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Abstract

Background The purpose of this study was to characterize
the adhesion characteristics of absorbable- and nonabsorb-
able-barrier-coated meshes and to report adhesiolysis-rela-
ted complications during laparoscopic re-exploration after
prior ventral hernia repair.

Methods Under an IRB-approved protocol, patients
undergoing laparoscopic re-exploration after prior intra-
peritoneal mesh placement were prospectively graded
intraoperatively for adhesion tenacity (0-4), adhesion sur-
face area (0 = 0%, 10 = 100%), and ratio of adhesiolysis
time to mesh surface area (min/cm?). Adhesiolysis-related
complications were also recorded. Data are given as
mean + SD. Statistical significance (P < 0.05) was deter-
mined using the ¢ test and Fisher’s exact test.

Results From March 2006 to March 2009, 69 patients
underwent laparoscopic surgery after prior intraperitoneal
mesh placement for ventral hernia repair. Previous meshes
were absorbable-barrier-coated mesh (n = 18), permanent-
barrier composite mesh [Composix® (n = 17)], perma-
nent-barrier noncomposite mesh [DualMesh® (n = 14)],
uncoated polypropylene mesh (n = 12), and biologic mesh
(n = 8). Indications for laparoscopic re-exploration were
recurrent ventral hernia (n = 58), chronic pain (n = 3),
cholecystectomy (n = 3), parastomal hernia (n = 2), small
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bowel obstruction (n = 1), nephrectomy (n = 1), and
Nissen fundoplication (rn = 1). Adhesions to DualMesh
were less tenacious (P < 0.05) compared to all other
meshes. Surface area of adhesions to DualMesh were less
(P < 0.05) than to Composix and to uncoated polypropyl-
ene mesh, but not to absorbable-barrier-coated and biologic
meshes. Adhesiolysis time:mesh surface area was less
(P < 0.05) for DualMesh compared to Composix, uncoated
polypropylene, and biologic mesh, but not to absorbable-
barrier-coated mesh. Adhesiolysis-related complications
occurred in two (16.7%) (P = ns) patients with uncoated
polypropylene mesh, one cystotomy and one enterotomy;
both were repaired laparoscopically. There were two
(16.7%) (P = ns) conversions to an open procedure: one
converted patient had Composix (6.7%) and one had
absorbable-barrier-coated mesh (5.9%). There were no
adhesiolysis-related complications with these meshes.
There were no adhesiolysis-related complications or con-
versions to open in the DualMesh or biologic mesh groups.
Conclusions Adhesion characteristics of mesh placed
intraperitoneally and adhesiolysis-related complications
during laparoscopic re-exploration after ventral hernia
repair are associated with unique properties of the mesh
and/or barrier.

Keywords Ventral hernia repair - Adhesions -
Mesh - Laparoscopy

The placement of a prosthetic biomaterial in the retrorec-
tus, preperitoneal space, as popularized by Rives et al. [1]
and Stoppa [2], has reduced the recurrence rates for ventral
incisional hernia repair. A prospective randomized trial
comparing retrofascial, preperitoneal polypropylene mesh
repair to primary repair for ventral incisional hernias
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reported a 10-year cumulative recurrence rate of 63% for
primary suture repair and 32% for a mesh-based repair [3].
In addition, Burger et al. [3] reported that in patients with
ventral incisional hernias 10 ¢m? or smaller, the recurrence
rates were considerably more disparate, with a 67%
recurrence rate for primary suture repair compared to 17%
after a mesh-based repair. This study established the basis
for routine use of mesh for open ventral incisional hernia
repair.

The retrorectus, preperitoneal technique described by
Rives et al. [1] and Stoppa [2] was the foundation for
laparoscopic ventral hernia repair as first reported by
Leblanc in 1993 [4]. Laparoscopic ventral hernia repair is
an intraperitoneal technique in which a prosthetic bioma-
terial is placed intra-abdominally against an intact perito-
neum and anchored to the anterior abdominal wall with a
combination of mechanical fixation devices and transab-
dominal sutures. The repair avoids wide fascial dissection
and flap creation, minimizing postoperative wound and
mesh complications [5]. Initial reports of laparoscopic
ventral incisional hernia repair demonstrated its durability.
Heniford et al. [6] reported a recurrence rate of 4.7%
during a mean follow-up of 20 months in 744 patients
available for postoperative evaluation. Despite excellent
short-term results and low recurrence rates reported for
laparoscopic ventral hernia repair, the placement of poly-
propylene and polyester mesh into the peritoneal cavity as
utilized for open ventral hernia repair in the preperitoneal
or retrorectus space has not been standard surgical practice
since the widespread use of these macroporous meshes
began several decades ago. In fact, Halm et al. [7]
described a significant risk associated with subsequent
abdominal surgery after intraperitoneal placement of
polypropylene mesh. In comparing patients requiring
abdominal surgery after intraperitoneal versus preperito-
neal placement of polypropylene mesh, the small-bowel
resection rate (21% vs. 0%) and surgical site infection rate
(26% vs. 4%) was greater in the intraperitoneal mesh
group, respectively. The overall perioperative complication
rate was nearly three times greater in the intraperitoneal
mesh group. Novel, adhesion-resistant composite or non-
composite biomaterials with an absorbable barrier coating
or nonabsorbable barrier have been developed for laparo-
scopic and open ventral hernia repair to minimize or avoid
the inherent problems of placing macroporous polypro-
pylene and polyester mesh intraperitoneally.

The purpose of this study was to characterize the
adhesion characteristics of intraperitoneal absorbable- and
nonabsorbable-barrier-coated meshes in patients requiring
subsequent laparoscopic abdominal surgery after a prior
mesh-based ventral hernia repair and to report adhesioly-
sis-related complications that occurred during laparoscopic
re-exploration.

Methods

Under an IRB-approved protocol, consecutive patients
undergoing laparoscopic re-exploration after prior intra-
peritoneal mesh placement were identified and prospec-
tively enrolled into a clinical trial (#05-0703). Patient
demographics, type of intraperitoneal mesh implanted,
time interval (months) between intraperitoneal mesh
implantation and laparoscopic re-intervention, and the
indication for laparoscopic re-intervention were recorded.
Abdominal access was obtained in an abdominal quadrant
not previously operated on, utilizing an open technique to
insert a 10-mm balloon tip trocar. Meshes were categorized
by the material and barrier type: permanent-barrier non-
composite mesh (DualMesh®, W. L. Gore, Inc., Flagstaff,
AZ), permanent-barrier composite mesh (Bard® Compo-
six®, Davol, Inc., Cranston, RI), absorbable-barrier-coated
mesh (PROCEED™, Ethicon, Inc., Somerville, NI;
Sepramesh, Davol, Inc., Warwick, RI; C-QurTM, Atrium
Medical Corp., Hudson, NH; Parietex '™ Composite,
Covidien, Mansfield, MA), uncoated polypropylene mesh,
and biologic mesh (Alloderm®, Lifecell, Inc., Branchburg,
NIJ; Surgisis®, Cook Biotech, West Lafayette, IN; FlexHD™,
Musculoskeletal Transplantation Foundation, Edison, NJ;
Bard® Collamend and Allomax, Warwick, RI; Perma-
colTM, Covidien, Mansfield, MA). Omentum or visceral
(small intestine/colon) adhesions to the mesh were recor-
ded. Adhesion tenacity was graded (0-4) intraoperatively
based on a modified version of the Garrard adhesion scale
[8] (Table 1). The scale was modified to better describe
patients with intraperitoneal mesh, wherein a grade “4”
necessitated cutting mesh off of the abdominal wall to
release adhesions. The surface area (sz) of the mesh was
calculated by measuring the cranial-caudal and transverse
dimensions (cm) of the intraperitoneal mesh. The surface
area of adhesions covering the mesh was estimated in 10th
percentiles (0 = 0%, 10 = 100%) (Table 2). Laparoscopic
adhesiolysis was performed mostly using a sharp technique
with scissors. No bipolar or ultrasonic shears were used for

Table 1 Adhesion tenacity

Adhesion characteristics Score
No adhesion 0
Filmy adhesion: viscera/omentum not attached to mesh, 1

disrupted manually
Dense adhesion: viscera/omentum attached to mesh requiring 2
blunt dissection to separate viscera/omentum from mesh
Dense adhesion: viscera/omentum attached to mesh requiring 3
sharp dissection to separate viscera/omentum from mesh
Dense adhesion: viscera/omentum entwined in the mesh 4
requiring sharp dissection to separate mesh from abdominal
wall, leaving mesh attached to viscera/omentum
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Table 2 Adhesion surface area

Adhesion percentage Score
No adhesion 0
0-10% 1
11-20% 2
21-30% 3
31-40% 4
41-50% 5
51-60% 6
61-70% 7
71-80% 8
81-90% 9
91-100% 10

adhesiolysis. The total time (minutes) required to perform
laparoscopic adhesiolysis within the borders of the mesh
was recorded and a ratio of adhesiolysis time to mesh
surface area (min/cmz) was calculated. Adhesiolysis-rela-
ted complications and open conversions were also recor-
ded. Data are given as mean & SD. Statistical significance
(P < 0.05) was determined using the ¢ test and Fisher’s
exact test.

Results

From May 2006 to March 2009, 69 consecutive patients
(M:F = 21:48) with a mean age of 52.8 years
(range = 26-78) underwent a laparoscopic re-intervention
after prior intraperitoneal mesh placement for ventral her-
nia repair (VHR). Previously placed intraperitoneal meshes
were absorbable-barrier-coated mesh (n = 18), permanent-
barrier composite mesh [Composix® (n = 17)], perma-
nent-barrier noncomposite mesh [DualMesh® (n = 14)],
uncoated polypropylene mesh (n = 12), and biologic mesh
(n = 8). Biologic mesh had been placed for the following
reasons: four excisions of infected mesh, ventral hernia
repair (VHR), one component separation, VHR, noncon-
taminated case, two parastomal hernia repairs (recurrent),
and one explant of mesh on postoperative day 8 at
re-exploration for small bowel obstruction (SBO), VHR
with biologic.

Indications for laparoscopic re-exploration were a
recurrent ventral hernia (n = 58), chronic pain (n = 3),
cholecystectomy (n = 3), parastomal hernia (n = 2),
small-bowel obstruction (n = 1), nephrectomy (n = 1),
and Nissen fundoplication (n = 1). Findings at reoperation
for chronic pain revealed recurrent hernia with incarcerated
omentum (pain resolved after a redo laparoscopic ventral
hernia repair [LVHR]), adhesions to flipped portion of
mesh with exposed polypropylene (pain resolved after
piece of mesh excised), and no cause of pain (pain unre-
solved). Both parastomal hernias had been repaired previ-
ously with primary closure and biologic mesh
reinforcement. The patient with small-bowel obstruction
had pelvic adhesions away from the mesh; obstruction
resolved after laparoscopic adhesiolysis. Table 3 summa-
rizes the distribution (%) of recurrent hernias and mean
time interval between intraperitoneal mesh implantation
and laparoscopic re-intervention for each mesh group. The
percentage of recurrent hernias was equal for all mesh
groups. However, there was a significantly (P < 0.05)
shorter time interval between mesh implantation and lap-
aroscopic re-intervention for absorbable-barrier-coated
mesh. Mesh size was significantly larger (P < 0.05) for
absorbable-barrier-coated mesh and uncoated polypropyl-
ene mesh compared to all other mesh types (Table 4). The
majority of patients in each group had small intestine or
colon adherent to the mesh (P = ns).

The mean adhesion tenacity, surface area (sz) of mesh
covered with adhesions, and the ratio of adhesiolysis time
to mesh surface area is summarized in Table 5. Adhesions
to the permanent-barrier noncomposite mesh (DualMesh)
were less tenacious (P < 0.05) compared to all other mesh
groups. Surface area of adhesions to DualMesh were less
(P < 0.05) than that to the permanent-barrier composite
mesh (Composix) and uncoated polypropylene mesh, but
not (P = ns) to absorbable-barrier-coated and biologic
meshes. The ratio of adhesiolysis time to mesh surface area
was less (P < 0.05) for DualMesh compared to Composix,
uncoated polypropylene, and biologic meshes, but not
(P = ns) to absorbable-barrier-coated mesh.

Adhesiolysis-related complications occurred in two
(18%) (P = ns) patients with uncoated polypropylene
mesh: a cystotomy and a small-bowel enterotomy. Both

Table 3 Percentage of
recurrent hernias and mean time
(months) interval between

Intraperitoneal mesh

Time from
implantation (months)

Recurrent hernia

intraperitoneal mesh placement

L ) DualMesh (n = 14)
and laparoscopic reintervention

Composix (n = 17)

Absorbable-barrier-coated mesh (n = 18)

Uncoated macroporous mesh (n = 12)

Biologic mesh (n = 8)

10/14 (71.4%) 36.8 + 26.5
16/17 (94.1%) 27.6 £21.5
13/18 (72.2%) 16.1 £ 10.0
11/12 (91.7%) 80.1 £ 45.3

8/8 (100%) 29.1 £ 183

@ Springer



Surg Endosc (2010) 24:3002-3007

3005

Table 4 Percentage of

. X . Intraperitoneal mesh
intestinal adhesion to the mesh P

Small intestine/colon adherent to mesh Mesh size (sz)

and mean mesh surface area

DualMesh (n = 14
(em?) ualMesh (n )

Composix (n = 17)

Absorbable-barrier-coated mesh (n = 18)

Uncoated macroporous mesh (n = 12)

Biologic mesh (n = 8)

9/14 (64.3%) 267.2 £ 186.7
13/17 (76.5%) 284.9 £ 185.0
12/18 (66.7%) 428.6 + 167.6
12/12 (100%) 455.3 4+ 284.6

7/8 (87.5%) 170.5 £+ 128.7

Table 5 Adhesion
characteristics defined by
tenacity, surface area, and ratio

of adhesiolysis time to mesh
surface area

Intraperitoneal mesh Adhesion Adhesion surface Adhesiolysis time/mesh
tenacity area (0-10) surface area (min/cmz)

DualMesh (n = 14) 24 +£0.6 59+ 18 0.14 £ 0.1

Composix (n = 17) 3.5+ 0.6 8.6 £ 1.1 0.36 £ 0.1

Absorbable-barrier-coated mesh (n = 18) 32+ 0.5 6.9 + 2.0 0.21 £ 0.1

Uncoated macroporous mesh (n = 12) 3.54+09 84 £ 1.1 038 £ 04

Biologic mesh (n = 8) 29+ 04 6.6 + 1.8 0.33 £ 0.1

hollow viscus injuries were repaired laparoscopically. The
patient with the cystotomy had an uneventful perioperative
recovery after laparoscopic ventral hernia repair. The
patient with the small-bowel enterotomy underwent an
interval laparoscopic ventral hernia repair 4 months after
the index operation. There were two (18%) (P = ns) con-
versions to an open procedure in the uncoated polypro-
pylene mesh group: one patient with Composix (6.7%)
and one with absorbable-barrier-coated mesh (6.7%). The
reason for conversion was a failure to progress with the
adhesiolysis; however, there were no adhesiolysis-related
complications. Adhesiolysis-related complications or con-
versions to open did not occur in the DualMesh or biologic
mesh groups.

Discussion

The challenges associated with adhesiolysis and the risks
such as bowel, bladder, or solid organ injury and surgical
site infection after intraperitoneal mesh placement have
been described and should be considered in the clinical
decision-making of reoperative surgery [7, 9]. Although
adhesions are a natural consequence of abdominal surgery
and occur in more than 90% of patients after a laparotomy,
an increased foreign body reaction to prosthetic mesh with
ensuing tenacious adhesion formation is most likely
responsible for the difficulties experienced in repeat sur-
gical interventions after intraperitoneal mesh placement
[10]. A recent Veterans Affairs Medical Center review
utilizing the National Surgical Quality Improvement Pro-
gram (NSQIP) database revealed that the incidence of

enterotomy or unplanned bowel resection increased
approximately fourfold for recurrent incisional hernias
during elective incisional hernia repair after prior mesh
repair compared to a recurrent hernia previously repaired
primarily [11]. Unfortunately, the mesh type was not
specified or classified in that study. The occurrence of an
enterotomy or unplanned bowel resection was associated
with an increased rate of postoperative complications,
reoperation within 30 days, and development of enterocu-
taneous fistula. Innovative, adhesion-resistant biomaterials
should minimize the risks associated with subsequent
abdominal surgery, but there is an insignificant amount
of clinical data to characterize the effectiveness of the
absorbable-barrier- or nonabsorbable barrier-coated meshes.

The efficacy of FDA-approved absorbable-barrier-
coated meshes and nonabsorbable-barrier composite and
noncomposite meshes to minimize adhesion formation has
been evaluated in multiple animal models [12—14]. Despite
some of the disparities between the results from these
animal studies evaluating adhesions to absorbable- and
nonabsorbable-barrier meshes placed intraperitoneally, the
studies are consistent in demonstrating that barrier meshes
are superior to nonbarrier macroporous mesh in reducing
adhesion tenacity and amount (surface area). The clinical
translation has not been validated in a human trial. Koehler
et al. [15] reported minimal adhesions to expanded poly-
tetrafluoroethylene (PTFE) mesh (DualMesh) after lapa-
roscopic ventral hernia repair in 65 reoperative cases, with
a mean mesh implantation time of 420 days (range =
2-1739). Utilizing abdominal ultrasound to evaluate adhe-
sion formation to Parietex'™ Composite and macroporous
polyester meshes placed intraperitoneally, Arnaud et al.
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Table 6 Adhesion
characteristics of absorbable-
barrier-coated mesh defined by

tenacity, surface area, and ratio
of adhesiolysis time to mesh
surface area

Intraperitoneal mesh Adhesion Adhesion surface Adhesiolysis time/mesh
tenacity area (0-10) surface area (min/cm?)

PROCEED™ (1 = 8) 34405 81+ 15 0.28 +£ 0.1

C-Qur (n = 95) 28 £04 48+ 1.8 0.14 £ 0.1

Sepramesh (n = 4) 33+05 75+ 13 0.16 £ 0.1

Parietex™ Composite (n = 1) 3.0 6.0 0.25

[16] demonstrated a reduction in adhesions from 77% in
the uncoated polyester mesh group to 18% in the Parietex
Composite group. In 4 years follow-up after intraperitoneal
placement of Parietex Composite mesh, Balique et al. [17]
reported that only one of seven patients had adhesions to
the mesh at a repeat surgical intervention.

The metrics developed for this study attempt to char-
acterize the effectiveness of absorbable-barrier-coated
meshes and permanent-barrier meshes at reducing adhesion
tenacity and improving surgeon efficiency during a lapa-
roscopic reintervention. The ultimate goal of these barriers
is patient safety through a reduction in mesh-related com-
plications and long-term stability of the ventral hernia
repair. Adhesion surface area scores do not provide a
measure of the barrier’s effectiveness. However, the
tenacity score, adhesiolysis time, and ratio of adhesiolysis
time to mesh surface area are surrogates of operative
complexity in laparoscopic re-exploration after intraperi-
toneal mesh placement. The tenacity score is dependent on
the action of the surgeon to perform the adhesiolysis. There
is some subjectivity based on the judgment of the surgeon
to manage the adhesions between the mesh and viscera. As
this was a single-surgeon study, individual surgeon vari-
ability was not a confounding factor in the outcomes. The
overriding intent in this cohort of patients and in all
reoperative situations is the completion of a safe procedure.
In the situation of an adhesion tenacity score of “4,” it is
up to the operating surgeon to determine the safety of
continuing with sharp dissection in a plane between the
mesh and viscera or to actually remove a section of the
mesh from the abdominal wall, leaving a medallion of the
mesh attached to the intestine. The ratio of adhesiolysis
time to mesh surface area defines the overall difficulty in
performing an adhesiolysis. It characterizes the technical
challenges with increasing adhesion tenacity and a larger
surface area of the mesh covered with adhesions. Although
the majority of patients had a recurrent hernia, the opera-
tive indication for laparoscopic re-exploration could
potentially alter the adhesion characterization scores.

An unplanned enterotomy did not occur in any of the
patients with an absorbable-barrier-coated or nonabsorbable-
barrier mesh. Nevertheless, there appears to be some
differentiation in the adhesion characteristics of the absorbable-
barrier-coated meshes (PROCEEDTM, Sepramesh, C—QurTM,

@ Springer

Parietex ™ Composite) after intraperitoneal placement in a
human trial (Table 6). Whether this is due to the proprie-
tary, absorbable barrier coating or the polymer of the mesh
or a combination is not known. We noticed a similar
increase in the adhesion tenacity score of PROCEED in a
preclinical study of intraperitoneal placement of absorb-
able-barrier-coated meshes in a rabbit model [12]. Unfor-
tunately, in the current study the numbers of patients in each
absorbable-barrier-coated mesh subgroup were too small to
make definitive conclusions. Continuing this study as a
multicenter trial will facilitate a more critical evaluation of
these novel materials. In contrast, there was a clear differ-
ence between DualMesh and Composix favoring the per-
manent-barrier noncomposite material (Table 5). In most
instances, the complexity of adhesiolysis with Composix
was related to mesh eversion at the periphery of the bio-
material, exposing the bare polypropylene of this com-
posite mesh. Appropriate fixation techniques may have
minimized this problem.

Conclusions

Adhesion characteristics of absorbable-barrier-coated
meshes and nonabsorbable composite and noncomposite
meshes and adhesiolysis-related complications during lap-
aroscopic re-exploration after ventral hernia repair are
associated with the unique properties of the barrier and/or
mesh. The potential morbidity of a laparoscopic re-explo-
ration after intraperitoneal mesh placement should be
considered in operative planning. A multicenter patient
safety trial in evaluating these unique biomaterials is nee-
ded to define their effectiveness.
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