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Table 1 Classification of ADHD in Japanese Survey

1. Abnormal ganglia (Abnormal histology in HE or AchE staining)
Immaturity of ganglia (or Immature ganglionosis: 1G)
Hypoganglionosis (or Oligoganglionosis : HG)

Congenital Hypoganglionosis (or Hypogenesis, Hypoplasia)
Acquired Hypoganglionosis
Intestinal Neuronal Dysplasia (IND)
2. Normal ganglia (Normal histology in HE or AchE staining)

Megacystis microcolon intestinal hypoperistalsis syndrome
(MMIHS)

Segmental dilatation of intestine (SD)
Internal Anal Sphincter Achalasia (IASA)
Chronic Idiopathic Intestinal Pseudo-Obstruction (CIIP)

with abnormalities of ganglion cells and those without
abnormalities of ganglion cells. We sympathize the Puri’s
classification based on pathological findings with or with-
out abnormalities of ganglion cells. Two categories were
shown in Table 1: abnormal ganglia, including immaturity
of ganglia (IG), hypoganglionosis (congenital and
acquired), and intestinal neural dysplasia (IND), and nor-
mal ganglia, including megacystis microcolon intestinal
hypoperistalsis syndrome (MMIHS), segmental dilatation
of intestine (SD), internal anal sphincter achalasia (IASA),
and chronic idiopathic intestinal pseudo-obstruction (CIIP).

Okamoto and his colleagues featured ADHD as the main
theme and reported the results from nationwide survey at the
24th Congress of Japanese Association of Pediatric Sur-
geons in 1987 [5]. In these reports, IG was reported that the
disease was characterized as normal number and extremely
immaturity of ganglion cell in intestinal wall. Since then,
more detailed survey was performed by “Clinicopatholog-
ical studies on the diagnosis, treatment, and pathogenesis of
pseudo-Hirschsprung’s disease and related disorders”
founded by Japan Society for the Promotion of Science from
1991 to 1993. In the reports of this study, IG was reported as
follows: meconium ileus without mucoviscidosis, meco-
nium disease-like findings on laparotomy, small and
extreme immaturity in both nucleus and cell in ganglion cell
of not only narrow small intestine but also enlarged small
intestine, maturation of ganglion cells several months after
ileostomy with recovering bowel function, and normal
function with good prognosis. From another side, patho-
genesis of meconium ileus without mucoviscidosis was
based on meconium ileus without mucoviscidosis. “Imma-
ture ganglionosis” was proposed as the name for this disease
group. In conclusion of this study, “Immature ganglionosis”
presented the pathological immaturity of fetal period under
5-6 months [6, 7). After this study, Taguchi et al. reported
that the immature ganglion cells matured with time [8]. So
prognosis of this disease was so favorable, and the com-
prehensive survey was not made after that. The assumed
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representative clinical features of the immaturity of ganglia
(IG) were as follows: (1) neonatal onset of ileus symptom,
(2) microcolon—small colon findings in contrast enema, (3)
negative anorectal reflex in manometry in neonatal period
changing normally in infant period, (4) meconium disease-
like finding in laparotomy, (5) lesion extending to small
intestine, and (6) bowel function recovering on time. Our
group performed nationwide survey to clarify the current
clinical features in diagnosis and treatment of ADHD in
Japan. From this nationwide survey, another ADHD such as
hypoganglionosis, IND, and CIIP has already been reported
[9-12]. The aim of this study is to clarify the current clinical
features in diagnosis and treatment for immaturity of ganglia
in Japan.

Materials and methods

We performed a retrospective cohort study as a two-step
nationwide survey. As the first-step survey, preliminary
questionnaires, requesting the number of cases of all
ADHD (IG, Hypoganglionosis, IASA, CIIP, SD, MMIHS,
and IND) seen from January 2001 to December 2010 and
the criteria used at each institute to detect the number of all
ADHD patients, were sent to the 161 major institutes of
pediatric surgery or pediatric gastroenterology, represent-
ing the core members of the Japanese Society of Pediatric
Surgeons, the Japanese Society of Pediatric Nutrition,
Gastroenterology and Hepatology, and the Japanese Study
Group of Pediatric Constipation. Therefore, almost all
institutes which were treating ADHD were considered to be
included. The number of patients, including the definite
and the suspected cases, based on the tentative classifica-
tion of ADHD, was requested. We also asked about the
criteria used to diagnose these diseases by each institute, to
be answered as free descriptions. The criteria for “defini-
tive” or “suspected” depended on each institute. Assumed
pathological diagnostic criteria are as follows: normal
number and distribution of ganglion cells and small size of
ganglion cell in HE staining.

As the second-step survey, a case report form with a
questionnaire for each case was sent and collected as part
of a detailed survey. Information on patient background,
clinical features, examination findings, drug treatments,
and surgical treatments were obtained (Table 2). Survey
responses were compiled into a database. As a result,
specific independent pathophysiology of IG different from
another ADHD was introduced from this survey. This study
was performed according to the Ethical Guidelines for
Clinical Research published by the Ministry of Health,
Labor and Welfare of Japan on July 30, 2003. This study
was approved by the ethics committee for clinical research
of Kyushu University Hospital (No. 24-163).
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Table 2 Main questionnaires in the nationwide survey on Immaturity of Ganglia in Japan

Day of birth (yyyy/mm/dd) Gender 00 Male oo
Female
Gestation W d Birth weight
- 2
Onset [ONeonatal(<30d) [OInfant (1tol2m) OChildhood(<30d)  OSchool age or later
Familial incidence 0 Present ( ) O Absesnt
Initial symptom 0 Abdominal distention 0 Vomiting 0 Abdominal pain
0 Delayed meconium excretion (>24h after birth) 0 Chronic constipation
0 Enteritis 0 Diarthea 0 Megacyst
0 Prenatal digagnosed abnormalrity (if any ) O Others (free
statement )
Affected lesion 0 Stomach 0 Duodenum 0 Jejunum
0 Ieum 0 Appendix 0 Cecum
0 Ascending colon 0 Transverse colon 0 Descending
colon 0 Sigmoid colon 0 Rectum 0 Anus
Associated malformation O Present ( )
Examination
Abdominal X ray (multiple answer allowed)
0 Dilatation 0 Niveau 0 Free air O Others
Contrast enema (multiple answer allowed)
0 Normal O Microcolon 0 Megacolon
O Caliber change 0 Unknown 0 Others
Anorectal reflex
0 Positive 0 Atypically Positive 0 Negative
Rectal Suction Biopsy (AChE staining)
0 Normal 0 Proliferation of AChE-positive fiber
0 Giant gangliall Ectopic ganglia
Laparotomy findings 0 Intestinal dilatation 0 Caliber change 0 Microcolon 0
Others
Surgical Procedure
Enterostomy position 0 Stomach 0 Duodenum 0 Jejunum 0
Ileum 0 Appendix 0 Cecum 0  Ascending colon
O Transverse colon 0 Descending colon n]
Sigmoid colon
Enterostomy type O Doublebarel [0 Bishop-koop 0O Santulli O tube
Intestinal resection O Performed 0 notperformed [ unknown
Re-enterostomy 0 Performed 0 notperformed 0O unknown
Closure of enterostomy 0 Performed 0O notperformed 0O unknown
Intraoperative rapid pathological diagnosis
0 Normal O Abnormal (findings )
Final pathological findings from example or biopsy specimine
0 Normal 0 Abnormal (findings )
Current nutritional management (multiple answer allowed)
0 Usual diet 0 Semidigested diet 0 FomuladietO Paraenteral
nutrition
Clinical outcome 0O Alive O Died (cause of death : )
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Results

As a result of the first-step survey, responses were obtained
from 157 out of the 161 institutes (98 %). Ninety-five
institutes (61 %) had treated a total of 355 ADHD patients
including IG, hypoganglionosis, IND, IASA, SD, CIIP, and
MMIHS. These included 28 IG (7.9 %) patients. The sec-
ond-step survey was performed for 355 ADHD patients.
Out of 28 case report forms sent as part of the second-step
survey, all 28 IG cases were subsequently collected. These
28 cases included “definitive” or “suspected.” Thirteen of
28 cases were excluded because there was no histological

evidence for IG at each institute. Finally, 15 cases of -

“definitive” IG were included in this article. Fifteen
definitive cases were diagnosed by pathological examina-
tion with hematoxylin—eosin (HE) staining by pathologist
of each institute.

General features

Male—female ratio was 9:6, the mean birth weight for
patients with IG was 2473 g, and the mean gestational age
was 36 weeks and 3 days. Patients of IG with a positive
family history was four (26.7 %), two in other twin baby
and two in cousin. The incidence of associated anomalies
was 1 (6.7 %) case of mesenteric hernia. No chromosomal
anomaly was recognized. No genetic examination was
performed.

Imaging and examination findings

Onset of all 15 patients is during the neonatal period. For
diagnosis, abdominal X-ray was performed in 100 %.
Abnormal intestinal distention was recognized in 13 cases
(86.7 %), niveau in two cases (13.3 %), and free air in two
cases (13.3 %). Contrast enema was performed in 12 cases
- (80.0 %). Microcolon was recognized in seven cases
(58.3 %) and caliber change in three cases (25 %).
Anorectal manometry was performed in eight cases
(53.3 %). Positive anorectal reflex was recognized in four
cases (50 %), negative in two cases (25 %), and atypical
positive in 2 cases (25 %) (Table 3).

Operative findings and surgical procedures

Laparotomy was performed in 13 patents (86.7 %).
Abnormal intestinal dilatation is recognized in eight
patients (61.5 %), caliber change in eight patients (61.5 %),
and microcolon in five patients (38.5 %). An enterostomy
was performed in 13 patients (86.7 %), an ileostomy in 9
(69.2 %) patients, a jejunostomy in two patients (15.4 %),

and a colostomy in two patients (15.4 %). Type of.
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Table 3 Imaging and examination findings

Abdominal X-P
15 Cases (100 %)

Abnormal intestinal distention 13 (86.7 %)
Niveau 2 (13.3 %)
Free air 2 (13.3 %)
Contrast enema
12 Cases (80 %)
Microcolon 7 (58.3 %)
Caliber change 3 (25 %)
Normal 1(8.3 %)
Unknown 1(8.3 %)
Anorectal manometry
8 Cases (53.3 %)
Anorectal reflex
Positive 4 (50 %)
Atypical positive 2 (25 %)
Negative 2 (25 %)
Table 4 Operative findings and surgical procedures
Laparotomy findings
Abnormal distension on intestine 8 (61.5 %)
Caliber change 8 (61.5 %)
Microcolon 5 (38.5 %)
Surgical procedure type
Enterostomy 13 (86.7 %)
Double barrel 11 (84.6 %)
Bishop-koop 1(7.7 %)
Tube enterostomy 1 (7.7 %)
Position
Jejunum 2 (15.4 %)
Tleum 9 (69.2 %)
Cecum 1 (7.7 %)
Transverse colon 1 (7.7 %)
Intestinal resection 4 (30.8 %)
Re-enterostomy 4 (30.8 %)

Closure of enterostomy 13 (100 %)*

# Out of 13 enterostomy patients

enterostomy is double barrel in 11 (84.6 %), Bishop-koop in
1 patient (7.7 %), and tube enterostomy in 1 (7.7 %) patient.
Resection of intestine was performed in 4 patients (30.8 %).
Re-enterostomy was performed in 4 patients (30.8 %).
Closure of enterostomy was performed in 13 patients
(100 % out of enterostomy patients) (Table 4).

Histological examinations and findings

AchE staining was performed in five cases (33.3 %). The
staining was normal in three cases (60 %), whereas it
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Table 5 Histological examinations and findings

AchE staining 5(33.3 %)
Normal 3 (60 %)
Increased AchE fibers 2 (40 %)

Intraoperative rapid pathological diagnosis 6 (40 %)
Normal 2 (333 %)
Abnormal 4 (66.7 %)

Hematoxylin-eosin (HE) staining 15 (100 %)
Immature ganglion cells 15 (100 %)
Maturation of ganglion cell (specimen 4 (26.7 %)

from closure of enterostomy)

showed increased AchE fibers in two cases (40 %). Intra-
operative rapid pathological diagnosis was performed in
six patients (40 %). No abnormality was recognized in two
patients (33.3 %). Abnormality in the intestinal ganglion
cell was recognized in four patients (66.7 %). HE staining
was applied for all 15 patients. The sampling specimen was
obtained during enterostomy, laparoscopic biopsy, and
rectal full-thickness biopsy. Abnormality was recognized
in 15 cases (100 %), of which all the 15 patients (100 %)
showed immature ganglion cells in HE staining. Matura-
tion of ganglia was confirmed in four cases (26.7 %) with
the specimen from closure of enterostomy (Table 5).

QOther treatments

Probiotics was applied in ten patients (66.7 %), Chinese
herbal medicine (Daikenchu-to and Rikkushi-to) in eight
patients (53.3 %), gastrointestinal prokinetic in seven
patients (46.7 %), and laxative in six patients (40 %).
Catheter-related sepsis was recognized in two patients
13.3 %).

Prognosis and diet

All the 15 patients survived. Thirteen patients (86.7 %)
were treated with an ordinary diet, one patient (6.7 %) with
the combination of ordinary diet and elemental diet, and
one patient (6.7 %) with the combination of ordinary diet
and parenteral nutrition.

Discussion

IG should be the dependent entity of neonatal non-me-
chanical functional ileus and included ADHD. From this
nationwide survey, we elicited that IG has the specific
independent pathophysiology different from another
ADHD. In this article, we concluded the clinical features of
IG based on definitive pathological diagnosis. Five clinical
features of IG such as neonatal onset of ileus, lesion extent

to small bowel involvement, symptom improvement,
microcolon or narrowing of left colon, and caliber change
on laparotomy are candidates for the clinical diagnostic
criteria. Favorable prognosis is compatible with previous
reports of Okamoto et al. and Taguchi et al. [7, §].

Pathologists of this ADHD group proposed the patho-
logical criteria with HE staining: (a) immaturity of gan-
glion cell (small size of ganglion cell) and (b) normal
number and distribution. Combination of (a) and (b) should
to be necessary for the pathological diagnosis of IG.

Burki et al. reported that immature ganglion cells on
rectal biopsy might be an indicator of transient functional
immaturity of the intestine [13]. These series were all onset
in the neonatal period; almost all cases were treated con-
servatively after diagnosis of immaturity of ganglia and
only two patients underwent enterostomy. They confirmed
the maturation of ganglion cells by repeated rectal biopsy.
But we think that full-thickness histopathological exami-
nation is necessary for the diagnosis of immature and
mature Auerbach plexus.

One of the pathological hypotheses is that the matura-
tion process of immature ganglion cells involves both
maturation of individual ganglion cells and their growth in
size. On the other hand, sample tissue from the colon of IG
showed that size of ganglion was often normal size because
of more immature cells comparing with normal ganglion.
This normal size of ganglion including more immature
cells might be due to the mature selection of the immature
cells leading to normal number of cells. The important
agenda is to find the antibody staining for maturation of
ganglion cell. For example, immunohistochemical staining
has been reported to be useful for the pathological diag-
nosis of IG, using neuronal and muscular markers, such as
bcl2 for immature neurons. The diagnosis of immaturity
was easily made in one case using bcl2 immunostaining
[14]. In addition, HuC/D is also one of the candidates for
the maturation of neurons. HuC/D localization is not
entirely clear and needs to be further investigated [15].

On the other hand, we are examining the method of
visualization for ganglion cell maturation. Using confocal
laser endomicroscopy (CLE), we expect to establish the
rapid and accurate intraoperative alternative method for the
detection of enteric ganglia. CLE is a new established
endoscopic method providing in vivo histology at subcel-
lular resolution during ongoing endoscopy [16]. CLE could
not detect the size of ganglion cell, but detect the number
of nucleus of ganglion cells in intestinal wall in the current
technical state. In near future, this new imaging approach
could be of tremendous diagnostic importance to charac-
terize and better understand the functional and motility
disorders of gastrointestinal tract including IG. Cine-MRI
provided sufficient dynamic images to assess the motility
of the entire small bowel [17]. Cine-MRI is non-invasive
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and radiation free, and it can directly evaluate the entire
small bowel peristalsis and detect the affected loops at a
glance [16]; therefore, it might be extremely useful for the
diagnosis and follow-up of IG patients in clinical practice.
Using this non-invasive diagnostic modality, both the
process of maturation of ganglion cell and improving
dysmotility of intestine would be elucidated in in vivo
imaging.

In conclusion, during a 10-year period in Japan, 15 cases
of IG were definitively diagnosed based on pathological
findings, and almost all cases underwent surgical proce-
dures with enterostomy. All cases had favorable prognosis.
IG is an extremely rare disease. The number of incidence
of IG is estimated to be about 1-2 patients of one million
live births in Japan. But IG is an independent disease which
has different clinical features in ADHD.
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Reevaluation of Acetylcholinesterase Staining for the
Diagnosis of Hirschsprung Disease and Allied Disorders
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Junko Miyata, Kouji Nagata, Satoshi leiri, and Tomoaki Taguchi

ABSTRACT

Objectives: Acetylcholinesterase (AChE) staining has become the gold
standard for definitively diagnosing Hirschsprang disease (HD), although
some pitfalls have been reported. We reevaluated a large series at
our institute in order to validate the accuracy of AChE staining for
detecting HD.

Methods: A retrospective study of the rectal mucosal specimens of all of the
children with suspected HD during a 13-year period was performed. The
specimens were stained according to the modified Karnovsky-Roots method
for AChE staining. The final diagnosis, prognosis, and management after the
histopathological diagnosis were analyzed with a questionnaire sent to the
patient’s original hospital.

Results: Three hundred and fifty-eight specimens were collected. One
hundred twenty-two (34%) specimens were diagnosed as HD, 198
(55%) as nonHD, 25 (7%) as ‘‘undetermined,”” and 13 (4%) as
“‘inappropriate.”’ The non-HD group contained 190 (96%) specimens
with a normal appearance and 8 (4%) specimens with suspected
intestinal neuronal dysplasia (IND). Three hundred and six of 358
questionnaires ‘were returned. The final diagnosis showed that no
specimens first diagnosed as HD were identified as non-HD and vice
versa, for a sensitivity and specificity of 100%. Four cases were finally
diagnosed as chronic idiopathic intestinal psendo-obstruction (CIIP) in the
non-HD group. All of the patients with HD underwent radical surgery, Most
non-HD patients were managed conservatively, although some continued
to have constipation.

Conclusiens: AChE staining is an accurate too} for differentiating between
HD and non-HD with high sensitivity and specificity. CIIP can be included
in cases of non-HD; therefore, careful follow-up is mandatory.

Key Words: acetylcholinesterase staining, chronic idiopathic intestinal
pseudo-obstraction, Hirschsprung disease, intestinal neuronal dysplasia,
rectal mucosal biopsy
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onstipation is a common cordition in children, with an

incidence of 3% to 5% among all of the visits to pediatric
outpatient clinics (1-3). This condition is identified based on the
timing and/or substance of stool, in which the child fails to defecate
for several days or experiences hard, large, or painful stools upon
defecation. The cause of constipation may be functional or organic
(3). Functional constipation can be caused by psychogenic factors,
dietary imbalances, dehydration, and other issues, and is commeon
among healthy children (3). It is usually self-limiting, although it
may become chronic if inappropriately managed (3). It can be easily
treated with noninvasive therapies, such as dietary changes and
regular evacuation of the rectum (1-3). Organic costipation
includes metabolic and endocrine abnormalities, such as hypothyr-
oidism, diabetes, cystic fibrosis, electrolyte imbalances, neuroana-
tomical disorders, spinal defects, anatomical defects, including
anorectal malformation, and Hirschsprung disease (HD) and its
variants (3). Anatomical defects and HD or its variants require
surgical management. Because the symptoms of HD are similar to
those of functional constipation, it is important to differentiate HD
from other causes of constipation in order to avoid mismanagement.
Most patients with HD can lead a normal life with proper surgical
management if diagnosed accurately (4-7).

HD is one of the most common types of organic constipation
caused by aganglionosis. The }ncidezxce of HD is 1 in every 5000
newborns (6-9), and such patients present with abdominal disten-
tion, bilious vomiting, and delayed passing of meconium (6,7).
Aganglionosis of the gastrointestinal tract, located mostly in the
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rectosigmoid colon extending throughout the entire colon, termed
total colonic aganglionosis, even extends to the small intestine. The
diagnosis is made using radiological studies and anorectal mano-
metry (6,7) and confirmed based on histological and histochemical
examinations with acetylcholinesterase (AChE) staining of rectal
mucosal biopsy samples (10).

Since the report by Meier-Ruge et al (10), AChE staining has
become the gold standard for diagnosing HD. The diagnosis is made
based on findings of the combination of an absence of submucosal
ganglion cells (Meissner plexus) and an increased number of AChE-
positive nerve fibers in the muscularis mucosae and lamina propria
mucosae (10). An increased AChE activity is associated with the
presence of extrinsic hypertrophied nerve bundles in the submu-
cosa. Although a high degree of histochemical diagnostic accuracy
can be obtained, false-positive and false-negative results have been
reported (10-12). False-positive findings are rare and occur
because the red blood cell membrane contains a high concentration
of AChE, which may increase the rate of false-positive reactions in
hemorrhagic specimens. In contrast, false-negative resulis are
usually related to age and the absence of AChE reactions in
neonates and infants within the first 3 weeks after birth. The
intensity of AChE staining increases with increasing age, and the
majority of patients >1 year of age demonstrate the classical AChE
staining pattern associated with HD (10).

The advantages of AChE staining of rectal mmcosal biopsy
samples include the simplicity of the technigue, the ability to obtain
rapid results, the lack of need for anesthesia, easily interpreted
findings, and positive results of an increased AChE activity in the
lamina propria mucosa, which cannot be found in the normal
mucosa (10-12).

Allied disorders of HD (13), sometimes called variant HD
(14,15) or pseudo-HD (16-18), clinically resemble HD, despite the
presence of ganglion cells in rectal biopsies (14-18).

Intestinal neuronal dysplasia (IND) is a representative var-
iant of HD (14,15), with an incidence of approximately 1 in 7500
newborns and 0.3% to 40% of all of the rectal suction biopsies
worldwide. IND is diagnosed based on ACHE staining of rectal
mucosal biopsy samples (14,15). The typical findings of IND
include an increased AChE activity in the lamina propria and the
presence of giant ganglia in the submucosa (19-21).

Chronic idiopathic intestinal pseudo-obstruction {CIIP) has
been reported to be a form of pseudo-HD (17,18). Children with
CIIP show persistent functional intestinal obstruction, despite the
presence of ganglion cells with a normal size and number (22-24).

The aim of this study was to assess the accuracy of AChE
staining for the diagnosis of HD and allied disorders in constipated
children, and to evaluate the outcomes of non-HD patients diag-
nosed using AChE staining.

METHODS

A retrospective study of the rectal mucosal biopsied speci-
mens of children with constipation or intestinal obstruction sus-
pected to be because of HD, collected at Kyushu University
Hospital and its branch hospitals between Janvary 2000 and
December 2012, was performed.

The mucosal biopsies were conducted at each hospital nsing
the punch biopsy method (25). All of the specimens were snap
frozen, sent to our departinent via a special cool delivery service,
and stored in a deep freezer until the examination. The specimens
were subsequently stained with AChE according to the modified
Karnovsky-Roots method using rubeanic acid as an amplifier (11).
Briefly, the AChE solution consisted of 6.5 ml of 0.1 mol/L
hydrogen maleate buffer, 0.5 mL of 0.1 mol/L sodium citrate,
1 mi. of 30 mmol/L copper sulfate, 1 mL of 5 mmol/L potassium
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ferricyanide, 1 mL of distilled water, and 10 mg of acetylcholine
jodide. The rubeanic acid solution was obtained by mixing 10 mg of
rubeanic acid, 10 mL of 100% ethanol, 6.55 g of sodium acetate, and
40mL of distilled water. The frozen samples were sliced at a thickness
of 10 pm using a cryostat and then placed on a microscope slide and
stained with the AChE solution for 20 minutes followed by the

* rubeanic solution for 10 minutes. The samples were then dehydrated

and embedded with Canada balsam before being examined under a
microscope. The histopathological analysis was performed by
5 authors (LR.B., 8.0, K.Y, Y.Y,, and T.T.}. All 5 observers had
1 year (LR.B.), 2 years (5.0., K.Y., and Y. Y.), and >20 years (I.T.) of
experience in interpreting AChE-stained sections at Kyushu Univer-
sity. At first, the biopsied specimens were observed histopathologi-
cally by observers with 1 or 2 years of experience, followed by
checking and diagnosis by a doctor with >20 years of experience. The
grading system for assessing the extension of AChE fibers followed
that reported in a previous study, as shown in Table 1 (11).

‘We divided the samples into 4 groups based on the AChE
staining results: HD, non-HD, “andetermined,” and “inappropri-
ate.”” The non-HD group contained samples with a normal mucosa
and suspected IND, The diagnoses of HD, a normal mucosa, and
suspected IND were made based on the findings of AChE staining,
as shown in Table 2. Meanwhile, the diagnosis of HD was made
based on evidence of obvious AChE fiber extension in the lamina
propria and muscolaris mucosae with no ganglion cells in the
submucosa. In addition, the diagnosis of suspected IND was made
based on the following findings (19,20,26): hyperplasia of the
submucous plexus, giant ganglia containing >8 ganglion cells,
an increased AChE activity in the lamina propria or swrrounding
submncosal blood vessels, heterotopic neural cells in the lamina
propria, and a histopathological diagnosis of IND <1 year of age, as
giant ganglia disappear via apoptosis and the maturation of the
submucosal plexus in the first year of life (26).

An “undetermined” diagnosis was made in cases in which it
was difficult to diagnose HD, a normal mucosa, or saspected IND,
althongh either there were no probiems with the quality of the
specimen or the specimen did not contain the submucosal layer.
An “inappropriate” diagnosis was made based on the poor condition
of the sample because of destruction of the specimen as a resuit of
poor freezing conditions or malposition in which the sample was
covered by stratified squamous epithelium. A repeat biopsy was
recommended in some cases with an “undetermined” or “inap-
propriate” diagnosis.

The final diagnosis, prognosis, and management after the
histological diagnosis were analyzed via a questionnaire sent to the
doctor at the patient’s original hospital. In particuiar, a clinical final
diagnosis of CHIP was made in few cases involving chronic per-
sistent functional bowel obstruction based on the proposed criteria
(22,23). The criteria for CIIP are as follows: chronic persistent or
recurrent episodes characterized by abdominal pain and/or disten-
tion possibly associated with nausea and vorniting with symptoms
mimicking subacute mechanical intestinal obstruction prompting
hospitalization; the persistence of symptoms for at least 2 months in
cases with a neonatal onset and 6 months in those with a later onset;

TABLE 1. Grade of extension of AChE-positive fibers

- No fiber found

+i— Few fine fibers on the base of lamina propria

+ Obvious fibers on the base of lamina propria

et Fibers spread to the tip of lamina propria

+++ Communicating fibers forming a network between
lamina propria

AChE = acetylcholinesterase.
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TABLE 2. Summary of.the findings for each diagnosis

Lamina propria and

Diagnosis Submucosa muscularis mucosa
HD Ganglion cells (—) ACHE fibers (£) ~ (+++)
Normal Ganglion cells (+) AChE fibers (—)

IND Ganglion cells () AChE fibers (&) ~ (-+++)

ACHhE == acetylcholinesterase; HD = Hirschsprung disease; IND = intes-
tinal neuronal dysplasia.

the lack of mechanical causes of gut lumen occlusion, as detected on
endoscopy and/or radiology; radioclogical evidence of dilated bowel
loops with air-fluid levels during at least 1 episode of acute
exacerbation; the absence of recognizable organic, systemic, or
metabolic disease underlying the syndrome of CIIP, as detected on a
complete diagnostic workup.
This retrospective study was performed according to the
Fthical Guidelines for Clinical Research published by the Ministry
" of Health, Labour and Welfare of Japan on July 30, 2003 (revised
2008) and complied with the Helsinki Declaration of 1964 (revised
2008). All of the parents or patients provided their informed consent
at the time of the biopsy.

RESULTS
AChE Staining

Three hundred fifty-eight specimens were collected and
analyzed. One hundred twenty-two (34%) of 358 specimens were
diagnosed as ““HD"’ (Fig. 1). The AChE fiber criteria were & for
3 samples, 1+ for 33 samples, 24 for 60 samples, and 3 for
26 samples, with a mean age for each group of 21, 46, 289, and
347 days, respectively. These findings are similar to those reported
in the references, such that the older the patient at the time of biopsy
(11), the more obvious the fibers, with further extension and a
higher grade. Even in the & group, the definitive diagnosis of HD
was made based on the findings of obvious AChE-positive fibers in
the muscularis mucosae and the absence of ganglion cells.

One hundred and ninety-eight (55%) of 358 specimens were
diagnosed as “‘non-HD.” In the non-HD group, 190 (96%) samples
were histologically “‘normal” (Fig. 2), 8 (4%) samples exhibited
“suspected IND*’ (Fig. 3}, and 25 (7%) samples were classified as

J—
S ¢

“undetermined.” The ‘“‘undetermined’” group included 3 cases of
“‘highly suspected FID'* and 22 cases of “‘highly suspected non-
HD* based on the findings of the lamina propria and muscularis
mucosae. The samples classified as “*highly suspected HD’* con-
tained obvious thick AChE-positive fibers in the lamina propria and
muscularis mucosae (Fig. 44); all of the cases were confirmed on
repeat biopsy a few months later. The initial diagnosis did not
change at repeat biopsy. Thirteen (4%) samples could not be
anatyzed and were classified as “‘inappropriate’” (Fig. 4b); repeat
biopsy was recommended in these cases, and the 13 specimens were
excluded from the study. Questionnaires were subsequently sent for
345 specimens.

Final Diagnosis After Assessing the
Questionnaires

A total of 306 of the 345 questionnaires were returned. The

relation between the results of the initial AChE staining and the
final diagnosis is shown in Table 3.

HD

The mean age at the time of the rectal biopsy in the HD group

- was 167.5 days (0.46 year) (range 4 days—6 years, including 21

neonatal cases). One hundred and nine of 122 questionnaires
confirmed HD as the final pathological diagnosis. Three additional
HD cases were identified in the “‘undetermined™ group. All of the
3 samples were initially diagnosed as “*highly suspected HD’” and
then confirmed to be HD on the repeat biopsy. None of the samples
diagnosed as HD on AChE staining were classified as non-HD at the
final diagnosis.

Non-HD

The mean age of the non-HD patients was 1260 days
(3.5 years) (range 10 days—50 years, including 8 neonatal cases).
One hundred and seventy-six questionnaires were returned for alf of
the 198 non-HD cases diagnosed on AChE staining. The non-HD
group was ultimately divided into those with functional consti-
pation, CIIP, and suspected IND based on the results of the
questionnaires. One hundred and sixty-nine of the 190 question-
naires for the histologically “*normal mucosa® group were returned.

FIGURE 1. HD ([A] a 2-month-old boy, [B] a 15-year-old girl). Numerous thick AChE-positive fibers are seen in the muscularis mucosae and lamina
propria mucosa, some of which extend to the tip of villi and form a network. AChE-positive nerve bundles (arrows) are noted in the submucosa.
Ganglion cells are absent. AChE = acetylcholinesterase; HD = Hirschsprung disease.
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FIGURE 2. Normal mucosa. ([A] a 14-year-old girl, [B] a 2-month old boy). There are normal plexuses including a few ganglion cells in the
submucosa (arrows). Neither AChE-positive fibers nor bundles are observed. AChE == acetylcholinesterase.

The final diagnosis showed 166 cases of functional constipation
and 3 cases of CIIP. Seven of the 8 questionnaires for cases of
suspected IND were returned, and the final diagnosis showed that
all of the 7 cases remained ‘ ‘suspected IND,”” because the patients
diagnosed as having suspected IND did not necessarily exhibit a
poor clinical course, making it unnecessary to perform a repeat
biopsy.

“Undetermined’’ Group

The mean age of the ‘‘undetermined” group was 2042 days
(5.6 years; range 1 month—-48 years, including no neonatal case).
Twenty-one of the 25 questionnaires were returned in this group.
The early AChE staining diagnosis included 3 samples with
“highly suspected HD,”” whereas 18 samples were ‘‘highly sus-
pected as non-HD.”” The final diagnosis confirmed that the
3 ““highly suspected HD’" specimens exhibited HD, and all of
the 18 “*highly suspected non-HD’’ specimens were confirmed to
be non-HD, resulting in 17 cases of functional constipation and
1 case of CIIP.

Accuracy of AChE Staining in the HD and
Non-HD Groups

The sensitivity and specificity of AChE staining are shown
in Table 4; the sensitivity and specificity of AChE staining for
detecting HD were both 100%.

Outcomes in the HD and Non-HD Groups

All of the patients with HD were successfully managed with
surgical treatment, primarily transanal endorectal pull-through (27),
or Z-shaped anastornosis (28). In the HD group, 58 (53.2%) patients
displayed normal bowel motility after undergoing radical surgery,
whereas 16 (14.7%) remained constipated and 15 (13.8%) experi-
enced soiling. The details in 20 (18.3%) cases were unknown because
the patients were moved to other locations and the data were
incomplete.

Most patients in the non-HD group were managed with
conservative freatment, including medication, traditional herbal
medicine (Kampo), glycerin enemas, and dietary prescriptions,

FIGURE 3. Suspected IND (a 3-month-old girl), Several AChE-positive nerve fibers are seen in the lamina muscularis and Jamina propria. Giant
ganglion cells (arrow) are detected in the submucosa. (B and C) High magnification (original magnification x400) of a giant ganglia including
>8 ganglion cells. AChE = acetylcholinesterase; IND =intestinal neuronal dysplasia.
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FIGURE 4. Examples of “undetermined’” and “inappropriate” specimens. (A) This specimen was composed of lamina propria (") and muscularis
mucosae (*™). It did not contain the submucosa. (B) Malposition: this specimen is not covered by the rectal mucosa but rather stratified squamous
epithelium (long arrow). This specimen was obtained below the dentate line. Some skin appendages showed positive AChE staining (short

arraws). AChE == acetylcholinesterase.

with the exception of 6 patients with constipation, and 1 patient with
CIIP underwent surgical management for bowel resection because
of megacolon,

In the non-HD group, the patients with functional consti-
pation included 90 (49%), 27 (15%), 4 (2.2%), and 1 (0.5%)
subjects with a normal bowel motility, persistent constipation,
soiling, and death from acute pulmonary failure because of idio-
pathic pulmonary hemosiderosis with no causal relation with HD,
respectively. In addition, 61 (33.3%) patients dropped out from
the study.

In the suspected IND group, 4 of the 7 patients (57.1%)
exhibited normal bowel motility and 1 patient (14.3%) experienced
soiling, whereas no patient (0%) died and 2 patients (28.6%)
dropped out.

In the CIIP group, 3 of the 4 patients (75%) displayed normal
bowel motility following appropriate management, no patient (0%)
experienced constipation, 1 patient (25%) experienced soiling, and
no patient (0%) died.

DISCUSSION

Since the development of rectal suction biopsies and punch
biopsies stained with AChE by Meier-Ruge et al (10), the use of
rectal mucosal biopsies, which bas become the most widely used
diagnostic procedure in children with bowel motility disorders, has
gradually replaced that of conventional full-thickness biopsies (29)
because of the ability to detect. the absence of ganglion cells in
Meissner plexus and increased AChE activity in the lamina propria

TABLE 3, Relation between AChE staining and the final diagnosis

Histological diagnosis . . . )
by AChE staining Nos Answers Final diagnosis Final nos.
Total 358 306 306
HD 122 109 HD 109 + i =112
(34%)
Non-HD 198 176 Non-HD 194
(55%)
Normat mucosa 190 169 Functional constipation 1 26 +17 = 183
R B
Susp IND 8 7 : Susp IND 7
1
“Undetermined"” 25 21 : cip g+i= 4
(7%) L0 [ TR U R U | ?
HD, highly suspected 3 3
) L
Normal, suspscted 22 1 '8 ;
“inappropriate” 13
(4%)
-rexcluded

AChE = acetylcholinesterase; ‘CHP = chronic idiopathic intestinal pseudo-obstruction; HD = Hirschsprung ciisease; Susp IND=:suspected intestinal

neuronal dysplasia.
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TABLE 4. Sensitivity and specificity of AChE staining for HD diagnosis

Final diagnosis

HD Non-HD  Total

ACHE staining  HD+highly susp HD 1093 0 112
results

Non-HD 0 194 194

Total 112 194 306

Sensitivity: (109 +3)/112 x 100% = 100%.  Specificity: 194/194 x

100% = 100%. Positive predicted value: 112/112 x 100% = 100%. Nega-
tive predicted value: 194/194 x 100% = 100%. AChE = acetyicholine-
sterase; HD == Hirschsprung disease; highly susp HD=highly suspected
Hirschsprung disease.

mucosa, findings specific for HD. Alternative diagnostic tools
including calretinin or several antibodies against neural tissue
including glucose transporter-1 (GLUT-1) are considered as
reliable as AChE staining and are used in many laboratories.
Calretinin is a useful neural marker, and calretinin immunostaining
was related to aganglionosis in case of HD (30). Present reports
suggested that calretinin immunostaining is at least as sensitive and
specific as AChE staining for the diagnosis/exclusion of HD (31),
and calretinin immunostaining would replace AChE enzyme his-
tochemistry as an ancillary method to complement hematoxylin and
eosin (HE)-stained paraffin sections (32), whereas false-positive
and false-negative results may occur with calretinin immunostain-
ing technique. So, a combination of AChE staining and calretinin
immunostaining may be recommended for diagnosis of HD (33,34).
GLUT-1 is a marker of perineurium, and the increase in GLUT-1-
positive nerves in HD is consistent with intramural extension of
extrinsic nerves and includes both abnormally large (hypertrophic)
nerves >50 pm and smaller nerves. GLUT-1 as a marker of these
fibers may be a useful positive indicator in the diagnosis of HD,
whereas GLUT-1 fibers were not found in the cases of total colonic
aganglionosis, which usually has a normal AChE pattern and lacks
hypertrophic nerves (35).

In the present study, we used the modified Karnovsky-Roots
histochemical enzyme method with robeanic acid as the amplifier
(11). Indeed the immunostainings such as calrefinin or GLUT-1
may replace AChE staining as an ancillary method to complement
HE-stained paraffin sections, whereas the immunostaining methods
are time consuming in terms of the time required for paraffin
embedding and immunohistological reaction. On the contrary,
our method increases the contrast and reduces the staining time
to 30 minutes, making it supezior to other methods in terms of
aceuracy, speed, and simplicity (11,25).

Our previous study showed the specificity and sensitivity of
AChE staining to be 100% and 91%, respectively (11). Meanwhile,
Bagdzevicius et al (29) reported a specificity and sensitivity of
100% and 40%, respectively, in neonates diagnosed as having HD
and 100% and 88%, respectively, in infants diagnosed as having
HD. After 13 years of experience, we found no discrepancies
between the resulis of AChE staining and the final diagnosis
because all of the samples were correctly diagnosed and classified
based on AChE staining after the initial biopsy. In addition, none of
the samples diagnosed as HD on AChE staining were later classified
as non-HD or vice versa. Therefore, the sensitivity and specificity of
AChE staining for detecting HD in this study were both 100%.
Furthermore, our experience improved the ability to evaluate and
diagnose HD based on the results of AChE staining.

The use of “‘inappropriate”’ specimens should be avoided. In
order to obtain an adequate thickness for the specimen, containing
both the mucosa and the submucosa in the accurate position,

www.jpgn.org

Bagdzevicius et al (29) recommends the use of endoscopic forceps
via endoscopy under anesthesia. In fact, it is sometimes difficult to
distingnish HD from IND based on the findings of the lamina
propria and muscularis mucosa. Our procedures are usually per-
formed at each branch hospital without general anesthesia if the
patient’s condition permits (25). Not all of the pediatric surgeons,
however, are used to this procedure. Therefore, 2 rate of ““inap-
propriate’” specimens of 4% is considered reasonable.

In the present study, all of the patients with HD were treated
surgically and exhibited a favorable outcome, whereas most of the
non-HD patients were successfully treated conservatively, with the
exception of a few particular cases that required procedures differ-
ent from HD. A large number of functional constipation group
patients were lost to the analysis (61/183), which may have been
because of the fact that functional constipation is a self-limiting
condition that requires no further treatment.

IND was first described by Meyer-Ruge (36) as a hyper-
plastic malformation of the enteric plexus. There remains coniro~
versy regarding the existence of IND as a distinct histopathological
entity, and it has been suggested by several authors that the findings
of IND reflect either a variant of normal bowel development (20,26)
or a secondary acquired phenomenon caused by congenital obstruc-
tion or inflammation (37-39). The fourth international symposium
on HD and related neurocristopathies discussed IND, with the
following findings (40): almost all of the participants believed that
IND does exist; some accepted the presently defined diagnostic
criteria, whereas others suggested that the diagnostic criteria are not
adequately reliable; some participants questioned whether IND is a
truly separate entity or acquired secondary phenomenon related to
long-standing constipation and/or chronic obstruction. Therefore,
we consider IND to be a variant of HD.

The typical histological features of IND have been reported
to include giant ganglia, ectopic ganglion cells, and an increased
AChHE activity in the lamina propria mucosa and surrounding
submucosal blood vessels. The most frequently used diagnostic
criteria for IND are as follows: >20% of 25 submucosal ganglia
must be giant ganglia containing 9 or more ganglion cells and the
patient must be >1 year of age (15,26). Our cases of *‘suspected
IND** showed obviously giant ganglia (Fig. 4), containing
>8 ganglion cells with the extension of AChE-positive fibers in
the lamina propria and muscnlaris mucosae. All of these patients,
however, were <1 year of age. Therefore, we treated them as having
“‘suspected IND.”’

The findings of the lamina propria in patients with IND are
similar to those observed in patients with HD). If the specimen does
not contain the submucosal layer, it is difficult to distinguish IND
from HD. Our tesults show that the thickness of AChE-positive
fibers in the lamina propria is greater in patients with HD than in
patients with IND. The diagnosis of highly suspected HD in the
undetermined cases was based on the findings of obviously
thick AChE-positive fibers in the lamina propria and muscularis
mucosae, despite the lack of the submucosa. These 3 cases were
confirmed to be HD according to the findings of the sequential
biopsy performed after a few months. Therefore, the presence of the
thick nerve fibers is considered to provide important evidence for
the diagnosis of HD, because the nerve fibers in the lamina propria
and muscularis mucosae are relatively weak in cases of IND
compared with HD.

CIIP has been reported to be an idiopathic form of chronic
intestinal pseudo-obstruction (CIPO), excluding myopathy, nevro-
pathy, and collagenopathy (desmosis or fibrosis) (22). Some CIPO
cases have been reported to involve adult onset (23). Most myo-
pathy and neuropathy types of CIPO, however, cannot be diagnosed
using conventional HE and AChE staining. Furthermore, a decrease
in the number of Cajal cells on anti-c-kit antibody immunostaining
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has been reported in some cases of CIIP. Therefore, CIiP is a
disorder involving recurrent or persistent functional intestinal
obstruction with a normal histology on conventional staining with
HE and AChE. In our series, 4 cases of CIIP were included among
those diagnosed as being non-HD, in which the specimens showed a
normal mucosa. Therefore, careful clinical follow-up is mandatory
in cases diagnosed as being non-HD because the prognosis of CIIP
is not always favorable.

In conclusion, AChE staining of rectal mucosal biopsy
samples is indeed an important and reliable tool for differentiating
between cases of HD and non-HD with high sensitivity and
specificity, Inappropriate specimens, liowever, can be obtained
because of an insufficient thickness, failure to include the sub-
mucosa, or the use of an inappropriate site close to the dentate line.
It is interesting to note that few cases of CIIP are included among
those diagnosed as non-HD on AChE staining. Therefore, careful
clinical follow-up is mandatory in cases diagnosed as non-HD.
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Summary Background: Allied disorders of Hirschsprung’s disease (ADHD) have been proposed
to be the concept of the functional obstruction of the intestine with the presence of ganglion
cells in the terminal rectum. They are classified into two categories based on pathology: (1)
abnormal ganglia, including immaturity of ganglia, hypoganglionosis (HG), and intestinal
neuronal dysplasia; (2) normal ganglia, including megacystis microcolon intestinal hypoperis-
talsis syndrome (MMIHS), segmental dilatation (SD), internal anal sphincter achalasia (IASA),
and chronic idiopathic intestinal pseudo-obstruction (ClIP). Some of these show poor prognosis,
therefore, the establishment of criteria and appropriate treatment strategies is required.
Methods: The questionnaires were sent to the 161 major institutes of pediatric surgery or
gastroenterology in Japan, in order to collect the cases of ADHD during 10 years from 2001
and 2010.

Results: In total, 355 cases were collected. They included 28 immaturity of ganglia, 130 HG
(121 congenital, 9 acquired), 18 intestinal neuronal dysplasia, 33 MMIHS, 43 SD, three IASA,
and 100 CIIP. Of the 95 institutes, 69 (72.6%) had their own criteria for ADHD. Criteria were
based on clinical symptoms and signs, and conventional pathological examinations. Prognosis
was poor in congenital HG, MMIHS, and CIIP, while the others showed good survival rates.
Conclusion: Almost all Japanese cases of ADHD in the past 10 years were collected. Congenital
HG and CIIP showed relatively high incidence, whereas acquired HG and 1ASA were extremely
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rare in Japan. The criteria of each disorder were also collected and summarized. Prognosis was
poor in congenital HG, MMIHS, and CIIP.
Copyright © 2015, Asian Surgical Association. Published by Elsevier Taiwan LLC. All rights

1. Introduction

Allied disorders of Hirschsprung’s disease (ADHD) have been
understood as the conditions that clinically resemble
Hirschsprung’s disease (HD), despite the presence of gan-
glion cells in the terminal rectum." Patients with Hirsch-
sprung’s disease generally present in the newborn period
with delayed passage of meconium and abdominal disten-
tion or as a young child with severe chronic constipation.
Patients with ADHD show similar symptoms and signs to HD,
but they can be distinguished from HD by the pathological
findings. The term pseudo HD was proposed by Ravitch in
1958.% They encountered patients referred for treatment of
megacolon in whom the difficulty lay elsewhere rather than
in the congenital absence of ganglion cells of the myenteric
plexuses of a segment of the rectum or of the colon and
rectum. Bentley et al® summarized HD and allied disorders
in the Seminar on Pseudo-Hirschsprung’s Disease and
Related Disorders. The main thing to remember was that
the various disease patterns were essentially determined
by their underlying pathology, irrespective of what we
choose to call them. ADHD was classified into two cate-
gories based on histology®: those with abnormality of gan-
glion cells and those without abnormality of ganglion cells
(Table 1). Puri and Gosemann* called this group variants of
HD, including four disorders: intestinal neuronal dysplasia
(IND); isolated hypoganglionosis (HG); internal anal
sphincter achalasia (IASA); and megacystis microcolon in-
testinal hypoperistalsis syndrome (MMIHS) in 2012.% They
did not treat chronic idiopathic intestinal pseudo-
obstruction (CIIP) as one of the variants of HD.

Okamoto and Toyosaka® used the term of pseudo-
Hirschsprung’s disease in the Japanese literature. It was
defined as a congenital, nonmechanical obstruction of the
intestine with presence of intramural ganglion cells in the
terminal rectum. They classified them based on histology
into two categories for six disorders: immaturity of ganglia
(IG); HG; hypogenesis; IND; ClIP; and MMIHS.?

According to the literature and Okamoto and Toyosaka’s®
classification, ADHD was classified into two categories
depending on the pathological findings (Table 2): (1) abnormal
ganglia, including 1G, HG, and IND; (2) normal ganglia,
including MMIHS, segmental dilatation (SD), 1ASA, and CIIP.
Some of them show poor prognosis; therefore, establishment
of criteria, severity, and treatment strategy are required. In
order to examine the incidence and criteria of ADHD, a pre-
liminary nationwide survey was planned in Japan.

2. Patients and methods

As a nationwide retrospective cohort study, supported by
Ministry of Health and Welfare, Japan, the preliminary
questionnaires, requesting the number of cases of ADHD

from January 2000 to December 2009 and the criteria of
each institute, were sent to the 161 major institutes of
pediatric surgery or pediatric gastroenterology represent-
ing the core members of the Japanese Society of Pediatric
Surgeons, the Japanese Society of Pediatric Nutrition,
Gastroenterology, and Hepatology, and the Japanese Study
Group of Pediatric Constipation. Therefore almost all in-
stitutes that are treating ADHD are considered covered. The
number of patients, including the definite and suspected
cases, based on the classification of ADHD in Japan (Table
1) and the survival rate and clinical outcome were asked.
The criteria of each institute were asked to be answered as
free descriptions. The criteria for definitive or suspected
were dependent on each institute.

This study was performed according to the Ethical
Guidelines for Clinical Research published by the Ministry of
Health, Labor, and Welfare of Japan on July 30, 2003. And
this study was approved by the Ethical Committee for
Clinical Research of Kyushu University Hospital, Fukuoka,
Japan (No. 24-163).

3. Results

Replies were obtained from 157 of 161 institutes (98%). Out
of 157 institutes, 95 (61%) had ADHD. In totally, 355 cases,
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including 287 definite cases and 68 suspected cases were
collected between 2001 and 2010. More than half of the
institutes (53 institutes) had three cases or fewer
(Figure 1). The mean number of cases per institute was 3.7
cases. There were 165 of 355 cases (47%) treated in uni-
versity hospitals, 93 (26%) in children’s hospitals, and 97
(27%) in general hospitals. ADHD included 28 1G, 130 HG
(121 congenital, 9 acquired), and 18 IND in abnormal
ganglia; and 33 MMIHS, 42 SD, three IASA, and 100 CIIP in
normal ganglia, and these numbers were compared with
those of the previous study in Japan (Table 3).%

Of the 95 institutes who experienced ADHD, 69 (73%) had
their own criteria. The percentages of institutes that had
criteria for each disorder were between 28% and 83% (Table
4). More than 80% of institutes had criteria for congenital
HG and CIIP, while only < 30% institutes had criteria for
acquired HG and IASA. Criteria of each disorder were based
on clinical symptoms and signs, examinations including
radiography findings, manometric study, and conventional
pathological examinations including hematoxylin—eosin
(HE; Figure 2) and acetylchoinesterase (AchE). According to
answers of the questionnaires, the major criteria listed in
each disorder are follows. 1G: small ganglion cells, 37/46
(80%); number and distribution of ganglion cells are normal,
19/46 (41%); chronological improvement of clinical symp-
toms, 8/46 (17%); intestinal obstruction on neonatal onset,

Mumbers
of institutes
y 12 13 14 1 16 1‘:18 19 20 2';‘
Numbers of cases
Mean numbers of one institute
3.7 cases (355cases/95 institutes)
Figure 1  Number of cases in each institute.

6/46 (13%); normal AchE staining, 3/46 (7%); abdominal
distention, 2/46 (4%); and microcolon, 2/46 (4%). Congen-
ital HG: few ganglion cells, 41/55 (75%); few small ganglion
cells, 14/55 (25%); intestinal obstruction on neonatal onset,
11/55 (20%); hypoplasia of plexus, 4/55 (7%); normal AchE
staining, 4/55 (7%); negative rectospincteric reflex, 4/55
(7%); and delayed meconium pass, 2/55 (4%). Acquired HG:
ganglion cells decrease in number after some time, 6/19
(32%); few ganglion cells, 4/19 (21%); normal at birth and
symptoms occur after some time, 2/19 (11%); no congenitat
factors, 2/19 (11%); chronic constipation and persistent
bowel dilatation, 2/19 (11%); and normal AchE staining 1
(5%). IND: increased AchE positive fibers in the lamina
propria, 17/34 (50%); ectopic ganglion cells, 14/34 (41%);
giant ganglia (> 5 ganglion cells per plexus), 13/34 (38%);
severe constipation or rectal dysmotility, 9/34 (26%);
hyperganglionosis, 6/34 (18%); and dilatation of bowel, 2/
34 (6%). MMIHS: megacystis, 39/47 (83%); permanent severe
symptoms of intestinal obstruction, 35/47 (74%); micro-
colon 27/47 (57%); normal histology of intestinal neurons
and muscles, 25/47 (53%); neonatal onset, 16/47 (34%);
normal AchE staining, 5/47 (11%); and positive rectospinc-
teric reflex 4/47 (9%). SD: persistent segmental dilatation,
36/42 (86%); normal histology of intestinal ganglion cells,
24/42 (57%); no mechanical obstruction distal to dilatation,
13/42 (31%); signs of intestinal obstruction in radiography,
7/42 (17%); complete curability after resection of dilated
bowel, 5/42 (12%); abrupt caliber change to the normal
intestine, 3/42 (7%); thick or thin muscle layer, 2/42 (5%);
and positive rectospincteric reflex, 2/42 (5%). IASA: nega-
tive rectospincteric reflex, 9/21 (43%); normal AchE stain-
ing, 9/21 (43%); severe constipation since birth, 7/21 (33%);
and absence of narrow segment, 4/21 (19%). CIIP: symp-
toms of intestinal obstruction without mechanical cause,
57/57 (100%); normal histology of intestinal ganglion cells,
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46/57 (81%); abnormality of urinary tract, 13/57 (23%);
dilatation of intestine in radiography 9/57, (16%); positive
rectospincteric reflex, 8/57 (14%); intermittent or recur-
rent symptoms, 6/57 (11%); and normal AchE staining, 6/57
(11%). For the diagnosis of I1G, immunohistochemical studies
using Bcl-2 antibody were performed and shown to be
effective in a few institutes (Figure 3).

The survival rates of each entity for which the follow-up
data were available are shown in Table 5. Three entities,
congenital HG, MMIHS, and CIIP, showed poor survival rate,

(a) Normal ganglia (CiiP, MMIHS)

(c ngenltal Hpoalionosis

compared with those of the other five entities. These three
entities required long-term nutritional support, including
parenteral and enteral nutrition (Table 6). In particular,
outcome is extremely poor in MMIHS.

4, Discussion

Almost all Japanese cases (~ 98%) of ADHD in 10 years were
collected in this nationwide survey. However, the number
of cases in each institute was very small, and actually more
than half of the institutes (53 institutes) had three cases or
fewer. Therefore nation-wide survey is considered to be
important.

Okamoto and Toyosaka® published a multicenter study of
ADHD in the Japanese literature in 1994. They classified
ADHD into two categories based on pathology: (1) abnormal
histology including 1G, HG, hypogenesis, and IND; and (2)
normal histology, including ClIP® and MMIHS. We followed
the classification of Okamoto and Toyosaka® in order to
compare our results to those of their survey. In addition to
Okamoto and Toyosaka’s® classification, SD and IASA are
included in this study, referring to the literature."?

The presence of immaturity and HG was confirmed and
published by Taguchi et al.” We proposed there were two
types of HG, namely congenital and acquired.” Hypogenesis
is considered to be the initial histological finding of
congenital HG at neonatal period. The 4" International
Symposium on Hirschsprung’s disease and related neuro-
cristopathies discussed that diagnosis of HG was difficult
and the presence of HG was questionable.® However, our

e

Immaturity

(d) Acquired Hypoganglionosis

Figure 2 Typical pathology of allied disorders of Hirschsprung’s disease (ADHD) in hematoxylin—eosin staining. (A) Normal ganglia
(megacystis microcolon intestinal hypoperistalsis syndrome, MMIHS; chronic idiopathic intestinal pseudo-obstruction, CIIP;
segmental dilatation). (B) Immaturity of ganglia. (C) Congenital hypoganglionosis. Arrows indicate small ganglion cells. (D) Acquired
hypoganglionosis. Arrows indicate degenerated ganglion cells.
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Figure 3  Bcl-2 immunostaining for immaturity of ganglia (2-
day-old boy). Mature ganglion cells (blue arrows) show weekly
positive, while immature ganglion cells (red arrows) show
strongly positive in Bcl-2 immunostaining. Glial cells are not
stained. Therefore, this staining is considered to be able to
distinguish mature ganglion cells, immature ganglion cells, and
glial cells.

study shows that two types of HG do exist and congenital
HG is one of the two main disorders of ADHD in Japan.

The 4" International Symposium on Hirschsprung’s dis-
ease and related neurocristopathies discussed IND and re-
ported as follows®: (1) almost all the participants believe
that IND does exist; (2) some believe in presently defined
diagnostic criteria, whereas others suggest that these
diagnostic criteria are not reliable enough; and (3) some
participants question if IND is a truly separate entity or an
acquired secondary phenomenon related to long-standing
constipation or chronic obstruction. Therefore, we
decided to include IND as one of ADHD.

The concept of chronic intestinal pseudo-obstruction
(CIPO) including myopathy, neuropathy, collagenopathy
(desmosis or fibrosis), and idiopathic.” Some CIPO patients
are reported to be adult onset.™ However, most myopathy

and neuropathy types of CIPO cannot be diagnosed by
conventional HE and AChE staining. Furthermore, abnor-
malities of Cajal cells shown by c-kit immunostaining were
reported in some cases of CIIP."! Therefore, so far, we
decided to treat CIIP as a disorder that shows recurrent or
persistent functional intestinal obstruction with normal
histology by conventional staining by HE and AchE. Because
the diagnosis of Hirschsprung’s disease is generally ob-
tained by HE and AchE staining in the most institutes of
Japan, the criteria of ADHD are recommended to be based
on the conventional histology so far. MMIHS has been
considered to be the severe form of ClIP. However, MMIHS
can be distinguished from CHP by clinical
characteristics. " "?

The entity of SD was proposed by Swenson and Rathauser
in 1959." The symptoms and signs of SD, especially sigmoid
type of SD, resemble those of Hirschsprung’s disease.
Therefore, SD is included in ADHD in this study.

The entity of IASA has been considered to be synony-
mous of ultrashort-segment aganglionosis, which shows
normal AchE staining but lacks rectoanal reflex.'® This en-
tity was discussed in The 4™ International Symposium on
Hirschsprung’s disease and related neurocristopathies and
was reported to exist.® Therefore, we decided that IASA is
included in ADHD.

The numbers of cases in each disorder are summarized
and compared with Okamoto and Toyosaka’s® study in Table
2. The distributions of each disorder are similar in these
two studies. The numbers of patients as well as the answer
rates of criteria were very small in acquired HG and IASA.
The rarity of disease is considered to make criteria difficult.

For definitive pathological diagnosis of ADHD, immnu-
nohistochemical staining has been reported to be useful
using neuronal and muscular markers, such as: Bcl-2 for
immature neurons; CD56 for the size of enteric ganglia;
synaptophysin for neuromuscular innervation: S-100 protein
for Schwann cells; c-kit for interstitial cells of Cajal; and
smooth muscle actin for myopathy.'® The diagnosis of IG
was easily obtained in several of our cases using Bcl-2 im-
munostaining (Figure 2).

In conclusion, almost all Japanese cases of ADHD for 10
years were collected in this study. Congenital HG and CIIP
showed relatively high incidence, whereas acquired HG and
IASA were extremely rare. Criteria of each institute were
consisted with clinical signs, symptoms, and conventional
histological examinations including AchE staining. Congen-
ital HG, MMIHS, and CIIP showed poor survival rate. Further
collection of precise data of each case is required to make
guidelines for criteria and treatment strategies for ADHD.
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