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A Vascular Cause for Aganglionic Bowel
A New Hypothesis

RJ. Earlam, MA, MChir (Cantab), FRCS

It is suggested that three types of congenital gut lesions; atresia, stenosis
and aganglionic bowel, may follow occlusion of the blood supply in utero,
the type depending on the duration of ischemia. Interruption of the nor-
mal blood supply to the gut may lead to an infarct and the scar tissue
narrows the lumen. In utero stenosis and atresia of the small bowel have
been produced experimentally with this method. However, temporary
ischemia for 4 hours can cause selective destruction of ganglion cells
without permanently damaging other components of the gut wall. The
same etiologic mechanism, differing only in its severity, could explain the
anatomic distribution of atresias, stenoses and aganglionic bowel through-
out the whole gut. It is proposed that the rotational strains, which the
gut undergoes in its early development, could occlude the main arteries
and produce this ischemia.

This hypothesis is that temporary ischemia
of approximately 4 hours duration is the basic
mechanism whereby ganglion cells are selec-
tively destroyed, without permanent damage to
other components of the gut wall. This ischemia
could occur as a result of the rotational strains
which the gut undergoes in its early develop-
ment. Between the fifth and tenth week of hu-
man development, the bowel undergoes a 270°
counterclockwise rotation to assume its adult
position. At this stage, the diaphragm has not
descended nor has the chest developed, so the
whole gut is freely mobile except for attachment
in the upper thorax and the pelvis. The arteries
most affected by excessive rotation would be at
both ends where the gut is fixed. The gut
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rendered ischemic would not necessarily be
close to the neck of the volvulus but would be in
that part made anoxic by occlusion of its main
artery. After a given time, the excessive rota-
tion, causing this volvulus, would unwind and
the gut would rotate as usual to the normal
adult position.

This intrauterine ischemia could produce
Hi r schsp rung ' s disease and congeni ta l
achalasia of the esophagus. If it lasted longer,
producing a more serious infarct of the gut,
atresia could occur in the rectum and esoph-
agus. The small bowel atretic lesions are
probably not caused by these rotational strains
but would more likely result from obstruction in
an umbilical hernia before the gut returns fi-
na l ly to the a b d o m i n a l cavi ty . For some
unknown reason there are no comparable
aganglionic segments. Duodenal atresia could
be caused similarly by the secondary rotational
strains involved in positioning the duodenum to
the right of the abdomen and, in this instance,
there is a very rare aganglionic megaduodenum
with a similar anatomic distr ibut ion.
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Aganglionic lesions occurring later in life
could represent a gradual decompensation of a
congenital hypo- or aganglionic bowel. Evi-
dence that this could happen is taken from
Chagas' disease, where ganglion cells are lost
uniformly from the gut wall in childhood but
decompensation and dilatation may take up to
30 years to develop. Achalasia presenting in old
age is unlikely to be caused in a similar man-
ner.

DISTRIBUTION OF AGANGLIONIC BOWEL

Anatomy In achalasia* the ganglion cells
in Auerbach's plexus are either completely
missing or decreased in number in the body of
esophagus, both in relation to the smooth mus-
cle and the upper striated muscle portion. The
ganglion cell loss is always greatest proximally
in the body of the esophagus, extends a variable
distance distally to the gastroesophageal junc-
tion and, in a few instances, involves the fundus
of the stomach.

Aganglionic megaduodenum is rare( l ) but
underreported because the dilatation is usually
said to be caused by compression of the gut by
mesenteric vessels without histologic confirma-
tion. The second and third parts of the duo-
denum are affected, whereas the remainder of
the gut is normal.

In most pat ients wi th Hi rschsprung ' s
disease, a short distal segment is involved, but
in a minority there are longer segments of
agangl ionic bowel extending proximal ly .
Bodian (2, 3) gives the percentages as 82% for
the short segment, 17% for the long segment
extending to the pelvic colon and 1% involving
the small intestine as well as the colon. Fifty-
five cases of total colonic involvement have now
been described (4) and 31 cases involving both
colon and small intestine to the duodenojejunal
flexure are documented (5).

Epidemiology Aganglionic bowel is rare,
and it is difficult to assess its incidence accu-
rately on isolated reports. Aganglionic bowel is
not confined to one race because it occurs in

most countries of the world. It may also occur in
animals, achalasia being reported in dogs (6)
and megacolon in Queensland mice (7). The
only epidemiologic study on achalasia, with
limitations on its accuracy because of the low
density, gave an incidence figure of 0.6 per
100,000 per annum (8). Hirschsprung's disease
occurs between 1 in 2,000 (3) and 12,000 (9) of
all live births, but there is no agreement as to
the exact figure. Aganglionic megaduodenum
has been reported so infrequently that no epi-
demiologic data are available.

Clinical Hirschsprung's disease is usually
found at birth, although a very small minority
present later in life. Achalasia is a disease of the
third and fourth decades, although a few pa-
tients have been described with congenital
achalasia (10) and approximately 10% have
symptoms in childhood (11). No definite age
distribution occurs in aganglionic megaduo-
denum.

PREVIOUS ETIOLOGIC THEORIES

Achalasia of the Esophagus
Obstruction at the gastroesophageal

junction. Old theories had presumed that the
diaphragm caused an obstruction in the lower
esophagus, but manometr ic technics in
achalasia have shown that there is no coordi-
nated peristaltic wave in the body of the esoph-
agus and the gastroesophageal sphincter fails
to relax in response to every swallow. There is
no evidence that there is anything other than a
functional obstruction caused by incoordination
of the gastroesophageal sphincter.

Ganglion Cell Loss, a) Dilatation: Early
theories suggested that the dilatation of the
esophagus caused ganglion cell loss, but there is
no experimental evidence for this. Dilatation of
the colon does not lead to ganglion cell loss in
Hirschsprung's disease, b) Inflammation:
Auerbach's plexus often contains numerous
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lymphocytes, but there is no evidence that
inflammation or bacterial invasion will cause
ganglion cell damage. In most instances, the
mucosa is intact and there is no esophagitis.
Although bacterial invasion (12) and viruses
(13) have been suggested as etiologic agents,
as well as poison gas, they probably do not
cause anything other than the occasional
case of achalasia. c) Vitamin deficiency: The
high incidence in South America was thought to
be caused by Vitamin Bi deficiency (14) but,
when Chagas' disease was incriminated, this
theory fell into disrepute. Experimental defi-
ciencies in pigeons produced a dilated esoph-
agus but there is no evidence that this can
occur in humans, d) Chagas' disease: Child-
hood infection with the trypanosome, carried by
its vector the reduviid bug, occurs mainly in
Brazil (15). Neither the same trypanosome nor
the bug exist in Europe or Asia. Even though
both may coexist in some of the southern states
of the USA, better living conditions prevent this
from becoming a common disease. Outside
South America, achalasia is unlikely to be
caused by Chagas' disease.

Preganglionic Lesions. With the evi-
dence that division of the vagal trunks (16),
supranodal vagotomy (17) and destruction of
the vagal nuclei in the medulla (18) may all
cause d i l a ta t ion of the esophagus experi-
mentally, lesions of the preganglionic vagal
nerves have been suggested as a cause. Indeed,
lesions of the vagal trunks and the dorsal motor
nucleus of the vagus have been discovered in
achalasia (19, 20), but the essential point is
whether these changes in the preganglionic
nerves and nuclei are the result or the cause of
the ganglion cell changes in the esophagus. If
preganglionic nerves are divided, some workers
have suggested that transynaptic degeneration
of ganglion cells follows, but most have
found these cells to be independent of their
preganglionic nerves and have never seen
transynaptic degeneration (21-23). It is also
extremely unlikely that one pathologic process

would affect primarily both vagal trunks, the
dorsal motor nuclei on both sides in the medulla
and the ganglion cell in Auerbach's plexus,
since these are anatomically so far apart. But it
is possible that the ganglion cell changes are the
prime pathology and that the other pre-
ganglionic abnormalities follow secondarily due
to retrograde degeneration.

System Degeneration. Further theories
have avoided these controversial subjects of
transynaptic or retrograde degeneration by
suggesting that parts of the parasympathetic
system might degenerate together. Degenera-
tion can occur in one or more neuronal circuits
of the autonomic nervous system in syndromes
such as familial dysautonomia (Riley-Day syn-
drome) and Holmes-Adie syndrome (24).
Achalasia may be such a disease, but the etiol-
ogy of system degenerat ive disorders is
unknown, and the syndromes are only descrip-
tions.

Hirschsprung's Disease
A lesion of the neural crest has been suggest-

ed as the cause of ganglion cell loss in Hirsch-
sprung's disease (3), since ganglion cells mi-
grate from these areas. This idea was based on
experimental work in which the neural crest
and adjacent neural folds of the chick embryo
were removed in the first few days of develop-
ment (25). In the original work, autonomic
ganglia were lost over a wide area, whereas in
Hirschsprung's disease the aganglionic area is
confined to the gut, and the bladder almost
never lacks ganglion cells (26). If a lesion of the
neural crest were to explain the ganglion cell
loss, it would have to be accurately localized to
the neural crest of both sides and occur between
the fifth and tenth somite stage during the first
week of embryonic life before the cells migrate.
In Hirschsprung's disease, the areas where
Auerbach's plexus should be are very notice-
ably filled with neural fibres rather than cells.
In a congenital lesion at such an early stage
one would expect no evidence of these spaces.
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The histologic appearances are more compati-
ble with the cells having once been present and
then destroyed rather than never having mi-
grated to the gut.

EVIDENCE FOR THE PRESENT
HYPOTHESIS

Ischemia
In the adult, gangrene of the gut may follow

arterial obstruction due to a thrombosis, em-
bolus or strangulation in a hernia. This
gangrenous gut is usually removed surgically or
perforates, but it may recover spontaneously
with ensuing stenosis (27). Experimental work
in the dog has elucidated the exact damage done
by ischemia and the time factors involved (28).
Epi the l ium regenerated, but i r revers ib ly-
damaged muscle contracted and the bowel be-
came stenotic. This mechanism may also cause
congenital lesions because stenosis and atresia
have been produced experimentally in utero, by
causing a volvulus of the small bowel in puppies
before birth (29). Recent work on the chick
embryo, in which the mesenteric vessels were
disrupted, has also confirmed that ischemia may
cause stenosis of the gut (30). With this evi-
dence, the following classification has been
postulated for small-bowel lesions, depending
on the severity of the ischemia (31):

1. Stenosis
2. Type I atresia-membrane, septum, web

or diaphragm
3. Type II atresia-proximal and distal

blind ends connected by a bandlike
remnant

4. Type III atresia-disconnected blind ends
Atresia and stenosis may be caused by

ischemia lasting long periods, but temporary
ischemia destroys ganglion cells without per-
manently damaging the other tissues. This is
based on the concept that of the four basic tis-
sues in the intestinal wall—connective tissue,
epithelium, muscle and nerve—the latter is the
most sensitive to anoxia and can never re-

generate. E p i t h e l i a l t i s sue is most e a s i l y
damaged but recovers; muscle shows li t t le
change by light microscopy and can regenerate.
The optimum length of time for temporary
ischemia to destroy ganglion cells is 4 hours.
The original work on this was done by Cannon
and Burket in 1913 (32) and has been repeated
successfully with various refinements on nu-
merous occasions (33-36).

Distribution
Both achalasia and Hirschsprung's disease

occur a t t he e n d s o f t he g u t , w h e r e a s
aganglionic megaduodenum does not. Their
blood supply is, in a certain way, similar, be-
cause in the esophagus the main supply is from
the celiac axis, with lesser arteries direct from
the aorta. In the rectum, the main artery is the
inferior mesenteric with a smaller supply from
the branches of the internal iliac artery. The
duodenum is supplied by terminal pancreati-
coduodenal branches from the celiac axis and
the superior mesenteric artery. In all of these
examples, the bowel situated farthest away
from the arterial blood vessels is that which
may become aganglionic, whether the blood
supply is from one or two main arteries. The
anatomic distribution of aganglionic bowel is
according to the susceptibility of its blood sup-
ply.

Gradual Decompensation of Chagas'
Disease

There is now sufficient evidence to support
the theory that denervated bowel in Chagas'
disease passes through a compensatory mus-
cular hypertrophy stage before dilating (15).
The acute disease occurs in childhood but the
gastrointestinal symptoms of chronic Chagas'
disease appear over the next 20 to 30 years.
Megacolon is more frequent than achalasia,
and megaduodenum or megajejunum are very
rare. The large gut is always affected more than
the esophagus or small bowel in spite of an
equal number of ganglion cells being lost (15).
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No cause for this difference is known although
it has been suggested that the organ dealing
with more solid contents is more likely to
enlarge. If ganglion cell loss due to other causes
affected the gut equally throughout, dilatation
of the large bowel would be expected more fre-
quently than in other parts of the gut.

CIRCUMSTANTIAL EVIDENCE

Transitional Hypoganglionic Segment
If ischemia causes atresia, stenosis and

aganglionic bowel, there should be a transi-
tional zone between an atretic segment and
normal bowel. Hirschsprung's disease has been
found in association with both rectal atresia and
imperforate anus. It has been calculated that
this transition occurs in 3.4% of all rectal atre-
sia (37), but it increases above 50% if high rec-
tal atresias alone are considered (38).

In the esophagus, there is physiologic evi-
dence of disturbed motility after the repair of a
tracheoesophageal fistula (39), which is prob-
ably not due to the operation because deficient
peristalsis has been noted in the distal blind
pouch before the operation (40, 41). This ab-
normal peristalsis could be interpreted as
physiologic evidence for a transitional hypo-
ganglionic segment in the body cf the esoph-
agus.

Muscle Changes in Achalasia
In Hirschsprung's disease there is normal

muscle, but in achalasia there is nonspecific
smooth muscle damage (42, 43) which has been
confirmed by electron microscopy (19, 44).
These would more likely be associated with
ischemia than any of the other mechanisms
postulated for ganglion cell destruction.

Scleroderma
In this disease there is marked smooth muscle

damage in the gut wall, the esophagus dilates
and there is a failure of normal peristalsis in the
lower half. Pathologically, there is ganglion cell

loss as well as smooth muscle atrophy (45). Al-
t h o u g h the g a n g l i o n cel l loss m i g h t be
secondary to the muscle damage, both could be
caused by ischemia secondary to the arteriolar
damage, which is prominent in this condition.

Arterial Anomalies
Arterial anomalies have been noted in em-

bryos examined with congenital esophageal
atresia and tracheoesophageal fistulae (46), and
it has been said that 10% have vascular anom-
alies (47). In achalasia, the main vessels are
intact but there is damage to the small ar-
teries (12). Abnormal arteries have been noted
in Hirschsprung's disease as well ( 4 8 ) . I f
ischemia had destroyed ganglion cells, changes
in the arteries supplying the gut would be
expected, but it is unlikely that these changes
would occur if another etiology were pos-
tulated.

Acquired Aganglionic Bowel
Aganglionic bowel has been described after a

rectosigmoidectomy had been performed for
Hirschsprung's disease, leaving nothing other
than histologically normal bowel (49). In this
i n s t a n c e , the f u r t h e r a p p e a r a n c e o f an
aganglionic segment was thought to be caused
by poor blood supply to the remaining gut.
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