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Abstract

AIM
To establish and evaluate an experimental porcine
model of fistula-in-ano.

METHODS

Twelve healthy pigs were randomly divided into two
groups. Under general anesthesia, the experimental
group underwent rubber band ligation surgery, and
the control group underwent an artificial damage
technique. Clinical magnetic resonance imaging (MRI)
and histopathological evaluation were performed on
the 38" d and 48" d after surgery in both groups,
respectively.

RESULTS

There were no significant differences between the
experimental group and the control group in general
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characteristics such as body weight, gender, and the
number of fistula (P > 0.05). In the experimental
group, 15 fistulas were confirmed clinically, 13
complex fistulas were confirmed by MRI, and 11
complex fistulas were confirmed by histopathology.
The success rate in the porcine complex fistula model
establishment was 83.33%. Among the 18 fistulas in
the control group, 5 fistulas were confirmed clinically,
4 complex fistulas were confirmed by MRI, and 3
fistulas were confirmed by histopathology. The success
rate in the porcine fistula model establishment was
27.78%. Thus, the success rate of the rubber band
ligation group was significantly higher than the control
group (P < 0.05).

CONCLUSION

Rubber band ligation is a stable and reliable method to
establish complex fistula-in-ano models. Large animal
models of complex anal fistulas can be used for the
diagnosis and treatment of anal fistulas.

Key words: Complex fistula-in-ano; Animal model;
Fistulas

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Different new surgical methods for fistula-in-
ano such as fibrin sealant or AFP plug should be used
to establish animal models before a clinical trial begins.
We established an experimental porcine anal fistula
model using a rubber band ligation method which
may provide a possible platform for anorectal fistula
research. This surgical method using rubber band
ligation is more stable and reliable than an artificial
damage technique. Our porcine model of fistula-in-
ano was confirmed by histopathology and anatomically
similar to humans. This porcine model of fistula-in-
ano can be used in the diagnosis and treatment of anal
fistulas.
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INTRODUCTION

Fistula-in-ano is a common disorder in general surgery.
A simple, open fistulectomy or fistulotomy is effective
for simple or low fistulas. However, complex or
multiple-tract fistulas are difficult to treat due to a high
rate of recurrence and a significant risk of incontinence.
Surgery remains the only method of healing anal
fistulas. To date, various treatment methods have been
used for fistula-in-ano due to the lack of a standard
treatment. Numerous surgical procedures including
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fistulotomy, the Seton cutting procedure, fibrin glue,
endoanal advancement flaps, and ligation of the
intersphincteric fistula track have been performed.
The main aim of anal fistula treatment is to eradicate
internal and external openings while preserving
anorectal continence. Many treatments can result in
sphincter damage and fecal incontinence. For example,
use of the Seton cutting procedure is associated with
healing rates of approximately 80%-100%, but fecal
incontinence rates of up to 60%!"!, Fistulotomy results
in healing in approximately 75%-100% of patients,
but impairs continence in up to 60%, especially in
those with a complex fistula™®. Fistulotomy, although
extremely effective in treatment of anal fistulas, is not
a feasible option when the fistula tract incorporates
a significant amount of internal and external
anal sphincter, as is the case in many high trans-
sphincteric fistulas”®. The mucosal advancement
flap, a technically precise operation, is the best
established alternative to fistulotomy, with reported
success rates ranging from 37% to 89%*” and with
incontinence rates ranging from 9% to 21%“**!, Fibrin
glue injection through the fistula tract is a minimally
invasive, sphincter-sparing alternative, but long-term
recurrence reaches 69%-100%!""%, To date, there is
no standard management method for anal fistulas as
none of these procedures has a high chance of success
and no risk, and depends on the patients’ anatomy,
fistula anatomy and the patient’s wishes. A variety of
new surgical procedures for anorectal fistula or anal
gland infection® should be performed in animals in
order to minimize the possible risk to humans. Small
animal models of anal fistula have not been well
described in terms of the pathogenesis and healing
of anorectal fistulas. Buchanan et a/™¥ successfully
established large animal models of anal fistulas and
described possible surgical techniques. Although their
research provided an important experimental platform
for an anal fistula model using large animals, the exact
pathogenesis of fistula formation was not described*,
Different and novel surgical methods, such as fibrin
sealant or AFP plug, should be undertaken using
animal models before clinical trials are performed. It
is necessary to establish large animal models in this
research field. Ideal animals used in fistula models
are monkeys or dogs™®'”). However, monkey or dog
experiments are not practical. The main purpose
of the present prospective study was to establish
an experimental porcine anal fistula model using a
rubber band ligation method and to provide a possible
platform for anorectal fistula research.

MATERIALS AND METHODS

Animal selection and experimental ethics

This research was conducted in accordance with
animal ethics regulation laws published in 1986 and
an animal protection law of the People’s Republic
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Table 1 Comparison of the general data between the two
groups

Number of Number of Male/female Average
animals fistulas ratio weight
Experimental 6 18 3/3 39.3+1.1
group
Control group 6 18 4/2 38.9+1.2
*/tvalue 0.3429 0.6019
P value 0.5582 0.5606

of China. Care and handling of the animals were in
compliance with the “Guide for the Care and Use of
Laboratory Animals”. Written approval was obtained
from the animal experiment ethics committee of
The First Affiliated Hospital of Xinjiang Medical
University. All aspects of this study, including animal
husbandry, were undertaken at the First Affiliated
Hospital of Xinjiang Medical University. Considering the
similarities of the internal and external sphincter to
human anorectal structure, pigs were selected for this
research. Twelve healthy pigs (with an average weight
of 39-45 kg), chosen from the experimental animal
center of the First Affiliated Hospital of Xinjiang Medical
University, were used to establish an anal fistula model
using rubber band ligation surgery. All pigs were
randomly divided into two groups in accordance with
a computerized random number table. Under general
anesthesia, the experimental group underwent rubber
band ligation surgery, and the control group underwent
an artificial damage technique. An intramuscular
injection of the anesthetic Zoteil 50 at 1 mL/kg was
administered. Two mL of lidocaine was administered to
the local area for efficient general anesthesia.

Perioperative management

Under general anesthesia, six experimental animals
underwent rubber band ligation surgery, and 18
models of fistula-in-ano were created. The control
group underwent an artificial damage technique.
There were no significant differences between the
experimental group and the control group regarding
general characteristics such as body weight, gender,
and number of fistula (P > 0.05) (Table 1). All animals
received a visual examination, palpation, and anoscopy
in the right lateral position after general anesthesia
and disinfection. On the 28" d after surgery, the
rubber bands were removed in the experimental
group. Clinical magnetic resonance imaging (MRI)
and histopathological evaluation were performed on
the 38" d and 48™ d after surgery in both groups,
respectively. Clinical and histopathological evaluations
were also carried out in both groups.

Surgical intervention

Modeling methods in the experimental group: All
animals in the experimental group underwent regular
disinfection, visual anus examination, and diagnostic
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anoscopy under general anesthesia. A 0.5 cm minimal
incision in the anus was made in the lithotomy position
at the 3, 9, and 12 o’clock positions. The 6 o’clock
position was not used as it was extremely close to the
pig’s tail and coccyx, and to avoid the risk of sepsis. A
rubber band Seton was directly crossed through the
anal sphincter and inserted into the sphincter using
forceps. The incision was fixed using a gauze bandage.
All animals were placed in the postoperative care unit
until they regained consciousness. Vital signs were
monitored after surgery.

Modeling methods in the control group: All
perioperative care, preparation, and incisions in the
control group were the same as for the experimental
group. Forceps were directly crossed through the anal
sphincter and inserted into the sphincter. No additional
materials were inserted into this artificial canal.
Following the establishment of these two models,
all animals received postoperative monitoring and a
standard diet.

Postoperative intervention: All wounds in the two
groups were observed and dressed daily. All Setons
were extracted on the 28" d under general anesthesia.
As anus sonography is unstable, all animals underwent
anorectal MRI after Seton extraction in order to
determine anatomical structure on the 38" d after
surgery according to the diagnostic guide for MRI!"®,
On the 48" d after surgery, fistulas were resected
again and histopathological examinations were
performed. Following these procedures, all animals
were given their usual diet.

Animal care and use statement

The animal protocol in this research was designed to
minimize animal pain and discomfort. The pigs were
acclimatized to laboratory conditions (23 C, 12h/12h
light/dark, 50% humidity, ad libitum access to food
and water) for eight weeks prior to experimentation.
Intragastric gavage was carried out in conscious
animals, using straight gavage needles appropriate
for animal size (35-45 g body weight: 22 gauge, 1
inch length, 1.25 mm ball diameter). All animals were
euthanized by barbiturate overdose (intravenous
injection, 150 mg/kg pentobarbital sodium) for tissue
collection.

Outcome measures and statistical analysis

All animals were reexamined under general anesthesia
to determine the clinical state of the created fistulas.
Fistula creation was considered successful when a
clear outer opening on clinical observation or obvious
structures on MRI were observed. The basic structure
of the fistula and hyperplastic tissue or fibroblast
components were considered histopathological con-
firmation of the fistula model (Figures 1-3). The end
point of fistula healing was the disappearance of the
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Figure 1 Porcine model creation process. A: Intframuscular injection with anesthetic Zoteil 50 at 1 mL/kg; B: A 0.5 cm minimal incision made in the anus at 3, 9, and
12 o’clock position and ligated rubber used; C: Directly cross through the anal sphincter with rubber band seton.

Figure 2 Magnetic resonance imaging evaluation of created fistulas. A: Created fistulas; B and C: Typical fistula imaging was found and it was very similar to

human anal fistula imaging of magnetic resonance imaging.

lumen on MRI or clinical observation.

Numerical data were expressed as the median and
ranges. Excel data analysis was performed using SPSS
19.0 software. The »° test was used to compare related
data. P < 0.05 was considered statistically significant.

RESULTS

Following surgery, all animals were alive with no
obvious adverse effects and no postoperative com-
plications such as abscess or general infection.
There were no significant differences between the
experimental group and the control group regarding
general characteristics such as body weight,
gender, and number of fistulas (P > 0.05). In the
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experimental group, 15 fistulas were confirmed
clinically, 13 complex fistulas (7 lower type and 6
hilar type) were confirmed by MRI, and 11 fistulas
were confirmed by histopathology. All 11 fistulas
assessed histologically had a lumen and surrounding
granulation tissue. The granulation tissue was similar
to that seen in human fistula-in-ano. The clinical
success rate of the porcine fistula model was 83.33%.
In the control group of 18 fistulas, 5 fistulas were
confirmed clinically, 4 fistulas were confirmed by MRI,
and 3 fistulas were confirmed by histopathology. The
clinical success rate of the porcine fistula model was
27.78%. The success rate of the rubber band ligation
group was significantly better than the control group
(P < 0.05) (Table 2).
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Figure 3 Pathological findings of created fistulas. A: Epithelization in the created fistula tract; B and C: Epithelization and granulation were found in the created

fistula tract.

Table 2 Comparison of the characteristics and outcome between the two groups

Group Animals No. of fistulas Number of successful  MRI showing typical characteristics of  Pathological features showing
clinical models complex fistulas fixed fistulas
Experimental group 6 18 15 13 11
Control group 6 18 b, 4 3
;{2 value 9.1125 7.1331 7.4805
P value 0.0025 0.0076 0.0062
treatment is effective for fistulas, according to a recent
DISCUSSION ' d

Anorectal fistula is an abnormal channel between
the anal canal and perianal skin due to chronic
infection, and is also called an anal fistula, or fistula-
in-ano. Highly complex anal fistulas are very common
and difficult to treat in clinical practice!®®?!. The
recurrence rate of highly complex fistulas is high,
and the healing time is long. Satisfactory defecation
control after traditional open surgery causes major
difficulties in the treatment of this disease. Although
anal fistulas are caused by chronic infections, it is not
the same as a typical superficial chronic infection.
The traditional treatment of anal fistulas, such as
fistulotomy, fistulectomy, or Seton ligation therapy,
can be associated with longer healing time and
significant pain in patients. In addition, care can
be complicated by anal dysfunction or even fecal
incontinence®?¥, According to previous research, a
mucosal advancement flap is an alternative method
for repairing fistula-in-ano; however, this procedure
requires demanding technical support and has a high
postoperative recurrence rate. Although fibrin glue
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meta-analysis, the success rate varies. These surgical
procedures have obvious shortcomings, and a standard
procedure is heeded for treating anal fistulas. Reducing
recurrence and avoiding postoperative incontinence
are the final objectives of most new minimally invasive
surgical methods™***'. However, animal experiments
should be carried out to confirm the safety and efficacy
of the method before it is put into clinical application.
With the application of new concepts in perianal
anatomy, anorectal physiology, and the pathogenesis
of anal fistulas, there is an increasing tendency to
perform new therapeutic methods, and there has been
great progress in anorectal studies. Most of the studies
on anorectal diseases were based on clinical aspects
such as diagnosis or clinical treatment. However, there
is less information on basic research, such as animal
experiments. Due to technical difficulties and high
research cost, it is not easy to carry out basic research
on large animals. The purpose of establishing the
present animal model was to fill this gap and provide
a platform for further research in this field. This study
provides a feasible animal model for further study on
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the diagnosis and treatment of anal fistulas.

In this study, we confirmed that there were no
significant differences between the experimental
group and the control group regarding the general
characteristics such as body weight, gender, and
number of fistulas (P > 0.05). In the experimental
group, 15 fistulas were confirmed clinically, 13
complex fistulas were confirmed by MRI, and 11
fistulas were confirmed by histopathology. The clinical
success rate of the porcine fistula model establishment
was 83.33%. This result was encouraging. In the
control group of 18 fistulas, 5 fistulas were confirmed
clinically, 4 fistulas were confirmed by MRI, and 3
fistulas were confirmed by histopathology. The clinical
success rate of the porcine fistula model was 27.78%.
The success rate in the rubber band ligation group
was significantly higher than that in the control group
(P < 0.05). The final results indicated that the rubber
band ligation method was a better animal model of
fistula-in-ano. We consider that use of the rubber band
ligation technique is stable and reliable, and better
than the artificial damage technique.

As it is impossible to resect the anal canal in
humans, the ideal experimental animal is the monkey.
These animals have typical anal gland structures
similar to humans; however, considering the national
animal protection laws, we selected pigs instead
and obtained satisfactory models of fistula-in-ano.
As shown by MRI and histopathological analysis, we
established 15 anal fistula models. We found scar
granulation tissue near the fistula. The morphology of
the anal muscle was very similar to human internal
and external anal sphincter structures. Model fistulas
in the experimental group had rich granulation tissue
confirmed by MRI and histopathology.

We designed the anal fistula model using pigs
as a large animal experimental model of fistula-in-
ano is essential when histopathologic evaluations and
reproducibility are required. This study presents a
successful large animal experimental model of fistula-
in-ano, which satisfies the need for new management
alternatives such as an anal fistula plug or stem cells.

We believe that the rubber band ligation procedure
creates a better fistula model. This model had good
tolerance. We observed the experimental animals
for 60 d; 15 did not heal naturally, and the three
remaining fistulas self-healed. Self-healing may be
related to the anti-infection ability of the porcine
itself, but the exact mechanism is unclear®?! and
requires further study. We found that the anal fistulas
established using the rubber band ligation method
simulated the pathophysiology of a clinical anal
fistula. Compared with the animal model using BLAKE
silicone drains by Aikawa et al'*, the rubber band
ligation model was easily created and observed. In
the aforementioned research, the authors confirmed
the construction of a fistula according to clinical
manifestations. However, they did not describe how
the animal model was established or observed using
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measurement methods such as MRI or histopathology.
We conclude that the rubber band ligation method
was reliable and resulted in less damage to the normal
surrounding tissues. Marianas®™” constructed an anal
fistula model using steel wire. However, the author was
unable to detect possible changes in the surrounding
tissues and the state of the sphincter. We believe that
steel wire can easily lead to unnecessary damage to
normal tissues. In the present study, we also found
many epithelial cells, fibroblasts, inflammatory cells,
and muscle cell proliferation around the fistula. It is
possible that the created porcine fistula model may be
associated with the epithelization of chronic inflamed
tissue. We also conclude that simple injury does not
create a good anal fistula model. It is necessary to
provide enough time for the granulation process near
the artificial fistula.

With regard to durability and follow-up in this study,
we were unable to demonstrate durability (longer length
of time, stability without Seton) due to resection of the
anus and sphincter at the end of the experiment. Some
fistulas healed in the control group; thus, these animals
showed good healing of damage in the anorectal area.
Therefore, it is difficult to determine whether a stable
fistula can be obtained after the Seton is removed.
Further investigations are required to obtain satisfactory
fistulas. In addition, we were unable to detect the length
of the puborectalis muscle which is closely related to the
diagnosis of complex fistula-in-ano.

To date, complex human anal fistulas have not
been effectively resolved® !, Many anorectal surgeons
have attempted to use minimally invasive surgical
treatments for anal fistulas, but have failed. Our
research team also tried to determine the efficacy of
minimally invasive surgery, but the results after a long
follow-up period indicated that the final success rate
was unsatisfactory*. In order to obtain more precise
proof regarding pathogenesis, further animal studies
and other fundamental researches are required. The
porcine anus is anatomically similar to humans, which
was confirmed by MRI and histology. We conclude
that use of rubber band ligation to establish a complex
anorectal fistula was stable and reliable. Rubber
band ligation was better than the artificial damage
technique. Furthermore, the experimental porcine
anal fistula model using rubber band ligation can be
used in the diagnosis and treatment of anal fistulas.
Large animal models of anal fistula can also be used
for other anorectal diseases such as hemorrhoids, anal
fissure and anorectal abscess formation.

Compared with the animal model using BLAKE
silicone drains by Aikawa et al*, the rubber band
ligation model was easily created and observed. We
searched for articles on animal anal fistula models
using PubMed and Web of Science databases, however,
we only identified 4 relevant articles. The researchers
in these studies confirmed the establishment of fistula
according to clinical manifestations only. They did not
describe how the animal model was established or
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the measurement methods used such as pathophysio-
logy, MRI and histopathology. In our research, we
determined that the rubber band ligation method was
reliable using MRI or histopathology. Although we were
unable to determine the pathophysiologic evidence
of the model, we believe that imaging and pathology
assessment were more practical than pathophysiology.
In addition, the pathophysiologic determination of
fistula is not easy. Anal fistula models established using
the rubber band ligation method could simulate the
pathophysiology of clinical anal fistulas. We will carry
out further studies in order to obtain pathophysiologic
evidence of rubber band ligation in the near future.
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complex or multiple tract higher fistulas are difficult to treat due to a high rate
of recurrence and a significant risk of incontinence. Different new surgical
methods such as fibrin sealant or AFP plug should be carried out using animal
models before clinical trials are performed. There is still a need to establish
large animal models in this research field.

Research frontiers
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porcine anal fistula model using a rubber band ligation method and to provide a
possible platform for anorectal fistula research.
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Surgery using rubber band ligation was stable and reliable. This method was
better than the artificial damage technique. Fistulas in the experimental group
had rich granulation tissue, which was confirmed by magnetic resonance
imaging (MRI) and histopathology.
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In order to obtain more precise proof regarding pathogenesis, further animal
studies and other fundamental researches are needed. The porcine anus is
anatomically similar to humans, which was confirmed by MRI and histology.
Furthermore, the experimental porcine or large animal models of anal fistula
model can be used in the diagnosis and treatment of anal fistulas.

Terminology

Animal models are a central component of studies aimed at understanding the
pathophysiological or anatomical bases of certain diseases, and are essential
in the development of new, more effective therapies which are desperately
needed.
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fistula-in-ano was stable and reliable. This method was better than the artificial
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