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Background: This study describes the presentation and initial management of anorectal malformation
(ARM); evaluating the frequency, causes and consequences of late diagnosis.
Methods: A prospective, population cohort study was undertaken for newly diagnosed ARMs in the UK
and Ireland from 01/10/2015 and 30/09/2016. Follow-up was completed at one year.
Data are presented as n (%), appropriate statistical methods used. Factors associated with late diagnosis;
defined as: detection of ARM either following discharge or more than 72 h after birth were assessed with
univariable logistic regression.
Results: Twenty six centres reported on 174 cases, 158 of which were classified according to the type of
malformation and 154 had completed surgical data. Overall, perineal fistula was the most commonly
detected anomaly 43/158 (27%); of the 41 of these children undergoing surgery, 15 (37%) had a stoma
formed. 21/154 (14%, CI95{9e20}) patients undergoing surgery experienced post-operative complica-
tions. Thirty-nine (22%) were diagnosed late and 12 (7%) were detected >30 days after birth. Factors
associated with late diagnosis included female sex (OR 2.06; 1.0e4.26), having a visible perineal opening
(OR 2.63; 1.21e5.67) and anomalies leading to visible meconium on the perineum (OR 18.74; 2.47
e141.73). 56/174 (32%) had a diagnosis of VACTERL association (vertebral, anorectal, cardiac, tracheal,
oesophageal, renal and limb); however, not all infants were investigated for commonly associated
anomalies. 51/140 (36%) had a cardiac anomaly detected on echocardiogram.
Conclusion: There is room for improvement within the care for infants born with ARM in the UK and
Ireland. Upskilling those performing neonatal examination to allow timely diagnosis, instruction of
universal screening for associated anomalies and further analysis of the factors leading to clinically
unnecessary stoma formation are warranted.
Level of Evidence: II (Prospective Cohort Study <80% follow-up).
© 2024 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The term ‘anorectal malformation’ (ARM) describes a group of
congenital anatomical anomalies where the rectum terminates
outside of its usual location (within the external sphincter). It may
end blindly, connect to the urinary or reproductive tracts, or open
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on the skin anterior to the sphincter. ARM occurs in approximately
one in every five thousand live births [1e3]. The spectrum of de-
viation fromnormal anatomy ranges frommilder variants requiring
minimal intervention and carrying an excellent outlook for conti-
nence to more significant anomalies often conferring a poorer
bowel, bladder and sexual functional outcome despite surgical
reconstruction [4e7].

In order to understand and compare the outcomes of infants
bornwith ARM, it is essential that clinicians use a consistent system
of classification. Although there is an international consensus on
the classification of the types of ARM devised at the Krickenbeck
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Table 1
Krickenbeck classification of ARM [23].

Major Clinical Groups Rare/regional variants

Perineal (cutaneous) fistula Pouch colon
Rectourethral fistula Rectal atresia/stenosis
- Prostatic
- Bulbar
Rectovesical fistula Rectovaginal fistula
Vestibular fistula H-fistula
Cloaca Others
No fistula
Anal Stenosis
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meeting in 2005 (see Table 1); for some subtypes, consensus on the
anatomical characteristics that define the variants included in this
classification is absent, notably regarding definitions of anterior
anus and perineal fistula.

ARM is frequently concomitantly found with other develop-
mental structural anomalies; most commonly VACTERL association
(vertebral, anorectal, cardiac, tracheal, oesophageal, renal and limb
[8]). Screening for those anomalies that are not evident on clinical
examination has been recommended to for all infants born with
ARM (i.e. skeletal x-rays, cardiography and renal tract ultrasound
[9]). Moreover, there are recognised increased incidence in in-
dividuals with chromosomal anomalies, of which, Trisomy 21 is the
most common [10].

ARM should be detected at birth and delayed diagnosis may
cause distress to care-givers and may result in deviations from
preferred surgical management. Previous work has indicated that a
significant number of infants born with ARM have the diagnosis
missed at birth and present later [11e13], some with significant
resultant complications, including death [14e16].

Much of our understanding of the demographics, manage-
ment and outcome of ARM is derived from single centre retro-
spective data or regional multi-centre collaborations with a lack
of whole-population data to describe presentation and early
management of these infants [1,2]. Here, we describe these on a
population level for the UK and Ireland with the aim of deter-
mining a contemporary picture of care of infants with ARM in
the UK. We will derive benchmarks for further analysis and
parental counselling and provide a stimulus for quality
improvement.

As well as assessing the timing of ARM detection for infants and
children in the UK, we investigate the characteristics of the infants
inwhom the diagnosis is made late to identify those at greatest risk.
Furthermore, we aim to investigate the clinical consequences of
this late diagnosis.

2. Methods

2.1. Study design

Using an established population-based surveillance system
[17e22], the British Association of Paediatric Surgeons-Clinical
Anomalies Surveillance System (BAPS-CASS) clinicians were
prospectively asked to report all newly diagnosed cases of ARM,
irrespective of age at presentation or any additional anomalies,
over a 12-month period (01/10/2015-30/09/2016). All those
reported were included. An initial data collection form was sent
to reporting clinicians to collect data on demographics, pre-
sentation, and management of those meeting the case-defini-
tion. A second data collection form was sent 12-months after
presentation.

2.2. Ethics committee approval

This study was approved by the NRES Committee South Central-
Oxford A (Ref: 12/SC/0416).

2.3. Definitions

Anorectal malformation was defined as any child with imper-
forate anus, absence or narrowing of the communication canal
between the rectum and anus with or without fistula to adjacent
structures.

Anomaly type was defined by the reporting clinician and clas-
sified according to the Krickenbeck classification (Table 1, [23]).
Importantly, as there is no consensus definition of anterior anus,
Please cite this article as: Long A-M et al., A Population-Based Cohort Stu
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the questionnaire did not define the condition and therefore this
relied on the reporting clinician's own assessment. Therefore, in
cases reported as anterior anus or perineal fistula, data were
collected on distance from the opening to the centre of the
sphincter complex, opening size (using a Hegar dilator for cali-
bration) and surgeon-estimated proportion of the opening that was
surrounded by sphincter muscle.

Late diagnosis of ARM was defined as: diagnosis after 72 h from
birth or detection after discharge from hospital. VACTERL was
defined as a coincidence of �3 associated anomalies, including
ARM in the same individual. Vertebral (bony) and spinal (CNS)
anomalies were recorded separately.

In order to calculate population-based incidence of ARM, the
number of live births was derived using data from ONS, NRS
Scotland, NISRA and CSO (Ireland), for the year 2015. Infants
diagnosed before one year after birth were included in this
calculation.

2.4. Statistical analysis

Stata 14.2 was used for statistical analysis. Continuous data are
presented as median and interquartile range. Categorical data are
presented as n/N (%), with 95% confidence intervals (CI95{-}) where
appropriate. Categorical datawere compared using Fisher's Exact or
Chi2 tests with a p value of <0.05 considered significant. Factors
that may be associated with late diagnosis were explored using
univariable logistic regression analysis. Covariates explored were:
infant sex, birthweight, the presence of VACTERL (defined as �2
anomalies within the acronym in addition to an ARM) and ARM
type. For the latter, anomalies were divided two ways: firstly
anomalies with a visible fistula (e.g. anterior anus, anal stenosis,
funnel anus or perineal fistula) vs all others, and secondly, anom-
alies producing meconium onto the perineum (those listed previ-
ously with a visible fistula plus vaginal fistula and cloaca) vs those
who do not (including urinary tract fistulae and infants with no
fistula).

3. Results

3.1. Presentation

3.1.1. Population incidence and characteristics
Of 28 tertiary paediatric centres surveyed, 26 reported 211 cases

in the study period; overall data entry exceeded 80% (174/211). The
total live-births in the UK and the Republic of Ireland in 2015 was
842,701; giving an incidence of ARM in the observation period of
1:4,842, CI95{1:4173e1:5617}. The demographic characteristics of
the population are shown in Table 2.

Most, but not all, infants were screened for VACTERL associated
anomalies. Only 140/174 (80%) had an echocardiogram, 162/174
(93%) had a renal ultrasound and 154/174 (88%) had a spinal
ultrasound.
dy on Diagnosis and Early Management of Anorectal Malformation in
.jpedsurg.2024.03.009



Fig. 1. Distribution of Abnormalities by Infant Sex. a. Distribution of anomalies
among females; b. Distribution of anomalies among males.

Table 2
Population characteristics.

n/N (%)

Patient Sex
Male 95/174 (55)
Female 78/174 (45)
Indeterminate 1/174 (1)
Ethnicity
White 125/160 (78)
Other 35/160 (22)
Gestational age at birth (weeks)d 38 (37e40)
Birthweight (g)d 3000 (2510e3433)
Maternal age (years)d 31 (27e35)
Associated abnormalitiesa

Cardiac (non PFO/PDA) 51/140 (36)
Renal 49/162 (30)
Hypospadiasb 13/95 (14)
Gynaecologicalb 5/78 (6)
Limb 19/174 (11)
Craniofacial 7/174 (4)
Brain 10/26c (38)
Spinal Cord 27/154 (16)
Vertebral 14/154 (9)
Sacral 29/154 (19)
Spinal 51/154 (33)
Other Gastrointestinal 31/164 (19)
OA-TOF 16/174 (9)
VACTERLe 56/174 (32)
Syndrome or known genetic abnormality 17/174 (10)

a Denominator ¼ those investigated.
b % of relevant sex.
c Had a Cranial Ultrasound Scan/MRI.
d Median, IQR.
e VACTERL defined as 2 or more from Vertebral, Cardiac, Tracheosophageal, Renal

and Limb anomalies in addition to ARM.
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3.1.2. Types of anomaly
The most common type of anorectal malformation was perineal

fistula, present in 43/158 (27%). The type of malformation was
unknown in 16 infants; 4 of these died before classification, the
other 12 had no data on reconstructive surgery. Fig. 1 a-b show the
distribution of the known types of abnormality among the cohort
by infant sex. The most common variants in girls and boys were
vestibular fistula and perineal fistula respectively.

3.1.3. Morphology of anomalies classified as anterior anus vs.
perineal fistula

There was no clear consensus on the definition of anterior anus
and perineal fistula. As shown in Fig. 2, there was a degree of
overlap between the anatomical characteristics of abnormalities
classified into the two groups. The distance measured from the
perineal opening to the centre of the muscle complex was similar
between anomalies regardless of how they had been clinically
defined. There was no statistical difference in the size of the
opening although those defined as perineal fistula tended to be of
smaller calibre. Those openings defined as perineal fistula were,
however, less surrounded by the external sphincter complex (Me-
dian [IQR]: 50{0e67.5}% vs. 80{63e99}%; p ¼ 0.006).

3.1.4. Timing of presentation
Four infants (2%) had features on prenatal imaging that sug-

gested a diagnosis of surgical pathology antenatally and under-
went fetal MRI, which identified a dilated rectum as a feature of
an ARM in only two cases. The other two infants had features of
other VACTERL anomalies but no reported features of ARM. All of
these mothers had received antenatal surgical counselling.
Across the whole cohort, the median age at presentation was 1
day after birth (IQR 1e2 days). The oldest child presented at four
and a half years of age. Thirty nine (39/174, 22% CI95{16e29})
Please cite this article as: Long A-M et al., A Population-Based Cohort Stud
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infants in the cohort were diagnosed late (>72 h of age or after
initial discharge from hospital). Thirty-three (18%) were >24 h
old at presentation and 31 (18%) were discharged home before
the diagnosis was made. Twelve (7%) infants were older than 30
days at presentation and two (1%) were over one year. Factors
associated with late presentation were explored and are shown
in Table 3.

Almost 1/3 (23/78; 29%, CI95{20e41}) of girls in the cohort were
diagnosed late, while ARM in infants with VACTERL associationwas
less likely to be missed. Type of anomaly was strongly associated
with late diagnosis. Infants with anomalies with a visible opening
and those producing meconium onto the perineum were more
likely to have the diagnosis missed. It is noteworthy that 14 infants
with no visible anal opening were also diagnosed late (8% of the
cohort, 15% of infants with no opening).

Where it was known who first suspected an anomaly (n ¼ 36),
half of the Infants and children with late diagnosis of ARM were
detected by paediatricians (18/36). 5/36 (14%) of the abnormalities
were first suspected by parents.

3.2. Management

3.2.1. Early surgical management
171 infants had data on their first operative surgical procedure.

156 (91%) had or were planned for definitive correction: the others
had assessment with or without dilatation only. Of the 156 that had
definitive correction, 116 (74%) had a stoma formed before, or at the
y on Diagnosis and Early Management of Anorectal Malformation in
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Fig. 2. Anatomical characteristics of defects classified as Anterior Anus or Perineal Fistula. A: Distance in mm from the opening to the centre of the sphincter muscle; B: Hegar
dilator size, perineal opening admits on initial calibration; C: Percentage of the perineal opening surrounded by sphincter muscle.

Table 3
Factors associated with late presentation, NB number of patients in each group varies depending on completeness of data.

n/N (%) Unadjusted OR (CI95) P

Sex F: 23/78 (29)
M: 16/95 (17)

2.06 [1.0e4.26] 0.048

Prematurity Term: 24/109 (22)
Pre-term: 10/57 (18)

0.75 [0.33e1.71] 0.49

VACTERL Yes 5/58 (9)
No 34/116 (29)

4.4 [1.62e11.95] 0.001

Visible anal openinga Yes: 21/65 (32)
No: 14/91 (15)

2.63 [1.21e5.67] 0.013

Anomaly with meconiumb Yes: 34/112 (30)
No: 1/44 (2)

18.74 [2.47e141.73] <0.00001

a Anomalies with a visible opening; perineal fistula, anterior anus, funnel anus, ‘H’ fistula.
b Visible opening anomalies plus, recto-vestibular fistula, cloaca and rectovaginal fistula.
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same time as, correction. Two further infants had unplanned stoma
formation after definitive correction due to complications. There-
fore, overall, 76% of children undergoing surgery managed with a
stoma at some point during their reconstruction. Table 4 shows the
surgical management of individuals with the most common
anomalies.

Anterior anus and perineal fistula are anomalies that may be
corrected without a covering stoma [24e26]. 16/46 (35%) infants
with these anomalies that underwent correction had a stoma
formed as part of their surgical management. This was 15/41 (37%)
of babies with perineal fistula and one of five babies with anterior
anus. Reasons for stoma formation included planned surgical
approach (i.e. 3-stage) in nine (56%), emergency need for decom-
pression in five (31%) and associated other gastrointestinal anom-
alies in the remaining two (13%). Twenty-five of 32 babies with
vestibular fistula (78%) were repaired with a covering stoma.

3.3. Outcomes

3.3.1. Complications and mortality
Four infants died in the first month after birth (2%, CI95{1e7}).

Three had severe associated anomalies, the cause of death in the
other was unknown. No infant had bowel perforation prior to ARM
diagnosis.

3.3.2. Early post-operative outcomes of first operative procedure
154 infants that underwent operative surgical management had

complete data on complications. Twenty-six out of 154 children
Please cite this article as: Long A-M et al., A Population-Based Cohort Stu
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(17%, CI95{11e24}) had a complication during their index admis-
sion, of whom 18 (12%, CI95{7e18}) had a complication related to
their ARM or its treatment. Among these 18 related complications,
there was a single Clavien-Dindo Grade IV, two Grade IIIa/b, eleven
Grade II and four Grade Ib [27]. Wound infection and/or dehiscence
was the most common complication, and this accounted for 12/18
(66%).

17/113 (15%, CI95{9e23}) who had a stoma only prior to defini-
tive correction had a complication of stoma formation. Eight of
these were wound infection or skin dehiscence. One infant had a
life-threatening complication. Of the 39 (25%) infants that had
definitive repair without a stoma as their primary procedure and
complete data, five had a complication (13%, CI95{4e27}). Three of
these were wound infections and two were dehiscence. One infant
with dehiscence underwent emergency defunctioning stoma
formation.

3.3.3. Clinical consequences of late diagnosis
The numbers of individuals with each variant are too small to

robustly analyse the impact of late diagnosis on surgeons’ choice
whether to cover definitive repair with a stoma in infants with
perineal fistula, anterior anus and vestibular fistula who under-
went surgical correction. Covering stomawas formed in 4/14 (29%,
CI95{8e58}) infants with perineal fistula or anterior anus diag-
nosed late and 12/32 (38%, CI95{21e56}) diagnosed early. Covering
stoma was formed in 10/12 (83%, CI95{52e98}) infants with
vestibular fistula diagnosed late and 15/20 (75%, CI95{51e91})
diagnosed early.
dy on Diagnosis and Early Management of Anorectal Malformation in
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Table 4
Initial surgical management by abnormality n (%).

N undergoing procedure EUAa/Dilatation
only (%)

Correction without
stoma (%)

Correction with
Stoma (%)

Stoma only with/without
EUA/dilatation (%)

Total 147 14 37 3 93
Anterior Anus 17 12 (71) 4 (23) 0 1b (6)
Perineal Fistula 43 2 (5) 26 (60) 2 (5) 13 (30)
Vestibular Fistula 32 0 7 (22) 1 (3) 24 (75)
Urinary Fistula 31 0 0 0 31 (100)
Vaginal Fistula 2 0 0 0 2 (100)
Cloaca 11 0 0 0 11 (100)
No Fistula 11 0 0 0 11 (100)

a Examination under anaesthesia.
b Formed due to another congenital anomaly.
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4. Discussion

In this prospective population cohort study, the incidence of
ARM was 1:4842 live births, consistent with other studies across
Europe (EUROCAT). Most babies were born at term and a significant
proportion had other comorbidities; one third of those investigated
had a cardiac anomaly, a fifth had another gastrointestinal anomaly
and one in ten had a known genetic anomaly or syndrome. As other
authors have noted, screening for associated anomalies was not
consistent or universal and this requires improvement [9].

While prenatal diagnosis is rare, anorectal malformations
should be identified at birth. Unfortunately, this prospective study
confirms previous retrospective findings showing that among this
population there was a high rate of late diagnosis of ARM [11,13].
More than one in five infants overall, and almost one third of girls
were diagnosed late. When the factors associated with late diag-
nosis were assessed, it was clear that anomalies most closely
resembling a normal anus and those that lead to the production of
meconium on the perineum, were more likely to be detected late
[28]. It is likely that the production of meconium in the perineum
may lead to the assumption of normal anatomy. In the United
Kingdom, current neonatal practice guidelines dictate that new-
borns should be examined within the first 24 h after birth, ideally
within the first 6 h [29]. This examination needs to include a full
inspection of the perineum. In Ireland, the newborn clinical ex-
amination handbook states: ‘anal atresia can easily be overlooked.
The presence of meconium on the nappy does not exclude anal
atresia because it may have been passed through a perineal, recto-
vaginal or a recto-vesical fistula' [30].

There is clearly a widespread gap in knowledge, skills or expe-
rience regarding the variants that most closely resemble normality,
such as the example shown in Fig. 2. The data in Table 3 suggest that
those performing neonatal examinations may not be looking
beyond the normal passage of meconium on to the perineum. Ed-
ucation about cleaning of the area and confirmation of an anal
opening in the normal position is warranted and has been the
subject of a recent and timely targeted review related to practice in
the United Kingdom [31]. Late diagnosis has been recognised as a
significant issue in institutional series from the UK and other high-
income countries [32e34]. The rate of missed diagnosis has been
reported to be far lower in other European centres, suggesting that
rate of late diagnosis could be improved [11,12]. Delay in diagnosis
has potentially significant consequences, with emergency presen-
tation leading to morbidity andmortality reported in the published
literature [14,35e37]. Some authors also suggest it may lead to
more post-operative complications [16].

Among this population-based cohort, the consequences of late
diagnosis could not be robustly assessed due to small numbers of
infants in whom this could be assessed. It is notable that 12
Please cite this article as: Long A-M et al., A Population-Based Cohort Stud
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individuals were diagnosed over a year after birth. Data were not
collected on symptoms at presentation, but it is known that chil-
dren presenting late with ARMmay have significant problems with
constipation leading to distress for these children and their care-
givers [38]. The longer-term outcomes of these children with late-
diagnosis merit further analysis, outside the scope of this current
work. Comparing long-term functional outcomes against similar
variants with timely diagnosis would be informative to fully inform
the consequences of the practice gap that undoubtedly exists.

Robust analysis of the management and outcomes of the ARM
requires consistent classification of anatomical variants, particu-
larly of the difference between anterior anus and perineal fistula.
This has long been contentious. In 2004, Alberto Pe~na proposed a
definition of anterior anus to include only those with a perineal
opening completely within a sphincter complex, albeit anterior to
its expected position on the perineum [39]. Unfortunately, the data
shown in Fig. 2A-C suggest inconsistency among surgeons in the UK
and Ireland about the anatomical characteristics defining these
anomalies. Consensus in classification is essential for future
research and outcome benchmarking studies, and a recent publi-
cation from the ARM-Net consortium has laid out consensus
guidelines from surgeons across Europe regarding definitions of
anal position, relative size and assessment of sphincter coverage, in
an attempt to drive clinicians towards speaking a common lan-
guage related to variants of Anterior Anus and Perineal Fistula [40].

Three quarters (75%) of infants in the cohort had a stoma formed
as part of their management. In anomalies requiring complex
anorectal reconstruction such as those with urinary tract fistulae or
cloaca, this was inevitable, but a surprising number were formed in
infants undergoing corrective surgery with variants potentially
correctable without a stoma, notably 37% of those with perineal
fistula and 78% with vestibular fistula. Fifteen per cent who had a
stoma only, prior to definitive correction, had a complication of
stoma formation and one of these was life-threatening. This rate
correlates to that of other published series of colostomy formation
in ARM [41,42]. Stoma closure may also incur further complica-
tions; and while not assessed specifically in this cohort, these
occurred in up to 45% in a large published series from Cincinnati
Children's Hospital [43]. Performing staged repair also increases the
number of general anaesthetics children undergo (i.e. 3 versus 1)
[44]. While trial data are reassuring regarding the neurocognitive
impact of a single, short general anaesthetic episode [45], there are
clear differences when considering the operative interventions in
necessary to manage infants with ARM.

Repair of perineal fistula without covering colostomy is a well-
established practice [24,46]. Repair of vestibular fistula without
covering colostomy is controversial in the UK but has long been
supported internationally by some specialised colorectal centres
[25,47]. Meta-analysis of 3 published series demonstrates an
y on Diagnosis and Early Management of Anorectal Malformation in
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increased incidence of peri-operative complications of ano-rec-
toplasty when performed as a single stage procedure, however,
there appeared to be no difference in long-term faecal control [48].
It is noteworthy that 33 females with vestibular fistula presented
within one year in the UK and Ireland, this is just over one per
centre highlighting the low frequency with which individual sur-
geons encounter this anomaly.

The frequency of stoma formation among the population of
infants that may be amenable to single-stage repair requires further
investigation. Individualised factors such as prematurity, severe
associated comorbidities and the presence of other structural
anomalies requiring treatment may affect management choice. The
decision to form a stoma is at the discretion of the treating surgeon
but the findings from this population cohort studymay suggest lack
of available specialist surgical expertise to perform primary repair.
These results are similar to those identified in a UK population
cohort study of infants born with Hirschsprung's disease (HD) that
also used the BAPS-CASS system [18]. Bradnock and co-authors
identified that 36% of infants had a stoma formed prior to definitive
surgery for HD; more than double the rate that surgeons had
suggested would be their intention in a survey of practice [49].

Previously published population-based or international registry
studies have focussed on birth outcomes and maternal risk factors
for babies born with ARM [50e54]. Others have focussed on asso-
ciated anomalies [55,56]. This is the first population-based cohort
study to combine a description of the anatomical classification,
along with timing and manner of diagnosis and surgical manage-
ment of infants with ARM. We have therefore been able to assess
factors related to late presentation and contemporary management
on a large scale.

As noted previously, the heterogeneity of this population is
considerable. Associated structural anomalies are common and
many are likely to impact significantly on infants' course and
outcome. In addition, types of anomaly were diverse with relatively
small numbers in each category (Fig.1.) diagnosedwithin a one-year
period in theUK. For illustration, approximately onemale per centre
per year presented with a urinary tract fistula. This makes risk-
adjusted outcome assessment challenging and provides further
evidence of the need to elucidate variable surgical management at a
population-level, providing a stimulus for discussion and improve-
ment. The optimum organisation of services to ensure the best care
with theminimumnumber of procedures for infants bornwithARM
requires further debate; however, centralisation of care for complex
congenital anomalies has formed a headline recommendation of the
recent Getting it Right First Time report (GIRFT) [57]. It should also
be noted that the dataset presented was reported in 2016, and as
such there may have since been changes to clinical practice leading
todifferent outcomeseparticularly in light of theUK's Royal College
of Paediatrics and Child Health Policy changes that all clinicians
performing newborn screening should have specific training on the
diagnosis of ARM [31]. It would be important to analyse whether
such interventions have successfully modified the rate of late diag-
nosis by repeating such a survey. As this study cohort would now be
well into school age, therewould also be an opportunity to continue
this work with continence evaluation related to both anomaly type
and delays in diagnosis and presentation.

5. Conclusion

This population-based study of anorectal malformation in the
UK and Ireland provides important insights into the incidence,
characteristics and current management of children born with this
anomaly. We have identified several areas for improvement,
particularly in the timely diagnosis of ARM. This study should
further raise awareness of this issue, which needs to be addressed
Please cite this article as: Long A-M et al., A Population-Based Cohort Stu
the UK and Ireland, Journal of Pediatric Surgery, https://doi.org/10.1016/j
at a national level. This should involve a comprehensive educa-
tional package for those performing newborn examinations
including an online competency package with detailed information
about how to assess for ARM [31]. Pictorial representations of more
subtle variants may help to avoid missing cases. This may be
implemented using innovative digital tools as has been used for
image-guided diagnosis of conditions such as skin cancer [58].

Further research will be needed to address the optimal man-
agement for infants born with vestibular fistula and the risks and
benefits of performing repair without a stoma. The diversity of this
population-based cohort illustrates the likely need for international
collaboration to answer this and other research questions about the
surgical management of infants with ARM in order to improve early
diagnosis and peri-operative outcomes.
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