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A Systematic Review of Outcomes Following

Repair of Complex Ventral Incisional Hernias
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Repair of contaminated/infected ventral incisional hernias is marked by high rates of

recurrence, complications, and/or explantation of synthetic mesh. Biologic mesh products

are recommended for repair to permit reconstruction and reduce complications. A

systematic review of PubMed, EMBASE, and Cochrane databases identified English-

language articles reporting postoperative outcomes (e.g., hernia recurrence, infection,

mesh explantation) in patients undergoing contaminated/infected ventral incisional

herniorrhaphy. Eleven studies met inclusion criteria and contained quantitative outcome

data. All were retrospective chart reviews of biologic mesh use (mostly human acellular

dermal matrix). Hernia recurrence and wound infection rates were highly variable and

inconsistently reported across studies. Mesh explantation was rarely reported. Outcome

variability is likely owing to heterogenous patient populations, surgical technique

variations, and follow-up duration. Biologic mesh use in contaminated/infected

herniorrhaphy was marked by low reported rates of secondary surgeries for infected

mesh removal. Data from large, well-controlled, prospective trials with biologic mesh

products are needed.
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Ventral incisional hernias frequently occur fol-
lowing abdominal surgery, with a reported

cumulative incidence of 11% to 19%.1,2 Techniques
for surgical hernia repair have evolved over the past
several decades from use of sutures alone for
midline closure to the use of a variety of synthetic

and biologic mesh products to strengthen repairs.3,4

Primary ventral incisional hernia repair with sutures
alone is associated with hernia recurrence rates
ranging from 36% to 56%,2,5–7 with 10-year recur-
rence rates as high as 63%.8 When synthetic mesh is
incorporated for reinforcement, reported recurrence
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rates range from 19% to 32%.5,7,8 Another important
advance in ventral incisional hernia repair was the
introduction of the components separation tech-
nique, in which lateral skin and subcutaneous flap
incisions of the external oblique muscles allows
midline closure of the rectus muscles.3,9 Other
crucial improvements in ventral incisional hernia
repair include the development of laparoscopic
techniques, which help minimize postoperative
complications and infection, and the evolution of
polyester-based and biologic mesh products.3,4

According to the Ventral Hernia Working Group
(VHWG) recommendations,4 use of synthetic mesh
is appropriate for patients who present a low risk of
infection or complication, while use of biologics is
recommended for higher-risk patients. Neverthe-
less, there is no widely accepted consensus on
appropriate mesh selection for surgical patients who
present with elevated risk for contamination or
postoperative complications. The present systematic
review is intended to assess outcomes in patients
undergoing repair of contaminated or infected
ventral incisional hernias, with a focus on the use
of biologic mesh.

Materials and Methods

Searches of electronic databases (PubMed, EMBASE,
and Cochrane) were performed to capture English-
language manuscripts published within the past 10
years through January 2, 2012. The following search
terms were used: (‘‘clean-contaminated’’ OR ‘‘con-
taminated’’ OR ‘‘contamination’’ OR ‘‘infected’’ OR
‘‘infection’’ OR ‘‘dirty’’ OR ‘‘burst abdomen’’ OR
‘‘open abdomen’’ OR ‘‘septic dehiscence’’ OR ‘‘septic

shock’’ OR ‘‘sepsis’’ OR ‘‘intestinal dehiscence’’ OR
‘‘wound dehiscence’’ OR ‘‘seroma’’ OR ‘‘violation’’
OR ‘‘complication’’ OR ‘‘occurrence’’) AND (‘‘her-
nia’’ OR ‘‘herniorrhaphy’’ OR ‘‘abdominal wall’’). A
secondary search included the following search
terms: (‘‘clean-contaminated’’ OR ‘‘contaminated’’
OR ‘‘contamination’’ OR ‘‘infected’’ OR ‘‘infection’’
OR ‘‘dirty’’ OR ‘‘burst abdomen’’ OR ‘‘open abdo-
men’’ OR ‘‘septic dehiscence’’ OR ‘‘septic shock’’ OR
‘‘sepsis’’ OR ‘‘intestinal dehiscence’’ OR ‘‘wound
dehiscence’’ OR ‘‘seroma’’ OR ‘‘violation’’ OR
‘‘complication’’ OR ‘‘occurrence’’) AND (‘‘ventral
incisional hernia’’ OR ‘‘ventral herniorrhaphy’’ OR
‘‘abdominal wall’’).

The resulting set of published articles was
manually screened to identify randomized con-
trolled clinical trials and retrospective or prospec-
tive chart reviews of ventral herniorrhaphy in the
setting of contamination, infection, or both. The
literature review was conducted using the Popula-
tion, Intervention, Comparisons, and Outcomes
(PICO) approach (Table 1)10,11 and focused on
published reports concerning repair techniques
and postoperative outcomes in adults undergoing
ventral incisional herniorrhaphy for contaminated
or infected hernias. Interventions targeted in the
search included primary repair, components sepa-
ration, and/or tissue expansion with suture closure
alone (i.e., without mesh) or with use of synthetic or
biologic mesh reinforcement. Reports regarding
repair without mesh or with use of synthetic mesh
were anticipated to be few or absent in the literature
but were included in the search to ensure that
comparisons of synthetic mesh or no mesh versus
biologic mesh were not missed. Surgical sites for

Table 1 Elements of research question using PICO formula10,11

Population Intervention Comparison Outcomes

� Adults (aged �18 years)
� Repair of ventral

incisional hernia
� CDC/VHWG Wound

Grade 2, 3, or 4

� Component separation
and/or tissue expansion

� Primary closure suture
alone OR supported with
mesh

� Synthetic versus biologic
mesh

� Hernia recurrence
� Postoperative infection, seroma, and

hematoma
� Chronic pain/analgesic

requirements
� Additional surgeries/procedures/

mesh explantation
� Length of hospital stay
� Rehospitalization
� Time to return to normal activity
� Treatment costs
� Patient satisfaction

PICO¼Population, Intervention, Comparisons, and Outcomes; CDC¼Centers for Disease Control; VHWG¼Ventral Hernia Working
Group.
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study populations in each study were subcatego-
rized as ‘‘clean,’’ ‘‘clean-contaminated,’’ ‘‘contami-
nated,’’ or ‘‘dirty/infected’’ according to the Centers
for Disease Control (CDC) Guidelines for Preven-
tion of Surgical Site Infection (Table 2).12 Outcomes
assessed included postoperative rates of hernia
recurrence, infection, seroma, hematoma, and addi-
tional repair, among others (Table 1). Data related to
these outcomes were summarized, and differences
in incidences and means were compared as feasi-
ble/available. The risk of bias among the included
studies was assessed based on the design and
methodology details reported for each study and
the level of evidence.

Articles were excluded if they (1) described
research unrelated to ventral incisional hernia, (2)
did not involve evaluation of surgical ventral hernia
repair (e.g., diagnostic methodology articles, regis-
tries), or (3) reported studies including fewer than 5
patients with contaminated or infected ventral
incisional hernias. The quality of the studies was

rated based on the levels of evidence grading system
recommended by the American Society of Plastic
Surgeons (Table 3).13

Results

Study selection and synthesis of results

The electronic database searches, as well as manual
searches of article reference lists, yielded 1529
records, which were screened for inclusion eligibil-
ity (Fig. 1). From these eligible articles were found to
have partial or complete data available for the
population of interest and were used for the
synthesis of results (Table 4).14–24

These articles provided data regarding the fol-
lowing biologic mesh products: AlloDerm (n ¼ 7);
Surgisis (n¼ 2); CollaMend (n¼ 2); Permacol (n¼ 2);
Strattice (n ¼ 1); and Veritas (n ¼ 1) (see Table 4
footnotes for manufacturers). None provided data
on surgical repair procedures conducted using
synthetic mesh or no mesh.

Table 2 CDC wound grading system12

Grade Defining characteristics

I: Clean wound � Uninfected operative wounds
� No inflammation
� Primarily closed
� Drained with closed drainage
� May include operative incisional wounds that follow nonpenetrating (blunt) trauma

II: Clean-contaminated � Operative wounds without unusual contamination
� No evidence of infection
� No major break in sterile technique

III: Contaminated � Open trauma wounds
� Operative wounds with major breaks in sterile technique
� Gross spillage from the gastrointestinal tract
� Acute, nonpurulent inflammation

IV: Dirty-infected � Old traumatic wounds with devitalized tissue
� Wounds with existing clinical infection/perforated viscera
� Organisms causing infection present in the operative field prior to operation

CDC¼ Centers for Disease Control

Table 3 Levels of evidencea

Level of evidence Qualifying studies

I High-quality, multicenter or single-center, randomized controlled trial with adequate power; or systematic
review of these studies

II Lesser-quality, randomized controlled trial; prospective cohort or comparative study; or systematic review
of these studies

III Retrospective cohort or comparative study; case-control study; or systematic review of these studies
IV Case series with pre/posttest or only posttest
V Expert opinion developed via consensus process; case report, or clinical example; or evidence based on

physiology, bench research, or ‘‘first principles’’

aReproduced with permission from Sullivan et al.13
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All 11 articles reported results from retrospective
chart reviews involving patient populations ranging
in size from 9 to 240 (Table 4). Overall, 677 patients
were included across the studies. The 3 largest
studies examined outcomes among patients (N ¼
459) with a contaminated surgical field who
underwent repair of ventral hernia (primary or
recurrent) or abdominal wall repair for other
indications using acellular human dermal matrix
(AlloDerm).16,17,21 Two other larger studies (N¼ 5318

and N ¼ 5824) retrospectively reviewed outcomes
following ventral hernia repair with a porcine
submucosa-derived mesh [Surgisis Gold (SIS)]18 or
a variety of biologic mesh products24 in the setting

of a contaminated field. Across the 11 studies, 84
repairs were performed using components separa-
tion, and 17 involved laparoscopic repair.

Outcomes of interest

Outcomes that were reported varied widely across
the 11 studies. The most commonly reported
complications were hernia recurrence (range, 0%–
50%), wound infection (20%–75%), wound dehis-
cence (0%–35%), mesh explantation (0%–23%),
seroma (11%–13%), and fistula formation (0%–
14%). Rarely, incidence rates for complications such
as hematoma/bleeding and death were reported

Fig. 1 Article selection flow diagram.
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(Table 4). Postoperative timing of complications
was rarely specified. The frequency of postopera-
tive complications observed with individual types
of biologic mesh is discussed in the following
sections.

Hernia recurrence

Reported rates of hernia recurrence varied widely,
and only 3 of the 11 reports included statistical
information on defect size.14,17,21 The average defect
size across these 3 studies ranged from 111 to 210
cm2; Lin et al reported that more than 90% of the
defects repaired in their study were �25 cm2 but did
not provide further description.21 Human acellular
dermal matrix (AlloDerm) was the most commonly
used mesh product and was applied in the largest
overall number of patients in the studies reviewed.
Among patients who underwent repair with Allo-
Derm, hernia recurrence rates ranged from 0% to
50% (Table 4). The highest recurrence rate (50%) was
reported by Schuster et al.23 Further examination of
the Schuster article revealed that when primary
repair was achieved, 33% of patients (4 of 12)
experienced hernia recurrence, but when primary
repair could not be achieved and mesh was used to
bridge the gap, the recurrence rate was 83% (5 of 6; P
¼ 0.03). In the largest studies of complex hernia
repair using AlloDerm, Diaz et al (2006)16 and Diaz
et al (2009)17 reported much lower rates of hernia
recurrence [16% (12 of 75) and 17.1% (32 of 190),
respectively]. In a small case series reported by
Kolker et al, in which all patients underwent
components separation, no hernia recurrences with
AlloDerm were observed in 16 patients followed for
an average of 16 months.19

There was also broad variability in hernia
recurrence rates reported in smaller retrospective
chart reviews of other biologic mesh products in
patients undergoing complex abdominal wall re-
construction in the setting of a contaminated or
infected surgical field. Chavarriaga et al reported a
hernia recurrence rate of 50% (5 of 10) in patients
who received a cross-linked porcine acellular
dermal matrix product (CollaMend) who were
followed for a mean of 7.3 months.15 Shah et al
reported a 25% (1 of 4) rate of recurrence with
CollaMend or another porcine cross-linked acellular
dermal matrix, Permacol.24 In the study from Parker
et al,22 it was not possible to determine the rate of
hernia recurrence in the target population, although
only 1 patient experienced hernia recurrence during
an average of 18.2 months of follow-up. With
Surgisis, Helton et al18 observed a 26% (8 of 31) rate

of recurrence, while Shah et al24 reported recurrence
in 33% (4 of 12) of patients who had clean/
contaminated or contaminated wounds repaired
with porcine non-cross-linked products (Surgisis or
Strattice). Limpert et al20 reported a 13% (3 of 23)
rate of hernia recurrence with application of
acellular bovine pericardium (Veritas).

Postoperative infection (and related complications)

Reported rates of postoperative surgical site infec-
tion in studies of AlloDerm also varied widely. The
lowest rate (26%, 5 of 19) was observed in the
relatively small review from Bellows et al14; all 5
observed infections occurred in patients with open
wounds managed with vacuum-assisted closure. In
the two relatively large-scale chart reviews from
Diaz et al,16,17 infection rates were 33% (25 of 75) and
43% (82 of 190), respectively. In the study by Shah et
al,24 which included 5 types of biologic mesh, the
lowest infection rates were observed in patients
treated with AlloDerm (39.3% versus 75% with
cross-linked porcine Permacol/CollaMend and
64.7% with non-cross-linked porcine Surgisis/Strat-
tice). Similarly, explantation rates were lowest with
AlloDerm: 17.8% versus 50% (Permacol/Colla-
Mend) and 23.5% (Surgisis/Strattice).

Surgical site infection rates in patients with
contaminated or dirty surgical fields were not
reported in most of the identified retrospective
reviews that investigated less widely used mesh
products. In the report from Chavarriaga et al,15

which examined outcomes with CollaMend, 20% (2
of 10) of patients experienced postoperative infec-
tion.

Wound dehiscence

Rates of wound dehiscence were not uniformly
described across the available published chart
reviews. In the studies of AlloDerm, wound
dehiscence rates in contaminated/dirty fields are
provided only in the small-scale reports from
Bellows et al14 (31.5%, 6 of 19) and Kolker et al19

(6%, 1 of 16). The 2009 large-scale study reported by
Diaz et al17 did not report wound dehiscence rates
by specific wound types but showed a wound
dehiscence rate of 8.8% (21 of 240) in the entire
patient population (including 50 patients with clean
surgical fields); all patients in this study received
AlloDerm. With other types of biologic mesh,
reported wound dehiscence rates varied from 0%
(0 of 10) with CollaMend15 to 35.5% (11 of 31) with
Surgisis.18
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Table 4 Summary of studies with data specific to contaminated or infected casesa

Study Mesh Patient pop

Total N/n with

clean-contami-

nated, contami-

nated, or dirty

wounds

Duration of follow-up for

total pop

Bellows et al 200714 AlloDerm (HADM) AWR 20/19 Mean (SD): 9.3 (1.0) months
(range, 2–16)

Chavarriaga et al

201015
CollaMend (PADC) AWR 18/10 Mean (range): 7.3 (2–14)

months
Diaz et al 200616 AlloDerm (HADM) Ventral hernia or traumatic

anterior wall repair
75/75 Mean: 275 days

Diaz et al 200917 AlloDerm (HADM) Ventral hernia repair 240/190 Mean (SD): 317 (269) days
(range, 9–1161)

Helton et al 200518 Surgisis Gold (PSIS) Ventral hernia repair 53/31 Median (range): 14 (2–29)
months

Kolker et al 200519 AlloDerm (HADM) Incisional hernia repair 16/16 Mean (range): 16 (9–23)
months

Limpert et al 200920 Veritas collagen matrix
(ABP)

Ventral hernia repair 26i/23 Mean (range): 22 (4–37)
months

Lin et al 200921 AlloDerm (HADM) AWR 144/62 Mean (range): 23 (0–100)
weeks

Parker et al 200622 Permacol (PCL) AWR 9/5 Mean: 18.2 months

Schuster et al 200623 AlloDerm (HADM) AWR 18/18 Mean (range): 9.1 (5–27)
months

Shah et al 201124 AlloDerm (HADM, n ¼ 29);
CollaMend (PADC, n ¼ 3);
Permacol (PCL, n ¼ 2);
Surgisis (PSIS, n ¼ 16);
Strattice (PNCL, n ¼ 8)

Ventral hernia repair 58/49 1 year

Abd, abdominal; ABP, acellular bovine pericardium; AWR, abdominal wall reconstruction; HADM, human acellular dermal matrix; NR, not reported;
PADC, porcine acellular dermal collagen; PCL, porcine cross-linked; PNCL, porcine non-cross-linked; pop, population; PSIS, porcine small intestine
submucosa.

? ¼ see explanatory footnotes below.
a
AlloDerm Regenerative Tissue Matrix (LifeCell Corp, Branchburg, New Jersey); CollaMend, Marlex, XenMatrix (CR Bard/Davol Inc, Warwick, Rhode

Island); Gore-Tex, Gore Dualmesh (W.L. Gore & Associates, Flagstaff, Arizona); Permacol (Tissue Science Laboratories, Covington, Georgia); Prolene,
Prolene Soft Mesh, Proceed, Vicryl (Ethicon, Somerville, New Jersey); Strattice Reconstructive Tissue Matrix (LifeCell Corp, Branchburg, New Jersey);
Surgisis, Surgisis Gold (Cook Biotech, West Lafayette, Indiana); Veritas (Synovis Life Technologies, St Paul, Minnesota).

b
The authors reported 2 of 20 (10%) patients experienced abdominal bleeding; 1 was in a patient with a dirty wound; the authors did not report the

wound type for the other patient.
c
The authors reported 5 of 20 (25%) patients underwent repeat surgeries; the authors did not specify wound types for these patients.

d
The authors reported that 2 of 18 (11%) patients experienced seroma and 1 of 18 (6%) experienced hematoma; the authors did not report the wound

types for these patients.
e
The authors reported that 4 of 75 (5%) patients had mesh removed because of fistula formation, though they did not specify the wound types or

whether 4 is the total number that occurred during the study (all patients in this study had dirty, contaminated, or clean-contaminated wounds).
f
The authors reported 21 of 240 (9%) events of wound dehiscence; 31 of 240 (13%) events of seroma; and an overall mortality rate of 7 of 240 (3%) in the

overall study population; the authors did not report the wound types for these patients.
g
The authors reported 13 of 53 (25%) patients experienced infections; 1 of 53 (2%) had intra-abdominal bleeding; 2 of 53 (4%) had a hematoma; 2 of 53

(4%) died from multiple organ failure; the authors did not report the wound types for these patients.
h
The authors describe 1 fistula occurrence; though they did not specify wound type or whether this is the only fistula that occurred during the study.

iTwenty-six patients with a total of 30 hernias were treated (1 patient had 3 surgical sites; 2 patients had 2 sites each).
jThe authors reported 1 of 26 (4%) patients experienced an intra-abdominal Pseudomonas infection; 1 of 26 (4%) experienced a seroma; 3 of 26 (12%)

underwent repeat surgery; the authors did not report the wound type for these patients.
kThe authors reported 1 of 26 patients had mesh explanted but did not report the wound type for this patient.
l
The authors reported 39 of 144 (27%) patients experienced a site infection; 12 of 144 (8%) had fistula formation; 14 of 144 (10%) had seroma formation;

the authors did not report the wound type for these patients.
mThe authors reported 1 of 9 (11%) patients had wound dehiscence; 1 of 9 (11%) experienced wound infection; 1 of 9 (11%) died 6 months after surgery

from causes unrelated to surgery; 1 of 9 (11%) experienced recurrent hernia after removal of mesh (the same patient that experienced wound infection) and
underwent repeat surgery; the authors did not report the wound type for these patients.

nThe authors reported 1 of 9 (11%) patients had mesh explanted but did not report the wound type for this patient.
oThe authors reported 11 of 58 (19%) patients had surgical wound infection; 5 of 58 (9%) had seroma formation; 4 of 58 (7%) had hematoma formation; 1

of 58 (2%) confirmed death was reported at 1-year follow-up; the authors did not report the wound type for these patients.
pAlloDerm was less likely to be explanted (13.8%) or become infected (37.9%) but more likely to recur (28.6%) compared with the porcine cross-linked

mesh products (CollaMend and Permacol). Non-cross-linked porcine mesh products were more likely to become infected (54.2%) than AlloDerm.
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Other complications

Occurrences of seroma, hematoma, bleeding, and
fistula formation were not uniformly reported for
the relevant population across the 11 studies (Table
4). With AlloDerm, Diaz et al17 reported fistula
formation in the population of interest at a rate of
14% (27 of 190); for the overall patient population
(including those with clean wounds), a seroma rate
of 12.9% (31 of 240) was observed. Kolker et al19

reported a seroma rate of 13% (2 of 16) in the
population of interest—the entire study population
comprised patients with dirty or contaminated
wounds. Bellows et al14 reported that following
AlloDerm repair, 2 patients experienced intra-
abdominal bleeding. The authors specifically men-
tion that 1 of these occurred in a dirty wound
(population of interest) but did not report the
wound type for the other bleeding occurrence.

Length of hospital stay and rehospitalization

Length of hospital stay in the population of interest
was not consistently examined. Diaz et al16 reported
an average hospital stay of 19.8 days in patients with
some degree of surgical wound contamination who

received AlloDerm compared with 17 days in the
overall patient population. None of the other articles
reported length of hospital stay for the targeted
population following repair procedures.

Subsequent surgeries

Postoperative surgical interventions were not con-
sistently described among the 11 articles. Among
patients who underwent ventral hernia repair in the
setting of a compromised surgical field, the most
commonly reported reasons for a secondary surgical
procedure included repair of recurrent hernia, mesh
removal, drainage of seroma, and drainage of
surgical site abscess.16,18,22,24 Some authors high-
lighted the management of surgical site infection
with antibiotics and wound care without mesh
removal as a benefit of using biologic mesh.14,16

Interpretative challenges

Owing to the retrospective nature of the investiga-
tions included, there is clear potential for bias in the
outcomes data presented here; most authors of these

Table 4 Extended

Postoperative complications in patients with dirty/contaminated/clean-contaminated wounds

Wound

dehis-

cence

Infec-

tion

Intra-

abd

bleed

Fistula

forma-

tion

Evisc-

eration Seroma

Hema-

toma Mortality

Repeat

surgery

Hernia

recurrence

Mesh

explan-

tation

6/19
(32%)

5/19
(26%)

1/19
(5%)b

NR 1/19
(5%)

NR NR 1/19
(5%)

?c 6/19 (32%) 0

0 2/10
(20%)

NR NR NR ?d ?d NR NR 5/10 (50%) 2/10
(20%)

NR 25/75
(33%)

NR ?e NR NR NR 1/75
(1%)

— 12/75 (16%) 6/75
(8%)

?f 82/190
(43%)

NR 27/190
(14%)

NR ?f NR ?f NR 32/190 (17%) NR

11/31
(35%)

?g ?g ?h 0 NR ?g ?g 15/31
(48%)

8/31 (26%) 7/31
(23%)

1/16
(6%)

NR NR NR NR 2/16
(13%)

NR NR 0 0 0

NR ?j NR 0 NR ?j NR NR ?j 3/23 (13%) ?k

NR ?l NR ?l NR ?l NR 0 NR 14/62 (23%) NR

?m ?m NR NR NR NR NR ?m ?m ?m ?n

NR NR NR NR NR NR NR NR NR 9/18 (50%) NR

NR 25/49
(51%)

NR NR NR ?8 ?8 ?8 NR 11/37 (30%;
data available for
only 37 patients)

11/49
(22%)p
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reports were the treating surgeons. Interpretation of
the outcomes presented in this systematic review
was also complicated by the many different biologic
mesh products used in the repair procedures
described, the broad variation in the patient
populations included, differences in surgical tech-
niques (often highly individualized), and variability
in the duration of follow-up. The paucity of reported
data regarding several of the stated postoperative
complications that were focused upon (e.g., seroma,
hematoma, fistula formation, patient satisfaction,
time to return to normal activities, patient satisfac-
tion, cost, chronic pain) prevented the ability to
make conclusions regarding these predetermined
outcome measures.

Discussion

The results of this systematic review highlight a
need for high-quality evidence upon which to make
unbiased, evidence-based clinical decisions regard-
ing the optimal use of mesh in patients with ventral
incisional hernia and a potentially contaminated
surgical field. The publications that met inclusion
criteria for this review presented level II or III
evidence that included quantitative data specific to
postsurgical outcomes in a total of 677 patients with
various types of abdominal wall defects. Based on
the literature search, no randomized controlled
clinical trials of mesh products for the treatment
of contaminated or infected ventral incisional
hernias were found. Of the 11 included articles,
most described outcomes following repair with
AlloDerm; results with other biologic mesh prod-
ucts, such as Surgisis and CollaMend, were de-
scribed in a few relatively small retrospective
studies.

Repair of ventral incisional hernia in the context
of a contaminated or infected operative field
presents a considerable surgical challenge.4 Closure
of ventral incisional hernia with sutures alone yields
suboptimal results; and according to current recom-
mendations from the VHWG, synthetic mesh
prostheses are contraindicated in such patients
because of the potential for chronic postoperative
infection of the mesh, as well as their known
association with fistula and adhesion formation.4

Postoperative infection at the surgical site, and
complications such as wound dehiscence, frank
infection, bleeding, hernia recurrence, and the need
for mesh removal are seen more frequently in
patients with contaminated or infected surgical
fields than in patients with clean surgical fields.4,17,24

Ideally, the mesh used within a potentially contam-
inated field should be strong, become vascularized,
and be incorporated into the abdominal wall
without triggering foreign body reactions and
inflammation; it should also be associated with a
low rate of short- and long-term complications or
recurrences. Currently, biologic mesh materials are
generally recommended for use in such patients,
although evidence from high-quality controlled
trials is lacking.4 While there are a multitude of
different types of synthetic and biologic mesh
products available, few published prospective in-
vestigations, randomized controlled trials, or direct
head-to-head comparisons of different types of
mesh exist.4

The rationale for use of biologic mesh rather than
synthetic mesh for ventral incisional hernia repair in
the setting of contamination or infection hinges on
evidence demonstrating that biologic mesh supports
tissue regeneration, marked by revascularization
and cell repopulation.25 Better assimilation and
revascularization may in turn lead to improved
wound healing and better clearance of bacteria/
infection. Moreover, as has been demonstrated in
preclinical investigations of biologic mesh, the
hernia repair site may be more likely to exhibit
improved abdominal wall integrity, marked by
tensile strength that meets or exceeds that of
abdominal fascia.25 This may help to reduce hernia
recurrence rates and the need for mesh removal in
cases of infection.

Specific outcomes were quantified based on the
data specific to the population of interest (i.e.,
patients undergoing repair of contaminated or
infected ventral incisional hernias). Of note, no data
were found regarding the use of synthetic mesh
products in the relevant population. This finding
most likely reflects the increasingly common pref-
erence of biologic over synthetic mesh in contami-
nated or infected settings. The reported outcomes
varied widely across the studies, regardless of the
type of mesh product applied for repair. In 2 of the
largest studies analyzed (Diaz et al, 2006 and
2009),16,17 which examined outcomes using Allo-
Derm, hernia recurrence rates were 16% and 17%,
respectively. Recurrences with CollaMend,15 Surgi-
sis,18 and Veritas20 in much smaller studies were
50%, 26%, and 13%, respectively.

In line with expectations based on the preoper-
ative complexity of the patients and the presence of
contamination or infection, reported postoperative
infection rates were often high. Nevertheless, where
reported, the need for mesh removal was often low,
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even in cases of postoperative infection. Diaz et al17

reported a wound dehiscence rate of 8.8% (21 of 240)
with AlloDerm in the overall population, though
they did not provide rates for the specific popula-
tion of interest. Helton et al18 reported a rate of
35.5% (11 of 31) among patients with dirty or clean-
contaminated wounds who received Surgisis. Few
data were available for comparison with regard to
hematoma/bleeding, chronic pain, length of hospi-
tal stay, rehospitalizations, subsequent surgeries,
overall costs, time to return to normal activities,
and patient satisfaction.

There was a limited number of articles that
provided quantitative outcome data specific to the
population that was the focus of this review. Owing
to the retrospective nature of the included reports,
most of which were authored by the operating
surgeons, there is the potential for bias related to
patient selection and outcome reporting. Moreover,
patient populations included in these reports were
heterogenous, marked by mostly small samples
(,50 patients) and a wide variety of presenting
indications for abdominal wall repair; several
studies included patients with abdominal wall
defects resulting from cancer and/or emergent
trauma rather than incisional hernia specifically.
The patient populations also varied widely across
studies with respect to level of preoperative wound
contamination. No prospective, head-to-head com-
parisons of synthetic versus biologic mesh options
were identified.

Three new investigations relevant to the cur-
rent review appeared in the literature after the
systematic literature search was conducted.26–28

In a retrospective chart review of outcomes in 35
high-risk ventral herniorrhaphy patients, Janfaza
et al found that rates of postoperative infection
and hernia recurrence at 1 year were lower in
patients who received a neonatal bovine mesh
implant (SurgiMend, TEI Biosciences, Boston,
Massachusetts) (17% and 5%, respectively) com-
pared with patients who received a human-
derived mesh (Flex HD, Ethicon Inc, Somerville,
New Jersey) (50% and 33%, respectively).26 In a
large prospective chart analysis of .33,000 pa-
tients from the US National Surgical Quality
Improvement Program (NSQIP) who underwent
ventral hernia repair, Choi et al found that
patients with some level of operative field
contamination were three- to fivefold more likely
to experience postoperative complications than
those with clean surgical fields.27 However, it is
not possible to decipher whether the type of mesh

applied (synthetic versus biologic) influenced
such outcomes in Choi’s analysis. Itani et al
recently reported results of a prospective, single-
arm, observational study [Repair of Infected or
Contaminated Ventral Incisional Hernias (RICH)]
of non-cross-linked porcine acellular dermal
matrix (Strattice) for the repair of contaminated
ventral hernia in 80 patients.28 Observed compli-
cation rates at 24 months of follow-up were
infection, 35%; hernia recurrence, 28%; and
recurrence requiring reoperation, 9%. No patient
required mesh explantation. The emergence of
these reports signals that the research community
is beginning to respond to the need for higher-
quality and more rigorous investigation of mesh
products for hernia repair.

Conclusions

This systematic review identified 11 articles re-
porting data specific to patients undergoing repair
of contaminated or infected ventral incisional
hernias. Although most outcomes of interest were
inconsistently reported across studies, the use of
biologic mesh in this setting was marked by low
reported rates of the need for secondary surgical
intervention for infected mesh removal. Most of
the studies were small retrospective chart reviews
and more than half involved human acellular
dermal matrix as the only mesh applied to the
study population. Based on these findings, addi-
tional studies are needed, including large, well-
controlled prospective investigations of biologic
mesh products and direct comparisons of synthetic
versus biologic and biologic versus biologic mesh
products. Additional data from prospective, mul-
ticenter trials may help address this need. In
addition, outcomes of interest should be expanded
to include economic variables and patient-centered
variables, such as functional status, quality of life,
and patient satisfaction.
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