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ABSTRACT

Objective: The objective of bladder augmentation (BA) is to create a low-pressure res-
ervoir with adequate capacity. Despite its benefi ts, the use of intestinal patches in 
bladder enlargement provides a high risk of developing complications and BA with 
demucosalised bowel represents a potential alternative. Therefore, this study evaluated 
urological parameters and long-term clinical follow-up of patients submitted to non-
secretory BA in a single center with 25 years of experience.
Materials and Methods: Patients treated with BA underwent urological evaluation, 
which included history, physical examination and urodynamic study. The main uro-
dynamic parameters (bladder capacity and bladder compliance) were assessed in the 
pre and postoperative moments, and compared by the Wilcoxon Signed Rank test. The 
main long-term complications were described.
Results: 269 patients (mean age 14±13 years, 47% male) underwent BA with the use of 
demucolised intestinal segments. Among the patients in the sample, 187 (69.52%) had 
neurogenic bladder, 68 (25.28%) had bladder exstrophy, nine had tuberculosis (3.34%), 
four had a posterior urethral valve (1.49%) and one with hypospadia (0.37%). After the 
surgical procedure, a signifi cant increment in both urodynamic parameters was found, 
with a 222% increase in bladder capacity and 604% in bladder compliance (p <0.001 
in both analyzes). Mean follow-up time ranged from 2 to 358 months, with a median 
of 72 months (IQR 74-247). Among all patients, 5 presented spontaneous perforation.
Conclusion: The study showed statistically signifi cant increase in both compliance and 
bladder capacity after non-secretory BA, with a low rate of severe complications.
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INTRODUCTION

The use of intestinal segments in bladder 
augmentation has promoted important advances 
on fi nding new ways to deal with patients with 
noncompliant bladders. Nevertheless, there is a 
concern regarding specifi c characteristics of the 

intestinal epithelium that can result in compli-
cations in the medium and long-term follow-up, 
affecting quality of life and prognosis of the pa-
tients. Among the main drawbacks are calculus 
formation, mucus production, metabolic acidosis, 
urinary tract infections, intestinal obstruction and 
increased long-term risk of cancer (1, 2). On the 
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other hand, non-secretory bladder augmentation 
may represent a potential alternative. This study is 
an update of our experience with demucolised bo-
wel segments for bladder augmentation (3-5).

MATERIALS AND METHODS

 During a period of 25 years (January 1991-
June 2016), all patients who underwent demucoli-
sed bladder enlargement in a single center were in-
cluded in the study. This study was conducted after 
a detailed animal experiment (3, 4). Patients with 
age greater than 55 years and those who had ma-
lignant disease with a life expectancy of less than 
10 years were excluded. The procedures for diagno-
sis and surgical technique have been described pre-
viously (3-6). All patients were submitted to uro-
logic evaluation, which included medical history, 
physical exam and assessment of urodynamic pa-
rameters. Data on bladder capacity and compliance 
were used to evaluate results. The same equipment 
measured cystometric maximum bladder capacity 
and compliance. Expected bladder capacity accor-
ding to the formula described by Houle et al. (7) 
was also used as a comparison. All procedures in 
the study were performed by or under the supervi-
sion of the first three authors, who have carried out 
the study from the experimental phase.

 Among all surgical interventions, 222 
(82.5%) were performed with sigmoid intestinal 
patches (Group-A) and 47 (17.5%) were performed 
using ileum intestinal patches (Group-B). Surgical 
intervention was performed as follows: In group A, 
the entire width of the bladder wall was opened, 
including the mucosa. In order to prevent retraction 
of the graft, a silicone bladder modeler was inserted 
inside the enlarged bladder. This model was filled 
with saline solution at volumes that ranged from 
40 to 250mL and maintained for two weeks. During 
this same period, the ureters were catheterized. In 
group B, the process of de-epithelialization was fa-
cilitated by insertion of a Foley with a 30mL ballo-
on inflated until 7-8mL. The amount of fluid within 
the balloon varied according to the characteristics 
of each patient’s pelvis.

 Mean and standard deviation were used 
when there was normal distribution, and median 
and interquartile range (IQR) were used when dis-

tribution was non-normal. Normality of data was 
evaluated through histograms and the Shapiro-Wilk 
test. The Wilcoxon Sign-Rank test was used to com-
pare if there was a statistically significant difference 
between preoperative and postoperative capacity 
and compliance. All statistical calculations were 
performed with SPSS software version 18.1®. In all 
situations, the maximum acceptable probability of 
error for rejection of the null hypothesis was 5% (p 
<0.05 and confidence interval of 95%). This study 
was approved by the Research Ethics Committee of 
the Center for Health Sciences, Federal University of 
Pernambuco (APPROVAL NUMBER: 2.430.399).

RESULTS

 A total of 269 patients who had undergo-
ne bladder augmentation using de-epithelialized 
intestinal segments were prospectively studied be-
tween January 1991 and June 2016. Patient age 
varied from 3 months to 55 years, with mean age 
of 14±13 years, 47% male. Of these patients, 187 
(69.5%) were diagnosed with neurogenic bladder, 
68 (25.3%) had bladder exstrophy, 9 (3.3%) pa-
tients had been treated for urinary tuberculosis, 4 
(1.5%) had sequelae of posterior urethral valves and 
1 (0.4%) presented with female hypospadia (Figu-
re-1). Ileum was chosen in cases of bladder exs-
trophy or when there was any problem with the 

Figure 1 - Diagnosis at preoperative assessment.
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colon (previous surgeries). Follow-up time varied 
from 2 to 358 months, with median follow-up of 
72 months (IQR 74-247).

Median preoperative and postoperative 
bladder compliance was 1.93mL/cm/H20 (IQR 
1.91-1.95) and 13.6mL/cm/H20 (IQR 12.8-13.9), 
respectively (p <0.001) (Figure-2). This resulted in 
an increment of 604%. Median preoperative and 
postoperative capacity was 92.1mL (IQR 90-95) 
and 296.8mL (IQR 265-308), respectively (p <0.01), 
resulting in an increment of 222% (Figure-3). The 

mean expected capacity by Houle’s formula was 
269mL (6), lower than the postoperative capacity 
levels that were obtained in the sample.

 A total of 27 patients presented some kind 
of complication (10%). Three patients (1.1%) deve-
loped peritonitis with complete dehiscence of the 
wound, 4 patients (1.4%) presented dehiscence of 
the colonic anastomosis and 5 patients (1.8%) pre-
sented spontaneous perforation. Throughout this 
period, 13 cases (4.8%) of bladder lithiasis were 
identified in patients with bladder exstrophy. In 

Figure 2 - Comparison of preoperative and postoperative bladder capacity.
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Figure 3 - Comparison of preoperative and postoperative bladder compliance.
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this group, 6 patients had a periurethral constric-
tor implanted simultaneously, and 5 of these were 
removed due to urethral erosion. Four patients in 
the exstrophy-epispadia group underwent post-
-void catheterization due to significant post-void 
residue. Spontaneous perforations were observed 
in patients diagnosed with bladder exstrophy and 
neurogenic bladder. The five cases of spontaneous 
perforation occurred at the region where the anas-
tomosis was made between bladder and demuco-
lised tissue. Out of all spontaneous perforations, 2 
happened with ileum patches and 3 with sigmoid 
patches. The first and second cases had diagno-
ses of bladder exstrophy and perforation occurred 
after 5 and 7 years; the other 3 cases were obser-
ved in with neurogenic bladder; the perforation 
occurred after 2 years, 3 years and 2 years and 7 
months, respectively. All three patients underwent 
intermittent catheterization through the urethra. 
During the 25 years follow-up of this group of 
patients, 11 deaths were verified; however, none 
of them were related to the bladder surgical pro-
cedure. Of the total sample, 35 cases (13%) were 
considered failures.

DISCUSSION

 The complications that are intrinsic to the 
traditional techniques of intestinal cystoplasty 
have made surgeons pursue alternative modalities 
of bladder augmentation over time. Non-secretory 
bladder enlargement has been presented as one 
of these alternatives, as it does not present the 
characteristic disadvantages of the secretory and 
absorptive function of the intestinal mucosa. To 
our knowledge there is no report in the literature 
of a prospective study of bladder augmentation 
for this period of time at the same institution and 
by the same team starting at experimental phase. 
Studies were published in periods of time around 
not below 5 years.

 In the present study, we found a statisti-
cally significant increase in bladder compliance 
and capacity after non-secretory bladder augmen-
tation. This result is in agreement with the current 
literature. In a recent study published by Odeh et 
al. (8), patients were compared regarding bladder 
augmentation techniques (traditional ileocysto-

plasty vs. ileocystoplasty with demucolised bowel) 
and followed for 14 years. Authors reported that 
there was an increase in bladder capacity in both 
groups (without significant intergroup differen-
ce), therefore supporting our results. Several other 
studies have demonstrated an increase in bladder 
capacity following non-secretory intestinal cysto-
plasty. Jung et al. (9) analyzed 34 patients who 
underwent demucolised intestinal cystoplasty 
with urothelial alignment. The authors described a 
2.96-fold increase in bladder capacity, and a total 
of 13 patients (39.4% of the sample) were able to 
suspend the use of anticholinergic drugs after 47.3 
months of surgery. In a study by Jednak et al. (10), 
the increase in bladder capacity was of 2.94 times.

 Regarding the complications, we found an 
incidence of 1.8% of spontaneous perforations (5 
cases), which is lower than the current literature 
statistics when compared with a similar method 
or with traditional ileocystoplasty. In a study by 
Shekarriz et al. (11), 133 patients underwent seve-
ral types of bladder augmentation and were stu-
died for a similar period. The authors found six 
cases of intestinal obstruction, 17 spontaneous 
perforations (13%), and 15 patients requiring sur-
gical revision for other reasons (12). In a case-
-control study conducted by Odeh et al. (8), the 
authors reported an incidence of 10% of sponta-
neous perforations in the sample.

 The incidence of bladder lithiasis was of 
13 cases (4.8%), which represents a lower rate 
as compared to previous reports. Additionally, 
all cases happened in patients who had bladder 
exstrophy. In a retrospective study with 91 chil-
dren that had undergone bladder reconstruction 
with various segments of the digestive tract over 
a period of 10 years, Hensle et al. (12) found an 
incidence of 44% of bladder lithiasis. Among pa-
tients with bladder exstrophy, 5 (25%) presented 
such situation. In a retrospective series performed 
by Blaivas et al. (13) with 71 patients submitted 
to enterocystoplasty, authors found 6% of recur-
rent bladder lithiasis. The bladder lithiasis cases 
accounted for 19% (13 of 68) of the sample of pa-
tients diagnosed with bladder exstrophy. It is wor-
th mentioning that 6 patients who presented with 
bladder lithiasis in our cohort had a peri-urethral 
constrictor implanted simultaneously, 5 of which 
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were removed due to urethral erosion. Since no 
more artificial devices are currently used in pa-
tients with a diagnosis of exstrophy, we expect 
this incidence to reduce, since it is known that 
procedures on the bladder neck increase the in-
cidence of lithiasis. On the other hand, long-term 
follow-up has shown a high incidence of device 
erosion both at subcutaneous port and cuff site. 
A new intraurethral removable device has shown 
considerable improvements in continence, quali-
ty of life and occurrence of symptomatic urinary 
tract infections (UTI). This device has been applied 
to females but possibilities to its use in males are 
open (14).

 Despite the visible improvements, we must 
recognize that a failure rate of 13% is still not 
ideal. New developing technologies may help im-
prove these results in the future.

CONCLUSION

 During this 25 year follow-up study, non-
-secretory bladder augmentation promoted a sig-
nificant increase in bladder compliance and ca-
pacity. As compared to traditional techniques of 
bladder augmentation, a lower number of compli-
cations was observed.
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