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ABSTRACT

Background

Repair of  (potentially) contaminated abdominal wall defects entails the dilemma of  choosing 
between synthetic material, with its presumed risk of  surgical site complications, and biologic 
material, a costly alternative with questionable durability. 

Methods

Full-text articles published in English between January 1990 and June 2015 reporting on repair 
of  potentially contaminated and contaminated hernias with 25 or more eligible patients were 
included. Surgical site complications and hernia recurrence rates were evaluated per degree 
of  contamination and mesh type (biologic versus synthetic) by calculating pooled proportions. 

Results

A total of  32 studies were identified, with only one prospective observational study. Fifteen 
studies solely described hernia repair with biologic mesh, 6 the use of  a non-absorbable 
synthetic mesh and 11 described various techniques and mesh types. Analysis of  potentially 
contaminated defects separately showed comparable surgical site complication rates, and a 
hernia recurrence rate of  9 per cent for biologic and 10 per cent for synthetic repair. Biologic 
mesh repair of  contaminated defects showed considerable higher rates of  surgical site 
complications and a hernia recurrence rate of  30 per cent. As only one study on synthetic 
repair of  predominantly contaminated hernias was included, no comparison with biologics for 
this degree of  contamination could be made.

Conclusions

Available low-level evidence shows no benefit of  biologic over synthetic mesh for repair of  
potentially contaminated hernias, but as head-to-head comparisons are lacking all studies are 
likely influenced by selection bias. Lack of  evidence hampers surgical decision making in the 
approach of  contaminated abdominal wall defects since all but one study used biologic meshes 
in contaminated fields.
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INTRODUCTION

A defect or hernia of  the abdominal wall is a frequently encountered surgical problem, with 
approximately 10 000 incisional hernia repairs being performed in the United Kingdom  
each year.1 

It is currently accepted that only very small hernias are eligible for simple suture repair 
while all others should preferably undergo mesh repair to reduce recurrence rates.2 Potential 
or certain contamination of  the surgical wound, however, poses a dilemma as the use of  
non-absorbable synthetic material is historically considered contraindicated given the risk 
of  postoperative infectious complications and need for mesh removal. The introduction of  
biologic meshes has provided an alternative. Derived from biologic material, these meshes 
theoretically incorporate into native tissue and possess the ability to resist infection. 

Multiple reports on the use of  biologic mesh in abdominal wall repair have been made. 
The Ventral Hernia Working Group (VHWG) has recommended its use for the repair of  
potentially contaminated and contaminated hernias in 2010.3 Furthermore, a potential 
advantage of  biologic over synthetic material was even suggested for patients at high risk of  
developing surgical site complications. More recently, however, enthusiasm for biologic mesh 
in abdominal wall repair has somewhat damped.4;5 The recommendations of  the VHWG 
were mainly based on expert opinion and not on high quality evidence, and there is still a 
lack of  consensus among surgeons regarding the appropriate indications for biological mesh 
use.6-8 Especially the durability of  biologic mesh repair is subject of  debate.9 Furthermore, 
the assumed drawback of  synthetic material in contaminated fields has become less rigid as 
several authors have proclaimed safe usage, particularly employing new light-weight synthe- 
tic meshes.10

The aim of  this review was to critically assess available literature on (potentially) con-
taminated hernia repair, and to evaluate whether biologic mesh, with the assumed ability to 
resist infection, enables a durable method of  repair and whether synthetic mesh offers a safe 
treatment option.

METHODS

This systematic review and meta-analysis was conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRIMA) guideline.11

Literature search 

To identify relevant articles a systematic electronic search was conducted in the following 
databases: MEDLINE, Embase and the Cochrane Central Register of  Controlled Trials 
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(CENTRAL). For each database a search strategy was constructed by using a combination 
of  medical subject headings (MESH) and free-text terms related to repair of  abdominal 
wall hernias and the presence of  contamination. No search terms with regard to surgical 
techniques or mesh types were used to ensure finding all reports with use of  every possible 
technique or mesh. Two independent reviewers assessed all identified abstracts (J.J.A and 
F.E.E.d.V). Subsequently, full-texts of  potentially relevant articles were obtained. After full text 
selection a cross-reference search was conducted to find any additional relevant articles. The 
latest literature search update was done on the first of  June 2015.

Study selection

To be included studies had to report on the single-stage repair of  abdominal wall defects 
complicated by the presence of  contamination. Contamination was considered present when 
the defects were classified as clean-contaminated (class II), contaminated (class IIII) or dirty-
infected (class IV) according to the US National Research Council Group wound classification12, 
potentially contaminated (grade III) or infected (grade IV) according to the Ventral Hernia 
Working Group (VHWG) grading system3, or contaminated (grade III) according to the 
modified VHWG grading system13. Repairs were also considered contaminated when 
synchronous enteric fistula takedown, infected synthetic mesh removal or concomitant bowel 
surgery was performed. Merely describing defects as ‘complicated’ or ‘complex’ in a study was 
insufficient since multiple definitions exist.14 Reports on parastomal hernia repair, stoma site 
closure, burst abdomen repair, early repair of  open abdomens (delayed fascial closure within 
initial admission) and prophylactic mesh insertion were not eligible for inclusion. Studies on 
the surgical repair of  enteric fistula were only included if  data on abdominal wall defect and 
repair was specifically given. If  studies described various types of  abdominal wall defects, i.e. 
both clean and contaminated, data on patients fulfilling the aforementioned inclusion criteria 
were derived separately. If  this was not possible, studies were only included if  the majority 
(≥75 per cent) of  the described patients fulfilled the inclusion criteria. Only studies published 
after 1990 in English with a full-text available (no conference abstracts) were considered for 
inclusion. Furthermore, studies had to encompass 25 patients or more. If  multiple studies 
reported on the same patient population, or showed significant overlap, the most relevant 
study was included. In case of  indistinctness regarding overlap or duplicate study populations, 
corresponding authors were contacted. 

Data extraction

The following data were extracted using a preformatted datasheet: year of  publication, study 
period, study design and number of  patients. Patient and hernia characteristics that were 
extracted included: age, gender, body mass index (BMI), defect size, and details regarding 
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contamination. The following surgical characteristics were extracted: setting (acute or elective), 
surgical approach (open or laparoscopic), type and method of  component separation (anterior 
or posterior and open or endoscopic), type of  mesh, mesh position and whether or not primary 
fascial closure was achieved. Different types of  mesh were broadly classified into synthetic or 
biologic. Synthetic meshes were further subdivided into absorbable or non-absorbable. Non-
absorbable meshes were categorized based on their material; polypropylene (lightweight or 
heavyweight when specified), polyester, polyethylene and polytetrafluoroethylene (expanded 
or non-expanded when specified).15 If  synthetic meshes were coated (i.e. composite mesh) this 
was additionally reported. Biologic meshes were categorized based on their source (human, 
porcine or bovine), material (dermis, submucosa) and whether or not they were chemically 
cross-linked. Mesh positions were categorised as onlay, inlay, retro-rectus, intra-peritoneal 
onlay (IPOM), and underlay when it was unclear if  a mesh was placed retro-rectus or 
IPOM. Relevant outcome variables were length of  follow-up and the number of  surgical site 
complications including wound infection (superficial and deep), seroma, postoperative enteric 
fistula and overall surgical site complication rate. Rate of  mesh removal and hernia recurrence 
rate was also extracted. If  studies reported on different surgical techniques or mesh types 
separately, outcome data was extracted and reported per technique if  subgroups consisted of  
25 patients or more. If  different mesh types were used as part of  a treatment algorithm only 
overall data was used.

Quality assessment

The methodological quality of  the included studies was assessed with use of  a tool based on 
The Cochrane Collaboration’s tool for assessing risk of  bias (Appendix 1).16 The first two items 
of  the original Cochrane tool (sequence generation and allocation concealment) were replaced 
with items addressing inclusion criteria and selection criteria for the used surgical techniques 
and meshes, as randomized controlled trials were lacking. Whether or not outcomes of  the 
individual studies were defined based on specific criteria was additionally assessed. Finally, any 
industry funding or other declared conflict of  interest was evaluated.

Statistical analysis

Outcome data of  the included studies were pooled and evaluated per mesh type (synthetic and 
biologic) and degree of  contamination (clean-contaminated or potentially contaminated and 
contaminated or infected). Studies describing synchronous bowel resection were classified as 
potentially contaminated, whereas studies on simultaneous fistula takedown were categorised 
as contaminated. If  studies described both clean-contaminated and contaminated repairs, the 
degree of  contamination of  the majority of  repairs determined in which category a study was 
analysed. For the analysis of  hernia recurrences, only studies with a mean or median follow-
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up of  at least one year were analysed. Hernia recurrence rates of  studies with a reported 
primary fascial closure rate of  less than 75 per cent were analysed and reported separately. 
Pooled weighted proportions with corresponding 95 per cent confidence intervals (CI) were 
calculated with use of  an inverse variance method (random-effects model) in R statistical 
software. Heterogeneity of  the included studies was evaluated by calculating the I2

 statistic. 

RESULTS

The literature search identified a total of  5623 abstracts (Fig. 1). After removal of  duplicates 
and screening of  titles and abstracts, 362 were obtained as full-text article. A total of  32 studies 
fulfilled the inclusion criteria and were included in this review. The majority of  the articles 
that were excluded based on full-text lacked information on the level of  contamination of  
the described hernia repairs, or included less than 75 per cent patients fulfilling the inclusion 
criteria and did not report data on eligible patients separately. 

Study characteristics and quality assessment

The included studies were all published between 2005 and 2015 (Table 1). Twenty studies were 
retrospective observational studies, whereas eleven studies described retrospective analyses of  
prospectively collected data9;17-26. Only one study was conducted as a prospective observational 
study27. From ten studies subgroup data on patients fulfilling the inclusion criteria was derived 
separately18;22;25;26;28-33. The remaining 22 studies comprised patients undergoing abdominal 
wall repair of  whom at least 75 per cent fulfilled the inclusion criteria. Two studies compared 
different techniques (porcine versus human derived biologic mesh and mesh versus no mesh) 
and the subgroups were included separately.34;35

All of  the included studies were at high risk of  bias or unclear on one or more items of  
the quality assessment tool (for details see Appendix 1). A clear description of  selection of  
techniques and mesh types within studies was only found in 11 studies. More than half  of  all 
studies lacked definitions on the main outcomes. Industry funding or other conflicts of  interest 
were reported in 11 studies, of  which 8 described the use of  a biologic mesh. In addition, 8 
studies were unclear on any potential conflict of  interest. 

Patients and hernia characteristics

The 32 studies included a total of  6170 patients (Table 1). Mean age ranged from 44 to 64 years 
in the individual studies. The reported mean BMI of  the described patients ranged from 24.4 
to 43.0 kg/m2. In 14 studies hernias were classified according to the US National Research 
Council Group wound classification9;17;18;20;25;27;28;30;31;34;36-39. In eight studies the grading system 
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Records after removal of duplicates
n = 4476

Records identified trough 
database screening

Medline 2919
Embase n = 2628

Central n = 75
Total n = 5622

Additional records identified 
through other sources 

n = 1

Records screened
n = 4476

Records excluded
n = 4114

Full-text articles assessed for
elegibility
n = 362

Full-text articles excluded
n = 330

Studies included in 
qualitative synthesis

n = 32

Studies included in 
quantitative synthesis

(meta-analysis)
n = 21

Figure 1 Flow diagram depicting search and study selection
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Table 1 Study and patient characteristics

Reference Year Study type

Type of 

mesh† No. of patients

Mean age in years

(± SD or range)

Wound class59 in % Hernia Grade3 in %

Specific causes of contaminationI II III IV I II III IV

Altom28 2012 Retrospective Mixed 46 (of 1495) na 0 100 0 0 - - - - -

Basta36 2014 Retrospective Biologic 37 53 (±15) 24 43 19 14 - 38‡ 62‡ na‡ -

Brahmbhatt26 2014 Retro-prospective Biologic 38 (of 77) 64 (±1.2) - - - - - 11 53 37 -

Brahmbhatt29 2014 Retrospective Synthetic 27 (of 201) 58 (39-72) - - - - 0 0 100 0 -

Carbonell17 2013 Retro-prospective Synthetic 100 60 (±13) 0 42 58 0 - - - - -

Chan41 2014 Retrospective Synthetic 45 50.7 (28-68) - - - - - - - - 36 (80%) BR

Choi18 2012 Retro-prospective Mixed 3901 (of 33832) na 0 99 1 0 - - - - -

Connolly19 2008 Retro-prospective Mixed 61 mdn 50 (20-60) - - - - - - - - 63 (100%) EFT

Diaz Jr.37 2009 Retrospective Biologic 240 52.2 (±15.0) 21 47 20 12 - - - - -

El-Gazzaz45 2013 Retrospective Mixed 25 50.8 (±12.7) - - - - - - - - 25 (100%) BR and/or EFT

El-Gazzaz46 2012 Retrospective Synthetic 40 61 (±12.5) - - - - - - - - 40 (100%) BR

Garvey25 2014 Retro-prospective Biologic 188 (of 359) 60.2 (±12.1) 0 100 0 0 - - - - -

Guerra40 2014 Retrospective Biologic 44 57.5 (34-80) - - - - 0 20 56 24 -

Han3;23 2014 Retro-prospective Biologic 63 mdn 57 (IQR 46-67) - - - - 0 0 79 21 -

Helton30 2005 Retrospective Biologic 31 (of 53) na 0 39 3 58 - - - - -

Iacco34 2014 Retrospective
Biologic 124 61.9 (±13.7) 18 21 58 3 - - - - -

Biologic 127 61.3 (±14.6) 17 17 51 14 - - - - -

Ion31 2013 Retrospective Synthetic 56 (of 488) 62.3 (44-78) 0 100 0 0 - - - - -

Itani27 2012 Prospective Biologic 80 52 (±14) 0 49 49 3 0 0 75 25 -

Kim20 2006 Retro-prospective Biologic 29 54  (19–87) 17 45 3 34 - - - - -

Krpata21 2013 Retro-prospective Biologic 37 58.6 (±14.3) - - - - - - - - 37 (100.0%) EFT

Le22 2013 Retro-prospective Mixed 171 (of 564) na - - - - 0 0 75 25 -

Liu43 2009 Retrospective Other 41 44 (17-69) - - - - - - - - 41 (100%) EFT

Pinell-White32 2014 Retrospective Biologic 32 (of 82) 53.7 - - - - - - - - 32 (100%) BR

Praveen42 2012 Retrospective Synthetic 36 (29-66) - - - - - - - - 36 (100.0%) BR

Rosen9 2013 Retro-prospective Biologic 128 58.2 (±13.5) 0 34 39 27 - - - - -

Sbitany24 2013 Retro-prospective Biologic 41 52.4 (±10.2) - - - - 0 0 88 12 -

Shah38 2011 Retrospective Biologic 58 57.2 16 60 12 12 - - - - -

Slater44 2015 Retrospective Synthetic 39 61.2 (30-81) - - - - - - - - 39 (100%) EFT

Van Geffen39 2005 Retrospective Synthetic 26 49 (30-74) 0 0 85 15 - - - - -

Wind47 2009 Retrospective Synthetic 32 mdn 43 (19-78) - - - - - - - - 32 (100%) EFT and/or ST

Won33 2015 Retrospective Unclear 49 (of 136) 57.2 - - - - 0 0 84 16 -

Xourafas35 2010 Retrospective Mixed 51 59 (17-93) - - - - - - - - 51 (100%) BR

None 126 61 (30-89) - - - - - - - - 126 (100%) BR

SD = standard deviation, na = not available, mdn = median, BR = bowel resection, EFT = enteric fistula takedown, 

ST = stoma takedown. †Type of mesh used for all or a portion of included patients; details are given in Table 2,3 

and 4. ‡According to the modified VHWG grading system13
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according to the VHWG was used22-24;26;27;29;33;40, whereas one study used the modified grading 
scale36. Eleven studies fulfilling the inclusion criteria of  this review described specific causes of  
contamination; two studies described hernia repair with simultaneous bariatric surgery41;42, four 
studies reported on enteric fistula takedown with abdominal wall repair19;21;43;44, and five studies 
described hernia repair with concomitant bowel resections for various indications32;35;45-47.

Surgical techniques and characteristics

Fifteen studies described hernia repair with biologic mesh in all patients9;20;21;23-27;30;32;34;36-38;40 
(Table 2). Of  these, eight used one specific type of  biologic mesh; non-cross-linked porcine 
dermis (StratticeTM)24;27;40 (3), non-cross-linked human dermis (Alloderm® and Ruinuo®)20;23;37 
(3), non-cross-linked porcine intestinal (Surgisis® Gold)30 (1) and a porcine dermal mesh of  
unknown type26 (1). The study by Iacco et al. compared two groups of  patients who underwent 
repair with either a cross-linked porcine dermal mesh (PermacolTM) or a non-cross-linked 
human dermal mesh (Alloderm®).34 Of  the studies on biologic mesh use, ten described repair 
of  clean-contaminated or potentially contaminated hernias with prospectively collected 
data in half  of  the studies. Five studies included hernia repairs with synchronous fistula or 
ostomy takedown and bowel resections,24;32;36-38 and one study selectively described repair 
of  incarcerated abdominal wall hernias.23 The other studies did not specifically describe 
the reasons of  contamination. No study reported on laparoscopic hernia repair. Five studies 
described biologic repair of  contaminated hernias.

Six studies described hernia repair with non-absorbable synthetic mesh in all pa-
tients17;29;31;41;42;46, with three studies describing the use of  a specific type of  synthetic mesh; 
lightweight polypropylene17;44, heavyweight polypropylene46or composite lightweight poly-
propylene42 (Table 3). These non-absorbable synthetic mesh studies seemed to have included 
more favourable patients, predominantly clean-contaminated areas, compared with biologic 
mesh studies in clean-contaminated or potentially contaminated hernias. Only one study 
on synthetic mesh reported on repair of  contaminated defects.17 The remaining five studies 
described clean-contaminated hernias, all with retrospectively collected data. Three of  these 
studies selectively reported on laparoscopic ventral hernia repair, with two studies describing 
hernia repair with simultaneous laparoscopic bariatric surgery,41;42 and one study reporting 
on laparoscopic hernia repair with ‘no concomitant procedures’.29 The other two studies on 
synthetic repair of  hernias classified as clean-contaminated described 40 patients undergoing 
concomitant bowel resection46, and 56 patients undergoing synchronous visceral surgery 
including hysterectomy and cholecystectomy.31 

The remaining 11 studies described various types of  mesh or techniques and were not 
included in meta-analyses (Table 4). In one study only absorbable synthetic meshes were 
used.47 Seven studies described both mesh repair and primary repair, or both synthetic and 



255

Repair of clean-contaminated and contaminated abdominal wall defects

biologic mesh repair19;22;28;35;39;44;45. One study described abdominal wall repair with use of  an 
autogenous pedicled demucosalized small intestinal sheet.43 In one study type of  mesh was 
unknown whereas another study only reported on the method of  repair for all patients, not 
separately for patients fulfilling the inclusion criteria of  the present review.18;33

Of  all 30 studies including patients of  whom all or a subset underwent mesh repair, 24 
gave information on mesh location. The majority (13 studies9;17;21;27;28;31;32;34;37;38;40;44;47) reported 
multiple mesh locations whereas 11 described on a specific method of  mesh placement; 
IPOM20;23;29;36;42 (5), inlay19;43 (2), onlay46 (1) or underlay (either IPOM or retro-rectus)24;25;30 (3).

Thirteen studies gave no information on whether or not primary fascial closure was ac
hieved.18;20;22;26;28-30;33;35;37;41;45;46 The other 19 studies reported on primary closure rates ranging 
from 0 to 95 per cent, with 13 studies describing a rate of  bridged repairs (no primary closure) 
of  less than 25 per cent9;17;21;23-25;27;31;39;40;42;44;47. 

Surgical site complication rates

The pooled rates of  various outcomes after repair of  clean-contaminated or potentially 
contaminated hernias are given in Fig. 2. Ten studies on biologic mesh described repair of  
predominantly clean-contaminated or potentially contaminated hernias, combining for a total 
of  807 patients.20;23-26;32;36-38;40 Pooled wound infection rate was 21 per cent (95 per cent CI 12 
to 32, I2=91 per cent). Seroma and fistula formation rates were 9 per cent (95 per cent CI 
6 to 11, I2=34 per cent) and 3 per cent (95 per cent CI 0 to 8, I2=87 per cent), respectively. 
Overall surgical site complication rate was 50 per cent (95 per cent CI 30 to 69, I2=91 per 
cent) and mesh removal rate was 2 per cent (95 per cent CI 0 to 7, I2=80 per cent). Five studies 
comprising 204 patients described the use of  a non-absorbable synthetic mesh for the repair 
of  potentially contaminated defects.29;31;41;42;46 The pooled wound infection rate was 13 per 
cent (95 per cent CI 5 to 22, I2=65 per cent). Seroma rate was 8 per cent (95 per cent CI 2 to 
42, I2=92 per cent). No studies reported on enteric fistula rate, whereas only one reported an 
overall surgical site complication rate of  44 per cent.29 Removal rate of  synthetic mesh was 1 
per cent (95 per cent CI 0 to 4, I2=0 per cent). 

Five studies on six separate patients series described the use of  a biologic mesh for the 
repair of  contaminated or infected abdominal wall defects (Fig. 3)9;21;27;30;34. Pooled wound 
infection rate was 38 per cent (95 per cent CI 26 to 47, I2=0 per cent). One study reported on 
seroma rate (28 per cent)27. Enterocutaneous fistula rate was 2 per cent (95 per cent CI 0 to 
6, I2=0 per cent). Pooled overall surgical site complication rate was 48 per cent (95 per cent 
CI 34 to 62, I2=90 per cent). Pooled mesh removal rate was 5 per cent (95 per cent CI 1 to 
14, I2=91 per cent), with the two studies on StratticeTM reporting a removal rate of  zero per 
cent.9;27 Only one study reported on the use of  non-absorbable synthetic mesh (lightweight 
polypropylene) for predominantly contaminated hernia repair.17 This study included 100 
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Table 2 Surgical characteristics and outcomes of studies describing biologic mesh repair in all patients

Reference

No. of 

repairs CS % Type of CS Type of mesh† % Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

 Clean-contaminated or potentially contaminated

Basta36 73 57% na 78% cross-linked porcine dermis (Permacol)

16% non-cross-linked bovine dermis (Surgimend)

5% other biologic

100% IPOM 0% 12.7 22% 8% 0% 62% 0% 19%

Brahmbhatt26 38 na - 100% porcine dermis (unknown type) na na mdn 15 (1-30)‡ na na na na 0% 0%

Diaz Jr.37 240 13% Open ACS or ‘open 

book’

100% non-cross-linked human dermis (Alloderm) 38% underlay, 37% 

inlay, 12% onlay, 13% 

underlay/onlay, 1% 

unknown

na 317 (±269, 

9-1161) days

40% 13% 12% na na 17%

Garvey25 188 76% na 50% non-cross-linked porcine dermis (Strattice)

37% non-cross-linked bovine dermis (Surgimend)

9% non-cross-linked human dermis (Alloderm)

100% underlay 90% 26.4 (±18.8) 14% 7% 2% 29% 1% 10%

Guerra40 45 96% na 100% non-cross-linked porcine dermis (Strattice) 87% IPOM, 13% retro-

rectus

89% 17 (mdn 12, 

range 1-48) 

9% 11% na na na 9%

Han3;23 63 25% Open ACS 100% non-cross human dermis (Ruinuo) 100% IPOM 100% mdn 43 (24-69) 2% 5% 0% na na 16%

Kim20 29 100% Open ACS 100% non-cross-linked human dermis (Alloderm) 100% IPOM na 182 (10-491) 

days

41% 0% 0% 45% 0% 11%

Pinell-

White32

32 56% na 50% non-cross-linked human dermis (Alloderm)

41% non-cross-linked porcine dermis (Strattice)

9% other biologic

88% underlay, 12% 

onlay

47% 20 28% 9% 3% 66% na 28%

Sbitany24 41 95% Open ACS 100% non-cross-linked porcine dermis (Strattice) 100% underlay 95% 25 15% 7% na na 0% 12%

Shah38 58 19% Open/endo ACS 50% non-cross-linked human dermis (Alloderm)

28% non-cross-linked porcine intestinal (Surgisis)

14% non-cross-linked porcine dermis (Strattice)

9% cross-linked porcine dermis (60% Permacol, 

40% Collamend)

17% onlay, 36% IPOM, 

47% ‘bridging’ 

53% 12 35% 9% na na 17% 28%

 Contaminated or infected

Helton30 31 na - 100% non-cross-linked porcine intestinal 

(Surgisis Gold)

100% underlay na mdn 14 (range 

2-29)‡

na na na na 16% 26%

Iacco34 124 na - 100% cross-linked porcine dermis (Permacol) 57% inlay, 39% IPOM, 

5% onlay

43% mdn 26 (12–44) na na na 48% 11% 32%

127 na - 100% non-cross-linked human dermis (Alloderm) 74% inlay, 25% IPOM, 

1% onlay

26% mdn 18 (range 

7–38)

na na na 30% 9% 47%

Itani27 80 65% na 100% non-cross-linked porcine dermis (Strattice) 60% IPOM, 36% retro-

rectus, 4% onlay

80% ≥24 35% 28% 1% 66% 0% 28%
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Table 2 Surgical characteristics and outcomes of studies describing biologic mesh repair in all patients

Reference

No. of 

repairs CS % Type of CS Type of mesh† % Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

 Clean-contaminated or potentially contaminated

Basta36 73 57% na 78% cross-linked porcine dermis (Permacol)

16% non-cross-linked bovine dermis (Surgimend)

5% other biologic

100% IPOM 0% 12.7 22% 8% 0% 62% 0% 19%

Brahmbhatt26 38 na - 100% porcine dermis (unknown type) na na mdn 15 (1-30)‡ na na na na 0% 0%

Diaz Jr.37 240 13% Open ACS or ‘open 

book’

100% non-cross-linked human dermis (Alloderm) 38% underlay, 37% 

inlay, 12% onlay, 13% 

underlay/onlay, 1% 

unknown

na 317 (±269, 

9-1161) days

40% 13% 12% na na 17%

Garvey25 188 76% na 50% non-cross-linked porcine dermis (Strattice)

37% non-cross-linked bovine dermis (Surgimend)

9% non-cross-linked human dermis (Alloderm)

100% underlay 90% 26.4 (±18.8) 14% 7% 2% 29% 1% 10%

Guerra40 45 96% na 100% non-cross-linked porcine dermis (Strattice) 87% IPOM, 13% retro-

rectus

89% 17 (mdn 12, 

range 1-48) 

9% 11% na na na 9%

Han3;23 63 25% Open ACS 100% non-cross human dermis (Ruinuo) 100% IPOM 100% mdn 43 (24-69) 2% 5% 0% na na 16%

Kim20 29 100% Open ACS 100% non-cross-linked human dermis (Alloderm) 100% IPOM na 182 (10-491) 

days

41% 0% 0% 45% 0% 11%

Pinell-

White32

32 56% na 50% non-cross-linked human dermis (Alloderm)

41% non-cross-linked porcine dermis (Strattice)

9% other biologic

88% underlay, 12% 

onlay

47% 20 28% 9% 3% 66% na 28%

Sbitany24 41 95% Open ACS 100% non-cross-linked porcine dermis (Strattice) 100% underlay 95% 25 15% 7% na na 0% 12%

Shah38 58 19% Open/endo ACS 50% non-cross-linked human dermis (Alloderm)

28% non-cross-linked porcine intestinal (Surgisis)

14% non-cross-linked porcine dermis (Strattice)

9% cross-linked porcine dermis (60% Permacol, 

40% Collamend)

17% onlay, 36% IPOM, 

47% ‘bridging’ 

53% 12 35% 9% na na 17% 28%

 Contaminated or infected

Helton30 31 na - 100% non-cross-linked porcine intestinal 

(Surgisis Gold)

100% underlay na mdn 14 (range 

2-29)‡

na na na na 16% 26%

Iacco34 124 na - 100% cross-linked porcine dermis (Permacol) 57% inlay, 39% IPOM, 

5% onlay

43% mdn 26 (12–44) na na na 48% 11% 32%

127 na - 100% non-cross-linked human dermis (Alloderm) 74% inlay, 25% IPOM, 

1% onlay

26% mdn 18 (range 

7–38)

na na na 30% 9% 47%

Itani27 80 65% na 100% non-cross-linked porcine dermis (Strattice) 60% IPOM, 36% retro-

rectus, 4% onlay

80% ≥24 35% 28% 1% 66% 0% 28%
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Reference

No. of 

repairs CS % Type of CS Type of mesh† % Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

Krpata21 37* 95% Open/endo ACS 

or PCS

78% non-cross-linked porcine dermis 

(96% Strattice, 4% Xenmatrix)

22% non-cross-linked human dermis (Alloderm)

53% retro-rectus, 42% 

IPOM, 6% ‘sandwiched’

89% 20 (3-73) 43% na 3% na na 32%

Rosen9 128 70%
Open/endo ACS 

or PCS

83% non-cross-linked porcine dermis 

(96% Strattice , 4% Xenmatrix)

13% non-cross-linked human dermis (Alloderm)

3% non-cross-linked porcine intestinal 

(Biodesign)

3% ‘BioA’

32% IPOM, 66% 

retro-rectus, 2% 

onlay+underlay, 1% 

onlay

94%
21.7 (±15.9, 

1-73.8)
na na na 48% 0% 31%

CS = component separation, SD = standard deviation, EF = enteric fistula, SSO = surgical site occurrence, HR 

=hernia recurrence, ACS = anterior component separation, PCS = posterior component separation, endo = 

endoscopic. †Manufacturer details are given in Appendix 2, ‡For all included patients in this study, *one patient 

did not undergo biologic mesh repair

Table 3 Surgical characteristics and outcomes of studies describing non-absorbable synthetic mesh 
repair in all patients

Reference

No. of 

repairs

CS 

% Type of CS

Type of mesh

% Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

 Clean-contaminated or potentially contaminated 

Brahmbhatt29 27 na - 55% polypropylene

33% polyethylene 

15% PTFE

100% IPOM na Mdn 20 (7-133) 19% 22% na 44% na 19%

Chan41 45 na - 62% coated polypropylene

38% expanded PTFE

na na Mdn 13 4% na na na 0% 0%

El-Gazzaz46 40 na - 100% heavyweight polypropylene 100% onlay na Mdn 3 (IQR 1.8-

4.6) years

23% na na na 3% 40%

Ion31 56 na - 100% polypropylene or composite expanded 

PTFE

89% retro-rectus, 

11% inlay

89% na 7% na na na na na

Praveen42 36 na - 100% composite lightweight polypropylene 100% IPOM 92% 13.1 (2-31) na na na na 0% 0%

 Contaminated or infected

Carbonell17 100 49% PCS or ACS 100% lightweight polypropylene 94% retro-rectus, 

5% IPOM, 1% onlay

91% 10.8 (±9.9) 11% 5% 1% 31% 4% 7%

CS = component separation, EF = enteric fistula, SSO = surgical site occurrence, HR =hernia recurrence, ACS = 

anterior component separation, PCS = posterior component separation, endo = endoscopic

Table 2 Continued
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Reference

No. of 

repairs CS % Type of CS Type of mesh† % Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

Krpata21 37* 95% Open/endo ACS 

or PCS

78% non-cross-linked porcine dermis 

(96% Strattice, 4% Xenmatrix)

22% non-cross-linked human dermis (Alloderm)

53% retro-rectus, 42% 

IPOM, 6% ‘sandwiched’

89% 20 (3-73) 43% na 3% na na 32%

Rosen9 128 70%
Open/endo ACS 

or PCS

83% non-cross-linked porcine dermis 

(96% Strattice , 4% Xenmatrix)

13% non-cross-linked human dermis (Alloderm)

3% non-cross-linked porcine intestinal 

(Biodesign)

3% ‘BioA’

32% IPOM, 66% 

retro-rectus, 2% 

onlay+underlay, 1% 

onlay

94%
21.7 (±15.9, 

1-73.8)
na na na 48% 0% 31%

CS = component separation, SD = standard deviation, EF = enteric fistula, SSO = surgical site occurrence, HR 

=hernia recurrence, ACS = anterior component separation, PCS = posterior component separation, endo = 

endoscopic. †Manufacturer details are given in Appendix 2, ‡For all included patients in this study, *one patient 

did not undergo biologic mesh repair

Table 3 Surgical characteristics and outcomes of studies describing non-absorbable synthetic mesh 
repair in all patients

Reference

No. of 

repairs

CS 

% Type of CS

Type of mesh

% Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

 Clean-contaminated or potentially contaminated 

Brahmbhatt29 27 na - 55% polypropylene

33% polyethylene 

15% PTFE

100% IPOM na Mdn 20 (7-133) 19% 22% na 44% na 19%

Chan41 45 na - 62% coated polypropylene

38% expanded PTFE

na na Mdn 13 4% na na na 0% 0%

El-Gazzaz46 40 na - 100% heavyweight polypropylene 100% onlay na Mdn 3 (IQR 1.8-

4.6) years

23% na na na 3% 40%

Ion31 56 na - 100% polypropylene or composite expanded 

PTFE

89% retro-rectus, 

11% inlay

89% na 7% na na na na na

Praveen42 36 na - 100% composite lightweight polypropylene 100% IPOM 92% 13.1 (2-31) na na na na 0% 0%

 Contaminated or infected

Carbonell17 100 49% PCS or ACS 100% lightweight polypropylene 94% retro-rectus, 

5% IPOM, 1% onlay

91% 10.8 (±9.9) 11% 5% 1% 31% 4% 7%

CS = component separation, EF = enteric fistula, SSO = surgical site occurrence, HR =hernia recurrence, ACS = 

anterior component separation, PCS = posterior component separation, endo = endoscopic
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Table 4 Surgical characteristics and outcomes of studies describing various types of mesh or 
techniques

Reference

No. of 

repairs

CS 

% Type of CS

Mesh 

used% Type of mesh % † Mesh location % †

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

Altom28 46 na - 33% 53% polypropylene 

40% absorbable

7% expanded PTFE

73% ‘overlay/interlay’, 

27% underlay

na Mdn 69.3 (19.1-

98.3)

13% na 4% na 20% 35%

Choi18 3901 na - 100% - - na ≥ 30 days 10% na na na na na

Connolly19 63 na - 46% 48% absorbable

41% cross-linked porcine dermis (Permacol)

10% composite lightweight polypropylene

100% inlay 54% Mdn 29 (16-84) 27% na 22% na na 29%

El-Gazzaz45 25 0% na 100% 40% porcine dermal (unknown type)

32% polypropylene

28% PTFE 

na na 32.9 (±38.2) 44% na na na 8% 36%

Le22 171 na - 44% 91% biologic

9% synthetic

na na ≥12 32% 10% 8% 18% na 11%

Liu43 41 na - 100% 100% ‘autogenous pedicled demucosalized 

small intestinal sheet ‘

100% inlay 0% ≥24 0% na 0% na na 0%

Slater44 39 87% Open ACS 33% 100% lightweight polypropylene 77% retro-rectus, 15% 

IPOM, 8% unknown

90% 62.7 (36-130) 18% 5% 5% 46% 3% 31%

Van Geffen39 26 100% Open ACS 15% 100% polyester na 85% 27 (13-78) 19% 12% 12% na na 8%

Wind47 32 100% Open ACS 56% 100% absorbable 72% onlay, 28% 

‘bridging’

84% 20 (3-54) 22% na 13% na na 25%

Won33 49 na - na na - na 90 days 16% 10% na 37% na 2%

Xourafas35 51 na - 100% 75% polypropylene

8% non-cross-linked human dermis (Alloderm)

8% absorbable 

2% non-cross-linked porcine intestinal (Surgisis)

2% PTFE

2% polyester

2% xerophyllum

2% unknown

na na 21 (mdn 7) 22% 4% 14% na 14% 22%

156 na - 0% - na na 23 (mdn 7) 5% 1% 6% na na 24%

CS = component separation, EF = enteric fistula, SSO = surgical site occurrence, HR =hernia recurrence, ACS = 

anterior component separation, PCS = posterior component separation, endo = endoscopic. † Within all mesh
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Table 4 Surgical characteristics and outcomes of studies describing various types of mesh or 
techniques

Reference

No. of 

repairs

CS 

% Type of CS

Mesh 

used% Type of mesh % † Mesh location % †

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

Altom28 46 na - 33% 53% polypropylene 

40% absorbable

7% expanded PTFE

73% ‘overlay/interlay’, 

27% underlay

na Mdn 69.3 (19.1-

98.3)

13% na 4% na 20% 35%

Choi18 3901 na - 100% - - na ≥ 30 days 10% na na na na na

Connolly19 63 na - 46% 48% absorbable

41% cross-linked porcine dermis (Permacol)

10% composite lightweight polypropylene

100% inlay 54% Mdn 29 (16-84) 27% na 22% na na 29%

El-Gazzaz45 25 0% na 100% 40% porcine dermal (unknown type)

32% polypropylene

28% PTFE 

na na 32.9 (±38.2) 44% na na na 8% 36%

Le22 171 na - 44% 91% biologic

9% synthetic

na na ≥12 32% 10% 8% 18% na 11%

Liu43 41 na - 100% 100% ‘autogenous pedicled demucosalized 

small intestinal sheet ‘

100% inlay 0% ≥24 0% na 0% na na 0%

Slater44 39 87% Open ACS 33% 100% lightweight polypropylene 77% retro-rectus, 15% 

IPOM, 8% unknown

90% 62.7 (36-130) 18% 5% 5% 46% 3% 31%

Van Geffen39 26 100% Open ACS 15% 100% polyester na 85% 27 (13-78) 19% 12% 12% na na 8%

Wind47 32 100% Open ACS 56% 100% absorbable 72% onlay, 28% 

‘bridging’

84% 20 (3-54) 22% na 13% na na 25%

Won33 49 na - na na - na 90 days 16% 10% na 37% na 2%

Xourafas35 51 na - 100% 75% polypropylene

8% non-cross-linked human dermis (Alloderm)

8% absorbable 

2% non-cross-linked porcine intestinal (Surgisis)

2% PTFE

2% polyester

2% xerophyllum

2% unknown

na na 21 (mdn 7) 22% 4% 14% na 14% 22%

156 na - 0% - na na 23 (mdn 7) 5% 1% 6% na na 24%

CS = component separation, EF = enteric fistula, SSO = surgical site occurrence, HR =hernia recurrence, ACS = 

anterior component separation, PCS = posterior component separation, endo = endoscopic. † Within all mesh
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patients and described a wound infection and overall surgical site complication rate of  11 and 
31 per cent, respectively. Fistula were seen in 1 per cent of  patients and 4 per cent patients 
needed to undergo mesh removal.

As only one study selectively described the use of  a cross-linked biologic mesh (in a 
subset of  patients)34, comparisons of  cross-linked versus non-cross-linked biologic meshes were 
deemed not appropriate.

Hernia recurrence rates

Pooled rates of  hernia recurrence for studies with a minimal follow-up of  one year and with a 
reported primary fascial closure rate of  more than 75 per cent are depicted in Fig. 2. 

Five studies on biologic mesh repair of  potentially contaminated defects combined for a 
hernia recurrence rate of  9 per cent (95 per cent CI 5 to 16, I2=66 per cent), with mean follow-
up ranging from 15 to 43 months.23-26;40 Four studies enabled pooling of  hernia recurrence 
rates after synthetic mesh repair of  potentially contaminated defects.29;41;42;46 The studies had a 
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Figure 2 Repair of clean-contaminated or potentially contaminated hernias with biologic or 
synthetic mesh

Figure 3 Repair of contaminated or infected hernias with biologic mesh
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mean follow-up ranging from 13 to 20 months and showed a pooled recurrence rate of  10 per 
cent (95 per cent CI 0 to 35, I2=93 per cent). 

Four studies on biologic mesh use for contaminated defects met the criteria for analysis 
of  recurrence rates, with approximately 75 per cent of  patients undergoing StratticeTM mesh 
repair.9;21;27;30 Mean follow-up ranged from 14 months to more than 24 months. The pooled 
hernia recurrence rate was 30 per cent (95 per cent CI 25 to 35, I2=0 per cent)(Fig. 3). The one 
study on synthetic mesh use for contaminated hernia repair had a mean follow-up of  mere 
10.8 months with a reported hernia recurrence rate of  7 per cent.17

Bridged repair are by definition associated with higher recurrence rates. No studies 
reported on synthetic mesh repair of  large potentially contaminated or contaminated defects 
needing bridged repair. Regarding studies on biologic mesh repair of  potentially contaminated 
defects, three studies included bridged repairs, with primary fascial closure rates ranging from 
0 to 53, and combined for a hernia recurrence rate of  24 per cent (95 per cent CI 18 to 31, 
I2=0 per cent).32;36;38 One study described two subgroups of  patients undergoing biologic repair 
of  contaminated defects with primary fascial closure rates of  43 and 26 per cent.34 Hernia 
recurrence rates were 32 and 47 per cent, respectively. 

DISCUSSION

This study provides an overview of  published literature on the repair of  (potentially) conta-
minated abdominal wall defects. High quality data is lacking, as only one prospective obser-
vational study was included. Available low-level evidence showed no benefit of  biologic 
over synthetic mesh for repair of  potentially contaminated hernias (9 vs. 10 per cent hernia 
recurrence rate), but as head-to-head comparisons were lacking all studies were likely influenced 
by selection bias. This might also explain why considerable higher wound infection rates were 
found for biologic repair compared to synthetic repair. Literature on contaminated or infected 
defects is dominated by studies on biologic mesh use; only one study reported on the repair 
of  predominantly contaminated hernias with use of  a lightweight synthetic mesh. Therefore, 
for contaminated cases in this systematic review, a reliable estimate only could be made for 
biologic repair. Pooled hernia recurrence rate after biologic repair of  contaminated defects 
was 30 per cent. The absence of  comparative data hinders evaluating whether (lightweight) 
synthetic mesh offers a safe and durable alternative for the repair of  contaminated defects.

Several previous attempts have been made to systematically summarize the available 
evidence on ventral hernia repair using biologic meshes.48-50 However, these reviews focused 
on the material being used and included studies describing patients with hernias classified 
as clean. As previously stressed, the efficacy of  techniques and materials should always be 
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evaluated with a thorough understanding of  the specific characteristics of  each hernia.15 To 
our knowledge, there is only one previous systematic review on potentially contaminated 
and contaminated hernia repair, although evaluating available literature until April 2013.51 
Besides the fact that of  the 32 included studies in the present review 11 were published in 2014 
and 2015, several other explanations for the found differences exist. The review by Lee et al. 
included multiple studies on ventral hernia prophylaxis and stoma site closure. Smaller series 
were included, presumably reflecting less methodologically robust studies. Furthermore, they 
did not take into account primary fascial closure rates when evaluating hernia recurrence rates.

Numerous questions could not be answered by this review. Ideally, different types of  
biologic meshes are evaluated separately, as not all behave equally. Cross-linked biologic 
meshes have questionable infection susceptibility, particularly in contaminated wounds.52;53 
This is perhaps underlined by the fact that the vast majority of  studies on biologic mesh repair 
included in present review described the use of  a non-cross-linked mesh. One retrospective 
study compared a cross-linked porcine derived mesh with a non-cross-linked human derived 
mesh and showed higher surgical site complication rate following cross-linked mesh repair, 
although the hernia recurrence rate was lower.34 Given the limited amount of  available 
studies, no comparison between different types of  biologic meshes was made. Comparatively, a 
sensitivity analysis of  different types of  synthetic material was not made. Light-weight synthetic 
meshes have shown potential benefits over heavy-weight materials, making them more suitable 
for repair of  contaminated defects. The only included study in this review on the use of  
synthetic material for contaminated defect repair described the results of  a light-weight mesh 
with encouraging outcomes.17 The use of  light-weight synthetic mesh for hernia prophylaxis 
after clean-contaminated surgery emphasizes the potential of  this material.54 However, the 
durability of  light-weight meshes has also been questioned, compared to both synthetic and 
biologic material.26;55 The impact of  mesh position was also not evaluated, although it is 
known to influence outcome.56 Most included studies placed the mesh in underlay position, 
either intraperitoneally or in a retro-rectus position. However, lower hernia recurrence rates 
following biologic mesh placed in a retro-rectus position have been reported.9;57

Several limitations of  this review need to be addressed. Most importantly, the review is 
limited by the low quality of  included evidence. Only one prospective observational study was 
included while the majority of  reports were retrospective case series. All of  the included studies 
were at high risk of  bias. Furthermore, there was substantial heterogeneity among the included 
studies regarding patient demographics and surgical techniques such as the use of  component 
separation. Although commonly used classification systems for the degree of  contamination 
were reported, the validity of  these systems has been questioned.13;26 The subdivision of  
studies included in the meta-analysis forced some generalisations. As previously mentioned, 
no differences were made between different types of  biologic and synthetic meshes. Moreover, 
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for the categorisation based on contamination, the degree of  contamination of  the majority 
of  described hernias determined whether a study was labelled as ‘potentially contaminated’ 
or ‘contaminated’. This oversimplification may have caused some of  the heterogeneity among 
studies within a category of  contamination.

Given the aforementioned limitations, the results of  this review should be interpreted 
with caution since head-to-head studies of  biologic versus synthetic meshes were lacking. 
Without head-to-head comparison differences in patient characteristics and likely selection 
bias in single-type intervention studies make definite conclusions hazardous. Initial higher 
costs of  biologic material warrant selective usage, although indirect evidence suggests that 
downstream costs might be lower.58 Evidence on contaminated abdominal wall hernia repair 
is limited, with the majority of  studies describing the use of  biologic material. 

Finally, this review highlights the need for consensus on the role of  biologic mesh in 
abdominal wall. Reports on repairs in clean and clean-contaminated hernias have muddled this 
debate as an indication for biologic material in clean hernias is lacking. Although randomised 
trials are perhaps difficult to conduct, prospective studies or large registries are needed, using 
uniform definitions and criteria to describe patients, hernia and surgical characteristics. 
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Appendix 1 Critical appraisal of the included studies

Reference

Clear 

inclusion 

criteria of 

patients 

(e.g. all or 

consecutive 

patients)

Selection 

criteria for 

techniques 

and meshes 

within study 

population 

(e.g. treatment 

algorithm)

Definition 

of outcomes 

reported

Attrition bias 

(loss to follow 

-without 

reporting 

outcome- of 

more than 

10%)

Reporting 

bias†

Industry 

funding or 

other declared 

conflict of 

interest

Altom Yes No Yes Unclear No No

Basta Yes Yes Yes No No No

Brahmbhatt Unclear No No No No Yes

Brahmbhatt Unclear No Yes No No Yes

Carbonell Yes Unclear Yes No No Yes

Chan Yes No No Unclear Unclear Unclear

Choi Yes No No Unclear No No

Connolly Yes Yes 

(techniques)/

No (meshes)

Yes No No Unclear

Diaz Jr. Unclear No Yes Yes No Yes

El-Gazzaz Yes No No Unclear Unclear No

El-Gazzaz Yes Unclear No Unclear Unclear No

Garvey Yes Yes Yes No No Yes

Guerra Yes Yes No No Unclear Yes

Han Yes Yes No Unclear Unclear No

Helton Unclear No Yes No No Unclear

Iacco Yes No No Unclear No No

Ion Unclear Unclear No Unclear Unclear Unclear

Itani Yes Yes Yes No No Yes

Kim Yes Unclear No No Unclear Unclear

Krpata Unclear Yes Yes Unclear No Yes

Le Unclear No Yes No No No

Liu Unclear Unclear No No Unclear Unclear

Pinell-

White

Unclear Yes No Unclear Unclear No

Praveen Unclear Unclear No No Unclear No

Rosen Unclear Yes Yes No No Yes

Sbitany Yes Yes No No Unclear Yes

Shah Yes No No No Unclear No

Slater Yes Yes No No No Yes

Van Geffen Unclear Yes No No Unclear Unclear
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Reference

Clear 

inclusion 

criteria of 

patients 

(e.g. all or 

consecutive 

patients)

Selection 

criteria for 

techniques 

and meshes 

within study 

population 

(e.g. treatment 

algorithm)

Definition 

of outcomes 

reported

Attrition bias 

(loss to follow 

-without 

reporting 

outcome- of 

more than 

10%)

Reporting 

bias†

Industry 

funding or 

other declared 

conflict of 

interest

Wind Yes Yes No No No Unclear

Won Yes No Yes Unclear No No

Xourafas Unclear No Yes Yes No No

†Discrepancy of more than 1 in the number of outcomes described in the methods and reported in the results

Appendix 2 

Permacol (Covidien, Mansfield, MA, USA) 
Surgimend (TEI, Boston, MA, USA) 
Alloderm, Strattice (LifeCell, Branchburg, New Jersey, USA) 
Ruinuo (Qingyuanweiye Bio-Tissue Engineering, Beijing, China)
Surgisis, Surgisis Gold, Biodesign (Cook, Bloomington, IN, USA)
Xenmatrix, Collamend (Bard/Davol, Warwick, RI, USA) 


