Open Access @

(Pustin Publishing crou

Austin Journal of Clinical Pathology

Review Article

Hirschsprung Disease; Insights into Developmental
Etiology, Pathophysiology and Postoperative Long-Term
Outcomes

Abdelrahman ST?, Ezzat TA!, Saleh M1, Sakr

SM!, Abdeldayem MSt, Alalfy AAL Ayad MA!, Abstract
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. in about 1 in 5000 children. Hirschsprung disease is a multifactorial disorder
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2022; Published: January 13, 2022 with several hereditary disorders. Children with Hirschsprung disease have
symptoms of bowel obstruction or perforation, abdominal distention, bilious
vomiting, growth issues, fatigue, severe constipation, along with an increased
risk of Hirschsprung-associated enterocolitis that presents the leading cause
of morbidity. Current management necessitates surgery; nevertheless, many
individuals experience long-term complications. This article aims to review the
association between the basic science principles of Hirschsprung disease and
its predisposing factors, disease mechanisms, clinical manifestations, together
with its ongoing functional problems after surgical correction. Insights into the
genetic basis and mechanisms of the disease might pave the way for new
diagnostic and treatment measures hereafter.
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Introduction at the mouth and terminating at the anus. The fetal GI tract is divided
into three segments: foregut, midgut, and hindgut (Figure 1) [8,9].
Distal part of the hindgut consists of the cloaca, which gets separated
into a dorsal anorectal compartment and a ventral urogenital
compartment by a septum [10]. The hindgut differentiates to give
rise to the distal one-third of the transverse colon, descending colon,
sigmoid colon, rectum, superior anus (down to the dentate line in
the anorectum), and urinary epithelium (Figure 1) [8,11,12]. Its
arterial supply comes mainly from the inferior mesenteric artery
(IMA) which arises from the anterior or left anterolateral aspect of
the abdominal aorta. The venous and lymphatic drainage correspond
to its arterial supply [11]. The IMA classically terminates into three
branches. From proximal to distal, these branches are the left colic
artery supplying the descending colon, the sigmoid artery supplying
the sigmoid colon, and the superior rectal artery supplying the
rectum and upper part of the anal canal [13-15]. The nerve supply of
the hindgut is represented by intrinsic and extrinsic innervation. The
enteric nervous system (ENS) represents the intrinsic innervation,
while the extrinsic innervation of the hindgut is mediated through
sympathetic and parasympathetic nerves. Sympathetic fibers originate
from T5 to L2 levels, and parasympathetic fibers originate from the

Hirschsprung disease (HSCR), a life-threatening birth defect,
is a multifactorial genetic disorder and neuro-congenital condition
of aganglionosis along the distal colon ascribable to a defect
in migration of neural crest cells towards the hindgut, leading
to functional intestinal obstruction [1-3]. The developmental
anomaly that describes Hirschsprung disease has various clinical
manifestations and a complex etiology, making diagnosis and
management mysterious. Disturbances in intestinal function,
including Hirschsprung-associated enterocolitis (HAEC), can be
deadly even after reconstructive surgery [4,5].

Most published studies have focused on surgical management of
the disease; however, little interest has been given to the disorder’s
anatomic background and multigenic nature [6,7]. It is essential
to shed light on the malformation’s anatomic and embryological
features, incidence, multi-genetic nature, pathophysiology, clinical
picture, and long-term complications after corrective surgery aiming
to clarify how current studies provide insight into embryological
defects and pathophysiology of Hirschsprung disease which might
lead to novel regenerative approaches to reduce disease morbidity.

Developmental Anatomy and EmbryOIOQV dorsal vagus complex and pelvic nerves S2-S4 [11].
The gastrointestinal (GI) tract is endodermal in origin, beginning The GI tract responds to the state of the lumen and gut wall by
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Figure 1: The fetal Gastrointstinal tract divided into foregut, midgut, and hindgut [8].
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Figure 2: Wall of the Gastrointestinal tract showing the intrinsic nerve supply, the enteric nervous system, consistig of the myenteric (Auerbach’s) as well as the

secretions, activating peristalsis, and controlling blood flow and
thus maintain suitable physiological balance. This potential depends
on the presence of a well-functioning enteric nervous system [16].
The formation of a well-functioning ENS entails coordination of the
survival, migration, proliferation, and differentiation of its progenitor
cells within the GI tract. The enteric nervous system is derived from
a multipotent, migratory cell population called the neural crest cells
(NCCs); besides, it comprises the part of the autonomic nervous
system which is responsible for direct control of the GI tract [9]. The
ENS is formed of an extensive network of neurons and glia within
the wall of the intestine [17]. Within the small and large intestines,
enteric neurons are arranged into two main plexuses, the myenteric
(Auerbach’s) as well as the submucosal (Meissner’s) plexus (Figure 2)
[18]. The myenteric plexus clusters into ganglia between the circular
and longitudinal muscle layers, while the submucosal plexus is
present within the connective tissue of the submucosa. Some neurons
might also be found within the mucosa [19].

Embryogenesis of the Enteric Nervous
System

Enteric nervous system neurons and glia are derivatives of the
vagal segment of the neural crest. Vagal segment of neural crest cells
migrates along the path of the vagus nerves, penetrate the foregut
mesenchyme, and spread cranio-caudally across the gastrointestinal
tract. This takes 7 weeks in humans to be completed. By the 5%, 7%,
and 8" weeks, neural crest derivatives have infiltrated the foregut,

distal ileum, and mid-colon, respectively, infiltrating the myenteric
plexus before the submucosal plexus. By the 12 week of gestation,
ENS derivatives have colonized the entire colon [1]. Following vagal
neural crest-derived cells’ colonization, sacral level neural crest
cells also contribute to the colonic ENS. However, even in the most
distal regions of the bowel, most enteric neurons are vagally derived
[20]. Enteric neural crest- derived cells (ENCCs) simultaneously
proliferate and migrate towards and within the gut [21,22].
Furthermore, a subpopulation of ENCCs starts to undergo neuronal
differentiation. ENCCs’ colonization of the intestine necessitates
coordinated proliferation, migration, and neuronal differentiation
[23]. Any defect in such development gives rise to disorders termed
neurocristopathies. One such disorder is Hirschsprung disease which
is characterized by absence of the ganglion cells in the myenteric
(Auerbach’s) and submucosal (Meissner’s) plexuses of the distal
intestine [3,9,24]. The essential role for enteric neurons in peristalsis is
demonstrated by the bowel obstruction that occurs in the aganglionic
region of GIT [23]. In children with Hirschsprung disease, there
are two main hypotheses on how this mechanism is disrupted. The
ganglion cells either never enter the distal intestine because they
mature or differentiate into ganglion cells earlier than they should, or
they reach the distal intestine but do not survive or proliferate [25].

Classification of Hirschsprung Disease

According to the distal extent of aganglionosis, Hirschsprung
disease is subdivided into ultrashort (distalmost rectum), short
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(rectosigmoid), and long segment (proximal to splenic flexure)
subtypes [24,26,27]. Ultra- short segment Hirschsprung disease is
defined by the presence of an aganglionic rectal segment less than
1-2 cm in length [28]. The finding of aganglionosis in the rectum
with a transition at the rectosigmoid junction indicates short-
segment Hirschsprung disease, and it can sometimes extend into
the rectosigmoid region [29]. Long-segment Hirschsprung disease is
further subcategorized into long-segment colonic aganglionosis, total
colonic aganglionosis, or total colonic and small bowel aganglionosis
[30]. Long- segment colonic aganglionosis is the extension of
aganglionosis from the rectum to the level of the transverse colon
[31]. Total colonic aganglionosis and small bowl aganglionosis, also
known as extensive aganglionosis, are the least common and extend
beyond 30-50 cm proximal to the ileocecal valve [27,30].

Incidence

Every 1 in 5000 live births is diagnosed with HSCR [32,33];
however, this does not account for multi-ethnic differences.
Moreover, the incidence in populations with high consanguinity
rates can be significantly higher [1]. Concerning subcategories of
Hirschsprung disease, short-segment Hirschsprung disease is the
most common presentation, comprising 60%-85% of cases [34].
Long segment colonic aganglionosis constitutes approximately 10%
of all Hirschsprung disease. Total colonic aganglionosis incidence
is approximately 5% [35]. The male-to-female ratio is variable.
According to Best et al. [36] male sex increases the risk of HSCR by
about 2 folds, while it is estimated to be 4 to one times more common
in males than females as suggested by Thakkar and Curry [37]. The
male to female ratio is also affected by the length of the aganglionic
segment, being a 1:1 ratio rather than 4:1 in those with a total colonic
aganglionosis.

Pathophysiology

Normal motility of the GIT is primarily controlled by the enteric
nervous system, known as the second brain. Its activation mostly
leads to intestinal smooth muscle relaxation, which is mediated by
nitric oxide (NO) as well as other neurotransmitters. Therefore,
when the enteric ganglia are absent as in Hirschsprung disease, the
bowel remains tonically contracted, due to the effect of the extrinsic
cholinergic fibers that are mainly excitatory, leading to functional
obstruction of the affected segment [1,38].

Furthermore, it is becoming increasingly clear that the etiology
of the disease extends beyond the aganglionic area. Imbalance in the
expression of important neurotransmitters and changes in neuronal
density in the colon proximal to the aganglionic site are thought
to contribute to bowel dysfunction and dysmotility, as well as the
persistence of bowel symptoms in some patients, even after corrective
surgery [39].

Coyle et al reported minimal expression of NO in the aganglionic
area, as opposed to higher expression in the proximal ganglionic
bowel, which may contribute to the unopposed muscle spasm.
Conversely, choline acetyltransferase (CHAT) expression was higher
in the aganglionic bowel but lower in the proximal dilated part [40].
Additionally, neuronal density is markedly lowered in the proximal
part of the colon, and the ganglia in this area are smaller and more
isolated, while the nerve cell bodies are increased in size [39,41].

The pathological picture of the colon in this disease consists of
3 zones. The first is the aganglionic zone that is spastic, making the
passage of stool or gas difficult. The second zone is the dilated area
proximal to the diseased site, caused by the accumulation of the
intestinal contents due to the functional obstruction and failure of
peristalsis. The third zone is 1-2 inches between the 2 areas and is
called the transitional zone [42].

Etiological Factors

HSCR is a multifactorial disorder that is influenced by both genetic
and environmental factors. It is thought to be caused by mutations in
several genes, which may explain its diverse characteristics [43,44].
The RET proto-oncogene, as well as other associated genes like glial
cell line-derived neurotrophic factor (GDNF), are the most frequently
found gene mutations in Hirschsprung disease. Endothelin-3 and
endothelin-B receptor genes are different gene families that also cause
Hirschsprung disease [25]. There is a well-established association
between HSCR and Down Syndrome (trisomy 21), with the
reported incidence being 2-15% [45]. Ophthalmological, auditory,
genitourinary, cardiac, and neurological anomalies are found in up
to 60% of patients with HSCR. Most cases of HSCR are sporadic in
nature, while the rest are familial [37].

As discussed before, HSCR is caused by failure of migration of
neural crest cells to the distal colon. Mutations in any of the genes
responsible for the migration, proliferation, differentiation, or
survival of ENCCs can result in failure of ENS development, leading
to HSCR phenotype [44,46]. Around 20% of HSCR cases are familial,
while the rest are sporadic. The pattern of inheritance is complex, and
the penetrance is variable.

Heuckeroth [46] states that the pattern of inheritance is non-
mendelian, while Tjaden & Trainor [9] suggest that the genes show
an autosomal dominant pattern. Extensive research has recognized a
number of genes that are involved in the pathogenesis of Hirschsprung
disease, including RET, GDNF, GFRal, NRTN, EDNRB, ET3,
PHOX2b, SOX10, and SHH [9].

In addition, 10% of cases have a chromosomal/syndromic
association, including Waandenburg-Shah syndrome (loss of
pigmentation and defective hearing) [47], Congenital central
hypoventilation syndrome (insufficient breathing or apnea during
sleep) [48], Mowat-Wilson syndrome (intellectual disability, facial
dysmorphism, delayed development, and Hirschsprung disease) [49],
or other malformations, such as Meckel diverticulum, Imperforate
anus, Ventricular septal defect, Neuroblastomas, or Cryptorchidism
[1,9,46,50]. Down syndrome (Trisomy 21) is one of the most common
associations with the disease. Children with Down syndrome are at a
100-fold higher risk of developing HSCR than the normal population,
as many genes are triplicated in the Hirschsprung disease risk region
of chromosome 21 [1,46].

The most commonly identified gene involved in the pathogenesis
of HSCR is the receptor tyrosine kinase or RET gene, which is a proto-
oncogene present on chromosome 10 [1]. Inactivating mutations of
this gene account for about 50% of familial cases of HSCR and about
15-20% of sporadic cases. Very rarely, activating RET mutations
can cause congenital megacolon associated with MEN2. So and
colleagues [51] explained that RET common variants are associated
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with the common manifestations of the disease (sporadic, male,
short-segment aganglionosis), while the rare coding sequences are
involved in the less frequently encountered forms (familial, female,
long/total colonic aganglionosis).

Glial cell line-derived neurotrophic factor (GDNF) and
Neurturin (NRTN or NTN) are RET ligands [46]. Patients with
heterozygous GDNF mutations have been diagnosed with HSCR, as
GDNF is important for activating the RET pathway, that influences
migration, proliferation, differentiation, and survival of ENCCs [52].
Rare human cases of HSCR were reported with NTN genes, and some
of these occasionally had mutations of the RET gene or other HSCR
genes. This suggests a modifier role for NTN in HSCR pathogenesis
[53].

Transcription of RET depends on SOX10and PHOX2B. Mutations
of the genes encoding these transcription factors cause syndromic
forms of HSCR [46]. SOX10 is a transcription factor that regulates
key genes important for ENS, glial, and melanocyte development
[9]. Mutations of its gene are associated with Waardenburg-Shah
syndrome, where patients suffer from other neurologic phenotypes,
such as hearing loss as well as pigmentation defects, and a more severe
form involves demyelination of the CNS & PNS. SOX10 mutations
are responsible for about 4% of both syndromic and non-syndromic
Hirschsprung disease. It was also noted that the male sex is at higher
risk of the disease, as the sex-determining region Y (SRY) protein,
competes with SOX10 at RET regulatory elements [54,55].

PHOX2B is a transcription factor required for RET expression.
It is expressed in migrating ENCCs, enteric neurons, and glial
cells. Its mutation accounts for 0.5% of HSCR and is associated
with congenital central hypoventilation syndrome (CCHS) and
neuroblastoma (NB), which is often referred to as CCHS-HSCR-NB
association [56]. Sonic Hedgehog (SHH) is another key regulator
of the migration of ENCCs of the gut. SHH has opposing effects
to GDNF, so the balance between the two is important for normal
enteric plexus positioning [56]. Another family of genes involved
in the etiology of Hirschsprung diseases is the EDN3 and EDNRB
family. These genes encode proteins that are involved in endothelin
signaling, which is also necessary for the normal migration of ENCCs.
Mutations of these genes represent 5-10% of cases of HSCR and are
also associated with both syndromic (Waardenburg-Shah) and non-
syndromic forms of the disease [54,58].

It is obvious that HSCR is a complex disorder that results from
the interaction between genetic and environmental factors. Despite
the large number of genes that were found to be involved in the
disease, they only account for about 50% of the cases [9].

Clinical Presentation

80% of patients have symptoms in the first few months of life [59],
while 15% of cases remain undiagnosed until the age of 5 years [60].
Asymptomatic cases until adolescence are rare. The most frequent
presentation of HSCR present in a term newborn infant is distal
intestinal obstruction (DIO), which manifests as severe constipation,
abdominal distention, bilious vomiting, feed intolerance, and failure
to thrive. Delayed passage of meconium (no bowel movements for
more than 48 hours after birth) is pathognomonic for the disease.
However, the normal passage of meconium can be seen in around

40% of infants. Perforation of the cecum or appendix can occur in
some neonates [46,61]. Children with Hirschsprung disease may
present growth failure, while other children with the disease develop
normally even without treatment. The combination of growth
failure and abdominal distension (or other Hirschsprung disease
symptoms) should raise suspicions, but similar symptoms may also
be caused by other medical conditions. Growth deficiency in children
with Hirschsprung disease is poorly known; nonetheless, it is most
common in children with severe abdominal distension and is thought
to be caused by a lack of nutrients [46].

Hirschsprung Disease-Associated

Enterocolitis (HAEC)

Enterocolitis, which is defined as an inflammatory disorder of the
bowel, is a dangerous clinical symptom complex that can occur both
before and after surgical correction of HSCR. The etiology of HAEC
is not fully understood. However, several hypotheses like impaired
mucosal barrier function [4,62,63], dysbiosis of the intestinal
microbiome [64], altered innate immune responses [65], and bacterial
translocation have been introduced [67]. Furthermore, it is seen more
commonly in patients with long-segment disease and those with
Trisomy 21 [67]. Explosive diarrhea (often with blood in the stool),
abdominal distension, lethargy, and fever are all manifestations
of HAEC [68-70]. When a perirectal examination is performed, a
gush of stool and gases are seen. The onset of enterocolitis can be
sudden, with symptoms changing abruptly over several hours, or it
can be chronic and associated with failure to thrive. Enterocolitis can
cause fatal septicemia, that’s why early identification of its symptoms
is essential. Treatment involves gut rest, fluid resuscitation, broad-
spectrum IV antibiotics, and bowel decompression [46].

Ongoing functional problems after surgical correction HSCR
treatment are primarily surgical. The procedure is based on the
excision of the aganglionic segment and then anastomosing the
normally innervated bowel to the anus, just above the anal sphincter,
in order to preserve the function of the sphincter for the child to
remain focally continent [32].

Some patients may continue to have
complications even after corrective surgery. The most common
complications are obstructive symptoms, constipation, enterocolitis,
and fecal incontinence [37,71]. Postoperative obstructive symptoms
can occur in 8-30% of patients. The obstruction can be mechanical,
histopathological, or physiological. Mechanical obstruction can be

caused by anastomotic stricture, adhesions, and scarring or bowel

some long-term

torsion proximal to the site of anastomosis. Histopathological
obstruction can be caused by residual aganglionosis, usually occurring
with long-segment disease [72-75] or acquired aganglionosis, that
occurs due to degenerative loss of ganglion cells in the distal pulled
through the bowel, possibly by vascular compromise or the scarring
associated with the surgery [73,76]. Lastly, physiological obstruction
can be caused by anal achalasia (nonrelaxing internal anal sphincter)
with elevated internal anal sphincter (IAS) pressures, withdrawal
behavior, poor pelvic floor function, or colonic dysmotility [4,77-
79]. Patients usually present with abdominal distension, bloating,
vomiting, and severe constipation [4,80,81]. Another important
complication is fecal incontinence, which occurs in around 1-2%
of patients [37]. It can be classified into true incontinence, caused
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by iatrogenic damage to the anal sphincter and/or the dentate line,
or pseudo-incontinence, due to gross constipation, for example
by a chronic large stool burden, or abnormal colonic motility
(4,73,77,80,81]. The most dangerous and possibly lethal complication
of HSCR is Hirschsprung disease-associated enterocolitis, which
can occur in 10-15% of cases [82]. It typically occurs within months
following the surgery, so it is relatively uncommon after the age of 5
[4,33]. Although considerably decreased in the past decades, HSCR
mortality rate ranges between 1-10%. Newborns and infants are at
higher risk of developing life-threatening complications, especially
those with cardiovascular anomalies [82]. Reports of the long-term
outcomes of the disease are variable. Thakkar & Curry [37] state that
20-30% of adults present with significant diarrhea and incontinence,
and that sexual function is sometimes also affected. On the other
hand, Sood and colleagues [83] reported that in the absence of any
ongoing obstructive symptoms or enterocolitis, the quality of life of
teenagers and young adults affected by the disease was comparable
to the healthy population. Therefore, postoperative close follow-up is
recommended. Families should also be educated for quick recognition
and treatment of severe life-threatening complications [82].

Conclusion

Hirschsprung disease, a congenital malformation resulting from
aganglionosis along a segment of the distal bowel, leads to impaired
colonic motility and complications which decrease the patients’ life
expectancy rates. It usually manifests with impaired ability to pass
meconium, abdominal distension, and discomfort that usually
necessitates surgical resection of the affected part of the bowel. This
review is important as its increases awareness about this disease and
how it affects quality of life in the aim to decrease the incidence of
complications, morbidity, and mortality rates. Hirschsprung disease
is still challenging to be diagnosed and managed; therefore, we
recommend more and more research to be done to further understand
the embryologic and genetic basis of the disease in hopes to help the
practicing clinicians in the care of individuals with Hirschsprung
disease.
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