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Abstract
Background There is little consensus on the ideal anatomical placement of bio-absorbable mesh. We hypothesized that 
retro-rectus placement of bio-absorbable mesh would significantly reduce recurrence rates when compared to intraperitoneal 
mesh placement.
Methods A retrospective review was conducted of patients who underwent open complex ventral hernia repair using bio-
absorbable mesh (Bio-A, Gore, Flagstaff, AZ). Patient demographics and Centers for Disease Control wound type were 
collected.
Results A total of 81 patients were included. Seventy-four (91.4%) of these hernia repairs had mesh in the retro-rectus posi-
tion, while 7 (8.6%) had intraperitoneal mesh placement. Patient demographics, including preoperative comorbidities, did 
not differ between groups. The retro-rectus group trended to have larger hernia defects (156.2 cm2) compared to the intra-
peritoneal group (63.9 cm2) (p = 0.058). Overall complications (e.g., dehiscence, wound drainage, cellulitis, sepsis) were 
also similar in both groups of patients. Recurrence rates in the retro-rectus and intraperitoneal group were 8.1% and 42.9%, 
respectively (p = 0.005). When evaluating only patients with CDC class 1 wounds, the recurrence rate in the retro-rectus 
group was 8.2% and the intraperitoneal group was 50% (p = 0.02). Overall, the average patient follow-up was 22 months and 
did not differ between groups. Both the retro-rectus and intraperitoneal groups indicated a significant (p < 0.05) improve-
ment in quality of life from baseline. No long-term (> 7 days) antibiotics were used and no mesh implants were removed 
during the study.
Conclusion Patients who underwent open complex ventral hernia repairs with bio-absorbable mesh in the retro-rectus posi-
tion experienced lower overall complication rates than those with intraperitoneal mesh placement. Despite a larger hernia 
defect in the retro-rectus group, recurrence rates were significantly reduced with retro-rectus placement of mesh compared 
to intraperitoneal placement. In addition, recurrence rates using bio-absorbable mesh in clean wounds are comparable to 
previously published recurrence rates with permanent mesh.
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As the incidence of obesity and diabetes continues to 
reach epidemic proportions, hernia surgeons are increas-
ingly repairing abdominal walls with infected fields or with 
wounds that are considered high-risk for infection. With the 

increased risk of infection of permanent synthetic meshes 
in these high-risk wounds, the need for new reinforcement 
materials has driven this market [1]. For years, biologic 
implants were used to avoid the long-term problems of per-
manent mesh infections [2]. A recent prospective, multi-
center study reported low recurrence rates and low surgical 
site infections with the use of synthetic absorbable mesh 
in complex ventral hernia repair [3]. Such findings suggest 
absorbable synthetic mesh as a safe alternative to biologic 
or permanent synthetic mesh for contaminated and high-risk 
wounds in open complex ventral hernia repairs.
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Complex abdominal wall reconstruction is typically per-
formed through an open midline incision. However, multi-
ple anatomical positions exist for placement of reinforcing 
materials for successful abdominal wall reconstruction [4]. 
The most common options available to surgeons for plac-
ing the mesh are the onlay, intraperitoneal, preperitoneal, 
or retro-rectus positions. However, there are limited data 
regarding outcomes in the various mesh positions in com-
plex hernia repairs. The primary objective of our study was 
to determine the long-term surgical outcomes of various 
positions of mesh placement. We hypothesized that retro-
rectus placement of bio-absorbable mesh would significantly 
reduce complications and recurrence rates when compared 
to repairs with intraperitoneal mesh placement.

Methods

After Institutional Review Board (Medical College of Wis-
consin; Milwaukee, WI) approval, a retrospective review of 
prospectively maintained data was undertaken of patients 
who underwent open complex ventral hernia repair with 
bio-absorbable mesh at the Medical College of Wisconsin 
between September 2011 and January 2015. All but one pro-
cedure was performed by a single surgeon (MG).

Surgical technique—retro‑rectus

Through a midline incision, a laparotomy was performed and 
the hernia sac was dissected from the surrounding tissues. 
After adhesiolysis and removal of previous mesh (if present), 
the posterior rectus sheath was incised just lateral to the 
linea alba and the retro-rectus space was created. This space 
was opened to just medial to the neuro-vascular bundles at 
the semi-lunar line and was taken at least 5 cm beyond the 
hernia defect in both a cranial and caudal direction. At the 
discretion of the surgeon, in some patients when tension on 
the abdominal wall was judged to be too great to allow a pri-
mary closure of the fascia, a transversus abdominis release 
component separation was performed to allow closure of the 
posterior sheath.

Once the posterior sheath was closed with a running 0 
PDS (Ethicon; Cincinnati, OH), the retro-rectus space was 
measured and the absorbable synthetic implant (Bio-A, WL 
Gore; Flagstaff, AZ) was trimmed to fit. The implant was 
secured to the anterior rectus sheath with interrupted #1 
PDS. Typically, one suture each was placed in the cranial 
and caudal position, and 2–3 sutures were placed on each 
lateral side. The lateral sutures were positioned to draw the 
linea alba back to the midline and, therefore, place the ten-
sion on the implant. For some hernias, the tension on the 
implant was significant and so a small 1 × 2 cm piece of 
leftover implant was used to reinforce the suture under the 

implant to avoid pulling through. The anterior sheath was 
closed with a running #1 PDS. Drains were placed in both 
the retro-rectus space and subcutaneous space and were kept 
in until output was less than 20 ml per day for two consecu-
tive days.

Intraperitoneal

After midline laparotomy, hernia sac resection and adhesi-
olysis, the hernia defect was measured and a bio-absorbable 
implant was chosen that was at least 5 cm larger than the 
hernia defect in all directions. Intraperitoneal placement of 
the implant was typically performed due to a lack of poste-
rior rectus sheath often damaged from previous intraperito-
neal mesh repairs. The mesh was then sewn to the anterior 
abdominal wall using interrupted 0 PDS suture. The sutures 
were placed 1 cm from the edge of the mesh every cm to 
avoid bowel eventration. Placement of the sutures was per-
formed to take tension off the midline and transfer it to the 
implant. Midline closure was achieved with a running #1 
PDS. Drains were placed between implant and fascia, as well 
as in the subcutaneous space.

Perioperative details and postoperative complications 
were collected for up to 49 months. Furthermore, the Center 
for Disease Control surgical wound classifications and Ven-
tral Hernia Working Group grading were determined for all 
patients [3]. Hernia-related quality-of-life (HerQLes) sur-
veys were also used to assess quality of life from baseline to 
48 months after surgery [5]. The HerQLes six-point scale 
was used to compare pre-and post-operative scores. Follow-
up was obtained either in person or by a validated phone 
questionnaire [6].

Statistical analysis

Statistical analysis was conducted using SPSS, version 21 
(IBM Corp). Chi square and Fisher’s exact tests were used 
for categorical variables. Results of categorical data were 
expressed as n (%). Continuous variables were analyzed 
using Mann–Whitney U and independent samples t-tests. 
Results of continuous data were expressed as mean ± stand-
ard deviation. All analyses were two-sided. A p-value < 0.05 
was considered statistically significant.

Results

A total of 81 patients met inclusion criteria. Seventy-four 
(91.4%) of these hernia repairs had mesh in the retro-rectus 
position, while 7 (8.6%) had intraperitoneal mesh placement. 
Patient demographics, preoperative body mass index (BMI), 
and comorbidities did not differ between groups, except 
there were more women in the retro-rectus group (Table 1). 
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The CDC and Ventral Hernia Working Group wound clas-
sifications are depicted in Table 2 (Figs. 1, 2). There were 
no significant differences in wound types between the intra-
peritoneal hernias compared to the retro-rectus mesh place-
ment hernias. There was also no significant difference in 
the size of the mesh used in the repairs. The procedures that 
utilized retro-rectus placement of mesh had a larger defect 
size compared to those that had intraperitoneal placement 
(156.2 ± 125 vs. 63.9 ± 59.3; p = 0.058) (Table 3). Further-
more, there was no statistically significant difference in the 
length of stay between the two groups (Table 4).

Patients with retro-rectus mesh placement were analyzed 
for recurrence based on the fact that if their repair was 

recurrent or primary. Through 5 months post-op, none of 
the 42 patients who had with retro-rectus mesh placement 
for a primary hernia repair experienced a recurrence. The 
two recurrences took place at 6 and 9 months post-op. In 
contrast, in the 32 patients with a recurrent hernia repair that 
had retro-rectus mesh placement, recurrences took place at 
1 month (in two patients), 16 months, and 24 months post-
op (p = 0.23).

Surgical outcomes are depicted in Table 4. The over-
all incidence of 30-day perioperative complications were 
similar in both patient populations. These complications 
included four patients with prolonged ileus, one patient 
requiring re-intubation, one patient with hepatic artery 

Table 1  Patient demographics

*ASA classification was missing in three patients

Variable IP RR Cumulative p value

Subjects N (%) 7 (8.6%) 74 (91.4%) 81 –
Female 3 (42.9%) 51 (68.9%) 54 (66.7%) 0.16
Age (years) 60.1 ± 6.1 56.2 ± 12.0 56.5 ± 11.7 0.17
Pre-op body mass index (kg/m2) 36.1 ± 8.7 34.7 ± 8.4 34.9 ± 8.4 0.69
Race
 African American 2 (28.6%) 4 (5.4%) 6 (7.4%) 0.03*
 Caucasian 4 (57.1%) 68 (91.9%) 72 (88.9%) 0.005*
 Hispanic 1 (14.3%) 1 (1.4%) 2 (2.5%) 0.04*
 Other 0 (0%) 1 (1.4%) 1 (1.2%) 0.76

Former smoker 2 (28.6%) 23 (31.1%) 25 (30.9%) 0.89
Current/recent smoker 0 (0%) 9 (12.2%) 9 (11.1%) 0.33
Diabetes mellitus 3 (42.9%) 20 (27.0%) 23 (28.4%) 0.38
American Society of Anesthesiologists (ASA) classification*
 Class 1 0 (0%) 0 (0%) 0 (0%) –
 Class 2 0 (0%) 18 (25.0%) 18 (23.1%) 0.16
 Class 3 6 (100%) 53 (73.6%) 59 (75.6%) 0.15
 Class 4 0 (0%) 1 (1.4%) 1 (1.3%) 0.77

Table 2  Hernia and wound characteristics

Variable IP RR Cumulative p value

Recurrent hernia 5 (71.4%) 32 (43.2%) 37 (45.7%) 0.15
Number of previous 

repairs
1.1 ± 1.1 0.74 ± 1.6 0.78 ± 1.6 0.52

CDC wound class
 Class 1 6 (85.7%) 49 (66.2%) 55 (67.9%) 0.42
 Class 2 1 (14.3%) 13 (17.6%) 14 (17.3%) 1.00
 Class 3 0 (0%) 1 (1.4%) 1 (1.2%) 1.00
 Class 4 0 (0%) 11 (14.9%) 11 (13.6%) 1.00

Ventral Hernia Working Group grade
 Grade 1 0 (0%) 3 (4.1%) 3 (3.7%) 0.59
 Grade 2 5 (71.4%) 50 (67.6%) 55 (67.9%) 0.83
 Grade 3 2 (28.6%) 10 (13.5%) 12 (14.8%) 0.28
 Grade 4 0 (0%) 11 (14.9%) 11 (13.6%) 0.27 Fig. 1  Retro-rectus mesh placement—Ventral Hernia Working Group 

(VHWG) classification
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thrombosis, and one patient with a partial wound dehiscence 
managed with a wound VAC which ultimately became one 
of the recurrences. In addition, five patients required a short 
course of post-operative antibiotics (≤ 7 days) for wound 
cellulitis. None of the patients required re-operation due to 
their complication and no mesh explants were necessary 
throughout the study. Recurrence rates were significantly 
lower in the retro-rectus group compared to the intraperito-
neal group (8.1% vs. 42.9%; p = 0.005) with a mean follow-
up of 22 months. All recurrences were evaluated clinically 
and confirmed with a CT-scan if applicable. Post-operative 
quality of life assessed with the HerQLes survey improved 
after surgery in both the retro-rectus and intraperitoneal 
groups compared to baseline (Table 5).

Sub-group analysis of patients with clean wounds (CDC 
class 1) were evaluated (Table 6). There were 55 patients 
in this sub-group with six patients in the intraperitoneal 
cohort and 49 who had a retro-rectus repair. The IP patients 

were older by about 6 years. The RR group had larger hernia 
defects than the IP group. Recurrence rates were 50% for the 
IP placement and 8.2% for the RR group.

Discussion

This retrospective study evaluated the use of a bio-absorb-
able mesh in 81 open complex ventral hernia repairs with 
an average of 22 months follow up. Seven patients had their 
mesh placed in the intraperitoneal position, resulting in a 
42.9% recurrence rate. Seventy-four patients had their mesh 
placed in the retro-rectus position with an 8.1% rate of her-
nia recurrence. This study suggests that placing the mesh 
in the retrorectus space has better long-term outcomes than 

Fig. 2  Retro-rectus mesh placement—CDC wound classification

Table 3  Operative data Variable IP RR Cumulative p value

Size of defect  (cm2) 63.9 ± 59.3 156.2 ± 125.0 148.2 ± 123.3 0.058
Size of mesh  (cm2) 346.1 ± 265.9 420.4 ± 196.2 414.0 ± 202.2 0.50
Operative time (min) 304.7 ± 131.1 293.4 ± 94.2 294.2 ± 96.5 0.79

Table 4  Surgical outcomes Variable IP RR Cumulative p value

Length of stay 7.9 ± 5.8 6.3 ± 2.6 6.4 ± 3.0 0.50
Perioperative complications 0 (0%) 1 (1.3%) 1 (1.2%) 1.0
DC to 30-days complications 1(14.3%) 9 (12.2%) 10 (12.3%) 0.87
31-days to 12 months complications 0 (0%) 3 (4.1%) 3 (3.7%) 0.59
12–24 months complications 0 (0%) 0 (0%) 0 (0%) –
Overall complications 1 (14.3%) 12 (16.2%) 13 (16.0%) 0.89
Recurrent midline hernia 3 (42.9%) 6 (8.1%) 9 (11.1%) 0.005

Table 5  Symptomatic outcomes

HerQLes (6 pt 
scale)

Time frame Mean (n) p value

IP Baseline 43.5 (n = 2) –
2-week n/a (n = 0) –
6-week n/a (n = 0) –
3-month 37.5 (n = 2) 0.87
6-month 41.5 (n = 2) < 0.0001
12-month n/a (n = 0) –
24-month 12 (n = 1) –

RR Baseline 47.3 (n = 23) –
2-week 47.3 (n = 10) 0.08
6-week 45.8 (n = 10) 0.15
3-month 33.5 (n = 14) 0.01
6-month 34.6 (n = 21) 0.09
12-month 33.9 (n = 15) 0.16
24-month 30.8 (n = 6) –
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intraperitoneal mesh. This is not the first study to suggest 
that the retro-rectus space is an advantageous place to put 
mesh. The earliest study to investigate the impact of mesh 
positioning used Chinchilla rabbit models and found favora-
ble results in the retro-rectus placement of synthetic mesh 
compared to an onlay technique [7]. Furthermore, subse-
quent studies observed a clear trend that suggested the ben-
efits of retro-rectus placement of biologic or biosynthetic 
mesh compared to an intraperitoneal position [2, 8].

Fifty-five (67.9%) of the patients had a clean wound per 
the CDC wound classification (Fig. 1) and were considered 
high-risk for wound complications (Ventral Hernia Work-
ing Group Grade II) (Fig. 2). Many surgeons would use 
permanent synthetic mesh in these patients. The use of a 
bio-absorbable mesh in clean wounds was mostly driven by 
patient preference and concern for a permanent product in 
their body. The risk of wound complications and possibly 
mesh complications are not avoided in clean wounds. The 
greatest risk of wound complications is likely due to the 
surgical technique. Anterior component separation (external 
oblique) with its large skin flaps is highly associated with 
wound complications. In the randomized controlled trial 
conducted by de Vries Reilingh et al. 53% of patients with a 
CDC class I or II ventral hernia repair had a wound compli-
cation or recurrence at 36-months [9]. The retro-rectus group 
in our study with a CDC Class I wound, had a 10.9% com-
plication rate through 30-days post-op which subsequently 
decreased to 1.8% through 12-months post-op. CDC Class 
II wounds had a decreased rate of wound complications 
through 30-days post-op (7.1%), but revealed no compli-
cations after 30-days. When analyzed with Ventral Hernia 
Working Group grades, patients classified as VHWG Grade 
I experienced no complications through 12-months post-op. 
Patients classified as VHWG Grade II had a 12% complica-
tion rate through 30-days post-op and 16% complication at 
12-months post-op.

The prospective Complex Open Bioabsorbable Recon-
struction of the Abdominal Wall (COBRA) study reported 
similar findings and demonstrated the influence of mesh 
placement on post-operative outcomes [8]. In the COBRA 

study, the primary endpoint was ventral hernia recurrence 
and 90% of patients underwent repair with retro-rectus mesh 
placement, while the remaining 10% received intraperitoneal 
mesh placement. The overall recurrence rate using the bio-
absorbable mesh was 17%. In fact, a significantly higher 
rate of recurrence was seen when the mesh was placed 
intraperitoneally as compared to the retro-rectus position 
(p = 0.04) [8, 10]. This current study confirms the findings of 
the COBRA study in that the retro-rectus position is the best 
position to place a prosthetic material, or that the intraperi-
toneal mesh patients represented the most complex hernias. 
Neither this study nor the COBRA study was designed to 
determine the reason for the higher recurrence rate in the 
intraperitoneal patients. The intraperitoneal mesh patients 
in our study had smaller hernia defects which leads one to 
conclude that the success of retro-rectus repairs may indeed 
be related to the retro-rectus position of the mesh.

Alternatives to bio-absorbable mesh that have been used 
in similar procedures include permanent or biologic mesh. 
In the Repair of Infected and Contaminated Hernias (RICH) 
trial, a prospective, multicenter study was undertaken to 
evaluate the clinical outcomes of contaminated open ven-
tral hernia repairs using a biologic porcine dermal matrix 
[2]. The placement of mesh was left to the discretion of 
the surgeon. Reported hernia recurrence rate was 28% at 24 
months, while the complication rate from infection-related 
events was 30% [2]. The RICH trial also demonstrated that 
the position of the reinforcing material is an important factor 
for recurrence, with retro-rectus placement of the reinforc-
ing material leading to lower recurrence rates compared to 
intraperitoneal placement.

Carbonell, et al. investigated the effects of synthetic, poly-
propylene mesh on surgical outcomes of contaminated ven-
tral hernia repairs [11]. In this retrospective study, 94% of 
the procedures had retro-rectus placement of mesh, while the 
remaining 1% and 5% of mesh were placed in the onlay and 
preperitoneal positions, respectively. With a mean follow-
up of 63 months, there was a 7% overall recurrence rate, 
suggesting that even with a permanent implant, recurrence 
rates range from 5 to 10%. That study did not differentiate 
the mesh location in their recurrences.

In a more recent study, recurrence and complication 
rates were evaluated using multiple types of mesh. The 
overall complication rate was reported as 37.7%. Further-
more, recurrence rates using synthetic, bio-absorbable, and 
biologic mesh were 16.2%, 17.1%, and 25%, respectively. 
In fact, the recurrence rate after retro-rectus polypropyl-
ene mesh repairs was significantly higher with lightweight 
(22.9%) compared to midweight mesh (10.6%). With respect 
to mesh placement, the recurrence rate was lower in patients 
whose graft was placed in the retro-rectus position (10%) 
rather than the intraperitoneal position (30%). In comparison 
to these findings, our study demonstrated a similar overall 

Table 6  Patient demographics for CDC class 1 wounds

Variable IP RR p value

Subjects N (%) 6 (10.9%) 49 (89.1%) –
Age (years) 62 ± 3.9 56.1 ± 12.3 0.02
Pre-op BMI (kg/m2) 34.9 ± 8.9 34.4 ± 8.3 0.89
Size of mesh  (cm2) 303.8 ± 264.2 404.5 ± 206.6 0.28
Size of defect  (cm2) 50.0 ± 51.0 163.1 ± 133.7 0.047
Operative time (min) 268.8 ± 89.9 275.1 ± 87.1 0.87
Length of stay (days) 6.0 ± 3.3 6.0 ± 2.6 0.97
Recurrent midline hernia 3 (50%) 4 (8.2%) 0.003
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recurrence rate using bio-absorbable mesh (11.1%) and a 
lower recurrence rate in the retro-rectus position (8.1%). 
These results suggest that perhaps the benefits of utilizing 
bio-absorbable mesh in open complex ventral hernia repairs 
is more related to the technique of the repair rather than 
the longevity of the material [12]. Although not the scope 
of this study, the recurrences that occurred in this patient 
cohort were typically smaller than the original hernia and 
were repaired by either laparoscopic approach or redo retro-
rectus repair with a bio-absorbable mesh. Also, regardless 
of whether or not the patient experienced a recurrence, the 
patients were satisfied with their outcome as evidenced by 
the HerQLes results. This is similar to other studies [5, 8].

A limitation of this study, as with many hernia studies, 
is the long-term follow up. With continued contact both in 
person and by telephone survey, we were able to achieve an 
average of 22 months follow up. The potential for missed 
recurrences exists because patients may elect to have their 
hernia repaired elsewhere, or they are not aware of a recur-
rence due to lack of pain or a bulge. In other studies assess-
ing hernia recurrence, many of the recurrences do not mani-
fest clinically until 2 years [13]. Thus, this current study has 
a similar follow-up length compared to other studies, and 
further follow-up would likely reveal additional recurrences.

A potential limitation to this retrospective cohort study 
is that there may have been a potential bias in the perito-
neal placement of the bio-absorbable mesh. Although the 
placement of mesh was at the discretion of the attending 
surgeon, retro-rectus placement was the preferred position, 
and thus more complex cases with greater posterior sheath 
destruction likely necessitated the intraperitoneal placement 
of mesh. It is difficult to determine if the higher recurrence 
rate of intraperitoneal mesh is merely due to either the more 
complex hernia or anatomical position of the mesh. In addi-
tion, since there were only seven patients in the intraperito-
neal group, versus 74 in the retro-rectus group, there is the 
possibility of a type 1 error.

As the populations of most Western societies continue to 
have increasing rates of obesity, type 2 diabetes, and other 
co-morbidities, the risk for significant wound complications 
in open hernia repair remains high. Wound-related compli-
cations are associated with worse hernia outcomes, includ-
ing mesh infection and recurrence. At the same time, cur-
rent teaching suggests that long-term durable hernia repair 
requires permanent prosthetic reinforcement. However, this 
study adds to the growing body of literature suggesting that 
absorbable synthetic mesh, when placed in the retro-rectus 
position, has similar long-term recurrence rates as perma-
nent synthetic mesh. Therefore, in patients with a high risk 
for wound or mesh related complications, absorbable syn-
thetic mesh placed in the retro-rectus space provides a safe 
and durable hernia repair.
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