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All the cases treated have been carefully and critically
fOllowed-up, and in no case has there been any di satisfac
tion with the end-result, and this applies both to the
patient and to the parents or guardians. The children
themselves are delighted because they are able to lead an
almost normal life. In all cases there has been an improve
ment in their general health and physical condition; in
only two cases has there been evidence of upper urinary
tract infection, and it has readily responded to treatment.
I am convinced that this is a satisfactory operation and
that the colonic conduit is superior to the ileal conduit;
it has provided in all cases great relief to these unfortu
nate children. I should like to make an earnest plea for
the early recognition and treatment of the urinary com
plications of this distressing disability of bladder dysfunc
tion, for satisfactory results can only be obtained if the
patients are treated before recurrent sepsis and obstructive
uropathy have produced irreversible damage to the upper
urinary tract.

I should like to record my appreciation to all my colleagues
who have referred these cases to me, and to my own personal
staff for the diligence, patience and care they have at all times
shown in the management of these patients, without which
these results would not have been possible.
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TABLE 11. RESULTS OF TREATMENT BY ILEAl OR COLONIC
CONDUITS

No. of patients who survived
No. of patients who died .... ....

Longest period of survival to date: 51 years
ANAlYSIS OF FATAl CASES

Survival Cause 0/ death
period

3 years

nary incontinence since her former illness in 1958. An opera
tion for ileal bladder was performed, and she has remained
fit and well to date and is extremely pleased with the result.
The pre- and postoperative pyelograms show good renal func
tion.

An analysis of the results of these operations is shown
in Table 11. Of the 5 patients who died only one died in
the postoperative period. The other 4 survived for periods
from 1 month to 3 years.
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METHODS
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Uniting an intestinal graft to a bladder which as a result
of disease has become incapable of acting as an adequate
urinary reservoir is now established as a method of re
storing useful function. The main indication for this type
of reconstructive operation is vesical contracture follow
ing healed urinary tuberculosis or intractable interstitial
cystitis. The frequency and incontinence arising from these
conditions, and in cases of interstitial cystitis the pain
associated with micturition, formerly compelled resort to
urinary diversion in some cases. This was a worth-while
and beneficent expedient for the relief of symptoms some
times hardly to be borne. I have patients on whom uretero
colic anastomosis was carried out for tuberculous vesical
contracture and interstitial cystitis alive and well today
after periods of up to 18 years.' Cystoplasty is however
a preferable alternative. Although enlarging the bladder
by this method involves the incorporation of intestine into
the urinary tract, no admixture of the contents of the two
systems results. Sequelae such as may follow ureterocolic
anastomosis are thus avoided, for the risks from upper
urinary tract infection and from absorption of urinary
constituents with consequent electrolyte imbalance have
proved to be minimal. Furthermore, the patient is left

with controlled micturition through the normal urethral
channel.

Union between the bladder and an isolated segment
of bowel can be obtained in a variety of ways. A graft
may be fashioned from a segment of ileum or from colon
and may be used in the form of either a closed or opened
loop. During the past 9 years I have carried out 48 cysto
plasties; in the first 30 operations the ileum in all but

TABLE J. CYSTOPLASTIC OPERATIO S

I1eocystoplasty with closed loop .... 19
Uretero--ileocystoplasty with closed loop 12
I1eocystoplasty with opened loop 8
Colocystoplasty with opened loop 8
Uretero-colocystoplasty with closed loop 1

Total 48

one instance was anastomosed to the bladder as a closed
loop. In 12 a solitary ureter was detached from the con
tracted bladder and implanted into the loop (Table I).

ILEOCYSTOPLASTY VVITH CLOSED LOOPS

My method of anastomosing a closed loop of ileum to the
bladder has varied through the years.' Initially the mid-
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Fig. 1. Diagram illustrating technique of uretero-ileocystoplasty. The distal end of the iso
lated loop is anastomosed to the bladder in two layers (b and c); the intubated ureter is
shown implanted into the proximal portion. Insertion of ureter into an open end is shown
at (a). From the aurhor's contribution to 'Modern Trends in Urology', Second Series (But
renvorlh). By courtesy of the Editor.

•
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The patient was readmitted to hospital 18 months after a
uretero-ileocystoplasty, having voided no urine for the pre
vious 48 hours. An outline of the distended loop could be
seen through the abdominal wall; 30 oz. of retained urine
were evacuated from its grossly dilated lumen. The ileovesical
opening, which on cystoscopy looked like a dilated ureteric

abdominal wall and implanted into the bladder, with a
satisfactory result. The one patient not benefited was the
first in the series.

She was a woman of 26 years who had interstitial cystitis
associated with upper-tract dilatation and reflux. After a
striking initial improvement, she reverted within 6 months to
a 15-30 minute frequency. Ureterocolic anastomosis with
resection of the cystoplasty was carried out and today, 8 years
later, she continues well.

A phenomenon observed in some is a variable degree
of dilatation and elongation of the loop. In only one has
this been associated with stenosis at the site of union
between bowel and bladder.

portion of a coil of isolated
lower ileum, about 15 cm. in
length, with each end closed
off, was joined to the blad
der as a tubular graft. When,
because of stricture or re
flux, diversion of a ureter
into the bowel graft was in
dicated, the implant was
made into the corresponding
end of the loop. Hanley's
studies' with the X-ray image
amplifier on the emptying
mechanisms of different varie
ties of ileal loops showed the
desirability of employing the
distal end for the anastomo
sis in order to permit maxi
mum bowel peristalsis for the
propulsion of urine into the
bladder, while leaving a mini
mum of dead space for resi
dual urine. A complete elimi
nation of this dead space
proved possible by suturing
the distal end to the right
extremity of the bladder
opening (Fig. 1).

With a mortality of 2 pa
tients (one on the 11th day
from a massive retroperito
neal haemorrhage of undeter
mined origin following repair
of a burst abdomen; and the
other in the 9th week from
the combined effects of an
intractable urinary fistula and
uncontrolled urinary tuber
culosis) and the death of two
others (one after 2t years as
a result of volvulus, and the
other after 2 years from in
tercurrent disease ful
minating influenza), there
are available for assessment 25 patients who had an
ileocystoplasty with a closed loop 2 - 9 years ago. Of
these, 18 had tuberculous contracture, 6 interstitial cystitis,
and I post-irradiation cystitis. All but one have benefited
from the operation. The diurnal intervals with some are
up to 4 hours or even longer; less than 2 hours is excep
tional (Fig. 2 A, B and C). Many have no nocturnal dis
turbance, while others require to rise once and a few
twice. The act of micturition more often than not is
biphasic, a feeling of incomplete emptying being relieved
by another voiding, which may take several minutes to
complete. The patients who had interstitial cystitis have
all been relieved of the pain so characteristic of this lesion.
The patient who suffered from irradiation cystitis also
had a rectovaginal fistula of like origin, and a colostomy
had previously been carried out. The bladder was rested
for IO months by diverting the ureters to an ileal loop.
The distal end of the loop was then detached from the
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Fig. 2 A. Retrograde cystogram (male patient aged 20 years) taken 5 years after right nephrectomy for tuberculosis. The
vesical contracture is associated with reflux up the solitary dilated ureter to a hydronephrotic kidney.
Fig. 2 B. Intravenous urogram 3t years after uretero-ileocystoplasty. The hydro-ureter and hydronephrosis (see
Fig. 2 A) have resolved.
Fig. 2 C. Post-voiding urogram demonstrating complete emptying of bladder. (Retrograde cystography showed a blad
der capacity of 500 ml. and no reflux.)

•

orifice, was subsequently incised by transurethral diathermy
and voiding from the urethra quickly followed. Now, 4 years
later, the patient, a male aged 29, is well and working as a
motor mechanic. He passes about 26 oz. of urine at intervals
of 4 hours or longer. The act is biphasic, some 14 ounces
coming away at once; thereafter several minutes may be
required to complete emptying. .

Dilatation and elongation of the loop (Fig. 3) without
contracture of the ileovesical anastomosis is attributed to
'the fact that the ileum in the long run cannot withstand
the unaccustomed pressure to which it is constantly sub
jected'"' after ileocystoplasty. In the 4 cases in my series
where marked dilatation of this nature has been demon
strated, the changes have only been discovered on routine
follow-up cystographic examination, significant symptoms
having been absent. I have not to date considered loop
resection necessary for any.

Two female patients, of 33 years, are of especial interest
because the operation in each was a revisionary procedure
to combat sequelae arising from a previous ureterocolic
anastomosis for tuberculous bladder contracture. One, who
had undergone transplantation of a solitary grossly dilated
right ureter 8 years previously, had been subject to recurring
attacks of renal infection and acidosis. The other, who had
had transplantation of a solitary right ureter 6 years pre
viously, developed progressive loss of rectal control. In each
the ureter was detached from the colon and implanted into

the ileal graft Excellent bladder function followed and there
was complete urethral sphincter control. This satisfactory
state has continued over the 3 years that have elapsed since
the operations.

OPENED BOWEL GRAFTS

In view of the possibility of dilatation and elongation
developing in a closed ileal loop after ileocystoplasty, and
with the knowledge of continuing excellent function in
one of my earliest patients, on whom I had used a flat
ileal graft fashioned by the rather complicated technique
described by Tasker' in 1953, a trial with open grafts was
commenced 2 years ago. Because of the better ability of
large bowel to withstand a higher pressure I considered
it would be informative to compare the results that fol
lowed the use of open grafts from the colon with those
from the ileum. In 7 patients an open graft has been
formed from the ileum and in 8 from the colon. The
mode of anastomosis has been similar to that described by
Riches' and it has been used for both varieties of bowel.
The bladder is opened transversely on the dome, the in
cision being as long as the state of the bladder permits
(Fig. 4). In cases of interstitial cystitis as much as possible
of the diseased detrusor is removed. In healed tubercu
lous cases it is sufficient to excise such an amount of
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Fig. 4, a and b. Serosal layer of bowel atta~hed to peritoneal covering and outer mus
culature of bladder. c. Suture of opened bowel to inner muscle and mucosa of bladder.
d. Union of opposite cut edges of bowel.

Fig. 3. Dilatation and elongation of the ileal loop in a
female patient on whom uretero-ileocystoplasty was per
formed for tuberculous contracture 6 years ago.

A woman, aged 33, suffered
from a diurnal frequency of
half to one hour and had a
maximum interval of 1t hours
at night. The frequency, which
had been progressive over the
previous 7 years, was associated
with almost constant supra
pubic discomfort, relieved for
a short time after micturition.
Examination of the bladder
with full relaxation under
anaesthesia showed a maximum
capacity of 150 ml., this degree
of distension causing bleeding
from the mucosa, which pre
sented the typical appearances
of interstitial cystitis without
ulceration. After conservative
therapy over a period of 6
months without improvement,
ileocystoplasty with an open
loop and extensive resection of
the bladder detrusor was car
ried out in October 1961. Now,
the diurnal intervals between
micturition are 3t hours, she
can sleep for 6 hours without
disturbance, and there is no
suprapubic pain.
Co[osystop[asty with Opened
Loops

The results obtained on
the 8 patients who had the
bladder enlarged with an
opened-out loop of sigmoid
colon remain to be consider
ed. In this group were 3

vault as will provide the maximum opening into the con
tracted bladder. The serosal layer of the isolated ileal
or sigmoid loop is attached along its antimesenteric border
to the peritoneal covering and outer musculature of the
bladder. The loop is then opened up and a mucosa-to
mucosa suture between the two structures is made with fine
catgut, which is passed through the entire thickness of
the bowel and the inner muscular layer and mucosa of
the bladder. The new vault, provided by the bowel, is
closed in two layers.

lleocystop[asty with Opened Loops

Of the 7 patients who underwent an ileocystoplasty by
this method, 2, females aged 33 and 60, had tuberculous
bladder contractures. The other 5, of whom 4 were females
aged 30, 33, 60 and 65 years, and 1 a male aged 71 years,
suffered from intractable interstitial cystitis.

One, the woman aged 60, developed a faecal fistula on the
6th day, a sequel to a haematoma that had occurred at the
site of the ileal re-union. The result of the bladder recon
struction was nevertheless very satisfactory, intervals of 3-4
hours between micturition replacing a pre-operative frequency
of about 40 minutes within 3 weeks. As the faecal discharge
had not ceased after 3 months, the abdomen was reopened,
the ileal end-to-end anastomosis resected, and a fresh union
made. Her subsequent course was uneventful and now, 19
months since the cystoplasty, she has continued well and
the improvement in the bladder function has been mainta.ined.

The results as a whole have been most gratifying. I
shall outline the salient features of one as an illustrative
example.

c.
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Fig. 5A. Intravenous urogram (male patient aged 20 years) showing bl~ddcr contracture 6 months after
left nephrectomy for tuberculous disease.

Fig. 5B. Retrograde cystogram after open-loop colocystoplasty; ureteral reflux demonstrated.

-

females, aged 19, 49 and 52, and 1 male, aged 20, who
had tuberculous contractures; I female, aged 51, who
had post-irradiation cystitis following combined radium
and external irradiation for carcinoma of the cervix; and
3 females, aged 12, 18 and 43, with interstitial cystitis.

The colocystoplasty, combined with an extensive detrusor
excision, which was carried out on the patient with irradiation
cystitis, proved a failure. She developed a urinary fistula on
the 14th. postoperative day. This closed in a fortnight, but
she .contmued to have .hourly frequency night and day, a
maXIDlUm bladder capacity of 100 ml., bilateral ureter reflux
and severe urethral pain. As there was no improvement afte;
the lapse of 4 months, she was readmitted to hospital and
an ileal loop diversion carried out; thick-walled dilated ureters
~ere encountered. Nine months have passed since this opera
tIon and I now contemplate diverting the ileal loop into the
colocystoplasty.

Another patient, t~e girl of 18 with an interstitial cystitis,
on whom an extensive segmental resection was also carried
out, developed extravasation on the 16th postoperative day.
On abdominal exploration the right portion of the attached
graft was found to have sloughed. Excision of the necrotic
area and reconstruction as far as this was possible around a
suprapubic tube was carried out. She, too, made a satis
factory recovery and complete closure was obtained within
4 weeks. Now, a year later, the capacity is 500 m!.

The other 6 had uneventful postoperative courses and

the functional results in 5 after 18, 13, 11, 10 and 5
months, respectively, are excellent (Fig. 5, A and B).

The remaining patient, a girl of 12, had suffered from half
hourly frequency, nocturnal incontinence, marked pain on
micturition and bouts of profuse haematuria for about 2
years. The maximum bladder capacity was 90 ml. and on
cystoscopy widespread ulceration was seen to involve the
posterolateral walls. Urography demonstrated early back
pressure dilatation in the upper urinary tract. At operation the
bladder walls were found to be grossly hypertrophied, with
the mucosal lining thickened and oedematous. A wide resec
tion was carried out and an opened loop of colon was united
to what was left of the bladder. Histological examination of
the resected bladder wall showed that much of the mucosal
surface was denuded of epithelium and replaced by a lining
of granulation tissue. There was no evidence of tuberculosis.
In 3 weeks, by which time the intervals between the acts of
micturition were about 2! hours, a cystogram demonstrated a
bladder of normal-like contour, and voiding was painless.

The improvement was short-lived. Within a few months
diurnal frequency again manifested itself and at night there
was incontinence. The cystogram again exhibited a distorted
outline. When 14 months had elapsed after the operation, by
which time she was totally incontinent, an ileal loop diversion
was carried out. She died 8 days later as a result of uncon
trollable ileus and peritonitis.

Histological examination of the cystoplasty showed continu
ing ulceration of the bladder mucosa and increased thickening
of the submucosa due to fibrous tissue that extended between

hypertrophied muscle bundles.
The colonic graft also showed
inflammatory changes, with
infiltration of the submucosa
by fibrous tissue and hyper
trophy of the muscle coats.

Colocystoplasty with a Closed
Loop

I have to add to the cases
of enlargement of bladder
with large bowel one other
on whom at operation in
July 1962 a closed loop was
used.

The patient, a man of 28,
had been referred because of
half-hourly frequency, and
haematuria of 2 months' dura
tion. Cystoscopy showed nu
merous haemorrhagic mucosal
patches scattered over the blad
der walls and there was gross
dilatation of the ureteric ori
fices. Intravenous and retro
grade pyelography showed
markedly dilated and redun
dant ureters with moderate
dilatation in the pelvicalyceal
systems. Retrograde cystogra
phy showed a bladder contrac
ture associated with reflux up
both ureters. Because of the
condition of the ureters and
the desirability of diverting
them into the graft, it was de
cided it would be best to use a
closed loop of large bowel. An
isolated segment of unopened
colon was anastomosed to the
contracted thick-walled bladder
and the ureters united to each
end of the loop after excising
redundant segments; the calibre
of the ureters corresponded
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almost exactly to that of the sigmoid and a 2-layer end-to-end
anastomosis was readily accomplished.

When he left hospital 3 weeks later he could retain urine
for periods of up to 3 hours and the improvement has been
maintained.

CONCLUSIONS

As a result of my experiences with the different methods
of reconstructive bladder operations (Table n, I consider
that a more normal-like anatomical outline and better
function will follow the use of opened-out grafts from
either large or small bowel. A closed loop results in a di
verticulum-like addition into which urine may be refluxed
during micturition, while an open loop provides a new
dome that forms an integral part of the bladder. Because
of its thicker wall and bigger lumen it is easier to restore
the continuity of large bowel and technically simpler to
unite a graft from it to the bladder. The large bowel is
also endowed with a better ability to withstand a higher
pressure than the ileum. For these reasons it seems pre-

ferable to fashion the graft from the sigmoid colon. If,
however, a redundant sigmoid loop is not freely available,
or if the condition of the bowel wall, such as may arise
from old-standing diverticulitis or from a heavy deposit of
fat, obviates against the sigmoid as the source of the
graft, one from the small intestine can be used with every
confidence.

Whatever method an individual surgeon may choose
for this type of operation, scrupulous attention to all its
details is required. The avoidance of technical defects in
the successive steps will best ensure a maximum of uncom
plicated and gratifying results.
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THE PRESENT POSITION OF EXPERIMENTAL INVESTIGATIONS INTO
THE AETIOLOGY OF BLADDER CANCER

L. N. PYRAH, M.Sc., CH.M., F.R.C.S. and D. B. CLAYSON, RA., PH.D.

Departments ot Urology and Cancer Research, University ot Leeds

On an aetiological basis, human bladder cancers may be
subdivided into three classes. Firstly there is the relatively
small but well defined industrial group consisting of work
people who have been engaged in the manufacture, puri
fication and use of certain dyestuffs and intermediates.
Case et al: found 455 examples of such tumours which
arose in the British chemical industry before 1952. It has
been estimated that some 2,500 instances of this indus
trial disease have been reported in the world literature,
but an unspecified and possibly considerable number may
have escaped reporting. In addition, there are workmen in
the industry who have received an exposure to the noxious
substances but have not yet developed tumours. The
second category of human bladder tumours arise in asso
ciation with bilharzial infestation, which is believed by
many workers to be a causal factor. The third and by far
the largest group of human bladder cancers are of un
known origin. Many speculations have been advanced
about the manner of their occurrence, with more or less
factual backing. For example, they are said to be asso
ciated with excessive cigarette smoking, with the incorpo
ration of certain dyes into hair oil, with the abnormal
metabolism of tryptophan, etc.

Industrial Bladder Cancer: Six Carcinogens

The industrial tumours, despite their relatively small
number, have been the starting point for a great deal of
experimental work. Careful observations by many factory
medical officers, culminating in the field survey of the
British chemical industry by Case, demonstrated that 5
compounds were responsible for the majority of the
human bladder tumours in the industry. These were l
and 2-naphthylamines, benzidine, auramine and magenta.
A sixth compound, 4-aminodiphenyl, was shown by

Melick et al.,: in the USA, to be responsible for indus
trial bladder cancer as well.

Before they could be adequately investigated it was
necessary to show that the industrial chemicals could re
produce the human disease in the experimental animal.
Before 1937 attempts to do this were unsuccessful, owing
to failure to choose the right species, to administer enough
of the chemical, and to keep the animals alive long enough
for them to develop tumours. In 1938 Hueper et aI.'
showed that 2-naphthylamine given to dogs, first by sub
cutaneous injection and then by feeding, induced tumours
of the same nature as those found in the exposed human.
The latent period of these lesions was about 2 years. This
observation has been repeated on several occasions. Sub
sequently, other chemicals of a similar nature to 2-naph
thylamine (the aromatic amines) have been shown to in
duce cancer in a variety of tissues (not only bladder
tissues) of most of the commonly used experimental
species. 2-Acetaminofluorene possessed properties which
rendered it specially suitable for use as an insecticide,
but, fortunately, before it was allowed into general agricul
tural use it was tested for long-term toxic effects in the
rat. It has since been. shown to induce tumours in one
or more tissues of most species; it has, in fact, become
one of the standard carcinogens used in cancer research.
These observations imply that the aromatic amines may
induce tumours in tissues other than the bladder in man.

The first point that had to be settled experimentally
was whether the industrial amines induced the bladder
tumours themselves or whether some impurity in them was
responsible. There is no doubt that 2-naphthylamine con
tains traces of impurities which, from their molecular
configuration, might induce cancer. However, whereas
Hueper used the commercial chemical in his classic ex-


