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Abstract

Exstrophy-epispadias complex (EEC) represents a spectrum of genitourinary malformations

ranging in severity from epispadias (E) to classical bladder exstrophy (CEB) and exstrophy of the

cloaca (EC). Depending on severity, EEC may involve the urinary system, musculoskeletal system,

pelvis, pelvic floor, abdominal wall, genitalia, and sometimes the spine and anus. Prevalence at birth

for the whole spectrum is reported at 1/10,000, ranging from 1/30,000 for CEB to 1/200,000 for

EC, with an overall greater proportion of affected males. EEC is characterized by a visible defect of

the lower abdominal wall, either with an evaginated bladder plate (CEB), or with an open urethral

plate in males or a cleft in females (E). In CE, two exstrophied hemibladders, as well as omphalocele,

an imperforate anus and spinal defects, can be seen after birth. EEC results from mechanical

disruption or enlargement of the cloacal membrane; the timing of the rupture determines the

severity of the malformation. The underlying cause remains unknown: both genetic and

environmental factors are likely to play a role in the etiology of EEC. Diagnosis at birth is made on

the basis of the clinical presentation but EEC may be detected prenatally by ultrasound from

repeated non-visualization of a normally filled fetal bladder. Counseling should be provided to

parents but, due to a favorable outcome, termination of the pregnancy is no longer recommended.

Management is primarily surgical, with the main aims of obtaining secure abdominal wall closure,

achieving urinary continence with preservation of renal function, and, finally, adequate cosmetic and

functional genital reconstruction. Several methods for bladder reconstruction with creation of an

outlet resistance during the newborn period are favored worldwide. Removal of the bladder

template with complete urinary diversion to a rectal reservoir can be an alternative. After

reconstructive surgery of the bladder, continence rates of about 80% are expected during

childhood. Additional surgery might be needed to optimize bladder storage and emptying function.

In cases of final reconstruction failure, urinary diversion should be undertaken. In puberty, genital

and reproductive function are important issues. Psychosocial and psychosexual outcome depend

on long-term multidisciplinary care to facilitate an adequate quality of life.
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Disease name, synonyms, relevant terms
Exstrophy-epispadias complex (EEC), refers to the whole
spectrum

Epispadias (E), penopubic, penile, glandular in males;
distal, intermediate, severe in females

Classical bladder exstrophy (CEB)

Exstrophy of the cloaca (EC), often referred as OEIS com-
plex (omphalocele, exstrophy, imperforate anus and spi-
nal defects)

Exstrophy variants like "atypical" forms of the EEC (dupli-
cated exstrophy, covered exstrophy, pseudo-exstrophy).

Definition
The Exstrophy-epispadias complex (EEC) is the most seri-
ous form of abdominal midline malformation. The char-
acteristic defects of the EEC involve the urinary system, the
musculoskeletal system, the pelvis, the pelvic floor, the
abdominal wall, the genitalia and sometimes the spine
and the anus [1]. The EEC covers a spectrum with different
severity levels, ranging from epispadias (E) representing
the mildest form, with lower and upper fissure, to the full
picture of classical bladder exstrophy (CEB), and exstro-
phy of the cloaca (EC) - often also referred to as OEIS
(omphalocele, exstrophy, imperforate anus and spinal
defects) complex - as the most severe form. EEC can be
subdivided into "classic" or "typical" forms of EEC (E,
CEB, and EC) and "atypical" forms of the EEC (duplicated
exstrophy, covered exstrophy and pseudo-exstrophy).

Epidemiology
Varying data have been reported on the incidence of the
EEC, especially in respect to various subtypes, different
ethnic groups and the male-to-female ratio. Altogether,
the combined incidence of the EEC spectrum can be esti-
mated at 1 in 10,000 births. A higher occurrence in males
compared to females is observed, ranging from a ratio of
1.5:1 to 6.0:1 [2-5].

For E, the International clearinghouse for birth defects
monitoring systems estimated an average rate of 2.4 per
100,000; among the included 148 cases, only four were
females [3]. However, it is likely that a proportion of
incontinent females with E remain undiagnosed [6]. Tak-
ing this into consideration, a recently reported male-to-
female ratio of 1.4:1 can be concluded [7]. Even in
Europe, the rates have been shown to range from 0.6 per
100,000 in France to 4.7 per 100,000 in Denmark [3]. The
highest rate of 8.1 per 100,000 has been observed in
Native American Indians, while an incidence of 1 per
100,000 was found for Americans of Asian origin [8].

The reported incidence of CEB varies from 2.1 to 4.0 per
100,000 live births [3,9-12]. CEB seems to occur more fre-
quently in white infants and the incidence varies accord-
ing to the geographic region, and socioeconomic and
insurance status [11]. White, non-Hispanic maternal eth-
nicity was also found to be associated with CEB in a survey
from a period from 1983 to 1999 in the New York State
[12]. The results of this study demonstrated that CEB
showed a statistically significant linear downward trend
by year and summer conception, and male sex was also
identified as a possible risk factor. Though Nelson et al.
[11] found an almost equal male-to-female ratio for CEB,
multiple surveys summarized a ratio of 2.4:1 [4,7,13-15].
In rare cases only, male-to-female ratios as high as 5:1 to
6:1 have been reported [3,5].

EC, with a prevalence ranging from 0.5 to 1 per 200,000
life births [5,10,12,16-20], has been reported more com-
monly in females [10]. This was confirmed by the New
York State survey, finding associated risk factors like pre-
term birth, low birth weight, multiple births and non-
New York City residence [12]. A sex ratio close to unity
was found in the series of Boyadjiev et al. [2] and a male-
to-female ratio of 2.0:1 was reported by Gambhir et al. [7].
As reviewed by Keppler-Noreuil [21], EC seems to be
under-ascertained in still borns, and may therefore have a
higher incidence ranging from 1 in 10,000 to 1 in 50,000.
In addition, having included terminated EC cases, the
prevalence of EC in the State of Iowa was most probably
more accurately estimated as occurring in approximately
1 in 27,174 pregnancies [22].

Clinical description
Descriptive anatomy

All sections of the EEC have a specific clinical presentation
and are obviously recognized right after birth by the pedi-
atrician and the obstetrician.

Classical bladder exstrophy

CEB is characterized by the evaginated bladder plate of
different individual size. Urine is dripping from the uret-
eric orifices on the bladder surface. The visible bladder
mucosa appears reddish at birth and mucosal polyps may
be seen on the surface. Delayed closure, however, may
lead to further inflammatory or mechanical alterations
with signs of mucosal inflammation such as a whitish
coating, ulcerations and hyperplastic formations. The
paraexstrophic shining thin skin stripes mark the transi-
tion junction between the normal skin and squamous
metaplastic area. Below the low situated umbilicus, rectus
diastasis and small umbilical hernias can be palpated. At
the distal end of the triangular edges, the pubic bones can
be felt on both sides of the bladder template. Bilateral
inguinal hernias are palpable in most patients of both
sexes.
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Male genital anatomy in CEB

In male newborns, an open (= epispadic) urethral plate
covers the whole dorsum of the penis from the open blad-
der to the glandular grove. Both corpora cavernosa are
located beneath the urethral plate. Careful examination
reveals the colliculus seminalis and the ductus ejaculatorii
as tiny openings in the area, where the prostate is presum-
ably dorsally located. The penis appears shorter than nor-
mal and dorsally curved (Fig. 1). The normal-sized testes
are usually located in the scrotum.

Female genital anatomy in CEB

In females, a completely split clitoris can be seen next to
the open urethral plate (Fig. 2). The vaginal opening
appears narrow and is placed anteriorly on the perineum.
As the anus is ventrally positioned as well, the perineum
is shortened.

Epispadias in both sexes

The E defect in both sexes results from a developmental
arrest in terms of non-closure of the urethral plate and
additionally in an abnormal dorsal urethral location.
Therefore, in males an ectopic meatus or a mucosal strip
is found on the penile dorsum (Fig. 3) and in females a
variable cleft of the urethra is detected (Fig. 4). According
to the meatal location, E is distinguished as either penop-
ubic, penile or glandular in boys. In girls, E is divided into
three degrees according to Davis [1], either less severe with
a gaping meatus, intermediate or severe with a cleft
involving the whole urethra and the bladder neck, addi-
tionally displaying bladder mucosal prolapse. Abdominal
wall and rectus anatomy, as well as the umbilicus, are
completely normally developed. In both sexes symphysis
is closed or only a minor symphysis gap is palpable, indi-

cating only minor pelvic and pelvic floor anomalies. Uri-
nary incontinence appears to be the main clinical
symptom, due to the degree of involvement of the urinary
sphincter. In most distal E, involuntary urine loss is not
observed, whereas in complete E urine is dripping perma-
nently through the meatus in both sexes. Due to the some-
times minor clinical abnormalities, distal E might be
overlooked at birth, especially in girls. Then diagnosis
may be recognized as late as at school age, due to urinary
incontinence, resistant to standard treatment.

Cloacal exstrophy

EC, as a major birth defect, involves several important
organ systems. Beside the exstrophy at birth, ompha-
locele, imperforate anus and spinal defects may be present
and mandate immediate surgery. Usually, a foreshortened
hindgut or cecum ends between the two exstrophied
hemibladders. The orifice of the terminal ileum is located
at the everted cecum. The symphysis pubis is widely sepa-
rated and the pelvis is, in contrast to CEB, often asymmet-
rically shaped. The genitalia, for instance the penile or
clitoral halves, can be located separately on either side of
the bladder plates together with the adjacent scrotal or
labial part (Fig. 5).

Exstrophy variants

Exstrophy variants include a clinically inhomogeneous
spectrum. The covered exstrophy appears similar to the
CEB, just some part of the reddish bladder mucosa may
have a roof of skin, for instance. An umbilicus might be at
an orthotopic place. Pseudo-exstrophy, however, may be
very difficult to define after birth and is therefore often
found at older ages. The genitalia look normal, the
patients may not have any urinary symptoms and further-
more are completely continent. Clinical inspection may

Male baby with classical bladder exstrophyFigure 1
Male baby with classical bladder exstrophy.

Female baby with classical bladder exstrophyFigure 2
Female baby with classical bladder exstrophy.
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find a rectus diastasis of various degree and only X-rays
may demonstrate an open symphysis diastasis, not sel-
dom as an incidental finding.

Associated anomalies

Urological anomalies

In both sexes, urological malformations (e.g. ureteropel-
vic junction obstruction, ectopic pelvic kidney, horseshoe
kidney, renal hyo- or agenesis, megaureter, ureteral ectopy
and ureterocele) are present in about one third of all EEC
cases, predominantly in the EC population [1]. However,
a 100% prevalence of bilateral vesicoureteral reflux due to
a developmental failure of the ureterovesical junction
throughout the EEC spectrum warrants an antireflux pro-
cedure with every bladder neck plasty.

Spinal and orthopedic anomalies

The incidence of spinal anomalies widely varies within
the EEC spectrum. In children born with CEB, spinal
anomalies occur in about 7% of cases, whereas a hetero-
geneous group of congenital spinal anomalies resulting
from defective closure of the neural tube early in fetal life
and anomalous development of the caudal cell mass can
be confirmed with magnetic resonance imaging (MRI) in
nearly 100% of EC patients. Therefore, newborn EC

patients should have spinal ultrasound and radiographs
to define the individual spinal abnormalities ranging
from hemivertebra to myelomeningocele. MRI is further
recommended in follow-up to identify occult spinal
abnormalities predisposing to symptomatic spinal cord
tethering. In addition, a neurological component must be
kept in mind in EC in respect to bladder function, lower
extremity function and erectile capacity [23-25].

Mainly in EC, skeletal and limb anomalies (clubfoot
deformities, absence of feet, tibial or fibular deformities,
and hip dislocations) are commonly seen [1]. In addition
to the clinical examination, a sonographic evaluation of
the hip joints is of fundamental impact for all EEC
patients. Despite this, there are still no extraordinary
reports about hip dysplasia in long-term follow-up of the
EEC. Management (even if conservative) should be kept
in mind when planning operative reconstruction of the
pelvis. Plain pelvic X-ray can be helpful to estimate the
dimension of the symphysis gap and the hip localization.

Female baby with epispadiasFigure 4
Female baby with epispadias.

Male baby with epispadiasFigure 3
Male baby with epispadias.
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Gastrointestinal anomalies

Gastrointestinal tract anomalies are predominantly asso-
ciated with EC, and will seldom be present in CEB or E. In
addition to a common hindgut remnant of varying size,
omphaloceles are found in 88-100% of cases in EC. Gas-
trointestinal malrotation or duplication, as well as short
bowel syndrome, can be seen in up to 46% of cases [1]. In
about 25% of cases, an either anatomical or functional
short bowel syndrome causes absorptive dysfunction. On
rare occasions, duodenal atresia and small bowel deletion
have been described in EC [1,25]. Thus, the gastrointesti-
nal tract contributes significantly to the morbidity in EC.

Gynecological anomalies

In addition to the external female genitalia as described
above, the cervix inserts in most cases low down at the
superior vaginal wall close to the introitus [1,26]. Anat-
omy and function of the uterus and the adnexae are nor-
mal. However, the pelvic floor and the levator defect,
together with the absence of the cardinal ligaments, pre-
disposes women to vaginal or uterine prolapse in as high
as 50% of cases. Müllerian anomalies are quite common
in EC; respectively, duplication of the vagina and uterus,
as well as vaginal agenesia have been reported [1].

Etiopathogenesis
Embryology

In 1964 Muecke was the first to report that mechanical
disruption or enlargement of the cloacal membrane in
chicks prevents the invasion of mesodermal cells along
the infraumbilical midline, and thereby results in exstro-
phy [27]. Based on that, Austin et al. provided evidence
that in humans, anomalous overgrowth of the cloacal
membrane is associated with bladder exstrophy [28]. Ani-

mal models of EC support the idea that abnormal parti-
tioning of the cloacal membrane causes displacement of
the genital tubercle and therefore epispadias formation.
Accordingly, on the basis of a developmental study of
hereditary anorectal malformations in pig embryos, it has
been concluded that agenesis of the dorsal part of the
cloacal membrane may form the basis of congenital mal-
formations of cloaca-derived orifices such as hypospadias,
epispadias, bladder and cloacal exstrophy, double ure-
thra, and cloacal membrane agenesis [29]. Additionally,
Thomalla et al. created a hernia defect of the lower
abdominal wall of chick embryos by incising the cloacal
membrane with a laser [30]. The resulting chicks were
born with EC, supporting the idea of premature rupture of
the cloacal membrane. The timing of cloacal membrane
disruption in this model determined the resulting variant
of the EEC, with an earlier disruption (4-6 gestation
weeks, before fusion of the urorectal septum to the cloacal
membrane) leading to the more severe EC [1]. The
authors postulated that EEC would form if cloacal mem-
brane rupture occurred just after the urorectal septum
completed its descent (6 weeks), but before the initial for-
mation of the genital tubercle [31-33]. Mechanical
obstruction of mesoderm migration to the lower ventral
abdominal wall has also been associated with abnormal
caudal insertion of the body stalk, resulting in failure of
the normal mesodermal interposition in the lower mid-
line [34,35]. In this case, the umbilical cord is directly
adjacent to the cloacal membrane/cloaca, and the superfi-
cially placed, unstable cloacal membrane/cloaca is prone
to rupture. In addition to mechanical disruption, local-
ized alterations in cell death may reduce the ventral mes-
enchymal cell population and therefore lead to infra-
umbilical midline deficiencies in mice, including EEC
[35-38]. Another completely different mechanism for the
organogenesis of CEB is postulated by the observations of
the pelvic development in rabbit embryos, relating blad-
der and pelvic bone anomalies in temporal-spatial devel-
opment [39]. This novel mechanism may occur as early as
secondary gastrulation without any involvement of the
cloacal membrane. In addition, two reports describe the
incidental occurrence of EC in chicken embryos subse-
quent to the administration of nigericin and ochratoxin A
[37,40]. Männer and Kluth were able to generate EC in six
Leghorns by treating chicken embryos with suramin or
trypan blue [41]. The authors saw the abnormal presence
of primary large aneurysmatic space-occupying swellings
of the dorsal aortae, leading to a thinning of the ventral
abdominal wall, finally inducing rupture and exposure of
the embryonic cloaca and the allantois [41]. Only one
gene, p63, apart from causing congenital defects of the
extremities and skin, has been shown to completely repro-
duce human bladder exstrophy in p63-/- mice [42]. As
noted by Ince et al., female p63-/- mice exhibited abnormal
genital morphogenesis with hypoplastic genitalia, a single

Male newborn with cloacal bladder exstrophyFigure 5
Male newborn with cloacal bladder exstrophy.
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cloacal opening, and persistence of columnar epithelium
at lower genital tract sites [43].

Recurrence risk

The possible role of genetic factors implicated in the
expression of EEC is based on the increased recurrence
risk for offspring of affected individuals. Among siblings,
Ives et al. estimated the recurrence risk to be approxi-
mately 1% in non-consanguineous and non-affected par-
ents of CEB cases [5], whereas other reports established a
risk of 2.3% [44], 0.8% [2], 0.5% [45] and of 0.3% [46],
respectively.

The simplest way to measure genetic effects is through
familial risk ratios, defined as the risk to a given type of
relative of an affected individual divided by the popula-
tion prevalence. These risk ratios have been given the
notation λ, and specifically λs for the sibling risk ratio,
and λo for the offspring risk ratio. Shapiro et al. [46] esti-
mated the risk of recurrence for siblings (s) of European
background for isolated CBE as 1 in 275, having surveyed
2,500 CEB families. Based on a prevalence of 3.3:100,000
(~1:30.000) for isolated CEB among populations of Euro-
pean background, the recurrence risk ratio in siblings (λs)
has been calculated to be 108 (1:275/1:30.000 ~108)
[47]. λS is extensively used to measure familial aggrega-
tion of complex diseases, which is defined as the ratio of
the risk of disease manifestation, given that one's sibling
is affected, as compared with the disease prevalence in the
general population. Furthermore, in their series Shapiro et
al. [46] described a 400-fold increased risk of CEB in off-
spring (o) of affected individuals compared to the general
population. Likewise, Ludwig et al. concluded, from the
review of the available literature, that the relative recur-
rence risk (s) is 350-500 [48]. While female EEC patients
represent the minority of patients, interestingly, only
affected females produced affected offspring [46]. Among
other explanations, this superficial higher recurrence risk
for affected females may be due to a higher genetic liabil-
ity for EEC (so-called Carter effect) [49].

Familial recurrences

Although familial occurrence is rare, 30 reported multi-
plex families support the idea of genetic susceptibility
underlying EEC [50]. In most of these families, two mem-
bers are affected. Only in two families, three affected
members of both genders have been described with EEC
defects of different severity. Additionally, in a unique
Moroccan family, three males (two cousins and a mater-
nal uncle) were affected with CEB [51]. As a conclusion,
in rare families the inheritance of EEC may be consistent
with autosomal dominant inheritance with reduced pen-
etrance or with an autosomal recessive trait or X-linked
transmission [52].

These observations indicate that (a) gene(s) with a major
effect on the phenotype exist, though in the majority of
cases additional causal factors are necessary for the pheno-
type to occur. As for other birth defects, a small subgroup
of cases may follow Mendelian inheritance whereas in the
majority, EEC is inherited as a complex trait with multiple
genetic factors (heritable or de novo somatic or germline
mutations), and complex gene-gene, or gene-environ-
ment interactions contributing to its formation.

Twin studies

Reutter et al. compared concordant rates among EEC twin
pairs and established 7.5 times and 5.6 times higher pair-
wise and probandwise concordant rates, respectively,
among monozygotic twins compared to dizygotic twins
[47]. The resultant monozygotic/dizygotic twin proband-
wise concordant rate of 5.6:1 depicts the risk among
monozygotic twins of both being affected, which is 5.6
times the risk compared to dizygotic twins. This value, by
exceeding 2, indicates that genetic influences from multi-
ple loci may be non-additive, but rather multiplicative
and that epistasis (interaction between contributing
genes) may exist. This assumption is supported by values
obtained for the familial risk ratios: Reutter et al. esti-
mated familial risk ratios for monozygotic twins and dizy-
gotic twins of 4,500 and 600, respectively, resulting in a
monozygotic/dizygotic twin ratio of 7.5 [47,53].

Molecular genetics of the EEC

Cytogenetic and molecular analyses have revealed chro-
mosomal anomalies in 20 EEC patients to date, although
none of these appear to be causative. Numerical chromo-
somal aberrations [47, XXX (observed twice); 47, XXY; 47,
XYY; 47,(no sex reported),+18; 45, X0/46XX (mosaic)]
were observed in six patients. In a further four CEB males,
one CEB female and one girl with EC, interestingly, an
association with Down syndrome was found [50]. Aneu-
ploidy of sex chromosomes in five of these cases might
point to (a) gonosomal loci (locus) involved in the forma-
tion of EEC. However, the observation of different sexes in
two subsequent spontaneous abortions is contradictory
[54]. Structural aberrations have been identified in six
EEC cases and one patient simultaneously presenting with
EC and hypomelanosis of Ito. Although the exact break-
points have not been determined in any of these cases,
several translocations involving the region q32-ter on
chromosome 9 were detected. Based on this observation,
Thauvin-Robinet et al. [55] investigated the gene coding
for steroidogenic factor 1 (SF-1; 9q33.3) in their patient,
and the SET gene (suppressor of variegation, enhancer of
zeste and Thrithorax; 9q34.11) has been investigated in
another 33 EEC patients [56]. Although no mutation
could be detected in these studies, other genes residing in
this region might be involved in the etiology of the EEC.
One EC patient with aminoglycoside-induced deafness,



Orphanet Journal of Rare Diseases 2009, 4:23 http://www.ojrd.com/content/4/1/23

Page 7 of 17

(page number not for citation purposes)

pigmentary disturbances, and spinal anomalies showed a
mitochondrial 12S rRNA mutation [57].

Utsch et al. observed an MYH9 mutation in a patient with
CEB, duplication of the vagina and congenital macrocytic
thrombocytopenia [58]. Defects in MYH9 have been iden-
tified in macrothrombocytopenia patients [59], but there
was no molecular evidence for an association with uro-
genital malformations. Hipp et al. compared the genetic
profiles of bladder smooth muscle cells from unaffected
subjects and CEB patients by microarray analysis [60].
This led to the identification of a genetic signature with
961 genes being over-expressed and 432 genes found to
be under-expressed in the patients' samples. Analysis of
these signatures revealed over-expression of inflammatory
genes and under-expression of developmental genes,
including smooth muscle genes like GATA6 and connexin

43. Whether these findings may contribute to exstrophic
malformations in early embryogenesis remains to be elu-
cidated.

Teratogenic agents and EEC

Twin studies and epidemiological data suggest environ-
mental factors play a role in the EEC etiology. However,
the existing epidemiological studies have not identified
major teratogenic factors [2,5,7]. Descriptive epidemio-
logical and clinical data indicate male gender, race,
advanced parental age [2] and increased parity, even after
adjusting for age [61], as predisposing risk factors. Gamb-
hir et al. [7] described periconceptional maternal expo-
sure to smoking to be significantly more common in
patients with EC than in a combined group of patients
with E and CEB (p = 0.009). In two particular cases, each
occurrence of EEC was reported after periconceptional
maternal exposure to apparent infections [62,63] and to
teratogens, like drugs [21,64] or alcohol [65,66]. Medica-
tions ascribed to harbor teratogenic effects have been
reported rarely ["flu-shot" in one case, diphenylhydan-
toin, phenobarbital and mysoline in a further case [18];
diazepam [67]; misoprostol [68]; heparin [21]; valproic
acid [22]. In an E associated with Al Awadi/Raas-Roth-
schild syndrome, exposure to X-rays was mentioned dur-
ing pregnancy [69]. Several reports described the
occurrence of EEC in infants resulting from in vitro fertili-
zation, but it is still a matter of debate whether the inci-
dence of EEC children conceived by in vitro fertilization
appears to be higher than expected [70-73].

Diagnosis
Clinical

EEC diagnosis is usually made clinically by inspection
after birth.

Laboratory studies

EEC specific laboratory tests are not available. In EEC after
birth, routine laboratory studies should include a basic
metabolic panel including assessment of baseline renal
function as a minimal standard before any urinary tract
reconstruction. Especially in EC, an inherent short gut
syndrome can result in significant electrolyte losses from
the terminal ileum. Routine genetic screening of patients
and parents outside of scientific studies is not yet recom-
mended.

Imaging studies

Sonography as a primary study

After birth, sonographic baseline examination of the kid-
neys is mandatory for all EEC patients. Later on, irrespec-
tive of the method of reconstruction, renal sonography is
a perfect screening method for distinguishing any upper
urinary tract changes during follow-up.

MRI imaging in EEC

a) Pelvis and pelvic floor in EEC

MRI characterized the EEC specific defect of the pelvis
with an anterior pelvic outward rotation of 18°, a poste-
rior pelvic outward rotation of 12° and a pubic rami
shortening of about 30% [74,75]. In early childhood,
external foot rotation of about 30° is obvious, though this
rotation anomaly improves with age. A more flattened
and less conical levator sling, a markedly higher coronal
levator hiatus diameter and a double normal levator angle
were shown after pelvic reconstruction and osteotomy in
small children with EEC as compared to normal anatomy
[74,75]. Additionally, in CEB the levator ani muscle is dis-
tributed more posteriorly with a shortened anterior seg-
ment in the coronal plane [74]. This specific pelvic floor
defect may determine rectal prolapse, occasional anal
incontinence and predispose females to uterine prolapse
[26].

b) Genital anatomy in EEC

Pelvic MRI provides adequate information about internal
genitalia before and after surgery. Therefore, MRI is man-
datory before uterine prolapse repair and in complex
penile redo surgery. In the literature, MRI was able to clar-
ify the complex EEC genital anatomy in both sexes. In
male EEC adults, Silver et al. documented an inherent cor-
poral deficiency with a shorter anterior corporal body
length. This deficiency contributes, in addition, to the
penile chordee or bilateral penile fixation to the ascending
pubic rami and to the specific short and curved penile
appearance in EEC [76,77]. The development of bul-
bospongiosus muscle in EEC remains unclear, as only
rudiments are found on the penile base. In MRI, the pros-
tate had nearly normal volume, but even after bladder
neck reconstruction did not extend circumferentially
around the urethra [76]. The slightly smaller seminal ves-
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icles had a regular shape and location [76]; fructose levels,
however, were normal in over 50% of the EEC patients
after functional reconstruction, indicating the fact that
surgery may not severely impair seminal vesicle function
[78]. Despite the complex anomaly of the penis and blad-
der, male EEC patients have usually normal semen pro-
duction and transport from testicles to the
verumontanum [1].

Histological findings

a) Of the bladder template

Histologic studies of the bladder template are not rou-
tinely performed. Although the congenital nature of the
exstrophic bladder is still controversial, no fundamental
histologic changes justify primary removal of the bladder
template. However, investigations of the innervation and
structural pattern of the exstrophic bladder showed an
increased ratio of extracellular matrix to muscle content
within the bladder wall, particularly a high amount of
type III collagen [79-81]. As these changes seem to nor-
malize after successful bladder closure, they might be a
sign of maturation delay [79,81]. Additionally, there are
urodynamic data of reconstructed exstrophic bladders
showing a regular filling capacity and emptying ability
[1]. In recent studies, we evaluated the distribution and
density of muscarinic receptors. M3-receptor density was
increased and abnormally distributed within the EEC.
Density of the muscarinic receptors varied according to
the number of previous operative attempts and the differ-
ent subtypes of EEC [23,24]. However, although these
findings may help to explain some clinical features like
bladder spasm, it is not yet possible to predict the progno-
sis of future bladder development on the basis of patho-
histological data.

b) Of the testis

At birth testicular histology was reported to be normal [1].

Follow-up studies

It is reasonable to evaluate the reconstructed bladder with
a voiding cystography and urodynamic studies via a
suprapubic tube. Thus, it is possible to monitor bladder
storage function with sensation, detrusor activity, compli-
ance and capacity during filling, as well as bladder empty-
ing function with voiding and leak-point pressure and
residual urine measurements. These studies provide
objective evidence about outcome results after bladder
neck plasty and help to avoid secondary complications as
upper tract deterioration.

Differential diagnosis
The very typical clinical picture does not implicate any fur-
ther differential diagnosis.

Antenatal diagnosis and genetic counseling
Prenatal diagnosis

Due to high-resolution real-time ultrasound, prenatal
diagnosis of EEC is usually possible between the 15th and
32nd week of gestation, depending on the severity of the
defect and the expertise of the sonographer. The index
finding is the non-visualization of a normally filled fetal
bladder during repeated careful ultrasound examinations.
In a retrospective review of 25 prenatal ultrasound exam-
inations during pregnancies resulting in a newborn with
CEB, a low-set umbilicus, a wide ramus pubis, diminutive
genitalia and a lower abdominal mass were summarized
as diagnostic key factors for EEC diagnosis, in addition to
the absent bladder filling [1]. Another typical feature is a
wavy cord-like segment of soft tissue protruding from the
anterior abdominal wall, just below the umbilical cord
insertion, strongly resembling the trunk of an elephant
[1,82,83]. Gambhir et al. described that mothers of chil-
dren with EC knew significantly more often prenatally
that their child would have a congenital malformation
than mothers of children with E or CEB did [7]. Though
prenatal intervention is not necessary, early diagnosis
allows optimal postnatal management. Centers that favor
early closure within first hours of life, advocate scheduling
of the delivery in or near a pediatric centre, familiar with
optimal treatment of the severe congenital anomaly.

Counseling of parents

After sonographic diagnosis of EEC has been established,
consecutive counseling of parents must provide extensive
information about the complex nature and achievable
outcome of this complex anomaly. There is no doubt, that
in this situation only a multidisciplinary team and mem-
bers of committed self-help groups are able to support the
concerned parents with their decision. Although the EEC
deeply influences the psychosocial adjustment and psy-
chosexual development of affected individuals, there is no
documentation of consequences considered serious
enough to recommend the termination of pregnancy after
a prenatal diagnosis of CEB or E [84]. However, nowadays
prenatal ultrasound diagnosis has an impact on the
number of exstrophies born each year; in the series
described by Cromie et al., 25% of EEC suspected preg-
nancies were electively terminated [83].

Management including treatment
Bladder exstrophy repair

Today, the functional reconstruction concept is accepted
worldwide as the gold standard, though in some selected
cases urinary diversion with removal of the bladder plate
can be an alternative. However, both approaches have
their supporters and final outcome is always a matter of
appropriate patient selection, and experience of the sur-
geon and the whole supporting staff. Treatment strategies
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always need to be individualized, so that general rules can
not be stated.

Functional bladder reconstruction

The reconstructive concept is based on the fundamental
agreement that the exstrophic bladder has the potential
ability to gain normal bladder function as a low-pressure
reservoir for urine storage, active voiding and upper uri-
nary tract protection after functional reconstruction.
Beside clinical observation, urodynamic studies reported
a normal filling and emptying pattern, but impaired com-
pliance and stability, mostly after Young-Dees-Leadbetter
bladder neck reconstruction [1,24]. This bladder neck
reconstruction is nowadays judged as a not nerve-sparing
technique, maintaining normal detrusor function in only
approximately 25% of cases [1,85]. In addition, it is an
issued statement that bladder neck reconstruction has the
ability, though a passive mechanism of increased subvesi-
cal resistance, to lead to complicated bladder emptying in
every case [86]. Most other authors insist on the terminus
continence implying a possible active, not scarred, and
not obstructed emptying ability of the bladder neck
region [1].

Based on retrospective studies, the primary successful
operative attempt to the bladder template is claimed to be
the main predictive factor for a successful outcome. Until
now, quality and size of the bladder plate and its genuine
influence on the outcome of a functional reconstruction is
not possible to predict.

As a conclusion from previous reconstruction failures, a
staged concept was derived from the studies of Jeffs and
Cendron in the early 1970s. The traditional staged recon-
struction popularized by Jeffs and Gearhart has been a
standard approach for many years. As a modification, the
so called "modern staged approach" is currently advo-
cated by John Gearhart [1]. He made this three-stage con-
cept - beginning with closing the bladder, the posterior
urethra and the abdominal wall after pelvic ring adapta-
tion within the first 48 hours of life - popular to many
other experts worldwide [1]. The main arguments favor-
ing early bladder closure in neonates within the first hours
of life are:

1. protection of the bladder mucosa against environmen-
tal influences,

2. physiological development of bladder musculature
with regular bladder cycling and

3. more virtual anatomical conditions for bladder neck
and antireflux reconstruction when bladder capacity has
increased.

To prevent environmental and, therefore most probably,
histological metaplastic changes, protective membranes
(either with topical ointment or as a plastic foil) should
be applied to the bladder plate until reconstruction is
scheduled. Depending on the patient age at reconstruc-
tion, the width of the symphysis diastasis and the rigidity
of the pelvis during examination, osteotomy may be addi-
tionally implemented during this first procedure.

As a second step, epispadias correction follows at the age
of six to nine months. In females, genital reconstruction is
mostly included in the first operative procedure. As a third
step, bladder neck reconstruction is only approached in
those cases when bladder capacity reaches a minimum of
60 cc and, as a basic requirement, the child is ready for
active participation in continence training. Due to the
high incidence of bilateral reflux, antireflux plasty is
always conducted simultaneously with the bladder neck
reconstruction. Today, a modified Young-Dees-Leadbetter
bladder neck procedure is highly recommended to protect
the genuine neural supply of the bladder.

In addition to this three-stage concept, several modifica-
tions as two-stage or one-stage concepts have successfully
been introduced. A modified two-stage concept is realized
by Baka and colleagues, who perform a modified bladder
neck reconstruction simultaneously with epispadias
reconstruction at the age of four to five years after bladder
closure in the newborn period [87]. The authors believe
that only simultaneous reconstruction of the bladder neck
and the entire urethra enables easy catheterization
through a straight posterior urethra, if necessary [87].
Another two stage option is the Kelly operation, favored
in Great Ormond Street and in Australia [88]. After neo-
natal closure, reconstruction is timed at 6 months of age,
irrespective of bladder size. Detachment of the penile cor-
pora from the inferior pubic rami and the release of the
pudendal pedicle, moves the penile base freely towards
the midline and therefore eliminates the effect of the
pubic diastasis and brings the penis to the protruded sur-
face. Due to inadequate urethral length, the urethra will
be brought down between the corpora to a hypospadic
position in most cases [88].

As a complete one-stage concept, Mitchell introduced his
primary complete bladder closure with simultaneous cor-
rection of the epispadias using the penile disassembly
technique [89]. Based on the hypothesis that bladder
exstrophy results from anterior herniation of the bladder,
the operative approach must address the bladder, bladder
neck and urethra as a complete unit and move this unit
permanently into the pelvis. Mitchell impressively dem-
onstrated that penile dissection into its three components
(two corpora cavernosa and the corpus spongiosum)
ensures blood flow in each component and that the penis
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can be re-assembled in an anatomically correct configura-
tion [89,90]. The penile disassembly technique applied
simultaneously with bladder neck reconstruction how-
ever, comprises many pitfalls possibly leading to disas-
trous uro-genital damage when the required accuracy and
expertise is not guaranteed. Since 1976, another one-stage
complete reconstruction concept has successfully been
realized in Germany by Schrott [91,92]. Reconstruction is
timed between the eighth to tenth week of life when the
baby has stabilized and all necrotic umbilical cord resi-
dues have fallen off. For the first weeks of life the bladder
plate is protected with topical ointment against inflam-
matory and mechanical alterations. Definitive bladder
size can only be estimated by sterile digital examination,
detecting hidden bilateral bladder recessus during opera-
tion. Then the decision can be made whether the com-
plete reconstruction is possible at that point. After
circumcision of the bladder plate, pubovesical and pub-
ourethral ligaments are completely divided from the ischi-
opubic rami down to the levator plate and caudal to the
urethra ascending bilaterally from Alcock's canal to the
penis or the clitoris. This complete mobilization enables
anatomically correct backwards relocation of the bladder
deep into the pelvis and prohibits bladder burst. An
oblique incision is performed on each side up to the lat-
eral margin between the upper and lower parts of undam-
aged trigone, splitting the area between the bladder,
posterior urethra and the attached neurovascular bundles.
The elastic trigonal muscle is tubularized for urethral pro-
longation and the anterior bladder wall is reinforced by a
second muscular invagination. As the newborn and infant
pelvis is soft enough, the symphysis is approximated in a
stepwise fashion with the help of a traction bandage.
Intraoperative readaptation of the symphysis pubis is
secured with absorbable polydioxanone traction sutures.
The advantages of every early one-stage approach are the
summation of all major reconstruction steps with less
scars, an unimpeded access to the bladder neck region,
and a expectable rapid developing bladder capacity by
rhythmic filling and passing urine against adequate resist-
ance.

Urinary diversion

Primary urinary diversion with removal of the bladder
plate has been mainly favored by one group in Mainz in
Germany [93,94]. With a normal upper urinary tract, nor-
mal serum creatinine and competent anal sphincter, a sig-
moid rectum pouch is set up around the first year of life.
Male genital reconstruction will either be terminated
simultaneously or as a second procedure at around 1.5
years. Female genital reconstruction, as well as anterior
uterus fixation, is done during the first operation [95]. The
main advantages include the necessity of only a single
operative procedure, the immediate creation of a low-
pressure reservoir for upper urinary tract protection and

the possibility to achieve usually good primary conti-
nence results.

Male genital reconstruction

Important for reconstruction of the penis in EEC is the
unique presence of two completely separated corpora cav-
ernosa without any vascular anastomosis and the com-
pletely isolated neurovascular bundles running on the
corporal outside. Regardless of the type of epispadias
repair, the four following key issues must be addressed to
ensure a functional and cosmetically acceptable penis:

1. correction of dorsal chordee

2. urethral reconstruction for micturition and semen
transport

3. glandular reconstruction

4. penile skin closure.

To deflect the curved epispadic penis, Phillip Ransley
introduced the concept of releasing dorsal chordee by
incision and dorsomedial anastomosis of the corpora cav-
ernosa above the urethra [96]. As an advancement, the
Cantwell-Ransley technique completely detached the ure-
thral plate from the corpora allowing a more effective ure-
thral transposition below the corpora, and therefore a
more effective correction of the dorsal curvature by lateral
rotation of the corpora [96]. The characteristic feature of
the penile disassembly by Mitchell is the complete detach-
ment of the urethral plate from the corpora cavernosa and
the glans. This technique uses the advantage of the con-
stant blood supply of the corpora cavernosa, urethra and
glans with paired dorsal arteries and neurovascular bun-
dles to each hemiglans, the deep cavernous arteries to the
corporal bodies and the spongiosus tissue to the proximal
urethral plate [1,90]. After complete separation of the cor-
poral bodies, the glans is divided, and the urethra is
placed ventrally, often resulting in a hypospadic meatus
requiring further repair to the penile tip [1,90]. Moreover,
it has been a matter of debate whether complete penile
disassembly gains as much penile length as possible com-
plications may arise. Surgical advantages of the Cantwell-
Ransley and the Mitchell techniques are the more anatom-
ical reconstruction with only minor penile deviation and
a low fistula rate due to the coverage of the neourethra
through the corpora cavernosa. If the mobilization of the
urethral plate from the corpora is radical enough, the cor-
pora can most probably be joined without tension, and
without corporotomy and the need for complete mobili-
zation of the neurovascular bundles. However, scars and
shortness of the neurovascular bundles may later cause
severe, often uncorrectable penile deviation. As a basic
requirement of all these procedures, meticulous dissec-
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tion using a magnification glass is absolutely warranted to
maintain blood and nerve supply and therefore avoid
erectile dysfunction and corporal atrophy.

Incontinence in isolated epispadias

Even in distal penile shaft E with only a mild genital
defect, urinary incontinence occurs in up to 75% of cases.
During cystoscopy, a defect of the external sphincter can
be identified as a longitudinal attenuated tissue strip from
the bladder neck through to the urethral sphincter. This
urethral tissue must be surgically removed. The urethra
must be retubularized to an adequate size and the external
sphincter and the pelvic floor musculature must com-
pletely be readapted. In E with relevant urinary inconti-
nence and a wide sphincter defect, a complete bladder
neck procedure is needed; in mild defects, approximation
of the pelvic floor during penile procedure might be suffi-
cient. Very often the bladder wall is thin in E, so potential
muscular support for the bladder neck is only minor and
therefore operative outcome restricted. Osteotomy, how-
ever, is hardly recommended in E.

Female genital reconstruction

Female genital anatomy in the EEC is widely judged less
complex than male genital reconstruction [1,26]. How-
ever, Woodhouse developed a subtle reconstruction con-
cept including vaginoplasty, adaptation of the clitoris,
vulvoplasty, mons plasty and redistribution of hair-bear-
ing skin [26]. Usually, in the different EEC centers, all
steps are approached by the time, but the timing itself may
be different. During initial reconstruction in early infancy,
the roof and lateral walls of the distal urethra are excised,
along with the adjacent skin and subcutaneous tissue, and
tubularized over a 10 French catheter. The usually trian-
gle-shaped area anterior to the clitoris and labia halves is
excised and the defect is closed longitudinally to fuse the
bifid clitoris and the labia together above the urethral
meatus. Sometimes the split clitoris is usually left
untouched to protect the delicate nerve supply. Skin and
tissue retraction in the mons pubis area is cosmetically
improved by mobilizing adjacent inguinal tissue and
rotating it medially into the affected area.

Vaginoplasty is advisable in about 2/3 of the cases. To pre-
vent repeated dilatations during childhood, episiotomy or
a simple introitusplasty using a Fortunoff flap can safely
be done during or just before puberty. Stein et al. perform
female genital reconstruction with vaginal approach at the
age of 3-4 years [95,97]. In the single-stage-Erlangen-tech-
nique adaptation of the labia and mons plasty are per-
formed at the initial reconstruction, whereas vaginoplasty
is usually done at the beginning of puberty, if necessary
[92].

Role of osteotomy

The role of osteotomy in exstrophy reconstruction has
always looked towards easier symphyseal approximation,
secure abdominal wall closure, placement of the entire
bladder deep into the pelvis and reapproximation of the
pelvic floor towards the midline. The observation that
girls sometimes got dry after bladder closure and pelvic
adaptation without any bladder neck surgery underlines
the importance of pelvic floor restoration for continence
results [1]. Interestingly, osteotomy or pelvic adaptation
seems to gain importance in prevention of uterine pro-
lapse and the overall functional outcome results
[1,74,77]. Furthermore, whatever reconstructive method
is used to close or adapt the pelvis in early childhood, the
symphysis will always reopen over time. Unfortunately,
the influence of reconstructive surgery on the pelvic soft
tissue structures in adulthood is still unclear. Addition-
ally, there is ongoing debate whether osteotomy may
cause or prevent orthopedic long-term outcome prob-
lems. Indicating an osteotomy complication after, espe-
cially in adulthood, may be severe and must therefore be
considered when discussing this procedure. In our experi-
ence, osteotomy is not necessary in early childhood in
CEB. Nowadays, osteotomy is mandatory in EC recon-
struction, due to the severe pelvic asymmetry and the large
ventral defect, which should be evaluated with 3D MRI
before any surgical attempt. In failed exstrophy closure,
however, especially in complete bladder dehiscence or
bladder prolapse, osteotomy and immobilization after-
wards enables a tension-free reclosure of the anterior
abdominal wall, a more effective restoration of the pelvic
floor and finally improvement of continence results.

Prognosis
Continence results and long-term complications after 

functional reconstruction

Though countless publications on EEC exist, surgical out-
come data have mostly been ascertained retrospectively,
as single-center or single-surgeon experiences. Definitions
of successful outcome, observation periods and end-
points, as well as evaluation of complications and, in par-
ticular, terminology focusing on the terms "continence"
or "social continence" diverge immensely. Woodhouse
was the first who revealed that bladder function in EEC is
not stable over time, and late failure with muscular atony
may occur [98]. Nowadays, it is reasonable to expect con-
tinence rates of about 80% in childhood [1,85,86,89,96].
Within this concept, however, though most exstrophic
bladders can be preserved, spontaneous voiding is not
guaranteed and, especially after childhood, an increasing
number of patients need bladder augmentation or self
catheterization either via the urethra or via a catherizable
stoma. In our first 100 one-stage functional reconstructed
EEC patients, 47 underwent a primary and 53 a redo
reconstruction with a mean observation period of 11.1
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years [91]. Complete continence after primary reconstruc-
tion with spontaneous voiding was possible in 72.3% of
the patients; whereas reliable continence dropped after
redo bladder neck plasty to only 41.5% [91]. These out-
come data are comparable to other high-volume EEC
centers [1,87-89,91,98,99]. If primary closure fails, only
60% obtain adequate capacity for a planned bladder neck
reconstruction in a staged concept. If the second closure
fails, only 40% will have adequate capacity for a bladder
neck reconstruction and only 20% will become dry [100].
Numerous possible complications (such as recurrent uri-
nary tract infections, recurrent epididymitis, residual
urine and therefore urinary calculi formation, etc.) may
complicate the course of the disease and require meticu-
lous long-term care.

Reconstruction failure after functional reconstruction

Reconstruction failure is usually assessed clinically, by
endoscopy and with urodynamics. Identifying the medi-
cal problem, with simultaneous consideration of the indi-
vidual and family history, should lead to further
therapeutic recommendations. If bladder storage is
impaired, the bladder can be augmented with bowel, pref-
erentially with ileum or sigma. After augmentation, suffi-
cient bladder emptying must be provided either through
catheterization per urethram or through a catheterizable
channel according to the Mitrofanoff principle. If the
bladder neck resistance is low, injectable materials like
dextranomer/hyaluronic acid can enforce urethral resist-
ance [101]. This minimally invasive approach allows
quite reasonable success in order to improve continence,
but success will be only durable after at least 3 injections
[101]. A definitive solution is bladder neck closure with
creation of a catheterizable channel, but reliable compli-
ance of patients and parents are of fundamental impor-
tance for success. In cases with bad bladder development,
upper tract deterioration and continence is not achievable
over a reasonable period and a well-balanced benefit-
effort-analysis urinary diversion should be performed.
Patient age, social background and life style should be
taken into consideration to decide whether a catheteriza-
ble pouch or a sigma-rectum-pouch is chosen for urinary
diversion.

Continence results and long-term complications after 

urinary diversion

In the literature, urinary diversion provides very high pri-
mary continence rates. Thirty eight children with a mean
age of 5 years were reported to be completely continent
during the day and only 8.6% used pads during the night
[93,94]. However, gaining anal continence in childhood
after urinary diversion is an individual process until the
child is about 5-7 years old. Another advantage of this
method is the fact that the upper urinary tract is protected
due to the modified low-pressure reservoirs. Using the

new antirefluxive ureteral implantation techniques:
15.8% had episodes of pyelonephritis, and 14.5% needed
ureteral reimplantation (due to stenosis in 10.1% and
reflux in 4.4%) [94]. Sixty nine percent of patients need
alkalizing drugs to prevent hyperchloremic acidosis, and
therefore potentially impaired bone mineralization and
growth deficiency. On the other hand, severe long-term
complications must be considered like the development
of adenocarcinoma at the ureterointestinal anastomosis
after 15-25 years. The incidence of these mostly adenocar-
cinomas has been estimated to be 3.5 up to 19% [102],
and is 8-550 times more frequent in patients with ureter-
osigmoidostomy compared with the incidence of colorec-
tal cancer in age-matched controls. Recent data showed
that colonic adenomas can be securely managed with
local excision and during the observation period no recur-
rence occurred as yet. Therefore, annual rectoscopy is
highly recommended after the 10th postoperative year
[102].

EEC long-term outcome issues: fertility, psychosocial and 

psychosexual outcome

Male EEC patients: fertility and genital outcome

Nowadays, modern reconstruction techniques enable
acceptable functionality and cosmetics in the EEC. Cur-
rent and future efforts reflect that congenital genitourinary
anomalies have tremendous impact on adult life [84,97-
99,103-106]. A fulfilled sexual life, being married and
having offspring represent main indicators for a successful
genital rehabilitation [78,99,103-106]. Naturally, interest
in sexual activity is normal. Most striking for the male EEC
patients are penile size and deviation, as well as anxiety
about and avoidance of sexual interaction. Despite these
severe restrictions, about 50% of male EEC patients prac-
tice sexual intercourse. A positive attitude towards micro-
penis and the male gender role can be achieved by
patients and parents, but mental success mainly depends
on parental enthusiasm, openness, and sufficient knowl-
edge about the anomaly. Due to these restrictions, close
and long lasting relationships were the consequence
[78,84,103-106]. In his literature review, Woodhouse
found at least some kind of ejaculation in 75% of the EEC
patients, regardless of the reconstruction method, and
concluded that about 50% of the male EEC patients were
able to father children [103]. Recent long-term results
regarding fertility in the EEC do sparsely exist [46]. There
is no consent as to whether primary diversion or func-
tional reconstruction will allow better semen transport or
fertility [1,78,193,104]. Complications of reconstructive
surgery and postinfectious effects, however, seem to be
disastrous to fertility in male EEC patients. Recently, inci-
dence of primary spermatogenesis failure, especially in
the azoospermia group, was reported to be about 20%
[78]. Therefore, pathogenesis of the impaired fertility in
EEC is probably multifactorial [78]. Our long-term data
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suggest that functional bladder neck reconstruction with a
consequent anatomical placement of the colliculus semi-
nalis in the posterior urethra, however, allows antegrade
ejaculations in 94.1% of the patients [78]. So not only for
continence, but also for ejaculation and fertility, the pri-
mary successful and anatomically correct approach to the
bladder neck seems to be the key point.

Female EEC patients: fertility and genital outcome

In general, female EEC patients require comparatively lit-
tle surgery with mostly acceptable cosmetic outcome. Due
to normal internal genitalia, mainly not affected by the
reconstructive bladder surgery, fertility should usually be
normal. Furthermore, as a consequence of a low cervical
insertion an even a higher chance for pregnancy is
assumed. Additionally, Woodhouse stated that, compared
to males, female exstrophy patients have fewer problems
with sexuality and sexual intercourse [26]. Thirty four of
his 42 female patients were able to participate in sexual
intercourse; 12 of them did not even require vaginoplasty;
and 32 were married or maintained a steady partnership.
In this group, 22 pregnancies resulted in 19 healthy
babies; only three pregnancies were terminated for thera-
peutic reasons not related to EEC [26]. Stein reported 14
adult female patients older than 18 years after urinary
diversion: 93% were married; only 3 reported unpleasant
sexual activity [97]. However, Matthews reported a series
of 83 female EEC patients, who had a late onset of sexual
activity with a mean age of 20.2 years despite appropriate
sexual desire [106]. Six patients complained about dys-
pareunia; five refused sexual intercourse because of unsat-
isfying cosmetics; and only 12 experienced orgasms [106].
Due to the less complex female reconstruction, compara-
tively little attention is drawn to the outcome and so,
unsatisfactory reconstructed genitalia often impair female
self-esteem [105]. Thus, gender-related outcome seems to
be of fundamental impact and warrants physicians' empa-
thy and commitment [107]. However, in adulthood, vag-
inal or uterine prolapse is the most striking problem. Still,
there is a paucity of knowledge about pelvic floor anat-
omy after reconstruction and sparse reports have failed to
determine risk factors for this major complication. Inade-
quate pelvic ring adaptation and therefore pelvic floor
adaptation in combination with removal of the bladder
template may be risk factors for uterine prolapse [1,108].
More recently, there is some evidence that restoration of
the pelvic floor and therefore pelvic adaptation or osteot-
omy might prohibit uterine prolapse [108]. Established
treatment strategies of uterine prolapse include sacrofixa-
tion, uteri- or hysterectomy. Only sparse long-term data
exist, but benefit in our experience is only for short peri-
ods. Complications like vault prolapse occur, and this
might be a result of the finally unclear pathophysiology.

Psychosocial and psychosexual outcome in both sexes

Most available data about psychosocial and psychosexual
development in EEC refer to well-adjusted adults who
have already passed through puberty and adolescence.
Standard questionnaires provide evidence for a normal
quality of life, a usually high social adaptation level with
good school performance and education standards. In
adulthood, many EEC patients have a so-called ordinary
life including marriage, sexual relationships, family rela-
tions, children of their own, and professional success.
Some of our own adult patients, however, express their
wish to erase the memory of those challenging times and
complain about loneliness in certain periods of life (e.g.,
puberty). Health status was usually derived from conti-
nence status. Impairment of daily life and self-esteem is
common in 25% of cases, contacts with peers were
present, but a lot effort was put into hiding the anomaly
in daily life [105,107]. EEC patients themselves stated that
openness about the EEC, regular upbringing, sufficient
information, and a supportive parental attitude regarding
self-esteem and autonomy as the best strategies for suc-
cessful coping. Predictive factors for mental health were
parental warmth, urinary continence and genital appear-
ance [1]. Hence, some reports state a certain prevalence of
psychiatric diagnoses consisting mainly of internalized
conflicts and emotional problems such as marked anx-
iousness, sadness, depression, low self-esteem, poor body
concept, isolation and withdrawal, others deny the evi-
dence of psychopathology in relation to EEC [1]. Attain-
ment of continence at a later age consequently leads to
more externalized struggles with low adaptive behavior
scores. Due to their specific developmental implication,
genitourinary malformations may create vulnerabilities to
psychosexual dysfunction due to prolonged incontinence,
residual genital defects and postsurgical genital appear-
ance [1]. Continence is often achieved by several opera-
tions, and is not a result of learning and developing
processes [1]. Parental overprotection and physical hand-
icaps like incontinence - sometimes present until late
school age - may hold back children at school or during
social activities with peers.

For the parents, the first year of life of the EEC child is a
major challenge, sometimes with definite impairment of
the child-parent relationship and severe problems with
parental coping strategies. Thus, parents should be offered
psychological support as soon as possible. As a conse-
quence, support from a multidisciplinary team, helping
these affected individuals and parents through the whole
of childhood and adolescence, is mandatory. A prospec-
tive analysis of clinical predictive factors in gender-related
long-term outcome is needed to provide an individual-
ized flexible treatment strategy with predictable success
and quality of life. Besides the pediatric urologist, this
must also comprise the pediatric orthopedic surgeon, the
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pediatrician, the pediatric psychologist experienced in
urology, experienced pediatric nurses and urotherapists.

Risk of malignancy in the exstrophic bladder

At birth, hamartomatous polyps are visible on the
exstrophic bladder surface in about 50% of the cases
[109]. These polyps have been interpreted as reactive,
potential pre-malignant environmental changes. There-
fore, closure of the bladder template within the first few
hours of life is widely recommended. However, no direct
proof was made that bladder cancer is definitely develop-
ing from a polyp or a coexistent glandular metaplasia
[109]. After several operative attempts to the bladder, epi-
thelial damage in terms of glandular cystitis or intestinal
metaplasia was more commonly found within the EEC
[109]. Until now, natural history of this intestinal meta-
plasia is still unclear and cannot be ruled out as a strong
risk factor for adenocarcinoma or other urothelial malig-
nancy in long-term follow-up [109]. There are some
reports about adenocarcinomas and squamous cell carci-
nomas occurring in unreconstructed, environment-
exposed exstrophic bladders [110,111]. Astonishingly,
neoplasia was found in the exstrophic bladder remnant,
even when early cystectomy had been performed [110].
So, the estimated risk for bladder carcinoma in the EEC
population was 700 times higher than the age-matched
general population [110].

Unresolved questions

Taking all treatment perspectives together, the most seri-
ous problem is the lack of any histological or clinical data
allowing a reliable prognosis of future bladder growth and
long-term storage and voiding function after birth. There-
fore, the outcome and outcome-related prognostic factors
are still unclear. Prospective outcome analysis is manda-
tory to further improve treatment strategies. In addition,
current long-term outcome analysis now allows judg-
ments to be made about treatment strategies imple-
mented 20-30 years ago. A standardized follow-up
program as a result of long-term outcome studies will def-
initely help to improve the final results and therefore life-
long outcome success.

Abbreviations
EEC: Exstrophy-epispadias complex; E: Epispadias; CEB:
Classical bladder exstrophy; EC: Exstrophy of the cloaca;
OEIS complex: omphalocele, exstrophy, imperforate anus
and spinal defects; MRI: Magnetic resonance imaging.

Consent
Written informed consent was obtained from the parents
for publication of accompanying images of BEEC patients.
A copy of the written consent can be made available for
review by the Editor-in-Chief of this journal.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
All authors contributed to this review article according
their scientific interests and activity. AKE and WHR: clini-
cal parts like definition, clinical description, diagnosis,
management including treatment, prognosis. HR and ML:
epidemiology, etiopathogenesis, antenatal diagnosis and
genetic counseling

Acknowledgements
Children's Miracle Network Endowed Chair and grant CMNSB06.

AKE, ML, HR and WR are members of the "Network for Systematic Inves-

tigation of the Molecular Causes, Clinical Implications and Psychosocial 

Outcome of Congenital Uro-Rectal Malformations (CURE-Net)" sup-

ported by a research grant from the German Federal Ministry of Education 

and Research (Deutsches Bundesministerium für Bildung und Forschung, 

BMBF).

References
1. Gearhart JP: The bladder exstrophy-epispadias-cloacal exstro-

phy complex.  In Pediatric Urology Volume Chapter 32. Edited by:
Gearhart JP, Rink RC, Mouriquand PDE. Philadelphia: W. B. Saunders
Co; 2001:511-546. 

2. Boyadjiev SA, Dodson JL, Radford CL, Ashrafi GH, Beaty TH, Math-
ews RI, Broman KW, Gearhart JP: Clinical and molecular charac-
terization of the bladder exstrophy-epispadias complex:
analysis of 232 families.  BJU Int 2004, 94:1337-1343.

3. Anonymous: Epidemiology of bladder exstrophy and epispa-
dias: a communication from the International Clearinghouse
for Birth Defects Monitoring Systems.  Teratology 1987,
36:221-227.

4. Bennet AH: Exstrophy of the bladder treated by ureterosig-
moidostomies, long term evaluation.  Urology 1973, 2:165-168.

5. Ives E, Coffey R, Carter CO: A family study of bladder exstro-
phy.  J Med Genet 1980, 17:139-141.

6. Allen L, Rodjani A, Kelly J, Inoue M, Hutson JM: Female epispadias:
are we missing the diagnosis.  BJU Int 2004, 94:613-615.

7. Gambhir L, Höller T, Müller M, Schott G, Vogt H, Detlefsen B, Ebert
AK, Fisch M, Beaudoin S, Stein R, Boyadjiev S, Rösch W, Utsch B, Boe-
mers TM, Reutter H, Ludwig M: Epidemiological survey of 214
European families with Bladder Exstrophy-Epispadias Com-
plex (BEEC).  J Urol 2008, 179(4):1539-1543.

8. James LM, Erickson JD, Mc Clearn AB: Prevalence of birth
defects.  Division of Birth Defects and Developmental Disabilities;
National Center for Enviromental Health; Centers for Disease Con-
trol and Prevention, Atlanta, Georgia; 1999. 

9. Yang P, Khoury MJ, Stewart WF, Beaty TH, Chee E, Beatty JC, Dia-
mond EL, Gordis L: Comparative epidemiology of selected
midline congenital abnormalities.  Genet Epidemiol 1994,
11:141-154.

10. Martinez-Frias ML, Bermejo E, Rodriguez-Pinilla E, Frias JL: Exstro-
phy of the cloaca and exstrophy of the bladder: two different
expressions of a primary developmental field defect.  Am J
Med Genet 2001, 99:261-269.

11. Nelson CP, Dunn RL, Wei JT: Contemporary epidemiology of
bladder exstrophy in the United States.  J Urol 2005,
173:1728-1731.

12. Caton AR, Bloom A, Druschel CM, Kirby RS: Epidemiology of
bladder and cloacal exstrophies in New York State, 1983-
1999.  Birth Defects Res A Clin Mol Teratol 2007, 79:781-787.

13. Harvard BM, Thompson GJ: Congenital exstrophy of the urinary
bladder: late results of treatment by the Coffey-Mayo
method of uretero intestinal anastomosis.  J Urol 1951,
65:223-234.

14. Higgins CC: Exstrophy of the bladder: report of 158 cases.  Am
Surg 1962, 28:99-102.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15610117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3424208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3424208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3424208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4769520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=4769520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7381870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7381870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15329123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15329123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18295266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18295266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18295266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8013895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8013895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11251990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11251990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11251990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15821570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15821570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17990338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17990338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17990338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14804784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14804784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14804784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13907242


Orphanet Journal of Rare Diseases 2009, 4:23 http://www.ojrd.com/content/4/1/23

Page 15 of 17

(page number not for citation purposes)

15. Jeffs RD, Guice SL, Oesch I: The factors in successful exstrophy
closure.  J Urol 1982, 127:974-976.

16. Soper RT, Kilger K: Vesico-intestinal fissure.  J Urol 1964,
92:490-501.

17. Belman AB: Imperforate anus and cloacal exstrophy.  In Clinical
pediatric urology, Chapter 15 Volume 2. Edited by: Kelalis PP, King LR,
Belman AB. Philadelphia, WB Saunders Co; 1976:600-614. 

18. Carey JC, Greenbaum B, Hall BD: The OEIS complex (ompha-
locele, exstrophy, imperforate anus, spinal defects).  Birth
Defects Orig Artic Ser 1978, 14:253-263.

19. Hurwitz RS, Manzoni GA, Ransley PG, Stephens FD: Cloacal exstro-
phy: a report of 34 cases.  J Urol 1987, 138:1060-1064.

20. Moore CA, Weaver DD: Exstrophy of cloaca sequence.  In Birth
defects enzyclopedia Edited by: Buyse ML. Dover, MA: Centers for
Birth defects Information Services, Inc; 1990:648-649. 

21. Keppler-Noreuil KM: OEIS complex (omphalocele-exstrophy-
imperforate anus spinal defects): a review of 14 cases.  Am J
Med Genet 2001, 99:271-279.

22. Keppler-Noreuil KM, Gorton S, Foo F, Yankowitz J, Keegan C: Pre-
natal ascertainment of OEIS complex/cloacal exstrophy - 15
new cases and literature review.  Am J Med Genet A 2007,
143A:2122-2128.

23. Rösch WH, Hanisch E, Hagemann M, Neuhuber WL: The Charac-
teristic innervation pattern of the urinary bladder in partic-
ular forms of exstrophy-epispadias-complex.  BJU 2001,
87(Suppl 1):30.

24. Rösch W, Christl A, Strauß B, Schrott KM, Neuhuber WL: Compar-
ison of preoperative innervation pattern and postrecon-
structive urodynamics in extrophy-epispadias-complex.  Urol
Int 1997, 59:6-15.

25. Schober JM, Carmichael PA, Hines M, Ransley PG: The ultimate
challenge of cloacal exstrophy.  J Urol 2002, 167(1):300-304.

26. Woodhouse CRJ, Hinsch R: The anatomy and reconstruction of
the adult female genitalia in classical exstrophy.  BJU 1997,
79:618-622.

27. Muecke EC: The role of the cloacal membrane in exstrophy:
the first successful experimental study.  J Urol 1964, 92:659-667.

28. Austin PF, Homsy YL, Gearhart JP, Porter K, Guidi C, Madsen K,
Maizels M: Prenatal diagnosis of cloacal exstrophy.  J Urol 1998,
160:1179-1181.

29. Putte SC Van der: Normal and abnormal development of the
anorectum.  J Pediatr Surg 1986, 21:434-440.

30. Thomalla JV, Rudolph RA, Rink RC, Mitchell ME: Induction of cloa-
cal exstrophy in the chick embryo using the CO2 laser.  J Urol
1985, 134:991-995.

31. Russell LJ, Weaver DD, Bull MJ: The axial mesodermal dysplasia
spectrum.  Pediatrics 1981, 67:176-182.

32. Greene WB, Dias LS, Lindseth RE, Torch MA: Musculoskeletal
problems in association with cloacal exstrophy.  J Bone Joint
Surg Am 1991, 73:551-560.

33. Jones KL: Miscellaneous sequences.  In Smith's Recognizable Pat-
terns of Human Malformations 5th edition. WB Saunders Company,
Philadelphia; 1997:626-631. 

34. Mildenberger H, Kluth D, Dziuba M: Embryology of bladder
exstrophy.  J Pediatr Surg 1988, 23:166-170.

35. Vermeij-Keers C, Hartwig NG, Werff JF Van der: Embryonic devel-
opment of the ventral body wall and its congenital malfor-
mations.  Semin Pediatr Surg 1996, 5:82-89.

36. Wei X, Sulik KK: Pathogenesis of craniofacial and body wall
malformations induced by ochratoxin A in mice.  Am J Med
Genet 1993, 47:862-871.

37. Wei X, Sulik KK: Pathogenesis of caudal dysgenesis/sirenome-
lia induced by ochratoxin A in chick embryos.  Teratology 1996,
53:378-391.

38. Werff JF Van der, Nievelstein RA, Brands E, Luijsterburg AJ, Vermeij-
Keers C: Normal development of the male anterior urethra.
Teratology 2000, 61:172-183.

39. Beaudoin S, Barbet P, Bargy F: Pelvic development in the rabbit
embryo: implications in the organogenesis of bladder exstro-
phy.  Anat Embryol 2004, 208:425-430.

40. Vedel-Macrander GC, Hood RD: Teratogenic effects of
nigericin, a carboxylic ionophore.  Teratology 1986, 33:47-51.

41. Männer J, Kluth D: A chicken model to study the embryology
of cloacal exstrophy.  J Pediatr Surg 2003, 38:678-681.

42. Cheng W, Jacobs WB, Zhang JJ, Moro A, Park JH, Kushida M, Qiu W,
Mills AA, Kim PC: DeltaNp63 plays an anti-apoptotic role in

ventral bladder development.  Development 2006,
133:4783-4792.

43. Ince TA, Cviko AP, Quade BJ, Yang A, McKeon FD, Mutter GL, Crum
CP: p63 coordinates anogenital modeling and epithelial cell
differentiation in the developing female urogenital tract.  Am
J Pathol 2002, 161:1111-1117.

44. Messelink EJ, Aronson DC, Knuist M, Heij HA, Vos A: Four cases of
bladder exstrophy in two families.  J Med Genet 1994,
31:490-492.

45. Reutter H, Shapiro E, Gruen JR: Seven new cases of familial iso-
lated bladder exstrophy and epispadias complex (BEEC) and
review of the literature.  Am J Med Genet A 2003, 120A:215-221.

46. Shapiro E, Lepor H, Jeffs RD: The inheritance of the exstrophy-
epispadias complex.  J Urol 1984, 132:308-310.

47. Reutter H, Qi L, Gearhart JP, Boemers T, Ebert AK, Rösch WH, Lud-
wig M, Boyadjiev SA: Concordance analyses of twins with blad-
der exstrophy-epispadias complex suggest genetic etiology.
Am J Med Genet A 2007, 143(22):2751-2756. (15)

48. Ludwig M, Utsch B, Reutter H: [Genetic and molecular biologi-
cal aspects of the bladder exstrophy-epispadias complex
(BEEC)].  Urologe A 2005, 44:1037-1044.

49. Carter CO: Genetics of common single malformations.  Br
Med Bull 1976, 32:21-26.

50. Ludwig M, Ching B, Reutter H, Boyadjiev SA: The bladder exstro-
phy-epispadias complex.  Birth Defects Res Part A Clin Mol Teratol
2009, 85(6):509-22.

51. Reutter H, Hoischen A, Ludwig M, Stein R, Radlwimmer B, Engels H,
Wolffenbuttel KP, Weber RG: Genome-wide analysis for micro
aberrations in familial exstrophy of the bladder using array-
based comparative genome hybridization.  BJU Int 2007,
100:646-650.

52. Reutter H, Shapiro E, Gruen JR: Seven new cases of familial iso-
lated bladder exstrophy and epispadias complex (BEEC) and
review of the literature.  Am J Med Genet A 2003, 120A:215-221.

53. Risch N: The genetic epidemiology of cancer: Interpreting
family and twin studies and their implications for molecular
genetic approaches.  Cancer Epidemiol Biomarkers Prev 2001,
10:733-741.

54. Smith NM, Chambers HM, Furness ME, Haan EA: The OEIS com-
plex (omphalocele-exstrophy-imperforate anus-spinal
defects): recurrence in sibs.  J Med Genet 1992, 29:730-732.

55. Thauvin-Robinet C, Faivre L, Cusin V, Khau Van Kien P, Callier P,
Parker KL, Fellous M, Borgnon J, Gounot E, Huet F, Sapin E, Mugneret
F: Cloacal exstrophy in an infant with 9q34.1-qter deletion
resulting from a de novo unbalanced translocation between
chromosome 9q and Yq.  Am J Med Genet A 2004, 126A:303-307.

56. Reutter H, Thauvin-Robinet C, Boemers TM, Rösch WH, Ludwig M:
Bladder exstrophy-epispadias complex: Investigation of sup-
pressor of variegation, enhancer of zeste and Thrithorax
(SET) as a candidate gene in a large cohort of patients.  Scand
J Urol Nephrol 2006, 40:221-224.

57. Nye JS, Hayes EA, Amendola M, Vaughn D, Charrow J, McLone DG,
Speer MC, Nance WE, Pandya A: Myelocystocele-cloacal exstro-
phy in a pedigree with a mitochondrial 12S rRNA mutation,
aminoglycoside induced deafness, pigmentary disturbances,
and spinal anomalies.  Teratology 2000, 61:165-171.

58. Utsch B, DiFeo A, Kujat A, Karle S, Schuster V, Lenk H, Jacobs U,
Müller M, Dötsch J, Rascher W, Reutter H, Martignetti JA, Ludwig M,
Tröbs RB: Bladder exstrophy and Epstein type congenital
macrothrombocytopenia: Evidence for a common cause?
Am J Med Genet A 2006, 140A:2251-2253.

59. Seri M, Cusano R, Gangarossa S, Caridi G, Bordo D, Lo Nigro C,
Ghiggeri GM, Ravazzolo R, Savino M, Del Vecchio M, d'Apolito M,
Iolascon A, Zelante LL, Savoia A, Balduini CL, Noris P, Magrini U, Bel-
letti S, Heath KE, Babcock M, Glucksman MJ, Aliprandis E, Bizzaro N,
Desnick RJ, Martignetti JA: Mutations in MYH9 result in the May
Hegglin anomaly, and Fechtner and Sebastian syndromes.
The May Hegglin/Fechtner Syndrome Consortium.  Nat Genet
2000, 26:103-105.

60. Hipp J, Andersson KE, Kwon TG, Kwak EK, Yoo J, Atala A: Microar-
ray analysis of exstrophic human bladder smooth muscle.
BJU Int 2008, 101:100-105.

61. Byron-Scott R, Haan E, Chan A, Bower C, Scott H, Clark K: A pop-
ulation-based study of abdominal wall defects in South Aus-
tralia and Western Australia.  Paediatr Perinat Epidemiol 1998,
12:136-151.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7087001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7087001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14226477
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=728566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=728566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3656560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3656560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11251992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11251992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17702047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17702047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17702047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9313317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9313317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9313317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11743345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11743345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9126096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14241195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14241195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9719304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3712197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3712197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3932681
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7243441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7243441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2013594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2013594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3343652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3343652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9138714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9138714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9138714
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8279484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8910984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8910984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10661906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15338301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15338301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15338301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3738809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3738809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12720168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12720168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17079275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17079275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12368184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12368184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8071977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8071977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12833402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12833402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12833402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6737583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6737583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15973548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15973548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15973548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=769886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19161161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19161161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17669146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17669146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17669146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12833402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12833402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12833402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11440958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11440958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11440958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1433234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1433234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1433234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15054847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15054847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15054847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16809264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16809264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16809264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10661905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10661905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10661905
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17868416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17868416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9620564


Orphanet Journal of Rare Diseases 2009, 4:23 http://www.ojrd.com/content/4/1/23

Page 16 of 17

(page number not for citation purposes)

62. Wood J: On fission and extroversion of the bladder with epis-
padias.  Med Chir Tr London 1869, 52:85-131.

63. Jordan M, Poole CA, Fogel BJ: Extrophy of the bladder associ-
ated with congenital rubella syndrome.  J Fla Med Assoc 1968,
55:98-99.

64. Wakefield MR, Steinbecker KM, Krambeck AE, Teague JL: Primary
surgical repair of combined gastroschisis and bladder exstro-
phy.  J Pediatr Surg 2002, 37:1634-1636.

65. Robin NH, Neidich JA, Bason LD, Whitaker LA, McDonald-McGinn
D, Hunter J, Snyder HM, Zackai EH: Frontonasal malformation
and cloacal exstrophy: a previously unreported association.
Am J Med Genet 1996, 61:75-78.

66. Pinette MG, Pan YQ, Pinette SG, Stubblefield PG, Blackstone J: Pre-
natal diagnosis of fetal bladder and cloacal exstrophy by
ultrasound. A report of three cases.  J Reprod Med 1996,
41:132-134.

67. Lizcano-Gil LA, Garcia-Cruz D, Sanchez-Corona J: Omphalocele-
exstrophy imperforate-anus-spina bifida (OEIS) complex in
a male prenatally exposed to diazepam.  Arch Med Res 1995,
26:95-96.

68. Orioli IM, Castilla EE: Epidemiological assessment of misopros-
tol teratogenicity.  Br J Obstet Gynaecol 2000, 107:519-523.

69. Mollica F, Mazzone D, Cimino G, Opitz JM: Severe case of Al
Awadi/Raas Rothschild syndrome or new, possibly auto-
somal recessive facio skeleto-genital syndrome.  Am J Med
Genet 1995, 56:168-172.

70. Shanske AL, Pande S, Aref K, Vega-Rich C, Brion L, Reznik S, Timor-
Tritsch IE: Omphalocele-exstrophy-imperforate anus spinal
defects (OEIS) in triplet pregnancy after IVF and CVS.  Birth-
Defects Res Part A Clin Mol Teratol 2003, 67:467-471.

71. Wood HM, Trock BJ, Gearhart JP: In vitro fertilization and the
cloacal-bladder exstrophy-epispadias complex: is there an
association?  J Urol 2003, 169:1512-1515.

72. Wood HM, Babineau D, Gearhart JP: In vitro fertilization and the
cloacal/bladder exstrophy-epispadias complex: A continuing
association.  J Pediatr Urol 2007, 3:305-310.

73. Yokoyama E, Del Castillo V, Ramos S, González-del Angel A:
Omphalocele, bladder exstrophy, imperforate anus, spine
defects complex, and bilateral cleft lip and palate in one
product of a triplet pregnancy obtained by in vitro fertiliza-
tion: A case report.  Am J Med Genet A 2007, 143A:1933-1935.

74. Stec AA, Pannu HK, Tadros YE, Sponseller PD, Fishman EK, Gearhart
JP: Pelvic floor anatomy in classical bladder exstrophy by
using 3D computerized tomography: initial insights.  J Urol
2001, 166:1444-1449.

75. Sponseller PD, Bisson LJ, Gearhart JP, Jeffs R, Magid D, Fishman E:
The anatomy of the pelvis in the exstrophy complex.  J Bone
and Joint Surg 1995, 77(2):177-189.

76. Gearhart JP, Yang A, Leonard MP, Jeffs R, Zerhouni EA: Prostate
size and configuration in adults with bladder exstrophy.  J Urol
1993, 149:308-310.

77. Silver RI, Yang A, Ben-Chaim J, Jeffs R, Gearhart JP: Penile length in
adulthood after exstrophy reconstruction.  J Urol 1997,
157(3):999-1003.

78. Ebert AK, Bals-Pratsch M, Seifert B, Reutter H, Rösch WH: Genital
and reproductive function in males after functional recon-
struction of the Exstrophy-Epispadias-Complex - long-term
results.  Urology 2008, 72(3):566-9.

79. Mathews RI, Wills M, Perlman E, Gearhart JP: Neural innervation
of the newborn exstrophy bladder: An immunological study.
J Urol 1999, 162:506-508.

80. Lee BR, Perlman EJ, Partin AW, Jeffs R, Gearhart JP: Evaluation of
smooth muscle and collagen subtypes in normal newborns
and those with bladder exstrophy.  J Urol 1996,
156(6):2034-2036.

81. Mathews R, Gosling JA, Gearhart JP: Ultrastructure of the blad-
der in classic exstrophy: correlation with development of
continence.  J Urol 2004, 172(4 Pt 1):1446-1449.

82. Della Monica M, Nazzaro A, Lonardo F, Ferrara G, Di Blasi A, Scarano
G: Prenatal ultrasound diagnosis of cloacal exstrophy associ-
ated with myelocystocele complex by the 'elephant trunk-
like' image and review of the literature.  Prenat Diagn 2005,
25:394-397.

83. Cromie WJ, Lee K, Houde K, Holmes L: Implications of prenatal
ultrasound screening in the incidence of major genitourinary
malformations.  J Urol 2001, 165(5):1677-80.

84. Diseth TH, Bjordal R, Schultz A, Stange M, Emblem R: Somatic func-
tion, mental health and psychosocial functioning in 22 ado-
lescents with bladder exstrophy and epispadias.  J Urol 1999,
159:1684-1690.

85. Diamond DA, Bauer SB, Dinlenc C, Hendren WH, Peters CA, Atala
A, Kelly M, Retik AB: Normal urodynamics in patients with
bladder exstrophy: are they achieable?  J Urol 1999, 162(3 Pt
1):841-5.

86. Mouriquand PDE, Bubanj T, Feyaerts A, Jandric M, Timsit M, Mollard
M, Mure PY, Basset T: Long-term results of bladder neck recon-
struction for incontinence in children with classical bladder
exstrophy or incontinent epispadias.  BJU 2003, 92:997-1002.

87. Baka-Jakubiak M: Combined bladder neck, urethral and penile
reconstruction in boys with exstrophy-epispadias complex.
BJU 2000, 86:513-518.

88. Cuckow P: The bladder-exstrophy-epispadias-complex.  In
Essentials of Pediatric Urology Volume Chapter 15. 2nd edition. Edited by:
Thomas d, Duffy P. London: Informa healthcare; 2008:199-212. 

89. Grady RW, Carr MC, Mitchell ME: Complete primary closure of
bladder exstrophy: epispadias and bladder exstrophy repair.
Urol Clin North Am 1999, 26:95-109.

90. Mitchell ME, Bagli DJ: Complete penile disassembly for epispa-
dias repair: the Mitchell technique.  J Urol 1996, 155:300-303.

91. Rösch WH, Schott G, Scheuering S, Schrott KM: Long-term out-
come analysis of the first 100 complete reparis of bladder
exstrophy in Erlanger-technique.  BJU 2001, 87(Suppl 1):24.

92. Schrott KM: Komplette einaktige Aufbauplastik der Blasenek-
strophie.  In Plastisch-rekonstruktive Chirurgie in der Urologie Edited by:
Schreiter F. Thieme Stuttgart; 1999:430-439. 

93. Stein R, Fisch M, Stockle M, Hohenfellner R: Urinary diversion in
bladder exstrophy and incontinent epispadias: 25 years of
experience.  J Urol 1995, 154:1177-1181.

94. Pahernik S, Beetz R, Schede J, Stein R, Thüroff JW: Rectosigmoid
pouch (Mainz Pouch II) in children.  J Urol 2006, 175(1):284-287.

95. Stein R, Fisch M, Bauer H, Friedberg V, Hohenfellner R: Operative
reconstruction of the external and internal genitalia in
female patients with the bladder exstrophy and incontinent
epispadias.  J Urol 1995, 154:1002-1007.

96. Ransley PG, Duffy PG, Wollin M: Bladder exstrophy closure and
epispadias repair.  In Paediatric Surgery 4th edition. Edited by: Spitz
l, Nixon HH. London: Butterworths; 1988:620-632. 

97. Stein R, Stöckle M, Fisch M, Nakai H, Müller S, Hohenfellner R: The
fate of the adult exstrophy patient.  J Urol 1994, 152:1413-1416.

98. Woodhouse CR, North AC, Gearhart JP: Standing the test of
time: long-term outcome of reconstruction of the exstrophy
bladder.  World J Urol 2006, 24(3):244-249.

99. Gargollo PC, Borer JB: Contemporary outcomes in bladder
exstrophy.  Curr Opin Urol 2007, 17:272-280.

100. Gearhart JP, Ben-Chaim J, Scortino C, Sponseller PD, Jeffs RD: The
multiple reoperative bladder exstrophy closure: What
effects the potential of the bladder.  Urology 1996, 47:240-243.

101. Burki T, Hamid R, Ransley PG, Mushtaq I, Duffy PG: Injectable poly-
dimethylsiloxane for treating incontinence in children with
the exstrophy-epispadias complex: long-term results.  BJU
2006, 98:849-853.

102. Schröder A, Stein R, Thüroff JW: Bladder exstrophy and ureter-
osigmoidostomy - High risk for late complications and sec-
ondary malignancies.  J Urol 2006, 175:154.

103. Woodhouse CRJ: Prospects for fertility in patients born with
genitourinary anomalies.  J Urol 2001, 165:2354-2360.

104. Ben-Chaim J, Jeffs RD, Reiner WG, Gearhart JP: The outcome of
patients with classical bladder exstrophy in adult life.  J Urol
1996, 155:1251-1252.

105. Ebert A, Scheuering S, Schott G, Rösch WH: Psychosocial and psy-
chosexual development in childhood and adolescence within
the exstrophy-epispadias complex.  J Urol 2005,
174(3):1094-1098.

106. Mathews RI, Gan M, Gearhart JP: Urogynaecological and obstet-
ric issues in women with the exstrophy-epispadias complex.
BJU 2003, 91:845-849.

107. Lee C, Reutter HM, Grasser MF, Fisch M, Noeker M: Gender-asso-
ciated differences in the psychosocial and developmental
outcome in patients affected with the bladder exstrophy-
epispadias complex.  BJU 2006, 97(2):349-353.

108. Ebert A, Falkert A, Brandl R, Hirschfelder H, Koller M, Rösch WH:
Pelvic floor imaging using 3D sonography and MRT in long-

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5746939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5746939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12407556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12407556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12407556
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8741924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8741924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8656415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8656415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8656415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7711456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7711456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7711456
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7625440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7625440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7625440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12629406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12629406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12629406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18947761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18947761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18947761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17632776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17632776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17632776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11547108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11547108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8426408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8426408
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9072636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9072636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18585763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18585763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18585763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10411078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10411078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8911383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8911383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8911383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15371866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15371866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15371866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15909284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15909284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15909284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11342955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11342955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11342955
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10458392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10458392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10086053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10086053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7490875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7490875
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7637083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7637083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7637083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16406927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16406927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7637042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7637042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7637042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7933172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7933172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16518662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16518662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16518662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17558272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17558272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8607242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8607242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8607242
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11371977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11371977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8632543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8632543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16094067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16094067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16094067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19583727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19583727


Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 

disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:

http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

Orphanet Journal of Rare Diseases 2009, 4:23 http://www.ojrd.com/content/4/1/23

Page 17 of 17

(page number not for citation purposes)

term follow-up of the Bladder-Exstrophy-Epispadias-Com-
plex (BEEC).  BJU Int 2009 in press. PMID: 19583727

109. Novack TE, Lakshmanan Y, Frimberger D, Epstein JI, Gearhart JP:
Polyps in the exstrophic bladder. A cause for concern?  J Urol
2005, 174:1522-1526.

110. Smeulders N, Woodhouse CR: Neoplasia in adult exstrophy
patients.  BJU 2001, 87(7):623-628.

111. Rieder JM, Parsons JK, Gearhart JP, Schoenberg M: Primary squa-
mous cell carcinoma in unreconstructed exstrophic bladder.
Urology 2006, 67(1):199.

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19583727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19583727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16148644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16148644
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16413365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16413365
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Disease name, synonyms, relevant terms
	Definition
	Epidemiology
	Clinical description
	Descriptive anatomy
	Classical bladder exstrophy
	Male genital anatomy in CEB
	Female genital anatomy in CEB
	Epispadias in both sexes
	Cloacal exstrophy
	Exstrophy variants
	Associated anomalies
	Urological anomalies
	Spinal and orthopedic anomalies
	Gastrointestinal anomalies
	Gynecological anomalies


	Etiopathogenesis
	Embryology
	Recurrence risk
	Familial recurrences
	Twin studies
	Molecular genetics of the EEC
	Teratogenic agents and EEC

	Diagnosis
	Clinical
	Laboratory studies
	Imaging studies
	Sonography as a primary study
	MRI imaging in EEC
	a) Pelvis and pelvic floor in EEC
	b) Genital anatomy in EEC

	Histological findings
	a) Of the bladder template
	b) Of the testis

	Follow-up studies


	Differential diagnosis
	Antenatal diagnosis and genetic counseling
	Prenatal diagnosis
	Counseling of parents

	Management including treatment
	Bladder exstrophy repair
	Functional bladder reconstruction
	Urinary diversion
	Male genital reconstruction
	Incontinence in isolated epispadias
	Female genital reconstruction
	Role of osteotomy

	Prognosis
	Continence results and long-term complications after functional reconstruction
	Reconstruction failure after functional reconstruction
	Continence results and long-term complications after urinary diversion
	EEC long-term outcome issues: fertility, psychosocial and psychosexual outcome
	Male EEC patients: fertility and genital outcome
	Female EEC patients: fertility and genital outcome

	Psychosocial and psychosexual outcome in both sexes
	Risk of malignancy in the exstrophic bladder
	Unresolved questions

	Abbreviations
	Consent
	Competing interests
	Authors' contributions
	Acknowledgements
	References

