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Physiopathology of Chagas' Heart Disease:
Correlations Between Clinical and

Experimental Findings *
ALFONSO ANSELMI & FEDERICO MOLEIRO

In penetrating the heart and developing in it, Trypanosoma cruzi produces an immuno-
allergic reaction that leads to changes in the histological structure of the myocardium;
these changes alter the fundamental properties of the heart, causing fundamental dynamic
disorders and morphological changes in the organ.

In Chagas' cardiomyopathy, the velocity of impulse propagation diminishes in the
auricular and ventricular musculature, altering the activation mechanism, this being shown
by changes in the P-wave and in ventricular focal blocks.

The functional refractory period (FRP) is shortened in the auricular and ventricular
tissue and constitutes, together with changes in conductivity, the physiopathological basis
that explains the circus movement-the fundamental factor of the arrhythmias of this
stage of the disease. Localization of the inflammation in the A-V conduction system
increases the duration of the FRP, producing all types ofA-V block.

The oedema and the cellular interstitial infiltration seen during this acute phase reduce
the distensibility of the fibres; this, in turn, limits their contractility, producing a decrease
in systolic volume and an increase in the final diastolic pressure in the chambers of
the heart-fundamental factors in reducing kinesia and in increasing the heart's volume.

In the chronic phase, destruction of the contractile tissue and fibroblastic proliferation
bring intoplay compensatory mechanisms that maintain the strength ofcardiac contractions;
the elongation of the fibres and the nature of the dynamic pressure-volume curves explain
the dilatation of the chambers of the heart and the dynamic changes seen in this phase of
the disease.

The clinical picture observed in Chagas' cardio-
myopathy is very diverse. Joselevich et al. (1958)
point out that cases vary from those with no symp-
toms to those with arrhythmias and heart failure.
The relation that exists between the clinical picture

presented by the patient and the histological altera-
tion of the heart has been analysed in both anatomo-
clinical studies1 and experimental studies.2 Maza &

* From the Laboratory of Experimental Cardiology,
Institute of Tropical Medicine, Central University of Vene-
zuela, Caracas. This paper was presented at the Eighth
International Congresses on Tropical Medicine and Malaria,
Teheran, Iran, September 1968.

1 Andrade, 1958; Anselmi et al., 1965; Anselmi et al.,
1966; Anselmi & Pifano, 1966; Anselmi et al., 1967b; Linn
et al., 1964; Mazza & Jorg, 1940; Moia, Rosenbaum &
Hojman, 1955; Rosenbaum & Moia, 1953; Rosenbaum,
Hojman & del Zar, 1955.

'Anselmi et al., 1964; Anselmi et al., 1965; Chagas,
1911; Johnson, 1938; Pellegrino, 1964; Pifano et al., 1962;
Taquini, 1941; Torres & Tavares, 1958; Villela, 1924.

Jorg (1940) pointed out that the study of the clinical
manifestations had confirmed that the difference in
lesions at the different periods was reflected in
the differences in symptoms.

Experimental studies of correlations between the
histopathological picture and the changes in the
fundamental properties of the heart observed in
acute and chronic Chagas' myocarditis (Anselmi et
al., 1967a; Pifano et al., 1962; Rodriguez & Anselmi,
1963; Rodriguez et al., 1964) have improved our
knowledge of the electrogenesis of the disturbances
at the level of the A-V conduction system and of
the different types of arrhythmia.

Experimental studies of the evolution of the
histological changes in relation to the pathological
findings in human myocarditis, as well as a know-
ledge of the fundamental properties of the heart in
the acute and chronic inflammatory reactions caused
by Trypanosoma cruzi, have improved our know-
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ledge of cardiac physiopathology, and help us to pressure decrease the pressure gradient present at
understand the clinical problems presented by the level of the semilunar valves and diminish
Chagas' cardiomyopathy. the intensity of the second sound. This is the

explanation of the soft heart sounds in all areas
CLINICAL ASPECTS reported by various authors (Mazza, Basso & Basso,

Acute phase 1942; Torrealba, 1956).
The clinical picture observed in the acute phase of Examination of the precordial region and the

Chagas' myocarditis results from the histological use of X-rays have shown an increase in heart size

changes of the heart (Andrade, 1958; Chagas, 1928; (Anselmi & Pifano, 1966; Anselmi et al., 1967b;
Johnson, 1938; Mazza & Jorg, 1941; Torres & Mazza, Basso & Basso, 1942; Torrealba, 1956) in
Tavares, 1958), and from alterations in the funda- cases of acute Chagas' myocarditis, thereby attri-
mental properties of the myocardium (Anselmi et buting the cardiomegaly to a decrease in the resis-
al., 1967a; Pifano et al., 1962; Rodriguez & Anselmi, tance of the wall and an increase of the intracavitary
1963; Rodriguez et al., 1964). For these reasons the pressure (Anselmi & Pifano, 1966; Anselmi et al.,
symptoms presented by patients vary; there are 1967b). This increase in heart size explains the
cases with no clinical manifestations, and some presence of functional murmurs (Mazza, Basso &
patients die from irreducible heart failure. When the Basso, 1942; Pifano, 1940) resulting from dilata-
inflammation in the myocardium is located in small tion of the cardiac cavities with consequent valvular
areas, and is mild, the clinical picture of acute incompetence and weakness and displacement of
Chagas' myocarditis is generally not observed. If the apex.
the interstitial spaces increase because of inflamma- The physiopathological principle that conditions
tion, disorders in the diffusion of oxygen occur heart failure in acute cardiomyopathy of Trypano-
(Anselmi et al., 1965; Anselmi et al., 1966) that soma cruzi origin (Rezende, 1957) is the decrease in
cause lesions of the myocardial fibres. The disten- contractility of the fibres resulting from the reduction
sibility and the contractibility of the myocardial of their distensibility following the increase in the

fibres are reduced in relation to the severity of the interstitial spaces caused by inflammation and by
lesions and to the degree of interstitial oedema oedema. Thus in the acute phase of the disease the
(Cross, Rieben & Salisbury, 1961; Johnson, 1945; degree of heart failure is proportional to the degree
Salisbury, Cross & Rieben, 1960). These changes of cardiomegaly, this being related to the intensity
bring about a reduction in cardiac output with a of inflammation of the myocardium. The irreducible
consequential increase in the end-diastolic pressure heart failure observed at this stage is a consequence
and help to explain the systolic arterial hypotension of the reduction of the contractility of the fibres:
found by almost all authors (Chagas, 1916; Pifano, because of this the positive inotropic action of
1940; Torrealba, 1956) owing to a reduction in the digitalis cannot become manifest.
contractile force of the fibres and a reduction of the
systolic volume. Chronic phase
The rapid, small, filiform pulse (Andrade, 1958; Histopathologically, chronic Chagas' myocarditis

Chagas, 1916; Mazza & Lovaglio, 1940; Mazza, is characterized by the presence of inflammation,
Basso & Basso, 1942; Pifano, 1940) is the result of myocardial fibres with variable degenerative reac-
a compensatory mechanism related to a decrease in tions and proliferation of fibrous connective tissue
cardiac output and explains the dissociation bet- (Andrade, 1958; Bruni-Celli et al., 1959; Dias,
ween pulse and temperature pointed out by various Laranja & Nobrega, 1945; Mazza et al., 1939; Moia,
authors (Chagas, 1916; Pifano, 1940). The heart Rosenbaum & Hojman, 1955; Pedreira de Freitas &
sounds are determined by three factors: the position Pinto Lima, 1950; Romania, 1947; Rosenbaum,
of the valves at the moment of closing, the contractile Hojman & del Zar, 1955; Tejada & Castro, 1958;
force of the heart, and the pressure gradient between Vianna, 1911). The clinical picture observed during
the distal and proximal parts of the valves. When the chronic phase of Chagas' myocarditis is the
the myocardium is inflamed the decrease in the result of the phenomena of adaptation initiated by
contractile force of the fibres reduces the principal the decrease of contractile muscle tissue and by the
factor that determines the closure of the A-V valves. alterations of the fundamental properties of the heart.
The reduction of the systolic volume and the At the beginning of the chronic phase, when the
resulting increase of the end-diastolic ventricular number of destroyed fibres is small, the cardiac
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reserve is sufficient to maintain an adequate cardiac As destruction of the contractile tissues pro-
output. If the amount of fibrous tissue increases, gresses, the dilatation of the cardiac chambers in-
the number of contractile fibres becomes insufficient creases as a compensatory mechanism, until they
to maintain the cardiac output. In order to com- reach the limit of expansion, when the contractile
pensate for this deficiency, the process of adaptation force of the fibres diminishes (Doy, 1921).
commences (Johnson, 1945; Rosenblueth, Alanis & Under these conditions, the systolic volume
Rubio, 1959; Rosenblueth et al., 1959; Starling, becomes smaller, and smaller, thus increasing the
1918) and this eventually determines the dilatation end-diastolic pressure in the ventricular cavities. The
of the cardiac cavities. At this stage of the disease arterial systolic pressure diminishes (Chagas, 1928;
the clinical picture depends exclusively on the degree Diaz et al., 1957; Laranja, Diaz & Nobrega, 1948;
of alteration of the fundamental properties of the Laranja et al., 1951; Moia, Rosenbaum & Hojman,
heart and on the extent of the endocardial lesions 1955; Morales Rojas et al., 1959; Romafia, 1947),
with the consequent production of mural throm- as a consequence of the reduction of the systolic
bosis. In fact, palpitations (Anselmi et al., 1967b; volume and of the reduction of the contractile force
Laranja et al., 1951; Mazza & Lovaglio, 1940; of the cardiac muscle. Carlos Chagas (1928) referred
Morales Rojas et al., 1959; Pisani & Anselmi, 1968; to the diminished arterial pressure that resulted from
Rey, 1957; Tejada & Castro, 1958) are the most severe lesions of the myocardium due to a reduction
frequent clinical manifestations resulting from alter- in its contractile force. Cases of Chagas' heart
ations of the excitability, of the functional refractory disease have been described with the high blood
period, and of the automatism of the auricular and pressure (Rosenbaum & Moia, 1953) but it was not
ventricular tissues (Pifano et al., 1962; Rodriguez & shown pathologically whether the cardiopathy was
Anselmi, 1963, Rodriguez et al., 1964). The histo- due mainly to the arterial hypertension or to the
logical lesions at the level of the A-V conduction T. cruzi infection.
system determine alterations of the functional When the systolic arterial pressure decreases, the
refractory period of the A-V node and of conduction pulse pressure is reduced, the clinical manifesta-
in this system (Anselmi et al., 1967a; Rodriguez & tion being a small peripheral pulse (Morales Rojas
Anselmi, 1963), producing bradycardia and the et al., 1959). The reduction of the movement of
syndrome of Morgagni-Adams-Stokes (Chagas & the atrioventricular valves, because of the decrease
Villela, 1922; Pisani & Anselmi, 1968) as the only in the contractile force of the heart and because
clinical manifestations. The sudden death reported of the pressure gradient between the great vessels
in these conditions of chronic myocarditis, with a and the ventricular cavities, explains the soft heart
normal sized heart or with discreet cardiomegaly sounds frequently reported at this stage of the
(Anselmi et al., 1967b; Laranja et al., 1951; Pisani & disease (Chagas, 1916; Diaz et al., 1957; Laranja
Anselmi, 1968), is related to the alterations of the et al., 1951; Moia, Rosenbaum & Hojman, 1955;
fundamental properties of the heart and not to its Rosenbaum, Hojman & del Zar, 1955). The dilata-
functional capacity. tion of the ventricular cavities following an increase
The formation of mural thrombi is due to the in the diameter of the valvular rings originates

histological alterations of the endocardium and this murmurs of valvular incompetence (Diaz et al.
is why they are present, both in enlarged and in 1955; Tejada & Castro, 1958). Displacement of the
normal-sized hearts (Anselmi et al., 1966; Pisani & apex is the clinical manifestation of dilatation of the
Anselmi, 1968). Embolisms are frequently reported left ventricle. Thoracic pain has been reported in
in chronic Chagas' myocarditis (Andrade, 1958; the chronic phase of Chagas' myocarditis (Diaz et
Pisani & Anselmi, 1968; Tejada & Castro, 1958) al., 1957; Moia, Rosenbaum & Hojman, 1955; Rey,
and they possibly constitute, in the case of the acute 1957; Rosenbaum & Moia, 1953; Rosenbaum,
accident or its sequel, the sole clinical manifestation Hojman & del Zar, 1955; Tejada & Castro, 1958)
in those cases with no cardiac enlargement. Thus, and is explained on the basis of the reduction of the
cases of hemiplegia in young persons (Andrade, gradient between the aorta and the left ventricle.
1958; Pisani & Anselmi, 1968) have been reported, This gradient does not diminish at rest, since the
in whom the sole clinical manifestation is a cerebro- conditions that lead to a reduction of the gradient
vascular (Pisani & Anselmi, 1968) or acute pulmo- bring about a permanent decrease in flow. At this
nary accident (Andrade, 1958) following pulmonary stage of the disease the fundamental properties of
embolism. the heart are greatly altered (Anselmi et al., 1967a;
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Pifano et al., 1962; Rodriguez & Anselmi, 1963; al., 1967b; Mazza, Basso & Basso, 1942). Mazza,
Rodriguez et al., 1964) and all types of arrythmia Basso & Basso (1942) described a predominance of
and disturbance of the A-V conduction system are the enlargement of the left ventricle at this stage,
present. The sudden death, frequently referred to but clinicopathological correlations and a series of
by various authors (Andrade, 1958; Chagas & Villela, precordial electrocardiographic studies have shown
1922; Chagas, 1928; Chagas, 1932; Laranja et al., that the enlargement of one or other of the cavities
1951; Rey, 1957; Schabelman & Rosenbaum, 1958), depends on the location and intensity of the inflam-
is the result of this type of alteration. In effect, the matory reaction (Anselmi & Pifano, 1966; Anselmi
decrease of the functional refractory period and et al., 1967b).
the increase of the excitability and ventricular auto- The decrease in the contractility of the fibres
matism are the factors that lead to ventricular limits the inotropism of the heart, reducing the ampli-
fibrillation in the majority of the cases of sudden tude of both the systolic and diastolic cardiac pul-
death. sations (Anselmi & Pifano, 1966; Anselmi et al.,
As the histological lesions progress, the cardio- 1967b). For this reason a high degree of cardio-

vascular reserve is reduced and this inevitably leads megaly (Anselmi & Pifano, 1966; Anselmi et al.,
to heart failure (Andrade, 1958; Rey, 1957; Romania, 1967b) is associated with markedly decreased car-
1947; Rosenbaum, Hojman & del Zar, 1955; diac pulsations.
Schabelman & Rosenbaum, 1958; Tejada & Castro, As the inflammation of the tissues subsides, the
1959). resistance of the ventricular wall increases and

the distensibility of the fibres becomes greater, thus
RADIOLOGICAL ASPECTS increasing their contractility and reducing the end-

Acute phase diastolic pressure of the cavities of the heart. As a

A radiological study of the thorax in the acute result the degree of cardiomegaly diminishes and
phase of Chagas' cardiomyopathy presents many the amplitude of the cardiac pulsations increases.
variations, from cardiac shadows of normal size When the inflammation is slight with little cellular
to great cardiomegalies with marked alterations of infiltration, the changes in the distensibility of the
the cardiac pulsations and radiological signs of fibres are small and localized and are insufficient to
heart failure. give rise to dynamic alterations; under these condi-

Clinicopathological correlations (Anselmi & tions morphological or kinetic changes of the cardiac
Pifano, 1966; Anselmi et al., 1967b) have shown a shadow are not observed. Experimentally, we have
close relation between the magnitude of the cardio- observed aneurysmal dilatations of the free ventri-
megaly and the intensity of the inflammation and cular walls in dogs with recent T. cruzi infections.
interstitial oedema observed in the acute phase of Histological studies of these cases revealed dense
the cardiomyopathy. This histological alteration and extensive focal inflammatory reactions in the
produces lesions of the fibres that, together with the area of the aneurysm, with few focal inflammatory
interstitial oedema, reduce the contractility of the reactions in the neighbouring zones.
fibres, thus leading to a decrease in the resistance of
the wall and reduction of the systolic volume, with Chronic phase
a consequent increase of the end diastolic pressure It is well known that there is a high frequency of
of the ventricle. This increase in the ventricular cases of chronic Chagas' cardiomyopathy with
tension and the decrease of the resistance of the cardiac shadows of normal size (Laranja et al.,
wall are the factors that regulate cardiac enlarge- 1951; Laranja et al., 1956; Morales et al., 1959;
ment, and these factors depend upon the degree of Morales et al., 1962; Pisani & Anselmi, 1968), this
inflammation of the myocardium. form being found in the early stages of chronicity
At this stage of the disease the radiological sign (Laranja et al., 1956) in association with a relatively

frequently found is an increase- of the cardiac small fibrotic reaction (Anselmi & Pifano, 1966;
shadow (Anselmi & Pifano, 1966; Anselmi et al., Anselmi, 1967b; Pisani & Anselmi, 1968). Alvarez &
1967b; Barreto, 1957; Laranja et al., 1956), generally Rosenbaum (1953) pointed out that these cases
of a global type without special morphological cha- were usually accompanied by only small clinical
racters (Anselmi & Pifano, 1966; Anselmi et al., and electrocardiographic manifestations. In their
1967b), which decreases as the general clinical pic- epidemiological study they found that 9 out of 41
ture improves (Anselmi & Pifano, 1966; Anselmi et cases presented a normal-sized heart, and that 2
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of these patients died. Pisani & Anselmi (1968) the prognosis of chronic Chagas' myocarditis in
studied hospital cases and found a greaterfrequency accordance with the degree of cardiomegaly and
of clinical and electrocardiographic manifestations Morales (1959) found that the progression of car-
in patients with Chagas' heart disease without diac enlargement is concomitant with an increase in
cardiomegaly. the severity of the clinical picture.

Clinicopathological correlations (Anselmi et al., Aneurysms of the free ventricular walls are fre-
1967b) and experimental studies (Anselmi et al., quently reported in chronic Chagas' cardiomyo-
1967a) have shown that in Chagas' cardiomyopathy pathy (Alvarez & Rosenbaum, 1953; Moia, Rosen-
the changes in the fundamental properties of the baum & Hojman, 1955; Morales et al., 1959;
heart and the disturbances of the A-V conduction Romafia & Cossio, 1944); they are related to
system depend not on the degree of cardiomegaly the presence of the confluent fibrous tissue that
but rather on the presence and location of the initiates the thinning of the ventricular wall.
inflammation and fibrotic lesions in the heart. In The fibrous tissue and the thinning of the wall
accordance with these concepts the subjective mani- are features that determine the diminution of the
festations and the number of sudden deaths are not amplitude of the cardiac pulsations (Anselmi &
necessarily related to the degree of cardiomegaly, as Pifano, 1966; Anselmi et al., 1967b; Moia, Rosen-
has been pointed out by Laranja (1951). baum & Hojman, 1955; Morales et al., 1959;
As the lesions of the fibres progress and the Pifano, 1959; Pisani & Anselmi, 1968) and of the

amount of fibrotic proliferation increases, adapta- paradoxical pulsations (Morales et al., 1959) so
tion mechanisms come into operation to maintain frequently found at this stage of the disease.
the circulatory dynamics (Johnson, 1945; Rosen- We conclude as a result of this review that it is
blueth, Alanis & Rubio, 1959; Rosenblueth et al., difficult to classify the clinical and radiological
1959; Starling, 1918), producing dilatation of the pictures of Chagas' cardiomyopathy. In fact, the
heart. This is why many authors (Alvarez & Rosen- physiopathology of the disease is governed by
baum, 1953; Anselmi & Pifano, 1966; Anselmo et a histopathological picture of the heart that is re-
al., 1967b; Laranja et al., 1956; Moia, Rosenbaum & lated to a complex immunopathological mechanism,
Hojman, 1955; Morales et al., 1959; Pifano, 1960; which is not yet clear. This immunopathological
Tejada & Castro, 1958) agree that those cases with mechanism may produce in the same animal species
marked cardiomegaly present profound histological inflammatory and fibrotic reactions that vary greatly
alterations. Alvarez & Rosenbaum (1953) evaluated in their amount, intensity, distribution, and evolution.

RESUME

PHYSIOPATHOLOGIE DE LA CARDIOPATHIE DE CHAGAS:
CORRtLATIONS ENTRE LES DONNtES CLINIQUES ET EXPtRIMENTALES

Le tableau clinique de la cardiomyopathie de Chagas raccourcie dans les tissus auriculaires et ventriculaires
offre des aspects tres varies allant des cas asymptoma- ainsi que les troubles de la conduction sont les facteurs
tiques aux formes graves caracterisees par l'arythmie et determinants de l'arythmie.
Ia defaillancecardiaque. Des 6tudes comparatives compor- Au stade aigu de la maladie, l'aedeme et l'infiltration
tant a la fois des recherches exp6rimentales et l'exploita- interstitielle reduisent l'extensibilite et la contractilite des
tion des donnees cliniques aident a comprendre les signes fibres myocardiques. Il en resulte une diminution du
et symptomes pr6sentes par les malades aux stades aigus volume systolique et une augmentation de la pression
et chroniques de l'affection. diastolique terminale dans les cavites du cceur, avec
La presence dans le myocarde de Trypanosoma cruzi accroissement concomitant du volume cardiaque.

suscite une reaction immuno-allergique qui entraine des Au stade chronique, la destruction du tissu contractile
modifications de la structure histologique de l'organe, et la proliferation fibroblastique amenent l'intervention
une alteration de ses proprietes fondamentales et des de mecanismes compensateurs qui maintiennent la vigueur
troubles fonctionnels et morphologiques. La vitesse de des contractions cardiaques. L'dlongation des fibres et
propagation de l'influx nerveux dans la musculature des le rapport pression dynamique/volume expliquent la dila-
oreillettes et des ventricules est diminu6e, ce qui se marque tation des cavites cardiaques et les modifications dyna-
par des troubles de la conduction. La periode refractaire miques it ce stade de la maladie.
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