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Background: Hirschsprung’s Disease (HD) is a developmental disorder of enteric nervous system 
characterised by the absence of ganglion cells in submucosal (Meissner’s) and myenteric (Aurbach’s) 
plexuses of distal bowel. The purpose of the present study was to observe and report the morphological 
patterns of ganglion related enteric neuronal abnormalities in children presented with clinical features of 
(HD) in a Pakistani population. Methods: A total of 92 patients with clinical presentation of HD were 
enrolled between March 2009 and October 2009. Among them, 8 were excluded according to the 
exclusion criteria. After detailed history and physical examination, paraffin embedded H and E stained 
sections were prepared from the serial open biopsies from colorectum. The data was analysed using 
SPSS-17. Frequencies and percentages are given for qualitative variables. Non-parametric Binomial 
Chi-Square test was applied to observe within group associations and p<0.05 was considered 
statistically significant. Results: Among 84 patients, 13 (15.5%) proved to be normally ganglionic 
whereas 71 (84.5%) showed ganglion related enteric neuronal abnormalities namely isolated 
hypoganglionosis 9 (12.7%), immaturity of ganglion cells 9 (12.7%), isolated hyperganglionosis (IND 
Type B) 2 (2.8%) and Hirschsprung’s disease 51 (71.8%). Among HD group, 34 (66.7%) belonged to 
isolated form and 17 (33.3%) showed combined ganglion related abnormalities. Conclusions: 
Hirschsprung’s disease is common in Pakistani population, followed by hypoganglionosis, immaturity 
of ganglion cells and IND type B. The presence of hypertrophic nerve fibres was significant in HD, 
hyperganglionosis and hypoganglionosis, whereas, no hypertrophic nerve fibres were appreciated in 
immaturity of ganglion cell group. 
Keywords: Hirschsprung’s disease (HD), hypoganglionosis, immaturity of ganglion cells (IGC), 
intestinal neuronal dysplasia (IND) 

INTRODUCTION 
Congenital intestinal neuronal abnormalities have been 
classified as aganglionosis (Hirschsprung’s disease, 
HD), hyperganglionosis (Intestinal Neuronal Dysplasia 
type B, IND Type B), hypoganglionosis, ganglion cell 
immaturity, combined forms and certain unclassifiable 
forms.1 HD is a developmental disorder of enteric 
nervous system characterised by the absence of ganglion 
cells in submucosal (Meissner’s) and myenteric 
(Aurbach’s) plexuses of distal bowel. It extends 
proximally from internal anal sphincter for varying 
distances that result in functional obstruction caused by 
dysmotility of the diseased segment, lack of propagation 
of peristaltic waves into the aganglionic colon, abnormal 
or absent relaxation of this segment and of the internal 
anal sphincter.2 

Intestinal Neuronal Dysplasia (IND) is a 
distinct clinical entity that is genetically different from 
HD.3 Hyperganglionosis was described with a total 
increase in the number of ganglia and ganglion cells per 
ganglion in the myenteric and submucosal plexuses in 
the colon of three patients with severe motility 
disturbances.4 These morphological features, called 
neuronal colonic dysplasia and later renamed as 
intestinal neuronal dysplasia, have been considered a 
developmental defect of the submucosal plexus.5 The 

IND was classified into two distinct clinical and 
morphological subtypes: Type A occurs in less than 5% 
cases, and is characterised by congenital aplasia or 
hypoplasia of the sympathetic innervations. It presents 
acutely in the neonatal period with episodes of intestinal 
obstruction, diarrhoea, and bloody stools. In the Type B 
the clinical features are indistinguishable from HD. It is 
characterised by a malformation of the parasympathetic 
submucosal plexus and accounts for over 95% cases of 
isolated IND. The IND occurring in association with 
HD belongs to type B.6 

When normal looking ganglion cells are 
present in the submucosa and intramuscular layers, their 
population is decreased; the disease is referred to as 
hypoganglionosis.7 More recently it has been classified 
as an isolated form and HD associated form. Isolated 
hypoganglionosis has been characterised by the 
deficiency of nerve cells in myenteric plexus and 
sometimes in the submucosal plexus. It may exist 
proximal to a segment of typical aganglionosis, the 
transitional zone in HD referred to as HD associated 
form.8 

Immaturity of ganglion cells is characterised 
by the number of ganglion cells either being normal or 
slightly increased, whereas the nuclear size is small.9 
Haematoxylin-eosin staining of the specimen 
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demonstrates normal number of ganglion cells, and 
immature ganglion cells, in which nuclear and nucleolar 
configurations are not clear.7 

The purpose of the present study was to find 
the morphological patterns of ganglion related enteric 
neuronal abnormalities in children presented to the two 
large tertiary care hospitals. 

MATERIAL AND METHODS 
This descriptive study was performed in two paediatric 
referral centres between March 2009 and October 2009. 
The children (aged 0–13 years) who were brought to the 
outpatient and emergency for medical attention and 
whose parents gave written informed consent were 
enrolled. Inclusion criteria were clinical suspicion of 
HD, radiological investigations, children both males and 
females. Biopsies being inadequate or taken from 
anorectal transformation zone were excluded. 

Each biopsy specimen was preserved in 
containers with 10% formaldehyde. Each specimen was 
processed for paraffin blocks, sectioned into 4 μm thick 
sections (n=12–15 cut serially) and stained using 
haematoxylin and eosin (H&E). All the sections were 
also stained with reticulin, PTAH, Gomori’s Trichrome 
and Palmgren’s method. These sections were examined 
by two histopathologists (NH and AHN) independently. 
The findings were recorded in a morphological 
Performa. All specimens were grouped based upon the 
presence, number and morphology of ganglion cells in 
these biopsies. The data was analysed using SPSS-17. 
Frequencies and percentages are given for qualitative 
variables. Non-parametric Binomial Chi-Square test was 
applied to observe within group associations, and 
p<0.05 was considered significant. 

RESULTS 
A total of 92 patients were enrolled between March 
2009 and October 2009. We excluded four in whom 
biopsies were inadequate or taken from anorectal 
transformation zone. Finally 84 patients with clinical 
features of HD were left for morphological examination. 
A total of 206 biopsies were obtained and examined 
from 84 children. Among these patients, 13 (15.5%) 
proved to be normally ganglionic on rectal/colonic 
biopsies (Figure-1) and 71 (84.5%) showed enteric 
neuronal abnormalities. Among the latter 71 patients, 9 
(12.7%) belonged to isolated hypoganglionic group 
(Figure-2), 9 (12.7%) revealed immaturity of ganglion 
cells (Figure-3), 2 (2.8%) showed isolated 
hyperganglionosis (IND type B) (Figure-4); whereas 51 
(71.8%) diagnosed as Hirschsprung’s disease group 
(Figure-5). Among these 51 cases, 34 (66.7%) had 
isolated HD and 17 (33.3%) had combined entities. In 
the combined group, 11 (64.7%) showed 
hypoganglionosis associated with HD, 1 (5.9%) had 
hyperganglionosis and hypoganglionosis in proximal 

parts, 3 (17.6%) had hyperganglionosis and 2 (11.8%) 
showed immaturity of ganglion cells in proximal parts. 

In ganglionic group, 1 of the 13 patients 
showed hypertrophic nerve fibres (p=0.002). In HD 
group, 43 (84.3%) of the 51 had hypertrophic nerve 
fibres (p<0.001) (Figure-6). In immaturity of ganglion 
cells, biopsies from 9 patients did not show hypertrophy 
of nerve fibres. In isolated hypoganglionic group, 8 
(88.9%) of the 9 patients showed hypertrophic nerve 
fibres (p<0.001). In associated hypoganglionic group, 
hypertrophic nerve fibres were present in biopsies from 
12 patients. In IND type B group (both associated and 
isolated), biopsies from all the 6 patients had 
hypertrophic nerve fibres. 

 
Figure-1: Normal ganglion cells in superficial sub-

mucosal plexuses of colon (H&E ×200) 

 
Figure-2: A single normal looking ganglion cell in 
muscular plexus along with increase in nerve cells 

in a case of hypoganglionosis (H&E ×100) 

 
Figure-3: Immature ganglion cells in muscular 

plexuses of large intestine (H&E ×200) 



J Ayub Med Coll Abbottabad 2011;23(3) 

http://www.ayubmed.edu.pk/JAMC/23-3/Nausheen.pdf  16 

 
Figure-4: Numerous submucosal plexuses of colon 

in intestinal neuronal dysplasia type B 
(hyperganglionosis). Hypertrophic nerve fibres 

are also present. (H&E ×100) 

 
Figure-5: Full thickness of colon in a case of 

Hirschsprung’s disease. Hypertrophic nerve fibres 
are also present in muscle layer (H&E ×40). 

 
Figure-6: Hypertrophic nerve fibres in serosa in a 

case of Hirschsprung’s disease. (H&E ×100) 

DISCUSSION 
In a series of 85 patients presented with bowel 
obstruction or chronic constipation, 21 (24.7%) were 
diagnosed HD, 2 (2.35%) with ultra-short segment HD 
(intestinal achalasia), 4 (4.7%) had IND type B and 58 
(68.2%) had no neuromorphological alteration.10 IND 
Type A was diagnosed neither in this series nor in the 
present study. Another study on 19 paediatric patients 
showed that 1 (10%) had isolated hypoganglionosis, 1 
(8.3%) had isolated IND and 2 (15.4%) showed isolated 
immaturity of ganglion cells whereas the remaining 15 
had combined neuronal abnormalities.11 An Indian study 
reported 1 (2.78%) case of HD associated with IND and  

6 (16.66%) with isolated IND.12 The present study, on 
the other hand, shows that the frequency of HD 
associated with IND type B is much higher (11.8%) 
whereas isolated IND type B was only 2 (2.8%). 

Isolated IND type B was found in 2.3% 
patients13,14 that is similar to our study. Intestinal 
neuronal dysplasia was reported to occur proximal to the 
aganglionic segment in 25–35% patients with HD (type 
B), and less frequently as an isolated disease1 but in an 
Indian study it has been reported to be 2.78%12. 

The identification of neuronal abnormalities in 
proximal portion of aganglionic segment is important 
because ignoring it may result in inadequate resection 
leading to persistent bowel dysfunction after a pull 
through procedure. Adequate intraoperative evaluation of 
aganglionic segment, transitional zone and 
accompanying disorders, such as IND type B and/or 
hypoganglionosis, is essential for the resection of length 
of the affected bowel to avoid recurrent constipation and 
necessity of reoperation.1 Hypoganglionosis associated 
with chronic faecal retention, similar to that seen in HD, 
is rare, accounting for only 5% of all classified 
congenital innervation defects of the colon.15 In another 
study on chronic refractory constipation, 18.2% cases 
were diagnosed as hypoganglionosis14 that is higher than 
in the present study, i.e., 12.7%. 

A study grouped ganglion cell immaturity as 
unclassifiable dysganglionosis in 30 percent patients,16 
however, another study reported 12.9% such cases17. The 
results of the latter study are similar to those in the 
present study (12.7%). Another study reported only 3.6% 
biopsies showing immaturity of ganglion cells.18 

The present study, however, elicits that among 
the 84 patients who came with the features of HD, 13 
(15.7%) showed normal ganglion cells on H and E stain. 
However, this incidence varies from 7% to 75% in 
different reports.14,19 

The absence of ganglion cells is the standard 
for the diagnosis of HD.20,21 The presence of 
hypertrophic submucosal nerve bundles was suggested 
as a helpful positive finding.22,23 A consensus on the 
diagnosis of HD was reported proclaiming that a 
combination of aganglionosis and hypertrophic nerve 
trunk would be the diagnosis of HD.24 In most of the 
previous studies, these criteria were supported1,12,25 but 
the number of cases fulfilling these criteria were not 
mentioned. In the present study, however, biopsies from 
84.3% HD patients showed hypertrophic nerve fibres. 
Meier-Ruge16 concluded that immature submucosal 
plexus has rare developed nerve cells, which is similar to 
our study as no hypertrophy of nerve fibres demonstrated 
in this group. 

Some reports were quoted regarding the 
presence of hypertrophic nerve fibres in colon of patients 
with hypoganglionosis, in which thick nerve strands 
were observed;15 whereas it could not be noticed by 
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Watanabe et al.26 In the present study we, however, 
observed that the presence of HNF in hypoganglionosis 
in submucosa and/or muscle layers was significant 
(p<0.001). 

The two obligatory criteria for the diagnosis of 
IND type B have been described as hyperplasia of the 
submucosal plexus and an increase in acetylcholine-
esterase stained positive nerve fibres around submucosal 
blood vessels.6 In this present paper we have reported an 
increase in hypertrophic nerve fibres on H and E stained 
sections in biopsies from all the 6 patients of IND Type 
B along with an increase in the number of ganglion cells. 

CONCLUSIONS 
We, therefore, conclude that in our study population, 
Hirschsprung’s disease is most common among 
ganglion related enteric neuronal abnormalities followed 
by hypoganglionosis, immaturity of ganglion cells and 
intestinal neuronal dysplasia type B. The presence of 
hypertrophic nerve fibres was significant in HD, 
hypoganglionosis and IND type B groups whereas no 
hypertrophic nerve fibres were present in immaturity of 
ganglion cell group. 
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