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Abstract

Context: Long-term urinary and sexual outcomes after repair of anorectal mal-
formations (ARMs) are currently affected by concomitant malformations of the
urinary tract and genitalia, sacral anomalies, and the surgical approach. However,
the overall prevalence of urinary and sexual dysfunction remains unclear.
Objective: To evaluate the prevalence of urinary and sexual dysfunction in patients
aged >10yr after repair of ARM in infancy.
Evidence acquisition: A systematic literature review was performed using the
Medline, Embase, and Cochrane databases. Selected studies were reviewed accord-
ing to the Consolidated Standards of Reporting Trials (CONSORT) and Standards for
the Reporting of Diagnostic Accuracy Studies (STARD) criteria. We included studies
reporting the prevalence of the following outcomes: urinary incontinence (UI),
lower urinary tract symptoms (LUTS), neurogenic bladder dysfunction (NBD),
sexual dysfunction (SD), erectile dysfunction (ED), ejaculatory dysfunction, and
birth rate. We initially identified 588 studies, of which 17 were included for
evidence synthesis.
Evidence synthesis: A probabilistic meta-analysis on each subgroup revealed the
following combined prevalence estimates: UI 16% (95% confidence interval [CI] 7–
27%), LUTS/NBD36% (95% CI 13–62%), SD amongwomen 50% (95% CI 34–66%), ED 12%
(95%CI 7–18%), ejaculatory dysfunction 16% (95% CI 9–25%), and birth rate 20% (95% CI
7–38%). Subgroup analysis showed a higher prevalence of ED and ejaculatory dysfunc-
tion among patients with high ARM severity when compared to low ARM severity.
Conclusions: Among patients undergoing ARM repair, we found a high prevalence
of long-term impairment of UI, ED, and SD. We stress the need for larger multi-
centre trials with more comparable populations to optimise treatment and follow-
up regimens.
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Patient summary: We reviewed long-term outcomes for patients with anorectal
malformations who underwent surgery and found that both urinary incontinence
and sexual dysfunctions are common for both males and females.
© 2021 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creati-

vecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Anorectal malformations (ARMs) are inborn defects affect-
ing from one in 2500 to one in 5000 newborns [1,2]. Associ-
ated inborn anomalies are present in up to 70% of newborns
with ARM, and they increase with the ARM severity.
Anomalies of the urinary tract and genitalia are the most
common, reported for 40–50% of ARM patients [3–5]. ARMs
were previously classified as high, intermediate, or low
according to the termination of the rectal pouch in relation
to the levator muscle complex (Wingspread classification)
[6]. In 2005 the Krickenbeck classification was introduced
with a more descriptive approach and a focus on the fistula
course [7]. The surgical approach was revolutionised four
decades ago with the introduction of posterior sagittal
anorectoplasty (PSARP) as an alternative to the former pull-
through technique [8]. PSARP allows surgeons to view the
junction of the rectum and the genitourinary tract and to
use direct vision to repair it to avoid damaging the nerves
responsible for urinary control and sexual function [9]. The
laparoscopic approach was subsequently introduced, which
in principle is somewhat similar to the old pull-through
technique [10]. Long-term bowel functional outcomes after
surgical repair of ARMs have been comprehensively
assessed and reported [11,12]. Urinary and sexual outcomes
have received less attention, but it has been shown that they
are affected by concomitant malformations of the urinary
tract and genitalia, sacral anomalies, and the surgical
approach [13]. In recent years, however, more studies have
investigated long-term urinary and sexual outcomes among
patients with ARMs. Amultidisciplinary approach is needed
to optimise treatment and improve prognosis. Against this
background, now is a good time to investigate long-term
urinary and sexual functional outcomes, including fertility,
after surgical repair of ARMs via a contemporary systematic
review and meta-analysis.
2. Evidence acquisition

We performed a systematic literature review in accordance
with the European Association of Urology (EAU) methodol-
ogy on the key steps in conducting a systematic review and
the Preferred Reporting Item for Systematic Reviews and
Meta-analyses (PRISMA) statement recommendations
[14,15]. The review was registered on the PROSPERO
international register of systematic reviews (www.crd.
york.ac.uk/prospero/display_record.php?ID=CRD4202
0153499).
2.1. Search strategy

A literature search was conducted on June 22, 2020 using
the Medline and Embase databases and the Cochrane
Library (Supplementary Tables 1 and 2). We limited the
search to studies that dealt with human subjects. No other
search limits were applied.

2.2. Inclusion criteria

We chose to include only journal articles that presented one
of the following long-term outcomes: urinary incontinence
(UI), lower urinary tract symptoms (LUTS), neurogenic
bladder dysfunction (NBD), sexual dysfunction (SD), erectile
dysfunction (ED), ejaculatory dysfunction, or any outcome
measure concerning fertility. Birth rate, defined as the
percentage of patients able to produce their own offspring,
was the only outcome parameter to describe fertility that
was reported. We choose to merge LUTS and NBD for
outcome estimates owing to overlap of symptoms. Data
were extracted for subgroups in some studies in order to
avoid including patients with cloaca or Hirschsprung’s
disease. Data on the type of UI and urinary tract infection
(UTI) were also retrieved. None of the studies reporting on
UI, LUTS, or NBD reported the prevalence of chronic kidney
disease, dialysis, or kidney transplant.

ARM severity was classified as low, intermediate, or high
in accordance with the Wingspread classification (Table 1)
to facilitate comparison of the studies included [14].

2.3. Exclusion criteria

We did not include review articles, conference abstracts, or
case reports on fewer than five patients since prevalence
estimates obtained from very small populations are
considered unreliable. Studies investigating cloacal mal-
formations were excluded unless it was possible to retrieve
data on patients without cloaca in the individual studies.
Cloaca is the most severe and complex type of ARM, for
which long-term sequelae from the urinary tract and
genitalia are near-obligate. Studies on patients with
syndromes comprising ARM were also excluded. Only
studies with patients aged >10 yr were included.

2.4. Data extraction

Two authors (T.B.-.M., M.E.) independently screened manu-
script titles and abstracts. The same authors carried out
subsequent full-text assessment and retrieval of relevant
data.
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Table 1 – Translation of the Krickenbeck classification to the Wingspread classification

Krickenbeck classification Wingspread classification

[2_TD$DIFF]Low Intermediate High

Males Rectoperineal fistula X
[3_TD$DIFF]Rectourethral bulbar fistula X
[4_TD$DIFF]Rectourethral prostatic fistula X
[5_TD$DIFF]Rectobladderneck fistula X
[6_TD$DIFF]Imperforate anus without fistula X

Females Rectoperineal fistula X
[7_TD$DIFF]Rectovestibular fistula X
[8_TD$DIFF]Imperforated anus without fistula X
[4_TD$DIFF]Rectal atresia X
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2.5. Quality assessment

Two independent reviewers (T.B.-M., M.E.) assessed the
quality of studies included. The Newcastle-Ottawa scale
(NOS) for nonrandomised studies in systematic reviewswas
[(Fig._1)TD$FIG]
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2.6. Statistical analysis

We extracted prevalence estimates from the individual
studies for UI, LUTS/NBD, female SD, male ED and
ejaculatory dysfunction, and the birth rate for both sexes.
Data are presented as prevalence estimates with the range
or standard deviation, depending on the reporting study.
We used the metaprop command in Stata v16 (StataCorp,
College Station, TX, USA) to conduct a meta-analysis of
proportions for each of the six outcomes (UI, LUTS/NBD, SD,
ED, ejaculatory dysfunction, and birth rate). We used
random-effects models with Freeman-Tukey double arcsine
transformation of the proportions and the exact method to
calculate 95% confidence intervals (CIs) for the pooled
estimates. We applied the I2 statistic to test for heteroge-
neity. Funnel plots and Egger’s test were used to investigate
the presence of publication bias and small-study effects for
each of the six outcomes. Meta regression was not
applicable owing to the small number of studies included
for each outcome.

Subgroup analysis presenting proportions for each study
was conducted by dividing studies according to high,
intermediate, and low degree of severity of ARM [6]. Data
availability only allowed the construction of forest plots for
high and low ARM severity.

3. Evidence synthesis

3.1. Study selection

The literature search generated 643 articles that were
subsequently imported to Covidence.org (Fig. 1). Fifty-five
duplicates were removed, leaving 588 studies. The article
screening process was then carried out in two phases by
two authors (T.B.-M., M.E.) independently. First, study titles
and abstracts were screened using our pre-established
criteria, and 534 studies were excluded. Second, the
remaining 54 articles were read in detail and the
predetermined inclusion and exclusion criteria were
applied. This process resulted in 17 studies eligible for
qualitative synthesis [17–33]. Reference lists for the
17 papers included were screened (snowballing) without
identifying additional eligible studies.

3.2. Study characteristics

3.2.1. Demographics

Only three of the 17 studies included were published before
2000 (Table 2) [31–33]. The majority of the studies were
European (14/17). The three remaining studies were from
Japan (n =2) and the USA (n=1) [28–30]. Fifteen studies had
a cross-sectional design, while twowere prospective cohort
studies. The number of patients in the studies ranged from
17 to 83.

3.2.2. Associated urogenital and spinal anomalies

Associated urogenital anomalies were reported in seven
of the 17 studies, for which the prevalence range was
10.3–40.0% (Table 2) [18,20,22,23,29,30,32]. Concomitant
anomalies of the sacrum and spine were reported in nine
studies, for which the prevalence was 3.6–50% [18,21–
23,27–31]. Only five of the 17 studies reported prevalence
data for both urogenital and spinal anomalies.

3.2.3. Quality of the studies included

As presented in Table 2, three studies were considered to be
of medium quality according to the NOS [20,23,24]. The
remaining 14 studies were scored at �3 on the NOS and
were thus categorised as low-quality studies.
3.3. Outcome measures

3.3.1. UI in both sexes

The prevalence of UI was reported in six studies involving a
total of 316 patients (Fig. 2) [27–29,31–33]. The number of
patients in each study varied from 29 to 83. Four of the six
studies only included adult patients [28,29,32,33]. The
combined prevalence of UI in these studies was 16% (95% CI
7–27%), ranging from 0% to 40.5%. One study only included
males, for whom the UI prevalence was 11.1% [31]. Two
studies reported UI prevalence of 11.1% and 22.4% among
patients with high-severity ARM [31,32]. One study
reported UI for patients with low ARM severity (10.8%)
[32]. One study compared patients to healthy controls who
were matched by age and sex, but no differences in the
prevalence of UI in subanalyses by gender and type of ARM
were found [31]. A subgroup analysis of UI by level of ARM
severity revealed an overall prevalence of 20% (95% CI 0–
61%) among patients with low ARM severity (Supplemen-
tary Fig. 1) and 22% (95% CI 2–53%) among patient with
intermediate or high ARM severity (Supplementary Fig. 2).
Three studies specified the type of UI and one study also
reported the number of patients with urinary tract
reconstruction and use of catheterisation (Supplementary
Table 3) [27,28,31].

3.3.2. NBD/LUTS

The prevalence of NBD/LUTS was reported in four studies
with a combined prevalence of 36% (95% CI 13–62%; Fig. 2),
ranging from 18% to 72%. Two studies reported the
prevalence of NBD among males, with a range of 17.6–
31.3% for 49 patients in total [25,30]. The study by Konuma
et al [30] included only patients with intermediate/high
ARM severity and reported prevalence of 17.6%. The
prevalence of LUTS was reported in two studies as 29.2%
and 71.8% [21,24]. In the study by Kyrklund et al [21], which
considered patients with low and intermediate ARM
severity, LUTS prevalence was reported according to the
presence or absence of associated spinal cord anomalies as
85% and 65%, respectively. The difference was not statisti-
cally significant. In a prospective study, Borg et al [24] found
that the prevalence of non-NBD lower urinary tract
dysfunction for patients aged 10yr and 15yr was 29% and
23%, respectively. Owing to the small number of studies
presenting prevalence data for NBD and LUTS, we were
unable to present a subgroup analysis by ARM severity. One
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Fig. 2 – Forest plots of the reported prevalence of urinary incontinence, lower urinary tract symptoms (LUTS)/neurogenic bladder dysfunction (NBD),
and birth rate for patients with anorectal malformations.
ES = effect size; CI = confidence interval.
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study reported the type of UI and two studies presented
data on UTI (Supplementary Table 3).

3.3.3. SD among females

SD was reported in four studies with a prevalence estimate
of 50% (95% CI, 34–66%), as shown in Figure 3. The largest
study included 26 patients with either a rectovestibular or a
perineal fistula [18]. Three studies used the validated
Female Sexual Function Index (FSFI) questionnaire to detect
SD, defined as a score of <26 [18,20,23,34]. In the study by
Kyrklund et al [22], SD was reported as abnormal orgasm
during sexual intercourse. Bjørsum-Meyer et al [18]
assessed the prevalence of SD according to the presence
of spinal anomalies, but found no statistically significant
difference between patients with spinal anomalies and
patients without. A subgroup analysis showed SD preva-
lence of 53% for patients with low ARM severity (Supple-
mentary Fig. 1). The data did not allow for a similar
subgroup analysis for intermediate or high ARM severity.

3.3.4. ED and ejaculatory dysfunction among males

Nine studies involving a total of 193 patients reported
overall ED prevalence of 12% (95% CI, 7–18%). The largest
study included 37 patients with ED prevalence of 16.2%
[20]. In the study by Konuma et al [30], only patients with
high/intermediate ARM severity were included and the ED
prevalence was 11.8%. Kyrklund et al [22] reported ED
prevalence of 5.6% among patients with low/intermediate
ARM severity. Four studies used the International Index of
Erectile Function (IIEF) questionnaire, and one of these used
the short-form IIEF-5 instrument [17,18,20,23,35]. In three
studies, ED was defined as an IIEF score of <26, and this
applied for any level of dysfunction [17,18,20]. van den
Hondel et al [23] only reported the prevalence of moderate
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Fig. 3 – Forest plots of the reported prevalence of sexual dysfunction, erectile dysfunction, and ejaculatory dysfunction for patients with anorectal
malformations.
ES =effect size; CI = confidence interval.
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to severe ED (27.3%). Three studies used questionnaires
other than the IIEF, and two studies evaluated the presence
of ED through interviews [19,22,28–30]. Higher ED preva-
lence was detected among patients with high ARM severity
(18%) compared to patients with low ARM severity (7%;
Supplementary Figs. 1 and 2).

Six studies reported the ejaculatory dysfunction status of
136 patients in total [19,22,25,28–30]. The prevalence
estimate was 16% (95% CI 9–25%), as shown in
Figure 3. Two studies reported on high/intermediate and
low/intermediate ARM severity, with ejaculatory dysfunc-
tion prevalence of 41.2% and 6.9%, respectively [22,30]. In
four studies, information on ejaculatory dysfunction was
obtained through interviews [22,25,29,30]. In the study by
Konuma et al [30], which included seven patients with
ejaculatory dysfunction, five reported incompetent ejacu-
lation and two reported retrograde ejaculation. Similar to
ED, the prevalence of ejaculatory dysfunctionwas higher for
patients with high ARM severity (35%) than for patients
with low ARM severity (6%), as shown in Supplementary
Figures 1 and 2.

3.3.5. Birth rate for both sexes

Seven studies involving a total of 300 patients reported
birth rates [18,22,25,28–30,33]. The number of patients in
each study ranged from 17 to 75. As presented in Figure 2,
the overall prevalence estimate was 20% (95% CI 7–38%).
Konuma et al [30] reported a birth rate of 11.8% among
patients with high/intermediate ARM severity. For patients
with low/intermediate ARM severity, Kyrklund et al [22]
reported a birth rate of 2.4%. The three studies with the
highest birth rate (23.0–57.4%) also had the populations
with highest mean/median age when compared to the
remaining four studies [28,29,33]. Subgroup analysis
according to ARM severity revealed a higher birth rate
among patients with high ARM severity (32%) compared to
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patients with low ARM severity (20%; Supplementary Figs.
1 and 2).

3.4. Test of publication bias and small-study effect

Weused Egger’s test for small-study effects and funnel plots
to test for publication bias. Neither method returned
concerning results, and we therefore see no obvious
small-study effect or publication bias for the studies
included (Supplementary Fig. 3).
4. Conclusions

4.1. Principal findings

We found high prevalence of long-term urinary and sexual
dysfunction among adolescents and adults after ARM repair.
The combined prevalence estimates were UI 16% (95% CI 7–
27%), LUTS/NBD 36% (95% CI 13–62%), female SD 50% (95% CI
34–66%), ED 12% (95% CI 7–18%), ejaculatory dysfunction
16% (95% CI 9–25%), and birth rate 20% (95% CI, 7–38%).
Subgroup analysis showed a higher prevalence of ED and
ejaculatory dysfunction for patients with high ARM severity
than for patients with low ARM severity, but the difference
was not statistically significant. It has been reported that ED
occurs in 2–9% of the general population of patients
younger than 40yr [36]. In a Danish study that included
a sample of 2289 citizens, ED prevalence was 2.3% among
males aged 20–29 yr [37]. The ED prevalence increased to
3.2% among subjects aged 30–39 yr. ED prevalence was
positively associated with body mass index (BMI), alcohol
consumption, and smoking status. None of the studies in the
present review controlled for any of these factors, so
because of these missing data we were unable to perform
such an analysis. We found high combined prevalence of SD
among females, with awide range between studies. In three
of the four studies, SD was diagnosed using the same
questionnaire (FSFI) and defined as having a score of <26.
Owing to the small study sizes and heterogeneous popula-
tions, we were unable to stratify the outcomes by type of
ARM, type of repair, or associated anomalies, which would
have been of great interest.

The incidence of UI was only slightly higher among
patients with high ARM severity compared to those with
lowARM severity. A Danish survey of the prevalence of UI in
the general population revealed that 20.4% of Danish
women aged 20–29 yr had UI [38] and UI was associated
with high BMI and age. Stress-induced UI was the dominant
type among younger women. None of the six studies
reporting the prevalence of UI considered in the present
review described either the UI type or severity. In order to
stratify patients with ARM for an optimal treatment and
follow-up regimen, future studies need to evaluate the
prevalence of UI types.

We found a higher birth rate among patients with high
ARM severity as compared to those with low ARM severity.
This finding seems contradictory as the incidence of
associated genital malformations increases with ARM
severity [39,40]. There are several potential explanations
for this discrepancy. We did not include patients with
cloacal malformations, of whom 30% have hydrocolpos in
the newborn period, which can reduce fertility due to
infection and scarring [41]. Furthermore, a doublemüllerian
system has been reported for 40% of patients with cloaca,
and this condition is associated with pregnancy loss and
preterm birth [42]. The three studies in this review that
reported the highest birth rate also had the highest mean or
median age, and this, at least in part, explains the
differences in birth rates reported. In general, the popula-
tions in this study were younger than the average age at
which adults become parents in the community. Moreover,
it is expected that the birth rate would be higher if it was
measured only among patients attempting to become
parents.

4.2. Strengths and weaknesses

This systematic review is the first study to specifically
collect and present long-term urinary and sexual outcomes
among ARM patients at least a decade after surgical
correction. This study benefited from the large number of
studies included and the absence of the small-study effect
and publication bias.

To properly interpret the results of this systematic
review, several weaknesses need to be addressed. The study
populations were small, so it was not possible to stratify for
baseline parameters including age, BMI, gender, and
associated inborn anomalies. In community studies of UI,
it has been shown that age, BMI, and gender are positively
associated with higher incidence of UI. None of the studies
included controlled for demographics or other relevant and
potentially confounding effects. Anothermajor limitation of
the review is the quality of the studies included. Fourteen of
the 17 studies were of poor quality as assessed using the
NOS [16]. Owing to heterogeneity, we were not able to
delineate outcomes by type of ARM, type of surgical repair,
or associated anomalies. The methods for reporting out-
comes were also largely heterogeneous because of the
different questionnaires used in the studies and poor or
absent definitions of reported outcomes. The small number
of studies for each outcome did not allow for meta-
regression, and the aforementioned heterogeneity did not
allow for adjustment for associated anomalies, which are
present in approximately two-thirds of patients with ARM.

4.3. Perspectives

It is of the utmost importance to identify subgroups of ARM
patients who have a higher risk of long-term urinary and
sexual dysfunction in order to initiate controls and timely
treatment and to properly inform parents. We stress the
need for large, multicentre, prospective studies with
standardised treatments, patient care, and follow-up
programmes in a multidisciplinary setting. Large studies
allow stratification analyses by type of ARM, surgical
approach, and associated anomalies, which can help to
identify subgroups in need of special attention. Another
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important issue to address is the need for uniformity of
reporting outcomes. Consensus guidelines regarding the
choice of questionnaire and reporting systems are recom-
mended to facilitate comparison of studies.
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