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Abstract

Background Surgisis® and AlloDerm®, two biosynthetic
materials, have been previously used with success in
abdominal wall repairs in the setting of contaminated
fields. Historically, Vicryl Woven Mesh®, a synthetic
material, has also been used in such settings as a temporary
bridge for abdominal wall reconstruction. This study
compares Surgisis and AlloDerm with Vicryl Woven Mesh
with respect to tensile strength, collagen remodeling, and
neovascularization using a rat hernia model.

Methods A prospective randomized trial of 54 Sprague-
Dawley rats were assigned to the Surgisis, AlloDerm, or
Vicryl Woven Mesh group with baseline, 30-day, and 60-
day end points. A 1.5-cm x 5.0-cm defect was created in
the right abdominis rectus muscle and repaired with an
underlay bridge graft using the different treatment mate-
rials. Tensile strength was measured using an Instron ten-
siometer. Histologic specimens were evaluated for
neovascularization, collagen deposition, and collagen
organization at the 30- and 60-day time points.

Results  Surgisis had significantly greater tensile strength
compared to Vicryl Woven Mesh at the baseline time point
(0.142 vs. 0.091 MPa, p < 0.05). There were no differ-
ences between groups tensile strength at 30 or 60 days
postoperatively. The Vicryl Woven Mesh and AlloDerm
groups showed increases in tensile strength at 30 days
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postoperatively versus baseline (p < 0.05). Vicryl Woven
Mesh, Surgisis, and AlloDerm all showed increases in
tensile strength at 60 days postoperatively compared to
30 days postoperatively and at baseline (p < 0.05). Surgi-
sis and AlloDerm had significantly greater (p < 0.05)
amounts of collagen deposition and organization at 30 and
60 days compared to Vicryl Woven Mesh. There was no
significant difference between AlloDerm and Surgisis with
respect to collagen deposition and organization. Surgisis
and AlloDerm showed a significantly greater amount
(p < 0.05) of neovascularization than Vicryl Woven Mesh
at both time points. In addition, Surgisis had a significantly
greater amount (p < 0.05) of neovascularization than Al-
loDerm at both 30 and 60 days.

Conclusion Surgisis has increased baseline tensile
strength compared to Vicryl Woven Mesh. Tensile strength
in Vicryl Woven Mesh is equal to biosynthetic grafts after
tissue incorporation. Biosynthetic grafts showed superior
collagen deposition and organization. Surgisis mesh
showed increased neovascularization over both AlloDerm
and Vicryl Woven Mesh.

Keywords Hernia - Abdominal wall - Surgisis® -
Vicry1® - AlloDerm®

Abdominal wall reconstruction is a challenging and com-
plex problem for surgeons, especially in contaminated
fields. Newer biosynthetic grafts have been developed to be
used in repair of abdominal wall defects in the face of
contamination. Currently, available biosynthetic grafts
include human cadaveric dermis (AlloDerm®), porcine
dermal (Permacol® and Strattice®), and submucosal (Sur-
gisis®) sources. All these grafts are composed of an acel-
lular collagen scaffold to provide a bridge for tissue
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incorporation and neovascularization. The host cellular
ingrowth and neovascularization are thought to provide the
biosynthetic class of meshes with an inherent resistance to
infection [1]. Multiple case series document excellent
outcomes with and support the use of biosynthetic grafts in
contaminated wounds [1-7]. The use of prosthetic meshes
has had unfavorable outcomes in contaminated wounds
secondary to ongoing infections that can require mesh
explantation and further reparative surgery [8—10]. How-
ever, a few small retrospective studies have shown support
for the use of a prosthetic mesh in the setting of an infected
wound [11, 12].

Vicryl Woven Mesh is an absorbable synthetic, polyg-
alactin-910, which is nonantigenic. Vicryl mesh has been
utilized in the contaminated setting, with the presence of
associated intra-abdominal sepsis and immunosuppression,
for the repair of incisional hernias in kidney transplant
recipients with respectable outcomes [13—15]. In addition,
this mesh has been used to aid in closing complex con-
taminated abdominal wall defects [14]. However, the
clinical role of this mesh remains unclear in the setting of
infectious complications [8].

AlloDerm is an acellular human tissue skin product that
is created by a patented procedure that eliminates immu-
nogenic cellular materials from cadaver skin. This process
retains intact basement membrane complex and collagen
fibers for supported tissue growth [1]. AlloDerm has been
shown to be a safe and durable graft in complex abdominal
wall reconstruction and can be used in contaminated
wounds [6]. Animal studies have shown neovascularization
and collagen ingrowth for AlloDerm grafts [1].

Surgisis (SIS) is a porcine-derived graft obtained from
the small intestine submucosa. The graft is acellular and
composed of noncrosslinked collagen (types I, III, and V),
glycosaminoglycans, proteoglycans, glycoproteins, and
multiple growth factors [16]. Studies have demonstrated
tissue incorporation and neovascularization of Surgisis in
both animal hernia and subcutaneous models [16, 17].

The purpose of this study was to compare two biological
meshes, from human (AlloDerm) and porcine (Surgisis)
sources, with a purely synthetic mesh (Vicryl Woven
Mesh) on the end points of tissue strength, neovasculari-
zation, and collagen ingrowth and organization in an
established rat hernia model.

Materials and Methods

All procedures were reviewed and approved by this insti-
tution’s Animal Care and Use Committee and were per-
formed in a facility accredited by the Association for the
Assessment and Accreditation of Laboratory Animal Care
International. Research was conducted in compliance with

the Animal Welfare Act and other federal statutes and
regulations pertaining to animals and experiments that
involve animals.

Fifty-four adult male Sprague-Dawley rats, between 14
and 16 weeks old and with a mean weight of 360 g
(£14 g), were used in this study. The rats were randomly
divided into three groups of 18 rats. Six rats from each
group were sacrificed and examined at baseline and 30 and
60 days.

Surgical Procedure

The rats were anesthetized with intraperitoneally admin-
istered ketamine (65 mg/kg). All surgical procedures were
performed under sterile conditions. Under anesthesia each
animal’s abdomen was shaved and prepped. The right
rectus abdominis muscle was exposed through a 5-cm
midline skin incision. Adequate skin flaps were raised to
expose the underlying abdominal wall fascia. A full-
thickness defect of the right rectus abdominis muscle and
fascia was created to a standard size of 1.5 cm x 5 cm
(Fig. 1a). The fascial defect was then repaired with Allo-
Derm (Lifecell, Branchburg, NJ), Surgisis Gold (8-ply)
(Cook Surgical, Bloomington, IN), or Vicryl Woven Mesh
(Johnson & Johnson Gateway, New Brunswick, NJ). The
animals were randomly divided into three groups of 18. All
groups had a graft sutured in a bridged underlay fashion to
the fascial defect with interrupted 4-0 silk sutures (Fig. 1b).
Experimental group I underwent repair of the defect with
an AlloDerm graft. Experimental group II was repaired in
an identical fashion with Surgisis Gold. Experimental
Group III was repaired with Vicryl Woven Mesh. The skin
incisions were then closed with 3-0 Vicryl sutures in a
subcuticular fashion.

The animals were allowed to recover from the surgical
procedure. Necropsy and specimen examination of 6 rats
from all experimental groups were conducted at 0, 30, and
60 days. The full-thickness abdominal wall specimen,
including the graft and surrounding abdominal wall, were
excised and evaluated for tensile strength, histological
evaluation, and adhesion formation.

Tensile Strength Measurement

The breaking strength was tested with an Instron 4502
Tensiometer (Instron Corp., Norwood, MA). After pro-
curement, the specimens were divided into five equal strips,
1 cm wide by 1 cm long, containing both the abdominal
wall and graft material. The middle two strips of the
abdominal wall were each placed vertically 1 cm apart
between two pneumatic clamps of the tensiometer. The
force was then applied across the suture line with a 1-1b load
cell at a constant speed of 10 mm/s until rupture. The
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Fig. 1 a Removal of right
rectus abdominis muscle to
create a 1.5-cm x 5-cm defect.
b Graft sutured into place with
an underlay technique

maximal force required for disruption was recorded for each
sample, and an average was taken between the two samples
for each specimen.

Histological Analysis

Histological samples were taken from the experimental
groups from the remaining sectioned grafts at 30 and
60 days. The samples were fixed in 10% formalin after
which the specimens were sectioned, mounted, and stained
with either trichrome blue or hematoxylin and eosin
(H&E). A blinded observer determined the collagen orga-
nization and amount on the H&E stains at 10 x magnifi-
cation under light microscopy. The scale used in our study
is a semiquantitative histological analysis, which is anal-
ogous to that described by Konstantinovic et al. [18]
(Table 1). Four random sites at the graft-abdominal wall

Table 1 Histological scoring system for microscopic evaluation

Collagen Score
0 1 2 3
Organization Disorganized Mildly Moderately ~ Well
organized  organized organized
Amount None Mild Moderate Abundant

@ Springer

interface were examined at 40x magnification on the tri-
chrome blue stains. The number of blood vessels per
40x high-power field (hpf) of each randomly selected site
was recorded and an average was recorded in a blinded
fashion. These results were then analyzed at the 30- and
60-day time points.

Statistical Analysis

Two-way ANOVA with an all pairwise multiple-compar-
ison procedure (Holm-Sidak method) was used to compare
the tensile strength (in MPa) of the repaired abdominal wall
and calculated as the maximal breaking strength (in N) per
cross-sectional area (in mm?) between the two meshes at
different time points. A similar statistical evaluation was
used to analyze the histological examination for neovas-
cularization, collagen organization, and amount of depo-
sition. Statistical significance was accepted at p < 0.05.

Results

All the study animals survived until necropsy at their
respective experimental time point. At necropsy there was
no gross evidence of recurrent hernias in any of the
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experimental groups. In addition no evidence of wound
infection was encountered throughout the course of the
experiment.

Strength of Incorporation (SOI)

The tensile strength of the graft-to-abdominal wall inter-
face was calculated as the maximal breaking strength in per
cross-sectional area (Table 2). The data were analyzed by
two-way ANOVA with p < 0.05 considered to be signifi-
cant (Fig. 2). All grafts were tested at baseline to determine
baseline strength of the suture material with no incorpo-
ration. All measured grafts were disrupted under tension at
the graft-abdominal wall interface. At both the 30-day and
60-day time points there was no statistically significant
difference in the SOI during tensiometry analysis between
any of the experimental groups. Each group showed a
significant increase (p < 0.05) in SOI over the course of
the study at each time point. However, Vicryl had trended
to be stronger than the other two groups but did not reach a
level of statistical significance (Fig. 3).

Table 2 Tensile strength

Mesh 0 Days 30 Days 60 Days N per end
point
MPa SEM MPa SEM MPa SEM
Vicryl 0.091 0.008 0.163 0.008 0.265 0.008 6
Surgisis  0.142 0.008 0.173 0.008 0.226 0.008 6

AlloDerm 0.125 0.008 0.182 0.008 0.23 0.008 6

Strength of incorporation for each graft material at each time point (0,
30, and 60 days) evaluated

MPa megapascals, SEM standard error of the mean

Tensile Strength
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Fig. 2 Strength of incorporation at 0, 30, and 60 days. Significant
(p < 0.05) increase in graft strength at each time point compared to
the previous time point. There is no significant difference in tensile
strength between grafts at any single time point. MPa megapascals,
SEM standard error of the mean

Histological Analysis

A semiquantitative analysis of the results of collagen
deposition, collagen organization, and neovascularization is
given in Table 3. These three variables were analyzed in
independent two-way ANOVA analyses to determine any
significant p value of less than 0.05 between each of the
study groups. The amount of collagen deposition at 30 and
60 days was significantly higher (p < 0.05) in both Surgisis
(2.65 £ 0.087 and 2.81 £ 0.087) and AlloDerm (2.75 £+
0.087 and 2.95 + 0.087) compared to Vicryl (1.75 £ 0.087
and 1.62 + 0.087) (Fig. 2a). There was no significant
difference in the amount of collagen deposition between
Surgisis and AlloDerm at either time point. In addition,
there was no significant difference in the amount of collagen
within any group when 30 days was compared to 60 days.

Both Surgisis (2.50 & 0.098 and 2.46 + 0.098) and
AlloDerm (2.58 £ 0.098 and 2.70 % 0.098) had signifi-
cantly more collagen organization than did Vicryl Woven
Mesh (1.71 £ 0.098 and 1.79 4 0.098) at 30 and 60 days
(Fig. 2b). However, Surgisis was not significantly different
from AlloDerm at any time point with respect to collagen
organization. In addition, there was no significant differ-
ence observed in evaluating the collagen organization
within each group at 30 days compared to 60 days. Both
Surgisis and AlloDerm grafts were indistinguishable with
respect to newly deposited collagen at 60 days, whereas
Vicryl remained histologically distinguishable (Fig. 4).

Neovascularization was seen with all grafts, with a
significantly greater mean number of vessels per high-
power field in both Surgisis (21.53 + 0.401 and 24.56 £+
0.401) and AlloDerm (18.13 + 0.401 and 20.67 + 0.401)
compared to Vicryl Woven Mesh (10.45 4+ 0.401 and
9.45 + 0.401) at both time points (Fig. 2c). Furthermore,
Surgisis had a significantly greater number of vessels
(p < 0.05) per high-power field when compared to Allo-
Derm at both 30 and 60 days. Both Surgisis (24.56 £
0.401 vs. 21.53 £ 0.401) and AlloDerm (20.67 £ 0.401
vs. 18.13 £ 0.401) showed a significant increase in the
mean number of vessels at 60 days vs. 30 days. Vicryl
Woven Mesh did not show any increase (9.45 &+ 0.401 vs.
10.45 4+ 0.401) in the mean number of vessels seen per
high-power field at 60 days vs. 30-days.

Discussion

The small-animal model for evaluation of hernia mesh repair
has been established and validated in multiple studies [2, 16,
17, 19]. This study aimed to compare two commercially
available biosynthetic meshes with synthetic Vicryl mesh.
Previous literature has supported the use of both AlloDerm
and Surgisis in the repair of hernias complicated with gross
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contamination [4, 5]. The use of Vicryl mesh has also been
supported as a repair option for contaminated hernias when a
damage-control approach is required or as a buttress adjunct
in a component separation procedure [5, 14].

@ Springer

<« Fig. 3 a Comparison of the amount of collagen deposition upon

histological analysis, with significantly more collagen (p < 0.05) in
both Surgisis and AlloDerm groups compared to Vicryl. b Compar-
ison of the organization of collagen between study groups, with
significantly better (p < 0.05) organization seen in both AlloDerm
and Surgisis compared to Vicryl. ¢ Significant neovascularization
(p < 0.05) of Surgisis and AlloDerm compared to Vicryl Woven
Mesh, and significant neovascularization (p < 0.05) of both Surgisis
and AlloDerm as the study progressed from 30 to 60 days

The SOI is an established clinical indicator of a mate-
rial’s ability to maintain repair integrity at herniorrhaphy
[2, 17, 19-21]. SOI at baseline was obtained to determine
repair strength of the graft-abdominal wall interface. Over
the 60-day study period, the Vicryl and AlloDerm had
higher tensile strength than Surgisis, but these gross
strengths did not reach significance. These findings are
similar to the findings reported by Konstantinovic et al.
[18] in their comparison of Surgisis to Marlex (polyethyl-
ene) graft, where Surgisis was initially stronger, but at
30 days a divergence occurred, with Marlex being stronger
than Surgisis. However, this difference in strength did not
reach a degree of statistical significance at the 90-day end
point of that study. The mean SOI of the Surgisis in this
evaluation correlated with previously reported values at
similar time points in a rat model comparing Surgisis to
Permacol [22]. Interestingly, in a landmark study by Ga-
ertner et al. [19], they observed a significant decline in the
AlloDerm’s tensile strength when carried out to 6 months.
In contrast, our testing showed a linear increase in tensile
strength at the graft-abdominal wall junction as the
experiment progressed. Noteworthy is that our study lasted
only one third as long as the Gaertner et al. study.

Implantation of mesh as a repair medium propagates an
inflammatory response that results in native tissue ingrowth
and the deposition of collagen [18]. It has been theorized
that the degree of organization is related to the presence of
collagen and remnant extracellular matrix in the graft
material which act as a scaffold for host fibroblast collagen
deposition and organization [18]. Our study showed that
AlloDerm has superior collagen deposition and organization
compared to Surgisis and Vicryl Woven Mesh. This study
shows that biosynthetic grafts were significantly superior to
Vicryl in both collagen organization and deposition. Anal-
ysis of the collagen organization of the Surgisis grafts
seemed to regress minimally at the 60-day time point
compared to the 30-day time point. This histopathologic
pattern was not seen in either the AlloDerm or the Vicryl
treatment groups. The architectural difference in collagen
organization may be related to the characterized pattern of
Surgisis mesh resorption compared to the encapsulation
process of crosslinked dermal collagen mesh [23].

Neovascularization has been recognized as potentially
the key component of biologic synthetic grafts’ ability to
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Tz.nble 3 I-.hstologl.cal Seores of Groups Days N Neovascularization Collagen
microscopic examination
Amount Organization
Vicryl 30 6 1045 £ 3.24 1.75 £ 0.44 1.71 £ 0.46
60 6 9.45 + 2.64 1.62 + 0.49 1.79 +£ 041
Values are mean = SD (n = 6) Surgisis 30 6 21.53 &+ 3.00* 2.65 + 0.49* 2.50 £ 0.51*
* p < 0.05 (Surgisis/AlloDerrn 60 6 24.56 £ 2.69%* 2.81 + 0.28* 2.46 £ 0.51*
vs. Vieryl), ** p < 0.05 when AlloDerm 30 6 18.13 £ 2.72% 275 £ 0.53* 2.58 £+ 0.50%
Surgisis is compared directly to 60 6 2067 + 2.20% 2.95 % 0.20* 2.70 + 0.46*
AlloDern at a time point
Fig. 4 Representative 30 Days 60 Days
photomicrographs of graft-
abdominal wall interface
showing progressive increase in
collagen deposition and .
organization in each study VlCl'yl
group at both time points. Both
AlloDerm and Surgisis had no
histologically recognizable graft
at the 60-day end point.
M abdominal wall muscle,
G graft, N new collagen
Surgisis
AlloDerm

resist infection [17, 20, 24]. Rapid revascularization of the
graft material is thought to allow for clearance of infection
at the cellular level [17, 20, 24]. On histological evaluation,
the Surgisis and AlloDerm grafts showed abundant revas-
cularization that progressively increased from the 30-day to
the 60-day time point. Surgisis and AlloDerm had signifi-
cantly greater neovascularization (p < 0.05) than Vicryl
Woven Mesh. Finally, the Surgisis group showed a sig-
nificantly larger amount of neovascularization (p < 0.05)
when compared directly to AlloDerm at both 30 and
60 days. Superior neovascularization as the solitary factor
relating to a graft’s ability to resist infection has not been
completely clinically supported as there are reports of
Surgisis graft infections and failures resulting in explan-
tation [8, 22]. In addition, Vicryl mesh showed signifi-
cantly less neovascularization when compared to its
biologic counterparts, but in reports of its use for temporary
abdominal wall closure or as an adjunct to buttress a per-
manent closure procedure, it retains an ability to resist
infection [14, 15]. We believe that a minimal threshold of
neovascularization is needed coupled with antigenicity for

the graft to resist infection. Vicryl Woven Mesh possesses
these attributes with the ability to retain strength of
incorporation in the short term, as seen in this study. These
characteristics support its current use as a cost-effective
bridge for damage control or as a buttress adjunct in
component separation repairs.

As previously mentioned, Gaertner et al. [19] devised a
large study that encompassed four biologics with multiple
arms that included a chronic defect model, a double-defect
model, and a single-defect model. Novel use of a double-
defect model and creation of a chronic defect wound were not
employed in this study and are a weakness of the study. They
also observed the persistence of the AlloDerm graft histo-
logically at 6 months. Similar results were seen in our study,
with persistence of the meshes noted at the 60-day mark.
Echoing the comments of Gaertner et al. [19], future studies
with these materials should be carried out for longer time
periods to further determine the life span of these meshes and
if they are completely or only partially remodeled. In addi-
tion, radiolabel marking of the collagen within these meshes
may be of use to determine their life span.
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In conclusion, Surgisis and AlloDerm are superior to
Vicryl Woven Mesh with respect to collagen deposition,
organization, and neovascularization. Surgisis mesh
showed increased neovascularization over both AlloDerm
and Vicryl Woven Mesh. Vicryl Woven Mesh maintains
graft strength comparable to the tested biosynthetic grafts
at the 60-day time point. Future studies need to be done to
determine the time of complete resorption of Vicryl Woven
Mesh.
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