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Abstract

Background: Urinary incontinence is a major problem in operated exstrophy patients. Most of the repairs
described in literature stress on the importance of dividing the intersymphyseal band (ISB) to place the bladder in
the pelvis. But the origin of this band and its importance has hardly been discussed in literature. The purpose of
this study is to establish the nature of tissue the ISB is composed of. This can be used to determine its role in the
surgical management of exstrophy epispadias complex (EEC) patients.

Results: Thirty out of 33 operated patients demonstrated smooth muscle with/without fibrous tissue in the
sections taken through the ISB.
A significant percentage of patients (χ2 = 38.319, p < 0.0001) in whom this band was reconstructed around the
bladder neck gradually became continent/partly continent with an increase in the dry interval with time.

Conclusion: It can be a considerable factor to pay attention to the step of wrapping the ISB around the bladder
neck during EEC repair. This serves to function as the smooth muscle of the bladder neck as proven histologically in
our operated patients. It may have a role to support future continence in these patients.
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Background
The importance of the intersymphyseal band (ISB) in
the repair of exstrophy-epispadias complex (EEC) is
highlighted in the need to divide this band in order to
push the bladder into the pelvis [1]. The origin of this
structure considering its normal anatomic counterpart
largely remains vague. Our study attempts to define the
origin of this structure by using histopathology to estab-
lish that this structure actually represents the smooth
muscle of the bladder neck.
The role of the bladder neck musculature in normal

urinary continence is well known. Dynamic resistance
offered at the level of the bladder outlet requires smooth
coordination between the bladder neck and the detrusor
muscle to keep an individual dry until he/she volitionally

voids [2]. To achieve this normal physiology, normal
anatomy must be restored.
Instead of merely dividing the ISB during primary

exstrophy repair, reconstruction of this band by wrap-
ping it around the bladder neck restores normal anat-
omy in EEC patients. This reconstructed ISB may play a
significant role in keeping patients dry post-operatively.
This is because it now helps to develop a near normal
mechanism of providing a dynamic resistance to urine
flow at the bladder neck or outlet.
Our study thus hypothesizes that the ISB represents

nothing but the smooth muscle of the bladder neck and
plays a significant role in making operated EEC patients’
continent.

Methods
Data from the 33 patients of EEC who had undergone
anatomical repair of EEC was collected after screening
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for inclusion and exclusion criteria from 2003 to date.
These comprised of 16 males (48.5%) and 17 females
(51.5%).
The average age at which surgery was done was 1.78

years (range 8 months to 6 years) with a median of 0.67
years (8 months). Primary repair was deferred till 8
months of age due to higher incidence of post-operative
sepsis in younger neonates and infants.
The patients were divided into 2 groups:

1. Primary repair cases: 26 in number (78.8%) and
2. Redo cases: 7 in number (21.2%) who had

developed wound dehiscence after primary repair.

Inclusion criteria

1. All cases of primary and failed exstrophy repair.
2. Only those cases in whom intraoperative biopsy of

the ISB was taken and sent for histopathology
3. Follow-up data was available

Exclusion criteria

1. For the histopathological analysis, no patients were
excluded.

2. For the assessment of continence, recently operated
patients (< 6 months), patients undergoing
augmentation cystoplasty and those lost to follow-
up were excluded.

Study center
The data from patients was collected from various cen-
tres to which the author is affiliated.

Study procedure
The data related to following parameters was collected
and entered in the excel sheet for each of the primary
and redo cases of EEC:

1. Biopsy report of ISB: the histopathological staining
method used was the hematoxylin and eosin stain
to demonstrate the tissue forming the ISB. Two
types of tissue were found to be present:
a. Smooth muscle bundles appeared as sheets of

spindle shaped cells with a central nucleus
without striations.

b. Collagenous tissue arranged haphazardly
suggestive of fibrosis.

2. Achievement of continence: Continence was
defined as the ability to hold urine and void
volitionally without leaking urine in between voids.
The criteria used to measure this were the long-
term measure of the dry interval of successfully

operated exstrophy patients by anatomical repair
procedure.

3. Continence was correlated with the nature of tissue
in the ISB using statistical analysis—chi-square test.

Operative procedure
In all patients, the surgery carried out was the anatom-
ical repair of exstrophy as mentioned in a previous art-
icle by the same author [2]. During surgery, the ISBs
were clearly defined on either side of the bladder plate
and cut from their attachment to the superior pubic
rami (Fig. 1). These bands are whitish in color in con-
trast to red striated musculature of pelvic floor. Their at-
tachment to bladder was left as such. Biopsies were
taken from the ISB at the site of attachment to pubic
bones on either side. The bands were then approximated
in the midline over a closed bladder at the level of its
outlet (Fig. 2).
Post-operatively, all patients were started on chemo-

prophylaxis and oxybutynin.
Assessment of continence was started 6 months post-

operatively and then yearly. Bladder growth and capacity
as well as status of the upper tracts was also assessed
using ultrasound examination (US), sometimes along
with micturating cystourethrogram (MCU) in the same
follow-up.

Fig. 1 Intraoperative photograph showing the dissected
Intersymphyseal bands (yellow arrows)
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Results
Descriptive statistics and chi-square test.

Results
All the patients had undergone successful anatomical re-
pair of exstrophy [3].

Histopathology study
On histopathological analysis of the ISB in the 26 pri-
mary cases operated, 25 patients showed smooth muscle
(Fig. 3). One patient had a mixture of smooth muscle
and fibrosis.
In case of the redo surgeries, 4 out of the 7 patients

had fibrosis in the histopathology report. The remaining
3 patients had a mixture of smooth muscle and fibrosis
(Table 1).

The pie diagram (Fig. 4) summarizes the histopath-
ology findings in all the patients of the study.

Continence study
Among the 26 primarily operated patients, 1 patient had
to undergo a primary ileocystoplasty due to a minute
non-pliable bladder plate not having any potential to
grow. This patient has not been included in the contin-
ence study.
Twenty-two patients showed a progressive improve-

ment in the dry interval and volitional voiding ability.
There was a significant increase in the voided volume as
the age and time interval from surgery increased. The
US/MCU also documented an increase in bladder cap-
acity (Fig. 5).

Fig. 2 a Intraoperative anatomy of internal and external sphincter. b Reconstructed sphincters in anatomical repair of bladder exstrophy
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The graph (Fig. 6) below shows the definite positive
association of the increase in bladder capacity measured
on US with the years since surgery was performed.
We would like to mention that the maximum dry

interval that we have achieved to date in all our operated
patients is 3 h with volitional voiding. This was mainly
achieved 8 years of surgery after which there was no fur-
ther increase in dry interval.
There was also no deterioration in the status of the

upper tracts as measured by regular US.
The remaining 3 patients in this group were incontin-

ent. Of these, one patient has had repeated fungal infec-
tions with cystitis which were inadequately treated due
to poor compliance. He is now under observation after
successful treatment for the same to look for improve-
ment in continence levels.
Among the 7 re-operated patients, 1 patient was lost

to follow-up, 3 patients were partly continent with ability
to volitionally void but with a shorter dry interval, and 3
patients remained incontinent.

Correlation of histopathology with continence
Table 2 followed by the bar chart (Fig. 7) depicts the
above correlation using the chi-square test.

Discussion
The intersymphyseal band (ISB) is an important struc-
ture encountered during repair of EEC. This thick band
of tissue runs from the exposed bladder plate to the
splayed pubic rami and must be divided in order to place
the bladder in the pelvis [1].
The origin of this structure considering its normal

anatomic counterpart has rarely been studied in litera-
ture [4, 5]. Our attempt to ascertain its origin to the
smooth muscle of the bladder neck was to underline its
importance in providing continence if properly recon-
structed during primary repair of EEC patients.
Normal urinary continence is a complex phenomenon.

It depends on a host of factors including bladder compli-
ance and capacity, the integrity of the bladder neck, ex-
ternal urethral sphincter, and an intact nerve supply of
the bladder.
Dynamic resistance at the bladder outlet is a well-

orchestrated program which makes the bladder neck
contract in response to distension of the bladder wall.
The smooth muscle of the bladder neck, we believe, is
the keystone to remaining dry as the bladder begins to
distend with urine up to the point of voluntary voiding
or attaining full capacity. It acts even before the first
urge to void is felt.
The continence problems faced by operated exstrophy

patients occur mainly because of 3 factors:

1. Inadequate bladder capacity
2. Non-compliant bladder
3. Improper bladder neck reconstruction

Having emphasized the importance of the bladder
neck smooth muscle, we stress that it is represented by
the intersymphyseal band (ISB) in exstrophy patients.
This is proved by demonstrating smooth muscle in
histopathological sections taken from the ISB during
surgery. This band essentially provides the dynamic out-
let resistance required in the process of achieving con-
tinence. It should hence be preserved and repositioned
in its anatomical location, around the bladder neck in
the primary surgery itself.
To preserve the nerve supply for adequate physio-

logical function, we insist that during surgery,
mobilization of the bladder plate should not extend be-
yond the uretero-vesical junction.
We think that a well-reconstructed bladder outlet dur-

ing primary repair of exstrophy patients goes a long way
in not only providing dynamic outlet resistance for con-
tinence, but also a stimulus for the bladder to grow. This

Fig. 3 Histopathological Hand E stain of the ISB showing smooth
muscle bundles

Table 1 Histopathological findings in primary and re-operated
patients

Primary surgery Re-surgery Total

No. % No. % No. %

Smooth muscle 25 96.2% 0 0.0% 25 75.8%

Mixed tissue 1 3.8% 3 42.9% 4 12.1%

Fibrous tissuea 0 0.0% 4 57.1% 4 12.1%

Total 26 7 33 100.0%
aAll patients with fibrous tissue were re-operated patients and probably
healed by fibrosis
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then helps to increase the dry interval further by an in-
crease in bladder capacity.
Because of our practical constraints, we do surgery at

the age of 8 months. If repair is done in the neonatal
period, it would further prevent bladder wall inflamma-
tion and fibrosis thus increasing the potential in further
improvement in bladder capacity.

A fairly well-grown bladder with a good outlet averts
the need of augmentation, which has its own complica-
tions. The operated exstrophy patients can be continent
with a dry interval of 3 h.
In the cases of redo or staged procedures for repair,

the ISB is replaced in part or totally by fibrous tissue.
Hence, its ability to provide the dynamic resistance as
in muscle is significantly affected. We found that
these patients had suboptimal continence levels and
many required urinary diversion to solve their
problems.
An ideal repair of exstrophy would be one which relo-

cates tissue in their normal anatomical position. The
two main procedures widely used today in the repair of
exstrophy patients include the complete primary repair
of exstrophy (CPRE) [6] and the modern staged repair of
exstrophy (MSRE) [7]. Both these methods stress on the
importance of dividing the ISB to place the bladder and
the posterior urethra deep in the pelvis.
In fact, the author John Brock has advocated the use

of a single midline incision through the ISB to place the
bladder deep in the pelvis [8].
Thus, the construction of a bladder neck using the ISB

is not a part of these procedures.
A few studies have included this step in their

procedures.
V. Bhatnagar [9] closed the ISB at the junction of the

tubularized paraexstrophy flaps and the bladder. This
method adopts a staged approach for closure.
The modified CPRE technique described by Kurbet

et al. [10] also includes the wrapping of the ISB around
the bladder neck.
The single case reported by Senoh and Yamaguchi

[11] has stressed on the fact that closing the ISB around
the bladder neck is the single most important factor that
ensures urinary continence in exstrophy patients.

Fig. 4 Pie chart depicting histopathological findings in all patients operated

Fig. 5 MCU showing bladder growth post-operatively in an
exstrophy patient with a closed bladder neck
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The original research by Wakim et al. [12] on 28-week
gestation foetuses studies the musculoskeletal organisa-
tion of the urogenital system in classic bladder exstrophy
patients. This article also emphasizes the need to pre-
serve and repair these structures during surgery.
The added importance of the external urethral sphinc-

ter in continence has been studied by Kureel et al. [13,
14]. Their method includes anatomical repair along with
innervation preserving sphincteroplasty of the skeletal
muscle of the urogenital diaphragm by dissection in the
subperiosteal plane. The continence rates achieved were
71.4% in single-stage exstrophy repair.
In our previous study of 2004, we too have mentioned

about the importance of reconstructing both, the exter-
nal and internal sphincter [3].
In this study, now we have gone a step further to

emphasize this fact by demonstrating that there is
smooth muscle in this ISB in all our primarily operated
patients.

The smooth muscle of the ISB thus gives dynamic
continence in addition to voluntary control of urination
provided by the striated muscle of the external urethral
sphincter.

Conclusions
The ISB represents the smooth muscle of the bladder
neck in patients of exstrophy.
This band with its intact nerve supply needs to be

wrapped around the bladder neck during the primary
repair itself to preserve the smooth muscle that it
contains. A well-constructed bladder outlet is one of
the important factors to give the best chance for de-
velopment of the bladder as well as acceptable social
continence.
Repeated surgeries that involve dissection in this

area replace the smooth muscle of the ISB with fibro-
sis which then has a direct impact on continence.

Fig. 6 Graph depicting correlation of bladder capacity with time since surgery

Table 2 Continence status in patients with different histopathological findings

Smooth muscle (n = 24) Mixed tissue (n = 04) Fibrous tissue (n = 03)

No. % No. % No. %

Continent 22 91.7% 0 0.0% 0 0.0%

Partly continent 0 0.0% 3 75.0% 0 0.0%

Incontinent 2 8.3% 1 25.0% 3 100.0%

χ2 = 38.319, p < 0.0001
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Hence, successful single-stage repair should be the
aim of reconstruction.

Limitations of study
It would be expected to have a control group but due to
the severity and frequency of this disease, it is not easy
to obtain comparable two groups at a same time.
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