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ABSTRACT
Objectives To describe clinical characteristics and
preoperative management of a national cohort of infants
with Hirschsprung’s disease (HD).
Design Population-based cohort study of all live-born
infants with HD born in the UK and Ireland from
October 2010 to September 2012.
Setting All 28 paediatric surgical centres in the UK
and Ireland.
Participants 305 infants presenting before 6 months
of age with histologically proven HD.
Main outcome measures Incidence, clinical
characteristics including gestational age, birth weight,
gender, associated anomalies; age and clinical features
at presentation; and use of rectal washouts or stoma.
Results The incidence of HD in the UK and Ireland was
1.8 per 10 000 live births (95% CI 1.5 to 1.9). Male to
female ratio was 3.3:1. An associated anomaly was
identiﬁed in 23% (69), with 15% (47) having a
recognisable syndrome. The proportion of infants who
presented and were diagnosed in the neonatal period
was 91.5% (279) and 83.9% (256), respectively. 23.9%
(73) and 44.2% (135) passed meconium within 24 and
48 hours of birth. 81% (246) ﬁrst presented to a
hospital without tertiary paediatric surgical services,
necessitating interhospital transfer. Initial colonic
decompression was by rectal washouts in 86.2% (263)
and by defunctioning stoma in 12.8% (39).
Subsequently, 27.4% (72) of infants failed management
with rectal washouts and required a delayed stoma,
resulting in 36.4% (111) of infants having a stoma.
Conclusions In this population-based cohort,
presentation outside the neonatal period was rare.
Nearly half of the infants with HD passed meconium
within 48 hours of birth and over one third were
managed with a stoma.
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Hirschsprung’s disease (HD) is characterised by the
absence of intrinsic parasympathetic ganglia (aganglionosis) in the distal bowel, resulting in functional
intestinal obstruction. Patients classically present
during the neonatal period or early infancy.1 Initial
supportive management is followed by deﬁnitive
surgery, involving resection of the aganglionic
colon below the histological ‘transition zone’ (TZ)
and anastomosis of ganglionic bowel to the anorectum.2–5
Worldwide, the estimated incidence of HD is
approximately 1 in 5000 live births,6 7 but there
are no nationally representative data to provide an
accurate picture of the incidence, demographics
and mode of presentation of HD in the UK and

What is already known on this topic?
▸ The estimated incidence of Hirschsprung’s
disease (HD) is approximately 1 in 5000 live
births and more than 90% of cases present in
the neonatal period.
▸ Most information on the epidemiology and
early management of HD comes from
retrospective case series, voluntary reporting
surveys and surveys of intended practice.
▸ There is little published information on
interactions between infants with HD and
healthcare services prior to a diagnosis of HD
being established.

What this study adds?
▸ A quarter of infants with Hirschsprung’s
disease (HD) pass meconium within 24 hours of
birth and nearly half within 48 hours of birth,
limiting the validity of ‘timing of ﬁrst
meconium’ as a screening question for HD.
▸ One in three infants with HD is discharged
home after birth, prior to diagnosis, placing a
heavy burden on primary care to ensure timely
referral.
▸ More than a third of infants with HD receive a
stoma prior to deﬁnitive surgery—a higher rate
than reported internationally and in contrast to
surgeons reported intent.

Ireland. Available regional data regarding incidence
and associated anomalies are limited by a restricted
study population, data collection over prolonged
periods of time8 or include cases identiﬁed more
than 50 years ago.9 10
Following conﬁrmation of HD, initial management aims to maintain colonic decompression.
Most paediatric surgeons advocate rectal washouts
to achieve this, aiming to perform a primary pullthrough,11 removing the aganglionic bowel without
a preceding stoma.12 Some infants fail to decompress adequately with rectal washouts and require a
stoma to achieve satisfactory colonic decompression, and some are deemed unsuitable from the
outset. The majority of previous studies examining
the early management of HD comprise retrospective case series,13 14 voluntary reporting surveys
with variable methods of case ascertainment,1 7 15
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surveys of intended practice11 16 17 or meta-analyses and systematic reviews of retrospective case series.18–20 To date, there are
very few prospective, population-based observational studies of
HD anywhere in the world1 7 and none that provide representative data in a cohort of children born during a short time
period.
The aims of this study were to describe the incidence, clinical
characteristics and management prior to deﬁnitive surgery in a
national cohort of infants with HD in the UK and Ireland.

METHODS
All live-born infants, up to 6 months of age, diagnosed with HD
(deﬁned as an absence of ganglia in the enteric nervous system of
the distal bowel), between the 1 October 2010 and 30
September 2012 were eligible for inclusion in the study. Cases
were identiﬁed using the British Association of Paediatric
Surgeons Congenital Anomalies Surveillance System.21 Each
month, we sent a reporting card to nominated reporting clinicians in all 28 paediatric surgical units in the UK and Ireland,
requesting the number of infants diagnosed with HD in their
unit that month. In response to a report indicating a new case of
HD, we sent a data collection form requesting further details
including basic demographic data, age and clinical features at
presentation, associated anomalies, early management prior to
deﬁnitive surgery and site of histopathological TZ. Up to ﬁve
reminders were sent if the data collection form was not returned.
Duplicate reports were eliminated by comparing hospital of
birth, gestation at birth and date of notiﬁcation and follow-up
with the reporting clinicians.

Statistical analyses
Descriptive statistics were used to describe the basic demographics, associated anomalies and mode of presentation. We calculated the rate of HD with 95% CIs among live-born infants by

using the denominator of total reported live births in England
and Wales,22–24 Scotland,25 Northern Ireland26 and the
Ireland27 during the study period, 1 October 2010 to 30
September 2012. All statistical analyses were performed using
STATA V.14.

RESULTS
Between 1 October 2010 and 30 September 2012, 305 infants
with HD were identiﬁed in the UK and Ireland. Figure 1 summarises case ascertainment, exclusions and data collection for
the study.

Incidence
Over the same period, there were 1 729 854 live births in the
UK and Ireland.22–27 The incidence of HD in the UK and
Ireland was thus estimated as 1.8 per 10 000 live births (95%
CI 1.5 to 1.9).

Basic demographics, associated anomalies and mode
of presentation
The basic demographics, associated anomalies and presenting
features for the cohort are summarised in table 1. Median gestational age was 39 weeks (range 28–42). Thirty-eight infants
(12%) were born prematurely (deﬁned as before 37 weeks completed gestation) and 19 infants (6.2%) were born at less than
35 weeks gestation. Median birth weight was 3400 g (range
1000–4900 g). Median age at presentation and diagnosis were 2
(range 1–159) and 9 days (range 1–177), respectively. Median
time from presentation to diagnosis was 5 days (range 0–176),
and 256 infants (84%) were diagnosed during the neonatal
period.
Overall, the HD cohort included 3.3 times more male than
female infants (male 234 vs female 70) and 26 (9%) infants had
a positive family history. An associated anomaly was identiﬁed in

Figure 1 Case ascertainment and
data collection.
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Table 1 Demographics, associated anomalies and presenting
features in 305 infants with Hirschsprung’s disease
Characteristic
Gestational age (weeks)
≥37 weeks
<37 weeks
Missing
Gender
Male
Female
Missing
Ethnicity
White
Non-white
Missing
Birth weight (g)
≥2500
<2500
Missing
Positive family history
Yes
No
Missing
Associated anomalies
Syndromic association
Isolated additional anomaly
Missing
Features at presentation
Abdominal distension
Bilious vomiting
Non-bilious vomiting
Not opening bowels
Poor feeding
Suspected enterocolitis
Perforation
Any other presentation
Timing of 1st meconium
<24 hours
24–48 hours
>48 hours
No spontaneous
Missing

86.6 (264)
12.5 (38)
1 (3)
76.7 (234)
23.0 (70)
0.3 (1)
85.3 (260)
13.4 (41)
1.3 (4)
85.3 (260)
11.2 (34)
3.6 (11)
8.5 (26)
90.2 (275)
1.3 (4)
22.6 (69)
15.4 (47)
7.2 (22)
0.7 (2)
92.8 (283)
66.9 (204)
19.3 (59)
11.2 (34)
9.2 (28)
9.2 (28)
1.6 (5)
4.9 (15)
23.9 (73)
20.3 (62)
38.4 (117)
4.6 (14)
12.8 (39)

Note: Figures are percentage and (frequency or range/IQR).

69 infants (23%), with 47 (15%) of these having a recognisable
syndromic association, including Down syndrome (27, 9%),
Mowat-Wilson syndrome (5, 2%), congenital central hypoventilation syndrome (3, 1%) or Bardet-Biedl syndrome (2, 1%). An
associated cardiac anomaly was identiﬁed in 29 infants (10%),
which occurred in the context of an underlying predisposition
syndrome in 22 out of 47 infants (47%) and in 7 out of 258
non-syndromic infants (3%). An associated urological anomaly
was identiﬁed in 11 infants (4%), which occurred in the context
of an underlying predisposition syndrome in 4 out of 47 infants
(9%) and in 7 out of 258 non-syndromic infants (3%).

Presentation
Abdominal distension and bilious vomiting were the most
common clinical features at presentation (table 1). In combination, these two features were present in 188 infants (61.6%).
Meconium was passed spontaneously within 24 hours of birth
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in 73 infants (24%) and within 48 hours in 135 infants (44%).
The ‘classic triad’ of bilious vomiting, abdominal distension and
delayed passage of meconium was evident in only 80 infants
(26.2%). The ﬁrst presentation with symptoms and signs associated with HD occurred in a hospital without tertiary paediatric surgical services in 246 (81%) infants, necessitating transfer
to a paediatric surgical centre. One hundred and three (34%)
infants presented from home.

Maintenance of colonic decompression
The initial method for colonic decompression (rectal washout vs
stoma), the ﬁnal management prior to deﬁnitive surgery and the
proportion of infants in each group undergoing deﬁnitive
surgery within 1 year of diagnosis are summarised in ﬁgure 2.
Rectal washouts were used in 263 (86%) infants, and 179
(68%) infants had this treatment at home. A stoma was performed in 39 (13%) infants without an initial trial of rectal
washouts. One infant died and two underwent a primary pullthrough without preceding stoma or rectal washout. A further
72 infants subsequently underwent stoma formation, having initially been managed with rectal washouts. In total, 111 (36%)
infants received a stoma prior to deﬁnitive surgery, at a median
age of 13 days (range 1–367). Indications for stoma formation
included failure to decompress with rectal washouts (42), emergency laparotomy (25), suspected long-segment disease (16),
enterocolitis (10), consultant preference for a staged approach
in all cases (7), comorbidity (7), failure to manage rectal washouts (6) and delayed presentation (1). Following conﬁrmed
histological diagnosis, 243 (80%) infants were allowed home
before deﬁnitive surgery.

Length of aganglionosis
Deﬁnitive surgery was carried out in 270 (89%) infants within
1 year of diagnosis, establishing the length of aganglionosis. The
pathological TZ was rectosigmoid in 198 (73.3%), long
segment ( proximal to the sigmoid colon) in 60 (22.2%), total
colonic in 8 (3.0%) and unknown in 4 (1.5%).

Mortality
Nine infants (3%) died without undergoing deﬁnitive surgery.
Seven of these infants had a stoma in situ at the time of death
and seven had a syndromic association. The median age at death
was 85 days (range 11–381). The cause of death was attributed
to an underlying cardiac anomaly in ﬁve infants, sepsis in two
infants, multiple comorbidities prompting withdrawal of treatment in one infant and was unclear in one infant.

DISCUSSION
This study provides robust, population-level data for the UK
and Ireland, with data collected directly from local surgeons,
rather than ‘second hand’ from administrative databases. The
population-based nature, together with high rates of case ascertainment and data accrual achieved, allow an accurate estimate
of the incidence, clinical characteristics and current preoperative
management of infants with HD in the UK and Ireland.
To enable future comparative, age-matched analysis of longterm functional outcome, we limited our cohort to infants diagnosed before 6 months of age. Contemporary population-based
studies conﬁrm that around 90% of infants with HD are diagnosed within the neonatal period1 and late-presenting cases are
rare.28 While it is likely that a small number of cases presenting
after 6 months of age will not have been captured, we feel that
this will have little impact on incidence calculations and that
3
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Figure 2 Maintenance of colonic
decompression and the proportion of
infants undergoing deﬁnitive surgery at
1 year after diagnosis. *Three infants
not included—one died and two had a
primary pull-through without preceding
stoma or rectal washouts.

our cohort is representative of the vast majority of children with
HD in the UK and Ireland.
For a condition with a complex pattern of polygenic inheritance, characterised by variable sex-dependent penetrance of the
most common known genetic mutations,29 the incidence of HD
worldwide appears consistent with the caveat that most studies
originate from the Caucasian diaspora.1 6 7 In the UK and
Ireland, two small, non-population-based studies from the 1980s
and 1960s, respectively, estimated the incidence of HD to be 1
in 4500 live births9 and 1 in 2000–10 000 live births,10 but both
studies were limited, either by a protracted study period 9 or
through collection of cases from a wide geographical area, with
a poorly deﬁned study population.10 The incidence of 1.8 per
10 000 live births calculated from our study is comparable to the
incidence of 1.63 per 10 000 live births (95% CI 1.33 to 1.98)
identiﬁed in the North of England using the Northern
Congenital Abnormality Survey between 1990 and 2008.8 A
recent European Surveillance of Congenital Anomalies study
covering 31% of the European birth population between 1980
and 200930 found a total prevalence of 1.09 per 10 000 live
births (95% CI 1.03 to 1.15) with marked regional variation in
prevalence. The authors concede that this may result from differences in case deﬁnition and heterogeneity in regional reporting
rates, which may also account for the lower than expected incidence compared with the majority of published series.1 6 7
In our cohort, 12% of infants with HD were born prematurely; nearly twice the overall rate of preterm birth for England
and Wales (7.3%)31 and Scotland (5.9%)32 during the study
period. A recent systematic review19 reported a 6% rate of
preterm birth in HD and suggested a rising prevalence. Baxter
4

and Bhatia33 suggest that the observed rise in prevalence of prematurity in HD may be attributable to a rising incidence of prematurity overall, but since the population incidence of
prematurity has remained at 7.3% for England and Wales
between 2009 and 2012,31 and has fallen from 6.7% in 2003/
2004 to 5.9% in 2011/2012 in Scotland,32 other factors should
be considered. Population-based birth defect surveillance
systems have previously identiﬁed an association between other
major birth defects and preterm birth.34 Far from being rare in
infants with HD, there is growing evidence of an association
between HD and preterm birth, and future work should seek to
clarify this potential relationship.
In our cohort, more than one in ﬁve infants had an associated
anomaly, with a syndromic association in 15% and an isolated
additional anomaly in 7%. Overall, 1 in 11 infants had Down syndrome and this group accounted for 57.4% of infants with a predisposing syndrome. Infants with Down syndrome are estimated
to have 40 times increased risk of HD.35 This was conﬁrmed by a
recent meta-analysis of more than 16 000 infants with HD, which
found a 7.3% rate of Down syndrome, compared with an
expected rate of 0.15%–0.17% in the general population.20 The
ﬁnding that HD occurred as an isolated trait in 77.4% of infants
in this series is in agreement with previous studies.29
Between 94%36 and 98.5%37 of normal-term infants pass
meconium within 24 hours of delivery and the remainder by
48 hours.37 Previously, it has been suggested that less than 10%
of infants with HD pass meconium within 24 hours of birth.38
In this study, a quarter of infants with HD passed meconium
within 24 hours of birth and nearly half of infants within
48 hours of birth. Two recent studies1 13 also reported that
Bradnock TJ, et al. Arch Dis Child 2017;0:1–6. doi:10.1136/archdischild-2016-311872
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around 40% of infants with HD, including preterm infants,13
passed meconium within 48 hours of birth. Current National
Institute for Health and Care Excellence (NICE) guidance on
‘Constipation in Children and Young People’ incorporates
‘delayed passage of meconium beyond 48 hours in term infants’
as a red ﬂag for urgent specialist referral to exclude HD.39 Our
ﬁndings suggest that the apparently timely passage of meconium
should not lead the clinician to refute a diagnosis of HD, particularly in the presence of other ‘red ﬂag’ symptoms such as
abdominal distension.
Although paediatric surgeons are familiar with the management of HD, our ﬁndings indicate that the majority of these
infants initially present to other primary or secondary healthcare services in the UK and Ireland. One third of infants in this
cohort were discharged home after birth, prior to HD being suspected or diagnosed and over 80% ﬁrst presented to a hospital
without tertiary paediatric surgical services and required transfer
to a paediatric surgical centre. As the majority of these infants
presented initially to non-surgical specialities, these data highlight the importance of regional networking, including robust
referral pathways to tertiary care services.
Surveys of practice have demonstrated clear changes in surgeons’ preference for the initial colonic decompression of
infants with HD, with a move away from a staged approach and
increased popularity of the primary pull-through.11 15 16 In a
recent survey of intended practice of UK paediatric surgeons,
only 15% would aim to perform a stoma prior to deﬁnitive
surgery.11 In the presented cohort, a defunctioning stoma was
actually performed in more than one third of infants, with 13%
receiving a stoma without any attempts at rectal washouts, and a
further 27% of infants initially managed with rectal washouts
receiving a stoma, after the washouts failed to achieve adequate
decompression. These ﬁndings provide robust information that
can be used to counsel parents of infants with HD. Limited data
exist to explain the higher than expected stoma rates observed
in clinical practice compared with surveys of intended practice.
In this cohort, the indications for stoma formation were mostly
due to clinical concerns, rather than a consultant preference for
this approach. Future work will be directed at identifying
factors that increase the likelihood of stoma formation.

CONCLUSIONS
This study identiﬁed a national cohort of infants with HD in the
UK and Ireland. The data provide a robust estimate of the incidence, clinical characteristics and associated anomalies of HD in
the UK and Ireland. We report national outcome data for clinical
markers such as time from presentation to diagnosis and stoma
utilisation rates that can be used as a benchmark against which
practice and outcomes in single centres can be compared and
future changes in service provision measured. The data provide
further evidence to challenge some of the previously held dogmas
in HD, including the prevalence of preterm birth and the validity
of timing of ﬁrst meconium as a screening question for HD.
There appears to be an increased use of home rectal irrigations
and high stoma rates, both of which rely on adequate support services in the community. Furthermore, one in three infants with
HD is discharged home after birth, prior to a diagnosis of HD,
placing a heavy burden of responsibility on health visitors and
general practitioners to ensure timely referral of these infants.
Acknowledgements All individuals who meet the ICMJE criteria have been
included in the list of authors. This study, however, would not have been possible
without the collaboration of Elizabeth Draper, Paul Johnson and Jennifer J Kurinczuk
who assisted with development of the funding application, and the BAPS-CASS
reporting clinicians throughout the UK and Ireland. We also thank Patsy Spark,
Bradnock TJ, et al. Arch Dis Child 2017;0:1–6. doi:10.1136/archdischild-2016-311872

Melanie O’Connor and Anne Smith from the National Perinatal Epidemiology Unit
who helped with generating the data collection forms, programming and data entry.
Collaborators Elizabeth Draper, Adil Aslam, Marcin Kazmierski, Wajid Jawaid,
Ingo Jester, Anindya Niyogi, Eleri Cusick, Janet McNally, Simon Clarke, Julie Galea,
Shabnam Parker, Emily Broadis, Ewan Brownlee, Charles Keys, Dorothy Kufeji,
Nicholas Alexander, Jo Curry, Samir Gupta, Saravanakumar Paramalingam, Sanja
Besarovic, Paul Johnson, Ceri Jones, Bhanu Lakshminarayanan, Helen Carnaghan,
Shailesh Patel, Ian Sugarman, Shawqui Nour, Thomas Tsang, Jenny Kurinczuk, Prem
Puri, Suzanne McMahon, Sandeep Motiwale, Shailinder Singh, Richard Thompson,
Costa Healy, Anies Mahomed, David Marshall, Evelyn Ervine, Lara Shipley, Augusto
Zani, Paul Charlesworth, Ashwini Joshi, Simone Ragazzi, Ross Craigie, Sumita
Chhabra, Bruce Jaffray, Anne Lawson, Sean Marven, Karen Lloyd, Govind Murthi,
Michael Stanton, Simon Blackburn, Stefano Giuliani, Eric Nicholls, Bruce Okoye,
Dermot McDowell, Alan Mortell, Suzanne McMahon, Simon Huddart, Ram Shrestha,
Julianne Rowsell on behalf of the British Association of Paediatric Surgeons
Congenital Anomalies Surveillance System.
Contributors TJB designed the study protocol and data collection forms, monitored
data collection for the whole study, wrote the statistical analysis plan, cleaned and
analysed the data and drafted and revised the paper. MK designed the study
protocol and data collection forms, monitored data collection for the whole study,
contributed to the statistical analysis plan, helped analyse the data and revised the
paper. SK helped design the study protocol and data collection forms; contributed to
the statistical analysis plan and revised the paper. MN wrote the statistical analysis
plan, cleaned and analysed the data and revised the paper. GMW designed the
study protocol and data collection forms, monitored data collection for the whole
study, wrote the statistical analysis plan and drafted and revised the paper. All
authors had full access to all of the data (including statistical reports and tables) in
the study and can take responsibility for the integrity of the data and the accuracy of
the data analysis. GMW is guarantor. GMW afﬁrms that the manuscript is an
honest, accurate and transparent account of the study being reported, that no
important aspects of the study have been omitted and that any discrepancies from
the study as planned (and, if relevant, registered) have been explained.
Funding This study was funded by the charity BDF Newlife and the British
Association of Paediatric Surgeons. MK is funded by an NIHR Research Professorship
(NIHR-RP-011-032). The views expressed in this publication are those of the
author(s), and not necessarily those of the NHS, the NIHR, or the Department of
Health. All authors are independent of the funders.
Competing interests None declared.
Ethics approval This study was approved by the West of Scotland REC 4 (Ref: 10/
S0704/47).
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement Data sharing is governed by the National Perinatal
Epidemiology Unit Data Sharing Policy, which can be obtained from the
corresponding author.
Open Access This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 4.0) license, which permits others to
distribute, remix, adapt and build upon this work, for commercial use, provided the
original work is properly cited. See: http://creativecommons.org/licenses/by/4.0/

REFERENCES
1
2

3
4
5
6
7

8

9
10

Singh SJ, Croaker GD, Manglick P, et al. Hirschsprung’s disease: The Australian
Paediatric Surveillance Unit’s experience. Pediatr Surg Int 2003;19:247–50.
Swenson O, Bill AH. Resection of rectum and rectosigmoid with preservation of the
sphincter for benign spastic lesions producing megacolons: an experimental study.
Surgery 1948;24:212–20.
Duhamel B. A new operation for the treatment of Hirschsprung’s disease.
Arch Dis Child 1960;35:38–9.
Soave F. A new surgical technique for treatment of Hirschsprung’s disease. Surgery
1964;56:1007–14.
Boley SJ. New modiﬁcation of the surgical treatment of Hirschsprung’s disease.
Surgery 1964;56:1015–17.
Spouge D, Baird PA. Hirschsprung disease in a large birth cohort. Teratology
1985;32:171–7.
Suita S, Taguchi T, Kamimura T, et al. A changing proﬁle of Hirschsprung’s disease
in Japan—result from a national wide survey. J Jap Soc Pediatr Surg
1996;32:952–65.
Best KE, Glinianaia SV, Bythell M, et al. Hirschsprung’s disease in the North of
England: prevalence, associated anomalies, and survival. Birth Defects Res A Clin
Mol Teratol 2012;94:477–80.
Orr JD, Scobie WG. Presentation and incidence of Hirschsprung’s disease. Br Med J
(Clin Res Ed) 1983;287:1671.
Bodian M, Carter C. A family study of Hirschsprung’s disease. Ann Hum Genet
1963;26:261–77.

5

Downloaded from http://adc.bmj.com/ on July 25, 2017 - Published by group.bmj.com

Original article
11

12
13

14
15

16
17
18
19
20

21

22

23

24

6

Bradnock TJ, Walker GM. Evolution in the management of Hirschsprung’s disease in
the UK and Ireland: a national survey of practice revisited. Ann R Coll Surg Engl
2011;93:34–8.
So HB, Schwartz DL, Becker JM, et al. Endorectal ‘pull-through’ without preliminary
colostomy in neonates with Hirschsprung’s disease. J Pediatr Surg 1980;15:470–1.
Downey EC, Hughes E, Putnam AR, et al. Hirschsprung disease in the premature
newborn: a population based study and 40-year single center experience. J Pediatr
Surg 2015;50:123–5.
Bonnard A, Zeidan S, Degas V, et al. Outcomes of Hirschsprung’s disease
associated with Mowat-Wilson syndrome. J Pediatr Surg 2009;44:587–91.
Kleinhaus S, Boley SJ, Sheran M, et al. Hirschsprung’s disease—a survey of the
members of the Surgical Section of the American Academy of Pediatrics. J Pediatr
Surg 1979;14:588–97.
Huddart SN. Hirschsprung’s disease: present UK practice. Ann R Coll Surg Engl
1998;80:46–8.
Keckler SJ, Yang JC, Fraser JD, et al. Contemporary practice patterns in the surgical
management of Hirschsprung’s disease. J Pediatr Surg 2009;44:1257–60.
Doodnath R, Puri P. A systematic review and meta-analysis of Hirschsprung’ disease
presenting after childhood. Pediatr Surg Int 2010;26:1107–10.
Duess JW, Hofmann AD, Puri P. Prevalence of Hirschsprung’s disease in premature
infants: a systematic review. Pediatr Surg Int 2014;30:791–5.
Friedmacher F, Puri P. Hirschsprung’s disease associated with Down syndrome:
a meta-analysis of incidence, functional outcomes and mortality. Pediatr Surg Int
2013;29:937–46.
Owen A, Marven S, Johnson P, et al. Gastroschisis: a national cohort study to
describe contemporary surgical strategies and outcomes. J Pediatr Surg
2010;45:1808–16.
Ofﬁce for National Statistics. Birth summary tables, England and Wales. Newport:
Ofﬁce for National Statistics, 2010 (cited 5 March 2015). http://www.ons.gov.uk/
ons/rel/vsob1/birth-summary-tables--england-and-wales/2010/index.html
Ofﬁce for National Statistics. Birth summary tables, England and Wales. Newport:
Ofﬁce for National Statistics, 2011 (cited 5 March 2015). http://www.ons.gov.uk/
ons/rel/vsob1/birth-summary-tables--england-and-wales/2011--ﬁnal-/index.html
Ofﬁce for National Statistics. Birth summary tables, England and Wales. Newport:
Ofﬁce for National Statistics, 2012 (cited 5 March 2015). http://www.ons.gov.uk/
ons/rel/vsob1/birth-summary-tables--england-and-wales/2012/index.html

25

26

27
28
29
30

31
32

33
34
35

36
37
38
39

General Register Ofﬁce for Scotland. Vital Events Reference Tables. Edinburgh:
General Register Ofﬁce for Scotland (cited 5 March 2015); http://www.gro-scotland.
gov.uk/statistics/theme/vital-events/general/ref-tables/
Northern Ireland Statistics and Research Agency. Registrar General Annual Reports.
Belfast: NISRA (cited 5 March 2015). http://www.nisra.gov.uk/demography/default.
asp22.htm
ESRI. Perinatal statistics report, 2012. Dublin, Ireland: Health Research and
Information Division, ESRI, 2013.
Stensrud KJ, Emblema R, Bjørnland K. Late diagnosis of Hirschsprung disease—
patient characteristics and results. J Pediatr Surg 2012;47:1874–9.
Amiel J, Sproat-Emison E, Garcia-Barcelo M, et al. Hirschsprung disease, associated
syndromes and genetics: a review. J Med Genet 2008;45:1–14.
Best KE, Addor MC, Arriola L, et al. Hirschsprung’s disease prevalence in
Europe: a register based study. Birth Defects Res A Clin Mol Teratol 2014;100:
695–702.
ONS, 2014. http://www.ons.gov.uk/ons/publications/re-reference-tables.html?
edition=tcm%3A77-349394 (accessed 27 Jul 2015).
Information Services Division. Births in Scottish hospitals: year ending 31 March
2012. Edinburgh: ISD Scotland, 2013. http://www.isdscotland.org/Health-Topics/
Maternity-and-Births/Publications/2013-08-27/2013-08-27-Births-Report.pdf?
34511965514 (accessed 27 Jul 2015).
Baxter KJ, Bhatia AM. Hirschsprung’s disease in the preterm infant: implications for
diagnosis and outcome. Am Surg 2013;79:734–8.
Honein MA, Kirby RS, Meyer RE, et al. The association between major birth defects
and preterm birth. Matern Child Health J 2009;13:164–75.
Arnold S, Pelet A, Amiel J, et al. Interaction between a chromosome 10 RET
enhancer and chromosome 21 in the Down syndrome–Hirschsprung disease
association. Hum Mutat 2009;30:771–5.
Sherry SN, Kramer I. The time of passage of the ﬁrst stool and ﬁrst urine by the
newborn infant. J Pediatr 1955;46:158–9.
Clark DA. Times of ﬁrst void and ﬁrst stool in 500 newborns. Pediatrics
1977;60:457–9.
Dasgupta R, Langer JC. Hirschsprung disease. Curr Probl Surg 2004;41:942–88.
National Institute for Health and Care Excellence (NICE). Nice guidelines [CG99].
Constipation in children and young people: diagnosis and management. 2010.
http://www.nice.org.uk/cg99 (accessed 6 Mar 2016).

Bradnock TJ, et al. Arch Dis Child 2017;0:1–6. doi:10.1136/archdischild-2016-311872

Downloaded from http://adc.bmj.com/ on July 25, 2017 - Published by group.bmj.com

Hirschsprung's disease in the UK and
Ireland: incidence and anomalies
T J Bradnock, M Knight, S Kenny, M Nair and G M Walker
Arch Dis Child published online March 9, 2017

Updated information and services can be found at:
http://adc.bmj.com/content/early/2017/03/09/archdischild-2016-31187
2

These include:

References

This article cites 30 articles, 4 of which you can access for free at:
http://adc.bmj.com/content/early/2017/03/09/archdischild-2016-31187
2#BIBL

Open Access

This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 4.0) license, which permits
others to distribute, remix, adapt and build upon this work, for commercial
use, provided the original work is properly cited. See:
http://creativecommons.org/licenses/by/4.0/

Email alerting
service

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Topic
Collections

Articles on similar topics can be found in the following collections
Open access (210)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions
To order reprints go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

