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Hirschsprung's disease: a review of the morphology and physiology

E. R. HOWARD
M.S., F.R.C.S.

King's College Hospital, London, S.E.5*

MANY theories have been postulated to account for
'congenital megacolon' since the classical descrip-
tion by Hirschsprung in 1888. At first the dilated
bowel of the megacolon attracted most of the atten-
tion but later most features of the disease were attri-
buted to the absence of ganglion cells in an un-
dilated segment of distal bowel. More recently,
however, morphological and physiological observa-
tions have suggested that the cause is a more complex
abnormality of innervation which involves not only
the ganglion cells but also the distribution of adren-
ergic and cholinergic nerves within the bowel wall.
Variations in this abnormal innervation may account
for differences in the clinical progress and presenta-
tion of patients with Hirschsprung's disease.

Morphology
Osler (1893) was probably the first to suggest that

'congenital megacolon' was caused by a defect in the
innervation of the colon which resulted in a failure
of normal evacuation. Three early reports of histo-
logical abnormalities in the Auerbach plexus of
bowel distal to the megacolon (Tittel, 1901; Dalla
Valle, 1920; Cameron, 1928) were mostly ignored,
although all three suggested that the observations
might indicate that there was a segment of bowel
incapable of normal peristalsis.
A constant histological abnormality in Hirsch-

sprung's disease was defined later in three papers
which reported an absence of ganglion cells in vari-
able lengths of rectum and colon, the aganglionosis
always beginning in the lower part of the rectum and
extending proximally (Whitehouse & Kernohan,
1948; Zuelzer & Wilson, 1948; Bodian, Stephens &
Ward, 1949). Large nerve trunks were found be-
tween the longitudinal and circular muscle (Figs. 1
and 2).

Early histochemical studies of aganglionic bowel
showed that the large nerve trunks were strongly
positive for acetylcholinesterase (AChE) and they
were therefore regarded as cholinergic or para-
sympathetic nerves (Kamijo, Hiatt & Koelle, 1953;
Adams, Marples & Trounce, 1960). Further work
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FIG. 1. A ganglion of Auerbach's plexus in normal
bowel. Stained with H & E, x 225.
FIG. 2. Rectum from a patient with Hirschsprung's
disease. Ganglia are absent but large nerve trunks are
seen between the longitudinal and circular muscle. H
& E, x 90.

demonstrated AChE-positive nerves within the cir-
cular muscle (Niemi, Kouvalainen & Hjelt, 1961;
Meier-Ruge, 1968) and this suggested that the agan-
glionic bowel might be innervated by cholinergic
fibres.

Recently the muscle innervation of Hirschsprung
bowel has been re-investigated. Cholinergic nerves
have been visualized by staining for acetyl
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472 E. R. Howard

cholinesterase (Garrett, Howard & Nixon, 1969)
whilst adrenergic nerves have been identified by a
catecholamine fluorescence technique (Bennett,
Garrett & Howard, 1968; Garrett et al., 1969;
Gannon, Noblett & Burnstock, 1969).

Electron microscopy has been used to determine
the normality or otherwise of the constituent axons
of nerves revealed by histochemistry and to deter-
mine the presence or absence of neuro-effector or
innervation sites within the muscle layers (Howard
& Garrett, 1970). If nerves within the muscle layers
have a functional role then neuro-effector sites should
be readily identifiable.

In normal colon and rectum the circular muscle
contains moderatenumbers of AChE-positive nerves,
whilst the longitudinal muscle contains rather fewer
(Fig. 3). The ganglia of the intermyenteric zone con-
tain acetylcholinesterase but there is considerable
variation in the staining of individual neurones.

In contrast, the greater proportion of fluorescent
adrenergic nerves in normal bowel are found in close
association with ganglia (Fig. 4) and only a few are
present within the muscle layers themselves (Nor-
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FIG. 3. Normal rectum stained for acetylcholinesterase.
AChE-positive nerves are seen within both muscle
layers. Ganglia show variation in staining. x 69.
NB-In Figs. 3, 4, 6, 7 and 8 the longitudinal muscle is
on the left.
FIG. 4. Formalin induced fluorescence in normal rectum.
Fluorescent adrenergic nerves are distributed mainly
around ganglia. Few are seen within the muscle layers.
x 63.

berg, 1964; Jacobowitz, 1965; Baumgarten, 1967).
The adrenergic nerves are distributed mainly around
the periphery of ganglia but the ganglion cells are
never fluorescent and are therefore non-adrenergic.
As with AChE-positive nerves the pattern of distri-
bution of adrenergic fibres shows little variation at
different levels of human colon and rectum.
With electron microscopy large numbers of non-

myelinated nerves are seen within the muscle layers
of normal bowel arranged in typical Schwann-axon
bundles. Each bundle may contain up to twenty
axons per Schwann cell. The axons are often found
partially bared of Schwann-cell cytoplasm in close
proximity to muscle cells, the gaps being less than
500 A. These arrangements are typical of neuro-
effector or innervation sites within smooth muscle
(Fig. 5).

Histochemical examination of bowel resected from
patients with Hirschsprung's disease shows that in
contrast to normal bowel there is a variation in the
distribution of AChE-positive nerves at different
levels of each specimen. There is also a variation in
the numbers of nerves between different cases. Thus,
the circular muscle of the distal rectum tends to
contain more AChE-positive nerves than normal
rectum at the same level (Fig. 6). Ascending the
bowel these nerves gradually diminish in number
until the most proximal aganglionic tissue contains
fewer than normal. In addition, the zone above the
aganglionic bowel where ganglia first appear, also
contains fewer muscular nerves than normal (Fig. 8).
These observations confirm earlierwork on the acetyl-
cholinesterase content of Hirschsprung bowel by
Kamijo et al. (1953). These authors used a mano-
metric method of estimation and reported that there
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FIG. 5. Electron micrograph showing a vesiculated axon
in close proximity to a circular muscle cell-an arrange-
ment typical of smooth muscle innervation sites.
x 10,000.
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Hirschsprung's disease 473

was much less acetylcholinesterase activity in proxi-
mal ganglionic tissue than in distal aganglionic
bowel, and also that there was less than in normal
controls. Further, recent pharmacological estima-
tions of acetylcholine release from Hirschsprung
bowel have shown that there are greater quantities
ofthetransmitter inthe distalcontractedsegment than
in the proximal dilated bowel (Crema, 1971) and
provide further confirmation of the pattern of
cholinergic nerve distribution revealed by histo-
chemistry.
The normal arrangement of adrenergic nerves is

not possible in aganglionic bowel. Instead, the
nerves are distributed through both muscle layers
(Fig. 7). As with the AChE-positive nerves, the
largest number of adrenergic fibres is found in the
distal rectum and these numbers gradually decrease
in a cephalad direction (Garrett et al., 1969; Gannon
et al., 1969). As soon as ganglia appear in the sections
the normal periganglionic arrangements are seen.
Again there is variation in numbers of nerves be-
tween different cases, varying from many more
than normal in some, to very few in others. It is of
interest that in some specimens it is the circular
muscle that is most heavily innervated with adren-
ergic nerves whilst in others it is the longitudinal
muscle.

Electron microscopy of the large nerve trunks of
the intermuscular zone of aganglionic bowel reveals
the presence of a few myelinated axons amongst
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FIG. 6. Distal aganglionic bowel in Hirschsprung's
disease stained for AChE. Densely stained nerve trunks
are present in the intermyenteric zone. Many AChE-
positive nerves are seen in the circular muscle. x 38.
FIG. 7. Formmlin-induced fluorescence in aganglionic
bowel. Large numbers of adrenergic nerves are seen with-
in both longitudinal and circular muscle. x 40.
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FIG. 8. Segments of bowel from different levels in the
same case of Hirschsprung's disease stained for AChE
activity. (a) Proximal ganglionic zone showing a ganglion
and normal number of nerves in muscle layers. x 80.
(b) Distal ganglionic zone showing a ganglion but few
nerves in the muscle. x 80. (c) Proximal aganglionic
zone showing nerve trunks but few nerves in the muscle.
x 80. (d) Distal aganglionic zone showing nerve trunks
and many nerves in the circular muscle. x 80.

hundreds of non-myelinated axons, the whole being
surrounded by a sheath of perineural cells and colla-
gen (Fig. 9). The ultrastructure of the non-myelinated
axons within the muscle layers shows no obvious
difference from normal except perhaps an increase
in the numbers of axons in many of the Schwann-
axon bundles. Sites similar to the neuro-effector
junctions of normal bowel are easily identifiable,
especially in distal tissue, and this suggests that the
nerves are truly functional.

Physiology
Early theories on the pathophysiology of the

functional obstruction in Hirschsprung's disease
were often derived from experiments on the auto-
nomic nervous system in animals. It was suggested,
for example, that the obstruction might be due to
overactivity of the sympathetic nervous system
(Alvarez, 1922; Hunter, 1924) after experiments
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FIG. 9. Electron micrograph of portion of large nerve
trunk from intermyenteric zone of aganglionic bowel.
A small myelinated axon is seen. x 5600.

had shown that stimulation of lumbar sympathetic
nerves in cats caused inhibition of colon activity and
contraction of the internal anal sphincter (Langley
& Anderson, 1895). Hurst (1934) thought that the
disease was caused by a failure of relaxation of the
internal sphincter and believed that it was analogous
to achalasia of the cardia.
The first physiological studies of patients with

Hirschsprung's disease were reported by Swenson,
Rheinlander & Diamond (1949) and Hiatt (1951).
Recordings from small balloons which had been in-
serted to different levels of colon and rectum showed
that contractions occurred in aganglionic segments
but that this activity bore no relation to the peristal-
tic waves of the more proximal ganglionic bowel.
These unco-ordinated movements of the aganglionic
bowel were also seen on barium examinations.

Recently intraluminal pressure measurements
have been used to study muscle activity in the rectum
and anal sphincters of patients with Hirschsprung's
disease. Synchronous measurements of activity at
different levels were recorded with either rubber-
covered probes carrying multiple small air-filled
chambers (Lawson & Nixon, 1967) (Fig. 10), or with
larger balloons mounted in tandem (Schnaufer et al.,
1967). Contractions of voluntary muscle in the ex-
ternal anal sphincter were monitored from electro-
myograph recordings taken with either needle or
surface electrodes.

Recordings from the normal unstimulated rectum
showed occasional co-ordinated contractions which
produced only small rises of intraluminal pressure.
Contractions of the muscle of the anal sphincter

Rectal balloon
7 -

6 -

450P

E
e 3 -

C Anal
_

2 canal
0 2 -chombers

-

Fig. 10. Diagram of probe used to record intraluminal
pressures in the anorectum.

could be recognized by two types of activity recorded
from within the anal canal (Fig. 11). The smooth
muscle of the internal sphincter produced rhythmical
contractions with a frequency of 12-24/min and a
mean pressure of 40-50 cm H20O (Howard & Nixon,
1968). In constrast, contractions of the voluntary
muscle of the external sphincter were irregular and
were accompanied by changes in the EMG. Con-
tractions caused by stimulation of the external
sphincter would usually mask the rhythmic activity
of the internal sphincter especially in the lower half
of the anal canal.

Distension of the normal rectum with an air-filled
balloon was followed by a simple co-ordinated rectal
contraction of 15-20 sec duration. The rectum then
adapted to the distending volume with the result that
increasing increments of air produced only a gradual
rise in rectal pressure.
The effects of rectal distension on normal anal

canal pressures were complex as they depended on
the different reflex responses of the internal and
external sphincters (Fig. 11). A fall in pressure and
inhibition of rhythmical activity similar in duration
to the rectal contraction were recorded from the
smooth muscle of the internal sphincter. In contrast
the activity of the voluntary muscle of the external
sphincter was increased by rectal distension so that
when continence was threatened by the injection of
a large quantity of air the consequent rise in external
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FIG. 11. Normal anal sphincter response to rectal distension. A rectal contraction is
accompanied by inhibition of the internal sphincter (IS) and contraction of the external
sphincter (ES). The pressures are in cm of water.

sphincter pressure would more than compensate for
the relaxation of the internal sphincter.

Recordings taken from the aganglionic segments
of rectum and anal canals of patients with Hirsch-
sprung's disease differed markedly from the normal
controls (Fig. 12). Whereas normal rectum adapted

to a distending volume of air, aganglionic bowel
produced a more sustained rise of intraluminal
pressure which was modified to some extent by con-
tractions which varied in duration and strength.
Further, recordings from the anal canal revealed a
complete absence of reflex inhibition in the internal

6 0 -0T
Sphincter 40

20

Sphincter ,, \

(amplification)

Sec Wrrrr rTr mm'irr7 , rrrv-v ,vrrvvvmrvr m, vv,,vvrvmvvvvv vvvvmmv7r'vvvvv '-rrrr rrr- rfrm
5ml + 5ml

FIG. 12. Hirschsprung's disease in an infant of 5 weeks. Rectal distension has no effect on the muscle
activity of the internal sphincter.
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476 E. R. Howard

sphincter. Rhythmical contractions of this muscle
were rather more prominent than in normal controls
and were not reduced by rectal distension. No
differences were detected in the responses of the
external anal sphincter.

In summary, there are three abnormalities of
muscle activity in aganglionic bowel which can be
recorded with intraluminal balloon techniques.

(1) There is an absence of co-ordinated peristalsis.
(2) Unco-ordinated contractions of variable

strength and duration replace normal motility.
(3) Inhibitory reflexes between rectum and inter-

nal anal sphincter are absent.

Discussion
In normal bowel the motility of the hind-gut is

controlled by the cholinergic parasympathetic nerves
of the sacral outflow and the adrenergic nerves of
the lumbar sympathetic system. The cholinergic
nerves are motor in function whilst the adrenergic
system is inhibitory. Myenteric ganglion cells co-
ordinate motor activity and almost certainly play a
part in inhibitory reflexes through their close re-
lationship with adrenergic nerves.
The bowel dysfunction in Hirschsprung's disease

is the result of a complex abnormality which involves
all parts of this autonomic innervation. Myenteric
ganglion cells are absent in a variable length of
distal bowel and consequently peristalsis and the
normal forward propulsion of bowel contents does
not occur. The resulting obstruction is probably
augmented by the abnormalities of cholinergic and
adrenergic innervation. Cholinergic nerves are
present in aganglionic bowel, often in very large
numbers, and their functional role is indicated by
the presence of neuro-effector sites within the muscle
layers. Adrenergic nerves are also present but their
normal arrangement around ganglion cells is not
possible. The unco-ordinated motor effects of the
cholinergic nerves and the absence of normal
adrenergic inhibitory mechanisms could both accen-
tuate the functional obstruction caused by theabsence
of peristalsis. Paralysis of cholinergic nerves may
also explain the observation that relaxation of
aganglionic bowel may be induced by spinal anaes-
thesia (Ehrenpreis, 1946; Bodian et al., 1949).
The demonstration of fewer muscular nerves than

normal in the ganglionic bowel adjacent to the agan-
glionic segment may be a further factor in Hirsch-
sprung's disease. The sparse distribution of choliner-
gic nerves in this area suggests that it may be a zone
of reduced motor activity the effect of which would
be to accentuate any obstruction caused by un-
co-ordinated motor activity in more distal bowel.

It has been suggested that variation in innervation
may explain the variation in clinical presentation.
Although the majority of patients have some delay in

the passage of meconium during the first few days of
life only a proportion go on to complete intestinal
obstruction. A few appear to develop a satisfactory
bowel habit for a time and present later with con-
stipation whilst others suffer repeated attacks of sub-
acute obstruction.
The length of the aganglionic segment is an im-

portant factor and where this extends proximal to
the sigmoid colon it is very likely to produce intesti-
nal obstruction in the neonatal period. It is well
known, however, that even in disease restricted to
the rectosigmoid the degree of obstruction may vary
from case to case. Recently some correlation has
been found between the severity of clinical presen-
tation and the numbers of cholinergic nerves within
the circular muscle of distal aganglionic bowel.
Aganglionic segments containing large numbers of
nerves have been found in patients presenting with
complete obstruction in the neonatal period (Garrett
et al., 1969), whilst segments with fewer cholinergic
nerves have been resected from children who pre-
sented later in life with lesser degrees of obstruction.
The degree of cholinergic innervation and con-

sequent motor activity in aganglionic segments may
therefore explain some of the variation in clinical
presentation whilst further variability may be a result
of diminished cholinergic nerve supply in the distal
ganglionic bowel, or transitional zone.

In summary, recent work suggests that the func-
tional obstruction of Hirschsprung's disease is due
to at least four abnormalities in the innervation of
the affected segment of bowel:

(1) An absence of ganglion cells with a consequent
lack of co-ordinated peristalsis.

(2) An absence of normal sympathetic innervation
preventing effective relaxation.

(3) Increased numbers of cholinergic nerves in
distal bowel inducing unco-ordinated motor activity.

(4) Reduced cholinergic innervation of more
proximal areas producing a zone of poor motor
activity.
The management of patients with Hirschsprung's

disease has recently been reviewed in detail by Nixon
(1971) who included a description of the operations
used for the resection of aganglionic bowel. The
recent histochemical studies suggest that these
resections should always include adequate lengths of
the dilated ganglionic as well as the undilated agan-
glionic bowel to include the zone with a reduced
muscle innervation. It is possible that inadequate
removal of this tissue may lead to the incomplete
relief of symptoms.
The histochemical assessment of innervation has

been used for the diagnosis of Hirschsprung's disease
on rectal biopsy specimens. Meier-Ruge (1968) con-
sidered that an increased number of cholinesterase-
positive nerves was diagnostic of the disease whilst
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Gannon et al. (1969) depended on the increased ad-
renergic innervation of the muscularis mucosae. The
clear identification of ganglia with rapid non-specific
esterase staining techniques has also been reported
(Garrett & Howard, 1969). An alternative technique
for the preliminary diagnosis of congenital agan-
glionosis has been developed from the physiological
studies. It has been shown that in the investigation
of bowel dysfunction rectal biopsy can be restricted
to patients in whom there is an absence of the normal
recto-anal inhibitory reflex (Howard & Nixon, 1968;
Tobon et al., 1968) as this reflex is present in patients
presenting with constipation from other causes.
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