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ORIGINAL ARTICLE

Collagen fleeces do not improve colonic anastomotic strength
but increase bowel obstructions in an experimental rat model
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Abstract

Purpose To investigate whether a collagen fleece kept in
place by fibrin glue might seal off a colorectal anasto-
mosis, provide reinforcement, and subsequently improve
anastomotic healing.

Methods Wistar rats underwent a 1-cm left-sided colonic
resection followed by a 4-suture end-to-end anastomosis.
They were then randomly assigned to one of three treatment
groups: no additional intervention (control, n=20), the
anastomosis covered with fibrin glue (fibrin glue, n=20),
the anastomosis covered with a collagen fleece, kept in
place with fibrin glue (collagen fleece, n=21). At either 3
or 7 days follow-up, anastomotic bursting pressure was
measured and tissue was obtained for histology and
collagen content assessment after which animals were
sacrificed.

Results Three rats in the control (15%), three in the fibrin
glue (15%), and one in the collagen group (4.8%) died due
to anastomotic complications (P=0.497). Anastomotic
bursting pressures were not significantly different between
groups at 3 and 7 days follow-up (P=0.659 and P=0.427,
respectively). However, bowel obstructions occurred sig-
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nificantly more often in the collagen group compared to the
control group (14/21 vs. 3/20, P=0.003). Collagen contents
were not different between groups, but histology showed a
more severe inflammation in the collagen group compared
to the other groups at both 3 and 7 days follow-up.
Conclusions A collagen fleece kept in place by fibrin glue
does not improve healing of colonic anastomoses in rats.
Moreover, this technique induces significantly more bowel
obstructions in rats, warranting further study before being
translated to a clinical setting.

Keywords Anastomotic dehiscence - Rat - Fibrin glue -
Collagen fleece - Bursting pressure

Introduction

Clinically significant anastomotic leakages remain a major
complication of colorectal surgery. Patients suffering from
an anastomotic leakage undergo more radiological inter-
ventions, reoperations, and often stay in ICU for prolonged
periods of time. Moreover, they experience higher rates of
mortality, lower quality of life, and higher rates of local
recurrence in malignant disease [1-5].

In the past, there have been many studies—both animal
and clinical—on anastomotic leakage prevention. A wide
variety of interventions have been investigated aiming at
adequate oxygenation and perfusion of the anastomotic
region, stimulation of angiogenesis, administration of
growth factors, and inhibition of matrix metalloproteinases
[6-9]. Other ways to prevent leakages included a more
mechanical approach with topically applied sealants and
membranes such as fibrin glue and collagen fleeces,
respectively. Fibrin sealants are human- and animal-
derived tissue adhesive agents that can be used to enhance
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hemostasis and tissue sealing starting directly after surgery
[10]. Collagen fleeces are mainly animal-derived collagen
matrices that have been found to assist in the healing of
gastrointestinal wounds [11].

Up to now, most studies using this approach of sealant-
or fleece-reinforced anastomoses concluded there was only
limited or no significant improvement in anastomotic
healing [12—-14]. In addition, experimental anastomoses
were constructed with up to 20 sutures leading to clinical
leakage rates close to zero. In such cases, this results in
extremely small interstices which is not comparable with
the human situation in which leaks often result from larger
interstices. Particularly in these cases, the sealing effect of
fibrin glue together with the reinforcement of a collagen
fleece could theoretically improve anastomotic healing.

We therefore hypothesized that a collagen fleece secured
to the anastomosis with fibrin glue could significantly
improve anastomotic healing in a rat model with a 4-suture
left-sided colonic anastomosis.

Material and methods

Male Wistar rats, weighing 300 to 350 g were housed
and cared for at the Central Animal Facilities of
Maastricht University with food and water ad libitum.
The experimental protocol complied with the Dutch
Animal Experimentation Act and was approved by the
Animal Ethics Committee of Maastricht University. After
construction of the anastomosis, we assigned rats to one
of three treatment groups following randomization with
sealed envelopes: no additional intervention (control, n=20),
covering the anastomosis with fibrin glue (fibrin glue, n=20),
covering the anastomosis with a collagen fleece, kept in
place with fibrin glue (collagen fleece, n=21). At either 3 or
7 days follow-up, half of each group was sacrificed (n=10
per group at each time point, except n=11 for 7 days
collagen fleece).

Surgical procedure

Anastomoses were constructed as described earlier [15].
In brief, rats received 0.1 mg/kg of buprenorphine
subcutaneously for analgesia. Anesthesia was induced
with isoflurane 5% and maintained with isoflurane 2.0—
2.5%. Rats were not fastened prior to surgery. The
abdomen was shaved and the skin disinfected with 2%
iodine. Following a 4-cm midline incision, a small
segment of the left colon, extending from 2 to 1 cm above
the peritoneal reflection was resected. An end-to-end
anastomosis was constructed with four evenly distributed,
interrupted polypropylene 6x0 sutures. In case of applying
fibrin glue, Tisseel Duo (Baxter, Vienna, Austria) at 37°C
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was sprayed all around the anastomosis using the
Easyspray (Baxter) at a pressure of 1.5 bar. In case of
applying a collagen fleece, a single layer of Tissufleece
(Baxter) extending 6 mm to each side of the anastomosis
was wrapped around the anastomosis after applying
fibrin glue. Then, the peritoneum and fascia were closed
with a running polyglactin 4x0 suture. The skin was
closed intracutaneously with a running polyglecaprone
4x0 suture. On the first day postoperatively, a single
shot of 0.1 mg/kg buprenorphine was administered to all
rats.

Bowel obstruction

Bowel obstructions were defined as a colon distended more
than two times its normal diameter proximal to the
anastomosis and tapering to a normal diameter distal to
the anastomosis.

Bursting pressure

At either 3 or 7 days, rats were anesthetized as described
above. The midline laparotomy was opened and the
anastomotic region identified without any manipulation of
adhering tissue. The colon was transected approximately
3 cm proximal to the anastomosis, followed by insertion of
the tube of a manometer (OJB Industries, Groningen, The
Netherlands) which was secured with a suture. Distally
from the anastomosis, a clamp was placed just above the
peritoneal reflection. Subsequently, the abdomen was filled
with 0.9% NaCl solution at 37°C until full submersion of
the anastomotic region. Then, the air pressure was
gradually increased. The bursting pressure was defined as
the maximum pressure read out on the manometer before
bubbles appeared. Thereafter, rats were sacrificed by
opening the diaphragm and cutting the ventricles. The
anastomotic region was resected and fixed in 4.0%
formaldehyde for 24 h after which the specimens were
embedded in paraffin.

Histological assessment

Slices 4 um thick were stained with hematoxylin and eosin
(H&E) using standard histological techniques. Tissue
sections were also stained for collagen using picro-sirius
red. For this purpose, sections were deparaffinized in
xylene, rehydrated in graded ethanol to distilled water,
and subsequently pretreated with 0.2% phosphomolybdic
acid for 5 min. Then, sections were stained for 90 min in
0.1% solution of Sirius Red in saturated aqueous picric acid
followed by a 2-min wash in 0.01 N HCL. Hereafter,
sections were dehydrated in ethanol and mounted in
entallan. Pictures of the anastomotic and perianastomotic
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regions were taken at a magnification of %200 using
cross polarization light microscopy (Leica DMS5000B,
Leica Microsystems, Heerbrugg, Switzerland). The collagen
content in the anastomotic and perianastomotic region was
quantified as a percentage of total tissue surface and expressed
as relative collagen area using the Qwin morphometry system
(Leica QWin V3.5.1, Leica Microsystems). Furthermore,
maturity of collagen was estimated by calculating the
red versus green ratio, where red indicates thick, more
mature collagen fibers and green indicates the thinner,
immature collagen fibers. All histological assessments
were performed by an experienced pathologist, blinded to
the study groups.

Statistical analysis

All data are expressed as means+standard error of means
(SEM). Loss of body weight, bursting pressures, and
collagen ratios were compared using one-way ANOVA
and paired samples ¢ test. Mortality and bowel obstructions
were analyzed using Chi square and Fisher's exact tests. A
Bonferroni corrected P value <0.050 was considered
statistically significant. All analyses were performed using
SPSS version 15.0 (SPSS, Chicago, Illinois, USA).

Results

Rats lost an average of 8.8+£0.8% of initial body weight
during the first 4 days after surgery (P=0.107 between
groups), regaining weight from day 5. Three rats in the
control group (15%; one on day 2, two on day 3), three in
the fibrin glue group (15%; on days 1, 3, and 5), and one in
the group with a collagen fleece (4.8%; on day 3) died
before the intended time of sacrifice (P=0.497). All but
two of these rats showed signs of fecal peritonitis with
dehiscence of the anastomosis at autopsy. The other two
(one with fibrin glue and one with a collagen fleece)
showed pus on the anastomosis accompanied with a mild
peritonitis. Minimal to moderate adhesions between the
anastomotic region and peritesticular fat or seminal
vesicles were found in most rats. Implanted collagen
fleeces were still in place at 3 days and partly absorbed at
7 days follow-up.

Bursting pressure

Bursting pressures were not significantly different among
control, fibrin glue, and collagen fleece groups at 3 days
follow-up (60.5+11.3, 67.9£12.6, and 50.7£15.5 mmHg,
respectively, P=0.659), nor at 7 days follow-up (119.9+
27.9, 167.7+£32.0, and 114.84+27.5 mmHg, respectively,
P=0.427) (Fig. 1). In general, a significant increase in
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Fig. 1 Bursting pressures were measured by intraluminally increasing
the air pressure while the anastomotic area was submerged. The
maximum pressure before bubbles appeared was regarded the bursting
pressure. Both at 3 and 7 days follow-up, there were no significant
differences between groups. All means (SEM)

bursting pressures occurred between 3 and 7 days follow-up
(59.7+41.1 vs. 130.4£86.4 mmHg, P<0.001).

Bowel obstruction

Rats with a collagen fleece showed a significantly
higher incidence of bowel obstructions than the control
group (14/21 vs. 3/20, P=0.003). Anastomoses covered
only with fibrin glue showed intermediate proportions of
bowel obstructions, not significantly different from the
other groups (Fig. 2). In case of a collagen fleece, the
lumen at the anastomosis appeared stiff and smaller than
the normal colonic lumen. However, lumena in all groups
were open.
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Fig. 2 Bowel obstructions were defined as a colon distended more
than two times its normal diameter proximal to the anastomosis and
tapering to a normal diameter distal to the anastomosis. Rats with a
collagen fleece showed a significantly higher incidence of bowel
obstructions than the control group (14/21 vs. 3/20, P=0.003)
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Collagen content

No significant differences were observed in the anastomotic
regions in terms of relative collagen areas (collagen content
expressed relative to total tissue area) and red versus green
ratios (collagen maturity) between groups at 3 and 7 days
follow-up (Table 1). All groups combined, relative collagen
areas at the anastomotic region (6.1+£1.6%) were signifi-
cantly lower than at the perianastomotic region at 3 days
follow-up (15.4+2.3%, P=0.001), but equal at 7 days
follow-up (18.9+£3.3% vs. 18.3+£3.0%, P=0.826). This was
due to a significant increase in the relative collagen area at
the anastomotic region between 3 (6.1£1.6%) and 7 days
follow-up (18.9+3.3%, P=0.001).

Histology

Anastomotic regions in the control and fibrin glue groups
showed a similar acute inflammatory response at 3 days
follow-up, characterized by necrosis and granulocyte
infiltration (Fig. 3a). Fibrin glue was still microscopically
detectable at 3 days follow-up. However, application of a
collagen fleece induced a more severe inflammatory reaction
with deep necrosis at the fleece—bowel interface (Fig. 3c).

At 7 days follow-up, the control and the fibrin glue
group reached a chronic inflammatory state with the
formation of granulation tissue and the infiltration of
macrophages and lymphocytes (Fig. 3d, e). In addition,
the first signs of epithelial cells migrating from the margins
of the wound to the defect became apparent (Fig. 3e).
However, anastomoses with a collagen fleece still showed a
more severe inflammation than the other groups with
necrosis and a high density of inflammatory cells, including
granulocytes, macrophages, and lymphocytes (Fig. 31).

Discussion

In the present study, no beneficial effect of a collagen fleece
on anastomotic healing was observed compared to control

groups. Bursting pressures and collagen content were not
improved, but instead, bowel obstructions and increased
inflammation occurred significantly more often in the
collagen fleece group.

The return in strength after a gastrointestinal anastomosis
is considered to be mainly dependent on the formation of
collagen [16]. However, early after the construction of an
anastomosis, degradation of the extracellular matrix
occurs [17, 18]. This was observed at 3 days follow-up
when a lower collagen content in comparison with the
perianastomotic region was found. Thereafter, the remodeling
phase begins and the collagen content increases, as
observed at day 7. Together with the crosslinking of
thin, immature collagen fibers, these processes are
generally regarded to improve the anastomotic strength.
The strength of the anastomosis can be reliably quanti-
fied by examining the bursting pressure [19]. Also, the
thicker fibers can be distinguished from the thinner fibers
by cross polarization microscopy after picro-sirius red
staining. In this study, however, both the bursting
pressures as well as the collagen maturation were not
improved following fibrin glue and collagen fleece
application to the anastomoses.

Besides the absence of any improvements in anastomotic
strength, bowel obstructions occurred significantly more
often in the collagen fleece group. Although unexpected,
other experimental studies have confirmed the occurrence
of obstructions after wrapping a fleece of collagen or dura
mater around a bowel anastomosis [20, 21]. The exact
mechanism remains unclear, but shrinkage of the collagen
fleece can be severe and could mechanically impair normal
passage of stool, especially in the colon [22]. Additionally,
the external constriction by the fleece together with the
observed increased inflammatory reaction might induce a
more pronounced inward bulging of the edematous colonic
wall. A proposed mechanism with increased fibrosis is
unlikely since collagen contents did not differ significantly
between groups in this study [20]. Yet, it must be noted that
this study only displays the results at 3 and 7 days follow-up.
After full resolution of the collagen fleece, the colonic wall

Table 1 After picro-sirius red staining of the anastomotic region, the relative collagen area was quantified as the percentage of total tissue surface

occupied by collagen

Control Fibrin glue Collagen fleece P value
3 days follow-up Relative collagen area 8.5+£2.7% 4.4£3.7% 4.9+2.0% 0.518
Red/green ratio 1,195.4+834.0 398.1+£279.2 22724753 0.456
7 days follow-up Relative collagen area 25.7+7.8% 17.3+4.0% 14.6£3.3% 0.336
Red/green ratio 963.0+468.5 1,904.5+707.4 1,664.5+547.2 0.507

Maturity of collagen was estimated by calculating the red versus green ratio where red indicates thick, more mature collagen fibers and green
indicates the thinner, immature collagen fibers. No significant differences were observed between groups at either 3 or 7 days follow-up

All measurements in this table are mean (SEM)
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Fig. 3 Light microscopy of anastomoses from different groups. A
control anastomosis at 3 and 7 days follow-up (a and b, respectively).
At 3 days follow-up, a collagen fleece (asterisk) induced an intense
inflammatory reaction (¢, v=villi). At 7 days follow-up, the control (d)
and the fibrin glue (e) groups showed comparable wound healing at

might remodel further, possibly leading to resolution of the
obstruction. Nevertheless, based on our findings, we consider
the early period after colonic anastomosis with a collagen
fleece at risk for obstruction.

Many sheet-like structures have been tested for their
ability to enhance anastomotic healing including collagen
fleeces, dura mater fleeces, free peritoneal grafts, polyglycolic
acid meshes, and an amniotic membrane [20, 21, 23-25].
Collagen fleeces are derived from the submuscular layer
of porcine small bowel or from equine tendons, the latter
being the source for the collagen fleeces in this study. At
follow-ups longer than 30 days, a collagen fleece seems
to be safe, but no significant improvements in bursting
pressures have been observed [12]. At shorter follow-up,
an impaired healing around the collagen fleece was found
in our study and by others [26]. Comparable results were
also found after application of dura mater, free peritoneal
grafts, and polyglycolic meshes [21, 25]. A possible
explanation is the intraluminal confinement of bacteria
together with reduced peritoneal contact. Furthermore, one
might argue that the avascular and xenograft nature of
these sheets is a likely cause for the problems encountered.
However, omentoplasties—both vascular and the patient's
own—were not able to prevent anastomotic leakages in a
large randomized clinical trial either [27]. So far, an
amniotic membrane is the only fleece showing potential

the luminal interface. In the collagen group (f), a more severe
inflammation was still present (H&E staining, bars represent 500 um
(a and b, original magnification x40) and 100 pwm (c—f, original
magnification x100))

for anastomotic healing improvement in experimental
studies [23, 28].

In this study, no significant differences were found
between the fibrin glue group and the control and collagen
fleece groups. Other experimental studies have demonstrated
an inhibited anastomotic healing due to fibrin glue [14, 29]. In
a randomized clinical trial, fibrin glue did not show any
improvements on anastomotic leakage after laparoscopic
rectal cancer resection [30]. Equally, fibrin glue did not
show any improvements in two studies involving laparoscopic
gastric bypasses [31, 32]. Yet, leakages after (colo)
esophageal anastomoses in children were significantly
reduced by fibrin glue [33, 34].

We used four polypropylene sutures in this rat model
with colonic anastomoses. We chose unresorbable
sutures for this short term follow-up study since we
wanted to exclude as much as possible the possible
interactions with resorbable materials other than fibrin
glue and collagen fleece. Furthermore, apart from a
single study in rats, experimental studies typically
involved six or more sutures resulting in spontaneous
leakage rates equal or close to zero [14]. Our model
resulted in a 15% leakage rate which is comparable with
leakage rates in humans. Although this mimics the clinical
scenario better, outcomes may be less comparable with
other experimental studies.
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Limitations apply to this study. Firstly, we defined
bursting pressure as the primary outcome. Bursting pressure
has been commonly linked with the occurrence of anastomotic
complications such as abscess formation and leakage.
Still, these complications can also occur irrespective of
improved bursting pressure, for instance after irradiation
[35]. In addition, bursting pressures are believed to be
associated with collagen content. Yet, growth factor-
induced proliferation and migration of cells might
improve bursting pressure even without improving
collagen content [36]. However, we did not use any
radiation or growth factors in this study, limiting this
potential source of bias and underlining the applicability
of our primary outcome.

Another possible limitation is the definition of an
obstruction. In accordance with specific studies on this
subject, we chose the clinical finding of a more than
twofold distended bowel proximal to the anastomosis. This
is in accordance with values found in an experimental
obstruction model [37]. Nevertheless, even though a certain
degree of constriction occurs at the anastomotic level, it is
not clear whether it reaches a critical point at which
symptoms occur [12]. With respect to this, the time of
follow-up is of interest as well.

Finally, translation of these experimental data to the
human situation might be limited as parameters such as
susceptibility to infections and the relation between the
dimensions of colon and collagen fleece may apply. It could
also be true that in a relatively small animal model such as
this, the manipulations needed for application of the fleece
induce more trauma than in a larger model. Therefore, we
feel that further evaluation, for instance in a sufficiently
powered pig model, is mandatory before routine application
in a clinical setting.

In conclusion, collagen fleeces kept in place by fibrin
glue did not improve bursting pressures in colonic
anastomoses, but did increase colonic obstructions in rats.
We consider these obstructions an unexpected finding that
warrants further evaluation before this product is to be
routinely used for the reinforcement of colonic anastomoses
in a clinical setting.
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