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Background: We desire to review our experience with bladder augmentation in spina bifida patients
followed in a transitional and adult urologic practice. This paper will specifically focus on three major
complications: bladder calculi, the most frequent complication found following bladder augmentation,
perforation of the augmentation, its most lethal complication and finally we will address loss of renal function
as a direct result of our surgical reconstructive procedures.

Methods: We reviewed a prospective data base maintained on patients with spina bifida followed in our
transitional and adult urology clinic from 1986 to date. Specific attention was given to patients who had
developed bladder calculi, sustained a spontaneous perforation of the augmented bladder or had developed
new onset of renal scarring or renal insufficiency (> stage 3 renal failure) during prolonged follow-up.
Results: The development of renal stones (P<0.05) and symptomatic urinary tract infections (P<0.0001)
were found to be significantly reduced by the use of high volume (>240 mL) daily bladder wash outs.
Individuals who still developed bladder calculi recalcitrant to high volume wash outs were not benefited by
the correction of underlying metabolic abnormalities or mucolytic agents. Spontaneous bladder perforations
in the adult patient population with spina bifida were found to be directly correlated to substance abuse
and noncompliance with intermittent catheterization, P<0.005. Deterioration of the upper tracts as defined
by the new onset of renal scars occurred in 40% (32/80) of the patients managed by a ileocystoplasty and
simultaneous bladder neck outlet procedure during a median follow-up interval 14 years (range, 8-45 years).
Development of > stage 3 chronic renal failure occurred within 38% (12/32) of the patients with scarring i.e.,
15% (12/80) of the total patient population. Prior to the development of the renal scarring, 69% (22/32) of
the patients had been noncompliant with intermittent catheterization. The onset of upper tract deterioration
(i.e., new scar formation, hydronephrosis, calculus development, decrease in renal function) was silent, that
is, clinically asymptomatic in one third (10/32 pts).

Conclusions: This paper documents the need for high volume bladder irrigations to both prevent the
most common complication following bladder augmentation, which is the development of bladder calculi
and to reduce the incidence of symptomatic urinary tract infections. It provides a unique perspective
regarding the impact of substance abuse and patient non-compliance with medical directives as being both
the most common cause for both spontaneous bladder rupture following augmentation cystoplasty and for
deterioration of the upper tracts. These findings should cause the surgeon to reflect on his/her assessment of

a patient prior to performing a bladder augmentation procedure and stress the need for close follow-up.
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Introduction

Augmentation cystoplasty was originally developed in the
1950’ for the treatment of contracted end stage bladders
secondary to tuberculosis and schistosomiasis. The use
of this procedure was, however, significantly limited
until the advent of clean intermittent catheterization
in the early 1970%. Although waxing and waning in its
popularity, augmentation cystoplasty, has remained a part
of the urologist’s surgical armamentarium over the last
five decades. Indeed, this procedure is still a mainstay in
pediatric reconstructive urology where it is used to treat
recalcitrant urinary incontinence, in up to 25% of patients
with spina bifida and bladder exstrophy (1). In this paper, we
desire to review our experience with bladder augmentation
in patients with spina bifida. Long-term morbidity within
the spina bifida population is affected by a multitude of
factors, including: the physiologic activity of the enteric
augmentation, the frequent use of bladder outlet procedures
and the patient’s mental and/or physical handicaps
that may impact self-care. This paper will specifically
focus on three major complications: bladder calculi, the
most frequent complication found following bladder
augmentation, perforation of the augmentation, its most
lethal complication and finally we will address loss of renal
function as a direct result of our surgical reconstructive
procedures.

When evaluating the long-term morbidity of bladder
augmentations in spina bifida patients one must remember
it is only within the recent decades, that the patients with
spina bifida are living longer lives. Indeed, it was not until
2000, that we could finally report that a child born with
spina bifida had a 50% chance of survival to 35 years of
age (2,3). Regarding long-term follow-up of spina bifida
patients we have had a rather unique honor in being able to
participate in the transitional care of spina bifida patients
from infancy through adulthood, with >300 pts adult pts
seen routinely at either yearly or biennial follow-up. In
addition, we have managed innumerable patients presenting
for second opinions and/or being followed and treated
at irregular intervals for management of their urologic
complications. This rather unusual experience has resulted
in our ability to give some exceptional insight into the long-
term management of these patients. We would, however,
caution anyone evaluating our outcomes that we serve as
a tertiary referral center for individuals with neuropathic
urologic complications; our observations could have
been greatly affected by referral patterns. To underscore
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this point we would point out that approximately 50%
of our patients were referred to us for either transitional
management as they turned into adults or management of
complications of their prior surgical interventions (1,4).

Complications of bladder augmentation
Bladder calculi

Introduction

We began our routine follow-up of patients with a bladder
augmentation in 1986. At that time, all of the augments we
followed had been performed with either the standard cupped
ileal, detubularized ascending colon or a sigmoid bladder
augmentation, with catheterization from either a continent
abdominal stoma or via the urethra. Routine postoperative
management was to irrigate all enteric augmentations with
60 mL of saline daily. Literature from that era suggested
that slightly fewer than 50% of the patients developed
stones over a 10-year follow-up interval, with approximately
50% of the patients having recurrence of bladder calculi
within 5 years (5-7). The highest rate of stone recurrence
being related to the presence of an abdominal stoma, with
little to no variation in stone recurrence rate based on
endoscopic (fragmentation of the stone) versus open (intact)
removal (5,6,8-10). Stone formation was presumed to be
predominantly related to the retention of mucous within the
augmented bladder, with the routine use of bladder irrigation
or the use of mucolytic agents believed to significantly
reduce the rate of stone formation (5,10-12). The impact
of metabolic abnormalities was, however, thought to play a
major role in individuals with recurrent bladder calculi with
metabolic evaluations revealing hypocitraturia in virtually all
individuals with recurrent bladder calculi (13-15). In addition
to these ubiquitous findings, low 24-hour urinary volumes
(<1,600 mL), hypercalciura and hyperoxaluria were found in

one third (13-15).

Materials and methods

All data included and protocols used for patient evaluation
within this paper have been approved by the Mayo IRB
review, protocol number 07-003450-07. To evaluate
the effect of daily bladder irrigations in the prevention
of recurrent bladder calculi, we took 75 consecutive
patients with spina bifida that presented with bladder
calculi following a bladder augmentation between 1986
and 2001. To be included in this study all individuals had
to be catheterizing via an abdominal stoma and had an
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Figure 1 Stone free rates in bladder augmentations based on

volume of bladder irrigation.

enteric bladder augmentation (48 ileal and 27 colon). They
had to agree to maintain a minimum of a yearly follow-
up interval for a 10-year period. Prior to placing them
on a study protocol all patients underwent removal of
existing bladder calculi, by either endoscopic removal with
fragmentation (stone size <2 c¢m in diameter and/or <5 in
number) or open removal of intact bladder calculi (stone
size >2 c¢m in diameter and/or >5 in number). Patients
were maintained on antibiotic prophylaxis for 3 months
post stone removal. The prophylactic antibiotic used was
based on bacterial sensitivity obtained from culturing
fragments of the stone removed. A plain film of the kidneys,
ureter and bladder (KUB) and renal bladder ultrasound
were obtained at 1 month and 3 months following stone
extraction to verify absence of fragments and or missed
calculi following treatment. All patients were maintained
on bladder irrigations with 60 mL of normal saline during
this 3-month time span. If the patient was determined to be
stone free at 3 months post stone removal, the patients were
divided into the ileal and colonic bladder augmentation
subgroups and were then randomly assigned to one of
three protocols; irrigation with daily saline wash outs
with volumes of either 60 mL (25 pts), 120 mL (25 pts)
and 240 mL (25 pts) of saline daily. Non-compliance with
bladder irrigation protocols was defined as a 3-month
or greater time span when the patient missed more than
one episode of bladder irrigation per week. Follow-up
was performed at yearly intervals with routine assessment
of serum electrolytes, creatinine, renal function tests,
urine cultures, renal and bladder ultrasound and a KUB.
Cystoscopic evaluations were performed in individuals
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with a history of >4 symptomatic urinary tract infections
per year, gross hematuria or microscopic hematuria of >50
RBC/HPE, a history of persistent abdominal or pelvic pain
or radiographic abnormalities suggestive of a bladder calculi
or obstruction. The augmented bladder was noted to be
colonized with bacteria if a routine yearly bacterial culture
grew out a bacteria at >10’ colonies per mL of urine and
the patient was asymptomatic. Symptomatic urinary tract
infections (UTTs) were defined as a positive urine culture at
>10’ colonies per mL occurring in conjunction with either
a temperature >38.5 °C, chronic malaise and fatigue, new
onset of flank, pelvic or bladder pain or persistently grossly
purulent/foul smelling urine lasting >72 hours. Individuals
with >4 symptomatic UTI per year were placed on oral
antibiotic prophylaxis. The presence or recurrence of a
bladder calculus was confirmed by both radiographic and
endoscopic findings. Statistical evaluations used Kaplan
Meir Curves, chi-square analysis or two tailed #-tests where
appropriate, P values <0.05 were considered significant.

Results

Non-compliance with medical directives regarding bladder
irrigation was not significantly different between any of
the three treatment groups, 60 mL-12% (3/25); 120 mL-
16% (4/25) and 240 mL-20% (5/25), P=0.44. Fifty percent
(6/12) of the individuals who were non-compliant with
irrigation protocols developed renal calculi. Noncompliance
with irrigation was not associated with recurrent stones
in patients irrigating with 60 mL-66% (1/3) vs. 68%
(15/22), P=0.95 or in patients irrigating with 120 mL-50%
(2/4) vs. 48% (10/21), P=0.93, However, noncompliance
with bladder irrigations with 250 mL was associated
with recurrent bladder calculi, 50% (2/4) vs. 11% (2/19),
P=0.429. Figure 1 demonstrates the recurrence of bladder
calculi based upon volume of bladder irrigations. Notably
the volume of daily bladder irrigant of 250 mL significantly
reduced the incidence of recurrent stone formation
compared to bladder irrigations of either 60 mL (P<0.0002)
or 120 mL (P=0.0152) by the seventh year following the
initial stone extraction. The use of high volume 240 mL
bladder irrigations was also found to significantly decrease
the incidence of bacterial colonization of the bladder
as determined by the yearly surveillance urine cultures.
Specifically, 45% (113/250) of the routine yearly urine
cultures were positive in individuals irrigating with 240 mL,
62% (155/250) in individuals irrigating with 120 mL
(P<0.001) and 84% (210/250) in the individuals irrigating
with 60 mL (P=0.00039). High volume irrigations also
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Figure 2 Stone free rates of recurrent stone formers based on
bladder irrigation, normalization of citrate and use of mucolytic

agents.

decreased the incidence of symptomatic UTT over a 10-year
time span: 47 in the 240 mL irrigation group compared to
100 in the 120 mL group (P<0.0001) and 127 in the 60 mL
group (P<0.0001).

Evaluation and treatment of recurrent stone formers
while on irrigation protocols

A total of 44% (33/75) of our patients developed recurrent
bladder calculi while on an irrigation protocol. All of these
individuals were subsequently placed on high volume bladder
irrigations with 240 mL and assessed for the presence of
urinary metabolic abnormalities. Twenty-four-hour urines
for volume, creatinine, calcium, oxalate and citrate were
obtained. These evaluations revealed metabolic abnormalities
to be present in 91% (30/33). Hypocitraturia (<320 mg/
24 hours) was found in 75% (25/33) patients. Mixed
metabolic anomalies with low urine output (<1,600 mL),
hypercalciuria (>300 mg/24 hours) and hypocitraturia
were found in 15% (5/33). In the 25 pts with isolated
hypocitraturia as their only metabolic defect, 12 patients
were placed on irrigation of 250 mL of saline daily and 13
were placed on 250 mL of saline bladder irrigations daily
along with potassium citrate supplementation. The amount
of citrate administered varied, with dosage being dependent
upon normalization of urinary citrate levels as measured
by a 24-hour urine collection. In the eight remaining
patients (three with no metabolic abnormalities and five
with combined defects) we placed the patients on irrigation
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of the bladder with 250 mL of saline daily and instilled
30 mL of 20% acetylcysteine into the bladder at night (16,17).
All patients were followed for a 5-year time period. Non-
compliances with medical directives among the recurrent
stone formers were similar between all treatment groups:
8% (1/12) in patients irrigating with 250 mL, 15% (2/13)
in individuals on both citrate and irrigation and 12% (1/8)
in patients using acetylcysteine and irrigation. P=0.587.
Figure 2 represents the comparison in stone free rates
between the three interventional strategies, no significant
statistical difference was found between any of the treatment
methods, with bladder irrigation with 250 mL alone being
as successful as citrate replacement therapy or the use of the
mucolytic agent acetylcysteine. Stone free rates at 5 years
were 67% (8/12) in patients irrigating with 250 mL of saline,
69% (9/13) in patients on citrate therapy and irrigation and
63% (5/8) in patient on acetylcysteine and irrigation, P>0.5.

Conclusions

The development of bladder calculi is the most frequent
complication found following enteric bladder augmentation,
having been reported to occur in up to 50% of the patients
undergoing this procedure with a 50% incidence of
recurrent stones within 5 years of their first occurrence
(5-10). The etiology of the stone formation has been
hypothesized to be due to either mucous retention in the
bladder serving as a nidus for stone infection, chronic
bacterial colonization or underlying metabolic abnormalities
caused by loss of the bowel from the gastrointestinal tract
and/or its incorporation in to the urinary system. To
combat the development or recurrence of bladder calculi,
a variety of treatment modalities have been employed;
high volume irrigation of the bladder, correction of
metabolic abnormalities and/or the use of mucolytic agents
(7,11,12,16,17). In the mid 1980%, we elected to study a
select a group of patient’s that had a high probability of
developing calculi, specifically, individuals who had already
formed previous bladder calculi and were catheterizing via
an abdominal stoma. By selecting out high risk patients
we believed that we would be able to best determine if
sequential increases in bladder irrigant volumes would result
in a statistically significant decrease in the development of
recurrent bladder calculi. The information we garnered
from this study, that is, high volume bladder irrigations
of 240 mL or greater performed on a daily interval is
associated with both a significant decrease in recurrent
bladder calculi (P<0.05) and a decrease in symptomatic
urinary tract infections (P<0.0001). These findings resulted
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in us using daily high volume bladder irrigations (>240 mL)
as one of the backbones for postoperative management of
these patients for the past decade. It is noteworthy that
our findings are supported by a study from Dr. Hensle and
associates (10). Although high volume bladder irrigations
help decrease the incidence of stone formation, it is far
from a panacea with stone recurrence rates approaching
10-15% at 10 years. In individuals with >2 recurrent
bladder stones we subsequently performed metabolic
evaluations to evaluate for underlying abnormalities.
Similar to prior published reports, we found a high
incidence of metabolic anomalies (91%; 30/33), within this
select patient population (13-15). Although treatment of
metabolic abnormalities has been documented to decrease
renal calculi, it is unknown if treatment of the metabolic
abnormality will decrease the incidence of recurrent bladder
calculi (18,19). In view of the multiple factors that could
causes recurrent bladder calculi within this population
such as, poorly configured augments resulting retained
mucous, bacteriuria, patient noncompliance with medical
directives, we were unsure if treatment of the metabolic
abnormality would indeed prevent recurrent bladder stones
or if retention of mucous despite high bladder irrigation
was the primary problem. We therefore studied individuals
who were catheterizing through abdominal stomas and had
been documented to have two or more instances of bladder
calculi. In this patient population if a metabolic defect was
identified we chose to either; (I) actively treat the metabolic
disease and use high bladder volume irrigation, (II) use high
bladder volume irrigation plus a mucolytic agent or (1II)
use high bladder volume irrigation alone. It was our hope
that this study would show us the best way to treat patients
with recurrent bladder stones that are recalcitrant to high
volume bladder irrigation. In this study, we found no
benefit in decreasing stone recurrence rates by correction
of the underlying metabolic defect, nor by the addition of
mucolytic agents, with stone free rates in 5 years almost
identical in all groups, ranging from 63-68%. Currently, in
our patients that are forming recurrent bladder stones that
are recalcitrant to high volume bladder irrigation, (e.g., >3
episodes of recurrent bladder stones) we will in addition
to the high bladder volume irrigations, initiate the use of
30 mL of either 20% urea or 20% acetylcysteine solution
into the bladder at night (12,16,17). We would caution
that we have absolutely no clinical documentation that this
treatment will substantially decrease the risk of additional
stones and is done as an empiric trial.

We believe a word of caution needs to be raised
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regarding treatment of the underlying metabolic defect in
the prevention of recurrent bladder calculi. When our data
failed to document that the treatment of hypocitraturia
decreased the risk of bladder stones over high volume
bladder irrigation alone, we stopped the use of citrate
replacement within our patients. Interestingly, long-term
follow-up of the patients with hypocitraturia (median
18 years, range, 12-30 years) has revealed calcium oxalate
or mixed hydroxyapatite/calcium oxalate nephrolithiasis to
develop in 12% (3/25). The development of metabolically
derived renal calculi in patients following a bladder
augmentation has been described previously (20). Whether
continued treatment of this patient population by citrate
therapy would have decreased that risk for renal calculi is
unknown.

Perforation of the bladder angmentation

Introduction

Spontaneous or traumatic rupture of an augmented bladder
is associated with significant morbidity and has a reported
mortality incidence of 25% (21,22). The incidence of this
life threatening complication varies widely dependent upon
the size of the study population and the length of follow-
up, with a reported incidence ranging from 2-13% (23-26).
Multiple of factors have been found to play a role in the
incidence of this complication; including the choice of
bowel segment used for the augment, ischemic injury to
the augmenting segment, persistent high bladder pressure,
chronic or acute bladder over distension, fixed adhesions
of the augment to pelvic or abdominal wall, trauma from
catheterization, chronic transmural bladder-bowel wall
infection, and closure of the bladder neck (22,24,25,27,28).
Prior studies have suggested that the median time from
augmentation to perforation was 3 years (28). Of note,
due to our work in transitional urology with lifelong
follow-up of our spina bifida population we have a slightly
different finding. The majority of our spontaneous bladder
perforations are being found in patients in their late teens,
early 20’ and 30’s. Indeed, long-term follow-up of our
spina bifida population has revealed the most significant
relationship regarding the risk of bladder perforation
are none of the factors noted above, but rather, a direct
relationship to either substance abuse and/or patient
noncompliance with intermittent catheterization.

Materials and methods
From 1986-2009 we screened 203 patients (>16 years of
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age) for the presence of alcohol abuse and noncompliance
with medical directives. The definition of alcohol abuse
was based on the criteria as set forth by the National
Institute on Alcohol Abuse and Alcoholism as consumption
of two or more drinks per day. Non-compliance with
medical directives for intermittent catheterization was
defined as the patient admitting to catheterizations
being performed 3 or fewer times per day on a routine
basis. All patients had a medical history obtained and
underwent laboratory evaluations at yearly Intervals.
If the medial history confirmed noncompliance with
directives and/or if laboratory evaluations documented
metabolic abnormalities (i.e., hyperchloremic metabolic
acidosis) that corrected with the use of intermittent
catheterization at 4-hour diurnal intervals, a diagnosis of
non-compliance with medical directives was made. A total
of 12% (24/203) of our patients had a history of alcohol
abuse with or without concurrent noncompliance with
intermittent catheterization, an additional 6% (12/203)
were noncompliant with catheterization without associated
alcohol abuse. In the 36 patients with a history of alcohol
abuse and/or patient noncompliance with catheterization,
22% (8/36) experienced a spontaneous rupture of the
bladder. A total of 14 perforations and one death secondary
to overwhelming sepsis occurred within these eight
patients. Two patients were converted to ileal conduits
due to repeated bladder perforations (n=3) and failure to
gain sobriety. It is noteworthy that other illicit drug use
besides alcohol was present in 11% (4/36) and a diagnosis
of intellectual disability was present in 16% (6/36). This is
compared to an incidence of spontaneous bladder rupture
of 2% (3/67) in patients without a history of alcohol abuse
or noncompliance with intermittent catheterization. The
median length of follow-up of both groups of was 24 years
since the time of the augmentation, range 8-53 years. The
relationship between alcohol abuse and noncompliance
with intermittent catheterization to bladder rupture was
significant, P=0.00595.

Conclusions

Our viewpoint on spontaneous bladder perforation
following a bladder augmentation has been significantly
biased by a practice heavily based in the transitional and
adult care of the spina bifida patient. This experience has
resulted in a unique viewpoint that is focused on the need
of the patient to be compliant with medical directives and
to refrain from risky behavior to prevent some of the major
complications associated with this procedure. Specifically,
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how can a physician assess the ability to be compliant with
medical directives and instruct a patient to refrain from
risky behavior in 9 years old, the median age for a bladder
augmentation within the spina bifida patient population
(23,28)? Indeed, augmentations are routinely performed in
early childhood and/or in patients with mental impairment,
with the physician relying on adult surrogates to either
perform or prompt the patient to implement their bladder
care. With the onset of the patient’s adolescence and/or
maturation of parent-child relationship, the individual’s
ability to be compliant with the medical directives may
become problematic. Compound this finding with a failure
to instruct the patient regarding the need to prevent high-
risk behavior, that is, to refrain from excessive alcohol or
illicit drug use after a bladder augmentation and we are
setting our patients up for failure. Due to our experience
we have significantly altered our preoperative assessment
and teaching. All patients are currently instructed and then
quizzed in the knowledge of the care that is necessary to
maintain proper bladder hygiene and instructed in the need
to reduce risky behavior. Consideration for proceeding
to surgery occurs only after the patient him/herself can
repeatedly document they have acquired the foundation of
knowledge necessary to maintain their health.

Upper tract deterioration

Introduction

Reconstructive urologic surgery has four major goals:
preserve life, maintain or improve renal function, maintain
or obtain urinary continence and the desire to maintain or
obtain sexual function. Outside of the preservation of life,
maintenance of renal function is the second key metric in
appraising the morbidity of genitourinary reconstructive
procedures. In this regard the surgeon should always
balance the ability to provide urinary continence with
the risk of losing renal function. In children with spina
bifida, upper tract deterioration following continence
producing procedures such as placement of an artificial
urinary sphincter, urinary slings and/or noncompliance
with intermittent catheterization has been known to result
in renal injury (29). This portion of the paper looks at our
experience with preservation of renal function following
the performance of an augmentation cystoplasty when
combined with a procedure to increase outlet resistance.

Materials and methods
To assess the risk of upper tract deterioration following a
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bladder augmentation we have maintained a prospective
database since 1986. This database includes patients we
have either performed an augmentation cystoplasty on
and/or who have been transferred to our transitional
care at adulthood. Only patients with spina bifida that
had documented normal upper tracts and renal function
at the time of their simultaneous bladder augmentation
and bladder neck outlet procedure (bladder neck closure,
reconstruction or sling) were included. Outside films and
medical records were reviewed for their baseline evaluations.
Baseline renal architecture was determined to be normal by
one of three methods; renal ultrasonography, intravenous
pyelography or by CT scan with contrast. The initial
renal function was determined by using the baseline serum
creatinine and calculating the GFR using the Cockeroft and
Gault formula. Once patients were entered into our registry,
preservation of renal architecture was annually evaluated
with renal ultrasounds and renal clearance determinations.
The method of GFR determination has varied through
the years. Renal clearance was initially evaluated using
creatinine clearance [1986-1993], iothalamate clearance
[1994-2010] or estimated by cystatin C determination
(2010—date). Suspicion for the development of a renal scar
on ultrasonography was confirmed with either a DMSA
or contrast enhanced CT scan. Renal insufficiency was
defined as a renal clearance value of <60 cc/min/BSA (stage
3—4 chronic renal failure). Clearance was determined as an
average of the three most recent clearance values obtained.
End stage renal disease (ESRD) was defined as the need
to begin dialysis or by the patient receiving a pre-emptive
renal transplantation. Renal preservation was defined as the
patient maintaining a renal clearance of >60 cc/min/BSA
and the absence of scars on renal ultrasound. Noncompliance
with intermittent catheterization was defined as the patient
admitting to catheterizations being performed three or
fewer times per day on a routine basis and/or if laboratory
evaluations documented metabolic abnormalities (i.e.,
hyperchloremic metabolic acidosis) that corrected with
the use of intermittent catheterization at 4-hour diurnal
intervals.

Results

A total of 80 patients were managed by ileocystoplasty and
a bladder neck outlet procedure (bladder neck closure,
reconstruction or sling); median follow-up was 14 years
(range, 8-45 years). All patients had been documented
to have vesicoureteral reflux absent by a cystogram prior
to surgery. Deterioration of the upper tracts as defined
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by the new onset of renal scars occurred in 40% (32/80).
Development of > stage 3 chronic renal failure occurred
within 38% (12/32) of the patients with scarring, 15%
(12/80) of the total patient population. Despite a relatively
high incidence of renal scarring, the median renal clearance
at last follow-up, excluding those with ESRD, was
95 cc/min/BSA (range, 20-130 mL/min/BSA). Prior to
the onset of upper tract deterioration, 69% (22/32) of
the patients had been noncompliant with intermittent
catheterization, 46% (15/32) had a struvite renal calculus
associated with episodic pyelonephritis and 34% (11/32)
had developed a bladder calculus, six (54%, 6/11) of whom
developed new onset of reflux/hydronephrosis related to the
calculus. The onset of upper tract deterioration (i.e., new scar
formation, hydronephrosis, calculus development, decrease
in renal function) was clinically asymptomatic in one third

(10732 pts).

Discussion

It is our opinion that outside of the preservation of life,
maintenance of renal function is the key metric to appraise
the worth of a genitourinary reconstructive procedure. It
is indeed concerning to see that renal scarring and/or loss
of a kidney due to nonfunction occurred in 40% (32/80)
of our patients undergoing a bladder augmentation with
simultaneous bladder outlet procedure. Add to this finding
that 38% (12/32) of the patients with scarring developed
> stage 3 chronic renal failure during a median follow-
up interval of 14 years and the apprehension heightens.
The observation that 15% (12/80) of our total patient
population had developed stage 3 chronic renal failure
(GFR <60 mL/min/BSA) is sobering. Specifically, when
compared with healthy populations, patients with a GFR of
41-59 mL/min/BSA have a 20% increase in cardiovascular
related death, this risk increases with serially worsening
renal failure and will reach up to 59% in patients with a
GFR <15 mL/min/BSA (30,31). It is therefore incumbent
upon the physicians who follow these patients to identify
the etiology and frequency of renal insufficiency and
delineate ways to prevent its development. Of particular
concern is the fact that the vast majority of patients with
upper tract deterioration, 69%, developed this problem
as a consequence of noncompliance with intermittent
catheterization. Even perhaps more disturbing is that
they did not manifest their non-compliance until their
late teens, twenties and even thirties, decades after their
surgical procedure. It is also noteworthy that one third of
the patients with upper tract deterioration were clinically
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asymptomatic. That is, their medical history revealed no
history of recurrent urinary tract infections, chronic fatigue
or lethargy, hematuria, flank, abdominal or pelvic pain.
Documentation of renal deterioration was found only at
the time of routine follow-up evaluation. These findings
strongly suggest that patients who have had a bladder
augmentation performed warrant routine interval life-long
follow-up (4,32). Our current routine is to see all patients
who have had a bladder augmentation on an annual basis.
We routinely obtain a renal bladder ultrasound, KUB,
serum electrolytes, creatinine, cystatin C and urine culture.
We selectively employ endoscopic evaluations in patients
with either an abnormal radiographic study or a positive
medical history for four or more symptomatic UTIs per
year, history of gross hematuria, a urinalysis revealing >50
RBC/HPE, chronic perineal, pelvic or bladder pain. We also
employ endoscopy in all patients with a colonic augment at
age 50 years or greater consistent with recommendations
for colonoscopy.

Conclusions

This paper is a review heavily based on the prolonged
follow-up of spina bifida patients following their transition
to adult care. It documents the need for high volume
bladder irrigations to both prevent the most common
complication following bladder augmentation, which is, the
development of bladder calculi and to reduce the incidence
of symptomatic urinary tract infections. It provides a unique
perspective regarding the impact of substance abuse and
patient non-compliance with medical directives as both
the most common cause for spontaneous bladder rupture
following augmentation cystoplasty and for deterioration
of the upper tracts. These findings should cause the
surgeon to reflect on his/her assessment of a patient prior
to performing a bladder augmentation procedure. Indeed,
true surgical wisdom does not lie in knowing how to do an
operation, but rather in knowing the correct patient and
time to employ it.
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