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Abstract Objective: To evaluate the feasibility of replacing a relatively long seg-
ment of the canine urethra by a tube of cell-seeded acellular collagen bladder matrix.

Materials and methods: The study included 14 female mongrel dogs in which a 3-
cm segment of the whole urethral circumference was excised and replaced by a tube
of acellular matrix seeded with autologous urothelial cells. The acellular matrix was
obtained from the excised bladder of female donor dogs that were not included in
the study. Autologous cells were obtained from the study dogs by open bladder
biopsy, with subsequent in vitro expansion and cultivation. Urethroplasty was per-
formed over a 16 F urethral catheter that was kept for 4 weeks. The dogs were killed
humanely (one every week for 4 weeks and then one monthly for 10 months). After
stent removal, retrograde urethrography was used each month in the living dogs. If
retention occurred a urethrogram was taken and then the dog was killed humanely.
All grafts from dogs were harvested and sent for histopathological examination.

Results: Exploration at 1, 2, 3 and 4 weeks showed progressive shrinkage in
length, together with relative narrowing of the lumen. Three dogs developed reten-
tion within a week after stent removal and the other seven developed retention
within 4 months. Retrograde urethrograms showed evidence of stricture and/or
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fistula at the graft site in all dogs. On exploration, grafts showed marked shrinkage
(0.6–1.2 cm in length) with complete obliteration of their lumens. Histopathological
examination showed extensive fibrosis of the matrix with no evident urothelial archi-
tecture.

Conclusion: Cell-seeded acellular matrix tube is insufficient to replace a 3-cm cir-
cumferential urethral defect in dogs.

ª 2012 Arab Association of Urology. Production and hosting by Elsevier B.V.
All rights reserved.
Introduction

A long-segment urethral stricture, where end-to-end
anastomosis is not applicable, is a challenging problem.
Several autologous tissues have been proposed for ure-
throplasty as free grafts, but most of these grafts have sig-
nificant complications and can require additional surgery
for graft harvesting, with subsequent donor-site morbid-
ity and prolonged hospitalization [1]. Hence, alternative
materials have been tried for urethral repair.

Biological tissue substitutes have been introduced
through the developing techniques of tissue engineering
to replace diseased and lost human tissues, including the
urethra [1]. The development of acellular matrix (AM)
by tissue engineering represents a remarkable stage in
the field of reconstructive surgery. Several studies re-
ported successful results when AMs were used to replace
a partial urethral defect in an onlay fashion [2,3]. Sievert
et al. [4] used a tube of AM to replace a circumferen-
tially excised segment of rabbit urethra 0.8–1.1 cm long,
and reported satisfactory results. Our group reported
the inapplicability of replacing a longer tubular defect
of the urethra (3 cm) with such an AM [5].

In further attempts to improve urethral regeneration,
some studies reported successful results with urethral de-
fect replacement using cell-seeded tubular AMs [6,7]. The
use of AM facilitates easy neovascularisation and ade-
quate nourishment of the seeded cells, as well as easy
‘creeping’ and regeneration from the edges of the sur-
rounding viable tissue [6,7]. In both studies the urethral
defect was <1.5 cm. In clinical practice, such short de-
fects could be managed by primary resection and re-anas-
tomosis. The question is whether a cell-seeded tubular
AM could be used to replace a long tubular urethral de-
fect; the present study was designed to answer this
question.

Materials and methods

In this study we used dogs as a source of the collagen
AM and for the urethral replacement experiment; dogs
used for obtaining the AMs were not included in the
study group; the latter including 14 mongrel female dogs
with a body weight of 25–30 kg. All were vaccinated for
common infectious diseases and health status was veri-
fied by a veterinarian. Cefoxitin (11–22 mg/kg) was
administered before surgery and daily for 3 subsequent
days to guard against infection. A preoperative ascend-
ing urethrogram was taken. The dogs were sedated with
acepromazin (0.05 mg/kg) intramuscularly, and then
anaesthesia was induced with ketamine (5 mg/kg intra-
venously) and diazepam (0.25 mg/kg intravenously).
The dogs were intubated and isofluran (1–2%) was used
to maintain anaesthesia with spontaneous breathing.

The AM was obtained using the same modified tech-
nique described by Probst et al. [8]. The whole bladder
from a female mongrel dog was excised and placed in a
beaker containing 50 mL of 10 mmol/L PBS, pH 7.0,
and 0.1% sodium azide. The tissue was stirred for 24 h
to allow partial cell lysis. The tissue was then treated with
50 mL of 1 mol/L DNase (Sigma Chemical Co., St.
Louis, MO, USA) and stirred for 24 h. With this step
complete, cell lysis occurred and all intracellular compo-
nents were released. The sample was then treated with
50 mL 4% sodium deoxycholate (Sigma Chemical Co.)
containing 0.1% sodium azide, and stirred for 24 h to
solubilise the lipid cell membrane and intracellular mem-
brane lipids; this step was repeated once more. The resul-
tant AM was washed three times with 50 mL PBS and
stored in 10% neomycin sulphate at 4 �C until grafted.

To prepare the cell-seeded collagen AM we followed
similar steps to those reported by Filippo et al. [6]. Blad-
der biopsies were obtained from the 14 dogs in the study
group. A small laparotomy incision was made above the
pubic symphysis, exposing the bladder. A 2 · 2 cm
biopsy specimen was excised from the anterior bladder
wall, and the defect was repaired in two layers with 2/
0 polyglactin sutures. Dogs were kept on cefoxitin (11–
22 mg/kg) intramuscularly for 3 days after surgery for
prophylaxis against infection.

The seromuscular layer of the bladder tissue was re-
moved carefully via microdissection under loupe magni-
fication (·5). Primary cultures of smooth muscle cells
were obtained by explanting several pieces of seromus-
cular tissue on 10-mL culture plates in Dulbecco’s mod-
ified Eagle’s medium plus 10% foetal bovine serum.
Enzymatic dissection with collagenase and dispase was
used to isolate epithelial cells in keratinocyte serum-free
medium. The cells were expanded to a density of 1.0–
3.0 · 107 cells/cm2 for seeding onto the urethral grafts.

The cells were incubated with trypsin EDTA solution
and then centrifuged; the cell pellet was resuspended to a
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concentration of 1 · 107 cells/mL of fresh medium. A 3-
cm segment of the prepared AM was reconfigured as a
tube over a 16 F Nelaton tube, then sequentially seeded
with epithelial cells within the lumen and smooth muscle
cells on the outer surface. The seeded grafts were incu-
bated for 7 days then examined microscopically to en-
sure that cells are well attached to the AM (Fig. 1).

Operative technique

The urethra was exposed intra-abdominally and a 3-cm
segment of the mid-urethra was excised and replaced by
a similar length of a tube of the cell-seeded AM. The
anastomosis was made using interrupted watertight 7/0
polyglactin sutures. Identifying nonabsorbable sutures
were placed at the distal and proximal anastomosis. A
16 F silicon stent was left inside the urethra; its upper
end was fixed by a 4/0 catgut suture to the bladder mu-
cosa, and its lower end was cut 1 cm distal to the ure-
thral opening and sutured to the vaginal wall with a
2/0 silk suture via an episiotomy. The urethral stent
was kept in place for 4 weeks and then removed by cut-
ting the external silk suture.

Postoperative assessment

Abdominal and vaginal wounds were irrigated twice
daily with povidone iodine, and garamycin cream was
applied at the urethral meatus around the stent to avoid
ascending infection. A retrograde urethrogram was ta-
Figure 1 The cell-seeded AM before grafting shows an intact

framework of the matrix with an homogenous distribution of the

seeded cells (H&E, reduced from ·100).
ken after removing the urethral stent, and then monthly
until death. The dogs were killed humanely at one per
week for 4 weeks and then one per month for
10 months. If there was urinary retention an ascending
urethrogram was taken and the dog was killed. The ure-
thra was exposed, the graft was examined and the dis-
tance between the identification sutures was measured.
The urethra was calibrated by antegrade and retrograde
insertion of a Nelaton catheter. The whole specimen was
then excised for histopathological examination.

A piece of unseeded AM was examined by light
microscopy after staining with haematoxylin and eosin
(H&E), and trichrome stains. The harvested urethral
graft specimens were fixed by immersion overnight in
10% buffered formalin. After dehydration in graded
ethanol solutions, clearing in Histo-Clear (National
Diagnostics USA, Atlanta, GA, USA) and embedding
in paraffin, 5-lm sections were cut and air-dried onto
pre-coated glass slides. They were stained with tri-
chrome for muscle and collagen, H&E for nuclei, and
a-actin for smooth muscle. The graft length was ex-
pressed as the mean (SD).

The study was approved by the local ethical commit-
tee and by the local ‘Society of Animal Rights’. The
dogs were treated in compliance with the Declaration
of Helsinki.
Results

All dogs survived surgery and there were no remarkable
complications. The urethral stents became displaced
after 1 week in two dogs, and were re-introduced safely
under complete aseptic precautions with adequate lubri-
cation while the dogs were sedated, to complete the
planned 4-week urethral stenting. Four dogs were killed
at 1, 2, 3 and 4 weeks, respectively, for histopathological
examination. At week 1, there was invasion of the graft
by red blood cells and mononuclear cells in between the
seeded epithelial cells. By the second week, there was an
evidence of subepithelial fibrosis that became more
apparent by the end of the fourth week, together with
the appearance of some fibroblasts, but with no definite
urethral urothelial architecture. Urethral stents were
kept in place for 4 weeks in the remaining 10 dogs. After
stent removal, three dogs developed urinary retention
within a week. Retrograde urethrograms taken in these
three dogs showed extensive stricture at the graft site
in all, with evidence of anastomotic fistula in two of
them. The three dogs were explored abdominally, and
showed extensive shrinkage and fibrosis of the graft with
severe periurethral adhesions. The graft lumens were
completely obliterated. On histopathological examina-
tion, there was extensive fibrosis replacing most of the
seeded cells.

In the remaining seven dogs, urinary retention devel-
oped by the end of the third month in two and the
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fourth month in five after stent removal. Retrograde
urethrograms showed progressive narrowing at the graft
site that increased each month until complete oblitera-
tion at the onset of urinary retention (Fig. 2). Those
dogs were explored at the third month (two) and fourth
month (five), when they developed retention. On explo-
ration there was significant periurethral fibrosis with
marked shrinkage of the graft. The mean (SD, range)
graft length was 0.9 (0.1, 0.6–1.2) cm, with evidence of
severe narrowing of the lumen (Fig. 3). Grafts were then
removed en bloc and 5-lm sections of formalin-fixed,
paraffin wax-embedded tissues were stained with H&E.
On histopathological examination, there was no uni-
form urothelial architecture but the seeded epithelial
and smooth muscle cells were invaded and progressively
replaced by fibrosis (Figs. 4 and 5).

Discussion

This study included 14 female dogs for which AMs
seeded with autologous urothelial cells were used as a
tube to bridge a 3-cm circumferential urethral defect.
Three dogs developed retention within a week after stent
removal, while retention occurred within 4 months in the
remaining dogs. Retrograde urethrograms showed evi-
dence of stricture and/or fistula at the graft site in all
dogs. Grafts showed marked shrinkage with complete
obliteration of their lumens after harvesting. Histopa-
thological examination showed extensive fibrosis of the
matrix with no evident urothelial architecture.

Usually in cases of urethral strictures, urethral trau-
matic losses or genital defects there is paucity of urethral
tissue for urethral reconstruction [9]. Autologous tissues
from other sources have been tried for urethral recon-
struction, e.g. genital and extragenital skin flaps or
grafts, buccal mucosa, bladder mucosa grafts, tunica
vaginalis and peritoneal flaps [10,11]. However, these
Figure 2 A retrograde urethrogram in a female dog. (A) normal findi

surgery.
procedures have a significant rate of complications,
including stricture and fistula formation, graft shrink-
age, and stone formation, in addition to donor-site mor-
bidity [7]. The use of a variety of synthetic grafts
composed of silicon, Teflon and Dacron has been pro-
posed for urethral reconstruction. These materials have
been associated with erosion, disruption, fistula, steno-
sis, extravasation or calcification [12,13].

In the last two decades the techniques of tissue engi-
neering have developed dramatically. The structural
and functional interaction and relationships of normal
and abnormal tissue are better understood, and the repair
or replacement of damaged tissue has become feasible
[14]. When cells are used for tissue engineering, donor tis-
sue is dissociated into individual cells that can be im-
planted into the host directly or expanded in culture
attached to a support matrix, and then re-implanted after
expansion. Harvesting autologous urothelium for culti-
vation in vitro usually requires a biopsy from the bladder
or the meatus. Bladder washing is also a noninvasive but
less productive way to obtain autologous urothelial cells
for cultivation into stratified grafts [1,15]. Direct injection
of cell suspensions (without matrices) has been used but
controlling the location of the transplanted cells was dif-
ficult [16]. This was an opportunity for those involved in
tissue engineering to search for a biomaterial to act as a
scaffold for such autologous cells, to improve the pattern
of healing and regeneration of the replaced damaged tis-
sue until the AM was developed. AMs are collagen-rich
matrices prepared by removing the cellular components
from tissues. Matrices are often prepared by mechanical
and chemical manipulation of particular tissues, like the
bladder mucosa or the small intestinal submucosa [8].

There are many reports about the use of the AM for
urethral reconstruction (Table 1). Angiogenesis and neo-
vascularisation occur appropriately when a part of the
urethral circumference is kept intact, leading to correct
ngs before grafting. (B) a strictured segment (arrows) 6 weeks after



Figure 3 A postoperative specimen shows shrinkage and narrowing of the grafted matrix (between the arrows). (A) intact urethra.

(B) opened urethra.

Figure 4 Histopathology of the specimen 4 weeks after surgery shows moderate subepithelial fibrosis. (A) H&E reduced from ·100.
(B) trichrome stain, reduced from ·100.
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cell expansion and tissue formation [4]. By contrast,
tubular grafts lack this rapid neovascularisation, cell
expansion and healthy tissue formation with subsequent
fibrosis [4,5]. There is growing evidence from many
experimental and clinical studies that seeded or un-
seeded AM might be suitable for urethral repair when
used to reconstruct an incomplete urethral defect in an
onlay fashion [3,17,18]. However, the results are uncer-
tain when those matrices are used to replace a complete
urethral defect, especially a long one. Sievert et al. [4] re-
ported satisfactory results when a tube of AM was used
to replace a circumferential urethral defect 0.8–1.1 cm
long. We tested the applicability of the AM tube to re-
place a longer complete urethral defect of 3 cm in a
dog model. After 4 weeks of urethral stenting, all dogs
developed fistula and/or stricture with urinary retention
by the end of 3 months [5]. Another study reported that
the maximum complete urethral defect that could be re-
placed by a tube of unseeded AM is 0.5 cm, which is in
agreement with our report [19].
In an attempt to improve the outcome of AM
when used to replace a tube from the urethra, some
authors proposed seeding these matrices by host-
harvested and in vitro cultivated autologous cells.
The idea was that the presence of smooth muscle cells
on the biodegradable scaffold stimulates the formation
of both a urothelial layer and a muscle layer of nor-
mal thickness. These cells survive on scaffolds through
nutrient diffusion. Angiogenesis and neovascularisa-
tion start when the construct is implanted, and occur
in concert with further cell expansion and tissue for-
mation [20]. There are many growth factors suggested
to promote this neovascularisation and tissue regener-
ation. Among these factors are TGF-a mRNA, TGF-
b1 mRNA, IGF and heparin-binding epidermal
growth factor, the last being the most important,
and which was shown to play a major role in the pro-
cess of graft neovascularisation and urothelial prolifer-
ation [4].



Figure 5 Histopathology of the specimen 6 weeks after surgery shows marked subepithelial fibrosis. (A) H&E reduced from ·50.
(B) trichrome stain, reduced from ·100.

Table 1 Experimental studies using an AM tube for a circumferential urethral defect.

Reference Animal model/n Seeded cells Graft length (cm) Results

Sievert et al., [4] Rabbits/30 No 1–1.5 30/30 Success

Fillippo et al., [6] Rabbits/24 12 No 1 12/12 Failure

12 Urothelial cells 12/12 Success

Shokeir et al., [5] Dogs/14 No 3 14/14 Failure

Fu et al., [7] Rabbits/18 9 No 1–1.5 9/9 Failure

9 Epidermal cells 9/9 Success

Dorin et al., [19] Rabbits/12 No 0.5–3 60.5 cm Success

>0.5 cm Failure
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Filippo et al. [6] used urothelial-cell seeded tubular-
ized collagen matrices to replace a 1-cm urethral defect
in 12 male rabbits and used another 12 rabbits supplied
with unseeded matrices as a control group. Serial urethr-
ograms showed a wide urethral calibre with no strictures
in rabbits implanted with the cell-seeded matrices,
whereas those implanted with unseeded matrices showed
graft collapse and strictures in all cases. Recently, a sim-
ilar study was reported by Fu et al. [7], but they seeded
the collagen matrices with autologous epidermal cells
obtained from the rabbit foreskin, which was less inva-
sive than obtaining the urothelial cells by open bladder
biopsy, as used by Filippo et al. [6]. They also reported
successful results with an epidermal-cell seeded matrix
tube, replacing a 1.5 cm tubular urethral defect. At the
same time, the control group with unseeded grafts
showed stricture formation in all cases [7]. Notably,
both studies showed failure when replacing a short ure-
thral tubular defect of 1–1.5 cm with unseeded matrices.
These results again are in contrast to what was reported
previously by Sievert et al. [4], and are in agreement with
our previous study, when we tried to replace a longer
urethral tube using such unseeded AMs [5].

In the two studies [6,7] with cell-seeded collagen AMs
the replaced urethral segments were 1–1.5 cm long. In
clinical practice a stricture of such length is easily treated
by primary resection and re-anastomosis. The actual
challenge is whether or not these cell-seeded AMs can
replace longer urethral defects. In the present study we
tried to replace a complete 3-cm long urethral segment
with a urothelial cell-seeded AM in the dog. We chose
female dogs for urethral replacement as they provide
easier surgical access and a less bloody field that allowed
precise suturing. All dogs showed urethral strictures
either early after stent removal or maximally after
4 months. At death, all grafts showed evident shrinkage
and fibrosis. Histopathological examination confirmed
the poor vascularity of those grafts, with replacement
of the seeded AMs by fibrous tissue. It is well known
that the immune response and the healing power of
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the ‘street mongrel’ dog is very powerful [21], which
might be one of the causes of extensive fibrosis and graft
failure in the present study. Our results are discouraging
and differ from those of Filippo et al. [6] and Fu et al.
[7], when they applied their cell-seeded AMs to replace
short urethral segments of 1–1.5 cm. Although their
studies were published as early as 2002, their results
were neither reproduced by other experimental studies
nor applied clinically to date.

By analysing our data in the current and previous
studies [3,5], and those of others [4,6,7], it is evident that
urethral regeneration could occur over a defective area
when a strip of normal urethral circumference is intact.
However, for circumferential urethral defects, the out-
come of urethral replacement with AMs is doubtful even
with short defects. The main additional finding of our
study is that it tested the use of cell-seeded AM to bridge
long circumferential defects, which are of more practical
importance than short urethral defects not requiring
grafting. One of the drawbacks of the present study
was the few dogs included, and the use of dogs rather
than rabbits as a model. Urine cultures were intended
to be assessed routinely to elucidate the role of infection
in graft failure. Further studies are needed to elucidate
and circumvent the causes of failure of implanted engi-
neered tissues. Every effort should be made to improve
the nourishment, take, regeneration and growth of
cell-seeded AMs when used as a tubular substitute for
urethral replacement. Further research should not be
precluded, but must be encouraged and other options
tried to determine the exact humoral and cellular causes
of failure of seeded and unseeded engineered scaffolds as
tubular urethral substitutes, and how to circumvent and
subordinate these factors.

In conclusion, the cell-seeded AM tube is insufficient
to replace a 3-cm circumferential urethral defect in dogs,
a situation of more practical importance in humans than
bridging short defects.
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