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Abstract. Objective: Reconstruction of bladder exstrophy epispadias complex(BEEC) remains a complex
process and presents a significant challenge in paediatric urology. Various procedures from classical staged
repair to a modified version of the same as well as complete primary repair of exstrophy(CPRE) have
been described. In a first study comparing the outcome of these procedures on bladder capacity, we
aimed to evaluate 142 children who had undergone either staged repair or CPRE over a period of three
decades. Methods: Retrospective study including 142 children less than 12 years old who underwent
staged repair(n=65) and CPRE (n-77) were compared  in terms of their lower urinary tract outcomes
based on urodynamic parameters. Results: CPRE performed in infancy (< 12 months) led to the maximum
increase in bladder capacity. However, the maximum cystometric capacity (MCC) remained much below
expected cystometric capacity(ECC) in both the staged as well as the CPRE approach. Conclusion: In
our study, in both groups of staged repair as well as CPRE the bladders did not grow adequately. Thus, the
achievement of adequate bladder capacity and consequently low pressure safe storage of urine remains a
challenge in exstrophy patients.
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INTRODUCTION

The successful repair of a bladder exstrophy epispadias complex continues to defy the expectations of
children and surgeons alike. The goals of treatment include not only a cosmetically acceptable closure but
also the preservation of upper tracts and achievement of an adequate capacity bladder with achievement
of urinary continence.Over a period of time, the approach to repair has evolved from a classic staged
approach (bladder closure followed by bladder neck repair  and then epispadias repair) to modified
staged approaches. In 1990s, Mitchell introduced the concept of one-stage reconstruction of exstrophy,
where all the aforementioned procedures were performed as a single surgery comprehensive approach(1,2).
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The concept of this approach was to decrease the number of surgical procedures required to achieve
continence as well as achieve early bladder neck resistance and bladder cycling. Thus, the management of
bladder exstrophy ranges from initial repair using the more conventional staged approach or CPRE/single
stage total reconstruction(SSTR)(3).

The present report aims to evaluate and compare the bladder capacity as measured by urodynamic study
in patients who have undergone staged repairwith those who have undergone CPRE/single stage total
reconstruction for correction of  bladder exstrophy.

MATERIALS AND METHODS

Medical records of 188 children aged less than 12 years who underwent bladder reconstruction for
exstrophy bladder between 1992 and 2019 were reviewed after obtaining clearance from the Institute
Ethics Committee. Of the 188 cases, 46 were excluded from present analysis as they were re-do procedures
mostly referred, had strictures or stone formation.The remaining 142 patients were stratified according to
initial technique of repair as follows:

Group 1: Classic staged approach (n=23). In the initial years of our experience,bladder closure was
performed at presentation & this was followed by bladder neck repair (BNR)and finally
epispadias repair (4).

Group 2: Modern staged repair of exstrophy (MSRE) (n=42). In this approach, epispadias repair followed
bladder closure. We postponed BNR till at least two thirds of the age specific bladder capacity
could be acquired (5).

Group 3: Complete primary repair of exstrophy (CPRE) (n=77). Subsequently, our preferred approach
has been the one stage complete primary repair of exstrophy (CPRE), which in our records,
we have frequently referred to as Single Stage Total Reconstruction (SSTR) by the technique
described by Grady et al (2).In the CPRE/SSTR group while bladder & epispadias were
repaired as one unit no special effort was made to narrow the bladder neck. Bladder neck
was partially repaired only when the vesico-urethral junction was very wide.Within the CPRE
Group (Group 3) cases were further stratified on the basis of age into those presenting as
infants (< 12 months) (n=26) or older (late presenters- n=51).

All patients were operated upon by the same surgeon and were evaluated by renal functional studies as
well as urodynamic studies (UDS). The UDS technique consisted of initially emptying the urinary bladder
by catheterization with a 5 F two lumen cystometry catheter, followed by a pressure flow study with an
infusion speed of saline at room temperature at 10 ml/min. The bladder filling was stopped when the
patient reported any pain, continuous leakage of urine, or when the volume infused exceeded the expected
bladder capacity for age (ECC) as defined by the Koff formula and in infants, the weight-based
formula(6).The measured cystometric capacity (MCC) , expected cystometric capacity (ECC) and detrusor
leak point pressure (DLPP) were noted. The measured cystometric capacity (MCC) or bladder capacity
was defined as the volume of fluid infused into the bladder till the point of urinary leak. If outlet control was
absent, the bladder neck was occluded and MCC calculated as the volume of fluid infused to reach a
detrusor pressure of 40 cm of H2O.

Data from staged and modified staged procedures were grouped together & have been referred to as the
STAGED GROUP for analysis and are compared with those with CPRE.Data was analyzed using Stata
12.0, and a value of p of less than 0.05 was considered significant for this study.



RESULTS

A total of 142 childrenwere included in this study (Table 1). Overall, there were 101 (71.1%) males and
41 (28.9%) females.Of the total 142 cases, 65 were operated by staged technique and 77 by CPRE.

Table 1. Demographic data of patients who underwent BEEC repair.

Staged    SSTR/CPRE

Number of patients (n=142) 65    77

Male/Female 49/16 (75.4%/24.6%)    52/25 (67.5%/32.5%)

Mean ±SD age (in months)

At first repair 11.0±7.4 (1-26)

At complete repair 57.0±10.4 (37-60)    47.0±7.8 (1-68)

Mean ±SD Follow-up
(in months) 21.3±2.5    37.3±8.7

After completion of both types of repair, the mean cystometric capacity (MCC) was noted by urodynamic
study at the mean age of 4.7 years in the staged group and 3.9 years in the SSTR/CPRE group respectively.
These patients were again followed up for at least 18 months and a repeat UDS done to reassess for any
possible bladder growth (Table 2).In the staged group, mean maximum cystometric capacity (MCC)at the
age of completion of repair was 71.4 ml and the second study done at a mean follow-up of 21.3 months,
did not show any significant increase in MCC. In the CPRE group, initial mean maximum cystometric
capacity 67.8 ml with detrusor pressure 51.9 cmH2O at the mean (SD) age of 3.9 (±0.6) years was
noticed. The second study was done after a mean follow-up of 37.3 months. Again ,  the MCC was 68.4
ml and LPP was 54.9 cmH2O at the mean age of 6.7 years (±1.1). Similar to the staged group, none of the
parameters of urodynamic study of children in CPRE group showed significant difference over time.

Table 2. Lower urinary tract outcomes based on urodynamic parameters.

Parameters Staged repair (n=65) SSTR (n=77)

Age at study (in years)
Initial (Mean ± SD) 4.7±0.9 3.9±0.6
Final (Mean ± SD) 6.7±1.0 6.4±1.1

ECC (ml)
Initial (Mean ± SD) 202.5±26.1 177.4±19.6
Final (Mean ± SD) 261.0±28.8 253.4±31.9

MCC (ml)
Initial (Mean ± SD) 71.4±32.3 67.8±33.2
Final (Mean ± SD) 72.2±35.2 68.4±34.7
p value 0.89 0.91

DLPP (cm of H2O)
Initial (Mean ± SD) 57.5±18.1 51.9±13.1
Final (Mean ± SD) 58.60±18.2 54.9±15.1
p value 0.73 0.19

ECC- Expected cystometric capacity, MCC - Measured cystometric capacity, DLPP - Detrusor leak point pressure



The children within the CPRE group were further stratified based upon age.Within the CPRE group 26
cases were below 1 year: age range 1 day to 365 days; mean 64.3 days. Sixteen out of these 26 were
below 1 month: age range 1 day to 30 days; mean 21.6 days. These 26 cases were followed up yearly.
Mean cystometric capacity (MCC) recorded was a mean value of 21.3 ml at 1 year follow up and
increased yearly to a mean of 39 ml, 53.5 ml, 72.1 ml and 90.7 ml at 2, 3, 4 and 5 year follow up post
SSTR respectively. However, this was much lower than the expected cystometric capacity (ECC) at their
respective ages. A better indicator of bladder capacity was the percentage of ECC which was 17.9% of
ECC at 1 year follow up and rose to 35.2% of the estimated capacity at the end of 5 year follow up. Thus,
although the bladder capacity progressively increased every year post CPRE, yet, it always lagged behind
the ECC. At the end of 5 years of follow up i.e., at approximately 6 years of age, although a mean 90 ml
capacity was reached in these 26 cases, this was merely 35.2% of the estimated capacity for age.

A separate sub-analysis of these 26 was also done comparing their maximum cystometric capacity (MCC)
values as a percentage of the ECC with the remaining 51 children in the SSTR/CPRE group and the 65
children in the staged group to study the effect of surgery on MCC in infancy versus older children (late
presenters).(Graph 1). The best results in terms of bladder growth were seen with the children undergoing
SSTR in infancy.

DISCUSSION

Low pressure storage of urine is a major function of the urinary bladder. To perform this function an
adequate bladder capacity is a must. In addition , active outlet sphincters are required to maintain dryness.In
children with bladder exstrophy epispadias complex (BEEC) the bladder plate is small and outlet sphincters
are not developed. Thus , successful repair of BEEC with preservation of upper tracts , urinary continence
and cosmesis remains a challenge.

Reconstruction of BEEC, thus, has been challenging & over the years several reconstructive procedures
have been employed. The 3 major approaches evolved over time have been as follows(7).

1. Classic Staged repair: Bladder closure at presentation followed by bladder neck reconstruction and
finally epispadias repair(4).

Graph 1. MCC depicted as a percentage of ECC in various techniques of repair.



2. Modern staged repair of exstrophy (MSRE): Bladder closure at presentation followed by epispadias
repair with postponement of bladder neck reconstruction(5,8,9)

3. Complete primary repair of exstrophy (CPRE) or Single stage total reconstruction (SSTR):CPRE
combines primary abdominal wall and bladder closure with epispadias repair with or without bladder
neck repair(2).

The management of BEEC is difficult and controversial with many open ended questions remaining such as
the potential for development of the bladder template , continence etc. (10). Even with uneventful
postoperative course after the repair, such as, without wound infection or dehiscence, development of
adequate bladder capacity remains a challenge.In the present communication we have hoped to elucidate
some light on the matter through evaluation of the effect of individual procedures on bladder volumes as
assessed by urodynamic criteria.

In the early years staged repair was the standard protocol at our institution .The initial steps in any staged
repair aimed at successful bladder, posterior urethral and abdominal wall closure with or without the need
for osteotomy(11-13).In the following years, single stage total reconstruction (SSTR)/complete primary
repair of exstrophy(CPRE) replaced the staged procedure and currently forms our standard protocol.
This combines the goals of the staged procedure in a single operation and hopes to achieve bladder growth
and development by increased outlet resistance and the resultant better bladder cycling(14,15).

We found that in the staged group (n=65) the mean maximum cystometric capacity after completion of
repair was 71.4±32.3 ml which did not show any significant improvement after a follow up period of
21.3±2.5 months. Also , the final mean MCC in the staged group was only 27.7 % of the anticipated
bladder capacity for age. Similary , in the CPRE group (n=77) , the initial mean MCC after completion of
repair was 67.8±33.2ml and did not improve upon follow up. After a mean follow up of 37.3 months , the
MCC in the CPRE group remained 68.4±34.7 ml which was only 27 % of the ECC.  Thus, there was no
significant improvement in bladder capacity following either staged repair or CPRE. The best results in
terms of bladder growth were seen following CPRE in infancy wherein a 5 year follow up revealed a
bladder capacity of 90 ml, although even this was only about one-third ( 35.2 % ) of the mean ECC
according to age.

In our series , the mean MCC in both groups approximated 70 ml which was also only about one-third of
the anticipated capacity for age.It has been generally considered that a bladder capacity less than 60 cc by
the time the child is 3 yrs old, is a harbinger of further procedures needed to achieve better capacity and
continence(5). Baird et al ,in their series of patients who underwent MSRE , found that a mean bladder
capacity greater than 85 cc median prior to BNR had better outcomes as regards continence (8).

There is also a long term contention, that, a bladder capacity of 100ml or even 85 ml at 5 years could be
considered safe for the upper tracts. Alsowayan et al found that on long - term follow up of 16 patients
following exstrophy repair , 14 patients remained incontinent out of which 7 patients continued to have
bladder capacities < 100 ml(16). In their series of  19 female and 18 male patients undergoing staged
reconstruction Merguerian et al also observed low mean bladder capacity (84.3 ± 23.6 ml) in incontinent
girls(17). However, the bladder capacities in continent and incontinent males and continent females were
significantly higher with values of 176 ± 23.9 ml, 198.6 ± 39.9 mI and 201.2 ± 39.5 ml respectively.

In another study by Diamond et al. a total of 30 exstrophy cases, at different stages of reconstruction, were
retrospectively reviewed and an increase in bladder capacity from a one third predicted volume for age to
about half the predicted volume for age following reconstruction was seen(18).



Also , in our study after the completion of repair at a mean age of 4.7 years in the staged group and 3.9
years in the CPRE group , no significant change in MCC was found during follow up. This correlates well
with Holowell et al who also found that in their series an increase in bladder capacity was seen upto but not
beyond 5 years of age (19).

We found the maximum increase in bladder capacity following CPRE done in infancy .The mean MCC of
35.2 % of the ECC was more than that achieved through either the staged procedures or CPRE in older
children. Baradaran et al, did a longitudinal analysis of bladder capacity in exstrophy patients undergoing
neonatal closure vs a delayed repair and found that patients who underwent delayed repair due to smaller
bladder template continued to have smaller bladder capacities in comparison to cases of neonatal closure
(20). Hussman et al in their study of 80 patients following staged reconstruction found that 40 % of patients
whose bladders were closed after the age of 1 year required augmentation due to less bladder volume as
compared to only 10 % of patients who underwent closure before 1 year of age(21).

Although the study is of retrospective nature and deals with only one parameter namely bladder capacity,
this is offset by the fact that bladder capacity remains one of the primary parameters in ensuring the
objectives of low pressure storage, continence and preservation of upper tracts.Although, in our study
better results were seen with CPRE during infancy in terms of bladder capacity, this could be due to
multiple confounding factors such as the inherent host differences in terms of the size of the bladder templates,
histological structure of the bladder including extent of changes in  smooth muscle and collagen, different
wound healing properties etc.The strengths of the study include the comparison of various techniques for
BEEC repair as they evolved over a long time period of 27 years as well as the relatively long -term follow
up.

CONCLUSION

Complete primary repair of exstrophy at an early age (< 12 months) resulted in maximum increase in
bladder capacity as compared to CPRE in older children or staged repair. However, at best the increase
in bladder capacity remained only 1/3rd of the expected cystometric capacity (ECC) which raises questions
regarding the possibility of these bladders to function as pressure-safe storage organs. A long term follow-
up with careful documentation of both the upper and lower tract outcomes in each individual case of
exstrophy is required so as to improve our understanding of this challenging disease as well as provide
early adequate intervention in cases where the bladders do not grow.
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