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Introduction

The ultimate aim of repair in all patients with bladder exstrophy epispadias complex (BEEC) is to make the
child dry while preserving the upper tracts. In the process of attaining these objectives, the surgeon needs
to ensure an increase in bladder capacity. The repairs currently in vogue are, Complete primary repair of
exstrophy (CPRE) or the modern staged repair of exstrophy bladder (MRSE). Diastasis of pubic bones
with divergence and outward rotation of the Levator ani is an integral association with classic BEEC.
Bilateral anterior pelvic osteotomy is performed to diminish the pelvic diastasis, thereby, enabling the
anterior pelvic musculature closer to the midline, as well as, aiding in the abdominal wall closure. The
initially practiced bilateral posterior iliac osteotomy led to a lower rate of wound dehiscence and facilitated
successful genitourinary reconstruction in BEEC patients [1-4]. Similarly, other types of osteotomies like
bilateral superior pubic ramus, diagonal osteotomy of iliac wings, anterior innominate osteotomy, and
anterior with posterior innominate osteotomies were performed to attain the same purpose [5]. It was
believed that adding multiple osteotomies would prevent recurrence of pubic diastasis and relieve the
tension on the inguinal ligament.

We hypothesized that osteotomy during the repair of bladder exstrophy will not help in achieving adequate
bladder capacity & in preventing the deterioration of the upper tract functions in children with BEEC and
that soft tissue repair could be successfully achieved without osteotomy.We analyzed the results of our
cohort of BEEC patients who underwent bilateral anterior pelvic osteotomy. We compared these results
with the group where BEEC repair was done without osteotomy in terms of wound-related complications,
pubic diastasis, maintenance of upper tract functions, and increase in bladder capacity. This is a singular
study which, in a longitudinal follow up, has compared the effect of osteotomy between staged and single
stage procedures with respect to upper and lower tract outcomes.

Material and Methods

Of the 188 cases, 46 were excluded from the present analysis as they were re-do procedures mostly
referred to, had strictures or stone formation. Data on the remaining 146 cases were stratified to evaluate
upper tract function after a period of follow up as follows.
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Patients were stratified according to the surgical techniques they had received for repair. 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 BNR and finally epispadias repair (group 1)[6].This
approach was replaced by a modern staged approach of exstrophy-MSRE wherein epispadias repair
followed bladder closure. We postponed BNR untill at least two thirds of the age-specific bladder capacity
could be acquired(group 2)[7]. 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 SSTR-
Single Stage Total Reconstruction by the technique described by Grady, et al, [8].In the CPRE/SSTR
group, while bladder & epispadias were repaired as one unit, no special effort is made to narrow the
bladder neck. Bladder neck was partially repaired (BNR) only when the vesico-urethral junction was very
wide. Of all the children operated by staged or single stage total reconstruction & excluding 46 redo
procedures, the results of modified Salter's, bilateral anterior pelvic osteotomy in classical BEEC were
compared with those without osteotomy.

The medical records of these children were reviewed with the approval of the Institute's Ethics Committee.
Surgery was carried out by the same surgeon (MB) by, either, staged (group I), or single stage total
reconstruction (SSTR- group II).  In staged repair, the osteotomy was performed during the primary
bladder turn- in. Bladder neck repair and epispadias repair were offered at later stages. The standard
procedure for CPRE was followed. Herein we have described the technique of repair of the abdominal
wall in detail and the difference in female repair.

Abdominal wall closure:

 Both the recti are released from the tendinous intersections and separated from the anterior &
posterior rectus sheath superiorly upto their attachments to the costal cartilages. Their inferior
attachments to the pubic pubic bones are disconnected by a sharp dissection.

 The recti are then brought towards the midline and sutured together.

 The rectus fascia is reapproximated wherever feasible by interrupted 2-zero polydiaxonone sutures.

 Skin covering the abdominal wall is re-approximated using a 2-layer closure using interrupted 4-0
vicryl for the first subcutaneous layer a second subcutaneous layer using 4-0 monocryl.

 Ureteral catheters are left in place for 2-3 weeks and the suprapubic catheter (SPC) upto 3 weeks.
Urethral catheter is removed soon after the SPC has been removed.

In Females:

 Principles of closure in female patients arelike those in male patients.

 The perineal incision must be extended around the vagina and deep into the pelvis in a Y-V
advancement.

 The vagina and urethral plate are considered a single unit and never separated.

 Closure of the bladder, urethra and clitoris is analogous to bladder, bladder neck, urethral and
penile repair in male patients.

 To re-approximate the pubic symphysis, we use undyed No. 1 polydiaxonone- interrupted sutures.

After completion of surgery, retrospectively collected data on upper and lower tract function were compared
with those during follow-up.  For the purpose of data analysis, these groups were further stratified into
subgroup A-whether osteotomy was performed & subgroup- B when osteotomy was not performed.

The bilateral anterior iliac or the Modified Salter's osteotomy [5,9] similar to the one depicted in the article
by Sponseller et al [5] was performed in these children. In this type of osteotomy, after the standard



exposure, the sciatic notch was exposed sub-periosteally proximally to the anterior inferior iliac spine and
distally to allow the distal fragment to be displaced more freely. Osteotomy was performed with a Gigli
saw and a drill was used to outline a triangular wedge from the proximal part of the ilium, the base of the
wedge being along the line of the osteotomy. Care was taken to remove triangular areas of equal size from
both the medial and lateral cortices of the ilium; otherwise, an uneven fit of the osteotomy would have
resulted [10]. After outlining the triangular area to be removed with multiple drill-holes, a small osteotome
was used to complete the cuts by connecting the drill-holes in older children. The two triangular cortices
were easily removed. Bilateral osteotomies were performed in the supine position without having to turn
the patient prone or lateral. The standard repair of BEEC continued in the same position thereafter.The
pubic bones were brought together in the symphyseal region and sutured together using Ethibond sutures.
Pelvic plaster casts were applied along with skin traction and the patients were immobilized for three to
four weeks post-operatively.

In these patients evaluated retrospectively, all pre-recorded demographic and follow up data were collected.
Follow-up data pertaining to age, height, weight, blood pressure, upper tracts (Scars on DMSA scan,
Glomerular filtration rate (GFR), Serum creatinine) and lower tracts (Dry period, Urodynamic parameters-
Measured Cystometric Capacity (MCC), End Filling Pressures (EFP) and Leak Point Pressure (LPP),
Voiding cystourethrogram (VCUG) for the grade of reflux and bladder capacity) were analyzed for
progression or regression of parameters in the osteotomy (A) and the no osteotomy (B) subgroups. Upper
tract function was evaluated by estimation of GFR by the use of single 99m-TcDTPA intravenous injection
and two samples were collected at 1h and 3h post-injection(plasma sample method)[11].

Data from stage and modified staged procedures were grouped together and have been referred to as the
STAGED GROUP for analysis and are compared with those from the single stage total reconstruction
(SSTR). The primary outcome was noted as changes in the lower tracts, especially with respect to the
increase in bladder capacity and the upper tracts with respect to renal function, scarring and GFR at a
minimum follow up of 1 year. The Secondary outcomes were to note the procedure-related complications
and the status of pubic diastasis, and continence after a follow-up of at least 1 year. The statistical analysis
was done by applying Chi-square tests and p<0.05 was considered as significant.

Results

Of the total 188 seen in the clinic,46 redo procedures were excluded & the results of modified Salter's
anterior pelvic osteotomy performed in 33 patients of classical BEEC were compared with 109 without
osteotomy. Of these 142 children, 65 had undergone staged repair and 77 underwent SSTR. There were
101 (71.1%) boys and 41 (28.9%) girls. Male:Female ratio in SSTR group and the staged group was
2.1:1 and 3.1:1, respectively.

In staged procedures, 11/65(16.92%) underwent osteotomy.  The mean operative time with osteotomy
during primary turn-in was 3hours 50 minutes as compared to 2 hours 45 minutes with the group without
osteotomy. During SSTR 22/77 (28.6%) underwent pelvic osteotomy. The mean operating time in SSTR
when osteotomy was performed was 3.2 hours and was 2.1 hours without osteotomy. The average blood
loss in the prior was 120ml and in the latter was 73ml.

There was no significant difference with respect to the mean age at repair 10.8±10.7 (1-42 months) Vs.
17.2±10.3 (1-48 months) in the osteotomy Vs. non-osteotomy groups. Similarly, no significant difference
was noted with respect to the age at completion of repair 45.2±33.7 (1-95 months) Vs. 51.4±32.7 (1-97
months) and the timing of follow up investigations {timing of first-27.9±9.2 (18-60 months) Vs. 31.2±9.4
(18-60 months) and second set-29.2±6.4 (18-42 months) Vs. 27.5±7.7 (18-48 months), of investigations}.
These investigations have been systematically compared [Table 1] as follows:



TABLE 1. Comparison of results between the two groups of exstrophy bladder repair (Staged repair Vs Single staged
total reconstruction) and between the subgroups (A- With osteotomy Vs B- without osteotomy)

1) Effect of osteotomy on Lower tract function:

Urodynamic evaluation

In the Staged group, a maximum cystometric capacity of 71.4 ml with detrusor pressure 57.5 cmH2O at
the mean (SD) age of 4.7 (±0.9) years was observed initially. After a mean follow-up of 21.3 months, the
MCC was 72.2 ml and the LPP was 58.6 cmH2O at the mean (SD) age of 6.7 (±1.0) years. None of the
parameters showed a significant difference over the follow-up duration.

In SSTR group, an initial maximum cystometric capacity of 67.8 ml with detrusor pressure 51.9 cmH2O
at the mean (SD) age of 3.9 (±0.6) was observed. After a mean follow-up of 37.3 months, the MCC was
68.4 ml and the 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 the SSTR group showed significant differences
over time.

Group 1 (Staged) Group 2 (SSTR)

N 65 77
M:F 3.1:1 2.1:1

Group 1a               Group 1b Group 2a           Group 2b
(With                    (Without (With         (Without
osteotomy)         osteotomy) osteotomy)        osteotomy)

No of patients 11 54 22 55

Percentage increase 11.20 10.50 18.40 17.70
in bladder capacity

p=0.94 p=0.97

VUR before repair 2 27 2 13

Development of VUR 4 29 6 23
during follow up

p=0.84 p=0.55

New Scars 1 6 3 9

Abnormal GFR
before repair 1 13 1 6

Development of 3 17 4 15
abnormal GFR after
at least 1 year of
follow up

p=0.48 p=0.69
Abnormal S. creatinine 1 3 2 6
(>1.4gm/dl)

Incidence of wound 3 12 7 11
dehiscence/infection

No Pubic diastasis at 0 0 0 0
follow up (> 1 year)

VUR Before repair 44.6% (29/65) 19.5% (15/77)
After repair p value 50.7% (33/65) 37.6% (39/77)

0.33 0.0005



The increase in maximum cystometric capacity (MCC) was further compared between the 2 subgroups A
and B [Fig. 1]. It was observed that at similar follow up, in Staged group, the increase in MCC in osteotomy
viz a viz the no osteotomy group was 11.2% and 10.5% respectively. Similarly, in the SSTR group, it was
18.4% and 17.7% respectively. The difference in increase in MCC between the two subgroups in Staged
(p=0.94) and SSTR group (0.97) was though marginally more, but not statistically significant. Thus, lack
of increase in MCC & persistently high bladder pressures was noted throughout the follow up in all
subgroups.

2) Effect on upper tracts- Split Renal function; Scarring; GFR and S.Creatinine

a) Group 1: Staged repair group

After a mean follow-up of 21.3 months (range, 13-26 months), children belonging to the staged group
showed a progressive deterioration in renal function [Table 1]. Around 27.2% (3/11) of children in the
osteotomy group had clearance of <79ml/min/1.73m2 and 24.1% (13/54) in the no osteotomy sub group.
The mean ±SD value of GFR showed a significant fall from the pre-repair stage over time and post-repair,
the number increased to 27.3% (3/11) and 31.5% (17/54), respectively .Number of renal units having
poor drainage and cortical scars had also risen over the period of time. Around 20% (26/130; R/L=20%/
20%) of the renal units had poor drainage. Cortical scars were seen in 9.1% (1/11) and 11.1% (6/54)
patients on DMSA scans in subgroups A and B respectively. Though there was a rise in the proportion of
renal units having poor drainage and cortical scarring, the difference between the incidence of two in the 2
subgroups could not reach statistical significance (p=0.13 and p=0.48 respectively). Also, serum creatinine
values of >1.4mg/dL were seen in 9.1% (1/11) and 7.4% (4/54) of the children with and without osteotomy
repair, respectively. The rise in absolute values of serum creatinine over the period of time showed a
statistically significant difference in the staged group.

b) SSTR group

After a mean follow-up of 37.3 months (14-54 months), there was similar upper tract deterioration in the
SSTR group. The GFR value of <79ml/min/1.73m2 post-repair was observed in 18.1% (4/22) and
27.2%m(15/55) of the children in osteotomy and the no osteotomy groups, respectively. The fall in mean
levels of GFR showed a statistically significant difference as compared to the pre-repair levels in both

Fig. 1. Graph showing the percentage increase in measured cystometric capacity (MCC) after staged and Single Staged
Total Reconstruction repair of BEEC in the subgroup A (Osteotomy) and B (no osteotomy group).



Fig. 2. Potential role of osteotomy in BEEC closure.

groups. However, there was no statistically significant difference in between the osteotomy vs the no
osteotomy group (p= 0.69). Around 11% of the renal units had poor drainage. In the osteotomy group,
13.6% (3/22) and in the no osteotomy group 16.3% (9/55) of the renal units showed cortical scar
development. As compared to initial assessment of poor drainage and cortical scars, the difference could
not reach statistical significance (p=0.44) in the SSTR group. Around 10% of children had serum creatinine
levels of >1.4mg/dL in both the groups.

3) Procedure related complications

In subgroup A of staged repair, 27.2% (3/11) patients showed wound-related complications; wound
infection (2), partial dehiscence (1) and complete wound dehiscence (2). In subgroup B of staged repair,
22.2% (12/54) patients had wound-related complications. These were managed conservatively. In subgroup
A of SSTR, 31.8% (7/22) and subgroup B-20.0% (11/55) had wound-related complications. These were
managed conservatively.

4) Fate of pubic diastasis

The pubic bones approximation at the pubic symphysis was attained at the end of the procedure in each of
the 33 cases. The follow-up evaluation after 12 months, although the soft tissue repair was intact, yet, the
pubic diastasis had recurred & was clinically palpable in all the patients. Though the intersymphyseal
distance in the osteotomy group was less as compared to the no osteotomy group, recurrence of pubic
diastasis was uniformly observed. No objective tests were used to document the reduction / status quo of
the pubic diastasis.

Discussion

Bladder exstrophy is a congenital birth defect of the lower abdomen and the pelvis as a whole. It not only
involves an open and shrunken bladder plate and urethra, but is a complex of multiple soft tissues, bony
and muscular deformities. Starting from the skeletal structure, all patients are born with pubic diastasis.
There is considerable shortening of the anterior ischiopubic segment of the ileum and external rotation of
the anterior and posterior segments of the pelvis. This results in a retroverted acetabulum and a wide inter-
hip distance. This is accompanied by defects in the pelvic musculature.



Osteotomy aids in anterior rotation of the pelvic segments and closure of the pelvic ring [Fig. 2]. Although,
the approximated bony segments do not sustain their midline re-location much after soft tissue healing, the
proponents claim  an increase in the bladder capacity in the group with osteotomy & better continence
rates [9].

Out of the several different kinds of osteotomies proposed for children in bladder extrophy, the modified
Salter's osteotomy was performed in the current cohort of patients. The advantages of these have been
clearly stated by Wild et al as follows [9]: (a) less intra-operative blood loss, (b) better apposition and
mobility of the pubic rami at the time of closure, (c) allow for placement of an external fixator under direct
vision, (d) allowance for secure external fixation in children over 6 months old, and (e) no requirement to
turn the patient during the operation [9]. However, in our set-up, while external fixation of the rotated
bones was not added the pelvis was externally fixed using a plaster cast and skin traction was applied for
4 weeks. The immediate results of achieving soft tissue repair & postoperative recovery were satisfactory.

Bladder capacity & continence

MCC was evaluated in these children using various modalities including VCUG, USG and UDS. Most
reliable of these observations was the MCC obtained on VCUG imaging. MCC recorded was a mean
value of 21.3 ml at 1 year FU 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 years of FU post SSTR respectively. However, this was much lower than the ECC at their
respective ages. A better indicator of bladder capacity was the percentage of ECC (PPBC) which was
17.9% of ECC at 1 year FU and rose to 35.2% of the estimated capacity at the end of 5 years FU. Thus,
although the bladder capacity progressively increased every year post CPRE, yet, it always lagged behind
the ECC. At the end of 5 years, although a mean 90 ml capacity was reached, this was merely 35.2% of
the estimated capacity which may never be sufficient enough for these bladders to function as pressure-
safe storage organs.

It was observed, that, even after 1 year of follow up, there was a negligible increase in bladder capacity.
Further, a subgroup of patients started to show a fall in GFR below the normal range. This points out to the
damage to the upper tracts which starts to ensue as soon as we repair BEEC, irrespective of the type of
repair, multistage or single-staged. Although, the fall in GFR was noticed as early as at the end of the first
year following repair, it was statistically significant at the end of the follow-up period.

In the current study, acceptable urinary continence was attained in only one fourth of these patients. Hence,
no sub-group analysis could be performed due to the limited number of patients attaining continence post-
operatively.

There are two schools of thoughts when it comes to the results of osteotomy vs no osteotomy in exstrophy
bladder. There are some who believe that osteotomy aids in attaining better urological continence and an
increased bladder capacity. The logic is that an osteotomy allows for the easier approximation of the pelvic
floor musculature. Hence, the pelvic muscles can contribute more effectively to continence. The Hopkins
group [5,9] have demonstrated in their study of anterior innominate osteotomies performed from 1988 to
1996, the effectiveness of the procedure by a postoperative continence rate of 74% in children who had
continence as a goal. On the other hand, certain other group reports confirm no difference in the success
of bladder closure [10,12,13].

Preservation of upper tracts and lower tracts

In this study it was observed that both group 1 and group 2 developed deterioration of the upper tract
functions. The damage was more severe and started early in the SSTR group. In comparison, the onset of



damage was delayed when the repair was accomplished in stages. However, once the stages were complete
there was a rapid decline in renal function. Osteotomy during repair conferred no respite from this progressive
damage.

Width of pubic diastasis

It is known that symphysis diastasis recurs after all commonly used pelvic closure techniques.  The authors
have had similar experiences with cases in the current study. By more than 3 years of  follow up, the pubic
rami had not maintained the midline location (symphyseal position) as aligned during the repair. Prom et al
have shown that the inter-symphysial gap does not differ in the long term between patients with and
without osteotomy [16-20].

Also, the degree of correction of the pubic diastasis alone showed no significant association with continence
[6]. Sponseller et al [5,6] suggested that although osteotomy may promote continence by restoring the
sling of the pelvic floor muscles around the urethra, the position of the pubic rami did not contribute greatly
to the achievement of continence.

Castagnetti et al. compared patients after initial closure with and without osteotomy prospectively [21]. In
the long-term follow up they found no significant difference in the width of pubic diastasis, in the number of
exstrophy-related surgical procedures, in the incontinence rate and in the number of patients needing clean
intermitting catheterization for bladder emptying [21]. Kertai, et al, [22] were able to show, that, despite
BEEC-specific hip morphology, long-term hip joint function was not impaired in adolescent patients after
symphysial approximation achieved without osteotomy in infancy. The symphysis diastasis after this procedure
was also comparable to available post-osteotomy data in the long-term [22].

Timing of osteotomy and closure

In a recent study by Khandge et al.[23], 286 patients were included: 186 newborn and 100 delayed
closures. Within the overall new-born closure cohort, no significant differences were found in outcomes
among the osteotomy types with success rates of 80%, 60.8%, and 71.4% in the combined, posterior
iliac, and anterior innominate groups, respectively (p Z 0.24). In the delayed group, success rates were
significantly different with rates of 100%, 72.4%, and 93.8% in the combined, posterior iliac, and anterior
innominate groups, respectively (p < 0.001).

Osteotomy related complications

The complication rate associated with osteotomies in BEEC is 4% [24].  These include neurological
(50%), 19% bony (non-union, delayed union, joint pain, or leg length inequality), 15% caused by traction,
8% early deep infection, and 8% late infection [24]. In the current series the associated complication rate
was minimal & only in the form of superficial wound infection.

Closure without osteotomy

After Kelly's description of radical soft tissue mobilization (RSTM) in the repair of BEEC, osteotomy lost
its vogue [25]. RSTM entails the meticulous dissection, especially of the pelvis and the corpora cavernosa
from the ischiopubic rami including the periosteum with the attachments of the voluntary and involuntary
sphincter muscles and the pudendal vessels and nerves [25]. These muscles are then used as a wrap
around the neo-pelvic urethra to work as a continence mechanism. RSTM allows sphincter reconstruction
and abdominal wall closure without tension, hence no osteotomy was used.



Fig. 3. Complete mobilization of the rectus abdominis muscle laterally from the external oblique aponeurosis, superiorly
up till its origin at the xiphoid cartilage, aids in tension free midline abdominal wall closure in BEEC repair.(yellow
arrows- showing perforator branches of the inferior epigastric artery supplying the superficial skin and fascia).

The authors have also moved away from osteotomy as a routine in BEEC repair for all the above reasons.
The foremost reason being that a good, tension-free abdominal wall closure could be easily achieved
during the last 12 years without osteotomy in all patients with classical BEEC by the technique being
followed.However, we do agree that there might be a component of selection bias as most of our patients
underwent a CPRE. A second limitation of our study was a lack of uniform measurement tool like a MRI
to measure the inter-symphyseal bar distance to quantify the degree of pubic diastasis post-repair in the

follow-up.Thirdly, an awake state UDS may also decrease the bladder capacity by one third; however the
authors feel that this difference was uniform across all groups and may not have significantly contributed to
the measured MCC. Similar results have been shared by Ebert et al and Rosch et al. in their series and
long-term follow-up of 15 years duration [10,12,14]. The trick is to completely mobilize the rectus abdominis
muscle up till its origin at the costal margin. This exercise helps to approximate this muscle tension free in
the midline [Fig. 3]. This approximation is beneficial later on when these children use their abdominal
musculature to aid in voiding when their bladders have been augmented.

Conclusion

In the current study, osteotomy during BEEC repair, whether staged or single stage total reconstruction,
showed no added advantage in terms of increased bladder capacity, preservation of the upper tracts. A
similar closure and results were attained by proper soft tissue mobilization during the abdominal muscle
closure in BEEC repair.
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