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Abstract

Background: Hirschsprung's disease is a rare congenital anomaly of the colon

with absence of the ganglionic nerve cells. The treatment of the anomaly is

surgical.

Methods: This population-based data-linkage cohort study was part of the

EUROlinkCAT project and investigated mortality and morbidity for the first

5 years of life for European children diagnosed with Hirschsprung's disease.

Nine population-based registries in five countries from the European surveil-

lance of congenital anomalies network (EUROCAT) participated. Data on chil-

dren born 1995–2014 and diagnosed with Hirschsprung's disease were linked

to hospital databases. All analyses were adjusted for region and length of

follow-up, which differed by registry.

Results: The study included 680 children with Hirschsprung's disease. One-

year survival was 97.7% (95% CI: 96.4–98.7). Overall, 85% (82–87) had a code

for a specified intestinal surgery within the first year increasing to 92% (90–94)
before age 5 years. The median age at the first intestinal surgery up to 5 years
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was 28 days (11–46) and the median number of intestinal surgical procedures

was 3.5 (3.1–3.9). Thirty days mortality after neonatal surgery (within 28 days

after birth) was 0.9% (0.2–2.5) for children with a code for intestinal surgery

within the first 28 days after birth and there were no deaths for children with a

code for stoma surgery in the neonatal period.

Conclusion: Children with Hirschsprung's disease have a high morbidity in

the first 5 years of life requiring more surgical procedures in addition to the ini-

tial surgery. Mortality after neonatal surgery is low.

KEYWORD S

EUROlinkCAT, Hirschsprung's disease, morbidity, surgery

1 | INTRODUCTION

Hirschsprung's disease, also known as congenital agan-
glionic megacolon, is a congenital anomaly in the colon
where ganglionic neuroblasts originating from the neural
crest fail to migrate into the distal colon (Fu et al., 2004).
Hirschsprung's disease affects �0.01% of livebirths in
Europe (Best et al., 2014). The anomaly may affect all of
the colon (long-segment disease), but the majority of
cases are limited to the rectosigmoid part of the colon
(short-segment disease) (Kyrklund et al., 2020). Failure of
the enteric nervous system to develop in Hirschsprung's
disease leads to a lack of peristalsis and functional bowel
obstruction. The symptoms are severe constipation and
dilatation of the intestine. Half of children are diagnosed
within the first week after birth, with the remaining half
being diagnosed between 1 week and 5 years of age (Best
et al., 2012). The traditional treatment is staged surgery,
with an initial diverting colostomy to allow the dilated
proximal bowel to decompress, and then later definitive
repair. The newer approach is definitive primary repair
in one pull-through procedure. There is no consensus on
the surgical management and optimal age at surgery
(Allin et al., 2017; Best et al., 2012; Roorda et al., 2022).

The EUROlinkCAT study analyzed morbidity for live-
born children with congenital anomalies by linking data
from population-based EUROCAT registries of congeni-
tal anomalies to hospital databases to obtain information
on length of hospital stays and surgical procedures
(Morris et al., 2021). We have previously published that
the children diagnosed with Hirschsprung's disease had
very long hospital stays with a median length of stay in
the first year of 31.2 days (95% CI: 25.4–36.9) and 1.7 days
per year at age 1–4 years (95% CI: 1.2–2.2). The children
had a median number of 3.5 (95% CI: 3.1–3.9) surgical
procedures (any type of surgery) within the first 5 years
(Garne et al., 2023).

The aims of this study are to report morbidity for chil-
dren born with Hirschsprung's disease with a focus on
stoma and intestinal surgery, mortality after neonatal
surgery and to compare the burden of hospitalizations to
children without congenital anomalies and to all children
with congenital anomalies.

2 | METHODS

This is a European, population-based data-linkage cohort
study using routinely collected data from hospital dis-
charge databases. The study includes data from nine reg-
istries (national and regional) in five countries (Finland,
Denmark, United Kingdom, Italy, and Spain, see Table 1)
from the European surveillance of congenital anomalies
(EUROCAT) network.

The inclusion criteria were all children born alive
between 1995 and 2014 in the geographic areas covered
by the EUROCAT registries and diagnosed with Hirsch-
sprung's disease. All children in the study were followed
from birth to their 5th birthday or to the end of 2015
whichever came first, thus all children had at least 1 year
of follow-up. For comparison of morbidity, we also
included data on all children born with major congenital
anomalies defined by EUROCAT as “All anomalies”
(EUROCAT children). All children without a congenital
anomaly from the same birth years and from the same
geographical area covered by the registry were included
as a reference population (reference children; Morris
et al., 2021). The registry in Tuscany used a 10% random
sample of their population as reference children.

Data on hospitalizations and surgical procedures were
obtained by electronic linkage to the hospital databases
used in the regions and countries. Further details of the
linkage methods used in the EUROlinkCAT study have
been published previously (Loane et al., 2023; Urhoj
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et al., 2022). For six of the nine registries the hospital
databases covered hospital stays in the whole country.
For Wales, hospital stays in Wales and England were
included. For the Valencian Region in Spain and Emilia
Romagna in Italy, the hospital databases covered the
same region as the EUROCAT registry. Data on hospitali-
zation and surgery for reference children and children
with any congenital anomaly were obtained from previ-
ous EUROlinkCAT publications (Garne et al., 2023;
Urhoj et al., 2022).

Surgical procedures were coded according to the cod-
ing systems used in the national health systems. Italy and
Spain used ICD-9-CM (the International Classification of
Diseases, 9th revision – Clinical Modification) for the
study period, England and Wales used OPCS-4
(Classification of Interventions and Procedures), and
Finland and Denmark used national adaptions of NCSP
(NOMESCO Classification of Surgical Procedures). Three
pediatricians from two European countries indepen-
dently reviewed all the codes from the extensive lists of
surgery and procedure codes from the six countries with
the three different coding systems and reached consensus
on which codes defined surgery. The surgery variables
“any surgery,” “intestinal surgery,” and “stoma surgery”
were defined in each of the coding systems.

2.1 | Statistical analysis

Registries were unable to share individual case data. There-
fore, all the registries applied a common data model to the

linked data, which enabled the same Stata version 13 syntax
script to be run by each registry. The aggregate tables and
analytic results produced were then collated and meta-
analytic techniques applied to obtain European estimates.

Analyses were performed on age groups (<1, 1–4, and
0–4 years) separately. All analyses were adjusted for region
of birth and length of follow-up, which differed by registry.
All children were followed up for a minimum of 1 year and
in the first year of life the proportions of children having
surgery out of the total number of live births was calculated
for all types of surgery. In some registries not all children
were followed up for 5 years and therefore Kaplan–Meier
estimates of the proportions of children having surgery over
the whole 5 years needed to be estimated within each regis-
try. The overall proportion of children with surgeries was
then calculated by combining the Kaplan–Meier registry
estimates using the METAN command in Stata with the
Freeman-Tukey double-arcsine transformation and the
back-transformation based on the inverse-variance of the
pooled transformed effects. The median and interquartile
range of the number of days spent in hospital, the number
of surgical procedures and age at first surgery by anomaly
subgroup were reported by each registry. Details for the
meta-analytic methods to combine medians across registries
can be found in a previous publication (Urhoj et al., 2022).

3 | RESULTS

The analysis included 680 children diagnosed with
Hirschsprung's disease and born in 1995–2014 in nine

TABLE 1 Registries and children included in the study.

EUROCAT registry
Birth years
included

Number of children

Number of children with
Hirschsprung's diseaseReference childrena

EUROCAT
childrenb

Denmark, Funen 1995–2014 100,748 2423 25

Finland 1997–2014 911,679 38,324 251

Italy, Emilia-Romagna 2008–2014 223,995 5381 41

Italy, Tuscany 2005–2014 23,503c 4225 12

Spain, Valencian Region 2010–2014 168,563 4260 40

UK, Wales 1998–2014 531,784 17,448 121

UK, East Midlands &
South Yorkshire

2003–2012 Data for reference children
not available

11,278 87

UK, Thames Valley 2005–2013 3845 44

UK, Wessex 2004–2014 4320 59

Total 1,960,272 91,504 680

aAll Children from the registry areas without congenital anomalies.
bAll children with major congenital anomalies in the EUROCAT registries.
cRandom sample of 10% of the reference children.
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regions across Western Europe (Table 2). There were
15 deaths in the first year giving an overall registry
adjusted 1-year survival of 97.7% (95% CI: 96.4–98.7).

Of the 680 children, we found that 582 (adjusted per-
centage: 87% [95% CI: 84–89]) had a procedure code for
any surgery in the hospital databases in the first year of
life and of these 570 children (adjusted percentage 85%
[95% CI: 82–87]) had a code for a specified intestinal sur-
gery. The adjusted median age at the first intestinal
surgery in the first year of life was 24 days (95% CI: 9–
40). Within the first 5 years of age 613 children had a
code for an intestinal surgery (adjusted percentage 92%
[95% CI: 90–94]). The adjusted median number of intesti-
nal surgical procedures before age 5 years for the chil-
dren with at least one surgical procedure was 3.5 (95%
CI: 3.1–3.9). For children in Finland only 201 out of
251 children (81%) had a code for any surgery within the
first year and thus accounting for the majority of children
without codes for surgery in the hospital databases.

Mortality after neonatal surgery (within 28 days after
birth) was analyzed after intestinal surgery and stoma
surgery. There were 345 children (adjusted percentage
50%, [95% CI: 47–54]) with a code for intestinal surgery
within the first 28 days after birth and 342 were alive
30 days after the surgery, corresponding to a 30-day post-
operative mortality of 0.9% (95% CI: 0.2%–2.5%). Of the
total 680 children, 123 (adjusted percentage 17%, [95%
CI: 15–20]) had a specific code for stoma surgery within
the first 28 days after birth and they were all alive 30 days
after the surgery.

Morbidity in the first year of life and 1–4 years of age
for children with Hirschsprung's disease is compared
with children with any congenital anomaly and to chil-
dren without congenital anomalies in Figure 1. The

morbidity is measured as proportion hospitalized, propor-
tion of term born children with at least one hospital stay
of more than 10 days, median length of stay for all chil-
dren and proportion having any surgery. For all four vari-
ables, morbidity is considerably higher for children with
Hirschsprung's disease than for the children in the two
other groups.

4 | DISCUSSION

Our results showed that most children born with Hirsch-
sprung's disease were alive at age 1 year, although sur-
vival is lower than among the background population of
children in the EU (EUROSTAT, 2021). In the original
report by Harald Hirschsprung in 1888, in which he
described a case series of infants with severe congenital
bowel obstruction and megacolon, all the children died
(Hirschsprung, 1888). A population-based study from
Northern England including children with Hirsch-
sprung's disease born in 1990–2008 found a higher mor-
tality in the first year at 9% compared with the 2.3% in
this study (Best et al., 2012). A EUROlinkCAT study
including 13 registries showed a 1-year mortality of 2.9%
(including the nine registries in this study) and a 5-year
mortality of 3.4% (Coi et al., 2022). Although the children
with Hirschsprung's disease had a high number of intesti-
nal surgical procedures, undergoing a median of 3.5
intestinal surgical procedures in the first 5 years of life,
30 days mortality after neonatal surgery was low.

Our study included all children diagnosed with
Hirschsprung's disease in the registry areas including
those with genetic and chromosomal diagnoses and those
with associated major congenital anomalies. Therefore,

TABLE 2 Surgical procedures in 680 children with Hirschsprung's disease, based on the codes for surgery in the hospital databases with

overall percentages adjusted for registry and length of follow-up.

Number of
children

Adjusted percentage of
children (95% CI)

Median age in days at first
surgery (95% CI)

Total number of deaths in first year 15 2.3% (1.3–3.6)

Children with any code for surgery
<1 year

582 87% (84–89)

Children with a code for intestinal
surgery <1 year

570 85% (82–87) 24 days (95% CI: 9–40)

Children with a code for intestinal
surgery up to 5 years

613 92% (90–94) 28 days (95% CI: 11–46)

Children with a code for intestinal
surgery <28 days

345 50% (47–54)

Children with a code for stoma
surgery <28 days

123 17% (15–20)

Note: Nine EUROCAT registries, birth years 1995–2014.
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some children may have died before the intestinal sur-
gery for Hirschsprung, and a few may have received palli-
ative care only. In a population-based epidemiological
study from EUROCAT with data from 31 registries for
the birth years 1980–2009 it was found that 283 of 1322
children (21%) with Hirschsprung's disease had associ-
ated genetic, chromosomal, and/or major congenital
anomalies (Best et al., 2014).

As Hirschsprung's disease is very rare and there are
several types of surgery for the anomaly, evidence-based
treatment is difficult to obtain, and consensus-based
guidelines are needed (Kyrklund et al., 2020). We were
not able to compare the outcome of different surgical
methods as this information was not available in the hos-
pital procedure codes. For those having surgery in the
neonatal period, 36% (95% CI: 31–41) had a code for
stoma surgery. This is a minimum estimate as some chil-
dren may have had a non-specific code for intestinal

surgery in the hospital databases. Our study also docu-
mented the need for surgical treatment early in life for
children born with Hirschsprung's disease. Half of the
children underwent anesthesia and surgery in the neona-
tal period which carries significantly higher risks for
complications than later in life (Kuan & Shaw, 2020).

In terms of long-term outcomes, quality of life for
children with Hirschsprung's disease may be affected by
fecal incontinence and the presence of a permanent
stoma (Allin et al., 2017; Oltean et al., 2022). Core out-
come sets are groups of standardized outcomes that have
been identified by key stakeholders as being the most
important in determining the success of an intervention
or treatment for a disease. Ten core outcomes have been
agreed for Hirschsprung's disease (Allin et al., 2017).
Most of them require questionnaires and/or access to text
in medical records, but three of them may be answered
using public databases including hospital discharge

FIGURE 1 The burden of

hospitalizations in children with

Hirschsprung's disease compared with all

children with congenital anomalies (All

anomalies) and to children without

congenital anomalies (Reference). The data,

covering nine population-based registries in

five countries from 1995 to 2014, illustrates

the percentage of children admitted to the

hospital (a), the median length of hospital

stay in days (b), the percentage of children

with a hospital admission extending beyond

10 days (c), and the percentage of children

undergoing any surgery (d).
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databases: death with a cause specified, unplanned reo-
peration with indication specified, and need for a perma-
nent stoma with indication specified. However, as some
children had unspecified codes for the surgical proce-
dures during our study period 1995–2014, it will take
some time before the evidence for treatment methods of
Hirschsprung's disease can be found through these dis-
charge databases.

Parents of children with Hirschsprung's disease may
also worry about other long-term outcomes besides those
related to the intestine, as studies have shown an associa-
tion between exposure to anesthesia and surgery in
young children and later academic performance (Glatz
et al., 2017; Rosenblatt et al., 2019). A systematic review
of the developmental outcomes of children with gastro-
intestinal anomalies including children with Hirsch-
sprung's disease found that these children had impaired
developmental outcomes with minor cognitive impair-
ments and more serious motor and language
impairments (Roorda et al., 2021). These impairments
were found to be associated with the length of hospital
stays and number of surgical procedures. Prenatal diag-
nosis of Hirschsprung's disease is difficult as most fetuses
have no visible abnormalities (Jakobson-Setton
et al., 2015). Therefore, parents will only be informed
about the diagnosis after the birth of their child and can-
not be prepared for the expected long hospital stays. The
long hospital stays in the first year for these children
have an impact on family life and siblings (Toledano-
Toledano & Luna, 2020). Families should therefore be
supported by both health care professionals and social
care professionals.

The main strength of our study is the population-based
cohort of children from five European countries register-
ing all children born with Hirschsprung's disease and the
standardized case classification and registration of the con-
genital anomalies in the EUROCAT registries. Another
strength of the study is, as part of the EUROlinkCAT
study, the creation of standardized hospital data and syn-
tax scripts, enabling a common data model and the possi-
bility of combining analytical results. The linkage success
to the hospital databases was very high (97.5% of the
EUROCAT children, Urhoj et al., 2022). However, during
the data cleaning for this study, it was found that seven
children from one registry had to be excluded as they did
not have a final diagnosis of Hirschsprung's disease. This
indicates that follow-up after the first year of life is needed
for the complete and correct registration of this congenital
anomaly. Using codes for surgery from hospital databases
instead of reviewing text descriptions of the surgical proce-
dures is another limitation for this study. Another limita-
tion of the study is that we were not able to analyze
outcomes separately by registry and by presence of

associated anomalies due to the use of aggregate data in
combination with small numbers of each outcome in most
of the participating registries.

5 | CONCLUSION

This extensive population-based study, encompassing
data from nine EUROCAT registries across five
European countries, has provided valuable insights into
the morbidity and mortality associated with Hirsch-
sprung's disease in the first 5 years of life. Our findings
underscore the high morbidity burden in children with
Hirschsprung's disease, as evidenced by the significant
number of surgical interventions required within this
period. The majority of these children underwent their
first intestinal surgery within the first month of life, with
a median of 3.5 surgical procedures by the age of 5. This
high frequency of surgical interventions highlights the
complex and ongoing medical needs of these children,
pointing to the necessity for specialized and continuous
pediatric care.

FUNDING INFORMATION
This study has received funding from the European
Union's Horizon 2020 research and innovation pro-
gramme under grant agreement No. 733001.

CONFLICT OF INTEREST STATEMENT
The authors have no relevant financial or non-financial
interests to disclose.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able from the participating registries of congenital anom-
alies, but restrictions apply to the availability of these
data, which were used under license for the current
study. These data are available for scientifically valid
requests and with permission of the participating regis-
tries of congenital anomalies. To apply for the data please
contact the corresponding author.

ORCID
Joan K. Morris https://orcid.org/0000-0002-7164-612X
Maria Loane https://orcid.org/0000-0002-1206-3637
Anke Rissmann https://orcid.org/0000-0002-9437-2790
Ester Garne https://orcid.org/0000-0003-0430-2594

REFERENCES
Allin, B. S. R., Bradnock, T., Kenny, S., Kurinczuk, J. J., Walker, G.,

Knight, M., & NETS1HD Collaboration. (2017). NETS(1HD)
study: Development of a Hirschsprung's disease core outcome
set. Archives of Disease in Childhood, 102(12), 1143–1151.

6 of 7 DAMKJÆR ET AL.

 24721727, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bdr2.2338 by U

niversity L
ibrary O

f Southern D
enm

ark, W
iley O

nline L
ibrary on [14/05/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-7164-612X
https://orcid.org/0000-0002-7164-612X
https://orcid.org/0000-0002-1206-3637
https://orcid.org/0000-0002-1206-3637
https://orcid.org/0000-0002-9437-2790
https://orcid.org/0000-0002-9437-2790
https://orcid.org/0000-0003-0430-2594
https://orcid.org/0000-0003-0430-2594


Best, K. E., Addor, M.-C., Arriola, L., Balku, E., Barisic, I.,
Bianchi, F., Calzolari, E., Curran, R., Doray, B., Draper, E.,
Garne, E., Gatt, M., Haeusler, M., Bergman, J., Khoshnood, B.,
Klungsoyr, K., Martos, C., Materna-Kiryluk, A., Matias
Dias, C., … Rankin, J. (2014). Hirschsprung's disease prevalence
in Europe: A register based study. Birth Defects Research Part A:
Clinical and Molecular Teratology, 100(9), 695–702.

Best, K. E., Glinianaia, S. V., Bythell, M., & Rankin, J. (2012).
Hirschsprung's disease in the north of England: Prevalence,
associated anomalies, and survival. Birth Defects Research.
Part A, Clinical and Molecular Teratology, 94(6), 477–480.

Coi, A., Santoro, M., Pierini, A., Rankin, J., Glinianaia, S. V.,
Tan, J., Reid, A. K., Garne, E., Loane, M., Given, J.,
Ballardini, E., Cavero-Carbonell, C., de Walle, H. E. K.,
Gatt, M., García-Villodre, L., Gissler, M., Jordan, S., Kiuru-
Kuhlefelt, S., Kjaer Urhoj, S., … Morris, J. K. (2022). Survival of
children with rare congenital anomalies: A multi-registry
cohort study. Orphanet Journal of Rare Diseases, 17, 142.

EUROSTAT. (2021). Mortality and life expectancy statistics – Infant
mortality. [updated 2021 May; cited 2022 February]. https://
eceuropa.eu/eurostat/statistics-explained/index.php?title=
Mortality_and_life_expectancy_statistic

Fu, M., Tam, P. K., Sham, M. H., & Lui, V. C. H. (2004). Embryonic
development of the ganglion plexuses and the concentric layer
structure of human gut: A topographical study. Anatomy and
Embryology, 208(1), 33–41.

Garne, E., Tan, J., Damkjaer, M., Ballardini, E., Cavero-
Carbonell, C., Coi, A., Garcia-Villodre, L., Gissler, M., Given, J.,
Heino, A., Jordan, S., Limb, E., Loane, M., Neville, A. J.,
Pierini, A., Rissmann, A., Tucker, D., Urhoj, S. K., & Morris, J.
(2023). Hospital length of stay and surgery among European
children with rare structural congenital anomalies—A
population-based data linkage study. International Journal of
Environmental Research and Public Health, 20(5), 4387.

Glatz, P., Sandin, R., Pedersen, N., Bonamy, A. K., Eriksson, L. I., &
Granath, F. (2017). Associaiton of anesthesia and surgery dur-
ing childhood with long-term academic performance. JAMA
Pediatrics, 17, e163470.

Hirschsprung, H. (1888). Stuhlträgheit neugeborener in folge von
dilatation und hypertrophie des colons. Jahrbuch für Kinder-
heilkunde und Physische Erziehung (Berlin), 27, 1–7.

Jakobson-Setton, A., Weissmann-Brenner, A., Achiron, R.,
Kuint, J., & Gindes, L. (2015). Retrospective analysis of prenatal
ultrasound of children with Hirschprung disease.
Prenatal Diagnosis, 35(7), 699–702.

Kuan, C. C., & Shaw, S. J. (2020). Anesthesia for major surgery in
the neonate. Anesthesiology Clinics, 38, 1–18.

Kyrklund, K., Sloots, C. E. J., de Blaauw, I., Bjørnland, K., Rolle, U.,
Cavalieri, D., Francalanci, P., Fusaro, F., Lemli, A.,
Schwarzer, N., Fascetti-Leon, F., Thapar, N., Johansen, L. S.,
Berrebi, D., Hugot, J. P., Crétolle, C., Brooks, A. S.,
Hofstra, R. M., Wester, T., & Pakarinen, M. P. (2020). ERNICA
guidelines for the management of rectosigmoid Hirschsprung's
disease. Orphanet Journal of Rare Diseases, 15(1), 164.

Loane, M., Given, J. E., Tan, J., Bariši�c, I., Barrachina-Bonet, L.,
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