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Abstract

The use of bovine pericardium as a urethral patch to substitute a
ventral segment of canine urethras was studied. Healing, epithelial
growth, urethral permeability, fistulas, and calcification were ana-
lyzed. Thirty male mongrel dogs of medium and large size underwent
resection of a ventral segment of the medial urethra measuring 2.0 x
0.5 cm, which was replaced with a bovine pericardium graft, treated
with buffered glutaraldehyde and preserved in formaldehyde. Two
running sutures of polygalactin 5-0 were applied, one on each side of
the patch. The corpus spongiosum was closed with uninterrupted
suture and the skin with interrupted suture of polygalactin 5-0. Six
months later, the animals were examined and sacrificed under anesthe-
sia. Retrograde urethrograms showed that the urethral healing was
complete in six of the 30 animals, without stenosis, fistulas or dila-
tions. Microscopic examination showed complete epithelization of
these six urethras. The remaining 24 animals presented urethrocutane-
ous fistulas without stenosis, demonstrated by urethral catheterism
using a 10-Fr plastic catheter. These data show that a successful
urethral reconstruction of the penile urethra was possible in only 20%
of the operated animals. Infection and leakage may be the cause of the
urethrocutaneous fistulas present in 80% of cases. Further studies are
necessary to determine whether such fistulas are avoidable. If they are,
the bovine pericardium may well be an option in the treatment of
urethral lesions in dogs.
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Introduction

Several kinds of tissue have been used to
correct complex urethral lesions: vein (1),
vermiform appendix (2), uterine tube (3),
ureter (4), skin (5), bladder mucosa (6), buc-
cal mucosa (7), dura mater (8), peritoneum
(9), tunica vaginalis (10), and preputial is-
land flap (11). The best results have been

achieved with preputial island flaps in one-
stage surgeries for the construction of
neourethras (12,13). Nevertheless, no ideal
tissue for urethral replacement has been iden-
tified.

The bovine pericardium has been used to
replace several kinds of tissue: cardiac valves
(14), arteries (15), veins (16), dura mater
(17), and tunica albuginea (18), with good
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results and without immunological rejection
or infection. Bovine pericardium may also
be a good option for urinary tract reconstruc-
tion because of its availability and low cost.
In the present investigation we studied its
use in reconstructions of urethral defects
experimentally induced in dogs.

Material and Methods

The study was approved by the Ethics
Committee of the University of São Paulo
School of Medicine. Thirty male mongrel
dogs of medium and large size were operated
upon.

The animals were anesthetized with 3%
sodium pentobarbital administered in frac-
tionated doses as needed through a cannu-
lated vein of the dog. Each animal received
400,000 IU procaine penicillin, 600,000 IU
benzathine penicillin G, plus 40 mg of gen-
tamicin. A 10-Fr plastic catheter was intro-
duced into the bladder through the urethra.
An incision was made in the ventral surface
of the penis, the medial urethra was exposed
and a segment of 2.0 x 0.5 cm was resected.
A patch of Fisics/INCOR® (Fisics Biofísica
Aplicada, S/A, Água Branca, SP, Brazil)
bovine pericardium was washed in 0.9%
saline and used to correct the defect. Two
running sutures of polygalactin 5-0 were

applied, one on each side of the patch (Fig-
ure 1). The corpus spongiosum was closed
with uninterrupted suture and the skin with
interrupted suture of polygalactin 5-0.

The urethral catheter was cut at the end
of the penis, fixed with two propylene 3-0
stitches, and removed 10 days later. During
this period the animals received 40 mg gen-
tamicin a day. They were divided into groups
of 5 animals per cage in the animal facility
and fed once a day.

After six months, 29 animals were exam-
ined under anesthesia and retrograde ure-
thrograms were performed on the dogs with
no macroscopic urethral defects. Next, the
animals were killed and the penis was
resected for examination. The dogs with ure-
thral defects and urine leakage had their
urethras gently catheterized with 10-Fr cath-
eters to determine urethral permeability. They
were killed and had their penis resected for
examination. The specimens were stained
with hematoxylin and eosin for microscopic
study. One of the animals died of a respira-
tory infection four months after the surgery,
when a retrograde urethrogram was per-
formed followed by penis study.

Results

Retrograde urethrograms showed normal

Figure 1. Bovine pericardium patch sutured to correct the urethral defect induced in a dog.
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urethras without stenosis, leakage, or dila-
tions in six animals. The dog that died four
months after surgery was included in this
group. A small amount of the iodine contrast
injected into the urethras was observed in
the corpus spongiosum of all these six dogs.
The microscopic study of these urethras
showed complete epithelial growth over the
graft site with infiltration of mononuclear
inflammatory cells in the mucosa. No granu-
lomas or calcification were observed (Figure
2). It was only possible to identify the graft in
one of these six animals.

Twenty-four dogs had urethral fistulas.
The urethral catheterization of these animals
was performed easily using 10-Fr catheters.
The penises showed fistulas connecting the
urethras to the skin of the patch graft. Histol-
ogy revealed a normal epithelium with mi-
gration of inflammatory cells. There was no
evidence of a residual pericardial graft, ac-
tive granulation, or calcification in any of the
six animals studied.

Discussion

The search for an ideal urethral substitute
is a challenge. Several attempts have been
made to correct urinary tract system defects
using various materials. Memmelaar (19)
was the first to describe the use of bladder
mucosa to create a neourethra in 1947, and
many studies using bladder mucosa were

published since then with varying sucess
rates. Complications occur in 12 to 76% of
cases. The major ones are meatal and anasto-
motic stenosis and urethral fistulas (6,20-
22).

Buccal mucosa has also been used for
urethral reconstruction. Humby (23) was the
first to use buccal mucosal grafts for urethro-
plasty in 1941. Buccal mucosa may be used
as a patch graft with good results in 89 to
100% of cases, with urethral strictures oc-
curring in 11% and fistulas in 6% of the
patients. Tubularized buccal mucosal grafts
produce successful results in 55 to 60% of
the reconstructions, urethral strictures in 40
to 45%, and fistulas in 6 to 45% (7,24-26).

Tunica vaginalis has been used for ure-
thral reconstructions in humans, with disap-
pointing results. Urethral stricture is present
in 60% of the patch grafts and in all
tubularized cases (27).

Dura mater has been used for urethral
reconstructions and the results vary among
series (8,28). Villavicencio et al. (8) reported
treatment of 131 patients using dura mater.
A patch graft was used in 124 cases and a
tubular graft in seven. Average follow-up
was 56.6 months and success was obtained
in 41% of cases. In the seven patients in
which a tubular graft was performed there
was a recurrence of the stricture.

The bovine pericardium used for bladder
substitution is biodegradable and allows com-

Figure 2. Transverse microscopic section through the urethra repaired with a bovine pericardium graft, showing
inflammatory cells (arrow) in the mucosa and epithelial growth (HE, Bar = 100 µm).
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plete epithelization within 4 to 8 weeks (29-
32). The question of bladder muscle regen-
eration is controversial. Several reports have
shown incomplete muscle regeneration
(30,32,33), while others have found no re-
generation (29,31).

In the present study the bovine pericar-
dium worked as a matrix for normal epithe-
lial growth in the urethra of 6/30 dogs. In five
of these cases it was found that the urethras
were normal. It was only possible to identify
the graft in one of these animals. Eighty
percent of the cases 24/30 had urethrocuta-
neous fistulas. The method used in the pres-
ent study permitted no conclusion as to the
reason for this occurrence. The use of bovine
pericardium in bladder substitution does not
result in such a high incidence of complica-
tions (29,33-36). Local infection of the ure-
thras may be the cause of the fistulas. An-
other possibility is that a vesicostomy may
be a better technique for urinary diversion
than a urethral catheter because it prevents
urinary infiltration through the suture lines.

In 5 of the 6 successful cases with no
fistula there was no residual pericardial graft,
which confirms the absorption of the bovine
pericardium (29,33-36). Emphasis should be

placed on the fact that the grafts were used to
correct urethral defects in normal urethras
with good surrounding tissue, which is not
the case in urethral strictures.

Urethral reconstruction represents an area
of clinical urologic surgery in which the
search for an ideal tissue continues. Atala
(37) has been carrying out tissue engineering
studies. A biopsy of tissue is obtained from
the host, and the cells are dissociated and
expanded in vitro, attached to a matrix, and
reimplanted in the same host. Studies are
being conducted on animals using these tech-
niques for the substitution of urethras, blad-
ders and ureters (37). Our result of 20%
success employing biodegradable materials
suggests that this approach is viable but more
studies are required.
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