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Outcomes of Synthetic Mesh in Contaminated Ventral
Hernia Repairs

Alfredo M Carbonell, DO, FACS, Cory N Criss, MD, William S Cobb, MD, FACS, Yuri W Novitsky, MD,
Michael J Rosen, MD, FACS

BACKGROUND: Given the questionable long-term durability of biologic meshes, additional prosthetic options
for ventral hernia repairs (VHR) in contaminated fields are necessary. Recent evidence
suggests improved bacterial resistance of reduced-weight, large-pore synthetics, giving
a potential mesh alternative for repair of contaminated hernias. We aimed to evaluate the
clinical outcomes of 2 institutions’ experience implanting lightweight polypropylene synthetic
mesh in clean-contaminated and contaminated fields.

STUDY DESIGN: Open VHRs performed with polypropylene mesh in the retro-rectus position in clean-
contaminated and contaminated fields were evaluated. Primary outcomes parameters
included surgical site infection, surgical site occurrence, mesh removal, and hernia recurrence.

RESULTS: One hundred patients (50 male, 50 female) with a mean age of 60 ! 13 years and a mean
body mass index (calculated as kg/m2) of 32 ! 9.3 met inclusion criteria. There were 42
clean-contaminated and 58 contaminated cases. The incidence of surgical site occurrence
was 26.2% in clean-contaminated cases and 34% in contaminated cases. The 30-day surgical
site infection rate was 7.1% for clean-contaminated cases and 19.0% for contaminated cases.
There were a total of 7 recurrences with a mean follow-up of 10.8 ! 9.9 months (range 1 to
63 months). Mesh removal was required in 4 patients: 2 due to early anastomotic leaks, 1 due
to stomal disruption and retraction in a morbidly obese patient, and 1 from a long-term
enterocutaneous fistula.

CONCLUSIONS: Although perhaps not yet considered standard of care in the United States, we have
demonstrated favorable infection, recurrence, and mesh removal rates associated with the
use of synthetic mesh in contaminated VHR. (J Am Coll Surg 2013;217:991e998.
! 2013 by the American College of Surgeons)

Although the necessity for prosthetic reinforcement in
ventral hernia repair (VHR) is universally accepted
among surgeons, the most effective mesh for contami-
nated fields has remained a heavily debated topic.1

Although the introduction of synthetic mesh drastically
improved recurrence rates in open VHR, their implemen-
tation presented a new set of complications, such as

surgical site infections (SSIs), intra-abdominal adhesions,
and enteric fistulas.2 These associated complications,
coupled with reluctance to perform a multiple-staged
procedure when a hernia was present in a potentially
contaminated field, led to the rapid adoption of bio-
prosthetics for VHR in the early 2000s.2-4 Despite limited
high-level evidence, the bioprosthetic industry grew expo-
nentially, releasing many products and professing supe-
rior host incorporation, comparable mechanical
stability, and the ability to contest infections.2-4 Their
proposed advantages in the context of infection have
led to the widespread popularity of biologic mesh and
its continual implementation in the repair of contami-
nated ventral hernias.3-8

Recommendations from The Ventral Hernia Working
Group state that if the risk of surgical site occurrence
(SSO) is high, the use of synthetic mesh is contraindi-
cated and bioprosthetics are recommended.3 Several other
clinical and systematic reviews also conclude that biologic
mesh is the mesh of choice in contaminated fields.4-7
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had a stoma site recurrence. Patient 6 had a recurrence
after parastomal hernia repair at an end colostomy and
refuses a reoperation. Finally, patient 7 had a lateral
recurrence at the semilunar line and underwent open pre-
peritoneal hernia repair with mesh.

DISCUSSION
This article represents the potential for a paradigm shift
in the management of contaminated abdominal wall
defects. Our collective experiences challenge the surgical
dictum that a synthetic mesh is contraindicated in
a contaminated surgical field during open abdominal
wall reconstruction. Despite the growth and popularity
of biologic mesh in the surgical community, their efficacy
in VHR has recently been called into question due to the
overall lack of high-level evidence.9,11,23 With improved
synthetic mesh technology, several small series have
recently reported favorable outcomes of synthetic mesh
used in contaminated fields.12,24 This study represents
the largest experience of synthetic mesh in clean-
contaminated and contaminated VHRs and reports favor-
able SSI rates. In addition, the low recurrence rate and
improved durability of synthetic mesh might offer
a safe single-stage approach to repairing contaminated
abdominal wall defects. This study corroborates the
notion that an effective alternative for biologics in
contaminated fields could conceivably be lightweight
polypropylene synthetic mesh.
Understanding recent advances in synthetic mesh tech-

nology, advanced abdominal wall reconstruction tech-
niques, and the potential for mesh location to impact
outcomes, are all vital aspects of why our study might
report such favorable results. Although many authors
have accepted the surgical dogma that synthetic mesh
should never be used in a contaminated field, clearly iden-
tifying the exact origins of these concerns is difficult. In
fact, there are several smaller case series of successful
synthetic mesh use in clean-contaminated and contami-
nated abdominal wall reconstruction.12 There are no large
studies evaluating any synthetic mesh in a contaminated
field that has reported unacceptable results. Certainly,
there are case reports of managing major mesh-related
complications in abdominal wall reconstruction.25 On

closer inspection, the majority of major mesh-related
complications in open abdominal wall reconstruction
are based on older mesh technology, such as micropo-
rous/laminar PTFE-based products. These microporous
materials do not incorporate into host tissue, have been
shown to have little chance of bacterial clearance and,
once associated with an infection, cannot be salvaged.
Recently, synthetic mesh has been modified to make it
less dense, lighter weight, and macroporous. These modi-
fications have resulted in improved patient satisfaction,
with less chronic pain and foreign-body sensation.26

Recognizing the potential advantage of improved tissue
integration, our laboratory recently evaluated the poten-
tial of various synthetic meshes to resist bacterial adher-
ence in a chronic rodent mesh infection model.13 This
investigation revealed that monofilament, macroporous
polypropylene-based meshes cleared bacteria at rates
similar to biologic grafts.13,27 Importantly, anti-adhesive
composite meshes were not able to clear bacteria. Given
these findings, an unprotected synthetic mesh placed in
the sublay position might result in superior outcomes in
clean-contaminated and contaminated abdominal wall
reconstruction. In Europe, the general fear of synthetic
mesh placed in these complex fields is not as prevalent.
In fact, 2 prospective randomized trials of lightweight
polypropylene mesh placed prophylactically at the time
of stoma creation in the retro-rectus position have
reported excellent long-term results.28,29 Importantly,
this work was performed in heavily contaminated fields
of perforated diverticulitis with peritonitis. These authors
reported no direct mesh complications. Our series of 100
consecutive cases of lightweight polypropylene mesh
placed in the sublay position certainly demonstrates the
feasibility and acceptable outcomes of this approach.
The long-term durability will need to be confirmed
before universal acceptance. However, because these
synthetic materials do not degrade over time as a biologic,
it seems reasonable that the recurrence rate will not
increase substantially over time.
The introduction of biologic mesh to the surgical

armamentarium of reconstructive surgeons brought the
hope of a single-stage approach to repairing contaminated
abdominal wall defects. These products are harvested
from various sources and processed to render an acellular

Table 4. Surgical Site Occurrence, Surgical Site Infection, and Hernia Recurrence Rates of Patients Undergoing Clean-
Contaminated and Contaminated Hernia Repairs

CDC wound classification

SSO

Frequency, %

30-Day SSI

Frequency, %

Recurrence

Frequency, %n % n % n %

Clean contaminated (n ¼ 42) 11 26.2 11.0 3 7.1 3.0 3 7.1 3.0

Contaminated (n ¼ 58) 20 34 20.0 11 19.0 7.0 4 6.8 4.0

SSI, surgical site infection; SSO, surgical site occurrence.
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50% clean contaminated 50% contaminated operation	
66% SSO rate  (30% SSI)	
28% recurrence after 2 years follow up	
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removed an average of 12 days after surgery (Table 2). Five deaths
occurred during the study, of which 4 succumbed to cancer (glio-
blastoma, GI stromal tumor, lung cancer, and metastatic cancer) and
1 had a history of cancer from an unknown site. Five patients had
another operation during the study period in which their midline
repair was disrupted for reasons of complications related to Crohn
disease, removal of previously placed biologic and permanent syn-
thetic mesh that had been left at index operation and was infected,
anastomotic leak, and leaking ileostomy site.

Hernia Recurrence
The Kaplan-Meier analysis overall hernia recurrence rate

in the ITT population (n¼ 104) was 17% (n¼ 16 patients) at the
24-month follow-up period (Fig. 1). The 16 recurrences included
occurrence at the midline hernia (n¼ 13) and 3 parastomal sites
(n¼ 3). When estimating only midline hernia recurrence, the
Kaplan-Meier recurrence rate at 24 months was 14%. The recurrence
rate was higher in patients with mesh placement in the intraperitoneal
position (40%; 4/10) versus those with placement in the retrorectus
position (13% [12/94]; P¼ 0.0451). Cox hazard ratio (HR) analysis
for predictive baseline risk factors revealed increased risks for hernia
recurrence for intraperitoneal mesh placement (HR¼ 3.41 [95% CI,
1.098–10.590]; P¼ 0.0339) compared with retrorectus placement.
Time to hernia recurrence was shorter for patients with postoperative
infection than those patients without (P¼ 0.0098) (Supplemental
Digital Content Fig. 2 http://links.lww.com/SLA/A958) and with
parastomal compared with midline hernia recurrences (P< 0.0001)
(Supplemental Digital Content Fig. 3 http://links.lww.com/SLA/
A958). Significant baseline risk factors for hernia recurrence are
shown in Table 3.

Postoperative Wound Events
A postoperative wound event developed in 29 patients. The 21

surgical site infection events that occurred in 19 patients were
categorized by the CDC criteria (Table 4). In all cases, superficial
surgical site infections (n¼ 9) resolved with oral or intravenous
antibiotics. Deep surgical site infections (n¼ 10) required percuta-
neous drainage alone (n¼ 6), minor operative debridement (n¼ 3),
and wide wound debridement with partial mesh excision (n¼ 1). Two
organ space infections occurred in patients with a leak from a GI
anastomosis in the early postoperative period and were unrelated to
the biosynthetic mesh. No cases required complete explantation of
the biosynthetic mesh. All wounds were completely healed at long-
term follow-up. Other wound events included development of a
postoperative seroma (n¼ 6), which resolved spontaneously
(n¼ 3) or required percutaneous drainage and eventually resolved
(n¼ 3). Two recurrent enterocutaneous fistulas developed in patients
undergoing takedown of an enterocutaneous fistula and were felt to
be unrelated to the biosynthetic mesh. Two postoperative bowel
obstructions occurred in patients with mesh placed in the retrorectus
position. One occurred during the primary hernia repair and resolved
after re-exploration and revision of the anastomosis. The second
occurred 212 days after hernia repair and was resolved with complete
adhesiolysis of the GI tract.

Post hoc analysis for predictive baseline or operative risk
factors for postoperative infections were significant (all P" 0.05) for
diabetes mellitus (HR¼ 2.969; 95% CI, 1.169–7.544), GI fistula
takedown (HR¼ 4.486; 95% CI, 1.820–11.058), and mesh present
from prior repair (HR¼ 2.666; 95% CI, 1.049–6.775). The only
significant predictor of deep surgical site infection was the presence
of a GI fistula (HR¼ 5.605 [95% CI, 1.581–19.874]; P¼ 0‘.0076)
during ventral hernia repair.

FIGURE 1. Kaplan-Meier estimate of freedom from postoper-
ative hernia recurrence: all participants (n remaining at
risk¼85 and 74 patients at 12 and 24 months, respectively).

TABLE 3. Recurrence and Risk Baseline Factors for Postoperative Hernia Recurrence

Variables

Intent-to-treat Population (n¼ 104)

Hernia Recurrence, n (%)

16 (15.4)

Risk Baseline Factors
Patients With Hernia
Recurrence (n¼ 16)

Patients Without Hernia
Recurrence (n¼ 88) P

BMI (kg/m2), mean (range) 30 (22–39) 27 (17–40) 0.046
Defect length (cm), mean (range) 11 (5–20) 15 (3–27) 0.044
Postoperative superficial incisional wound infection, n (%) 5 (31%) 4 (5%) 0.004

TABLE 4. Postoperative Wound Events and Surgical Site
Infections#

Variables n¼ 104

Wound events#, n (%) 33 (28)
Surgical site infectiony 21 (18)
Seroma 6 (6)
Fistula 2 (2)
Bowel obstruction 2 (2)
Wound dehiscence 1 (1)
Hematoma 1 (1)

Postoperative infectionsy, n (%) 21 (18)
Superficial incisional infections 9 (9)
Deep incisional infections 10 (10)
Organ space infections 2 (2)

#Patients may have had more than one wound event.
yCategorized by CDC criteria; 21 infections occurred in 19 patients.
CDC indicates Centers for Disease Control.
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