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Florian Friedmacher and Prem Puri

70.1 Introduction

There are a number of newborns and children
who present with clinical symptoms similar to
Hirschsprung’s disease (HD) despite the pres-
ence of ganglion cells in rectal biopsies. Various
terms, such as chronic idiopathic intestinal pseu-
doobstruction, intestinal hypoperistalsis syn-
drome or pseudo-HD, have been used to describe
these conditions over the years. At present, there
are only a few articles in the medical literature
that have attempted to standardize the terminol-
ogy of HD and allied intestinal disorders
(Holschneider et al. 1994). In 1997, Prem Puri
suggested that variant HD may be a more appro-
priate description for this heterogeneous group of
functional bowel disorders (Box 70.1) in patients
who suffer from chronic constipation and abdom-
inal distension despite a ganglionic rectal biopsy
(Puri 1997). Specific histological, immunohisto-
chemical or electron microscopic investigations,
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combined with anorectal manometry studies, are
required to distinguish between the different vari-
ants of HD (Friedmacher and Puri 2013).
Although the initial diagnostic workup and sub-
sequent management can be challenging, the
majority of these patients will have a satisfactory
long-term outcome.

Box 70.1Variants of Hirschsprung'’s disease
(HD)

Intestinal neuronal dysplasia (IND)
Intestinal ganglioneuromatosis (GNM)
Isolated hypoganglionosis (HG)
Immature ganglia (IG)

Absence of the argyrophil plexus (AP)
Internal anal sphincter achalasia (IASA)
Megacystis-microcolon-intestinal
hyperperistalsis syndrome (MMIHS)

Intestinal Neuronal
Dysplasia

70.2

In 1971, William A. Meier-Ruge first described
intestinal neuronal dysplasia (IND) as a hyperplas-
tic malformation of the enteric plexus (Meier-Ruge
1971). A few years later, Puri et al. (1977) reported
a case of rectosigmoid aganglionosis associated
with IND of the descending and transverse colon.
Nowadays, IND can be classified into two clinical
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and histological distinct subtypes (Fadda et al.
1983). IND type A (IND A), occurring in less than
5% of all IND cases, is characterized by congenital
aplasia or hypoplasia of the sympathetic innerva-
tion. Patients with IND A typically present in the
neonatal period with episodes of abdominal disten-
sion, intestinal obstruction and diarrhea with
bloody stools. IND type B (IND B) is defined by
hyperplasia of the parasympathetic submucosal
and myenteric plexuses, accounting for over 95%
of all IND cases. Typical histological features of
IND B include hyperganglionosis, giant ganglia,
ectopic ganglion cells and increased activity of ace-
tylcholinesterase (AChE) in the lamina propria and
around submucosal blood vessels (Bruder and
Meier-Ruge 2007a). IND occurring in association
with HD is invariably IND B.

70.2.1 Epidemiology

IND occurs with an estimated incidence of 1 in
7500 newborns (Granero Cenddn et al. 2007).
However, the frequency of isolated IND cases
seems to be highly variable with reported rates
ranging between 0.3% and 40% of all rectal biop-
sies (Friedmacher and Puri 2013). IND immedi-
ately proximal to an aganglionic colon segment is
not uncommon and has been suggested as a pos-
sible cause of persistent bowel symptoms after
pull-through operation for HD (Kobayashi et al.
1995). Some authors have found IND in up to
449% of their HD patients (Montedonico et al.
2011), whereas others have rarely encountered
IND in association with HD. The high variability
of patient age, specimen type and applied stain-
ing methods has resulted in considerable confu-
sion in the published literature regarding the
accurate diagnostic criteria (Schéppi et al. 2013).

70.2.2 Pathogenesis

The existence of IND as a distinct histopatho-
logical entity remains controversial (Schippi
et al. 2013). Several authors have suggested that
the observed changes may be either a variant of
normal bowel development or a secondary

acquired phenomenon caused by congenital
obstruction or inflammation (Martucciello et al.
2005). An underlying autoimmune mechanism
has also been proposed for IND (Friedmacher
and Puri 2013). Furthermore, there may be an
additional genetic component, as several familial
cases of IND have been found (Martucciello
et al. 2002; Moore et al. 1993). The strongest
evidence that IND is a real entity actually arose
from two different Hox/ILI knockout mouse
models (Puri and Gosemann 2012). In both
cases, homozygous mutant mice developed
megacolon at the age of 3 to 5 weeks, without
any further morphological changes. Histological
and immunohistochemical evaluation revealed
hyperplasia of the ganglia similar to the pheno-
type observed in human IND. Another animal
model resulting in a phenotype similar to IND
was reported in rats with a heterozygous muta-
tion of the endothelin B receptor (Ednrb) and
showed features of hyperganglionosis, giant
ganglia and hypertrophied nerve fiber strands in
the submucosal plexus (Friedmacher and Puri
2013). However, mutational screening of human
patients with IND has not identified any altera-
tions in HOXIILI and EDNRB genes to date
(Puri and Gosemann 2012).

70.2.3 Clinical Presentation

Most patients with IND present with chronic
constipation with or without abdominal disten-
sion, thus clinically resembling HD with absence
of internal anal sphincter relaxation on manome-
try, but with a normal contrast enema examina-
tion of the colon. It has been shown that intestinal
obstruction is the most characteristic clinical fea-
ture of IND in infants and young children
(Montedonico et al. 2002). Furthermore, there
appears to be a high incidence of associated con-
genital anomalies, ranging from 25% to 30%
(Puri and Gosemann 2012). The most common
ones are anorectal malformations, megacystis,
intestinal malrotation, congenital short bowel,
hypertrophic pyloric stenosis, necrotizing entero-
colitis and Down syndrome (Martucciello et al.
2002; Montedonico et al. 2002).
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70.2.4 Diagnosis

The method of choice for the diagnosis of IND is
rectal suction biopsy. It is essential to include a
sufficient amount of submucosal tissue in the
biopsy specimens. Previously, the diagnosis of
IND was based on qualitative criteria, thus result-
ing in a high interobserver variation (Koletzko
et al. 1999). Therefore, the debate about the exis-
tence of IND as a distinct histopathological entity
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Fig. 70.1 AChE immunohistochemistry of a normal rec-
tal suction biopsy (a). Rectal biopsy from a patient with
IND, showing hyperganglionosis, giant ganglia and
increased AChE activity in the lamina propria (b).

continues, mainly due to the lack of consensus on
diagnostic criteria (Martucciello et al. 2005;
Schéppi et al. 2013). Initially, IND was diag-
nosed on the basis of AChE immunohistochemis-
try of nerve fibers in rectal biopsies (Kobayashi
et al. 1995; Meier-Ruge et al. 1995; Montedonico
et al. 2011) (Fig. 70.1a, b). However, as AChE
activity in the lamina propria mucosae has been
shown to be an age-dependent phenomenon that
disappears at the time of submucosal plexus mat-
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NADPH-d staining of a normal submucosal plexus (c).
Submucosal plexus of a patient with IND showing giant
ganglia (d)
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uration (Coerdt et al. 2004), more specific stain-
ing techniques were required to assess the enteric
nervous system in more detail. Thus, enzyme his-
tochemistry for lactate dehydrogenase, succinate
dehydrogenase and nitric oxide synthase has
been introduced to evaluate and diagnose IND B
quantitatively (Meier-Ruge and Bruder 2005).
Various other neuronal and glial markers, such as
nicotinamide adenine dinucleotide phosphate-
diaphorase (NADPH-d) (Fig. 70.1c, d), neural
cell adhesion molecule (NCAM), neuron-specific
enolase (NSE), cathepsin D, protein gene product
9.5 (PGP9.5), S-100 protein, peripherin, synapto-
physin and cuprolinic blue, have also been used
(Meier-Ruge and Bruder 2005; Meier-Ruge et al.
2004; Friedmacher and Puri 2013). Cuprolinic
blue staining has been proposed as it stains the
whole population of ganglion cells (Puri and
Gosemann 2012), but only their cell bodies and
not their axons, which makes the differentiation
between the individual cell types relatively easy.
In addition, defective innervation of the neuro-
muscular junction within the affected bowel seg-
ment of patients with IND has been identified
(Friedmacher and Puri 2013). Abnormal submu-
cosal vasculature is a further histological finding
in isolated IND and IND associated with HD,
which may also be a useful diagnostic feature
(Friedmacher and Puri 2013). Furthermore, a
reduced number of c-Kit-positive interstitial cells
of Cajal (ICCs) has been demonstrated in the
myenteric plexus and muscle layers of IND cases
(Rolle et al. 2007). More recently, a marked
reduction in the expression of phosphatase and
tensin homolog (PTEN) has been discovered in
the submucosal and myenteric plexuses of
patients with IND, which may explain the
observed motility dysfunction (Friedmacher and
Puri 2013). Due to age-dependent AChE expres-
sion and the discrepancy of applied staining tech-
niques, the most commonly used diagnostic
criteria at present are as follows: (1) more than
20% of 25 submucosal ganglia must be giant
ganglia containing 9 or more ganglion cells, and
(2) the patient must be older than 1 year, as before
that age, giant ganglia may be misinterpreted due
to the fact that immature ganglia often have an
incomplete differentiation in nerve cells (Bruder

and Meier-Ruge 2007a; Meier-Ruge et al. 2004).
The majority of patients with IND do not display
any specific radiological features on contrast
enema studies other than rectosigmoid disten-
sion. The rectosphincteric reflex has often been
shown to be present, absent or atypical in these
patients (Puri and Gosemann 2012).

70.2.5 Management

In the first instance, the management of IND B
should be conservative, consisting of laxatives
and enemas (Bruder and Meier-Ruge 2007a,
2007b). Most patients have been shown to
respond well to this treatment strategy. However,
if bowel symptoms persist longer than 6 months
despite conservative bowel management, surgical
or interventional treatment options should be
considered (Puri and Gosemann 2012). Internal
sphincter myectomy has been performed by sev-
eral authors with satisfactory results, whereas
others recommend the injection of botulinum
toxin into the anal sphincter (Friedmacher and
Puri 2013). Resection of the affected bowel seg-
ment and pull-through procedure are rarely indi-
cated in infants and children with IND, but in
adolescent or adult patients, this is often the only
successful therapeutic option (Puri and Gosemann
2012). The indication for surgery should not be
determined on the basis of histopathological find-
ings alone; instead, the decision must be based on
the individual patient’s clinical symptoms and
distress.

70.2.6 Outcome

A multidisciplinary team of experienced pediat-
ric surgeons and gastroenterologists is crucial for
the long-term follow-up of patients with IND and
chronic constipation. Authors from Ireland
reported functional outcome in 33 infants and
children with IND (Friedmacher and Puri 2013):
64% had a good response to conservative man-
agement with normal bowel habits and did not
need any surgical intervention. However, 36% of
their patients underwent internal sphincter myec-
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tomy after failed conservative treatment. Seven
out of these 12 patients had normal bowel habits
after surgery and 2 were able to stay clean with
regular enemas. Three patients continued having
persistent constipation after myectomy and sub-
sequently required resection of their redundant
and dilated sigmoid colon, which resulted in nor-
mal bowel habits. Other authors have achieved
satisfactory results in 90% of their patients within
6 months of internal sphincter myectomy
(Friedmacher and Puri 2013).

Intestinal
Ganglioneuromatosis

70.3

Intestinal ganglioneuromatosis (GNM) is charac-
terized by a diffuse proliferation of nerve fibers
with marked hyperplasia of submucosal and
myenteric ganglion cells causing the thickening
of the bowel wall (D’Amore et al. 1991). This
extremely rare but severe neoplastic condition
leads to chronic bowel obstruction and is often
associated with multiple endocrine neoplasia
type 2B (MEN 2B), neurofibromatosis 1 or
Cowden syndrome (de Krijger et al. 1998; Moline
and Eng 2011).

70.3.1 Epidemiology

Although the exact incidence of intestinal GNM
is unknown, it has been reported that the fre-
quently associated MEN 2B syndrome occurs in
approximately 1:4,000,000 live births (Moline
and Eng 2011). Conversely, it can be estimated
that intestinal GNM is present in nearly 90% of
patients with MEN 2B (O’Riordain et al. 1995).

70.3.2 Pathogenesis

The pathogenesis of intestinal GNM involves
complex hyperplasia of peptidergic, cholinergic
and most likely adrenergic nerve fibers and neu-
rons (D’Amore et al. 1991). Transmural GNM
mainly originates from the myenteric plexus,
while mucosal GNM predominantly affects the

submucosal plexus and is often associated with
neurofibromatosis (D’Amore et al. 1991).
Furthermore, mutation analysis in patients with
MEN 2B identified a de novo germline
Met918Thr mutation in exon 16 of the rear-
ranged during transfection (RET) proto-oncogene
(Moline and Eng 2011), suggesting a genetic
component to this condition. In addition, a recent
experimental study in mice revealed that the
deletion of the Pten gene on chromosome 10 dis-
rupts the development of the enteric nerve sys-
tem, resulting in a phenotype similar to human
intestinal GNM (Friedmacher and Puri 2013).

70.3.3 Clinical Presentation

The vast majority of patients with intestinal
GNM present with severe chronic constipation
and abdominal distension due to intestinal
obstruction (O’Riordain et al. 1995). Constipation
may also fluctuate with episodes of diarrhea (de
Krijger et al. 1998). The similarity of the gastro-
intestinal symptoms between patients with HD,
IND and MEN 2B-associated intestinal GNM
suggests that these three conditions could be the
result of mutations actually affecting the same
domain of the RET proto-oncogene (Friedmacher
and Puri 2013). Despite the fact that gastrointes-
tinal dysmotility is a common initial presentation
of patients with MEN 2B, the rarity of this syn-
drome often delays the diagnosis. Further find-
ings are mucosal neuromas of the lips and tongue,
as well as medullated corneal nerve fibers, dis-
tinctive facies with enlarged lips and an asthenic
“marfanoid” body habitus (Moline and Eng
2011).

70.3.4 Diagnosis

Intestinal GNM is mainly diagnosed on the basis
of clinical presentation and histological analysis
of full-thickness rectal biopsies, showing mas-
sive proliferation of submucosal and myenteric
plexuses comprising thick nerve trunks with scat-
tered mature neurons, giant ganglia with often
15-40 nerve cells and a high AChE activity (Torre
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et al. 2002). Unlike neurofibromatosis, which
occurs more commonly in the small intestine,
intestinal GNM appears to be largely confined to
the colon and rectum. Although AChE immuno-
histochemistry has often been used to show the
typical submucosal and myenteric changes in
intestinal GNM (i.e., increased thickness of nerve
fibers), it can easily be appreciated in standard
hematoxylin and eosin-stained paraffin sections
(Yin et al. 2006). NSE, synaptophysin and S-100
protein immunostaining has also been applied to
evaluate and diagnose intestinal GNM (D’ Amore
et al. 1991). It has been demonstrated that the
submucosal hyperplasia can be extensive, but not
as prominent as that seen in the myenteric plexus
(Yin et al. 2006). As intestinal GNM is frequently
associated with MEN 2B, the diagnosis should
prompt additional molecular, endocrinological
and oncological investigations (Feichter et al.
2009). In general, a mutational analysis of the
RET proto-oncogene is strongly recommended in
all patients with intestinal GNM and MEN 2B, as
well as their first-degree relatives (de Krijger
et al. 1998).

70.3.5 Management

In patients with MEN 2B-associated intestinal
GNM, surgical resection of the affected bowel
segment is not always necessary. In fact, it has
been shown that in most cases, the gastrointesti-
nal symptoms can be managed with daily laxa-
tives and enemas (Cohen et al. 2002; Smith et al.
1999). However, some patients eventually require
surgery for severe intestinal obstruction or stric-
ture formation. Furthermore, all patients with
intestinal GNM who carry MEN 2B mutations
should undergo a prophylactic total thyroidec-
tomy to prevent the development of medullary
thyroid carcinoma (O’Riordain et al. 1995; Torre
et al. 2002).

70.3.6 Outcome

Early diagnosis and treatment of patients with
MEN 2B-associated intestinal GNM is essential

for long-term survival. Moreover, a yearly fol-
low-up with monitoring of basal plasma calcito-
nin and carcinoembryonic antigen levels for
possible tumor recurrence is strongly recom-
mended (Torre et al. 2002). Additionally, the con-
tinued surveillance of the adrenal glands with
abdominal ultrasonography and urine analysis of
catecholamine metabolites including metaneph-
rine, normetanephrine, dopamine and vanillyl-
mandelic acid is required as patients with MEN
2B have at least a 50% risk of developing pheo-
chromocytoma (Smith et al. 1999).

70.4 Isolated Hypoganglionosis
Isolated hypoganglionosis (HG) is a rare entity
that has been classified as a hypogenetic type
of intestinal innervation disorder. The clinical
presentation of patients with isolated HG is
similar to those with classical HD, with non-
specific symptoms of severe constipation or
bowel obstruction (Puri and Gosemann 2012).
It has been demonstrated that congenital and
acquired HG are two separate entities with dif-
ferent clinical features and histological find-
ings (Taguchi et al. 2000). At present, there are
only a few cases in the published literature as
isolated HG is one of the rarest subtypes of
intestinal innervation disorders and there
remains controversy regarding its existence as
a distinct isolated histopathological entity
(Martucciello et al. 2005).

70.4.1 Epidemiology

Reports of finding isolated HG in rectal biopsies
are rare, ranging between 0.3% and 6.4%
(Friedmacher and Puri 2013; Montedonico et al.
2011). Since 1978, there have been a total of 92
cases published in the English literature and 32%
of them were diagnosed in the newborn period
(Dingemann and Puri 2010). However, the
median age at diagnosis was 4.8 years, which
was most likely due to the fact that in several
patients, the diagnosis was not made until they
were adolescents.
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70.4.2 Pathogenesis

The pathogenesis and genetic basis of isolated
HG is still largely unclear. Although various
mutational analyses of the RET gene have been
performed, neither causative missense mutations
nor neutral substitutions were found (Friedmacher
and Puri 2013). Some cases of isolated HG were
reported to exhibit a deficient expression of
c-Kit-positive ICCs within the myenteric plexus
and the smooth muscle layer (Rolle et al. 2007),
which may contribute to the observed motility
dysfunction in the hypoganglionic bowel seg-
ment. A lack or reduced expression of NCAM-
positive nerve fibers within the lamina propria
and muscularis mucosae, as well as the circular
and longitudinal muscle layers of patients with
isolated HG, has also been described (Friedmacher
and Puri 2013).

70.4.3 Clinical Presentation

The most common presenting symptoms of iso-
lated HG are severe chronic constipation com-
bined with intestinal obstruction and enterocolitis,
thus resembling the clinical features of HD. The
median age at diagnosis is considerably higher in
patients with isolated HG compared to patients
with HD, which is predominately diagnosed dur-
ing the newborn period. Enterocolitis of the new-
born has been reported to be the most serious and
potentially life-threatening complication of iso-
lated HG, similarly to HD (Dingemann and Puri
2010).

70.4.4 Diagnosis

There is an ongoing debate whether isolated HG
represents an extreme form of intestinal dysgan-
glionosis or solely a developmental abnormality
of the enteric nervous system that leads to severe
constipation (Martucciello et al. 2005). Hence,
the diagnosis of isolated HG remains difficult
and a consensus in diagnostic criteria still needs
to be established. In general, a full-thickness rec-

tal biopsy is required for the definitive diagnosis
of isolated HG (Bruder and Meier-Ruge 2007b;
Schippi et al. 2013). The vast majority of reported
cases have been analyzed by immunohistochemi-
cal staining showing sparse and small myenteric
ganglia, absent or low AChE activity in the lam-
ina propria as well as hypertrophy of muscularis
mucosae and circular muscle (Friedmacher and
Puri 2013). Further histopathological differences
between resected bowel specimens from patients
with isolated HG and normal bowel tissue have
been discovered using AChE immunohistochem-
istry (Puri and Gosemann 2012). For instance, a
40% reduction in the number of nerve cells has
been shown, accompanied by a doubled distance
between ganglia and a three times smaller plexus
area in the hypoganglionic bowel segment. These
observations currently form the basis for the his-
topathological diagnosis of isolated HG. It has
also been suggested that the size of the myenteric
plexus may be an indicator of clinical severity.
Therefore, various neuronal markers have been
introduced to facilitate the diagnosis of isolated
HG. NADPH-d staining has been used to deter-
mine the muscular nitrergic innervation and dif-
ferentiation of mature from immature ganglia in
patients with isolated HG, demonstrating a
reduced number of positive nerve fibers in the
muscularis mucosae with absent or sparse sub-
mucosal and myenteric ganglion cells
(Fig. 70.2a—d) (Friedmacher and Puri 2013).
Additionally, c-Kit staining has been employed
to investigate the expression of ICCs and thus
intestinal pacemaker activity, which is markedly
decreased or even absent in patients with isolated
HG (Rolle et al. 2007).

70.4.5 Management

The treatment of isolated HG is similar to that of
HD. According to the literature, most patients
undergo resection of the affected bowel segment
with  subsequent  pull-through  procedure
(Dingemann and Puri 2010). However, the man-
agement of isolated HG should always be tai-
lored to the individual patient’s findings.
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Fig. 70.2 NADPH-d staining in whole mount preparation of a normal myenteric plexus (a, ¢). Myenteric plexus of a
patient with isolated HG showing markedly reduced number of ganglion cells (b, d)

70.4.6 Outcome

The postoperative outcome after resection of the
hypoganglionic segment is usually good. Typical
complications of isolated HG are enterocolitis,
chronic constipation, overflow encopresis and the
need for redo pull-through operation due to resid-
ual hypoganglionosis. An overall mortality rate
of 8% has recently been reported with the major-
ity of patients who died being newborns suffering
from severe enterocolitis (Puri and Gosemann
2012). As the dysmotility in isolated HG may

also affect the urinary system, recurrent urinary
tract infections are a common problem and there-
fore should be monitored actively.

70.5 Immature Ganglia

Immature ganglia (IG) are normally found in rec-
tal biopsies from premature infants presenting
with functional bowel obstruction. Not surpris-
ingly, delayed maturation of ganglion cells in the
submucosal and myenteric plexuses has been
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reported to be the most common cause of chronic
constipation during the first year of life (Feichter
et al. 2009).

70.5.1 Epidemiology

Strong epidemiological data on the incidence of
IG is unfortunately lacking. In 1997, 4 (2.8%)
cases of immature ganglion cells were reported in
a cohort of 141 patients with intestinal neuronal
malformations. More recently, 10 (5.6%) cases of
IG were discovered in bowel specimens of 178
patients with variants of HD (Friedmacher and
Puri 2013).

70.5.2 Pathogenesis

A combination of large (i.e., fully mature) and
small (i.e., immature) ganglion cells can be found
at birth (Burki et al. 2011). In the early postnatal
period, ganglion cells in the submucosal plexus
are generally less developed than the ones in the
myenteric plexus (Smith 1968). It has further
been demonstrated that this immaturity is a phys-
iological, age-dependent phenomenon and the
maturation of IG strongly correlates with the age
of the patient (Holschneider et al. 1994; Smith
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1968). Strong evidence supporting this theory
has arisen from several animal studies showing
postnatal maturation of the submucosal and
myenteric plexuses (Friedmacher and Puri 2013).
Hence, the finding of IG on rectal biopsy may be
a reliable indicator of transient functional imma-
turity of the bowel (Burki et al. 2011).

70.5.3 Clinical Presentation

Patients with IG usually present with a history of
chronic constipation or functional bowel obstruc-
tion resembling HD. Further clinical features
may include slow transit peristalsis and insuffi-
cient defecation.

70.5.4 Diagnosis

In general, the diagnosis of IG can be made from
full-thickness rectal biopsies. The ganglion cells
appear very small and have a less significant
nucleus with an inconspicuous nucleolus
(Fig. 70.3a, b) (Smith 1968). However, with
AChE immunohistochemistry, it is often not pos-
sible to distinguish between these small ganglion
cells and their supporting enteric glial cells.
Therefore, NADPH-d and NCAM staining have

Fig. 70.3 Hematoxylin and eosin staining (a) and AChE immunohistochemistry (b) in a patient with IG, showing

immature ganglion cells
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been suggested as neuronal markers to show the
small ganglion cells more clearly (Puri 1997).
Enzyme histochemistry for succinate and lactate
dehydrogenase is also commonly used to deter-
mine IG, demonstrating an absent or rather weak
positive reaction (Holschneider et al. 1994; Meier-
Ruge and Bruder 2005). In addition, cathepsin D
has been recommended to assess the maturation
of immature ganglion cells in more detail
(Friedmacher and Puri 2013). Another helpful
biomarker to detect IG is the apoptosis regulator
B-cell lymphoma 2 (Friedmacher and Puri 2013),
which clearly differentiates immature small neu-
rons from enteric glial cells and satellite cells.

70.5.5 Management

The management of patients with IG is conserva-
tive with the use of laxatives and enemas
(Friedmacher and Puri 2013).

70.5.6 Outcome

The vast majority of patients with IG can be suc-
cessfully managed with conservative treatment
measures until their ganglion cells are fully
mature (Holschneider et al. 1994). Nevertheless,
it is recommended to repeat the biopsy 12 to
18 months after initial investigation.

70.6 Absence of the Argyrophil
Plexus

The lack of argyrophil cells in the myenteric
plexus, which is also known as the absence of the
argyrophil plexus (AP), is a rare cause of consti-
pation and functional bowel obstruction in infants
and children.

70.6.1 Epidemiology

There is a paucity of published data on the inci-
dence of this very rare condition. In 1997, Prem
Puri found three cases with an absence of the AP
in their series of patients with functional bowel

disorders (Puri 1997). Familial cases in the off-
spring of consanguineous parents and recurrence
in siblings suggest that the absence of the AP
may be inherited in an autosomal-recessive man-
ner (Auricchio et al. 1996; Tanner et al. 1976).

70.6.2 Pathogenesis

There are two distinct subtypes of nerve cells in
the myenteric plexus, which can be distinguished
by their affinity for silver stains: (1) argyrophil
cells and (2) argentaffin cells. Argyrophil cells
normally comprise between 5% and 20% of the
total number of myenteric neurons (Tanner et al.
1976). The processes of these cells along with
extrinsic and parasympathetic fibers form a com-
plex neuronal network within the myenteric
plexus, which is involved in the regulation of gas-
trointestinal peristalsis and transit time. Argyrophil
cells coordinate the activation of argentaffin cells,
which in turn secrete specific neurotransmitters
and ultimately cause contraction or relaxation of
muscle fibers within the bowel wall (Tanner et al.
1976). A distinct time lag has been demonstrated
between the appearance of both cell types, with
argyrophil cells appearing earlier than argentaffin
cells (Singh 1963). It has further been shown that
there is a caudocranial gradient in the differentia-
tion of these neuron cells in the human bowel
(Singh 1963). Therefore, it is suspected that the
disruption of this differentiation process may lead
to an absence of the AP.

70.6.3 Clinical Presentation

The clinical symptoms of patients with the
absence of the AP are highly similar to HD, thus
presenting with severe constipation, moderate
abdominal distension and the lack of peristalsis
(Auricchio et al. 1996).

70.6.4 Diagnosis

The absence of argyrophil cells and their neuronal
processes can only be demonstrated by using sil-
ver impregnation of full-thickness rectal biopsies
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Fig. 70.4 Silver staining showing normal AP (a) and absence of argyrophil cells (b) in a patient with absence of the

AP

(Fig. 70.4a, b), whereas conventional hematoxy-
lin and eosin staining, AChE immunohistochem-
istry and histochemistry with other neuronal
markers fail to show this abnormality (Puri 1997).

70.6.5 Management

Conservative management with laxatives and
enemas is sufficient in most patients with absence
of the AP. However, in some cases, internal
sphincter myectomy or the formation of a colos-
tomy may be required due to persistent constipa-
tion (Puri 1997).

70.6.6 Outcome

Conservative and surgical treatment of patients
with absence of the AP usually results in a satis-
factory outcome (Puri 1997).

70.7 Internal Anal Sphincter

Achalasia

Internal anal sphincter achalasia (IASA) has a
similar clinical presentation to HD, but with the
presence of ganglion cells in rectal biopsies.

Previously, IASA was referred to as ultrashort-
segment HD, which is characterized by an agan-
glionic segment of 1 to 3 cm above the pectinate
line, normal AChE activity in the lamina propria
and increased AChE activity in the muscularis
mucosae (Friedmacher and Puri 2012). Thus, it
has been suggested that IASA is a more accurate
term for this pathological entity, as many patients
with the absence of the rectosphincteric reflex on
anorectal manometry actually showed the pres-
ence of ganglion cells combined with normal
AChE activity in rectal biopsies (Doodnath and
Puri 2009).

70.7.1 Epidemiology

A total number of 395 cases with IASA have
been reported in the literature since 1973
(Friedmacher and Puri 2012). However, the exact
incidence of IASA is unknown.

70.7.2 Pathogenesis

Despite attempts of numerous investigators to
determine the pathophysiological mechanisms of
IASA in more detail, the exact pathogenesis
remains unclear. Age-related changes in the
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developing intramuscular innervation of the
internal anal sphincter (IAS) most likely form the
basis for the observed motility dysfunction
(Doodnath and Puri 2009). By analyzing
NADPH-d activity (Fig. 70.5a, b), it has been
shown that absent to marked reduction of nitrer-
gic innervation within the IAS of patients with
IASA may be the underlying pathomechanism
leading to spasm or increased tone (Friedmacher
and Puri 2013). Additionally, a defective innerva-
tion of the neuromuscular junction of the IAS
with decreased expression of PGP9.5 and synap-
sin-1 has been identified (Friedmacher and Puri
2013). Absent to markedly reduced NADPH-d
and NCAM activity in the IAS of patients with
TASA has also been demonstrated (Friedmacher
and Puri 2013). More recently, a reduced number

a Air Inflation

of c-Kit-positive ICCs have been found in the
IAS of patients with TASA (Rolle et al. 2007).
The deficiency in nitrergic innervation and ICCs
may explain the impaired IAS relaxation in
patients with IASA.

70.7.3 Clinical Presentation

In most cases, the clinical presentation of IASA
is similar to that of HD. Patients with IASA gen-
erally suffer from chronic and severe constipa-
tion with or without soiling. Approximately one
third of these patients have a history of abdomi-
nal distension and failure of laxative therapy
(Doodnath and Puri 2009).
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Fig.70.6 Anorectal manometry showing evidence of the
rectosphincteric reflex in a normal IAS (a). The absence
of the rectosphincteric reflex on rectal balloon inflation

70.7.4 Diagnosis

The diagnosis of IASA is based on clinical symp-
toms in combination with anorectal manometry
findings, showing the absence of the rectosphinc-
teric reflex along with marked increased rhyth-
mic activity (Fig. 70.6a, b). Furthermore, rectal
biopsies demonstrate the presence of ganglion
cells and normal AChE activity, as well as deple-
tion of nitrergic nerves within the IAS (Puri and
Gosemann 2012).

70.7.5 Management

Traditionally, posterior IAS myectomy has been
recommended for the treatment of IASA. More
recently, intrasphincteric injection of botulinum
toxin has been introduced as a less invasive thera-
peutic alternative (Friedmacher and Puri 2013).

70.7.6 Outcome

The vast majority of patients with ITASA have
regular bowel movements after treatment irre-
spective of the therapeutic approach (Puri and
Gosemann 2012). However, a recent meta-

with marked increased rhythmic activity of the IAS (b) in
a patient with IASA

analysis has indicated that posterior IAS myec-
tomy appears to be a more effective treatment
option resulting in better functional outcome
compared to intrasphincteric botulinum toxin
injection (Friedmacher and Puri 2012). The rate
of transient fecal incontinence, non-response and
subsequent surgical procedures was significantly
higher after injection of botulinum toxin, whereas
long-term improvements were significantly more
frequent following IAS myectomy. Interestingly,
no differences were found in the postoperative use
of laxatives or enemas, postoperative soiling and
constipation between both procedures.

70.8 Megacystis-Microcolon-
Intestinal Hypoperistalsis
Syndrome

Megacystis-microcolon-intestinal hypoperistal-
sis syndrome (MMIHS) is an extremely rare con-
dition and the most severe form of functional
bowel obstruction in the newborn, characterized
by massive abdominal distension caused by a
large-dilated, non-obstructed bladder, microco-
lon with malrotation and decreased or absent
intestinal peristalsis (Fig. 70.7a, b) (Puri and
Gosemann 2012).



962

F. Friedmacher and P. Puri

Fig. 70.7 Voiding cystourethrogram (a) and barium contrast enema (b) showing massively enlarged bladder and
microcolon in a patient with MMIHS

70.8.1 Epidemiology

In the published literature, there has been a total
of 450 reported MMIHS patients (Nakamura
et al. 2019). A male-to-female ratio of 1:2.3 has
been observed, suggesting a distinct female pre-
dominance. In comparison to affected females,
male patients with MMIHS seem to have a
shorter life expectancy. This is most likely due to
increased severity of this condition in males
compared to females (Kohler et al. 2004).
Furthermore, the occurrence of familial cases in
the offspring of consanguineous parents and
recurrence in siblings indicates that MMIHS
may be inherited in an autosomal-recessive man-
ner (Nakamura et al. 2019).

70.8.2 Pathogenesis

MMIHS was first observed in 1976 in five new-
born girls (Berdon et al. 1976), who presented

with the above characteristic features. Since
then, various hypotheses have been proposed to
explain the pathogenesis of MMIHS. Genetic,
myogenic, neurogenic and hormonal etiologies
have been discussed (Puri and Gosemann 2012).
However, most of these theories have been
derived from case reports due to the rarity of this
condition. Thus, the etiology remains poorly
understood. At present, several candidate genes
for MMIHS have been identified. The gene
knockout of the nicotinic acetylcholine receptor
(nAChR) in transgenic mice resulted in a pheno-
type similar to that of human MMIHS
(Friedmacher and Puri 2013). Furthermore, it
has been shown that a lack of expression of the
a3, 2 and 4 subunits of nAChR in small bowel
tissue from patients with MMIHS contributes to
the pathogenesis of this rare syndrome (Puri and
Gosemann 2012). CHRNA3 and CHRNB4 genes,
which both code for the 4 subunit of nAChR,
are additional strong candidates (Friedmacher
and Puri 2013). Published data also points to a
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dysfunction within the smooth muscle layer.
Vacuolar changes in the smooth muscle cells
within the bowel and bladder wall have been
reported in patients with MMIHS (Fig. 70.8a, b)
(Puri et al. 1983). Therefore, it has been sug-
gested that the observed smooth muscle myopa-
thy may be the underlying cause of MMIHS
(Puri et al. 1983; Rolle et al. 2002). The expres-
sion of several contractile and cytoskeleton pro-
teins, such as aSMA, calponin, caldesmin and
desmin, has also been found to be absent or
decreased in the colonic smooth muscle tissue of
patients with MMIHS (Puri and Gosemann
2012). Further support of this theory is derived
from the findings of abnormal synaptophysin
distribution in the circular muscle layer of bowel
and bladder specimens, as well as increased con-
nective tissue and atrophic smooth muscle fibers
(Friedmacher and Puri 2013). Moreover, a
decreased expression of ICCs in the bladder has
been observed (Rolle et al. 2007). In addition to
the smooth muscle dysfunction, other studies
have focused on neuronal differences in
MMIHS. Previously, immaturity and malfunc-
tion of autonomic nerve endings in the whole
gastrointestinal tract have been demonstrated
(Puri and Gosemann 2012). Axonal dystrophy
and additional defects of the autonomic innerva-

Fig.70.8 Electron microscopy of smooth muscle cells in
normal bowel (a). Central core degeneration resulting in
empty vacuoles (asterisks) and increased connective tis-

tion in the intestine of patients with MMIHS
have also been reported (Friedmacher and Puri
2013). In addition, an intramural inflammatory
process that affects the gastrointestinal and uri-
nary tract has been proposed in the pathogenesis
of MMIHS (Puri and Gosemann 2012).

70.8.3 Clinical Presentation

On prenatal ultrasound or MRI scans, an enlarged
bladder with hydronephrosis, microcolon and
intestinal malrotation can often be demonstrated.
The clinical presentation of MMIHS is similar to
that of other severe neonatal intestinal obstruc-
tion, typically presenting with massive abdomi-
nal distension, which is a consequence of the
largely dilated, non-obstructed bladder with or
without upper urinary tract dilatation. The major-
ity of patients with MMIHS require either vesi-
costomy or catheterization as they are unable to
void spontaneously. A strikingly abnormal detru-
sor muscle has been identified in these patients,
which is most likely the cause for the voiding
dysfunction (Friedmacher and Puri 2012).
Additional common findings are bile-stained
vomiting, absent or decreased bowel sounds and
failure to pass meconium.

sue (triangles) in smooth muscle cells (b) of a patient with
MMIHS
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70.8.4 Diagnosis

There should be an emphasis on the prenatal
diagnosis of MMIHS to allow for adequate pre-
natal counseling to enable future parents to
make an informed decision regarding the con-
tinuation of the pregnancy, given the poor prog-
nosis of this severe condition. The diagnosis of
MMIHS is usually made on the basis of prenatal
ultrasound findings and characteristic clinical
presentation in the immediate neonatal period.
An enlarged bladder and hydronephrosis can
already be found on fetal ultrasound studies. An
analysis of enzymatic changes in amniotic fluid
in combination with MRI scans can further con-
tribute to the prenatal diagnosis of MMIHS
(Garel et al. 2006). A histological evaluation of
myenteric and submucosal plexuses revealed
normal ganglion cells in 77% of the investigated
bowel specimens from patients with
MMIHS. The remaining 23% were shown to
have various neuronal abnormalities including
hyper-/hypoganglionosis and immature ganglia
(Friedmacher and Puri 2013). In addition, some
authors found significant anomalies in smooth
muscle cells from bowel and bladder specimens,
such as vacuolar degeneration and thinning of
the longitudinal muscle (Puri et al. 1983; Rolle
et al. 2002).

70.8.5 Management

The management of patients with MMIHS is lim-
ited. A number of prokinetic drugs and gastroin-
testinal hormones have been tried without any
success. Surgical treatment usually has to be per-
formed for malrotation, bowel obstruction and
megacystis to achieve decompression of bowel
and bladder. However, in most cases, these inter-
ventions do not result in any improvement in
enteral food intake, functional bowel obstruction
or bladder function. Consequently, the majority
of patients with MMIHS are maintained on total
parenteral nutrition (TPN), which leads to further
comorbidities, such as catheter sepsis, dyslipid-
emia, TPN-associated liver disease and eventu-

ally chronic liver failure (Gosemann and Puri
2011). Intestinal and multivisceral transplanta-
tion has recently been introduced as a valuable
therapeutic alternative in patients with irrevers-
ible intestinal pathology and failure of TPN. To
date, 12 multivisceral transplantations have been
reported in MMIHS patients (Puri and Gosemann
2012).

70.8.6 Outcome

The survival rate of MMIHS has improved con-
siderably in recent years from 12.6% initially to
55.6%. Between 1977 and 2011, an overall sur-
vival rate of 19.7% was reported with the oldest
survivor being 24 years old. Overwhelming sep-
sis, multiple organ failure and malnutrition have
been shown to be the most frequent causes of
death in MMIHS patients (Gosemann and Puri
2011). A 3-year survival rate of 50% with all sur-
vivors tolerating enteral feeding and showing
adequate gastric emptying has recently been
reported (Loinaz et al. 2005). Improvements in
outcome have mainly been due to more special-
ized care, innovations in parenteral nutrition and
the introduction of multivisceral transplantation.

70.9 Conclusion

Conditions that clinically resemble HD despite
the presence of ganglion cells on rectal biopsies,
can be diagnosed by providing an adequate
biopsy specimen and employing a variety of his-
tological staining techniques. The two most com-
mon disorders in variant HD are IND and
IASA. The majority of patients with IND can be
successfully managed with conservative treat-
ment measures or IAS myectomy if required.
Thus, pull-through operation is rarely indicated
in the management of IND. IASA, which is char-
acterized by a reduction of nitrergic innervation
within the IAS, can be diagnosed by anorectal
manometry and successfully treated by either
posterior IAS myectomy or alternatively, an
intrasphincteric injection of botulinum toxin.
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