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Summary

Background

Prune belly syndrome (PBS) is a multisystem disease
characterized by absent or deficient abdominal
musculature with accompanying lax skin, urinary
tract abnormalities, and cryptorchidism. Previous
studies have estimated a birth prevalence of 1 in
35,000—-50,000 live births.

Objective

We set out to clarify the epidemiology and early
hospital admissions of PBS in Finland through a
population-based register study. Further, possible
maternal risk factors for PBS were analyzed in a
case-control setting.

Study design

The Finnish Register of Congenital Malformations
was linked to the Care Register for Health Care, a
population-based hospital admission data for PBS
patients. Additionally, five matched controls were
identified in the Birth Register and maternal risk
factors of PBS were studied utilizing data from the
Drugs and Pregnancy database.

https://doi.org/10.1016/j.jpurol.2021.06.019
1477-5131/© 2021 The Author(s). Published by Elsevier Ltd on behalf of Journal of Pediatric Urology Company. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Results

We identified 31 cases of PBS during 1993—2015, 15
of which were live born and 16 elective termina-
tions. The total prevalence was 1 in 44,000 births.
Three patients (20%) died during infancy. On
average, PBS-patients had 3.2 admissions and 10.6
hospital days per year in Finland during the study
period years 1998—2015, 35- and 27-fold compared
to children in Finland in general. Multiple mis-
carriages were significantly associated to PBS in
maternal risk factor analyses.

Discussion

The burden of disease is significant in PBS, demon-
strated as a high infant mortality rate (20%), multi-
ple hospital admissions, and inpatient care in days.
The available variables are limited as a register-
based study.

Conclusion

We present data on contemporary epidemiology in a
population-based study and show that the total
prevalence of PBS is 1 in 44,000 in Finland. PBS en-
tails a significant disease burden with admissions
and hospital days over 35- and 27-fold compared to
the general pediatric population, further aggravated
by an infant mortality rate of 20%.
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Introduction

Prune Belly Syndrome (PBS) or Eagle—Barrett syndrome is a
multisystem disease characterized by an absent or deficient
abdominal musculature and lax skin, urinary tract abnor-
malities and cryptorchidism [1]. The reported birth preva-
lence indicates there to be one case of PBS in every 35,000
to 50,000 live births [2]. While PBS occurs primarily in
males, rare cases have been reported in females [3]. The
disease spectrum is variable, ranging from infant lethality
to patients with minor renal involvement. Prognosis de-
pends primarily on the grade of urinary tract abnormalities,
but multisystem involvement increases morbidity [4]. Risk
factors of PBS remain mostly unknown.

We set out to clarify the epidemiology of PBS in Finland
through a population-based register study using the Finnish
Register of Congenital Malformations during 1993—2015.
Additionally, we delineated the burden of PBS as hospital
admissions and inpatient days by analyzing the Care Reg-
ister for Health Care. We hypothesized that patients with
PBS would present with a significantly higher health care
usage than the general population. Further, to investigate
risks, we performed a case-control study on maternal risk
factors during pregnancy. We hypothesized that smoking,
pregestational diabetes mellitus, or use of medication
during the first trimester could be associated with the risk
of PBS.

Material and methods

The Finnish Register of Congenital Malformations (FRM) and
the Care Register for Health Care (HILMO), both maintained
by the Finnish Institute for Health and Welfare (THL) were
utilized for data collection [5,6]. The FRM collects data on
all live births, stillbirths, and fetuses from spontaneous
abortions and terminations of pregnancy for severe fetal
anomalies, all with at least one major congenital anomaly.
Major structural anomalies and chromosomal defects are
coded according to an extended version of the 9th Revision
of the International Classification of Diseases (ICD-9, ICD-
10) of the World Health Organization. Minor anomalies are
excluded according to the system of the European Surveil-
lance of Congenital Anomalies, EUROCAT [7]. Nationwide
linkable data on all in-patient hospital discharges (since
1967) and outpatient visits (since 1998) are registered in
HILMO. Information included in the study were all live
births, stillbirths, and elective terminations of pregnancy
for fetal anomalies having the diagnosis code 756720 (the
Atlanta modification of ICD-9) or Q79.4 (ICD-10) in the FRM
in pregnancies between January 1, 1998 and December 31,
2015.

The FRM contains data on congenital and fetal anomalies
from hospitals, health-care professionals and cytogenetic
laboratories. The FRM also draws data with the help of the
unique personal identification code (PIC) from other na-
tional health registers: the Medical Birth Register, the
Register on Induced Abortions, HILMO, The Register of Vi-
sual Impairment, all maintained by THL, as well as from
Cause-of-Death data, maintained by Statistics Finland. The
data quality and coverage of these registers has been
considered good in several studies [8—12].

The study population was cross-linked with the HILMO
data by the PIC. Basic variables collected in HILMO include
birth year, sex, age at visit, area of residence, hospital ID,
admission and discharge days, codes for operation, opera-
tion days, as well as diagnoses of patient’s medical prob-
lems. During the study period, diagnoses were recorded
according to ICD-10 and operations were registered ac-
cording to the Finnish version of the NOMESCO Medico-
Statistical Committee (NCSP) procedure classification. All
hospital admissions were analyzed between Jan 1, 1998 and
Dec 31, 2015 and searched for diagnosis code Q79.4 (ICD-
10) and the data of these cases was analyzed individually
regarding hospital outpatient visits, inpatient care, cause
of admission, length of admission, operations performed
during admission and number of admissions. Two live-born
females with PBS were identified from the FRM, but these
were removed from the FRM and excluded from our mate-
rial after re-evaluation of original patient records.

Maternal risk factors in the Medical Birth Register were
analyzed with regards to BMI, parity, smoking, maternal
chronical diseases, and history of miscarriages. Women
with a recorded diagnosis of gestational diabetes or an
abnormal oral glucose tolerance result in the Medical Birth
Register were included in the gestational diabetes group.
Smoking was defined as active smoking during the first
trimester. Maternal weight was recorded at the first pre-
natal visit 8—10 weeks after conception and categorization
was made based on calculated BMI. Maternal chronical
diseases were acquired from the Special Reimbursement
register maintained by the Social Insurance Institution of
Finland (Kela). The data on maternal prescription drug
purchases was available for cases and controls born after
Jan 1, 1996 and it was limited to a time window of one
month before conception and the first trimester of preg-
nancy. ATC2 groups with more than two in utero exposed
cases were selected for analyses. Five healthy controls
matched for maternal age (+1 year), residency, and time of
conception (£1 month) were randomly selected for each
case from the Medical Birth Register as previously described
by Raitio [13,14].

The total prevalence of PBS was calculated as live
births + stillbirths + elective terminations of pregnancy for
PBS cases divided by all live births + stillbirths during the
study period. The live birth prevalence was calculated as
live birth PBS cases divided by all live births during the
study period.

Statistical analysis

Conditional logistic regression was used for analysis of po-
tential maternal risk factors. Odds ratios (OR) along with
95% confidence intervals (Cl) were calculated. Subjects
with incomplete background data were excluded from the
analysis and no attempt to replace missing data was made.
Analyses were performed using JMP Pro, version 15.1.0 for
Windows (SAS Institute Inc., Cary, North Carolina, USA).

Ethical considerations

The approval of the Institutional Review Board at Turku
University Hospital was obtained before conducting this
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Finnish Register of Congenital
Malformations 1993-2015
-31 PBS cases

=16 aborted

Total Prevalence

15 live births
1:44 000 births

3 infant deaths

Care Register for Health Care
-3.2 admissions/patient/year

-10.6 hospital days/year

Fig. 1  Flow-chart of results.

study. Finnish Institute for Health and Welfare and Social
Insurance Institution gave a permission to use their health
register data in this study.

Results

We identified 31 cases of PBS in Finland between 1993 and
2015 among 1,360,628 total births. Thus, the total preva-
lence was 2.28 per 100,000 or one case in 44,000 births
during the study period (Fig. 1).

Fifteen of the 31 PBS cases were live born, and 16 were
elective terminations of pregnancy due to PBS. There were
no stillbirths. The live birth prevalence for PBS in Finland
was 1.11 per 100,000 or one case in 90,000 live births.

There was one twin-pregnancy, the rest were single-
tons. The median gestational age at birth was 37 + 1
weeks (interquartile range (IQR) 35 + 4 to 39 + 6). The
median birth weight and length were 3210 g (IQR
2890 g—3560 g) and 49 cm (IQR 48 cm—50 cm), respec-
tively. The median one-minute Apgar-score was 6 (IQR
5 to 9), eight patients needed temporary respiratory
support perinatally and four patients were resuscitated. In

controls, the median one-minute Apgar score was 9 (IQR 9
to 9) which was significantly higher than in Prune Belly
cases (p < 0.0001). The mean age of the mothers at de-
livery was 30.9 (+/— 5.4) years which was higher than the
annual mean maternal age in Finland ranging from 29.3 to
30.6 years during our study period, yet no statistically
significant difference was observed, p = 0.18). There
were three infant deaths (20%) during the study period, all
occurring before the discharge after delivery; of these,
two were early neonatal (<7 days of life) and one post-
neonatal (2 months of age). They all presented with some
or all of the following diagnoses: urinary tract obstruction,
oligohydramnion, pulmonary hypoplasia, and renal failure.
Infant mortality was significantly lower in controls (0%,
p = 0.006).

Only multiple miscarriages significantly associated with
PBS in the maternal risk factor analyses (Table 1). There
were no mothers with pregestational diabetes among
cases. No significant associations were observed with
maternal prescription drug purchases and the risk of PBS
(Table 2).

Hospital admissions were available for 11 live-born pa-
tients, including the three infant deaths. The birth admis-
sion was excluded from the analyses. Eight patients
presented with registered abnormalities of the urinary
tract. The recorded urinary tract abnormalities included
vesicoureteral reflux (3 patients), obstructive uropathies of
the upper tracts (hydronephrosis, hydroureteronephrosis; 6
patients) and end-stage kidney disease (4 patients). Three
patients had congenital heart anomalies and three had
developmental dysplasia of the hip. There were no intes-
tinal abnormalities reported among the PBS patients, nor
were there any reported procedures related to abdominal
wall reconstruction during the study period.

There was a median of 48 contacts to the hospitals
(IQR 16-79) and 10 admissions (IQR 2-33). The admissions
yielded a median of 39 days spent in the hospital (IQR 17-
110). Twenty-three percent of admissions were due to
infections (of these, 70% derived from the respiratory
tract and 30% from the urinary tracts). On average, these
PBS-patients had 3.2 admissions and spent 10.6 days in
the hospital per year. The range of follow-up was from 1
day to 17.9 years. Median follow-up time was 7.4 years
(IQR 1.7—14.5). Statistically significant conclusions
regarding at which age admissions are more likely could
not be made.

Table 1 Univariate analysis of all analyzed maternal risk factors for Prune belly syndrome.
Number of events P value 0Odds ratio 95% Cl
Cases (n = 31) Controls (n = 145)
Smoking 4 (26.7%)* 26 (18.4%) 0.44 1.61 0.47—-5.45
Gestational diabetes 1(6.7%)° 5 (3.5%) 0.53 2.00 0.22—-18.34
Previous miscarriage (1) 5 (16.7%) 32 (22.1%) 0.70 0.81 0.28—-2.32
Previous miscarriages (>2) 4 (13.3%) 4 (2.8%) 0.01 5.42 1.28—23.07
Primiparity 12 (38.7%) 70 (48.3%) 0.33 0.68 0.31-1.50
Asthma 2 (6.5%) 3 (2.1%) 0.18 3.26 0.52—-20.42

@ Smoking and gestational diabetes data is missing in aborted cases (n = 16).
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Table 2  Univariate analysis of all analyzed prescription drug exposures in early pregnancy in cases and controls born after Jan

1, 1996.

Drug group (ATC code) Number of exposed child/fetus P value 0Odds ratio 95% ClI

Cases (n = 28) Controls (n = 130)

Drugs for obstructive 2 (7.1%) 1 (0.8%) 0.08 9.92 0.87—113.5
airway diseases (R03)

Antibacterials for 4 (14.3%) 18 (13.9%) 0.95 1.04 0.32—-3.34
systemic use (JO1)

Pituitary and 2 (7.1%) 1 (0.8%) 0.08 9.92 0.87—113.5
hypothalamic
hormones and
analogues (HO1)

Gynecological anti- 2 (7.1%) 1 (0.8%) 0.08 9.92 0.87—113.5
infectives and
antiseptics (G01)

Sex hormones and 3 (10.7%) 8 (6.2%) 0.39 1.83 0.45—7.38

modulators of the
genital system (GO03)

Discussion

We present here data on epidemiology and burden of dis-
ease of young patients with Prune belly syndrome by linking
population-health register data. The epidemiology of PBS in
Finland conforms to previously reported global data with a
total prevalence of approximately 1 in 44,000 births and
live birth prevalence of 1 in 90,000 live births during the
study period. Multiple miscarriages emerged as the only
significantly associated risk factor to PBS in our analyses.

During 1993—2005, children in Finland had on average
0.09 admissions per year with on average of 0.4 days spent
in hospital per year which is greatly surpassed by the ad-
missions and days spent in hospital for the PBS patients
(p = 0.001) [15]. Our results highlight the burden of disease
measured through health care usage, which is many-fold
compared to children in Finland in general [15,16].

Previously, no clear risk factors for PBS have been re-
ported. History of recurrent miscarriages has been reported
to increase the risk of omphalocele, and also of other
congenital anomalies [14,17,18]. Although our results sug-
gest that recurrent miscarriages would be a risk factor for
PBS, further studies are warranted to confirm this finding.
The underlying reasons for this association remain elusive.
In general, genetic defects of the embryo are known to
associate with a high risk of spontaneous abortion [19]. It is
therefore possible, that there is a yet unknown, but com-
mon underlying defect in the embryonal development
which may result in the PBS phenotype but in most cases
leads to miscarriage [20].

While the etiology of PBS has been a matter of debate
and undisputed evidence of involved genes is yet under
investigation, a genetic component is expected. The
CHRM3-gene has been implicated among familial cases, and
HNF1beta-mutations have been found in 3% of cases
[21—24]. It has been postulated that the abdominal wall
distension would be secondary to impaired urinary bladder
contraction in early pregnancy [21,25]. Mesenchymal al-
terations have also been suggested to occur during early
development, leading to deficient abdominal wall

development [4]. Clearly, more studies on the etiology and
pathogenesis of PBS are needed to enable precise diagnosis
and also counseling of affected families.

Currently, diagnosis relies on clinical features only. The
most common mode of diagnosis is antenatal sonography,
which may lead to a decision of electively terminated
pregnancy for fetal anomalies in selected cases [4]. Diag-
nosis is usually evident perinatally by clinical findings. In
more severe cases, diagnosis is undisputed, but in milder
cases the diagnosis can be delayed, which may have re-
percussions on the urinary tract anomalies. Patients have
been classified to three groups depending on the grade of
renal disease [26]. We could not classify the severity of PBS
in our material, but it may be that the pregnancies with
most severe cases were terminated.

PBS presents as a multisystem disease with a variable
spectrum ranging from mild cases to infant mortality. We
deduced infant mortality to 20% in this material. However,
almost half of PBS cases were electively terminated, which
confounds infant mortality rates. Previously, the perinatal
death rate has been estimated to as high as 29% [27]. In line
with other chronic illnesses, PBS affects quality of life in
patients and caregivers [28]. In a large series of 65 living
patients, Grimsby et al. highlight the incidence of co-
morbidity, with 63% having gastrointestinal, 65% orthope-
dic and 49% cardiopulmonary diagnoses, respectively [29].

Limitations

Epidemiological studies with rare diseases in small pop-
ulations presents with many challenges [30]. During the
period spanning over 20 years analyzed in this study,
changes in society are bound to happen, leading to possible
variability in the case observations. Since the number of
cases with PBS was small, solid conclusions concerning
maternal risk factors are ambiguous. Although we only
identified 31 patients, our study still presents as one of the
larger cohorts attempting total ascertainment in these
patients. We were unable to verify admissions in detail
from the original medical records and can only rely on data
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submitted from the hospitals to the registers. Nevertheless,
the congenital malformation register has previously been
proven very reliable with very high sensitivity and speci-
ficity [8,12]. Thus, our study presents reliable data on the
total prevalence of PBS in Finland. From HILMO, we found
evidence of urinary tract abnormalities on only 8/13 PBS
patients. We only had access to admission data from 1998
onwards, possibly explaining this discrepancy. It may also
be that some of the patients’ urinary tract abnormalities
were included in the PBS diagnosis and thus, were not listed
separately in the register.

Conclusions

We present data on contemporary epidemiology in a
population-based study and show that the total prevalence
of PBS is 1 in 44,000 in Finland. PBS entails a significant
disease burden with an infant mortality rate of 20%. The
burden of disease of PBS taking into account only admis-
sions and hospital days is 35- and 27-fold compared to the
general pediatric population, respectively.
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