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Intestinal neuronal dysplasia type B is a controversial entity expressed by complex changes in the enteric
nervous system. Diagnosis depends on rectal biopsy histopathology and diagnostic criteria, both qualitative and
quantitative, have changed over time, hindering the diagnostic practice. We analyzed the morphological criteria
for the histological diagnosis of intestinal neuronal dysplasia type B in a series of patients with intestinal
neuronal dysplasia type B according to the 1990 Frankfurt Consensus criteria and verified the applicability of the
numerical criteria proposed by Meier-Ruge et al in 2004 and 2006. Qualitative criteria adopted for the histological
diagnosis of intestinal neuronal dysplasia type B included hyperplasia of the submucous plexus with
hyperganglionosis and hypertrophy of the nerve trunks. Quantitative criteria considered more than 20% giant
ganglia in the submucosa, with more than eight neurons each on 25 ganglia, and children aged over 1 year. Distal
colon surgical specimens from 29 patients, aged 0–16 years, diagnosed with intestinal neuronal dysplasia type B
were retrospectively analyzed using sections processed for conventional histology (H&E) and calretinin
immunohistochemistry. Hyperplasia of the submucosal nerve plexi with hyperganglionosis and hypertrophy of
the nerve trunks was observed in all cases. Ganglia with small, immature neurons were detected in the majority
of cases. Quantitative analysis confirmed hyperganglionosis (mean number= 10.7 neurons per ganglion) and
hypertrophy of the nerve trunks (median= 44.6 μm thickness). Neurons showed immunostaining for calretinin,
but neuron counts in calretinin-stained sections were lower compared with H&E (Po0.01). No significant
differences were verified between children aged under and over 1 year regarding hyperganglionosis (P= 0.79),
neuron counts (P= 0.36), and immature ganglia (P= 0.66). Only one patient met the numerical criteria proposed
by Meier-Ruge et al in 2004 and 2006. In conclusion, the numerical criteria showed limited applicability when
transposed to conventional histopathology. Children aged over 1 year presented very similar histological
features of neuronal immaturity to younger children, questioning the need for an age criterion when diagnosing
intestinal neuronal dysplasia type B.
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Intestinal neuronal dysplasia type B affects the
submucosal nerve plexi of the intestine, in isolation
or in combination with other neuropathies, such as
Hirschsprung’s disease.1,2 More than 40 years after
its original description,3 this pathological condition
is yet to be fully elucidated.2,4

A suspected diagnosis for intestinal neuronal
dysplasia type B arises with signs of severe con-
stipation, as observed in newborns, with acute
intestinal obstruction, and in older children, with
minimal response to conventional treatment.5,6
These patients should be investigated for possible
organic causes of constipation in childhood, parti-
cularly Hirschsprung’s disease, the most prevalent of
the intestinal dysganglionoses.7

Diagnosing intestinal neuronal dysplasia type B
fundamentally depends on histopathological analy-
sis of rectal biopsies.8,9 However, the morphological
criteria for its diagnosis have been extensively
altered over the years, which hinders diagnostic
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practice and comparisons between studies.3,6,8,10–13
Hyperplasia of the submucosal nerve plexi is the
morphological finding that defines intestinal neuro-
nal dysplasia type B, but it is characterized differen-
tially in the proposed criteria.12

The consensus meeting held in Frankfurt in 1990
established diagnostic criteria that have been used in
clinical practice, follow-up studies, and genetic
investigations.12,14–19 These criteria, classified as
mandatory and optional, should be determined by
qualitative analysis of the nerve plexi by standard
histology with hematoxylin and eosin (H&E) and
histochemically by acetylcholinesterase.14 On the
other hand, new criteria were proposed in the 1990s,
emphasizing the need to identify giant ganglia in the
submucosa for a diagnosis of intestinal neuronal
dysplasia type B.8,20 These giant ganglia were
defined by the presence of a minimum number of
ganglion cells, which varied from 6 to more than 10
per ganglion, among the different criteria
described.6,9,13,21,22

Given the lack of diagnostic standardization,
Meier-Ruge et al11 proposed the use of quantitative
analysis for the histopathological diagnosis of intest-
inal neuronal dysplasia type B, which underwent
certain changes in 2006.12 Although these quantita-
tive criteria have been accepted in the scientific
community,1,2,4 there are few reports of their use in
large series of patients.23 The requirement of fresh
material for frozen sections and specific histochem-
ical stains, the availability of which may be restricted
in some centers, are limitations that should be
considered. Moreover, it has not been established
whether these same numerical criteria can be
applied to 5 μm histological sections, embedded in
paraffin, for analysis by standard histology (H&E) or
to immunohistochemical studies.2,12

Recently, several immunohistochemical markers
have been used in the diagnosis of intestinal
dysganglionoses, particularly for Hirschsprung’s
disease.24–28 Calretinin is a vitamin D-dependent
29-kDa protein that binds to calcium and has an
important role as a sensor and modulator of calcium
ions.29 The absence of this protein leads to the
accumulation of these ions in the cytoplasm of
nerve cells, promoting hyperexcitability and
neurodegeneration.30,31 Cell bodies of neurons in
the extrinsic enteric nervous system, present in the
submucosal and myenteric plexi, and nerve fibers of
the extrinsic enteric nervous system present in the
lamina propria and muscularis mucosa show immu-
nohistochemical expression for calretinin.29,32 Thus,
immunohistochemistry for calretinin was estab-
lished as a valuable method in the diagnostic
investigation of Hirschsprung’s disease, demonstrat-
ing loss of protein immunostaining in the ganglion
cells of the nerve plexi and mucosal nerve
fibers.1,27,28,30,31,33,34 However, no descriptions of
the immunohistochemical expression profile for
calretinin have been reported for cases of intestinal
neuronal dysplasia type B.

For these reasons, we aimed to analyze the
morphological characteristics of the enteric nervous
system in a series of cases previously diagnosed as
intestinal neuronal dysplasia type B using the
criteria proposed by the 1990 Frankfurt
Consensus,14 by standard histology (H&E) and
calretinin immunohistochemistry, and verify the
applicability of the numerical criteria proposed by
Meier-Ruge et al11,12 for this end.

Materials and methods

Patients

A retrospective study was conducted on surgical
specimens of patients submitted to transanal endor-
ectal pull-through between 1992 and 2012, at the
Clinics Hospital of the Botucatu Medical School of
São Paulo State University (FMB-UNESP). During
this period, 113 patients under 18 years of age were
submitted to transanal endorectal pull-through due
to dysganglionoses. All patients with the histopatho-
logical diagnosis of intestinal neuronal dysplasia
type B (n=29), based on the criteria proposed by the
1990 Frankfurt Consensus,14 were included in the
study. Surgical specimens of patients diagnosed with
additional associated dysganglionoses, like Hirsch-
sprung’s disease, were excluded from the study. This
study was approved by the Research Ethics Commit-
tee of FMB-UNESP, under protocol no. CAAE
46521315.2.0000.5411.

Processing of the Surgical Specimens

The surgical specimens of patients submitted to
transanal endorectal pull-through were collected
while fresh and transported immediately postsurgery
to the Department of Pathology, where they were
opened along the antimesenteric border, washed
with water, fixed to a rigid surface to maintain their
shape, and immersed in 10% formalin solution.
After 24 h, longitudinal cuts were made along the
specimens. These cuts were sectioned into smaller
pieces of 2 cm each and placed in numbered
cassettes. For this study, the rectal distal fragments,
2 cm fragments of the specimens, were recovered
and new histological sections were made and
processed for standard histology (H&E) and calreti-
nin immunohistochemistry.

Standard Histology (H&E)

Serial histological sections of 5 μm were made and
stained with H&E. Histopathological analysis of
these histological sections sought to characterize
the structures of the submucosal nerve plexi.

Morphological criteria for INDB

SA Terra et al 979

Modern Pathology (2017) 30, 978–985



Calretinin Immunohistochemistry

The calretinin immunohistochemical study was per-
formed on 4-μm-thick histological sections, using the
FLEX monoclonal mouse anti-human calretinin anti-
body, DAK-Calret 1 clone, prediluted (0.015mol/l)
ready for use in the DakoAutostainer system. The
avidin–biotin–peroxidase protocol model was used,
following the manufacturer’s recommendations.35
The cells labeled by the antibody exhibit brownish
cytoplasmic and nuclear staining.

Histopathological Analysis

The histopathological analysis was performed first
by H&E, followed by calretinin immunohistochem-
istry, to characterize the submucosal nerve plexi
through qualitative and quantitative analysis. The
1990 Frankfurt criteria used included hyperplasia of
the submucous plexus, giant ganglia (hyperganglio-
nosis), bud-like nerve cell groups along nerve trunks,
increased acetylcholinesterase activity on initial
rectal biopsies, and heterotopic neurons. Table 1
summarizes the qualitative and quantitative criteria
adopted for the histopathological analysis by H&E,
according to the Frankfurt criteria,14 Meier-Ruge
et al,11,12 and Koletzko et al.36 Nerve ganglia with
small neurons, with nuclear hyperchromasia, were
interpreted as signs of immaturity. A submucosal
nerve plexus with more than 8 neurons was
considered as a giant, hyperplastic ganglion.

Calretinin immunostaining was assessed in neu-
rons in the submucosal nerve plexi and at hetero-
topic sites in the lamina propria and near to the
muscularis mucosa. Immunostaining for calretinin
allowed to identify nerve fibers in the lamina propria
of the mucosa and was graded as focal expression (+)
visualized only at x400 magnification, focal expres-
sion (++) visualized from x200 magnification and
diffuse expression (+++) visualized from x200
magnification.

Morphometric analysis was performed using
images obtained by the Software Pannoramic Viewer
(version: 1.15.2 SP 2; developed by 3DHistech). The
numerical criteria proposed by Meier-Ruge et al11,12
were applied in all cases, both in conventional

histological analysis by H&E and in the immunohis-
tochemical analysis by calretinin. According to these
numerical criteria, a diagnosis of intestinal neuronal
dysplasia type B depends on the presence of at least
20% giant ganglia, with more than eight neurons
among 25 submucosal ganglia analyzed.11,12 The
histopathological analysis was performed jointly by
two medical pathologists with expertise in the
diagnosis of intestinal dysganglionoses.

Statistical Analysis

The results of the histopathological analysis were
compared with the method used (standard H&E
histology and calretinin immunohistochemistry) and
between age groups (children aged o or 41 year),
based on the age cutoff proposed by the criteria of
Meier-Ruge et al.11,12 The Stats Direct 3 software was
used for statistical comparison of the different
methods and age groups. Categorical variables were
analyzed by the Fisher's exact test to compare the
variables of qualitative analysis between the two age
groups. After application of the Shapiro–Wilk nor-
mality test, the continuous quantitative variables
used to compare the different methods of histo-
pathology were analyzed by the Student's t-test for
paired samples or the Wilcoxon's test, while for the
variables used to compare the different age groups,
the Student's t-test for independent samples or the
Mann–Whitney test were used. Agreement between
the methods of histopathology was determined by
the intraclass correlation coefficient.37,38

The relationship between number of giant ganglia,
age group (o or 41 year), and the presence of
ganglia with signs of immaturity was investigated by
a generalized linear model with gamma probability
distribution and identity link function (robust esti-
mator), using the SPSS 22.0 software. The signifi-
cance level adopted for the tests used was 5%.

Results

The diagnosis of intestinal neuronal dysplasia type B
was achieved after examining the surgical specimens
in 29 cases. The median age of patients at surgery

Table 1 Qualitative and quantitative criteria for the histopathological analysis of the submucosal nerve plexi with H&E, according to the
Frankfurt criteria,14 Meier-Ruge et al,11,12 and Koletzko36

Qualitative analysis Quantitative analysis

Ganglia with small immature neurons36 Number of neurons in 25 ganglia
Medium-sized neurons36 Maximum number of neurons per nerve ganglion36

Large neurons36 Number of fields required to identify 25 ganglia
Anisomorphic neurons36 Maximum thickness of a nerve trunk14

Bud-like nerve cell groups along nerve trunks14 Neuron area
Heterotopic neurons in the lamina propria or muscularis mucosa14 Number of giant ganglia with more than 8 neurons in 25

ganglia11,12

Abbreviation: H&E, hematoxylin and eosin.
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was 26 months (1–199 months). Ten patients (34.5%)
were o1 year and 19 (65.5%) were 41 year.
Nineteen patients (65.5%) were male and 10
(34.5%) were female.

Histopathological Analysis of the Surgical Specimens
by H&E

In all cases, the submucosal nerve plexi showed
morphological alterations, characterized by hyper-
plasia of the nerve plexi due to increased number of
neurons and hypertrophy of the parasympathetic
nerve trunks, with bud-like arrangement of neurons
along nerve fibers (Figure 1). The majority of cases
showed ganglia with signs of immaturity character-
ized by small neurons with hyperchromatic nuclei
(Table 2). It was not possible to identify conclusively
the presence of heterotopic neurons in the lamina
propria and muscularis mucosa using H&E staining.
Table 2 summarizes the qualitative results of the
histopathological analysis by H&E.

Quantitative analysis by standard histology
(H&E) confirmed qualitative observation of

hyperganglionosis with a mean number of 10.7
(±4.1) neurons per ganglion and hypertrophy of the
nerve trunks with median thickness of 44.6 μm
(Table 3).

Analysis of Nerve Plexi by Calretinin
Immunohistochemistry

Immunostaining for calretinin was observed in
neurons of the submucosal nerve plexi in all cases
analyzed (Figure 2a). However, not all the neurons
previously identified by standard histology (H&E)
were stained by calretinin. Immunohistochemical
analysis by calretinin enhanced the identification of
heterotopic neurons in 26/29 cases (89.7%), 14 of
which presented neurons in the lamina propria and
the remaining 12 located in the muscularis mucosa
(Table 2 and Figure 2b). Immunohistochemical
expression of calretinin was observed in nerve fibers
in the lamina propria and muscularis mucosa
(Figure 2b). This expression showed considerable
variation between patients (Table 2), with focal
expressions being the most common.

Figure 1 Intestinal neuronal dysplasia type B. (a) Submucosal nerve plexi with hyperganglionosis and hypertrophy of nerve trunks (H&E,
x200). (b) Giant submucosal ganglion with cell anisomorphism (H&E, x400).

Table 2 Distribution of cases (n=29) according to qualitative histopathological analysis with H&E and calretinin immunohistochemistry

No. of cases (%) Less than 1 year More than 1 year P-valuea

Ganglia with small neurons (H&E) 22 (75.9%) 70% (7/10) 78.9% (15/19) 0.66
Medium-sized neurons (H&E) 19 (65.5%) 70% (7/10) 63.2% (12/19) 40.99
Large neurons (H&E) 7 (24.1%) 10% (1/10) 31.6% (6/19) 0.37
Anisomorphic neurons (H&E) 18 (62.1%) 60% (6/10) 63.2% (12/19) 40.99
Nerve fibers in the mucosa (calretinin) + 13 (44.8%) 40% (4/10) 47.3% (9/19) 40.99

++ 13 (44.8%) 50% (5/10) 42.1% (8/19) 0.71
+++ 3 (10.3%) 10% (1/10) 10.5% (2/19) 40.99

Heterotopic neurons in the lamina propria (calretinin) 14 (48.3%) 60% (6/10) 42.1% (8/19) 0.45
Heterotopic neurons in the muscularis mucosa (calretinin) 12 (41.4%) 60% (6/10) 31.6% (6/19) 0.23

Abbreviation: H&E, hematoxylin and eosin.
Comparison between different age groups (o and 41 year) of the histopathologic results.
aFisher’s exact test.
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Application of the Numerical Criteria Proposed by
Meier-Ruge et al11,12

The numerical criteria for the diagnosis of intestinal
neuronal dysplasia type B proposed by Meier-Ruge
et al11,12 were applied to 5 μm sections stained with
H&E and 4 μm sections processed for calretinin
immunohistochemistry. Two cases achieved the
required minimum of 20% giant ganglia by H&E
staining and only one case by calretinin immuno-
histochemistry. However, considering the cutoff age
of 1 year recommended by these quantitative criteria,
only one case fulfilled the required criteria proposed
by Meier-Ruge et al.11,12

Correlation Between the Results of Quantitative
Analysis by H&E and Calretinin

Comparison between H&E staining and calretinin
immunostaining showed that, for all quantitative
assessment, analysis by calretinin identified a smal-
ler number of neurons, with significant differences
(Po0.01) in the number of neurons identified in 25
ganglia (H&E 92.8 ± 22.4 vs calretinin 75.8 ± 18.1).

Concordance analysis determined by the intraclass
correlation coefficient showed that the results
obtained by these two methods of analysis had poor
levels of agreement, 0.09 (−0.17–0.38). However, the
number of fields required to identify 25 ganglia was
significantly lower (Po0.01) when using calretinin
immunohistochemistry (H&E 18.0 ± 2.4 vs calretinin
13.7 ± 3.0).

Comparison Between the Different Age Groups

The results of the histopathological analysis were
divided into two groups according to age at surgery:
children aged o1 year and children aged 41 year.
Qualitative analysis of the plexi by H&E staining
identified the presence of nerve ganglia showing
signs of neuronal immaturity and anisomorphic
neurons in both age groups (Table 2). No statistically
significant differences were verified between the two
age groups for any of the morphological character-
istics analyzed by H&E staining and calretinin
immunohistochemistry (Table 2).

No significant differences were observed between
the two age groups for the neuronal quantitative

Table 3 Comparison between different age groups (o and 41 yr old) of the results of quantitative analysis of nerve plexi by hematoxylin
and eosina

No. of cases (n=29) Less than 1 year More than 1 year P-value

No. of neurons in 25 ganglia 92.8± 22.4 98.2 ± 22.2 90.0 ± 22.6 0.36b
Maximum no. of neurons per ganglia 10.7± 4.1 17.3 ± 2.3 10.7 ± 4.1 0.98b
No. of fields required to identify 25 ganglia 18.0± 2.4 18.0 ± 2.4 18.4 ± 2.4 0.24b

Maximum thickness of a nerve trunk (μm) 44.6 (24.0–61.9) 35.8 (24.0–52.6) 46 (33.5–61.9) o0.01c

Area of a neuron (μm2) 96.4 (57.9–239.7) 87.1 (57.9–127.7) 102.6 (65.6–239.7) o0.01c

No. of giant ganglia in 25 ganglia analyzed 2 (0–7) 1.5 (0–5) 2 (0–7) 0.79c

aValues expressed as mean plus/minus s.d. or median (minimum–maximum).
bStudent's t-test.
cMann–Whitney test.

Figure 2 Patterns of calretinin immunostaining in intestinal neuronal dysplasia type B. (a) Positive nuclear and cytoplasmic calretinin
staining in neurons from a submucosal nerve plexus (calretinin, x400). (b) Positive staining in dark brown in nerve fibers in the lamina
propria. Heterotopic neuron in the muscularis mucosa (arrow) (calretinin, x400).
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variables analyzed by H&E staining (Table 3). The
number of giant ganglia was significantly higher in
infants presenting ganglia with signs of immaturity
(Po0.01). Although the number of giant ganglia was
higher in children aged 41 year, no significant
difference in their distribution by age group was
determined (P=0.56), which indicates that the main
factor associated with the presence of giant ganglia
was ganglia with small, immature neurons, rather
than the age group (Table 4).

Discussion

Despite intensive scientific research conducted since
its original description in the 1970s3 and more than
250 scientific articles published, lacunas remain
concerning the definition, pathogenesis, diagnostic
criteria, and therapeutic possibilities of intestinal
neuronal dysplasia type B.2,6,12 On the other hand, in
medical practice, we continue to identify children
with severe constipation or intestinal obstruction,
who are subject to diagnostic investigation for
intestinal dysganglionoses by rectal biopsy and
who present hyperplasia of submucosal nerve plexi
consistent with a diagnosis of intestinal neuronal
dysplasia type B.12

One of the biggest challenges is the lack of
consensus regarding the criteria for a histopathologi-
cal diagnosis of intestinal neuronal dysplasia type B.
The most recent proposal is the quantitative criteria
developed by Meier-Ruge et al.11,12 This proposal has
certain limitations, like the need for fresh samples to
produce 15 μm frozen sections, stained by specific
histochemical reactions that are available to few
diagnostic centers. Moreover, this proposal considers
hyperganglionosis as the main diagnostic criterion,
defined by the minimum numerical value of 20%
giant ganglia, each presenting with more than eight
nerve cells for 25 ganglia examined among the
submucosal nerve plexi. They also prose a minimum
age of 1 year, which limits further the diagnosis of this
pathological entity. Given their specificity, there are
few reports of the applicability of these criteria in

series of patients diagnosed with intestinal neuronal
dysplasia type B.12,23

In this study, we examined surgical specimens from
patients with a previous diagnosis of intestinal
neuronal dysplasia type B, established by the criteria
proposed in the 1990 Consensus of Frankfurt.14 Only
2 of the 29 cases analyzed achieved the numerical
values required by the criteria proposed by Meier-
Ruge et al.11,12 Of these cases, only one child was 41
year at the time of surgery and thus fulfilled age cutoff
requirement for these diagnostic criteria.11,12 Similar
results were reported by Taguchi et al,23 in a retro-
spective multicenter study of cases of intestinal
neuronal dysplasia type B in 167 centers in Japan,
from 2000 to 2009. Thirteen cases of intestinal
neuronal dysplasia type B were diagnosed using
morphological criteria common to all the centers.
However, when the authors used the numerical
criteria proposed by Meier-Ruge et al,11,12 only 4 of
these 13 cases maintained a diagnosis of intestinal
neuronal dysplasia type B.23 Thus, these quantitative
criteria seem to be considerably restrictive when
applied to conventional histopathology performed
using 5 μm sections stained with H&E. Histological
sections of greater thickness, stained with techniques
that facilitate the identification of nerve cells, clearly
influence the quantitative determination of ganglion
neurons of the submucosa, which could explain the
low number of cases that achieved the numerical
criteria in our series. Since conventional histopatho-
logical analysis by H&E is the most common method
used in the diagnostic investigation of rectal biopsies
for intestinal dysganglionoses, it is of fundamental
importance that numerical values for quantitative
criteria are established, or that the histopathological
diagnosis of intestinal neuronal dysplasia type B is
qualitative in these situations, based on morphologi-
cal changes that characterize this pathological entity.

In this case series, histopathological analysis
enabled the morphological characterization of intest-
inal neuronal dysplasia type B, highlighting changes
like anisomorphic neurons, neuronal ectopia in the
lamina propria and muscularis mucosa and ganglia
with signs of immaturity such as small neurons
(Table 2). These findings have been verified in other
case series and form part of previously proposed
criteria for the diagnosis of intestinal neuronal
dysplasia type B.14,16,36,39 Quantitative analysis of
the submucosal nerve plexi confirmed hyperganglio-
nosis, with a maximum mean number of 10.7
neurons per ganglion and revealed that the majority
of the cases presented hypertrophic nerve trunks,
with a median thickness of 44.6μm. This last finding,
characteristic of Hirschsprung’s disease, is rarely
discussed in intestinal neuronal dysplasia type B
and can be considered as one of the criteria for its
diagnosis.8,14,36,40–43

When comparing different age groups, based on
the cutoff age of 1 year, no statistically significant
differences were observed in the qualitative analysis
of the morphological changes verified in the

Table 4 Relationship among the number of giant ganglia in 25
ganglia analyzed, age group (o and 41 year) and ganglia with
small, immature neurons by hematoxylin and eosina

β coefficient Wald χ2 d.f. P-value

More than 1 year old −0.44 0.32 1 0.56
Ganglia with small,
immature neurons

1.63 11.23 1 o0.01

More than 1 year
old× ganglia with small,
immature neurons

−0.27 0.66 1 0.79

Abbreviation: AIC, Akaike information criterion.
aGeneralized linear model with gamma probability distribution and
identity link function (robust estimator); global model P=0.04; AIC
fit = 108.1.
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submucosal nerve plexi (Table 2). Despite evidence
that the histopathological changes suggestive of
immaturity could change with age, through matura-
tion and apoptosis,21,36,44–46 our results showed that
these changes were present in both age groups and
call into question the need to establish an age cutoff
for the diagnosis of intestinal neuronal dysplasia
type B. Moreover, quantitative analysis of the plexi
showed no significant differences between the
groups regarding the characterization of hypergan-
glionosis, defined as the total number of neurons in
25 ganglia and by the maximum number of neurons
per ganglion (Table 3). The number of giant ganglia
identified was influenced more by the presence of
signs of neuronal immaturity than by patient age
(Table 4).

Calretinin immunohistochemical analysis gained
prominence in recent years, establishing itself as a
key method in the diagnostic investigation of
Hirschsprung’s disease, which is characterized by
total loss of expression of this protein.27,28,30,31,33,34
Since one of the main differential diagnoses of
Hirschsprung’s disease is intestinal neuronal dyspla-
sia type B, knowledge concerning the immunohisto-
chemical expression profile for calretinin in
intestinal neuronal dysplasia type B is essential.
Herein, we observed calretinin expression in all the
cases analyzed, both in the neurons of the submu-
cosal nerve plexi and the nerve fibers of mucosa
(Table 2), in contrast to that observed in Hirsch-
sprung’s disease.27,28,30,31,33,34 This expression also
occurred in ectopic neurons present in the lamina
propria and muscularis mucosa, substantially facil-
itating their identification, which is part of the
morphological findings present in intestinal neuro-
nal dysplasia type B16,36,39 (Figure 2). The identifica-
tion of these heterotopic neurons is limited in
analysis by standard histology, as difficulties exist
in differentiating them from other structures, such as
inflammatory and stromal cells.

Agreement between the quantitative analyzes
obtained by H&E and calretinin was considered poor.
Furthermore, calretinin immunohistochemistry iden-
tified fewer neurons than H&E staining. This is
justified by the difficulties involved in determining
the limits of the nerve cells when using calretinin
immunohistochemistry (Figure 2) and the fact that not
all neurons in the enteric nervous system present
immunostaining for calretinin.47 In their study of
surgical specimens from 28 patients, Beuscher et al48
showed that 79% of the neurons of the submucosal
nerve plexi located in the colon were immunostained
for calretinin and vasoactive intestinal peptide and
this percentage varied according to intestinal segment
analyzed. Therefore, calretinin immunostaining may
be of help in the diagnosis of intestinal neuronal
dysplasia type B, but is not as useful as it is for the
diagnosis of Hirschsprung’s disease.

In conclusion, our study showed that the numerical
criteria proposed by Meier-Ruge et al11,12 for the
analysis of 15 μm sections stained by specific

histochemical reactions is of limited applicability
when transposed to conventional histopathology
performed on 5 μm sections stained with H&E. Our
study also showed that children aged 41 year
presented similar histological features to younger
children, both in the qualitative and quantitative
analysis of nerve plexi, questioning the need for the
applicability of the minimum age cutoff of 1 year
when diagnosing intestinal neuronal dysplasia type B.
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