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Purpose: To evaluate the effectiveness of the Complete Primary Repair of Exstrophy (CPRE) technique for blad-
der exstrophy-epispadias complex (BEEC) reconstruction and its comparison with the Modern Staged Repair of 
Exstrophy (MSRE) technique.

Materials and Methods: A comprehensive literature review of CPRE and MSRE was conducted, focusing on 
factors such as continence rates, postoperative outcomes, and complications. Various studies on pelvic biometry, 
surgical approaches, and long-term evaluations of renal function and continence were analyzed.

Results: CPRE demonstrates promising outcomes, particularly in resource-limited settings, by reducing the num-
ber of surgeries and associated risks compared to MSRE. Success rates for continence post-CPRE were higher 
when performed correctly in the first attempt, with fewer complications such as vesicoureteral reflux and hydro-
nephrosis. Pelvic biometry assessments, including bladder neck placement and levator ani angle, were significant 
predictors of successful continence outcomes.

Conclusion: CPRE offers a viable alternative to MSRE, particularly in low-resource environments, with favora-
ble continence and renal outcomes. Proper surgical execution in the first attempt is critical for long-term success, 
emphasizing the importance of surgeon expertise and postoperative care. Further long-term studies are necessary 
to solidify CPRE's role as the primary surgical approach for BEEC.
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INTRODUCTION

Bladder exstrophy is a rare congenital condition 
characterized by pelvic, urologic, and abdominal 

structural defects resulting from migration failure dur-
ing embryonic development. This condition involves 
the fusion of the evaginated urinary bladder to the skin 
of the abdominal wall, originating from the inner sur-
face of the bladder. Diagnosis typically occurs through 
prenatal ultrasound or after birth. This malformation 
may manifest as an isolated occurrence or as part of a 
more extensive condition known as bladder exstrophy 
epispadias complex (BEEC), with the most severe form 
being cloacal exstrophy (CE), which represents the 
most severe subtype in the BEEC spectrum(1). Figure 1 
illustrates two patients with BEEC.
In classic bladder exstrophy (CBE), several anatomi-
cal differences are notable, including a more vertically 
positioned vagina and a more distally located cervix 
in females(2). Moreover, BEEC patients exhibit a more 
posteriorly positioned levator ani with a shorter anterior 
part, as well as an anteriorly located anus, compared 
to healthy individuals(3,4). In CBE, there is also a 30% 
shortage of bone in the anterior pelvis 1. Surgical recon-
struction aims to align the reconstructed structures more 
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closely with natural anatomy by deeply positioning the 
bladder, bladder neck (BN), and posterior urethra with-
in the pelvic diaphragm(5). The surgical objectives en-
compass reconstructing the bladder, repairing the epis-
padias urethra, and achieving continence(6). However, 
patients may experience ongoing psychological and so-
cial challenges post-surgery, such as social withdraw-
al, isolation, and low self-esteem, necessitating regular 
psychiatric sessions(7). 
Various surgical techniques and approaches are utilized 
worldwide, each yielding different results. The goal of 
repairing BEEC is to effectively close the bladder, cre-
ating a functional reservoir with low pressure, resulting 
in a normal appearance of the genitalia, preservation of 
kidney function, and achievement of continence6. In 
the spectrum of BEEC, males present with a complete-
ly exposed penile urethra, while females have a narrow 
vaginal opening and a split clitoris(8). Urethroplasty 
is a critical component of the complex reconstruction 
process. Over the past few decades, extensive research 
has led to ongoing discussions on the most effective 
surgical approach. It is crucial to customize the deci-
sion-making process, considering the surgeon's exper-
tise, comprehensive risk assessment, and the resources 
available at the patient-care center to determine the op-
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Study	 Author		  Technique		  Indication	 Gender	 Age at	 Objective		  Follow-up	 Success	 Operation	 LOS	 FBC
	 (year)		  (number of case)			   surgery			   rate	 time

		
							     
1	 Merguerian(2023) 85	 CPRE (36)		  CBE	 M: 26	 0.1	 Long-term		  120.12	 -	 -	 -	 -
						      F: 10		  renal function 
								        and hypertension					   
2	 Hammouda (2023) 51	 CPRE (142)		  CBE	 M: 123	 2.21	 Long-term		  145.2	 88%	 -	 -	 -
						      F: 19		  continence status
3	 Joushi (2023) 40	 CPRE (72)		  BEEC	 M: 31	 20.4	 Kidney function	 48	 -	 -	 -	 17
						      F: 11	
5	 Kajbafzadeh (2022) 73	 CPRE (37)		  BEEC	 F: 37	 86.88	 Long-term outcomes	 112.56	 -	 15.8	 297	 26
								        of females undergone CPRE
6	 Bueno-Jiménez (2020)50	 CPRE (13: early)	 CBE	 Male	 0.03	 Comparison between	 108	 85%	 -	 -	 -
			   CPRE (6: late)			   1.9	 early and late CPRE	 12	 100%
													           
7	 Ebert (2020) 37	 CPRE (prospective): 11	 CBE	 M: 24	 3	 Outcomes of CURE-Net	 -	 -	 39.5	 -	 -
			   MSRE (prospective): 23		  F: 10		  German BEEC database  	 -	 -	 21	 -	 -	
			   CPRE (cross-sectional): 53		 M: 74	 144					     28.5
			   MSRE (cross-sectional): 60		 F: 39						      27				  
8	 Kajbafzadeh (2020)39	 CPRE (49)		  BEEC	 Male	 62.76	 Long-term outcomes of	 127.25	 65.3%	 17.2	 321	 38
								        CPRE without osteotomy
9	 Chua (2019)46	 CPRE-BUR (10)	 BEEC	 Male	 0.15	 Comparison of outcomes	 116.4	 -	 20	 580	 0
			   SRBE-BUR(11)			   0.067	 between a modified	 48	 -	 18	 664	 0
								        MSRE and CPRE
10	 Kajbafzadeh (2018)30	 CPRE (9)		  BEEC	 Female	 37.8	 Comparing the outcomes	 72	 55.55%	 35	 -	 -
			   Uretero-urethral			   44.16	 between uretero-urethral		  71.42%		  -	 -
			   engraftment (7)				    engraftment and CPRE
 11	 Berjeaut (2018)86	 CPRE (44)		  BEEC	 -	 -	 Long-term outcomes of	 123.6	 97.70%	 -	 -	 -
								        CPRE and groin flaps
12	 Arab (2018) 87	 CPRE (60)		  CBE	 M: 45	 9	 Long-term outcomes	 168	 23%	 -	 -	 39
						      F: 15		  of CPRE	
13	 Srougi (2017)32	 CPRE (15)		  CBE	 Male	 50.4	 Long-term outcomes of	 123.6	 93.3%	 13.2	 325	 11
								        CPRE among males	 116.4	 37%	 -	 -	 -
14	 Merguerian (2017)36	 CPRE (30)		  CBE	 M: 17	 0.12	 Long-term outcomes of
						      F: 13		  upper urinary tract after	
								        CPRE
15	 Alsowayan (2016)31	 CPRE (10)		  CBE	 M: 4	 -	 Long-term comparison of	 216	 93.8%	 -	 -	 -
						      F: 6		  outcomes between CPRE	
			   MSRE (6)			   M: 3	 -	 and MSRE				    -	 -	 -
						      F: 3
16	 Kureel (2011)88	 CPRE (25)		  CBE	 Male	 1.17	 Evaluation on of	 24	 -	 -	 420	 -
								        outcomes following	
								        their novel CPRE
17	 Kajbafzadeh (2011)58	 CPRE (11)		  CBE	 M: 7	 49.56	 Evaluation of outcomes
						      F: 4		  using biodegradable	 30.1	 66.7%	 13.4	 -	 6
								        material in CPRE
18	 Ebert (2009) 12	 CPRE (12)		  BEEC	 -	 51	 Evaluation of 	 172.8	 -	 -	 -	 -
								        postoperative biometry
								        in CPRE
19	 Ebert (2009) 24	 CPRE (17)		  CBE	 -	 31.3	 Long-term psychologic, 	 232.8	 -	 -	 -	 12
								        sexual, and continence status
20	 Ebert (2008) 48	 CPRE (17)		  BEEC	 Male	 -	 Long-term sexual and 	 228	 95%	 -	 -	 -
								        hormonal changes after CPRE
21	 Caione (2007) 47	 CPRE (28)		  BEEC	 M: 18	 7.2	 To evaluate the outcomes	 32.4	 42%	 -	 -	 -
						      F: 10	 6.8	 after CPRE regarding		  83.3%	 -	 -	 -
								        gender variety
22	 Youssif (2007) 89	 CPRE (15)		  CBE	 M: 12	 8.6	 CPRE outcomes in older	 24	 -	 -	 390	 8
						      F: 3		  children and those with FBC	
23	 Ebert (2005) 7	 CPRE (100)		  BEEC	 M: 76	 174	 Psychologic evaluation	 133.2	 -	 -	 -	 -
						      M: 24	
24	 Borer(2005) 45	 CPRE (23)		  CBE	 M: 16	 -	 Early outcomes after	 8-96	 80%	 -	 -	 -
						      F: 7		  CPRE
25	 Borer (2005) 44	 CPRE (23)		  CBE	 M: 16	 0.04	 UDS between CPRE 	 -	 -	 -	 -	 -
						      F: 7		  and MSRE	
			   MSRE (14)		  M: 8	 44.4					     -	 -	 -	 -
					     F: 6	
26	 Bharati (2004) 90	 CPRE (10)		  CBE	 M: 4	 1.5-6	 Anatomic evaluation	 -	 -	 -	 -	 -
						      F: 6		  of patients	
27	 Hammouda (2004) 38	 CPRE (33)		  CBE	 M: 26	 2	 Primary outcomes	 42	 -	 -	 -	 2
						      F: 7		  of CPRE		  	
28	 Riccabona (2003) 91	 CPRE (21)		  BEEC	 M: 14	 7	 Primary outcomes of CPRE	62	 -	 -	 -	 9
						      F: 7	
29	 Khoury (2003) 59	 CPRE (9)		  CBE	 Male	 0.13	 MRI findings after CPRE	 36	 -	 -	 -	 -
30	 Mitchell (2000) 22	 CPRE (24)		  CBE	 -	 0.03	 Primary outcomes of 	 44	 87.5%	 -	 -	 -
								        CPRE	
31	 Mildenberger (1996) 5	 CPRE (15)		  CBE	 M: 9	 0.06-13	 Primary outcomes	 -	 53.33%	 -	 -	 -
						      F: 6		  of CPRE	
32	 Montagnani (1988) 92	 CPRE (8)		  CBE	 -	 -	 Primary outcomes 	 -	 -	 -	 -	 -
			   MSRE (31)			   -	 -	 of CPRE		  -	 -	 -	 -	 -

Table 1. Studies performed CPRE technique



timal method(9,10).
The surgical reconstruction for patients can be per-
formed shortly after birth (early) or later in infancy 
(delayed). Surgeons typically use three main surgical 
approaches: Complete primary repair of exstrophy 
(CPRE), modern staged repair (MSRE), and Kelly’s 
procedure. When choosing the surgical approach, it's 
crucial to consider factors such as the timing of primary 
closure, associated risks, complications, and the neces-
sity of pelvic osteotomy(11). While extensive research 
has focused on MSRE and efforts have been made to as-
sess its superiority over CPRE, limitations in providing 
long-term follow-up and resources for extended hospi-
tal stays have led us to prioritize CPRE as our method 
of choice. Despite recognizing the potential advantages 
of MSRE, a comprehensive analysis of CPRE is nec-
essary to optimize outcomes within our resources and 
capabilities. Table 1 summarizes the details of studies 
conducted CPRE for BEEC reconstruction.
Pelvic biometry
Various imaging modalities have been utilized for bet-
ter elucidation of the pelvic floor structures, providing 
essential data for clinicians and advanced surgical tech-
niques. Magnetic resonance imaging (MRI) revealed 
that patients who underwent BEEC reconstruction 
had significantly higher intersymphyseal distance and 
levator ani diversion angle than healthy individuals 3. 
Those with smaller pubic diastasis, deeper placement 
of the BN, and higher levator ani angle showed better 
continence after surgery(12). Postoperative computed to-
mography (CT) scans revealed that an increase in the 
anteroposterior diameter of the pelvis was linked to 

improved continence(13). Furthermore, the cardinal liga-
ments of the pelvic floor play a role in pelvic organ pro-
lapse in adult females after BEEC reconstruction. This 
underscores the significance of routinely assessing pel-
vic dimensions and biometry for surgeons before recon-
structive surgeries to enhance postoperative outcomes. 
Gearhart found that the intersymphyseal gap and levator 
angle were significant predictors of continence status 
after BEEC reconstruction(14). Ebert was among the first 
to use transperineal 3D ultrasonography to evaluate pel-
vic structures, highlighting the importance of this meth-
od for long-term assessment of female pelvic structures 
to prevent postoperative pelvic organ prolapse(12,15). Fol-
lowing BEEC reconstruction, patients showed a more 
flattened pelvic floor and a larger transverse diameter 
of the hiatus(16,17). The transverse diameter of the levator 
hiatus and levator angle were notably greater in BEEC 
patients than in nulligravid women, leading to less sup-
port of the muscle to the bladder, BN, and urethra. The 
levator hiatus's anteroposterior diameter, thickness, and 
area were similar between the two groups. Additionally, 
the maximum levator thickness was observed on both 
sides dorsal to the vagina, indicating significant muscle 
divergence towards the anterior region(12).
CPRE versus MSRE
Prior to the late 1950s, urinary diversion was the pre-
ferred surgical approach 18. The first attempt at repair-
ing bladder exstrophy dates back nearly 150 years(19). 
The modern staged repair of bladder exstrophy, devel-
oped in the 1970s, entails closing the abdominal wall, 
bladder, and posterior urethra, as well as approximating 
the pubic bones. This is followed by neo-urethroplas-

Vol 22 No 1    January-February 2025   3

Study	 Author (year)	 Approach		  Osteotomy type	 Type of immobilization	 Duration of immobilization	 Fixation	 Diastasis

1	 Gearhart  (2023) 62	 Multi-stage: 65	 Combined: 36 	 Buck: 35		  -			   External: 43	 6 (3.25-16) cm
			   Single-stage: 16 	 Posterior: 16		  Bryant: 17					     None: 39
					     Anterior: 14		  Spica: 16		
2	 Hammouda (2023) 51	 Single-stage		  Bilateral  ATIO	 Spica: 142		  4 weeks			   -	 -
3	 Gearhart  (2023) 42	 Multi-stage: 42	 Combined: 39	 						      6.55 (5.7-7.7) cm
					     Posterior: 1
					     Anterior: 2								        5.9 (5.1-7.2) cm
			   Single-stage: 22	 Combined: 9		  Modified Buck	 4-6 weeks			   External
					     Posterior: 7
					     Anterior: 6				  
4	 Sack (2015) 93	 Single-stage: 17	 Anterior innominate 	 Spica: 17		  4-6 weeks			   -	 -
5	 Youssif (2007) 89	 Single-stage: 15	 Anterior: 15		  Spica: 15		  4 weeks			   -	 5.4 (4-6) cm
6	 Hammouda (2004) 38	 Single-stage: 33	 Bilateral ATIO: 33	 <1 year old: Spica	 <1 year old: 2-3 week		  -	 -
							       >1 year old: External	 >1 year old: 3-4 week	

Table 2. Studies performed osteotomy with the CPRE technique

					     Definition

1	 Complete continence			   >3 h without leakage during day and night
	 Partial continence			   1-3 h OR stress incontinence
	 Incontinent				    < 1 h
2	 Grade 0 (social/total continence)		  >6 h during the day and continent at night
	 Grade 1 (occasionally wet)			   >3 h during the day and Occasional night leakage
	 Grade 2 (frequently wet)			   <3 h dry interval
	 Grade 3 (Incontinent)			   Need further reconstruction
3	 Continent				    1- Before toilet training: dry for 2-3 h
					     2- After toilet training: dry for > 3 h
	 Incontinent				    1- Before toilet training: could not maintain continence intervals of ≥ 2 h
					     2- After toilet training: leakage between voiding or catheterizations
					     3- Dependent on diaper
4	 Excellent				    DI: ≥  3 h
	 Good				    DI: 2-3 h
	 Fair				    DI: 1-2 h
	 Poor				    DI: < 1 h

Table 3. Various definitions for continence in literature
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ty for epispadias repair and bladder neck reconstruc-
tion (BNR)(18). The technique of CPRE was initially 
described in 1960(20), and a modified version was in-
troduced in the 1990s to reduce the total number of 
surgeries and enhance BN resistance(21,22). While there 
is an ongoing debate between CPRE and MSRE, both 
methods yield similar outcomes when performed by 
their respective advocates(23). The potential advantage 
of employing one-stage reconstruction methods is the 
seamless integration of major reconstruction steps, al-

lowing unobstructed access to the BN. Consequently, 
this approach may result in fewer bladder scars and 
contribute to the efficient development of bladder ca-
pacity through cycling and addressing bladder outlet 
resistance (BOR)(24).
Many surgeons favor utilizing MSRE (58.1%) and 
CPRE (38.7%) for BEEC reconstruction (96.8%), with 
CPRE being particularly performed in North America. 
MSRE demands more resources due to the increased 
requirement for prolonged hospital stays and surgeries. 

Primary repair for extrophy-Torabinavid et al.

Figure 1. (A) Bladder exstrophy-epispadias complex in a female patient, highlighting the exposed bladder tissue. The severe defect in the abdominal wall and the anterior 
wall of the bladder emphasizes the need for surgical intervention to repair and protect the exposed bladder tissue. (B) The image depicts the bladder exstrophy-epispadias 
complex in a male patient, showing the protrusion of bladder tissue and abnormal development of the penile structures associated with epispadias that underscores the 
requirement for comprehensive surgical management to address both functional and cosmetic concerns.

Figure 2. (A) Intraoperative image showing bladder exstrophy-epispadias complex in a female patient with exposed bladder mucosa meticulously prepped for CPRE 
technique. (B) Careful dissection of the bladder mucosa and surrounding tissues to enable anatomical reconstruction of the bladder and urethra. (C) Postoperative status, 
showing a well-approximated midline closure of the bladder and abdominal wall. Urinary diversion is maintained via suprapubic and urethral catheters to ensure drainage, 
with the suture lines visible at the site of bladder and pelvic floor reconstruction. Successful reapproximation of the pubic symphysis, genitalia, and abdominal wall muscu-
lature are critical for long-term continence and normal anatomical development.
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Meanwhile, CPRE may offer a promising approach for 
low-income countries or healthcare facilities with lim-
ited medical resources. Despite MSRE being the tradi-
tional reconstruction method, newer techniques such as 
CPRE have yet to demonstrate significant advantages 
over this approach 10. In CPRE, bladder reconstruc-
tion, and epispadias repair are performed concurrently, 
reducing the total number of surgeries and associated 
risks(24). Failure in the initial bladder reconstruction 
diminishes the likelihood of achieving continence and 
bladder capacity, with the probability decreasing fur-
ther with repeated failures(25).
The MSRE procedure involves closing the bladder, 
posterior urethra, and abdominal wall in newborns. 
Additionally, auxiliary techniques include epispadias 

repair and BNR performed at different age groups(26). 
Ideal candidates for CPRE are individuals with fresh 
bladder closure or primary closure in late infancy(27). On 
the other hand, for cases involving the closure of the 
posterior urethra, single-stage reconstruction involving 
BNR and epispadias repair has yielded better results in 
continence achievement in CPRE than MSRE(28). Long-
term assessment of CPRE has revealed that glomerular 
filtration rate (GFR), kidney length, and ureteral reim-
plantation (UR) are associated with a reduced risk of 
subsequent hypertension. Conversely, BNR and con-
tinence status showed no significant association with 
hypertension. Patients demonstrating normal kidney 
length and upper tract construction are less likely to 
develop future hypertension. However, patients under-
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Figure 3. (A) A male patient immobilized in a supine position after osteotomy, with the legs secured in a spica cast to stabilize the pelvis. (B) The immobilization setup 
ensures that the osteotomy site remains aligned, promoting optimal healing in the context of bladder exstrophy repair. (C) Postoperative care includes careful monitoring of 
the cast and limb positioning to prevent complications and support effective recovery.

Figure 4. (A) Postoperatively, the bladder mucosa is no longer exposed, and the abdominal wall has been successfully closed, achieving a more natural appearance at the 
midline. The penis is surgically reconstructed to restore a more typical length and shape, correcting the dorsal curvature and creating a functional urethra, improving both the 
aesthetic and urinary outcomes. (B) The umbilicus and surrounding skin are realigned to enhance the overall cosmetic result, with scarring minimized through careful sur-
gical technique, ultimately leading to a more normal abdominal contour. (C) A well-reconstructed penis following surgery with a restored straight penile shaft and closure 
of the previously open urethral groove, improving both functional and cosmetic outcomes. The scrotum appears symmetrically aligned, and the penile skin is smooth with 
minimal scarring, indicating successful healing and attention to aesthetic detail during the CPRE process. The surgical outcome demonstrates a significant improvement in 
the overall appearance of the genitalia, with a nearly normal anatomical structure, which will further support psychological well-being and future functional use.
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going MSRE may experience hypertension as a result 
of osteotomy and subsequent traction, which can be re-
solved after the removal of traction(29).
Current research emphasizes the importance of achiev-
ing optimal BOR to facilitate urine flow without caus-
ing damage to the upper urinary tract (UUT)(30). Some 
studies suggest that additional surgeries after bladder 
closure can improve continence rates(31,32). However, 
histopathologic assessments have revealed that repeat-
ed surgeries for BEEC result in decreased muscle fibers 
and a significant presence of fibrous tissue around the 
bladder(33). It has been highlighted that the initial BEEC 
reconstruction attempt is crucial for achieving conti-
nence, with a 75% success rate for first surgeries com-
pared to an 18% success rate for subsequent attempts. 
Moreover, the present review underscores the signifi-
cance of the initial procedure in achieving continence 
post-bladder closure, with continence being achieved 
in all patients following the closure. Hence, prioritiz-
ing the success of the first surgery is paramount(34,35). 
Another study showed that after CPRE, all patients 
achieved social continence except those who had two 
failed bladder closures, indicating the importance of the 
first attempt(30). Concerns have also been raised about 
the potential adverse effects of CPRE on the UUT, 
including increased hydronephrosis and its impact on 
kidney function. Additionally, studies have identified 
the risks of vesicoureteral reflux (VUR), hydronephro-
sis, cortical defects, and urinary tract infections (UTIs) 
in patients undergoing CPRE(32,36,37). The prophylactic 
administration of antibiotics before surgery has been 
found to reduce the incidence of UTIs 38. Furthermore, 
it has been observed that despite frequent occurrences 
of hydronephrosis, a small number of patients develop 
kidney impairment, with specific risk factors such as 
recurrent UTIs, severe hydronephrosis, impaired renal 
function, and male gender(36). On the other hand, time of 
closure, osteotomy, gestational age, and the surgeon's 
specialty were also found to correlate with successful 
closure(23). Additionally, the dimensions of the urethral 
plate, quality of the bladder plate, intersymphyseal dis-
tance, and phallus size were identified as important fac-
tors affecting closure outcomes(39).
Vesicoureteral reflux and kidney scarring did not ap-
pear to be indicative of impaired GFR but may suggest 
the necessity for thorough monitoring(40). Research has 
found a prevalence of chronic kidney disease (CKD) 
stage 2 or higher in adults who had undergone recon-
struction for BEEC during childhood. Despite concerns 
about the potential impact of bladder reconstructive 
procedures on the UUT, some studies have indicated 
that these procedures do not significantly affect renal 
function or the risk of proteinuria(40,41). Overall, com-
prehensive large-scale studies with long-term follow-up 
are still required to assess the relationship between uro-
dynamic parameters, lower urinary tract reconstruction, 
and the outcomes of bladder reconstructive procedures.
During long-term evaluations of patients, it was found 
that renal outcomes were comparable to other tech-
niques and were not significantly affected by BUR or 
lower urinary tract conditions(40–42). Additionally, mod-
ern CPRE has not been shown to have a negative impact 
on renal function 43. This underscores the importance 
of regular and thorough monitoring of children under-
going CPRE over an extended period(40). Some studies 
showed that CPRE appears to have a deleterious impact 

on genital outcomes (e.g., glans necrosis, hypospadias, 
appearance) and UUT preservation(44). However, a 19-
year follow-up study revealed no renal scarring or upper 
urinary tract injury among the CPRE group with normal 
renal function for their age 43. However, CPRE is not 
recommended in cases of prematurity, small tissue size 
of the urethral plate, and subjective small appearance 
of the bladder(45). A comparison between CPRE and 
MSRE regarding bladder capacity progression after re-
pair showed a substantial difference in bladder capac-
ities. However, no significant differences were found 
between the two surgical approaches when comparing 
the percent predicted bladder capacity. CPRE is ben-
eficial for bladder development and the establishment 
of BOR. Additionally, CPRE resulted in lower detrusor 
overactivity and higher EMG normality, with compara-
ble bladder compliance to the MSRE group(44).
MSRE has been found to offer advantages over CPRE, 
such as avoiding vascular damage from penile disas-
sembly and reducing external compression from pubic 
approximation(46). A study comparing males and fe-
males undergoing CPRE has revealed differing compli-
cation rates and continence statuses between the gen-
ders, with females demonstrating better outcomes in 
continence and bladder function(47). As for male sexual 
function and fertility, early surgical reconstruction and 
BNR have been found to not correlate with impairment 
of sperm function and fertility(43,48). The timing and 
number of attempted BNRs were significantly associ-
ated with fertility success among males(43). 
In summary, irrespective of the advantages and disad-
vantages of each surgical technique, it is considered 
crucial that the first surgery should be the best and 
optimal surgery. The number of subsequent surgeries 
is associated with a decreased likelihood of achieving 
continence. The first surgery is the leading predictive 
determinant factor of successful closure. It was also ob-
served that hospital charges for patients with success-
ful primary closure were significantly lower than those 
requiring more procedures(23). Finally, we believe that 
while both techniques bear some merits and drawbacks 
compared to the other, the decision on the surgical tech-
nique must be individualized due to both patient and 
healthcare specifications. 
Timing of the surgery
 The optimal timing for bladder closure surgery in new-
borns is also a matter of debate within the medical com-
munity. Some studies suggest that early closure, typ-
ically within 72 hours after birth, causes less damage 
and inflammation to the bladder mucosa(49). However, 
histopathologic examinations have shown no micro-
scopic difference between early and delayed closure 
approaches 48. On the other hand, some experts argue 
that early surgery is associated with higher failure rates 
(23). A comparison of outcomes between early and de-
layed treatment groups demonstrated promising results 
in the delayed group. Specifically, the delayed approach 
does not require general anesthesia and further respira-
tory support, which can adversely affect immature 
newborns. Additionally, prolonged hospital stays can 
deprive the child of crucial emotional support provided 
by physical contact with the mothe(50).
While there was no significant difference in dehiscence 
rates between the early and delayed approaches 50, the 
repair is optimal at two months old, as kidney function 
stabilizes after six weeks. Immature kidney function is 
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susceptible to injury from anesthesia or antibiotics, fur-
ther supporting the case for delayed closure(51). Some 
experts argue that delayed closure may be beneficial due 
to a lack of expertise in neonatal reconstruction or inad-
equate urethral plate length(52). Moreover, the hemody-
namic status of newborns is crucial, and most ischemic 
changes occur during this period, which supports the 
rationale for delaying the surgery(53,54). According to re-
search by Dickson and colleagues, the success rate for 
the delayed approach for bladder closure surgery was 
100%, compared to 87% for the early approach(55).
Description of the technique 
The preoperative management of children with BEEC 
involves specific care of the exstrophied structures. 
This includes daily saline wash during diaper changes 
or using hydrogel dressings to keep the surface of the 
structures hydrated(5). According to the published meth-
od 39, the bladder plate was meticulously delineated, 
and the boundaries of the urethra were precisely defined 
to ensure that the verumontanum was not positioned in-
side the bladder (Figure 2: A-B). Any inaccuracy in 
locating the verumontanum could lead to the urinary 
sphincter's fibers extending into the bladder, potential-
ly impacting continence. An approximately 0.5–1 cm 
margin of skin was intentionally preserved within the 
boundaries to provide a secure anchoring point for the 
subsequent stay sutures. The silk stays sutures careful-
ly navigate the bladder plate, which was meticulously 
separated from the underlying rectus fascia and peri-
toneum down to the central vascular pedicle. At the 
same time, the fibers of the urogenital diaphragm were 
meticulously separated from the pubic arches down to 
the corpora cavernosa. The bladder plate was liberal-
ly freed before pubic approximation, allowing it to be 
closed in two layers without any tension. According to 
the Cantwell-Ransley approach, the urethral plate was 
detached from the corpora, and the corpora were sepa-
rated up to the glans while leaving 1 cm intact distally, 
followed by tubularization of the urethral plate (Figure 
2: C). The corpora are then rotated medially and anas-
tomosed proximally during caverno-cavernostomy to 
achieve a dangling position for the penis in the flaccid 
state and to keep the neourethra in the ventral position. 
When performed before closure, this procedure allows 
for a deeper bladder positioning, suggesting the poten-
tial for improved continence.
The cystorrhaphy procedure involved removing a por-
tion of the surrounding skin and then suturing the blad-
der wall in two layers. During cystorrhaphy, the bladder 
is closed in two planes and positioned deep in the pelvic 
floor to achieve a tension-free state. This involves sep-
arating the bladder from the pelvis and installing the 
deep urethra and bladder into the deep surface of the 
pelvis. To support continence attainment, the bladder, 
BN, and proximal urethra are placed deep in the pel-
vic floor, minimizing pressure on the pubic bones and 
providing an appropriate environment for support by 
pelvic muscles. In the next step, a cystostomy tube of 
the proper size was inserted into the bladder. Catheters 
were placed in the ureters and secured to the bladder 
lining using absorbable sutures. The pubic bones were 
gradually brought together using a Bailey rib retractor, 
an absorbable C-plate, and strong sutures. The fibers of 
the muscles around the BN were meticulously shaped 
to create a circular sphincter, with the strongest fibers 
placed at the top. Careful control was exercised using 

rotating sutures on the corpora cavernosa to prevent ex-
cessive central cavernosal fine arteries from twisting. 
The application of urogenital diaphragm flaps around 
the bladder neck was carried out without undue tight-
ness. Following the procedure, patients did not need 
postoperative leg plaster or leg traction but utilized a 
frog leg bandage for 1–3 weeks. 
According to another study, abdominal closure involves 
rotating the flaps toward the midline using muscle 
aponeurosis of the rectus, external oblique, and hypo-
gastric muscles(32). A specific technique, known as cut-
ting the inter-symphyseal band before penile disassem-
bly, facilitates posterior vesicourethral release from the 
pelvic floor, enhances visibility during urethral plate 
separation, and decreases the risk of bleeding(45). The 
rotational skin flap performs the penile skin closure. 
Besides, for female patients, the reconstruction involves 
mobilization of BN and urethra from the midline of the 
pelvic floor, symmetrical reassembly of the muscular 
complex using a bipolar stimulator, tabularization and 
elongation of BN and urethra, and genitoplasty(47). 
After surgery, it's important to carefully monitor the pa-
tient's BOR, conduct ultrasound examinations to detect 
VUR and hydronephrosis, assess for residual urine, and 
collect monthly urine samples for analysis and culture 
to prevent UTI and subsequent kidney infections. Long-
term, thorough follow-up is crucial to evaluate various 
factors, including the patient's psychosocial well-being, 
achievement of continence, voiding patterns, sexual 
activity, urinary system function, fertility, hormonal 
changes, and organ prolapse risk. Ongoing discussions 
will also center on each individual's best surgical tech-
niques and personalized approaches(30).
Osteotomy
Previous challenges regarding BEEC management 
were surrounding choosing the type of closure; howev-
er, the current debate is about the need to perform the 
osteotomy. In 1958, Schultz introduced an innovation 
for managing BEEC patients, marking a significant ad-
vancement in surgical correction 56. This technique af-
fects the closing of the abdominal wall, which promotes 
wound healing and reduces bladder tension(42,57). Oste-
otomy, an essential step in BEEC reconstruction, of-
fers numerous advantages, particularly for failed blad-
der closure (FBC) and delayed closures 11. However, 
there are drawbacks to osteotomy, including increased 
operation time, risk of dehiscence, blood loss, wound 
infection, prolonged hospitalization, and the need for 
immobilization for 4-6 weeks(58). Despite ongoing de-
bate around the necessity of osteotomy for BEEC man-
agement, it has been found that osteotomy provides 
more space by enhancing levator length for better sup-
port of the bladder, urethra, and adjunct structures(59). 
Furthermore, it significantly increases the success rate 
of bladder closure in female bladder exstrophy cases(11). 
Studies have also revealed that osteotomy reduces the 
risk of inguinal hernias through pelvic dimension re-
construction(37). Table 2 summarizes the specifications 
of studies that performed osteotomy with CPRE for 
BEEC repair.
For BEEC patients, pelvic bone length diminishes by 
almost 30%, leading to a waddling gait, increased hip 
spacing, and outward rotation of the lower limbs due 
to substantial diastasis between the pubic rami(1,60). 
There is a 2.6-fold increase in closure failure for every 
additional centimeter increase in diastasis size before 

Primary repair for extrophy-Torabinavid et al.

Vol 22 No 1    January-February 2025   7



surgery(61). Consequently, regardless of the diastasis 
width, osteotomy is recommended for patients with CE 
(62). The methods of immobilization following osteoto-
my are varied, including spica casting, Bryant’s trac-
tion, Buck’s traction, external fixation, Montgomery 
straps, Velcro binders, internal pins, Russell traction, 
leg wraps, and Kling dressing with adduction splints 
(63–65). Some methods, such as spica cast and mummy 
wrap, have shown more side effects and less effective-
ness(23,65). Figure 3 shows immobilization of a patient 
undergone osteotomy. While posterior iliac osteoto-
my with repositioning adjustments was the initial ap-
proach, it has evolved to anterior ramotomy, anterior 
diagonal iliac osteotomy, and anterior pubic ramotomy. 
The later introduction of anterior innominate osteotomy 
combined with posterior vertical iliac osteotomy led to 
reduced surgical blood loss, improved visibility, and 
enhanced access to the anterior and posterior structures 
of the pelvis(57).
In summary, despite its drawbacks, osteotomy remains 
vital in reconstructing BEEC and offers significant ad-
vancements in treating BEEC. According to the Gear-
hart approach to osteotomy, the standard procedure 
involves a combined technique of anterior innominate 
osteotomy and posterior vertical iliac osteotomy, fol-
lowed by installing an external fixator. After 2-3 weeks, 
the abdominal wall is closed, and the pubic tubercle is 
positioned using metal screws and plates(62). While stud-
ies also used metal screws and plates for pubic fixation, 
this method necessitated additional surgery to remove 
them. In contrast, one study utilized biodegradable de-
vices to avoid further surgery, resulting in promising 
outcomes with a minimal diastasis recurrence rate and 
shorter hospital stays 58. Gearhart's findings indicate a 
growing trend towards the combined technique and a 
decrease in the use of the posterior approach over time 
(23,62). 
Additionally, there were significant increases in immo-
bilization, Buck’s traction, and external fixation(23). In 
a recent study by Gearhart et al., improved outcomes 
with multiple-stage osteotomy in the context of closure 
success were showcased. The research found no signif-
icant variances in closure outcomes based on the sur-
gical center locations and emphasized the importance 
of osteotomy in successful closure. The combined tech-
nique is the gold standard approach at Gearhart Insti-
tute. It has high success rates for patients, regardless of 
whether they had previous closure failures. The results 
in their cohort were 100% for the combined technique, 
71% for the posterior approach, and 60% for the ante-
rior approach(62).
Not performing osteotomy is thought to be a contrib-
uting factor to the development of degenerative joint 
disease(66). Srougi used groin flaps after osteotomy, 
stating that most patients were referred cases with FBC 
and couldn't collaborate for long-term traction. How-
ever, the main disadvantage of this method is the need 
to repair the bladder exstrophy defect between 45 and 
60 days after birth, along with a potential risk of inade-
quate blood supply and flap loss(32). It was observed that 
patients who did not undergo osteotomy in the CPRE 
groups were more likely to develop further glanular 
necrosis 54. Typically, osteotomy is performed on the 
same day that the bladder is closed. Gearhart suggests 
that in cases with diastasis greater than 4 cm, a force-
ful pubic approximation is needed(54). If the diastasis 

is more than 6 cm, the osteotomy is better performed 
two weeks earlier than primary closure using external 
fixators, with daily adjustment using the Mountaineer 
hardware device67. However, in patients younger than 
three days old with less than 4 cm diastasis, an osteoto-
my may not be necessary, and an approximation of the 
pubic tubercles might be adequate(68). However, Gear-
hart supports osteotomy for CE patients, irrespective of 
diastasis(62).
Gearhart has developed a novel staged osteotomy meth-
od that gradually adjusts diastasis externally over 2-3 
weeks, followed by 4-6 weeks of immobilization(69). 
This method is based on a study that suggests a direct 
association between diastasis and failure rate, showing 
a 2.6-fold increase in failure risk with each 1 cm in-
crease in diastasis 61. Several studies have evaluated 
the effectiveness of staged osteotomy for successful 
closure. In a recent publication, Gearhart argued in fa-
vor of the staged approach, citing a lower rate of or-
thopedic complications than the single-stage approach. 
Gearhart's research indicates a growing preference for 
using multi-stage over single-stage osteotomy, citing 
higher success rates. This reinforces their earlier claims 
that performing osteotomy followed by delayed closure 
yields promising results(11,62). They advocate that the 
external fixator can minimize diastasis through gradual 
repositioning, creating a more favorable environment 
for future abdominopelvic reconstructions. However, 
the difference was not statistically significant, and there 
was no significant association between staged osteot-
omy and the overall success of closure(62). However, 
it's important to note that the number of cases analyzed 
was insufficient to draw a statistically significant con-
clusion, highlighting the need for further large-scale 
studies. Despite the numerous advantages highlighted 
by Gearhart and colleagues, it's worth considering that 
implementing a staged approach may pose challenges 
in healthcare centers with limited facilities and staff re-
sources.
Continence attainment 
The literature presents a wide range of continence rates 
for the CPRE technique, ranging from 12% to 88%, and 
a similar pattern is observed for MSRE(51,70). It is note-
worthy that only 68% of articles provided clear defi-
nitions of continence, and nearly half of the reported 
cases achieved continence, irrespective of factors such 
as the type of surgery, osteotomy, or gender 71. Mitch-
ell's study revealed a continence rate of 74%, with only 
20% achieving continence without any procedures(72). 
Similarly, Srouge's findings showed a 60% continence 
rate, with only 13% not requiring more than one proce-
dure, suggesting that CPRE alone may not be sufficient 
for complete continence attainment(32).
Numerous definitions of continence were discovered 
in the literature under review, summarized in Table 3. 
One set of definitions categorized continence as com-
plete (more than 3 hours without leakage during day 
and night), partial (1-3 hours or stress incontinence), or 
incontinent (less than 1 hour). Another classification in-
cluded grades from socially continent/totally continent 
to incontinent, based on dry intervals during the day and 
night. Assessing continence in children is challenging, 
as bladder function and capacity fully develop at 4-5 
years. Kajbafzadeh's study emphasized pelvic floor 
stimulation, toilet training, and innovative surgical 
techniques to enhance continence achievement, with all 
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patients without previous surgery achieving social con-
tinence(73). Long-term follow-up of patients is essential, 
as continence status may change over time, as demon-
strated by Woodhouse's study, which showed a gradual 
decrease in continence rates among repaired children 
(74). Additionally, bladder volume, capacity, and deep 
pelvic positioning were identified as factors associated 
with continence status(5,38). In summary, the literature 
indicates that an early evaluation of continence status 
may not accurately predict the ultimate continence sta-
tus 45, and long-term monitoring is crucial. Further-
more, it was noted that continence rates did not signif-
icantly differ between CPRE and MSRE techniques(24).
Complication control 
The literature encompasses detailed medical infor-
mation regarding various procedures and techniques 
related to urological repair secondary to BEEC recon-
struction, and each of them requires a specific literature 
review. It includes managing complications of urethral 
stricture, bladder outlet obstruction, febrile UTIs, and 
conservative management of specific symptoms. Addi-
tionally, it addresses the criteria for successful surgery, 
lowering complications in BEEC repairs, and recom-
mendations for regular urodynamic studies and renal ul-
trasonography. The literature also focuses on auxiliary 
surgical techniques, such as augmentation procedures 
to increase bladder capacity, continence procedures 
like BNR, bulking agent injections (BNI), and innova-
tive approaches to enhance bladder capacity. It discuss-
es success rates and predictive factors associated with 
BNR surgeries, emphasizing the importance of bladder 
capacity in achieving continence(45,51). Success rates for 
BNR are reported in a broad spectrum from 43.8% to 
94%31,70. Hence, regular UDS and renal ultrasonogra-
phy are recommended, especially when a great amount 
of urine residues or urinary symptoms are present(24).
A recent study discusses the effectiveness of the surgi-
cal approach in auto-augmenting (by bladder plate her-
niation) bladder capacity for patients with small bladder 
plates without causing harm to the upper urinary tract 
(75). Their technique can be used prior to primary recon-
struction or other bladder reconstructions to increase 
bladder capacity. As mentioned before, bladder capac-
ity is paramount in BEEC reconstruction, making the 
bladder ready for further surgeries and increasing the 
likelihood of continence attainment(76). Another study 
proposed conducting BNR for incontinent children 
based on specific bladder capacity and bladder urethral 
ratio measurements. Studies also outlined the manage-
ment of penile ischemia, covering surgical techniques 
and causes. In cases of penile ischemia, the recommend-
ed approach involves releasing pubic approximation su-
tures and performing an osteotomy if necessary. Gear-
hart suggests using an anterior innominate and vertical 
approach, along with an external fixator if indicated, 
and employing rectus abdominis sheet flaps. Mitchell 
has highlighted two distinct causes for penile ischemia 
during CPRE. The first cause is a stitch placed around 
or through the blood supply to the corpora during the 
closure of the symphyseal diastasis. The second cause 
is excessive pressure between the pubic bones when the 
symphysis is brought together(46,54,77).
Additionally, the literature explored the psychosexu-
al and psychological aspects of patients undergoing 
reconstructive surgery, emphasizing their interests in 
individual sports, relationships with the opposite gen-

der, and the specific challenges they face. Regarding 
psychosexual and psychologic problems, Ebert and col-
leagues designed a questionnaire that has been speci-
fied for BEEC, reporting 61% and 58% with “Good” 
status for primary and referred cases, respectively. 
Moreover, most patients indicated a high interest in 
individual sports and reported that post-operation sta-
tus rarely caused problems for them. Moreover, having 
a relationship with the same and opposite gender was 
frequent among 77% and 85%, respectively. However, 
doing group sports, group showering, and undressing 
in front of others were among the conditions that the 
patients mostly avoided. On the other hand, having in-
tercourse with the opposite sex was reported among box 
genders with the dominancy of females. Most males 
had successful erections (97%) and ejaculation (84%), 
while satisfaction with the appearance (22%) and size 
(6%) of their genitalia was not acceptable. Besides, all 
women reported normal menstruation; their main com-
plaint was genital appearance(7). According to a study, 
nearly 67% of male individuals exhibited penile devia-
tion, with a greater prevalence of micropenis reported 
as a complication. Figure 4 shows promising cosmetic 
outcomes after CPRE technique. Furthermore, a nota-
ble reduction in the incidence of penile deviations was 
achieved by modifying the surgical approach from the 
Young to the Cantwell-Ransley technique 48. Studies 
also addressed the impact of these surgeries on fertility 
and underscored the importance of providing psycho-
logical support to both patients and their parents(24,48). 
Finally, the need for further surgeries after the primary 
one was not different between CPRE and MSRE. More-
over, despite higher short-term complication rates for 
the CPRE group, the long-term complications remain 
the same between CPRE and MSRE(37).
Prevention of complications
Since the male gender has lately been shown as a ma-
jor risk factor for UUT deterioration, it is imperative 
to conduct serial UDS on all males after BEEC recon-
struction for early detection of changes and prevention 
of complications of UUT(36,47). An aggressive approach, 
including reimplantation, is necessary due to scarring of 
the kidneys in many patients. Some believe that reim-
plantation should be performed once pyelonephritis oc-
curs, while others believe it should be considered as the 
primary step for all CPRE patients(5,45). However, such 
an approach may lead to overtreatment(78). To decrease 
the blood transfusion rate, a modified Cantwell-Rans-
ley and osteotomy may be beneficial, and complete 
penile disassembly is not negligible to prevent further 
blood loss(45). NVB injury, especially in the BNR area, 
may cause an immature bladder, compromised capac-
ity, compliance, and detrusor activity(44). According to 
a study by Kufner and colleagues, optimal bladder ca-
pacity is recommended for epispadias repair around 12 
months(46,79). Long-term UDS are necessary to monitor 
bladder function and capacity changes over time.
It is recommended to be cautious in utilizing para-ex-
strophy skin flaps and urethral tissue replacement to 
minimize the likelihood of additional strictures unless 
addressing inadequate strip length is essential(80). Fur-
thermore, empirical evidence indicates suboptimal 
outcomes when administering para-exstrophy flaps to 
prevent fistula formation(81). Utilizing interrupted su-
tures rather than running sutures may aid in preventing 
hypospadias more effectively(45). NG fixation can also 
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help reduce the risk of wound dehiscence and intraab-
dominal pressure(5). Ureteral reimplantation and closure 
techniques include cephalotrigonal, cross-trigonal, and 
Politano-Leadbetter techniques. For ureteral reimplan-
tation, the cephalotrigonal technique is preferred over 
the cross-trigonal technique(36,45). The Z-flap technique 
is used to prevent further dorsal tethering(45).
In cases involving simultaneous epispadias repair and 
CPRE, meticulous urethral calibration is imperative, 
and close postoperative monitoring is crucial(82). Attain-
ing optimal continence may necessitate primary or sec-
ondary BNR(32). It may be advisable to leave the urethra 
attached to the glans during penile disassembly to mini-
mize the risk of penile ischemia. Factors such as the low 
thickness of the urethral plate, small penis length, and 
epinephrine injection increase the chance of glans ne-
crosis(45,54,77). However, forceful pubic approximation or 
osteotomy, particularly without concurrent CPRE and 
epispadias repair, can lead to penile ischemia and cat-
astrophic complications(83). Research has also indicated 
the potential benefits of using biodegradable screws 
and plates for fixation during CPRE to avoid penile 
ischemia, wound dehiscence, and bladder prolapse(58). 
Moreover, no clear evidence supports the superiority 
of MSRE over CPRE, emphasizing the importance of 
considering various factors in decision-making pro-
cesses(31,54). Furthermore, delaying epispadias repair and 
pretreatment with testosterone may contribute to better 
penile cosmesis and reduced risks of penile ischemia 
(46).
Absorbable sutures can be used for pubic approxima-
tion to prevent further urethral injury after pubis wid-
ening(45). Using biodegradable plates and screws for 
pubic apositioning also showed promising results as an 
alternative to current fixation methods(58). During the 
surgery, internal rotation of the lower extremities facili-
tates pubis approximation(45). Placing retropubic sutures 
in the upper half of the pubic bones can help prevent 
compression and injury to the pudendal neurovascular 
bundle, thus reducing the risk of impeding venous re-
turn(19). A second suture can be placed in the lower rec-
tus fascia at the fascia's junction with the pubis's upper 
aspect to facilitate further bony closure(84). Lastly, re-
ports have shown much fewer hypospadias incidences 
among younger children, which can be justified by the 
difference in the elasticity of the urethral plate between 
different ages(44). 
Moreover, to attain successful antegrade ejaculation, 
placement of seminal colliculus in the posterior ure-
thra is necessary. Moreover, since BNR is known to be 
important for continence attainment, it has also been 
shown to play an important role in fertility 48. Several 
studies have demonstrated different factors influencing 
outcomes in genitourinary surgery. One study noted a 
significant association between the number of BNR at-
tempts and better sperm quality. At the same time, an-
other emphasized the need for careful separation during 
epispadias repair to avoid harmful effects on fertility 
outcomes(24). Additionally, infections after surgery and 
lower zinc levels were found to affect fertility, high-
lighting the importance of managing post-surgery in-
fections and regularly evaluating semen for microbio-
logical tests(24,48). 

CONCLUSIONS
In conclusion, the reviewed literature underscores 

the challenges of implementing a staged approach in 
healthcare centers with limited resources and staff. The 
wide range of continence rates for CPRE and MSRE 
techniques highlights the complexity of achieving 
consistent outcomes in urological repair post-BEEC 
reconstruction. Clear definitions of continence and 
long-term monitoring are essential to assess and pre-
dict continence status, especially in children accurately. 
Managing complications and conducting serial UDS 
on all males after BEEC reconstruction is critical for 
preventing UUT deterioration. The psychological and 
psychosexual aspects of patients undergoing recon-
structive surgery, as well as the impact of these surger-
ies on fertility, emphasize the need for comprehensive 
support for patients and their families. Overall, the liter-
ature emphasizes the multifaceted nature of urological 
repair post-BEEC reconstruction and the importance of 
tailored care and ongoing evaluation to achieve optimal 
patient outcomes.
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