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Abstract

Objective—To identify genetic and non-genetic risk factors contributing to the severity of the
bladder exstrophy-epispadias complex (BEEC).
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Study design—~Patients with BEEC from North America (n=167) and Europe (n=274) were
included. The following data were collected: associated anomalies, parental age at conception,
mode of conception, periconceptional folic acid supplementation, maternal risk factors during
pregnancy, and environmental risk factors. Patients were divided into three subgroups according
to phenotype severity: (i) mild - epispadias (E, n=43); (ii) intermediate - classic bladder exstrophy
(CBE, n=366); and (iii) severe - cloacal exstrophy (CE, n=31). These subgroups were then
compared to identify factors which contribute to phenotype severity.

Results—Males were overrepresented in all subgroups. A relatively high prevalence of cleft lip
with or without cleft palate was observed. Maternal smoking and medical radiation during the first
trimester were associated with the severe CE phenotype. Compliance with periconceptional folic
acid supplementation was associated with the mildest phenotype (E).

Conclusions—Periconceptional folic acid supplementation appears to prevent the development
of the severe phenotype of BEEC.
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The bladder exstrophy-epispadias-complex (BEEC) occurs on a spectrum of severity. This
includes the mildest form, epispadias (E), the intermediate form classic bladder exstrophy
(CBE), and the most severe form, exstrophy of the cloaca (CE). The latter is also termed the
OEIS (omphalocele, exstrophy, imperforate anus, and spinal defects) complex.! The overall
birth prevalence for the complete BEEC spectrum in children of European descent has been
estimated to be 1 in 10,000.2 Birth prevalences (including terminated pregnancies) for the
specific subtypes have been estimated to be 1 in 117,000 in males and 1 in 484,000 in
females for E,® 1 in 37,000 for CBE,* and 1 in 200,000 to 1 in 400,000 for CE.®> Although
BEEC can occur as part of a complex malformation syndrome, the majority (~ 98.5 %) of
cases are classified as isolated.5-8 Isolated BEEC is assumed to be multifactorial, involveing
both genetic and environmental factors.5-8 Although progress has been made in the analysis
of genetic risk factors, %10 the identification of environmental factors is problematic. Due to
the rarity of the phenotype, prospective population-based studies have little power to
identify possible environmental factors. Birth registries provide access to larger samples of
patients and controls, but information on phenotype expression and environmental risk
factors is limited.5:11-13 The recruitment of BEEC cohorts at major treatment centers
enables the collection of detailed clinical information and data on risk factors. However, a
carefully matched control group is usually unavailable. An alternative approach is to identify
genetic- and non-genetic factors in patient-subgroups formed according to phenotype
severity. These risk factors also represent promising candidates for the risk of developing
the disease per se.

In a previous study, we used the latter approach to investigate a sample of 214 unrelated
patients from Europe. Periconceptional maternal exposure to smoking was identified as a
risk factor for severe BEEC (CE).8 For the purposes of the present study, this sample was
enlarged by adding 60 new patients and combining it with a sample of 167 patients from
North America. The aims of the present study were to corroborate our previous findings
with improved statistical power, and to identify additional risk factors by comparing
potential demographic and other risk factors between BEEC subgroups with mild,
intermediate, and severe phenotypes.

J Pedliatr. Author manuscript; available in PMC 2012 November 01.
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The study was conducted in accordance with the Declaration of Helsinki, and ethical
approval was obtained from the respective ethics committees. All participants provided
written informed consent. Consent for minors was obtained from legal guardians. All of the
included patients had BEEC. The presence of additional malformations or medical diseases
was documented in order to identify syndromal forms.

European Study (ES-Cohort)

The ES-Cohort was recruited between 2003 and the end of 2008. Families with BEEC were
identified through patient support groups in Austria, France, Germany, Italy, Spain,
Switzerland, and The Netherlands, and through pediatric urology clinics in Austria, France,
Germany, Switzerland, and The Netherlands. Parental interviews, clinical examinations,
review of clinical documentation, and blood sampling were performed during routine
clinical appointments, in accordance with the procedures used for the NAS Cohort (see
below). Ethnicity was assessed according to the origin of the four grandparents. A total of
313 families agreed to participate in the study. All 313 families were asked to complete the
epidemiological questionnaire. The questionnaire was completed by a total of 274 families.

North American Study Cohort (NAS-Cohort)

Control data

The NAS-Cohort was recruited between 2001 and the end of 2005 through the Pediatric
Urology Clinic at the James Buchanan Brady Urological Institute, Johns Hopkins University
School of Medicine. A total of 285 families with BEEC were identified through the local
institutionally approved BEEC database of 815 patients, the website of an internet support
group (http://www.bladderexstrophy.com), or external physicians. Of these, 232 consented
to participate in the present study. All 232 families were asked to complete the
epidemiological questionnaire. The questionnaire was completed by a total of 167 families.
Patients in the NAS-Cohort were classified as Caucasian, African American, American
Indian, Hispanic, or Asian.

To determine the prevalence-ratio of Down syndrome and congenital anomalies beyond the
BEEC spectrum, data from the European Surveillance of Congenital Malformations
(EUROCAT) network (http://eurocat-network.eu) were used as reference data from the
general population. EUROCAT is a European network of population-based registries, which
was initiated in 1979 for the epidemiological surveillance of congenital anomalies. The
EUROCAT data were collected between 1980 and the end of 2007. Within this period,
EUROCAT surveyed approximately 12 million births in Europe.

Epidemiological questionnaire

The epidemiological questionnaire is based upon the National Birth Defect Prevention Study
questionnaire of the CDC (Center of Disease Control and Prevention)
(http://lwww.nbdpn.org). The questions concern the exstrophy phenotype and associated
anomalies. Most of the epidemiological questionnaire items address details of the pregnancy
including parental age at conception; mode of conception (e.g. assisted reproductive
techniques); and periconceptional folic acid supplementation. The questionnaire also
addresses maternal factors during the pregnancy including disease; intake of drugs of abuse,
alcohol, tobacco, and medications; exposure to possible environmental risk factors, such as
chemical toxins at work and at home; and medical radiation. Drugs of abuse and
medications taken by mothers during the periconceptional and/or first trimester period were
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classified according to the Anatomical Therapeutic Chemical (ATC) Classification System
(www.whocc.no).

For the ES-Cohort, the epidemiological questionnaire also included items from the
EUROCAT questionnaire concerning folic acid supplementation. The epidemiological
questionnaire used in the NAS-Cohort did not specifically enquire about maternal
periconceptional folic acid supplementation, since flour in the USA has been routinely
fortified with folic acid since 1998. The analyses of maternal periconceptional folic acid
supplementation were therefore restricted to families from the ES-Cohort.

Statistical analysis

Results

A binomial test was performed to compare male-to-female ratios. To assess the impact of
potential risk factors on phenotype severity, two types of analysis were performed: (i) three-
group comparisons (E vs. CBE vs. CE); and (ii) two-group comparisons (E/CBE vs. CE).
ANOVA was used for parental age, and the Chi2-test or Fischer’s exact test was used for all
other factors. In the two-group comparisons for maternal age, smoking, and radiation
exposure, adjusted odds ratios were calculated using logistic regression. Unadjusted odds
ratios are reported for the two-group comparisons, since only paternal age appeared to be
confounded by maternal age. All significant p-values (p < 0.05) should be considered
explorative, since no adjustment for multiple testing was performed. For some results, the
number of patients does not total 441, since some questionnaires were incomplete.

As expected, CBE was the most common BEEC phenotype (Table I). The male-to-female
ratio for BEEC was 2.3:1. The highest male-to-female-ratio (2.4:1) was observed for CBE.
Lower ratios were observed for E (1.7:1) and CE (1.6:1) (Table II). Three patients had

Down syndrome. None of the other patients fulfilled the criteria for any known
malformation syndrome. All patients with Down syndrome and BEEC belong to the ES-
cohort. Mothers in the ES-cohort were slightly older than those in the NAS-cohort (NAS:29
years; ES:30 years; Table 1), and this may have contributed to the occurrence of Down
syndrome in patients of the ES-cohort. However, of the children with Down syndrome and
EEC, one mother was only 24 years of age at the time of childbirth (the other two mothers
were 36 and 45 years of age). To determine whether the age of the mothers in our cohorts
differs from the age of the mothers in the EUROCAT cohort, it would be necessary to
perform a detailed comparison with matched (e.g. according to the year of birth) cases from
the EUROCAT data. Since the present year of birth distribution ranges from 1951 to 2008,
an adequately matched control cohort cannot be generated from the EUROCAT sample,
which only began in 1979. Thus, no such comparison was attempted. Given the reported
prevalence of 0.11% in the EUROCAT data, the prevalence of Down syndrome in the
present BEEC cohort (0.68%) is 6-fold (prevalence ratio = 6.10, 95% CI: 2.08; 17.77) higher
than that in the EUROCAT survey (Table 111). The three patients with Down-syndrome were
excluded from the analyses of associated congenital anomalies.

Across the three phenotypic subgroups, ventricular septal defect (VSD) was the most
commonly associated non-BEEC-spectrum congenital anomaly. This was present in five of
the 438 patients (1 E, 3 CBE, and 1 CE). Hence, the risk for VSD in the present BEEC
cohort was 1.1%. In the EUROCAT survey, the much lower birth prevalence of 0.25% was
observed for VVSD. The ratio of the prevalence of VSD in the present BEEC cohort
compared to that of the EUROCAT survey was thus 4.47 (95% CI: 1.91; 10.36) (Table I1I).
Since echocardiography is required to detect a VSD, the prevalence figures for VSD in the
present and in the EUROCAT samples may be incorrect. Our questionnaire for patients and
parents did not enquire about the performance of echocardiography, and so we do not know
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how many patients with BEEC underwent this investigation and how many patients with
BEEC with VSD may have been missed. However, since BEEC requires surgical correction,
echocardiography may have been requested as part of the pre-operative assessment, in
particular for children born within the past two decades. As a consequence, more VSDs may
have been detected in our BEEC population than in the EUROCAT survey, in which, to our
knowledge, the great majority of cases were not assessed with echocardiography.

Cleft lip with or without cleft palate (CL/P) was observed in three patients with BEEC (2
CBE and 1 CE). The risk for CL/P in a patient with BEEC was thus 0.68% (95% CI:
0.014%; 0.197%). In the EUROCAT survey, a prevalence of 0.085% was found for CL/P.
Thus the prevalence ratio was 7.98 (95% ClI: 2.72; 23.25) (cf. Table 1),

Each of the following co-morbid anomalies was observed in one patient only: gastroschisis,
hemivertebrae, maxillary hypoplasia, congenital heart tumor, bilateral pre-auricular fistulas,
and syndactyly of the toes. No further anomalies were reported. The most common co-
morbid disease was childhood epilepsy. This was reported in three patients (2 E and 1 CBE).
It was impossible to obtain detailed information on the precise nature of the childhood
epilepsy, and no further analysis was performed. One patient with reported childhood
epilepsy had developmental delay. However, he did not display any other features of a
recognizable syndrome. This patient underwent routine array based analysis to screen for
gain- or loss of genetic material, and molecular genetic testing for fragile-X-Syndrome. The
results were normal.

Three- (E vs. CBE vs. CE) and two- (E/CBE vs. CE) group comparisons of periconceptional
and first trimester risk factors

For each risk factor, the absolute number of patients in whom the risk factor was present and
the relative frequencies are shown for each subgroup (Table IV; available at
www.jeds.com). Significant findings from the three- (E vs. CBE vs. CE) and two-group (E/
CBE vs. CE) comparisons are shown (cf. Table IV).

Maternal intake of medications and/or drugs of abuse

For the patients with E and CE, a significantly higher exposure to antacids was reported
compared with patients with CBE in the three-group comparison.

Maternal exposure to tobacco, alcohol, and soft drinks

During the first trimester, patients with CE (31%) had a significantly higher exposure to
maternal smoking (any amount) compared with patient with CBE (14%) and E (7%) (Table
IV). However, this association was not replicated in an analysis of the NAS-Cohort only, or
in a seperate analysis of the 60 ES-Cohort families that had not been previously analyzed.
Since the mothers of patients with CE were significantly younger than the mothers of
patients with E or CBE, an analysis was performed to identify a possible association
between maternal smoking and maternal age. This showed an equal distribution of smoking-
mothers across all maternal age groups (OR 0.99 (0.93; 1.05). Interestingly, mothers who
smoked reported a significantly higher intake of antacids (4= 4.66; p=0.036) than those who
did not.

Exposure to alcohol during early pregnancy (any amount) was reported by 76 of the 421
women (18%), and was almost always limited to an occasional alcoholic drink before the
confirmation of pregnancy. No differences were found between the three BEEC subgroups.
None of the mothers reported excessive drinking or a history of alcohol dependence. No
association was found for the consumption of diet Coke (aspartame).

J Pedliatr. Author manuscript; available in PMC 2012 November 01.
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Maternal exposure to toxins or medical radiation

No association was found for work or household based chemical detergents, hair coloring
agents, or other chemical detergents. In the combined ES- and NAS-Cohorts, 5.7% of
mothers (25 of 389) reported periconceptional exposure to medical radiation (multiple x-
rays during a single examination or computerized tomography). A comparison of all three
subgroups showed that a history of periconceptional exposure to medical radiation was
significantly more common (p=0.013) among mothers of patients with CE (18%) than
among mothers of patients with CBE (14%) or E (9%) (Table IV).

Maternal disease

Descriptive analysis revealed a low incidence of maternal disease during the
periconceptional and first trimester periods, e.g. maternal sepsis, epilepsy, thyroid
dysfunction, urogenital tract infections, and diabetes. No differences were observed between
the three BEEC subgroups.

Mode of conception (e.g. assisted reproductive techniques)

Previous studies have suggested that assisted reproduction is a risk factor for BEEC.14.15 To
address this, data on the use of IVF (in vitro fertilization) and ICSI (intracytoplasmic sperm
injection) were analyzed across the entire cohort. Information was available for 424
pregnancies. Of these, eight had been achieved with the use of ICSI (n=3) or IVF (n=5).
These eight patients with BEEC were born between 1997 and 2008. During the same time-
period, an additional 209 patients with BEEC from the ES- and NAS-Cohorts had been
born. Therefore, 3.6% of the patients with BEEC (8 of 217) were conceived through ICSI or
IVF. No differences were found between the three BEEC subgroups (p=0.183). It was
impossible to determine whether assisted reproduction per se is a risk factor for the
development of BEEC because no valid external data were available for comparison.

Maternal periconceptional folic acid supplementation

Parental age

Only 18% (34 of 190) of the mothers had followed the current recommendations regarding
folic acid supplementation (0.4 mg per day; or 4mg per day in the case of an increased risk
of congenital anomaly) (Table 1V). During the periconceptional period, mothers of patients
with E (24%) had been the most compliant, followed by mothers of patients with CBE
(17%), and mothers of patients patients (14%). However, these differences were not
significant.

To investigate a possible association between parental age and BEEC severity, maternal and
paternal age were assessed separately for each subgroup (Tables I and 1V).. Parents of
patients with E and CBE were older than parents of patient with CE. As expected, the ages
of the two parents were correlated (Spearman r=0.711). Adjustment for maternal age
showed that the effect of paternal age can be ignored (OR 1.0).

Discussion

As in previous reports, BEEC was more common in males than in females (Table 11).1617 A
male preponderance was observed in all three phenotypic subgroups. In contrast, previous
studies have reported an equal sex distribution, or a female preponderance, among patients
with CE.16.17 These analyses may have been influenced by the former practice of assigning
female sex to aphallic 46,XY CE males, in whom reconstruction of the external male
genitalia was infeasible.18

J Pedliatr. Author manuscript; available in PMC 2012 November 01.
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The prevalence of Down syndrome in the present BEEC cohort was six-fold higher than that
reported in the EUROCAT survey. In a previous clinical report, the present authors
described three patients with co-morbid BEEC and Down syndrome, and presented a review
of the literature.19 The present study is the first to report the prevalence ratio of Down
syndrome in BEEC. Nevertheless, as mentioned above, this observation has not been made
on the basis of a detailed comparison with matched datasets. Since our year of birth
distribution ranges from 1951 to 2008, an adequately matched control cohort cannot be
generated from the EUROCAT sample, which only began in 1979. Thus, no such
comparison was attempted and a clear statement about this finding cannot be made. Further
research is needed to clarify whether the prevalence of Down syndrome is genuinely
increased in the BEEC population. Research is also warranted to determine the exact
prevalence of BEEC in individuals with Down syndrome. However, very large samples will
be required due to the rarity of BEEC.

In 1987, an epidemiological study by the International Clearinghouse for Birth Defects
Monitoring Systems (ICBDMS) reported a higher rate of associated congenital anomalies in
BEEC than had been described previously.® As well as reporting higher rates of congenital
anomalies which are now acknowledged to be part of the BEEC spectrum (e.g. anorectal
malformation, neural tube defect, renal agenesis), this study reported higher rates of
anomalies beyond the BEEC spectrum, such as CL/P and congenital heart defects.® The
present study has replicated this observation, at least with regard to CL/P, and is the first to
have reported prevalence ratios. The high prevalence of VSD in our BEEC cohort compared
to the EUROCAT survey must be interpreted with caution, however. Neither patients nor
controls were systematically assessed with echocardiography, which renders prevalence
estimates for this specific malformation unreliable. Furthermore, it can be speculated that
because echorcardiography may have been requested as part of the preoperative assessment
in patients with BEEC, this effect of under-reporting may have been stronger than in the
EUROCAT sample, in which, to our knowledge, the great majority of cases were not
assessed with echocardiography.

The observation of a higher periconceptional and first trimester maternal intake of antacids
among E and CE mothers compared to CBE mothers was unexpected, since the most severe
expression of a malformation is typically associated with the highest exposure to a potential
teratogenic agent. Interestingly, Acs et al?? described an association between medical
treatment for severe maternal chronic dyspepsia in early pregnancy and congenital anorectal
malformations (ARM). This malformation spectrum is closely related to BEEC. Future
prospective studies are warranted to investigate the potential teratogenic effect of antacids
on the development of the urorectal anatomy.

The present finding of greater exposure to maternal smoking during the first trimester in
patients with a severe BEEC phenotype, together with previous reports of associations
between periconceptional maternal smoking and various congenital defects,21:22 raises the
question of whether periconceptional maternal smoking impacts on BEEC severity.

No differences in periconceptional or first trimester exposure to alcohol, environmental
toxins, or maternal disease were observed across the three phenotype subgroups. These
observations are consistent with the findings of previous population based studies.5:12:13
However, it must be remembered that our data were collected retrospectively. The finding
that medical radiation during the periconceptional period may contribute to BEEC severity
is interesting. However, this has not been suggested in previous reports, and thus requires
independent replication.

J Pedliatr. Author manuscript; available in PMC 2012 November 01.
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Previous reports by Wood et al. suggested a possible association between assisted
reproduction and BEEC.14:15 To determine whether assisted reproduction per se was risk
factor for the development of BEEC in the present cohort, it would be necessary to make a
comparison with valid external data (proportion of live-born infants conceived through
assisted reproduction per year and per country). However, no such data are available.
Although no significant differences in the mode of conception were observed between EEC
subgroups, the numbers in the individual subgroups were small, and much larger samples
are required to draw definite conclusions.

The efficacy of periconceptional folic acid supplementation has been demonstrated for
several birth defects e. g. neural tube defects (NTD)23 and isolated omphalocele.24 Both
anomalies are part of the BEEC spectrum. The present analysis was consistent with our
previous observations concerning mothers who commenced folic acid supplementation
during the first 10 weeks of gestation. Interestingly, an analysis of the periconceptional
period only showed that mothers of patients with E (24%) showed the highest compliance,
followed by mothers of patients with CBE (17%), and mothers of CE (14%) patients.
Population-based epidemiological studies of NTDs have shown that the preventive effect is
greatest when folic acid supplementation is commenced three months prior to conception
and then continued throughout early pregnancy.2> It may therefore be necessary to
commence folic acid supplementation before conception to prevent the formation of a severe
BEEC phenotype. Although mothers of patients with CE showed the highest compliance
during the first 10 weeks of gestation, early embryonic urogenital and neural tube
development may have taken place before the commencement of supplementation.

The three-group comparison of parental age showed that parents of patietns of E patients
were the oldest, followed by parents of patients with CBEs, and parents of patients with CE.
No comparison between mothers in the present cohort and mothers of healthy born children
was performed, since this may have been biased by heterogeneity in the maternal age at
delivery between countries. In general, the occurrence of a severe congenital malformation
with a high impact on fertility is likely to be due to a spontaneous de novo mutation.
Previous investigations have demonstrated that the risk of de novo germ cell mutations
(including chromosomal aberrations) increases with parental age.28 The present observation
of a higher risk for the severe CE phenotype in patients with younger parents is inconsistent
with this generally accepted hypothesis. This may be attributable to differences in life style
factors between older and younger parents which have not been investigated in the present
study.

Although the present study is one of the most comprehensive descriptive epidemiological
analyses of BEEC to date, it had several important limitations. Firstly, the study was a
pooled analysis of two previous studies which differed in design (mono-center versus multi-
center; and self-help group based). However, virtually identical questionnaires were used.
Secondly, the present study is based on parental recall. Depending on the age of the affected
family member at inclusion, parental recall bias may influence the accuracy of reporting.
Thirdly, it was not possible to adjust for confounders, as these could not be identified with
certainty. Finally, it must be remembered that all p-values are explorative, and that no
adjustment was made for multiple testing.

The results suggest that maternal smoking and medical radiation during the first trimester
appear to be associated with a more severe BEEC phenotype. In contrast, periconceptional
folic acid supplementation appears to prevent the development of the severe phenotype. An
important aim of future studies will be to determine whether these factors also influence the
development of BEEC per se.

J Pedliatr. Author manuscript; available in PMC 2012 November 01.
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Table 1

Description of the NAS- and ES-Cohorts

Recruitment time-frame

North-American Study (NAS) Cohort
(N=167)
2001 — 2005

Page 11

European Study (ES) Cohort
(N=274)
2003 — 2008

Ethnicity or country of origin

145 (87 %) Caucasian, 4 African American, 4
American Indian, 7 Hispanic, 1 Asian, 6 families
with no data on ethnicity.

258 (94 %) European, 2 Algerians, 3 Nigerians, 1
Afghan, 1 Dubaiian, 1 Indonesian, 2 Iranians, 1
Yemeni, 1 Filipino, 2 Turkish, 1 Ukrainian, and 1
Belarusian

Diagnostic groups

21 (13 %) isolated epispadias (13 males / 8 females)

130 (78 %) classic bladder exstrophy (88 males / 42
females)

15 (9 %) cloacal exstrophy (13 males / 8 females)

22 (8 %) isolated epispadias (14 males / 8 females)

236 (86 %) classic bladder exstrophy (171 males / 65
females)

16 (6%) cloacal exstrophy (10 males / 6 females)

Sex

110 males (66 %); 56 females

195 males (71 %); 79 females

Year of birth

Minimum: 1942; Maximum: 2004
Median: 1995 (1989; 1999)

Minimum: 1953; Maximum: 2008
Median: 1997 (1989; 2002)

Maternal age

Minimum: 16 years; Maximum: 39 years

Mean: 29 years (SD= 4.8 years)

Minimum: 17 years; Maximum: 46 years

Mean: 30 years (SD= 4.8 years)

Paternal age

Minimum: 18 years; Maximum: 49 years

Mean: 31 years (SD= 5.6 years)

Minimum: 19 years; Maximum: 53 years

Mean: 33 years (SD= 5.5 years)
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Male-to-female ratio

Table 2

Page 12

Epispadias Classic bladder exstrophy  Cloacal exstrophy ~ Complete cohort
(E) (CBE) (CE) (BEEC)
Males 27 259 19 305
Females 16 107 12 135
Male-to-female ratio 1.7 2.4 1.6 23

Proportion of males (95% CI)

p-value

0.127

0.63 (0.48; 0.76)

0.71 (0.66; 0.75)
<0.001

0.61 (0.44; 0.76)
0.281

0.69 (0.65; 0,73)

<0.001

p-values were calculated using the binominal test; CI
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Table 3
Prevalence of Down syndrome and of congenital malformations in the BEEC cohort compared with the
EUROCAT survey
BEEC cohort EUROCAT survey Prevalenceratio (95% ClI) p-value
Down syndrome 3/441(0.68%) 13317/11 943497 *(0.11 %) 6.10(2.08; 17.77) 0.014
Ventricular septal defect 5/438 (1.14%) 29691 /11 712 426 *(0.25 %) 4.47 (1.91; 10.36) 0.006
Cleft lip with or without cleft palate  3/438 (0.68 %) 10 470/ 12 288 732 (0.09 %) 7.98 (2.72; 23. 25) 0.007

*
Calculated from reported cases and prevalence rate.
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