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Background: Hirschsprung’s disease is the most important cause of functional intestinal
obstruction in children. It is characterized by the absence of ganglion cells in the submucosal
and myenteric plexuses on histology. In 10% of Hirschsprungs disease patients, involvement
of the entire colon is seen in a condition called total colonic aganglionosis (TCA). The
absence of ganglion cells in the appendix on histology has been considered diagnostic of
TCA. The validity of this histological finding being taken as criteria for diagnosis is not clear.
Aims and Objectives: This study examines the presence and the number of myenteric and
submucosal ganglion cells in the appendices of suspected cases of TCA and compares these
findings with controls, specimens of acute appendicitis, and histologically normal appendix
in pediatric cases. Materials and Methods: Thirty-six appendix specimens of suspected
TCA cases and controls, that is, ten each of acute appendicitis and histologically normal
appendix in pediatric age group were included in this study taken up in the pathology
department of a tertiary pediatric referral hospital. The presence or absence and the
number of ganglion cells in each specimen was semiquantitatively evaluated in a blinded
manner. These findings were descriptively compared and analyzed. The difficulties faced
by the pathologist in reporting the pediatric appendix specimens were also documented.
Results: The cases and controls showed that aganglionosis and no significant difference were
noted in the number of ganglion cells per high power field between the cases and controls.
The reporting pathologists enumerated quite a few pitfalls and problems encountered by
them in the process of interpreting ganglion cell status of pediatric, particularly neonatal
appendicectomy specimens. Conclusion: Aganglionosis of the appendix on histology may
not be an ideal tool for the diagnosis of TCA. Difficulties in histological characterization
of ganglion cells, technical errors in tissue embedding and the presence aganglionic skip
areas might cause errors in the interpretation of ganglion cell status of appendix specimens,
particularly infants, and neonates.
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INTRODUCTION enteric nervous system (ENS) by neuroblasts during the

development.'?
Hirschsprung’s disease (HD) presents as a distal intestinal

obstruction due to congenital absence of intramural plexus  Total colonic aganglionosis (TCA) is defined as aganglionosis
of ganglion cells or aganglionosis of distal bowel. Intestinal extending from anus to the ileocaecal valve, not extending
aganglionosis occurs due to aberrant colonization of the >50 cm proximal to the valve."” TCA is a rare condition
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accounting for 5-15% of the cases of HD. It occurs in
about 1 in 50,000 live births.>®

The appendix is frequently sampled for examining the
myenteric ganglion cells in suspected cases of TCA.
Evaluation of ganglion cells in the appendix as a guide
to the diagnosis of TCA is very ambiguous. Despite the
common understanding of the pathologists regarding the
non-representativeness of the appendix in TCA, it is still
submitted along with an ileal biopsy in suspected cases
of TCA.

There is no clear opinion on the probability of a case being
TCA if ganglion cells are absent. The appendix in a neonate
is a minuscule structure with a poorly demarcated myenteric
area. Tissue artifacts due to faulty embedding of the slender
appendix, the presence of immature ganglion cells and
neural tissue, and confusion in differentiating ganglion cells
from other cells like lymphocytes present problems for
pathologists reporting pediatric appendicectomy specimens.

Although appendicectomy is a safe and an easy procedure,
there is no concurrence on its diagnostic role in TCA.
This study attempts to elucidate the problems faced in
the diagnosis of aganglionosis and subsequent TCA by
sampling the appendix. Comparison of the ganglion cell
status in appendices of suspected cases of TCA with cases
of acute appendicitis and histologically normal appendices
of pediatric controls will also be presented.

Aims and objectives

The aim of the study was to assess the ganglion cell status
of appendices of suspected TCA cases, acute appendicitis
and histologically normal appendix in pediatric age group
and to enumerate the difficulties encountered in analyzing
the ganglion cells on routine histology on pediatric
appendix specimens.

MATERIALS AND METHODS

This study is a prospective observational study conducted
in the pathology department of a tertiary pediatric referral
hospital for a period of 4 years from June 2014 to June
2018.

A total of 36 appendicectomy specimens of suspected
TCA cases along with ten appendix specimens of acute
appendicitis and ten specimens of histologically normal
appendix resected for other conditions such as congenital
bands and malrotations in pediatric age group were
included in this study.

All the formalin fixed appendix specimens were whole
embedded as longitudinal and transverse sections. Serial
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sections were taken, stained with hematoxylin and eosin,
and the submucosal and myenteric areas were studied in
detail for ganglion cells. Two reporting pathologists blinded
to the clinical details reported the slides and a final opinion
was given in concurrence. A total of ten high power fields
(HPF) were randomly selected for counting the ganglion
cells. Care was taken not to repeat the same field twice.
A total number of ganglion cells in ten HPIF were counted
and an average number of ganglion cells per HPF was
calculated. Cases showing aganglionosis were documented
in the cases and controls.

Simultaneously, all difficulties that were encountered in the
reporting of the ganglion cells and hypertrophied nerve
bundles in the appendix specimens were documented.
The focal presence of ganglion cells, long skip zones,
inconspicuous myenteric area, and crush artifacts were taken
into consideration. Difficulties faced in identifying ganglion
cells in the appendix, immature ganglion cells, confusion
with other native cells of the appendix were also taken into
account. Interesting findings were tabulated and analyzed.

Statistical analysis
Descriptive statistics were used in this study.

RESULTS

The study includes 36 appendix specimens of suspected
TCA cases the age range of the patients was from 2 days
to 14 months.

The ten controls of acute appendicitis and histologically
normal appendix were taken in tandem from the pediatric
appendix specimens received at the department of
pathology.

The ages of the patients in suspected TCA cases were
compared with the ganglion cell status of the appendix

(Table 1).

Most cases suspected to be TCA (61%) were in the age
group of 1-10 days. Most of the aganglionic appendix

Age Number of  Aganglionic Ganglionic (%)
cases (%) (%) n=19
n=36 n=17
0-10 days 22 (61.1) 15 (68.1) 7 (37.8)
10-30 days 7(19.4) 1(14.2) 6 (85.7)
1-12 months 6 (16) 1(16.6) 5(83.3)
>12 months 1(2.7) 0 1(100)

TCA: Total colonic aganglionosis
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specimens were also seen in these group in 15 out of
22 cases or 68.1%.

We compared the ganglion cell status of the cases and
controls. Suspected cases with the presence of ganglion
cells in the appendix were lower in suspected TCA cases
as compared to controls 90% and 80% in appendicitis and
normal appendix, respectively (Table 2).

Ganglion cells could not be identified even after careful
search in a small percentage of controls, 10% of
appendicitis and 20% of normal appendix, respectively.

On semiquantitative estimation of average number of
ganglion cells per HPF as detailed in the methodology
previously, we found no significant difference in the average
number of ganglion cells in the appendices of the cases
and controls, an average of 3 to 3.3 ganglion cells per HPF
was seen in the cases and controls though the range varied.
3.3 was seen in the normal appendix and 3.0 in appendicitis
and suspected TCA (Table 3).

Cases showing clear the presence of ganglion cells in the
submucosal and myenteric plexus were easy to diagnose.
Difficulties were encountered by the reporting pathologists
in the appendix specimens of neonates. The inconspicuous
and thin muscularis propria and immaturity of ganglion
cells posed difficulties in diagnosis (Figure 1). Confusion in
differentiating immature ganglion cells from lymphocytes,
endothelial cells, and stromal cells was also a problem in
these specimens. Irregular distribution of ganglion cells

Group Aganglionic Ganglionic
appendix (%) appendix (%)

Suspected TCA 17 (47.2) 19 (52.7)

n=36

Appendicitis 1(10) 9 (90)

n=10

Normal appendix 2 (20) 8 (80)

n=10

TCA: Total colonic aganglionosis

Group Range of ganglion Average no of
cells/HPF ganglion cells/HPF

TCA 0-10 3.02

n=36

Appendicitis 0-6 3.04

n=10

Normal appendix 0-8 3.36

n=10

HPF: High power field, TCA: Total colonic aganglionosis
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and large skip zones of aganglionosis was noted both in
the cases and controls (Figure 2). The merger of ganglion
cells into the circular and longitudinal muscle was also
noted due to the small size and thin nature of the tissue
and improper embedding.

Hypertrophied nerve bundles were also difficult
to find in the aganglionic appendices of neonates.
Immunohistochemistry with calretinin was useful in cases
where it was difficult to characterize ganglion cells on
hematoxylin and eosin stained sections.

DISCUSSION

Opinion about the reliability of the appendix in the
diagnosis of TCA is controversial. Different points of view
have been expressed in research papers of the past. While
some researchers felt that the appendix was an unreliable
tool in the diagnosis of TCA,*” others concluded that the
appendix was indeed useful in the diagnosis of TCA.'"

Diagnosis of TCA is challenging. Radiological findings
are never conclusive.'*” The diagnostic modality would
be to demonstrate the aganglionic status of the entire
colon by serial seromuscular biopsies. Based on the
fact that the appendix which is an out pouching of the
caecum and is located in the proximal part of the colon
and based on the craniocaudal migration theory of

Figure 2: H&E (x40) — Suspected TCA case showing ganglionic (a)
and aganglionic areas (b) in the same appendix (Arrows)
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neural crest cells it has been assumed that the absence of
ganglion cells in the appendix represents aganglionosis
of the entire colon.

In our study, we took up prospective histopathological
analysis of appendix specimens to understand the pitfalls
in this approach of using aganglionosis of the appendix
to diagnose TCA.

The age of the cases that were suspected to have TCA
was 2 days to 14 months; the majority of the cases
were in the age group of 0—10 days. Nearly 80% of
patients with aganglionic appendix were neonates, 16
out of 17 aganglionic appendix specimens belonged
to neonatal cases. Only a single case of the aganglionic
appendix was seen in an older baby. On comparison
of ganglion cell status of cases suspected as TCA with
controls, that is, acute appendicitis and histologically
normal appendix 47.2% of suspected TCA cases
were aganglionic while 52.7% showed the presence of
ganglion cells. About 100% of TCA suspected cases
were aganglionic in a previous study.!" Other studies’
also found a 100% concurrence of aganglionosis and
TCA. Interestingly 10% of acute appendicitis and 20%
incidental appendicectomy cases were also aganglionic.
In acute appendicitis dense inflammatory infiltrate
obscured the ganglion cells and also appendix specimens
of infants there were difficulties in identifying ganglion
cells in myenteric areas of the appendix. Long skip
zones and aganglionic areas were identified in both cases
and controls. Shih et al.,'® in 1998 described a case of a
newborn infant who presented with acute perforation of
the distal ileum. At laparotomy, the appendix was sent for
histopathological analysis and was found to be aganglionic
and an ileostomy was fashioned. Seven months later, at
re-exploration ascending, transverse, and sigmoid colon
biopsies were histologically analyzed and revealed the
presence of normal ganglion cells.' This was a surprise
finding of an aganglionic appendix in a normally
innervated intestine. They offered various explanations
for this. The first explanation is a misinterpretation of
the histological sample, which is very much possible as we
saw aganglionic appendices in appendicitis cases (10%).
The presence of an ileal perforation may cause significant
extrinsic inflammation of the appendix, which the authors
felt could have affected the histological analysis of the
appendix, and finally presence of skip zones might have
caused erroneous reporting. We too in our study saw many
such appendix specimens with large skip areas and this
was identified easily as we whole embedded the specimens.

The presence of even a single ganglion cell rules out HD.
We however undertook a semi quantitative analysis of
ganglion cell numbers in the cases and controls. Although
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the range of the number of ganglion cells per HPF was
variable, the average number of ganglion cells per HPF
was comparable between cases and controls; an average
of three ganglion cells per HPF was seen in cases and
controls. This was another interesting finding in our
study against the use of ganglion cells in the appendix
as a diagnostic tool for TCA. A published a paper on
neural hypertrophy in appendicitis and concluded that
acute appendicitis cases had more ganglion cells in the
submucosal and myenteric plexuses in comparison to
controls, which is in contrast to our findings."” Our study
had pediatric subjects, predominantly infants among
the cases and controls while their study was mostly in
adults, Studies also found altered ganglion cells in acute
appendicitis.’”® The inflammatory process is said to have
a negative effect on enteric ganglion cells and cause a
decrease in their number.” We found aganglionosis in
both the cases and controls and also a nearly equal average
number of ganglion cells per HPF in cases and controls.
Skip zones or aganglionic areas were common to both.
We conclude that histopathology of appendix has a low
predictive value in TCA.

The two pathologists who performed the ganglion cell
analysis and count have good experience in reporting
HD cases. They opined that reporting of ganglion cells
in appendix specimens posed many diagnostic difficulties.
They felt that reporting full-thickness intestinal biopsies
presented lesser problems than the appendices in
children particularly newborns. Other opinions expressed
were, submucosal area presented more problems in the
identification of ganglion cells in comparison to the
myenteric area. Ganglion cell distribution in the appendix
was found to be irregular and seen merging into the circular
and longitudinal muscle layers. Overlapping of the tissue
during section cutting and embedding of both cases and
controls was seen. Immature ganglion cells of the neonates
also presented with difficulty in identification. They
appeared small with dark nuclei and indistinct nucleoli.
Furthermore, other cells such as lymphocytes, stromal cells,
fibroblasts, and endothelial cells gave rise to confusion with
immature ganglion cells. Hypertrophied nerve bundles
were also difficult to identify in aganglionic appendices
as the muscle layers are thin and the nerve population is
immature. Hypoganglionosis or immature ganglion cells in
neonates cause sparse neurons which may not be included
in serial sections.'®"’

Skip segments or zonal aganglionosis are increasingly
recognized in HD. Isolated diagnosis of TCA based on the
innervation of the appendix may not be accurate. The ENS
is the largest and most complex division of the peripheral
nervous system. The ENS, in common with the majority of
extra-enteric peripheral ganglia, is formed from migration
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from the neural crest.”* In 1980, Allan and Newgreen™
isolated bowel segments from embryos at various stages of
development, grew them on the chorioallantoic membrane,
and found that enteric neurons appeared in a craniocaudal
sequence, showing a vagal source. One explanation for
the skip areas is that that these skip segments of the
ganglionic intestine are derived from neuroblasts which
when migrating in a craniocaudal direction during neural
crest migration, cross the mesenteric border to a more distal
part of the intestine and as a result end up well ahead of
the wave front, colonizing an area within the aganglionic
segment. This theory is based on studies of murine alleles
that cause hereditary aganglionosis. Observations suggest
that in addition to the anticipated intramural rostral
caudal migration of the vagal neural crest cells in the large
intestine, there is also extramural migration of neuroblasts
taking place, along the mesentery, and into the colon.

The use of appendix as a diagnostic tool in TCA was
first questioned by Kamoshita and Landing in 1968.” His
study found it difficult to identify myenteric plexus in the
appendix and stated that the “size of the nerve population
is proportional to the amount of muscle to be innervated”
and therefore the value of appendicectomy in the diagnosis
of neurological disorders is limited.” A study of ganglion
cells in guinea pigs revealed the least number of ganglion
cells in the caecum.” Same could be also the case in the
human intestine though no such research was available at
that time.” Human appendix has a distinct neural network
and the appendix may not be representative of the adjacent
ileum and colon.* Other studies also found the appendix
unsuitable for commenting on ganglion cells and should not
be taken as a reliable marker for determining the proximal
biopsies.*"® Aganglionic appendix with ganglionic colon
has also been reported by some studies.'"'> Many authors
felt that appendicular aganglionosis is not equivalent to
TCA.*The murine and avian experimental models suggest
several pathways for ganglion cell migration that do not
involve the appendix.*

To make the histopathological approach standardized
guidelines were given by international working groups
in certain gastrointestinal diseases including HD.*” These
guidelines mention that appendix cannot be used for
diagnosis of HD and serial colonic biopsies should be
performed for the diagnosis of TCA. The appendicular
biopsy is therefore unreliable for leveling of aganglionosis
in TCA. Knowles and Digiorgio in their review articles
agreed to the concerns regarding the appendicular histology
being useful in the heterogenous repertoire of systemic
diseases affecting the gut.”*

Our study used a multipronged approach to understand
the limitations in the utility of appendix in histological
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identification of ganglion cells and infers that the routine
histological examination of the appendix has a poor
predictive value in the diagnosis of aganglionosis and TCA.

Limitations of the study
This study is limited by the small sample size due to which
statistical significance could not be calculated.

CONCLUSION

The ganglion cells in pediatric, predominantly neonatal
vermiform appendices of suspected TCA cases, acute
appendicitis, and histologically normal appendix were
analyzed semi quantitatively and no significant differences
were found in the number of ganglion cells in cases and
controls. Aganglionosis was seen in both, to a lesser
extent in controls as compared to cases. The reporting
pathologists enlisted numerous diagnostic difficulties in
the interpretation of ganglion cell status of pediatric and
neonatal appendices. Aganglionosis of the appendix should
not be used as an isolated diagnostic tool in TCA.
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