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Abstract

Purpose Intestinal dysganglionosis are a group of
anomalies of the enteric nervous system that constitute
infrequent but severe forms of constipation. Histochemical
stainings are the gold standard diagnostic procedure for
intestinal dysganglionosis. This study describes our expe-
rience with histochemistry in a large series of patients.
Methods Between 1977 and 2010, 1,589 biopsies from
children with persistent chronic constipation were studied.
The specimens were snap frozen, sectioned and stained
with acetylcholinesterase (AChE), acetylcholinesterase
counterstained with hematoxilin and succinic dehydroge-
nase (SDH) histochemical stainings.

Results Among the 1,589 biopsies, 946 (59.5%) were
rectal biopsies, 242 (15.2%) were internal sphincter biop-
sies, 346 (21.8%) were intestinal mapping studies and 42
(2.7%) of them were colon specimens from surgical
resections. From the rectal biopsy group, 544 (57.5%)
patients were reported as normal. Hirschsprung disease was
found in 163 (17.2%) patients with a median age at diag-
nosis of 8 months and a male to female ratio of 3:1.
Intestinal neuronal dysplasia was found in 162 (17.2%)
patients, hypoganglionosis in 3 (0.3%) of them and gan-
glioneuromatosis in 1 (0.1%). In 73 (7.7%) patients, the
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biopsy was not conclusive for different reasons. 34 out of
the 42 resected colon specimens were Hirschsprung dis-
ease. Intestinal neuronal dysplasia was found in the prox-
imal segment of the aganglionic bowel in 15 out of 34
(44%) patients. All the aganglionic resected colon speci-
mens had a previous aganglionic rectal biopsy. There were
no false positive results in this group.

Conclusions Histochemical stainings continue to be the
gold standard in the diagnosis of intestinal dysganglionosis.
The combination of two histochemical staining techniques
provides a high level of accuracy in the diagnosis of
intestinal dysganglionosis.

Keywords Rectal biopsy - Histochemistry - Chronic
constipation - Intestinal dysganglionosis - Hirschsprung
disease - Intestinal neuronal dysplasia - Hypoganglionosis -
Intestinal ganglioneuromatosis

Introduction

Chronic constipation constitutes a frequent problem in
pediatrics, accounting for 3-5% of consultations to the
general pediatrician and for 10-25% of consultations to the
pediatric gastroenterologist [1]. Chronic constipation has
been classically classified into functional and organic
constipation. In functional constipation, no objective evi-
dence of a pathologic condition has been described and
constitutes the vast majority of patients with chronic con-
stipation. Organic constipation is an heterogeneous group
that encompasses medical conditions with different origins,
including intestinal dysganglionosis.

The enteric nervous system is a network of neurons in
the bowel that play a crucial role in gastrointestinal
motility. Neurons of the enteric nervous system originate
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from the neural crest and they migrate during development
to the bowel wall, where they proliferate, differentiate, and
organise into two plexi in the bowel, the submucous plexus
and the myenteric plexus [2].

Intestinal dysganglionosis are a group of malformations
of the enteric nervous system including Hirschsprung’s
disease, Intestinal Neuronal Dysplasia, Hypoganglionosis
and Ganglioneuromatosis [3]. Although these anomalies
are histologically different, the clinical features of intesti-
nal dysganglionosis are similar: these children have
intractable constipation and grossly slowed intestinal
transit time. Failure to pass meconium may be the first
symptom in the neonatal period, whereas infants and older
children present with chronic constipation [3, 4].

Hirschsprung’s disease (HD) is characterised by an
absence of ganglion cells in the distal bowel that extends
proximally for varying distances. Children affected with
this condition present with symptoms of intestinal
obstruction during the neonatal period and characteristi-
cally, with delayed passage of meconium. The diagnosis of
HD is based on clinical history, barium enema, anorectal
manometry and in particular on histological examination of
the rectal wall [5].

Intestinal Neuronal Dysplasia (IND) is mainly charac-
terised by a hyperplasia of the submucous plexus. IND can
be found as an isolated phenomenon or in the proximal
bowel in aganglionosis [6]. The clinical picture of IND
resembles HD, these children have severe constipation
starting from the newborn period. Associated IND may be
the cause of persistent chronic constipation in some chil-
dren after surgical correction of Hirschsprung disease [7,
8]. The diagnosis of isolated IND is based on clinical
history, anorectal manometry and on histological analysis
of a rectal biopsy [9]. The histological diagnostic criteria in
IND have evolved over the years to objective quantitative
criteria, which include the presence of more than 20% of
giant submucosal ganglia [10].

Hypoganglionosis is a rare form of intestinal dysgan-
glionosis. Failure to pass meconium may be the first
symptom in the neonatal period, whereas infants and older
children present with chronic constipation [3, 11, 12].
Hypoganglionosis can be suspected on a rectal suction
biopsy by the absence or low level of acetylcholinesterase
activity in the lamina propria and the absence or reduction
of submucosal ganglion cells. A full-thickness rectal biopsy
is essential for the diagnosis of hypoganglionosis because it
allows the inspection of the myenteric plexus [3, 13].

Intestinal ganglioneuromatosis is an extremely rare but
severe form of intestinal dysganglionosis because it is
associated with multiple endocrine neoplasias type 2B
(MEN 2B). Children affected with this condition present
with severe constipation and symptoms of intestinal
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obstruction. Constipation can alternate with periods of
diarrhoea. Diagnosis is based on histological examination
of the rectal wall where massive proliferations of neural
tissue are visible [14, 15].

A rectal biopsy is currently the gold standard in the
diagnosis of intestinal dysganglionosis especially if they
are stained with histochemical stainings [13, 16]. Histo-
chemical stainings of rectal biopsy are superior to con-
ventional H&E and immunohistochemistry in the diagnosis
of intestinal dysganglionosis [16, 17]. This study describes
our 30 years experience with intestinal biopsies stained
with acetylcholinesterase (AChE) and succinic dehydro-
genase (SDH) in a large series of patients.

Materials and methods
Patients and biopsy technique

Between 1977 and 2010, 1,589 biopsies from children with
persistent chronic constipation were studied. The speci-
mens studied were rectal biopsies, intestinal mapping
specimens, internal sphincter and surgical specimens from
colonic resections. Rectal biopsies were taken with an open
technique as follows: under general anaesthesia and direct
view a biopsy from the posterior rectal wall including
mucosa and submucosa was taken at 2 cm above the pec-
tinate line or at a proximal level. Haemostasia was
achieved using interrupted 3/0 polyglycolic acid sutures.
Intestinal mapping specimens were taken either through an
open or laparoscopic technique. The majority of them were
seromuscular samples. Internal sphincter specimens were
samples from posterior sphincteromyectomy according to
the classical technique [18]. All the specimens were
transferred to the laboratory wrapped in a saline wet swab.
Rectal biopsies specimens, internal sphincter biopsies and
intestinal mapping specimens were carefully examined in
order to identify their orientation, were then embedded in
Tissue-Tek OCT compound (Sakura Finetek, Zoeterwoude,
The Netherlands) and snap frozen in liquid nitrogen. Sur-
gical specimens from colonic resections were studied
according to Meier-Ruge’s technique [13]. Briefly, the
specimens were open through the mesenteric border, were
gently cleaned with saline and then a strip of colon was cut
along the taenia. After that the specimen was coiled
caudocranially, embedded in Tissue-Tek OCT compound
(Sakura Finetek, Zoeterwoude, The Netherlands) and snap
frozen in liquid nitrogen. The samples were maintained in a
—80°C freezer until they were processed. Ten microns
cryostat sections were cut. A rectal biopsy was considered
to be adequate when there were equal amounts of mucosa
and submucosa.
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Stainings

Sections were stained for AChE histochemistry using a
modified Karnovsky and Roots method [19], for AChE
counterstained with hematoxilin and for SDH according to
a previously described method [13]. To stain for AChE, the
slides were air dried for 30 min and then incubated for
90 min at 37°C in a mixture containing 5 mg acetylthi-
ocholine iodine (Sigma—Aldrich, St Louis, Missouri, USA),
6.5 ml 0.1 M acetate buffer, 0.5 ml 0.1 M sodium citrate
(Sigma—Aldrich, St Louis, Missouri, USA), 1 ml 30 mM
copper sulfate (BDH, Poole, Dorset, England, UK), 1 ml
distilled water, 1 ml 5 mM potassium ferricyanide (Sigma—
Aldrich, St Louis, Missouri, USA) and 0.2 ml 4 mM iso-
octamethyl pyrophosphoramide (Sigma—Aldrich, St Louis,
Missouri, USA). After the incubation period, the slides
were washed in distilled water, fixed in 10% buffered
formalin for 10 min and then washed in tap water. One
slide was immersed in hematoxilin for 3 min. All the slides
were then dehydrated, cleared and mounted with DPX
mountant medium (Fluka, Buchs, Switzerland).

To stain for SDH activity, the slides were air dried for
30 min and then incubated for 90 min at 37°C in a mixture
containing a buffer solution consisting of 88.5 ml of
sodium phosphate dibasic 6.7 mM (Merck KgaA, Darms-
tadt, Germany) and 11.5 ml of potassium dihydrogen
phosphate monobasic 48 mM (Merck KgaA, Darmstadt,
Germany) pH 7.6, 100 ml of sodium succinate 0.2 M
(Serva, Heilderberg, Germany), 200 ml of TNBT 1 mM
(Santacruz biotechnology, California, USA), and 1 mg of
phenazin metosulfate (Serva, Heilderberg, Germany). After
the incubation period, the slides were washed in saline
solution (NaCl 0.9%), fixed in 10% buffered formalin for
20 min and mounted directly with Hydromount (National
Diagnostics, Atlanta, USA) a water based mounting
medium. The specimens were analysed under a light
microscope.

Diagnostic criteria for intestinal dysganglionosis

The diagnosis of HD was achieved by demonstrating an
absence of ganglion cells in the submucosa, the presence of
thick nerve trunks and the presence of a marked increased
of acetylcholinesterase activity in the lamina propria [13].
The main diagnostic criteria for IND were hyperplasia of
the submucous plexus with the presence of giant ganglia
and increased acetylcholinesterase activity around submu-
cosal vessels. Additional diagnostic criteria included the
presence of heterotopic ganglion cells and an increased
acetylcholinesterase activity in the lamina propria [13, 20].
Hypoganglionosis was suspected when there was an absent
or low acetylcholinesterase activity in the lamina propria
associated with an absence or marked reduction of

submucosal ganglion cells [13]. Ganglioneuromatosis was
diagnosed when there was a remarkable hyperplasia of the
submucous plexus with ganglia containing 15-40 nerve
cells [13, 14].

Results

Among the 1,589 biopsies, 946 (59.5%) were rectal biop-
sies, 242 (15.2%) were internal sphincter biopsies, 346
(21.8%) were intestinal mapping studies and 42 (2.8%) of
them were colon specimens from surgical resections. There
were 13 (0.8%) samples from other origins including rec-
toperineal fistulas from anorrectal malformations, esopha-
gus from achalasia, pyloric muscle and duodenum.

From the 946 patients who underwent a rectal biopsy,
544 (57.5%) were reported as normal (Fig. 1). The median
age at biopsy of this group of patients was 60 months, with
an interquartile range (p25-p75) of 12—-120 months. The
male to female ratio was 1.25:1. Hirschsprung disease was
found in 163 out of 946 rectal biopsies (17.2%). The
median age at diagnosis was 8 months with an interquartile
range (p25—p75) of 3 to 17 months and the male to female
ratio was of 3:1. Intestinal neuronal dysplasia was found in
162 (17.2%) patients with a median age at diagnosis of
11 months with an interquartile range (p25-p75) of
3-46 months and a male to female ratio of 1.2-1. Hypo-
ganglionosis was confirmed in three patients through a full
thickness rectal biopsy (0.3%) and ganglioneuromatosis
was diagnosed in 1 (0.1%).

In 73 (7.7%) patients, the rectal biopsy was not con-
clusive for different reasons: (1) In 36 (3.8%) cases the
biopsy did not contain submucosa and was therefore
inadequate for diagnosis. Ten cases from this group had a
second biopsy. (2) In 18 (1.9%) cases there was a technical
problem and the specimens were either fixed in formalin or
were not correctly frozen. (3) In 19 (2%) cases the biopsy
was suggestive of an intestinal dysganglionosis but was not
conclusive. From this last group, 10 out of the 19 patients
had a new biopsy. One out of 946 (0.1%) patient developed
a rectal hemorrhage following a rectal biopsy requiring
revision under general anaesthesia.

From the 242 patients who had an internal sphincter
biopsy, 132 (54.5%) were reported as normal, 50 (20.7%)
were intestinal neuronal dysplasia and 26 (10.7%) were
aganglionic sphincters. In 34 (14%) cases, the biopsy of the
internal sphincter was not conclusive.

The resected colonic specimen was studied in 42 cases
(Fig. 2). The coiling method enabled the pathologist to
study the whole specimen in just one slide. 34 out of the 42
specimens were Hirschsprung disease. Intestinal neuronal
dysplasia was found in the proximal segment of the
aganglionic bowel in 15 out of 34 (44%) patients. The
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Fig. 1 All the specimens shown in this figure are from rectal biopsy.
a Normal rectal suction biopsy specimen including mucosa, muscu-
laris mucosae and submucosa. A normal ganglia is visible just below
the muscularis mucosae. Acetylcholinesterase staining (AChE)
(100x). b Normal rectal suction biopsy specimen including mucosa,
muscularis mucosae and submucosa. A ganglia containing three
ganglion cells is visible in the middle of the submucosa. Succinic
dehydrogenase staining (SDH), (100x). ¢ Normal submucosal
ganglia. AChE staining (400x). d Hirschsprung’s disease specimen
including mucosa, muscularis mucosae and submucosa. Note the
increased AChE reaction in the mucosa and muscularis mucosae and
the thick nerve trunks clearly visible in the submcuosa. AChE staining
(100x). e Hirschsprung’s disease specimen including mucosa,
muscularis mucosae and submucosa. Note the aganglionic submu-
cosa. Nerve trunks are not marked with this staining. SDH staining
(100x). £ Hirschsprung’s disease specimen with a higher magnifica-
tion. AChE staining (200x ). g Intestinal neuronal dysplasia specimen
including mainly submucosa where numerous large ganglia are
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visible as well as some big nerve trunks. AChE staining (100x)
h Intestinal neuronal dysplasia specimen including mainly submucosa
where numerous large ganglia are visible. SDH staining (100x).
i Intestinal neuronal dysplasia, note the giant ganglia in the
submucosa. AChE (200x). j Hypoganglionosis specimen containing
mucosa, muscularis mucosae, submucosa and some muscularis
propria. Note the low enzymatic activity and the “silent” aganglionic
submucosa. AChE staining (100x). k Hypoganglionosis with same
findings of J. SDH staining (100x). 1 Hypoganglionosis specimen
including muscularis propria. Note the highly hypoplastic myenteric
plexus. SDH staining (200x). m Intestinal Ganglioneuromatosis
specimen including mucosa, muscularis mucosae and submucosa. An
increased enzymatic activity is visible in the lamina propria of the
mucosa. In the submucosa, giant ganglioneuromas are evident. AChE
staining (100x). n Intestinal Ganglioneuromatosis specimen includ-
ing mucosa, muscularis mucosae and submucosa. Note the numerous
giant ganglia in the submucosa. SDH staining (100x). o Giant
ganglioneuroma of the rectal submucosa. SDH staining (400x)
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Fig. 2 a Frozen coiled colon specimen from a surgical resection
mounted in the cryostat. b Section of Hirschsprung’s disease
specimen from a. Two layers of intestine are visible, the upper one
containing only mucosa and submucosa and the lower one containing
also muscularis propria. Note the increased enzymatic activity in the

remaining 19 out of 34 patients had a normal proximal
bowel. All the aganglionic resected colon specimens
studied had a previous aganglionic rectal biopsy. There
were no false positive results in this group.

The remaining 8 out of 42 specimens studied were colon
resected due to intestinal neuronal dysplasia in 5 cases and
functional chronic constipation with secondary megacolon
in 2 cases. In the latter two cases, the histology was normal.
The study was not conclusive due to technical problems in
one case.

346 (21.8%) biopsies were intestinal mapping studies
performed in 166 patients. From these 166 patients, 92
were HD. From this group there were 85 rectosigmoid HD,
4 long segment HD and 3 total colonic aganglionosis. 27
out of 166 patients were intestinal neuronal dysplasia, 36
out of 166 patients had a normal intestinal mapping studies
and were mainly patients with anorrectal malformations
whose colostomy was biopsied. 4 out of 166 patients had a
colonic hipoganglionosis and in 7 patients the mapping was
not conclusive.

Discussion

This study is based on more than 30 years experience in
intestinal biopsy diagnosis of motility disorders with his-
tochemical techniques. It constitutes one of the biggest
series reported in the literature [16, 21, 22].

The development of enzyme histochemical techniques
represented a considerable advance in the diagnosis of
intestinal dysganglionosis. Meier-Ruge and coworkers
described a histochemical technique of Karnovsky and
Roots for the detection of AChE in rectal suction biopsies
[23]. Lake et al. [24] reported an improved method of

mucosa and the muscularis propria and the presence of thick nerve
trunks in the submucosa. AChE staining (100x). ¢ Same section of
Hirschsprung’s disease as b but with SDH staining. Note the
aganglionic colon (100x)

staining using Hanker’s modification of Karnovsky and
Roots method, which stains cholinergic fibers almost black,
making them easily noticeable. In normal biopsies, barely
detectable AChE activity is observed within the lamina
propria and muscularis mucosa and submucosal ganglia
stain strongly for AChE making them easily visible. In HD,
there is a marked increase in AChE activity in the lamina
propria and muscularis mucosae. Moreover, the rectal
biopsy in HD shows thick hypertrofic nerve trunks in the
submucosa. These findings constitute a clear advantage of
enzyme histochemistry over conventional H&E. The
diagnosis of Hirschsprung’s disease in rectal mucosa with
H&E is more demanding and time consuming and requires
considerable experience because it is mainly based on a
negative finding: the absence of ganglion cells in the sub-
mucosa. Pathologists need to serially section the biopsy
specimen to adequately examine it for ganglion cells
presence or absence [5, 17]. Schofield et al. [25] compared
the results of both H&E and histochemistry stainings in
rectal biopsies performed to 455 children and found that
H&E staining was not diagnostic in 11.7% of Hirsch-
sprung’s disease cases. Similarly, Wakely et al. [26] in a
study of 154 rectal biopsies found that the rate of definite
diagnosis was increased from 83 to 95% when AChE his-
tochemistry was used.

Various immunohistochemical neuronal markers have
been tried as alternative diagnostic tools in aganglionosis.
In an extensive review on the topic, Kapur [27] concluded
that none of the studies has demonstrated a real advantage
of immunohistochemistry over the existing methods in
diagnosing Hirchsprung’s disease. However, the same
author has recently published the use of calretinin immu-
nohistochemistry as a useful adjunctive diagnostic method
in Hirschsprung’s disease [28].
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In almost 1,000 rectal biopsies studied, 57% of them
were normal. This rate is low if compared with other series
[16, 29]. We believe this is related to the surgeon's
enthusiasm in ordering the exam. In our institution, biop-
sies have always been performed by an open technique and
not by a suction method. This entails general anaesthesia
and therefore surgeons order the exam in selected cases and
most of the times after an altered anorrectal manometry.

In our series, 3.8% of rectal biopsies were inadequate
because they did not contain a sufficient amount of sub-
mucosa for a proper diagnosis. This rate is lower with what
other authors have reported, with percentages of inadequate
biopsies ranging from 11.6 to 34% [16, 21, 29, 30]. Since
rectal biopsies in our institution are performed under direct
visualization, a large sample can safely be taken and avoids
the need of a repeated procedure.

Only one patient out of 946 (0.1%) developed bleeding
from the biopsy site requiring surgical revision. With the
suction method of rectal biopsy, the complication rate is
higher, ranging from 0.4 to 6%, including not only hem-
orrhage but also rectal perforation [16, 22, 29, 31, 32].

The diagnosis of Hirschsprung’s disease by means of
ACHhE histochemistry is highly reliable. It is not only based
in a negative finding which is the absence of ganglion cells,
but it is also based in a positive finding, which is the
presence of a marked increased enzyme activity and the
presence of thick nerve trunks in the submucosa in the
rectal biopsy. Although many authors find that AChE
staining specificity is 100% for the diagnosis of aganglio-
nosis, its sensitivity ranges from 91 to 96% [33-35] with
the majority of the false negative results concentrated in
the newborn period. This is due to different reasons. In the
newborn period, ganglion cells are immature. They have
smaller and darker nuclei with less conspicuous nucleoli
and eccentric, pear-shaped, vacuolated cytoplasm [5, 17].
These immature ganglion cells can be misinterpreted dur-
ing the newborn period as nerve trunks that are normally
seen in cases of aganglionosis. Moreover, AChE expres-
sion in the lamina propria of the mucosa increases from the
newborn period onwards in Hirschsprung’s disease [33, 36,
37]. Therefore, a lack of increase in AChE activity in a
RSB does not exclude aganglionosis if the biopsy is taken
during the newborn period. Finally, since AChE strongly
stains nerve trunks in the submcuosa, if cut transversally,
they can be misinterpreted as a ganglia overlooking an
aganglionic biopsy. These problems can be overcome if a
second histochemical technique is employed.

Succinic dehydrogenase is a mitochondrial enzyme
present in ganglion cells. SDH histochemistry is an accu-
rate marker exclusively of ganglion cells. It does not stain
nerve trunks and therefore it is a valuable additional
technique as an aid to diagnosis in intestinal dysganglio-
nosis [13].
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Intestinal Neuronal Dysplasia (IND) was first described
by Meier-Ruge in 1971 [38] as a malformation of the
enteric plexus characterised by a hyperplasia of the sub-
mucous plexus. The existence of IND as a real disease has
been debated for many years and the reported incidence of
isolated IND has varied from 0.3 to 40% of all rectal
biopsies in different centres [6, 9, 21, 39]. There are vari-
ous reasons for this controversy. First, IND can only be
diagnosed in rectal biopsies stained with AChE histo-
chemistry. It is not possible to diagnose IND with other
stainings. Second, when IND was initially described, the
diagnosis was based on qualitative criteria and therefore
there was a high interobserver variation among patholo-
gists [40]. Moreover, the density of ganglia in the sub-
mucosa varies depending on the age of the patient. It is
highest during the newborn period and decreases progres-
sively as the person ages [41]. To overcome this problem,
Meier-Ruge has recently enunciated that the diagnosis of
IND requires some quantitative criteria, which include the
presence of more than 20% of giant submucosal ganglia in
a patient over one year of age [10]. In our series, 17% of
rectal biopsies were IND. We believe that Meier-Ruge’s
new diagnostic criteria of IND will help pathologists per-
form a more objective diagnosis.

A few patients in our series had a confirmed hypogan-
glionosis, which requires a full thickness rectal biopsy.
This is in concordance with the experience of other authors
[3, 11, 12, 16].

Only one patient out of 946 (0.1%) had an intestinal
ganglioneuromatosis. This condition is an extremely rare
but severe form of intestinal dysganglionosis because it is
associated with multiple endocrine neoplasias type 2B
(MEN 2B). Mutations of the RET gene are responsible of
more than 97% of MEN 2B cases. If a mutation of this
gene is confirmed, a prophilactic thyroidectomy has to be
performed since 100% of these patients develop a medul-
lary thyroid carcinoma during the first decade [14, 15, 42].

The resected colonic specimen in Hirschsprung’s dis-
ease was studied in a number of patients in the present
series. All these specimens studied had a previous agan-
glionic rectal biopsy. We believe that the coiling method
for studying resected colon proposed by Meier-Ruge has
considerable advantages [13]. It enables the pathologist to
study the whole specimen in just one slide. By examining
the specimen from distal to proximal, we make sure that
the complete aganglionic and transition segments are
resected. Interestingly, by analysing the resected colonic
specimen in Hirschsprung’s disease with this method, we
found that 44% of the cases did not have a normal histol-
ogy but had IND proximal to the transition zone. This rate
is in accordance with what other authors have reported
[43]. Moreover, some authors have proposed that this
associated IND may be the cause of persistent chronic
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constipation in some patients after surgical correction of
Hirschsprung disease [7, 8].

The combination of two histochemical stainings pro-

vides a high degree of accuracy and reliability in the study
of patients suffering from chronic constipation. Enzyme
histochemistry continues to be the gold standard in the
diagnosis of intestinal dysganglionosis.
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