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Abstract
Introduction The surgical treatment of large ventral
hernias with accompanying contamination is challeng-
ing. We have reviewed our institution's experience
with single-staged repair of complex ventral hernias in
the setting of contamination.
Methods We retrospectively reviewed the medical
records of all patients who underwent ventral hernia
repairs in the setting of a contaminated Weld. Pertinent
details included baseline demographics, reason for
contamination, operative technique and details, post-
operative morbidity, mortality and recurrence rates.
Results Between December 1999 and January 2006,
19 patients were identiWed with ventral hernia repairs
performed in contaminated Welds. There were 6 males
and 13 females with a mean age of 61 years (40–82),
ASA 3.2 (2–4), and BMI of 34 kg/m2 (20–65). Fourteen
patients had prior mesh: prolene (9), composix (3),
goretex (1), and alloderm (1). Reasons for contamina-
tion included: mesh infection (14), enterocutaneous
Wstula (7), concomitant bowel resection (8), chronic
non-healing wound (2), and necrotizing fasciitis (1).
Operative approaches included primary repair (3),
component separation without reinforcement (2), and

with prosthetic reinforcement (9). In Wve patients the
fascia could not be reapproximated in the midline and
the defect was bridged with surgisis (1), Marlex (1),
lightweight polypropylene (1) placed in the retrorectus
space, and alloderm (2). Mean operative time was
260 min (90–600). Twelve postoperative complications
occurred in nine (47%) patients and included wound
infection (6), respiratory failure (1), ileus (2), postoper-
ative hemorrhage (1), renal failure (1), and atrial Wbril-
lation (1). One patient died in this series. During
routine follow-up two recurrences were identiWed by
physical exam.
Conclusions This study shows that single-stage treat-
ment of ventral hernias in contaminated Welds can be
accomplished with a low recurrence rate and accept-
able morbidity in these extremely challenging patients.
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Introduction

Ventral hernias occur in up to 20% of laparotomy inci-
sions [1]. This results in up to 150,000 ventral hernias
repaired annually in the US, making it one of the most
common procedures performed by general surgeons
[1]. Based on the principles of tension-free repair, pros-
thetic devices have revolutionized the surgical treat-
ment of this disease, reducing recurrence rates by 50%
[2]. These procedures are now being performed using
minimally invasive techniques, in which a large piece of
prosthetic material can be placed in an intraperitoneal
position with excellent results [3].
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The treatment of ventral hernias in the setting of
gross contamination has not met with the same encour-
aging results. In the presence of gross contamination
most surgeons believe that permanent prosthetic mate-
rials are contraindicated. These contaminated hernias
are often the product of multiple recurrences, contain
enterocutaneous Wstulas, or have infected prosthetic
material that must be addressed. After removal of the
infected material and takedown of the various Wstulae,
the surgeon is often left with a large fascial defect that
cannot be closed primarily. There is little published lit-
erature evaluating the outcome of various surgical
approaches to these incredibly challenging patients.
Some authors advocate a multi-staged procedure due
to the perceived prohibitively high infectious complica-
tion risks and subsequent morbidity of one-stage pro-
cedures. These multi-staged procedures can leave the
patients with massive ventral hernias and can take up
to six months to one year to be completed [4, 5]. This
may result in increased patient morbidity and health
cost before a deWnitive closure can be attained. With
the introduction of biologic meshes and the techniques
of abdominal-wall component separation some authors
have recently examined the outcomes of single-staged
repairs for these patients [6, 7]. The use of a single-
staged deWnitive approach might result in decreased
morbidity from multiple re-operations. In this study,
we reviewed our institution's experience with single-
staged repair of complex ventral hernias in the setting
of surgical Weld contamination.

Patients and methods

After obtaining approval from the Institutional Review
Board at University Hospitals of Cleveland, all
patients who underwent ventral hernia repairs in the
setting of a contaminated surgical Weld between
December 1999 and January 2006 were identiWed using
current procedural terminology (CPT) and the interna-
tional classiWcation of diseases, ninth revision, clinical
modiWcation (ICD9CM) codes from billing records.
The CPT/ICD9CM codes for ventral hernia utilized
were CPT codes 49560, 49561, 49565, 49566, and 49568,
ICD9CM code 5351 and presence of infection.

The charts were reviewed and data collected includ-
ing patient gender, age, body mass index (BMI),
American society of anesthesiologist (ASA) score,
reason for contamination, and presence of synthetic
mesh at time of repair, method of repair, operative
time, and postoperative complications and follow-up.
Postoperative follow-up was achieved by review of
recent clinic visits or telephone call interviews.

Patients under 18 years of age, patients with hernias
other than ventral hernias, and patients in whom a
multi-staged procedure was performed were excluded
from this study.

Results

A total of 19 patients were identiWed who underwent
planned single-stage repair for ventral hernias in the
setting of gross contamination at our institution. There
were six men and thirteen women with a mean age of
61 years (range 40–82 years), ASA score of 3.21 (range
2–4) and BMI of 34.3 kg/m2 (range 20–65 kg/m2). The
reasons for surgical Weld contamination are summa-
rized in Table 1. Seventy-four percent (N = 14) of the
patients had infected prosthetic mesh.

In 16% of the patients (N = 3) the fascia was closed
primarily without reinforcement. In 26% of the
patients (N = 5) the fascia could not be approximated
and the defect was bridged with either surgisis (Cook
surgical, Bloomington, IN) (N = 1), Marlex (N = 1),
lightweight polypropylene (N = 1) placed in the retro-
rectus space, or AlloDerm (LifeCell Corp., Branch-
burg, NJ) (N = 2). The remainder of the patients, 58%
(N = 11), were repaired using the component separa-
tion method. The myofascial Xaps were approximated
and the fascia repaired primarily in all 11 patients. The
fascia was approximated without mesh reinforcement
in two patients. Component separation with mesh rein-
forcement was utilized in nine patients using AlloDerm
as an underlay in three patients, AlloDerm as an onlay
in three patients, AlloDerm sandwich (onlay and
underlay) in two patients, and prolene onlay in one
patient. Seventy-four percent (N = 14) of the patients
were operated on within the last three years of the
study (2004–2006), and 10 out of the 11 patients in
whom the component separation method was utilized
were included in this group.

The mean operative time was 260 min (range 90–
600 min). Concomitant bowel resection was necessary
in eight patients; four with colonic resection and four
with small bowel resection. Inadvertent enterotomies
occurred in two patients.

Table 1 Reasons for contamination and number of patients

Reason for contamination Number of patients

Prosthetic mesh infection 14
Concomitant bowel resection 8
Enterocutaneous Wstula 7
Chronic non-healing wound 2
Necrotizing fasciitis 1
1 3
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Twelve postoperative complications occurred in
nine (47%) patients. SuperWcial wound infection
occurred in six patients; wound infection was deWned
as any wound that required the prescription of antibi-
otics and/or skin opening and dressing application with
or without debridement. Three patients were treated
with local wound-care measures and application of vac-
uum-assisted closure, and three patients eventually
required operative debridement, but mesh removal or
fascial violation was not necessary in any of these
patients. None of the patients with wound infections
developed hernia recurrence. Prolonged ileus was
manifested in two patients. Postoperative hemorrhage
occurred in one patient after administration of thera-
peutic intravenous heparin for a remote history of a
deep venous thrombosis on the sixth postoperative
day. After cessation of the heparin the bleeding
resolved and the patient did not require operative
drainage. One patient developed transient renal fail-
ure, one patient had new onset atrial Wbrillation, and
one patient with transient respiratory failure required a
brief dependence on mechanical ventilation.

One patient (5%) died in this series. This patient
presented with necrotizing fasciitis, had a BMI of
65 kg/m2, and had severe preoperative cardiac and
respiratory comorbidities and expired four months
after her hernia repair. The mean length of stay was
16 days (average 2–105 days) for all patients, and
nine days (average 2–35 days) when adjusted for survi-
vors only.

Although several attempts were made to contact the
patients by phone, six patients were lost to follow-up.
Follow-up was done through a physical exam at
patients’ visits to our clinic or through a phone inter-
view. The average follow-up for the remaining 12 sur-
vivors was 14 months (range 2–68 months). Number of
patients, follow-up, and recurrence by repair technique
are summarized in Table 2. All three patients with pri-
mary fascial repair were lost to follow-up. Two out of
the Wve patients with bridged fascia were lost to follow-
up, and only one out of the eleven patients with com-
ponent separation method was lost to follow-up. There

were two hernia recurrences identiWed by physical
exam and computed tomography. These were in two
male patients who had their hernias repaired utilizing
AlloDerm to bridge their fascial defect. One recurred
within Wve months of his initial operation, the other
within seven months of the initial operation. Both of
these patients have been re-explored laparoscopically
and repaired deWnitively in a non-contaminated Weld.
Follow-up records were available for ten out of 11
patients repaired utilizing the component separation
method. There were no hernia recurrences in this
group of patients after an average follow-up of
16 months.

Discussion

The principles of ventral hernia repair in the setting of
surgical Weld contamination involve the removal of the
source of contamination, resection of infected pros-
thetic material or takedown of enterocutaneous Wstu-
las, and the reconstruction of the abdominal wall.
These operations are challenging and often result in
both surgeon and patient frustration. Literature
regarding various surgical approaches is sparse but can
be broadly categorized into single- or multi-staged
repairs. Multi-staged repair involves the placement of
mesh and skin grafting, followed by subsequent mesh
excision, leaving the abdominal wall with a massive
defect in need for additional deWnitive repair [4, 5].
Using this technique several authors have reported
recurrence rates of 5–10% and Wstula rates of up to
10%. Our study shows that various approaches using
single-stage treatment of ventral hernias in contami-
nated Welds can be accomplished with a low recurrence
rate and acceptable morbidity and mortality in these
extremely challenging patients.

In reviewing our institution's experience it is appar-
ent that surgeons approach the closure of complicated
abdominal wall defects in a multitude of ways. The ret-
rospective nature of this study limits the conclusions
that can be drawn regarding the rationale for which

Table 2 Recurrence by re-
pair technique

Technique Patients 
(N)

Follow-up 
(N)

Months 
(range)

Recurrence 
N (%)

Primary repair 3 0 N/A N/A
Fascia bridged 5 3 7 (5–8) 2 (66%)
AlloDerm 2 2 7 (5–8) 2 (100%)
Surgisis 1 0 N/A N/A
Prolene 2 1 7 0 (0%)

Component separation method 11 10 16 (2–68) 0 (0%)
Without mesh reinforcement 2 2 25 (20–28) 0 (0%)
With mesh reinforcement 9 8 14 (2–68) 0 (0%)N/A data not available
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procedure was applied to each individual patient.
Likely, the degree of contamination, patient factors,
surgical judgment, and personal experience play a
major role in each of the decisions for these very com-
plex patients. Although, this study does include several
diVerent surgeons, almost two thirds of the procedures
were performed by the senior authors (MJR, DM).

Three patients in our study underwent primary
repair of their defects without mesh reinforcement.
None of these patients were available for follow-up
and we cannot comment on their rate of hernia recur-
rence. However, the results of a randomized prospec-
tive multi-center trial show that the recurrence rate of
6 cm ventral hernias without the presence of contami-
nation, repaired primarily is rather high at 43% [2].
Interestingly, all three of these patients underwent
repair prior to the availability of biologic mesh pros-
thesis at our institution. With the introduction of bio-
logic mesh several years ago, must surgeons prefer
some additional support provided by these collagen
based mesh products. To date, little long-term follow-
up is available to guide the surgeon in their applicabil-
ity in the setting of contamination despite their wide-
spread use by many surgeons. These products are
extremely expensive and should be validated in care-
fully controlled studies.

When placing a biologic prosthetic several options
are available. The defect can be bridged with the mesh,
it can be used to reinforce a primary repair in conjunc-
tion with lateral releasing incisions, and it can be
placed above, below, or sandwiched on both sides of
the fascia. No consensus exists to the best approach as
evidenced by the varied techniques used in the present
series. However, both patients in whom AlloDerm
mesh was used to bridge a fascial defect recurred
within several months. On re-exploration of these
patients, the AlloDerm was found to be extremely lax
and had pulled away from the edges of the defect, lead-
ing to a recurrent hernia. Based on this experience, we
no longer bridge the fascial defect with biologic mesh.
In cases where the fascial edges cannot be reapproxi-
mated despite adequate component separation we plan
for a multi-staged procedure.

The majority of patients in our series were treated
using the component separation method (CSM) with
or without prosthetic reinforcement. In this group of
patients there were no hernia recurrences after an
average follow-up of 16 months. In order to perform
adequate separation of the anterior abdominal-wall
musculature, large subcutaneous Xaps are required. In
the setting of contamination one would expect a high
wound complication rate. In our series 32% of patients
developed a wound infection. However, with the use of

biologic mesh prosthesis, all of these wound infections
were treated with local measures without recurrence. It
is our contention that the high rate of wound infection
in these patients justiWes the use of a biologic prosthe-
sis to augment the closure provided by the component
separation. It is a well-accepted concept that prior
wound infection increases the likelihood of hernia
recurrence, and therefore we feel that any additional
measures to reduce this likelihood are justiWed. In a
recent series, van GeVen et al. reported an 8% recur-
rence rate in 26 patients treated primarily by CSM
without reinforcement in the setting of gross contami-
nation [6]. Similar to our series, wound complications
including infections and seromas occurred in 31% of
their patients. Despite these seemingly positive results,
this group did use non-absorbable mesh augmentation
in several patients after component separation. In
those patients treated with mesh augmentation, none
developed a recurrence during follow-up. Shestak et al.
recently, reported a series of 22 patients undergoing
component separation without mesh reinforcement, in
which nine patients had active infection [8]. They did
not sub-analyze the data based on those patients with
active infection, however, wound infections only
occurred in two patients in the study and only one
patient had a recurrent hernia. Dibello et al. per-
formed component separation for large ventral hernias
in 35 patients [9]. The majority of patients in their
series had active infection. Due to attenuated fascia
and tension on the closure after adequate component
separation, they reinforced their closure with either
non-absorbable mesh or vicryl mesh in almost half of
their patients. While the duration of follow-up was not
reported, these authors noted an 8.5% recurrence rate.
Another group of investigators recently reported 43
cases of component separation without reinforcement
for large ventral hernias in which almost half were in
the setting of contamination [10]. With a mean follow-
up of 16 months they noted a recurrence rate of 32%.
The majority of patients in our study had additional
collagen-based mesh to reinforce the fascial closure. In
our experience the majority of these patients often
have attenuated fascia and substantial defects after the
resection of infected mesh or takedown of enterocuta-
neous Wstulas, and despite bilateral component separa-
tions the midline fascial closure is often under some
tension. Additionally, the biologic mesh provides the
speciWc advantage of resistance to superWcial wound
infections as none of the cases in our series that devel-
oped wound infections had a recurrence. However,
these biologic mesh implants are fairly costly and their
eVectiveness should be studied carefully. To date no
prospective randomized trial has addressed this issue.
1 3
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Conclusions from our results regarding the use of mesh
reinforcement when utilizing the CSM technique are
diYcult to draw since we only had two patients without
mesh reinforcement. However, we can conclude that
the CSM, with or without mesh reinforcement, pro-
vided an excellent repair for these ventral hernias in
the setting of surgical Weld contamination.

If one acknowledges the potential advantages of
mesh reinforcement in the setting of component sepa-
ration the ideal mesh remains controversial. Despite a
somewhat universal fear of placing permanent mesh in
the setting of a contaminated Weld, Birolini et al.
recently, reported a series of 20 patients undergoing
simultaneous elective colon resections and closure of
abdominal wall defects using an onlay nonabsorbable
mesh to reinforce the primary fascial defect (repaired
with relaxing lateral incisions when necessary) [11].
Despite a 20% wound infection rate, no recurrences
were reported with a follow-up of between one and
seven years. While these are certainly impressive
results, it is important to consider that these were elec-
tive colon resections, in which a complete bowel prepa-
ration was likely performed and the contaminated area
could be isolated from the operative Weld. This is often
not the case during resection of infected mesh or take-
down of an enterocutaneous Wstula occurring through a
piece of mesh. Three patients in our series had nonab-
sorbable mesh placed at the time of hernia repair. One
patient had lightweight polypropylene mesh placed in
the retrorectus space, one had Marlex mesh bridging
the fascial defect, and the remaining patient had pro-
lene mesh placed in an onlay position after primary fas-
cial closure. Only one patient was available for follow-
up and no infection was present at seven months.
Despite these results, we do not advocate the place-
ment of permanent mesh except in highly selected
cases, in which the contamination is well controlled.

In summary, this study exempliWes the need for
future prospective comparative trials evaluating the
various methods of repairing these challenging hernias.
Likely, this will require a multi-institutional series in
order to obtain adequate power. Based on our current
experience, we approach these patients in the follow-
ing manner. The initial phase involves local control of
the contamination and correcting nutritional deWcits.

Once the patients are stabilized, they are explored and
all of the infected material is resected. The resultant
abdominal-wall defect is then reapproximated using
component separation and biologic mesh augmenta-
tion. Based on our experience using this technique, no
patients have recurred and the procedure can be per-
formed with acceptable morbidity.
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