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Objective: To establish an animal model of a vesicovaginal fistula that can later be used in
the development of new treatment modalities.

Materials and methods: Six female pigs of Landrace/Yorkshire breed were used. Vesicotomy
was performed through open surgery. An standardized incision between the bladder and the
vagina was made, and the mucosa between them was sutured together with absorbable sutures.
A durometer ureteral stent was introduced into the fistula, secured with sutures to the bladder
wall, allowing for the formation of a persistent fistula tract. Six weeks postoperatively cysto-
scopy was performed to examine the fistula in vivo. Thereafter, the pigs were euthanized with
intravenous pentobarbital.

Results: Two out of four (50%) pigs developed persistent fistulas. No per- or postoperative
complications occurred.

Conclusion: This study indicates that this pig model of vesicovaginal fistula can be an effective
and cheap way to create a fistula between the bladder and vagina.
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Introduction
Vesicovaginal fistula (VVF) is a major problem worldwide. The majority of cases
occur in developing countries, where the lack of sufficient obstetric care during
obstructed labor is the most common etiology."” The prevalence of obstetric fistula
appears uncertain in available literature. The most commonly mentioned estimate is
2 million women worldwide.® This number is an old and uncertain estimate derived
from an article that does not sufficiently explain how this estimate was made. Accord-
ing to the United Nations Population Fund (UNFPA) fistula map, 16,016 women in
43 developing countries were treated for obstetric fistulas in 2011.° One should keep
in mind that this figure only includes those women who sought medical care from the
facilities included. In the industrial world, VVF is seen primarily as a complication to
pelvic surgery, especially hysterectomy.! 7' VVF as a complication of hysterectomy
for benign indications has been reported in several studies with incidence ranging
from one per 1,250 to one per 333.571011

A VVF is traditionally treated either conservatively or surgically. The conservative
approach for small fistulas has a success rate of 7%—12.5%.'*!2 Larger fistulas require
surgical closure and can be performed transvaginally with a success rate of 82%—100%
or transabdominally with a success rate of 90%.!* Recently, laparoscopic and robotic
surgery have been developed as minimally invasive procedures.'*!? All the aforemen-
tioned procedures are associated with re-hospitalization and longer recovery periods,
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which substantially adds to the economic costs for society and
reduces the quality of life for the individual patient.'

It is desirable to find new effective and less invasive treat-
ments for VVF to reduce the personal suffering and the costs
for society. The capability of stem cells to self-renew and
differentiate into multiple types of specialized cells makes
stem cells interesting targets for research, and positive results
from the use of stem cells have been demonstrated in many
medical fields."* !¢ Stem cells may also play a role in repair and
regeneration treatment for VVE. Before these new promising
methods can be used in the treatment of VVE, they should be
tested in an animal model that is transferable to man. The aim
of this study was to create a VVF model in a pig.

Materials and methods

Six female pigs of Landrace/Yorkshire breed were used in
this study. They were retrieved from a local farmer at an
average age of 16 weeks. The experiments were conducted
at a fully licensed Danish animal research laboratory and
performed according to the Danish animal research law.!”
Approval was obtained from the Danish Animal Experiments
Inspectorate.

The pigs were stabled in a 2.8x4.0 m booth, on an Altro
safe vinyl floor with bedding of JELUXYL® HW 300/500
(JELU-WERK, Rosenberg, Germany) for 43 days. They were
fed with full feed TopCross (Bredr. Ewers A/S, Aabenraa,
Denmark), wrap, and apples. The pigs had unrestrained
access to food and clean tap water. There was a light—dark
cycle of 12 hours each and a room temperature of 21°C.
After surgery, trained animal caretakers observed the pigs a
minimum of three times daily.

Surgery
The animals were sedated with intramuscular (IM) medeto-
midine (0.05 mg/kg) and midazolam (0.25 mg/kg). Atropin
(0.05 mg/kg) was given intramuscularly to reduce airway
secretion. An intravenous (IV) port was placed in an ear
vein. Propofol 3.8-7.5 mg/kg was given intravenously until
tail, hoof, and cornea reflexes were no longer apparent. The
pigs were intubated, placed on the operation table in a supine
position, and set to a respirator. Continuous inhalation anes-
thesia of sevoflurane 4% and inhalation of oxygen: air (1:1)
was given. The pigs were monitored with electrocardiogram
(ECG), pulse, blood pressure, respiration rate, and saturation.
Peroperative buprenorphine 0.0075 mg/kg and prophylactic
ampicillin 15 mg/kg were given.

The procedures were performed in a sterile environment.
The abdomen was washed and prepped with iodine. A vertical

laparotomy was performed from just below the umbilicus
to the symphysis. Peritoneal opening was performed due to
the intraperitoneal localization of the bladder in pigs. The
bladder and the two ureters were identified. A vertical inci-
sion facing the ventral surface and lower part of the bladder
was made with a length of approximately 7 cm and directed
toward the bladder neck. Urine was collected with suction,
ensuring minimum leakage.

A rectal tube (FG 18, Unomedical A/S, Greensboro, NC,
USA) was placed in the vagina and palpated through the
bladder and vaginal wall. This made the landmark for the
incision between the two organs. The catheter was first fix-
ated with Babcock forceps and then with a Vicryl 3.0 suture
(Ethicon, Cincinnati, OH, USA). A standardized 1 cm long
incision was made on the bladder wall over the plastic tube
inserted into the animal’s vagina while ensuring that the
ureters and the cervix were not damaged. Four absorbable
sutures were placed around the incision, at 12, 3, 6, and 9
o’clock, assembling the bladder and vaginal mucosa and
creating the fistula. The rectal tube was removed. A modified
Polaris™ Percuflex® Dual Durometer Ureteral stent (Boston
Scientific, Marlborough, MA, USA), size 6F, 26 cm, with
one curl cut resulting in a 10 cm long stent, was introduced
into the fistula and secured with several absorbable sutures
in the bladder wall (Figure 1). The stents served the purpose
of securing fistula formation. A two-layer closure of the blad-
der was performed with continuous absorbable sutures. The
peritoneum and the abdominal muscular layer were closed
with continuous absorbable sutures (PDS 0, Ethicon), fol-
lowed by closure of cutis with continuous absorbable lock-
stitch sutures (Vicryl 1.0). Initially two pigs were used to
investigate the plausibility of the surgical technique and they
were euthanized with IV pentobarbital (50 mg/kg) directly
after the operation.

Figure | Fistula creation and placement of Percuflex® Dual Durometer Ureteral
stent (Boston Scientific, Marlborough, MA, USA).
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Postoperative care and control

The remaining four pigs underwent surgery and were allowed
to wake up in secluded booths. A veterinarian and trained
animal caretakers observed the pigs daily. They were given
analgesics (Buprenorphine 0.045 mg/kg) three times daily
for a minimum of 3 days. Ampicillin (10 mg/kg) was given
once daily for 3 days. Four weeks postoperatively, the pigs
were lightly sedated with medetomidine (0.05 mg/kg),
midazolam (0.25 mg/kg), and atropine (0.05 mg/kg) for the
purpose of a gynecologic examination, using a colonoscope,
to observe whether the stents were in situ. Six weeks post-
operatively, the pigs were fully sedated as described earlier.
Cystoscopies were performed to examine the fistulas in vivo.
Methylene blue coloring was administered into the bladder
through a bladder catheter. Leakage was observed through the
vagina. The pigs were euthanized under anesthesia with IV
pentobarbital (50 mg/kg) with the possibility for examination
of the fistulas from inside the bladder (Figure 2).

Results

The mean weight was 41.7 kg (38.7—45.4 kg) at the start of the
study. Sufficient weight gain was observed in all pigs at the
end of the study (mean 34.5 kg [30.8-39.9 kg]), indicating
healthy pigs (Table 1). Two pigs successfully developed a
VVF of 5 mm in diameter. No postsurgical complications were
observed. Recovery after operation was quick; 2 hours post sur-
gically, all pigs had fully regained consciousness and showed
no signs of pain or limitations in their natural behavior. All
four pigs were seen urinating and defecating within 24 hours
postoperatively. The abdominal cicatrices were observed daily
for 10 days. The pigs were given analgesic and antibiotic treat-
ment for 3 days. No sign of pain, discomfort or infection was
observed; thus, no further medication was needed.

During gynecological examination, no ureteral stents
were found in the top of the vaginas. However, all stents
were found during cystoscopy 2 weeks later lying loose in
the bladder, with encrustation on the stents. Inspection of the
scars showed well-healed wounds.

Discussion

The aim of this study was to produce an animal model
that later can be used to test new treatments, eg, injection
of stem cells. A successful fistula was created in 50% of
the pigs. The mean weight gain observed in this study was
34.5 kg (30.8-39.9 kg). Owing to the fast growth, two
pigs probably outgrew their ureteral stents, which then
were displaced into the bladder. This meant that the pigs
probably did not have sufficient time with the stents in

Figure 2 During autopsy, the fistulas were examined from inside the urine bladder.
Notes: (A) Showing a bladder catheter inserted into the urethra. (B) Showing a
wire inserted into the fistula.

the fistula which therefore probably closed. An alternative
could be to use fully grown pigs, but this would require
bigger facilities than ours. One end of the stents was cut
to minimize any discomfort for the pigs. In future studies
the ureteral stent should be fixated between the bladder
and the vagina at their full length, minimizing the risk of
displacement and premature closure, or a rubber catheter
CH 20 could be used. Longer stents or catheters would also
make the gynecological examination easier. It was difficult
to find appropriate instruments for the present task because
the pig vagina is long and narrow, but examination with
a colonoscope proved successful. To follow the biologic
response of the treatment and possible side effects over
time, it was necessary to use a living model. We are aware
that the present model is created by a surgical trauma and

Table | Characteristics of the pigs

Weight Weight Fistula  Duration of
day | (kg) day42(kg) Yes/no surgery(minutes)
Pig| 454 76.2 Yes 84
Pig2 4l.6 763 Yes 72
Pig3 387 714 No 60
Pig4 409 80.8 No 90
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not formed by ischemia like an obstetric fistula, but that
could be a goal for further development.

The results of the use of an animal model of VVF, with
six female sheep, have previously been published in abstract
form; yet, both the method and the results were insufficiently
described.'® Our model has several advantages compared to
the ovine model previously reported. First, the pig’s abdomi-
nal anatomy is very similar to that of man, which makes the
pig a good reference model for later human studies. Second,
pigs are a cheaper alternative to sheep, especially in Denmark
where the swine industry is extensive.

The main limitation of this study is the small number of ani-
mals. Only four pigs were followed through 6 weeks. It would
have been desirable to use more animals to obtain statistical
validity. A transvaginal approach would have been less invasive
and would have reduced the operative risks. However, due to
the narrowness of the vagina in pigs, this was not considered
possible. It might also have been desirable to allow a longer
follow-up period than 6 weeks or to use histological analysis
to determine sufficient healing of the fistula tracts.

It is considered a major strength that all four pigs were
of the same age, similar weight, and brought up in the same
environment. This reduces the inter-individual differences
and makes the pigs more comparable. The same, experienced
urologist performed all operations, which avoids the potential
bias of different surgical techniques and skills.

The low rate of VVF repair in Denmark makes VVF
a surgical challenge and increases the risk of operative
complications.!! Because of this and in view of the burden
for the individual woman, safer and less invasive treatments
for VVFs should be found. As mentioned earlier, stem cells
could prove a promising treatment modality.

Conclusion

This study indicates that our model of VVF can prove to be an
effective and cheap way to create fistulas between the bladder
and the vagina. However, further studies with longer ureteral
stents are necessary to prove the value of the model.
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