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ABSTRACT
The most common congenital gut motility disorder is the Hirschsprung disease (HSCR). This anomaly is char-
acterized by absence of neural crest-derived enteric neuronal ganglia. The aim of our study was to analyze 
the relationship between HSCR and other congenital anomalies or malfunctions. We examined 130 patients 
with Hirschsprung disease from Slovakia for last 10 years. During patients examination we focused not only on 
morphological abnormalities, but also functional anomalies. The incidence of associated congenital anomalies 
in our patients with HSCR was 26.1 %. But if we add functional defects (hypothyroidism, malfunction in cellular 
immunity, neurological defi cit) to the morphological congenital abnormalities, the rate of the patients with HSCR 
with additional defects achieves 50.1 %. Nine of our patients (6.9 %) had syndromic HSCR. The most frequent 
disorder (13.6 % of patients) was primary defi ciency in cellular immunity. More than 12.3 % of patients with 
HSCR had genitourinary abnormalities, in 10.0 % of patients variable degree of psychomotor retardation was 
observed, and skeletal, muscle and limb anomalies involved 7.7 % of patients. In 7.6 % cases of patients we 
found congenital hypothyroidism (including 2 cases of agenesis of thyroid gland). More than 6.1 % of patients 
presented with an associated anomaly in gastrointestinal tract (mostly anorectal malformations). Up to 5.5 % 
patients had congenital anomaly of heart, 3.8 % had ophthalmic and 3.1 % had craniofacial anomalies. Down 
syndrome was the main diagnosis in 3.8 % patients. We discussed  the relationship between HSCR and other 
anomalies, which are probably caused by abnormal migration, proliferation, or differentiation, of neural crest 
cells during embryogenesis (Tab. 1, Fig. 2, Ref. 75). Text in PDF www.elis.sk.
KEY WORDS: Hirschsprung disease, impaired cellular immunity, genitourinary abnormalities, neurological de-
fi ciency, hypothyroidism, cardiac abnormalities, Down syndrome.
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Introduction

Hirschsprung disease (HSCR) is the most common congenital 
gut motility disorder and is characterized by a lack of nerve cells 
(aganglionosis) in a variable length of distal gut (1). Usually this 
involves just a short segment, the rectum and sigmoid colon, but 
occasionally there is much greater involvement of the colon and, 
even more rarely, involvement extending to the ileum. The func-
tional characteristic of the disease is intestinal obstruction, caused 
by the localized inability of the gut to transmit a peristaltic wave; 
this section of the bowel is typically contracted. In contrast, the 
segment of intestine proximal to this becomes grossly distended 
by fecal accumulation, and this is termed as “megacolon” (2).

Gut motility is a complex process mediated by interactions 
between smooth muscle cells, interstitial cells of Cajal with pace-
maker-activity (generation of slow electrical waves that underlie 

rhythmic contractions), and the neurons of enteric nervous system 
(ENS). One part of ENS is localized in the layer of connective 
tissue of tela submucosa (submucosal Meissner plexus), and the 
second part lies between circular and longitudinal layers of tunica 
muscularis (myenteric Auerbach plexus). The submucosal plexus 
regulates mostly the intestinal secretory function, whereas the 
myenteric plexus regulates the dilatation and contraction of the 
intestinal wall (3). From an embryological point of view, smooth 
muscle and interstitial cells of Cajal are derived from embryonic 
mesenchyme, but precursors of neurons and supporting glial cells 
of ENS are of neural crest origin (4).

The neural crest is a transient paired embryonic structure that 
gives rise to more than fi fty cell types and tissues of  adults, rang-
ing from neurons of enteric nervous system to the facial connective 
tissue and skeleton (5–7). Neural crest cells originate in the dor-
sal parts of neural folds of developing neural tube, at the junction 
between neural ectoderm (the neural plate as the future brain and 
spinal cord) and non-neural ectoderm (future epidermis of the skin) 
(8). During the development of neural tube, the cells of neural crest 
origin underwent epithelial-to-mesenchymal transition (9) and 
migrate via different pathways into the whole embryo. They give 
rise to e.g., neuronal and supporting glia of peripheral (including 
autonomic and enteric) nervous system, pigment cells, chromaffi n 
cells of adrenal medulla and paraganglia, and dentine-producing 
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odontoblasts of teeth (7, 10, 11). In the cranial parts of embryo, 
the neural crest cells differentiate also into mesenchyme and are 
source of cells for future connective and muscle tissues inside 
embryonic pharyngeal arches. Therefore the neural crest cells are 
extremely important for normal development of the face, ventral 
neck, parathyroid glands, thyroid gland and thymus (12, 13). Neu-
ral crest cells play also important role in the development of the 
heart, especially during outfl ow tract septation (future ascending 
aorta and pulmonary trunk, conus arteriosus and aortic vestibule), 
valvulogenesis, and development of the cardiac conduction system 
(14, 15). The neural crest is a fascinating embryonic structure and 
for its important role during normal development of various organs 
some authors term it as “the fourth embryonic germ layer” (16).

The aim of our study was to analyze the relationship between 
Hirschsprung disease and other congenital anomalies, which are 
probably caused by abnormal migration, proliferation, differen-
tiation, or survival of neural crest cells during embryonic devel-
opment. We examined patients with Hirschsprung disease from 
Slovakia for last 10 years and discussed about a possible embry-
onic basis of co-existence of different congenital anomalies and 
malfunctions.

Patients and methods

We analyzed retrospectively 130 pediatric patients from De-
partment of Pediatric Surgery, Faculty of Medicine and Children’s 
Medical Hospital in Bratislava, Slovakia. All patients underwent 
surgical procedure during years 2002–2012. The majority of pa-
tients were term babies and their birth weights were between 2500 
g and 3500 g. Male-to-female ratio was 1.6 to 1. In 5 patients (3.85 
%) we found also HSCR disease among their family members 
(siblings or parents). 

Conventional or classic approach was used including two or 
three-stage operative procedures. In the fi rst stage laparotomy (in 
last years also laparoscopy), abdominal inspection, bowel biopsies 
and colostomy were done. The second stage, performed later, usu-
ally after three months to one year of age, included resection of 
aganglionated bowel and colon-anal anastomosis. The preexisting 
stoma could be closed at this operation or during the third-stage 
procedure. The most common surgical procedure in our series of 
patients was the retro-rectal pull-through according to Duhamel 

(17) in Ikeda – Soper’s modifi cation (18, 19). The mean age of 
patients during the fi rst operation was 350 days, and most of the 
patients underwent another on operation, average 2.56 re-opera-
tions of abdomen.

The diagnosis of HSCR was verifi ed histologically and his-
tochemically (lack of acetylcholinesterase-positive ganglion cells 
and well developed nerve fi bers). 

During patient examination we focused not only at routinely 
examined morphologically abnormalities (e.g., abnormal facial 
features, defects of limbs or skeleton, congenital heart defects), 
but also at morphological and functional anomalies of endocrine 
(thyroid gland) and immune organs (thymus) and neurological or 
psychomotor defi ciency.

Results

The incidence of associated congenital anomalies in our pa-
tients with Hirschsprung disease was 26.1 % (34 patients). Only 
12 % of them had other single anomaly, and 88 % had multiple 
congenital anomalies. But if we add functional defects (hypothy-
roidism, malfunction in cellular immunity, neurological defi cit) 
to the morphological congenital abnormalities, the rate of the 
patients with HSCR with additional defects achieves 50.1 % (66 
patients). The list of our results is summarized in Table 1. Nine 
of our patients (6.9 %) had syndromic HSCR (fi ve cases of Down 
syndrome, one case of hydrocephalus due to congenital stenosis 
of the aqueduct of midbrain (of Sylvius), one case of Currarino 
triad with sacral agenesis, one case of Duchenne muscular dystro-
phy and one case of cartilage-hair hypoplasia). If we analyzed the 
gender infl uence on associated congenital anomalies, no statistical 
signifi cance was found. In males with Hirschprung disease, 49 % 
had another concomitant congenital anomaly (39 from 80 male 
patients), in females 52 % had another congenital anomaly (26 
from 50 female patients). 

The most frequent disorder (more than 13.6 % of patients) was 
the defi ciency in immune functions, mostly primary defi ciency in 
cellular immunity. These patients are in a long- term follow up of 
immunologists, due to repeated infections (mostly of viral origin). 
Despite the fact that they have no severe manifestation of immu-
nodefi ciency, the amount of various subpopulations of T- lympho-
cytes in peripheral blood is in the lower zone of normal values, 
when examined by fl ow cytometry.  This defi ciency is probably due 
to disturbed development of thymus, and consecutively disturbed 
development of immunocompetent T- lymphocytes.

More than 12.3 % of patients with HSCR had genitourinary 
abnormalities, including congenital kidney anomalies (Fig. 1), 
agenesis of kidney, hydronephrosis / hydroureter, retentio testis 
and disorders of bladder function.

In 10.0 % of patients variable degree of psychomotor retarda-
tion was observed, without any specifi c morphologic fi ndings with 
available imaging methods. Most of these patients are in long-term  
follow-up by neurologist and/or psychologist. Delayed psychomo-
tor development was a common fi nding in many patients; some 
of them had problems with speaking and most of them are also 
in the care of speech therapist (logopaedist), because of dyslalic 

Description of congenital anomaly Percentage No of 
patients

Defi ciency in cellular immunity 13.6% 18
Genitourinary abnormalities 12.3% 16
Neurological or psychomotor defi ciency 10.0% 13
Skeletal, muscle and limb anomalies 7.7% 10
Congenital hypothyroidism/agenesis of thyroid gland 7.6% 9
Other gastrointestinal tract anomalies 6.1% 8
Congenital heart defects, cardiac abnormalities 5.3% 7
Down syndrome 3.8% 5
Ophthalmic anomalies 3.8% 5
Craniofacial anomalies 3.1% 4
CNS and brain anomalies 2.3% 3

Tab. 1. Related congenital anomalies and malfunctions in patients 
with HSCR.
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speech. Morphological congenital anomaly of central nervous 
system was found in additional 2.3 % of patients (as spina bifi da, 
meningocoele and hydrocephalus due to congenital stenosis of the 
aqueduct of midbrain (of Sylvius).

Skeletal, muscle, limb and digital anomalies involve 7.7 % 
of patients with Hirschsprung disease. This group of anomalies 
was represented with chondrodystrophy, thoracic kyphosis, pectus 
excavatum with scoliosis, unilateral phocomelia, sacral agenesis 
(Fig. 2), Duchenne muscular dystrophy, syndactylia, valgus or 
varus knee deformities, pedes plani and global muscular hypotonia. 

In 7.6 % cases of patients with HSCR we found congenital 
hypofunction of thyroid gland. In 2 cases (1.5 %) we found  a 
complete agenesis of thyroid gland.

More than 6.1 % of patients presented with an associated 
anomaly in gastrointestinal tract along with the hypogangliosis. 
Atresia of the gastrointestinal tube in various levels (atresia of 
ileum or atresia of rectum and anus) and gastroschisis were the 
most common added congenital anomalies to Hirschsprung dis-
ease. Other most common gastrointestinal tract anomalies were 
anorectal malformations (3 cases, 2.3 %). 

Up to 5.5 % patients had a congenital anomaly of heart, such as 
septation defects, ventricular and atrial septal defects and conotrun-
cal developmental defect (exclude patients with concomitant Down 
syndrome, where the association between Down syndrome and 
congenital heart defect is well known).

Ophthalmic anomalies (3.8 %) and other craniofacial anoma-
lies (3.1 %) was a morphological fi nding in patients with multiple 
diagnoses as a part of complex stigmatization. We found two cases 

of strabismus convergens, one case of microphthalmia, one case 
of retinopathy and one case of keratopathy.

Down syndrome, trisomy of chromosome 21, was the main 
diagnosis in 5 patients (3.8 %). Two of these patients had con-
comitant congenital hypothyroidism, and one had also concomitant 
congenital heart defect (atrial septal defect).

Discussion

The fi rst neural crest ablation studies in chick-quail chimaera 
(transplanted grafts of quail neural primordium into chick embryos) 
experiments in 1973 have shown that neurons in the wall of gut 
are derived from the neural crest (20). Neural crest cells undergo 
extensive migration, proliferation, differentiation and survival dur-
ing the development of gut to form a functional enteric nervous 
system. In humans, the fi rst neural crest cells enter the foregut at 
week 4, and migrate cranio-caudally to reach the terminal hind-
gut by week 7. Neural crest cells then differentiate into neurons 
and glia of future enteric nervous system (4, 21–23). Only a fully 
colonized developing gut, comprising the appropriate number of 
diverse neuronal and glial cells types, is required for normal co-
ordinated peristaltic activity. The most common and best under-
stood congenital gut motility disorder is the Hirschsprung disease 
(according to the Dutch pediatrician Harald Hirschsprung, who 
described this unit in 1888) (24). HSCR occurs in 1 to 5000 live 
births. This congenital anomaly is characterized by an absence of 
enteric neuronal ganglia (aganglionosis) in aboral regions of the 
gut, leading to tonic contraction of the affected segment, intesti-

Fig. 1. Six-year-old boy with Hirschsprung disease and concomitant 
renal anomaly (ren duplex).

Fig. 2. Six-year-old boy with Hirschsprung disease and concomitant 
skeletal anomaly (sacral agenesis).
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nal obstruction and massive distension of the unaffected proximal 
bowel (23, 25).

HSCR is a complex disease that results from the interaction of 
several genes and manifests with low, sex-dependent penetrance 
and variability in the length of the aganglionic segment. The total 
prevalence of HSCR in Europe between years 1980–2009 was 
1.09 per 10,000 births (26). In HSCR is a gender disparity among 
the patients, with the male to female ratio as high as 5 : 1. Recent 
studies identifi ed over half of the HSCR disease susceptibility 
genes as targets for the sex-determining factor SRY, suggesting 
that this Y-encoded transcription factor could be involved in sex-
ual dimorphism in HSCR (27). In the group of our patients with 
HSCR the male to female ratio was lower than reported values, 
and was only 1.6 to 1. The explanation for this difference may be 
the fact that most diffi cult patients from the entire country come 
to our university clinic, and most of them have the diagnosis of 
long-segment Hirschsprung disease. According to Amiel et al. (28) 
the male to female ratio is signifi cantly lower for long-segment 
HSCR (1.2–1.9) than for short-segment HSCR (4.2–4.4).

Affected families carry 200 times higher risk but genetic 
counseling via pedigree analysis is diffi cult and the signifi cance 
of genetic variations is unclear (29). In our study, we described 
familial occurrence of HSCR in 5 cases (3.8 %). According to Puri 
and Shinkai (30), the reported incidence of familial cases in rec-
tosigmoid HSCR varies from 3.6 % to 7.8 %. The estimated risk 
of HSCR transmission to relatives increases with rising extent of 
aganglionosis (from recurrence of risk 4 % in brothers of patient 
with rectosigmoid HSCR to 29 % in sons of females with long-
segment HSCR) (27). Recently, several genes (at least twelve) 
have been identifi ed that control morphogenesis and differentia-
tion of the enteric nervous system. These genes, when mutated or 
deleted, interfere with enteric nervous system development. The 
most studied are mutations in RET proto-oncogen, which is the 
major genetic cause of HSCR. The RET signaling pathway is of 
importance for enteric nervous system development to promote 
survival of neurons, mitosis of neuronal progenitor cells, dif-
ferentiation of neurons and nerve fi bers extension (2, 30). In the 
neighboring Czech Republic, the occurrence of RET mutation in 
patients with HSCR is estimated to be 10 % (31).

In our group of patients with HSCR, 26.1 % had associated 
congenital anomalies. Moore (32) analyzed 4,328 reported cases 
of HSCR and the incidence of other anomalies varied between 5 
and 32 % with a mean of 21.1 %. But similar number of our pa-
tients had also congenital functional endocrine, immunological 
or neurological defi cit, without morphologically evident anomaly 
(congenital hypothyroidism, impaired cellular immunity, psy-
chomotor retardation). This means that together more than 50 % 
of all patients with Hirschsprung disease had another congenital 
anomaly or congenital impaired endocrine, immunologic or psy-
chomotor functions. 

Hirschsprung disease and immune system

More than 13 % of our patients with HSCR had primary defi cit 
in cellular immunity. We found only one similar article compar-

ing immunologic functions and developmental anomalies of large 
intestine (33). The explanation of immune defi cit in patients with 
HSCR can be in disrupted embryonic development of the thymus. 
The vagal neural crest cells are the major source of thymic mes-
enchyme during development, as well as are the major source of 
neurons and glial future enteric nervous system (34). The inter-
action between the developing epithelial primordium of thymus 
derived from the third pharyngeal pouch and surrounding neural 
crest derived-cells mesenchyme is necessary for the proliferation 
and differentiation of thymic epithelial cells, and for the differ-
entiation of fully developed lymphoid thymus (35). According to 
our opinion, the disrupted formation, migration, differentiation or 
survival of vagal neural crest cells can also disrupt the develop-
ment of both, the thymus and the enteric nervous system in bowel. 
The mucosa of bowel full-fi lled with T- lymphocytes is also an 
important site of B- lymphocytes development (36). Therefore 
the disrupted development of large intestine and/or thymus can 
hypothetically also affect the developing humoral immunity in 
patients with HSCR.

Hirschsprung disease and genitourinary malformations

In the group of our patients, the incidence of genitourinary 
malformations was 12.3 % that is higher than the mean reported 
incidence, 6.05 % (32). These malformations in HSCR patients 
can be explained by genetic alterations of RET proto-oncogen. The 
RET proto-oncogene encodes a receptor tyrosine-kinase which 
plays a crucial role during the embryonic development of the en-
teric nervous system and kidney (especially the embryonic me-
sonephric Wolffi an duct and ureteric bud epithelium, which are 
critical for kidney induction and branching morphogenesis). The 
importance of RET in mammalian organogenesis has been further 
illustrated by the generation of RET knock-out mouse. This mouse 
exhibits total intestinal agangliosis and renal agenesis (37, 38). 
The mean reported incidence of RET proto-oncogen mutations is 
70–80 % in cases of long-segment HSCR, 50 % in familial cases 
of HSCR and 15–20 % of sporadic forms of HSCR (30, 39). It is 
highly probable, that patients with these mutations have higher 
susceptibility for developmental anomalies of kidney and excre-
tory passages. This hypothesis confi rms the study of Skinner et 
al (40). They found mutations in RET proto-oncogen in cases of 
bilateral renal agenesis in 37 % of stillborn fetuses and in cases 
with unilateral renal agenesis in 20 %.

Hirschsprung disease and neurologic and psychomotor de-
fi ciency

Approximately 10 % of our patients with HSCR were affected 
by associated neurological or psychomotor challenges. Similar are 
the results of Moore and Tshifularo (41), who found associated 
neurological diffi culties  in 6 % of patients with HSCR (32 from 
555 patients). Also Shahar and Shinawi (42) reported about 4 pa-
tients with HSCR with associated neurological abnormalities, or 
Baranyay et al (43) described a case report of adult patient with 
HSCR and concomitant mental retardation. Most of these neuro-
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logical anomalies may be linked with disrupted migration or dif-
ferentiation of neural crest cells, mostly in cases of HSCR associ-
ated with different syndromes (Goldberg-Shprintzen or Haddad 
syndrome). But we think that also the number of re-operations, 
the quality of anesthesia, surgery and post-operative care may af-
fect other psychomotor development of children.

Hirschsprung disease and skeletal, limb and digital anoma-
lies

A wide range of skeletal, muscle, limb and digital anomalies 
of our patients with HSCR include chondrodystrophy, thoracic 
kyphosis, pectus excavatum with scoliosis, unilateral phocomelia, 
sacral agenesis, muscular dystrophy, syndactylia, valgus or varus 
knee deformities, pedes plani and global muscular hypotonia and 
constitute 7.7 % of all patients with HSCR. According to Moore 
(32), who analyzed numerous different studies, the skeletal, mus-
cle and limb anomalies involve approximately 5.12 % of HSCR 
patients. But in some studies, this percentage can be as high as 
24 % (44). Some of our patients had different syndromes, and 
the skeletal and muscular anomalies were only a part of differ-
ent abnormalities (e.g., one case of sacral agenesis in a Currarino 
triad syndrome, chondrodystrophy in a cartilage-hair hypoplasia 
or Duchenne muscular dystrophy). Our case of Hirschsprung dis-
ease associated with Currarino triad (Fig. 2) is extremely rare and 
according to our knowledge, is it only the third reported case in 
the literature ever (45, 46). Also several other authors described 
cases of skeletal or limb anomalies in different syndromes as-
sociated with Hirschsprung disease. For example, Alkuraya et al 
(47) reported about a newborn girl with Fryns syndrome (multiple 
congenital anomalies characterized also by distal limb hypopla-
sia) associated with HSCR, and Goldenberg et al (48) reported a 
case of absence of tibiae and polysyndactyly of hands and feet 
associated with HSCR.

Hirschsprung disease and thyroid function

The fi rst mention about association between Hirschsprung 
disease and congenital hypothyroidism originates from Mustafi n 
and Sultanova (49). They described 3 cases of hypothyroidism in 
a group of 78 HSCR children (3.8 %). In our group of HSCR pa-
tients more than 7.6 % suffered from congenital hypothyroidism, 
and in two cases there was a complete congenital agenesis of the 
thyroid gland. From animal models it is well known that hypo-
thyroidism impairs colic motility and function (50). But we found 
only two recent articles (both are case reports) about the associa-
tion between HSCR and congenital hypothyroidism (51, 52) and 
only one research article about an association between congenital 
hypothyroidism and different birth defects (including HSCR) (53). 
The possible association between HSCR and congenital hypothy-
roidism can be in disturbed migration of neural crest cells in both 
developing organs, into the thyroid gland and intestine. The vagal 
neural crest cells are extremely important not only in normal devel-
opment of enteric nervous system, pharyngeal arches (future face 
and ventral neck) and heart outfl ow tract, but also in the develop-

ment of the thyroid gland, regulating the formation and migration 
of thyroid gland (as well as thymus and parathyroid glands). The 
future connective tissue of thyroid gland (capsule and septa) and 
the parafollicular calcitonin-producing cells inside thyroid gland 
are of neural crest origin (7, 13, 54). 

Hirschsprung disease and other gastrointestinal tract anoma-
lies

Similar signaling molecular pathways are implicated in normal 
development of numerous derivates of primitive gut, the future 
parts of gastrointestinal system. Therefore, it is not surprising that 6 
% of our HSCR patients who had disrupt development of the enter-
ic nervous system, suffered from other congenital gastrointestinal 
tract anomaly. Our result was similar to the mean of published data 
8.05 % (32). Most frequent anomaly in our patients was anorectal 
malformation (3 cases, 2.3 %). This fi nding is in agreement with 
the reported incidence (2.3% to 3.4 %) of anorectal malformations 
in patients with Hirschsprung disease (55). One of the newest 
surgical procedures in HSCR with non-relaxing anal sphincter is 
application of intrasphincteric botulinum toxin (Botox). Accord-
ing to Han-Geurts et al (56), the intrasphincteric Botox injections 
in surgically treated HSCR are an effective long-term therapy in 
approximately half of our patients with obstructive symptoms.

Hirschsprung disease and congenital heart defects

Approximately 0.4 % up to 0.6 % of newborns is delivered 
with moderate or severe congenital heart defects (57). These con-
genital heart defects are etiologically heterogeneous, and genetic 
and environmental causes have been proposed for many specifi c 
defects (58). In the group of our patients with HSCR, the incidence 
of congenital heart defects was 5.3 %. According to Spouge and 
Baird (59), the cardiovascular anomalies are one of the most fre-
quent additional anomalies found in HSCR patients, occurring in 
5.6 % of cases. Approximately half of HSCR patients with asso-
ciated congenital heart disease had major heart defect requiring 
surgical repair (60). The etiology of combined HSCR and heart 
defects is in the common progenitor neural crest cells important 
for normogenesis of the heart and enteric nervous system. More 
than 30 years ago, the fi rst paper showing the relationship of neu-
ral crest-cells with heart development was published (61). Mul-
tipotent cardiac neural crest cells (a special population of vagal 
neural crest cells) migrate into the developing heart and become 
condensed in the aorticopulmonary septation complex (62). Abla-
tion of a smaller area within the cardiac neural crest is thought to 
contribute to conotruncal anomalies including tetralogy of Fallot 
and double-outlet right ventricle (63, 64). Our patients with HSCR 
had septation defects of the heart as well conoctruncal anomalies, 
probably due to disrupted migration of neural crest cells.

Hirschsprung disease and ophthalmic anomalies

Five (3.8 %) HSCR patients had also ophthalmic anomalies, 
which is similar to data (2.2 %) published by Moore et al (65). In 
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general, some of congenital ophthalmic anomalies belong to the 
disorders of neural crest origin, e.g. pupil abnormalities and iris 
dysplasia and can be associated with other neurocristopathies (66). 
We found in our group of HSCR patients two cases of strabismus 
convergens. We cannot explain this concomitant occurrence of two 
anomalies. In literature, we have found only three similar cases, 
but the strabismus associated with HSCR was only a part of dif-
ferent syndromes and genetic abnormalities (67–69).

Hirschsprung disease and craniofacial abnormalities

More than 3 % of HSCR patients had associated craniofacial 
abnormalities. Reported incidence of these anomalies in HSCR 
patients is 2.86 % (32). Associations between HSCR and cra-
niofacial anomalies are well known. Neural crest cell produces 
an array of hard and soft connective tissue in the face and head, 
which elsewhere in the body have a mesodermal origin. Neural 
crest cells during morphogenesis of craniofacial region involve the 
same growth factor and signaling pathways as neural crest during 
development of enteric nervous system (70). 

Hirschsprung disease and Down syndrome

A large number of chromosomal anomalies have been de-
scribed in HSCR patients. Trisomy 21 (Down syndrome) is by 
far the most frequent, involving 2–15 % of ascertained HSCR 
cases (28, 71). Individuals with Down syndrome display a 40-
fold greater risk of Hirschsprung disease than the general popula-
tion of newborns. In our group of patients with HSCR, 3.8 % had 
also concomitant Down syndrome. According to the hypothesis 
of Arnold et al (72), segregation of a common polymorphism at 
RET enhancer, residing on human chromosome 10, interacts with 
chromosome 21 and leads to the Hirschsprung disease association 
in Down syndrome patients. Children with concomitant HSCR 
and Down syndrome have a higher rate of postoperative compli-
cations and a longer hospital stay. During long-term follow-up 
most patients with Down syndrome are severely constipated and 
have a higher incidence of enterocolitis (73). Two of fi ve of our 
patients with HSCR and Down syndrome had concomitant con-
genital hypothyroidism.

Conclusion

Approximately one third of all human congenital malforma-
tions are estimated to derive from the various segments of neural 
crest anomalies. The American pathologist Robert P. Bolande in 
1974 coined the term neurocristopathies for various neurologic, 
endocrine, digestive, or other disorders arising from impaired 
growth, differentiation, or migration of neural crest cells (74). The 
neurocristopaties can represent an anomaly of simple organ, but 
also a vast range of diverse abnormalities combining anomalies of 
various organ systems derived from neural crest (75). 

Hirschsprung disease, as a neurocristopathy, has a strong as-
sociation with numerous congenital anomalies, syndromes and 
also functional abnormalities. In our group of patients the inci-

dence of associated congenital anomalies was 26.1 %. But if we 
add also malfunctions (hypothyroidism, malfunction in cellular 
immunity, neurological defi cit), the rate of patients with HSCR 
with additional defects achieves more than 50 %. Most of these 
anomalies are based on disrupted development, migration or dif-
ferentiation of multipotent neural crest cells during embryogenesis. 
More than 10 % of pediatric patients with HSCR has defi ciency 
in cellular immunity or genitourinary abnormalities. The immune 
system malfunctioning  may be related to disrupted development 
of the thymus, which depends also on neural crest cells. The geni-
tourinary malformations in HSCR patients can be explained by 
genetic alterations of RET proto-oncogen, which plays a crucial 
role during the embryonic development of both, the enteric ner-
vous system and kidney. An interesting fi nding is also that 7.6 % 
of HSCR patients had concomitant congenital hypothyroidism, 
and 5.3 % had concomitant congenital heart defect. Also the inci-
dence of Down syndrome in HSCR patients is much higher, than 
in normal population. Our results show that Hirschsprung disease 
is not only a simple lack of neurons in distal part of gut, but the as-
sociated anomalies and malfunctions may affect numerous organs 
and may infl uence many physiological processes.
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