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 1.Abstract  
  

  

 

Management of the small capacity, high-intravesical storage pressure urinary bladder is 

a major challenge in paediatric and adult urology. Many techniques have been described 

to simultaneously increase the bladder capacity and decrease the intravesical pressure. 

Various segments of bowel, ileum, colon and stomach have been used to augment the 

bladder. Currently, there is no ideal material for bladder augmentation as each one has 

associated complications. 

This thesis present our experience with an experimental urinary bladder auto 

augmentation model using Surgisis® and Integra® (collagen layer) in comparison with 

seromuscular enterocystoplasty. The aim of the study was to evaluate the change in 

compliance and elasticity of the urinary bladder.  

 

Eighteen lambs were divided into three different groups. Auto augmentation was 

performed using the seromuscular layer of small bowel, Surgisis® or the collagen layer 

of Integra®. After 3 months of the initial procedure, the lambs were re-operated, the 

bladder compliance was measured and the urinary bladder was submitted for 

histological examination and assessment of elasticity. The lambs were euthanized. 
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The following aspects were investigated. 

1. Measurement of pre and post operative bladder capacity and detrusor pressures 

2. Histological analysis for 

• Neovasularization 

• Calcification 

• Bladder changes 

3. Bladder elasticity 

 The postoperative period was uneventful in 17 lambs except for intestinal obstruction 

in one lamb from the seromuscular enterocystoplasty group. A statistically significant 

difference in compliance was observed with Surgisis® and the Integra®. Histologically, 

there was neovascularization in all the specimens from the Surgisis® and Integra® 

groups with the presence of fibrosis in the Surgisis® group. The Integra®group showed 

better elastic properties than the Surgisis® 

In conclusion , urinary bladder auto augmentation using the collagen layer of Integra® 

showed better functional and histological results when compared with Surgisis® and 

demucosalized enterocystoplasty in the present model and Integra® (collagen layer) in 

comparison with seromuscular enterocystoplasty.  
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CHAPTER 1 INTRODUCTION 

Bladder augmentation with gastrointestinal tissue is an important tool in the 

armamentarium of the urologist in the management of children requiring reconstruction 

for urinary incontinence, preserving the upper urinary tract and in reconstructions for 

severe congenital malformations. The goal of bladder augmentation is to create a 

reservoir with an adequate functional capacity with a low end-filling pressure. By 

achieving this, the low intravesical pressure will not interfere with ureteral delivery of 

the urine to the bladder and preserve the upper urinary tract from high pressure damage 

by vesico-ureteral reflux.  

 

An alternative strategy to decrease the intravesical pressure is to use auto augmentation 

of the bladder. Various techniques of auto augmentation include vesicomyotomy, 

vesicomyectomy, seromuscular enterocystoplasty and use of artificial materials, such as 

autogenous fascia, human dura, pericardium, collagen and preserved porcine intestinal 

submucosa with varying success. The ideal bladder augmentation material has not as yet 

been identified. 

 

Recent advances in technology have resulted in two biocompatible tissue replacement 

materials with the potential to allow for bladder auto augmentation. Surgisis® is 

xenogenic material harvested from pig small intestine submucosa after the removal of 

tunica mucosa, tunica muscularis and serosal layers. Surgisis® has been shown to have 

non-immunogenic properties and it stimulates rapid replacement with native tissues. 

Integra® Dermal Regeneration Template is a two-layer skin regeneration system 

consisting of an acellular, biodegradable collagen–glycosaminoglycan (CG) copolymer 

matrix coated with a thin polysiloxane (silicone) elastomer. The bottom layer (dermal) 
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is made of a fibrous protein material (collagen) from the cow and a shark cartilage 

derivative. The top layer (epidermal) is made of silicone. The collagen layer is 

constructed of a complex matrix of cross-linked fibers. This porous material acts as a 

scaffold for regenerating dermal skin cells, which enables the re-growth of a functional 

dermal layer of skin. The collagen layer allows neovascularization and encourages the 

ingrowth of fibroblasts and growth of neodermis. 

 

We established an ovine bladder augmentation model using Integra® (collagen layer) or 

Surgisis® and assessed the outcome of these novel techniques when compared with the 

current clinical surgical management technique of seromuscular ileocystoplasty 
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CHAPTER 2   LITERATURE REVIEW 

6.1  Bladder Function and Bladder Capacity  

The urinary bladder has two important functions: storage of urine and emptying. 

Storage of urine occurs at low pressure, which implies that the bladder relaxes during 

the filling phase. Disturbances of the storage function may result in lower urinary tract 

symptoms (LUTS), such as urgency, frequency, and urge incontinence, the components 

of the overactive bladder syndrome. Emptying requires a coordinated contraction of the 

bladder and relaxation of the urethra. Disturbances of the voiding function can lead to 

symptoms of hesitancy, weak stream, feeling of incomplete bladder emptying, and 

postmicturition dribble. 

Augmentation cystoplasty is performed to increase the bladder capacity and 

compliance. Appropriate urinary storage requires a reservoir that is compliant and of 

age-appropriate capacity. The estimation of capacity of the urinary bladder can be made 

according to the various equations.  Bladder volume in mls is estimated for children 

between 2 -12 years, volume is equal to 30(age in years +2) (1). The estimated bladder 

capacity in ounces for children 2 years of age or younger can be calculated by   formula 

(2 X age in years + 2) (2). 

6.2 Bladder Compliance 

Bladder compliance is defined as the volume change divided by the change in 

detrusor pressure during the volume change (DV/DP).Bladder compliance is 

calculated as the bladder volume divided by detrusor pressure. Detrusor pressure is 

further estimated by subtracting intra-abdominal pressure from intravesical 

pressure. The bladder is a highly compliant organ and can accommodate an 
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increasing volume of urine without increase in intravesical pressure. There are 

multiple factors contributing to this property. To commence with, the bladder is 

collapsed and allows the storage of urine by unfolding while maintaining low 

pressure. Elasticity and viscoelastic properties of the detrusor muscle contribute 

towards the bladder expansion. Elasticity allows it to stretch without an increase in 

tension until it reaches a volume of the expected bladder capacity. The viscoelastic 

property allows a small continuous pressure change that occurs with bladder filling 

(3, 4).  

The bladder pressure rapidly rises at the point when elasticity and viscoelasticity of 

the bladder are overcome, and the bladder pressure rapidly rises at that point.  The 

ideal storage organ is a thin bladder wall with an appropriate composition of 

muscle and collagen allowing expression of the normal elastic properties. The 

various factors with adverse effect on normal compliance include detrusor 

hypertrophy, fibrosis, and outlet obstruction changing collagen type and elastin 

content and recurrent urinary tract infections (5, 6). 

Continence during urinary storage requires a closed bladder neck at times supported by 

a contracted external urinary sphincter. Fixed obstruction, neurogenic dysfunction, and 

chronic inflammation can affect either of these parameters during filling and emptying, 

resulting in resting bladder hostility and clinical manifestations of poor compliance, 

upper tract deterioration, and incontinence (7). Thus to prevent the upper tract 

deterioration and improve continence, a bladder with good compliance and capacity is 

needed which empties at a low pressure. 
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6.3 Surgical Techniques 

Various surgical techniques have been used to increase the bladder capacity and 

improve compliance. These are   

1. Enterocystoplasty 

• Ileocaecoplasty 

• Caecoplasty  

• Colocystoplasty  

• Gastrocystoplasty, 

2. Ureterocystoplasty 

3. Autoaugmentation 

4. Tissue engineering 

 

Methods for Augmentation of Urinary Bladder 

6.3.1 Ileocystoplasty:  

A segment of ileum at least 15 to 20 cm proximal to the ileocaecal valve is used for 

augmentation cystoplasty. The isolated segment varies depending on the patient's 

size, native bladder capacity and desired final capacity. The segment to be used 

should have an adequate mesentery to reach the native bladder without tension. 

After selection of the appropriate segment, the mesentery is cleared from the bowel 

at either end for a short distance to make a window. The bowel is divided at these 
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ends, and ileoileostomy is performed. The ileum is folded in a U-shape or into an S 

or W configuration. The anastomosis of the ileum to native bladder is easily done 

when it is started posteriorly. The anastomosis may be done in a one- or two-layer 

fashion, always with absorbable suture.  

 

Figure 1   Ileocystoplasty (Ileum detubularized and sutured to the native bladder 

wall) 

6.3.2 Caecocystoplasty and Ileocecocystoplasty  

Caecocystoplasty is an uncommon operative procedure and cause it has largely 

been replaced by various forms of ileocecocystoplasty.  

 

6.3.3 Sigmoid Cystoplasty  

Use of the sigmoid colon for augmentation cystoplasty was first reported by 

Lemoine (8) and continues to be used commonly. Because of the strong unit 
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contractions of the sigmoid, it is imperative to detubularize and reconfigure the 

segment to provide disruption of contractions and maximal compliance. 

 

 

6.3.4 Gastrocystoplasty  

Two basic techniques exist for use of stomach in bladder augmentation. 

Use of the entire gastric antrum with a small rim of body for bladder replacement 

has been described (9). With this technique, the left gastroepiploic artery is used as 

a vascular pedicle. If the right gastroepiploic artery is dominant and the left vessel 

ends high of the greater curvature, a strip of body along the greater curvature from 

the left gastroepiploic artery to the antrum is maintained and provides adequate 

blood supply (10). Continuity of the upper gastrointestinal tract is restored by a 

Billroth I gastroduodenostomy. 

Raz and colleagues (11) and Lockhart and associates (12) have described the use of a 

much longer, narrower segment of stomach based along the greater curvature. The 

segment is isolated with a gastrointestinal stapler so that the native stomach is never 

open. The segment used in both of these reported series is similar to that first 

described by Sinaiko (1956) (13), who was the first surgeon to use stomach in 

bladder replacement. Postoperative bladder and gastric drainage is no different from 

that for intestinal cystoplasty. H2 blockers are often given in the early postoperative 

period to promote healing (14). 

 

http://www.mdconsult.com.ezproxy.surgeons.org/das/book/body/182251109-2/0/1445/127.html#4-u1.0-B978-0-7216-0798-6..50126-6--bib445
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Figure 2    Gastrocystoplasty (Vascularized segment of greater curvature of 

stomach on sutured to the native bladder) 

 

6.4 Post-operative management after bladder augmentation  

The post-operative management after augmentation cystoplasty is similar irrespective of 

the type of gastrointestinal segment used. 

The patients are kept on intravenous fluids until the bowel recovers. A nasogastric tube 

is inserted for gastrointestinal decompression. Attention to fluid and electrolyte 

management is important as third space losses are quite significant. 

Suprapubic cystostomy is performed to allow continuous bladder drainage. The 

drainage catheter may be occluded by excessive mucus production from small or 

large bowel. The suprapubic tube requires irrigation three times daily and 

whenever drainage is slowed by mucus.  
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Radiographic surveillance of the upper urinary tract is routine after augmentation 

cystoplasty.  This surveillance is mostly performed with ultrasonography. Serum 

electrolyte, blood urea nitrogen, and creatinine determinations along with urine 

cultures are performed as indicated after surgery.  Long term follow up includes 

evaluation by ultrasonography and serum chemistries usually once a year. 

Eventually, yearly endoscopy for tumour surveillance is recommended. All of the 

above mentioned techniques are have flaws with significant risk of short and long 

term complications. 

6.5 Results and Complications of Augmentation Cystoplasty  

The complications may be divided in to three categories. 

1. Gastrointestinal complications 

2. Bladder complications  

3. Metabolic complications 

4. Mucus complications 

5. Urinary tract infection 

6. Calculus formation 

7. Neoplasia 
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6.5.1. Gastrointestinal Complications  

a) Postoperative Bowel Obstruction: The incidence of post-operative bowel 

obstruction is 3% after augmentation cystoplasty (15). However delicate handling 

of tissues, closure of mesenteric windows, and elimination of sites of internal 

herniation help avoid obstruction. As the incidence of bowel obstruction is low 

regardless of the gastrointestinal segment this should not influence the choice of a 

particular segment for enterocystoplasty. 

b) Chronic diarrhoea: Diarrhoea can occur after removal of large segments of 

ileum from the gastrointestinal tract, although the lengths of the segments typically 

used for augmentation are rarely problematic unless other problems coexist. 

The use of a typical colonic segment for augmentation only rarely results in a 

change in bowel function. Removal of a segment from the gastrointestinal tract 

including the ileocaecal valve is more likely to cause diarrhoea. Removal of the 

ileocecal valve from the gastrointestinal tract may significantly decrease bowel 

transit time. Loss of this valve can also allow bacterial backflow into the ileum, 

and the organisms may interfere with fat and vitamin B12 metabolism. Studies have 

noted chronic diarrhoea in 10% to 23% of patients with neurogenic dysfunction 

after displacement of the ileocaecal valve (16, 17). 

c) Removal of the distal ileum from the gastrointestinal tract may therefore result 

in vitamin B12 deficiency and megaloblastic anaemia. Certainly, the terminal 15 to 

20 cm of ileum should not be used for augmentation to prevent vitamin B12 

deficiency, although problems may arise even if that segment is preserved (18, 19).  
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d) Early satiety may occur after gastrocystoplasty but this usually resolves with 

time. Disorders of gastric emptying are extremely rare, particularly when gastric 

body is used. 

6.5.2. Bladder Complications 

a)  Bladder Compliance: An early lesson of past clinical experience with augmentation 

cystoplasty is the value of detubularization and reconfiguration of the bowel segment (1, 

20). Bowel in its native, tubular form continues to display peristalsis or mass 

contraction. The contractile tubular form does not maximize the volume achieved 

relative to surface area of bowel inserted into the bladder. Hinman (20) demonstrated 

with a mathematical model that the maximum volume achieved for a given surface area 

occurs when a sphere is formed. No cystoplasty is a perfect sphere although the surgeon 

should aim to approach this shape as nearly as possible. 

In perhaps the largest experience with paediatric bladder augmentations, Hollensbe and 

associates found that approximately 5% of several hundred patients had significant 

unhibited contractions after augmentation cystoplasty causing clinical problems (21). 

Pope and Rink (22) found that 6% of more than 300 patients required secondary 

augmentation of a previously augmented bladder for similar problems in long-term 

follow-up. These secondary augmentations represent true failures of the primary 

cystoplasty, not from any side effect or complication but from failure to achieve the 

objective, capacity and compliance. In that series, sigmoid colon followed by stomach 

and then ileum were more likely to require re-augmentation. 

b) Overactivity: In perhaps the largest experience with paediatric bladder augmentation, 

Hollensbe and associates found that approximately 5% of several hundred patients had 
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significant uninhibited contractions after augmentation cystoplasty causing clinical 

problems (21) 

c)  Delayed Spontaneous Bladder Perforation: Perhaps the most disturbing complication 

of augmentation cystoplasty is delayed bladder perforation. The aetiology of delayed 

perforations within a bowel segment is unknown. It has been suggested that perforation 

might be secondary to traumatic catheterization in some cases. Perforations have 

occurred after augmentation in patients who did not catheterize at all. Others have 

suggested that trauma to the bowel because of fixed adhesions resulting in shearing 

forces with emptying and filling may result in perforation (44). Chronic transmural 

infection of the bladder wall has also been proposed as a cause. Histologic examination 

of bowel segments adjacent to areas of perforation has noted necrosis, vascular 

congestion, haemorrhage, and haemosiderin deposition compatible with chronic bowel 

wall ischemia (45). Chronic overdistention of the bladder might result in such ischemia. 

High outflow resistance may maintain bladder pressure rather than allow urine leakage 

and venting of the pressure, potentially increasing ischemia. Once bowel is 

reconfigured, however, it may be more susceptible to ischemia if high pressure does 

persist.  The tension in the wall of a sphere is proportional to the radius squared. So for 

a given intraluminal pressure the tension in the wall of a sphere is much greater than the 

wall of a tube. Hence the increased risk of bladder perforation after augmentation when 

intestine is converted from a tube to a sphere. 

d). A common complication after bladder augmentation is failure to empty. This almost 

always necessitates self intermittent self-catheterisation after bladder augmentation. 
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6.5.3. Metabolic Complications  

a) Chloride Absorption and Acidosis: Hyperchloremic metabolic acidosis was the first 

recognised as a complication after ureterosigmoidostomy. This is due to storage of urine 

within intestinal segments (23) and patients can present with fatigue, weakness, 

anorexia, and polydipsia. Koch and McDougal (24) described the mechanisms of 

absorption of acid from urine that is in contact with the intestinal mucosa. 

 Resorption of ammonium results in chronic acid loading. Since urine generally has  
 
high concentrations of ammonia (NH3), ammonium (NH4+), hydrogen and chloride,  
 
these substances are reabsorbed in bowel segments exposed to urine. Inevitably, the  
 
presence of ileal and/or colonic urinary diversions implies a chronic acid load.  Although  
 
full acidosis was rare if renal function was normal. The intestinal segment was noted to  
 
have an increase in serum chloride and decrease in sodium bicarbonate levels (25).  
 
Similar trends of increased serum chloride and decreased bicarbonate have been noted  
 
with ileal conduits (26) and continent urinary reservoirs (27). More severe acidosis and  
 
electrolyte disturbances requiring treatment have been reported despite normal renal  
 
function (28). Such derangements may be debilitating to the patient if they are not  
 
recognized and treated and deaths have been reported (29). Hall and colleagues noted  
 
that there is an increase in the urinary acid load with wasting of bone buffers even in the  
 
absence of frank acidosis (30). Such wasting may result in bone demineralization and  
 
potentially cause retarded growth in children after augmentation cystoplasty.  

Although jejunum is rarely used for bladder reconstruction, storage of urine in this 

segment results in a unique metabolic pattern of hyponatremic, hypochloremic, and 

hyperkalemic metabolic acidosis. This problem is often associated with significant 

hypovolemia. 
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 b) Alkalosis: It has been proposed that the alkalosis results from ongoing chloride loss 

from the gastric segment in the bladder in the face of decreased oral intake. Decreased 

ability to excrete bicarbonate from an impaired kidney may compound this problem. It 

has been demonstrated increased fractional excretion of chloride persists despite 

profound hypochloremia, suggesting that inappropriate gastric secretion is the likely 

primary mediator (34).All patients and families should be made aware of this potential 

problem as it has been reported to occur intermittently in between 3% and 24% of 

patients with gastrocystoplasty. 

c) Patient Growth: Delayed or slowed growth in some children after intestinal 

cystoplasty has been recognized (32). A delay in linear growth was noted in 20% of 

almost 200 paediatric patients without any gross biochemical abnormalities. More 

recently, The John Hopkins Hospital evaluated growth in exstrophy patients (33), 

patients requiring augmentation were matched retrospectively with a similar group not 

requiring bladder augmentation. Of 17 patients with adequate measurements before and 

after augmentation cystoplasty, 14 (82%), had a decline in percentile height 

postoperatively. The decline corresponded to a 1.5-inch decrease in expected height.  

6.5.4. Haematuria-Dysuria Syndrome 

 Acid secretion by gastric mucosa may result in another unique problem after 

gastrocystoplasty, the haematuria-dysuria syndrome. Virtually all patients after 

gastrocystoplasty with normal sensation have occasional haematuria or dysuria with 

voiding or catheterization beyond that which is expected with other intestinal segments 

(35). The signs and symptoms of the haematuria-dysuria syndrome are most likely 

secondary to acid irritation.  
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6.5.5. Mucus   

Intestinal segments continue to produce mucus after placement in the urinary tract. The 

proteaceous material can potentially impede bladder drainage during voiding or clean 

intermittent catheterization, particularly in paediatric patients in whom the use of small-

calibre catheters is necessary. When mucous remains in the bladder for long periods, it 

may serve as a nidus for infection or stone formation. Most patients do not require any 

routine bladder irrigations for mucus after gastrocystoplasty. Villous atrophy in the 

ileum has been documented after long-term placement in the urinary tract. Hendren and 

Hendren (36) noted a decrease in mucus production from colonic segments over years; 

however, others have not been impressed with such changes (37).  

6.5.6. Urinary Tract Infection   

Bacteriuria is common after intestinal cystoplasty, particularly among patients requiring 

intermittent catheterization (36). Recent experience with bowel neobladders has 

demonstrated that patients who are able to spontaneously void to completion frequently 

maintain sterile urine. It appears that incomplete emptying can be prominent factor in 

the development of bacteriuria in patients after augmentation cystoplasty. However 

recurrent infections resulting in deterioration of renal function in the absence of other 

problems have been rare after effective augmentation. Infections may occasionally be 

more problematic in an immunocompromised patient (38). 

6.5.7.   Calculi  

 Another long-term complication of augmentation cystoplasty is bladder calculi. In the 

early 1990s, series reported calculi in 18% of patients after augmentation cystoplasty 

(36). Blyth et al noted calculus formation in 30% of such patients (39). Rink et al noted 
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only an 8% rate of bladder stone formation in 231 patients with long-term follow-up 

after enterocystoplasty; the reasons for these remarkable differences are not clear (37). 

The majority of bladder stones in this population of patients are struvite in composition, 

and bacteriuria has been thought to be an important risk factor.  

6.5.7. Neoplasia   

 A well-recognized complication of ureterosigmoidostomy has been the development of 

tumours, primarily adenocarcinoma, at the ureterocolonic anastomotic site. 

Adenocarcinomas were the prominent tumours that developed, but benign polyps and 

other types of carcinoma were also found. The risk for development of such tumours 

was estimated to increase by 7000 fold over that of age-matched controls after 

ureterosigmoidostomy (40). The exact basis for the increased risk is unknown; however, 

N-nitroso compounds thought to originate from a mixture of urine and faeces may be 

carcinogenic. It was suggested that those compounds are more likely to be enhancing 

agents rather than a lone cause of tumour development (41). It has been proposed that 

inflammatory reaction at the anastomotic site may induce growth factor production, 

which in turn increases cellular proliferation. Fourteen patients who developed 

adenocarcinoma in an augmented bladder have been identified by Eraklis and Folkman 

(42), and several more have been reported since their initial report of this complication. 

Metastatic adenocarcinoma after augmentation gastrocystoplasty has been recently 

reported in literature (43). The applicability of such findings to humans is uncertain. 

The long latency noted for tumour development after ureterosigmoidostomy suggests 

that short-term follow-up after augmentation cystoplasty is not adequate to evaluate 

tumour formation.  

 



 31 

6.6 Choice of Segment  

The use of bowel for augmentation of the bladder was first described 

experimentally by Tizzoni and Foggi in 1888 (46) and in humans by Mikulicz in 

1898 (47). Extraordinary advances have been made in the use of the bowel in 

urinary tract reconstruction since then.  

Bladder augmentation is used for patients with bladder dysfunction related to a 

small-capacity, noncompliant reservoir. Enterocystoplasty improves bladder 

capacity and compliance in most cases when medical management fails. It is 

obvious from the preceding discussion that there is no one single bowel segment 

that is perfect for augmentation in all patients. All gastrointestinal segments have 

been used and continue to be used with good results. Unremitting medical 

problems or complications requiring surgical intervention are relatively rare after 

augmentation cystoplasty. No one bowel segment has a clear advantage over 

another when all such problems are considered. Diagnosis, anatomy, and 

physiology may suggest that one bowel segment is preferable for a particular 

patient. Each surgeon interested in augmentation cystoplasty should be familiar 

with the advantages and disadvantages of each segment in different settings. 

In many routine cases, any gastrointestinal segment may be chosen for cystoplasty 

purely on the basis of the personal preference and familiarity of the surgeon. The 

surgeon's experience and confidence in using a segment are important. The ileum 

is preferred if there is no clear advantage to or reason for use of another segment.  

Stomach can be used in children who had no other bowel available (e.g. cloacal  
 
exstrophy and after pelvic irradiation) or patients who could not tolerate metabolic 
 

http://www.mdconsult.com.ezproxy.surgeons.org/das/book/body/182251109-2/0/1445/127.html#4-u1.0-B978-0-7216-0798-6..50126-6--bib478
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 acidosis from resorption of chloride. This may be significant in young patients, as  
 
chronic metabolic acidosis may compromise growth and development in children. 
  

7.  Operative alternatives to Gastrointestinal Cystoplasty  

Largely because of the complications and side effects just reviewed, alternative 

methods that can achieve a large capacity, compliant reservoir remain attractive. 

Efforts have covered the spectrum from synthetic materials and autologous grafts 

to construction of a bladder diverticulum (autoaugmentation) and to various forms 

of neural stimulation. Some of these alternatives appear to hold promise, but none 

has stood the test of time when compared to intestinal cystoplasty. 

An ideal tissue for increasing capacity and improving compliance is lined with 

transitional epithelium so as to be relatively impermeable and avoid metabolic 

changes. This lining would also not produce mucus and carry no increased 

potential for tumour development. The ability to augment the bladder without a 

major intraperitoneal procedure would also decrease potential morbidity. Two such 

alternative procedures are ureterocystoplasty and autoaugmentation. With 

ureterocystoplasty, there is good muscle backing of transitional epithelium whereas 

collagen eventually backs the transitional mucosa of an autoaugmentation. 

7.1 Ureterocystoplasty  

It has been noted for years that in patients with posterior urethral valves, unilateral 

reflux may behave like a “pop-off” valve to lower intravesical pressures and 

protect the contralateral upper tract (48). In many of these patients, the refluxing 

ureter is massively dilated, draining a poorly functioning or non-functioning 

kidney. It was a logical extension to use this ureteral tissue to augment the bladder. 
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Numerous series have reported augmentation with use of ureter (49-52). The upper 

tract     remained stable or improved in virtually all patients. The main 

disadvantage to ureterocystoplasty is the limited population of patients with a non-

functioning kidney draining into a megaureter. Use of normal sized ureter has also 

been reported in literature (49). 

The ultimate success of ureterocystoplasty with normal sized ureter requires further 

follow-up, particularly since it has been stated that one quarter of patients with 

posterior urethral valves have failed ureterocystoplasty with a dilated ureter 

because of their huge urinary volume (50). The results were worse if the ureter 

used was less than 1.5 cm in diameter (51). Work continues to develop such a 

technique that is clinically applicable for patients (52). 

7.2 Autoaugmentation  

Use of native urothelial tissue to improve bladder compliance and capacity 

((Autoaugmentation) has been described by Cartwright and Snow (53, 54). In their 

procedure, known as autoaugmentation, they excised the detrusor muscle over the 

dome of the bladder, leaving the mucosa intact to protrude as a wide-mouth 

diverticulum. Initially, they made a midline incision through the bladder muscle 

the bladder was distended with saline so that mucosa bulged from the incision; the 

muscle was then mobilized and excised laterally in each direction. The lateral 

edges of the detrusor muscle were then secured to the psoas muscle bilaterally to 

prevent collapse of the diverticulum.  

There are many modifications of this procedure. There are various studies 

comparing the results depending on whether the detrusor muscle is simply incised 
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or excised to make the diverticulum. In an effort to determine if incision or 

excision provided superior results, bladder capacity of rabbits was reduced. Sixteen 

rabbits underwent vesicomyotomies and vesicomyectomies were performed in 

other sixteen rabbits. Functional bladder capacity in the animals increased by 

43.5%, and there was no statistical difference between the two techniques (55).  

Mean increase in capacity of 40% and a mean decrease in leak point pressure of 33 

% was demonstrated in 12 patients after vesicomyotomies (bladder muscle 

incision). They concluded that detrusor excision offered no advantage over 

incision. All patients demonstrated some increase in capacity (15% to 70%), and 

no patient in early follow-up clinically deteriorated and required enterocystoplasty 

(56).  Kumar and Abrams performed detrusor myomectomy in 30 consecutive 

patients with refractory detrusor overactivity and reported their long-term results 

(57). Although detrusor myectomy was successful in 80% of their patients more 

than half of the patients required Clean Intermittent Cathetrization (CIC). This high 

rate of CIC might probably have been due to resection of the detrusor muscles 

because with myotomy occasional muscle bundles on the intact mucosa and the 

margins of the myotomy incision can be neglected. 

  Detrusorectomy, leaving a small cap of muscle at the dome through which a  
 
Suprapubic tube can be placed, has been proposed (58). Although these procedures  
 
usually improve compliance the increase in volume is only modest, a concern shared by 
 
 others (59). In a report of 12 detrusorectomies, five patients were considered to have  
 
excellent results, two had acceptable results, and one was lost to follow-up. There were 
 
 four failures. One patient had hydronephrosis, two had persistent incontinence, and one  
 
had worsening renal insufficiency, and three have undergone salvage gastrocystoplasty  
 
or ileocystoplasty (58). Snow and Cartwright have follow-up of greater than one year in  
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thirty patients. Nineteen of thirty patients had a neuropathic bladder secondary to spina 
 
 bifida. All patients had preoperative urodynamic evidence of reduced bladder  
 
compliance and detrusor hyper-reflexia. While clinical success has been dramatic in 
 
 some, the overall results have been less impressive. One third of the patients had a 
 
 significant increase in bladder capacity, an additional third were unchanged, while one 
 
 third had actual loss of capacity. Evaluation of bladder compliance revealed that 60  
 
percent had an improvement in compliance by greater than 50 percent in comparison to 
  
preoperative measurements, 20 percent had a 20 to 50 percent improvement, and the 
 
 remaining did not change significantly(60). 

Autoaugmentation and its variants have obvious advantages. Native urothelial tissue 

is used. It is an extraperitoneal procedure, which shortens operative time and avoids 

the risks of intestinal surgery and adhesions. Autoaugmentation is compatible with 

clean intermittent catheterization and does not seem to complicate subsequent 

intestinal cystoplasty when it is necessary. 

Complications from the procedures are generally uncommon.  There are no reports of 

perforation which is a major concern after intestinal cystoplasty. Inadvertent opening 

of the mucosa during the procedure can make subsequent mobilization more difficult 

and may promote prolonged postoperative extravasation. Such extravasation usually 

stops with continuous bladder drainage (56, 58). Prolonged drainage, however, may 

result in compromised results from collapse of the diverticulum. If concomitant 

ureteral reimplantation or bladder neck surgery is necessary, various authors have 

recommended that this is done first and the bladder then closed before 

detrusorectomy (56). 
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7.3. Disadvantages of autoaugmentation:  

A limited increase in bladder capacity is the main disadvantage of 

autoaugmentation. An adequate preoperative volume may be the most important 

predictor of success (58). It is of note that some patients have demonstrated clinical 

improvement after these procedures without a significant change in urodynamics. 

The reason for the improvement in that setting is unknown. 

 

 

8. Autoaugmentation versus Enterocystolplasty:  

 The decision whether to perform autoaugmentation or enterocystoplasty can be 

made during the procedure. It has been noted that in occasional patients concern 

has existed at the time of the initial procedure that adequate expansion was not 

achieved during autoaugmentation procedure. In most such cases, it was elected to 

proceed immediately with enterocystoplasty at the time (58). These patients are not 

included in the failure rate of autoaugmentation. The patient and surgeon must be 

prepared for such an event on occasion.  

Good results with autoaugmentation have been reported among patients with 

hyperreflexia (61, 62). Even if adequate expansion is achieved initially, there is 

concern that any improvement may not persist long term (62). In animals, the 

surface area of the autoaugmentation site was noted to decrease approximately 

50% at 12 weeks. Progressive thickening and contracture of the site have been 

noted because of collagenous infiltrate (63). 
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At this point, autoaugmentation should probably be considered only in patients 

who have reasonable capacity but poor compliance due to uninhibited contractions. 

If a significant increase in capacity is needed, autoaugmentation is unlikely to be as 

definitive as other techniques. 

 

9. TECHNICAL ADAPTATIONS OF BLADDER AUTOAUGMENTATION 

The long term efficacy of these procedures has been questioned. The main challenge is 

to increase the bladder capacity. Taking this into consideration, only patients with poor 

compliance and an initial capacity of greater than 75% of that expected for age were 

considered as ideal candidates for this surgical procedure by Cartwright and Snow (64) 

Several other studies have established the same concern (65, 66). Macneily et al (65) 

reported their long-term results in 17 patients with myelomeningocele and found that 

the clinical outcome did not appear to be durable.  Four patients (23.5%) required 

enterocystoplasty and 12 (71%) were considered to have clinical failure due to upper 

tract deterioration and ongoing incontinence. Thus, the investigators concluded that 

autoaugmentation at a younger age did not add any specific advantage in terms of 

increased capacity, compliance and continence. In contrast, Skobejko-Wlodarska et al 

reported their results in 17 patients at a mean follow up of 6 years, describing an 

average 60 cc increase in bladder capacity (66). However, MacNeily et al attributed this 

conflicting result to somatic bladder growth instead of to surgical success (65). 

 Further improvements have been suggested to improve the long term clinical outcome 

of auto-augmentation and the surgical technique was revised. Perovic et al described 

poor mechanical support of the bulging epithelium as the major disadvantage of 
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autoaugmentation, followed by possible shrinkage, leading to poor clinical outcomes 

(67). As for the surgical technique that was performed in 7 patients, they dissected the 2 

rectus muscles from the fascial sheath, preserving the blood supply. Autoaugmentation 

was performed via a longitudinal midline incision in the detrusor over the bladder dome 

with further dissection extended to involve the anterior, posterior and lateral bladder 

surfaces. The 2 mobilized rectus muscles were used to back the prolapsed epithelium 

and the detrusor edges were fixed to the lateral margins of the rectus muscles. At a 

median follow up of 16 months all patients had clinical improvements with better 

bladder compliance. 

This group reported their technique in a larger patient sample and longer follow up (67). 

They again found clinical improvements in all patients and concluded that 

detrusorectomy with a rectus muscle hitch was a safe and simple procedure in patients 

with neuropathic bladder dysfunction. On the other hand, their disadvantage was a 

limitation in postoperative bladder expansion compared to that of conventional 

enterocystoplasty. 

Because of the poor urodynamic features of the bulging epithelium, the use of 

demucosalized enterocystoplasty was considered to back up the augmented bladder (68, 

69). The main advantage of this technique is the prevention of contact between urine 

and bowel segments, while preserving native urothelium. 

9.1 Seromuscular Enterocystoplasty  

To prevent collagen deposition and contraction around autoaugmentation, efforts 

have been made to cover the bulging urothelium with demucosalized enteric 

segments. The use of enteric segments without bowel mucosa within the bladder is 



 39 

not new. As far back as the 1950s, seromuscular augmentation cystoplasty was 

performed with the serosal side of the bowel turned to the bladder lumen (70). 

Others left the exposed submucosa facing the bladder lumen and noted re-

epithelialization with urothelium in animal models (71). Despite the 

reepithelialization, contraction of the patch was noted (71). Several recent series 

have re-evaluated demucosalized augmentation in humans after taking care to 

preserve the submucosa. Better results have been noted, although regrowth of 

metaplastic enteric mucosa was found in a second study (72). Early placement of a 

silicone balloon or mould may help prevent contracture (72). 

Techniques and Results  

To avoid contracture, a combination of autoaugmentation after detrusorectomy and 

coverage with a demucosalized enteric segment is now used. This potentially 

preserves the advantages of both procedures. In a similar fashion, the combination 

has been undertaken with both colon and stomach (73). 

Buson used reconfigured, demucosalized sigmoid colon placed over the urothelium 

(seromuscular colocystoplasty lined with urothelium (73). It was noted that the 

intestinal submucosa should be preserved to avoid contracture. This procedure has 

been performed in humans with early reports of good results in most patients (74). 

Endoscopic biopsy findings of the segments have been interesting. Of 10 biopsies 

in the series, one noted urothelium with islands of colonic mucosa; two others 

found only colon mucosa. Removal of all of the enteric mucosa is important when 

sigmoid is used to prevent mucoceles or overgrowth of intestinal mucosa (74).  
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Demucosalized stomach has been used to cover an autoaugmentation, first demonstrated 

in sheep and then in humans (75, 76). Early results showed improved bladder function 

both clinically and by urodynamics (77), although long-term results are not as 

encouraging (78). These procedures are technically more demanding than simple 

augmentation or autoaugmentation and are associated with more blood loss and a longer 

operative time (74, 77).  Other major disadvantages of these techniques are the technical 

difficulty of demucosalization and lack of long-term clinical results. In addition, the 

patients might face the risk of faecal incontinence if colon length is not sufficient. 

Increased bleeding is found when stomach is used. These urothelium-lined, 

seromuscular augmentations are theoretically attractive. Thus far, the failure and 

reoperation rate after such procedures remains higher than that noted for standard 

enterocystoplasty (79). The best results have been reported with colon (79). Those 

results may be partially attributed to the learning curve with a new, complex procedure. 

Longer follow-up and more experience are necessary to determine whether the 

complication rate will decrease with experience or increase because of problems with 

the combination of myomectomy and seromuscular enterocystoplasty. 

As an alternative to the above mentioned urothelium preserving procedures, models of 

autoaugmentation peritoneocystoplasty were designed. Close et al (80) performed 

autoaugmentation by detrusorotomy in lambs. The epithelial bulge was covered by a 

peritoneal flap. Bladder volume after this procedure was not significantly different from 

that in the control group but it was significantly less than that after conventional 

autoaugmentation gastrocystoplasty. It was suggested that autoaugmentation 

peritoneocystoplasty is indicated in patients with a relatively good capacity bladder 

(greater than 50% of normal). The peritoneal flaps failed to survive over native 

urothelium. This failure might be due to a lack of the necessary extracellular matrix 
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because similar results were achieved when omentum was used to support the urothelial 

bulge (81). Therefore, it was concluded that bladder wall regeneration needs stimuli 

from stroma, which was lacking in these studies (82). 

 

The results of reconstructive bladder surgery using demucosalised intestine in 123 

patients were presented by Lima (72). A silicone balloon was left in the augmented 

bladder for 2 weeks postoperatively in 105 cases. They noted that the balloon prevented 

intestinal flap shrinkage. The patient recovery period was uneventful and the upper 

urinary tract was drained with bilateral ureteral catheters placed preoperatively. Follow-

up was 51 months and there was a 329% increase in bladder capacity together with a 7-

fold increase in compliance. They reported no mucous formation, bladder perforation or 

neoplasms during this follow up. The main disadvantage of this procedure was the 

ureteral catheters for 2 weeks. 

Another minimally invasive alternative therapeutic option for the overactive or 

hyperreflexic bladder is Botulinum-A toxin injection into the detrusor   (83) Riccabona 

et al evaluated the efficacy and durability of botulinum toxin in 15 patients with 

myelomeningocele. They injected 10 U/kg botulinum toxin-A at 25 to 40 sites in the 

detrusor. All patients underwent urodynamic evaluation at 3, 9 and 12 months. After 12 

months all patients received a second injection. The group reported significant 

improvement in bladder capacity and compliance, and a significant decrease in 

maximum detrusor pressure. Results at 9 months were encouraging but these values 

reverted to preoperative results at 12months. Although this study confirmed the safety 

of this option, the main concern arises from durability, which was reported to be 10.5 
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months. This will lead to recurrent general anaesthesia in the obvious long-term 

treatment of these patients. 

 Sacral neuromodulation is also an option for treating these patients. In a randomized 

study, significant short term improvement in bladder capacity and compliance was 

reported (84).   

Different free graft materials, such as fascia, skin, duramater and, placenta in addition to 

synthetic materials such as polytetrafluoroethylene, gelatin sponge and silicone, have 

been used in experimental models (85-87). A tissue capsule was created around a 

perivesical tissue expander in 6 dogs (88). Only 4 dogs completed the study because in 

1 the capsule failed to form and the other died of undetermined reasons.  All had 

increased bladder capacity and compliance.  

 

10. Bladder Regeneration (Tissue Engineering) 

Because these attempts failed due to several mechanical, functional or structural 

problems; there is a critical need for tissues that can substitute for native bladder wall. 

Tissue engineering is based on the concept that donor cells are introduced into the host 

cells after expansion in cell culture, attached to an organic matrix and reimplanted after 

this expansion (89). Animal models have been designed to assess the technique of tissue 

engineering. Partial cystectomy was performed in 10 dogs and the allogenic bladder 

submucosa obtained from other dogs was seeded with muscle cells on one side and 

urothelial cells on the opposite side (90). Augmentation cystoplasty was performed with 

allogenic bladder submucosa seeded with cells in 5 animals and with allogenic bladder 

submucosa without cell in the other 5. Cystectomy was performed 2 and 3 months after 
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the augmentation procedure. Cell seeded matrix bladders showed a 99% improvement 

in bladder volume compared to their unseeded counterparts, which showed only 30% 

improvement in capacity. They concluded that allogenic bladder submucosa seeded 

with cells appears to be an excellent option as a biomaterial for bladder augmentation. 

In addition, Oberpenning et al performed trigone sparing cystectomy in 14 dogs (91). 

An average bladder volume of 95% of the original preoperative volume was achieved in 

the tissue engineered reconstruction group compared to reconstruction with cell-free 

biogradable polymer. They suggested that that it was possible to tissue engineer a 

bladder when it is anatomically and functionally normal. On the other hand, 

unfortunately most bladders in need of augmentation are not completely normal 

anatomically and structurally. 

Long term results of tissue-engineered autologous bladders were reported in 7 patients 

by Atala et al (92). In their study bladder tissues obtained by open biopsy was grown in 

culture and seeded on biodegradable matrix. Two months after surgery this engineered 

bladder constructs were implanted in the low compliant bladder of the patients with or 

without an omental wrap. After 46 months postoperative follow-up, improvement in 

mean bladder leak point pressure, bladder volume and compliance were highest in tissue 

engineered bladder constructs wrapped with omentum. Two challenging points were 

noted in their technique. One point is the development of a biodegradable bladder 

construct that can accommodate adequate amounts of cells for functional tissue 

formation. The other challenge involves the need for the constructs to be sufficiently 

vascularized to support and maintain the transplanted cells. They concluded that, 

although this technique is challenging, it is safe and reliable in patients with a low 

compliance bladder requiring cystoplasty. On the other hand, although functionally 
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improved parameters were noted, there is an absolute need for additional studies before 

this technique could be applied widely. 

11. Biodegradable materials 

The biodegradable materials have shown some promise as there are less graft 

encrustation and infectious complications than non-biodegradable materials. 

11.1 Integra®: Integra® is an artificial membrane system used in management of 

burns. It was introduced in 1981(Integra life Sciences Plainsboro, NJ, USA). It consists 

of an outer epidermal layer made up of silicon covering the deep dermal substitute. The 

dermal substitute is a matrix of bovine tendon collagen and shark glycosoaminoglycan 

(chondriotin 6 sulphate). The silicone is water proof and prevents excessive loss of 

tissue fluids. The collagen matrix encourages the orderly ingrowth of fibroblasts and 

growth of neodermis.The neovascularisation is derived from the adjacent tissues. 

Neodermis is formed in 3 wks. (93). 

 

Figure 3 Integra® 



 45 

 

In burn surgery, Integra® is applied over the healthy surface with the collagen layer in 

contact. The silicone layer acts as barrier to infection and prevents loss of fluid. The 

deeper collagen layer acts as scaffold for the ingrowth of blood vessels and fibroblast. 

Thus helps in formation of neodermis. Silicone is then peeled off and a thin layer of 

homograft is applied. Integra has been used for scar revision, release of contractures and 

to cover large defects following excision of skin lesions (94, 95). The potential 

applicability of Integra for reconstruction of the abdominal wall, diaphragm and bladder 

has been demonstrated in a rat model showing decrease contraction and shrinkage of 

graft (96). 

11.2Surgisis® (SIS): SIS is a xenogenic membrane, harvested from the pig’s small 

intestine after removing the tunica mucosa from the inner surface and the serosa and 

tunica muscularis  from the outer surface. This acellular, collagen-rich membrane is 

non-immunogenic and stimulates rapid replacement by native tissues and it has been 

successfully used as arterial and venous grafts in experimental models(96, 97). These 

grafts have also shown excellent urinary bladder capabilities in a long term rat 

study(98).The SIS-regenerated rat bladder demonstrated contractile activity, expressed 

muscarinic, purinergic and beta-adrenergic receptors, and exhibited functional 

cholinergic and purinergic innervation similar to that of normal rat bladder(98).Further 

experimental studies have shown the safety of SIS in canine bladders without evidence 

of graft rejection, graft shrinkage or systemic or bladder –related complications( upper 

tract dilatation, urinary incontinenece,fistulae, bladder complication or calculi 

formation) (99). 
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In a porcine animal model it was noted that laparoscopic ileocystoplasty resulted in 

significant improvement in bladder capacity with time and no deterioration in renal 

function. In contrast, long-term follow up revealed that functional and pathological 

results of multilayered small intestinal submucosa bladder augmentation were inferior 

to those of autologous bowel bladder augmentation (100). Bone formation and 

calcification was reported in segmental ureteral replacement with multilayered small 

intestinal submucosa in a pig model. Despite regeneration of the urothelium and 

muscular cells over the graft in these cases the multilayered small intestinal submucosa 

replaced neoureters were embedded in dense fibrotic inflammatory tissue with the 

ureteral lumina occluded (101). 

 

 

 

 

12. CHAPTER 3 –RATIONALE & HYPOTHESIS BEHIND THE STUDY 

 

12.1 Justification 

This study was designed to assess the potential role of biological materials (Surgisis®, 

Integra®) as alternatives to autologous augmentation (seromuscular enteroplasty) due to 

its significant complications and failure rates in terms of resultant bladder capacity, 

elasticity and compliance. The premise was that the outcome would assist in surgical 

management of small capacity, poorly compliant, high pressure urinary bladders in 

children with conditions such as  bladder exstrophy or neurogenic bladder. 
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Several factors contributed to the justification of the study 

1. As shown in the literature review, the search for ideal augmentation material is 

still not settled. The use of bowel (ileum) is still the gold standard in bladder 

augmentation despite of all the issues related to its use. 

2. The outcome of these children with small capacity and poorly compliant high 

pressure bladders is not very encouraging. There are long term concerns with 

repeated urinary tract infections, incontinence, metabolic complications and 

renal failure. A better surgical management plan will help in preventing these 

issues resulting in improved outcomes. 

3. The previous studies on bladder augmentation have looked into various neo-

materials for augmentation, but there is little data in the literature on the 

comparison of these neo-materials with controls used for bladder augmentation. 

4. The lamb bladder model is best available model to investigate the augmented 

urinary bladder. The scientists and staff at the Large Animal Facility at the 

University of Western Australia have a vast experience in research in the lamb 

model. Expertise to plan and set up the lamb model was available. 

5. As various new tissue engineering techniques and stem cell researches are 

changing the medical history, the question being asked is - Will there be a on the 

shelf available bladder graft to be used for bladder augmentation? Will that 

improve the suffering of these special children? The research is on…. 

12.2 STUDY FRAMEWORK 

The study comprised the following components 
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1. Literature review  

2. Ethics approval 

3. Lamb model of urinary bladder augmentation using three different methods 

4. Measurement of pre and post-operative bladder capacity and detrusor pressures 

5. Collection and storage of tissues for histological analysis 

6. Histological analysis for 

• Neovasularization 

• Calcification 

• Bladder changes 

7. Bladder elasticity assessment 

8. Data analysis 

9. Interpretation and discussion 

12.3Study Design 

Urinary bladder auto- augmentation was performed using three different methods. 

 Seromuscular enterocystoplasty with vascularized pedicle 

 Surgisis®  with layer of vascularized omentum 

 Integra® with layer of vascularized omentum 

 There were six lambs in each group. The bladder capacity and pressures was measured 

preoperatively and 3 months after surgery. The 3 month time was chosen for adequate 

healing of tissues and post-operative recovery. The tissues from bladders were collected 

at 3 months at sham surgery.  
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The main aim of the study was to assess the difference in outcome various methods of 

urinary bladder augmentation and to establish the histological changes to the augment 

material in post-operative period.  

12.4 HYPOTHESES 

The hypotheses tested were 

1. Removal of detrusor muscle and seromuscular enterocystoplasty, Integra® auto-

augmentation and Surgisis® auto-augmentation improves the bladder 

compliance. 

2. Vascularised omentum provides neovascularisation to the augmented graft. 

 

13. CHAPTER 4 -MATERIALS AND METHODS 

13.1 ETHICS APPROVAL  

All experimental procedures were approved by the Animal Ethics Committee of The 

University of Western Australia after review of the written proposal and interview with 

the principle investigators and supervisors. 

13.2 LITERATURE REVIEW 

Journal article references for the literature review for the project were obtained by 

searching PubMed with relevant key words (Urinary bladder augmentation, small 

capacity bladder, intravesical pressure, Surgisis, Integra, enterocystoplasty) 
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Searches were also carried out using key author names in the field of bladder 

augmentation (for example (Kropp, Cartwright and Snow, Hendren and Hendren, Atala 

A) 

The selected articles were obtained mainly from full-text-on-line sites, or in print 

through the library services at Princess Margaret Hospital. Articles were reviewed by 

principal investigator and graded in terms of relevance of content to the thesis. 

The reference management programme used was Endnote version 7. 

All sources referred to in the literature review were appropriately referenced. 

 

 

 

13.3 PLANNING SURGERY 

Four months old female lambs weighing 20-25kg were used for the experiments. 

Female lambs were selected to facilitate the insertion of the urethral catheter. 

The animals were brought to the Large Animal Facility at UWA (University of Western 

Australia) from the animal farm one day prior to the surgery 

Pre-anaesthetic preparation:  We prepared the animals for surgery in consultation 

with Veterinary Anaesthetist and Veterinary Surgeon. Food was withheld for 24 hrs. 

prior to surgery. Intake of water was allowed till 1 hour prior to the surgery. 
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 The lambs were premedicated with acepromazine 0.05mg/kg IM and bupernorphine 

(Temegesic) 15 mcg/kg via IM route. 5mls of Ketamine (100mg/ml, Troy laboratories 

Pty, Smithfield, New South Wales, Australia) was drawn up in a syringe. To this was 

added 3mls of Xylazil (20mg/ml, Troy laboratories Pty, Smithfield, New South Wales, 

Australia). The lambs were given the 8ml dose of Ketamine and Xylazil for induction of 

anaesthesia. The lambs would become drowsy and lie down. They were then transferred 

onto the portable operating table, in a supine position, and the limbs were secured to the 

table with cord. The lambs were intubated by Veterinary Anaesthetist with a size 9 

endotracheal tube, with the aid of a stilette.  

 

Each lambs’ abdomen was prepared by shearing off any wool, and washing the skin 

with betadine rubbed in with large cotton swabs. The wash was done three times. The 

abdomen, once prepared, was sprayed with betadine solution.  

 

Antibiotic coverage included intravenous metronidazole 10 mg/kg over 30 min and 

intravenous 

Cephazolin 20 mg/kg every 90 min during surgery. Once intubated, anaesthesia was 

maintained with isoflurane in 100% oxygen via a rebreathing circuit. Ventilation 

(Ohmeda 7000) was utilized to maintain endtidal carbon dioxide levels between 38 and 

45 mmHg. Pre-emptive analgesia included an epidural or spinal of morphine 0.2 mg/kg 

diluted with sterile 0.9% sodium chloride. During the surgical process, fentanyl citrate 

(fentanyl) 20 mcg/kg per h was administered for further analgesia. 

 

The surgeon and assistant (Veterinary Surgeon), both scrubbed and gowned, draped the 

lamb with the large sterile drape. The surgical field was prepared using chlorohexidine 



 52 

and betadine. The bladder was catheterized with a 10-F Foley urethral catheter. The 

bladder was emptied and bladder pressure was measured while bladder was in empty 

state. The bladder capacity was measured after filling the bladder with normal saline to 

40 cm of pressure. Filling continued and the bladder pressure was measured after filling 

the bladder to completion. The bladder remained full and the catheter clamped. 

Instruments sterilised in Hibitane were set up on the Mayo tray at the foot of the table. 

 

A longitudinal paramedian lower abdominal skin incision was made using the scalpel 

and size 10 blades. The incision was paramedian to avoid the large subcutaneous vein 

running in the midline.  The incision was extended through the fascia of the abdominal 

wall. The urinary bladder was identified. A segment of 4X4 cms detrusor muscle 

(corresponding to 50-60% detrusor surface) was excised leaving the intact bladder 

mucosa (fig 4). 

Group 1: An ileal loop was identified. A segment of ileum was mobilised on vascular 

pedicle of mesentery (fig 5). Ileo-ileal anastomosis was performed with single layer 

interrupted 5-0 polydiaxone sutures. The ileal loop was detubularized and intestinal 

mucosa was removed from ileum with the aim to create a seromuscular detubularized  

intestinal patch measuring 4x4cms.The vascularised seromuscular patch was used to 

reinforce the bladder mucosa with 4-0 polydaxone sutures(fig 6). 

 

Group 2: 4x 4cms surgisis graft was measured. The Surgisis® graft was sutured over 

the bladder mucosa using 4-0 polydaxone sutures (fig 7). The omentum was identified 

and was sutured over the neobladder using 4-0 polydaxone sutures. 
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Group 3: The collagen layer of the Integra® was separated from the silicone layer (fig 

3). A 4X4cms collagen patch was sutured over the bladder mucosa with 4-0 polydaxone 

sutures (fig 8). The omentum was identified and was sutured with the bladder using 4-0 

polydaxone sutures (fig 9). 

The abdominal wound closed in layers. The rectus sheath was sutured with polydaxone 

2-0 and skin was closed with monocryl 3-0. 

 

 

Fig 4 Bladder mucosa after removal of detrusor patch 

 

Bladder Mucosa 
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Fig 5 Seromuscular enterocystoplasty 

 

Fig 6 Seromuscular patch  

Ileum on 
vascular pedicle 
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Fig 7   Surgisis® patch 

 

 

 

 

Fig 8: Integra® patch on bladder mucosa 
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Fig 9:  Omentum (blood supply) 

 

 

13.4 Post-operative care: The urethral catheter was kept for 48 hours in the 

postoperative period. Postoperatively, antibiotics included intramuscular penicillin 50 

mg/kg every 12 h for 5 days and intramuscular gentamycin 5 mg/kg every 12 h for 2 

days. The catheter was drained in “lamb nappy”. (Fig 10).The lambs were sent to the 

animal farm after a week of the surgery. 
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Fig 10 Post –Operative “nappy dressing” 

13.5 Re-assessment and post mortem at 3 months:  

After 3 months of the initial procedure, the lambs were brought back to the Large 

Animal Facility. Cystogram was performed in the initial 3 lambs (one from each group). 

The cystograms were normal (fig 11, 12) with no leakage from cystoplasty, however 

one cystogram (Surgisis®group) showed bilateral ureteric reflux. We did not perform 

the cystogram in rest of the animals because there was no clinical indication of bladder 

leak in the animals and hence was not thought to be cost effective for the study 

purposes. The lambs were re-operated under general anaesthesia. 

The standard premedication and anaesthetic techniques were used as in the initial 

procedure. A size 10 Foley’s catheter was inserted in urinary bladder. The bladder 

pressure was measured while bladder in empty state. The bladder capacity was 

measured after filling the bladder with normal saline at 40- cm pressure. The bladder 

pressure was again measured after filling the bladder. The urinary bladder was assessed 
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macroscopically for any perforations, leak and presence of diverticula or shrinkage. The 

urinary bladder was harvested for histological examination and assessment of elasticity. 

The lambs were euthanized with IV Lithobarb at the end of the procedure. 

 

 

Fig 11: Normal Post- Operative Cystogram 

 

 

Fig 12:Post-Operative Cystogram showing bilateral vesico-ureteric reflux 
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The histological specimens (2 X 2 cm of augmented bladder) were fixed in formalin 

solution, stained with haematoxylin–eosin, and underwent histopathological analysis;  

2 X 2 cm of the augmented bladder had modulus of elasticity assessed using an Instron 

5566 materials Testing Machine (Instron PTY LTD, Canton, MA, USA)( Fig 13). The 

normal bladder tissue was used as a control to compare the elasticity. The outcome was 

assessed in terms of improvement in bladder compliance (bladder capacity/ detrusor 

pressure), macroscopic appearance, histology and elasticity of the graft. Statistical 

analysis was performed using Wilcoxon signed rank test and Mann–Whitney test. 

 

Fig 13 Instron 5566 Material Testing machine 

 

 

The post-operative period of 3 months was uneventful in seventeen lambs (fig 14). All 

lambs with one exception were feeding normally and thrived well in the farm. One lamb  

became unwell on 10th post-operative day with abdominal distension and poor feeding. 

This lamb belonged to seromuscular enterocystoplasty group. The lamb was promptly 

euthanized. Post-mortem examination findings were an intact urinary bladder and no 

free fluid in the abdomen. There were bowel adhesions and a kink at the site of 

intestinal anastomosis. 

None of the other lambs had any problems with pain, poor feeding, infection or any 

other concerns during their stay in the farm. 
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All the 17 lambs were euthanized 3 months, after the initial operation. 

 

  Fig 14 Post-Operative recovery 

 

 

 

 

CHAPTER 5 RESULTS  

 

14.1 Re-Laparotomy Findings: All the animals had an intact urinary bladder. There 

was no evidence of perforation, urinary leak or urinary bladder stones. The neo-bladder 

wall was uniform without any evidence of diverticulum formation (fig 15, 16). In group 

1(seromuscular auto-augmentation) (fig 17), there were mucous cysts present adjacent 

to the new bladder wall in four animals. All the five animals with seromuscular auto-
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augmentation had good blood supply from the mesentery. The six animals with Surgisis 

 (group 2) and six animals with Integra (group 3) had good blood supply to the graft. 

 

Fig 15: Macroscopic appearance of urinary bladder (auto-augmentation using Surgisis® 

(Group 2) 
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Fig 16: Macroscopic appearance of auto-augmentation using Integra® (Group III) 

 

 

 

Fig 17 Mucous Cyst in Seromuscular auto-augmentation group 
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14.2 Bladder capacity: The bladder capacity was measured in the pre and postoperative 

period at 40 cms of pressure .There was increase in the bladder capacity in all of the 

seventeen animals at end of 3 months. (Table 1). The change in bladder capacity was 

demonstrated not to be statistically significant and this was possibly due to small sample 

size. The increase in bladder capacity can be contributed to the growth of the lambs in 

the interval time. The average merino lamb grows at 110-200gm/day (Department of 

Environment and Primary studies data; State Govt of Victoria). 

 
Table 1: Bladder Capacity  
Animal 
number Method 

Preoperative bladder 
capacity( ml) 

Post-operative 
bladder capacity(ml) 

 
 
Group 1 
 
MIV17 Seromuscular 40 70 
MV78 Seromuscular 150 230 
MV0056 Seromuscular 180 Euthanized 
MV 27 Seromuscular 190 260 
MV005 Seromuscular 40 100 
MV 31 Seromuscular 190 380 
    
Group 2 
 
MIV74 Surgisis 40 120 
MIV20 Surgisis 150 290 
MIV 
0030 Surgisis 90 160 
MV114 Surgisis 300 440  
MV57 Surgisis 70 110 
MV63 Surgisis 110 140 
Group 3 
 
MIV354 Integra 400ml 400ml 
MIV43 Integra 120ml 220ml 
MIV 87 Integra 180ml 180ml 
MIV 61 Integra 240ml 290ml 
MIV448 Integra 180ml 210ml 
MIV 
0060 Integra 200ml 270ml 
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Table 2 

Ranks  
method2  N  Mean Rank  
preoperative  bladder capacity 
 
 
 
 
Post-operative bladder capacity 

Seromuscular  6 8.42 
Surgisis  6 7.08 
Integra  6 13.00 
Total  18  
Seromuscular  5 7.80 
Surgisis  6 8.08 
Integra  6 10.92 
Total  17  

Post-operative -pre difference  bladder 
capacity 

Seromuscular  5 10.30 
Surgisis  6 10.58 
Integra  6 6.33 
Total  17  

 
Nonparametric Kruskal-Wallis Test results comparing the 3 groups on preop, postop 
and change scores 
 
 
 
Table 3  

Bladder capacity                                                      Pre-operative Postop. 
capacity  

post-
pre.difference  

Chi-square  4.098 1.346 2.630 
df  2 2 2 
Asymp. Sig.  .129 .510 .268 
a. Kruskal Wallis Test  
b. Grouping Variable: method2  

 
 
 
 
 
 
14.3 Histological Examination: 

The bladder mucosa was intact in all the cases. There was no evidence of microscopic 

perforation. Histological examination confirmed the presence of bowel mucosa (fig 18) 

in the seromuscular auto-augmentation group. 
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 There was neovascularization in all the specimens from Surgisis and Integra groups. 

Fibrosis was evident in the Surgisis  group (fig 19).There was no evidence of fibrosis 

in Integra group (fig 20). 

 

 

Fig 18: Histology: Seromuscular enterocystoplasty (Group 1) 

INTESTINAL 
MUCOSA 

BLADDER  
MUCOSA 



 66 

 

 Fig 19: Histological appearance of Surgisis® (Group II) 

 

 

 

 

Fig 20:  Histology Group III (Integra®) 
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14.4 Bladder compliance: Bladder compliance was calculated by dividing bladder 

capacity (mls) with detrusor pressure. Bladder pressure was measured by filling the 

bladder at 40cm pressure. Intra-abdominal pressure was measured by assessing the 

bladder pressure with the bladder in empty state. Detrusor pressure was measured by 

subtracting intra-abdominal pressure from bladder pressure in filled state. 

P (detrusor) = bladder pressure (full bladder)-bladder pressure (empty bladder). 

The results were analysed by Wilcoxon Signed Test.There was improvement in 

compliance in all the three groups. The Asymp.sig (2-tailed) p-value was 0.249 for 

Integra and 0.225 for Integra group. Both group 1 and group 3 had statistically 

insignificant values. The p-value in group 2 (Surgisis ) was 0.028 which was 

statistically significant (Table 5) 

 
 
Table 4 Compliance (Bladder Capacity/detrusor pressure) 
 
 
 
 
 
Animal Method Pre-operative 

Compliance 
Post-operative 
compliance 

MIV17 Seromuscular 2.222 5 
MV78 Seromuscular 11.538 17.692 
MV0056 Seromuscular 36  
MV 27 Seromuscular 14.615 12.5 
MV005 Seromuscular 5.714 3.846 
MV 31 Seromuscular 6.785 29.23 
MIV74 Surgisis 2.666 4.615 
MIV20 Surgisis® 10 20.4222 
MIV 0030 Surgisis 6 6.451 
MV114 Surgisis 16.666 24.175 
MV57 Surgisis 2.121 3.235 
MV63 Surgisis 5 23.333 
MIV354 Integra 20 28.169 
MIV43 Integra 7.058 7.213 
MIV 87 Integra 5.625 6.923 
MIV 61 Integra 9.23 8.787 
MIV448 Integra 6.666 6.213 
MIV 0060 Integra 8.333 18.881 
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Table 5   Compliance Data 

 

 
    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group Case 
Number 

Compliance 

Compliance 1  Seromuscular  Highest   1 
                                                                2 
                                                                3 
                                                  
                                                 Lowest    1 
                                                                 2 
                                                                 3 
                          
                        Surgisis   Highest   1                                       
                                                          2 
                                                          3 
                                                 
                                                 Lowest    1 
                                                                 2 
                                                                 3 
 
                           Integra      Highest   1 
                                                          2 
                                                          3 
 
                                           Lowest    1 
                                                          2 
                                                          3 
                                                            

9 
10 
8 
 
7 
11 
12 
 
16 
14 
15 
 
17 
13 
18 
 
1 
4 
6 
 
3 
5 
2 

36.00 
14.615 
11.538 
 
2.222 
5.714 
6.785 
 
16.666 
10.000 
6.000 
 
2.121 
2.666 
5.000 
 
20.000 
9.230 
8.333 
 
5.625 
6.666 
7.058 

Compliance 2   Seromusc.      Highest     1 
                                                                 2 
 
                                                 Lowest     1 
                                                                  2 
  
 
                       Surgisis     Highest   1 
                                                           2 
                                                                  3 
  
                                                 Lowest     1 
                                                                  2 
                                                                  3   
 
                           Integra       Highest   1 
                                                           2 
                                                           3 
           
                                             Lowest   1 
                                                            2 
                                                            3      

11 
7 
 
12 
8 
 
 
16 
18 
14 
 
17 
13 
15 
 
1 
6 
4 
 
5 
3 
2 

3.846 
5.000 
 
29.230 
17.692 
 
 
24.175 
23.333 
20.422 
 
3.235 
4.615 
6.451 
 
28.169 
18.881 
8.787 
 
6.213 
6.923 
7.213 
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Table 6 

Wilcoxon Signed Ranks Test 
Ranks 

Group N Mean Rank Sum of Ranks 

Seromus compliance 2 - compliance 1 Negative Ranks 2a 1.50 3.00 

Positive Ranks 3b 4.00 12.00 

Ties 0c   

Total 5   

Surgisis compliance 2 - compliance 1 Negative Ranks 0a .00 .00 

Positive Ranks 6b 3.50 21.00 

Ties 0c   

Total 6   

Integra compliance 2 - compliance 1 Negative Ranks 2a 2.50 .00 

Positive Ranks 4b 4.00 21.00 

Ties 0c   

Total 6   

a. compliance 2 < compliance 1     

b. compliance 2 > compliance 1     

c. compliance 2 = compliance 1     

 
 Test Statisticsb 

Group compliance 2 - compliance 1 

Seromus 

1 

Z -1.214a 

Asymp. Sig. (2-tailed) .225 

Surgisis 
II 

Z -2.201a 

Asymp. Sig. (2-tailed) .028 

Integra 
III 

Z -1.153a 

Asymp. Sig. (2-tailed) .249 

a. Based on negative ranks.  

b. Wilcoxon Signed Ranks Test 
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14.5 Elasticity  

The specimens were analysed for elastic properties. Tension testing was performed to 

evaluate the stretchability of neo bladder while forces were applied. As the tissue was 

being pulled, we assessed the strength and the degree of elongation. 

The curve (Table 6) showed the reaction of the tissue to the forces being applied. The 

point of failure is typically called its Ultimate Strength or UTS on the chart. The 

Integra group (group3) showed better elastic properties than the Surgisis (group 2) 

.The normal bladder wall of the lamb was used as the control. Four samples were tested 

from both Surgisis and Integra group. Both the groups were compared using Mann-

Whitney Test. The Integra group (group 3) had better elasticity than Surgisis group. 

The Asymp.sig (2 –tailed) p- value was significant = .021(Table 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.instron.com.au/wa/resourcecenter/glossaryterm.aspx?ID=178
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Table 7: Elasticity 
 

 

 
 
 

 
Elasticity Data (Mann-Whitney Test) 
 
 
 

Method Number Mean Rank Sum of Ranks 
Surgisis 4 2.50 10.00 
Integra 4 6.50 26.00 
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15. CHAPTER 6 -DISCUSSION: 
 
 
  The principal indication for bladder augmentation is a small capacity, poorly  
 
compliant high pressure bladder that improve storage of urine for a reasonable amount  
 
of time at a safe pressure, allowing continence and avoiding damage to the upper tracts  
 
(102).The search for ideal material to augment the urinary bladder has not yet been  
 
determined. 
 
 
 
15.1 Ideal Graft  

The ideal properties of a graft would include viable graft, easily shaped, capable of 

distension at low pressure with accessibility to endoscopy for periodic examination and 

no absorption of urinary constituents or secrete mucous. Enterocystoplasty does not 

meet last two criteria however it has been used for many years and is the current gold 

standard. 

The many metabolic and surgical complications associated with enterocystoplasty have 

been well documented in literature. The metabolic disturbances include altered 

electrolyte metabolism, altered sensorium, altered hepatic metabolism, abnormal drug 

metabolism, calculus formation, malnutrition, growth retardation, osteomalacia and 

cancer (30). The severity of metabolic disturbance is further affected by the segment of 

bowel used, the amount of time spent in contact with urine and the concentration, 

composition and pH of the urine (103-105).While hyperchloraemic acidosis is typical of 

ileal and colonic augmentation, other metabolic derangements include growth 

retardation, malignancy, interrupted bile acid circulation and impaired clearance of 

drugs(106-110).Bladder calculus formation is seen in 30% of patients after 
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enterocystoplasty. Triple phosphate is the predominant stone identified in reconstructed 

lower tract. Spontaneous perforation of bowel segment is rare, but a significant  

and life threatening surgical complication of intestinal cystoplasty (111). 

 

15.2 Comparison in the current study model  

We assessed bladder compliance, bladder capacity, detrusor pressure and bladder 

elasticity in the current study. An improvement in the bladder compliance was measured 

in all the groups. 

  

15.2.1 Seromuscular enteroplasty  

Seromuscular enterocystoplasty group (group 1) had significant postoperative 

morbidities. One lamb out of six in the study group had intestinal obstruction. Mucous 

cysts were present   

 in four of five lambs in the enterocystoplasty experimental group. 

In addition to cyst complications, intra-operative dissection to separate bowel mucosa 

for seromuscular patch is a difficult and lengthy task. It involves bleeding and increase 

in operative time. In spite of extensive dissection and meticulous removal of 

macroscopic mucosa; four out of five (80%) specimens had mucous retention cysts in 

group 1.  

 

Shoemaker et al compared bladder augmentation with reversed demucosalised bowel, 

non-reversed demucosalised bowel and conventional ileal augmentations 

(70,112,113).There was evidence of urothelial regeneration in the reversed serosal 

groups and nonreversed segments. The demucosalised bowel can either be placed onto 

bladder after vesicomyomectomy (as described in the current model) or the bladder 
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defect. In the cases where demucosalised bowel has been placed onto the bladder, 

intense shrinkage of the segment has occurred with no net increase in capacity (72, 

92,114-124).Bowel epithelium growth and mucocele formation was noted in most of the 

animal models and the 80% mucous cyst formation seromuscular ileocystoplasty group 

in the current experimental model supports the findings of others. 

 

Gonzalez performed seromuscular coloplasty lined with urothelium in 16 patients. 

Follow up biopsies in 10 patients revealed colonic submucosa in 7, colonic epithelium 

in 2 and mixed urothelium and colonic epithelium in 1.Two patients had hourglass 

deformity of augmented segment that required revision (74).  

 The experience from the current study and literature confirms that seromuscular 

enteroplasty is certainly more technically demanding than the standard 

enterocystoplasty. 

15.2.2 Comparison of bladder compliance 

Bladder compliance was compared in the three groups. There was improvement in all 

groups, however statistically significant improvement was noted only in the Surgisis 

group. We did not have the facility to perform a full urodynamic study in our animal 

laboratory and calculated the compliance with capacity at 40cm of water pressure. 

Elasticity was compared in the Surgisis and Integra groups using an Instron 5566 

materials Testing Machine. The modulus of elasticity was indicative of stiffness of the 

graft. Macroscopically normal bladder was used as a control. The graphs were obtained 

using same methodology for all the specimens.  The elastic properties of the Integra 

group were comparable to the normal bladder. The elasticity of Integra was better than 

Surgisis group. 

15.2.3 Comparison of histological findings  
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All the post-mortem bladder specimens were examined histologically. Presence of 

mucous cysts and intestinal mucosa was noted in the seromuscular group. There was 

fibrosis noted in the Surgisis group, however there was evidence of 

neovascularization in both Surgisis and Integra group. Absence of fibrosis can 

explain better elasticity in Integra group.  

 

15.2.4. Use of Integra 

In a pilot study from our institute we used Integra as a graft in the body cavity of 

rodents. In the pilot study we used Integra (with silicone and collagen layer in place) 

in the diaphragm, urinary bladder and abdominal wall in a rat model. The vascularized 

omentum was used to provide the blood supply to the graft. On post mortem there was 

incorporation of Integra into the body wall, diaphragm and bladder respectively. 

Silicone was retained in the pilot study because it was easier to handle and was thought 

to increase the strength of product. It was further supported by the fact that large series 

of silicon prosthesis have been tolerated well without untoward immune related or 

carcinogenic effects of silicone (125).In the current study we removed the silicone layer 

as we did not want to leave silicone next to the urinary bladder to keep uniform 

methodology in all the three groups. The removal of silicone layer from collagen was 

easy.  

The remaining collagen only layer was very thin, but could be easily placed on the 

bladder mucosa. Blood supply was recruited from vascularized omentum. On post-

mortem the collagen layer had incorporated in the bladder wall. As shown in 

histological analysis there was no shrinkage or fibrosis of the collagen layer.  
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15.3 Comparison of the current study with others 

We have not found any other studies using Integra for urinary bladder autoaugmentation 

in the literature; however, the use of collagen to augment the bladder has been described 

in literature (126). 

The omentum was used to cover the collagen graft in a pig model. Histologically, 

regeneration of urothelial cells was rapid and complete but regeneration of smooth 

muscle in the muscle layer was slow and incomplete. The omentum was described to 

serve as a barrier against urine in order to protect proteolysis of collagen matrix and 

infection. It is a good source of blood supply hence provides neovascularization to the 

collagen patch.  

 

Major components of the omentum are mesothelial cells such as lymphocytes, 

macrophages and plasma cells. The mesothelial lining of the omentum is a continuous 

layer of single, flat pavement cells, tight junctions, and a thin basement membrane, all 

of which provide barrier against passive diffusion (127).The immune cells of omentum 

can provide a barrier and anti-inflammatory properties against the spread of infection. It 

was shown that when the omentum is applied to the traumatic tissue, angiogenic factors 

that are released by the omentum and the activation of macrophages cause more new 

capillaries to sprout and invade adjacent tissue. We used omentum to cover our graft in 

SIS and Integra group. Both groups had excellent macroscopic healing with good 

blood supply. There were no signs of macroscopic or microscopic inflammation in both 

the groups (128). 

 

15.3.1 Status of the native bladder 

The lambs in the current study had normal bladders, which may be a confounding factor  
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and a study of a diseased model is necessary to further this research. The research group 

from Indiana has used ADB (alloderm) for augmentation in diseased bladder model 

(100). Alloderm is a human dermal tissue with structural components of extracellular 

matrix, that is collagen and proteoglycans, which are crucial for scaffold of normal 

tissue regeneration. Alloderm has been used as a homologous graft to promote complete 

regeneration of each key bladder wall element in a  pig healthy bladder 

model(129).Bladder outlet obstruction was created in a pig model, After 3-4 weeks  a 

4X4 cms bladder was excised and defect repaired with ADB. The average compliance 

after augmentation was found to be better, however was not statistically significance. 

There was one death due to graft separation and sepsis. ADB regenerated tissue in the 

diseased bladder model appeared more fibrotic as compared to regenerated tissue from 

previous studies on healthy bladders. The obstructed bladder patch and native tissue 

from the obstructed model were substantially less elastic than healthy bladder tissue. It 

was further suggested that matrices designed for human bladder augmentation should be 

tested in a diseased animal model before being recommended for human bladder 

dysfunction. 

 

 

 

15.3.2 Neovascularization and regeneration of the graft  

The use of synthetic non-biodegradable biomaterials such as polytetraflouroethylene 

and polypropelene have failed because of host foreign body reaction(130-132).After 

that phase the research moved to synthetic biodegradable materials. The biodegradable 

materials have shown some promise as there are less graft encrustation and infectious 

complications than non-biodegradable materials. However significant graft shrinkage 
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still limits their role (133).Various groups have tried non-synthetic biodegradable 

materials such as placenta, amnion and pericardium. There was clear evidence of 

bladder regeneration in experimental groups. However there is a paucity of long term 

follow up data in the animal studies. 

 

Surgisis (SIS) has been successfully reported in humans for hernia repair, pubovaginal 

sling, penile chordee and rectovaginal fascial defects (134-137). In paediatric surgery, 

SIS has been specifically used for diaphragmatic defects, gastroschisis and chest wall 

tumors (138,139). However a serious inflammatory reaction was observed in the fourth 

week after pubovaginal sling. Le Roux further reported unsuccessful results for using 

SIS in endoscopic urethroplasty (140,141). 

 

The acellular extracellular matrix (ECM) grafts have been used for bladder 

regeneration. A mechanical process renders the graft acelluar by detergent and 

enzymatic extraction. These ECM grafts can be derived from various organs such as full 

thickness bladder, stomach and small intestine submucosal layer (142,143).Small 

Intestinal Submucosa has been used as a collagen based ECM graft for bladder 

augmentation and urinary reconstruction using unseeded technology. 

 

SIS grafts have shown to promote full thickness bladder regeneration in rat and canine 

animal models. The regenerated bladder tissue showed all the three layers of normal 

bladder wall (urothelium, smooth muscle and serosa). The regenerated segment was 

functionally innervated.  Urodynamics studies in long term canine augmentation model 

demonstrated the SIS augmented bladders maintained normal bladder capacity and 

compliance for at least 15 months postoperatively (99). 
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In the current experimental group the elasticity of Integra group was better than 

Surgisis® however in other muscle strip studies on bladder regenerated portions with 

SIS demonstrated contractility and compliance similar to those of normal bladder (144).  

 

All the Surgisis® auto –augmented bladder specimens showed neovasculazation. It has 

been demonstrated that SIS contains a combination of active intrinsic growth factors, 

cytokines, structural proteins, glycoproteins and proteoglycans that may assist in cell 

migration, cell-to-cell interaction, and cell growth and differentiation during 

regenerative procedures (145,146). These factors stimulate cell migration, cell–

extracellular matrix interaction, cell growth and differentiation (147) it has been further 

shown that transforming growth factor-b can be extracted from both latent and active 

forms of SIS (148). 

 

Previous studies have shown the regenerative process can continue up to 6 months but 

the most active periods of regenerative process are the first 6 weeks following bladder 

augmentation (149). The mitochondrial activity of SIS regenerated bladder tissue and 

the normal bladder was found to be similar in rat model (150). There were no reported 

cytotoxic signs when human embryo periosteal osteoblast, skin fibroblasts and rabbit 

renal vascular endothelial cells were placed on SIS in a vitro study, however their 

growth was normal (151). 

  

SIS has been used as a delivery scaffold both in vitro and after in  vivo implantation in a 

rabbit model to carry out primary urothelial culture(152)The immunohistochemical 

analysis showed that epithelial configuration of the cultured grafts in all retrieved 

samples had maintained on the fifth day. On the 10th day, the urothelium had showed 
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an increased thickness taking on a bilayer configuration, and on the 20th day, all grafts 

had normal urothelium. 

 

In the current experimental group we conducted a histological examination at 12 weeks 

and there was neovascularization but also calcification and fibrosis which was noted in 

majority of the SIS group. 

 

15.3.2.1 Factors affecting bladder regeneration of the graft 

There are several factors which might affect bladder regeneration. The few factors 

identified include the age of the animal and the sterilization method of SIS (153). 

Paracetic acid was recommended as a disinfectant. It was further demonstrated that E-

beam sterilization damages the integrity of   cross-links the SIS material, thereby 

creating an inert material with poor regenerative capacities. The distal ileum was shown 

to produce reliable and reproducible bladder regenerative results. It was suggested no to 

include Payer’s patches located in distal ileum. The use of distal ileum further reduced 

the heavy scarring and calcification within the grafts. The minimal calcification in distal 

ileal group as compared to proximal ileal group was attributed to less blood supply at 

the centre of graft. In the current study seromuscular enteroplasty group did not show 

any evidence of scarring or heavy calcification which can be attributed to vascular 

intestinal graft vascularized omentum. 

 

In an experimental group, in vivo bladder regeneration using small intestinal submucosa 

was performed (154). Partial cystectomy was performed in porcine model by excising 

40-60% of bladder wall. Bladder capacity and macroscopic graft morphology was 

assessed before and after SIS implant. Histological analysis for collagen/smooth muscle 
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ratio demonstrated 72% collagen vs. 28% muscular tissue. It was hypothesized that the 

3 month interval time was too short to permit complete regeneration of elastic and 

muscular walls with adequate neurofibrillary supply. The bladder capacity was reduced 

at 5 weeks but was not significantly different at 3 months. Similarly the bladder 

compliance was reduced at 5 weeks but was normal at 3 months. The initial shrinkage 

was attributed to the lack of enough elastic tissue. A concern was raised that the 

regenerated bladder wall could repeat the histological abnormality of native bladder 

such as neurogenic bladder or exstrophic or post-urethral valve bladders. Histology 

revealed different features at different intervals. At one week, SIS was well recognized 

and new capillaries were not observed. However neovasculartiy was shown at 5 weeks 

at the peripheral margin and poor at centre. At 3 months, SIS was not even recognized 

in the centre of graft. It was concluded that SIS was effective as a scaffold for imperfect 

bladder wall regeneration in four out of six animals. Long term studies are required to 

assess the elastic properties. 

 

In the current experimental group, we demonstrated good neovascularization but inspite 

of good neovascularization we noted significant fibrosis and calcification. However we 

did use off the shelf COOK surgical product in Surgisis® group 2. 

 

Zheng et al demonstrated the properties of SIS after restoration. They reported that the 

SIS patch after becoming restored was not a collagen matrix and did not include pig 

mast cells and DNA(155).The author further suggested that SIS should absolutely cause 

inflammatory and immunogenic reactions. The exact composition of SIS is still under 

investigation. 
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The use of SIS has been described in bladder augmentation in rabbit model (156).The 

rabbits were sacrificed at 12 months. The macroscopic examination of urinary bladder, 

kidney and ureter was normal. SIS was indistinguishable from the normal bladder wall. 

Microscopy revealed continuity of transitional epithelium of host bladder tissue on SIS 

material. There was formation of detrusor and serosal layers .The layers were 

indistinguishable from the host bladder. Fibroblasts were scattered among the collagen 

fibrils. They further noticed new vessels formation and excellent nerve regeneration. 

There was no inflammation or lymphatic proliferation in regenerated bladder wall. The 

cytometery or bladder compliance was not evaluated. It was concluded in the study that 

at the end of 12 months SIS seemed to be a viable alternative to the use of intestine in 

bladder augmentation. 

In a successful bladder augmentation depends upon include bladder capacity, 

compliance, and graft size to minimize the regenerative process from a healthy bladder 

(157). Graft shrinkage seemed to be universal in different degree in all the SIS grafts. 

Graft shrinkage might be due to several factors such as the mechanical properties of 

SIS. Small intestinal submucosa is a thin (only 0.1 mm in thickness) extracellular matrix 

without rigid support. However, it is mandated that either good native tissue is used as 

backup support or the presence of a positive intraluminal pressure is used for internal 

support. When the intraluminal pressure is low and there is positive intra-abdominal 

pressure compression on the graft, the graft may collapse. Similar results have been 

reported in segmental oesophagus, ureter, and small intestine replacement with SIS 

(158-160). In the current study bladder auto-augmentation was performed in healthy 

urinary bladder and there was good native tissue (bladder mucosa) back up support. We 

noticed shrinkage in 1/6 cases in the SIS group. 
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Paterson studied the feasibility and long –term results of laparoscopic bladder 

augmentation (12 months follow up) with ileum or multilayerd small intestinal 

submucosa in a porcine model (100).The follow up protocol included anaesthetic 

bladder capacity, renal ultrasonography and serum chemistry. At 3, 6 and 12 months, 

respectively, 4 animals per group were scheduled for sacrifice and pathological analysis. 

In ileal group various complications such as anastomotic leakage, acute cystitis and 

hydronephrosis, bowel adhesions and partial small bowel obstruction were noted in nine 

out of twelve animals. Histopathology revealed a normal transition between ileal 

mucosa and urothelium. The bowel mucosa was unremarkable. There were no bladder 

stones or visible sutures. However osseous metaplasia was detected in 50 %( 2/4) 

animals at 3 months. There was greater degree of intra-abdominal adhesions noted in 

SIS group as compared to the bowel group. At 3 months the harvested patch had shrunk 

with an average size reduction of 74 %( 48cms to 12.49 cms.).In all (4) animals at 12 

months and 50 %( 2/4) at 6 months had osseous metaplasia extending from bladder to 

pelvic wall. They further noticed that the small intestinal submucosa patch was 

excluded from native bladder and native bladder regeneration lead to the measured 

bladder capacity. The SIS submucosa revealed minimal in-growth of smooth muscles 

and vessels, minimal inflammation and thin layers of urothelium coating the patch. It 

was concluded that the ileocystoplasty group had a significant improvement in bladder 

capacity over time and no deterioration in renal function. However long term follow up 

revealed that functional and pathological results of SIS bladder augmentation were 

inferior to those of autologous bladder augmentation. 

 

 One study found bone formation and calcification in segmental ureteral replacement 

with SIS (101). There was regeneration of urothelium and muscular cells over the graft 
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in these cases and a dense fibrotic reaction with occlusion of the ureteral lumen was 

noted. Other authors have different experiences,  noting minimal adhesion formation 

with single layer SIS patches  at 3 months follow up( 161).Similarly Liatisikos reported  

regeneration of all ureteral layers without scar tissue or calcification at 7 weeks of 

follow up after laparoscopic ureteral replacement with multilayered SIS(162). 

 

Osseous metaplasia has been previously reported with SIS peritoneum, myocutaneous 

flaps, free fascial grafts, pericardial grafts and lyophilized human dura grafts (162-

164).The finding of osseous metaplasia and dystrophic calcification is noted in 64% of 

the dogs who underwent bladder augmentation with small intestinal submucosa. The 

majority of grafts with osseous metaplasia in the study were noted more than 6 weeks 

postoperatively, suggesting animals with too short a follow up do not show this finding. 

One interesting observation was that osseous metaplastic replacement of small intestinal 

submucosa was limited to the studies in which small intestinal submucosa was 

incorporated into the urinary tract and is in constant contact with urine. 

There are multiple differences in the harvesting and processing of single and 

multilayered small intestinal submucosa. The original small intestinal submucosa used 

by Kropp (165,166) and Vaught et al (167) was harvested by hand and not thermally 

sterilized. In contrast, the much thicker multilayered small intestinal submucosa is 

formed by 4 layers of small intestinal submucosa oriented at 90 degrees to each 

subsequent layer. In our study it was mechanically harvested and later sterilized, freeze-

dried and vacuum sealed. No agents were used during manufacture to laminate the small 

intestinal submucosa layers because the layers adhere to each other only by partial 

degradation via proteolysis (CookUrological,100).Whether the difference between  

single layer and multilayer  resulted in the difference in outcome is not clear. 
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In the current model we used multilayered Surgisis® from COOK surgical and the graft 

was not in direct contact with the urine as we performed auto- augmentation. We did not 

notice any bony calcification, but fibrosis was noted in the Surgisis® (group 2).There 

was no macroscopic urine leak at the time of removing the detrusor muscle so 

inflammatory reaction due to urine leak should have been minimal. 

In dogs, successful transplantation of autologous bladders with bioengineering 

techniques has been reported (90, 91). The autologous cells were used in dog model; 

biopsy of tissue was obtained from the host. The cells were dissociated and expanded in 

vitro, attached to a biodegradable matrix, and reimplanted into the same host. 

Histological evidence revealed engineered bladders to be normal functionally and 

anatomically. The experience in animal studies led to usage in humans. Bladder biopsy 

was obtained from the native bladder.  Cells were cultured as per study protocol 

(92).Urothelial cultures were further expanded with Keratinocyte growth medium. The 

cells and media were regularly assessed for infectious agents until implantation. Two 

different types of matrices were created.  A scaffold made of homologous decellularised 

bladder submucosa was used for the first four patients. A biodegradable composite 

scaffold made of collagen and PGA (a material used as a mesh for hernia repair; 

Sherwood Medical, St Louis, MO, USA) was shaped like a bladder with polyglycolic 

sutures, using a template created specifically for each of the last three patients. All 

scaffolds were sterilised with ultraviolet light followed by ethylene oxide.  The time 

between the bladder biopsy and reimplantation was 7-8 weeks. The use of a scaffold 

composed of PGA, which supports the structural integrity and collagen, and which 

supports cell growth and survival, proved to be optimal for engineering of bladder 

tissue. Omentum was used to enhance the vascularity of the engineered bladder. The 
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implanted composite engineered bladders showed improved functional outcome at 5 

years follow up. 

 

Cell –based approaches to engineer bladder tissue has been reported (168-173) and 

bioengineering has allowed creation of functional neo-bladder tissues in several animal 

models (174,175) 

 

Neovascularization plays a major role in the survival of the cell-seeded implants (176). 

For tissue engineering experiments in hollow organ reconstruction, the omentum is 

usually the only reliable source of the blood supply. However, omentum might not 

always adequate in size and may not be available because of adhesions or previous 

operations. The other options for blood supply are   from the perivesical fat and from 

underlying well vascularized submucosa. These options have been successfully used in 

rabbit model. Neovascularization maximize the survival rate of the implants and 

facilitate the regeneration of the tissue-engineered smooth muscle cells. 

 

The collagen layer of Integra® with vascular supply from the omentum can be a better 

option in urinary bladder auto-augmentation as compared to seromuscular 

enterocystoplasty and Surgisis® as shown in the current model. 
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16. Summary of results 

1. Seromuscular enteroplasty had significant intraoperative and post-operative morbidity 

2. There was no post- operative morbidity in the Surgisis® or Integra® groups. There 

was the presence of fibrosis in the Surgisis® group at the end of 3 months. It is 

difficult to interpret at this stage if this fibrosis will increase with time. More studies 

are needed with long term follow up. 

3. Elasticity was better in Integra® group and there was no fibrosis noted on histological 

specimens.  

16.1 Study Limitations 

1. The limitations of statistical analysis were small number of cases in each group. 

2. The current study was conducted on normal urinary bladders rather than diseased 

bladder   model. 

3. The follow up was short. 
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17 Conclusions 

17.1 Compliance: There was increase in bladder capacity in all the groups. The bladder 

compliance increased in all three groups; seromuscular enterocystoplasty, Surgisis® and 

Integra® however it was statistically significant in Surgisis® group. 

17.2 Neovascularization 

We noticed excellent neovascularization in all the groups, which proves our hypothesis 

to use omentum as vascularized pedicle. 

17.3 Elasticity 

The collagen in Integra® group had the better elastic properties than Surgisis®. There 

was no fibrosis in Integra® group which supports better elastic properties. However our 

experimental study was conducted in a healthy urinary bladder model. The current 

observation regarding elasticity requires further study in a diseased urinary model with 

a long term, follow up. 
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18. Future research:  

From the current study, the collagen layer showed promise in bladder auto- 

augmentation. However we need further studies to document its use in diseased bladder 

with a long follow up. The use of cell seeded collagen grafts is an excellent progress; 

however long term follows up is need. The future research may lead us to an era of off 

the shelf product to augment urinary bladder. 
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20 CHAPTER 9: APPENDICES 

20.1 APPENDIX 1 Presentations and Prizes  

    Presentations 
 

1. Western Australian Surgical Registrar Paper day              2007 
2. West Australian Urology meeting                                                 2007 
3. Annual meeting of College of Surgeons, Hong Kong                   2008 
4. Annual Urology Conference , Hong Kong                                     2008 

 
   
    Prizes 
 
   1. Telethon scholarship , Department of Health, Western Australia        2007 
   2. Best Registrar paper, West Australian Surgical Registrar paper day    2007 
   3. Best paper, Urology meeting, West Australia                                      2007 

 

 

 

20.2 APPENDIX 2 

   Publication  

Gera Parshotam Kumar, Andrew Barker, Saeed Ahmed, Jevon Gareth, Jillian 
Orford 
 
Urinary bladder auto augmentation using Integra® and Surgisis®: an 
experimental model.  
Pediatric Surgery International March 2010, Volume 26, Issue 3, pp 275-280  
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20.3 
Definitions  
 
Augmentation Bladder  
Bladder augmentation, also known as augmentation cystoplasty, is reconstructive 

surgery to increase the reservoir capacity of the bladder. The procedure is very common 

and involves tissue grafts (anastomosis) from a section of the small intestine (ileum), 

stomach, or other substitutes that are attached to the urinary bladder by sewing or 

stapling 

Auto augmentation Bladder 
 
Autoaugmentation provides augmentation of the bladder using native urothelial tissues. 
 
 It avoids the disadvantages associated with augmentation cystoplasty. 
 
Bladder Compliance 
 
Ability of the urinary bladder to stretch in response to pressure without being disrupted, 
expressed in mls per cms of water calculated as change in volume divided by change in 
pressure. 
 
Elasticity  
 
The tendency of a body to return to its original shape after it has been stretched or 
compressed. 
 
Elastic Modulus 
 
An elastic modulus, or modulus of elasticity, is the mathematical description of an 
object or substance's tendency to be deformed elastically (i.e., non-permanently) when a 
force is applied to it. The elastic modulus of an object is defined as the slope of its 
stress–strain curve in the elastic deformation region 
 
Stiffness 
 
Stiffness is the rigidity of an object — the extent to which it resists deformation in 
response to an applied force. The complementary concept is flexibility or pliability: the 
more flexible an object is the less stiff it is. 
 
Autologous augmentation 
 
The use of your own body tissues/ cells to replace or augment the tissue that was lost to 
a disease, injury or surgery 
 
PGA 
 
Polyglycolic acid 

https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Slope
https://en.wikipedia.org/wiki/Stress%E2%80%93strain_curve
http://en.wikipedia.org/wiki/Deformation_(mechanics)
http://en.wikipedia.org/wiki/Force
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