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Abstract. Objective: One of the therapeutic options in the management of the bladder in paediatric
patients with exstrophy-epispadias complex is augmentation gastrocystoplasty, with the use of a gastric
patch. The use of gastric patch to augment the urinary bladder has several advantages over other techniques,
including reduced incidence of urinary tract infections, decreased incidence of urinary stones and providing
improvements in continence, bladder volume and pressure. In this study, we aimed to analyze long term
outcomes of the lower urinary tract via cystometry following augmentation gastrocystoplasty in paediatric
patients with bladder exstrophy. Methods: A total of 142 patients of exstrophy-epispadias complex who
underwent either staged repair (n=65) or single stage total reconstruction (n=77) were enrolled. 48 of
these children were started on anticholinergics and 33 childrensubsequently underwent augmentation
gastrocystoplasty, with a mean age at gastrocystoplasty of 6 years. The mean follow-up period was 25
months. Results: The initial urodynamic study after repair found significantly smaller than expected
cystometric capacities, along with high leak point pressures which did not improve following addition of
anticholinergic medication in 48 patients. With augmentation gastrocystoplasty there was a  significant
increase in maximum cystometric capacity (82.5±16.3mL to 341.2 ±44.5mL), and a decrease in leak
point pressure (36.81±10.5cmH2O to 27.96±14.7cmH2O). There were no UTI's or stone formation.
Initial symptoms of haematuria& dysuria in 5 patients were mild and completely controlled by medications.
Conclusion: Augmentation gastrocystoplasty led to a significant improvement in urodynamic parameters
and is a viable option in the creation of a large and compliant urinary reservoir in children with exstrophy
bladder.
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INTRODUCTION

The use of gastric tissue for augmentation cystoplasty was first described by Sinaiko in 1956 (1). They
described the formation of a urinary pouch from the body and fundus of the stomach in canines, demonstrating
the ability of the transplanted gastric tissue to secrete acid, which in turn had a bacteriostatic effect on the
urine. Mitchell and Piser first described the use of this technique in the paediatric population, introducing
modifications to the technique that involved the integration of more body and less antral tissue into the
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patch (2). Their findings indicate that augmentation with gastric tissue, in contrast to intestinal tissue
augmentation maintains metabolic homeostasis better following urinary reconstruction. This may be due to
its ability to tolerate acute acid loads as well as azotemia, without development of acidemia.

Since then, this therapeutic modality has been used in the management of complex urinary tract reconstruction
in the paediatric population, especially in the management of children with end stage renal disease (ESRD)
in the pre-transplant setting. Adams et al., reported their experience with the usage of stomach patch in
this patient population and found that patients with renal insufficiency and pre-existing metabolic acidosis
would benefit the most with gastrocystoplasty (3). Sheldon et al., demonstrated the versatility of stomach
usage for reconstructive urology especially due to its unique anatomic and metabolic characteristics  (4).
However, questions have been raised regarding the long-term outcomes of this procedure, especially
following reports of development of complications such as acute alkalosis and hematuria-dysuria syndrome
(5). This study aims to analyze the long-term outcomes in a series of paediatric patients who underwent
gastrocystoplasty, particularly focusing on changes in the lower urinary tract, as assessed bycystometry.

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 and included 33 patients who subsequently underwent augmentation by the
gastrocystoplasty technique.Exclusion criteria was cases lost to follow-up, cases with a follow-up period
of less than 18 months, and refusal of consent.

These 142 patients were  divided according to the surgical techniques for the initial exstrophy repair into
the following groups:

Group 1: Staged repair of exstrophy (n=65) : These included Classic staged repair (n=23) andModern
staged repair of exstrophy (MSRE ) (n=42). In the initial years of our experience the repair was done by
the classic staged approach wherein bladder closure was performed at presentation & this was followed
by bladder neck repair (BNR) and finally epispadias repair (6).This approach was replaced by Modern
staged repair of exstrophy (MSRE ) (n=42) wherein epispadias repair followed bladder closure. We
postponed BNR till at least two thirds of the age specific bladder capacity could be acquired (7).

Group 2: Complete primary repair of exstrophy(CPRE)/ Single Stage Total Reconstruction (SSTR) (n=
77).In the CPRE/SSTR group we have followed the technique described by Grady et al.(8) wherein
bladder & epispadias were repaired as one unit  and no special effort was made to narrow the bladder
neck.Bladder neck was partially repaired (BNR) only when the vesico-urethral junction was subjectively
assessed to be wide.

Out of these 142 patients, patients with high pressure bladders were prescribed anticholinergics(Oxybutynin
at 0.4 mg/kg twice daily) and data from 48 patients who were compliant on medication were also analysed.
Also, a total of 33patients, including 29 from the cohort who received anti-cholinergics went on to undergo
augmentation which was performed by the gastrocystoplasty technique and the results of the same were
studied.

All patients were operated upon by the same surgeon and were evaluated by renal functional studies as
well as urodynamic studies (UDS)within 6 months of final completion of repair. 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
(9).The measured cystometric capacity (MCC) , expected cystometric capacity (ECC) and detrusor leak
point pressure (DLPP) were noted.The changes to these parameters with addition of anticholinergic therapy
(oxybutynin) and with augmentation were studied.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 children were included in this study. The demographic data of these patients is represented
in Table 1.

Table 1: Demographic data of 142 patients undergoing exstrophy repair (Group 1: Staged repair,
Group 2: SSTR)

Group 1 - Staged repair Group 2 - SSTR

Number of patients 65 77
(n=142)

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

Age in months at 57.0±10.4 (37-60) 47.0±7.8 (36-68)
completion of repair
(Mean ± SD)

These patients underwent a urodynamic study (UDS) to evaluate the extent of the damage caused by the
disease on the lower urinary tract and the same study was repeated after a mean period of 21.3 months in
the staged group and 37.3 months in the SSTR group. In both cases the bladders did not grow and LPP
remained high over time.The final mean measured bladder capacity was found to be 27.7% of the anticipated
bladder capacity in patients who had undergone staged repair and 27% of the ECC in patients who
underwent SSTR. (Graph 1)

48 patients (28 post staged repair and 20 post SSTR)with high pressures were started on anticholinergic
therapy (oxybutynin) following this result. 28 patients post staged repair were followed up for a mean
period of 34.8 months and 20 patients post SSTR on anticholinergics were followed up for a mean period
of 17.9 months and a UDS was done pre and post therapy. There was slight improvement in the leak point
pressures in both groups , but this was not significant. (Table 3)

33 children further went on to undergo augmentation by gastrocystoplasty technique.The mean age at
gastrocystoplasty was 6.6±0.8 years. The mean follow-up after the gastrocystoplasty procedure was
25.7±8 months. One patient died during the course of the study due to development of metastatic
adenocarcinoma of the urinary bladder. 3 were lost to follow up after surgery at different time intervals. In
the remaining 29 patients , other complications included - dysuria  3 (10.3%), hematuria 2 (7%) , dribbling
and stress incontinence in 2 patients (7%).Out of 2 hematuria cases one was painless and one was associated
with occasional suprapubic pain. A UDS was performed in these patients pre-operatively, one year and 2
years post the procedure respectively. These results are mentioned in Table 4 and Graph 2.



Graph 1. Comparison of MCC vs ECC post staged repair of exstrophy and SSTR respectively

Varia Pre- Post- Differe p- Pre- Post- Differen p-value
bles anticholiner anticholiner nce value Augment augmentati ce (95%CI)

gic (n=48) gic (n=48) (95%CI) ation on (after 2
(n=33) years)(n=33)

MCC 79.58±13.3 81.29±14.27 -1.7 0.35 82.5±16.3 341.2±44.5 -258.7(-297.1,- <0.001
(ml) (1.8,-5.2) 220.3)

LPP 36.08±11.17 33.97±13.9 2.1 0.2 36.81±10.5 27.96±14.7 8.85(3.8,13.9) 0.002
(cmH2O) (5.18,-0.97)

Data is presented as Mean±SD. MCC=Maximum cystometric capacity, LPP=Leak point pressure.

Table 2: Comparison of pre- and post-anticholinergic and pre and post augmentation cystometric
values

Graph 2. Pre -operative vs serial post - operative bladder capacity



The increase in mean total bladder capacity and decrease in leak point pressure were significant. Also, the
measured capacity was more than 75% of the estimated capacity for age. There were no uninhibited
contractions. Upper tract deterioration was also stabilized with the mean glomerular filteration rate (GFR)
values improving from 72.5±4.4 to 77.0±4.5ml/min/1.73m2.

DISCUSSION

In our study , the lower urinary tract outcomes as assessed by urodynamic parameters  following both
staged repair of exstrophy and SSTR remained dismal with mean measured bladder capacity only about
27 % of the ECC in both groups. The detrusor leak point pressures also remained high in both groups.In
48 patients who received anticholinergics, the slight improvements in MCC and LPP were insignificant.
Augmentation gastrocystoplasty was carried out in 33 patients, who showed major improvements in both
lower and upper tract outcomes. The pre- augmentation mean MCC of 82.5±16.3 ml increased significantly
to 341.2±44.5 ml (p<0.001) which is more than 75 % of the ECC. There was also a significant decrease
in leak point pressure (36.81±10.5cmH2O to 27.96±14.7cmH2O). Upper tract deterioration was also
stabilized with the mean glomerular filteration rate (GFR) values improving from 72.5±4.4 to 77.0±4.5ml/
min/1.73m2.

These improvements were offset by few complications such as dysuria  in 10.3%, hematuria in 7%, dribbling
and stress incontinence in 7% of the patients. The hematuria/dysuria patients(n=5) responded well to
symptomatic management and symptoms had largely subsided at one year post-operatively. The two
patients with dribbling and stress incontinence were also managed conservatively. Although one patient
succumbed to metastatic adenocarcinoma of the urinary bladder during the course of the study, early
development of the disease post augmentation suggests that the native bladder may be the culprit rather
than the augmentation.

Bladder augmentation is a useful procedure in paediatric reconstructive urology, especially in exstrophy
bladder patients who tend to have small and fibrotic bladders. It aims to reduce bladder pressures and
preserve the upper urinary tracts. Though augmentation has been described with intestinal segments like
ileum and colon ,their metabolic disadvantages and risks of stone formation and perforation led to the
suggestion of gastrocystoplasty(10).

Gastrocystoplasty was initially described in patients with cloacal exstrophy and renal insufficiency, and
slowly the target demographic for this surgery has expanded to include patients with neurogenic bladder,
exstrophy, etc. Stomach patch has the advantages of decreased mucus production, reduced chloride
absorption, decreased urinary tract infection and decreased formation of stones but the possibility of early
as well as delayed complications such as development of acute metabolic alkalosis and hematuria-dysuria
syndrome has led to its widespread use being questioned. However, a better understanding of the
physiological mechanisms responsible for these signs & symptoms & judicious use of H2 receptor &
proton pump blockers with urine alkalization, has led us to appropriately treat the symptomatology. These
symptoms last one year and are rarely seen after this time (11).

Early studies on gastrocystoplasty have reported good long-term outcomes and a minimal  risk of adverse
effects. A lower incidence of bladder rupture postoperatively, possibly due to thicker muscle, preserved
vascularity, and spherical shape of the graft, leading to reduced wall tension have been postulated as
theories to explain the reduced risk of adverse effects. Singh et al., found augmentation gastrocystoplasty
to be a viable surgical option, with no adverse effects seen on linear growth of the child, or bone mineralization
(12). Singla et al., studied 22 adult patients who underwent this procedure, and found that stomach tissue
was a good alternative to the usage of intestinal segments, with no increase in the risk of mortality or
significant morbidity and similar preservation of renal function(13).



In our series , malignancy developed in one patient. Higuchi et al, found an inherent risk of malignancy
associated with this congenital abnormality which is not increased by augmentation and does not depend
on the segment used for augmentation (14). On the other hand , Velmulakonda et al found a rate of cancer
in gastric segments of approximately 2.8% per decade of follow-up (15). Hubert et al , did not observe
any malignancies in their series of 50 patients and attribute it to the relative rarity of the condition as well as
the possibility of the actual risk being low (16).

In this study, there was a significant increase in mean measured cystometric capacity post augmentation
from 82.5±16.3mL to 341.2±44.5mL. These findings are consistent with a study performed by Atala et
al., who performed urodynamic studies in 20 patients who had undergone gastrocystoplasty (17). They
found bladder capacities increased from a mean volume of 34% of capacity preoperatively to 73% of
capacity following augmentation gastrocystoplasty. The average maximum filling pressure decreased by
32%, from 57 to 39 cmH20. Uninhibited contractions resolved completely in 6 of 10 patients who had
them preoperatively.

We also found a significant decrease in leak point pressure (LPP) post-augmentation, from
36.81±10.5cmH2O to 27.96±14.7cmH2O. Our findings are in agreement with a previous study by
Kurzrock et al., who reviewed the vesical function in patients undergoing gastrocystoplasty and found an
average increase in bladder volume of greater than 200 cm3, and a decrease in mean end filling pressures
to less than 30cmH20 (10). In total, persistence of uninhibited contractions of greater than 30cmH20 were
encountered in 6 of 78 (8%) patients tested. This compares favorably with the rates of 10%, 10%, and
33% reported in alternative augmentation procedures such as the use of ileal, sigmoid, and ileocecal
patches, respectively. Bogaert et al, studied 28 patients and found that end filling pressures remained
below 20 cm of H20 and even though uninhibited contractions were initially seen in four patients, they
resolved in three out of the four patients following resolution of urinary tract infections (18).

We also found that in our study cohort, patients who underwent augmentation gastrocystoplasty
demonstrated a significant increase in measured bladder capacity, as well  as a decrease in mean maximum
detrusor pressure. Similar findings have previously been reported by Gosalbez et al., who performed
UDS in a small series of 17 patients who underwent gastrocystoplasty, and seven patients with a continent
gastric reservoir, within 3-10 months post-operatively, finding an increase in bladder capacity from a mean
of 130mL preoperatively to 340mL postoperatively and an increase in bladder compliance from 9ml/
cmH20 to 47ml/cmH20. Mean maximum detrusor pressure decreased from 67 to 27cm H20
postoperatively(19).

The strengths of this study include the detailed analysis of the course of the disease with the urodynamic
parameters being recorded at each stage - after the repair of exstrophy, after addition of anticholinergic
medications and on serial follow ups after augmentation gastrocystoplasty. The study is limited by the small
number of patients who underwent the augmentation as well as the loss of 3 of these patients to follow up.
Also the mean follow up period of 25 months is short and these patients will need to be reviewed at longer
intervals so as to reasonably extrapolate these results over a larger time period.

CONCLUSION

Augmentation gastrocystoplasty significantly improved urodynamic parameters as evaluated by cystometry,
with few complications and is a viable option in the creation of a large and compliant urinary reservoir in
management of children who present with exstrophy of the bladder.
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