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Gastrointestinal Aspects of Chagas' Disease
Richard J. Earlam, MA, MChir, FRCS

Chagas' disease is an endemic infectious
disease caused by a trypanosome prevalent in
South America. An acute illness occurs in
childhood (1) and, if the patient survives, an
enlarged heart, dilated colon and megaesophagus (2) may develop 30 to 40 years
later as manifestations of chronic Chagas'
disease. The majority of those infected will always have a positive complement fixation test
for trypanosomiasis; only the minority progress
to this chronic phase with clinical signs and
symptoms. It is established from autopsy incidence that 4 million people in Brazil have
trypanosomiasis (3). In Sao Paulo 10% of blood
donors have a positive complement fixation
text (4). The disease is most prevalent in the
Minas Gerais area of Brazil, where about 25%
of the population have a positive complement
fixation test (5), but it occurs elsewhere in
Brazil and to a lesser extent in most South
American countries. The trypanosome itself is
found in the North American continent (6, 7)
but does not usually cause Chagas' disease; the
strain of trypanosome is different and the vectors do not have such a close relationship to
man as in South America. There is no evidence
that it exists in Europe (8) or Asia (9), and the
trypanosome of Africa causes sleeping sickness
rather than Chagas' disease.
CLINICAL FEATURES
The initial illness is contracted most frequently in childhood (4). While sleeping, a
baby is bitten by a reduviid bug, which lives in
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the mud walls or roof of thatched huts. These
bugs, infected with trypanosomes, search out an
exposed area of skin—usually the face. After a
blood meal lasting a variable period (10) the
bug defecates, leaving infected feces near the
skin wound. The patient may rub this bitten
area during his sleep, introducing the parasites
into the wound, or on waking contaminate the
conjunctiva. The unilateral swelling of the orbit
which results is called Romanas' sign (11). The
reservoir of infection extends not only to humans but also to dogs and cats within these
huts (12, 13, 14) and to many surrounding wild
animals. Adults may be infected through blood
transfusions (15) or by laboratory accidents.
Very rarely, children are infected with the
congenital form by transfer of parasites across
the placenta (16) or by maternal milk (4). The
acute phase in children has a mortality rate of 6
to 10% (5, 17, 18). The child presents with a
general malaise and fever, with muscular pains
and anorexia. There are local signs of the portal of entry (usually Romanas' sign) with accompanying lymph node enlargement. Later in
the acute phase there may be hepatosplenomegaly and generalized edema. Death is due to
cardiovascular involvement or acute meningocephalitis. The parasitemia disappears within
10 weeks but development of antibodies starts
in the first few weeks of infection. A precipitation test is only positive in the acute phase, but
the Machado-Guerreiro complement fixation
test usually remains positive throughout life
and is a good indication of previous infection.
In the chronic phase there are lesions classically of the heart and other hollow organs. In
one of the largest series, of 400 patients seen in
Sao Paulo, 332 had heart lesions, 105 had
megacolon, 88 had mega-esophagus, 24 had
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enlarged bronchi, 10 had enlarged stomachs, 8
had megaduodenum and 1 had megajejunum (4). Similar proportions have also been
reported elsewhere in Brazil (19, 20) and in
Chile (21). Males are more often affected than
females (22, 19,5,4).
Originally there was much skepticism as to
whether the enlarged gut found in South
America was in fact due to Chagas' disease,
because parasites are not usually found in the
chronic stages. The clinical association of these
manifestations, the positive complement fixation test and the discovery of the Leishmania
stage in mega-esophagus (23) were all circumstantial evidence in favor of this etiology.
However, the production of enlarged gut experimentally in mice, dogs (24) and monkeys (25), and the reduced ganglion cell counts
in infected rats (26) constituted incontrovertible
proof that these chronic forms are due to trypanosomiasis.
It is extremely difficult to assess how many
patients progress from the acute to the chronic
phase. Presence of antigens does not necessarily
indicate enlargement of hollow organs. No
clinical epidemiologic studies are available, so
the only evidence comes from autopsy series. In
one instance, 35% of patients examined after
death had either a megacolon or megaesophagus (19) but this is probably too high a
figure. In a more reliable series of 15,000 autopsies studied from 1938 to 1966 in north and
central Minas Gerais (where the disease is most
common), 875 (5.8%) had a cardiopathy and
145 (0.96%) had either megacolon or megaesophagus (27).
MICROSCOPY
Immediately after inoculation with trypanosomes, there is a phase of local multiplication
within cells. After intracellular reproduction
the second generation of trypanosomes reenters
the blood within 8 to 12 days, probably depending upon the strain (28, 29), the route of
inoculation and the density of infective forms of
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the innoculum. Parasitemia is always greater in
young animals (28) and lasts about 30 days in
experimental infections.
Inside a cell the parasite exists in the Leishmania form (1.5 n), which is small compared to
the flagellated normal extracellular parasite (20
n); larger dark forms are rarely found (30).
Leishmania are found predominantly in smooth
and cardiac muscle, but striated muscle
(31, 32), ganglion cells in Auerbachs' plexus
(33), sympathetic neurones (34), spinal cord
(35, 36) and brain (37) may contain nests
of this form. Multiplication occurs by binary
fission until a medium-sized pseudocyst, containing 120 parasites, develops after 3 to 4
days (38). This is surrounded by a clear halo in
muscle which is not as evident in other tissues.
When a few of the Leishmania forms have matured into flagellated trypanosomes, the pseudocyst ruptures. The cell containing it also
bursts, destroying those trypanosomes still in
the Leishmania stage while the flagellated
forms survive. In the acute phase, the heart and
smooth muscle of the gut are the areas predominantly invaded by parasites. Changes are
seen in the host cell, the surrounding muscle
cells, interstitial tissue, arteries, the ganglion
cells in Auerbach's and Meissner's plexuses and
the nervous conducting system of the heart. The
changes in Auerbach's plexus have been confirmed by electron microscopy (39). Muscle may
show waxy degeneration (31), although neighboring muscle cells may eventually undergo
hyperplasia or hypertrophy (32). Lymphocytic
infiltration and granulomatous foci with occasional giant cells develop, and interstitial collagen may also increase (32). The arteries may
show hyalin degeneration with necrosis of the
intima and media (31, 40); endothelial cells
may be invaded with parasites (41) and there is
periarterial lymphocytic infiltration with occasional fibrinoid deposits (31).
In the chronic phase of Chagas' disease the
most noticeable feature in the muscle wall of the
gut is the decreased number of neurones. In the
Digestive Diseases, Vol. 17, No. 6 (June 1972)
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colon (42) these are said to be reduced more in
Auerbach's plexus than Meissner's, but since
the latter is not easily identifiable in a normal
esophagus, this generalization needs more investigation before being completely accepted for
the whole of the gut. The different theories for
this selective destruction of ganglion cells are:
1) direct action of parasites, 2) destruction by
local toxins, 3) inflammation, 4) allergy, 5)
secondary to destruction of the Schvvann cells
and 6) ischemia caused by changes in the small
arteries.
P a r a s i t e s h a v e been seen in g a n g l i o n
cells (33). This is extremely rare but it may also
be in direct proportion to the rarity of ganglion
cells compared to other cells. If this were the
main mechanism for the neuronal damage,
most would occur in the acute phase of the
disease. Although there is evidence for this (43)
as being dependent on the severity of the first
acute attack (24), it may also be a progressively
degenerative process. Loss of ganglion cells in
the acute phase is usually cited as evidence for a
neurotoxin (3). This theory is supported by
neuronal destruction in a dog's brain by a tissue
culture extract of trypanosomes (44), although
injection of a similar extract into the gut wall
does not cause ganglion cell damage (45).
Theories 3 and 4 are supported by work
showing that allergy and inflammation persist
in the absence of parasites (46, 47). Histologic
findings are compatible with this and the
inflammation can be suppressed by cortisone
(48). Parasites have been shown to invade
Schwann cells (49), but there is no direct
evidence to support the suggestion that ganglion
cells will be destroyed because of this specific
cellular damage (50). In the chronic phase there
are definite changes in the small arteries in
Auerbach's plexus (40). These may be allergic
in nature but there is no definite evidence to
show that this damage can selectively destroy
the ganglion cells, though it may cause a localized reduction in blood flow.
In summary, ganglion cell loss occurs in both
nervous plexuses and is associated with various
Digestive Diseases, Vol. 17, No. 6 (June 1972)

changes in the surrounding cells. The neuronal
loss is specific, although the neurones of the
sympathetic chain, spinal cord and the brain
may also be destroyed. This may be associated
with the presence of infected muscle nearby, but
there are also lymphatics running in both the
intermuscular and submucous layers, causing a
higher concentration of trypanosomes where
the ganglion cells of the gut are found. It is an
impression, not yet confirmed experimentally,
that although most of the damage occurs in the
acute phase, the complete disappearance of
these cells may be a slow process lasting years.
It is not known whether this progressive loss is
due to repeated infections or a continuous degeneration consequent upon the initial acute
attack, nor is the exact mechanism clear.
MEGACOLON
In Chagas' disease the colon is more often
involved than any other part of the gut. The
whole of the large bowel may be affected, but
the sigmoid colon is most commonly enlarged
and the rectum least. The most severe symptom
recorded was failure to pass a motion for 6
months (4). At autopsy the large bowel may be
capable of holding 30 liters of fluid (8). Not all
patients with symptoms have such an enormous
colon and disordered motility may be noticed
r a d i o l o g i c a l l y before d i l a t a t i o n occurs.
Lengthening is usually seen before any increase
in diameter (51), although both occur in extreme cases. The end result is usually dilatation
of the sigmoid colon more than any other part
of the large bowel. The most common complication is fecal o b s t r u c t i o n , with sigmoid
volvulus next in frequency (52). Since most of
the dilatation occurs in the sigmoid region,
proctosigmoidectomy produces the best surgical
results (21).
A decrease in the number of ganglion cells is
found throughout the colon (3), as well as the
appendix (53). Changes in the shape of the
ganglion cells and their axones, as well as
peripheral clumping of Nissl's granules, are
561
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further histologic evidence of degeneration actually occurring (54). Muscle thickening, most
marked in the circular muscle, has been observed in the early stages of the disease
(42, 55, 56, 57) but no details are available
as to whether this is hypertrophy or hyperplasia in the colon.
By manometric technics, it has been shown
that the dilated sigmoid colon has contraction
waves of greater amplitude and longer duration
than normal. There are also complex waves and
occasional simultaneous contractions (58). The
best technic for showing colonic peristalsis is to
introduce recording units through a colostomy.
This method has been used in Chagas' disease
to measure hypersensitivity to cholinergic drugs
but has not been used to demonstrate peristalsis. Using units passed per rectum, there is evidence that peristalsis must be accepted as absent in megacolon; however, peristalsis has
been recorded in the abnormal situation when
colon is used to replace dilated esophagus in
Chagas' disease (59).
Denervated gut contracts more than normal
with acetylcholine-like substances, so this is
used as a test for ganglion cell loss. The enlarged colon in Chagas' disease is hypersensitive to cholinergic agents (60, 61) but less
marked than in the esophagus (62). This
difference is possibly due to a greater production of cholinesterase in the large bowel (63).
It has also been seen in the sigmoid colon when
not dilated (58). There is normally a difference
in reaction to drugs in the cecum and ascending
colon, compared to the sigmoid. Acetylcholine
causes a contraction of the ascending colon and
inhibition of the sigmoid colon (63), a reaction
which has been confirmed in Chagas' disease as
well (60). Mecholyl hypersensitivity has been
found in the large bowel by recording changes
through a colostomy (61) either in the sigmoid
colon after a pull-through operation (58), or
when the colon has been transplanted to replace
the esophagus (59). However, in view, of the
different actions of the colon, care must be taken
in interpreting the results. Testing muscle strips
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from various parts of the large bowel (57) is the
best method to date for elucidating these different responses, but even in the normal person the
different pharmacologic responses in the large
bowel are confusing.
Experimental megacolon has been produced
in white mice (33). Necrotizing arteritis, recurrent focal myositis, destruction of ganglion
cells and the later development of fibrosis and
increased thickness of circular muscle have been
observed (64, 33). Electron microscopy of these
lesions in mice has shown that the ganglion cell
damage has a random distribution (65).
MEGA-ESOPHAGUS
Four grades of esophageal dilatation have
been described in Chagas' disease, based on the
transverse diameter seen radiologically (55): 1)
4 cm (21.1%), 2) 4 to 7 cm (25.9%), 3) 7 to 10
c m ( 4 7 . 6 % ) a n d 4 ) g r e a t e r t h a n 1 0 cm
(5.4%).The esophagus r e t a i n s b a r i u m for
longer than 5 minutes in Grades 2 to 4 and up
to 30 minutes in Grades 3 and 4 (55). Since the
most noticeable feature of the esophagus is its
size [the record content is 2 litres (17)], the
Brazilians call the disease mega-esophagus and
differentiate this from E u r o p e a n megaesophagus occurring elsewhere (unconnected
with trypanosomiasis). The terms "achalasia"
and "cardiospasm" are rarely used to describe
an enlarged esophagus, although achalasia has
recently been applied to instances where the
gastroesophageal sphincter alone is abnormal,
without disordered peristalsis in the body of the
esophagus. In this instance achalasia is used
specifically to describe failure of the sphincter to
relax.
It has been estimated that up to 35% of people with chronic Chagas' disease have an abnormal esophagus on x-ray (66). Symptomatic
disturbance of esophageal motility has been
found soon after the acute phase (67, 2, 68).
These early symptoms are an exception because
they usually occur when the patient is between
the ages of 30 and 35 (55). Of 1057 patients
Digestive Diseases, Vol. 17, No. 6 (June 1972)
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with mega-esophagus, 47% presented between
20 and 39-years-old (50), but 17% had symptoms before the age of 14 (53). Since the acute
disease occurs in early childhood, the majority
have a latent period of 20 to 30 years. There is
no good correlation between clinical features
and the amount of dilatation. Thirteen percent
may present with a sigmoid esophagus, the
most severe grade of the disease, without having
had previous symptoms (50).
In chronic Chagas' disease, when the esophagus dilates there is failure of normal emptying, which is due to changes in the body and
the gastroesophageal sphincter. The residual
volume retained in the esophagus gradually
leads to enlargement of the organ. Radiographically, there is absent or abnormal peristalsis
in the body of the esophagus and the gastroesophageal sphincter does not have a coordinated
relaxation in response to swallowing. Esophageal manometry has enabled the relative
importance of the functions of the body and the
sphincter to be examined in detail. When those
with Chagas' disease but no esophageal symptoms were compared with those having symptoms, there were similar motor abnormalities in
both groups, varying only in their frequency (69, 70). Peristalsis was found in 52% of the
asymptomatic compared to 19% of the symptomatic group, and synchronous waves in the
body of the esophagus were seen in 42% of the
former as compared to 81% of the latter group.
With a dilated esophagus and symptoms the
sphincter was rarely seen to open, but when the
esophagus was not dilated the sphincter relaxed
in response to 37% of swallows. Without
symptoms, whether the esophagus was dilated
or not, the sphincter opened on 75 to 85% of the
swallows (69). It was concluded that changes in
the body of the esophagus, causing abnormal or
absent peristalsis, could exist independently of
the changes in the gastroesophageal sphincter.
Absent peristalsis was more likely to cause
symptoms, and failure of the sphincter to relax
was more likely to cause dilatation. Symptoms
could occur whether the esophagus was dilated
Digestive Diseases, Vol. 17, No. 6 (June 1972)

or not (69). Further manometric studies have
confirmed these asymptomatic changes in the
esophagus. Approximately 50% of patients with
the chronic disease report some failure of the
gastroesophageal junction to relax in response
to a swallow, as measured manometrically (71).
Another method of assessing esophageal
function has been to measure the time taken for
balls of barium to traverse the esophagus and
enter the stomach (55, 72). A practical method
is to take x-ray films at minute intervals after a
barium swallow (73); a residue found after 1 or
2 minutes is considered abnormal. The time has
been extended to 5 and 30 minutes for more
severely affected patients (55).
Most of the detailed work on ganglion cells in
the esophagus has been done by Koeberle, who
has demonstrated that the number of these cells
is reduced in all patients with Chagas' disease.
When there is a mega-esophagus the loss is even
greater (8). This reduction occurs not only in
the body of the esophagus in both striated and
unstriated muscle portions, but also at the gastroesophageal junction. It has been suggested
that the total number of ganglion cells must be
reduced by at least half to produce a functional
disturbance, and to one-tenth of normal to
produce mega-esophagus (8, 3). Thickening of
the esophageal muscular wall has also been
noted; the circular muscle enlarges much more
than the longitudinal (8).
The denervated muscle is hypersensitive to
acetylcholine-like substances whether it is dilated or not (74). This usually occurs in the
early stages of denervation but, as the process
develops, the response to mecholyl may be so
reduced that the most severely affected patients
have no reaction at all. This represents the final
stage of total denervation (75).
A n i m a l s may also s u f f e r f r o m megaesophagus. Dogs and cats are important reservoirs of this disease (19, 3). A high percentage
have both enlarged organs and a reduction in
ganglion cells; slight muscle hypertrophy has
also been noted in dogs (4). Mega-esophagus
can be produced experimentally in both dogs
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and mice (24). The Y strain of Trypanosoma
cruzi was found to produce a dilated esophagus
in these animals. Many animals die in the acute
phase, marked by some initial weakness in
the body of the esophagus and low gastroesophageal sphincteric pressures (76). It is not
easy to produce the disease experimentally, nor
to follow its progress in order to study the
natural history of mega-esophagus in animals.

lated stomach has been caused by experimental
infection, even though ganglion cell counts
showed a loss of 50% in the esophagus, between
35 and 44% in the colon, 41% in the fundus of
the stomach and 29% in the antrum (44). The
number of neurones in Meissner's plexus may
also be reduced experimentally in the stomach
of mice (43).
SMALL BOWEL

STOMACH
Alterations in the motility and secretion of
the stomach are less well-documented than
those of the esophagus and colon. This reflects
the true incidence of abnormalities, since they
are also rare in detailed autopsy series (3). In
the chronic disease, ganglion cells are reduced
in number in both Auerbach's and Meissner's
plexuses, but only to about 60% of normal (77).
This reduction is far less than in the colon and
esophagus and may explain the rarity of abnormalities, but it is not clear why they are less
affected. The motility disturbances lead to what
the Brazilians call "achalasia of the pylorus."
There is no convincing evidence that the pylorus fails to relax, although the stomach does dilate (8, 78). Reduced gastric secretion has been
found, as would be expected if the local reflex
arc were broken by the lack of ganglion cells. In
cases with other enlarged organs, 33% may
have hypochlorhydria (79), and 28% of cases
with cardiomyopathy (80). A mean reduction in
gastric secretion (maximal acid output after
histamine) from 18.9 to 7.2 mEq was found in
those with cardiomyopathy (80). Gastric emptying may be altered in those with a positive
complement fixation test—55% having a normal time, 30% quicker and 15% slower than
normal. Hypersensitivity to mecholyl is also
reported (77, 81). This may occur in asymptomatic patients with dilated stomachs, but
there is usually a relationship between hypersensitivity and decreased acidity (81).
Dilated stomachs have been produced experimentally in mice (24). In albino rats, no di564

It is extremely rare to find dilatation of the
small intestine in the absence of megacolon and
mega-esophagus; it is uncommon even when
they are present. Of 800 autopsy cases on people with chronic Chagas' disease, 20 had an
enlarged duodenum and 4 had megajejunum,
compared to 185 with megacolon and 158 with
mega-esophagus (3). The x-ray appearances of
megaduodenum are a large duodenal bulb with
retention localized to any part (82). In another
study, a general hypotonia of the small intestine
was described in 42% of cases and 35% had
some abnormality of the ileocecal region (83).
Hypertrophy of the circular and longitudinal
muscle of the duodenum has also been
found (84). The number of ganglion cells in the
small bowel is low in chronic Chagas' disease,
whether other parts of the gut are dilated or
not. A 50% cell reduction can be found in the
duodenum (77), 36% in the first loop of the jejunum and a similai loss in the ileum (85).
Transit times of the small intestine are usually
normal (64%), but 32% show an increase and
4% a decrease (86). Hypersensitivity of the
duodenal muscle to mecholyl has been shown
when strips of muscle are suspended in a water
bath (87). Duodenal abnormalities in rats (87)
and hypersensitivity of the ileum of infected
mice to mecholyl have been produced experimentally (88).
It is not clear why the small bowel is dilated
less frequently than the esophagus or colon.
The most likely cause is that the contents are
fluid and there are no well developed sphincters, such as are easily demonstrated at the anal
Digestive Diseases, Vol. 17, No. 6 (June 1972)
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and gastroesophageal junction. The duodenojejunal flexture may occasionally present as a
functional obstruction that could predispose to
dilatation and hypertrophy proximally. However, there is no dilatation proximal to the ileocecal junction, which is a known physiologic
sphincter.
ENDOCRINE GLANDS
Salivary gland enlargement—usually of the
parotid, but occasionally of the submandibular
and sublingual glands—occurs in 13 to 33% of
patients with chronic Chagas' disease (89, 90),
but only 50% of the patients have an associated
megacolon or mega-esophagus. The glands are
hypersensitive to pilocarpine and produce more
saliva than usual; 94% have a raised serum
amylase (90). Enlargement may be due to an
increased stimulation caused by food stasis, but
this is not always the cause since not all of the
patients have an enlarged esophagus. After
studying the parotid gland size in patients undergoing a two-stage replacement of the esophagus with colon, it was deduced that the size
was more dependent on oral feeding than on
the presence or absence of food in the esophagus (91). Intrinsic denervation is probably
another factor in salivary gland enlargement.
Sweat gland abnormalities also exist and
may be hypersensitive to mecholyl (92). Abnormalities in the glucose tolerance test curves
have been found (93). Since there is no correlation between these changes and the gastric
emptying time or impaired intestinal absorption (86), the basic pathology probably lies in
the pancreas.
SMOOTH MUSCLE CHANGES
Thickening of the muscle coats of the gut is a
marked feature of Chagas' disease, occurring in
the esophagus (94), duodenum (84) and colon
(55, 56, 57) in humans.
The proximal part of the esophageal wall,
which is striated muscle, thickens in a fashion
Digestive Diseases, Vol. 17, No. 6 (June 1972)

similar to the smooth muscle throughout the
gut (32). The inner circular muscle becomes
more thickened than the outer longitudinal. In
the esophagus, these layers are each normally
about 1 mm thick, but in mega-esophagus the
combined thickness may increase to 10 mm,
with a ratio of longitudinal to circular muscle of
1:6 (94). The increased muscle bulk arises from
an increase in either the number or size of the
individual cells. Hyperplasia up to six times
normal has been seen in the esophagus (95), but
hypertrophy of isolated muscle cells has also
been found (4). The muscularis mucosa in the
esophagus also hypertrophies (17).
Most of the dilated organs with thin muscular walls pass through an earlier stage when
they are thickened. It has been suggested that
there are three pathologic stages in Chagas'
disease (3): 1) thickening of the muscle wall, 2)
thickening with dilatation and 3) dilatation
with thin distended walls. Smooth-muscle
thickening is considered to be a compensatory
mechanism for the lack of neurologic control
when ganglion cells are destroyed. Decompensation commences with dilatation and is complete by Stage 3. In this natural history, it is
as yet unclear whether the increase in smooth
muscle is due to hypertrophy or hyperplasia.
Comparisons have been made with cardiac
enlargement. It is suggested that when the
weight is less than 500 g, hypertrophy alone
occurs; when it is greater, hyperplasia starts
(96). The weight of the esophagus may increase 15 to 20% (8), but no work has been
done on this organ similar to that done on
the heart.
The different increases between the muscle
layers may lie in the fact that the outer longitudinal layer is more distended than the inner
circular, due to the dilatation of the organ (3).
This is unlikely, however. It is more possibly
due to the difference in function of these layers.
The circular muscle exerts a contracting force to
overcome obstruction, whereas the longitudinal
causes receptive relaxation of the adjacent distal
segment. If contraction is more important than
abb
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relaxation to empty a hollow organ, the inner
circular muscle coat is more likely to become
thicker than the outer longitudinal. This has
been shown in experimental small bowel
stenosis (97).
Microscopically, in the acute illness there is
parasitism of individual muscle cells, with the
formation of pseudocysts c o n t a i n i n g the
Leishmania form of the trypanosomes. The
distribution of these pseudocysts affects the
whole gut randomly, but the more severe the
parasitemia, the greater the number of pseudocysts. When these rupture, the muscle cell is
destroyed and a lymphocytic inflammatory
reaction follows. After recovery from the acute
illness, neither parasites nor pseudocysts are
seen and regeneration is completed with very
little fibrosis (31).
DISCUSSION
A knowledge of Chagas' disease is not in itself important for those living in Europe, since
the causative organism is not found there. In
these days of air travel, patients from South
America may be seen in whom the chronic
disease is suspected. Apart from specific questions to elucidate whether the heart, colon or
esophagus is affected, it is wise to have a chest
x-ray and EKG done to exclude an asymptomatic cardiac lesion. If the diagnosis is still in
doubt a complement fixation test should be
performed, but this is not a completely standardized test and false negatives may be obtained.
The pathologic curiosities produced by the
denervation of the heart and gut may interest
those not living in the endemic areas. Enlargement of the heart may exceed 1000 g, and
both the esophagus and colon enlarge more
than in any other disease. However, the main
lessons to be learned are probably concerned
with denervated bowel, which may relate to
other diseases such as achalasia of the esophagus, Hirschsprung's disease and aganglionic
megaduodenum. Diseases of the bladder and
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ureter, and enlargement of the seminal vesicles
[which can be produced experimentally (98) ]
have not been discussed. Ureteric enlargement
is more likely to be caused by muscular damage
than neuronal, since the nervous elements in the
ureter are very sparse (99). Ganglion cells are
lost equally throughout the bowel in Chagas'
disease, except in the stomach where the loss is
less pronounced. In other aganglionic diseases,
the gut is affected only in specific areas such as
the esophagus, colon or duodenum without the
rest of the bowel being damaged, although 2
cases of Hirschsprung's disease associated
with achalasia have been described (100). The
diseases not caused by trypanosomiasis are not
likely to be generalized diseases of the autonomic system, but are more probably localized
lesions of the parasympathetic system. When
ganglion cells are equally destroyed the denervated gut responds differently, according to its
anatomical location. The colon dilates much
earlier than the esophagus, and the small bowel
dilates only rarely. The colon enlarges when the
ganglion cell loss is 50%, whereas 90% must be
lost before the esophagus dilates (3). No figures
are given for the small bowel. It is presumed,
but not proven, that this difference is due to the
solid contents of the large bowel, but other factors may be involved.
The latent period between infection in childhood and the onset of symptoms is usually 30
years in Chagas' disease, although children
with enlarged organs have been seen. The age
of presentation with Chagas' mega-esophagus
is similar to that of achalasia. Megacolon cannot be compared so easily with Hirschsprung's
disease, because it affects different age groups.
Adult Hirschsprung's disease can usually be
differentiated from Chagas' megacolon by the
continued presence of an u n d i l a t e d rectum (101). But with the relative susceptibility
of the large bowel to ganglion cell loss, it will be
seen why an aganglionic colon almost invariably produces symptoms in Hirschsprung's
disease.
The natural history of mega-esophagus and
Digestive Diseases, Vol. 17, No. 6 (June 1972)
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megacolon in Chagas' disease is now becoming
clearer. Not only is the latent period before
symptoms dependent on the degree of ganglion
cell destruction, but also on the ability of the
organ to compensate for the loss of nervous regulation. Compensation implies hypertrophy of
muscle and decompensation is associated with
dilatation. Patients present with symptoms at
different stages of the disease, but they usually
occur when dilatation is added to the hypertrophy. Some may pass to the last stage of dilatation and atrophy of the muscle walls without
symptoms. In this last stage there is usually no
response to mecholyl, and symptoms will be due
to retained contents rather than excessive contraction of thickened muscle. The compensated
phase of denervated gut in Chagas' disease has
a few similarities to diffuse spasm of the
esophagus. Ganglion cell changes have been
seen (102), the disease has occasionally developed into achalasia (103) and hypersensitivity
to mecholyl has been found (104), but not in
every patient.
There is much to be learned from technics
used in South America for assessing ganglion
cell loss by counting rings of muscle on series of
7 fi histologic sections. In addition to the loss in
Chagas' disease, a definite decrease of ganglion
cells is shown with increasing age (3), which
has been confirmed in aging mice (64). The
pathologic process possibly accounting for motility disturbances in old age has been discovered as a by-product of this research.
In Chagas' disease it is quite clear that the
primary lesion is in the postganglionic neurone
of the parasympathetic system, although the
actual mechanism by which ganglion cells are
destroyed is unproven. Preganglionic lesions
have been demonstrated, and a reduction in the
cells of the dorsal motor nucleus of the vagus
has been found (105). Although nerve cells may
be destroyed in other medullary nuclei, this
loss is selective for the central nuclei of the
parasympathetic system. It is presumed, but
unproven, that the loss of preganglionic neurones is caused by retrograde degeneration,
Digestive Diseases, Vol. 17, No. 6 (June 1972)

secondary to the ganglion cell loss in the muscle
of the gut. In achalasia, similar lesions in the
dorsal motor nucleus of the vagus have been
demonstrated, as well as in the nucleus ambiguus, which is responsible for the striated
muscle of the esophagus (106, 107). Therefore,
there are lesions in preganglionic and postganglionic neurones in both achalasia and Chagas'
disease. If the primary lesion in achalasia is in
the medulla, transsynaptic degeneration of the
postganglionic neurones must follow, and a
bilateral lesion affecting isolated portions of two
medullary nuclei on both sides of the brain stem
must be postulated. If the primary lesion is in
the muscle wall of the gut, retrograde degeneration must be similarly invoked to explain
the separate preganglionic neural lesions.
At the moment, the primary cause of ganglion cell loss in achalasia and Hirschsprung's
disease is unknown. However, it is quite clear
that ganglion cells are destroyed in Chagas'
disease by trypanosomes, either directly or indirectly. Further research on South American
trypanosomiasis will elucidate the natural history of bowel denervated by the loss of its intrinsic nerve supply, and may possibly help in
finding the cause of achalasia of the esophagus
and Hirschsprung's disease.
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