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Abstract The aim of this study was to review critically
the diagnostic features of intestinal neuronal dysplasia
type B (IND B). Over a period of 5 years colonic muco-
sal biopsies of 773 children with symptoms of chronic
constipation were examined. Four biopsies taken 2-10
cm above the pectinate line were cut in serial sections
and histochemical lactate dehydrogenase, succinate de-
hydrogenase, (SDH) and acetylcholinesterase (AChE) re-
actions performed. Presence of giant ganglia of the sub-
mucosal plexus, being characterized by more than seven
nerve cells, established the diagnosis of IND B. Giant
ganglia were found to be age-independent changes,
while hyperplasia of the submucosal plexus, increase of
AChE activity in nerve fibres of the lamina propria and
low SDH activity in nerve cells proved to be age-depen-
dent findings which disappear during the maturation of
the enteric nervous system. Using these criteria IND B
was diagnosed in 209 children. In 64 of these patients a
combination of IND B and aganglionosis (Hirsch-
sprung’s disease) was found. IND B seems to be related
to premature expression of laminin A during embryogen-
esis, resulting in premature nerve cell differentiation in
the myenteric and submucosal plexus, which in turn
blocks neuroblast colonization of the rectum. IND B, hy-
poganglionosis and aganglionosis, which are often com-
bined, may therefore be considered to be different mani-
festations of the same developmental abnormality.
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Introduction

The introduction of enzyme histochemical acetylcholin-
esterase (AChE) and dehydrogenase reactions in the rou-
tine diagnosis of Hirschsprung’s disease (aganglionosis)
[30, 32, 33, 34, 35, 36] has resulted in the identification
of abnormalities of the submucosal plexus [29]. Descrip-
tion and understanding of intestinal neuronal dysplasia
(IND), accompanied by symptoms of pseudo-obstruction
is incomplete, since 1983 when Fadda et al. [9] first dis-
tinguished two different types of abnormality of vegeta-
tive gut innervation: IND of the sympathetic innervation
of the colon (IND type A) and IND of the submucosal
plexus (IND type B). IND A is mainly caused by an im-
maturity or hypoplasia of sympathetic gut innervation. It
is a rare disease comprising less than 2% of all dysgan-
glionoses [32, 34, 55]. IND B, characterized by abnor-
malities in the development of the submucosal plexus, is
almost as frequent as Hirschsprung’s disease [34] and
has been the subject of many studies [5, 10, 15, 40, 46,
47,48, 49, 56, 57, 58, 59, 60].

The application of irrelevant diagnostic criteria, the
examination of too few sections per biopsy and the use
of nonspecific nerve cell staining resulted in confusion
concerning the histological characteristics of IND B [56,
59]. To overcome this problem, a consensus conference
on dysganglionosis was organized by German patholo-
gists in 1991, which attempted to standardize the techni-
cal prerequisites for the diagnosis of and the histological
findings in IND B [4]. The aim of this paper is to analyse
critically the diagnostic criteria of IND B changes in 145
children with isolated IND B, and 64 with a combination
of aganglionosis and IND B. In particular, the age-de-
pendency of the lesions was studied.

The development and function of the innervation of
the distal colon should be reviewed to place these obser-
vations in context. The distal gut receives, in addition to
the vagus nerves, parasympathetic nerve fibres from the
sacral roots S2-S4 (extramural parasympathetic nerves)
which innervate the descending colon and the rectosig-
moid. This innervation decreases exponentially in a
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proximal direction [21, 35] and ends at the splenic flex-
ure of the colon. It develops between embryonic weeks
5-7, at a time in which neuroblasts (intramural innerva-
tion) start migrating from the oesophagus to the anal ring
[31, 44]. Subsequently, submucosal ganglia form from
migrating myenteric neuroblasts which pass through the
circular muscle into the submucosa along the routes of
afferent nerve fibers [12]. The nerve cells from the sub-
mucosal neuroblasts spread in the submucosa and devel-
op pressure receptors in the mucosa. The submucosal
plexus depolarizes the myenteric plexus if its pressure
receptors are stimulated by stool. Relaxation of the cir-
cular muscle is accompanied synchronously by contrac-
tion of the longitudinal muscle. As shown by Goerttler
[14], the dilatation of the colon is not directly mediated
by sympathic innervation (sympathic nerve fibres end at
the myenteric plexus and only modulate the cholinergic
activity of the myenteric plexus, influencing the tone of
the circular muscle in this way [2, 16, 42, 43]). By an ef-
fect of the lattice-like connective tissue matrix of the cir-
cular muscle, which is passively stretched by the con-
traction of the longitudinal muscle, the gut is dilated
[14].

Materials and methods

Colonic mucosal biopsies obtained from 773 children (mean age
159 months) with symptoms of constipation were examined.
Four 3—4 mm3 biopsies were taken 1-2 cm, 3-4 cm, 8-9 cm and
10-12 cm above the pectinate line; all tissue samples had a suffi-
cient amount of submucosa. All biopsies in which IND B was di-
agnosed, were re-examined by five independent investigators.

The native tissue probes were mounted with cryogel on cryo-
stat carriers exactly vertical to the surface of the mucosa. The bi-
opsies were cut at —10° C to —15° C stepwise in 15 um thick serial
sections (120-160 sections per biopsy). The sections were distrib-
uted onto five slides and dried at room temperature. Mucosal biop-
sies of more than 5 mm? were cut parallel to the mucosal surface,
which gives a much better overview of the submucosal plexus.
Two slides were used for an AChE reaction ([24]; reaction time 90
min at 37° C), two slides were incubated for a lactate dehydroge-
nase (LDH) reaction ([20]; incubation time 10-13 min at 37° C)
and one slide was stained for succinic dehydrogenase (SDH) con-
taining structures ([41]; incubation time 90 min at 37° C). One of
the two AChE-stained slides was dehydrated in a series of increas-
ing alcohol concentrations and counterstained with haemalum. To
avoid time-dependent fading of the haemalum counterstaining, the
sections were covered with a water-compatible polyacryl resin
(Crystal Mount, Biomeda Corp., Foster City, CA), polymerized at
60° C and mounted via xylol with Eukitt (O. Kindler, Freiburg,
Germany) or Canada balsam.

All histochemical reactions were washed in tap water, fixed in
4% neutral formalin and mounted with a coverslip and glycerine
gelatine or after air drying via xylol with Eukitt.

Cholinergic nerves and ganglia are selectively stained by the
ACHE reaction. This reaction, however, does not differentiate be-
tween nerve cells and glial cells. In the AChE reaction, non-spe-
cific esterase is blocked by iso-octamethylpyrophosphoramide or
phenazine methosulphate. In the LDH reaction, no polyvinylpyrro-
lidone is used, which allows a more selective nerve cell staining.
The SDH reaction selectively stains mature but not immature
nerve cells.

Results

Over a 5-year period, colonic mucosal biopsies obtained
from 773 children with symptoms of constipation were
examined. In 209 children (mean age 18+12 months) the
mucosal biopsies showed the characteristics of IND B; 64
of these children (mean age 12+6 month) were found to
have Hirschsprung’s diseases (aganglionosis) associated
with IND B and another 82 patients had classical Hirsch-
sprung’s disease (mean age 4+2 months). The mucosal
changes which led to the diagnosis of IND B could be di-
vided into age-independent and age-dependent lesions.

Age-independent findings in IND B

The normal rectal mucosa contains only few ganglion
cells within 2 cm of the pectinate line. Above this region,
however, there is a progressive increase in the density of
ganglia and submucosal nerve cells in a caudocranial di-
rection. The ganglia consist of between two and five
LDH-positive nerve cells. Nerve cells within nerve fibres
are lacking.

In IND B, the most characteristic finding is the occur-
rence of giant ganglia, containing on average seven-to-
ten nerve cells (Fig. 1), but occasionally showing up to
16 LDH-positive nerve cells (Fig. 2). These giant ganglia
comprise only 3%—5% of all ganglia seen in a given case,
and are usually not observed in the distal rectum (within
67 cm of the pectinate line). Moreover, bud-like nerve
cell groups are found along or around thick afferent
nerve fibres (Fig. 3), and nerve cells were also seen with-
in nerve fibres forming pearlstring-like files (Fig. 4). Fi-
nally, in many cases the muscularis mucosae and some-
times also the lamina propria contains heterotopic nerve
cells and ganglia of the submucosal plexus (Fig. 5).

Only 55%—-65% of the sections with vertical cuts of
the mucosa show nerve cells or ganglia. The yield of
nerve cells and ganglia was much higher in biopsies larg-
er than 5 mm?2, which were cut parallel to the mucosal
surface.

Children older than 4 years with IND B and primary
chronic constipation often had, in addition to giant gan-
glia, hypoganglionosis, hypogenesis or heterotopia of the
myenteric plexus.

Age-dependent findings in IND B

There are two significant and some minor changes in
IND B which are age dependent. First, rectal mucosal bi-
opsies from newborns often reveal conspicuously dense
submucosal plexus formations, which disappear at the
age of 9—18 months. Second, increased AChE activity is
found in nerve fibres of the lamina propria (Fig. 6), a
change which also disappears after the age of 9-18
months.

Minor temporary changes in young IND B patients
are the presence of small nerve cells, a more or less dis-



Fig. 1 a Haemalum counter-
stained acetylcholinesterase
(AChE) reaction of a biopsy
with intestinal neuronal dyspla-
sia of the submucosal plexus
(type B; IND B), x90. Compar-
ison with b shows that due

to the lack of selective nerve
cell staining no diagnosis is
possible. b Lactate dehydroge-
nase (LDH) reaction of the
same biopsy clearly demon-
strates a IND B-specific giant
ganglion with 11 nerve cells,
x90. ¢ Haemalum and eosin
staining, x90
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Fig. 2 Giant ganglion with 16
hypoplastic nerve cells. LDH
reaction, x90

Fig. 3 Bud-like nerve cell groups along afferent nerve fibres with
anisomorphous nerve cells. LDH reaction, X150

tinct nerve cell anisocytosis and sometimes very variable
LDH activity. In the first months of five SDH activity
was very low in nerve cells.

Combination of aganglionosis and IND B

IND B associated with aganglionosis did not differ from
the isolated from of IND B, but the diagnosis is often on-
ly established much later (median age 12:+6 months) than
in classical Hirschsprung’s discase (median age 4+2
months). Aganglionosis in these cases showed a much
looser network of intensely AChE positive nerve fibres in
the lamina propria and muscularis mucosae of the rectum.
The extension of the extramural parasympathetic nerve fi-
bre net, arising from the sacral roots S2-S4, was also
smaller than in cases of classical Hirschsprung’s discase.
Only in a few cases of IND B associated with Hirsch-
sprung’s was moderately increased AChE activity in
parasympathetic nerve fibres of the lamina propria pre-
sent in the region proximal to the aganglionic segment.

Discussion

The results of this investigation indicate that IND B pa-
tients have age-independent and age-dependent changes
of the submucosal plexus. Only the age-independent
changes establish the diagnosis of IND B, while the age-
dependent changes which disappear with the maturation
of the vegetative gut innervation are non-diagnostic.

The diagnostic finding of IND B is the presence of gi-
ant ganglia containing more than six nerve cells (normal
ganglia have three to five nerve cells). This developmen-



Fig. 4 Pearlstring-like local-
ized nerve cells inside a thin
nerve fibre observed in IND B.
LDH reaction, x90

Fig. 5 Heterotopia of nerve
cells of the submucosal plexus
in the muscularis mucosae.
LDH reaction, x60

tal abnormality of the submucosal plexus is independent
of maturation and can be observed from early childhood
up to adult life [36, 61]. Additional findings are nerve
cells lying in a line inside of thin parasympathetic nerve
fibres (Fig. 4) and bud-like nerve cell groups along or
inside thick nerves (Fig. 3).

In contrast to giant ganglia, hyperplasia of the submu-
cosal plexus is an age-dependent phenomenon which is
seen in the first months of life and may also be observed
in biopsies without IND B. It is probably a sign of im-
maturity of the distal gut. With the growth of the rectum,
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this finding disappears [59]. Another consequence of
maturation is the decrease in AChE activity in nerve fi-
bres of the lamina propria, and the increase in SDH ac-
tivity in nerve cells of the submucosal plexus. These two
changes often coincide with a normalization of propul-
sive colon muotility [50, 58]. SDH activity is always very
low in nerve cells of the submucosal plexus in young
children. Bertoni-Freddari et al. [3] have shown morpho-
metrically that young nerve cells have few and small mi-
tochondria (where SDH is localised) which increase in
size and number up to adult life.
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Fig. 6 IND B in a 2-month-old baby with a moderate increase in
AChE activity in nerve fibres of the lamina propria. AChE reac-
tion, X60

Our study revealed that, for a proper diagnosis, four
3—4 mm?3 biopsies, taken between 2 and 12 cm above the
pectinate line are necessary. These biopsies have to be
cut stepwise in 15 um thick serial sections leading to
120-160 sections per biopsy. We found it impossible to
diagnose IND B in a small number of sections.We also
did not rely on an AChE reaction only, because this reac-
tion stains both Schwann cells and nerve cells in an iden-
tical manner.

Differences in technique and the use of different diag-
nostic criteria are possibly the main reasons for non-con-
gruent results in this field. Schofield and Yunis [56] used
only an AChE reaction with haemalum and eosin stai-
ning, which does not allow nerve cells to be distin-
guished from Schwann cells. The authors defined IND B
as characterized by “... a slight to moderate increase in
ACHE stained fibres within the lamina propria ... greater
than five submucosal ganglion clusters per high-power
field or large (greater than ten cells) ... clusters of sub-
mucosal ganglion cells” [56]. The same authors defined
IND B as follows: “Hyperganglionosis is at present time
most often diagnosed as intestinal neuronal dysplasia”
[57]. Most of these criteria — as increase in AChE activi-

ty in nerve fibres in the lamina propria and ganglion
clusters in the submucosa (hyperganglionosis) — are not
diagnostic for IND B. Only an increased number of
nerve cells per ganglion is, according to our experience,
specific for IND B.

Smith reported that he found only 7 cases with IND B
in 2420 patients investigated between 1975 and 1991
[59]. This author also based his diagnosis only on AChE
reactions and a maximum of six sections per case, a
methodology which questions his results.

Pseudo-obstruction and constipation in IND B result
from immaturity of the enteric nervous system, charac-
terized by a lack of differentiation of the ganglia into
Schwann cells and nerve cells, low SDH activity, in-
creased AChE activity in nerve fibres of the lamina pro-
pria and ganglion clusters in the submucosa — which ac-
companies IND B in early childhood. As in Hirsch-
sprung’s disease {22], many children with IND B lack a
recto-anal reflex [26, 27, 53]. All these symptoms can
disappear, if the vegetative nervous system of the gut
matures [46, 47, 50, 53, 54]. In almost 95% of young
children with IND B gut motility normalizes in the first
year of life [9, 53, 54]. But retarded maturation of the
enteric nervous system for up to 4 years has also been re-
ported by several authors [5, 6, 18, 56, 58].

IND B combined with aganglionosis [5, 10, 15, 17,
19, 25, 34] is not morphologically different from isolated
IND B. In 64 patients with Hirschsprung’s disease and
IND B, the biopsy diagnosis was generally made at 12+6
months in comparison to 4+2 months in isolated Hirsch-
sprung patients. This may be due to hypoplasia of the ex-
tramural parasympathetic innervation, arising from the
sacral roots S2-S4, of the rectum and the immaturity of
the enteric nervous system. Extended IND B has an ap-
parently inhibitory effect on nerve fibre outgrowth from
the extramural parasympathetic innervation in the distal
colon. However, low or absent propulsive activity in the
first months of life due to IND B in the proximal colon
causes fairly late obstruction (12+6 months instead of
4+6 months in Hirschsprung’s disease). If the IND B
segment matures and normal propulsive activity devel-
ops, no major problems are to be expected after resection
of the aganglionic segment [17, 52, 53-54].

It must be kept in mind that IND B can be combined
not only with distal aganglionosis but also with develop-
mental abnormalities of the myenteric plexus, for exam-
ple hypoganglionosis, hypogenesis, heterotopia and hy-
poplasia. Such accompanying disorders are more fre-
quently observed in older children and adults with pri-
mary chronic constipation. Surgical treatment depends
on functional defects such as an absent recto-anal
sphincter reflex [26, 27, 53] or a megacolon [10, 54]. In
adults with primary chronic constipation, characteristics
of IND B can often be found in the submucosa [61, 62].
The development of a megacolon in these patients ulti-
mately requires surgical treatment [60, 61].

The demonstration of chromosomal abnormalities,
mainly of chromosome 10, but also of chromosome 13
and 21 [1, 8, 28, 37, 38, 39, 51, 63], suggests that agan-



glionosis is a genetic disease. The observation of Kapur
et al. concerning the effect of mesenchyme on the migra-
tion of neuroblasts [23] supports the idea of the involve-
ment of trophic factors in the development of dysgan-
glionosis. This observation was strengthened by the find-
ings of Gershon etal. [11, 13] and Parikh et al. {45].
These authors have shown that abnormal early expres-
sion of laminin A during embryonic life promotes pre-
mature neuronal differentiation and inhibits neuroblast
migration. Neuroblasts develop into neurons premature-
ly, which results in hypoganglionosis, or hypogenesis of
the myenteric plexus, and ends in incomplete or absent
neuroblast colonization of the distal colon (agangliono-
sis). Submucosal neuroblasts stop migration and start
nerve cell differentiation (giant ganglia of IND B). Neu-
roblast migration sometimes ends gradually and variably
long hypoganglionic segments develop proximal to the
aganglionosis. These observations support the hypothesis
that IND B, hypoganglionosis of the myenteric plexus
and aganglionosis, which are often combined, are devel-
opmental abnormalities with an identical pathogenesis
[7,13, 45]. This, however, contradicts the idea of Hani-
mann et al. that the combination of aganglionosis and
IND B (which they called “HANID”) is a separate dis-
case-entity [17], different from isolated Hirschsprung’s
disease and isolated IND B.
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