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Abstract Eighty Wistar rats were randomized into two 
groups. In group 1 vesicosigmoidostomy with proximal 
colostomy was performed, in group 2, vesicosigmoido- 
stomy. The total tumor incidence did not differ signifi- 
cantly (group 1 10/40, 25%; group 2 13/40, 32.5%). The 
tumor spectrum differed, with more adenocarcinomas 
in group 2 (11/40, 27.5% vs 4/40, 10%; P = 0.047) and 
urothelial carcinomas only in group 1 (5/40, 2.5%). One 
hundred and ten other Wistar rats were randomized 
into three groups. Animals in group A received vesico- 
ileosigmoidostomy, group B, two-step vesicosig- 
moidostomy with initial separation of urine and the 
urocolonic anastomosis, group C, vesicosigmoido- 
storey. Significantly fewer adenocarcinomas were ob- 
served in group A (2/40, 5%) than in group B (16/40, 
40%; P < 0.002) and group C (9/30, 30%; P < 0.007). 
These results indicate a similar cancer risk in all conti- 
nent forms of urinary diversion, at least via colon. Ileal 
interposition seems to be an effective carcinoma pro- 
phylaxis following ureterosigmoidostomy. The prolif- 
erative instability at the urointestinal anastomosis is 
crucial for the pathogenesis and prophylaxis of this 
form of carcinogenesis, whereas urine seems to play 
only a minor role. 
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At least 201 tumors following ureterosigmoidostomy 
have been reported in the world literature, leading 
many urologists to argue against this form of urinary 
diversion, especially for benign disease in younger 
patients [-9,12,14]. This opinion was supported 
by Crissey, Steele and Gittes' basic experiments 
]-2, 5] showing that the separation of feces and urine 
by a colostomy proximal to the vesicosigmoid anas- 
tomosis completely prevents adenocarcinoma fol- 
lowing vesicosigmoidostomy in rats, compared to 
an incidence of 80% without such separation. On 
the other hand, however, there have been 34 case 
reports of tumors in urinary diversions via isolated 
intestinal segments such as cystoplasties, conduits 
of rectal bladders [-7, 9]. The first part of the following 
experiments was designed to resolve this apparent 
contradiction. 

Although 17 of the 34 tumors in isolated intestinal 
segments developed in ileal conduits or cystoplasties 
[7, 9], experimental data suggest that the increased 
cancer risk with intestino-intestinal anastomosis 
can be reduced or prevented by the use of ileum [4, 24]. 
The work of Roe et al. [18] and Strachan et al. [21] 
showed that there is proliferative instability during 
the first 3 months after intestino- or uro-intestinal 
anastomosis, with proliferation decreasing to nor- 
mal thereafter. The second part of this study was 
intended to ascertain whether ileal interposition or 
the initial separation of the healing anastomosis and 
the potentially carcinogenic urine could decrease the 
cancer incidence following vesicosigmoidostomy in 
rats. 
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Materials and methods 

Vesicosigmoidostomy with and without colostomy 

80 female Hanover Wistar rats were prospectively randomized into 
two groups. The animals were operated according to the ureterosig- 
moidostomy model of Crissey et al. [2] and Gittes [5] with (group 1) 
and without colostomy (group 2) proximal to the vesicosigmoido- 
stomy as described previously E2, 5, 8]. The animals of group 1 ex- 
creted urine only via the rectum. Nine rats that died within 5 months 
of surgery were replaced, yielding 80 eligible animals. 

After 12 months the animals of both groups were killed and 
autopsied. The tumor incidences at the vesicocolonic anastomoses 
were compared using the exact Fisher test. 

Two-step vesicosigmoidostomy and ileal interposition 

One hundred and ten female Wistar rats were prospectively ran- 
domized into three groups. In group A (n = 40) a 5- to 7-ram-long 
ileal segment was isolated with intact blood supply and interposed 
between the bladder and the rectosigmoid, resulting in a vesico- 
ileosigmoidostomy (Fig. 1). In group B (n = 40) a vescosigmoido- 
stomy was performed, with the special feature that the urethra was 
left intact and the bladder dome was closed by running mattress 
sutures. Urine and feces thus remained separated, allowing the 
vesicosigmoid anastomosis to heal without contact with urine 
(Fig. 2a). Three months later the mattress suture line was excised, the 
urethra ligated and divided, and the bladder reanastomosed to the 
bladder patch already healed to the rectosigmoid (Fig. 2b). In 
group C (n = 30) a vesicosigmoidostomy was performed. Thirteen 

Fig. 1 Group A, vesico- 
ileosigmoidostomy: Isolation of 
a 5- to 7-mm segment of ileum 
(left), ligation and division of 
urethra, resection of bladder 
dome, opening of anterior 
rectosigmoid (middle), end-to- 
end anastomosis of bladder/ileal 
segment, end-to-side 
anastomosis of ileal 
segment/rectosigmoid (right) 
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Fig. 2 a Group B, two-step 
vesicosigmoidostomy: first 
step Resection of bladder dome 
(left), closing mattress sutures 
through bladder dome 
separating urine from resection 
line (middle), end-to-side 
anastomosis of 
bladder/rectosigmoid (right). 
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Fig. 2 b Group B, two-step 
vesicosigmoidostomy: second 
step. Resection of the mattress 
suture line (left), ligation and 
division of urethra (middle), end- 
to-end anastomosis of 
bladder/bladder patch at 
rectosigmoid (right) 
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animals that died within 5 months of surgery were replaced, yielding 
110 eligible rats. Twelve months after operation in groups A and 
C and 15 months after the first operation in group B, the animals 
were killed and autopsied. The tumor incidences of the three groups 
were compared using the exact Fisher test. 

Results 

Vesicosigmoidostomy with and without colostomy 

The tumors developing exactly at the vesicocolonic 
junction are presented in Table 1. The total incidence of 
adenomas, adenocarcinomas and urothelial carci- 
nomas was not significantly different between group 1 
(10/40, 25%) and group 2 (13/40, 32.5%). Both the 
number of adenocarcinomas and the combined number 
of adenomas and adenocarcinomas were significantly 
higher in group 2 (11/40, 27.5% and 13/40, 32.5%) than 
in group 1 [4/40, 10% (P = 0.047) and 5/40, 12.5% 
(P = 0.017)]. Urothelial carcinomas were observed 
only in group 1. The incidence of adenomas did not 
differ significantly between the two groups. All animals 
showed marked inflammatory hyperplastic changes 
with epithelial shifting between urothelium and colon 
epithelium. Two rats of group 1 had both a grade 
2 adenocarcinoma and a grade 3 urothelial carcinoma. 
Two of 11 adenocarcinomas in group 2 showed second- 
ary disease - one peritoneal carcinosis and one thymus 
gland metastasis. 

Two-step vesicosigmoidostomy and ileal interposition 

The tumors at the uro-intestinal anastomosis in the 
three groups are presented in Table 2. The incidence of 
adenocarcinomas in group A (vesico-ileosigmoidostomy; 
2/40, 5%) was significantly lower than in group B (two- 
step vesicosigmoidostomy; 16/40, 40%; P <0.002) 

Table 1 Tumors at the vesicocolonic anastomosis following ves- 
vicosigmoidostomy with (group 1) and without (group 2) proximal 
colostomy (n.s. not significant) 

Tumor Group 1 Group 2 P 
(n = 40) (n = 40) 

Adenoma 1 (2.5%) 2 (5%) n.s. 
Adenocarcinoma 4 (10%) 11 (27.5%) 0.047 
Urothelial carcinoma 5 (12.5%) 0 0.022 

Total 10 (25%) 13 (32.5%) n.s. 

Table 2 Tumors at the vesicocolonic anastomosis following vesico- 
ileosigmoidostomy (group A) two-step vesicosigmoidostomy (group 
B) and vesicosigmoidostomy (group C) 

Tumor Group A Group B Group C 
(n = 40) (n = 40) (n = 30) 

Adenocarcinoma 2 (5%) 16 (40%) 9 (30%) 
Urothelial carcinoma - 1 (2.5%) - 
Squamous cell carcinoma - 1 (32.5%) - 

and in group C (vesicosigmoidostomy; 9/30, 30%; 
P < 0.007). In group B, one urothelial carcinoma and 
one squamous cell carcinoma occurred, both growing 
close to a grade 1 adenocarcinoma. In contrast to the 
urothelial carcinomas and the adenocarcinomas, the 
squamous cell carcinoma grew outside the anastomosis 
at the bladder patch. The anastomotic regions in all 
three groups showed papillomatous hyperplasia with 
atypia and epithelial shifting. 

Discussion 

The renaissance of ureterosigmoidostomy in the 1960s 
and 1970s was followed by reports of increasing num- 
bers of tumors arising at the urocolonic borderline. To 
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the best of our knowledge, to date 201 adenomas, 
juvenile polyps, urothelial carcinomas and adeno- 
carcinomas have been reported so far [9, 12, 14]. The 
conclusion that ureterosigmoidostomy should be aban- 
doned on the face of this serious threat is challenged by 
the 34 tumors reported in intestinal urinary diversions 
without feces (Table 3), 9 occurring in colocystoplasties 
and 10 in ileocystoplasties. The histology, the localiza- 
tion and the mean latency periods of these tumors are 
similar to those following ureterosigmoidostomy. Tak- 
ing into account the fact that ureterosigmoidostomy 
has been used worldwide since 1911, with a very broad 
spectrum of indications, whereas cystoplasties have 
been performed only since the late 1950s with compar- 
atively few indications, the cancer risk seems similar in 
all continent forms of urinary diversion using ileum or 
colon, with and without separation of feces and urine. 
This cannot be stated with confidence, however, due to 
the long latency period, the unknown number of uri- 
nary diversions performed and the unknown number of 
unreported tumors. Apart from that, the tumor risk in 
pouches and neobladders will not become clear until at 
least 30 years from now. 

For these reasons, animal experiments seem to be the 
only way to elucidate this field. Crissey, Steele and 
Gittes' pioneer work [2, 5] showed that an animal 
model for ureterosigmoidostomy well simulates the 
situation in humans in the short time of about 1 year. 
Their widely accepted finding of tumor prevention by 
separation of feces and urine does not, however, corre- 
late with the other clinical data mentioned above. We 
therefore compared vesicosigmoidostomy in rats with 
and without colostomy, simulating both ureterosig- 
moidostomy and rectal bladder. The total tumor inci- 
dence (Table 1) did not differ significantly, indicating 
a similar cancer risk in all continent forms of urinary 
diversion, at least via the colon. Miersch and Vogel, 
[153 using microsurgical methods, found similar tumor 
frequencies in rats with rectal bladders (25%) and 
ureterosigmoidostomies (28.5%). The reports of 10 tu- 
mors in ileocystoplasties (Table 3) compared to 9 in 
colocystoplasties suggest, in addition, a comparable 
cancer risk in all continent intestinal urinary reservoirs 
using colon or ileum. Crissey and Gittes' results [2, 5] 
could not be confirmed. 

Table 3 Summary of case reports of tumors following urinary diver- 
sion using isolated intestinal segments without feces 

Operation Median (range) Ileum Colon Total 
latency period, (n) (n) (n) 
months 

Cystoplasty 21 (7-30) 10 - 
15 (0.3-24) - 9 19 

Rectal bladder 16 (11-28) - 3 3 
Colon bladder 0.3 1 1 
Conduit 16 (5-22) 7 4 11 
Total 17 (1-25) 17 17 34 

The tumor spectrum, however, differed significantly 
between the two groups, with a predominance of 
urothelial carcinomas in group 1 (Table 1). The reason 
for this is unclear, but it is in accordance both with 
Miersch and Vogel's experimental results [15] and with 
the fact that 4 of the 19 tumors in cystoplasties [7, 9] 
were of urothelial origin, but only 1 of the 201 tumors 
after ureterosigmoidostomies. Perhaps the risk of 
urothelial carcinoma is slightly higher in urinary diver- 
sions without feces. 

In any case, both epithelia at the urocolonic anasto- 
mosis showed marked proliferation, with induction of 
adenocarcinoma and urothelial carcinoma at the same 
vesicocolonic anastomosis in three animals. Gregoire 
et al. observed a synchronous transitional carcinoma 
and adenocarcinoma in a cecocystoplasty [6]. 

Strachan et al. [21] found increased crypt cell pro- 
duction rates at urocolonic anastomoses in rats with 
and without urine/feces mixture. Roe et al. [18] ob- 
served increased crypt cell proliferation at experimental 
colon anastomoses which returned to normal values 12 
weeks after operation. Taking into account the fact that 
urine contains epidermal growth factor (EGF) and 
EGF-related growth factors able to increase bladder 
cancer growth [26], our hypothesis was that the combi- 
nation of urine and the unstable proliferation during 
the first 3 months after surgery could be of importance 
for carcinogenesis following urinary diversion. 

Therefore we separated the anastomosis from urine 
during the first 12 weeks after vesicosigmoidostomy 
with the aim of preventing tumor growth. Surprisingly, 
the adenocarcinoma incidence was higher than with 
common vesicosigmoidostomy (16/40, 40% vs 9/30, 
30%). Although the difference was not statistically sig- 
nificant, the finding that two operations adjacent to the 
urocolonic anastomosis appear to increase the tumor 
risk emphasizes the importance of the proliferative 
potency of the anastomosis itself for this form of car- 
cinogenesis. Urine seems to play only a minor role; 
otherwise, the initial separation of urine from the heal- 
ing anastomosis would have reduced cancer risk. 

Although the clinical data suggest a similar cancer 
risk in continent urinary diversions using colon and 
ileum, Gennaro et al. [4] and Williamson et al. [24] 
found lower tumor incidence in transposed ileal 
segments and at ileocolonic anastomoses than in 
transposed colonic segments and at colocolonic 
anastomoses following administration of colon car- 
cinogens in rats. In accordance with these findings, 
Gittes [5] mentioned that ileum interposition seemed 
to protect against tumor growth following vesicosig- 
moidostomy. As described above, we achieved a signifi- 
cant reduction in the incidence of adenocarcinomas, 
from 30% to 5% (P < 0.007), of a small ileal segment 
between bladder and rectosigmoid. These results 
suggest a protective role of any form of ileal interposi- 
tion between ureter and sigmoid colon in ureterosig- 
moidostomies in humans, for example a Hemi-Kock 
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procedure [13] or an ileocecal segment [10]. These 
results may even imply lower tumor risk in continent 
pouches and neobladders using ileum alone, despite the 
similar number of tumor reports in ileo- and colocys- 
toplasties. 

On the other hand, vesicoileosigmoidostomy is not 
a correct model for an ileocystoplasty or an ileal neo- 
bladder. The published results of animal experiments 
with ileo-or colostoplasties are difficult to interpret. 
Young et al. [25] found a 13% and 15% incidence 
of papillary lesions in ileo- and sigmoidocystoplasties 
respectively, in rats. Although they classified these neo- 
plasms as benign, they found them similar to the tu- 
mors following vesicosigmoidostomy in the literature, 
thus indicating a similar cancer risk in both forms of 
cystoplasty. Spencer et al. [20] observed'one urothelial 
carcinoma and a number of hyperplastic lesions both in 
ileo- and in colocystoplasty. Because of the lack of 
adenocarcinomas they described the rat model as not 
ideal, although the lesions were at the urointestinal 
anastomoses and an accumulation of urothelial carci- 
nomas in urinary diversions without feces is common 
both in rats [15] and in humans [7,9]. It seems neces- 
sary to carry out further research on cystoplasties in 
rats, involving pathologists accustomed to evaluating 
specimens with marked inflammatory artifacts in order 
to obtain comparable results for all forms of urinary 
diversion. Daher et al. [3], for example, reported that 
five pathologists interpreting vesicosigmoidostomy 
specimens found different numbers of adenocar- 
cinomas, varying from none to seven. Therefore, it 
could well be that other pathologists would have classi- 
fied Young et al.'s [25] lesions as malignant. 

In conclusion, the cancer risk in different forms of 
intestinal urinary diversions including pouches and or- 
thotopic neobladders, will not be able to be estimated 
from for at least 30-50 years from now. The available 
experimental data [15] suggest a similar tumor risk in 
ureterosigmoidostomies and colon pouches or neo- 
bladders (Indiana, Mainz). The exact assessment of the 
risk in ileal neobladders (Hautmann) compared to co- 
lonic pouches is not yet possible. 

Concerning the etiology of the tumors it is clear that 
proliferative instability at the urointestinal borderline 
[15, 18,21] is the most important cause. Wound mac- 
rophages expressing growth factors [16] may play an 
additive role. Gregoire et al. [6] speculate that the 
mutation of oncogenes could also be of importance 
[19]. Prostaglandins known to affect cell proliferation 
and tumor growth [17], as well as ornithine de- 
carboxylase (ODC), the key enzyme of polyamine 
synthesis [11, 23] may be important mediators. Con- 
stituents of urine, however, especially urinary carcino- 
gens such as nitrosamines, play only a minor role in this 
form of carcinogenesis [8]. 

The key measure in tumor prophylaxis, then, is 
modification of the instability of the urointestinal 
anastomosis. Although ileal interposition promises 

reduction - not complete prevention - of tumors fol- 
lowing ureterosigmoidostomy, routine use in clinical 
practice does not seem worthwhile due to the increased 
surgical complications. A very promising form of pro- 
phylaxis, however, is the administration of non-ster- 
oidal antiinflammatory drugs (NSAIDs) and dif- 
luoromethylornithine to inhibit the synthesis of pro sta- 
glandins and ODC, respectively. Both drugs reduced 
colon cancer rate in experimental animals [11, 17, 22]. 
Furthermore, epidemiological data suggest a prophy- 
lactic effect of aspirin, an NSAID, in colon cancer of 
humans [22]. Surgical prophylaxis, using reverse intes- 
tinal seromuscular enterocystoplasty in order to avoid 
urointestinal anastomosis, may also be of value [1]. 

In any case, further research into prophylaxis and 
etiology, as well as the reporting of all tumors following 
urinary diversion, is necessary to enable selection of the 
reservoirs associated with the fewest and least severe 
complications and the lowest risk of tumor induction. 
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