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Abstract 
Background: Hirschsprung disease is one of the most common and problematic infancy and 
childhood maladies. Early and accurate diagnosis is a fundamental step in proper management and 
prevention of complications. The most reliable method for diagnosis is the histopathological 
analysis of colorectal biopsies. Increased nerve bundle density and thickness in aganglionic 
segment of colon is common in Hirschsprung disease.  Morphometric measurement of nerve trunk 
parameters can help as additional diagnostic criteria for the detection of Hirschsprung disease. 
Aim: The aim of this study was to evaluate the role of morphometric measurement of nerve bundle 
parameters in the diagnosis of Hirschsprung disease.    
Method: This cross-sectional study was conducted among 55 cases of clinically suspected 
Hirschsprung disease cases, having age 3 months to 11.2 years and both sexes. Paraffin blocks of 
colorectal biopsy samples were collected from the Department of Pathology, BSMMU. 
Hematoxylin & Eosin stain was performed to detect ganglion cell. Neuron specific enolase 
immunohistochemical stain was performed to stain nerve bundle specifically. Then morphometric 
measurement of nerve trunk parameters were done from NSE stained sections. Statistical analysis 
was performed on the tabulated data by one way ANOVA test. 
Results: Statistical analysis of 55 study cases showed a cut off value of nerve thickness ≥35.3µm 
with 90% sensitivity and 88.5% specificity in the prediction of Hirschsprung disease. A cut off 
value ≥6.5/10mm2 of nerve density showed 90% sensitivity and 85.7% specificity in the prediction 
of Hirschsprung disease.  
Conclusion: Morphometric measurement of nerve bundle thickness and density may help to set a 
comparison between ganglionic and aganglionic segment which can aid in the diagnosis of 
Hirschsprung disease.  
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Introduction Hirschsprung disease (HD) is a congenital 
colorectal disorder which is a significant 
burden on the health of children worldwide.1 
HD is usually diagnosed in the neonatal 
period or early childhood, however due to 
certain factors it may remain undiagnosed for 
years.2 
The estimated incidence of HD is one in 5000 
newborns. In Asian people the incidence is 
2.8 per 10,000 live births and there is a male 
predominance.3 
 
Histopathological evaluation of colorectal 
biopsy is regarded as gold standard for HD 
diagnosis.1 Typical histological features of 
colorectal biopsy of HD include total absence 
of ganglion cells(GC) in both submucosal and 
myenteric plexuses and increased amount of 
hypertrophic nerve bundles.4 The diagnosis of 
HD depends on a negative criteria, that is 
absence of ganglion cell. Nerve bundle 
hypertrophy of aganglionic samples is the 
positive diagnostic criteria for suspected HD, 
but not enough studies have been undertaken 
in this field.5 
 
In HD, the hypertrophic nerves in aganglionic 
segments are cholinergic nonmyelinated 
fibers of extrinsic origin that end blindly in 
intestine.5 These fibers appear as thick nerve 
bundles and corresponds to extrinsic 
preganglionic parasympathetic nerves which 
release acetylcholine from their axon.6 The 
histological feature of hypertrophic nerve 
bundle includes a parallel longitudinal pattern 
of elongated schwann cell nuclei in the nerve 
bundles. Collagen and disctinct perineurium 
are clearly seen in hypertrophic nerve 
bundles.7 
 
Among various immunohistochemical 
markers used in the diagnosis of HD, neuron 
specific enolase (NSE) is a common one 
along with Calretinin which highly sensitive 
and specific for HD detection. In a study 

conducted by Musa ZA et al8 it was stated 
that the sensistivity,specificity,positive 
predictive value and negative predictive value 
for both Calretinin and NSE were 100% for 
HD detection. In Bangladesh no studies about 
using NSE for HD detection were done 
before,for this reason NSE was selected this 
study. NSE can be used to demonstrate 
mature ganglion cells, immature ganglion 
cells, normal nerve fibers and hypertrophic 
nerve bundles characteristic of HD.9 The 
importance of NSE in demonstrating nerve 
bundle thickness and distribution is nerve that 
are thinner than 10 micrometer are difficult to 
appreciated by conventional Hematoxilin and 
Eosin stain. 
 
Morphometric study of nerve bundle 
parameters which includes measuring nerve 
bundle thickness and nerve density usually 
reveal statistically significant values in 
aganglionic segments in comparison with 
ganglionic bowel.1Morphometric study of 
nerve bundle parameters in the diagnosis of 
HD has also been emphasized on a study done 
by Subramanian et. al.10 
 
Computerized morphometry is a cost-
effective and reproducible tool for evaluation 
of different histological parameters. It is a 
scientific tool to evaluate histological changes 
which enhances the interpretation of 
morphological features. ImageJ is a java-
based public-domain image processing and 
analysis program developed at the National 
Institutes of Health (NIH), USA. ImageJ runs, 
either as an online applet or as a 
downloadable application, on any computer 
with a Java 1.1 or later virtual machine. 
ImageJ can display, edit, analyze, process, 
save and print 8-bit, 16-bit and 32-bit images. 
ImageJ is a free and a very capable image 
analysis software has been proved to be an 
excellent cost effective tool for various 
research purposes.11 
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This study was done to evaluate the role of 
nerve bundle morphometry in the diagnosis of 
Hirschsprung disease. 
 
Methods The study was a cross sectional observational 
study conducted among 55 clinically 
suspected cases of Hirschsprung disease, in 
the department of Pathology, BSMMU, from 
September 2019 to August 2021. Sections 
were cut and stained with H&E stain and NSE 
immuno stain. Sections were examined to see 
presence or absence of ganglion cells and 
hypertrophied nerve bundles. 
 
Morphometric study from NSE stained slides: 
1. Nerve trunk thickness 

Image processing and analysis by ImageJ:  Nerve trunk thickness was measured and 
analyzed by computer supported image 
analysis. NSE stained 3-4 micrometer 
thick sections were used for morphometry 
analysis. ImageJ morphometric 
softwaredeveloped by National Institutes 
of Health, USA was used for image 
processing and analysis 10 Images were 
captured using Olympus BX53 
microscope at magnification of 
X100.1900x1400 pixel digital images of 
the field were produced by Olympus DP 
22 camera attached to the microscope and 
saved in the connected computer in JPEG 
format. 

  

  
Figure 1. Image J software 
 
System calibration: Calibration of the Image J software was done by using a standard distance measured in an image of 
a stage micrometer calibration slide at X100 magnification. Nerve trunk thickness measurements 
were done in terms of micrometer. 

  
Figure 2. (A) A stage micrometer calibration slide. (B) Image of calibration slide at X100 
magnification. A red colored straight line was drawn in the scale measuring 100 µm in length and 
system was calibrated with this standard measurement. 
 

B A 
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Quantitative data extraction: All 
parameters needed to be measured were 
selected in the “set measurement” tool.  
Maximum length of nerve trunk, ten fields 
containing the 10 largest nerve trunks in the 
respective section were  studied in the 
submucosal and myenteric plexuses. A line 
drawn across, perpendicular to the direction 
of the Schwann cells, at the maximum width 
of the nerve, limited by the neural sheath gave  
the maximum nerve trunk thickness. The 
average of 10 such lengths were noted. After 
measurement, all data were transferred to MS-
Excel sheet and IBM SPSS version 25.0 for 
further analysis. 
 
2. Nerve trunk density  The diameter of the visual field of the 
microscope was measured. Field diameter 
was first obtained with the low power and 
then the value was calculated in the high 
power. The field diameter using the screen 
lens (40) was 5 mm, so the field diameter 
using high power (400) was 0.5 mm (500 

µm). In order to evaluate the density of nerve 
trunk distribution, the field area was 
calculated based on knowing the value of the 
field diameter (A = πr2). The area of visual 
field after calculation was 20 mm2; so the 
numbers of nerve trunks occupying one low 
power visual field were counted to reach the 
number of nerves per 10 mm2. 
 
 Findings were recorded in preformed data 
sheet. The statistical analysis was carried out 
using the Statistical Package for Social 
Sciences version 25.0 for Windows (SPSS 
Inc., Chicago, Illinois, USA). Descriptive 
statistics (frequencies and percentages) were 
used to summarize the patients’ demographic 
characteristics and presented in Tables, 
Figures and Charts. The frequencies of 
different entities were expressed as 
percentage. One way ANOVA test was 
performed to compare means of quantitative 
variables.ROC curve analysis of nerve bundle 
thickness and nerve density was done in the 
prediction of HD. 

 

 

 

 A  B 
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Figure 3. (Case no. 33).  A) Photomicrograph showing hypertrophic nerve bundle and increased 
nerve density in NSE stain (X100), B) (Case
bundle and nerve fiber in NSE stain (X100), (Case
hypertrophic nerve bundle and increased nerve density in NSE stain (X100), D) (Case
Photomicrograph showing hypertrophic nerve bundle and nerve fiber in NSE stain (X100)  
 
Results The study included 55 clinically suspected 
department of Pathology, Bangabandhu Sheikh Mujib Medical University, Shahbagh, Dhaka. 
Majority (n=36, 65.5%) of the patients were aged between 1
between 5-10 years, 9.1% (n=5)
the patients was 2.2±0.6 years (Table I).
 
Table I: Distribution of the patients by Age group (n=55)
Age group (years) 
< 1 
1-5 
6-10 
>10 
Mean±SD 
Total  
 Among all, 36 (65.5%) of the patients were male and 19 (34.5%) were female. Male and Female 
ratio was 1.8:1. 
 Nerve bundle thickness and Nerve density in present study:
In the present study 55 cases of suspected 
(group A,B and C)according to NSE staining findings where:
 
Group A= Absence of ganglion cell and Presence of hypertrophic nerve bundle (Hirschsprung 
disease) 
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 D 
Figure 3. (Case no. 33).  A) Photomicrograph showing hypertrophic nerve bundle and increased 
nerve density in NSE stain (X100), B) (Case-28): Photomicrograph showing hypertrophic nerve 
bundle and nerve fiber in NSE stain (X100), (Case-33):  C) (Case-25): Photomicrograph showing 
hypertrophic nerve bundle and increased nerve density in NSE stain (X100), D) (Case
Photomicrograph showing hypertrophic nerve bundle and nerve fiber in NSE stain (X100)  

The study included 55 clinically suspected cases of Hirschsprung disease, received at the 
department of Pathology, Bangabandhu Sheikh Mujib Medical University, Shahbagh, Dhaka. 
Majority (n=36, 65.5%) of the patients were aged between 1-5 years followed by 21.8% (n=12) 

10 years, 9.1% (n=5) less than 1 year and 3.6% (n=2) more than 10 years. Mean age of 
the patients was 2.2±0.6 years (Table I). 
Table I: Distribution of the patients by Age group (n=55) 

Frequency (n) Percentage (%)
5 9.1 
36 65.5 
12 21.8 
2 3.6 
2.2±0.6 
55 100 

Among all, 36 (65.5%) of the patients were male and 19 (34.5%) were female. Male and Female 

Nerve bundle thickness and Nerve density in present study: 
In the present study 55 cases of suspected Hirschsprung disease were divided into three groups 
(group A,B and C)according to NSE staining findings where: 
Group A= Absence of ganglion cell and Presence of hypertrophic nerve bundle (Hirschsprung 
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Figure 3. (Case no. 33).  A) Photomicrograph showing hypertrophic nerve bundle and increased 

28): Photomicrograph showing hypertrophic nerve 
hotomicrograph showing 

hypertrophic nerve bundle and increased nerve density in NSE stain (X100), D) (Case-27): 
Photomicrograph showing hypertrophic nerve bundle and nerve fiber in NSE stain (X100)   

cases of Hirschsprung disease, received at the 
department of Pathology, Bangabandhu Sheikh Mujib Medical University, Shahbagh, Dhaka. 

5 years followed by 21.8% (n=12) 
less than 1 year and 3.6% (n=2) more than 10 years. Mean age of 

Percentage (%) 

Among all, 36 (65.5%) of the patients were male and 19 (34.5%) were female. Male and Female 

Hirschsprung disease were divided into three groups 

Group A= Absence of ganglion cell and Presence of hypertrophic nerve bundle (Hirschsprung 
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Group B= Presence of ganglion cell and Absence of hypertrophic nerve bundle (No Hirschsprung 
disease) 
 
Group C= Presence of both ganglion cell and hypertrophic nerve bundle (Transition Zone) 
In the present study it was found that those who had Hirschsprung disease had significantly higher 
nerve bundle thickness and nerve density than those who had not.  
 Table II: Nerve bundle thickness and Nerve density Group A, B and C (n=55) 
 
 Group A Group B Group C P value* 
 Mean±SD Mean±SD Mean±SD  
Nerve bundle thickness 
(µm) 
(Range) 

63.24±24.62 
(30-108) 

24.85±16.03$ 
(15-97) 

28.77±14.88$ 
(7-60) 

<0.01 

Nerve density (per 
10mm2) 
(Range) 

9.80±2.98 
(1-14) 

4.20±2.30& 
(1-4) 

6.42±2.40& 
(4-12) 

<0.01 

 
*p value was determined by One way ANOVA test.  
ROC curve analysis of nerve bundle thickness (cut off value of ≥35.3µm) in the prediction of 
Hirschsprung disease shows (AUC 0.943, 95% CI 0.881-1.00, p<0.01) 90%sensitivity and 88.57% 
specificity. 
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Figure 4. ROC curve analysis of nerve bundle thickness in the prediction of Hirschsprung disease 
(n=55) 
 
A cut off value of ≥35.3µm nerve bundle thickness in the prediction of Hirschsprung disease shows 
sensitivity, specificity, positive predictive value, negative predictive value and accuracy 90%, 
88.57%, 81.81%, 93.93% and 89.09% respectively. 
 

 Figure 5. Diagnostic accuracy test of NSE to observe nerve bundle thickness in the prediction of 
Hirschsprung disease (n=55) 
 
ROC curve analysis of nerve density (cut off value of ≥6.5/10mm2) in the prediction of 
Hirschsprung disease shows (AUC 0.903, 95% CI 0.799-1.00, p<0.01) 90% sensitivity and 
85.71%specificity. 
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 Figure 6. ROC curve analysis of nerve density in the prediction of Hirschsprung disease (n=55) 
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A cut off value of ≥6.5/10mm2 nerve densities in the prediction of Hirschsprung disease shows 
sensitivity, specificity, positive predictive value, negative predictive value and accuracy 90%, 
85.71%, 78.26%, 93.75% and 87.27% respectively. 

 Figure 7. Diagnostic accuracy test of NSE to observe nerve density in the prediction of 
Hirschsprung disease (n=55) 
 
Discussion Hirschsprung disease is a common congenital 
anomaly which affects the pediatric age 
group. Delayed diagnosis of this disease leads 
to significant morbidity, for example failure 
to thrive, anemia and acute 
enterocolitis.1Despite various investigations, 
the only unequivocal criterion for diagnosis of 
this disease is the histological demonstration 
of complete absence of ganglion cells in the 
distal bowel.12 The role of nerve bundle 
morphometry as a positive diagnostic 
criterion apart from absence of ganglion cell 
can aid in making the diagnosis of HD.5 
 
Total 55 patients of suspected Hirschsprung 
disease were enrolled in this study.  Age of 
the patients varied between 3 months to 11.2 
years. Neuron specific enolase stained 
sections of colorectal biopsies were used for 
the detection of ganglion cells and 
hypertrophic nerve bundles. Morphometric 

study of nerve bundle thickness and nerve 
density were measured from NSE stained 
sections. 
 
In the present study, majority (65.5%, n=55) 
of the patients were aged between 1-5 years 
with a mean age of 2.2±0.6 years (SD). Male 
predominance was observed with 65.5% of 
total patient. In another study13 conducted on 
216 patients, male patients were 143 and 
female were 73. Ninety percent children of 
their study were within one year of age (age 
range 03 day - 03 years). In the study by 
Yasseen et al,7 age of the patients ranged from 
6 months to 84 months and the mean age was 
19.4 months. In the current study age range 
was 4 days to 12 years. The mean age in this 
study is slightly higher than other studies, 
which is probably due to late presentation. 
Late presentation of HD has also been 
reported from various countries which has 
been attributed to cultural differences, neglect 
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of initial symptoms, poverty and prolong 
treatment with laxatives.14 
 
For the purpose of morphometry, NSE stained 
sections of study cases were divided into three 
groups: Group-A absence of ganglion cell and 
presence of hypertrophic nerve trunk 
(Hirschsprung disease), Group B - presence of 
ganglion cell and absence of hypertrophic 
nerve trunk (Non Hirschsprung disease), and 
Group C - presence of both ganglion cell and 
hypertrophic nerve trunk (Transition Zone). 
By using the morphometric software patients 
having Hirschsprung disease (Group A) 
showed increased nerve trunk thickness  
ranged between 30-108 micrometer and 
increased nerve density ranged between 1-
14/10 mm².,patients who are from (group 
B)Non HD, showed  nerve trunk thickness  
ranged between 15-97 micrometer and nerve 
density ranged between 1-4/10 mm².  In the 
tissue from anatomic transition zone (Group 
C), nerve trunk thickness ranged between 7-
60 micrometer and nerve density ranged 
between 4-12/10 mm². Both the nerve trunk 
thickness and nerve density were found 
significantly higher in HD group patients in 
compared to non HD group patients. 
 
In a study conducted by Bandyopadhyay et al5 
sections of ganglionic and aganglionic colon 
were taken and a detailed histological analysis 
was performed. Nerve trunks were studied in 
terms of density and thickness. It was found 
that nerve trunks were more numerous in the 
aganglionic portion and also thicker compared 
to those in the ganglionic colon. Average 
number of nerve trunks in ganglionic and 
aganglionic colon were 27.50/10 mm².  and 
70.28/10 mm²respectively. Nerve trunks 
thicker than 45 µm were found helpful in the 
diagnosis of HD when used as additional 
positive objective criteria apart from absence 
of ganglion cells. Monforte-Muñoz et al15 
concluded in their study that submucosal 
nerve trunks that are 40 micrometer or greater 

in diameter strongly correlate with 
aganglionosis. Subramanian et al10  generated 
ROC curve to determine cut-off for nerve 
bundle thickness which showed at threshold 
of  37.85µm the specificity was highest 100% 
and sensitivity was 87.5%.  
 
Statistical analysis of present study cases 
showed, a cut off value of nerve thickness 
≥35.3µm with sensitivity, specificity, positive 
predictive value, negative predictive value 
and accuracy 90%, 88.57%, 81.81%, 93.93% 
and 89.09% respectively in the prediction of 
Hirschsprung disease. Besides a cut off value 
of nerve density ≥6.5/10mm2 nerve density in 
the prediction of Hirschsprung disease shows 
sensitivity, specificity, positive predictive 
value, negative predictive value and accuracy 
90%, 85.71%, 78.26%, 93.75% and 87.27% 
respectively. 
 
In the prediction of Hirschsprung disease, 
another similar type of study by Lok et 
al16demonstrated  that  maximum nerve fibres 
diameters ≥40 μm correlates with diagnosis of 
HD in 65% of cases.In current study NSE 
stained sections revealed nerve trunk 
thickness greater than 35.3 µm and nerve 
density greater than 6.5/10 mm²can predict a 
diagnosis of Hirschsprung disease. 
 Conclusion 
The current study was intended to figure out 
the role of morphometry from NSE stained 
sections of colorectal biopsy samples in the 
diagnosis of HD. Aganglionic samples 
revealed a cut off value for nerve trunk 
thickness which was greater than 35.3 
micrometer and for nerve density was greater 
than 6.5/10 mm2 which may aid in the 
diagnosis of Hirschsprung disease. It was 
found that those who had Hirschsprung 
disease had significantly higher nerve bundle 
thickness and nerve density than those who 
had not.  
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