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Summary

Introduction

The modified staged repair, or Toronto approach to
reconstruct classic bladder exstrophy, involves
bladder neck (BN) tailoring and bilateral ureteral
reimplantation during primary closure, and later
epispadias repair using external corpora rotation
and a rotational penile skin flap. It aims to incor-
porate the advantages of complete primary repair
while minimizing risks of upper tract deterioration
and penile ischemia and improve cosmetic appear-
ance of the genitalia. We present long-term out-
comes for our initial patient series.

Methods

All patients with initial operation between 2000 and
2014 were reviewed. Data on demographics, conti-
nence, erectile and ejaculatory function, cosmetic
appearance of the genitalia, and upper tract status
were collected.

Results

Twelve male and four female patients were identi-
fied, with median follow-up of 12.7 (IQR 10.9—15.4)
and 12.5 years (IQR 10.6—15.6), respectively. Full
continence (voiding with no leaks, dry periods >3 h)
was achieved in two of 12 males and two of four
females. Five of 12 males and all four females had
dry periods longer than 1 h. Nine of 12 males and all
females attained volitional voiding. Three of 12
males and one of four females underwent additional

https://doi.org/10.1016/j.jpurol.2025.105700
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continence procedures. None have undergone
augmentation cystoplasty or bladder neck closure.

Of seven males with preliminary sexual fun-
ction data, all experienced erections, straight in
five, with recurrent dorsal curvature and ventral
curvature in one patient each. Four of seven ejac-
ulate and none have attempted penetrative inter-
course. All seven males reported satisfactory
cosmetic appearance despite a subjectively shorter
penis.

Although transitory dilations of the ureters were
seen immediately post op, none had scarring,
hydronephrosis, or febrile urinary tract infections at
latest follow-up. One patient had an eGFR on the
upper range of CKD 2, while the rest of the cohort
had eGFR > 90 mL/min/1.73m?. Mean bladder ca-
pacity on ultrasound was 145 mL for males and 97 mL
for females.

Conclusion

The present data suggests that the modified staged
repair of exstrophy (Toronto approach) is associated
with acceptable continence outcomes while mini-
mizing escalation to augmentation cystoplasty and
bladder neck closure. Most patients void volitionally
and stay dry for 13 h, but few are fully continent or
able to remain dry for 3 h or more. No patients in the
cohort had CKD3 or worse, and none had hydro-
nephrosis or history of febrile urinary tract in-
fections. Most males experience ejaculation and
straight erections. There was no glanular or corporal
tissue loss.
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Introduction

The optimal surgical approach to exstrophy-epispadias
complex continues to be controversial. While variations
exist, the complete primary repair of exstrophy (CPRE)
typically involves closure of the bladder plate and abdom-
inal wall, funneling of the bladder neck (BN), and simul-
taneous repair of epispadias in males. In contrast, the
modern staged repair of exstrophy (MSRE) involves bladder
closure as a first stage without BN repair, with later repair
of epispadias. Our institution modified the staged repair,
hypothesizing that continence outcomes would be compa-
rable to CPRE, while upper tract deterioration would be
minimized and penile cosmesis improved. Previously [1],
we described our initial series of male patients who un-
derwent primary closure of bladder plate with simultaneous
BN funneling, reimplanting the ureters to protect the upper
tract from the bladder pressure associated with increase of
outlet resistance and presence of primary vesico-ureteral
reflux. Also, epispadias was repaired later using external
corpora rotation and rotational penile skin flaps. During the
same period four girls underwent similar closure along with
clitoroplasty and monsplasty. We now describe the mid-
term outcomes of these patients.

Methods

All patients with the initial operation between 2000 and
2014 were reviewed [1]. These patients were seen and
reviewed at least annually with history, physical exam,
ultrasound of the upper tracts and bladder, and renal
function laboratory tests. Continence and pad use data
were recorded at each visit. To assess long-term out-
comes for the present study, variables of interest
included demographic information; continence and voli-
tional voiding; indicators of upper tract status including
hydronephrosis and estimated glomerular filtration rate
(GFR); rates of urinary tract infections; and preliminary
sexual function.

Patient-reported continence was defined following
contemporary literature on exstrophy [2,3] as the ability to
remain dry for 3 or more hours. Partial continence was
defined as dryness for 1—3 h periods [4]; for these patients
we also determined the median number of pads used per
day. For those patients with partial or no continence,
acceptability of the status quo and interest in further
continence interventions were determined. Urinary tract
infections (UTIs) were defined as the presence of lower
urinary tract symptoms and pyuria and/or bacteriuria on
urinalysis or positive urine culture. Febrile UTIs included
UTls with febrile episodes and other systemic symptoms.
Recurrent UTls were defined as two or more UTls in 6
months, or 3 within 1 year. Chronic kidney disease (CKD)
was staged using estimated glomerular filtration rate
(eGFR) based on serum creatinine.

Hydronephrosis was graded according to the Society of
Fetal Urology [5]. Scarring on ultrasound was defined as the
loss of definition of capsular echo, irregularity of cortical
outline, loss of pyramids, or proximity of sinus echoes to
cortical surface [6]. Non-invasive determination of mean
bladder capacity was done by passive [or natural] filling on

ultrasound or during uroflowmetry study, measuring voided
volume and post-void residual.

Ethics approval included permission to inquire about
sexual function in adolescents and written consent was
obtained for photography and sexual function question-
naires. For males information was gathered on penile
ischemia or atrophy, penile curvature, appearance,
acceptability of appearance and urethral location, and
erectile and (for Tanner stage 5 patients) ejaculatory
function. Information on presence of erections, pain, and
ejaculations was gathered using a standard clinic ques-
tionnaire. Penile curvature was assessed based on patient
self-report and corroborated by pictures with an erect
penis.

Descriptive statistics were employed to analyze the
data. Microsoft Excel was used to summarize data and
compute medians and interquartile ranges.

Surgical technique: bladder and abdominal closure

Patients included in the study underwent modified staged
repair of exstrophy under general anesthetic with epidural
catheter placement. Most operations were performed or
supervised by the senior author. After dissection around the
para-exstrophic mucosa, the bladder was freed from its
attachments. When bladder plate size and characteristics
were favorable, cephalotrigonal intravesical reimplanta-
tion was done [7] with 5Fr feeding tubes as ureteral
catheters.

BN tailoring: the trigonal area was funneled all the way
to the verumontanum, using bladder mucosa striations to
guide the area for tailoring. Lateral to this demarcation,
the mucosa was excised while the underlying detrusor
muscle was left intact. BN was then tubularized proceeding
cephalad from the verumontanum, using interrupted poly-
dioxanone sutures. Wider edges of mucosa were left around
the verumontanum to facilitate tubularization. Care was
taken to preserve a caliber of 15—20 mm at the BN to avoid
stenosis. The denuded detrusor was then used to reinforce
the tubularized BN with the goal of increasing outlet
resistance and decreasing fistula formation.

Urethral and suprapubic catheters were inserted, fol-
lowed by completion of bladder wall closure with inter-
rupted sutures. Bilateral inguinal hernia repair was then
undertaken using the same incision in boys. (In girls, hernia
repairs were performed only if symptomatic.) Bilateral
oblique iliac wing osteotomies were then undertaken by our
institution’s orthopedic surgeons.

Approximation of the pubic bone was done with large
polydioxanone figure-of-eight sutures, with internal rota-
tion of the hips for good apposition. In male patients, care
was taken to identify compromise of penile blood supply.
Penile appearance and color were assessed, and in a few
cases intraoperative Doppler ultrasound was used to verify
good cavernosal arterial supply. Any doubt would prompt
release of the pubic suture and re-approximation with less
tension [8]. The procedure was completed with abdominal
wall closure and umbilicoplasty. Postoperatively, the pa-
tients were immobilized with modified Bryant’s traction [9]
for 3—4 weeks. The suprapubic tube was maintained until
effective voiding per urethra was documented.
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Surgical technique: repair of epispadias

The epispadiac penis was repaired 6—9 months after
recovery from the initial repair. Intramuscular testos-
terone (2 mg/kg) was administered 90, 60 and 30 days
prior to surgery. The procedure began with cystour-
ethroscopy, allowing assessment of the ureters, the
location of the verumontanum, and the BN caliber.
Complete penile corporal disassembly was performed
following principles described by Mitchell-Bagli for CPRE
technique [10]. Correction of dorsal curvature was done
with external rotation and fixation of the corporal bodies
using a double layer of interrupted stitches (non-
absorbable dorsally and absorbable ventrally, juxta-
posed to the neourethra). If the verumontanum was still
high in the BN or inside the bladder, funneling of BN was
repeated.

Intraoperatively the surgeon assessed the ability to
place the urethral opening orthotopically or leaving the
meatus at an hypospadiac location if necessary with plans
of later repair. Skin closure was done using penile skin
rotational flaps as we previously described [11]. Supra-
pubic and urethral catheters were left in place if the BN
needed re-funnelling. Otherwise, an indwelling 8Fr sili-
cone catheter was placed and removed 7—10 days post
operatively. The reader may view all technical details
through the following link: https://www.dropbox.com/
scl/fi/plnq9yau3uul7xtgq72y8/Staged-Repair-of-
Exstrophy-10-23min-The-Toronto-Approach-with-audio.
mp4?rlkey =f8d9tnxl713digxr1exvo5k4&dl=0.

Surgical technique: Clitoroplasty and monsplasty

Girls underwent clitoroplasty and monsplasty at initial
repair. Limited distal mobilization of the urogenital sinus
using Y—V vaginoplasty was performed. Both hemi-clitoral
bodies were re-approximated and a monsplasty was per-
formed [12].

Results
Patient demographics

We identified twelve male patients who underwent the
staged repair, and four females who underwent the above
technique for closure of exstrophy. Among the male pa-
tients this includes eleven from the initial report from 2019
[1] and one operated immediately thereafter. Their de-
mographic characteristics are described in Table 1. Out-
comes were assessed at latest follow-up (median 12.7 years
after initial bladder closure for both males and median 12.5
years for females).

Continence

Table 2 describes the patients’ continence characteristics.
Two of twelve male patients were fully continent,
remaining dry for >3 h with no leaks [2,3]. One of these two
male patients initially required intermittent catheteriza-
tion via a Mitrofanoff channel but stopped due to being
continent and volitionally voiding per urethra with low re-
siduals. Five of 12 males had dry periods between 1 and 3 h.
The median pads per day for the population with leaks was
2.5 and the median longest dry period was 2 h. Nine of 12
males attained volitional urethral voiding with production
of a urine stream.

Two female patients were fully continent. None of the
female patients were catheterizing. All females had dry
periods >1 h, with a median of 2.5 pads used per day. All
four females achieved volitional voiding via the urethra.

Three of 12 males and 1 of 4 females underwent addi-
tional procedures for continence. One male had dextra-
nomer/hyaluronic acid copolymer bulking agent (Deflux®)
injection to the bladder neck, while another male under-
went a bladder neck reconstruction with Mitrofanoff cath-
eterizable channel. The remaining male patient underwent
creation of a Mitrofanoff channel alone. One female patient

Table 1  Characteristics of male and female patients on long-term follow-up post repair of exstrophy-epispadias.
Male (N = 12) Female (N = 4)

Median age at bladder closure (days) 2 2

Median age at repair of epispadias (males) (days) 376 (IQR 376—481) N/A

Median length of follow-up from surgery (years)
Median age at latest follow-up (years)
BN funnelling and reimplantation undertaken

12.7 (IQR 10.9—15.4) 12.5 (IQR 10.6—15.6)
13.4 (range 10.2—16.7) 12.6 (range 9.3—17.9)
11 4

Table 2 Continence rates and dry periods in male and female patients’ status post the modified staged repair of exstrophy.
Male (N = 12) Female (N = 4)

Full continence 2 2

On clean intermittent catheterization 1 0

Partial continence 5 2

Median pads per day 2.5 pads (N = 8) 2 (N = 4)

Range of pad use per day in the partially continent population 1to5 6to8
Volitional voiding per urethra with production of urine stream 9 4
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underwent injection of dextranomer/hyaluronic acid to the
bladder neck. None had surgical closure of the bladder
neck. Two female patients developed bladder neck stenosis.
One required a single urethral dilation, and the other, three
dilations, after which continence was maintained. The sur-
geries performed after repair of exstrophy-epispadias have
been summarized in Table 3.

Urinary tract infections and upper tract status

Four of twelve males, and no females had a history of
recurrent, nonfebrile UTI. Nonfebrile UTIls in four males
were intermittent, not persistent, throughout follow-up.
None required continuous antibiotic prophylaxis. No male
or female had a history of febrile UTI, recurrent or other-
wise. One continent female patient developed recurrent
bladder stones in association with bladder neck stenosis;
following repeated dilations and resolution of stenosis, no
further stones occurred.

CKD was staged as stated in the methodology. Protein-
uria was not consistently assessed, therefore CKD stage 1
cannot be excluded; however, all patients had eGFR > mL/
min/1.73m%excluding stage 3 CKD or worse. The median
eGFR in male patients was 103.5 (range 88—118) mL/min/
1.73 m?, with only one patient with eGFR <90 mL/min/
1.73 m?. The median eGFR in females was 111 (range
99—144) mL/min/1.73 m?. Thus given the above criteria
one patient was classified as being on the upper range of
CKD 2, without a history of urinary tract infections, febrile
or otherwise; of note, his renal size was at the 90th
percentile for age (Appendix Table 1). Although transient
ureteral dilation was seen on close follow-up post-
operatively, on longitudinal follow-up, no patient had
upper tract dilation on their most recent assessment. None
had evidence of scarring on renal ultrasound, although one
patient had a slight and diffuse increase in parenchymal
echogenicity.

Table 3  Surgical procedures undertaken after repair of
exstrophy-epispadias.

Number of patients who
underwent additional
surgical procedures

Male

Bulking injection to the 1
bladder neck

Open reconstruction of 1
bladder neck

Creation of Mitrofanoff 2
appendicovesicostomy

Bladder neck dilation 1

Hypospadias repair 2

Correction of ventral chordee 1

Female

Bulking injection to the 1
bladder neck

Urethral dilation 2

Cystosocopic removal of 1

bladder stone

Appendix Table 1 describes renal sizes on most recent
follow-up and compares these renal sizes to normative
values described by age and sex from a previous study [13].
When two values were available the lower renal size was
used. Renal sizes by age were variable, with 10 of 16 pa-
tients at or above the 50th percentile, and 5 patients at
25th percentile and below. One patient (ID #5) did not have
ultrasound data proximate to the most recent follow-up
and was excluded from analysis. Two patients (ID #11 and
#12) had congenital solitary kidneys.

Given the absence of febrile UTIs and hydronephrosis,
the patients were not subjected to routine voiding cys-
tourethrogram on follow-up, and thus evidence of reflux
was not documented. Maximal bladder capacity was
measured as described, with a mean of 145 mL (ranging
from 58 mL to 200 mL) in males, and 97 mL (ranging from
27 mL to 203 mL) for females.

To date none of the patients is willing to have further
procedures, including augmentation cystoplasty and cath-
eterizable channels to improve continence.

Preliminary sexual function and penile appearance

Table 4 provides data on the seven male participants con-
senting and able to provide information on erectile func-
tion. Seven reported the ability to have erections. None
reported associated pain. Five had straight erections, one
had recurrent dorsal chordee, and one had ventral curva-
ture. The latter was confirmed clinically by patient report
and intraoperatively with artificial erection. The curvature
was attributed to a short urethra relative to corporal
growth, and this was corrected surgically, with the meatus
orthotopic and the erection straight on latest follow-up
(Fig. 1). Six patients, who were all sexual maturity Tanner
stage 5, consented to provide data on ejaculation. Four of
these patients reported the ability to have successful
ejaculation, one reported that he had erections but no
ejaculation, and one reported that he had not yet tried to
ejaculate. Detailed qualitative parameters such as force of
emission or amount of ejaculate could not be reliably
captured in this adolescent cohort.

Six of seven patients were satisfied with their penile
appearance and opted for no further interventions for

Table 4 Erection and ejaculation data in male partici-
pants after modified staged repair of exstrophy.

Male patients

Able to have erections (N = 7) 7
Pain on erections (N = 7) 0
Curvature of erections (N = 7)
e Straight 5
e Dorsal curvature 1
e Ventral curvature 1
Ejaculate (N = 6)
e Not yet attempted 1
e Present 4
e Absent 1
Penetrative intercourse (N = 6)
e Successful 0
e Not yet attempted 6
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Fig. 1

Ventral penile curvature after epispadias repair, corrected with total penile disassembly and caverno-cavernostomy. A -

Penile appearance prior to correction. B - total penile disassembly. C - post correction of ventral curvature. D - hypospadiac meatus

after correction of ventral curvature.

cosmesis or curvature correction. One had recent chordee
correction as mentioned, and was satisfied with his penile
appearance thereafter. Thus seven of seven males reported
satisfactory cosmetic appearance despite subjectively
perceiving a somewhat short penis; penile length was not
formally measured, but representative photographs are
provided. Fig. 2 shows images, obtained with consent, of
the long-term postoperative appearance of these patients.

Table 5 describes urethral orifice locations in males.
Eight out of 12 had a urethral orifice in a glanular or
orthotopic location, one was coronal, and one was sub-
coronal. One patient, whose orifice had been hypospadiac
after epispadias repair, had two failed repairs, and con-
tinues to have an orifice in a penoscrotal location. Another
patient remained with a proximal hypospadias after epis-
padias repair and has been reluctant to undergo further
surgery to advance the orifice.

Discussion

The data suggests that the Toronto modification of staged
repair is associated with urethral voiding in most patients,
with at least partial continence in most cases, normal upper
tracts with no febrile UTIs, and acceptable preliminary
markers of sexual function. This represents a positive step
in the management of exstrophy-epispadias complex, as we
continuously search for better outcomes in terms of
cosmesis, sexual function, continence, bladder capacity,
upper tract function, and quality of life.

Primary bladder plate closure, without addressing the
BN, followed by epispadias repair at 1—2 years of age and
continence procedures around age 7, was proposed in the
initial development of staged repairs. Later, the same
group made modifications to the original technique and
described the MSRE [14,15]. Of note, these changes did not
include creating outlet resistance or performing ureteral
reimplantation at primary closure. This had the disadvan-
tage of developing smaller bladder capacity when
compared to CPRE [16,17].

In 1994, Bagli and Mitchell described the CPRE as pri-
mary bladder closure and epispadias repair using internal
corpora rotation, completing penile skin closure with
reverse Byars flaps. This procedure appears to generate
better outlet resistance, leading to increased bladder ca-
pacity when compared to MSRE [16,17]. Nevertheless, it has
the disadvantage of potential penile ischemia [18].

Recently Joshi et al. modified the CPRE, adding ureteral
reimplantation as well as corporal external rotation for
epispadias repair as described by Baka-Ostrowski and our
group [8,19]. Another technique, the Kelly repair, involves
radical soft tissue mobilization and epispadias repair as
single or staged procedures [20—22].

While each approach has its own advantages and disad-
vantages, the modified staged repair or the Toronto
approach endeavors to incorporate the advantages of CPRE,
namely increase in bladder capacity, while minimizing the
risks of upper urinary tract deterioration and penile
ischemia. Early in our experience we started performing
ureteral reimplants during primary bladder closure and
simultaneous epispadias repair CPRE-BUR, observing less
hydronephrosis secondary to VUR as well as less UTls [7].
The next step was staging the repair to minimize risk of
penile tissue ischemia, performing epispadias repair around
age one with the use of preoperative testosterone stimu-
lation which made the procedure safer. We also incorpo-
rated the concept of external corpora rotation for repair of
dorsal curvature and skin closure using rotational penile
skin flaps to achieve better cosmesis in boys undergoing
epispadias repair [11]. In girls, improved cosmesis was
achieved performing a simplified monsplasty as per our
previous description [12].

Continence, capacity, and risks to the upper tract

Continence definitions vary widely throughout exstrophy
literature. We used the most commonly employed defini-
tion, namely the ability to be dry with voiding or cathe-
terization every 3 h [2]. We also noted the ability to remain
dry for more than an hour, defining those patients who were
incontinent but not continuously leaking; Shaw and col-
leagues describe this as partial continence [4]. In our initial
report, we hypothesized that BN tailoring at the initial
bladder closure would provide outlet resistance that could
result in increased bladder capacity and early bladder
cycling. Care to avoid overtightening while creating outlet
resistance is paramount. Two of our female patients had
bladder neck stenosis, which were improved after recur-
rent bladder neck dilations.

Previous authors have favored performing epispadias
repair at an earlier age, with the assumption that increasing
outlet resistance improves bladder cycling and thus capacity
over time [23]. This is an advantage of the CPRE, which
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Fig. 2
were satisfied with the penile appearance.

however has known risks of penile ischemia and loss of penile
tissue [1,18]. As such, the current approach is a modification
of these earlier approaches; epispadias repair is delayed,
minimizing risks of penile loss, and outlet resistance is
created at the first stage to mitigate the risks of poor bladder
growth and capacity. Moreover, bilateral ureteral

Table 5 Location of urethral orifice in male patients after
epispadias repair.

Location of urethral orifice Male patients (N = 12)

Orthotopic 5
Glanular 3
Coronal 1
Subcoronal 1
Penoscrotal 2

Late follow up of some patients who underwent repair of exstrophy-epispadias with the Toronto Approach. Most patients

reimplantation, whenever possible, is done to decrease risk
of upper tract deterioration and febrile UTIs following in-
crease of outlet resistance [7,24].

While the current cohort continues to demonstrate
suboptimal bladder capacities for age, our approach to
repair of exstrophy results in reasonable continence rates
for females, and somewhat less for males. This is consistent
with previous reports achieving higher continence in fe-
males versus males [25]. It is noteworthy that so far none of
the patients have undergone a bladder neck closure or
augmentation cystoplasty. Acceptability of continence was
determined by patient-reported satisfaction, and we noted
that the members of the cohort who were volitionally
voiding but not fully continent described contentment with
their current continence. As mentioned under the Results
section, to date none of the patients is willing to have
further procedures, including augmentation cystoplasty
and catheterizable channels to improve continence.
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However, this situation may change in this cohort of sexu-
ally inexperienced adolescents whose continence expec-
tations may evolve, particularly in the context of intimate
relationships. Long-term follow-up of these patients should
be informative.

The heterogeneity of techniques and definitions makes it
difficult to establish a standard for continence rates. Pre-
vious studies have described rates of full dryness as high as
90—94 % [3,4] but with as many as 70 % of patients requiring
augmentation cystoplasty [4] or 93 % needing bladder neck
closure [3]. The present study shows an improvement on
volitional urethral voiding in comparison to previous studies,
which have reported rates around 25 % [3]. In many reports,
volitional voiding is reported as part of the definition of
continence along with 3-h dry periods [26,27], which results
in widely disparate results and makes it difficult to establish
an established comparator for urethral voiding only.

The current range of bladder capacity in males was
58—200 mL, in comparison to our range of 55—125 mL as
described in our initial series [1], thus capacities were
stable or modestly increased, with a higher proportion of
patients now demonstrating volitional voiding and partial
continence. The range of capacities in our female cohort
was comparable or lower, from 27 to 203 mL. These ca-
pacities continue to be suboptimal compared to the non-
exstrophy population for whom the 50th percentile
bladder capacity is 365 mL [28].

Other authors have described the fine balance that is
creation of outlet resistance vis d vis risks to the upper
tract. In the current cohort, the lack of febrile UTls,
hydronephrosis, and obvious renal scarring on sonography
reflect positively on the combination of bladder neck
tailoring and bilateral ureteral reimplantation.

Renal function was estimated using serum creatinine at
latest follow-up. Not all patients could be followed with DMSA
scintigraphy, which is ideal to investigate renal function and
detect renal scarring after pyelonephritis [29]. Previous au-
thors have described a positive correlation of small (<5th
percentile) renal size and DMSA alterations that may reflect
post pyelonephritic scarring [30]. Comparison with normative
values was undertaken because longitudinal ultrasound data
were incomplete for all patients; however, in those with se-
rial measurements, renal percentile ranking was generally
maintained over time. In this cohort most patients main-
tained renal sizes higher than 50th percentile, while a small
number was below 25th; of note, one patient had a kidney
size lower than 5th percentile despite the absence of febrile
UTIs post repair. While the present study reflects a positive
development in balancing the benefits of outlet resistance
versus the safety of the upper tracts, it also underlines the
need for close follow-up after exstrophy repair, ideally with
DMSA scintigraphy or other surrogates for renal function.

Penile loss, ischemia, and sexual function
outcomes

Penile glanular or corporal loss has been reported after
repair of exstrophy-epispadias, even in expert centers
[1,27]. Proposed mechanisms of injury include a congeni-
tally abnormal penile blood supply; compression of the
blood supply when apposing the pubic diastasis; and direct

injury to the blood supply when mobilizing soft tissue. As
we previously pointed out, compartment syndrome occurs
when apposing the pubic bones [8]. This catastrophic
consequence of repair, which for some time was likely
underreported, led in part to our adoption of the current
staged approach. The hypothesis was that delaying the
repair of epispadias could minimize the possibility of penile
vascular compromise, reducing risk of penile loss and
resulting in more satisfactory cosmesis and sexual function.
The data suggests the viability of the Toronto approach in
preserving the ability to have straight, nonpainful erections
with successful ejaculation in most patients. Whether this
cohort of patients will be able to have penetrative inter-
course is a topic for future investigation.

Limitations

The data has several limitations apart from the small number
of patients in the initial series. Bladder capacity measure-
ments were non-invasive and not corroborated by voiding
diaries, which is a limitation of the study. Moreover, while
nuclear scintigraphy provides more accurate data on renal
scarring, not all patients were tested. Data on sexual function
among males was limited by age at most recent follow-up, as
some patients had not yet attempted to ejaculate, and no
patient had attempted penetrative intercourse. Therefore,
longer follow up is warranted to evaluate sexual function in
this patient population. Moreover, we did not systematically
assess genital perception or sexual function in females, which
represents a limitation of this study. In addition, this is a
single center study without an ability to perform a direct
comparison. Outcomes may not be generalizable in the hands
of other surgeons. We have done our best to describe the
performed operations in great detail should other centers in
future opt for the Toronto approach, potentially providing
larger patient cohorts for comparison. Despite these limita-
tions, our study provides useful information for the manage-
ment of this complex patient population.

Conclusion

The modified staged repair of exstrophy (Toronto approach)
achieves acceptable continence outcomes, with most pa-
tients in this series achieving at least partial continence and
most voiding volitionally per urethra with a stream. To date,
none underwent augmentation cystoplasty or bladder neck
closure, although such intervention may be required in the
future. Most patients of both sexes have volitional voiding
and the ability to stay dry for 1—3 h, but fewer are fully
continent. No patients had CKD stage 3 or worse, and none
had hydronephrosis or febrile UTIs. Renal sizes by age were
variable but most patients had longitudinal kidney sizes at
the 50th percentile for age or higher. Most males had straight
erections and ejaculation was present in the more mature
males. Finally, there was no penile glanular or corporal loss.

Ethical approval

Approval from the institutional Research Ethics Board was
obtained as in the original series.
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Update and mid-term follow up

Appendix Table

Appendix Table 1

Longitudinal renal measurements of patients on most recent follow-up.

Patient ID (N = 16) Sex Renal length R Renal length Kidney length
kidney (cm) L kidney percentile by age®

1 M 11.4 11.7 90th

2 M 8.79 9.39 50th

3 M 9.93 8.7 25th

4 M 12.4 12 90th

5 M Absent Absent N/A

6 M 9.7 9.6 50th

7 M 10.2 11 75th

8 M 10.3 10.8 75th

9 M 11.3 10 25th

10 M 7.71 7.91 25th

11 M 11.6 Absent 97.5th

12 M 8.24 8.1 25th

13 F 11.3 9.8 50th

14 F Absent 12.7 97.5th

15 F 11.7 11 50th

16 F 10.2 8.4 2.5th

M, male; F, female.
2 Normative kidney lengths were based on Obrycki et al. [13].
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