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IMPORTANCE Biologic mesh is widely used for reinforcing contaminated ventral hernia
repairs; however, it is expensive and has been associated with high rates of long-term hernia
recurrence. Synthetic mesh is a lower-cost alternative but its efficacy has not been rigorously
studied in individuals with contaminated hernias.

OBJECTIVE To determine whether synthetic mesh results in superior reduction in risk of
hernia recurrence compared with biologic mesh during the single-stage repair of
clean-contaminated and contaminated ventral hernias.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, single-blinded randomized clinical trial
was conducted from December 2012 to April 2019 with a follow-up duration of 2 years. The
trial was completed at 5 academic medical centers in the US with specialized units for
abdominal wall reconstruction. A total of 253 adult patients with clean-contaminated or
contaminated ventral hernias were enrolled in this trial. Follow-up was completed in April
2021.

INTERVENTIONS Retromuscular synthetic or biologic mesh at the time of fascial closure.

MAIN OUTCOMES AND MEASURES The primary outcome was the superiority of synthetic mesh
vs biologic mesh at reducing risk of hernia recurrence at 2 years based on intent-to-treat
analysis. Secondary outcomes included mesh safety, defined as the rate of surgical site
occurrence requiring a procedural intervention, and 30-day hospital direct costs and
prosthetic costs.

RESULTS A total of 253 patients (median [IQR] age, 64 [55-70] years; 117 [46%] male) were
randomized (126 to synthetic mesh and 127 to biologic mesh) and the follow-up rate was 92%
at 2 years. Compared with biologic mesh, synthetic mesh significantly reduced the risk of
hernia recurrence (hazard ratio, 0.31; 95% CI, 0.23-0.42; P < .001). The overall intent-to-treat
hernia recurrence risk at 2 years was 13% (33 of 253 patients). Recurrence risk with biologic
mesh was 20.5% (26 of 127 patients) and with synthetic mesh was 5.6% (7 of 126 patients),
with an absolute risk reduction of 14.9% with the use of synthetic mesh (95% CI, −23.8% to
−6.1%; P = .001). There was no significant difference in overall 2-year risk of surgical site
occurrence requiring a procedural intervention between the groups (odds ratio, 1.22; 95% CI,
0.60-2.44; P = .58). Median (IQR) 30-day hospital direct costs were significantly greater in
the biologic group vs the synthetic group ($44 936 [$35 877-$52 656] vs $17 289
[$14 643-$22 901], respectively; P < .001). There was also a significant difference in the price
of the prosthetic device between the 2 groups (median [IQR] cost biologic, $21 539
[$20 285-$23 332] vs synthetic, $105 [$105-$118]; P < .001).

CONCLUSIONS AND RELEVANCE Synthetic mesh demonstrated superior 2-year hernia
recurrence risk compared with biologic mesh in patients undergoing single-stage repair of
contaminated ventral hernias, and both meshes demonstrated similar safety profiles. The
price of biologic mesh was over 200 times that of synthetic mesh for these outcomes.
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V entral hernia repair is one of the most commonly per-
formed general surgery operations, costing the US more
than $3.2 billion annually.1 Treatment of contami-

nated ventral hernia cases (US Centers for Disease Control and
Prevention [CDC] classes II and III), such as those with need
for concomitant gastrointestinal, gynecologic, or urologic pro-
cedures, is controversial. Biologic mesh materials were origi-
nally developed and marketed as a scaffolding structure, which
allows for cellular ingrowth, and are thought to thereby resist
infection. They have long been considered the mesh material
of choice for contaminated hernias over permanent synthetic
mesh, which is feared to lead to chronic infection and further
mesh-related complications and/or reoperation. Notably, ex-
isting literature on biologic mesh suggests high rates of wound
morbidity and 40% to 80% long-term hernia recurrence rates
in contaminated cases.2,3 Although the safety and efficacy of
biologic mesh (approximately $20 000 per 900 cm2) in con-
taminated fields has never, to our knowledge, been rigor-
ously studied,4 such devices add $500 million to hernia-
related health care expenditure annually.5

While many surgeons fear complications associated with
permanent synthetic mesh use in contaminated fields, mac-
roporous monofilament polypropylene mesh has demon-
strated favorable performance in contaminated animal mod-
els and small retrospective cohorts,6-10 suggesting that the
contemporary engineering specifications of these materials
may allow host immune cells to clear bacterial contamina-
tion. The possibility that a synthetic mesh could perform as
well or better than a device that costs 200 times more war-
rants rigorous investigation. The goal of our study was to com-
pare the risk of hernia recurrence with permanent synthetic
mesh vs biologic mesh in the single-stage repair of clean-
contaminated (CDC class II) or contaminated (CDC class III) ven-
tral hernia repairs. We hypothesized that synthetic mesh would
result in superior hernia recurrence risk with similar safety and
lower cost compared with biologic mesh.

Methods
Study Design and Oversight
This study was an investigator-initiated, single-blinded mul-
ticenter randomized controlled parallel-group trial compar-
ing the use of biologic mesh vs synthetic mesh in the single-
stage repair of clean-contaminated and contaminated ventral
hernias. The study was registered with the US Food and Drug
Administration (FDA) as an investigational device exemption
trial (G120130), ClinicalTrials.gov (02451176), and was con-
ducted and analyzed in accordance with the Consolidated Stan-
dards of Reporting Trials (CONSORT) guideline.11 Each
participating institution provided departmental funds of
research coordinators and necessary infrastructure to complete
the trial. To facilitate long-term follow-up, the protocol was
amended after trial initiation to include the post hoc application
of the validated hernia recurrence inventory to screen for long-
term hernia recurrence.12 Ethical approval for the study was
granted by the institutional review board at all 5 sites. All
participants provided written informed consent.

Patients and Study Setting
Patients with a contaminated wound (CDC class II or III) un-
dergoing elective single-stage ventral hernia repair were eli-
gible for inclusion. Complete inclusion or exclusion criteria can
be found in the eMethods in Supplement 3. Patient recruit-
ment and surgical procedures were performed at 1 of 5 aca-
demic medical centers with dedicated abdominal wall recon-
struction units. Patients were recruited directly from the
respective medical center’s surgery clinics.

Surgical Intervention
All procedures were performed by 1 of 8 qualified general sur-
geons (M.J.R., D.M.K., C.C.P., A.C., J.W., B.K.P., J.B., A.S.P.) with
fellowship training in advanced abdominal wall reconstruc-
tion. A retromuscular hernia repair was performed in all pa-
tients as previously described and complete details are avail-
able in the eMethods in Supplement 3.13

Study Outcomes
The primary outcome of this study was the efficacy of
biologic mesh compared with synthetic mesh during single-
stage repairs of ventral hernias in a contaminated field. The
efficacy of each mesh was assessed by the 2-year hernia re-
currence risk. Hernia recurrence was defined a priori (with the
exception of the hernia recurrence inventory being added post
hoc) as a composite measure based on clinical exam, blinded
review of radiographic imaging (abdominal CT or ultrasonog-
raphy), or patient-reported outcome of a bulge on the hernia
recurrence inventory12 (eMethods in Supplement 3). We also
sought to determine the safety of synthetic and biologic meshes
in a contaminated field as a secondary outcome to investi-
gate undue risk for the study devices. The safety of mesh was
assessed by comparing rates of surgical site occurrence requir-
ing procedural intervention between biologic and synthetic
mesh groups up to 24 months after hernia repair. Surgical site
occurrence requiring procedural intervention was defined as
any surgical site occurrence (including surgical site infection)
that required procedural intervention, defined as opening of
the wound, wound debridement, suture excision, percutane-
ous drainage, or partial or complete mesh removal.14 Defini-
tions of surgical site occurrence and surgical site infection can
be found in the eMethods in Supplement 3.

Key Points
Question Is synthetic mesh superior to biologic mesh in reducing
2-year risk of hernia recurrence during single-stage repair of
clean-contaminated and contaminated ventral hernias?

Findings In this multicenter randomized clinical trial, 253 patients
were randomized to synthetic mesh (n = 126) and biologic mesh
(n = 127) and the follow-up rate was 92% at 2 years. Compared
with biologic mesh, synthetic mesh significantly reduced the risk
of hernia recurrence (hazard ratio, 0.31; 95% CI, 0.23-0.42;
P < .001).

Meaning Synthetic mesh demonstrated significantly lower hernia
recurrence risk than biologic mesh in patients undergoing
single-stage repair of clean-contaminated and contaminated
ventral hernias.
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Other secondary outcomes included postoperative
adverse events, quality of life, and cost. Complete definitions
are available in the eMethods in Supplement 3. In brief,
postoperative adverse events were defined as any adverse
medical occurrence and were further categorized and scored
based on the comprehensive complication index to report the
severity and burden of complications incurred by each
patient.15 Quality of life (QOL) assessment included the
EuroQoL descriptive system and visual analogue scale
(EQ-5D)16 and the hernia-specific quality of life survey
(HerQLes).17 Cost data are presented as total 30-day direct
hospital costs (not charges), including all patient visits, admis-
sions, prosthetic mesh cost, and procedural costs from the
operation through the first 30 days postoperatively abstracted
directly from the hospital administration accounting system.
These costs include any readmission, reintervention, or man-
agement of other complications. Cost analysis did not in-
clude indirect institutional costs associated with overhead
or professional fees.

Data Collection
Clinical evaluation was documented by the treating physi-
cian at a mean (SD) 1 (15) days, 6 (2) months, 12 (2) months,
and 24 (4) months after surgery or additionally if complica-
tions or follow-up occurred. Consensus definitions and
treatment plans for common surgical site occurrences fol-

lowing open complex ventral hernia repair were developed
a priori for the purposes of this study protocol (eMethods in
Supplement 3). All coinvestigators agreed to follow these
consensus definitions and treatment plans for enrolled
study participants to maximize objectivity of this study
measure. Long-term follow-up was attempted with all
patients. Patients were deemed lost to follow-up after a
minimum of 6 attempted telephone contacts and an institu-
tional review board–approved, department-funded $10 sti-
pend sent via mail to encourage completion of quality-of-
life assessments and hernia recurrence inventory.

Power Calculation
Our study investigated the superiority of synthetic (experi-
mental) vs biologic (control) mesh measured as hernia
recurrence through 2 years. In a review of published data
and the authors’ experience in contaminated ventral hernia
repair, we noted a hernia recurrence risk of 29% for biologic
mesh vs 9% for permanent synthetic mesh cohorts.18-20

Based on these data, an estimated 253 patients were neces-
sary to adequately power the study to detect a difference
between groups. Assuming a maximum 20% loss to follow-
up, 201 patients were anticipated to remain in the study
sample for a 1:1 randomized allocation to each treatment
arm (100 subjects per cohort). At the 2-tailed overall type I
error rate of .05, the study would have 92% power to detect

Figure 1. CONSORT Diagram

126 Allocated to synthetic intervention
126 Received allocated intervention

127 Allocated to biologic intervention
127 Received allocated intervention

126 Completed follow-up at 30-d
1 Died

103 Completed follow-up at 6-mo
4 Cumulative recurrence
3 New recurrence

23 Did not complete follow-up
22 Lost to follow-up
1 Died

94 Completed follow-up at 12-mo
12 Cumulative recurrence
8 New recurrence

32 Did not complete follow-up
31 Lost to follow-up
1 Died

118 Completed follow-up at 24-mo
26 Cumulative recurrence
14 New recurrence

6 Did not complete follow-up
3 Lost to follow-up
3 Died

115 Completed follow-up at 24-mo
7 Cumulative recurrence
5 New recurrence

7 Did not complete follow-up
5 Lost to follow-up
2 Died

99 Completed follow-up at 12-mo
2 Cumulative recurrence
2 New recurrence

25 Did not complete follow-up
24 Lost to follow-up
1 Died

101 Completed follow-up at 6-mo
25 Did not complete follow-up

22 Lost to follow-up
3 Died

126 Completed follow-up at 30-d

253 Randomized
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a significant difference in the rates of hernia recurrence
(29% vs 9%).

Randomization and Blinding
Patients were enrolled by treating physicians or appropriate
research personnel. Randomization sequence was gener-
ated by a statistician and allocation was executed by local
research coordinators. Eligible patients were randomized 1:1
in the operating room to either biologic or synthetic mesh
immediately prior to mesh deployment. Randomization was
stratified by medical center and CDC wound class. A central
concealed randomization scheme was housed in Research
Electronic Data Capture (REDCap) and used a random num-
ber of blocks. Investigators were blinded until the point
of intraoperative device placement, whereas patients re-
mained blinded until the conclusion of the study period.
This study was analyzed on an intent-to-treat basis for our
primary outcome.

Statistical Analysis
Continuous data were described using median values with
IQRs and comparisons made using Wilcoxon rank sum test.

Categorical data were described using counts and propor-
tions with comparisons performed using Pearson χ2 or
Fisher exact test. Hernia recurrence was analyzed as a
binary outcome at 2 years (yes or no). Time-to-hernia recur-
rence was assessed with a log-rank test and the Cox propor-
tional hazard model with prespecified covariates described
by Kaplan-Meier curves, tested by proportional hazard
models, and reported as hazard ratios (HR). Prespecified
covariates included mesh type, study center, age, body mass
index (calculated as weight in kilograms divided by height in
meters squared), hernia width, and history of smoking. Clus-
ter effect of site and surgeon was adjusted in the regression
model. Given a baseline difference in available hernia mesh
sizes between the 2 groups, mesh width and mesh/defect area
ratios were added to the regression models based on prior
concerns of adequate mesh overlap association with hernia
recurrence.21,22

Surgical site occurence requiring procedural interven-
tion was determined with 4 repeated binary measures in a
generalized mixed-effect model analysis with repeated mea-
sures to test the difference between biologic mesh and syn-
thetic mesh cohorts over the study time points. For second-
ary outcomes of QOL, a mixed-effect model analysis with
repeated measures was performed to determine the differ-
ence in the mean change in score from the preoperative as-
sessment to the postoperative assessments for the EQ-5D and
HerQLes QOL instruments after adjusting for baseline differ-
ences. Costs were compared as continuous variables. All sta-
tistical tests were 2-sided and a P value of <.05 was consid-
ered statistically significant. No adjustments were made for
multiple comparisons. Data were analyzed using R version
4.0.0 (the R Foundation). An independent data and safety
monitoring board reviewed the efficacy and safety data at 50-
patient intervals with a predetermined stopping point of 3:1
deep surgical site infection rate in any group. No adjustment
for this stopping rule was made in the analysis.

Results
Baseline Characteristics of Patients
Between December 2012 and April 2019, 253 patients were en-
rolled and assigned to treatment groups as described in the
CONSORT flow diagram (Figure 1). Follow-up was completed
in April 2021. The median (IQR) age was 64 (55-70) years, and
117 participants (46%) were male. The 2 groups were similar
with respect to baseline medical comorbidities and hernia char-
acteristics (Table 1). There was a significant difference in mesh
dimensions between the 2 groups because the largest bio-
logic mesh available at the beginning of the trial was 20 cm × 30
cm. A complete list of mesh sizes used is provided in eTable 1
in Supplement 3. There were no other significant differences
in operative characteristics (Table 2).

Primary End Points
During long-term follow-up, 12 patients died of unrelated
causes (6 in the biologic arm; 6 in the synthetic arm) (Figure 1;
eResults in Supplement 3). Of the remaining 241 patients, 233

Table 1. Patient Demographics, Comorbid Conditions, Wound,
and Hernia Defect Characteristics by Randomizationa

Characteristic

No. (%)
Biologic mesh
(n = 127)

Synthetic mesh
(n = 126)

Male 56 (44) 61 (48)

Age, median (IQR), y 63.7 (55-70) 63.7 (55-69)

BMI,b median (IQR) 32.9 (29-35) 32.3 (28-37)

Obesity (BMIb >30) 81 (64) 73 (58)

Hypertension 80 (63) 73 (58)

History of ever smoking 81 (64) 71 (56)

Diabetes 36 (28) 29 (23)

COPD 21 (16) 12 (10)

Dyspnea 8 (6) 8 (6)

CHF 6 (5) 3 (2)

Prior DVT 18 (14) 14 (11)

Prior PE 8 (6) 15 (12)

Crohn disease 14 (11) 13 (10)

Ulcerative colitis 12 (9) 9 (7)

History of cancer 48 (38) 46 (37)

Previous radiotherapy 15 (12) 14 (11)

Serum HbA1C, median (IQR) 5.7 (5.4-6.1) 5.7 (5.5-6.3)

Recurrent incisional hernia 67 (53) 59 (47)

Stoma present 82 (65) 77 (61)

Recurrent parastomal hernia 29 (23) 30 (24)

Prior mesh infection 9 (7) 7 (6)

History of abdominal wall infection 24 (19) 25 (20)

Nonhealing abdominal wound 16 (13) 16 (13)

Prior MRSA infection 9 (7) 10 (8)

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary
disease; CHF, congestive heart failure; DVT, deep venous thrombosis;
HbA1C, hemoglobin A1C; MRSA, methicillin-resistant Staphylococcus aureus;
PE, pulmonary embolus.
a All P values >.05.
b Calculated as weight in kilograms divided by height in meters squared.
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(97%) were available for long-term follow-up, and 8 were lost
to follow-up (3 in the biologic arm; 5 in the synthetic arm). The
intent-to-treat hernia recurrence risk at 2 years was 13% (33 of
253 patients) overall, 20.5% (26 of 127 patients) in the bio-
logic arm, and 5.6% (7 of 126 patients) in the synthetic arm,
with an absolute risk reduction of 14.9% with the use of syn-
thetic mesh (95% CI, −23.8 to −6.1; P = .001). The hernia
recurrence risk Kaplan-Meier time-to-event log-rank test re-
vealed a significant difference in hernia recurrence risk favor-

ing synthetic mesh (Figure 2). On multivariate Cox regression
model with cluster effect adjusted by site and surgeon, syn-
thetic mesh significantly reduced the risk of hernia recur-
rence (site adjustment: HR 0.31; CI, 0.23-0.42, P ≤ .001) and
(surgeon adjustment: HR, 0.31; 95% CI, 0.13-0.75; P = .009).
Defect size, mesh size, and mesh to defect ratio were not sig-
nificantly associated with an increased risk of hernia recur-
rence (eTables 2 and 3 in Supplement 3). After adjustment for
lower-volume centers, there was an effect on hernia recur-

Table 2. Operative Details

Detail

No. (%)

P valueBiologic mesh Synthetic mesh
ASA classification

.34
2 13 (10) 14 (11)

3 108 (86) 111 (88)

4 4 (3) 1 (1)

OR time, median (IQR), min 265 (193-332) 260 (186-344) .71

Abdomen entered midline laparotomy 126 (99) 126 (100) >.99

Source of contamination

Bowel resection 38 (30) 31 (25) .42

GI fistula repair 4 (3) 2 (2) .41

Cholecystectomy 14 (11) 16 (13) .83

Appendectomy 4 (3) 3 (2) >.99

Ostomy reversal/takedown 28 (22) 27 (21) >.99

Gynecologic procedure 9 (7) 3 (2) .14

Urologic procedure 12 (9) 13 (10) .98

Creation of stoma 15 (12) 13 (10) .86

Enterotomy 2 (2) 4 (3) .45

EHS classification

M1 34 (27) 25 (20) .25

M2 102 (80) 101 (80) >.99

M3 115 (91) 113 (90) .98

M4 100 (79) 97 (77) .85

M5 28 (22) 30 (24) .85

L1 3 (2) 4 (3) .72

L2 20 (16) 19 (15) >.99

L3 34 (27) 29 (23) .59

L4 1 (1) 1 (1) >.99

CDC wound class

.762 52 (41) 54 (43)

3 75 (59) 72 (57)

Hernia, median (IQR), cm

Width 14.0 (12-16) 14.0 (11-15) .12

Length 22 (18-25) 23 (16-25) .69

Mesh, median (IQR), cm

Width 30 (20-30) 30 (30-30) .002

Length 30 (30-30) 30 (30-30) .05

Mesh/defect ratio, median (IQR) 2.5 (1.9-3.6) 3.0 (2.4-4.0) .001

Parastomal hernia component 73 (60) 69 (58) .81

Midline fascia closed 127 (100) 126 (100) >.99

Transversus abdominus release 115 (94) 111 (92) .78

External oblique release 1 (1) 0 (0) >.99

Estimated blood loss, median (IQR), mL3 150 (100-250) 100 (100-200) .18

Hospital length of stay, median (IQR), d 7 (6-11) 7 (5-9) .21

Abbreviations: ASA, American
Society of Anesthesiology;
CDC, Centers for Disease Control and
Prevention; EHS, European Hernia
Society; L, lateral; M, midline;
OR, operating room.
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rence (HR, 1.33; 95% CI, 1.18-1.39; P < .001), but when ana-
lyzed by surgeon, the effect did not persist (HR, 1.33; 95% CI,
0.24-7.37; P = .74).

Secondary End Points
Safety
The generalized mixed-effect model analysis with repeated
measures of surgical site occurrence requiring a procedural in-
tervention revealed no significant difference between the 2
groups over the 24-month study period (odds ratio, 1.22; 95%
CI, 0.60-2.44; P = .58). Comparable risks of surgical site oc-
currences requiring procedural intervention were found at each
time point through the 2-year study period (biologic vs syn-
thetic at 30 days, 27.6% vs 24.6%; P = .70; 6 months, 7.1% vs
4.8%; P = .61; 12 months, 1.6% vs 2.4%; P = .68; 24 months,
0.8% vs 1.6%; P = .62), and types of procedural interventions
were similar between the 2 groups (Table 3). Overall, there were
comparable rates of surgical site infection; however, the bio-
logic mesh group tended to have a higher risk of deep surgi-
cal site infection than the synthetic group (14 [11%] vs 5 [4%],
respectively; P = .06). There were no absolute risk reductions
with regards to surgical site infection or surgical site occur-
rence between treatment arms (Table 3).

Adverse Events
At 30 days follow-up, 149 patients (58.9%) had experienced at
least 1 postoperative adverse event (eTable 4 in Supple-
ment 3). There were significantly more adverse events in the
biologic vs the synthetic mesh group (84 [66.1%] vs 65 [51.6%],
respectively; P = .03). Patients receiving synthetic mesh had
a 14.5% (95% CI, 1.7-27.3) absolute risk reduction of having an
adverse event compared with the biologic mesh group. Most
adverse events were either wound morbidity or ileus, and no
specific type of adverse event was noted to be responsible for
this difference. According to the comprehensive complica-
tion index, the 30-day adverse events in the biologic group
tended to be more severe than the synthetic group (20.9 [95%
CI, 0.0-28.2] vs 8.7 [95% CI, 0.0-22.6], respectively; P = .05).
There was no difference in reoperation rates between the 2
groups at any time point. After 6 months, there were no mesh-

related reoperations in either group (eResults in Supple-
ment 3). The most common reason for reoperation after 6
months was hernia recurrence (eTable 5 in Supplement 3).

Quality of Life
Patients had similar baseline QOL measurements, with over-
all improvements in both groups. There were no significant
differences between the groups regarding QOL measured by
EQ-5D and HerQles scores at any time point (eFigure in
Supplement 3).

Cost Analysis
There was a significant difference in the total median (IQR) 30-
day hospital direct costs of the biologic group vs the syn-
thetic group ($44 936 [$35 877-$52 656] vs $17 289 [$14 643-
$22 901], respectively; P < .001). There was also a significant
difference in the price of the prosthetic device between the 2
groups (median [IQR] cost biologic $21 539 [$20 285-$23 332]
vs synthetic $105 [$105-$118]; P < .001).

Discussion
In this randomized clinical trial, synthetic mesh added a sub-
stantial benefit over biologic mesh during single-stage ven-
tral hernia repair in a clean-contaminated or contaminated sur-
gical field in terms of reducing hernia recurrence risk at 2-year
follow-up. Safety profiles were similar between the meshes at
up to 2 years; however, there was a significant difference in
the prespecified secondary end point of cost between the
groups, with biologic mesh costing roughly 200 times as much
as synthetic mesh and being the sole driver doubling the total
30-day median hospital costs. While there were significantly
more adverse events (also of greater severity) in the biologic
group, there was no difference in reoperation rates or health-
related and hernia-specific QOL measures between the groups
at any time point. Overall, patients undergoing hernia repair
with mesh in contaminated fields experienced improved QOL
outcomes regardless of the type of mesh device used.

In terms of efficacy, synthetic mesh was associated with a
significant absolute risk reduction of hernia recurrence at 2
years compared with biologic mesh. This is in keeping with
prior work,18,19 and further supports the notion that synthetic
mesh is a superior device for repair of contaminated ventral
hernias. Although medium- to long-term recurrence rates
after incisional hernia repair with mesh are considered some-
what common and range from 20% to 70% in surgical
literature,23,24 these recurrences are far from benign with
regard to their ultimate impact on patient well-being and
health care resource utilization. Incisional hernia recurrence
is well known to be associated not only with high cumulative
rates of reoperative repairs,25 but also with a progressive and
step-wise increase in the likelihood of a complication associ-
ated with each subsequent operation.26 While the exact
health care utilization and financial burden associated with
these outcomes is not well defined, some authors conserva-
tively estimate an annual savings of $32 million for every 1%
reduction in hernia recurrence rates,1 highlighting an urgent

Figure 2. Kaplan-Meier Plot of Time to Hernia Recurrence
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need to prioritize durability in the care of patients with inci-
sional hernias.

Long-term mesh-related complications such as chronic
mesh infection and the associated reoperations likely drive
much of the fear of using a permanent synthetic mesh in these
cases.27,28 As such, we defined the safety of mesh devices in a
contaminated field as surgical site occurrences requiring pro-
cedural intervention for the purposes of this study. We did not
find a difference in surgical site occurrences requiring proce-
dural intervention between the 2 groups over the 2-year study
period, nor did we find a difference in mesh explantation be-
tween groups. Notably, almost two-thirds of the patients in this
trial experienced an adverse event during the study period, sug-
gesting significant short-term morbidity for single-stage re-
pair of contaminated hernias regardless of mesh device used.
Most adverse events occurred in the biologic group and were
also of greater severity than those in the synthetic group, sug-
gesting that several additional factors may contribute to the
safety of mesh devices, including the complexity of the op-
eration itself, and that any adverse signals detected were as-
sociated more with biologic mesh than with synthetic mesh.
Still, the equivalent risks of mesh-related reoperations at ev-
ery time point and no mesh-related complications requiring
reoperation in any group after 6 months suggest that the noted
adverse events ultimately resolved without further long-
term implications, and at a minimum biologic and synthetic
meshes likely perform comparably regarding safety.

Although the true market penetration of biologic mesh
remains unknown, there is some evidence to suggest that

biologic mesh holds a substantial proportion of the ventral
hernia market share,29 with as much a $500 million annual
expenditure on biologic mesh alone.5 Despite this expense,
our findings align with those of prior systematic reviews,
which have failed to identify a clinical benefit to the use
of biologic mesh over synthetic mesh in contaminated
cases.3,4,29-31 Our findings of a nearly 200-fold increase in
price of biologic mesh have been previously described and
borne out in a burgeoning body of surgical literature.4,32-36

When viewed in the context of the value in health care equa-
tion, defined as health outcomes achieved per dollar
spent,37,38 our findings of comparable safety, significant
increase in efficacy (numerator), and vastly decreased cost
(denominator) associated with synthetic mesh are over-
whelmingly in favor of synthetic mesh. This is a particularly
salient finding given the likely overstated notion that syn-
thetic mesh is contraindicated in contaminated fields, and
the likely equally overstated notion that biologic mesh is the
preferred device in contaminated fields.

One of the strengths of our study is that all cases were
performed in a clean-contaminated or contaminated set-
ting. As such, it is difficult to compare our results to previ-
ously published series evaluating the outcomes of bio-
logic or synthetic mesh given the heterogeneity of wound
class in prior studies. Furthermore, most prior studies lack a
control arm, hernia-specific details, and granular mesh type
and location, and are biased by case selection including
clean or dirty cases,18,36,39-41 limiting comparison with our
study.

Table 3. Summary of Wound Complications Throughout the Study Period: Outcomes by Surgical Site
Occurrence (SSO) and/or Surgical Site Infection (SSI) Requiring a Procedural Intervention

Outcome

No. (%) Absolute
difference,
percentage points
(95% CI) P valueAll (N = 253)

Biologic
(n = 127)

Synthetic
(n = 126)

SSO requiring procedural
intervention rates

30 d 66 (26.1) 35 (27.6) 31 (24.6) 3 (−8 to 14) .70

6 mo 15 (5.9) 9 (7.1) 6 (4.8) NA .61

1 y 5 (2.0) 2 (1.6) 3 (2.4) NA .68

2 y 3 (1.2) 1 (0.8) 2 (1.6) NA .62

SSO requiring procedural
intervention rates details

Wound opening 32 (12.6) 17 (13.4) 15 (12) NA .87

Wound debridement 7 (2.8) 4 (3.2) 3 (2.4) NA >.99

Percutaneous drainage 17 (6.7) 11 (8.7) 6 (4.8) NA .32

Mesh removal 1 (0.4) 1 (0.8) 0 (0) NA >.99

SSI (30 d) 46 (18.2) 27 (21.3) 19 (15.1) 6 (−4 to 16) .27

Superficial 25 (9.9) 12 (9.5) 13 (10.3) NA .98

Deep 19 (7.5) 14 (11) 5 (4) NA .06

Organ space 2 (0.8) 1 (0.8) 1 (0.8) NA >.99

SSO (30 d) 23 (9.1) 9 (7.1) 14 (11.1) 4 (−11 to 3) .37

Wound cellulitis 12 (4.7) 4 (3.2) 8 (6.4) NA .37

Serous drainage 2 (0.8) 1 (0.8) 1 (0.8) NA >.99

Purulent drainage 1 (0.4) 1 (0.8) 0 (0) NA >.99

Seroma 6 (2.4) 3 (2.4) 3 (2.4) NA >.99

Hematoma 4 (1.6) 2 (1.6) 2 (1.6) NA >.99
Abbreviation: NA, not applicable.
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Limitations
There are several limitations to our trial. Despite the multi-
center nature of our trial, it is important for these findings to
be confirmed in larger trials at other centers. Additionally, our
study only investigated 2 types of materials, medium-weight
polypropylene and non–cross-linked porcine dermis, both
placed in the retromuscular position. Therefore, we cannot
necessarily extrapolate our findings to other materials32,42-44

placed in other positions.45 While there were no significant
differences in baseline characteristics in this study, we were
not powered to control for all these factors and despite ran-
domization, some subtle baseline differences might have con-
founded our results. In addition, as multiple testing methods
were not used, the secondary outcomes of this study should
be considered exploratory and hypothesis generating. Our
operations were performed by high-volume, fellowship-
trained surgeons with experience in abdominal wall recon-
struction, and while our outcomes therefore may not be gen-
erally reproducible, we believe our clinical outcomes and cost
data were thus maximized to best represent both meshes.46

Additionally, while the patients and radiographic assessors
were blinded to the treatment allocation, some patients were
evaluated clinically by physicians without blinding owing to
trial constraints. Although our 2-year follow-up rate was

excellent, at 6 months and 1 year follow-up rates were vari-
able, which could have affected some of our repeated mea-
sures analysis. Although the patient-reported outcomes in
this trial were similar up to the 2-year end point, there may be
other patient-reported mesh-related outcomes which are
herein unaccounted for and may require further dedicated
study. It is also that longer-term follow-up might reveal more
prosthetic-related complications that did not present by 2
years follow-up.47 However, we identified no mesh-related
complications or reoperations after 6 months other than her-
nia recurrence. Still, we acknowledge that a randomized clini-
cal trial is likely not powered to identify rare, catastrophic
mesh-related complications.

Conclusions
In conclusion, synthetic mesh demonstrated a significantly
superior hernia recurrence risk compared with biologic mesh
in the single-stage repair of contaminated ventral hernias with
similar safety outcomes. Additionally, the secondary end point
of cost was greatly reduced with the use of synthetic mesh, sug-
gesting that synthetic mesh should be the device of choice for
the repair of contaminated ventral hernias.
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