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Abstract: This paper reviews bladder augmentation,
which has been proved to be an effective way of
providing a well functioning urine reservoir that protects
the upper urinary tract and allows patients to have a good
quality of life. Good results have been achieved with the
use of all types of bowel segments. Lifetime follow-up
and recognition of the complications is mandatory. Very
careful patient selection is essential in order to achieve
better long-term results. The principle of urothelial
preservation, introduced by autoaugmentation, is very
promising in the effort to create a compliant urinary
reservoir without metabolic disturbance and without the
risk of cancer.
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Introduction

The urinary bladder as a reservoir has the ability to
increase its volume during the filling phase of the
micturition cycle with little or no change in intravesical
pressure. Although it is an involuntary organ, an
individual can initiate or inhibit contractions of the
sphincteric mechanism, permitting voiding or maintain-
ing continence under voluntary control. Its function
depends on the integrity of its innervation and the
sphincteric mechanism of both vesical neck and
proximal urethra. The normal bladder can accommodate
volumes up to 400-500 ml while sustaining an
intravesical pressure of about 10 cmH2O. A sensation
of fullness leads to the active contraction of the detrusor,

which increases the intravesical pressure and results in
voiding. Many neurological pathways are involved in
micturition, alteration of any of which may cause
bladder dysfunction. A variety of pathological conditions
may lead to a diseased bladder with restricted capacity or
abnormal contractility. Augmentation cystoplasty is a
well established procedure during which the bladder is
enlarged by incorporating a variety of different patches
into the native bladder. In substitution cystoplasty a large
proportion of the bladder is resected and replaced by a
selected gastrointestinal segment. Enterocystoplasty was
first described by von Mikulicz [1], in 1899, who used a
segment of ileum in order to enlarge a bladder
contracture of unknown cause. In the early 1950s
Couvelaire [2] persevered with the concept of augmenta-
tion and successfully augmented the bladder with
tuberculous contracture in 3 patients using tubular
segments of cecum. Also in the 1950s Tasker [3] and
Goodwin et al. [4,5] proposed the technique of small
bowel detubularization for a cut-patch cystoplasty [6].
Various segments of intestine and stomach have been
used since then, but enterocystoplasty has gained wide
acceptance as a surgical method in order to enable a
capacious low-pressure reservoir to empty completely
and at the same time protect the upper urinary tract.

Indications

The indications for bladder augmentation include a
small, contracted bladder and a dysfunctional bladder
with poor compliance. In the first category the most
common conditions that may cause a smaller bladder are
chronic interstitial cystitis, tuberculosis, post-radiother-
apy cystitis and bladder cancer [7]. Augmentation
cystoplasty is appropriate in patients with a small-
capacity bladder, whereas for a patient who may have
symptomatic disease, excision of a significant proportion
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of the bladder which is causing the symptoms and
substitutioncystoplastyis the besttherapeuticsolution.
Bladdersubstitutioncouldbeappliedin casesof solitary
well differentiated transitional cell carcinomasof the
bladdertreatedby subtotalcystectomy[8,9]. Augmenta-
tion cystoplastyis a widely acceptedsurgicalmethodfor
refractory detrusorinstability and neuropathicbladder
dysfunction [10]. Detrusor instability is usually asso-
ciated with increasing age, whereas stress urinary
incontinence,outflow obstructionand detrusorhyperre-
flexia are usually seen in patients with neurological
disease. Augmentation cystoplasty is an effective
treatmentin casesof detrusorinstability and detrusor
hyperreflexia when conservativetreatment has failed
[11]. Bladder capacity and complianceare increased
after augmentationcystoplastyandthereis a significant
decreasein the detrusorpressurerise during the filling
phase,proven urodynamically[12]. The creation of a
capaciouslow-pressurereservoirin order to be able to
emptycompletelycanbefacilitatedby cleanintermittent
catheterization[13,14]. In casesof severeneurogenic
dysfunctionwith markedthickeningof the bladderwall
substitutioncystoplastymustbetakeninto consideration.
Patientswith urinary incontinenceanda normalurethra
may be managed synchronouslywith augmentation
cystoplasty and an artificial urinary sphincter or
periurethralbulking agent(Teflon, collagen,autologous
fat) or colposuspensionin females.Whenthe urethrais
damagedthe augmentedbladdercan be drainedvia a
continentvesicostomyby interposinga vital tubeusing
the Mitrofanoff techniqueor othervariations(appendix,
ileal tube,preputialskin) [15,16].

In recent years the indications for augmentation
cystoplastyhavebeenexpandedto include an increas-
ing number of congenital bladder abnormalities. In
bladder exstrophy augmentationcystoplastycould be
usedin caseswith persistentdecreasedbladdercapacity
and subsequentupper tract changes[17]. Good results
have been reported with the use of augmentation
cystoplastyfor the treatmentof unstablebladderswith
poor compliancein young boys previously treatedfor
posteriorurethral valves [18]. Also, in young patients
who may havean unstablebladderapartfrom untreated
vesicouretericreflux, augmentationcystoplastymay be
an effective methodof treatment[19]. It hasalso been
reported as an effective surgical technique for the
treatmentof neuropathicbladderandbowel dysfunction
[20].

Patient Selection

Each candidate for augmentation enterocystoplasty
should have a thorough laboratory investigation for
blood urea nitrogen level, serum creatinine and
electrolytes. The surgeon should beware of patients
with impaired renal function, who may develop
significant metabolic acidosis in the postoperative
period [21]. At least a minimum of reserve (e.g.
creatinine clearance >40 ml/min) must be assured,

unless renal transplantation is scheduled after the
augmentation cystoplasty. Resorption of ammonia
throughthe bowel usedin cystoplastycould be crucial
in patients with hepatic failure, and therefore liver
function testsand arterial blood gasesshould also be
checked preoperatively. Intravenous urography and
voiding cystographyshouldbe performedto check for
upperurinary tract abnormalitiesandpossiblevesicour-
eteralreflux, and to assessbladdersize.A radionuclide
scanhelps define renal function. Urethrocystoscopyis
also essentialto check the continencemechanismand
any other intravesicalpathology,and to be certain that
intermittentcatheterizationwill be feasibleif indicated.
In patientswith interstitial cystitis biopsy alone with
urine cytological examination may be necessaryto
excludecarcinomain situ. Finally, urodynamicevalua-
tion of each patient with bladder dysfunctionplays a
major role in the preoperative investigation. The
process of the primary disease, along with other
possible coexisting diseasesand the physical and
mental statusof the patient, is very important for the
successof the operation. Inability of the patient to
perform regular clean intermittent catheterization,if
required, may lead to subsequentupper urinary tract
deterioration [22]. In most cases several treatment
choicescan be proposed.

Augmentation Techniques

Ileocystoplasty

The ileum was the first bowel segment used for
experimentalaugmentationcystoplasty,and ileocysto-
plasty has wide clinical use.Although bowel contrac-
tions cannot be completely abolished,it has become
clear that detubularizationof the bowel is important to
preventperistalticwavesandachievegreatervolumein
the reservoir.A segmentof ileum, its length varying
from 20 to 40 cm, closeto the ileocecalvalve is chosen
and openedalong its antimesentericborder. It is then
usedasa patchor is reconfigured,usuallyinto a U andS
shape,andanastomosedto the bladder,which is incised
sagittally (Fig. 1) [23–26]. Recently,a star incision of
the bladderas a modificationof sagittalcystotomyhas
beendescribed[27]. The uretersmay be left intact or
may be reimplanted into the bowel or the bladder,
preferably by creating a submucosaltunnel, ensuring
that an adequatelengthof the ureteris beingpreserved.
Another surgical techniqueis the ileocecocystoplasty,
wheresegmentsof ileum andcecumof equivalentlength
areused.Thesebowel segmentsareopenedby incising
along their antimesentericbordersand then folded and
reconfiguredto form a ‘cup’, which is thenanastomosed
to the bladder (Fig. 2). The ileocecal segmentwith
different modifications [28–31] has also been used,
especially for bladder substitution and when the
supravesicalcontinencemechanismmust be preserved.
The use of the appendix to form a continent urinary
reservoir has becomequite widely acceptedby many
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surgeons. A continent mechanism is achieved by
bringing the appendixto the abdominalwall, which is
then readily catheterizableby self-intermittentcatheter-
ization.

Colocystoplasty

Anotherpartof thegastrointestinaltract,which wasfirst
proposedby Couvelaireandis quite commonlyused,is
the large bowel. Non-detubularized cecum is not
preferred for augmentation cystoplasty because of
strong bowel contractions,which may cause incon-
tinence.Thesigmoidcolonseemsto bethebestmaterial.
According to this technique an adequatelength of

sigmoidis selectedandisolated.It is thenopenedalong
its antimesentericborderandreconfiguredinto a U or S
shape,and anastomosedto the bladder in a similar
manneraswith ileocystoplasty(Fig. 3). The advantages
of this techniquearethe largelumensizeof thesigmoid
colon andits proximity to the bladder[32].

Gastrocystoplasty

Gastric segment,first describedby Sinaiko [33], has
beenusedfor bladderaugmentationand substitutionin
both children and adults [34–36]. The advantagesof
using stomachinclude minimal mucusproductionand
net chloride excretion.A segment10–20cm in length

Fig. 1. A, B Ileocystoplasty:a segmentof ileum,20–40cm long, is isolatedandopenedalongits antimesentericborder.Theopenedsegmentis
reconfiguredinto a U or S shape.C, D The reconfiguredsegmentis anastomosedto the bladder.
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of the greatercurvature [37] is used to augmentthe
bladder. Its blood supply is preservedand the gastric
segment is mobilized in order to approximate the
bladder(Fig. 4).

Ureterocystoplasty

An alternative to gastrointestinocystoplastyis the
techniqueof ureterocystoplasty,which is usedto create
a neobladderlined with transitionalepithelium[38,39],
therebyavoidingthe complicationsandsideeffectsthat
result from incorporatinggastrointestinalsegmentsinto
theurinarytract.Segmentsof amegaureterareusedafter
nephrectomyin patients who may have had a non-
functioning kidney draining into a megaureter.The
ureter is folded upon itself and reconfiguredinto a U
shape, similar to intestinocystoplasty,and is then
anastomosedto the bladder, which is openedin the

sagittalplane(Fig. 5). In a reportedcasethe lower pole
of a duplicated ureteral system was used for ureter-
ocystoplasty[40].

Autoaugmentation

Another way to augment the bladder using native
urothelial tissue is the techniqueof autoaugmentation.
The concept is simple: a large diverticular bulge is
createdby stripping the detrusorwith dissectionat the
dome of the bladder, thereby, increasingthe storage
capacity of the bladderand reducingstoragepressure
(Fig. 6) [41]. An interestingproposalis autoaugmenta-
tion done laparoscopically [42]. Although with this
technique the problems of incorporating the gastro-
intestinal segmentin the urinary tract are avoided,the
resulting bladder capacity and compliance are not
preservedbecauseof possiblelate fibrosis.To eliminate

Fig. 2. A Ileocystoplasty:a segmentof ileum andcecumof equivalent
length is selectedand incisedalong its antimesentericborder.B The
openedsegmentis reconfiguredinto a ‘cup’ andanastomosedto the
bladder.

Fig. 3. A Colocystoplasty. An adequatelengthsegmentof sigmoidis
selectedandisolatedandthenopenedalongits antimesentericborder.
B The openedsegmentis reconfiguredinto an S or a U shapeand
anastomosedto the bladder.

36 A. CranidisandG. Nestoridis



this complication,the urethrothelialbulge was covered
with demucosalizedsegmentsof stomachto provide a
muscularbacking for the diverticulum. The technique
was applied in sheepand humans,resulting in a good

effect [43–45]. The same technique of combining
autoaugmentationand demucosalizedsigmoid was also
used in canines and humans [46]. In the clinical
applicationof this techniquethere was an increasein

Fig. 4. A Gastrocystoplasty.A segment10–20cm in length of the
greatercurvatureof the stomachis excised.B The gastricsegmentis
mobilized andanastomosedto the bladder.

Fig. 5. A Ureterocystoplasty.After nephrectomythe megaureteris
openedalong its length,preservingits blood supply.B The ureteris
foldeduponitself andreconfiguredinto a U shapeandanastomosedto
the bladderin a similar way asin ileocystoplasty.

Fig. 6. Autoaugmentation.A Incision of the detrusorandbulging of
the bladdermucosa.B The detrusoris strippedandexcisedfrom the
bladdermucosa.

Fig. 7. Autoaugmentationwith de-epithelializedsegmentof small
intestine.A Incision of the detrusor.B Incision of a small intestine
segmentalongits antimesentericborder.C De-epithelializationof the
entericsegment.D Coveringthe urothelialbladderdiverticulumwith
the de-epithelializedsegmentof small intestine.

BladderAugmentation 37



bladdercomplianceand the follow-up period remained
free of metabolic complications.Recentexperimental
studies done in rabbits presented good results in
improving bladdercompliancewith the useof isolated
de-epithelializedsegmentsof small intestine covering
the bladdermucosadiverticulum[47].

Other Techniques

To avoid exposing the intestinal mucosa to urine,
alternative augmentationenterocystoplastytechniques
have been performed using demucosalizedreversed
seromuscularflaps[48]. Experiencewith this procedure
using ileum, colon and stomachin canine and sheep
modelshas beenreported[49–51]. Although good re-
epithelialization of the serosal surface of the bowel
occurred,therewas contractionof the patchdue to the
trauma of the mucosal stripping. However, initial
clinical experiencewith this procedure,namedseromus-
cular colocystoplastylined with urothelium (SCLU),
showed satisfactory results [52]. Pedicled rectus and
gracilis muscleflapshavebeenusedin dogsaspatches
for bladder reconstruction[53], but once again the
bladdercapacitywasnot preservedbecauseof contrac-
tion, fibrosisandossificationof the flaps.

Complicationsand SideEffects

Complications and side effects with augmentation
cystoplastyare significantly infrequent comparedwith
neobladder formation. Small bowel obstruction and
wound infection with abscessformation are seen as
early complications,more often with the useof colon.
Also, ureteralleakagemaybecomeaproblem,especially
whenanadequatelengthof thereimplantedureteris not
preserved.

Resorptionof chlorideandammonium,resultingin a
decreasein arterial pH, hasbeennotedin patientswho
had their bladderaugmentedwith intestinal segments.
This is related to the secretory and absorptive
capabilities of the bowel segment used, but hyper-
chloremic metabolic acidosis rarely poses a major
clinical problemin thesepatients[54]. Bowel dysfunc-
tion maybepresentaftercystoplastyowing to disruption
of the enterohepaticbile circulation, which can be
managedwith anion exchangeresins[55]. The loss of
the ileocecal valve may result in diarrhea [56] and
vitamin B12 deficiency,which is due to the decreased
absorptionof the distal ileum, and it may result in
megaloblastic anemia. Mucus production, which is
slightly increasedwith colonicsegments,is notclinically
significantbut may occasionallyimpair bladderempty-
ing. Bacteriuriamay also be presentafter enterocysto-
plasty, which, when it is combined with mucus
production, may lead to stone formation, something
that hasbeenreportedin 52% of a pediatricpopulation
who have had augmentationcystoplasty[57]. A rich
daily fluid intake,eradicationof theinfectionandroutine

irrigation of the augmented bladder, especially in
patients who are voiding without the need for self-
catheterization,should be advised.Incontinence,espe-
cially nocturnal,may becomea problemin a numberof
patients,who may require reoperation.Follow-up by
ultrasoundestimationof residualurine is adequateand
intermittent self-catheterizationis indicatedwhen resi-
dual volumesaregreaterthan100 ml.

One of the most troublesome complications of
enterocystoplastyis the spontaneousperforation that
has beenreportedwith increasingincidence(3%–6%)
overrecentyears.This complicationmayoccurwith any
gastrointestinalsegmentused in cystoplasty,and its
possible cause is the ischemia of the bowel wall
secondary to overdistensionor trauma during self-
catheterization.In most casessurgical exploration is
needed[58].

The complicationsand side effects of enterocysto-
plasty, such as metabolic abnormalities, bacteriuria,
mucusproductionand lithiasis, are eliminatedwith the
useof stomachin bladderaugmentation.On the other
hand, hematuria–dysuriasyndromedue to gastric acid
secretions,and hypokalemic,hypochloremicmetabolic
alkalosis due to hypersecretionof gastrin, are known
side effects of gastrocystoplasty[59,60]. Lifelong oral
omeprazolemay be required after gastrocystoplasty.
Uninhibited rhythmic contractionshavebeennotedand
urodynamicallyprovedin asignificantlylargenumberof
patientswith gastrocystoplasty,resultingin incontinence
and reflux and in some cases requiring secondary
enterocystoplasty[61].

The potential risk of tumor developmenthas been
identified with bladder enterocystoplasty,and malig-
nancy may arise many yearsafter augmentation[62].
However,no reliabledataon the incidenceof malignant
transformation in patients with enterocystoplastyare
available. An experimental study has shown that
hyperplasticchangeswere observedin all gastrointest-
inal patches,with fewer incidencesin ileocystoplasty
[63,64]. Thus, urine cytology and cystoscopy must
definitely be includedin the follow-up of augmentation
cystoplasty.

Comments

The reconstruction of urinary organs is a reality
nowadays,andurologistsseeknew methodsto improve
their surgicaltechniquesandprovidea betterquality of
life to their patients.The initial indicationsfor bladder
augmentation in adult patients with tuberculosis,
interstitial cystitis andother forms of small bladderare
extendedin adultandpediatricpopulationsto caseswith
unstable bladder and poor bladder compliance, and
congenital anomalies.With regard to surgical techni-
ques, enterocystoplastyhas been the most widely
acceptedway to augmentthe bladder.Although some
surgeonshave claimed that the use of ileum (‘clam’
enterocystoplasty)hasa betteraugmentingeffect as far
as compliance is concerned,good results have been
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achievedwith the useof all bowel segments.No matter
which intestinalsegmentis chosen,the surgeonshould
be familiar with the advantagesand disadvantagesof
each method and be able to properly select the
appropriatetechnique.The complicationsof enterocys-
toplasty that can arise from the immediatecontact of
urinewith theintestinaltractarewell known.Theuseof
gastricsegmentprovidesa differentmaterialfor bladder
augmentation, avoiding some of the complications
causedby the use of bowel, but it may still result in
postoperativesyndromeswhich canbe very irritating to
the patient. The indications for this more complicated
type of operationshould be taken into consideration,
limiting its useto patientswith shortbowelsyndromeor
impairedrenal function.

Bladderaugmentationusingtheureteris a reasonable
choice in patientswith megaureterand poorly or non-
functioning kidneys. The autoaugmentationtechnique
avoidsall complicationsthat may arisewith the useof
gastroenterocystoplastytechniques,but more follow-up
data are neededfor it to be widely applicable. The
proposedmodifications of autoaugmentationare very
promising,but they arestill in the researchfield.

Conclusively,bladderaugmentationis oneof themost
useful tools in urology in the treatmentof an increasing
numberof lower and upper urinary tract problems.It
seemsto havegreatbenefit for detrusorinstability and
poorbladdercomplianceand,combinedwith incorpora-
tion of an artificial sphincteror anothertechniqueof
reconstructionof the continencemechanismor clean
intermittent self-catheterization,may provide a well
functioning urine reservoir,allowing patientsto havea
goodquality of life. Lifetime follow-up andrecognition
of the complicationsis mandatory.Very careful patient
selectionis essentialin orderto achievebetterlong-term
results.The principle of urothelial preservation,intro-
duced by autoaugmentation, is very promising in the
effort to create a compliant urine reservoir without
metabolicdisturbancesandwithout the risk of cancer.
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