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Abstract: Background: Polyglycolic acid mesh (PAM) reinforcement of colonic anastomoses were evalu-
ated. Methods: Twenty female albino rabbits were divided into two groups. Each rabbit underwent seg-
mental colonic resection with single-layer anastomosis. In one group of rabbits, PAM of length equal to
the circumference of the anastomosis was applied. Rabbits were sacrificed on postoperative day 10 and
peritoneal adhesions, anastomosis burst pressure, and anastomosis histopathological characteristics
were evaluated. Results: The average burst pressure for the control and PAM groups was 149+15.95
mmHg and 224+124.5 mmHg, respectively (p=0.578). All control anastomoses burst, whereas only five
(50%) PAM anastomoses burst (p<0.03). There was no anastomotic leakage in the control group,
whereas three PAM group anastomoses leaked (p=0.210). The collagen fiber density and amount of ne-
ovascularization were lower in the PAM than the control group (p=0.001 and p=0.002, respectively). The
average peritoneal adhesion value was 1.6+0.51 in the control group and 2.9+0.31 in the PAM group
(p<0.0001). Conclusion: The new fixed PAM-reinforced anastomosis technique resulted in an increased

risk of anastomosis leakage and peritoneal adhesion, but also higher in non-burst anastomoses.
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Introduction

Various techniques, materials, and devices are
used in intestinal anastomosis [1]. The aim of
these procedures is to prevent/reduce anasto-
mosis complications, but such complications
continue to occur. More than half of all postop-
erative deaths are caused by sepsis associated
with anastomotic leakage [2,3]. The three major
complications of intestinal anastomosis are
leakage, bleeding, and stenosis. Of these, leak-
age is the most severe and common complica-
tion, and is associated with the highest mortality
rate [4]. A multi-center study reported that the
frequency of leakage from anastomoses follow-
ing colonic resection was 0.5-30% [5]. The fre-
quency of complications increases progressively
from the ligament of Treitz to the distal end of
the colon. For example, the risk of leakage after
proximal anastomosis in the small intestine is
1%, but can be as high as 16% after low ante-

rior colonic resections [6,7]. The frequency of
asymptomatic leakage, which cannot be clini-
cally or radiologically identified, is unknown,
although such leakage is thought to occur two-
to-three times more frequently than sympto-
matic leakage [8,9].

The present study investigated the use of a new
technique for preventing anastomosis leakage.
Rabbits underwent a single-layer standard anas-
tomosis to the proximal colon after segmental
resection. The new technique involved complete
coverage of the anastomotic contour with a
fixed polyglycolic acid mesh (PAM) to provide
external mechanical support.

Methods
This study was performed at the Experimental

Animal Production and Research Laboratory of
Cerrahpasa Medical School, Istanbul University,
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and was approved by the local Animals Ethics
Committee. All protocols were in accordance
with the regulations governing the care and use
of laboratory animals in the declaration of Hel-
sinki.

Twenty female New Zealand white rabbits were
used (mean weight, 2800150 g; mean age, 6
months; outbred). The rabbits were housed sin-
gly in standard cages with stainless steel tops
and bottoms and woven wire sides. Cage floors
were covered with wood shavings that were
changed daily. Rabbits were kept at room tem-
perature and with adequate ventilation. Water
and feeding containers were made of standard
plastic, with side entrances. Animals were fed
on pellets designed for small laboratory ani-
mals.

Rabbits were starved overnight and anesthe-
tized with Ketamine (Ketalara, Parke Davis and
Co. Inc.; 40 mg/kg body weight) and Xylazin
(Rompuna Bayer Co.; 5 mg/kg body weight). The
anterior abdominal wall was shaved and steril-
ized with povidone iodine. A 6-cm mid-line inci-
sion was made at the inferior abdomen. A 4-cm
segment of the proximal colon was resected 2
cm distal to the cecum. In the control group, a
single-layer anastomosis was made using a 3/0
polypropylene suture (Prolene®, Kurtsan A.S.)
and the fascia and skin were closed separately
with 2/0 polypropylene sutures using a continu-
ous suturing technique. In the PAM group, anas-
tomoses were made as in the control group ex-
cept that approximately 5-cm lengths of suture
were left intact at anastomosis sites on the mid-
line of the anterior mesenteric side, the mid-line
of both lateral sides, and on both sides of the
mesentery. Each anastomosis was covered with
a 15 nm-pore-sized PAM (Vicryl Mesh®; Eticon
Co.) patch of width 2 cm and of length equal to
the circumference of the anastomosis. The
mesh was placed such that the anastomotic
contour was situated in the middle. The suture
ends were passed through openings proximate
to that area of mesh and tied together to fix the
anastomosis at these regions (Figure 1). Su-
tures were passed through the ends of the free
margins of the mesh proximate to the mesen-
teric margin, and next passed through the mes-
entery. At this point the angle of the lamp illumi-
nating the surgical table was changed to pro-
vide trans-illumination, and great care was
taken to ensure that the suture passing through
the colonic mesentery did not damage the mes-
enteric vessels (Figure 2).
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Figure 1. Mesh covered colonic anastomosis
(anterior view).

Figure 2. Mesh covered colonic anastomosis
(trans-sectional view).

After examination at 12 h postoperatively, the
rabbits were allowed their usual feed. Animals
were sacrificed on postoperative day 10 by in-
traperitoneal injection of 200 mg/kg sodium
pentothal. To expose the entire peritoneal cav-
ity, an inverted “u” incision was made on the
anterior abdominal wall. Adhesions in the perito-
neal cavity were classified according to the Ev-

ans Model [10] (Table 1).

In the control group, the anastomotic contour
was resected together with 5-cm proximal and
distal borders. In the PAM group, the resection
border was 5 cm from the margins of the mesh.
The distal ends of all resected intestinal seg-
ments were tightly tied with O no polypropylene
sutures (Prolen®). To measure intraluminal
pressure in mmHg, a plastic catheter with a di-
ameter of 18F was inserted into the lumen from
the proximal end, and the other end of the
catheter was tied parallel to a transducer (Alp-
K2 SphygmomanometerQ, Norticon Co.) and an
air pump. The intestinal segment was immersed
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Table 1. Adhesion grading according to Evans
Model

Grade Definition

0 No adhesions

1 Spontaneously separating adhesions
2 Adhesions separating by traction

3 Adhesions separating by dissection

in a glass vessel containing water, and air was
applied to the lumen at a speed of 2 mL/min.
The first outlet of air from the anastomotic con-
tour was defined as the burst pressure of the
anastomosis. In the PAM group, when the first
air eruption was from intact intestinal segments
outside the anastomotic contour and/or outside
the area covered with mesh (i.e., non-sutured
and/or not covered with mesh and/or not
neighboring the mesh), and not accompanied by
air eruption from the anastomotic contour, the
condition was recorded as a “non-burst anasto-
mosis”. The equipment used to measure burst
pressure had a maximum pressure reading of
340 mmHg, and this value was used in statisti-
cal analysis for non-burst anastomoses.

Table-2. Erlich-Hunt Model

Grade Definition

Grade-0 No

Grade-1 Low density and seperated
Grade-2 Low density and in all places
Grade-3 High density but seperated
Grade-4 High density and in all places

Following the burst test, each anastomotic con-
tour, with 0.5 cm borders, was cut out and
placed in formol for histopathological investiga-
tion. Specimens were fixed in 70% (v/v) alcohol,
dehydrated, and embedded in paraffin wax.
Sections were cut at a thickness of 5 mm and
stained with hematoxylin and eosin. Each con-
tour was histopathologically classified according
to the Ehrlich-Hunt model [11]. The tissue was
evaluated in terms of quantity of inflammatory
cells, fibroblasts, neovascularization level, and
collagen content (Table 2).

343

The primary evaluation criteria were anastomo-
tic burst pressure and leakage, and the secon-
dary criteria were histopathological findings and
number of peritoneal adhesions.

Results

In the control group, the burst pressure mean,
median, and range were 149+15.95, 150, and
40-160 mmHg, respectively. In the PAM group,
the burst pressure mean, median, and range
were 224+124.5, 245, and 90-340 mmHg, re-
spectively. There was no significant difference
between the two groups in terms of mean burst
pressure (MW: 42, p=0.578). All control anasto-
moses burst, whereas only five (50%) PAM an-
astomoses burst (p<0.03). There was no anas-
tomotic leakage in the control group, but three
PAM group anastomoses leaked (p=0.210). The
risk of anastomosis leakage was 9.8-fold higher
in the PAM group but also the probability of non-
burst anastomosis was 21-fold higher in the
PAM group than the control group.

Histological analysis showed that greater inflam-
matory cell infiltration in the PAM group com-
pared to the control group (p=0.047), whereas
fibroblast activation was similar in both groups
(p=0.361). Neovascularization and collagen
fiber ratios were lower in the PAM group than in
the control group (p=0001 and p=0.002, re-
spectively) (Table 3). The mean peritoneal adhe-
sion grades were 2.91£0.31 in the PAM group
and 1.6+0.51 in the control group (MW: 3,
p<0.0001).

Discussion

Leakage is the most lethal anastomosis compli-
cation [2-4]. A number of external anastomosis
reinforcements have been tested, including
peritoneal graft, omental graft, dura mater, and
meshes (Dacron, Marlex, polypropylene) [12-
20]. Omentum is the tissue most often used for
gastrointestinal anastomosis reinforcement.
Several studies suggested that omental rein-
forcement prevents anastomosis leakage [12-
15], whereas others found that this approach
caused an increased risk of infection associated
with pedicular necrosis or late intestinal ob-
struction [16,17]. Gulati and colleagues com-
pared Dacron and Marlex meshes with free
omental and peritoneal coverings, and found
that the meshes were more effective than the
coverings [18]. Eryilmaz and associates re-

Int J Clin Exp Med 2010;3(4):341-346



A novel colonic anastomosis technique

Table 3. Histopathologic evaluation results

Grades Control Group PAM Group
n % n %

Inflamation 1 1 10% 0 0%

2 8 80% 3 30%

3 1 10% 5 50% X2:7,93

4 0 0% 2 20% p=0,047
Fibroblast activation 1 0 0% 0 0%

2 7 70% 5 50%

3 3 30% 5 50% x2:0,83

4 0 0% 0 0% p=0,361
Neovaskularization 1 0 0% 8 80%

2 6 60% 2 20%

3 4 40% 0 0% x2:14

4 0 0% 0 0% p=0,001
Collagen Deposition 1 0 0% 8 80%

2 4 40% 2 20%

3 4 40% 0 0% x2:14,6

4 2 20% 0 0% p=0,002

ported that dura mater and free peritoneal graft
reinforcement of anastomoses was not effective
[19]. In the rabbit colonic anastomosis model,
Aysan and associates used polypropylene mesh
reinforcement and found high anastomosis
burst pressures within a short observation pe-
riod [20].

Non-absorbable meshes reinforce anastomoses
permanently, and are thus associated with
higher burst pressures and fewer burst anasto-
moses than absorbable meshes [20]. However,
non-absorbable meshes may increase the risk
of peritoneal adhesion, anastomotic stenosis,
and colon perforation, in the long term.

We used PAM in the present study as we believe
that use of absorbable mesh reduces the risk of
peritoneal adhesion formation and provide rein-
forcement for a number of days prior to becom-
ing totally absorbed. Few studies have appeared
regarding the use of PAM for anastomosis rein-
forcement. Dilek and colleagues evaluated out-
comes following large bowel anastomoses rein-
forced with PAM and peritoneal grafts in a sep-
tic environment. The cited authors found that
the rates of anastomotic leakage, moderate
anastomotic stenosis, and reoperation for se-
vere anastomotic stenosis, were 8%, 33% and
16%, respectively [21]. In rat studies, Henne
and associates and Kreischer and colleagues
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examined PAM-reinforced colonic anastomoses
and found lower burst pressures in a PAM com-
pared to a control group [22,23].

In the above PAM studies, the anastomoses
were merely covered with mesh. However,
strong peristaltic colon movements can cause
mesh dehiscence or migration from anastomo-
tic surfaces. In the present study, the mesh
was fixed to the anastomoses using extended
suture ends. Fixing did not involve suturing to
the intestinal wall. This is a new technique, and,
in our opinion, mesh fixation is very important
for external reinforcement of the anastomosis.
Fixation ensures the mesh does not migrate,
and also ensures precise reinforcement with no
gap between the mesh and the anastomosis.

The present study found that PAM reinforce-
ment resulted in higher burst pressures, but a
9.8-fold higher risk of leakage, compared to
controls. These findings may be explained by
the histopathological results. In the PAM group,
inflammation was high but collagen fiber den-
sity and neovascularization were low compared
to the control group. The high density of inflam-
matory cells may reflect a foreign body reaction
to the mesh (the pore size was only 15 nm), and
chemical reactions during the absorption proc-
ess. The low collagen fiber density and low ne-
ovascularization in the PAM group may reflect
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reduced healing processes, with the recovery of
colonic anastomosis being directly related to
the level of collagenous tissue deposition [25].
The PAM group showed a higher level of perito-
neal adhesion, and this was most likely related
to the presence of the mesh as peritoneal adhe-
sion formation is associated with foreign bodies
in the peritoneal cavity [24].

The burst pressure of an anastomosis indicates
the resistance of the anastomotic contour to
intra-luminal pressure. The anastomosis burst
pressure is directly related to the amount of
mature connective tissue formed by colla-
genous tissue deposition [26,27]. The absence
of burst may be attributed to the external me-
chanical support provided by the mesh. Thus,
the mechanical support provided by mesh may
be most important in preventing leakage.

The new fixed PAM reinforced anastomosis
technique described here was associated with
an increased risk of anastomosis leakage and
peritoneal adhesion formation, but also a higher
burst pressure and statistically significant non-
burst anastomoses. We are currently examining
ways to reduce the anastomotic leakage and
peritoneal adhesions associated with this proce-
dure. We plan to produce a knitted net from 3/0
polyglycolic acid surgical rope (Katsan Co., PCA
CerrahiSutur®, 75cm) to create a mesh with 3
mm pore diameter so that the lower mesh mass
may reduce both the level of foreign body reac-
tion and the amount of chemical reactions oc-
curring during the absorption period.

Please address correspondence to: Erhan Aysan,
MD, Emirhan Cad. No: 3 Besiktas - Istanbul, Turkey.
Post code: 80700. Tel: +90-212-2279042, Fax: +90-
212-8758620, E-mail: dr@webcerrah.com
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