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Abstract
Background: Perianal fistula is a complicated disorder and 
most difficult to manage. New treatment methods would help 
surgeons to achieve a better outcome in patients with perianal 
fistula. Human amniotic membrane (HAM) has positive effects 
on wound healing in several conditions. The present study aimed 
to further determine the effect of HAM on wound healing of 
perianal fistula in rabbits.
Methods: In a prospective experimental study, 14 male rabbits 
(aged 4-6 months and weighing 3-4 kg) were randomly divided into 
2 groups. After 12 weeks, the high type perianal fistula was repaired 
with endorectal flap (ERF) and ERF plus HAM in the control and 
case groups, respectively. In all rabbits of the case group, a 1×1 cm 
width wrap of HAM was applied and fixed around the ERF site. 
Three weeks later, the repaired site of the perianal fistula was sent 
for pathologic wound healing scoring. The results were analyzed 
with the SPSS 21.0 software using Mann-Whitney test.
Results: Six rabbits of each group survived the study period. 
There was a statistically significant difference in wound healing 
between the case and control groups (P<0.001). Wound healing 
process in the case group occurred better and faster than the 
control group.
Conclusion: HAM has an effective role in enhancing the ERF 
procedure and considered appropriate. A combination of HAM 
with other methods is recommended.
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Introduction

An anorectal fistula is one of the inflammatory disorders that 
involves epithelium of the anal canal and perineum or perianal 
skin. Perianal fistula has significant implications on patients’ 
quality of life and its squeal range from minor pain and social 
hygienic discomfiture to frank sepsis. Anal canal has 1012 to 
1014 bacteria/mg faeces and the incidence of an anal fistula that 
originate from an anal abscess is usually 26-38%1 and the mean 
age of onset is 40 years old (range 20-60).2 Anorectal abscess 
is the most common cause of an anorectal fistula. Other causes 
of anorectal fistulas include Crohn’s disease,3 lymphogranuloma 
venereum, radiation proctitis, and rectal foreign bodies.4,5

The management of anal fistula is an important challenge in 
colorectal surgery. The surgery is based on therapy with the final 
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What’s Known

• Human amniotic membrane 
(HAM) has already been applied in 
multiple sites of the gastrointestinal 
tract, such as the duodenum, colon, 
and rectovaginal fistula.
• HAM has shown significant effects 
on wound healing.

What’s New

• Based on histological findings and 
surgical outcomes, HAM placement has 
an effective role in healing enhancement 
of the endorectal flap procedure. 
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goal of draining the local infection, eradicating 
the fistulous tract, and avoiding recurrence while 
preserving native sphincter function.6,7 Biologic 
dressing to enhance wound healing is usually used. 
Human amniotic membrane (HAM) includes three 
elements, namely an epithelial layer, a basement 
membrane, and a stroma which makes the inner 
layer of the placenta. HAM has key features, 
including anti-inflammatory, antimicrobial, 
antifibrosis, antiscarring, low immunogenicity, 
and high potency of differentiation. HAM as a 
biologic matter has been used for wound healing 
of abdominal adhesiolysis, tenolysis, neurolysis, 
and injuries of the dura-mater and vagina for 
many years.8,9

The precise mechanism of HAM remains 
unidentified. Various mechanisms of anti-
inflammatory effect of HAM such as decreasing 
lipid peroxidation, inducing apoptosis, 
and inhibiting the chemotactic activity of 
polymorphonuclear neutrophil (PMN) have 
been proposed.10 HAM has been investigated 
and demonstrated significant effects on wound 
healing of rectovaginal fistula, gastrointestinal 
tract, colon, and duodenum.10,11 Endorectal flaps 
are used to protect wound healing with 70-80% 
success rate. In the present study, for the first 
time, we aimed to examine the effect of HAM on 
wound healing process in perianal fistula.

Materials and Methods

Animals and Ethical Considerations
In collaboration with the Animal Laboratory of 

Shiraz University of Medical Sciences (Shiraz, 
Iran), 14 rabbits were selected and initially 
evaluated by a veterinarian surgeon for any 
underlying problems. The age of the rabbits 
was 4-6 months, weighing 3-4 kg, and kept in 
standard cages at 20-24 °C, 55±5% humidity, 
12 times per hour ventilation, and 12:12 hours 
light dark cycle. The rabbits received standard 
chow and water ad libitum. The Animal Laboratory 
of Shiraz University of Medical Sciences 
supervised the procedures, preoperative, and 
postoperative cares.12 The HAM was provided 
by Shiraz Burn Research Center, Shiraz Zeinab 
Hospital (Shiraz, Iran) and primarily evaluated 
for viral markers (HIV, HCV, and HBV). It was 
then preserved in gluteraldehyde and frozen at 
20 °C. The study was approved by the Research 
Vice Chancellor and the Ethics Committee of 
Shiraz University of Medical Sciences (number 
7172), Shiraz, Iran.

Experimental Design
Step 1: The rabbits were randomly divided 

into two groups, namely case group (n=7) and 

control group (n=7). Following 10-20 minutes 
intravenous injection of Ketamine-Xylazine 
(50 mg/kg), the animals underwent surgical 
high type fistula tract creation by clamp and 
electrocutery. A short French tube (number 10) 
was inserted into the fistula and the internal 
and external orifice of the fistula tract was 
marsupialized with Vicryl 4-0.

Step 2: Twelve weeks later, after intravenous 
sedation by Ketamine-Xylazine (50 mg/kg 
administered 10-20 minutes in advance) followed 
by preparation and draping, ERF was made in the 
control rabbits using prolene 4.0 and ERF plus 
HAM was applied in the case group. A 1×1cm 
width wrap of HAM was sutured around the ERF 
site and fixed by Vicryl 4-0 with simple interrupted 
sutures. Surgical diet was started after 24 hours 
in both groups. The protocol of anesthesia and all 
procedures, preoperative care, and postoperative 
care were similar for all the rabbits.

Step 3 (follow-up analysis of anastomosis): 
The surviving rabbits were sacrificed after 
3 weeks and perianal site surgery specimens 
were resected and fixed in formaldehyde 10% 
solution (formalin). All samples were labeled 
blindly and sent to the Histopathology Department 
of Faghihi Teaching Hospital, Shiraz, Iran.

Pathological Evaluation
Histopathological assessment was performed 

after tissue processing and slide preparation 
with hematoxylin and eosin staining by a single 
pathologist in the department of histopathology. 
A modified scoring system for surgical wound 
healing13 was used to determine healing grade in 
each sample. Scoring was performed according 
to multiple factors such as epithelialization, 
inflammation, neovascularization, necrosis, and 
granulation tissue formation (table 1).

Statistical Analysis
The statistical SPSS software version 21.0 

for Windows (SPSS, Chicago, IL) was used 
to perform the analyses with Mann-Whitney U 
test. Two-tailed P values less than 0.05 were 
considered statistically significant.

Results

Macroscopic Evaluation
After 12 weeks, no surgical site infection was 

found in all rabbits (case and control groups). 
Internal orifice perianal fistula sites were 
resected and prepared for pathologic evaluation.

Pathological Evaluation
Pathological evaluation revealed no 

significant difference between the case and 
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control groups, possibly due to the small sample 
size. The mean scores for each histological item 
are presented in table 2.

The pathological evaluation revealed 
more collagenization, neovascularization, and 
epithelialization as well as less tissue necrosis, 
inflammation, and granulation tissue formation in 
the case group compared with the control group. 
As shown in figure 1, clinical wound healing was 
more rapid in the HAM group.

Discussion

The present experimental study was performed 
as the first investigation to assay the effects of 
HAM on wound healing and ERF in an animal 
model. Better histopathological results were 
found in the HAM group. There was no incident 
of wound infection, one of the most serious 
complications, in the control and case groups. 
One rabbit of each group expired during the 
study. In the HAM group, no evidence of ERF 
rejection due to infection was detected.

Various treatment approaches are primary 
fistulotomy, fibrin sealant injection, draining 
setons to preserve the sphincter mechanism, 
endoanal advancement flaps, fibrin glue, fistula 
plugs, modified Hanley procedure, ligation of the 
intersphincteric fistula tract, or diversion.14-16 In a 
study by Uludag et al.,8 HAM had a preventive 
effect on the colonic anastomosis leakage. In the 
present study, pathological evaluation revealed 
more collagenization, neovascularization, 
epithelialization, and less tissue necrosis and 
granulation tissue formation in the case group 

compared with the control group. A range of 
studies assessed the effect of HAM on wound 
healing. In a study by Ghahramani et al.,15 
dogs were a candidate for duodenorraphy and 
HAM patch was used for wound repair. In gross 
evaluation with/without HAM, no difference 
in duodenal diameter was reported after the 
operation. However, in pathological evaluations, 
they revealed less inflammation and a better 
wound healing with HAM.9 In another study, HAM 
as a bioprosthesis was used with TachoSil® for 
the repair of rectovaginal fistula in a rabbit model. 
After 4 weeks, the histopathological results 
showed differences in fistula healing between 
the rabbits. The most rectovaginal fistula repair 
was related to HAM and TachoSil® did not have 
additional healing effect (P>0.05).11

In an animal study, Barlas et al.17 evaluated 
the effectiveness of HAM as an intestinal patch 
and neomucosal growth was mentioned. They 
reported that after two weeks, the neomucosa 
consisted of a thin layer of columnar epithelial cells 
that covered all the patches. In an experimental 
study on dogs, Najibpour et al.18 indicated 
that the use of HAM results in a better colonic 
anastomosis and wound healing outcome. The 
left colon of dogs was resected and end-to-end 
anastomosis was performed in a single layer. 
HAM patch was used around the anastomotic 
line and the result showed significantly higher 
healing score in the HAM group (P=0.01).

Roshanravan et al.19 mentioned better 
outcomes when HAM was used as a 
bioprosthesis to repair the rectovaginal fistula 
in dogs. After 6 weeks, similar to previous and 
current investigations, there was no difference in 

Table 1: Modified scoring system for wound healing
Score 
tissue

Epithelialization Collagenization Inflammation Neovascularization Necrosis Granulation

1 None None Severe None Extensive None
2 None None Moderate None Focal Immature
3 Partial Partial Mild <5/HPF None Mild mature
4 Complete, 

immature
Complete, 
non-irregular

None 6-10/HPF None Moderately mature

5 Complete, 
mature

Complete, regular None >10/HPF None Fully mature

HPF: High power field

Table 2: The mean of wound healing score in the two 
groups
Groups Case Control P value
Epithelialization 3.57 3.00 0.35
Collagenization 4.14 3.71 0.20
Inflammation 1.86 2.28 0.09
Neovascularization 1.86 1.57 0.42
Necrosis 0.28 0.71 0.24
Granulation 3.28 3.71 0.41

Figure 1: Shows healing of fibromuscular tissue after using 
HAM (H&E, ×40).
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the healing of fistula with or without HAM as a 
gross evaluation. However, the histopathological 
evaluation revealed significantly higher healing 
score in the HAM group (P=0.029).

A study on rats revealed that the wound 
healing process was accelerated due to the 
HAM effect on duodenal wall structure.20 The 
rats were subjected to duodenotomy and HAM 
was used on duodenal wound in one group. No 
changes were observed regarding the formation 
of duodenal fistula or peritoneal adherences in 
the region of duodenal wall repair. Schimidt et 
al. reported that regeneration of the mucosa 
and smooth muscle layer was increased and 
the healing of duodenal wall with HAM was 
better.20

Kuriu et al.21 demonstrated that HAM had a 
curing effect on the intraperitoneal adhesion in 
rats. They observed severe adhesions between 
the cecum and surrounding organs after 
1 week of surgical trauma without HAM, while 
it was significantly reduced by HAM treatment. 
Histological evaluation showed a layered 
structure that consisted of myofibroblasts 
attached to the surfaces of HAM grafts. HAM 
was well absorbed after 10 weeks and it served 
as a substrate for regenerating mesothelium.

Some studies showed that the use of HAM 
might play a significant role and a feasible 
technical approach to prevent post-irradiation 
colorectal anastomosis leakage.22,23 In a study, 
animals underwent resection of colorectal 
segment and end-to-end anastomosis four 
weeks after irradiation. Then, HAM was applied 
around the site of anastomosis. A segment 
of anastomotic sites was obtained 8 weeks 
later for pathological evaluation and significant 
epithelialization and neovascularization with 
HAM demonstrated. The healing score was 
higher with HAM (P<0.001). Moslemi et al. 
suggested that the use of HAM could be 
protective from anastomosis leakage in post 
irradiation.22

In another animal study, from a total of 
10dogs, 5 received 10 Gy of external radiation 
preoperatively while the other 5 received no 
radiation. Then, end-to-end anastomosis was 
done on the bowel remnant and HAM was 
used around the anastomosis. Tahamtan et al. 
demonstrated the ulceration of the mucosa with 
infiltration and granulation tissue formation. They 
showed that fibrotic tissue was formed between 
the serosa and HAM graft and suggested that 
complications of radiotherapy and loop ileostomy 
could be resolved with the application of HAM 
and eliminate the need for ileostomy insertion.23

Uludag et al.8 showed that HAM reduced 
inflammation and increase wound healing 

process. Additionally, inflammatory cytokines 
suppressed, tissue growth factor and anti-
inflammatory proteins expressed, and fibroblast 
activity and angiogenesis increased. In the 
present study, granulation tissue formation was 
less in the case than the control group. The 
healing process in rabbits, due to their different 
immune system, is faster than humans. After 
12 weeks, only the marked inner orifice was 
found and ERF was performed. The external 
orifice was healed in most rabbits.

The limitation of the present study is related to 
the small size of the animals. It is recommended 
to apply this method to large animals and even 
human beings. It should be noted that risk factors 
such as diabetes mellitus, obesity, anemia, 
and smoking could affect the results of human 
perianal fistula. Evaluation of these risk factors 
is recommended in future research.

Conclusion

In the present study, the effect of HAM on the 
ERF procedure was investigated on rabbits. The 
pathological evaluation revealed no statistically 
significant difference between the case and 
control groups. However, HAM placement had 
an effective role in enhancing the ERF procedure 
and showed a better histological findings and 
surgical outcomes in the HAM group.
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