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This study looks at the laboratory development and clinical use of new techniques

for bladder augmentation, all of which result in a neo-bladder lined by urothelium.

The combination of autoaugmentation and demucosalised enterocystoplasty was

explored in a sheep model, using both the stomach and colon. These results were

then compared with a control group, and animals after demucosalised

enterocystoplasty without autoaugmentation and autoaugmentation alone. In

addition, the clinical application of the laboratory developed approach was studied.

As well, patients who had either a ureterocystoplasty or diverticulocystoplasty were

followed.

Sheep experiments

The sheep experiments have demonstrated the feasibility of demucosalisation of the

sheep fourth stomach, the usual survival of the urothelium under the gastric patch

and the ability to produce an augmented bladder. It appears that the urothelium of

an autoaugmentation does not always survive, and when urine is in contact with the

denuded muscle, through a defect in the autoaugmentation, poor urodynamic results

are seen. However, the autoaugmentation gastrocystoplasty was the only group

with a significantly larger bladder at six months. The numbers of animals at 12

months were too small for statistical signihcance to be achieved, but the trends

appeared to persist. The colon bladders failed, due to the inability of the delicate

colon to tolerate the dissection necessary to remove the mucosa, and demucosalised

enterocystoplasty failed to improve the bladder capacity because of the slow

ingrowth of the urothelium over the muscle allowed for the development of hbrosis.

The autoaugmentation alone produced an unsatisfactory bladder, probably secondary

to the overlying fat being poorly compliant. Variability in the control group and

those operated on was a notable feature.



The animal bladders were assessed radiologically, urodynamically, macroscopically

and histologically.

Patient Application

Ureterocystoplasty has been used in five boys and diverticulocystoplasty in one,

with improvement in the bladder capacity in all. Concurrently, these procedures

were successful in reducing the predisposition to urinary tract infection and

pyelonephritis. An additional advantage to each of these operations is the ability to

use them in the first year of life, thus preventing the need for urine diversion.

The autoaugmentation enterocystoplasty has been used in nine children, five using

the stomach and four using colon as the source of muscle, with improvement in the

bladder function in all. These operations take longer than a routine

enterocystoplasty, and are much more difficult to perform. Both the bladder and

bowel dissections are tedious and time consuming, however, the effort seems worth

the investment, given the long-term complications that are avoided. No mucosal

regrowth has been evident in any of the patients, nor in any animals where removal

of the submucosa, with the mucosa, was performed.

The results Írre encouraging, but, obviously, on-going surveillance is needed to

ensure that a new set of complications is not generated by these procedures. V/ith

careful attention to operative detail and post-operative care, the "urothelial lined"

approach to cystoplasty will hopefully provide those who need a bladder

augmentation with a better future. On-going extensive animal studies and careful

clinical follow-up is required to ensure appropriate use of this new concept.
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INTRODUCTION

Overview

Any operation with a significant number of complications stimulates the

development of alternative approaches. Bladder augmentation has had many

alternatives tested in the laboratory, but few have been used to any great extent

clinically.

Detubularised full thickness bowel segments are currently the most common

material used for bladder augmentation, but are increasingly recognised to be

accompanied by many potential complications [1-4]. Consequently, the following

materials do not reliably produce a satisfactory urinary reservoir when used to

replace or enlarge the bladder.

Autologous:

bowel muscle [5-10],
submucosa flll
omentum nl2l
peritoneum or myoperitoneum [13- 15]

fascia 116,17l
gall bladier [18]

Biodesradable:

amnion ll9l
dura l20,2ll
pericardium Í22,231

Svnthetic:

teflon l24l
gelatin 125)
polyvinyl sponge
silostic Í27,281

t26l
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Most of these procedures have been developed in animals, but have not been

extensively used in humans. Regrowth of transitional epithelium across bladder

substitute material within the bladder and regeneration of bladder muscle have both

been recorded, however, urothelial regenerative methods generally fail to produce a

consistentþ adequate reservoir in large animals and humans as does

autoaugmentation which produces a wide-mouthed diverticulum [29-38]. The neo-

bladder is covered with a layer of fibrous tissue and is only applicable to patients

with a moderate sized bladder initially [31,39].

In an attempt to avoid the metabolic, mucous and malignancy risk complications of

small or large bowel the stomach has been used 140-431. The secretion of acid is of

benefit in renal failure Í43,44f, but produces a 'haematuria-dysuria' syndrome in a

significant number of patients. Also, metaplasia is probably of no lesser risk than

when small and large bowel are used [45].

Large bladder diverticula and the oversized, refluxing ureters Í46-481 have also

been advocated as available sources of urothelial lined tissue for bladder

augmentation, but their use is limited to appropriate patients.

This study is not the first to combine autoaugmentation and demucosalised

enterocystoplasty, but it is the first to use the stomach muscle for the puqpose, and it

is the most extensive follow-up work produced, and the first to be published. It

includes the subsequent clinical application of techniques developed in animal

experiments, and shows that lessons from the sheep bladder, stomach and colon are

not directþ applicable to humans.

It would appear that an exciting new technique of bladder augmentation has been

explored in this study with encouraging results.
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History of Bladder Augmentation Procedures

Bladder augmentation has a long history which is well worth recounting.

Enterocystoplasty commenced more than 100 years ago when in 1888 Tizzoni and

Foggi reported the results of their animal experiments [49]. Rutkowski [50] and

Mikulizc [51] subsequently recorded a clinically successful operation, integrating a

detubularised segment of the small intestine into the bladder wall. Both patients

were older children with bladder exstrophy; Rutkowski performed a one stage

ileocystoplasty, and Mikulicz used a delayed, two-stage operation. Each operation

was similar to the procedures currently practiced. Statements made by these two

authors are still widely held; Rutkowski wrote (22.4.1899) - "A bowel wall patch,

pedicled on the mesentry, meets all these requirements; with it we, therefore, have

the ideal material for a cystoplasty" t50l; and Mikulizc (3.6.1899) cautioned that

"the value of It (the operative technique) is finally, however, only dependent on the

subsequent function of the created bladder" [51].

Many technical variations have been advocated since the initial work of Rutkowski

and Mikulicz, and the clinical application of the different modifications has been

much debated 152-571.

In the search for alternatives to routine enterocystoplasty, Sinaiko (1956) used a

segment of stomach on a vascularised pedicle to create an isolated gastric pouch

urinary reservoir initially in dogs t58l and subsequentþ in humans [59]. The pouch

used was similar to that designed by the German physiologist R.P.H. Heidenhain

(1834-1897) for the study of gastric secretions. In 1962, D.C.Martin et al. 160l

reported the first successful gastrocystoplasty in dogs by adapting the gastric pedicle

to allow the segment to reach the orthotopic bladder. The part of the stomach used,
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and the method of fashioning both the segment and its blood supply, have since

been furthe¡ studied [45,61-631.

In the 1950's, to avoid the number of complications attributed to the gastrointestinal

tract mucosa, attempts were made to remove the mucosa from detubularised

intestinal segments for bladder augmentation Í64-661. In their dog model,

Shoemaker et al. repnrted that the peritoneal surface of the bowel became lined with

urothelium within 2 to 3 weeks. They also found the two-layered muscular

a¡chitecture of the intestine to interlace into a plexiform network, indistinguishable

from the normal detrusor muscle. However, regrowth of bowel epithelium was

noted if the submucosa was not removed with the mucosa U0,67].

In the demucosalised enterocystoplasty the ingrowth of urothelium occurs within 3

to 6 weeks in most situations, depends on the size of remaining bladder and the

species used. This slow ingrowth seemingly allows inflammation and fibrosis of the

muscle patch, resulting in shrinkage and the formation of calculi. The mucosa is

difficult to remove from the small and large bowel in animals, increasing the

chances of regrowth of the gastrointestinal epithelium. Never-the-less, Blandy t10l

developed a reliable technique for mucosal removal, but found regeneration of the

urothelium to be slower than reported by Shoemaker's group [68].

Campbell [9] was the first to perform a de-epithelialised intestinocystoplasty in a

patient. He claimed a satisfactory result, but there were no urodynamic recordings,

and the published cystogram was that of an unsatisfactory bladder. Shoemaker ¿r

ø/. published four cases in 1957, including a 9 year old girl; the bladder volumes

were generally small in all four patients, and no urodynamic results were given

t691. Heeg et a/. suggested and tried the novel approach of attaching the serosal

surface of the sigmoid colon to a resection defect at the back of a bladder,

producing a urothelial lined augmentation [70]. Subsequent animal work, using
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different parts of ileum or colon, with either the serosal or denuded external wall

covering the inner surface of the bladder, have shown mixed results [6-8,7U.

Recentþ a seromuscular bowel flap has been used for a combined bladder

augmentation and repair of a vesico-vaginal fistula with success [72]'

Various alternatives have been used to produce an epithelial lined urinary reservoir,

including omentum [12], peritoneum or myoperitoneum 113-15,731, fascia [16]

amnion [19], dura Í20,211, pericardium [22,23], and many synthetic substances [24-

271. The most extensively used of these is dura; Kelâmi reported on

duracystoplasty in 34 patients in 1975 Í211.

Autoaugmentation is an alternative to covering enteric segments by urothelial

ingrowth. It involves creating a large-mouth bladder diverticulum. In I9L7,

Neuhof reported the results of animal experiments by Kostenko, Rubaschew, ffid

himself [17]. Their attempts to use fascia as a substitute for the wall of the bladder

(they also studied other hollow viscera) showed that it was essential to preserve the

continuity of the urothelium. Similarly, Huggins in 1931 [16] described removal of

a patch of bladder muscle, covering the defect with fascia; when the urothelium was

preserved it prevented the bone formation seen where the graft came into direct

contact with urine.

The more recent studies of preservation of an intact urothelium resulted in the

coining of the terms Autoaugmentation 129,30,351, Detrusorectomy Í321,

Autocystoplasty p4l or Seromuscular Myotomy [34]. The incision in the bladder

muscle is similar to the routine clam cystoplasty, but does not breach the bladder

mucosa. The bladder mucosa is left to bulge through the muscle incision as a wide

mouthed diverticulum. Cartwright and Snow were the first to report their results in

dogs [30] and then in a series of patients Í291 - in fact the first patient procedure

occurred before the dog experiments had been conducted (Cartwright and Snow -
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personal communication).

The long-term outcome of autoaugmentation have been well documented in

investigations of dogs, 4-6 weeks after operation. The histology showed scarring

over the area where the detrusor had been resected, but the urothelial layer, the

lamina propria and network of small vessels were intact, although surrounded by a

thin layer of collagen and a layer of hypercellular fibrous tissue. Shrinking of the

urothelial bulge with time has meant that the long-term results of this technique

have been less favourable, with bladder dynamic improvements in only 50% of

cases in some series t37-391. Small trabeculated bladders respond less well to

autoaugmentation and there appears to be a risk of vesicoureteric reflux and bladder

perforation. Nevertheless, Moorehead et al. l32l and Gordon et al. [74] reported

good results in a number of children.

Complications of Current Enterocy s toplas ty

Unfortunately, several clinical problems are seen with the use of intestinal segments

in the urinary tract. These include excessive mucous production, tecurtent urinary

tract infection, reflux or obstruction at the vesicoureteric junction, metabolic

changes (acidosis, ammonaemia) and electrolyte shifts (hyperchloraemia,

hypercalcuria) 12,75-781. More recently, spontaneous bladder perforation,

haematological changes and growth retardation have been recognised Í79-821, along

with the risk of malignancy, bone demineralisation, chronic vitamin deficiency,

urinary stone formation, cholelithiasis, and fibrosis and bone formation within the

intestinal segments 11,3,77,83-891. The reported incidence of complications related

to the use of intestinal segments vary widely with age, basic disease, type of

enteroplasty and renal function. Al1 patients require long-term monitoring for the

complications of the enterocystoplasty.
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Extensive work has been carried out to look at the potential and real risks of

gastrocystoplasty, including:- serum gastrin changes and their relationship to the

specific portion of the stomach and the effect of distension, the effect of acid output

on metabolism and the remaining bladder, mucus production, stone formation; and

the development of bladder ulceration [45,60,90-93]. The expected benefits of acid

secretion in the urine have to some degree been overshadowed by adverse effects of

the acid urine in early animal experiments [60,94,95], ild, to date, marked

symptoms from acid in the bladder and urethra are the single most important

gastrocystoplasty complication Í43,441. Many of those with symptoms need to have

both systemic H2 receptor antagonists and bladder irrigations with buffer solutions.

More recentþ a combination of stomach and small bowel has been used to

overcome the metabolic complications of each Í96,971-

Investigations of gastrocystoplasty bladders in rats suggest that the risk of

metaplasia is significant in both the adjacent urothelium and the incorporated

segment of gastric mucosa [45,98,99].



8

Introduaion

Aut o au gment at i on Ent e r o cy s t op I as ry

Blandy in 1964 [10] summarised the remarkable properties of urothelium: it is

almost waterproof allowing only minimal movement of water and ions - making it

perfect for lining a urinary reservoir. It was the recognition of these properties, and

the complications of each of the alternatives, that helped foster further attempts to

find a urothelial lined bladder augmentation. L.S.J. Martin [5] was the first to

report the application of urothelial lined ileal segments for bladder replacement in

dogs. He covered the inner surface of seromuscular ileal grafts with epithelium,

which they had removed from the resected bladder, work which was also conducted

by Gilbert t1001. Compared to bladder substitutes with uncovered seromuscular

grafts the epithelial grafts appeared to hasten the uroepithelisation of the ileal

bladder. Unfortunately, the epithelial regeneration was uneven and epithelial cysts

formed at the mucosal edge.

Pompino et al. t10U cite Russian authors (Golub, Kimbarovskaja, Mochort,

Savtschenko) who used seromuscular grafts in children with a neurogenic bladder.

Reinnervationplasty, Vesicopexy or Autocystoduplication were names used to

describe their attempts to attach a seromuscular ileal patch to the back wall of the

bladder after removal of its serosa. Even though a number of children were treated

successfully, Pompino et at. ll0ll could not conf,rrm the optimistic results obtained

by the Russians. All these studies were mainly aimed at reinnervation of the

bladder.

Mau [102] created a neuropathic bladder in pigs and later removed two thirds of the

spastic and trabeculated bladder muscle, leaving the urothelial layer intact. A

detubularised seromuscular ileal segment was then sewn over the urothelium,

producing a urothelial lined ileal graft. Histological investigations showed an int¿ct

transitional epithelium attached to the muscular layer of the ileal patch in most
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specimens with only mild inflammation between the two layers. The results were

considered unfavourable because the bladder muscle did not become reinnervated.

The author, however, demonstrated encouraging bladder capacity and compliance

results. His study of the functional aspects of the bladder were less detailed than in

this work, and the results were never published outside his Berlin University

Library.

In this work a number of experiments were performed to look at the effrcacy of

both stomach and colon as the muscle covering to an autoaugmentation. When it

appeared that stomach was the acceptable source of enteric muscle the first patient

underwent an autoaugmentation gastrocystoplasty (AAGC) and he, and the

subsequent four children, had acceptable bladder results. Unfortunately three had

poor tolerance of large meals initially. Therefore, the next four children had an

autoaugmentation colocystoplasty (AACC) when, with the permission of the

'Women's and Children's Hospital ethics committee, demucosalisation of the

sigmoid colon was attempted and found to be satisfactory. The early results

indicate that the bladder can be at least as good as the AAGC, with a shorter

incision and less morbidity. The broader application of the principle of producing a

urothelial lined bladder augmentation has allowed six other patients to undergo a

new form of bladder augmentation using either ureter or paraureteric diverticula.
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AIMS

Bladder

Stomach

Colon

To confirm that bladder muscle can be separated from part of the bladder

mucosa (autoaugmentation) in the living sheep with survival of the

urothelium.

To study the rate of growth of urothelium on the under surface of denuded

stomach and colon which has been used for a demucosalised clam cystoplasty

To confirm that gastric mucosa can be separated from its muscle in the living

sheep.

To confirm survival of urothelium on the under surface of denuded gastric

muscle in the AAGC.

To study the histology, upper renal tract status, and urodynamic function of

the neo-bladder in animals with an AAGC.

To compare AAGC with demucosalised gastrocystoplasty (DMGC),

autoaugmentation omentoplasty, and a control group, both histologically and

urodynamically.

To confirm that colonic mucosa can be separated from its muscle in the living

sheep.

To confirm survival of urothelium on the under surface of denuded colonic

muscle in the AACC.
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To study the histology, upper renal tract status, and urodynamic function of

the neo-bladder in animals with an AACC.

To compare AACC with demucosalised colocystoplasty (DMCC),

autoaugmentation omentoplasty (AAOC), and a control group, both

histologically and urodynamically.

To compare AACC with the AAGC, DMGC, and AAOC both histologically

and urodynamically.

Clinical

To confirm that both human gastric and colonic muscle can tolerate removal

of its mucosa.

To study the serum gastrin response to AAGC in children.

To study the gastric complications of AAGC in children.

To study the urodynamic and clinical outcome of bladders in children who

have an AAGC and AACC.

To apply the principles of ureterocystoplasty and diverticulocystoplasty to

appropriate children.

HYPOTHESES

Sheep

The urothelium of an autoaugmented bladder survives under stomach and

colonic muscle, and under omentum.

The muscle of the sheep fourth stomach tolerates demucosalisation better than

does the sigmoid colon and the presence of muscle on an autoaugmented
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bladder improves the quality of the augmentation. Therefore, the histologic,

radiographic and urodynamic results for the AAGC should be superior to the

AACC and AAOC.

Ingrowth of urothelium under stomach (DMGq and colonic (DMCQ muscle

is associated with a greater degree of fibrosis than when autoaugmentation of

the bladder is an added part of the procedure, thereby giving less favourable

urodynamic results than for the AAGC and AACC procedures.

Clinical

The serum gastrin is unaffected by the AAGC in children.

The human stomach and colon are able to tolerate removal of the mucosa and

submucosa.

AAGC and AACC can produce a satisfactory urodynamic and clinical result for

bladder augmentation in children.

Ureterocystoplasty reduces the risk of urinary tract infection, while improving

the bladder dynamics in children with large ureters, high grade vesicoureteric

reflux and a high pressure, small volume bladder.

Diverticulocystoplasty reduces the risk of urinary tract infection and improves

the bladder dynamic function in children with a neuropathic bladder and large

paraureteric diverticula.
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Anaesthesia, Analgesia and Antibíotícs

General anaesthesia was induced with intravenous thiopentone via the jugular vein

after the neck wool had been clipped. The sheep was then intubated and allowed to

breath nitrous oxide, halothane and oxygen spontaneously. Intramuscular

antibiotics of Gentamicin 2mglkg and Penicillin 25mglkg, or cephtriaxone later in

the study, were administered prior to the incision and maintained for three days.

The animals were given intramuscular pethidine as required, and animals that

became unwell were sacrificed early and usually included in the bladder assessment

for the stage they had reached at the time of their demise.

Opemtions

General Information

The abdominal wall was opened through a midline incision. The gastric or colonic

component was prepared, then the bladder. At the end of the augmentation a

bladder catheter was exited through a stab incision and the wound closed in layers

with vicryl and catgut sutures. The suprapubic catheter was left in situ draining

dependently for ten days. Normal feeding was instigated as tolerated by the

animals. Adequate hydration was usually maintained by a supplement of 1000m1 of

saline intravenously during the procedure.
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Autoaugmentation Gastrocystoplasty (Figure 1 )

The fourth stomach was delivered and a length of the greater curve mobilised as a

vascularised flap on the right gastro-epiploic vessels, having divided the proximal

branches. After preparing the vessels the isolated segment was clamped and

incised, and removed from the remainder of the stomach, which was closed. The

gastric mucosa of the isolated segment was then dissected from its muscle with

diathermy. Next, the bladder muscle was partly separated from the bladder mucosa

via a midline incision extending from the anterior to the posterior bladder neck

region, resulting in herniation of the bladder mucosa. At the end of the procedure,

approximately one third of the bladder muscle remained in contact with the bladder

mucosa. The autoaugmentation of the bladder was performed in the same manner

in the gastric, colonic and omental reinforced groups. The gastric muscle flap was

then sutured to the free edge of the bladder muscle, thus covering the exposed

bladder mucosa. The bladder niucosa was, therefore, left intact with both bladder

and stomach muscle covering it.



15
Materials a¡td Methods - Sheep Operatiotrs

A B

c

D E

Figure 1 (A-F). The principle steps in the operation of Autoaugmentation Gastrocystoplasty. A:
A wedged shaped segment of the greater curve was mobilised on a vascular pedicle of the right
gastroepiploic vessels. B: The stomach was closed by continuous suture, and the pedicle mobilised
more proximally if required. C: The mucosa was removed from the gastric pouch by diathermy
dissection. D: A stay suture was placed in the dome of the bladder and the muscle and mucosa of the

bladder separated by sharp dissection. E: The bladder layers were separated until a large, wide-
mouth diverticulum was created. F: The denuded surface was laid over the submucosal layer of the

bladder and sutured in place, during which a suprapubic catheter was inserted.

F
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Demucosalised Clam Gastrocystoplasty

The stomach was mobilised in the same manner as for the AAGC, and the mucosa

similarly denuded. The bladder was opened through all layers from the anterior

bladder neck to just above the ureters posteriorly. The denuded gastric muscle was

then sewn edge to edge with the full thickness of the bladder, resulting in the

denuded surface of the stomach patch coming to lie in contact with urine.

Figure 24. The partially completed DMGC - denuded gastric muscle adjacent to
urothelium.
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Figure 2B. The completed DMGC and AAGC have the same external appearance.

Autoaugmentation

The omentum was mobilised on a vascular pedicle, down to the bladder which was

prepared by stripping the detrusor from the underlying mucosa in the manner used

for the AAGC. The omentum was sutured to the bladder and a suprapubic catheter

was introduced through the suture line and into a stab incision in the underlying

mucosa, around which was placed a purse string suture. The omentum was

therefore lying in contact with the submucous layer of that portion of the bladder

where the muscle had been stripped from the urothelium.

I
tt.

\
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Figure 3A+8. The omentum being positioned over the urothelium and a completed- AAOC with the suprapubic catheter in place.
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Autoaugmentation Colocystoplasty (Figure 4)

The sigmoid colon was mobilised on its vascular pedicle, the bowel continuity

restored with a continuous vicryl suture. The segment was opened along its

antimesenteric border and a combination of diathermy dissection, saline injection

and stripping with forceps was used to remove the mucosa, while attempting to

preserve the integrity of the colonic muscle. This was an extremely tedious

dissection, and not always denuded with the complete confidence felt when

removing the gastric mucosa.

cBA

(Ð
D

Figure 4: The steps involved in the Autoaugmenlation Colocystoplasty. A: A segment of sigmoid
colon was mobilised on its vascular pedicle. B: The colon was opened along the antimesenteric

border. C: The mucosa was removed from the colonic segment by diathermy dissection. D:
Dissection of the muscle from the bladder mucosa was commenced along the anterior wall. E: The

bladder layers were separated until a wide-mouth diverticulum was created. F: The denuded colonic
surface was laid over the submucosal layer of the bladder and sutured in place.

E F
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Demucosalised Clam Colocystoplasty

The bladder was incised through all layers, from the anterior to the posterior

bladder ne¡k. The demucosalisation teæhnique was usually by stripping with

forceps in these animals; the muscle tolerated this technique better than the

diathermy used for the AACC animals. The denuded colonic muscle was sutured to

the bladder with the inner surface of the colon in contact with urine. The colonic

and gastric demucosalised clam procedures were essentially the same for the

stomach and the colon.

Figure 54. An autoaugmented bladder prior to an AACC.



2l
Materisls and Methods - Sheep Operations

Figure 5B. The denuded segment of colon against the autoaugmented bladder.

Figure 5C. The bladder opened in sagittal plane for a DMCC
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Figure 5D. External appearance which is similar for the DMCC and AACC



Materials and Mahods - Sheep

Urodynamícs

The urodynamic studies were performed through a double lumen suprapubic

catheter [103] inserted under ultrasound control, with the animals under a light

general anaesthetic of halothane, nitrous oxide and oxygen. The bladder was filled

with warmed saline at a rate of 30m1/min. The data was collected on urodynamic

specifrc Apple Macintosh softwa¡e (Uromac), and printed at the end of the study to

store as hard copy. All studies were stored on hard disc and reviewed at the time of

any follow-up studies in the same animal.

'When the results of the bladder frlling were diffrcult to interpret, the bladder was

emptied and a further filling phase recorded. The study was considered terminated

when there was a rise in the bladder pressure associated with the passage of urine.

The pressure at the end of filling and the volume at 20cm HzO were noted. A

cystogram was taken at the end of the study, after the saline used fo¡ the cystometry

had been replaced wtth I5Vo urografin.

6 months

23

AAGC

DMGC

AAOC

AACC

DMCC

Control

13

5

7

6

5

23

12 months

6

3

4

6

5

6

Total 3059

Table 1: The number and timing of the urodynamic studies in each group
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Radíologt

A cystogram was performed on a total of 120 occasions, which included a

urodynamic study in all those performed at six and 12 months. For those with a

cystogram alone up to 100m1 of 15 % urograftn was instilled via the suprapubic

catheter, with the sheep awake. Films were taken in the antero-posterior and lateral

projections. Details were recorded on the volume of the bladder, the shape, the

presence of leak and the presence of vesicoureteric reflux'

An intravenous pyelogram was performed in the awake sheep in all the study

animals that survived to three weeks, and then again at three months. This was

done to ensure the well-being of the animals, and that unexpected renal

consequences of the procedure had not occurred. Fifty millilitres of 30Vo urografin

was injected into the internal jugular vein and three views of the kidneys and

bladder were taken. This gave information on the function and drainage of the

kidneys, and the configuration of the bladder. The numbers of radiological studies

in each of the groups are given in Tables 2 &,3.

At the time of the urodynamic study at six and 12 months, the bladder was imaged

after the urodynamic study to assess the shape and regularity of the bladder outline.

The volume of contrast used for the studies was determined by the bladder volume

during the urodynamic study.

24
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AAGC

DMGC

AAOC

AACC

DMCC

Control

10 days

15

7

8

7

10

6 months

13

5

6

6

5

23

12 months

6

3

4

6

5

6

Total

AAGC

DMGC

AAOC

AACC

DMCC

Control

3 weeks

16

6

9

6

6

3 months

T2

5

6

5

6

47 58 30

Table 2: The numbers of cystograms performed in each group

Total 3443

Table 3: The numbefs of intravenous pyelograms performed in each group.
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Histologt

Following sacrifice, the urinary bladder, ureters, kidneys and gastric or colonic

muscle pedicle, were removed and fixed in I0% buffered formalin. The bladder

was frlled to capacity with formalin after it had been removed from the animal.

Sections were taken from the bladder to include mucosa, subepithelial connective

tissue, gastric muscle, bladder muscle, and the suture line joining the two, so that

mucosa and muscularis propria were fully examined in each case. Routine staining

was performed with haematoxylin and eosin. Histology was only obtained on 56 of

67 animals because of difficulties in accessing some of the animals after de¿th at the

farm or where material was thought unlikely to contribute to interpretation of

results.

The kidneys, stomach and colon were examined macroscopically in all animals, but

histologically in only a selected few.

Animal usage and Timing of Søcrifice

All study animals were between 8-10 wks at the time of the bladder augmentation,

and all the animals that survived to assessment of their bladder function were male.

Autoaugmentation Gastrocystoplasty

A totat of 27 lambs had an AAGC; there were two groups in this part of the study.

The first seven animals were used to assess the feasibility of the AAGC procedure

and the urothelial survival. Two animals were culled at the end of the procedure to

ensure feasibility of the technique, an odditional animal was sacrificed at one week

and one at one month for assessment of the welfare of the animals as judged by the

26
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state of the bladder at that early stage. After radiological assessment three further

animals were sacrificed at two months.

The subsequent 20 animals we¡e used to compare with the longer-term results of the

other animal groups. This was the first study group to be operated on, and only

after the operation had been shown to be possible and likely to be successful was the

group expanded. The other limbs of the study were then instigated. Of these 20

AAGC animals, one died in the early post operative period from non-surgical

complications,four animals developed adhesions and/or sepsis, and were sacrifrced.

One was sacrificed at four months and one other died without an autopsy. Five

were sacrificed after the urodynamic study at six months and one died of urosepsis.

Seven had an attempted urodynamic study at 12 months, of which one failed

because the suprapubic catheter could not be inserted.

Demucosalised Clam Gastrocystoplasty

Eleven animals had a DMGC. Two of the DMGC animals were culled at seven

days after operation. Ziuo sheep died shortly after surgery: one on day five,

because of bladder leak, one on day 10 because of bowel obstruction. All were

examined histologically as part of the assessment of the urothelial ingrowth onto the

denuded gastric muscle segment. Of the remaining seven animals, one was

sacrificed at 14 days and one 21 days after surgery, to further study the urothelial

ingrowth. Combined urodynamic and cystogram studies were performed in these

five animals at six months at which time two were sacrificed. The last three sheep

had follow-up investigations at 12 months.
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Autoaugmentation

Ten lambs had an autoaugmentation omentocystoplasty (AAOC). Three were

sacrificed at seven, 56 and ll2 days, to study the survival of the underlying

urothelial graft and the early histological response. TWo animals died while

awaiting a urodynamic study. No pathological information is available on these

animals. Five sheep had cystometry at six months of which one was sacrificed.

The remaining animals had a urodynamic study at L2 months.

Autoaugmentation Colocystoplasty

Nine animals had an AACC, of which three were sacrificed prior to six months;

two at seven days and one at one month. Their bladders were examined

histologically to assess the survival of the urothelial graft under the colonic muscle.

,Su have had urodynamic studies at six and 12 months.

Demucosalised Clam Colocystoplasty

Ten lambs had a DMCC of which five were culled at up to six months; four at

weekly intervals for four weeks to study growth of the urothelium over the colonic

muscle, and one sacrificed at 25 weeks due to an unexplained gut infarction. The

remainingy've had a urodynamic study at six and 12 months.

Control group

Twenty-three, six month old male sheep, of similar weights to the study animals,
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formed the control group. A further six control animals had a urodynamic study at

12 months of age.

Table 4

AAGC

DMGC

AAOC

AACC

DMCC

Control

27

11

10

9

10

29

Total 96

Table 4: Summary of the animals used in each study group
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Støtistícs

The Mann-Whitney ¡^r test (also known as the Wilcoxon Rank Sum test) was used to

analyse the urodynamic data. This test was chosen because of the small sample

size, where the distribution was unknown. This test can handle non-parametric

data, and does so by ranking the data rather than taking its magnitude into account.



3l

SHEEP RESTJLTS

Urodynamícs

The urodynamic results (Tables 5-16) have been grouped, for each operation type,

into those at six months and those at 12 months. The mean and standard deviation

of the volume and compliance at 20 cmHzO bladder pressure, and mean and

standard deviation for the pressure, volume and compliance at the end of fill are

given for each of the groups, and these calculations are grouped in Tables 17 and

18, for ease of comparison. As the numbers in many of the groups are small the

medians and ranges are also given and listed in Tables L9 and20.

In Figures 6 through to 9, the volume and compliance values for all those animals

studied have been plotted for each of the animal groups, and charted for the six and

twelve month urodynamic investigations.
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AAGC DMGC AAOC AACC DMCC Control

Figure 6: The values and medians O for sheep bladder volumes at s¿¡ months,
grouped according to the type of operation performed.
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Figure 7: The values and medians O for sheep blndder volumes at twelve months,
grouped according to the type of operation performed.
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Compliance
Values 40

(ml/cm H2O)

0

AAGC DMGC AAOC AACC DMCC Control

Figure 8: The values and medians (-) for complíance values at sl¡ months, grouped- according to the type of operation performed.
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Figure 9: The values and n edians O for compliance values at twelve months,- grouped according to the type of opeiation performed.
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Table 5: Autoaugmentation Gastrocystoplasty - Six months

34

No. Name rWt.

P:ZO I-eak Point

Vol. Comp. Vol. Pres. Comp.

1.

2.
3.
4.
5.
6.
7.
8.

9.
10.

11.

12.

t3.

Range

P:20

Vol.

28.5
47.4
t7.o
t7.6
6.1
49.6
41.5
32.O
20.1
58.3
25.4
53.3
24.8

32.4
L6.2

32.0
6.L

s8.3

r8.8
15.9
25.9
33.1
39.6
36.9

28.4
8.9

9.8
4.4
7.7
21.6
68.6
3.4
8.1
t4.2
6.2
10.9
5.5
3.5

26.4

L4.6
17.6

7.9
3.4
68.6

38.6
15.5
8.5
8.6
3.9
12.8

t4.7
11.3

t0.7
3.9

38.6

4-330 43
5426 40
0-151 45
5-284 40
6-390 47
7-36 37
72-271 45
72-277 37
7-392 34
7-50 35

7-89 33

7-t25 36
7-37 2

5-284
6-390
72-277
7-392
7-89
7-37

250
158

to7
292
334
59
312
120
105

533

Mean 227
S.D. T6

Median 204
Low 59
High 533

12.5
7.9

5.4
t4.6
16.7
3.0
15.6
6.0
5.3

26.7

LL.4
7.3

317
184

10.2
3.0
26.7

Comp.

36.0

6.9
10.1
6.4
19.t

r5.7 ûL
LI.2 120

10.t 378
6.4 156
36.0 725

Range

No. Name Wt.

279
208
130

380
420
170
336
453
t24
638
140

189

656

279
t24
656

Table 6: Autoaugmentation Gastrocystoplasty - Twelve months

I-eak Point

Vol. Pres. Comp.

1.

2.
3.
4.
5.
6.

2

?

?

3

725
552
2r9
286
r56
472

't20

t37
202
128
382

8.4
25.6
43.6

Mean 3L4
s.D. 223

Median 202
Low lz9
High 720

29.5
15.9
39.6

rgvt. in Kilograms; Vol. : volume in millilitres; Comp. : compliance in ml/cmHzO;

Pres. : pressure in cmHzO; P : 20 i.e. pressure : 20 crnflzQ.
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Table 7: Demucosalised Clam Gastrocystoplasty - Six months

35

Leak Point

Comp. Vol. Pres. Comp.No. Name rù/t.

72-288 32
72-290 37
72-292 33

72-293 39
7-391 32

P:20

Vol.

l.
2.
3.
4.
5.

208
l19
r28
L89

10.4
6.0
6.4
9.5

6.5
t6.3
13.8

242
2r9
r52
150

280

14.0
24.r
22.8
24.4
49.5

27.0
13.3

24.1
14.0
49.5

26.4
29.4
22.0

2s.9
3.7

26.4
22.0
29.4

17.3
9.r
6.7
6.t
5.',]

Mean 161..

s.D. 4
8.r
2.2

209
57

9.0
4.8

Range

No. Name V/t.

72-288 32.5
72-290 42.6
't-39t 36.8

P:20

Vol. Comp

Leak Point

Vol. Pres.

Median
Low
High

7.9 219
6.0 1s0
10.4 280

6.7
5.7
17.3

Comp.

5.5
t2.o
16.3

11.3

12.0
5.5
16.3

159
ttg
208

Table 8: Demucosalised Clam Gastrocystoplasty - Twelve months

I
2
3

130
326
276

Mean 24
s.D. L02

12.2 286
5.1 tzL

1,46

353
359

5.4

13.8

Range
16.3

Wt. in Kilograms; Vol. : volume in millilitres; Comp. : compliance in ml/cmHz0;

Pres. : pressure in cmH20; p :20 i.e. pressure = 20 cnrllz0.

Median
Low
High

276
130
326

3s3
t6
359

6.5
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No. Name Wt.

Table 9: Autoaugmentation - Six months

36

1.

2.
3.
4.
5.
6.
7.

1.

2.
3.
4.

72-260
72-287
72-289
72-294
7-389
72-274
70-580

33.0
38.0
34.0
37.0
32.O
23.8
30.0

P:2O

Vol. Comp

263 13.2

Leak Point

Vol. Pres.

55
322
253
189

101

73
201

133
59
39
83

6.7
3.0
2.O

4.2

13.6
35.5
t3.9
39.6
2t.9
34.6
38.8

t7L
99

28.3
11.5

Comp

4.0
9.1
18.2
4.8
4.6
2.t
5.2

6.9
5.4

Range

Mean 115

s.D. 90

Median 83
Low 39
High 263

4.6
2.1
18.2

201
73

322

5.8
4.5

4.2
2.0
13.2

r48
207
202
122

Table 10: Autoaugmentation - Twelve months

Mean
S.D.

145
31

7.3
1.6

7.5
5.J
8.7

L70
42

t75
122
207

34.6
13.6
39.6

23.5
25.3
28.0
38.4

28.8
6.7

26.6
23.s
38.4

P:ZO Leak Point

Vol. Comp. Vol. Pres. ComP.No. Name Wt.

72-287 45.6
72-289 38.8
72-294 40.0
7-389 35.6

134
165

r74
105

6.'.|

8.3
8.7
5.3

6.3
8.2
7.2
3.2

6.2
2.2

Range

6.8
3.2
E.2

Median 150

Low 105

High L74

Wt. in Kilograms; Vol. : volume in millilitres; Comp. : compliance in ml/cmHz0;

Pres. : pressure in cmH20; p :20 i.e. pressure : 20 cmHz0.
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Tabte 11: Autoaugmentation Colocystoplasty - Six months

37

No. Name Wt.

p:20 Leak Point

Vol. Comp. Vol. Pres. ComP

1.

2.
3.
4.
5.
6.

1.

2.
3.
4.
5.
6.

70-588
80-538
80-527
80-537
80-533
8-45

27.8
27.O
?

29.O
30.4
29.2

tt4
108

51
146
t4r
n5

322
294
101

167

190

237

5.7
5.4
2.6
7.3
7.1
8.0

27.4
25.O
35.6
21.4
34.t
24.6

28.0
5.6

26.2
2L.4
3s.6

24.O
3L.l
55. r
22.0
27.9
35.6

32.6
t2.L

35.5
22.0
55.L

4.7
5.1
3.8
7.3
5.1
7.5

I

t28
r28
t35
155

r73
203

154
30

L45
128
203

Mean 123
s.D. 42.5

Median 128
Low 51.

High L75

6.1
2.1

5.7
7

Range

Table 12: Autoaugmentation Colocystoplasty - Twelve months

P:20

Vol.

Leak Point

No. Name Wt. Comp. Vol. Pres. ComP'

6.3
2.6
8.0

5.1
3.8
7.5

Range

70-588
80-538
80-527
80-537
80-533
8-45

42.O
43.O

48.0
52.O
53.0
52.O

t6.t
1,4.7

5.1
8.4
9.5
11.9

10.9
4.1

10.8
5.1
16.t

350
351
224
t97
zto
305

14.6
11.3
4.1
9.0
7.5
8.6

9.2
3.5

8.8
4.L
14.6

Mean 218
s.D. 83

Median 214
Low 101

High 322

273
7T

265
197

351

rWt. in Kilograms; Vol. : volume in millilitres; Comp. : compliance in ml/cmH20;

Pres. : pressure in cmHz0; p : 20 i.e. pressure : 20 crnl{2O.
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Table 13: Demucosalised Clam Colocystoplasty - Six months

38

p:20 Leak Point

Vol. ComF. Vol. Pres. ComPNo. Name Wt.

80-524 27.3
80-549 32.6
8-43 27.2
8-46 29.4
8-44 29.8

1..

2.
3.
4.
5.

1.

2.
3.
4.
5.

116

230
2t9
132
165

5.3
9.3
9.1
4.8
5.9

5.8
11.5
11.0
6.6
8.3

8.6
2.5

L4.3
3.5

127
240
239
151

192

24.O
25.8
26.4
3t.4
32.6

28.0
3.7

Mean
S.D.

t72
51

6.9
2.2

5.9
4.8
9.3

190
51

192
127
24

8.3
5.8
11.5

Range

Table 14: Demucosalised Clam Colocystoplasty - Twelve months

Median 165
Low lL6
High 230

\ryt.

48
60
47
47
54

Mean 286
s.D. 69

Median 301
Low L91
High 350

26.4
24.0
32.6

Failed catheter insertion
32r 16.1 333 20.6
350 17.5 452 32.9
191 9.6 22r 40.9
280 14.0 327 44.8

P:20 Leak Point

Vol. Comp. Vol. Pres. ComP.No.

Range

8-43
8-46
8-44

Name

80-524
80-549

333
94

34.E
10.7

36.9
20.6
4.E

1,6.2

13.7
5.4
7.3

L0.7
5.1

10.5
5.4
L6.2

15.1 330
9.6 22r
I7.5 452

Wt. in Kilograms; Vol. : volume in millilitres; Comp. : compliance in ml/cmHzO;

Pres. : pressure in cmHz0; p : 2O i.e. pressure : 20 cmHzO.
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Table 15: Control - Six months

No.

1.

2.
3.
4.
5.
6.
7.
8.

9.
10.

11.

12.
13.
L4.

15.

16.

t'|.
18.

19.

20.
21.
22.
23.

1

6-381
5-294
5-289
7-41
7-245
7-246
8-160
453
473
454
472
474
796
795
39
542
52
1.46

643
17

one
2

43.O

47.4
40.8
35.8
40.5
35.8
36.0
48.6
31.2
32.O
29.O
t7.o
16.8
29.8
22.6
26.4
25.O

30.0
31.4

19.6
3t.2
33.0

P:2O

Vol.

249
254
128
450

204
228
8l

118

I19
56
33

104
96
68
70
146
51
58
58
99

12.5
12.7
6.4

22.5

203
287
260
148

532
r75
237
249
99
124
r45
r7t
98
151

to4
104

62
55
80
50
58
t4l
r28

1.59

106

L4L
50
532

t2.2
26.3
21.4
34.3
28.6
19.0
34.3
26.8
25.5
20.4
32.O
26.6
32.0
33.3
21.3
37.4
18.8
16.9
22.5
t9.5
20.o
23.O
32.9

16.6
10.9
t2.l
4.3
18.6
9.2
6.9
9.3
3.9
6.1
4.5
6.4
3.1
4.5
4.9
2.8
3.3
3.3
3.6
2.6
2.9
6.2
3.9

4.5
2.6
18.6

Name rWt.

Leak Point

Comp. Vol. Pres. Comp.

LO.2

tt.4
4.O

5.9
6.0
2.8
r.7
5.2
4.8
3.4
3.5
7.3
2.5
2.9
2.9
5.0

Range

Mean

Median
Low
High

5.t
1.7

22.5

25.4
6.7

25.5
12.2
37.4

6.5
4.4

134
100

102
33
4s0

S.D
6.7
5.0

Wt. in Kilograms; Vol. : volume in millilitres; Comp. : compliance in ml/cmHzQ;

Pres. : pressure in cmHzO; p : 2O i.e. pressure : 20 cmHzO.
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No. Name

642
640
64t
643
644
645

Table 16: Control - Twelve months

40

1.

2.
3.
4.
5.
6.

)to
34
57

299

wt.

53
53
52
48
54
52

P:20

Vol. Comp.

11.0
r.7
2.9
15.0

7.0
1.7

15.0

I-eak Point

Vol. Pres. Comp.

164
177

270
118

178

317

t4.4
14.0
35.3
26.9
31.6
25.r

24.6
8.8

26.0
14.0
35.3

tL.4
12.6
7.6
4.4
5.6
13.0

Mean 152
s.D. 128

Median 137
Low 34
High 299

7.6
6.4

9.r
3.7

205
77

Range
t78
1L8
3r7

9.5
4.4
r.3.0

Wt. in Kilograms; Vol. : volume in millilitres; Comp. : comPliance in ml/cmHzO;

Pres. : pressure in cmHz0; p : 2O i.e. pressure : 20 crnIlzO.
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Table 17: Overall Urodynamic mean and standard deviations - Six months

4l

AAGC

DMGC

AAOC

AACC

DMCC

Control

AAGC

DMGC

AAOC

AACC

DMCC

Control

P:20

Vol.

227 +L46

t6lt44

115+90

t23+43

172+51

134 t 100

Comp.

rt.4t7.3

8.1+2.2

5.8+4.5

6.tt2.l

8.6!2.5

6.7 t5.O

Comp.

t5.7 +1.1..2

t2.2t5.1

7.3I1.6

10.9 +4.I

14.3t3.5

7.6t6.4

Leak Point

Vol.

317 t184

209+57

t7tt99

154+30

190+51

r59t25

Vol.

40ttL20

286+tzL

r70t42

273+71

333t94

205+77

Pres.

32.4x16.2

27.Otr3.3

28.3t1,1.5

28.0+5.6

28.0t3.7

25.4+6.7

Pres.

28.4t8.9

25.9+3.7

28.816.7

32.6+12.1

34.8tr0.7

24.618.8

Comp.

1.4.6tr1.6

9.0t4.8

6.9+5.4

5.7 +1.7

6.9t2.2

6.5t4.4

Comp.

r4.7 tll.3

tl.3t5.4

6.2t2.2

9.2+3.5

10.7 t5.1

9.1,+3.7

Table 18: Overall Urodynamic mean and standard deviations - Twelve months

P:20

Vol.

314t223

244+LOz

r45t3l

218 + 83

286+69

l52tr28

I-eak Point

Vol. : volume in millilitres; Comp. : compliance in ml/cmHz0;
Pres. : pressure in cmH20; P :2O i.e. pressure : 20 crnIlzO.



Results - Sheep Urodynamic Statistics

Table 19: Overall Urodynamic medians - Six months

42

P:20

Vol.

204

r59

83

128

165

134

P:2O

Vol.

202

2'.t6

150

2L4

301

137

Leak Point

Comp. Vol.

Lt.4

7.9

4.2

6.3

8.3

6.7

Comp.

10.1

13.8

't.5

10.8

15.1

7.0

Pres.

32.4

24.1

34.6

26.2

26.4

25.4

Pres.

29.5

26.4

26.6

35.5

36.9

26.O

Comp

14.6

6.7

4.6

5.1

5.9

6.5

Comp.

ro.7

t2.o

6.8

8.8

10.5

9.5

AAGC

DMGC

AAOC

AACC

DMCC

Control

AAGC

DMGC

AAOC

AACC

DMCC

Control

3t7

2t9

201

t45

192

159

Leak Point

Vol.

378

353

n5

265

330

178

Table 20: Overall Urodynamic medíans - Twelve months

Vol. : volume in millilitres; Comp. : compliance in ml/cmHzO;

Pres. : pressure in cmH20; p : 20 i.e. pressure : 20 cmHz0.



Results - Sheep Uroþnamic Statìstics

Comparison
(sample size)

43

Table 21: Mann-V/hitney comparisons of the pfessure, volume and com_pliance
results at the leák poiñt for s¿r month studies. All t values of 2.0000 or
greater have been highlighted and the p values given.

AAGC vs Control
(m:f3) vs (n:23)

Volume (p<0.01)
Pressure
Complianco (p<0.05)

DMGC vs Control
(m:5) vs (n:23)

Volume
Pressure
Compliance

AAOC vs Control
(m:7) vs (n:23)

Volume
Pressure
Compliance

AACC vs Control
(m:6) vs (n:23)

Volume
Pressure
Compliance

DMCC vs Control
(m:5) vs (n:23)

Volume
Pressure
ComFliance

Sum Ranks
pm prl SDE(p)

304.0
335.0
309.5

338.5
396.0
363.0

3n.5
270.O
303.0

30.36

16.67

20.39

18.57

2.8653
o.97L6
2.0584

r.7696
0.0900
r.4396

o.3923
1.0052
0.2207

0.6191
0.9960
0.5384

r.3t97
o.7498
0.9598

333.5
326.5
335.0

toz.o
7t.o
97.5

101.5
108.5
r00.0

425.5

333.5

356.5

345.O

333.5 16.67

348.5
336.0
352.O

r16.5
L29.O

113.0

311.5
32t.0
317.5

94.5
85.0
88.5



Results - Sheep (Jrodynømic Statistics: Table 21 (six mths results) cont'd

Comparison
(sample size)

SumRanks
pm l.trt

44

r59.5
r44.0
154.0

153.0
t34.O
148.0

131.0
133.0
126.O

135.0
125.O

r32.0

40.0
38.0
45.0

50.5
66.0
56.5

37.O

56.0
42.O

36.0
46.0
39.0

EQ')

r23.5

136.5

130.0

r23.5

SD

to.t4

12.62

11.40

10. l4

o.7393
0.9364
o.2464

r.8226
0.5943
1.3868

2.0172
0.3508
r.5787

L1336
0.t479
0.8379

t

AAGC vs DMGC
(m:13) vs (n:5)

Volume
Pressure
Compliance

AAGC vsAAOC
(m:13) vs (n:7)

Volume
Pressure
Compliance

AAGC vsAACC
(m:13) vs (n:6)

Volume (p<0.0n
Pressure
Compliance

AAGC vs DMCC
(n:13) vs (n:5)

Volume
Pressure

Compliance



Results - Sheep (Jroþnamic Statístícs: Table 21 (six mths results) cont'd

Comparison
(sample size)

Sum Ranks

Itm pî

45

37.O
33.0
4L.5

39.0
24.O
39.0

31.0
22.O
31.5

41.0
45.0
36.5

27.O
42.0
27.O

24.0
33.0
23.5

32.5

30.0

27.5

49.O

45.5

SD

6.16

5.48

4.'19

7.00

6.16

0.7308
0.0812
1,.4616

1.6432
1.0954
r.6432

o.73lr
1.1489
0.8356

o.1429
o.2857
o.1429

0.4060
0.4060
1.2180

0.9200
0.0000
t.2780

E(p) t

DMGC vs AAOC
(m:5) vs (n:7)

Volume
Pressure
Compliance

DMGC vs AACC
(m:5) vs (n:6)

Volume
Pressure
Compliance

DMGC vs DMCC
(m:5) vs (n:5)

Volume
Pressure
Compliance

AAOC vsAACC
(m:7) vs (n:6)

Volume
Pressure
Compliance

AAOC vs DMCC
(m:7) vs (n:5)

Volume
Pressure
Compliance

AACC vs DMCC
(m:6) vs (n:5)

Volume
Pressure
Compliance

50.0
51.0
48.0

43.0
48.0
38.0

41.0
40.0
43.O

35.0
30.0
40.0

31.0
36.0
29.O

35.0
30.0
37.O

36.0 5.4E



Results - Sheep Urodynamic Statistics

Table 22: Mann-Whitney comparisons of the pressure, volume and compliance
results at the leãk poiñt for twelve month studies. All t values of 2.0000 or
greater have been highlighted and the p values given.

46

Comparison
(sample size)

AAGC vs Control
(m:6) vs (n:6)

Volume
Pressure
Compliance

DMGC vs Control
(m:3) vs (n:6)

Volume
P¡essure
Compliance

AAOC vs Control
(m:4) vs (n:6)

Volume
Pressure
Compliance

AACC vs Control
(m:6) vs (n:6)

Volume
Pressure
Compliance

DMCC vs Control
(m:4) vs (n:6)

Volume (p<0.0n
Pressure
Compliance

SumRanks
pm pî SDE(p) t

29.0
33.0
34.0

26.0
30.0
28.0

49.O

45.0
M.O

19.0
15.0
17.0

20.0
25.O
t7.o

50.0
45.0
39.0

39.0

30.0

33.0

39.0

33.0

6.25

3.87

4.69

6.25

4.69

1.6013
0.9608
0.8006

r.0328
0.0000
0.5164

0.4264
0.6396
1.0660

t.7614
0.9608
0.1601

2.1320
1.4924
0.6396

35.0
30.0
38.0

28.0
33.0
40.0

23.0
26.0
30.0

32.0
29.O

25.O



Results - Sheep Urodynamic Statistics: Table 22 (12 mth results) cont'd

Comparison
(sample size)

Sum Ranks

Itm lttr

AAGC vs DMGC
(m:6) vs (n:3)

47

E(p) SD

3.87

4.69

6.25

4.69

t

Volume
Pressure
Compliance

AAGC vSAAOC
(m:6) vs (n:4)

Volume (p<0.0n
Pressure
Compliance

AAGC vsAACC
(m:6) vs (n:6)

Volume
Pressure
Compliance

AAGCvsDMCC
(m:6) vs (n:4)

Volume
Pressure

Compliance

33.0
31.0
30.0

43.O

33.0
42.O

4.O
37.O
42.5

34.0
28.O
34.O

t2.o
14.0
15.0

12.o
22.0
13.0

34.O

41.0
35.5

2L.O
27.0
2l.o

30.0

33.0

39.0

33.0

o.7746
o.2582
0.0000

2.1320
0.0000
1.9188

0.8006
0.3203
0.5604

o.2132
1.0660
0.2132



Results - Sheep (Irodynamic Statistics: Table 22 (12 mth results) cont'd

Comparison
(sample size)

Sum Ranks

Itm ltfi E(p)

DMGC vs AAOC
(m:3) vs (n:4)

48

Volume
Pressure
Compliance

DMGC vs AACC
(m:3) vs (n:6)

Volume
Pressure
Compliance

DMGC vs DMCC
(m:3) vs (n:4)

Volume
Pressure
Compliance

AAOC vsAACC
(m:4) vs (n:6)

Volume (p<0.07)
Pressure
Compliance

AAOC vs DMCC
(m:4) vs (n:4)

Volume (f,<0.05)
Pressure
Compliance

AACC vs DMCC
(-:6) vs (n:4)

Volume
Pressure
Compliance

15.0
11.0
15.0

18.0
11.0
18.0

t2.o
9.0
13.0

t2.o
2L.0
14.o

10.0
15.0
14.o

13.0
t7.o
r3.0

27.0
34.0
27.0

t2.o

15.0

L2.O

22.0

18.0

SD

2.83

3.8'l

2.83

4.69

3.46

1.0607
0.3536
1.0607

0.7746
r.o3z8
0.7746

0.0000
1.0607
0.3536

2.1320
0.2132
1..'.'t056

2.3094
0.8660
1,.1,547

0.8528
0.4264
0.2132

16.0
19.0
15.0

43.O

34.0
41.0

26.O
2t.o
22.0

26.O

24.O
23.0

29.0
31.0
32.O

23.0 4.69
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RadíaloSy

No upper tract dilatation was shown for any of the IVP's performed at three weeks

or three months in the study animals. The control group did not have IVP's,

because they were largely performed to establish the well-being of the animals that

had been operated on.

The size, shape and appearance of the bladder for each of the animal groups is

shown in Tables 24-28, and representative views of low volume, and high volume

bladders are given for the principle groups in Figures 10-19.
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Resubs - Radiolog - Sheep AAGC

Table 24 Autoaugmentation Gastrocystoplasty - Qstograrns

10d 6 mths

Shape
Irregular
Normal

Sizß

12 mths

9
6

0
5

0
t3

0
3

2

0
8

5

3

0
2

7
4
4

Small
Medium
I-atge

No
Unilateral
Bilateral

15

0
0

VUR
t2
1

0

Figure 104: An AAGC bladder (# 5-284) with good function shown on cystogram
at 10 davs.
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Resuhs - Radiology - Sheep AAGC

Figure 10B,*C: An AAGC bladde_r (#,1-28$ wi od function shown on
cystogram at landl2-months'(Volume : ml: Compliance : 38.6
ml/cmH2O @ 12 months).
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Results - Radiology - Sheep AAGC

l

I

Figure 114,8*C: Ãn AAGC bladder (# 7-89) with bad function shown on
cystogram at 10 days, 6 and 12 months (Volume : 156 ml: Compliance :
3.9 ml/cmE2O @ 12 months).

t+*.i

I('

t,

é



53Results - Radiology - Sheep DMC,C

Table 25 Demucosalised Clam Gastrocystoplasty - Clstograms

10d 6 mths

Shape
Irregular
Normal

l2 mths

5

2
0
5

0

2
1

0
4
1

6

1

0

5

0

0

5

0
0

1

2

Size
Small
Medium
L:r.ge

VUR
No
Unilateral
Bilateral

J

2
2

Figure 124: A DMGC bladder (#72-290) with good function shown on cystogram
at 10 days.
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Results - RadiologY - SheeP DMGC

atz

Figur 290) with ood function shown on
lume : 3 ml: Compliance: 12.0



55Results - Radiology - Sheep DMGC

Figure 134+B: A DMGC bladder (#72-288) wtth bad function shown on IVP at 3
weeks and on cystogram at 6 months.



56Results - Radiology - Sheep DMC,C

Figure 13C: A DMGC bladder (#12-288) wlthbad fulc-tio1 sho_wn^on_cystogram at

12 months (Volume : 146 ml: Compliance : 5.5 ml/cmH2O @ 12 months).



Resuhs - Radiology - Sheep AAOC

Table 26 Autoaugmentation - Clstograms

10d 6 mths 12 mths

Shape
Irregular
Normal

Size

Small
Medium
Large

VUR
No
Unilateral
Bilateral

Figure 144: An AAOC bladder (#72-294) with good function shown on IVP at 3
weeks.

57

1

5

t
6

0
4

0
3

1

0
5
1

7

I
0

3

1

0

5
0
1

n

1

0



58Results - Radiology - Sheep AAOC

Figure 14B*C: Ãn AAOC bladder (#72-294) wtth good function shown on
cystogram at 6 and 12 months (Volume : 253 ml: Compliance : 18.2
-J

ml/cmH2O @ 12 months).



Results - Radiology - Sheep AAOC

Figure 15: An AAOC bladder (#7-389)withbad function shown on cystogram at 10
days, 6 

^nd 
12 months (Volume : 122 ml: Compliance : 3.2 mllcmIJ2O @'

12 months).

59



Results - Radiology - Sheep AACC

TabLe 27 Autoaugmentation Colocystoplasty - C)stograms

10d 6 mths 12 mths

Shape
Irregular
Normal

Síze

Small
Medium
l-atge

VUR
No
Unilateral
Bilateral

60

3

4

6

1

0

3

0

4

1

5
6
0

0
2
4

0
6

0

6

0
0

6

0
0

Figure 164: An AACC bladder (#70-588) with good function shown on cystogram
at 10 days.
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Resulîs - RadiologY - SheeP AACC

Figur#70-588)with-functionshownon
(Volume : 35 ComPliance: 14'6
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Results - RadiologY - SheeP AACC

ri{
*:- å

Figure 174*B: An AACC bladder (#80-537) with bad function shown on

cystogram at 10 days and 6 mo4hs.
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Results - Radiology - SheeP AACC

Fisure 17C: An AAlcbladder (#80-537) wtth bad function shown^on cyltogram at
'''"""lii',ion'r^h, &ìI".;-;iÞi mt: Compliance : 9.0 ml/cmg2o @ 12 months)'



Results - Radiology - Sheep DMCC

Table 28 Demucosalised Clam Colocystoplasty - C)tstograms

10d 6 mths 12 mths

Shape
Irregular
Normal

Size

Small
Medium
I-arge

VUR
No
Unilateral
Bilateral

64

5

5

3

2

0
5

0

5

0
0

z
J

0
2
3

4
6

0

5

0

0

6

0
4

Figure 184: A DMCC bladder (#80-549) with good function shown on cystogram
at l0jays.
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Results - RadiologY - SheeP DMCC

Ç*

Figur #80-549) with od function shown on
(Volume:5 ml: ComPliance : 13.'l
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Results - Radiol.ogy - Sheep DMCC

Figure 194: A DMccbladde¡ (t8-46).wlthbad function sho-wn on cystog:am at 10
^ ^---dAÞ 

(Volume : 221m1: ÒompÍiance : 5.4 ml/cmg2O @ 12 months).

Fisure 19B: A DMCC bladder (#8-46) with bad function shown on cy-stogram at 6
- -'-- 

*onthr (volume :221nìt: compliance : 5.4 ml/cmH2O @ 12 months).
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Results - Radiology - SheeP DMCC

Figure 19C: A DMCC bladder (#8-_46) wtth bad functior shown on cystogram at 12^-"--*tttr 
(Volume :221mt: Comptiance : 5.4 ml/cmHZO @ 12 months)'



Results - Sheep

Histolagy

The bladder histology has been grouped according to operation type and compared

with the urodynamic outcome for each animal, the inter-relationships of which will

be dealt with in the discussion. The total number of animals assessed is shown in

Table 29 añ the individual animal results are given in Tables 30-34.

The gastric mucosa was assessed on several occasions and found to be separated

from the gastric muscle through the submucosal plane; in keeping with the ease of

separation of the gastric mucosa in the sheep. The colon, on the other hand, was

separated by different methods as the study progressed. Initially a very tedious

dissection with diathermy was used, during which the muscle was significantly

damaged, even-so, the separation was not as "histologically clean" as for the gastric

mucosa. In the latter animals the separation was achieved by stripping with forceps,

and the cleavage plane was seen histologically to be immediately below the lamina

propria, which is reflected in the regrowth of the colonic mucosa in the DMGC

animals (the last group to be included).

68

AAGC

DMGC

AAOC

AACC

DMCC

Total

24 of27

9of11

8of10

9of 9

10 of 10

56 of 67

rabre 2e: summ* 
"t,llåå'JiîtffT"'91'fi,iîîr#ff 

t: the total numbers of



Results - Sheep

Autoaugmentation Gastrocystoplasty

Table 30: Autoaugmentation Gastrocystoplasty - Urodynamics and Histology

69

No. Name

Leak Point
(last values)
Vol. Comp.

L
2.
3.
4.
5.
6.
7.
8.

9.
10.

11.

12.
13.
t4.
15.

16.

r7.
18.

19.

20.
2t.
22.
23.
24.
25.
26.
27.

Cull
(d's)

0
0
0
0
7
13

13

28
35
52
63
70
98
r47
180
183

194
t96
270
280
350
378
364
364
364
364
364

170
189

638
r30

3.4
3.5
10.9
't.7

4.4
9.8
15.5
34.7
8.1
8.5
8.6
3.9
12.8

Histology

All components viable

All components viable
Viable mucosa
Viable mucosa, + signif. inflammation
Some mucosal loss * inflammation
Inflammation - mild to moderate
Inflammation - mild to moderate
Inflammation - negligible
Inflammation - mild
Inflammation - negligible

Inflammation - negligible
Ulcerative cystitis
Cystitis/Infection
Inflammation - negligible
Inflammation - negligible
Inflamrnation * fibrosis
No infl ammation/fibrosis
No infl ammation/fibrosis
No infl ammation/fibrosis
No infl ammation/fibrosis
No infl ammation/fibrosis
No Infl ammation/fibrosi s

Inflammation - negligible
No infl ammation/frbrosis

7-39t
7-88

6-378
7-38
6-77
6-97
6-286
6-82
5-428
6-388
7-36
7-t25
7-50
0-151

5-426
4-330
6-390
5-284
72-27r
72-277
't-392
'1-89

7-37

208
279
552
725
336
219
286
156

472

Vol. : volume in millilitres; Comp. : compliance in ml/cmH2O;

Gastric Mucosa

The gastric mucosa was easily removed by diathermy dissection of long vessels

which passed between the muscle and mucosa. Histology showed an intact gastric

mucosa with very little injury to the submucosa which was resected with the

mucosa.



Results - Histology - Sheep AAC,C

Urothelial Survival Studies: Immediate Sacrifice

In the four animals sacrificed after the procedure, all elements were seen to be

macroscopicalty viable. In two of these the specimens were examined

histologically. Sections from the gastric patch showed viable muscularis propria

with an oedematous submucosa showing interstitial oedema, interstitial haemorrhage

and lymphatic dilatation. There was no evidence of muscularis mucosae or gastric

glands, with the surface layers coated by a thin layer of frbrin. Sections from the

anastomosis site revealed viable bladder with portions of gastric muscularis propria

and submucosa sutured to the bladder muscularis. Gastric epithelium was not

identifred in any level. The inner portion of the autoaugmentation segment of the

bladder was composed of viable mucosa, oedematous subepithelial connective tissue

and superficial portions of the inner longitudinal bladder muscle coat. Beneath this,

there was a thin layer of adherent fibrin. The external portion, composed of the

gastrocystoplasty, was of similar morphology to the previously described patch.

Urothelial Survival Smdies: Up to Four Weeks

At one week, sections from the anastomosis site revealed mild chronic inflammation

with proliferating fibroblasts and a multinucleated foreign body type giant cell

reaction around suture material. The muscularis propria of the gastric patch was

viable, although there was a chronic inflammatory serosal reaction present within

the fused autoaugmentation and gastric muscle. The degree of inflammation was

less prominent at sites more distant from the suture line. The surface mucosa of the

autoaugmentation was normal in appearance, with a mild subepithelial chronic

inflammatory cell inhltrate.

70
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Results - HistologY ^ SheeP AAC,C
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Resuhs - Histology - Sheep AAGC

In one of the two sheep culled at two weeks the anastomotic site showed significant

chronic granulomatous inflammation which extended into the subepithelial

connective tissue of the autoaugmentation. The autoaugmentation transitional

epithelium and subepithelial connective tissue were, however, present and viable, as

was the muscularis propria of the gastric patch. In the second animal chronic

inflammation with calcification at the anastomotic site was seen. Surface ulceration

was also present involving the anastomotic site and adjacent areas, suggesting

minimal loss of the urothelium. Away from areas of ulceration the mucosa was

viable and all of the gastric and bladder muscle appeared viable.

At four weeks there was still inflammation around the polyglycolic acid sutures,

however, further away from the anastomotic site the degree of subepithelial chronic

inflammation was mild, the surface transitional epithelium appeared intact and

relatively undisturbed. Similarly, the muscularis propria of the gastric patch was

quite viable and normal in appearance. No gastric epithelium was seen under the

gastric muscle.
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Results - Hßtology - Sheep AAGC

Inflammation, Fibrosis, Gastric Mucosal Regrowth Studies - Five - Ten Weelcs

Sections from the native bladder showed a normal architectural arrangement with a

mild subepithelial inflammatory infiltrate beneath intact and viable epithelium,

whereas the anastomosis revealed a less florid chronic inflammatory cell infiltrate

than the earlier animals, with foreign body giant cell reaction and calcification

around suture material only. There were also scattered haemosiderin-containing

macrophages present. The gastric patch was viable and normal in appearance with a

mild chronic granulomatous inflammatory infiltrate at the junction with the inner

autoaugmentation. The transitional epithelium of the autoaugmentation was intact,

with a chronic subepithelial inflammatory infiltrate which varied from mild to

marked, depending on the section and the animal. Overall, the degree of

inflammation appeared to have decreased with time. Sections from the

gastrocystoplasty portion revealed no discernible difference between transitional

epithelium, subepithelial connective tissue and superficial portions of the inner

longitudinal layers compared to the native portion of the bladder. At the suture

line, only very occasional foreign body giant cells were seen around suture material

with minimal inflammatory infiltrate. The muscularis propria of the gastric patch

was unremarkable, as were the kidneys. In animals #6-286 and #5-428 the

histological appeamnces were particularly impressive; within the autoaugmentation

gastrocystoplasty the gastric patch was completely normal in appearance with a

normal submucosa in continuity with the residual muscle of the autoaugmentation.

There was no inflammatory inf,rltrate between the two layers which appeared to be

in continuity. The transitional epithelium of the autoaugmentation was normal, as

was the subepithelial connective tissue as shown in Figure 21. No gastric

epithelium was seen in any of the sections of the above four animals.
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Figure 2l: A.. The low power appeafance of a good AAGC bladder at 10 weeks- (#5-428): B. a ñigtr powér view of the gastric portion of the same bladder
showing the lack of inflammation.
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Inflammation an¿ Fibrosis at Sbc and Twelve Months

Of the seven animals sacrificed at six months, four had a histologically satisfactory

bladder with the inner surface of the bladder fully lined with urothelium. There

was preservation of the gastric component of the bladder, with little or no

inflammation of either the native, or gastric portions of the bladder. Where

inflammation was present it was localised to the vicinity of the suture material. The

remaining three had cystitis related to infection. One animal had ulcerative cystitis

with marked inflammatory changes. No gastric mucosa was found in the area of

inflammation and there was no mucous production evident on staining for mucin.

Seven sheep were sacrificed at one year, and a satisfactory histological appearance,

with no inflammation or fibrosis, was seen in six of the bladders and only minimal

inflammation in the gastric component of one.
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Demucosalised Clam Gastrocystoplasty

Table 31: Demucosalised Clam Gastrocystoplasty - Urodynamics and Histology
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No. Name

I-eak Point
(last values)
Vol. Comp.

Cull
(d's)

4
7
7

10

t4
28
t53
t54
364
364
364

242
219
t52
r46
353
359

t7.3
9.1
6.7
5.5
t2.o
16.3

Histology

Inflammation-acute +++

Inflammation - florid granulomatous
Inflammation - florid; min ingrowth
Hour-glass blad., mod inflam; urothel. lined
Focal fibrosis
Serosal abscesses

Inflammation - chronic
No infl ammation/frbrosis
Inflammation - chronic

l.
2.
3.
4.
5.
6.
7.
8.

9.
10

11

72-25r
72-282
72-262
72-258
72-283
72-293
72-292
't2-288

72-290
7-39t

Vol. : volume in millilitres; Comp. : compliance in ml/cmHzO;

Urothelial Ingrowth Studie s

Sections from the animal sacriflced at seven days revealed unremarkable transitional

epithelium on the bladder side of the augmentation. Marked chronic granulomatous

inflammation was seen around suture material at the anastomosis site and over the

surface of the gastric patch which was covered with adherent acute inflammatory

and necrotic debris, with numerous neutrophils. The underlying submucosal tissue

showed fresh granulation tissue formation, extending to the inne¡most portions of

the muscularis propria. At the advancing edge of transitional epithelium there was

pronounced pseudoepitheliomatous hyperplasia with minimal urothelial ingrowth

over the granulation tissue covered stomach muscle. In the centre of the gastric

patch there was quite marked fibrosis within the organising granulation tissue.

Again, at 10 days, the urothelium covering the detrusor muscle was unremarkable,
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however, the gastric patch showed a signif,rcant chronic inflammatory inf,rltrate

which included areas of dystrophic calcification, fibrosis and granulation tissue

formation. At the dome of the gastric patch the smooth muscle showed eosinophilia

and cytoplasmic vacuolation highly suggestive of ischaemic damage. The gastric

muscularis propria appeared more viable closer to the anastomosis site. Again,

there has been a minimal ingrowth of transitional epithelium over the markedly

inflamed and necrotic tissue at the anastomosis site. Examination of cross-sections

of the pedicle, which was submitted in toto, reveÀIed an intact artery and vein with

no evidence of thrombosis.

At 14 days, chronic inflammatory cell infiltrate was seen with aggregates of

prominent calcification. The superfrcial portions of the gastrocystoplasty showed

considerable frbrosis with aggregates of acute necrotic inflammatory debris attached

to the superhcial layers. At the junction with the transitional epithelium there was

evidence of incomplete ingrowth of epitheliuræ overlying the inflamed tissue.

At 28 days, the gastrocystoplasty was lined by relatively unremarkable transitional

epithelium overþing loose subepithelial connective tissue which demonstrated a

mild chronic inflammatory infiltrate. The sectioned bladder, however, had an hour-

glass appearance with a stricture at the junction between the bladder and the

gastrocystoplasty. This was associated with prominent chronic inflammation of the

gastrocystoplasty.
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Figve22

<#gx:¡.

A. Early ingrowth of the urothelium over the

gastric muscle. The marked inflammation can

be seen. The bladder had an hour-glass
conñguration.

B. The urothelium covered the gastric muscle

at 4 weeks, but there was still signifrcant
infl ammatory infiltrate.

Inflwnmation an¿ Fibrosis at Sbr- and Tfuelve Months

In the first of the two animals sacrifrced at sû months there was no evidence of

significant inflammation in the subepithelial connective tissue over the

gastrocystoplasty with successful completion of the re-epithelialisation. The serosal

surface did, however, show adhesion formation with quite prominent focal fibrosis.

In the second animal the changes were similar except that, within the serosal tissues

there was marked inflammation and oedema with focal microabscess formation and

aggregates of polymorphonuclear leukocytes and bacteria.

^t 
12 months, sections from animal #72-290 resembled very closely a stândard

gastrocystoplasty with autoaugmentation. Specifically, there was orderly surface

transitional epithelium overlying a slightly fibrotic subepithelial connective tissue

layer. Beneath this layer there was fat from the gastric patch and muscularis
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propria. There was no significant inflammation.

The remaining two animals demonstrated surface ulceration of the transitional

epithelium with an acute inflammatory infrltrate and extensive subepithelial frbrosis

with focal granulation tissue formation. The superhcial portions of the underlying

gastric adþse tissue were also replaced by fibrous tissue in which there were

aggregates of chronic inflammatory cells including occasional lymphoid follicles.

There was scattered flrbrosis within the muscularis propria of the gastric patch along

with focal chronic inflammatory cells. In other areas the degree of inflammation

was minimal and the mucosa was intact. The subepithelial inflammatory infiltrate

extended from the anastomosis site to involve subepithelial connective tissue within

the residual bladder.

Figure 23

A. A good DMGC at 12 months. B. Continued inflammation in a DMGC
bladder at 12 months.
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Autoaugmentation Omentocystoplasty

TabIe 32: Autoaugmentation Omentocystoplasty - Urodynamics and Histology
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Cull
I-eak Point
(last values)
(d's) Vol.

Histology
Comp.

2.1
5.2
6.3
8.2
7.2
3.2

No

t.
2.
3.
4.
5.
6.
7.
8.

9.
10.

Name

70-589
6-3U

72-260
7-387

72-274
70-580
72-287
72-289
72-294
7-389

7
56
56
rt2
180
364
364
364
364

73
20r
148

207
202
r22

55 4.O

Dystrophic Ca+ +

Inflammation - mild

Inflammation * fibrosis
Inflammation - moderate
No inflammation/fibrosis
Inflammation - chronic
Inflammation - chronic
Inflammation - chronic

Urothelial Survival Studies

After seven days sections revealed orderly bladder architecture, \ /ith a chronic

granulomatous foreign body type inflammatory inhltrate. The bladder portion of

the autoaugmentation was intact with orderly overlying transitional epithelium and

negligible subepithelial connective tissue and inflammatory infiltrate. Scattered

areas of the superficial portions of the inner longitudinal muscle layer of the bladder

were present. The urothelium was seen to have survived throughout the created

diverticulum (Fig.24A). The omentum beneath the autoaugmentation showed

prominent septal fibrosis with fat necrosis and variable amounts of acute and

chronic inflammation. Deep to the autoaugmentation in areas of prominent fibrosis

there was dystrophic calcification with one focus of metaplastic bone formation

(Fig.2aB). In some sections the fibrosis formed a thick band beneath the

autoaugmentation.
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Inflammation an¿ Fibrosis Up to Six Months

Sections from all bladder sites in animal #72-260, including the bladder and

autoaugmentation, showed unremarkable transitional epithelium. In the portion of

bladder covered by omentum, there was negligible inflammation. Whereas animal

#72-274, sacrificed at 4 months, had marked chronic inflammatory cell inf,rltrate

composed of plasma cells and eosinophils with increased vascularity and fibrosis of

the subepithelial connective tissue (Fig.25A). There were also focal areas of

lymphoid aggregates, an appearance similar to those of follicular cystitis. In this

animal the mucosa, muscularis and attached omental flap were all viable and there

was mild chronic granulomatous inflammation around suture material. The next

animal was sacrificed at 180 days. It had preservation of transitional epithelium

with a mild-moderate subepithelial chronic inflammatory cell infiltrate in the tissue

lined by the omentoplasty. At the junction of the fat with the detrusor there was

more moderate chronic inflammation with granulation tissue formation.

Inflammation and Fibrosis at One Year

In all four animals sacrificed at one year the sections demonstrated int¿ct transitional

epithelium overlying subepithelial connective tissue in which there was minimal

fibrosis and no signifrcant inflammation. The omental patches were intact. Animal

#72-287 was particularly notable for its lack of inflammatory cells (Fig.25B).
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Figure 24

Figure 25
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Autoaugmentation Colocystoplasty

Histology of the Resected Colonic Mucosa

The earlier animals had the colonic mucosa removed by diathermy dissection. This

resulted in the muscle macroscopically appearing oedematous and haemorrhagic at

the end of the procedure. The colonic mucosa from these animals showed only

occasional areas of full thickness submucosa, unlike the gastric mucosa which was

cleaved more cleanly (consistent with the macroscopic impression). A colonic

muscle specimen showed serosa, inner and outer layers of the muscularis propria,

and occasional fragments of the outermost submucosa. There was no inner

submucosa or mucosa present on the colonic muscle.

Because of the difficulty, and muscle damage of the diathermy denuding technique,

the procedure was changed to peeling the mucosa with forceps. This produced

much he¿lthier muscle, but resulted in colonic mucosal regrowth. All animals with

regrowth of colonic mucosal (hve) had the gut lining removed by this latter

technique. Histologically the muscle showed a greater proportion of submucosa

preservation, although there was no evidence of mucosa on routine histology.

Obviously, this was only a sample and not a study of all the denuded colonic muscle

surfaces which must have had isolated areas of residual cells. Sections of the

colonic mucosa removed by stripping, showed fult thickness mucosa present in all

layers but with variable amounts of muscularis mucosa. The line of separation

generally went through the upper portion of the submucosa immediately beneath the

muscularis mucosa, leaving a small strip of submucosa. Focally the muscularis

mucosa was split and lamina propria was observed abutting the cleavage plane.
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Table 33: Autoaugmentation Colocystoplasty - Urodynamics and Histology

No. Namo

Le¡k Point
(last values)
(d's) Vol.

Histology
Comp.

14.6
tt.3
4.1.

9.0
7.5
8.6

Cull

1.

2.
3.
4.
5.
6.
7.
8.

9.

72-285
80-550
7448

70-588
80-538
80-527
80-537
80-533
8- 45

7
7

28
364
364
364
364
364
364

350
351

224
r97
2ro
305

Inflammation - severe

Inflammation - moderate

Viable mucosa
No infl ammation/fi brosis
Inflammation - negligible
Inflammation - calculus
No infl ammation/fibrosis
No infl ammation/frbrosis
Inflammation - negligible

Urothelial Survival Studies

The two sheep sacrificed after one week had a moderate to severe degree of

subepithelial oedema and interstitial haemorrhage in the colonic component of the

autoaugmentation. There was also reactive fibrosis with dystrophic calcification

noted at the junction of the colonic and detrusor muscle. Separation of the inner

autoaugmentation from the outer colocystoplasty was also seen. The cavity thus

formed was lined by reactive granulation tissue (Fig.26A). There was also

prominent granulation tissue formation within the colonic serosal adipose tissue

flap, which featured areas of dystrophic calcification. The mucosa was viable,

although there was prominent subepithelial oedema which included large cystic

spaces of oedema fluid overlying subepithelial tissue composed of prominent

reactive granulation tissue. Sections also revealed loss of overlying mucosa which

may have been artefactual, although the degree of submucosal oedema would

certainly have contributed to urothelial loss. No colonic mucosa was seen in either

of these animals.

Sections from the animal culled at one month showed the colocystoplasty to have
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fused with the overlying bladder submucosal tissues (Fig.26B). The mucosa was

quite viable and there was minimal chronic inflammatory cell infiltrate present

between the muscle and the mucosa. Again there was no colonic mucosal regrowth.
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Figure 264. An inflamed and hbrosed AACC
bladder at7 days.

Figure 268. A section of the AACC bladder

at 28 days.
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Figure 26C. 
^ 

section of a histologically satisfactory, but urodynamically poor
AACC bladder at one Year.
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Inflammation, Fibrosis and. Colonic Mucosal Regrowth Studies at Twelve Months

No colonic mucosal regrowth was seen in this group (Fig.26C). It should be noted

that these procedures were performed before the demucosalised colocystoplasty

group were included in the study.

Four of the remaining five had very little inflammatory change with the colonic

muscle lined with urothelium. In one animal (#80-527\, sections from the

autoaugmentation revealed unremarkable colonic musculature adherent to bladder

which showed oedematous submucosa with a. moderate acute and chronic

inflammatory infiltrate including scattered lymphoid follicles, however the degree of

inflammation was probably due to the associated bladder calculus.
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Demucosalised Clam Colocystoplasty

Table 34: Demucosalised Colocystoplasty - Urodynamics and Histology
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No. Name

I-eak Point
(last values)
(d's) Vol.

r27
333
452
221
327

Histology
Comp.

5.3
16.2
32.9
40.9
7.3

Cull

7
t4
2t
28
180

364
364
364
364
364

l.
2.
3.
4.
5.
6.
7.
8.

9.
10.

7- 39
70-586
70-593
7-247
8- 50

80-524
80-549
8- 43
8- 46
8- 44

Inflammation - severe
l¡fl¿mmation - severe
Partial urothelial covering
Urothelial covering, inflamed
Colonic mucosa
Fibrosis
Colonic mucosa
Colonic mucosa
Colonic mucosa
Colonic mucosa

Urothelial Re growth Studies

A. A DMCC prior to re-epithelialisation with
marked inflamm¿tion.

B. Colonic muscle covered with urothelium at

4 weeks in a DMCC bladder.

Flgure2T
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In sections from the animal culled at one week, the native bladder was relatively

normal. There was a chronic inflammatory infiltrate with giant cell formation at the

anastomosis site. In the a¡ea of the colocystoplasty there was florid chronic

inflammation with surface ulceration and granulation tissue formation, with no

evidence of colonic mucosa, and no urothelial ingrowth over the colonic muscle.

At 14 days the mucosa, and the residual bladder, were generally unremarkable

except for a mild chronic subepithelial inflammatory infiltrate. Under the colonic

muscle there was still generalised absence of mucosa with a profound acute

inflammatory infiltrate with micro abscess formation. In areas where there was less

inflammation, the submucosa had undergone fibrosis with evidence of fragmented

coverage with urothelium.

One week later animal #70-593 had similar inflammatory changes, although the

degree of inflammation was less. There \ryas, however, quite prominent

subepithelial fibrosis, but re-epithelisation over the colocystoplasty was reasonably

extensive, although some areas still showed prominent ulceration. The epithelial

ingrowth was applied directþ to the fibrotic submucosal tissue.

After four weeks the features were much the same as they had been a week earlier,

and similar to the DM@ at the same stage. There was a mild to moderate chronic

inflammatory subepithelial infiltrate with a subepithelial layer of variable thickness.

The epithelium was almost directly applied to the muscularis propria of the

colocystoplasty in some areas. The re-epithelisation appeared virtually complete.
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Inflammation, Fibrosis and Colonic Mucosal Regrowth Studies at Sbr- and TWelve

Months

At six months, there was negligible inflammation of the bladder components.

Significantþ, there were íslands and aggregates of coloníc epithelium not

overgrown by transitional epithelium.

Animal #80-524 was the only animal sacrificed in this group that did not have

colonic mucosa in the bladder at 12 months, but it did have histological changes

consistent with its poor urodynamic results; there was minimal residual

inflammation, but the subepithelial connective tissue was abnormal, being composed

of a loosely ananged oedematous fibrous tissue of variable thickness.

In the remaining four animals colonic mucosa was found on the colonic muscle. In

some areas the appearances were no different to those of the DM@ at the same

stage, with transitional epithelium closely applied to muscularis propria of the

under$ing muscle, in this case, colon. There was only a very nafrow layer of

subepithelial connective tissue present in places. Of greater significance, however,

were íslands of víable coloníc epíthelial mucosa (Fig.28A) both along the surface

of the specimen and deeper within the muscularis. There were also occasional

islands of transitional epithelium surrounding small cystic dilated spaces. In parts

colonic epithelium had been overgrown by transitional epithelium. Also seen were

large dilated cysts full of mucous which had erupted, giving the appearance often

seen in resected ileal conduit specimens (Fig.28B).
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Figure 28: A. Colonic mucosa regrowth at 12 months: . Mucous cyst formation in
the colonic portion of a DMCC at 12 months.
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Clinical Application of Urothelial Bladder Augmentation

MATERIALS AI\D METHODS

A total of 15 children have had a bladder augmentation using the urothelial bladder

augmentation principle. The five who had an AAGC and the four who underwent

an AACC had a procedure which evolved directþ from the animal laboratory

studies. The development of the ureterocystoplasty and diverticulocystoplasty

resulted from the recognition of the value of urothelial lining for augmented

bladders, therefore, these six children have been included in this study. These latter

cases are important contributions as both the uretero-pyeloplasty and diverticula

procedures have not been described in association with bladder augmentation

surgery before.

Autoaugmentatio n Gastro cy stoplnsty

Five children had an AAGC. Four as a primary bladde¡ augmentation, and the last

boy had his procedure as part of an undiversion. They each had multþle nutritional

parameters measured, including vitamin 812, folate, sen¡m iron, total iron binding

capacity, white cell count and haemoglobin. The serum gastrin was measured

initially at three monthly intervals.

All frve children were given intravenous H2 antagonists at operation and for five

days after. They were fasted for 12 hours prior to the surgery, ild were given

intravenous Ampicillin (25mglkg), Gentamicin (2mglkg) and Metranidazole

(lOmg/kg) at the time of anaesthetic induction, and for thirty-six hours.

Urodynamic studies were carried out in the first four children preoperatively and up
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to two years after the operation (Table 34). The bladder was filled on each

occasion with L9% urografin at a filling rate of 20 mI per minute. The pressure

profile was computer recorded and the bladder visualised with screening. The fifth

child did not have a urodynamic study prior to the augmentation as his bladder was

a closed cavity containing prostatic secretions and debris. A biopsy was taken of

the removed gastric mucosa in all patients to ensure complete removal of the

submucosa with the gastric lining.

Case l: DB, a 16 year old young man with spina bifrda had incontinence while on

clean intermittent catheterisation (CIC) and anticholinergic medication. A nuclear

medicine scan showed renal scarring and a cystogram showed a severely

trabeculated bladder with bilateral grade V vesicoureteric reflux (VUR). He was

wet both day and night, which required the wearing of a pad and frequent changes

of clothes.

Case 2: JW, a 10 year old spina bifida boy who was incontinent on four hourly

intermittent catheterisation and was intolerant of anticholinergics due to frequent

side effects. His upper tracts were normal on ultrasound. His bladder was small

volume and high pressure as shown in Table 34.

Case 3: KF, a L2 year old girl, with a neuropathic bladder due to a cerebrovascular

accident, who was incontinent on Oxybutinin and three hourþ catheterisation.

Case 4: DP, an eight year old girl who was born with a thoraco-lumbar

myelomeningocoele and hydrocephalus. She had a small, trabeculated bladder and

renal impairment despite anticholinergics, CIC and bilateral ureteric reimplantation

for VUR.

Case 5: CD, a 16 year old young man born with spina bifida, who presented for
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undiversion. He had an ileo cutaneous ureterostomy and appendectomy at 17

months of age. A cystogram and cystoscopy prior to his AAGC revealed an

impassable urethral stricture, therefore, a two stage procedure was planned. The

first step was an AAGC, and four months later an undiversion into the

autoaugmented bladder was performed. Between the two operations he had

intermittent bladder filling via a suprapubic catheter to encourage bladder

enlargement. At the second operation the ileal conduit was incorporated into the

augmented bladder and an intubatable stoma was fashioned from the combination of

a tube of sigmoid colon and a mobilised skin tube.

Autoau gmentatio n Colo cy stoplasty

The four children in this group had their bowel prepared with 1.5-2 litres of Go-

litely, until their bowel motion was clear. They were also given fluid diet for two

days pre-operatively. The peri-operative antibiotic management was the same as for

the AAGC group of patients.

Case 1: SG was a 9 yeaf old girl who was born with a lumbo-sacral

myelomeningocoele. She was noted to have VUR, renal dysplasia and an elevated

creatinine in the first three years. Intermittent catheterisation, and anticholinergic

medication failed to prevent a deterioration of the upper tract, therefore a ureteric

reimplant was performed in 1990. This settled her urinary infections, but she

continued to have incontinence both day and night. A urodynamic study was

performed in November 1992, which showed a small volume, unstable high

pressure bladder with gross unstable contractions of up to 67 cm of water. The end

fill volume was 27 mL and the compliance less than 1 ml/cm of water. The

Probanthine was changed to Oxybutinin and a second urodynamic study, performed
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three months later, showed improved stability but with a capacity of only 40 ml

Because the child was underweight it was felt the use of her stomach as a source of

enteric muscle was unwise, so a routine sigmoid colocystoplasty was planned, with

the proviso that, if the colon could be demucosalised without signihcant damage to

the muscle, an AACC would be performed.

Case 2: AJ was a girl born with a lumbosacral myelomeningocele and bilateral

talipes equinovarus. She had her back closed on the 5th day of life. Her horseshoe

kidney remained stable, but she had poor bladder emptying, therefore she was

commenced on CIC in 1988 at the age of one yeaf. In 1991 her wetting was

improved with anticholinergics, but not resolved, and she developed hydronephrosis

by early 1993. A urodynamic study showed a high pressure bladder and a follow-

up nuclear medicine study indicated that there had been deterioration in her renal

parenchyma, despite the commencement of Oxybutinin. A further urodynamic

study did not show any improvement in the pressure profile with Oxybutinin (Table

3s).

Cose 3: DH had her small sacral meningomyelocele closed soon after birth in

1981. A left ureteric reimplant was performed in 1986 for recurrent urinary tract

infections whilst on intermittent catheterisation. Her urinary incontinence was not

controlled on the combination of anticholinergic medication and CIC. A

urodynamic study, without the antispasmodic, identifred a bladder with unstable

contractions and compliance of 1.0 ml/cmHz0 at a volume of 100 ml. As her

kidneys had remained stable, and her incontinence was initially managed

satisfactorily by conservative means, no intervention was planned. A pre-operative

study showed a pressure of 30 cm HzO, with a volume of only 150m1, while on

Oxybutinin. Bladder augmentation was planned because her wetting had worsened,

and an AACC was performed on I7.I1.93, with the addition of a bladder neck



95
Materials and Methods - Patients AACC

wrap using a strip of rectus sheath.

Case 4: EG had an AACC at the age of 11 years on 23.2.94. She was born with a

thoracolumbar spina bifida deformity, and required back closure and

ventriculoperitoneal shunting in the first month of life. Her progress was marked

by a spinal fusion at 10 years of age. Her kidneys were normal on ultrasound and a

nuclear medicine scan, but her cystogram showed a large paraureteric diverticulum.

A pre-operative urodynamic study indicated the bladder to be low volume and poor

compliance (Table 35) and she was constantly wet on CIC and Oxybutinin.

For both forms of autoaugmentation enterocystoplasty the post operative

management was similar. In theatre, the bladder was distended with saline instilled

through a urethral catheter. For the first 12 hours after the operation the bladder

was drained dependently. Thereafter the catheter bag was placed 15 cm above the

bladder to encourage the urothelial and muscular layers to adhere. After 10 days,

hourly catheter clamping was commenced and progressed to three hourly CIC over

the following few days. For the remainder of the next month the bladder was

drained continuously overnight, and via CIC during the day. After a cystogram at

one month all were converted to daytime catheterisation only. In the fifth AAGC

case the bladder was filled for 30 minutes three times each day with increasing

volumes of fluid for four months, prior to incorporation of the ileal conduit as part

of his undiversion and continent stoma formation.
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Ureterocystoplasty

Case l: CW was irritable for two weeks before he presented as a sick, four month

old infant. He had normal kidneys on ultrasound at 18 weeks gestation and was

thought to have a normal urinary stream postnatally. On investigation he was found

to have an Enterococcal urinary infection and bilateral hydroureteronephrosis. An

antegrade cystogram, through a suprapubic catheter, showed a typical congenital

obstructing posterior urethral membrane. V/hen biochemically stable, his urethra

was examined endoscopically, and the obstructing membrane was seen to have a

small posterior defect, to prolapse as suprapubic bladder compression was applied

and to split on passage of the cystoscope. He had recurrent urinary tract infections

with grade five VUR into his left kidney. His bladder volume was small and his

pressure lowered only by the reflux into his upper tract. An extraperitoneal, two

incision nephrectomy and ureterocystoplasty was advised and performed at nine

months of age.

Case 2: SC presented at 12 days of age with urinary tract infection, renal failure

and metabolic acidosis. A cystogram revealed a very trabeculated bladder with

multiple pseudo diverticula and gross left VUR. The prostatic urethra was dilated

and a convoluted urethral diverticulum was demonstrated to cause obstruction of the

membranous urethra. An isotope renal scan showed bilateral poorly functioning,

scarred, small kidneys. A vesicostomy was established and closed 2 months after

urethral surgery. His renal function showed progressive deterioration, so that at the

age of nine years he underwent a living related donor renal transplantation. Pre-

transplant urodynamic studies showed that he had a low pressure, good volume

bladder. Subsequentty he was able to void spontaneously with satisfactory bladder

emptying and only intermittent wetting which persisted despite Oxybutynin. A

video-urodynamic study performed two years later revealed a high ptessure unstable

bladder, with native ureter VUR which had become bilateral. The storage capacity
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was 184 mls, a significant proportion of which was in the left kidney and uretet,

and the degree of trabeculation had increased. A ureterocystoplasty and Teflon

injection of the right ureteric orifice was therefore carried out.

Case 3: AB was found to have bilateral hydronephrosis and a thick walled bladder

at 24 weeks gestation. Right renal aspiration at 28 weeks recorded normal fetal

renal biochemistry. As the amniotic fluid remained stable the pregnancy was

continued to 37 weeks without further intervention. Postnatal investigation

confirmed gross right uretero-hydronephrosis and echogenic parenchyma and

minimal renal tissue on the left. He was further investigated with an antegrade

cystogram and cystoscopy. An obstruction at the level of the bulbar urethra, seen

on the cystogram, was noted to consist of a membrane sweeping down from the

level of the verumontanum with a 3mm defect present in its posterior aspect. Much

of the membrane was disrupted by passage of the endoscope, and the remainder was

resected with diathermy. This boy continued to undergo further renal functional

assessment after initial stabilisation of his creatinine at 70 mmol/l. His bladder was

demonstrated to be small volume and high pressure (Table 36), his left kidney was

non-functioning, and his urethra was able to be catheterised, indicating that his

redundant ureter would not be needed as a catheterisation stoma. He was

considered a candidate for ureterocystoplasty.

Case 4: MP was born with an anorectal anomaly and apparent normal bladder

function prior to his posterior sagittal anorectoplasty. He was however noted to

have grade five VUR. After the repair of his anorectal anomaly he deveþed

retention, and was commenced on CIC. A urodynamic study indicated that his

bladder pressures were kept low by progressive marked distension of his left upper

tract. As his bladder emptying had not improved and he had recurrent urinary tract

infections it was decided that surgical management of his reflux was indicated, and

as he still required CIC, a ureterocystoplasty was deemed appropriate. Pre-
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operative studies showed a partial right pelviureteric junction obstruction, so the

dilated left ureter was anastomosed to the longitudinally incised upper ureter,

pelviureteric junction and pelvis of the right side, preserving the left kidney which

was providing 30% of overall renal function. This is the first description of

transuretero-pyeloplasty. His operation was performed through a midline

transperitoneal incision.

Cose 5: DC was noted to have spina bifida prenatally. Following his back closure,

soon after birth, he developed hydrocephalus and urinary retention, and bilateral

inguinal herniae. His cystogram showed only mild bladder trabeculation, but gross

dilatation of his left ureter and pelvicalyceal system. A urodynamic study indicated

the bladder was small volume and high pressure, with a significant proportion of his

37 ml urine storage capacity (Table 36) in his left ureter and kidney. Despite CIC

and prophylactic antibiotics he developed urinary tract infections and a reduction in

the differential function of the left kidney. An intravenous pyelogram was

performed pre-operatively to study his ureteric anatomy; it showed a normal right

ureter and pelvicalyceal system, and left hydroureteronephrosis. A transperitoneal,

transureteroureterostomy and ureterocystoplasty were planned.
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Dív e ftíc ulo c! stoplasty

Case l:

G.F. was born with a lumbar myelomeningocele, which was closed on the first day

of life. His neurological defrcit consisted of an asymmetric paraplegia and

neurosensory loss from L3. He developed hydrocephalus, which required the

insertion of a ventriculo-peritoneal shunt in the third week of life.

At four months of age a video-cystometrogram showed a non-compliant high

pressure bladder, without unstable contractions. There was no VUR and the

kidneys were normal on ultrasound. The infant was started on CIC but had frequent

urinary tract infections with fever, offensive urine, behaviour changes, and

abdominal pain, and he was not kept dry by the catheterisation.

A repeat cystogram showed a trabeculated bladder and urodynamics again recorded

bladder pressures ove¡ 100 cm of water, with a functional capacity and leak point of

65 ml (Table 37). The CIC was increased to 2.5 hrly and prophylactic antibiotics

were commenced. A circumcision was performed and anticholinergic medication

was given. These measures failed to prevent wetting or recurrent symptomatic

urinary infections.

The patient was first investigated by myself at 32 months of age. The kidneys were

normal on an ultrasound and nuclear medicine scan, but the bladder was thick

walled and showed two large postero-lateral diverticula. A cystogram showed

multþle small diverticula over the bladder dome, and the two large diverticula

postero-laterally.

In view of the paraureteric diverticula, the poorly compliant, high pressure bladder,
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wetting and recurrent urinary tract infections, a decision was taken to remove the

infective foci and concurrently improve the bladder volume by incorporating the

diverticula into the bladder wall rather than disca¡d them. The operation was

performed at the age of 33 months.
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OPERATIONS

Autoaugmentation Gastro cy stoplasty

In all patients the stomach was identifred through a long midline incision and the

position and size of the appropriate portion of stomach needed for the augmentation

was identifred. Adequacy of the length of the right gastroepiploic arcade was

checked and branches of the right gastroepiploic to the greater curve and duodenum

we¡e divided up to the distal limit of the gastric patch. After preparing the vessels,

the wedge segment was clamped, incised, and separated from the remainder of the

stomach, which was closed with a continuous polyglycolic acid suture. The gastric

mucosa of the isolated segment was removed from the muscle using diathermy

dissection, with care to injure the mucosa rather than the muscle, while avoiding

leaving islands of gastric mucosa. The gastric mucosa was sent for histological

assessment to determine the adequacy of the submucous dissection.

Next, the bladder muscle was incised in the midline, from the anterior to the

posterior bladder neck region. The muscle was separated from the urothelium

through the submucous plane for approximately one third of the bladder muscle to

mucosa contact, resulting in herniation of the bladder mucosa. The urachal remnant

was sutured to the mid-point of the gastric muscle flap which was then sutured edge

to edge with the bladder muscle, thus covering the exposed bladder mucosa with the

raw surface of the gastric muscle. The bladder mucosa was, therefore, left intact,

with both bladder and stomach muscle covering it.

All the patients in this group had previously had a ventriculo-peritoneal shunt

inserted and therefore had a number of intra-abdominal adhesions which lengthened
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the time of the procedure, and made dissection of the vascular pedicle to the

stomach segment diffrcult.

Case 4 had also had ureteric reimplants prior to the AAGC. This resulted in it

being necessary to leave a thin strip of bladder muscle on the anterior aspect of the

urothelium to prevent tearing of the bladder lining.
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Figure 29: Ã. The stomach segment prio.r to partiat le_segtion for the AAGC: B. The- denuded stomach prior to inclusion into the bladder.
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Figure 29:. C. The urothelium bulging between the edges of the detrusor muscle
after the autoaugmentation: D. the muscle of the stomach and bladder are
in place at the end of the AAGC procedure.
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Auto au gme nta.tío n Colo cy stoplnsty

Most of the sigmoid colon was mobilised on the inferior mesenteric vascular

pedicle, separated from the faecal stream, then opened along its antimesenteric

border with diathermy, and cleaned with bet¿dine. Colonic continuity was restored

with a single layer, 210 polyglycolic acid suture anastomosis. Dissection of the

mucosa from the underlying muscle was then commenced using diathermy

dissection. Care was taken to remove the submucosa to prevent epithelial regrowth.

To check the quality of this dissection the mucosa was examined histologically.

This part of the procedure took up to two hours. Bladder autoaugmentation was

performed in the same manner as for the AAGC. The demucosalised muscle was

sutured to the bladder in the clam fashion, over the intact bladder mucosa, with the

bladder mucosa sutured to the mid-point of the colonic patch via the attached

urachal stump. The bladder muscle was hitched to the psoas muscle in the standard

manner in this group.

The bladder was drained for 24 hours via a catheter placed in the dependent

position, and subsequently with the catheter bag elevated to 15cm above the bladder

for 10 days.
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Figure 3 ion Colocysloplasly - A. The d.enuded segment of colon
into the biaddèr: É. ttre completed Autoaugmentation
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Ureterocystoplnsty

Extraperitoneal procedure with nephrectomy: Fig.31 & 32: the three boys who had

this procedure were placed in the semi-lateral position, the kidney was mobilised

through a lateral, subcostal, muscle cutting incision. The blood supply of the ureter

was preserved during mobilisation down to the pelvic brim, with the peritoneum left

intact. The kidney was removed, the upper end of the ureter tied and the ureter

placed in the pelvis and the flank wound closed. The bladder and mobilised ureter

were exposed via a transverse suprapubic skin incision and the ureter further

dissected, taking care to preserve its lower lateral blood supply and avoid entering

the peritoneum. When the ureter was freed sufficiently, the bladder was opened

from the anterior bladder neck, over the dome, to the orifice of the ureter from

which the kidney had been removed. A 12FG catheter was inserted into the ureter,

which was opened along its antero-medial border. The lateral aspect of the

vesicoureteric junction was not dissected, to avoid compromise of the ureteric

vasculature. The free edges of the inferiorly based ureteric flap were then sutured

to the edges of the incised bladder with a continuous 3/0 Vicryl suture. In the third

patient the right sided VUR was managed by the injection of 0.5m1 of Polytef paste

under the ureteric orifice, in anticþation of the possible need of a ureter as an

intubatable stoma. A suprapubic bladder catheter was left in situ and the abdominal

wound was closed.
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A. The bladder and ureter incision
line used after a flank incision
nephrectomy.

Figure 3 1 : Extraperitoneal Ureterocystoplasty

t
\

\

B. The bladder and ureter incised.
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Figure 31: C. Parallel suture lines anastomose the ureter and bladder: D. The
completed ureterocy stoplasty.

).\t
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Figure 324: The dilated ureter to be used for the ureterocystoplasty is mobilised
and catheterised.

I

I

Figure 32B: A longitudinal incision has been made in the ureter
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Figure 32: C. Parallel sutures incorporate the ureter into the bladder wall with the
neo-bladder virtually comp-leted: D. An anterior view of the completed
ureterocystoplasty.
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Transperitoneal procedure without nephrectonty: Fig.33 & 34: In two boys the renal

function of the refluxing side was sufficient to demand preservation of the kidney.

Case 4: this boy also had a moderate degree of pelviureteric hold-up, which was

also evident macroscopically at the time of operation.

Through a midline incision the small bowel mesentry and the right colon were

mobilised to give access to the retroperitoneal space up to the level of the renal

pelvis on each side. The left ureter was divided 3cm below the pelvis and

positioned against the right pelviureteric junction which it reached by passing

anterior to the inferior mesenteric artery. The upper right ureter and lower pelvis

were then mobilised and opened longitudinally. The extreme narro\ryness of the

junction made this step diffrcult (Fig.33A). V/ith a probe down the ureter, an end-

to-side anastomosis was performed (Fig.33), leaving the distal end of the upper left

ureter bridging the narrow portion of the upper right ureter. A ureterocystoplasty

was then performed with the lower end of the left ureter in the same manner as

described for the previous boys. A redivac drain was placed in both renal beds and

a nephrostomy tube was inserted into the left kidney.

Case 5: through a midline incision the small bowel mesentry was mobilised

suffrcientþ to allow the tortuous left ureter to be anastomosed to the normal (small)

right ureter as an end-to-side transureteroureterostomy, just above the pelvic brim

(Fig.3a). The right ureter was only minimally disturbed. A ureterocystoplasty was

performed with the lower left ureter, and the wound was closed with the only drain

being the suprapubic catheter.

tt2
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Figure 33: Transperitoneal Ureterocystoplasty without nephrectomy -
transuretero-pyeloplasty

113

Figure 33: A. The partially obstructed right pelviureteric junction before incision:
B. I-arge left ureter joined to the right pelvis, upper ureter and
pelviureteric j unction.
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Figure 34 : Illustrations of the Transperitoneal Ureterocystoplasty.

lt4
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Figure.34: The dilated ureter (A) is divided just below the kidney and the upper
ureter is anastomosed to the contralateral ureter (in this case upþer uretÐ.- The
subsequent bladder and ureter incisions are indicated (B). The ureter is incised
longitudinally (C) and sutured into the open bladder (D), giving a clam cystoplasty
appearance at the end of the procedure @).
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Dív e ft í c ula c y st o pla sty

The thick walled and trabeculated bladder was opened through a Pfannenstiel

incision and an extraperitoneal approach (Fig.35). A midline anterior incision,

beginning at the dome of the bladder, was extended half way down the anterior

wall. From here the incision extended toward the orifice of each diverticulum,

which had been identified from within the bladder. The ureteric orifices were

splinted separately. The diverticula were partly mobilised from their outer surface,

particularly the portion resting against the bladder. The junction of the two

diverticula and the bladder could then be appreciated and the incision was extended

partly around the origin of each diverticulum. Subsequently, parallel incisions in

the diverticula were extended from their bladder attachment to their apex. This

produced bilateral vascularised flaps, based on the lateral bladder attachment of the

former diverticula, with an undisturbed lateral blood supply. Care was taken not to

interfere with the blood supply of the lower ureter. The diverticula flaps were

integrated into the bladder with Polyglycolic acid sutures and the ureters were

buried in the bladder muscle using the Lich-Gregoir technique. The flaps covered a

large area on the anterior wall extending to the dome of the bladder; a suprapubic,

as well as ureteric catheters were placed, and the bladder closed.
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a

c

Figure 35: The two diverticula were mobilised on a vascular pedicle based laterally
and sutured into the anterior wall of the bladder: A. Bladder and diverticula
þosterior view): B. Incisions (oblique anterior view): C. Flaps formed
(anterior view): D. Reconstructed bladder (anterior view).
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Aut o au gm e ntaÍío n Gast ro cy stopl,asty

The urodynamic results are shown in Table 34. The clinical and radiological

results are as follows:

The gastric mucosa for all patients showed full thickness mucosa with the complete

submucosa in most of the sections. In areas where the submucosa was not

completely intact it appeared to have been damaged by the diathermy. In all

patients, urine contained debris in the early post-operative period which, when

examined histologically, showed urothelial cells. This loss of urothelium may have

influenced the augmentation outcome, but was seen in Cases 2 and 3, one of whom

had an excellent result and the other much improved by the procedure.

Case 1: DB had improvement in his incontinence which was reduced to minimal

wetting overnight, his grade five VUR was reduced in severity, and his progressivc

renal deterioration was stabilised. His bladder dynamics continued to improve,

after only a moderately good result at three months. He was tolerating up to 800

ml, with a bladder volume of 500m1 on his latest urodynamic study at 24 months

(Fig.36). A minor deterioration in his left renal function prompted bilateral ureteric

reimplants at that stage. His bladder was smooth walled and the two components of

the bladder could not be readily differentiated from within. Importantly, there was

no evidence of any gastric mucosa within the bladder.

Case 2: fW's wetting has improved, but he continues to be incontinent, related to

continued unstable contractions, which have not been able to be controlled by

anticholinergics due to intolerance of the medication. His bladder volumes on
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catheterisation are in excess of 600m1

Case 3: KF had an excellent response to the AAGC, with complete resolution of her

incontinence and an improved bladder configuration on cystogram (Fig.37). She

has been dry on a single daily dose of Oxybutinin, with catheterisation volumes of

400m1 (Table 34).

Case 4: DP developed cloudy urine ten days after her AAGC and signif,rcant

numbers of epithelial cells were seen on cytology, suggesting sloughing of part of

the autoaugmentation. An ultrasound three months later showed a double

component bladder which was also seen on a cystogram (Fig.38). The two

components of the bladder were united at a second operation; one component was

formed by the stomach and the other by the original bladder with both lined by

urothelium and separated by a bridge of urothelium. The cystogram appearance and

urodynamic values have subsequentþ improved, with bladder volumes at two years

of up to 400m1 on CIC, and a compliance of 15.5 ml/cmH2O on the urodynamic

study.

Case 5: CD had his bladder volume increased to 1000m1 over a four month period

after his second operation, and his upper tract remained stable. A urodynamic study

was performed 12 months after his second operation which showed a good volume,

low pressure bladder, from which he continues to reflux. Reimplantation of his

ureters was not possible at the time of the augmentation because of their short

length. He remains well on six hourly CIC, with very little bladder mucous and no

urinary tract infections.

Cases 2 and 3 have normal renal function; cases 2, 3 and 4 had transient intolerance

of large meals, which resolved over a 6-12 month period, and no significant
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gastrin abnormality was seen in any patient, although a transient rise occurred in

Case 4 prior to her second operation.

Table 34: Compliance and bladder volumes preoperatively, and at3, 12 and
24 months after the AAGC.

Case 54321

Compliance
(ml/cmH2O)

Pre-operative

3 mths

12 mths

24 mths

Volumes (ml)

Pre-operative

3 mths

12 mths

24 mths

1.0

6.9

t2.o

75.O

1.0

3.5

to.2

41.8

282

418

1.0

11.3

l.t.4

40.0

t70

410

1.0

1.0

6.0

15.5

34.O

480

90

50

160

208

80

321

50

409

50

277

348

500
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c*

*

Figure 36 - Case l: This bladder had high gradee 
vesicoureteric reflux gastric component can be

seen in the follow-uP

u,&



l2l
Results - Patients - AAC,C

Figure 37 - Case 3; A good bladdef shape following.an AApC. The pre-operative- e 
(A) and post-oftrative cystograms are both given (B)'
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Figure 38 - Cose 4: A double bladder wa a small rim
of contrast over the dome of the e formation
of the double bladder was more leaked into
the gastric component of the bladder from the native bladder below (B).
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Figure 38C - Case 4: after the gastric and original bl der components have been- united at a second operation.
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Autoaugrnentat¡on Colocystoplnsty

The mucosa of the colon was histologically assessed in three of the four patients to

ensure complete removal of the submucosa. In each, the submucosa was included

in the resected specimen. In one, the mucosa was presenteÅ in toto, in the other

two a portion was submitted. The resection margin was in the deeper layers, with

evidence of diathermy damage of the adjacent submucosa in all cases.

Case l: SC has made an excellent post-operative recovery, and had CIC volumes of

100 ml at three weeks, and was dry between catheterisation. Her bowel function

was unchanged by the operation. A urodynamic study was performed four months

after the AACC which demonstrated a frll volume of 2I3 ml with a leak pressure of

15 cmHzO and a compliance of 14 ml/cm HzO (Fig.39). The contour of her

bladder was also satisfactory when compared to the preoperative appearance and

was similar to Case 3 (Fig.aO). 
^t 

12 months her CIC volumes were up to 300 ml

and she was dry both day and night apart from the occasional accident. Her

urodynamic study at 12 months showed an insignificant decrease in volume soon

after an infection.

Case 2: AJ continued to have wetting, but with improved catheterisation volumes

which appeared to be improving with time. She also initially had a significant

problem with diarrhoea and faecal incontinence which settled with codeine

phosphate. Her initial urodynamic study, however, showed a less satisfactory

bladder volume, which improved at 12 months to a volume of 300m1. She is now

dry, with stable kidneys and bladder volumes of up to 400m1 on CIC.

Case 3: DH had a urodynamic study three months after surgery which showed a

peak volume of 579m1 with a compliance of 30ml/cm of water. Her CIC volumes
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were up to 700m1 and she is now usually dry both day and night. Her bowel

function has been normal.

Case 4: EG in the early post operative period there was a small amount of cellular

debris followed by two days of blood stained urine, this was confirmed to be

associated with a resistant strain coliform urine infection. Her bladder on

cystogram appeared unsatisfactory at 10 days, but had improved significantly at one

month; at two months her wetting had signifrcantly improved and her catheterisation

volumes had increased to 450 ml, despite having a urinary tract infection. Her

urodynamics study at three months were not satisfactory, however a further study at

12 months showed a good bladder (Table 35).

Table 35 shows the urodynamic results at three months for the FOUR AACC
patients.

Case

r25

I 432

Compliance (rnl/cmH2O)

Pre-operative 1.0

3 mths 15.0

L2 mths 13.9

Volumes (rnl)

Pre-operative

3 mths

12 mths

213

(uTr) les

3.',|

4.5

12.3

7.5

26.9

1.6

2.529.5

22.5

156

130

450

150

579

484

225

t37

307

40
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Figure 394+8 - Case 1: The urodynamic chart prior to anticholinergic medication
(A) and while on anticholinergic medication (B) before augmentation.
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Figure 39C - Case l: shows the tracing after the AACC.
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Figure 40 - Case /: The pre (A) and post (B) operative cystograms of the first
AACC Patient.



Results - Patients - AACC t29

¿rp. - .¡;

Figure 414+B - Case 4; A. preoperative cystogram and one 10 days after an- AACC. The initial post-operative appealance was poor.
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Figure 4lC - Case 4: A post-operative cystogram at 6 weeks, showing significant
improvement form the bladder configuration seen at 10 days.
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Ureterocystoplasty

All these boys made a satisfactory recovery from their operation and none required

blood transfusion. Two of the three boys, not on CIC prior to the procedure,

continue to void spontaneously, the third had a continent stoma formed

subsequentþ. The urodynamic results are given in Table 36. It must be

remembered that the volumes and pressures recorded in patients with high grade

VUR do not completely reflect the state of the bladder, and that modest

improvement in the urodynamic result may be associated with significant

improvement in the vesical component of urine storage. Also, a reduced infection

risk has been concurrently achieved by the elimination of VUR.

Case l: The remaining kidney continued to grow and he was free of urinary tract

infection. He did appear to have some difhculty voiding, and signif,rcant residual

volumes, which have improved with time.

Case 2: (Fig. a2 8L 43) In the initial post-operative period the serum creatinine rose,

which was attributed to vesicoureteric junction obstruction of the transplant ureter,

secondary to the bladder being constantly empty while on drainage. The problem

was solved by the re-introduction of anticholinergic and elevation of the catheter

bag to allow the bladder to expand. The boy was continent on twice daily

Oxybutinin thereafter, but developed some dilatation of the transplant pelvicalyceal

system which was resolved by two hourly voiding and inc¡easing the Oxybutinin.

He has remained free of urinary tract infections and no longer has reflux into either

his transplant or the remaining native kidney. He had moderate residual bladder

volumes and persistent elevation of his serum creatinine, therefore the right ureter

\ryas used to form an intubatable stoma for CIC, after which up to 600m1 was stored

in his bladder with half being voided urethrally.
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Figure 42A; The urodynamic study of Case 2 before ureterocystoplasty.
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Figure 42: The urodynamic study of Case 2, six months after ureterocystoplasty
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Figure 434: The preoperative cystogram of Case 2. Reflux into a wide left ureter
and marked trabeculation of the bladder can be seen.

t34
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Figure 43B: The post-operative cystogram of Case 2. The bulging ureteric portion
of the bladder is evident as a wide mouthed diverticulum. The reflux into the
right native ureter was treated by Teflon injection intra-operatively.
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Case 3: AB made a good recovery from his procedure and has had stable function

of his poor right kidney. His bladder emptying has been incomplete, but he has

been free of symptomatic infection and has a very large bladder with low pressures

(Table 36).

Case 4: Intermittent catheterisation volumes decreased to 50 ml in the first three

months, as the boy appeared to be voiding between catheters. His upper tract

dilatation increased initially, after the ureterocystoplasty and transuretero-

pyeþlasty procedure. He had two episodes of milþ urine with positive urine

culture which settled with increased oral fluids, more frequent catheters and

antibiotics. An ultrasound at three months showed a large bladder with a smooth

contour and minimal hydronephrosis. A urodynamic study soon after showed a

much improved bladder, although the bladder volume appeared to decrease, the

volume instilled in the preoperative study resulted in marked dilatation of the left

renal pelvis and ureter; the post operative study reflected only the bladder storage,

which was obviously improved with a volume of 108 ml at a pressure of 20 cmH20

(Fig.aa). The nuclear medicine study showed good function and drainage of the

upper tracts, with preservation of the differential function (Fig.45A).

Case 5: DC had one urinary tract infection in the f,rrst few months after his

ureterocystoplasty, but remained well without any evidence of pyelonephritis. His

upper tracts remained stable without any evidence of obstruction at the

ureteroureterostomy (Fig.a5B). He continued to have unstable contractions on

follow-up urodynamic studies, tolerating 48 ml at three months and 57 ml at eight

months before leaking. However, he held up to 120 ml on catheterisation and all of

the 57 ml was in his bladder, rather than the small proportion of the 37ml capacity

in the pre-operative study. The ureteric segment was seen on the urodynamic study

to bulge as a wide mouthed diverticulum during the initial stages of bladder

contraction, thus improving the bladder compliance (Fig.a6).
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Case

Cornpliance
(ml/cmH2O)

Pre-operative 6.7

3 mths

12 mths 30.0

Volumas (ml)

Pre-operative

3 mths

12 mths

r37

54321

9.0

15.7

84.5

1.7

r3.5

2t.6 0.4

0.8

6.0

4.9

6.8

37

48

73

15440

303

184

260

338

100

300

L3l

r70

Table 36: The urodynamic results for the five Ureterocystoplasty patients
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Figure 44: The early (A) and late (B) post-operative cystogram of .Case 4' TheQ 
bladder shape'*às'initially ldsÉ satisfaõtory than for the other boys, but
improved with time.
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of the bladder can be seen to bulge only
study.

Figure 46Ã: Case 5.' The ureteric portion
slightly, early in a video-urodynamic
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Figure 468: Case 5.'As the study progresses, with f_urther f,rlling of the bladder the- ureteric portion of the bladder becomes more obvious.
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Figur the end of hlling, a bladder contraction was seen, but
recorded initially, probably due to the increased
the prominent bulging of the ureteric portion of the

bladder.
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Dív e ftíc ulo cy stoplasty

GF has been well since his operation and his kidneys have continued to grow, as

shown on ultrasound. Four months after the operation a cystogram demonstrated a

much better bladder configuration which tolerated 150 ml during the cystogram

Fig.aT. A urodynamic study, performed 15 months after the operation confirmed

the increased functional bladder volume and a decreased end fill pressure compared

with earlier investigations (Table 37: Fig.47), and notably, the pressure only rose

above 20 cm H2O beyond 70 ml frlling (the child's usual volume obtained by CIC).

All urodynamic studies were performed without anticholinergic medication. He is

dry on 4 hourly cathetenzation during the day, being only minimally wet at night.

His final urodynamic study was at 72 months of age and, although his urodynamic

values had not continued to improve, his bladder was regularly drained of 200 ml

following the commencement of anticholinergics.

Table 37: Compared results of two pre-operative and the post-operative
cystometrograms.

Age
(mths)

Compl.

Pre-operatíve

t42

wr. Vol

70
110

Pres.

95
90

20
65

60
65

7
24

48
48

6.5
10.5

0.6
o.7

3.5
t.7

Post-operatíve

12.2
12.2

Wt. in Kilograms; Vol. : volume in millilitres;
Comp, : compliance in ml/cmH20; Pres. : pr€ssure in cmHzO;
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Figure 47; The ) shows the two^large.paraureterice diverticula to the volume of the body of the

bladder. T a much improved bladder (B)'
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DISCUSSION

This work has developed alternative bladder augmenüation techniques to those in

which gut mucosa is incorporated into the urinary tract. It has explored a number

of methods of providing both muscle and mucosa for bladder enlargement, without

incorporating gut lining. The clinical results are preliminary, but sufhciently

encouraging to be a stimulus to others to explore the techniques (as has already

occurred [104-106]), and perhaps expand on them. The rationale for change has

already been presented in the introduction.

SHEEP STT]DIES

Suitabiliry of the Sheep Model

In interpreting the results of the animal experiments it is important to establish

whether the model is adequate for comparison with other animal studies and the

human bladder. The sheep bladder is similar to the dog and the pig, in that the

bladder is almost entirely intraperitoneal, with a more extensive serosal covering

than humans. Both the dog and the pig have been extensively used for bladder

augmentation experiments and are thought to be adequate models

124,30,64,90,102,107f. A neuropathic bladder has not been used, incontrast to the

work by Mau [102]. As all of these animals has a thinner walled bladder than man,

each would conceivably be more diff,rcult to autoaugment than the human

neuropathic bladder, therefore, if the results are reasonably satisfactory in sheep

they may well be applicable to humans. The pig and the dog have also been used

for the autoaugmentation cystoplasty procedure by others, where operative success

has been demonstrated, and preservation of the mucosal blood supply appears to be

similar to sheep [30].
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The sheep is an inexpensive animal that is easier to handle than the calf f7I-1, and is

notionally a superior model for bladder augmentation than the rat f6,7,45,931, ferret

U4l and rabbit U2,1081. In the smaller animal, epithelial loss on the undersurface

of the added muscle would be repaired relatively more quickly, thus making it

inappropriate to extrapolate the findings to larger animals and man.

The main draw-back of comparing sheep to humans was the inability to intervene

when there may have been inadequate emptying of the bladder or the presence of

urinary tract infections. Intervention was not possible with such a large group over

the twelve month study period, remembering that the clinical cases were all

expected to be on CIC. Intermittent catheterisation cannot be performed in sheep

because the male urethra is long and narrow and ewes have a hypospadiac urethra.

The addition of bladder drainage may have improved the animal results.

Comp aris on of Op erative Techni que s

It was diffrcult to prepare the animals for the use of either the fourth stomach or the

colon because of the inordinately long period required to ensure the appropriate

fourth stomach was empty, and the inability to perform enemas prior to the colonic

operation; intra-operative contamination was, therefore, more common than would

normally be expected during operations on humans.

The gastric procedures required a longer incision than either the colonic or omental

operations, because of the need to mobilise the stomach. The animals recovered

more quickly from the omentocystoplasty than the colocystoplasty, and much

quicker than the gastrocystoplasty sheep. The prolonged convalescence for animals

with a gastrocystoplasty was due to a not surprising reluctance to feed. However,

overall, the surgery was well tolerated.
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The autoaugmentation procedure was identical for the gastric, omental and colonic

ptocedures. The mobilisation of the omentum was an easy undertaking,

accomplished quickly, ild resulted in the shortest operative time for all the

autoaugmentation procedures. The stomach wedge was mobilised on the right

gastroepiploic vessels, the isolation of which was time consuming, but relatively

easy. An adequate pedicle length was readily obtained, and there was never any

doubt about the blood supply to the gastric patch at the end of the procedure. The

pedicle was not at risk, as it sat comfortably in the right paracolic gutter.

In comparison, the colonic muscle was extremely diffrcult to demucosalise, with

either colonic mucosal regrowth or poor outcome for the muscle. It would appear

that others have had the same diffrculty judging from the heart-shaped appearance

seen in the published cystograms in other demucosalised enterocystoplasty

experiments [14]. I believe this configuration is due to a contracted augmentation

segment which is associated with a urodynamically unsatisfactory bladder [14], as

shown in the cystograms of the animals with poor bladders (Figure 13). This heart

shape to the bladder was not seen when autoaugmentation was added to

seromuscular gastrocystoplasty. However, the colonic augmentations had poor

urodynamic results with or without augmentation, results which appeared due to the

poor tolerance of the sheep colon to demucosalisation.

Mucosal Regrowth

The separation of the gastric mucosa from the muscle was easily achieved with

diathermy dissection without risk of leaving residual gastric mucosa or damage to

the gastric muscle. The plane between the two layers was easily identified, with

long vessels coursing between the submucosa and the gastric muscle.

Consequently, no gastric mucosal regrowth was noted in any of the late follow-up
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animals, consistent with Blandy's contention that removal of the submucosa

prevents gastrointestinal epithelial regrowth [10]. Blandy provided a low power

magnification of the different cleavage planes, indicating that the submucosa should

be removed to prevent bowel mucosa regrowth [67]. Gonzalez seems to have erred

in his recent publication on the AACC; he demucosalised the bowel by stripping the

mucosa, leaving a "shiny surface". He recorded that three of his sixteen cases had

mucosal regrowth, after having success with a dog model in which there was no

recorded mucosal regrowth [106,109]. The results obtained by Gonzalez indicate

that Blandy's contention is correct.

This thesis is the first recorded work using a demucosalised gastric flap for bladder

augmentation, a technique which has been adopted in three other centres

[104,105,110], following presentation of this work.

The removal of sheep colonic mucosa was initially thought to be impossible, as

judged by preliminary dissections of the colon in cadaver sheep. The procedure

was persisted with, because of the number of workers who had been successful in

using both large and small bowel as a demucosalised enterocystoplasty t5-

7,9,10,64,68,711. It is not surprising that most animal model studies have shown

bowel mucosal regrowth and that the clinical use has been minimal f9,66f, with no

recent reports; the degree of diffrculty of the procedure would be prohibitive. Early

in this study, the colonic mucosa was removed with diathermy dissection, in the

same manner as the gastric mucosa had been denuded. The length of operation

differed markedly to that of the stomach - removal of the colonic mucosa took over

two hours using this technique; the increased handling of the colon appeared to

damage the thin muscular layer significantly, and therefore an alternative technique

was developed. The mucosa was strþed with forceps, which has been described

by others 17I,72,1061; using this method the colonic muscle was denuded in 20-30

minutes and looked much healthier. Unfortunately, the AACC animals were
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operated on before the DMCC group, resulting in a different approach between to

the two groups. In all, there were hve animals who had regrowth of colonic

mucosa, all of which had the mucosa removed by stripping only, and all were in the

DMCC group.

From these observations, the gastric muscle seemed to be the appropriate choice of

gut muscle for autoaugmentation enterocystoplasty in children, provided the

demucosalisation characteristics of the human stomach are the same as the sheep.

Urothelial Ingrowth

The rate of urothelial ingrowth has been recorded to range from two to four weeks

[10,65,68] over both the serosal surface and the inner surface of segments of

demucosalised gut. A total of nine animals (frve DMGC; four DMCC) were

studied to investigate the rate of regrowth under colon and stomach muscle. Full

coverage of the incorporated segment was not seen before four weeks, and this was

associated with a marked degree of inflammation; as expected from the finding of

heterotopic calcification by Blandy t691. The gastric and colonic muscle in the

DMCC and DMGC groups was covered by urothelium at six and 12 months, but

the intervening period of inflammation and hbrosis resulted in bladders which were

often less satisfactory than the control group. The AAGC results were better than

for the DMGC bladders, indicating that the autoaugmentation protects the gut

muscle from fibrosis. This was not the case for the sheep augmented colonic

muscle, probably because the muscle damage in the AACC group resulted in poor

urothelial survival and, therefore, inflammation similar to that seen in the DMGC

and DMCC procedures. This was highlighted by the development of a bladder

calculus in one of the AACC animals.
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Urothelial Survival

Autoaugmentation has been carried-out in a number of guises, and has only become

popular recently. Initial studies used small portions of a viscus, covering the

denuded lining with either fascia or muscle lL6,I7l. The more recent application

has involved a variable degree of resection of the detrusor muscle f29,30,32,74f.

The survival of the urothelium has been shown to be on the basis of the submucous

vascular plexus, demonstrated on fluoroscein angiographic studies [30], and seen in

the operative photo of Fig.5A. The aim of this part of the study was to conf,trm the

survival of the urothelium under gastric and colonic muscle and the omentum. In

all, seven sheep were culled to study the survival of the urothelium. The four

AAGC animals had virtually complete urothelial survival, with minor epithelial loss

in only one animal. For the AACC bladders the urothelial survival was less

satisfactory, and in the AAOC animal, heterotopic calcification was seen. This

calcification suggests there had been a leak of urine, which would flt with the

finding of an early urine leak in a signif,rcant number of autoaugmentation patients

[30,35], including the one reported case of laparoscopic autoaugmentation [34].

Incomplete survival of the autoaugmented bladder would account for the poor

results for the AAOC sheep, and the variability in the results for the AAGC and

AACC animals. In those with an inadequate bladder, the non survival of the

bladder lining may have allowed for urine contact with the muscle and subsequent

fibrosis. It is of interest that three of the four AAOC animals, followed for 12

months, had smaller bladder volumes than in those studied at six months. This may

explain why this has been the first animal study to suggest that autoaugmentation is

not a satisfactory bladder augmentation technique, a finding consistent with the poor

late follow-up results in patients [39]; the early outcome may be more favourable

because of the lack of time for the maturation of the collagen and the development

of fibrose contracture.
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Further investigation, with attempts to develop a way of improving the adherence of

the urothelium to the muscle, possibly by laser welding, should be undertaken. In

the present technique, it is possible that a loss of urothelium could come from a

combination of separation of the mucosal and muscle layer by serous fluid, and the

dubious submucosal blood supply of the urothelium, which may be over-come by

better adhesion of the mucosa to the muscle.

Urodynamic Results

The most notable feature of the urodynamic results is the variability within each of

the groups and the improvement in some animals from six to L2 months. The

numbers at 12 months are too small for meaningful comparison between groups, but

interesting changes were seen in the leak volumes for individual animals.

The AAOC group generally had poor results, with only two bladders having a

volume greater than 250 ml, or a compliance above 10 ml/cmH2O. The remaining

nine urodynamic study results were poor, with no improvement with time.

In the AAGC animals, seven of the 13 bladders at six months, and four of six at 12

months had a volume of greater than 250m1; the bladders were signif,rcantly greater

in size than the control group at six months (p<0.01); the only bladder procedure

which was recorded to be so. All the AAGC bladders increased in volume with

time, some nearly doubling their capacity. This would seem to indicate that the

gradual decrease in the inflammation allows the muscle covered with urothelium to

increase in¡size and ability to hold urine at low pressure. In comparison, the

DMGC was less satisfactory at six months with only one of frve tolerating a volume

of 250 ml. Unfortunately there were only three bladders for urodynamic assessment

at 12 months. The inflammation and fibrosis resulted in one becoming smaller
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between the six and 12 month study, while the initially good bladder improved

further, and one moderately bad bladder became satisfactory. At no stage were the

best results for this group as good as the best AAGC bladder. It would have been

preferable to have had more in the DMGC group, but the six month results are no

better than the control group, whereas the AAGC volumes are.

Both the AACC and the DMCC groups showed the ability of the muscle-backed,

urothelial-lined bladder to improve with time, with each group having animals with

a larger bladder volume at L2 months than at six months. However, the numbers

are not sufficiently large to achieve statistical signifrcance. Never-the-less, none of

the 11 bladders in these groups were 250m1 at six months, but three of six AACC

bladders and three of five DMCC bladders had developed a capacity in excess of

300m1 at 12 months. The lack of difference between the AACC and DMCC is most

likely due to the poor survival of the autoaugmentation under the colonic mucosa,

because of the delicate nature of the sheep colonic muscle, and the degree of injury

caused by diathermy dissection of the colonic mucosa.

Histology Versus Urodynamic Results

A review of the matched urodynamic and histology results seems to further support

the use of the combination of the autoaugmentation plus enterocystoplasty. Seven

of the thirteen AAGC animals with both histology and urodynamics had a good

result for each investigation. Three of the remaining six had acceptable routine

histology, but poorly functioning bladders. Detailed analysis of the collagen types

in these bladders may have indicated why there was a disparity between the

histology and function.

The DMGC bladders on the other hand showed marked inflammation in all except
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one of the two with acceptable urodynamics. The other DMGC animal with a good

urodynamic result had a bladder which showed chronic inflammation, the only

gastric augmented bladder with mismatched histology and function.

The AAOC bladders also generally reflected their histology in the urodynamic

results, with all but one with poor bladder volume having a good correlation

between the two parameters. In the colonic augmentation groups, one further

animal had a poor bladder volume, but no significant inflammation or frbrosis on

routine histotogy. The most striking hnding was the presence of the colonic mucosa

in five of the DMCC animals, a feature which could not be proven to interfere with

the urodynamic function of the bladder.

Overall, the correlation between histology and urodynamics was good, and did not

differ significantly between the groups.

In summary, the sheep studies appeared to provide an adequate model for bladder

augmentation, although the results were quite variable, probably related to the

limited post operative management possible with long-term follow-up in sheep.

However, the difficulty of demucosalising the colon did not concur with reports

from other animals and from the subsequent results in humans.

Aspects not Studíeil

Firstly, having lined a piece of gut with urothelium, what are the electrolyte

absorption characteristics? No attempt was made to look at the absorptive and

secretory features of the augmented bladder, as sufficient work has been published

to suggest that urothelium is superior to gut mucosa in the urinary tract. A number

of studies have shown the almost universal metabolic acidosis when small and large
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bowel are incorporated into the bladder [2]. The absorption of chloride and

ammonium from the colon and potassium from the ileum have been investigated in

both animals and man [90,lll,Il2f, all of which differs from normal urothelium

which has concentration gradient fluxes only [113,114]. In contrast, the stomach

has a secretary function, which causes secondary perforation and the haematuria-

dysuria syndrome in a routine gastrocystoplasty 140,43,631.

The nature of the absorptive characteristics of regenerated urothelium has only been

tested in animals at this stage. It would appear that, in those animals studied, gut or

peritoneum lined by urothelium has the same physiology as normal bladder

urothelium [10,14,65]. One can assume that the lining of the colon and stomach,

covered by either autoaugmentation or urothelial ingrowth, is relatively non-

absorptive, but, to be certain, this should be specif,rcally investigated.

Secondly, the make-up of the bladder collagen indicates its ability to act as a low

pressure reservoir; the degree of fibrosis has been judged on light microscopy, and

no attempt was made to do a detailed collagen analysis, which should be included in

future work.

The third area of interest not investigated includes the seven types of bladder

augmentation which could have been added to the study. These include;

1. Small bowel enterocystoplasty

2. Larye bowel enterocystoplasty

3. Gastrocystoplasty

4. Bladder incision and suture

5. Autoaugmentation without omentocystoplasty

6. Demucosalised small bowel cystoplasty

7. Neuropathic bladder model
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The small bowel, large bowel and gastric routine enterocystoplasty groups were not

used because the first step in the experiment was to show whether the operation of

AAGC was possible. This was achieved and histologically very good bladders were

obtained. Therefore, it was felt appropriate to show whether the neo-bladder was

significantly better than a control bladder rather than compare it with a group of

animals that may have had a different set of complications, particularly as the most

appropriate comparison would have been with gastric mucosa lined

gastrocystoplasty. Given the high rate of acid secreting complications in humans, it

seemed unethical to subject the sheep to routine gastrocystoplasty, particularly as

they were not able to have CIC; intermittent catheterisation reduces the gastric

distension which seems to be signihcant in producing an increased acid output and

haematuria. The mucous production [115], bladder perforation [80,116-121] and

the haematuria-dysuria syndrome 143,95,121,-1261were potential problems for the

sheep, if any of the routine enterocystoplasties had been used.

The sham operation was not used because the AAOC animals had a bladder worse

than the control group, strongly suggesting that merely splitting the bladder had

little to do with the bladder enlargement outcome. Autoaugmentation was not

performed without addition of the omentum because of concerns about bladder

rupture and the knowledge that when dogs have an autoaugmentation the urothelium

becomes covered with the omentum [Cartwright and Snow - personal

communicationl (not surprisingly). The omental migration occurs in the dog

because the bladder is intraperitoneal, as it is in the sheep.

Small bowel demucosalisation enterocystoplasty was not feasible in the sheep;

attempts were made to demucosalise the small bowel in cadaver sheep, but while

demucosalisation of the colon is very difhcult, small bowel is virtually impossible

to denude (the desire to avoid the nutritional complications of using the small bowel

in children also discouraged me from persisting).
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Of the seven groups suggested as possible additions, one is now being studied; a

neuropathic model created by a supratrigonal, full thickness circumferential incision

Í127-1291 will hopefully provide further evidence to justify widespread use of

autoaugmentation enterocystoplasty.

An important point of omission in the animal studies \r/as not including a psoas

hitch, which may have allowed the animal results to be more impressive. This step

was not included as it was considered that it may interfere with bladder emptying

and thus adversely affect the well-being of the animals.
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CLINICAL APPLICATION

Autoaugme nta.tion Gast ro cy stoplasty

The five patients who had an AAGC are now well, all with an improved bladder, and

all are free of gastrointestinal symptoms, although the second boy continues to have

some daytime wetting because of bladder spasms. The other four patients have a good

bladder and have had a marked improvement in their wetting, with improving results

with time. Three had trouble with intolerance of large meals for up to 12 months after

their operation, which has not been a widely recorded problem t1301. The Seattle

group have used stomach for routine gastrocystoplasty in a large number of children,

without documenting a similar diffrculty [44]. The segment, position and size did not

appear to differ from their experience when this work was presented to Mitchell's

group. I would postulate that the problem may be more frequent than they have

documented, but note the spontaneous resolution of the problem in the three cases.

The bladder of the first patient improved significantly from the three month study to the

24 month study, at which time ureteric reimplants were performed. It was interesting

to note that on opening the bladder it was not possible to differentiate the two

components from within the bladder cavity, in keeping with the findings in sheep.

Also, there was no evidence of gastric mucosa regrowth. It would seem that a

moderately good result subsequently improves, as often seen with routine

enterocystoplasty, and as occurred in the sheep. The need for late follow-up in any

animal model is highlighted by this finding.

A contrast between the sheep and children was the degree of diffrculty in the separation

of the gastric mucosa from the underlying muscle. The sheep has a very loose
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submucosal plane which allows diathermy removal of the mucosa and submucosa

without any damage to the underlying muscle, in less than 30 minutes. On-the-other-

hand, it is diffrcult to remove the mucosa from the human stomach, usually taking 90

minutes to denude an appropriately sized patch; In spite of the technical difhculty it

was possible to completely remove the gastric mucosa and submucosa.

The important difference between the AAGC and routine gastrocystoplasty is the

avoidance of the complications of the presence of the acid producing mucosa.

Perforation, haematuria-dysuria syndrome and metabolic alkalosis have been recorded,

all of which are avoided by removing the gastric mucosa. No such symptoms were

seen in any of this small group, and the serum gastrin levels are all within normal

limits, which differs with the hypergastrinaemia seem with the use of the routine

gastrocystoplasty [43, I23,I24,I26f .

The initial reports of this procedure have prompted the use of the autoaugmentation

gastrocystoplasty in Seattle [105] and New Zealand [104], and reports on the use of

non-secretory gastrocystoplasty and sigmoid enterocystoplasty at the April, 1994

European Paediatric Urology Conference [110,131]. Robinson et al. reported frve

patients from New Zaland, with moderate improvement in their urodynamic results

and signifrcant improvement in their clinical status U041, as did Mitchell in six patients

t105]. Ricardo Gonzalez has conducted parallel work with the colon, having operated

on 16 patients [106], starting his clinical work seven months after the initial Adelaide

procedure. Despite this initial enthusiasm, further information and results from the

clinical and laboratory use of this technique are awaited. Laboratories in Germany,

Switzerland, Italy, and North and South America have already commenced work on

further testing the autoaugmentation enterocystoplasty.
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Autoaugme ntat¡o n Colo cy stoplnsty

Having initially considered it impossible to separate the colonic muscle and mucosa in

the sheep, and finding the early results for the AACC/DMCC group were poor, it was

only after due consideration and consultation that the first patient in this group was

scheduled for operation. This under-weight girl was considered inappropriate for

bladder augmentation using stomach, particularly as three of the frve AAGC patients

had difficulty eating adequate meals initially. The previous good results for

demucosalised enterocystoplasty in animals [64,68] favoured the use of the AACC

clinically, particularly with the suggested (but not proven) good results in humans

[9,66]. The ability to prevent mucosal regrowth in demucosalised gut, when the full-

thickness of the submucosa is removed, also helped to justify the use of colon. A

routine colocystoplasty was therefore planned, unless the colon could be adequately

demucosalised, in which case an AACC was to be performed. The initial denuding

was very similar to that of the human stomach, more difhcult than the sheep stomach,

but far easier than the sheep colon. The relative ratio of available colon to stomach

was larger than in the sheep, in which the sigmoid colon is very small and the fourth

stomach larger than the human stomach.

Of the four patients in this group, only one has had a complication from the use of the

bowel. She initially had diarrhoea which was able to be controlled by Codiene and

subsequently settled completely. In a patient with poor bowel control, the reduction of

the absorptive surface is a signihcant change, and may be an indication for using the

stomach in such a child.

Three of the AACC bladders are now excellent, two of which had very good early

results; better than the early AAGC results. The colon is now my preferred option for
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autoaugmentation enterocystoplasty, though long-term follow-up results and larger

numbers of patients need to be carefully followed to ensure the suitability of these new

techniques.

Ureterocystoplasty

Ureterocystoplasty has been developed concurrently in a number of centres. The first

patient in this series had his operation prior to recent publication of the technique,

based on previous experience of deterioration of the contralateral kidney after

nephroureterectomy in boys with obstructive uropathy. The first two recent Journal of

Urology publications by Bellinger l47l and Churchlll et aL V6l addressed the problem

of avoiding gut mucosa in the urinary tract, and overcame the presence of a functioning

kidney by adding a transureteroureterostomy, however they failed to appreciate the

option of performing the procedure extraperitoneally when nephrectomy is indicated.

The original description was not quoted by these authors; a case was reported by

Eckstein and Martin in 1973 Í1321. The fourth publication by Wolf [48] reported the

use of the extraperitoneal approach, but used a ureterocystoplasty technique which

effectively leaves a diverticulum on the back of the bladder. I would reconlmend the

extraperitoneal, two incision approach, where the high grade refluxing kidney is not

functioning. An additional technique in this series, which has not been previously

published, was the use of the upper ureter to ameliorate a contralateral pelviureteric

junction abnormality (Case 4).

Ureterocystoplasty has the advantage that it deals with high grade vesicoureteric reflux

while giving some prospect of bladder improvement, thus avoiding the predisposition to

infection, without adversely affecting the contralateral kidney. A relatively modest
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improvement in the apparent bladder dynamics (as in Case 5) should be viewed in this

context, particularly as the procedure can be used early in life, and the assessment of

the bladder in isolation is impossible preoperatively, due to the immediate reflux into a

wide open ureter in these cases. Many Paediatric Urologists now consider this

procedure to be the ideal bladder augmentation, in the appropriate patient. This view is

supported by four of the boys in this study who had an average three-fold increase in

their bladder volume.

The procedure should never be undertaken without anticipating the need for intermittent

catheterisation; therefore a boy with a non-intubatable urethra should not have his

ureter used for a cystoplasty as it is better kept as an intubatable stoma, and the bladder

augmented in some other way. In Case 2 it was possible to use his ureter because of

the presence of a renal transplant, even though his urethra was known to be non-

intubatable; one further boy was not considered suitable for a ureterocystoplasty

because of his irregular urethra.

The possible need for catheterisation is highlighted in this group of boys; two had CIC

pre-operatively, one has had a continent stoma formed, and one has signihcant residual

urine volumes, but is voiding satisfactorily; only one has a normal voiding pattern.

Div e ftic ulo c y st o plasty

Large paraureteric diverticula are seen with chronic high intravesical pressures, and

once developd, result in an increased incidence of urinary tract infections because of

their incomplete emptying. In general, surgical or endoscopic diverticulectomy is

recommended because of obstructive complications, stone formation or risk of
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malignant transformation [133]. In children, only the infective, and ureteric or urethral

obstruction complications are relevant. When the diverticula are preserved, but

incorporated into the wall of the bladder, the source of chronic infection and stone

formation is eliminated, thus removing the malignancy risk of the diverticula lining,

which is due to the chronic inflammation associated with infection.

This boy is unique as he is the only recorded case of diverticulocystoplasty, and not

surprisingly so; the desire to have a urothelial lined bladder augmentation is relatively

recent, and the increased recognition of the complications of bladder augmentation is

even more recent. Also, there are very few cases that are likely to be suitable for such

a procedure. As for the ureterocystoplasty, the aim of the operation is to remove the

potential for infection without interfering with the urodynamic characteristics of the

bladder, and hoping to improve them. The incorporation merely creates a wide-

mouthed diverticulum, and should not be embarked upon unless it is accepted that the

child will require intermittent catheterisation. This boy's bladder dynamic

improvement has been only modest, but his infections have been virtually eliminated.

This technique has the benefits of being extraperitoneal and does not preclude the use

of other bladder augmentation techniques in the future.

Comparison wíth Routine Ente ro cy stoplasty

It is obviously important to look, not only at the patients treated by these new

procedures, but also at the clinical and urodynamic results for routine

enterocystoplasty. Also, it should be remembered that many long-term complications

a¡e avoided by providing a urothelial lining and the infection risk is reduced when
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either ureterocystoplasty or diverticulocystoplasty are performed.

Most reports indicate good results for enterocystoplasty f4,42,I34-I361, with better

results when detubularised gut is used [52]. Not all authors have been so successful.

For example, Cher and Allen [137] reported seven children between six and 14 years

of age with a routine enterocystoplasty who had an average post-augmentation volume

of only 100m1, and an average compliance of 2.9mllcmHzO; volumes as low as 50ml

and compliance values of as low as 1.0m1/cmH2O were seen; such results are

unacceptable, and would have been considered a failure in this study. Smith et al., in a

series of 74 adults over a 20 year period had only a 58Vo success rate, with I0% having

a capacity of less than 200 ml [138], Kockelberger et al. found "no statistically

significant effect on any urodynamic parameter" for enterocystoplasty in a group of 45

patients [139], Cheng et al. had poor results in 24% [140], and Sethia et al. had a

decrease bladder volume in 2lll [14U. Others have shown the need for on-going

anticholinergic medication ll42l and the need for subsequent urinary diversion t1391.

'Woodhouse found poor results in nine of 16 spina bifida females who underwent clam

cystoplasty t1431. In a study of 48 patients with various forms of gut mucosa lined

enterocystoplasties, Pagani et al. found a number of complications, including an hour-

glass deformity in eight, anastomotic diverticula in seven, two with acute retention due

to mucous plugging and a urinary fistula in one ll44l. Gastrocystoplasty urodynamic

results have been few in number, but have generally shown satisfactory bladder

dynamics [44,145]. However, Atala et al., in a more detailed report of 20 patients

with post-operative urodynamics, achieved a bladder volume increase of as little as

20%, with an average augmentation volume of 350 ml and as low as 200 ml [146];

Gonzalez re-operate on patients who have had an AACC, which has not been required

in this study group. The nine autoaugmentation enterocystoplasty patients have had a

50-900% increased bladder capacity with a median increase of 228 ml; results which
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compare favourably with those for routine enterocystoplasty and these results, added to

the fact that a number of complications have been avoided, suggest that

autoaugmentation enterocystoplasty is a viable option.
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The sheep experiments have demonstrated the feasibility of demucosalisation of the

sheep fourth stomach, the usual survival of the urothelium under the gastric patch and

the ability to produce an augmented bladder. It appears that the urothelium of an

autoaugmentation does not always survive, and when urine is in contact with the

denuded muscle, through a defect in the autoaugmentation, poor urodynamic results are

seen. This latter point is yet to be confirmed, but is supported by f,rnding sheep

bladders covered by urothelial ingrowth to be often worse than the control group and

the same as the poor AAGC bladders. The autoaugmentation survived less well under

the colon of sheep because of the inadvertent injury to the colon while trying to ensure

permanent demucosalisation. In the animal model, areas which would be worth

expanding on ¿rre; absorptive physiology, ways to adhere the mucosa to the muscle

patch, and the application to a neuropathic bladder model. However, it does seem

certain that the combination of autoaugmentation and demucosalised enterocystoplasty

is needed for the best chance of a favourable urothelial bladder augmentation outcome.

The new techniques used in the patients have all had the benefit of producing a

urothelial lined reservoir, and ureterocystoplasty and diverticulocystoplasty are

successful in removing the predisposition to urinary tract infection and pyelonephritis.

They are also successful in improving the urine storage capacity of the bladder and are

able to be used in the first year of life, thus preventing the need for urine diversion.

As for all bladder augmentation methods, they should not be applied without

anticipating the likely need for CIC.

The operations take longer than a routine enterocystoplasty, and are more difficult to
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perform. In particular, both the bladder and bowel dissections are tedious and time

consuming, however, but the effort seems worth the investment, given the long-term

complications that are avoided. Obviously, on-going surveillance is needed to ensure

that a new set of complications is not generated by these procedures. With careful

attention to operative detail and post-operative care, the "urothelial lined" approach to

cystoplasty will hopefully provide those who need a bladder augmentation with a better

future. On-going extensive animal studies, and careful clinical follow-up is required to

ensure appropriate use of this new concept.
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