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Introduction

Bladder exstrophy-epispadias-cloacal exstrophy complex (BEEC) 
is a spectrum of congenital urologic anomalies that involve the 
bladder, urethra, genitalia, and pelvic musculoskeletal system, and 
can affect urinary continence, sexual health, and fertility.1,2 Cloacal 
exstrophy (CE) also affects the gastrointestinal tract and can affect 
both faecal continence and overall nutrition. Additionally, CE often 
affects neural tube closure and produces a spina bifida phenotype.2-4 
Besides the technical challenges of the complex surgeries, BEEC 
also results in physical and psychosocial difficulties, including body 
image issues, social isolation, and reduced quality of life (QoL).5,6

This narrative review outlines the unique anatomy of bladder 
exstrophy (BE) and epispadias, with a brief mention of the 
anatomy found in CE. We summarise the epidemiology of this 
rare complex both in North America and Europe as well as Africa 
before presenting recent advances in comparative genetics from 
mouse models and human studies that provide insights into BE and 
epispadias pathogenesis (Table I).

A literature review using PubMed and Google Scholar databases 
was used to identify relevant articles on the outlined topics without 
placing any limitations on publication years or study designs. 
We included full-text English articles published in peer-reviewed 
journals related to the terms: “exstrophy” & “epispadias” AND 
“aetiology”, “embryology” and “incidence”. Both authors reviewed 
the articles selected for inclusion and those with findings pertinent 
to this manuscript’s aim were included. Permission was granted for 
all patient photography contained in this manuscript.

Background and anatomy

The term exstrophy, derived from the Greek word “ekstri-phein” 
(turn inside out) was first used by Chaussier in 1780.7 The earliest 
known historical report is the description found on an Assyrian 
tablet from approximately 2 000 BC. The first medical description 
is probably by Aldrovandi in Historia Monstrorum, published in 
1646.7 BEEC includes a wide spectrum of anatomical abnormalities 
with different levels of severity: epispadias represents the mildest 
phenotype, BE is the most common defect, and CE – also often 
referred to as the omphalocele, exstrophy, imperforate anus, and 
spinal defects (OEIS) complex – is the rarest and most severe form 
in the spectrum.8

Epispadias: the mildest phenotype

Epispadias is characterised by an abnormal opening of the urethra 
on the dorsal surface of the penis or clitoris and is associated 
with urinary incontinence, difficulty with voiding, and sexual 
dysfunction.2,9 In males, the urethral plate is present (as the urethra 
failed to tubularize) with this mucosal strip of urethral plate on the 
penile dorsum that is typically accompanied by dorsal curvature of 
the penis and/or underdevelopment of the corpora cavernosa.2,10

Many classify male epispadias according to the position of the 
epispadic urethral meatus. This is important as the meatal position 
helps determine whether the external urethral sphincter is involved 
in males and thus what the boys’ urinary continence outcomes 
may be. Male epispadias can be classified in order of severity 
from glanular epispadias (least severe), to penile to penopubic 
epispadias (most severe). In the latter, the external urethral sphincter 
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is involved and these boys will have no urinary continence without 
major reconstructive surgery (Figure 1). In females, epispadias is 
characterised by non-fusion of the anterior labia majora, a bifid 
clitoris, a large proximal opening into the urinary bladder, and distal 
to this, an epispadic urethra.2,10

Bladder exstrophy: the most common phenotype

BE affects the bony pelvis (and the rectus and other muscles 
attached to the pelvis), bladder, and external genitalia.11,12 The 
bladder and urethra are exposed to the outside environment. Urine 
is easily seen draining from the ureteral orifices. Close inspection of 
the proximal (epispadic) urethra reveals the ejaculatory ducts. The 
pubic bones and rectus abdominis that insert into the pubic bones 

are widely separated. The ureters open into the exposed bladder 
template.11,12

At birth, BE typically presents as a red, wet, glistening mass on 
the lower abdominal wall. When the neonate cries, their increased 
abdominal pressure frequently pushes the bladder plate further 
out above the surface of the abdomen, like a large hernia.9,13 In 
males, the penis is short and flattened, and the testes can be 
undescended.12 BE is less common in females with a male-
to-female ratio as high as 2  : 1 or 3  : 1. In females, the external 
genitalia demonstrate clitoral separation, widely separated labia 
majora, and anterior displacement of the vaginal opening.13,14 BE 
can also affect the development of the rectum and anus, and an 
anteriorly positioned anus may be present (Figures 2 and 3).

Cloacal exstrophy: the most severe phenotype

CE is a rare malformation that affects the development of the 
urogenital and anorectal regions, and results in lateral separation 
of the bladder, rectum, and genitalia.15 Like BE, the pubic bones 
and all the muscles that attach to them are widely separated. The 
pubic diastasis is typically greater in CE than in BE. The bladder is 
exposed and divided into two halves where the ipsilateral ureteral 
orifice opens. Medial to these bladder halves are bowel structures – 
the ileocecal plate and prolapsed distal ileum.

In CE, the colon ends blindly in the lower part of the pelvis and the 
anus is imperforate. The genital tubercle is split into two halves, 
resulting in the formation of two widely diastatic hemipenes, or 
hemiclitori and hemivaginas. The grossly atypical appearance 
of the external genitalia leads many to erroneously consider the 
genital phenotype as ambiguous genitalia.16 Unlike epispadias 
and BE, which generally do not involve any organ systems other 
than the genitourinary (GU) and abdominopelvic musculoskeletal 
systems, CE always involves the gastrointestinal system and can 

Figure 1: Penopubic male epispadias

Figure 2: Female patient with bladder exstrophy
A – the scarred area of the umbilicus, B – polyp, C – paraexstrophy skin flaps,  
D – halves of the clitoris, E – vaginal orifice

Figure 3: Male patient with bladder exstrophy
A – the scarred area of the umbilicus, B – metaplasia on bladder template,  
C – paraexstrophy skin flaps, D – epispadiac urethra/penis
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also include a malformed abdominal wall (i.e. an omphalocele 
above the exstrophy defect) or an open neural tube.2

Omphalocele, gastrointestinal malrotation and duplication, short 
bowel syndrome, and various spinal bony anomalies have been 
reported in association with CE.2,4 CE and the OEIS complex share 
common features, primarily the presence of an exposed bladder 
outside the abdominal wall and an imperforated anus. These 
overlapping characteristics can sometimes lead to overlapping 
terminology.

Epidemiology

There are no studies specifically focusing on the incidence and 
prevalence of epispadias in Africa. However, North American 
studies estimate an incidence of 1 in 120  000 male and 1 in 
500 000 female live births.17 The incidence of epispadias varies by 
geographic region and is more common in some populations, such 
as North American Natives and Hispanics. Epispadias occurs more 
frequently in males than females, with a male-to-female ratio of 
approximately 2 : 1. The incidence of epispadias may be increasing, 
possibly due to better detection and reporting of the condition.17

Interestingly, the incidence of epispadias is less than that of 
BE, making epispadias one disease spectrum where the less 
severe phenotype occurs much less frequently than the more 
severe phenotype.13 In the United States, the incidence of BE is 
approximately 1 in 20 000 to 1 in 50 000 live births.18,19 In Europe, 
the incidence ranges from 1 in 10 000 to 1 in 40 000 live births, with 
the highest incidence reported in northern European countries.20 
In Asia, the incidence of BE is approximately 1 in 50 000 to 1 in 
100 000 live births.21

The exact incidence of CE is difficult to determine as it is a rare 
condition and often under- or misdiagnosed. Nonetheless, it is 
estimated to occur in approximately 1 in 200  000–400  000 live 
births.15,22,23 CE has a higher incidence in females.15 There are also 
differences in the incidence and prevalence of CE between different 
races and geographic regions. For example, the incidence is higher 
in Hispanics and lower in Asians.15

Unfortunately, epidemiology estimates for epispadias, BE, or CE 
on the African continent are limited to a few articles. There are 
no studies specifically estimating the incidence and prevalence of 
these conditions. Studies from Ethiopia support the concept of a 
significant backlog of untreated or delayed cases; it is plausible that 
the incidence could be greater than that of North America.24,25

Though not strictly an epidemiology study, this article demonstrates 
that many patients in one East African country are present, 
awaiting management, and that access to and treatment for this 
rare condition may be limited and sparse.24 The problem is that the 
number of patients at risk (the birth rate) is unknown, and there are 
no established country-specific birth defect registries that we are 
aware of. This problem is compounded by limited exstrophy care, 
the rarity of and limited exposure to the condition, and the social 
stigma parents of children with BEEC face after their children are 
born, which may limit their reporting of the child’s condition. The 
severe paucity of data presents a major opportunity for researchers 

and epidemiologists in Africa to better delineate this rare condition’s 
incidence and prevalence.

In terms of gender, BE affects males more commonly than females, 
with a male-to-female ratio of approximately 2 : 1. The prevalence 
of BE also appears to be higher in certain ethnic groups than in 
other groups, such as Caucasians and Ashkenazi Jews.2 Recent 
advances in surgical techniques and neonatal care have improved 
the outcomes for infants born with BE. However, the condition still 
requires lifelong management and can have significant psychosocial 
and functional consequences for affected individuals.

Heritability and risk factors

The BEEC spectrum is a heritable condition that presents 
with chromosomal aberrations and a high concordance rate in 
monozygotic twins.2,17,26,27 The incidence of monozygotic twins with 
BEEC is 62%, compared to 11% for dizygotic twins, and a 4 500-fold 
incidence compared to the normal population. Affected individuals 
have a higher risk of passing on BEEC to their children.2,28 Although 
the existing epidemiologic studies have not identified major 
teratogenic factors, twin studies and epidemiological data suggest 
environmental factors play a role.29 Environmental factors that have 
been suggested to contribute to the development of BE and CE 
include maternal age, smoking, and maternal exposure to certain 
medications (such as valproic acid).17,30 Studies have suggested 
that advanced parental age is also a risk factor for BEEC spectrum 
disorders.31

Additionally, several studies have reported a higher incidence 
of BEEC spectrum disorders in certain racial and ethnic groups 
such as Caucasians.7,18 Assisted reproductive technologies (ART), 
including in vitro fertilisation (IVF), have been associated with an 
increased risk of certain birth defects, including those within the 
BEEC spectrum. However, the extent of this risk and the underlying 
mechanisms are not fully understood.7 While there is some evidence 
to suggest an increased risk of BEEC among children conceived 
through ART, the evidence is not conclusive and the mechanisms 
underlying this association are not fully understood. Future studies 
with larger sample sizes and more comprehensive data on potential 
confounders are needed to firmly establish the epidemiological, 
teratogenic, and ART influences on BEEC.

Aetiology: recent advances in genetics and animal 
models

It should be noted that there is no single unifying hypothesis 
regarding epispadias, BE, or CE maldevelopment. A common 
theme is either maldevelopment of the genital tubercle and urethral 
plate in epispadias, the cloacal membrane in BE, or the urorectal 
septum in CE.2,7,11,17,27. However, great progress was made in the 
last decade towards understanding the genetic basis of BE – in 
part due to highly specific animal models and human genome-
wide association studies (GWAS), which may help to elucidate the 
abnormal embryogenesis of BEEC more fully in the near future.

Historically, a fetal sheep model of BE was the only animal model 
available for researchers to study exstrophy development.32 
However, this large animal model was quite limited because 
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the defect was created by in utero trauma to the urinary bladder 
rather than by a genetic and molecular basis. More recent animal 
models, such as the mouse and chick, have been used to study 
the embryonic development of the genital tubercle and to identify 
potential genetic and environmental factors that may contribute 
to the development of epispadias.33,34 As stated above, there is 
no single mechanism that explains the pathogenesis of BEEC. 
Nonetheless, it is generally believed that either the overgrowth of 
the cloacal membrane prevents adequate mesodermal migration, 
or the premature rupture of the cloacal membrane leaves the 
exstrophy defect.17,29,31

Epispadias

Several genes have been implicated in the pathogenesis of 
epispadias, including HOXA13, FGFR2, and BMP4.35 Mutations 
in these genes can disrupt normal embryonic development of the 
genital tubercle, leading to the abnormal opening of the urethra on 
the dorsal surface of the penis or clitoris 27

Bladder exstrophy

In the last decade, there have been several studies identifying 
putative pathogenic gene abnormalities for BE, with the most 
promising of these being p63 and Sonic Hedgehog (Shh).36,37 The 
p63 gene, located on chromosome 3q28, is known as the “master 
regulator” of stratified epithelium. It plays an important role in the 
development of the skin, limbs, and urogenital tract, and is involved 
in the regulation of epithelial-mesenchymal interactions during 
development.37 In particular, p63 regulates the formation of the 
urorectal septum and the development of the bladder and urinary 
tract. Studies have shown that mutations in p63 and its downstream 
targets are associated with the development of BEEC spectrum 
disorders.36,38

There are p63 -/- mouse models that have been developed that 
reproduce the entire spectrum of BEEC, including bony, muscle, 
and GU defects.38,39 Interestingly, human GWAS have found that 
the p63 gene itself is normal in BEEC, but downstream targets of 
p63, such as the PERP gene, are affected.38,40 This suggests that 
p63 is involved in the regulation of other genes that contribute to 
the development of BEEC. In addition, there is evidence to suggest 
that the p63 gene may play a role in the regulation of promoters 
that are involved in the development of BEEC.37,41 In summary, 
p63 is a “master regulator” of stratified epithelium and is involved 
in the regulation of epithelial-mesenchymal interactions during 
development. Though p63 -/- mouse models have reproduced the 
entire spectrum of BEEC, human GWAS have shown that p63 is 

not affected but that its downstream targets, such as PERP, are 
abnormal and may contribute to the development of BE.27,42

The Isl1 gene, located on chromosome 5q11.1-2, was discovered 
from a GWAS as a potential BEEC gene.43 This gene is known 
to play an important role in the development of the heart, limbs, 
kidneys, and neurons.43,44 More recent studies have shown that Isl1 
is involved in the development of the bladder and genital tubercle, 
and mutations in the Isl1 gene are associated with the development 
of BEEC and other congenital urological anomalies (CUAs).43,44 
These findings suggest that Isl1 is a key gene involved in the 
development of the bladder and GU system. In summary, Isl1, a 
transcription factor associated with the development of the heart, 
limbs, kidneys, neurons, and the GU tract, may contribute to the 
development of BE.

Shh is a gene that encodes a signalling protein also critical to 
epithelial-mesenchymal interactions that occur during development, 
including the interaction between the urothelium (bladder lining) and 
detrusor (muscle layer) of the bladder.45 In BEEC, there are defects 
in the formation of the urorectal septum and abnormal development 
of the bladder and urinary tract. Studies have shown that Shh 
signalling has a vital role in the formation and closure of the cloacal 
membrane, and disruption of this signalling may contribute to the 
development of classic bladder exstrophy (CBE).46,47 In addition to 
regulating cloacal membrane growth via epithelial-mesenchymal 
interactions, Shh signalling plays a role in the development of the 
urethral plate, and its disruption may contribute to the development 
of epispadias.17,27 Overall, Shh signalling plays an important role in 
the development of the bladder and urinary tract, and its disruption 
may contribute to the development of BEEC spectrum disorders. 
Further research is needed to fully understand the role of Shh in 
these disorders.

BEEC is typically thought to be caused by sporadic mutations, 
but recent studies have shown that BEEC can also be associated 
with heritable chromosomal aberrations. One such aberration that 
was identified is a deletion of a segment of chromosome 22q11.48 
This deletion is associated with a higher incidence of BEEC.37,48 
Additionally, it has been suggested that this chromosomal aberration 
may also be associated with other developmental anomalies and 
syndromes, such as DiGeorge syndrome and velocardiofacial 
syndrome, which are characterised by a wide range of congenital 
anomalies affecting multiple organ systems.49,50 The discovery of 
multiple chromosomal aberrations associated with BEEC highlights 
the complex genetic aetiology of this disorder. Further research is 
needed to fully elucidate the role of chromosomal aberrations and 
other genetic factors in the development of BEEC.27

Table I: Key points regarding the epidemiology and pathogenesis of BEEC

1.	 The incidence of BE in North American studies is approximately 1 in 20 000–50 000 live births.

2.	 The incidence of epispadias in North American studies is 1 in 120 000 male and 1 in 500 000 female live births.
3.	 The incidence of epispadias, BE, and CE is unknown in African countries. This represents an area for additional research.
4.	 There is no single unifying hypothesis that explains the BE phenotype. However, many believe it is due to the premature rupture of the cloacal membrane or failed 

migration of the urogenital membrane.
5.	 Knockout gene studies in animals and human GWAS show that p63 (or downstream targets like PERP), Insl1, and Shh reproduce the phenotype of BE or are 

found to be deficient.
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Conclusion

BE and epispadias are rare congenital anomalies that cause 
significant health problems and affect the health-related QoL of 
affected individuals. This is a rare combination of diseases with 
a known incidence between 1 in 20  000 (BE) and 1 in 120  000 
(epispadias) live births in North American and European studies. 
Unfortunately, the incidence and prevalence of BEEC in Africa 
is not understood. There have been significant insights into the 
aetiology of BEEC in the last decade. Specifically, recent genetic 
studies have suggested that downstream regulator(s) of p63, Isl1, 
and other genes may play a role in the failure of the lower urinary 
tract to close.
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