International Wound Care Journal 2012

N = 12

Wound Area 
Reduction

86%
reduction

39%
reduction 4 weeks p<0.05

Diabetic Foot Ulcers

I b Treatment of Ischemic Wounds with 
Noncontact, Low-Frequency Ultrasound: 
The Mayo Clinic Experience, 2004-2006

Kavros SJ, Miller JL, Hanna SW

Advances in Skin & Wound Care 2007

N = 70

>50% Wound Area 
Reduction

63%
achieved 
>50% 
reduction

29%
achieved 
>50% 
reduction

12 weeks p<0.001
Ischemic, Neuropathic, 
Venous, Multifactorial

I b Ultrasound Therapy for Recalcitrant 
Diabetic Foot Ulcers: Results of a 
Randomized, Double-Blind, Controlled 
Multicenter Study

Ennis WJ, Formann P, Mozen N, Massey 
J, Conner-Kerr T, Meneses P

Ostomy & Wound Management 2005

N = 55

Wound Closure 40.7% 14.3% 12 weeks p<0.0366

Diabetic Foot Ulcers
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TABLE OF CLINICAL EVIDENCE LEVEL II STUDY DETAILS

Clinical Evidence

LEVEL OF 
EVIDENCE

PUBLICATION

AUTHOR

JOURNAL

WOUND POPULATION MEASUREMENT MIST 
RESULT

SOC 
RESULT

TREATMENT 
DURATION

STATISTICS

II a A Prospective Pilot Study of Ultrasound 
Therapy Effectiveness in Refractory 
Venous Leg Ulcers

Escandon J, Vivas AC, Perez R, 
Kirsner R, Davis S

International Wound Journal 2012

N = 10

Wound Area 
Reduction

45%
reduction

Failure to 
improve in 
previous 30 
days

4 weeks p<0.0039

Venous Leg Ulcers

II a The Impact of Noncontact, Nonthermal, 
Low-Frequency Ultrasound on Bacterial 
Counts in  Experimental and Chronic 
Wounds

Serena T, Lee SK, Lam K, Attar P, 
Meneses P, Ennis W

Ostomy Wound Management 2009

N = 11 Wound Volume 
Reduction

20%
reduction

NA 2 weeks Not 
reported

Pressure Ulcers (Stage III) Wound Area 
Reduction

26%
reduction

II b Effects of Noncontact Low-Frequency 
Ultrasound on Healing of Suspected 
Deep Tissue Injury: A Retrospective 
Analysis

Honaker JS, Forston MR, Davis EA, 
Wiesner MW, Morgan JA

International Wound Care Journal 2012

N = 85  (127 DTIs)

Wound 
Evolu-
tion/Res-
olution at 
hospital
discharge

Resolved 18% 2%

10 MIST 
Treatments 
over 21 days

Not 
reported

Stage II 62% 20%

DTI 5% 30%

Stage III, IV 
unstage-
able

15% 48%

Deep Tissue Injuries
(Pressure Ulcers)

Severity Scale 
Assessment

1.45
reduction

1.06 
reduction

p<0.000
2.51 difference

II b Expedited Wound Healing with 
Noncontact, Low-Frequency Ultrasound 
Therapy in Chronic Wounds: A 
Retrospective Analysis 

Kavros SJ, Liedl DA, Boon, AJ, Miller JL, 
Hobbs JA, Andrews KL

Advances in Skin and Wound Care 2008

N = 210

Wound Closure
53%
in mean of 
147 days

32% 
in mean of 
134 days

SOC followed 
by 12 weeks 
MIST 
treatment then 
SOC

p = 0.0009

Ischemic, Venous, 
Neuropathic, Multi-
factoral

II b Use of Noncontact Low-Frequency 
Ultrasound in the Treatment of Chronic 
Foot and Leg Ulcerations

Kavros SJ, Schenck EC

J of American Podiatric Medical Assn 
2007

N = 51 Wound Closure 51%

0%
patients 
were treated 
with SOC 
prior to 
starting 
MIST

MIST mean 
5.5±2.8 weeks

SOC mean 
9.8±5.5 weeks

p<0.05

Chronic Lower Leg and 
Foot Ulcers, Multifacto-
rial, Arterial, Diabetic

Wound Volume 
Reduction

94.9± 
9.8%
reduction

37.3± 
18.6%
reduction

p<0.0001

II b Evaluation of Clinical Effectiveness 
of MIST Ultrasound Therapy for the 
Healing of Chronic Wounds

Ennis WJ, Valdes W, Gainer M, Meneses 
P.

Advances in Skin and Wound Care 2006

N = 23 (29 wounds)

Wound Closure

MIST only
69%

<15% area 
reduction in 
2 week prior 
to MIST

6.82 weeks Not 
reported

Diabetic, Ischemic, 
Venous, Pressure, Post-
operative, Inflammatory

MIST 
assisted*
73.3%

10.47 weeks Not 
reported

*addition of Apligraf
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TABLE OF CLINICAL EVIDENCE LEVEL III STUDY DETAILS

Clinical Evidence

LEVEL OF 
EVIDENCE

PUBLICATION

AUTHOR

JOURNAL

WOUND POPULATION MEASUREMENT MIST 
RESULT

SOC 
RESULT

TREATMENT
DURATION

STATISTICS

III Adjuvant Use of Acoustic Pressure 
Wound Therapy* for Treatment of 
Chronic Wounds

Cole PS, Quisberg J, Melin MM

J Wound Ostomy Continence Nursing 
2009

N = 41  (52 wounds)

Wound Closure 38% <15% 
wound 
area 
reduction 
in 2 weeks 
prior to 
MIST

Mean 6.8 
weeks

Not 
reported

Wound Area 
Reduction

88%
reduction Mean 7.6 

weeks

p<0.0001

p<0.0001Wound Volume 
Reduction

100%
reduction

Pressure, Venous, Arterial, 
Surgical, Traumatic, other Pain

VAS Measurement
2.9
reduction

NA p<0.0001

III A Retrospective Analysis of Acoustic 
Pressure Wound Therapy: Effects on the 
Healing Progression of Chronic Wounds 

Haan J, Lucich S

J American College of Certified Wound 
Specialists 2009

N = 48  (50 wounds) Wound Closure 24%

<15% 
wound 
area 
reduction 
in 2 weeks 
prior to 
MIST

Mean 4.2 
weeks

Not 
reported

Pressure, Venous, Arterial, 
Surgical, Traumatic, 
Neuropathic, other

Wound Area 
Reduction

92%
reduction

Mean 5.5 
weeks p<0.0001

Pain
VAS Measurement

1.8 
reduction

NA p<0.0001

III Noncontact Ultrasound Therapy for 
Adjunctive Treatment of Nonhealing 
Wounds: Retrospective Analysis

Bell AL, Cavorsi J

PT Journal 2008

N = 76
Wound Closure 18%

<15% 
reduction 
in 2 weeks 
prior to 
MIST

Median 3.6 
weeks

Not 
reported

Wound Area 
Reduction

79%
reduction

Median 4.3 
weeks p<0.0001

Pressure, Venous (28), 
Arterial, Surgical/Traumatic 
(25), other

Pain 
VAS Measurement

1.8 
reduction

NA p=0.001

III The Effect of Noncontact, Low-Intensity, 
Low-Frequency Therapeutic Ultrasound 
on Lower-Extremity Chronic Wound 
Pain: A Retrospective Chart Review

Gehling ML, Samies JH

Ostomy Wound Management 2007

N = 15

Pain
VAS Measurement

80%
reduction

(8.07±1.91 
to 
1.67±1.76)
VAS

Baseline 2-4 weeks p = 0.0003

Venous, Ischemia, Sickle 
cell

*Acoustic Pressure Wound Therapy = Noncontact Low Frequency Ultrasound = MIST Therapy
VAS Measurement = Visual Analog Scale used to assess pain - 10 point numeric pain scale
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CLINICAL EVIDENCE LEVEL IV SUMMARY - PUBLISHED CASE SERIES AND REPORTS

Over 900 patients have been studied in peer reviewed case series/reports showing successful outcomes with MIST Therapy across 
all care settings.

Clinical Evidence

DESCRIPTION JOURNAL PUBLISHED
NUMBER

PATIENT
TOTALS

Case Series ECPN 9 50

Case Series Ostomy Wound Management 11 47

DTI Case Series JWOCN 1 6

Case Series JWOCN 1 4

Case Series Wound Care Journal 1 10

Posters Abstract/Poster presented at 
society meetings

110 821

                                                                                                                       >900

These cases include patients with a wide variety of wound types including:

Amputation Incisions
Arterial Ulcers
Burns
Calciphylaxis
Graft Preparation
Deep Tissue Injuries
Dehisced Wounds
Diabetic Ulcers

Donor Sites
Exposed Tendons
Fungal
IV Infiltrates
Medical Device Induced 
Wounds 
Necrotizing Fasciitis
Perirectal Abscess 
Pilonidal Cysts

Pressure Ulcers 
Pyoderma Gangrenosum
Sickle Cell 
Surgical Wounds
Traumatic Wounds
Undermining/Tunnels
Vascular Ulcers 
Wound Matrix Product

As wound care specialists have gained a better understanding MIST Therapy's mechanism of action, the versatility of the 
system has allowed them to apply this technology to a number of challenging wound types.



MIST THERAPY COMPARED TO OTHER ADVANCED WOUND CARE TREATMENTS

It can be difficult to compare one advanced wound care treatment to another as very little comparative data exists today.  In 
addition, many of the studies that exist have been completed in different patient populations with different wound types. 

To evaluate how MIST Therapy compared to other advanced wound care treatments, we looked at randomized control trials in 
a single wound type - diabetic foot ulcers (all studies compared treatment arm to standard of care).  To control for differences in 
patient populations, we evaluated the difference in healing rates between the treatment group and the control group. 

Clinical Evidence
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Weeks 
Treated

Treatment 
Group
% healed

Control 
Group
% healed

Difference Study

MIST Therapy 12 41.7% 14.3% 27.4% Ennis 2005, Celleration MIST 
Therapy (n=55)

DermaGraft 12 30% 18% 12% Marston 2003, Smith and 
Nephew - Dermagraft (n=314)

NPWT 16 43% 29% 14% Blume 2008, KCI - VAC (n=342)

HBO 12 12% 2% 10% Londahl 2010, Independent 
Study (n=94)

Percent Improved Healing Over Standard of Care

All of the advanced wound care treatments demonstrated faster healing rates in the same period of time when compared to 
the standard of care arm.  However, MIST Therapy provided twice the benefit when compared to the other advanced wound 
care treatments.
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From: Hughes, Jeff <HUGH.HUGHES@integralife.com>
Sent: Friday, March 11, 2016 11:27 AM
To: HCA ST Health Tech Assessment Prog
Subject: Evidence based criteria provided for policy review of Skin Substitutes submitted 3 11 

2016
Attachments: Washington State HCA Omnigraft support materials and FOUNDER Study.pdf; 

Washington State Health Care Authority Request .pdf

 
Dear Policy Review Team at Washington State Health Care Authority, 
 
Thank you for allowing the comments as your team undertakes reviewing 6 technology topics.  This evidence based 
requests falls within one of the six policies open for review, Skin Substitutes.  Two pdf are attached for your review. 
 

1)      The request introduces you to Integra’s Omnigraft.  This January 7, 2016 PMA approved skin substitute is back 
by the FOUNDER study which is the largest single study in this category with 307 patients from 32 centers across 
the US. 

2)      The Support materials include the FOUNDER study, the FDA PMA approval and announcement and more. 
 
This category is documented to have poor data, an expensive platform with many products requiring 5, 8 and even 10 
applications.  The Founder study on average, healed patients in 1.9 applications with 72 % of those healing, healing in 
one.  We are optimistic that this type of study and information changes the paradigm of skin substitutes and that you 
find it worthy of payment in the State of Washington. 
 
Best regards,  
 
Jeff Hughes 
Director of Reimbursement 
Payer Access 
Integra LifeSciences Corporation 
OTT Division, Tissue Technology Business 
311 Enterprise Dr, Plainsboro, NJ 08536 
 
262-225-1300 cell 
 
jeff.hughes@integralife.com 
 
www.integralife.com 

 

  

Confidentiality Notice: This e-mail transmission may contain material that is confidential and/or proprietary. If the reader of this message is not 
the intended recipient, dissemination, disclosure, distribution or reliance on the contents is strictly prohibited. If you have received this e-mail 
transmission in error, please reply to the sender and delete the message and its contents from your system. Thank you. 
 



 

 

March 11, 2016 
 
Washington State Health Care Authority 
 
shtap@hcs.wa.gov 
 

Provide Evidence Based Criteria for 
Request for Consideration and Addition to 

Skin substitutes: Various skin substitute products are available for treatment of complex 
and/or non-healing wounds. The level of evidence available varies for different 
products, and the safety, efficacy and value of the products are uncertain. The reason 
for proposing this topic is to identify and review the available evidence to determine 
coverage for products that are demonstrated to be safe and effective for treatment of 
wounds.   

Open for Comment thru March 11, 2016 

 
Dear Washington State Health Care Authority Policy Review Committee, 
 
I am writing on behalf of Integra LifeSciences to request a reconsideration of the above-
referenced Medical Policy in order to expand coverage to include two Integra LifeSciences 
products, Integra® Dermal Regeneration Template (IDRT) and Integra® Omnigraft™ Dermal 
Regeneration Matrix (Omnigraft™) which were recently approved by the FDA for the treatment 
of diabetic foot ulcers.  I have enclosed with this letter both the communication Integra 
LifeSciences received from the FDA approving these products for the treatment of diabetic foot 
ulcers, and the clinical evidence that FDA considered in making this determination as 
supporting documentation for this request. 
 
As you can see from these materials, FDA expanded the approved indications for the Integra 
LifeSciences’ product, IDRT, which has been on the market since 1996 for the treatment of 
burns, based on the results of a large multi-center, randomized, controlled clinical trial.  
Because Integra LifeSciences will be also provide IDRT under the name Omnigraft™, we are 
asking that you add both of these products as covered under Medically Necessary Skin 
Substitutes. 
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Specific Coverage Request 
 
Integra LifeSciences requests that the Skin Substitute policy be revised to include coverage of 
IDRT and Omnigraft™ for the treatment of diabetic foot ulcers. 
 
IDRT is an advanced, acellular, bilayer matrix specifically engineered for dermal regeneration.  
On the market since 1996, it is the only FDA-approved product indicated for the treatment of 
third degree burns and the reconstruction of scar contracture with a dermal regeneration 
claim. 1 
 
On January 7, 2016, FDA added an additional indication for use via PMA Supplement to IDRT 
based on the clinical results of a large multi-center, randomized, controlled clinical trial (the 
Foot Ulcer New Dermal Replacement Study (FOUNDER) Study).  This study evaluated the safety 
and efficacy of IDRT for the treatment of non-healing chronic diabetic foot ulcers.  The FDA 
indications for use now read as follows: 
 

 Integra® Dermal Regeneration Template is indicated for: the postexcisional treatment of 
life-threatening full-thickness or deep partial-thickness thermal injuries where sufficient 
autograft is not available at the time of excision or not desirable due to the physiological 
condition of the patient; repair of scar contractures when other therapies have failed or 
when donor sites for repair are not sufficient or desirable due to the physiological 
condition of the patient; and treatment of partial and full-thickness neuropathic diabetic 
foot ulcers that are greater than six weeks in duration with no capsule, tendon or bone 
exposed, when used in conjunction with standard diabetic ulcer care. 

Because Integra will also provide IDRT under a new product label, Omnigraft™, FDA approved 
this product with the following indication: 
 

 Integra® Omnigraft™ Dermal Regeneration Matrix is indicated for use in the treatment 
of partial and full-thickness neuropathic diabetic foot ulcers that are greater than six 
weeks in duration, with no capsule, tendon or bone exposed, when used in conjunction 
with standard diabetic ulcer care. 

 
 
The FOUNDER Study 
 

                                                   

1 Integra Dermal Regeneration Template is a skin replacement product originally approved by FDA in 1996 under 
a PMA supported by a controlled clinical trial and an extensive post-approval study.  Based on these studies, it is 
indicated for the treatment of burns (FDA PMA #P900033) and the repair of scar contracture (FDA PMA 
#P900033S8). 
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The FOUNDER study provides the most significant published results on the use of skin 
substitutes to treat diabetic foot ulcers to date. The study is unmatched in the wound care area 
in terms of the strength of its study design, and the study results are both direct and conclusive. 
Per the description in the policy review announcement, “Various skin substitute products are 
available for treatment of complex and/or non-healing wounds. The level of evidence available 
varies for different products, and the safety, efficacy and value of the products are uncertain. 
The reason for proposing this topic is to identify and review the available evidence to determine 
coverage for products that are demonstrated to be safe and effective for treatment of 
wounds.”   

It is our goal that the evidence, quality and outcomes of the FOUNDER study merit inclusion for 
payment in the State of Washington as efficacious to quickly close diabetic foot ulcers with less 
applications resulting in an economic win for the patients that you serve. 

Key aspects of the FOUNDER study’s design include the following: 
 

 Large, Multi-Center RCT.  The FOUNDER study, published in the Wound Healing and 
Tissue Regeneration Journal, which served as the clinical basis for FDA approval, is the 
largest multi-center, randomized controlled clinical trial of its kind designed to evaluate 
the safety and effectiveness of a cellular and/or tissue-based product for the treatment 
of diabetic foot ulcers.  It included 32 sites from across the United States, and it 
involved 307 subjects with Type II diabetes and at least one diabetic foot ulcer. 

 14-Day Run-In Period.  In contrast to some previous trials of diabetic foot ulcer 
treatments that had no run-in period or a run-in period of 7 days, eligible patients were 
first required to complete a 14-day run-in period during which time they were treated 
with the standard of care regimen.  This ensured that the study evaluated the most 
difficult to heal diabetic foot ulcers. 

 Computerized Planimetry.  Third party computerized planimetry was used as an 
independent assessment method to confirm wound closure and wound size. 

 Generalizability.  Despite strict inclusion and exclusion criteria, any bias against 
generalizability was minimized by enrolling and randomizing subjects from 32 academic 
and private practice sites across the US to ensure that study participants represent 
patients with chronic diabetic foot ulcers from a heterogeneous population.  Further, a 
full range of age groups were represented in the study, which would cover the Medicaid 
population. 

 

 
Key outcomes of the FOUNDER study include the following: 
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 Higher Relative Wound Closure.  Diabetic foot ulcers treated with IDRT/Omnigraft™ 
achieved a 125% relative improvement in closure compared to standard of care at 12 
weeks 

 Faster Time to Healing.  Patients treated with IDRT/Omnigraft™ healed 5 weeks faster 
than patients in the control group who received standard of care. 

 Rapid Wound Closure Rate.  Patients who received IDRT/Omnigraft™ experienced a 
50% faster wound size reduction compared to the control group. 

 Single Application.  Of the wounds that healed, 96% of those treated with IDRT, 
Omnigraft™ healed with three or less applications with 72% healing in one application. 
In contrast, studies of cell-based products and minimally processed human tissue 
allografts required an average of 4-6 applications. This factor alone stands out 
compared to the majority of products in this category that require 5, 8 and even 10 
applications. (see AHRQ report 2012) 

 Improved Quality of Life.  Patients treated with IDRT/Omnigraft™ experienced a 
significant improvement in Physical Functioning and a decrease in Bodily Pain over 
standard of care (as defined by SF-36). This is the first skin substitute study to include 
quality of life. 

We at Integra LifeSciences appreciate your timely review of this request and stand ready to 
provide additional information you might need to move forward.  We hope that you find these 
materials sufficient to act favorably on our request to add IDRT and Omnigraft™ as covered for 
the treatment of diabetic foot ulcers in the State of Washington Skin Substitute policy.  
 
Please contact either myself or Donna Cartwright directly if you have any questions concerning 
this request.  We would be available to schedule a conference call or meeting with you to 
discuss this submission.  Thank you for your consideration of this request.  
 
Sincerely, 
 

H. J. Hughes                   Donna Cartwright 

 
Jeff Hughes      Donna Cartwright 
Integra LifeSciences Corporation   Integra LifeSciences Corporation 
Reimbursement Services    Reimbursement Services    
262-225-1300      609-936-2265 
Hugh.hughes@integralife.com    Donna.Cartwright@integralife.com  
 

           
 
 

mailto:Hugh.hughes@integralife.com
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Attachment: 

 Supporting Documents for IDRT and Omnigraft for DFUs  
o Bookmark 1 - FDA Omnigraft Press Release 
o Bookmark 2 - FDA PMA Approval Letter for Omnigraft 
o Bookmark 3 - FDA Summary of Safety and Effectiveness Data 
o Bookmark 4 - Omnigraft IFU/Package Insert 

o Bookmark 5 - Published RCT for Integra Omnigraft Template for Diabetic Foot 
Ulcer Treatment The FOUNDER Study 

o Bookmark 6 - Executive Summary of Diabetic Foot Ulcer Trial and Protocol 
o Bookmark 7 - Bibliography 

 









 
DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
 

 
Food and Drug Administration 
10903 New Hampshire Avenue 
Document Control Center – WO66-G609 
Silver Spring, MD  20993-0002 

 
 
 

 
Integra LifeSciences Corporation 
Ms. Diana M. Bordon 
Director, Regulatory Affairs 
311Enterprise Drive 
Plainsboro, New Jersey 08536 
 
Re:  P900033/s042 
        Integra Omnigraft Dermal Regeneration Matrix 
        Integra Dermal Regeneration Template 
        Filed:  February 2, 2015 
        Amended:  April 3 and 17, October 2, and December 23, 2015 
        Procode:  MGR 
 
Dear Ms. Bordon: 
 
The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration 
(FDA) has completed its review of your premarket approval application (PMA) supplement for 
the Integra Omnigraft Dermal Regeneration Matrix (a.k.a. Omnigraft) and Integra Dermal 
Regeneration Template.  Integra Omnigraft Dermal Regeneration Matrix is indicated for use in 
the treatment of partial and full-thickness neuropathic diabetic foot ulcers that are greater than six 
weeks in duration, with no capsule, tendon or bone exposed, when used in conjunction with 
standard diabetic ulcer care and Integra Dermal Regeneration Template is indicated for the 
postexcisional treatment of life-threatening full-thickness or deep partial-thickness thermal 
injuries where sufficient autograft is not available at the time of excision or not desirable due to 
the physiological condition of the patient; repair of scar contractures when other therapies have 
failed or when donor sites for repair are not sufficient or desirable due to the physiological 
condition of the patient; and treatment of partial and full-thickness neuropathic diabetic foot 
ulcers that are greater than six weeks in duration with no capsule, tendon or bone exposed, when 
used in conjunction with standard diabetic ulcer care.  We are pleased to inform you that the 
PMA supplement is approved.  You may begin commercial distribution of the device as modified 
in accordance with the conditions of approval described below. 
 
The sale and distribution of this device are restricted to prescription use in accordance with 21 
CFR 801.109 and under section 515(d)(1)(B)(ii) of the Federal Food, Drug, and Cosmetic Act 
(the act).  FDA has determined that this restriction on sale and distribution is necessary to 
provide reasonable assurance of the safety and effectiveness of the device.  Your device is 
therefore a restricted device subject to the requirements in sections 502(q) and (r) of the act, in 
addition to the many other FDA requirements governing the manufacture, distribution, and 
marketing of devices. 
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Expiration dating for this device has been established and approved at 2 years at 36-86oF (2-
30oC). 
 
Continued approval of this PMA is contingent upon the submission of periodic reports, required 
under 21 CFR 814.84, at intervals of one year (unless otherwise specified) from the date of 
approval of the original PMA.  Two copies of this report, identified as "Annual Report" and 
bearing the applicable PMA reference number, should be submitted to the address below.  The 
Annual Report should indicate the beginning and ending date of the period covered by the report 
and should include the information required by 21 CFR 814.84.  This is a reminder that as of 
September 24, 2014, class III devices are subject to certain provisions of the final UDI rule.  
These provisions include the requirement to provide a UDI on the device label and packages (21 
CFR 801.20), format dates on the device label in accordance with 21 CFR 801.18, and submit 
data to the Global Unique Device Identification Database (GUDID) (21 CFR 830 Subpart E).  
Additionally, 21 CFR 814.84 (b)(4) requires PMA annual reports submitted after September 24, 
2014, to identify each device identifier currently in use for the subject device, and the device 
identifiers for devices that have been discontinued since the previous periodic report.  It is not 
necessary to identify any device identifier discontinued prior to December 23, 2013.  For more 
information on these requirements, please see the UDI website, http://www.fda.gov/udi. 
 
In addition to the above, and in order to provide continued reasonable assurance of the safety and 
effectiveness of the device, the Annual Report must include, separately for each model number 
(if applicable), the number of devices sold and distributed during the reporting period, including 
those distributed to distributors.  The distribution data will serve as a denominator and provide 
necessary context for FDA to ascertain the frequency and prevalence of adverse events, as FDA 
evaluates the continued safety and effectiveness of the device.   
 
Before making any change affecting the safety or effectiveness of the device, you must submit a 
PMA supplement or an alternate submission (30-day notice) in accordance with 21 CFR 814.39.  
All PMA supplements and alternate submissions (30-day notice) must comply with the 
applicable requirements in 21 CFR 814.39.  For more information, please refer to the FDA 
guidance document entitled, "Modifications to Devices Subject to Premarket Approval (PMA) - 
The PMA Supplement Decision-Making Process" 
(www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089274
.htm).  
 
You are reminded that many FDA requirements govern the manufacture, distribution, and 
marketing of devices.  For example, in accordance with the Medical Device Reporting (MDR) 
regulation, 21 CFR 803.50 and 21 CFR 803.52, you are required to report adverse events for this 
device.  Manufacturers of medical devices, including in vitro diagnostic devices, are required to 
report to FDA no later than 30 calendar days after the day they receive or otherwise becomes 
aware of information, from any source, that reasonably suggests that one of their marketed 
devices: 
 
 
 

http://www.fda.gov/udi
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089274.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm089274.htm
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1. May have caused or contributed to a death or serious injury; or 
 
2. Has malfunctioned and such device or similar device marketed by the manufacturer 

would be likely to cause or contribute to a death or serious injury if the malfunction 
were to recur. 

 
Additional information on MDR, including how, when, and where to report, is available at 
www.fda.gov/MedicalDevices/Safety/ReportaProblem/default.htm. 
  
In accordance with the recall requirements specified in 21 CFR 806.10, you are required to 
submit a written report to FDA of any correction or removal of this device initiated by you to:  
(1) reduce a risk to health posed by the device; or (2) remedy a violation of the act caused by the 
device which may present a risk to health, with certain exceptions specified in 21 CFR 
806.10(a)(2).  Additional information on recalls is available at 
www.fda.gov/Safety/Recalls/IndustryGuidance/default.htm. 
 
CDRH does not evaluate information related to contract liability warranties.  We remind you; 
however, that device labeling must be truthful and not misleading.  CDRH will notify the public 
of its decision to approve your PMA by making available, among other information, a summary 
of the safety and effectiveness data upon which the approval is based.  The information can be 
found on the FDA CDRH Internet HomePage located at 
www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/
PMAApprovals/default.htm.  Written requests for this information can also be made to the Food 
and Drug Administration, Dockets Management Branch, (HFA-305), 5630 Fishers Lane, Rm. 
1061, Rockville, MD  20852.  The written request should include the PMA number or docket 
number.  Within 30 days from the date that this information is placed on the Internet, any 
interested person may seek review of this decision by submitting a petition for review under 
section 515(g) of the act and requesting either a hearing or review by an independent advisory 
committee.  FDA may, for good cause, extend this 30-day filing period. 
 
Failure to comply with any post-approval requirement constitutes a ground for withdrawal of 
approval of a PMA.  The introduction or delivery for introduction into interstate commerce of a 
device that is not in compliance with its conditions of approval is a violation of law. 
 
You are reminded that, as soon as possible and before commercial distribution of your device, 
you must submit an amendment to this PMA submission with copies of all approved labeling in 
final printed form.  Final printed labeling that is identical to the labeling approved in draft form 
will not routinely be reviewed by FDA staff when accompanied by a cover letter stating that the 
final printed labeling is identical to the labeling approved in draft form.  If the final printed 
labeling is not identical, any changes from the final draft labeling should be highlighted and 
explained in the amendment. 
 
All required documents should be submitted in six copies, unless otherwise specified, to the 
address below and should reference the above PMA number to facilitate processing.  
 

http://www.fda.gov/MedicalDevices/Safety/ReportaProblem/default.htm
http://www.fda.gov/Safety/Recalls/IndustryGuidance/default.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/PMAApprovals/default.htm
http://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApprovalsandClearances/PMAApprovals/default.htm
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U.S. Food and Drug Administration 
Center for Devices and Radiological Health 
PMA Document Control Center – WO66-G609 
10903 New Hampshire Avenue 
Silver Spring, MD 20993-0002 

 
If you have any questions concerning this approval order, please contact Charles N. Durfor, 
Ph.D. at (301) 796-6970. 
 

Sincerely yours, 
 
 
 

Binita S. Ashar, M.D., M.B.A., F.A.C.S. 
Director 
Division of Surgical Devices 
Office of Device Evaluation 
Center for Devices and Radiological Health 
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SUMMARY OF SAFETY AND EFFECTIVENESS DATA (SSED) 

 

I. General Information 

 

Device Generic Name:  Interactive Wound Dressing 

 

Device Trade Name:  Integra Dermal Regeneration Template  

    Integra Omnigraft Dermal Regeneration Matrix 

Device Procode:    MGR 

 

Applicant:   Integra LifeSciences Corporation 

    311 Enterprise Drive 

    Plainsboro, NJ  08536, USA  

 

Date of Panel Recommendation:   None 

 

Premarket Approval Application Number: P900033/S042 

 

Date of FDA Notice of Approval:   January 7, 2016 

 

Expedited:   Not applicable 

 

The original PMA (P900033), Integra Dermal Regeneration Template (Integra 

Template) was approved for postexcisional treatment of life-threatening full-

thickness or deep partial-thickness thermal injuries where sufficient autograft is not 

available at the time of excision or not desirable due to the physiological condition 

of the patient.  Subsequently Integra Template was approved for the repair of scar 

contractures when other therapies have failed or when donor sites for repair are not 

sufficient or desirable due to the physiological condition of the patient 

(P900033/S008).   The SSEDs to support these Indications for Use are available on 

the CDRH website and are incorporated by reference.  The purpose of this 

supplement, S042, is to add a new Indication for Use, i.e., the treatment of partial 

and full-thickness neuropathic diabetic foot ulcers that are greater than six weeks in 

duration, with no capsule, tendon or bone exposed, when used in conjunction with 

standard diabetic ulcer care.  Integra Template will also be marketed as Integra 

Omnigraft Dermal Regeneration Matrix (Omnigraft), specifically for the indication 

in the treatment of partial and full-thickness neuropathic diabetic foot ulcers that are 

greater than six weeks in duration, with no capsule, tendon or bone exposed, when 

used in conjunction with standard diabetic ulcer care.   

   

II. INDICATION FOR USE 

 

Integra® Omnigraft Dermal Regeneration Matrix is indicated for use in the treatment of 

partial and full-thickness neuropathic diabetic foot ulcers that are greater than six weeks 

in duration, with no capsule, tendon or bone exposed, when used in conjunction with 
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standard diabetic ulcer care. 

 

Integra® Dermal Regeneration Template is indicated for the postexcisional treatment of 

life-threatening full-thickness or deep partial-thickness thermal injuries where sufficient 

autograft is not available at the time of excision or not desirable due to the physiological 

condition of the patient; repair of scar contractures when other therapies have failed or 

when donor sites for repair are not sufficient or desirable due to the physiological 

condition of the patient; and treatment of partial and full-thickness neuropathic diabetic 

foot ulcers that are greater than six weeks in duration with no capsule, tendon or bone 

exposed, when used in conjunction with standard diabetic ulcer care. 

 

III. CONTRAINDICATIONS 

 

 This device should not be used in patients with known sensitivity to bovine collagen 

or chondroitin materials. 

 

 Integra template should not be used on clinically diagnosed infected wounds. 

 

IV. WARNINGS AND PRECAUTIONS 

The Warnings and Precautions can be found in the Integra Dermal Regeneration 

Template and Integra Omnigraft Dermal Regeneration Matrix labeling. 
 

V. DEVICE DESCRIPTION 

Integra Template, available in meshed and non-meshed configurations, is an advanced 

bilayer matrix for dermal regeneration. The dermal replacement layer consists of a 

porous, three-dimensional matrix, comprised of bovine collagen and chondroitin-6-sulfate 

(C6S) that is designed with a controlled porosity and defined degradation rate.  The 

temporary epidermal layer is made of a thin polysiloxane (silicone) layer to provide 

immediate wound coverage and control moisture loss from the wound.   

 

Integra Template is provided sterile and non-pyrogenic. The inner foil pouch and product 

should be handled using sterile technique. Integra Template should not be re-sterilized. 

 

VI. ALTERNATIVE PRACTICES AND PROCEDURES 

The current standard of care for partial and full-thickness neuropathic diabetic foot ulcers 

is sharp debridement, moist wound therapy with daily wound care dressings, offloading, 

and infection control.  For diabetic foot ulcers that are non-responsive to conventional 

therapy, alternative practices include skin substitutes, cellular or tissue derived products, 

or surgical alternatives such as arterial bypass grafting where vascular supply is 

insufficient and skin grafts. 

 

VII. MARKETING HISTORY 

Integra Template was first granted FDA Premarket Approval for use in life-threatening 

thermal injuries under PMA P900033 on March 1, 1996. On April 19, 2002, PMA 
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P900033 Supplement 008 was approved for an expanded indication for use (i.e., repair of 

scar contractures). 

 

Integra Template was granted CE Mark approval in the European Union on March 20, 

1998. The Integra product line is currently approved for marketing in the United States, 

European Union, Canada, Mexico, Argentina, Brazil, Colombia, Costa Rica, Peru, South 

Africa, Turkey, United Arab Emirates, Saudi Arabia, Israel, Egypt, Serbia, Jordan, Japan, 

New Zealand, Australia, and Singapore for use in partial and full thickness wounds and 

reconstructive surgery.  

 

VIII. POTENTIAL ADVERSE EFFECTS OF THE DEVICE ON HEALTH 

The safety of Integra Template for the treatment of partial and full-thickness neuropathic 

diabetic foot ulcers greater than six weeks in duration with no capsule, tendon or bone 

exposed, when used in conjunction with standard diabetic ulcer care was evaluated in a 

premarket clinical trial.  Potential adverse events (e.g., complications) associated with the 

device and diabetic foot ulcer care, as reported in the clinical trial, include infection, 

worsening of ulcer, pain in extremity, cellulitis, osteomyelitis, edema peripheral, 

excoriation, upper respiratory trace infection, blister, influenza, pneumonia, vomiting, 

hypoglycemia, ingrown nail, urinary tract infection, erythema, cardiac failure congestive, 

pyrexia, diarrhea, hypertension, ulcer recurrence, local swelling, skin maceration, 

application site erosion, contusion, decubitus ulcer, nasopharyngitis, constipation, gastro-

esophageal reflux disease, diabetic neuropathy, dizziness, asthma, cough, dyspnea, 

sinusitis, chest pain, hypotension, renal failure, blood glucose decreased, blood pressure 

increased, anxiety, arthralgia, laceration, abscess limb, gastritis, balance disorder, drug 

hypersensitivity, nail avulsion, sepsis, gout, muscle spasms, musculoskeletal pain, skin 

fissures, headache, coronary artery disease, visual impairment, anemia, localized 

infection, gangrene, diabetic ketoacidosis, limb injury, cataract, hyperlipidemia, skin 

ulcer, paronychia, skin infection, soft tissue infection, hypoesthesia, pulmonary 

embolism, and skin papilloma . 

 

For the specific adverse events that occurred in the clinical study, please see Section X 

below. 

 

IX. SUMMARY OF PRECLINICAL STUDIES 

The preclinical testing performed in the original P900033 application was adequate to 

support the safety and effectiveness of the device for the treatment of partial and full-

thickness neuropathic diabetic foot ulcers greater than six weeks in duration with no 

capsule, tendon or bone exposed, when used in conjunction with standard diabetic ulcer 

care.   No additional preclinical studies were submitted in this Panel Track Supplement. 

 

X. SUMMARY OF PRIMARY CLINICAL STUDY 

The sponsor, i.e., Integra LifeSciences Corporation performed a clinical study to establish 

a reasonable assurance of safety and effectiveness for Integra Template for the treatment 

of partial and full-thickness neuropathic diabetic foot ulcers greater than six weeks in 
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duration with no capsule, tendon or bone exposed and no tunneling undermining or sinus 

tracts, when used in conjunction with standard diabetic ulcer care. 

 

A. Study Design 

Patients were enrolled and treated between April 1, 2010 and June 5, 2014. The 

database for this PMA reflects data collected through June 10, 2014 and includes 307 

subjects who were randomized and received either Integra Template or Control 

treatment.  There were 32 investigational sites \. 

 

The clinical study IDRT/DFU US 2009-3 was a prospective, multi-center open-label, 

randomized (stratification by ulcer size) concurrently controlled pivotal clinical trial 

of subjects with partial or full thickness diabetic foot ulcers located distal to the 

malleolus with controlled diabetes and without significant compromise of arterial 

circulation.   Subjects who met the entry criteria were enrolled in the two week Pre-

Treatment Phase and followed while they received standard of care treatment (e.g., 

wound debridement, moist wound therapy with 0.9% Sodium Chloride gel) for the 

study ulcer,  and appropriate secondary dressings as well as nutritional support and 

offloading/protective devices. 

 

The primary safety endpoint was the incidence of adverse events recorded during the 

16 week Treatment Phase and three monthly visits of the Follow-up Phase.  

Evaluations also included serum chemistry measurement (i.e., serum creatinine, blood 

urea nitrogen (BUN), serum glucose, HbA1c, pre-albumin and CBC with differential) 

at Pre-Treatment and the end of the Treatment Phase. 

 

The primary effectiveness endpoint was the percentage of subjects with complete 

closure of the study ulcer as assessed by the Investigator, during the Treatment Phase. 

   

1. Clinical Inclusion and Exclusion Criteria: 

Enrollment in IDRT/DFU US 2009-3 was limited to consented patients who met 

the following inclusion criteria: male or female of any race 18 years of age or 

older, females of childbearing potential with a negative urine pregnancy test result 

at baseline and practicing a reliable method of contraception throughout the study.  

All subjects were also required to have: Type I or Type II diabetes, HbA1c < 12%, 

a diabetic foot ulcer (DFU) that met all of the following criteria (i.e., full-thickness 

neuropathic DFU located distal to the malleolus (ankle) excluding ulcers between 

the toes, a minimum 2 cm margin between the qualifying ulcer and any other ulcer 

on the target foot, ulcer size 1 cm
2
 and 12 cm

2
, Wagner grade 1 or 2, depth ≤ 5 

mm with no capsule, tendon or bone exposed and no tunneling undermining or 

sinus tracts and baseline ulcer duration at least 30 days at screening visit).  

Subjects also needed to have the ability to maintain the required offloading and 

applicable dressing changes as well as adequate vascular perfusion as defined by 

one of the following: (ABI 0.65 and 1.2, Toe pressure > 50 mm Hg, TcpO2 > 40 

mm Hg or Doppler ultrasound consistent with adequate blood flow).  
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Patients were not permitted to enroll in IDRT/DFU US 2009-3 if they met any of 

the following exclusion criteria: suspected or confirmed signs of gangrene or 

wound infection on any part of the affected limb (subjects with wound infection at 

the Screening visit could be treated and subsequently re-screened for participation 

in the study after eradication of infection), history of hypersensitivity to bovine 

collagen and/or chondroitin, pregnant at the time of treatment, previously treated 

under this clinical study protocol, participated in another clinical study involving a 

device or a systematically administered investigational study drug or treatment 

within 30 days of randomization, currently receiving (within 30 days of the 

randomization visit) or was scheduled to receive medication within 30 days which 

was known to interfere with or affect the rate and quality of wound healing (e.g., 

steroid, immunosuppressive therapy, autoimmune disease therapy, allergenic 

therapy, cytostatic therapy), any of the following unstable conditions or 

circumstances that could interfere with treatment regimen compliance: the ability 

to perform required dressing changes, ability to comply with the treatment visit 

schedule, mental incapacity or current substance abuse, excessive lymphedema 

which could interfere with wound healing, active Charcot foot or Charcot foot with 

bony prominence that could inhibit wound healing, ulcers secondary to a disease 

other than diabetes, osteomyelitis with necrotic soft bone (if the Investigator 

suspected the presence of osteomyelitis, the diagnosis required confirmation by 

plain film X-ray), Chopart amputation, a history of bone cancer or metastatic 

disease of the affected limb, radiation therapy to the foot, or chemotherapy within 

the 12 months prior to randomization, treatment with wound dressings that 

included growth factors, engineered tissues, or skin substitutes (e.g., Regranex, 

Dermagraft, Apligraf, GraftJacket, OASIS, PriMatrix, or Matristem) within 30 

days of randomization or was scheduled to receive these during the study, treated 

with hyperbaric oxygen within 5 days of Screening or was scheduled to receive 

this therapy during the study, a non-study ulcer that required a treatment other 

than moist wound therapy (i.e., the Standard of Care identified under this study), a 

history of or any of the following intercurrent illnesses or conditions that could 

compromise the safety of the subject or the normal wound healing process: end 

stage renal disease, immunosuppression, severe malnutrition, liver disease, 

aplastic anemia, scleroderma, acquired immune deficiency disease (AIDS) or 

Human Immunodeficiency Virus (HIV) positive, connective tissue disorder or 

exacerbation of sickle cell anemia, an employee or relative or any member of the 

Investigational site or the Sponsor or at the end of the Run-in period, and prior to 

Randomization, any of the following conditions: did not continue to meet the 

entrance criteria (inclusion and exclusion) above, or the size of the study ulcer, 

following debridement, had decreased by more than 30% from the baseline 

assessment measured at Screening. 

 

2. Follow-up Schedule 

Prior to randomization, subjects entered a two week Screening/Run-in (Pre-

Treatment) Phase during which subjects were treated with debridement and 

Standard of Care for diabetic foot ulcers.  After the two-week Run-in period, 
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subjects whose ulcer size had decreased less than 30% and who continued to meet 

the eligibility criteria were randomized to either Active Treatment (Integra 

Template plus Standard of Care) or Control Treatment (Standard of Care) for the 

Treatment Phase of the study.   During the Treatment Phase, subjects were treated 

and evaluated weekly for up to 16 weeks or until the study ulcer completely 

healed.  Four weeks after either the study ulcer was confirmed completely healed 

or the final Treatment Visit (week 16), subjects entered the 12-week Follow-up 

Phase.  During the Follow-up Phase, subjects attended monthly visits for safety 

and effectiveness outcomes, such as ulcer recurrence, adverse events and a Quality 

of Life Questionnaire. 

  

3.   Clinical Endpoints 

The primary safety objective was to evaluate Integra Template safety through 

weekly assessments during the 16 week Treatment Phase and monthly visits 

during the three month Follow-up Phase.  Evaluations included both monitoring 

for adverse events and changes in serum chemistry parameters (i.e., serum 

creatinine, blood urea nitrogen, serum glucose, HbA1c, pre-albumin and CBC 

with differential). 

 

The primary effectiveness endpoint was the percentage of subjects with complete 

wound closure as assessed by the Investigator during the 16 week Treatment 

Phase.  In the primary effectiveness analysis, the Last Observation Carried 

Forward principle was used for post-baseline time points with missing 

assessments.  All subjects that discontinued before 100% wound closure during 

the Treatment Phase were not replaced and were considered treatment failures for 

the primary and secondary endpoint evaluations.  Covariate analyses in the Intent-

to-Treat population assessed the correlation of factors on ulcer healing and the 

robustness of the primary analysis, (i.e., baseline ulcer size, location and age, 

gender, baseline HbA1c, insulin use at baseline, diabetes type, race, smoking 

history, and baseline BMI).  

 

The following additional effectiveness endpoints were evaluated during the 

Treatment Phase: 1) percentage of subjects with complete wound closure 

(assessed by computerized planimetry), 2) time to complete wound closure 

(assessed by the Investigator), 3) time to complete wound closure (assessed by 

computerized planimetry), 4) the rate of wound closure (assessed by computerized 

planimetry), 5) the incidence of study ulcer recurrence, determined during the 

Follow-up Phase, and 6) changes in the Quality of Life metrics, evaluated 

throughout the study. 

 

B. Accountability of PMA Cohort 

 

As illustrated in Table 1, 545 subjects were screened and 307 subjects were 

randomized to treatment.   
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Table 1 – Subject Disposition 
Event Integra Control 

Subjects screened 545 

Subjects randomized 307 

Subjects not randomized 238 (44%) 

Randomized Subjects 154 153 

Completing Treatment Phase 128 (83.1%) 117 (76.5%) 

Withdrawn during Treatment 26 36 

Completed Follow-up 106 (68.8%) 82 (53.6%) 

Withdrawn during Follow-up 22 35 

 

The reasons that 238 subjects were enrolled and screened, but not randomized to 

treatment were:  83/238 (35%) had an ulcer heal more than 30% during the run-in 

period, 43/238 (18%) had ulcers that did not meet the size criteria, 31/238 (13%) had 

HbA1c greater than 12%, 21/238 (9%) had other reasons, 19/238 (8%) had an 

ongoing infection, 14/238 (6%) were non-compliant, 10/238 (4%) had a history of 

intercurrent illness/condition, 7/238 (3%) had osteomyelitis, 5/238 (2%) had an ulcer 

depth greater than 5mm, and 5/238 (2%) withdrew consent.   

 

At the conclusion of the Treatment Phase of the trial, 128/154 (83.1%) of the Integra 

and 117/153 (76.5%) of the Control subjects remained on study.  At the conclusion of 

the Treatment and Follow-Up Phases of the study, 106/154 (68.8%) Integra and 

82/153 (53.6%) Control subjects completed the trial.  The ramifications of the loss of 

48/154 (31.2%) of the Integra and 71/153 (46.4%) of the Control subjects (or a total 

of 119/307 (38.8%) of the study participants is discussed below in the Other Analyses 

Section. 

 

C. Study Population Demographics and Baseline Parameters 

 

The baseline demographics in the Integra and Control arms were comparable for all 

parameters including, but not limited to, severity and type of diabetes, gender, race, 

age, and ulcer size area (Table 2).   
 

Table 2 – ITT Baseline Population Demographics and Baseline Characteristics 

Characteristic Statistic 
Integra 

(N = 154) 

Control  

(N = 153) 

Total 

(N = 307) 

Age (years) 

Mean (SD) 55.8 (10.6) 57.3 (9.7) 56.5 (10.1) 

Median 56.0 57.0 57.0 

Min, Max 31.0, 82.0 28.0, 82.0 28.0, 82.0 

Gender 
Male, n (n/N%) 118 (76.6) 114 (74.5) 232 (75.6) 

Female, n (n/N%) 36 (23.4) 39 (25.5) 75 (24.4) 

Race 

American 

Indian/Alaskan 

Native, 

n (n/N%) 

0 (0.0) 2 (1.3) 2 (0.6) 

Asian, n (n/N%) 1 (0.6) 2 (1.3) 3 (1.0) 

Black Or African 

American, 

n (n/N%) 

28 (18.2) 34 (22.1) 62 (20.1) 
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Native Hawaiian or 

Pacific 

Islander, n (n/N%) 

1 (0.6) 0 (0.0) 1 (0.3) 

Caucasian, n (n/N%) 118 (76.6) 111 (72.1) 229 (74.4) 

Other, n (n/N%) 6 (3.9) 5 (3.2) 11 (3.6) 

Ethnicity 

Not Hispanic/Latino, 

n (n/N%) 
108 (70.1) 116 (75.8) 224 (73.0) 

Hispanic or Latino, n 

(n/N%) 
46 (29.9) 37 (24.2) 83 (27.0) 

Weight (kg) 

Mean (SD) 107 (23.3) 107 (28.9) 107 (26.2) 

Median 105 103 104 

Min, Max 63.5, 178 52.2, 221 52.2, 221 

Height (cm) 

Mean (SD) 178 (9.4) 177 (12.2) 177 (10.9) 

Median 178 180 178 

Min, Max 154, 196 132, 203 132, 203 

BMI (kg/m²) 

Mean (SD) 34.0 (7.2) 34.1 (8.4) 34.0 (7.8) 

Median 33.8 32.1 33.0 

Min, Max 21.4, 58.9 19.9, 62.4 19.9, 62.4 

Tobacco 

Product Use 

Yes, n (n/N%) 28 (18.2) 19 (12.4) 47 (15.3) 

No, n (n/N%) 126 (81.8) 134 (87.6) 260 (84.7) 

Diabetes 

Mellitus Type 

Type 1, 

n (n/N%) 
4 (2.6) 13 (8.5) 17 (5.5) 

Type 2, 

n (n/N%) 
150 (97.4) 140 (91.5) 290 (94.5 

Use Of Insulin 

at Baseline 

Yes, n (n/N%) 30 (19.5) 37 (24.2) 67 (21.8) 

No, n (n/N%) 124 (80.5) 116 (75.8) 240 (78.2) 

Age Of Study 

Ulcer (Days) 

n 154 153 307 

Mean (SD) 308 (491) 303 (418) 305 (455) 

Median 126 152 140 

Min, Max 31.0, 4501 32.0, 2059 31.0, 4501 

% Reduction in 

Ulcer Area Size 

Between 

Screening & 

First Treatment  

Application 

Mean (SD) 

 
-14 (38.0) -17 (65.9) -16 (53.7) 

Median -3.4 -1.6 -2.0 

Min, Max -228, 29.2 -565, 28.6 -565, 29.2 

Baseline Study 

Ulcer Size (cm²) 

Mean (SD) 3.53 (2.5) 3.65 (2.6) 3.59 (2.6) 

Median 2.6 2.6 2.6 

Min, Max 1.0, 11.5 1.0, 10.8 1.0, 11.5 

Location of 

Study Ulcer 

Plantar, 

n (n/N %) 
126 (81.8) 127 (83.0) 253 (82.4) 

Dorsal, 

n (n/N %) 
28 (18.1) 25 (16.3) 53 (17.3) 

Medial, 

n (n/N %) 
0 1 (0.7) 1 (0.3) 

Wagner Grade 

Grade 1, 

n (n/N %) 
45 (29.2) 37 (24.2) 82 (26.7) 

Grade 2, 

n (n/N %) 
109 (70.8) 116 (75.8) 225 (73.3) 

 

Number of Integra Template Applications – The median number of Integra Template 

applications was one (i.e., 92/154 (59.7%) subjects required a single Integra Template 

application).  Table 3 provides a summary of the number of subjects and the number 
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of Integra Template applications required. Reapplications were at the discretion of the 

investigator.   The most common reasons for reapplications were non-adherence with 

fluid accumulation and infection.  

 

Table 3 – Summary of Subjects with Applications of Integra Template 
No. of Applications No. Integra Subjects 

N = 154 

n (n/N %) 

1 92 (59.7) 

2 33 (21.4) 

3 12 (7.8) 

4 5 (3.2) 

5 5 (3.2) 

6 2 (1.3) 

7 2 (1.3) 

11 2 (1.3) 

15 1 (0.6) 

 

Offloading of the Study Ulcer – DFU offloading is a well-recognized method of 

promoting wound closure.  Subject compliance in ulcer offloading was assessed via 

subject diary review and subject interviews.  In this analysis, high levels of overall 

subject offloading compliance were observed for both Integra (i.e., mean = 21.6 

hours/day) and Control subjects (i.e., mean = 20.9 hours / day).  Given the limited 

number of subjects with low offloading compliance (i.e., 8/154 Integra and 11/153 

Control subjects offloaded 0-14 hours / day), no significant correlation could be made 

between offloading compliance with incidence of healing, time to wound healing, and 

subject discontinuation.  

 

D. Safety and Effectiveness Results 

 

1. Safety Results 

 

All Adverse Events (AEs) – 101/154 (65.6%) of Integra and 115/153 (75.2%) of 

Control subjects reported an AE.  A total of 798 AEs were reported, with 444/798 

(55.6%) AEs in Control subjects and 354/798 (44.4%) AEs in Integra subjects. 

 

All AEs that were reported in the study at an incidence of greater than or equal to 

1% in either cohort are presented in Table 4. This table reflects AEs that were 

both attributed and not attributed to treatment.  They are also listed in descending 

order according to their frequency in the Integra cohort. There were no 

unanticipated AEs in the trial. 

 

Table 4 – Adverse Events (Reported in ≥1% of Subjects) by MEDRA Preferred Term 

Adverse event 

(Preferred Term) 

Integra 

N = 154 Subjects 

n (n/N%) 

Control 

N = 153 subjects 

n (n/N%) 

Diabetic foot infection 23 (14.9) 23 (15.0) 

Diabetic foot 22 (14.3) 31 (20.3) 
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Pain in extremity 14 (9.1) 20 (13.1) 

Cellulitis 13 (8.4) 13 (8.5) 

Osteomyelitis 9 (5.8) 19 (12.4) 

Edema peripheral 7 (4.5) 7 (4.6) 

Nausea 7 (4.5) 3 (2.0) 

Condition aggravated 6 (3.9) 14 (9.2) 

Excoriation 6 (3.9) 7 (4.6) 

Upper respiratory tract infection 6 (3.9) 6 (3.9) 

Blister 6 (3.9) 6 (3.9) 

Influenza 5 (3.2) 3 (2.0) 

Wound 4 (2.6) 6 (3.9) 

Pneumonia 4 (2.6) 3 (2.0) 

Vomiting 4 (2.6) 2 (1.3) 

Hypoglycemia 4 (2.6) 1 (0.7) 

Ingrowing nail 4 (2.6) 1 (0.7) 

Urinary tract infection 3 (1.9) 6 (3.9) 

Erythema 3 (1.9) 4 (2.6 

Cardiac failure congestive 3 (1.9) 4 (2.6) 

Pyrexia 3 (1.9) 3 (2.0) 

Application site pain 3 (1.9) 2 (1.3) 

Diarrhea 3 (1.9) 2 (1.3) 

Hypertension 3 (1.9) 2 (1.3) 

Disease recurrence 3 (1.9) 1 (0.7) 

Local swelling 3 (1.9) 1 (0.7) 

Skin maceration 3 (1.9) 1 (0.7) 

Application site erosion 3 (1.9) 0 

Contusion 3 (1.9) 0 

Decubitus ulcer 2 (1.3) 4 (2.6) 

Nasopharyngitis 2 (1.3) 2 (1.3) 

Constipation 2 (1.3) 2 (1.3) 

Gastrooesophageal reflux disease 2 (1.3) 2 (1.3) 

Diabetic neuropathy 2 (1.3) 2 (1.3) 

Dizziness 2 (1.3) 2 (1.3) 

Asthma 2 (1.3) 2 (1.3) 

Cough 2 (1.3) 2 (1.3) 

Dyspnea 2 (1.3) 2 (1.3) 

Pain 2 (1.3) 2 (1.3) 

Sinusitis 2 (1.3) 1 (0.7) 

Chest pain 2 (1.3) 1 (0.7) 

Hypotension 2 (1.3) 0 

Renal failure 2 (1.3) 0 

Blood glucose decreased 2 (1.3) 0 

Blood pressure increased 2 (1.3) 0 

Anxiety 2 (1.3) 0 

Arthralgia 1 (0.6) 6 (3.9) 

Laceration 1 (0.6) 5 (3.3) 

Abscess limb 1 (0.6) 4 (2.6) 

Gastritis 1 (0.6) 3 (2.0) 

Balance disorder 1 (0.6) 3 (2.0) 

Drug hypersensitivity 1 (0.6) 3 (2.0) 

Nail avulsion 1 (0.6) 2 (1.3) 

Sepsis 1 (0.6) 2 (1.3) 
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Gout 1 (0.6) 2 (1.3) 

Muscle spasms 1 (0.6) 2 (1.3) 

Musculoskeletal pain 1 (0.6) 2 (1.3) 

Skin fissures 1 (0.6) 2 (1.3) 

Headache 1 (0.6) 2 (1.3) 

Coronary artery disease 1 (0.6) 2 (1.3) 

Visual impairment 1 (0.6) 2 (1.3) 

Anemia 1 (0.6) 2 (1.3) 

Localized infection 0 4 (2.6) 

Gangrene 0 3 (2.0) 

Diabetes mellitus 0 3 (2.0) 

Diabetic ketoacidosis 0 3 (2.0) 

Limb injury 0 3 (2.0) 

Cataract 0 3 (2.0) 

Hyperlipidemia 0 2 (1.3) 

Skin ulcer 0 2 (1.3) 

Paronychia 0 2 (1.3) 

Skin infection 0 2 (1.3) 

Soft tissue infection 0 2 (1.3) 

Hypoesthesia 0 2 (1.3) 

Pulmonary embolism 0 2 (1.3) 

Skin papilloma 0 2 (1.3) 

 

Serious Adverse Events (SAEs) – 38/154 (24.7%) of the Integra and 55/153 

(35.9%) of the Control subjects reported a SAE.  The incidence of serious 

infections and infestations was 27/154 (17.5%) in the Integra and 40/153 (26.1%) 

in the Control cohorts.  Osteomyelitis was the most common SAE infection (i.e., 

8/154 (5.2%) of the Integra and 15/153 (9.8%) of the Control subjects). 

 

 Adverse Events potentially related to treatment (TRAE) - occurred in 7/154 

(4.5%) of the Integra and 8/153 (5.2%) of the Control subjects.  In the Integra 

group, the 11 TRAE incidences were: diabetic foot infections (3.2%; 5/154), 

application site cellulitis (0.6%; 1/154), cellulitis (0.6%; 1/154), infected skin 

ulcer (0.6%; 1/154), sepsis (0.6%; 1/154), application site erythema (0.6%; 

1/154), and excoriation (0.6%; 1/154).  Four incidences, occurring in two subjects, 

were also Serious Adverse Events (i.e., sepsis, diabetic foot infection, cellulitis, 

and infected skin ulcer).  These serious, potentially related AEs resulted in the two 

Integra subjects being withdrawn from the clinical trial.  In the Control group, the 

17 TRAEs were: application site odor (0.7%; 1/153), arthralgia (0.7%; 1/153), 

condition aggravated (1.3%; 2/153), dermatitis atopic (0.7%; 1/153), diabetic foot 

(1.3%; 2/153), laceration (0.7%; 1/153), neuropathic arthropathy (0.7%; 1/153), 

edema peripheral (0.7%; 1/153), osteomyelitis (0.7%; 1/153), pain in extremity 

(0.7%; 1/153), skin papilloma (0.7%; 1/153), urinary tract infection (0.7%; 1/153), 

and wound (0.7%; 1/153).  None of the 17 potentially related AEs in the Control 

group were considered Serious Adverse Events; however, one subject in the 

Control group was withdrawn from the clinical trial due to a potentially related 

adverse event (i.e. osteomyelitis).   All other Integra and Control subjects who 
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withdrew from the clinical trial due to AEs had events that were judged unlikely 

or not related to the study treatment.      

 

Patient Death – Four Control subjects and zero Integra subjects died during the 

study.  All deaths were judged unrelated to the Study Treatment.   

 

Chemical Labs – Serum Chemistry Values for all Subjects (i.e., range, mean and 

median values) were comparable between the two treatment groups at both 

baseline and the end of treatment.  None of the subjects in this trial had the 

treatment discontinued or the trial terminated due to laboratory abnormalities.  

Changes in the serum chemistry that were deemed clinically significant by the 

Investigators were reported as adverse events. One Integra and one Control 

subject experienced SAEs reported as hypoglycemia.  None of these events were 

judged related to the Study Treatment. 

 

2.  Effectiveness results 

 

Primary Effectiveness Endpoint 

 

The primary effectiveness endpoint was complete closure of the study ulcer, as 

assessed by the investigator, during the 16-week Treatment Phase.  79/154 

(51.3%) of the Integra and 49/153 (32.0%) of the Control subjects achieved 100% 

complete closure of the study ulcer.  This 19.3% treatment difference was 

statistically significant (p-value = 0.0007).   

 

Secondary Effectiveness Outcomes  

 

Complete Wound Closure – Computerized Planimetry – During the Treatment 

Phase, 77/154 (50.0%) of the Integra and 48/153 (31.4%) of the Control subjects 

achieved 100% complete wound closure as assessed by Computerized Planimetry.  

The treatment difference of 18.6% was statistically significant (p=0.0010) and a 

strong agreement with the Primary Effectiveness endpoint was observed. 

 

Time to Complete Wound Closure – Investigator’s Assessment – The Kaplan-

Meier results for the Investigator Assessment of time to complete wound closure 

demonstrated that: 1) approximately 50% of the IDRT subjects achieved complete 

wound closure by day 85, whereas only 32% of the Control subjects achieved 

complete wound closure at the end of the Treatment Phase (Day 112); 2) a 49 day 

difference existed in the time needed to achieve complete healing for 25% of all 

subjects (i.e., 43 days for IDRT and 92 days for Control subjects); and 3) the 

median time to complete wound closure for Integra subjects (43 days) was 35 days 

shorter than Control subjects (78 days). 

 

Time to Complete Wound Closure – Computerized Planimetry – Results similar to 

the Investigator Assessment of time to complete wound closure were observed, 
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i.e., 1) 99 days were required for approximately 50% of the IDRT subjects to 

achieve complete wound closure; 2) a 49 day difference existed in the time needed 

to achieve complete healing in 25% of all subjects (i.e., 43 days for IDRT and 92 

days for Control subjects ); and 3) the median time to complete wound closure for 

Integra subjects (43 days) was 35 days shorter than Control subjects (78 days). 

 

Rate of Wound Size Reduction – The rate of wound healing (% healed/week) or 

rate of wound size reduction was measured via planimetric assessment (during the 

Treatment Phase) and calculated with the following formula: 

 

Rate (% healed/week) = 

7 * [(Baseline wound size) – (Post-baseline wound size)] / 

[(Baseline wound size) * (days in clinical trial)] 

 

The average wound size at baseline was 3.53 cm
2
 for Integra and 3.65 cm

2
 for 

Control subjects.  The rate of wound size reduction observed at the end of the 

Treatment Phase for Integra and Control subjects was 7.15% healed/week and 

4.81% healed/week, respectively (p=0.0115).  

 

Incidence of Ulcer Recurrence – 15/79 (19.0%) of the healed Integra and 13/49 

(26.5%) of the healed Control subjects experienced ulcer recurrence during the 

study.  The difference was not statistically significant. 

 

Change in Baseline Quality of Life Metrics at the End of Treatment – Integra 

subjects showed significant improvements in: 1) the Physical Functioning for 

daily activities of walking, climbing stairs, bending, bathing, carrying groceries, 

and moderate to vigorous activities and 2) the Reduction in the Bodily Pain 

(and/or limitations of normal work activities due to pain) Modules of the Quality 

of Life Questionnaire SF-36v2 Health Survey, compared to Control subjects.  No 

significant differences between treatment groups were observed for the other 

Modules in the Quality of Life Questionnaire SF-36v2 Health Survey (i.e., 

General Health, Social Functioning, Role Emotional, Mental Health or Vitality). 

 

3.  Subgroup Analyses 

 

Covariate Analyses – Two factors in the ITT Population, i.e., baseline wound size 

(p = 0.0009) and study ulcer age (p = 0.0014), were significant contributing 

factors to ulcer healing.  Diabetes Mellitus Type, baseline HbA1c, race, baseline 

BMI, wound location (left or right foot), tobacco use, age, ethnicity, Wagner 

Grade, ulcer location (plantar/dorsal/medial), insulin use, or gender were not 

significant factors to wound healing.  All analysis models for the primary and 

secondary endpoints were adjusted for the baseline wound size and the baseline 

age of ulcer.  
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Fenestrated vs. Non-Fenestrated Integra Template – Fenestrating and meshing (at 

a 1:1 ratio) of Integra Template was permitted (at the discretion of the 

investigator) to allow for drainage in the presence of exudate or hematoma.  Based 

on CRF review: 1) no subjects received meshed Integra Template, 2) 122 subjects 

had fenestrated Integra Template applied at one or more visits, 3) 33 subjects 

received neither meshed nor fenestrated Integra Template, 4) one subject had both 

fenestrated and non-cut Integra Template at different visits and is counted in both 

subgroups, 5) 65/122 (53.28%) of the subjects receiving fenestrated Integra 

Template achieved complete wound closure, 6) 14/33 (42.42%) of the subjects 

receiving non-fenestrated Integra Template achieved wound closure, and 7) 

32.03% of the Control group achieved wound closure. 

 

Poolability of Sites – Site poolability was assessed prior to pooling the data from 

the different investigational sites. The results of this analysis demonstrated that 

the effect of site was not statistically significant and the overall results for 

complete wound closure were not site-dependent. 

 

Subject Withdrawal from the Study – The reasons for subject 

withdrawal/discontinuation from the Treatment, and Study (i.e., Treatment + 

Follow-up Phases) are presented in Tables 5 and 6, respectively.   

 

Table 5 – Reasons for Subject Withdrawal from Treatment Phase 

Premature 

Termination Reason 

Integra  

N = 154  

n (n/N %) 

Control  

N = 153  

n (n/N %) 

Total  

N = 307  

n (n/N %) 

Adverse Event 13 (8.4%) 16 (10.5%) 29 (9.4%) 

Investigator’s 

decision 

8 (5.2%) 8 (5.2%) 16 (5.2%) 

Subject withdrew 

consent 

1 (0.6%) 6 (3.9%) 7 (2.3%) 

Protocol violation 2 (1.3%) 2 (1.3%) 4 (1.3%) 

Lost-to-follow-up 1 (0.6%) 2 (1.3%) 3 (1.0%) 

Other 1 (0.6%) 2 (1.3%) 3 (1.0%) 

Total 26 (16.9%) 36 (23.5%) 62 (20.2%) 

 

Table 6 – Reasons for Subject Withdrawal from Study (Treatment + Follow-up Phases) 

Premature 

Termination Reason 

Integra  

N = 154  

n (n/N %) 

Control  

N = 153  

n (n/N %) 

Total  

N = 307 

n (n/N %) 

Adverse Event 13 (8.4%) 25 (16.3%) 38 (12.4%) 

Investigator’s 

decision 

14 (9.1%) 16 (10.5%) 30 (9.8%) 

Lost-to-follow-up 9 (5.8%) 11 (7.2%) 20 (6.5%) 

Other 6 (3.9%) 7 (4.6%) 13 (4.2%) 

Subject withdrew 3 (1.9%) 9 (5.9%) 12 (3.9%) 
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consent 

Protocol violation 3 (1.9%) 3 (2.0%) 6 (2.0%) 

Total 48 (31.2%) 71 (46.4%) 119 (38.8%) 

 

The impact of subject withdrawals on the validity of the clinical study was 

analyzed as discussed below. 

 

Demographics of the Withdrawn Population were compared and no evidence of 

selection bias in subject withdrawal was observed.  These analyses included 

comparisons of the following factors for Integra and Control cohorts who 

withdrew during the Treatment Phase: 1) baseline study ulcer size, 2) the mean 

wound size reduction during the two week Run-In period, 3) the proportion of 

plantar to dorsal wounds and 4) baseline ulcer severity (i.e., ratio of Grade 1 to 

Grade 2 ulcers).  The average baseline ulcer duration of Control subjects who 

withdrew during the Treatment Phase was longer than Integra subjects (i.e., a 

mean value of 254 days for Integra and 368 days for Control subjects).   

 

Based on the computerized planimetry assessment prior to subject withdrawal 

during the treatment phase, a majority of withdrawals were due to the lack of 

treatment effectiveness in both groups, and the observed higher percentage of 

withdrawal in the control group appeared to be a reflection of the inferior 

performance of the Control treatment as compared to the Integra treatment. Also, 

no significant association between the treatment groups and subject 

discontinuation was observed for: 1) subjects with a history of lower extremity 

amputation and discontinuation during the Treatment Phase, 2) subjects with a 

history of cellulitis and discontinuation during the Treatment Phase, 3) subjects 

without a history of lower extremity infection and discontinuation during the 

Treatment Phase, 4) subjects with an additional ulcer at study entry and 

discontinuation during the Treatment Phase, 5) subjects with a prior history of 

foot surgery and discontinuation during the Treatment Phase, 6) the time that a 

subject remained on study prior to withdrawal, 7) the number of subjects who 

withdrew from the study during the Treatment Phase and experienced at least one 

major protocol deviation, 8) the amount of daily offloading or 9) the frequency of 

AEs and SAEs in both treatment cohorts. Therefore, the loss of these subjects did 

not significantly alter the evaluation of device safety or effectiveness.   

 

E. Financial Disclosure  

 

The Financial Disclosure by Clinical Investigators regulation (21 CFR 54) requires 

applicants who submit a marketing application to include certain information 

concerning the compensation to, and financial interests and arrangement of, any 

clinical investigator conducting clinical studies covered by the regulation. The pivotal 

clinical study included 35 Principal Investigators and 80 Sub-Investigators at sites that 

randomized subjects. None of the Principal or Sub Investigators had disclosable 



 

 

PMA P900033/S042  FDA Summary of Safety and Effectiveness Data Page 16 

 

financial interests/arrangements as defined in sections 54.2(a), (b), (c), and (f).  The 

information provided does not raise any questions about the reliability of the data. 

 

XI. SUMMARY OF SUPPLEMENTAL CLINICAL INFORMATION 

 

 Relevant Post Market Experience  

 

Since March 01, 1996, Integra Template has been sold for the treatment of life-

threatening full-thickness or deep partial-thickness thermal injuries, and since April 19, 

2002 Integra Template has also been sold for the repair of scar contractures.  Integra 

Bilayer Matrix Wound Dressing (which has the same composition as Integra Template) was 

cleared on August 14, 2002 for the management of partial and full thickness wounds, 

pressure ulcers, venous ulcers, diabetic ulcers, chronic vascular ulcers, surgical wounds 

(donor sites / grafts, post-Moh’s surgery, post-laser surgery, podiatric, wound 

dehiscence), trauma wounds (abrasions, lacerations. second-degree burns, and skin tears) 

and draining wounds.  Integra Wound Matrix Dressing (which contains the same dermal 

layer, but not the silicone layer of Integra Template), was cleared on September 10, 2002 

for the same indications as the Integra Bilayer Matrix Wound Dressing.   Integra Wound 

Matrix (Thin) (which has the same, but thinner composition as Integra Wound Matrix 

Dressing) was cleared on February 9, 2012 for management of wounds including: partial 

and full-thickness wounds, pressure ulcers, venous ulcers, diabetic ulcers, chronic 

vascular ulcers, tunneled/undermined wounds, surgical wounds (donor sites/grafts, post-

Moh's surgery, post-laser surgery, podiatric, wound  dehiscence), trauma wounds 

(abrasions, lacerations, second-degree bums, skin tears) and draining wounds. 
 

Since 1996, 111 clinical Medical Device Reports (MDRs) were submitted to the sponsor, 

and these are summarized in Table 7.  
 

Table 7 – Summary of Clinical MDRs of Integra Product Family Since 1996 

MDR Category Total MDRs 

Infection 60 

Poor Take/Dislodgment 18 

Allergic Reaction 6 

Autograft Lost 4 

Wound Dehiscence 4 

Regeneration of Granulous Skin 3 

Death* 3 

No Autograft Take 3 

Non healing Wound 2 

Matrix Calcification 2 

Septic Shock 1 

Hematoma 1 

Fever 1 

Hypertrophic Scarring 1 

Bulging of Graft 1 

Factor 5 Deficiency** 1 

Total 111 
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* The three deaths that Integra filed as MDRs were deemed by the physicians who reported the complaints to be 

unrelated to the Integra template. 

 

** Integra investigators determined that Factor 5 Deficiency could not have been caused by the Integra product. The 

complaint was filed because a physician thought that the product could have caused the deficiency based on his 

research that bovine thrombin has been known to cause the deficiency.  However, Integra products do not contain 

bovine thrombin. 

 

XII. PANEL RECOMMENDATIONS 

 

Pursuant to section 515(c)(2) of the Food, Drug and Cosmetic Act (the Act) as amended 

by the Safe Medical Devices Act of 1990, this PMA supplement was not referred to the 

General and Plastic Surgery Panel and FDA advisory panel for review and 

recommendation.  This is because the information in this PMA supplement substantially 

duplicates information previously reviewed by this panel.  

 

XIII. CONCLUSIONS DRAWN FROMPRECLINICAL AND CLINICAL STUDIES 

 

A. Effectiveness Conclusions 

 

Assessment of product effectiveness is based on the results of Pivotal Clinical Trial 

IDRT/DFU US 2009-3.  The submitted data provided a reasonable assurance that the 

device is effective for the treatment of partial and full-thickness neuropathic diabetic 

foot ulcers that are greater than six weeks in duration, with no capsule, tendon or bone 

exposed, when used in conjunction with standard diabetic ulcer care.  The specific 

conclusions are: 

 

 The study met the pre-specified primary effectiveness criterion of complete study 

ulcer closure, (as assessed by the investigator during the 16-week treatment period).  

79/154 (51.3%) of the Integra and 49/153 (32.0%) of the Control subjects achieved 

complete wound closure.  This 19.3% treatment difference was statistically significant 

(p-value = 0.0007).  245/307 (79.8%) of the subjects were evaluated for this primary 

effectiveness endpoint. 

 

 The study met the following pre-specified secondary effectiveness endpoints.  

Specifically, Integra Template was statistically superior in the: 1) percentage of 

subjects with complete study ulcer closure, as assessed by computerized planimetry, 

(i.e., 77/154 (50.0%) of the Integra vs 48/153 (31.4%;) of the Control subjects, 

p=0.0010); 2) the time to complete wound closure as assessed by the Investigator (i.e., 

the median time to complete wound closure for Integra subjects (43 days) was 35 days 

shorter than Control subjects (78 days); 3) the time to complete wound closure as 

assessed by computerized planimetry; (i.e., the same results were observed by 

computerized planimetry and Investigator assessment); and 4) the wound closure rate 

as assessed by computerized planimetry (i.e., the average rate of wound size reduction 

was 7.15% (Integra) and 4.81% (Control) healed/week), p=0.0115. 
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 The incidence of ulcer recurrence, although not statistically significant, was less in the 

healed Integra Template cohort 15/79 (19.0%) than the healed Control subject cohort 

13/49 (26.5%). 

 

 Omnigraft subjects showed improvement in the Physical Functioning for Daily 

Activities and Reduction in the Bodily Pain modules of the Quality of Life 

Questionnaire SF-36v2 Health Survey questionnaire.  No significant differences 

between treatment groups were observed for General Health, Social Functioning, 

Role Emotional, Mental Health or Vitality Modules of this questionnaire. 

 

 Review of baseline demographics and wound conditions, indicated that the two cohorts 

were well balanced.  With the exception of baseline ulcer size and baseline ulcer age, no 

other study covariate (i.e., Diabetes Mellitus Type, baseline HbA1c, race, baseline 

BMI, wound location (left or right foot), tobacco use, patient age (continuous), patient 

age (cutoff 65 years), ethnicity, Wagner Grade, Insulin use, gender, and ulcer location 

(plantar/dorsal/medial) influenced the clinical effectiveness outcomes measured.  This 

observation is consistent with previous clinical studies of diabetic neuropathic foot 

ulcers. 

 

B. Safety Conclusions 

The adverse effects of the device are based on data collected in the Pivotal Study 

IDRT/DFU US 2009-3 to support PMA approval, as described above, as well as an 

evaluation of the Post Market Surveillance reports. The submitted data provided a 

reasonable assurance that the device is safe for the treatment of partial and full-

thickness neuropathic diabetic foot ulcers that are greater than six weeks in duration, 

with no capsule, tendon or bone exposed, when used in conjunction with standard 

diabetic ulcer care.  The specific conclusions are: 

 

 Safety assessments included clinical visits during the two week Pre-Treatment 

Phase, weekly assessments during the 16 week Treatment Phase, and monthly 

assessments during the three month Follow-up Phase.  Serum chemistry 

parameters were also determined at baseline and the end of the Treatment Phase. 

 

 101/154 (65.6%) of the Integra and 115/153 (75.2%) of the Control subjects 

reported an adverse event (AE).  Of the total 798 AEs reported in the study, 

354/798 (44.4%) occurred in Integra and 444/798 (55.6%) occurred in Control 

subjects.  Integra subjects experienced fewer AEs than Control subjects. 

 

 38/154 (24.7%) of the Integra and 55/153 (35.9%) of the Control subjects reported 

a serious adverse event (SAE).  Integra subjects experienced fewer SAEs than 

Control subjects. 

 

 Adverse Events that were potentially related to treatment (TRAE) occurred in 

7/154 (4.5%) of the Integra and 8/153 (5.2%) of the Control subjects.  In the 

Integra group, the TRAEs were: diabetic foot infections (3.2%; 5/154), application 
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site cellulitis (0.6%; 1/154), cellulitis (0.6%; 1/154), infected skin ulcer (0.6%; 

1/154), sepsis (0.6%; 1/154), application site erythema (0.6%; 1/154), and 

excoriation (0.6%; 1/154).  In the Control group, the TRAEs were: application site 

odor (0.7%; 1/153), arthralgia (0.7%; 1/153), condition aggravated (1.3%; 2/153), 

dermatitis atopic (0.7%; 1/153), diabetic foot (1.3%; 2/153), laceration (0.7%; 

1/153), neuropathic arthropathy (0.7%; 1/153), edema peripheral (0.7%; 1/153), 

osteomyelitis (0.7%; 1/153), pain in extremity (0.7%; 1/153), skin papilloma 

(0.7%; 1/153), urinary tract infection (0.7%; 1/153), and wound (0.7%; 1/153).   

 

 The most common AE in the study was infection.  56/154 (36.4%) of Integra 

subjects experienced an infection or infestation, 26/56 (46.4%) of these subjects 

healed and 11/56 (19.6%) of these subjects went on to amputation.  74/153 

(48.4%) of Control subjects experienced an infection or infestation, 19/74 (25.7%) 

of these subjects healed and 16/74 (21.6%) of these subjects went on to 

amputation.  The incidence of SAEs infections and infestations was 27/154 

(17.5%) in the Integra and 40/153 (26.1%) in the Control cohorts.  Osteomyelitis 

was the most common SAE infection.  This SAE occurred in 8/154 (5.2%) of the 

Integra and 15/153 (9.8%) of the Control subjects.  

 

 Four Control subjects died during the study of causes unrelated to study treatment.  

No patient deaths occurred in the Integra cohort. 

 

 Recognizing the limitations associated with reviewing safety information in the 

Integra LifeSciences Corporation Postmarketing Safety database, it appears that 

the types and incidence of adverse events observed with Integra (and similar 

products) are reported at a low level and do not raise any concerns for the 

proposed indication for use.  Since the product has been on the market in various 

forms since 1996, it is also unlikely that further post market experience will 

provide different information as to safety of the device.  Furthermore, there is no 

reason to expect that “real-world” experience will differ.  Thus, the safety profile 

of Integra Template in seriously burned patients for the past 19 years was an 

important consideration. 

 

C. Benefit-Risk Conclusion 

 

The impact of diabetic foot ulcers (DFU) on individuals and society is significant.  

Failure to respond to local wound care in DFU will usually result in amputation.   If 

wound closure can be achieved, it is likely to delay the need for surgical intervention 

and offer other benefits such as improvements in: productivity, mental outlook, social 

interactions, and time at work, as well as decreased mortality.  

 

The benefits of Omnigraft observed in this study were improved ulcer healing rates 

and patient condition.  The risks associated with this product are well known and no 

new or unexpected risks were identified during the trial in this population.  The safety 

and efficacy of this product in this population was superior to standard of care. 
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In conclusion, given the available information above, the data demonstrate that for 

treatment of partial and full-thickness neuropathic diabetic foot ulcers that are greater 

than six weeks in duration with no capsule, tendon or bone exposed, when used in 

conjunction with standard diabetic ulcer care, that the probable benefits outweigh the 

probable risks when used in accordance with the indications for use.   

 

D. Overall Conclusion 

 

The data in this application support the reasonable assurance of safety and 

effectiveness of this device when used in accordance with the indications for use. 

 

XIV. CDRH Decision 

 

CDRH issued an approval order on January 7, 2016. 

 

XV. Approval Specifications  

 

Directions for Use: See product labeling. 

 

Hazard to Health from Use of the Device: See Indications, Contraindications, Warnings, 

and Precautions, Adverse Reactions in the device labeling. 

 

Postapproval Requirement and Restrictions: See the approval order. 



Instructions for Use



Integra® Omnigraft™

Dermal Regeneration Matrix

DESCRIPTION
Integra® Omnigraft™ Dermal Regeneration Matrix (Omnigraft) is 
an advanced bilayer matrix for dermal regeneration.  The dermal 
replacement layer consists of a porous, three-dimensional matrix, 
comprised of bovine collagen and chondtroitin-6-sulfate (C6S) 
that is designed with a controlled porosity and defined degradation 
rate.  The temporary epidermal layer is made of a thin polysiloxane 
(silicone) layer to provide immediate wound coverage and control 
moisture loss from the wound. 

Omnigraft, also marketed as Integra® Dermal Regeneration Tem-
plate, is provided sterile and non-pyrogenic. The inner foil pouch 
and product should be handled using sterile technique. Omnigraft 
should not be re-sterilized.

INDICATIONS
Integra® Omnigraft Dermal Regeneration Matrix is indicated for use 
in the treatment of partial and full-thickness neuropathic diabetic 
foot ulcers that are greater than six weeks in duration, with no 
capsule, tendon or bone exposed, when used in conjunction with 
standard diabetic ulcer care.

Integra® Dermal Regeneration Template is indicated for: the 
postexcisional treatment of life-threatening full-thickness or deep 
partial-thickness thermal injuries where sufficient autograft is 
not available at the time of excision or not desirable due to the 
physiological condition of the patient; repair of scar contractures 
when other therapies have failed or when donor sites for repair are 
not sufficient or desirable due to the physiological condition of the 
patient; and treatment of partial and full-thickness neuropathic 
diabetic foot ulcers that are greater than six weeks in duration with 
no capsule, tendon or bone exposed, when used in conjunction with 
standard diabetic ulcer care.

CONTRAINDICATIONS
•	 Omnigraft should not be used in patients with known sensitivity 

to bovine collagen or chondroitin materials. 
•	 Omnigraft should not be used on clinically diagnosed infected 

wounds.

WARNINGS
Debridement or excision must be done thoroughly to remove any 
remaining necrotic tissue that may delay healing or cause infection. 
Omnigraft will not incorporate into a wound bed of nonviable tissue. 
Leaving any remaining nonviable tissue may create an environment 
for bacterial growth.

PRECAUTIONS
•	 The following complications are possible with the use of wound 

treatments.   The product should be removed if any of these 
conditions occur: infection, chronic inflammation (initial applica-
tion of wound products may be associated with transient, mild, 
localized inflammation), allergic reaction, excessive redness, pain, 
or swelling.

•	 Do not re-sterilize. Discard all opened and unused portions of 
Omnigraft.

•	 Omnigraft is sterile if the package is unopened and undamaged. 
Do not use if the package seal is broken.

•	 Discard Omnigraft if mishandling has caused possible damage or 
contamination. 

•	 There have been no clinical studies evaluating Omnigraft in 
pregnant women. Caution should be exercised before using 
Omnigraft in pregnant women. Such use should occur only when 
the anticipated benefit clearly outweighs the risk.  

•	 Do not use enzymatic debridement agents when cleaning out 
the wound. 

•	 Omnigraft should be applied on the day of debridement. Delaying 
the application of Omnigraft may substantially impair the take of 
the material to the wound bed. 

•	 Hemostasis must be achieved prior to applying Omnigraft. Inad-
equate control of bleeding will interfere with the incorporation 
of Omnigraft.

•	 Appropriate bolstering techniques should be used so Omnigraft 
maintains intimate contact with the wound bed.

•	 Keep the dressings dry and avoid contact with water at all times. 
•	 Omnigraft must NOT be excised off the wound. 
•	 Caution must be employed to not remove the newly formed 

dermal tissue when removing the silicone layer. 
•	 Placing the patient in hydrotherapy immersion may interfere with 

proper incorporation of Omnigraft and cause premature separa-
tion of the silicone layer and non-adherence to the wound bed.  

•	 Appropriate offloading techniques to minimize pressure and 
shearing should be used to reduce the risk of mechanical 
dislodgement. 

ADVERSE EVENTS
a)   Neuropathic Diabetic Foot Ulcer Clinical Trial

All adverse events at a frequency of ≥ 1% in either cohort that were 
observed in the clinical trial evaluating Omnigraft for the treatment 
of partial and full-thickness neuropathic diabetic foot ulcers that are 
greater than six weeks in duration, with no capsule, tendon or bone 
exposed, when used in conjunction with standard diabetic ulcer care 
are presented in Table 1.  This table includes adverse events that were 
both attributed to and not attributed to treatment.  The adverse 
events are listed in descending order according to their frequency in 
the Omnigraft cohort.

Table 1:  Adverse Events Reported in Greater than 1% of Patients in 
the Diabetic Foot Ulcer Study

Adverse Event
Omnigraft

N = 154 Patients
n (n/N%)

Control
N = 153 Patients

n (n/N%)

Diabetic foot 
infection

23 (14.9) 23 (15.0)

Diabetic foot* 22 (14.3) 31 (20.3)

Pain in extremity 14 (9.1) 20 (13.1)

Cellulitis 13 (8.4) 13 (8.5)

Osteomyelitis 9 (5.8) 19 (12.4)

Edema peripheral 7 (4.5) 7 (4.6)

Nausea 7 (4.5) 3 (2.0)

Condition 
aggravated

6 (3.9) 14 (9.2)

Excoriation 6 (3.9) 7 (4.6)

Upper respiratory 
tract infection

6 (3.9) 6 (3.9)

2
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Adverse Event
Omnigraft

N = 154 Patients
n (n/N%)

Control
N = 153 Patients

n (n/N%)

Blister 6 (3.9) 6 (3.9)

Influenza 5 (3.2) 3 (2.0)

Wound 4 (2.6) 6 (3.9)

Pneumonia 4 (2.6) 3 (2.0)

Vomiting 4 (2.6) 2 (1.3)

Hypoglycemia 4 (2.6) 1 (0.7)

Ingrown nail 4 (2.6) 1 (0.7)

Urinary tract 
infection

3 (1.9) 6 (3.9)

Erythema 3 (1.9) 4 (2.6)

Cardiac failure 
congestive

3 (1.9) 4 (2.6)

Pyrexia 3 (1.9) 3 (2.0)

Application 
site pain

3 (1.9) 2 (1.3)

Diarrhea 3 (1.9) 2 (1.3)

Hypertension 3 (1.9) 2 (1.3)

Disease recurrence 3 (1.9) 1 (0.7)

Local swelling 3 (1.9) 1 (0.7)

Skin maceration 3 (1.9) 1 (0.7)

Application 
site erosion

3 (1.9) —

Contusion 3 (1.9) —

Decubitus ulcer 2 (1.3) 4 (2.6)

Nasopharyngitis 2 (1.3) 2 (1.3)

Constipation 2 (1.3) 2 (1.3)

Gastro-esophageal 
reflux disease

2 (1.3) 2 (1.3)

Diabetic 
neuropathy

2 (1.3) 2 (1.3)

Dizziness 2 (1.3) 2 (1.3)

Asthma 2 (1.3) 2 (1.3)

Cough 2 (1.3) 2 (1.3)

Dyspnea 2 (1.3) 2 (1.3)

Pain 2 (1.3) 2 (1.3)

Sinusitis 2 (1.3) 1 (0.7)

Chest pain 2 (1.3) 1 (0.7)

Hypotension 2 (1.3) —

Renal failure 2 (1.3) —

Blood glucose 
decreased

2 (1.3) —

Blood pressure 
increased

2 (1.3) —

Anxiety 2 (1.3) —

Adverse Event
Omnigraft

N = 154 Patients
n (n/N%)

Control
N = 153 Patients

n (n/N%)

Arthralgia 1 (0.6) 6 (3.9)

Laceration 1 (0.6) 5 (3.3)

Abscess limb 1 (0.6) 4 (2.6)

Gastritis 1 (0.6) 3 (2.0)

Balance disorder 1 (0.6) 3 (2.0)

Drug 
hypersensitivity

1 (0.6) 3 (2.0)

Nail avulsion 1 (0.6) 2 (1.3)

Sepsis 1 (0.6) 2 (1.3)

Gout 1 (0.6) 2 (1.3)

Muscle spasms 1 (0.6) 2 (1.3)

Musculoskeletal 
pain

1 (0.6) 2 (1.3)

Skin fissures 1 (0.6) 2 (1.3)

Headache 1 (0.6) 2 (1.3)

Coronary 
artery disease

1 (0.6) 2 (1.3)

Visual impairment 1 (0.6) 2 (1.3)

Anemia 1 (0.6) 2 (1.3)

Localized infection — 4 (2.6)

Gangrene — 3 (2.0)

Diabetes mellitus — 3 (2.0)

Diabetic 
ketoacidosis

— 3 (2.0)

Limb injury — 3 (2.0)

Cataract — 3 (2.0)

Hyperlipidemia — 2 (1.3)

Skin ulcer — 2 (1.3)

Paronychia — 2 (1.3)

Skin infection — 2 (1.3)

Soft tissue 
infection

— 2 (1.3)

Hypoesthesia — 2 (1.3)

Pulmonary 
embolism

— 2 (1.3)

Skin papilloma — 2 (1.3)

*Diabetic foot includes new, worsening, and recurring ulcers.

Serious Adverse Events (SAE): 38/154 (24.7%) of the Omnigraft and 
55/153 (35.9%) of the Control subjects reported a SAE.  The incidence 
of serious infections and infestations was 27/154 (17.5%) in the Om-
nigraft and 40/153 (26.1%) in the Control cohorts.  Osteomyelitis was 
the most common SAE infection (i.e., 8/154 (5.2%) of the Omnigraft 
and 15/153 (9.8%) of the Control subjects).   Four Control and zero 
Omnigraft subjects died during the study.
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Adverse Events potentially related to treatment (TRAE) occurred 
in 7/154 (4.5%) of the Omnigraft and 8/153 (5.2%) of the Control 
subjects.  In the Omnigraft group, the TRAEs were: diabetic foot 
infections (3.2%; 5/154), application site cellulitis (0.6%; 1/154), 
cellulitis (0.6%; 1/154), infected skin ulcer (0.6%; 1/154), sepsis (0.6%; 
1/154), application site erythema (0.6%; 1/154), and excoriation 
(0.6%; 1/154).  In the Control group, the TRAEs were: application site 
odor (0.7%; 1/153), arthralgia (0.7%; 1/153), condition aggravated 
(1.3%; 2/153), dermatitis atopic (0.7%; 1/153), diabetic foot (1.3%; 
2/153), laceration (0.7%; 1/153), neuropathic arthropathy (0.7%; 
1/153), edema peripheral (0.7%; 1/153), osteomyelitis (0.7%; 1/153), 
pain in extremity (0.7%; 1/153), skin papilloma (0.7%; 1/153), urinary 
tract infection (0.7%; 1/153), and wound (0.7%; 1/153).  

b)   U.S. Burn Clinical Trials  

Omnigraft, evaluated under the marketed trade name of Integra® 
Dermal Regeneration Template (Integra template), has been found 
to be well tolerated in 4 prospective clinical trials involving 444 burn 
patients. There were no reports of clinically significant immunologi-
cal or histological responses to the implantation of Integra template. 
There were no reports of rejection of Integra template.

Adverse events in the Postapproval study were similar to those ob-
served in the previous clinical trials and are common in populations 
of critically ill burn patients regardless of type of treatment used. 
There were no trends noted. There were 6 adverse events which 
were rated by the investigator as being related. These events were 
all single occurrences except for sepsis (2). These adverse events 
occurred in less than 1% of the safety population.

Table 2: Adverse Events Reported in Greater than 1% of Patients in 
the Postapproval Study

Adverse Event
Postapproval Study

N = 216 Patients
n/N (%)

Sepsis 50/216 (23.1%)

Death 30/216 (13.9%)

Infection 6/216 (2.8%)

Thrombophlebitis 6/216 (2.8%)

Kidney Failure 6/216 (2.8%)

Necrosis 5/216 (2.3%)

Hemorrhage 5/216 (2.3%)

Heart Arrest 4/216 (1.9%)

Apnea 4/216 (1.9%)

Pneumonia 4/216 (1.9%)

Allergic Reaction 3/216 (1.4%)

Fever 3/216 (1.4%)

Multisystem Failure 3/216 (1.4%)

Atrial Fibrillation 3/216 (1.4%)

Gastrointestinal Hemorrhage 3/216 (1.4%)

Kidney Abnormal Function 3/216 (1.4%)

Adverse events reported in less than 1% of the population were 
as follows: enlarged abdomen, accidental injury, hypothermia, 
peritonitis, hypotension, peripheral vascular disorder, arrhythmia, 
cardiomyopathy, cardiovascular disorder, congestive heart failure, 
pulmonary embolism, dyspnea, aspiration pneumonia, hypoxia, 
pleural effusion, respiratory distress syndrome, cholecystitis, gastro 
intestinal perforation, hepatorenal syndrome, intestinal obstruction, 
and pancreatitis.

Table 3: Adverse Events Reported in Greater than 1% of Patients in 
Previous Studies

Adverse 
Events

Multi-center
N=149 

Patients
n/N (%)

Anatomic 
Site 

N=59 
Patients
n/N (%)

Meshed 
vs. Sheet

N=20 
Patients
n/N (%)

Death 
37/149 

(24.8%) 
19/59 (32.2%) 3/20 (15%)

Sepsis 17/149 (11.4%) 4/59 (6.8%) 1/20 (5.0%)

Apnea 13/149 (8.7%) 5/59 (8.5%) 0/20 (0.0%)

Pneumonia 10/149 (6.7%) 0/59 (0.0%) 0/20 (0.0%)

Heart Arrest 7/149 (4.7%) 6/59 (10.2%) 0/20 (0.0%)

Kidney Failure 5/149 (3.4%) 4/59 (6.8%) 0/20 (0.0%)

Respiratory 
Distress 

3/149 (2.0%) 0/59 (0.0%) 0/20 (0.0%)

Infection 2/149 (1.3%) 0/59 (0.0%) 0/20 (0.0%)

Lung Disease 2/149 (1.3%) 0/59 (0.0%) 0/20 (0.0%)

Dyspnea 1/149 (0.7%) 1/59 (1.7%) 0/20 (0.0%)

Adrenal 
Insufficiency 

1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Agitation 1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Convulsion 1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Hematemesis 1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Hemoptysis 1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Liver Cirrhosis 1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Nonadherence 1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Shock 1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Skin 
Discoloration 

1/149 (0.7%) 0/59 (0.0%) 0/20 (0.0%)

Asystole 0/149 (0.0%) 0/59 (0.0%) 1/20 (5.0%)

Cerebral 
Artery Infarct 

0/149 (0.0%) 1/59 (1.7%) 0/20 (0.0%)

Metastatic 
Ovarian 
Cancer

0/149 (0.0%) 1/59 (1.7%) 0/20 (0.0%)

Peritonitis 0/149 (0.0%) 1/59 (1.7%) 0/20 (0.0%)

Sarcoidosis 0/149 (0.0%)  0/59 (0.0%) 1/20 (5.0%)

Third Degree 
Burn

0/149 (0.0%) 1/59 (1.7%) 0/20 (0.0%)

Multisystem 
Failure

0/149 (0.0%) 3/59 (5.1%) 0/20 (0.0%)
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The adverse events directly related to the use of Integra template 
were: wound fluid accumulation, positive wound cultures, and 
clinical wound infection. 

In these clinical trials, data were collected regarding wound infec-
tion. The consequences of infection at sites treated with Integra 
template included partial or complete loss of take (incorporation into 
the wound bed) of Integra template. Infection rates in sites treated 
with Integra template in the three clinical trials supporting the PMA 
ranged from 14 to 55%. The overall infection rate for the Postapprov-
al Study was 16.3%.

c)   Scar Contracture Reconstruction Study 

The following adverse events were reported in a Reconstructive 
Surgery Study involving 20 patients with 30 anatomical sites and 
a Retrospective Contracture Reconstruction Survey involving 89 
patients and 127 anatomic sites.

Table 4: Adverse Events Reported in Greater than 1% of Patients in 
the Reconstructive Contracture Surgery Study and Retrospective 
Contracture Reconstruction Survey

Adverse Events

Reconstructive 
Surgery Study 

N = 30 Sites
n/N (%)

Retrospective 
Contracture 

Reconstruction 
Survey

N = 127 Sites 
n/N (%)

Infection 0/30 (0.0%) 26/127 (20.5%)

Fluid under Silicone 
Layer

0/30 (0.0%) 18/127 (14.2%)

Partial graft loss 
(Integra)

0/30 (0.0%) 2/127 (1.6%)

Failure to take 
(Integra)

0/30 (0.0%) 8/127 (6.3%)

Shearing/
Mechanical shift 
(loss of Integra)

1/30 (3.3%) 6/127 (4.7%)

Hematoma 5/30 (16.7%) 3/127 (2.3%)

Granulation tissue 
formation

0/30 (0.0%) 4/127 (3.1%)

Delayed Healing 0/30 (0.0%) 1/127 (0.8%)

Separation of the 
Silicone Layer

0/30 (0.0%) 1/127 (0.8%)

Seroma 0/30 (0.0%) 1/127 (0.8%)

Pruritis 0/30 (0.0%) 1/127 (0.8%)

Epidermal autograft 
loss >15%

2/30 (6.7%) 7/127 (5.5%)

Epidermal autograft 
loss <15%

7/30 (23.3%) 9/127 (7.1%)

There were no infections reported in the Reconstructive Surgery 
Study and the reported infection rate was 20.5% in the Retrospective 
Contracture Reconstruction Survey. No deaths were reported.

d)   Postmarket Surveillance

Table 5 lists the 111 clinical Medical Device Reports (MDRs) that 
occurred since 1996 with Integra.  

Table 5: Summary of Clinical MDRs of Integra® Product Family Since 
1996

MDR Category Total MDRs

Infection 60

Poor Take/Dislodgment 18

Allergic Reaction 6

Autograft Lost 4

Wound Dehiscence 4

Regeneration of Granulous Skin 3

Death* 3

No Autograft Take 3

Non healing Wound 2

Matrix Calcification 2

Septic Shock 1

Hematoma 1

Fever 1

Hypertrophic Scarring 1

Bulging of Graft 1

Factor 5 Deficiency** 1

Total 111

* The three deaths that Integra filed as MDRs were deemed by the 
physicians who reported the complaints to be unrelated to the 
Integra template.

** Integra investigators determined that Factor 5 Deficiency could 
not have been caused by the Integra product. The complaint was 
filed because a physician thought that the product could have 
caused the deficiency based on his research that bovine thrombin 
has been known to cause the deficiency. Integra products do not 
contain bovine thrombin and could not have caused the Factor 5 
Deficiency.

SUMMARY OF CLINICAL STUDIES
a)   Neuropathic Diabetic Foot Ulcer Clinical Trial

Clinical Trial IDRT/DFU US 2009-3 was a prospective, multi-cen-
ter (32 sites), open-label, randomized (stratification by ulcer size) 
concurrently controlled pivotal study in subjects with partial or full 
thickness diabetic foot ulcers located distal to the malleolus with 
controlled diabetes and without significant compromise of arterial 
circulation.  Subjects who met the entry criteria were enrolled in a 
two-week Pre-Treatment Phase while they received standard of care 
treatment for their study ulcer.  Subjects who continued to meet the 
entry criteria after the Pre-Treatment Phase (e.g., an ulcer whose size 
decreased less than 30%) were randomized to a 16 week Treatment 
Phase with either: Omnigraft + Standard of Care (Treatment) or 
Standard of Care alone (Control).  At the conclusion of the Treatment 
Phase subjects underwent three additional monthly visits in the 
Follow-up Phase to monitor open or healed ulcer status.
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The primary effectiveness endpoint was the percentage of subjects with complete study ulcer closure as assessed by the Investigator, during the 
16 week Treatment Phase.

The primary safety endpoint was the incidence of adverse events recorded during the study (i.e., the Pre-Treatment, Treatment and Follow-up 
Phases).  Safety evaluations also included assessment of serum chemistry values at Pre-Treatment Phase and the end of Treatment Phase visits.

Study Population Demographics and Baseline Parameters

The baseline demographics in the Omnigraft and Control arms were comparable for all parameters evaluated (Table 6).  

Table 6: ITT Baseline Population Demographics and Baseline Characteristics

Characteristic Statistic
Omnigraft
(N = 154)

Control 
(N = 153)

Total
(N = 307)

Age (years)

Mean (SD) 55.8 (10.6) 57.3 (9.7) 56.5 (10.1)

Median 56.0 57.0 57.0

Min, Max 31.0, 82.0 28.0, 82.0 28.0, 82.0

Gender
Male, n (n/N%) 118 (76.6) 114 (74.5) 232 (75.6)

Female, n (n/N%) 36 (23.4) 39 (25.5) 75 (24.4)

Race

American Indian/Alaskan Native, n (n/N%) 0 (0.0) 2 (1.3) 2 (0.6)

Asian, n (n/N%) 1 (0.6) 2 (1.3) 3 (1.0)

Black Or African American, n (n/N%) 28 (18.2) 34 (22.1) 62 (20.1)

Native Hawaiian or Pacific Islander, n (n/N%) 1 (0.6) 0 (0.0) 1 (0.3)

Caucasian, n (n/N%) 118 (76.6) 111 (72.1) 229 (74.4)

Other, n (n/N%) 6 (3.9) 5 (3.2) 11 (3.6)

Ethnicity
Not Hispanic/Latino, n (n/N%) 108 (70.1) 116 (75.8) 224 (73.0)

Hispanic or Latino, n (n/N%) 46 (29.9) 37 (24.2) 83 (27.0)

Weight (kg)

Mean (SD) 107 (23.3) 107 (28.9) 107 (26.2)

Median 105 103 104

Min, Max 63.5, 178 52.2, 221 52.2, 221

Height (cm)

Mean (SD) 178 (9.4) 177 (12.2) 177 (10.9)

Median 178 180 178

Min, Max 154, 196 132, 203 132, 203

BMI (kg/m²)

Mean (SD) 34.0 (7.2) 34.1 (8.4) 34.0 (7.8)

Median 33.8 32.1 33.0

Min, Max 21.4, 58.9 19.9, 62.4 19.9, 62.4

Tobacco Yes, n (n/N%) 28 (18.2) 19 (12.4) 47 (15.3)

Product Use No, n (n/N%) 126 (81.8) 134 (87.6) 260 (84.7)

Diabetes Mellitus Type
Type 1, n (n/N%) 4 (2.6) 13 (8.5) 17 (5.5)

Type 2, n (n/N%) 150 (97.4) 140 (91.5)) 290 (94.5

Use Of Insulin at Baseline
Yes, n (n/N%) 30 (19.5) 37 (24.2) 67 (21.8)

No, n (n/N%) 124 (80.5) 116 (75.8) 240 (78.2)

Age Of Study Ulcer (Days)

N 154 153 307

Mean (SD) 308 (491) 303 (418) 305 (455)

Median 126 152 140

Min, Max 31.0, 4501 32.0, 2059 31.0, 4501
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Results

545 subjects were screened and 307 patients were randomized to 
treatment (i.e., 154 Omnigraft and 153 Control subjects).  

Effectiveness 
The primary effectiveness endpoint was complete study ulcer closure 
during the 16-week Treatment Phase, as assessed by the Investigator.  
79/154 (51.3%) of the Omnigraft and 49/153 (32.0%) of the Control 
subjects achieved 100% complete closure of the study ulcer (p = 
0.0007).

Clinically significant improvements in patient outcome were also 
observed in the following secondary effectiveness endpoints: 1) 
complete wound closure via computerized planimetry, 2) time to 
complete wound closure (by both Investigator and computerized 
planimetry assessments), and 3) the rate of wound size reduction 
per week. Similar to the primary endpoint, when assessed by com-
puterized planimetry, 77/154 (50.0%) of the Omnigraft and 48/153 
(31.4%) of the Control subjects achieved 100% complete closure of 
the study ulcer (p=0.0010).  For subjects that healed, the median 
time to wound closure was 43 and 78 days for the Omnigraft and 
Control cohorts, respectively (by both Investigator and computerized 
planimetry assessments). At the final treatment visit, the average rate 
of wound closure (by the planimetry assessments) was 7.15% and 
4.81% for the Omnigraft and Control cohorts, respectively (p=0.0115)

Omnigraft subjects showed improvement in the Physical Functioning 
for Daily Activities and Reduction in the Bodily Pain modules of the 
Quality of Life Questionnaire SF-36v2 Health Survey questionnaire.  
No significant differences between treatment groups were observed 
for General Health, Social Functioning, Role Emotional, Mental 
Health or Vitality Modules of this questionnaire.

15/79 (19.0%) of the Omnigraft and 13/49 (26.5%) of Control subjects 
experienced ulcer recurrence during the study.  The difference was 
not statistically significant.

Additional Analyses 
Number of Omnigraft Applications – Table 7 provides a summary of 
the number of subjects and the number of Omnigraft applications 
required. Reapplications were at the discretion of the investigator. 

Table 7: Summary of Omnigraft Applications

No. of Applications
No. Omnigraft Subjects

N = 154 
n (n/N %)

1 92 (59.7)

2 33 (21.4)

3 12 (7.8)

4 5 (3.2)

5 5 (3.2)

6 2 (1.3)

7 2 (1.3)

11 2 (1.3)

15 1 (0.6)

Covariate Analyses
Baseline wound size and study ulcer age were significant factors for 
ulcer healing.  Diabetes Mellitus Type, baseline HbA1c, race, baseline 
BMI, wound location (left or right foot), tobacco use, age, ethnicity, 
Wagner Grade, ulcer location (plantar/dorsal/medial), insulin use, or 
gender were not significant factors for wound healing.  

At the conclusion of the Pre-Treatment and Treatment Phases of 
the trial, 128/154 (83.1%) of the Omnigraft and 117/153 (76.5%) of the 
Control subjects remained on study.  106/154 (68.8%) Omnigraft 
and 82/153 (53.6%) Control subjects completed the trial through 
follow-up.  Based on the computerized planimetry assessment 
prior to subject withdrawal during the treatment phase, a majority 
of withdrawals were due to the lack of treatment effectiveness in 

Characteristic Statistic
Omnigraft
(N = 154)

Control 
(N = 153)

Total
(N = 307)

% Reduction in Ulcer Area Size 
Between Screening & First 
Treatment  Application

Mean (SD) -14 (38.0) -17 (65.9) -16 (53.7)

Median -3.4 -1.6 -2.0

Min, Max -228, 29.2 -565, 28.6 -565, 29.2

Baseline Study Ulcer Size  (cm²)

Mean (SD) 3.53 (2.5) 3.65 (2.6) 3.59 (2.6)

Median 2.6 2.6 2.6

Min, Max 1.0, 11.5 1.0, 10.8 1.0, 11.5

Location of Study Ulcer

Plantar,
n (n/N %)

126 (81.8) 127 (83.0) 253 (82.4)

Dorsal,
n (n/N %)

28 (18.1) 25 (16.3) 53 (17.3)

Medial,
n (n/N %)

0 1 (0.7) 1 (0.3)

Wagner Grade

Grade 1,
n (n/N %)

45 (29.2) 37 (24.2) 82 (26.7)

Grade 2,
n (n/N %)

109 (70.8) 116 (75.8) 225 (73.3)
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both groups, and the observed higher percentage of withdrawal in the control group appeared to be a reflection of the inferior performance 
of the Control treatment as compared to the Omingraft treatment. Also, no significant association between the treatment groups and subject 
discontinuation was observed for: 1) subjects with a history of lower extremity amputation and discontinuation during the Treatment Phase, 2) 
subjects with a history of cellulitis and discontinuation during the Treatment Phase, 3) subjects without a history of lower extremity infection 
and discontinuation during the Treatment Phase, 4) subjects with an additional ulcer at study entry and discontinuation during the Treatment 
Phase, 5) subjects with a prior history of foot surgery and discontinuation during the Treatment Phase, 6) the time that a subject remained on 
study prior to withdrawal, 7) the number of subjects who withdrew from the study during the Treatment Phase and experienced at least one 
major protocol deviation, 8) the amount of daily offloading or 9) the frequency of AEs and SAEs in both treatment cohorts. Therefore, the loss of 
these subjects did not significantly alter the evaluation of device safety and effectiveness.  

b)   Burn Studies

Integra template has been evaluated in over 1,200 wound sites in 444 burn patients in a series of 4 studies:

•	 Multi-center Safety and Efficacy Clinical Trial (Pivotal)
•	 Anatomic Site Study
•	 Meshed vs. Sheet Integra template Study
•	 Postapproval Study

Demographic, safety and effectiveness data for Integra template are summarized in the table below.

Table 8: Summary of Burn Clinical Trial Results

Variable Multi-center Study
Anatomical Site 

Study
Meshed vs. Sheet 

Study
Postapproval Study

Year  1983-1989 1985-1992 1989-1992 1997-2000

Number of Patients N 149 59 20 216

Number of 
Wound Sites

 207 130 59 841

Age (years)                                                                                             
Mean ± SD 32.0 ± 21.5 49.2 ± 21.2 30.1 ± 15.6 34.7 ± 23.9

Range <1 - 88 19 - 93 4 - 59 <1 - 87

Gender    
Male, n (%) 112 (75.2%) 33 (55.9%) 16 (80%) 151 (69.9%)

Female, n (%) 37 (24.8%) 26 (44.1%) 4 (20%) 65 (30.1%)

Race

Caucasian, n (%) 98 (65.8%) 56 (94.9%) 14 (70.0%) 151 (69.9%)

Black, n (%) 32 (21.5%) 0 (0.0%) 6 (30.0%) 38 (17.6%)

Hispanic, n (%) 15 (10.1%) 3 (5.1%) 0 (0.0%) 20 (9.2%)

American Indian, 
n (%)

3 (2.0%) 0 (0.0%) 0 (0.0%) 1 (0.5%)

Asian, n (%) 1 (0.7%) 0 (0.0%) 0 (0.0%) 4 (1.8%)

Other, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (0.9%)

% BSA Total Burn                                   
Mean ± SD 45.7 ± 18.6 49.8 ± 24.6 53.6 ± 19.4 36.5 ± 24.7

Range 14.5 - 88.5 1 - 97 30 - 90 <1 - 95

% BSA Full-
Thickness

Mean ± SD 31.8 ± 20.8 42.5 ± 24.0 35.4 ± 22.4 27.9 ± 24.4

Range 0 - 88.5 1 - 95 0 - 78 0 - 95

% Inhalation Injury % 42% 62.50% 50% 45%

Take
Mean 65.1%* 77.60% 80.60% 76.20%

Median 80%* 95% 100% 98%

Infection % 55% 14% 25% 16.30%

Mortality % 24.80% 32% 15% 13.90%

*Paired comparative wound sites
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Multi-center Safety and Efficacy Clinical Trial (Burn Pivotal Study)
In the pivotal multi-center clinical trial, 149 patients (with 207 
total wound sites) were evaluated for safety and 106 patients (with 
136 comparative wound sites) were included in an assessment of 
efficacy. The demographic profile was: mean age 32.0, age range <1 
to 88 years, gender: 112 males and 37 females and a mean %TBSA 
burn of 45.7% with a range of 14.5%-88.5%. Take, which was defined 
as the median fractional area of the wound site to support epidermal 
growth, was the main efficacy variable and was bimodally distrib-
uted. In the multi-center trial, Integra template had successful take 
(take >10%) in 69% of the wound sites (94 of 136). For this group of 
wound sites with successful take, the mean take was 81%, and the 
median take was 90%. Over 80% of the wound sites in this success-
ful take group had greater than 60% take. Integra template failed to 
take (take ≤10%) in 31% of the wound sites (42 of 136 comparative 
wound sites). For this group, the mean take was 1.7% and the median 
take was 0%.

The Integra template neodermis provided a viable surface for the 
successful transplantation of thin, meshed and spread epidermal 
autograft. The take of epidermal autograft was bimodally distrib-
uted. In the multi-center trial, epidermal autograft had successful 
take (take >10%) in 90.5% of the sites (95 of 105 comparative wound 
sites). For this group of wound sites with successful take, the mean 
was 84% and the median take was 90%. Over 80% of the wound 
sites in this successful take group had greater than 65% take. Epi-
dermal autograft failed to take (take ≤10%) in 9.5% of the sites (10 
of 105 comparative wound sites). For this group, the mean take was 
1.7% take and the median take was 0%.

No significant difference was seen between the total time for burn 
healing for wounds treated with Integra template and for wounds 
treated with temporary wound covers. The healing time of thin epi-
dermal autograft on the Integra template neodermis was comparable 
to that of conventional autograft. Donor sites for thin epidermal 
autograft healed faster and allowed for more cycles of
reharvesting than conventional donor sites.

Histological Evaluation
Three hundred thirty-six serial biopsies were obtained from 131 
patients participating in the multi-center clinical trial ranging from 
7 days to 2 years after application of Integra template. A histological 
study of the wound healing in the burned areas was conducted. 
An intact dermis was achieved with regrowth of apparently normal 
reticular and papillary dermis. No scar formation appeared in the 
biopsies of patients examined.

Anatomic Site Study
In the noncomparative single-center anatomic site study, 59 patients 
(130 wound sites) were evaluated for safety and 41 patients (104 
wound sites) were evaluated for efficacy parameters. The demo-
graphic profile was: mean age, 49.2, age range 19-93 years, gender: 
33 males and 26 females and a mean %TBSA burn of 49.8% with a 
range of 1%-97%. The mean take of Integra template was 77.6%, 
and the median take was 95%. The mean take of the epidermal 
autograft was 77.8% and the median take was 85%. Median take was 
similar for the various anatomic locations evaluated. However, the 
small number of patients and noncomparative nature of the study 
prevented conclusions from being made.

Meshed vs. Sheet Study
A pilot study was conducted on 20 patients (59 wound sites) to 
compare 2:1 meshed (but not expanded) and sheet Integra template. 
The demographic profile was: mean age, 30.1, age range 4-59 years, 

gender: 16 males and 4 females and a mean % TBSA Burn of 53.6% 
with a range of 30-90%. The mean take of Integra template in this 
study was 80.6% and the median take was 100%, while the mean 
take for the epidermal autograft was 86.5% and the median take 
was 95%. However, due to the small number of patients and study 
design, statistical conclusions could not be drawn.

Postapproval Study
A Postapproval Study of Integra template evaluated the safety and 
effectiveness in 216 patients, 841 wound sites. There were 222 
patients enrolled in the study, however 6 patients did not meet entry 
criteria (3 did not sign the patient informed consent form, 3 did not 
receive Integra template) resulting in 216 patients entered into the 
study. The demographic profile was: mean age 34.7, age range 4 
months to 87 years, gender: 151 males and 65 females and a mean 
%TBSA burn of 36.5% with a range of <1% to 95%. Effectiveness was 
measured by graft take. Overall mean percent take for Integra tem-
plate was 76.2% and the median percent take for Integra template 
was 98%. The mean take of epidermal autograft was 87.4% with 
median take of 95%. The rate of infection in the study patients was 
16.3% (13.2% superficial and 3.1% invasive). Patient mortality was 
13.9%. Data analysis indicated that mortality was related to patient 
age, percent total body surface area burned, presence of inhalation 
injury, and presence of infection at a non-Integra template treated 
wound site. Invasive infection at an Integra template wound site was 
not a significant risk factor for mortality.

c)   Scar Contracture Reconstruction Studies

Reconstructive Surgery Study
This study evaluated the clinical and histologic outcomes in 20 con-
secutive patients (30 anatomic sites) whose scars and contractures 
were treated with Integra template. Patients’ mean age was 27.6 
years, with an age range of 4-54 years. Patient follow-up ranged from 
3 to 24 months. The mean take was derived from the adverse event 
data and was calculated to be 94.2% for Integra template and 86.3% 
for epidermal autograft. Efficacy was evaluated using the Vancouver 
Burn Scar Assessment scale by an independent review panel, a visual 
analog scale of patient satisfaction and histological evaluations of 
patient biopsies. The Vancouver Burn Scar Assessment scale ranges 
from 0 (normal) to 15. The mean preoperative Vancouver Burn Scar 
Assessment was 13.3 and the mean postoperative score was 9.0. For 
the patient satisfaction assessments, patients or their parents com-
pleted a questionnaire at least 3 months after the second stage of 
the reconstruction. A visual analog scale was used in which a score 
of 0%=preoperative scar and a score of 100%=normal skin with 
no scar. Patients/parents reported mean scores of 72% for range of 
movement, 62% for softness, 59% for appearance, 27% for pruritis 
and 14% for dryness.

Retrospective Contracture Reconstruction Survey
This survey requested information from physicians already using In-
tegra template on the use of the product for contracture reconstruc-
tion. Information was received from 13 of 19 physicians surveyed who 
reported on 89 patients and 127 anatomic sites. The demographic 
profile for the reported patients was: mean age 24.8, age range <1 to 
72, gender 52 males and 37 females. The safety results of this survey 
are provided in tabular form in the adverse event section.
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INFORMATION FOR USE
Omnigraft is indicated for use in the treatment of partial and 
full-thickness neuropathic diabetic foot ulcers that are greater than 
six weeks in duration, with no capsule, tendon or bone exposed, 
when used in conjunction with standard diabetic ulcer care.

INSTRUCTIONS FOR USE
Sharp Debridement
1.	 Using aseptic technique, prepare the wound bed using standard 

methods to ensure the wound is free of debris and necrotic 
tissue.  

2.	 Sharp debridement must be made to the level of viable tissue.  
Meticulous hemostasis needs to be achieved to prevent hemato-
mas or excessive fluid accumulation. Omnigraft should not be ap-
plied over infected or deteriorating wounds until the underlying 
issue has been resolved. 

Cleansing
1.	 Cleanse the wound thoroughly using a neutral, non-irritating, 

and non-toxic solution such as sterile saline or sterile water.

Product Preparation 
1.	 To minimize the risk of infection, change your gloves following 

debridement and cleansing and before handling Omnigraft.  A 
fresh set of sterile instruments are required for Omnigraft place-
ment, shaping, and cutting. 

2.	 Using aseptic technique, open the outer pouch and remove the 
inner foil pouch. Place the foil pouch flat on a sterile surface to 
open it.  While holding the tab, remove the product from the 
pouch and peel off the protective plastic sheets.

3.	 Rinse the product with a sterile saline solution for at least 2 min-
utes. Carefully remove the tab from the product. Keep product in 
the basin until application. 

NOTE:  Before the application, Omnigraft can be pie crusted 
or fenestrated but must not be expanded.  Fenestrations may 
improve the ability of the matrix to conform to irregular surfaces 
and may improve contact with the wound bed. 	

Product Application 				  
1.	 Trim Omnigraft to size and apply immediately following wound 

bed preparation. The product should overlap the edges of the 
wound by 2mm. Any air bubbles should be carefully removed 
by moving them to the edge of the sheet using a gentle rolling 
motion to achieve intimate contact with the wound bed.

NOTE:  It is critical that the collagen layer be in direct contact 
with the prepared wound bed. The silicone layer, identified by the 
black threads, must be placed away from the wound bed. Do not 
apply upside down; the black threads must be clearly visible. The 
black threads do not have to be placed in a certain orientation. 

	
2.	 Omnigraft should be firmly secured using surgical staples or 

sutures so the product maintains intimate contact with the 
wound bed.

3.	 Appropriate bolstering may be used so Omnigraft maintains 
intimate contact with the wound bed.

4.	 After bolstering, use appropriate dressings to maintain product 
adherence and protect the wound area. The optimum secondary 
dressing is determined by wound location, size, depth, and user 
preference.

Post Application Care 				  
1.	 Clinicians should change the dressings weekly without disturbing 

Omnigraft. Frequency of dressing changes will be dependent 
upon the volume of exudate produced, the type of dressing used, 
and the clinician’s need to inspect the wound bed for signs of 
infection or healing.      

NOTE:  Ensure that Omnigraft maintains intimate contact with 
the wound bed at all times. Be careful not to disturb Omnigraft.	
NOTE:  Use a 15 blade scalpel to make an incision if hematoma or 
excess exudate exists. 

 
2.	 Use an offloading device for patients following the application 

of Omnigraft to reduce shearing forces and to protect the wound 
site from future re-injury, especially on the plantar aspect of the 
foot.   

Removal of Silicone Layer
1.	 If the edges of the silicone layer have separated from the wound 

site, the separated silicone can be trimmed.

NOTE: The silicone layer of Omnigraft may be removed when the 
collagen layer has been replaced by neodermis, usually 14 to 21 
days after application.

2.	 The clinician must be careful when removing the silicone layer. 
The silicone layer can usually be removed using only forceps. 
Generally, it should peel off easily. Difficulties in removal may 
indicate that the neodermis formation is incomplete.

Caution: Do not remove the newly formed neodermal tissue 
when removing the silicone layer. Omnigraft must not be excised 
off the wound.
Caution: If bleeding occurs, or if patient complains of excessive 
pain, stop and wait 1 to 2 additional days. Forced removal may 
result in wound re-injury. 			 
NOTE: It is recommended to always offload the ulcer until the 
wound has closed. To minimize recurrence, continue to offload to 
prevent future re-injury per the treating clinician’s protocol.  

POTENTIAL POST APPLICATION PROBLEMS 
Wound Infection
Wounds having excessive discharge may require more frequent 
dressing changes and may require the use of appropriate 
antimicrobial intervention. The dressings should be removed and 
wound sites inspected for infection. Appropriate diagnostic and 
therapeutic procedures should be followed.

Hematoma
Areas of hematoma should be monitored and aspirated or excised as 
required. New Omnigraft may be applied to the excised sites.

Poor Incorporation of Omnigraft
If Omnigraft is not incorporated into the wound bed, carefully 
remove the product and examine the wound bed. Areas of poor 
Omnigraft incorporation may be treated by reapplication of the 
product.

Premature Silicone Layer Separation
If the silicone layer separates from the wound bed after new dermal 
formation begins, only the loose area of the silicone layer needs to 
be removed.
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PATIENT COUNSELING INFORMATION
Patients receiving Omnigraft should be counseled that: Omnigraft 
is to be used in combination with good ulcer care including an 
offloading device, optimal metabolic control, and proper nutrition.  
Once the ulcer has healed, ulcer prevention practices should be 
implemented including regular visits to the appropriate treating 
clinician. Patients should be given the patient brochure to remind 
them of this information.

TREATMENT OF DIABETES
Omnigraft does not address the underlying pathophysiology of 
diabetic foot ulcers.   The patient’s diabetes should be managed 
according to standard medical practice. 

SINGLE USE DEVICE
Omnigraft is supplied in a single-use package and is guaranteed 
to be sterile and non-pyrogenic unless opened or damaged.  The 
product is intended for use as an absorbable implant and is not to be 
reused.  Any attempt to re-sterilize or reuse the product/components 
will damage the matrix and impair its ability to function as intended.  
All unused pieces must be discarded. 

HOW SUPPLIED 
Omnigraft is available in the following sizes:

Integra® Omnigraft™ Dermal Regeneration Matrix

Product Codes Size Quantity

DFU4041 4 cm x 4 cm 1 unit/box

DFU7071 7 cm x 7 cm 1 unit/box

The bilayer sheets consist of collagen with an outer removable 
silicone layer, which is identified by black suture markers to ensure 
proper placement of the sheets on the wound bed.

STORAGE
Store flat at room temperature:  +2°C (+36°F) to +30°C (+86°F).

DISPOSAL 
Product to be disposed according to institutional procedures.

PRODUCT INFORMATION DISCLOSURE
INTEGRA LIFESCIENCES CORPORATION HAS EXERCISED 
REASONABLE CARE IN THE SELECTION OF MATERIALS AND THE 
MANUFACTURE OF THESE PRODUCTS. INTEGRA LIFESCIENCES 
EXCLUDES ALL WARRANTIES, WHETHER EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES 
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. 
INTEGRA LIFESCIENCES SHALL NOT BE LIABLE FOR ANY 
INCIDENTAL OR CONSEQUENTIAL LOSS, DAMAGE, OR EXPENSE, 
DIRECTLY OR INDIRECTLY ARISING FROM USE OF THIS PRODUCT. 
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Abstract

Individuals with diabetes mellitus are at an increased risk of developing a
diabetic foot ulcer (DFU). This study evaluated the safety and efficacy of Integra
Dermal Regeneration Template (IDRT) for the treatment of nonhealing DFUs.
The Foot Ulcer New Dermal Replacement Study was a multicenter, randomized,
controlled, parallel group clinical trial conducted under an Investigational Device
Exemption. Thirty-two sites enrolled and randomized 307 subjects with at least
one DFU. Consented patients were entered into the 14-day run-in phase where
they were treated with the standard of care (0.9% sodium chloride gel) plus a
secondary dressing and an offloading/protective device. Patients with less than
30% reepithelialization of the study ulcer after the run-in phase were randomized
into the treatment phase. The subjects were randomized to the control treatment
group (0.9% sodium chloride gel; n 5 153) or the active treatment group (IDRT,
n 5 154). The treatment phase was 16 weeks or until confirmation of complete
wound closure (100% reepithelialization of the wound surface), whichever
occurred first. Following the treatment phase, all subjects were followed for 12
weeks. Complete DFU closure during the treatment phase was significantly
greater with IDRT treatment (51%) than control treatment (32%; p 5 0.001) at
sixteen weeks. The median time to complete DFU closure was 43 days for IDRT
subjects and 78 days for control subjects in wounds that healed. The rate of
wound size reduction was 7.2% per week for IDRT subjects vs. 4.8% per week
for control subjects (p 5 0.012). For the treatment of chronic DFUs, IDRT
treatment decreased the time to complete wound closure, increased the rate of
wound closure, improved components of quality of life and had less adverse
events compared with the standard of care treatment. IDRT could greatly
enhance the treatment of nonhealing DFUs.

Currently, there are 387 million individuals worldwide liv-
ing with diabetes mellitus including 29 million Americans.
Diabetics have up to a 25% lifetime risk of developing a
diabetic foot ulcer (DFU).1–3 Once an ulcer develops, heal-
ing is often slow and challenging even for those with
proper treatment. A meta-analysis of studies involving the
standard of care for DFUs demonstrated only a 24% heal-
ing rate at 12 weeks.4 A high proportion of DFUs become
infected (61%)5 and approximately 15% of DFUs result in
lower extremity amputation.6,7 However, an estimated 44–
85% of these amputations can be prevented with improved
foot care programs.8 DFUs are responsible for more hospi-
talizations than any other complication of diabetes, ranging
in costs from $9 to $13 billion in addition to the costs

associated with diabetes itself.9 Substantial morbidity rates
also adversely impact the physical and mental quality of
life of those afflicted.10 Studies using quality of life ques-
tionnaires showed that patients with a nonhealing DFU
report significantly lower scores compared with diabetic
patients without DFUs.11,12 As a result of the complexity
to treat these wounds, nonhealing DFUs inflict an eco-
nomic burden on the healthcare system and considerably
impair a patient’s quality of life.

The standard of care for DFUs is sharp debridement, daily
wound care dressings, offloading, and infection control.13

However, the majority of DFUs that undergo this treatment
do not heal completely and are considered to be nonrespon-
sive to conventional therapy if the DFUs have not shown
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marked improvement over a 4-week period.4 For these non-
healing chronic DFUs, there have been a number of cellular-
and/or tissue-based products (CTPs) that have been eval-
uated in multicenter, randomized, controlled clinical trials
and have demonstrated varying degrees of success.14–17 The
products evaluated in these trials consist of cell-based prod-
ucts and minimally processed human tissue allografts.

Integra Dermal Regeneration Template (IDRT; marketed
as Omnigraft Dermal Regeneration Matrix) is based on Inte-
gra’s Dermal Regeneration Matrix (IDRM) Technology
which is an advanced, acellular, bilayer matrix specifically
engineered for dermal regeneration.18 The dermal replace-
ment layer was designed with a controlled porosity and deg-
radation rate and consists of a three-dimensional matrix of
collagen and the glycosaminoglycan, chondroitin-6-sulfate.
The temporary epidermal layer is made of silicone to pro-
vide mechanical protection and act as a barrier for bacterial
contamination.

The IDRM Technology has been previously evaluated in
four prospective clinical trials for the treatment of third
degree burns and the reconstruction of scar contracture
involving 444 subjects and over 1,200 wound sites.19* In
addition, products using IDRM Technology have been pre-
market approved and 510(k) cleared by the Food and Drug
Administration (FDA).† The IDRM Technology has been
on the market since 1996 and has a long history of safe
and effective use in third degree burns, scar reconstruction,
and acute and chronic wounds. The primary goal of the
Foot Ulcer New Dermal Replacement Study (FOUNDER),
conducted under an Investigational Device Exemption
(IDE), was to evaluate the safety and efficacy of IDRT for
the treatment of nonhealing chronic DFUs.

METHODS

Trial design and subjects

The FOUNDER Study was a multicenter, randomized,
controlled clinical trial with two parallel groups that was
designed based on guidelines from the FDA for developing
products for the treatment of chronic cutaneous ulcers.20

Thirty-two sites enrolled and randomized subjects. Key
inclusion criteria included confirmed type I or type II dia-
betes with a hemoglobin A1c� 12%, patients aged 18
or older, presence of a full-thickness neuropathic ulcer
located distal to the malleolus, study ulcer duration greater
than 30 days, ulcer area between 1 and 12 cm2 postde-
bridement, and adequate vascular perfusion as defined by
ankle-brachial index �0.65 and �1.2 or toe pressure >50
mmHg or TcPO2 >40 mmHg or doppler ultrasound con-
sistent with adequate blood flow to the affected extremity.
The main exclusion criteria were active infection including
osteomyelitis, exposed capsule, tendon, or bone, and
reduction of wound �30% during the screening period
(Table 1). The study was divided into three phases:

screening/run-in, randomization/treatment, and follow-up
(Figure 1).

Screening/run-in phase

After providing written consent and prior to randomization,
subjects entered the screening/run-in phase. During this
phase, a series of screening assessments and a 14-day run-in
period with the standard of care treatment were performed
to determine eligibility. During the first day of the run-in
phase, the following procedures were performed: infection
and exudate assessment, sharp debridement of the study
ulcer, measure of the deepest dimension of the study ulcer
(postdebridement), photograph of the study ulcer (prede-
bridement and postdebridement), study ulcer tracing for pla-
nimetric assessment (postdebridement), and standard of care
treatment. Additional assessments performed during the run-
in phase were location and duration of the study ulcer, sub-
ject demographics, medical history, medication usage and
therapies, physical examination, height and weight, neuro-
pathic assessments, laboratory assessments, and a vascular
perfusion assessment. The standard of care treatment was
applied in the outpatient setting and consisted of sharp
debridement followed by the application of moist wound
therapy consisting of 0.9% sodium chloride gel plus a sec-
ondary dressing consisting of a nonadherent foam dressing,
an outer gauze wrap, and an offloading/protective device,
Active Offloading Walker (boot and/or shoe). Although
there is no “gold standard” for moist wound therapy, the
American Society of Plastic Surgeons recommends main-
taining a moist wound environment.21 Saline gauze and/or
gels have been used as the standard of care for the control
groups in previous clinical trials.22–27 Subjects were
instructed on the standard of care treatment that included
daily dressing changes. For subjects having more than one
qualifying DFU, the study ulcer was designated at the dis-
cretion of the site investigator. Nonstudy ulcers were only
treated with the standard of care.

Randomization/treatment phase

On completion of the run-in period, the subjects were eval-
uated to determine whether they continued to satisfy the
eligibility criteria applied during the screening phase. The
study ulcer was debrided using sharp debridement prior to
the first treatment. In addition, planimetric assessment was
performed on digitized acetate tracings to objectively
quantify wound closure. Computerized planimetry was
conducted in a blinded manner by a central laboratory.
Subjects whose study ulcer healed less than 30% during
the run-in period were randomized using a software algo-
rithm at a central location in mixed blocks of 2 and 4 in a
1 : 1 ratio to the active or control treatment. Randomiza-
tion was stratified by study site and wound size (�3 cm2

vs. >3 cm2). The assigned treatment began on the day of
randomization and the treatment phase lasted until the sub-
ject had 100% wound closure or for up to 16 weeks.

The control treatment was standard of care and the
active treatment was IDRT. The standard of care treatment
applied during the treatment phase was identical to the
standard of care treatment applied during the screening/
run-in phase. The control group subjects (or a trained care-
giver) performed once-daily dressing changes.

*LifeSciences I. Premarket Approval Number: P900033. Integra Artificial Skin,

Dermal Regeneration Template. Approval Date: Mar 1, 1996.
†Marketed as Integra

VR

OmnigraftTM Dermal Regeneration Matrix, Integra
VR

Derma-

buildTM Wound Matrix, Integra
VR

Dermal Regeneration Template, Integra
VR

Meshed

Dermal Regeneration Template, Integra
VR

Bilayer Wound Matrix, Integra
VR

Meshed

Bilayer Wound Matrix.
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Table 1. Trial inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

1) 18 years of age or older 1) Suspected or confirmed signs/

symptoms of gangrene or wound

infection on any part of the

affected limb

11) Osteomyelitis with necrotic soft

bone

2) Type 1 or type 2 diabetes mellitus 2) History of hypersensitivity to

bovine collagen and/or chondroitin

12) Chopart amputation

3) Glycosylated hemoglobin (HbA1c)

�12%

3) Pregnancy 13) History of bone cancer or meta-

static disease of the affected

limb, radiation therapy to the

foot, or chemotherapy within the

12 months prior to randomization

4) Negative serum pregnancy test at

screening for female participants of

child-bearing potential

4) Previous treatment under this clini-

cal study protocol

14) Treatment with wound dressings

that include growth factors, engi-

neered tissues, or skin substi-

tutes within 30 days of

randomization or scheduled to

receive such treatment during the

study

5) Adequate vascular perfusion of the

affected limb

5) Participation in another clinical trial

involving a device or systematically

administered investigational study

drug or treatment within 30 days

of the randomization visit

15) Treatment with hyperbaric oxy-

gen within 5 days of screening or

scheduled to receive this treat-

ment during the study

6) Willing and able to maintain the

required off-loading (as applicable for

the location of the ulcer) and applica-

ble dressing changes

6) Receiving or scheduled to receive

a medication or treatment which,

in the opinion of the Investigator,

was known to interfere with, or

affect the rate and quality of,

wound healing

16) Nonstudy ulcer requiring treat-

ment that could not be treated

during the study with moist

wound therapy

7) At least one DFU that met the follow-

ing criteria:

a) Ulcer was diagnosed as a full-

thickness neuropathic DFU that

was located distal to the malleolus

(excluding ulcers between the toes

but including those of the heel),

b) Minimum 2-cm margin between

the qualifying study ulcer and any

other ulcers on the specified foot

(postdebridement),

c) Area �1 square centimeter (cm2)

and �12 cm2 (postdebridement at

the time of randomization),

d) Wagner grade 1 or 2, e) depth

�5 mm with no exposed capsule,

tendon or bone and no tunneling,

undermining or sinus tracts,

e) Duration of the study ulcer was at

least 30 days at the time of the

screening visit.

7) Any unstable condition or circum-

stance that could interfere with

treatment regimen compliance

(e.g., ability to perform required

dressing changes, ability to comply

with treatment visit schedule,

mental incapacity, current sub-

stance abuse)

17) History of or intercurrent illnesses

or conditions (other than diabe-

tes) that would compromise the

safety of the subject, or the nor-

mal wound healing process (i.e.,

end stage renal disease, immuno-

suppression, etc.)

8) Excessive lymphedema that could

interfere with wound healing

18) Employees or relatives of any

member of the Investigational

site or the sponsor

9) Unstable Charcot foot or Charcot

with boney prominence

19) Size of the study ulcer following

debridement decreased by more

than 30% during the run-in period

10) Ulcers secondary to a disease

other than diabetes

Driver et al. A clinical trial of IDRT
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For the active treatment group, IDRT was applied in the
outpatient setting. Fenestrating and meshing of the IDRT
was permitted to allow for drainage and in the presence of
exudating wounds or hematomas. The IDRT was applied
to the debrided wound, trimmed to size and secured with
sutures or staples, and covered with a secondary dressing.
The silicone layer of IDRT was removed when the colla-
gen layer was replaced by new tissue, typically 14–21
days after application. Reapplication of IDRT was per-

formed at the discretion of the investigator. The secondary
dressing changes for the active treatment group were per-
formed weekly by site personnel.

The subjects’ wounds were evaluated weekly during the
treatment phase or until wound closure. If criteria for
complete wound closure were met, the participant returned
for a confirmation visit 1 week later. Confirmation of
wound closure was confirmed at a second consecutive
study visit.
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Figure 1. Description of study phases. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.

com.]
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Follow-up phase

After completing the treatment phase, all subjects were
followed for the 12-week follow-up phase with clinic visits
every 4 weeks. The first visit of the follow-up phase was 4
weeks after the confirmation visit or the final visit of the
treatment phase for subjects who did not achieve wound
closure. All subjects were monitored for ulcer recurrence
and safety. Subjects whose wounds did not completely
heal continued treatment within their assigned group and
were additionally monitored for wound closure.

Off-loading

The sponsor provided participants in both groups with an
appropriate off-loading/protective device (Active Offload-
ing Walker, boot, and/or shoe) throughout the screening/
run-in and treatment phases. Participants who did not
achieve complete closure during the 16-week treatment
phase continued to use the off-loading device throughout
the follow-up phase. For participants who did achieve
complete closure during the treatment phase, use of the
off-loading device was recommended for an additional 6
weeks. Participants were instructed to wear the off-load-
ing/protective device at all times, except during sleeping,
bathing, or showering. Compliance information on the use
of the off-loading device was collected by the study staff
at each visit via diary review and participant interviews.

Baseline ulcer measurements

The DFU location was documented according to foot (left
or right), surface (plantar, dorsal, or medial), and area
(forefoot, midfoot, or hindfoot). Ulcer depth and size were
measured. Duration of the DFU at screening was deter-
mined based on the days elapsed between first documented
diagnosis of the DFU and the date of the informed consent
signing.

Outcome assessment

The primary endpoint was the percentage of subjects with
complete closure of the study ulcer, as assessed by the
Investigator, during the treatment phase. Complete wound
closure was defined as 100% reepithelialization of the
wound surface with no discernable exudate and without
drainage or dressing requirements. Secondary endpoints
included: (1) percentage of subjects with complete wound
closure of the study ulcer, as assessed by computerized
planimetry, during the treatment phase; (2) time to com-
plete wound closure, as assessed by the Investigator; (3)
time to complete wound closure, as assessed by computer-
ized planimetry, (4) rate of wound closure, as assessed by
computerized planimetry, (5) incidence of ulcer recurrence
at the site of the study ulcer during the follow-up phase;
and (6) change in Quality of Life metrics from baseline to
16 weeks assessed by the Short Form Health Survey (SF-
36). The number and type of adverse events (AEs) were
also collected and categorized.

Statistical analysis

A sample size of 296 subjects in the randomization/treat-
ment phase was needed to have 80%% power to detect a
clinically meaningful difference of 18% (46% in the active

group vs. 28% in the control group) for the primary out-
come using a two-sided 0.05 level test and assuming a
20% dropout rate.

For all primary and secondary efficacy outcomes, the
intent-to-treat cohort was used and for the safety analy-
ses, any subjects receiving treatment after randomization
were included. Appropriate descriptive statistics, includ-
ing proportion for binary outcomes and means and
medians for continuous outcomes, were calculated by
treatment group. Between-group comparison in baseline
characteristics assessed for balance between study groups
in variables that were potentially associated with healing.
Individual baseline variables showing between-group
imbalance with p-value less than 0.05 were included in
all models for covariate adjusted estimates to demonstrate
the robustness of the primary analyses.

For the primary outcome, the treatment groups were
compared for complete wound closure, as determined by
the investigator, at 16 weeks postrandomization using the
logistic regression model, adjusting for baseline ulcer size
strata. The type I (alpha) error rate was set at 0.05. Those
with no postbaseline assessments were considered as not
healed in the primary analysis (the last observation was
carried forward for subjects without follow-up data). An
odds ratio (OR) was estimated from the model in which an
OR significantly greater than 1 provided evidence for a
greater healing percentage in the active group vs. the con-
trol group. To adjust for between-site differences, a mixed-
effects logistic regression with random intercepts for sites
was preferred, but due to some sites having a small num-
ber of patients, the OR estimate from the mixed-effects
logistic regression model was not reliable, and hence, the
final OR was based on the logistic regression model. The
robustness of the final OR estimate was checked by esti-
mating it from both the mixed-effects logistic regression
model and from a logistic regression model with sites as
fixed effects.

For secondary outcomes, the treatment groups were
compared using a Closed Test procedure to maintain the
type I error rate at 0.05. The secondary outcome of com-
plete wound closure, as assessed by computerized planime-
try (0 cm2), was compared in the same way as the primary
outcome. Time to complete wound closure as assessed by
the Investigator and by computerized planimetry were
each analyzed using a Cox regression model adjusting for
baseline ulcer size strata, and hazard ratios (HRs) and their
95% confidence intervals are calculated based on the
model. The model was adjusted for within-site correlation,
and proportional hazard assumption was checked using the
interaction term of time by active group indicator. Rate of
wound closure was assessed using weekly assessed wound
size by planimetry as a dependent variable using a linear
mixed-effects regression model. The model included site
as random-effects to adjust for between-site differences,
and patient as random effects nested within site to adjust
for within-patient correlation from weekly measurements.
Incidence of ulcer recurrence during the follow-up phase
was compared using the same analytic approach as the pri-
mary outcome.

Post hoc analyses of the individual components of the
quality of life metric at the end of the treatment phase
were performed using linear mixed-effects regression with
both baseline and end of treatment phase quality of life as
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the dependent variable, and the interaction of intervention
group indicator by 16-week indicator tested for the treat-
ment efficacy. The rate of AEs was compared between
treatment groups using logistic regression. Statistical anal-
yses were performed using SAS 9.3.

RESULTS

Study subjects

From April 2010 to November 2013, 545 patients with
DFUs were assessed for study eligibility. The intent-to-treat
sample consisted of 307 subjects; 154 subjects randomized
to the active treatment group and 153 subjects randomized
to the control treatment group (Figure 2). The overall with-
drawal rate after randomization but during the treatment
phase was 20% (62/307). There was no difference between
the active and control groups in withdrawal from the study
(p 5 0.15).

Table 2 describes the baseline patient characteristics and
the study wound characteristics. No statistically significant
difference was found in any baseline variable. Subjects in
either the active or the control group had similar wound
characteristics in terms of size at the end of the run-in

period, ulcer age at enrollment, and ulcer location.
Because neither the patient nor the wound characteristics
showed imbalances between treatment groups, covariate
adjustments were not made for any comparisons between
treatment groups.

Complete closure of the study ulcer during the treatment
phase (16 weeks), as defined by the investigator, was sig-
nificantly greater in the active group (51%; 79/154) in
comparison to the control group (32%; 49/153, p 5 0.001).
Similar results were found when wound closure was
assessed by computerized planimetry: 50% (77/154) in the
active group and 31% (48/153) in the control group
(p 5 0.001). The odds of complete wound closure deter-
mined at the end of the treatment phase were 2.2 times
greater (95% CI 5 1.4, 3.5; p 5 0.001) for the active group
compared with the control group. Analysis using planimet-
ric data to assess wound closure was consistent with an
OR of 2.2 (95% CI 5 1.3, 3.5; p 5 0.001). When complete
wound closure as defined by the Investigator was assessed
at 12 weeks, the results were again significantly different
between the two groups (45% active (70/154) vs. 20%
control (31/153); p< 0.001). The odds of complete wound
closure at 12 weeks were 3.3 times greater (95% CI 5 2.0,
5.4; p< 0.001) for the active group compared with the
control group. The median number of applications per
patient, including the initial application, for the active
group was 1 (range 1–15).

Time to complete wound closure as assessed by the
Investigator is shown using Kaplan–Meier curves (Figure
3) by treatment group. For those wounds that healed, the
median time to complete closure of the wound was 43
days for the active group and 78 days for the control
group. Cox regression model showed a significant nonpro-
portional hazards over time between the two treatment
groups, as indicated by a significant interaction of time by
active group (p 5 0.001). On graphical examination of the
hazards and Schoenfeld residuals by the treatment group,
the best fitting model estimated the HR to show three
times higher likelihood of complete wound closure in the
active group compared with the control group during the
first ten weeks (HR 5 3.13, 95% CI 5 2.34, 4.20,
p< 0.001), followed by no difference between groups as
indicated by HR not different from 1 after week 10
(HR 5 0.84; 95% CI 5 0.49, 1.44, p 5 0.53) or equiva-
lently, a significant 73% reduction in the HR of wound
closure after week 10 (HR 5 0.27, 95% CI 5 0.14, 0.50;
p< 0.001). The HR estimate was similar based on time to
complete ulcer closure from planimetric assessment since
the Investigator assessment of weeks to complete wound
closure correlated highly with computerized planimetry
assessment (r 5 0.97, p< 0.0001).

The weekly wound size during the treatment phase by
treatment group is shown in Figure 4. The rate of reduc-
tion in wound size was 7.2% per week for the active group
vs. 4.8% per week for the control group (p 5 0.012). The
percentage of subjects with ulcer recurrence at the comple-
tion of the follow-up phase was 19% for the active group
and 26% for the control group (p 5 0.32). Quality of life
data showed significant improvements in Physical Func-
tioning (p 5 0.047) and Bodily Pain (p 5 0.033) for the
active group compared with the control group.

The majority of AEs in both groups were mild. There
were significantly more subjects with severe AEs (15.6%
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Figure 2. Description of subjects assessed for participation

in the FOUNDER Study.
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in active and 26.8% in control group; p 5 0.016) and mod-
erate AEs (31.8% in active and 42.5% in control group;
p 5 0.053) in the control group compared with the active
group. The AEs potentially related to study treatment were
similar in both treatment groups (7/154 (4.5%) in the
active group vs. 8/153 (5.2%) in the control group).

DISCUSSION

This multicenter, randomized, controlled trial demon-
strated that for the treatment of chronic DFUs, an
increased percentage of subjects achieved complete wound
closure when treated with IDRT compared with the stand-
ard of care. Additionally, IDRT decreased the time to
complete wound closure, improved components of quality
of life, and attained a lower percentage of patients with
severe AEs compared with the standard of care. The

assessment of health-related quality of life as an outcome
is something that other DFU clinical trials involving a cel-
lular- and/or tissue-based product have not evaluated. Lim-
itations in mobility, difficulty performing activities of
daily living, and increased reliance on caregivers are a
few examples of how DFUs deleteriously affect quality of
life.

This study has several strengths, including a large sam-
ple size. In addition, the majority of IDRT-treated patients
required only one application of the product. This is in
contrast to studies of cell-based products and minimally
processed human tissue allografts that required an average
of 4–6 applications.14,17 During the 14-day run-in period
in this study, only patients having DFUs that healed less
than 30% were randomized into the clinical trial. Thus,
this study evaluated not only chronic DFUs but also the
most difficult to heal DFUs. The wound closure results at

Table 2. Baseline patient characteristics

Active treatment

group (n 5 154)

Control treatment

group (n 5 153) Total (n 5 307) p Value*

Patient characteristic

Age† (mean 6 SD) 55.8 6 10.6 57.3 6 9.7 56.5 6 10.1 0.18

Male (%) 118 (76.6) 114 (74.5) 232 (75.6) 0.67

Caucasian# (%) 118 (76.6) 111 (72.5) 229 (74.4) 0.41

Black or African-American# (%) 28 (18.2) 34 (22.2) 62 (20.2) 0.46

Hispanic or Latino# (%) 46 (29.9) 37 (24.2) 83 (27.0) 0.26

Use tobacco (%) 28 (18.2) 19 (12.4) 47 (15.3) 0.16

Body mass index (mean 6 SD) 34.0 6 7.2 34.1 6 8.4 34.0 6 7.8 0.90

HbA1c (%, mean 6 SD) 8.0 6 1.8 (64 mmol/mol) 8.2 6 1.9 (66 mmol/mol) 8.2 6 1.7 (66 mmol/mol) 0.50

Study wound characteristics

Size at end of run-in (cm2,

mean 6 SD)

3.53 6 2.5 3.65 6 2.7 3.59 6 2.6 0.71

Ulcer age at enrollment:

Days 6 SD 308 6 491 303 6 418 305 6 455 0.93

Median (IQR) 126 (288) 152 (224) 140 (266) 0.69

Wagner grade 2 (%) 109 (70.8) 116 (75.8) 225 (73.3) 0.32‡

Location§

Dorsal (%) 28 (18.2) 25 (16.5) 53 (17.3)

Plantar (%) 126 (81.8) 127 (83.6) 253 (82.7) 0.69

Area

Calcaneal (%) 0 2 (1.3) 2 (0.7)

Forefoot (%) 109 (70.8) 93 (60.8) 202 (65.8)

Midfoot (%) 33 (21.4) 40 (26.1) 73 (23.8)

Hindfoot (%) 12 (7.8) 18 (11.7) 30 (9.8) 0.16

*Based on chi-square tests for categorical variables and t tests for continuous variables.
†Medicare-age patients (age 65 or older) represent 18.2% (28/154) of the active group population and 20.3%% (31/153) of the

control group population.
‡Compares Wagner Grade 2 vs. Wagner Grade 1.
§One participant randomized to the standard care group whose study ulcer was in the medial location is not included in this

tabulation.
#Subjects with multiple races are counted per each race.

SD, standard deviation; IQR, interquartile range.
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12 weeks were similar to those of other multicenter,
randomized, controlled studies that assessed outcomes at
12 weeks.14,15,28

In DFUs, the rate of wound closure is important because
the risk for developing complications increases the longer
the wound stays open. Based on the median time to heal-
ing, the IDRT group healed 5 weeks faster than the control
group. Additionally, the average wound size reduction per
week was 50% faster in the IDRT group compared with
the control group. As a result of the faster time to wound
closure with IDRT, the cost of hospitalization caused by
DFU-related complications such as infection and/or ampu-
tation can be reduced.

The chronic wound environment provides challenges
such as a prolonged inflammatory response and elevated
protease activity that damages or disrupts the extracellular
matrix and as a result cannot support wound healing.29

Therefore, collagen-based matrices are thought to be bene-
ficial because of their ability to replace the absent or dys-
functional extracellular matrix30 and to reduce proteases.31

It has been further demonstrated that this advanced, bio-
engineered, acellular matrix minimizes or prevents an

inflammatory or immunogenic response that may arise
from cell-based products.15,16,29,32

One of the limitations of this study and all other DFU
studies involving CTPs is that the study was not double-
blinded. This bias was overcome by the use of third-party
blinded computerized planimetry to confirm wound closure
and wound size. Computerized planimetry is considered to
be an optimal independent assessment method.33–35

Despite strict inclusion and exclusion criteria, any bias
against generalizability was minimized by enrolling and
randomizing subjects from 32 academic and private prac-
tice sites across the United States to ensure that study par-
ticipants represent patients with chronic DFUs from a
heterogeneous population. Furthermore, the demographics
of this study population were comparable to the demo-
graphics of previous multicenter, randomized, controlled
clinical studies evaluating CTPs for the treatment of
DFUs.14–17

This study represents an advanced, bioengineered, acellu-
lar matrix that successfully met its primary outcome in a
multicenter, randomized, controlled trial. The dermal
replacement layer, consisting of collagen and chondroitin-
6-sulfate, has been shown to promote dermal regeneration
and vascularization in previous clinical studies.36,37 The
new collagen that was formed was indistinguishable from
normal dermal collagen.36,37 The silicone layer provides
durability and a moisture flux rate that is comparable to
normal epidermis by allowing the wound environment to
remain moist. The silicone layer also provides immediate
wound closure and acts as a physical barrier to bacterial
contamination.18 In this study, once the silicone layer was
removed, the dermal layer promoted reepithelialization of
the wound to achieve complete wound closure. IDRT is
also ready to use off the shelf in contrast to cell-based prod-
ucts that require additional steps to prepare the product for
use.18 Cell-based products also need multiple reapplications
in treating a DFU whereas this study demonstrated that
reapplications of IDRT are generally not necessary. These
design features of IDRT translate to clinical benefits that
are ideal for the treatment of chronic, hard-to-heal DFUs. In
this study evaluating CTPs for the treatment of DFUs,
IDRT demonstrated safety and efficacy including improve-
ments in quality in life with a single application in the out-
patient setting. The safe and effective use of IDRT in the
inpatient setting has also been demonstrated previously in
clinical trials evaluating its use for the treatment of third
degree burns and scar contracture reconstruction. IDRT was
designed to maintain a moist wound environment while
promoting dermal regeneration and reepithelialization. The
history of safe and effective use of IDRM Technology,
which has been studied in nearly 600 subjects in various
clinical trials for multiple indications in the inpatient and
outpatient settings, demonstrates that IDRT could play an
important role in the treatment of chronic, hard-to-heal
DFUs.
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EXECUTIVE SUMMARY 

Indications for Use  

Integra LifeSciences Corporation submitted this premarket approval (PMA) supplement for 

Integra Dermal Regeneration Template (Integra) PMA P900033 to obtain an additional 
indication for use in the treatment of partial and full-thickness diabetic foot ulcers, in conjunction 
with standard diabetic ulcer care regimens including sharp debridement, non-adherent dressings, 
and offloading. 
 
Integra® Dermal Regeneration Template was originally indicated for the post-excisional 
treatment of life-threatening full-thickness or deep partial-thickness thermal injuries where 
sufficient autograft is not available at the time of excision or not desirable due to the 
physiological condition of the patient. 

 
Integra® Dermal Regeneration Template is also indicated for the repair of scar contractures when 
other therapies have failed or when donor sites for repair are not sufficient or desirable due to the 
physiological condition of the patient. 
 
After approval of the PMA supplement on January 7, 2016, the new indications for use are as 
follows: 

• Integra® Dermal Regeneration Template is indicated for: the postexcisional treatment of 
life-threatening full-thickness or deep partial-thickness thermal injuries where sufficient 
autograft is not available at the time of excision or not desirable due to the physiological 
condition of the patient; repair of scar contractures when other therapies have failed or 
when donor sites for repair are not sufficient or desirable due to the physiological 
condition of the patient; and treatment of partial and full-thickness neuropathic 
diabetic foot ulcers that are greater than six weeks in duration with no capsule, 
tendon or bone exposed, when used in conjunction with standard diabetic ulcer care. 

Because Integra will also provide IDRT under a new product label, Omnigraft™, FDA approved 
this product with the following indication: 

• Integra® Omnigraft™ Dermal Regeneration Matrix is indicated for use in the treatment 
of partial and full-thickness neuropathic diabetic foot ulcers that are greater than six 
weeks in duration, with no capsule, tendon or bone exposed, when used in 
conjunction with standard diabetic ulcer care. 



 

Device Description  

Integra® Dermal Regeneration Template (Integra template), available in Meshed and Non-
Meshed configurations, is a bilayer matrix for dermal regeneration. The dermal replacement 
layer consists of a porous, three-dimensional matrix, comprised of collagen and chondroitin-6-
sulfate (C6S) that is designed with a controlled porosity and defined degradation rate to promote 
wound healing. The temporary epidermal layer is made of a thin polysiloxane (silicone) layer to 
provide immediate wound coverage and control moisture loss from the wound. 
 
Integra® is provided sterile and non-pyrogenic. The inner foil pouch and product should be 
handled using sterile technique. Integra® should not be re-sterilized. 
 
Integra® will also be marketed as Omnigraft™ Dermal Regeneration Matrix, specifically for the 
indication in the treatment of diabetic foot ulcers. 

Alternative Practices and Procedures  

Currently, the standard of care for diabetic foot ulcers is sharp debridement, moist wound 
therapy with daily wound care dressings, off-loading, and infection control1. However, the 
majority of diabetic foot ulcers that undergo this treatment do not heal completely and are 
considered to be non-responsive to conventional therapy if the diabetic foot ulcer has not shown 
significant improvement in four weeks2. For these non-healing, chronic diabetic foot ulcers, there 
have been a number of other commercially available devices that are cellular and/or tissue based 
products, previously known as skin substitutes. Some have been evaluated in multicenter, 
randomized, controlled clinical trials which have demonstrated varying degrees of success3-6. 
The products evaluated in these randomized, controlled trials consist of cell-based products and 
minimally processed human tissue allografts. 

Marketing History 

Integra® Dermal Regeneration Template (Integra®) was first granted FDA Premarket Approval 
for use in life-threatening thermal injuries under PMA P900033 on 01 March 1996. On 19 April 



2002, PMA Supplement P900033/S008 was approved, expanding the indication for use to 
include repair of scar contractures.  On 23 April 2004, FDA approved an electron beam (e-beam) 
sterilized version of the Integra® under PMA Supplement P900033/S011. Terminally-sterilized 
Integra® was the device evaluated under IDE G090146 and therefore the subject device of this 
PMA panel-track supplement. 

 
Integra® was granted CE Mark approval in the European Union on 20 March 1998. The Integra® 
product line is currently approved for marketing in the United States, European Union, Canada, 
Mexico, Argentina, Brazil, Colombia, Costa Rica, Peru, South Africa, Turkey, United Arab 
Emirates, Saudi Arabia, Israel, Egypt, Serbia, Jordan, Japan, New Zealand, Australia, and 
Singapore for use in burns and reconstructive surgery.  It is estimated that over 90,000 units of 
Integra® have been sold worldwide since market release and the device has not been recalled or 
withdrawn for any reason related to the safety or effectiveness of the device.  
 
The Integra® collagen and chondroitin-6-sulfate (C6S) and silicone bilayer matrix is also 
marketed as Integra® Bilayer Matrix Wound Dressing under Premarket Notification 510(k) 
K021792, indicated for the management of wounds. Integra® Meshed Bilayer Wound Matrix is 
also FDA cleared under Premarket Notification 510(k) K081635 and has similar indications as 
Integra® Bilayer Matrix Wound Dressing. 
 
In total since launch in 1996, approximately 199,000 units of product from the Integra® product 
family have been sold.  In searching Integra’s internal complaint system, it was found that a total 
of 169 Medical Device Reports (MDRs) have been submitted in that time frame. Of these 
MDRs, 58 were non-clinical complaints (unacceptable/damaged packaging or product, shipping 
errors, expired product) and 111 were clinical performance related (infection, poor take/graft 
loss, allergic reaction, events related to non-healing or poor quality healing). This results in an 
MDR frequency of 0.085%.   
 

Summary of Clinical Study for Diabetic Foot Ulcers  

The following is a summary of the clinical study design and data used to support the approval of 
the Integra® Dermal Regeneration Template for an additional indication for use in the treatment 
of diabetic foot ulcers.  The study, ‘A Multi-center, Randomized, Controlled Clinical Trial to 
Evaluate the Safety and Effectiveness of Integra® Dermal Regeneration Template for the 
Treatment of Neuropathic Diabetic Foot Ulcers’ was approved under IDE G090146. 



Objective 

The objective of this study was to evaluate the safety and effectiveness of the Integra® Dermal 
Regeneration Template for the treatment of diabetic foot ulcers located distal to the malleolus in 
subjects with diabetes mellitus, neuropathy, and without significantly compromised arterial 
circulation.   

Pivotal Diabetic Foot Ulcer Study Design 

Study Design and Methods  

This study was a pivotal, multi-center, controlled, stratified, randomized, parallel-group clinical 
trial, designed to establish the superior effectiveness of the Integra® Dermal Regeneration 
Template (Integra®), over that of Standard of Care, for healing diabetic foot ulcers in subjects 
with diabetes. The Standard of Care therapy in this study was moist wound therapy consisting of 
0.9% Sodium Chloride gel. Both treatment groups received debridement prior to application of 
treatment, appropriate secondary dressings (consisting of a non-adherent foam dressing and an 
outer gauze wrap which was selected to maintain a moist wound environment) and off-
loading/protective devices appropriate to the location of the ulcer, as well as nutritional support. 
The region of interest on the foot included only those areas distal to the malleolus.  

  
The design of this study was based on FDA’s Guidance for Industry: Chronic Cutaneous Ulcer 
and Burn Wounds – Developing Products for Treatment (FDA 2006). The study was designed in 
three phases: a two week Screening/Run-in Phase, a sixteen week Randomization/Treatment 
Phase and a twelve week Follow-up Phase.  
 

Run-in Phase: 

After providing written informed consent, and prior to randomization, subjects entered a 
Screening/Run-in Phase. During this phase a series of screening assessments were performed to 
determine subject eligibility.  During the two-week Run-in period, patients were treated with 
debridement and the Standard of Care treatment of moist wound therapy, plus secondary 
dressings and off-loading. The inclusion and exclusion criteria for the study that were reviewed 
during this phase are listed in Table 1.1 and Table 1.2. 
 



Table 1.1 - Inclusion Criteria for the Diabetic Foot Ulcer (DFU) Clinical Trial 

Inclusion Criteria 

1. A signed and dated ICF has been obtained 
2. The subject was able and willing to comply with study procedures 
3. The subject, of either sex, is ≥ 18 years of age   
4. The subject, if female and of child-bearing potential, has a negative serum pregnancy test at 

Screening 
5. The subject had Type I or Type II diabetes mellitus 
6. The subject had a glycosylated hemoglobin (HbAlc) level < 12% 

7. Presence of at least one DFU that met all of the following criteria: 
a) Ulcer had been diagnosed as a full-thickness neuropathic DFU and was located distal to the 

malleolus (ulcer between the toes were excluded but those of the heel were allowed) 
b) There was a minimum 2 cm margin between the qualifying study ulcer and any other ulcers on 

the affected foot after debridement 
c) Ulcer size (area) was ≥ 1 cm2 and ≤ 12 cm2 (post debridement at time of randomization) 
d) Wagner grade 1 or 2 
e) Depth ≤ 5mm with no exposed capsule, tendon or bone and no tunneling, undermining or sinus 

tracts 
f) Duration of the study ulcer was at least 30 days at the time of the Screening visit 

 
Note: If the subject had more than one qualifying DFU, the ulcer designated as the study ulcer was 
at the discretion of the Investigator. Non-study ulcers being treated during the course of the study 
could only be treated with moist wound therapy (the Standard of Care identified under this study). 

8. Subject had adequate vascular perfusion of the affected limb, as defined by at least one of the 
following: 

a) Ankle-Brachial Index (ABI): ≥0.65 and ≤1.2 
b) Toe Pressure (plethysmography) > 50mm Hg 
c) TcPO2 >40 mm Hg 
d) Doppler ultrasound (biphasic or triphasic waveforms) consistent with adequate blood flow to the 

affected extremity, as determined by the Standard of Care practices of the Investigator and the 
investigational study site 

9. Subject or responsible caregiver was willing and able to maintain the required off-loading (as 
applicable for the location of the ulcer) and applicable dressing changes 

 



Table 1.2 - Exclusion Criteria for the Diabetic Foot Ulcer (DFU) Clinical Trial 

Exclusion Criteria 
1. Subject had suspected or confirmed signs/symptoms of gangrene or wound infection on any part of 

the affected limb (subjects with wound infection at the Screening visit could be treated and 
subsequently re-screened for participation in the study after eradication of the infection) 

2. Subject had a history of hypersensitivity to bovine collagen and/or chondroitin 
3. Subject was pregnant at the time of treatment 
4. Subject was previously treated under this clinical study protocol 
5. Subject had participated in another clinical study involving a device or a systematically 

administered investigational study drug or treatment within 30 days of the randomization visit 
6. Subject was currently receiving (within 30 days of the randomization visit) or was scheduled to 

receive a medication or treatment which, in the opinion of the Investigator, was known to interfere 
with, or affect the rate and quality of, wound healing (e.g., systemic steroids, immunosuppressive 
therapy, autoimmune disease therapy, cytostatic therapy within 12 months prior to randomization, 
dialysis, radiation therapy to the foot, vascular surgery, angioplasty or thrombolysis) 

7. Subject had any of the following unstable conditions or circumstances that could interfere with 
treatment regimen compliance, such as the following: 

a) Ability to perform required dressing changes 
b) Ability to comply with treatment visit schedule 
c) Mental incapacity 
d) Current substance abuse 

8. Subject had excessive lymphedema, which, in the opinion of the Investigator, could interfere with 
wound healing 

9. Subject had unstable Charcot foot or Charcot with boney prominence that, in the opinion of the 
Investigator, could inhibit the wound healing 

10. Subject had ulcers secondary to diseases other than diabetes, e.g., vasculitis, neoplasms, or 
hematological disorders 

11. Subject had osteomyelitis with necrotic soft bone. (If the Investigator suspected the presence of 
osteomyelitis, the diagnosis required confirmation by plain film X-ray) 

12. Subject had Chopart amputation 
13. Subject had a history of bone cancer or metastatic disease of the affected limb, radiation therapy to 

the foot, or had had chemotherapy within the 12 months prior to randomization 
14. Subject had been treated with wound dressings that included growth factors, engineered tissues, or 

skin substitutes (e.g., Regranex®, Dermagraft®, Apligraf®, GraftJacket®, OASIS®, Primatrix®, 
Matristem®) within 30 days of randomization or was scheduled to receive these during the study 

15. Subject had been treated with hyperbaric oxygen within 5 days of Screening or was scheduled to 
receive this therapy during the study 

16. Subject had a non-study ulcer that required a treatment other than moist wound therapy (i.e., the 
Standard of Care identified under this study) 



Exclusion Criteria 
17. Subject had a history of or any of the following intercurrent illnesses or conditions that could 

compromise the safety of the subject or the normal wound healing process: 

a) End stage renal disease 
b) Immunosuppression 
c) Severe malnutrition 
d) Liver disease 
e) Aplastic anemia 
f) Scleroderma 
g) Acquired immune deficiency disease (AIDS) or Human Immunodeficiency Virus (HIV) positive 
h) Connective tissue disorder 
i) Exacerbation of sickle cell anemia 

18. Subject was an employee or relative or any member of the Investigational site or the Sponsor. 
19. At the end of the Run-in period, and prior to Randomization, the subject was excluded if either of 

the following conditions were met: 

a) Subject did not continue to meet the entrance criteria (inclusion and exclusion) above, or 
b) The size of the study ulcer, following debridement, had decreased by more than 30% from the 

baseline assessment measured at Screening. 
 

 
After the two-week Run-in period, subjects whose ulcers exhibited less than 30% re-
epithelialization and who continued to meet the eligibility criteria were randomized to either 
Active Treatment [Integra® Dermal Regeneration Template (IDRT)] or Control Treatment 
(Standard of Care) for the Treatment Phase of the study.  

Treatment Phase:  

During the Treatment Phase, subjects were treated according to the study-specified therapies 
(IDRT or Control Treatment, plus sponsor-provided secondary dressings and an off-
loading/protective device) for up to 16 weeks or until the study ulcer completely healed, and 
were evaluated weekly. Efficacy evaluations during this phase included weekly Investigator 
assessments of wound closure in addition to planimetric evaluations of ulcer size, as well as a 
Quality of Life questionnaire which subjects completed at the start and at the end of the 
Treatment Phase. Safety evaluations included assessment for adverse events and use of 
medications and new therapies.  
 
At the completion of the Treatment Phase: 
 

• Subjects with 100% healed ulcers were considered treatment successes and entered the 
Follow-up Phase.  

• Subjects with unhealed ulcers at the end of the Treatment Phase were considered treatment 
failures, but continued in the study (entered the Follow-up Phase). 



Follow-up Phase: 

Four weeks after either the study ulcer was confirmed as completely healed or the final 
Treatment Visit was completed, subjects entered the 12-week Follow-up phase.  During the 
Follow-up Phase, visits occurred monthly (i.e., every four weeks). Subjects with complete 
wound closure were monitored for efficacy and safety. Efficacy evaluations included clinical 
evaluation of the study ulcer site for breakdown and recurrence and administration of the Quality 
of Life Questionnaire. 

 
Safety evaluations during the Follow-up Phase for both treatment successes and treatment 
failures consisted of adverse event assessments at each visit and measurement of clinical 
laboratory parameters at the last Follow-up visit. 
   
At the end of the Follow-up Phase, study status was assessed as follows: 

 

• Subjects who entered the Follow-up Phase as treatment successes were considered:  
o Follow-up successes if their ulcer did not recur 
o Follow-up failures if their ulcer recurred 

• All subjects entering and completing the Follow-up Phase (both healed and unhealed ulcers) 
were considered Follow-up Phase completers 

Diabetic Foot Ulcer Study Endpoints  

Primary Efficacy Endpoint 

The primary efficacy endpoint for the study was the percentage of subjects with complete closure 
of the study ulcer, as assessed by the Investigator, during the Treatment Phase. 

Secondary Efficacy Endpoints 

Secondary endpoints which were also evaluated included: 
 

1. Percentage of subjects with complete wound closure of the study ulcer, as assessed by 
computerized planimetry, during the Treatment Phase. 

2. Time to complete wound closure, as assessed by the Investigator. 
3. Time to complete wound closure, as assessed by computerized planimetry. 
4. Rate of wound closure, as assessed by computerized planimetry.  
5. Incidence of ulcer recurrence at the site of the study ulcer during the Follow-up Phase. 
6. Change in Quality of Life metrics. 

Safety Endpoints 

Safety endpoints included: 



• Adverse events (type and frequency) 
• Changes in laboratory values for serum creatinine, blood urea nitrogen (BUN), serum 

glucose, HbA1c, pre-albumin and CBC with differential 

Study Hypothesis 

This clinical trial was designed to test the hypothesis that the Integra®
 will result in superior 

healing of neuropathic foot ulcers compared to a Standard of Care treatment in subjects with 
diabetes mellitus, neuropathy, and without significantly compromised arterial circulation. 

Patient Accountability 

During the Diabetic Foot Ulcer Clinical Trial, a total of 545 subjects were screened, and 307 
subjects were randomized.  One hundred and fifty four (154) subjects were randomized into the 
IDRT Treatment group and 153 subjects were randomized into the Control Treatment group.  In 
the IDRT Treatment group, 128 subjects completed the Treatment phase and 106 subjects 
completed the Follow-up phase.  In the Control Treatment group, 117 subjects completed the 
Treatment phase and 82 subjects completed the Follow-up phase.   

 
For this study, there were three analysis populations (Intent-to-Treat (ITT), Per Protocol, and 
Safety Population) which are described below. 

 
Intent-to-Treat Population: all randomized subjects. This population was used as the primary 
population for the analyses of primary and secondary efficacy endpoints. 

 
Per Protocol Population: all randomized subjects who were not associated with a major protocol 
violation. This population was identified before database lock. Analyses of efficacy endpoints 
using this population were considered as supportive. 

 
Safety Population: any subject receiving Study Treatment after randomization. This population 
was used for the analysis of safety parameters. 

Study Population Demographics and Baseline Parameters 

The baseline demographics in the Integra and Control arms were comparable for all parameters 
evaluated, including, but not limited to, severity and type of diabetes, gender, race, age, and ulcer 
size area.  The population demographics are shown in Table 1.3. 

 



The demographic groups represented in this study correlate to the population that is affected by 
diabetic foot ulcers. 

 
Table 1.3 - Demographic Characteristics, ITT Population 

Characteristic Statistic 
IDRT Control Total 

N = 154 N = 153 N = 307 

Age (years)[1] 
Mean (SD) 55.8 (10.6) 57.3 (9.7) 56.5 (10.1) 
Median 56.0 57.0 57.0 
Min, Max 31.0, 82.0 28.0, 82.0 28.0, 82.0 

Gender 
Male, n (n/N%) 118 (76.6) 114 (74.5) 232 (75.6) 
Female, n (n/N%) 36 (23.4) 39 (25.5) 75 (24.4) 

Race 

American Indian/Alaskan 
Native, n (n/N%) 

0 (0.0) 2 (1.3) 2 (0.6) 

Asian, n (n/N%) 1 (0.6) 2 (1.3) 3 (1.0) 
Black Or African American,  
n (n/N%) 

28 (18.2) 34 (22.1) 62 (20.1) 

Native Hawaiian Or Pacific 
Islander, n (n/N %) 

1 (0.6) 0 (0.0) 1 (0.3) 

Caucasian, n (n/N %) 118 (76.6) 111 (72.1) 229 (74.4) 
Other, n (n/N %) 6 (3.9) 5 (3.2) 11 (3.6) 

Ethnicity 
Not Hispanic/Latino, n (n/N%) 108 (70.1) 116 (75.8) 224 (73.0) 
Hispanic or Latino, n (n/N%) 46 (29.9) 37 (24.2) 83 (27.0) 

N = number of subjects within the population and treatment group and the denominator for 
percentages 
n = number of subjects within the population and treatment group and the numerator for 
percentages 
SD = standard deviation 
Min = minimum value 
Max = maximum value 
[1] Age (years) = integer of [(date of informed consent - date of birth)/ 365.25+ 0.5]  
Source location in CSR, Attachment 9.1: Section 11.2.1, Table 11-2  

 
 

Due to the target patient population, there were many comorbidities that the subjects of this study 
faced.  The summary of medical histories of the patients is presented in Table 1.4 by the medical 
body system that was affected by the medical condition.  Almost all of the conditions were 
ongoing throughout the study. The findings were comparable between the two treatment groups. 

 



Table 1.4 - Summary of Comorbidities of all Patients in the Study 

Medical Body System  
[1] 

IDRT Control Total 
N = 154 N = 153 N = 307 

n (n/N%) n (n/N%) n (n/N%) 
Cardiovascular 137 (89.0) 137 (89.5) 274 (89.3) 
Dermatologic 44 (28.6) 51 (33.3) 95 (30.9) 
Endocrine 154 (100) 153 (100) 307 (100) 
Gastrointestinal 49 (31.8) 57 (37.3) 106 (34.5) 
Genitourinary 24 (15.6) 25 (16.3) 49 (16.0) 
Hematologic 18 (11.7) 35 (22.9) 53 (17.3) 
Hepatic 4 (2.6) 7 (4.6) 11 (3.6) 
Immunologic 15 (9.7) 18 (11.8) 33 (10.7) 
Lymphatic 11 (7.1) 6 (3.9) 17 ( 5.5) 
Neurological 108 (70.1) 111 (72.5) 219 (71.3) 
Other 97 (63.0) 98 (64.1) 195 (63.5) 
Psychiatric 30 (19.5) 37 (24.2) 67 (21.8) 
Renal 15 (9.7) 33 (21.6) 48 (15.6) 
Respiratory 21 (13.6) 30 (19.6) 51 (16.6) 
[1] A subject is counted only once within each 
category. 

 

N = number of subjects within the population and treatment group 
and the denominator for percentages 
n = number of subjects within the population and treatment group 
and the numerator for percentages 
Source location in CSR, Attachment 9.1: Section 11.2.3, Table 11-7  

 

Safety and Effectiveness Results 

Safety Results 

The analysis of the safety was based on the treated Safety Population of 307 total patients, 154 
IDRT Treatment and 153 Control Treatment.  The key safety outcomes for this study are 
presented below in Table 1.6, Table 1.7, and Table 1.8 which show that the IDRT Treatment 
group had less adverse events, serious adverse events, and potentially related adverse events than 
the Control group.  Table 1.5 contains a summary of the most frequently occurring adverse 
events reported during the study. 

 



Adverse Events 

All adverse events that were reported in the study evaluating Integra® for the treatment of 
diabetic foot ulcers at a frequency of ≥ 5% in either cohort are presented in Table 1.5.  This table 
includes adverse events that were both attributed to and not attributed to treatment.  The adverse 
events are listed in descending order according to their frequency in the Integra® cohort. There 
were no unanticipated adverse effects in the clinical trial. 

 
Table 1.5 - Adverse Events Reported in Greater than 5% of Patients 

in the Diabetic Foot Ulcer Study 

Adverse event 
IDRT 

N=154 Subjects 
n (n/N%) 

Control 
N= 153 subjects 

n (n/N%) 
Diabetic foot infection 23 (14.9) 23 (15.0) 
Diabetic foot1  22 (14.3) 31 (20.3) 
Pain in extremity 14 (9.1) 20 (13.1) 
Cellulitis 13 (8.4) 13 (8.5) 
Osteomyelitis 9 (5.8) 19 (12.4) 
Condition aggravated 6 (3.9) 14 (9.2) 
N = number of subjects within the population and treatment group and the 
denominator for percentages 
n = number of subjects within the population and treatment group and the 
numerator for percentages 
Source location in CSR, Attachment 9.1: Section 14.3.1, Table 14.3.1.1, Section 
16, Appendix 16.2, Listing 16.2.7.1  
1The preferred term Diabetic Foot includes new, worsening or recurring ulcer. 

 
A total of 798 adverse events occurred in 216 of the 307 randomized subjects as presented in 
Table 1.6.  Of the 798 adverse events, 444 occurred in the Control arm, treated with the standard 
of care established within this trial. The remaining 354 AEs occurred in the IDRT arm, treated 
with the Integra®.  

 



Table 1.6 - Summary of Adverse Events, Safety Population 

Number of 
subjects 

IDRT (N = 154) Control (N = 153) Total (N = 307) 
n 

 (n/N %) 
All 

incidences 
n  

(n/N %) 
All 

incidences 
n  

(n/N %) 
All 

incidences 
With any 
reported AE 

101 (65.6) 354 115 (75.2) 444 216 (70.4) 798 

N = number of subjects within the population and treatment group and the denominator for 
percentages 
n = number of subjects within the population and treatment group and the numerator for 
percentages 
Source location in CSR, Attachment 9.1: Section 12.2.1, Table 12-2  

 
Twenty-eight (28) adverse events were reported by investigators as being related to the study 
treatment, as summarized in Table 1.7. Eleven (11) potentially related adverse events occurred 
within the IDRT arm and were therefore considered related to the Integra®, and 17 adverse 
events were considered potentially related to the control treatment. Of the 11 device-related AEs 
in the IDRT group, four (4) were considered Serious Device-Related Adverse Events (sepsis, 
diabetic foot infection, cellulitis, and infected skin ulcer).  None of the Serious Device-Related 
Adverse Events were unanticipated. 

 
Table 1.7 - Summary of Adverse Events by Relationship to Treatment, 

Safety Population 

Relationship 
IDRT (N=154) Control (N=153) Total (N=307) 

n  
(n/N %) 

All 
incidences 

n  
(n/N %) 

All 
incidences 

n 
(n/N %) 

All 
instances 

Potentially 
related 

7 (4.5) 11 8 (5.2) 17 15 (4.9) 28 

Unlikely or 
not related 

97 (63.0) 343 115 (75.2) 427 
212 

(69.1) 
770 

Note: Subjects are counted only once within each category 
N = number of subjects within the population and treatment group and the denominator for 
percentages 
n = number of subjects within the population and treatment group and the numerator for 
percentages 
Source location in CSR, Attachment 9.1: Section 12.2.3.2, Table 12-7  

 
Adverse events were recorded as mild, moderate, severe or life-threatening. There were three (3) 
life-threatening adverse events reported in the IDRT group and 10 in the Control group; none of 
the life-threatening adverse events in either group were considered related to treatment. 



Overall, adverse events occurred in 66% of Integra® subjects and 75% of Control subjects 
(Table 1.6). Those adverse events determined to be serious occurred in 25% of IDRT subjects 
and 36% of Control subjects. A summary of Serious Adverse Events is provided in Table 1.8. 

 
Table 1.8 - Summary of Serious Adverse Events, Safety Population 

Parameter 
IDRT Control Total 

N = 154 N = 153 N = 307 
n (n/N %) n (n/N %) n (n/N %) 

Number of subjects with any SAE 38 (24.7) 55 (35.9) 93 (30.3) 
Number of all incidences 54 89 143 
Note: Note: Subjects are counted only once within each category 
N = number of subjects within the population and treatment group and the 
denominator for percentages 
n = number of subjects (or observations) within the population and treatment 
group and the numerator for percentages 
Source location in CSR, Attachment 9.1: Section 12.3.1.2, Table 12-10  

Laboratory Results 

None of the subjects in this trial had the Study Treatment discontinued or trial terminated due to 
laboratory abnormalities.   

 
Changes in the serum chemistry that were deemed clinically significant by the Investigators were 
reported as adverse events. There were two (2) subjects with SAEs reported as hypoglycemia: 
one (1) subject (Subject 029002) from the IDRT group and one (1) subject (Subject 029015) 
from the Control group. However, neither of the SAE incidences were considered related to the 
Study Treatment based on the Investigator’s assessment. 

Diabetic Foot Ulcer Study Withdrawals due to Adverse Events and Investigator Decision 

During the Treatment Phase, of the 62 subjects that discontinued, 29 subjects (9.4%) withdrew 
due to AEs (13 subjects from the IDRT group and 16 subjects from the Control group). A total of 
16 subjects (5.2%) were withdrawn at the Investigator’s decision (eight (8) subjects in the IDRT 
group and eight (8) subjects in the Control group). 

 
During the Follow-up Phase, of the 57 subjects that discontinued, nine (9) subjects (2.9%) 
withdrew due to AEs (zero (0) subjects from the IDRT group and nine (9) subjects from the 
Control group).  A total of 14 subjects (4.6 %) were withdrawn at the Investigator’s decision (six 
(6) in the IDRT group and eight (8) in the Control group). 

 
In total, of the 119 subjects that discontinued from the study, 38 subjects withdrew due to AEs 
and 30 were withdrawn due to Investigator’s decision.  



Diabetic Foot Ulcer Study Drop-outs 

In total, 38.8% of the total randomized subjects (119/307) discontinued from the study; forty 
eight (48) and 71 subjects in the IDRT and Control groups, respectively, discontinued prior to 
Treatment Phase completion. 

Effectiveness Results 

Diabetic Foot Ulcer Study Primary Endpoint 

Complete Wound Closure – Investigator Assessment: A higher percentage of subjects treated 
with Integra® had 100% complete wound closure of the study ulcer (51.3%) in comparison to 
subjects from the Control group (32.0%), resulting in a treatment difference [delta (∆)] of 19.3%. 
The difference between the two treatment groups was statistically significant (p-value = 0.0007). 
The results were based on the Investigator assessment and Intent-to-Treat (ITT) population and 
are summarized in Table 1.9. 

 
Table 1.9 - Summary of Complete Wound Closure based on the 

Investigators Assessment of the ITT Population 

Parameter 
IDRT Control 

p-value N = 154 N = 153 
n (n/N %) n (n/N %) 

Subjects with Complete Wound Closure 79 (51.3) 49 (32.0) 
0.0007 Subjects without Complete Wound 

Closure 
75 (48.7) 104 (68.0) 

N = number of subjects within the population and treatment group and the 
denominator for percentages 
n = number of subjects within the population and treatment group and the 
numerator for percentages 
Source location in CSR, Attachment 9.1: Section 11.4.3, Table 11-11  

 

Diabetic Foot Ulcer Study Secondary Endpoints 

1. Complete Wound Closure – Computerized Planimetry: Statistically significant results 
were obtained by planimetric measurement of complete wound closure. A significantly 
higher percentage of subjects showed complete wound closure in the IDRT group (50.0%) 
in comparison to the Control group (31.4%). The difference (∆ = 18.6%) between the two 
treatment groups was statistically significant (p-value = 0.0010). The agreement between 
the planimetric and Investigator assessments was found to be very strong with a Kappa 
coefficient of 0.9798. 

 



2. Time to Complete Wound Closure – Investigator Assessment: Time to complete wound 
closure of the study ulcer was faster in subjects from the IDRT group than in the Control 
group when assessed by the investigator. Kaplan-Meier results showed that 50% of the 
subjects in the IDRT group were estimated to achieve complete wound closure by Day 85 
while less than 50% subjects (32%) in the Control group achieved complete wound closure 
at the end of the Treatment Phase. Similarly, 25% of the subjects in the IDRT group 
achieved complete wound closure at 43 days, while 92 days were needed for 25% of the 
subjects in the Control group to achieve complete wound closure. In addition, from the 
population of subjects with complete wound closure, the median time to complete closure 
of the wound, when assessed by the Investigator, was 5 weeks shorter for the IDRT group: 
43 days for the IDRT group, versus 78 days for the Control group. 

 
3. Time to Complete Wound Closure – Computerized Planimetry: The finding that subjects 

in the IDRT group, compared to subjects from the Control group, required a shorter 
duration of time to achieve complete wound closure was consistent between the 
Investigator and Planimetric assessments of time to healing.  The planimetry assessment of 
the time to healing correlated significantly with the Investigator assessment (p-value < 
0.0001, correlation coefficient = 0.7227). Based on the planimetry assessment, by Day 43, 
25% of the subjects in the IDRT group achieved complete wound closure whereas the same 
statistic for the Control group was 78 days.   

 
4. Rate of Wound Size Reduction: Subjects treated with Integra® demonstrated a 

significantly higher rate of wound size reduction compared to subjects treated with control. 
Rate of wound healing (wound size reduction) determined by week, using planimetric 
measurements, was significantly higher (p-value = 0.0115) in the IDRT group (7.15% 
healed/week) in comparison to Control group (4.81% healed/week). The cumulative rates 
of wound size reduction were consistently higher in the IDRT group than in the Control 
group starting from Treatment Visit 4 to Treatment Visit 17. On average, the wound size 
reduction per week in the IDRT group was 50% faster than in the Control group. 

 
5. Incidence of Ulcer Recurrence: The percentage of subjects with ulcer recurrence in the 

IDRT group was lower than in Control group (19.0% vs. 26.5%, respectively). However, 
this difference between the treatment groups (∆ = 8%) was not statistically significant (p-
value = 0.3192). 

 
6. Change in Quality of Life Metrics: The improvement in the Quality of Life metrics were 

measured and evaluated using the Quality of Life Questionnaire SF-36v2™ Health Survey 
by QualityMetric Incorporated and Medical Outcomes Trust (SF-36). Changes in Quality 
of Life derived upon the normed based scores, showed a significant improvement in 
Physical Functioning for IDRT treated subjects compared to Control group (p-value = 



0.0466). Additionally, subjects treated with the Integra® indicated significant reduction in 
Bodily Pain compared to subjects from the Control group (p-value = 0.0333). A difference 
trending toward significance was noted for Role Physical category (p-value = 0.0751) 
where subjects from the IDRT group showed reduced limitations to physical health in 
comparison to subjects from the Control group. No significant differences were observed 
between the two treatment groups for other Quality of Life metrics including General 
Health, Social Functioning, Role Emotional, Mental Health or Vitality. 

Conclusions Drawn from the Studies 

The data presented in this PMA supplement, coupled with the extensive safety and effectiveness 
data and reports of clinical experience available on Integra® Dermal Regeneration for a similar 
indication, provides assurance of the safety and effectiveness of this device. Integra® provides an 
alternative method for treatment of diabetic full-thickness foot ulcers which have not adequately 
responded to conventional ulcer therapy. 
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