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Effect of the wrapping of experimentally induced
Ischemic colonic anastomoses with the amniotic
membrane on anastomosis safety in rats.
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SUMMARY

Obijective: Colonic anastomotic leakage represents a complication with high mortality and morbidity. In the present
study, it was aimed to examine the effect of the amniotic membrane on the healing of ischemic colonic anastomosis.

Method: 25 pregnant Wistar albino rats aged 19-21 days were randomly divided into 5 groups. With midline
laparotomy, pregnancies were terminated, and fresh amniotic membranes were obtained. In Group 1 Sham (S), no
procedure except for laparotomy was performed. In Group 2 of colonic anastomosis (A), the descending colon was
completely transected and anastomosed. In Group 3 of amniotic anastomosis (AA), the anastomosis line was fixed by
being wrapped with the fresh amniotic membrane. In Group 4 of colonic ischemic anastomosis (IA), the marginal
arteries were ligated after descending colon transection. Ischemia was induced, and anastomosis was performed. In
Group 5 of colonic ischemic anastomosis wrapped with the amniotic membrane (AIA), after ischemic colonic
anastomosis was performed, the anastomosis line was fixed by being wrapped with the amniotic membrane. On the
postoperative 7th day, rats were sacrificed, and their anastomotic bursting pressures were measured. For histological
examination, the colon segment containing the anastomosis line was removed. Hematoxylin-eosin and Van Gieson
trichrome stained specimens were histologically evaluated and scored according to the Ehrlich-Hunt model.

Results: Anastomotic bursting pressures were measured in group S as the highest, in AA, AIA, A in a decreasing order
and in group IA as the lowest. The difference between groups S and AA was statistically insignificant in the paired
comparison of groups according to their bursting pressure values (p=0.222). When the other pairs were compared, the
difference between the groups was calculated as significant (p< 0.05). According to the Ehrlich-Hunt model, the total
score was the highest in AIA group, decreased in AA, IA, A groups in a decreasing order, and was the lowest in group
S. A paired comparison for total scores between the groups was statistically insignificant between groups S and A
(p=0.222). Other paired comparisons were statistically significant (p< 0.05).

Conclusions: Wrapping the colon anastomosis line with the amniotic membrane gave positive results both in the
ischemic colon as well as in the non-ischemic colon in terms of bursting pressure and histological anastomosis safety.
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INTRODUCTION

Anastomotic leakage (AL) remains the most
significant complication after colorectal surgery.
Anastomotic leakage occurs in the range from
2.4% to 69% *. This complication is still a serious
problem, which increases the morbidity and
mortality rates’. A lot of different factors can
disrupt colon anastomosis healing. The excessive
or insufficient mobilization of colonic segments
and tight suturing can lead to the impairment of
tissue perfusion and oxygenation. On the other
hand, particularly in patients with colonic
perfusion disorders and/or ischemic anastomotic
edges resulting from an insufficient surgical
technique, it may prevent safe anastomosis*.

A lot of studies have been carried out to find
materials and surgical techniques for the purpose
of protecting high-risk gastrointestinal
anastomosis®’.  Peritoneum, collagen, and
synthetic materials (polymers) and sealants have
been investigated in previous studies for the
purpose of protecting anastomosis and preventing
AL>®. Most of these studies are animal studies,
and satisfactory results have not been obtained.
Therefore, they have not been widely used in
clinical practice’®. Synthetic materials are
available, but the use of these products causes
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additional complications. Therefore, the benefits
are still controversial.

There is a growing interest in the use of human
amniotic membrane (HAM) as a biologic dressing
for the purpose of promoting the wound healing
process. The amniotic membrane represents the
innermost of three fetal membrane layers,
including an avascular stromal matrix, thick
basement membrane and a single layer of the
epithelium®™. Basement membrane components,
growth factors, and proteinase inhibitors are
included in the amniotic membrane™*. Studies
have shown that the HAM has antibacterial
properties and low immunogenicity and is also
capable of promoting epithelization and wound
healing, preventing inflammation and scarring,
and regulating angiogenesis'®**. These effects are
some advantages of HAM, which have been
expected by the researchers to investigate the
efficiency of the mentioned biomaterial in colonic

anastomoses®>%,

In the present study, it was aimed to investigate
the effect of the amniotic membrane on the safety
of anastomosis in high-risk ischemic conditions.



MATERIAL AND METHODS

Twenty-five pregnant Wistar-Albino rats with the
weight ranging from 200 to 250 g (mean weight
of 225 g) were included in the study. The rats
were supplied by Cumhuriyet University School
of Medicine Animal Laboratory Sivas, Turkey.
Approval of the study protocol was received from
Cumhuriyet  University Institutional  Ethics
Committee for Animal Experiments (Sivas-
Turkey, date 24/06/2015 code: 65202830-
050.04.04/51). All of the examinations were
performed in conformity with the 1996 National
Academy of Science’s Guide for the Care and Use
of Laboratory Animals.

Study design

The animals were kept in cages under the room
temperature of 21 to 23°C with a 12/12-hour
light/dark cycle, and standard feed and water ad
libitum were given to them. Simple randomization
was utilized in the present study. Pregnant rats
aged 19-21 days were randomly divided into 5
groups. The rats which reached the 19th day of
pregnancy were anesthetized by the subcutaneous
injection of ketamine (90 mg/kg; Ketalar®; Parke-
Davis, Istanbul, Turkey) and xylazine (3 mg/kg
Rhompun®; Bayer, Istanbul, Turkey). With
midline laparotomy, pregnancies were terminated,
and fresh amniotic membranes were obtained. In
Group 1Sham (S), no procedure except for
laparotomy was performed. In Group 2 of colonic
anastomosis (A), the descending colon was
completely transected and anastomosed. In Group
3 of amniotic anastomosis (AA), the anastomosis
line was fixed by being wrapped with the fresh
amniotic membrane. In Group 4 of colonic
ischemic anastomosis (l1A), the marginal arteries
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were ligated after descending colon transection.
Ischemia was induced, and anastomosis was
performed. In Group 5 of colonic ischemic
anastomosis  wrapped with the amniotic
membrane (AIA), after ischemic colonic
anastomosis was performed, the amniotic
membrane was fixed around the anastomosis line.
On the postoperative 7th day, rats were sacrificed,
and their anastomotic bursting pressures were
measured.

Anastomotic bursting pressure

A 2/0 silk suture was used to tie the distal ends of
resected anastomotic colon segments. A catheter
was positioned into the lumen at the proximal end
with the other end of the catheter attached to a
transducer and an air pump. A setup required to
measure the intraluminal pressure in millimeters
of mercury (mmHg), and this was achieved. The
anastomotic colonic segment was put into a bowl
filled with water. The air was blown into the
colonic lumen at a 2 ml/min insufflation rate. The
first air leakage from the anastomotic line was
documented as the anastomotic bursting pressure.

Histopathological Examination

For histological examination, the colon segment
including the anastomosis line was removed.
Hematoxylin-eosin and Van Gieson trichrome
stained specimens were evaluated histologically
and scored in accordance with the Ehrlich-Hunt
model®* (Table 1). The tissue was assessed with
regard to the quantity of fibroblasts,
neovascularization level, and collagen content.
The same pathologist, blinded to the study groups,
conducted the pathologic evaluation.
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Al: Control group (4x, H&E). Tunica mucosa, tunica submucosa, muscularis mucosa layers are observed in the control group, to which no
application was performed.

A2: Control group (20x, VAN GIESON TRICHROME).

B1: Non-ischemic anastomosis (20x, H&E): The Tunica mucosa epithelium shows continuity. Lieberkiihn crypts are regular, there are lymphocytes,
plasma cells, mast cells, eosinophils and histiocytes in the lamina propria, as in the control group. The tunica muscularis layer is regular. The tunica
submucosa contains cells, blood vessels, lymphatics and nerve extremities as in the lamina propria. The tunica submucosa shows normal loose
connective tissue properties.

B2: Non-ischemic anastomosis (20x, VAN GIESON TRICHROME).

C1: Amniotic anastomosis group (20x, H&E): The tunica mucosa is composed of regular Lieberkiihn crypts and surrounding epithelial cells. The
lamina propria contains dense lymphocytes, plasma cells, eosinophils. The tunica muscularis layer is as regular as possible. Intensive cell infiltration,
intense blood vessel areas can be observed in the tunica submucosa. The tunica muscularis layer shows normal localization. In the tunica serosa,
intense inflammatory cell infiltration and blood vessels are observed in the loose connective tissue layer.

C2: Amniotic anastomosis group (20x, VAN GIESON TRICHROME).

D1: Ischemic anastomosis group (20x, H&E). Peeling in the superficial epithelium of the tunica mucosa, and the disruption of the structure of
Lieberkiihn crypts and intense inflammatory cells are observed in the lamina propria.

D2: Ischemic anastomosis group (20x, VAN GIESON TRICHROME)

E1: Ischemic amnion group (20x H&E). The regular tunica mucosa layer and the lamina propria which is located around it are observed. The lamina
propria contains capillaries and inflammatory cells in general. In the tunica submucosa, very intense blood vessel areas and inflammatory cells are
noteworthy. The tunica muscularis layer is inflammatory between the muscle cells while it is partly regular.

E2: Ischemic amnion anastomosis group (20x, VAN GIESON TRICHROME).



Statistical Analysis

All data were recorded in SPSS for
Windows 23.0 package programme (IBM Japan,
Tokyo, Japan) and were expressed as mean +
standard deviation. The normality test of
inflammatory cells, fibroblasts,
neovascularization, collagen, bursting pressure
measurements was calculated by the Kolmogorov-
Smirnov Z test. It was determined that normality

inflammatuary cell
infilration
fibroblast ingrowth
neovascularization

kollogen deposition

Mean

Sham  group A group AA group [A group iaa

Graphic 1: The mean histological scores
of the groups according to Ehrlich and
Hunt numerical scale

DISCUSSION

The mean bursting pressure + SD of the study
groups was 264 + 15.6 for Group S, 148.2 +8.93
for Group A, 237.8 = 43.45 for Group AA, 117.6
+ 5.41 for Group IA, and 190.2 + 9.76 for Group
AlA, respectively.  Anastomotic  bursting
pressures (ABP) were the highest in group S, and
in a decreasing order of AA, AlA, and the lowest
in group IA. The difference between S and AA
groups was statistically insignificant in the binary
comparison of the groups (p=0.222). A
statistically significant difference was determined
in the comparison of all other binary groups (p<
0.05) (Table 2). There were two anastomotic
leakages in groups 1A and AlA.

Mean bursting pressure (mmHg)

300,00

200,00 -

100,00

0,00
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was not achieved in all variables (p<0.005).
Accordingly, the Kruskal-Wallis H test was used
to determine whether the mean of the specified
variables differed from group to group. If the
results were significant, binary comparisons with
the Mann-Whitney U test were made to find the
differences. The results were tested at a 95%
confidence level.

Sham group A group AA  group iA group IAA

Graphic 2: Mean bursting pressure in
groups(mmHg).

The Ehrlich-Hunt model measuring the score of
the regeneration of the anastomotic line via
inflammation, neovascularization, fibroblastic
activity, and collagen formation constituted the
basis of the histopathological findings. The above-
mentioned findings are presented in Table 2. The
total score was found to be the highest in AIA
group and in a decreasing order in AA, IA, A
groups and the lowest in S group. Binary
comparisons for the total scores between the
groups were statistically insignificant between S
and A groups (p=0.222). Other binary
comparisons were statistically significant (p<0.05)
(Table 2).



296

Table 1: Ehrlich and Hunt numerical scale®

No evidence
Occasional evidence
Light scattering
Abundant evidence

Confluent cells or fibers

1+
2+
3+
4+

The following parameters were each assessed
individually: inflammatory cell infiltration,
blood vessel and fibroblast ingrowth, and

collagen deposition

Table 2: Mean histological scoring and bursting pressure mean and standard deviation values of the groups.

GROUP P
SHAM Group A Group AA Group A Group IAA
Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard
Deviation Deviation Deviation Deviation Deviation
inflammatory cell 0,4 0,55 2,6 0,55 3,6 0,55 4 1,00 5 0,00 <0,001
infiltration
Fibroblastlar 0,2 0,45 2,2 0,45 34 0,55 0,8 0,45 4,6 0,55 <0,001
ingrowth
neovascularization 0,4 0,55 18 0,45 42 0,45 0,8 0,45 4,6 0,55 <0,001
Kollogen deposition 0,6 0,55 2 0,71 3,6 0,55 0,8 0,45 4,6 0,55 <0,001
Bursting pressure 264 15,60 148,2 8,93 2378 43,45 117,6 5,41 190,2 9,76 <0,001
CONCLUSION Colorectal Dis. 2009; 24(5): 559-
67[DOI][PubMed]

The fresh AM application is an effective treatment
method used for healing colonic anastomosis in
both normal and ischemic situations. These results
suggest that the use of the fresh AM will shed
light on the future clinical studies.
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