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Echocardiographic features of impaired left ventricular
diastolic function in Chagas's heart disease
IVAN COMBELLAS,* JUAN J PUIGBO,t# HARRY ACQUATELLA,t FRANCISCO
TORTOLEDO,* JOSE R GOMEZt
From the *University Hospital; the tCardiological Service, Department ofMedicine and School ofMedicine; and the
fCardiovascular Diseases Department, Ministty ofPublic Health, Caracas, Venezuela

SUMMARY To study left ventricular diastolic function in Chagas's disease, simultaneous echocardio-
grams, phonocardiograms, and apexcardiograms were recorded in 20 asymptomatic patients with
positive Chagas's serology and no signs of heart disease (group 1), 12 with Chagas's heart disease and
symptoms of ventricular arrhythmia but no heart failure (group 2), 20 normal subjects (group 3),
and 12 patients with left ventricular hypertrophy (group 4). The recordings were digitised to
determine left ventricular isovolumic relaxation time and the rate and duration of left ventricular
cavity dimension increase and wall thinning. In groups 1 and 2 (a) aortic valve closure (A2) and
mitral valve opening were significantly delayed relative to minimum dimension and were associated
with prolonged isovolumic relaxation, (b) left ventricular cavity size was abnormally increased during
isovolumic relaxation and abnormally reduced during isovolumic contraction, and (c) peak rate of
posterior wall thinning and dimension increase were significantly reduced and duration of posterior
wall thinning was significantly prolonged; both of these abnormalities occurred at the onset of
diastolic filling. These abnormalities were more pronounced in group 2 and were accompanied by an

increase in the height of the apexcardiogram "a" wave, an indication of pronounced atrial systole
secondary to end diastolic filling impairment due to reduced left ventricular distensibility. Group 4,
which had an established pattern of diastolic abnormalities, showed changes similar to those in
group 2; however, the delay in aortic valve closure (A2) and in mitral valve opening and the degree of
dimension change were greater in the latter group.
Thus early isovolumic relaxation and left ventricular abnormalities were pronounced in the

patients with Chagas's heart disease and may precede systolic compromise, which may become
apparent in later stages of the disease. The digitised method is valuable in the early detection of
myocardial damage.

There is increasing evidencel-3 that left ventricular
relaxation and filling abnormalities may be an impor-
tant component of impaired cardiac function, particu-
larly in patients with ischaemic heart disease and ven-
tricular hypertrophy, above all when associated with
inco-ordinate left ventricular contraction.4s

In early Chagas's heart disease, angiographic,
echocardiographic, and radionuclide studies6-5 have
detected left ventricular abnormalities consisting of
kinetic disorders, especially in the apical or apicopos-
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terior areas, similar to those found in ischaemic heart
disease. More recently, left ventricular cineangio-
graphy of patients with Chagas's heart disease has
shown progressive segmental wall abnormalities and
decreased left ventricular distensibility associated
with the deterioration in clinical status.9 In our
laboratory, using non-invasive methods (phonocar-
diography) we found prolongation of the rapid relaxa-
tion period in patients in the early stages of Chagas's
heart disease.'°
The purpose of this study was to detect abnor-

malities of left ventricular diastolic function at rest in
patients with early Chagas's heart disease and normal
systolic time intervals by studying relaxation, left ven-
tricular filling, and posterior wall dynamics using
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computerised interpretation of a digitised echocar-
diogram.

Patients and methods

The study included 50 patients without congestive
heart failure or ischaemic heart disease but with
serological evidence of past or present Trypanosoma
cruzi infection, all of whom had a typical history of
exposure to infection, came from rural areas where
the disease is heavily endemic, and had positive serum
complement fixation and indirect haemagglutination
tests performed and interpreted according to the
Maekelt method."I Eighteen subjects were excluded
because of technical difficulties in recording the apex-

cardiogram or echocardiogram or because they had
left bundle branch block. Only 32 were suitable for
computerised echocardiographic analysis, and they
were divided into two study groups (groups 1 and 2).
In addition two control groups (groups 3 and 4) were

also studied.
Group I consisted of 20 (six men, 14 women)

asymptomatic subjects with Chagas's disease, most of
whom were blood donors detected by the blood bank
and referred to us. Their mean (SD) age was

38-8 (9.9) years. All had normal electrocardiograms
with only occasional unifocal ventricular extrasys-
toles, normal chest x ray films, and normal M mode
and cross sectional echocardiograms.

Group 2 consisted of 12 patients (three men, nine
women) with Chagas's disease whose symptoms were

directly related to-arrhythmias but not to heart failure
(New York Association functional class I or II). Their
mean age was 45-8 (11.9) years. All had abnormal
electrocardiograms consisting of ventricular extrasys-
toles, most of which were multifocal or in couplets:
one had atrial fibrillation and 10 had conduction
abnormalities (right bundle branch block (4), left
anterior fascicular block (3), isolated left anterior fas-
cicular block (3), abnormal Q waves (3), and non-

specific ventricular repolarisation disorders (10)). All
cross sectional echocardiograms showed apical and
apicoposterior dyskinesis. These changes were

confirmed in seven by left ventricular cineangio-
grams; all had normal coronary arteriograms.
Group 3-The normal control group consisted of 20

subjects (eight men, 12 women; mean age 30-1 (9-3)
years) with no clinical, radiological, or electrocardio-
graphic evidence of heart disease and negative
serological tests; all came from urban areas where
there were no possibilities of contracting Chagas's
infection.

Group 4-The hypertrophic group consisted of 12
patients (six men, six women; mean age 45-1 (14-9)
years) ofwhom six had classic idiopathic hypertrophic
cardiomyopathy and six left ventricular hypertrophy
secondary to systemic hypertension.

Combellas, Puigbo, Acquatella, Tortoledo, Gomez

ECHOCARDIOGRAPHY
Echocardiograms with simultaneous apexcardio-
grams, electrocardiograms (standard lead II), and
phonocardiograms (Fig. 1) were performed with the
subject in the left lateral position, using a 1-25 cm
diameter, 2-25 MHz transducer with a 1000 cycles/
second repetition frequency and an Irex echocardio-
graph. The output was displayed on a strip chart
recorder operating at a paper speed of 100 mm/s. A
left ventricular echocardiogram of the mitral valve
tips clearly showing the onset of opening and provid-
ing a clear and constant record of echoes from both
the septum and posterior wall endocardium and
epicardium was used for further analysis.
The apexcardiograms were recorded using a 3 cm

wide microphone air coupled by 25 cm rigid plastic
tubing to a transducer, with a time constant of 4 s and
a low frequency limit of 0-04 Hz.
The phonocardiograms were recorded with an Irex

microphone placed where the high frequency compo-
nent of the second aortic sound (A2) could best be
recorded.

All recordings were obtained at the end of normal
expiration and at least five clear cardiac cycles were
recorded. Immediately afterwards, the left ventricular
systolic time intervals were measured in the supine
position, according to Weissler et al's technique.'2

Digitising techniques
The echocardiograms and apexcardiograms were
digitised as previously described by Gibson and
Brown.' The data processing equipment consisted of
an IREX CARDIO 80 microcomputer, a Z80 micro-
processor, a graphics/alphanumeric CRT, a digitiser
(Summagraphics) 20 x 20 inches with 0*01 inch
resolution, and a printer-plotter. A semiautomatic
computing system was used.
From the digitised data, plots were made of the left

ventricular dimension (D), rate of change of dimen-
sion (dD/dt), normalised rate of change of dimension
(dD/dt 1/D), normalised rate of change of posterior
wall thickness (dPW/dt 1/PW), and of the echo
dimension apexcardiogram loops.4 Figs. 1-3 show
examples from subjects in the normal (group 3),
asymptomatic (group 1), and arrhythmic (group 2)
groups respectively.

Diastolic intervals-Time intervals (ms) were meas-
ured (a) from the second aortic sound (A2) to the
onset of mitral valve opening (isovolumic relaxation
time), (b) from minimum left ventricular dimension
to A2, (c) from minimum left ventricular dimension to
mitral valve opening, and (d) between A2 and the 0
point on the apexcardiogram (A2-O). Mean values
were obtained for five successive complexes.

Left ventricular dimension changes-Change in left
ventricular dimension, expressed as a percentage of
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Table 1 Diastolic time intvals and left ventricularfunction indices in asymptomatic patients with Chagas's disease (group 1), arrhythmic patients
with Chagas's disease (group 2), normal control subjects (group 3), and control subjects with hypertrophy (group 4). Values are mean (ISD)

Group No of Diastolic intervals Left venticular dimension and function
patents

IVRT (ms) AZ to Minimum Az to 0 LVEDD (mm) LVESD (mm) FS% PEPc LVETc PEP:LVET
msnsmum dimension to point (ms) ratio
dimension (ms) MVO (ms)

1 20 72 (14)* -23 (39)* 48 (39)** 130 (20) 50 (4) 34 (4)* 33 (5) 126 (15) 419 (19) 0-32 (0-06)
2 12 81 (33) 20 (40)***tt 102 (50)***tt 150 (21)**t 54 (7)* 39 (9)* 29 (9)* 125 (21) 400 (33) 0-34 (0-1)
3 20 63 (11) -47 (15) 15 (16) 122 (16) 48 (4) 31 (4) 36 (5) 120 (11) 416 (13) 0.30 (0-04)
4 12 81 (25)* -1 (39)***t 80 (33)*** 151 (26)**t 43 (6)**ttf# 26 (6)**jtl#t 40 (8)141 146 (77) 397 (88) 0-34 (0-11)

Statistical difference from group 3: ***p<0.001; **p<0.01; *p<0.05; from group 1: tttp<0-001; ttp<0.1; tp<0-05; and from group 2: t#p<0001;
4pr<0*01.
MVO, mitral valve opening; LVEDD, left ventricle end diastolic dimension; LVESD, left ventricle end systolic dimension; FS%, fractional shortening; PEPc,
pre-ejection period corrected; LVETc, left ventricular ejection time corrected; PEP:LVET, ratio of pre-ejection period to left ventride ejection time.

total dimension change during the cardiac cycle, was

measured for each of the following intervals: (a)
isovolumic contraction (between C and E points), (b)
the apexcardiogram downstroke (between minimum
dimension and the 0 point, pre-O), (c) the isovolumic
relaxation time, (d) and atrial systole (between the
beginning of the electrocardiogram P wave and the
beginning of the Q wave at the end of the cycle).
The "a":H ratio of the apexcardiogram, which rep-

resents the relative magnitudes of the "a" wave in
relation to the total outward movement and the "a":D
ratio taken as the ratio between the "a" wave height
and total diastolic deflection (D).13

Left ventricular cavity dynamics-4a) Left ventricu-
lar end diastolic dimension (LVEDD) was measured
at the beginning of the Q wave; (b) left ventricular end
systolic dimension (LVESD) was taken as the
minimum systolic dimension; (c) fractional shortening
(%FS) was calculated by substracting the end systolic
dimension (LVESD) from the end diastolic dimen-
sion (LVEDD), and expressing it as a percentage of
the LVEDD (LVEDD-LVESD/LVEDDx 100%);
(d) peak rate of increase in left ventricular dimension
was calculated as the highest positive value of the
dimension change curve in diastole; and (e) rapid
filling period was arbitrarily defined as the interval

between the minimum dimension and reduction to
20% of the peak rate of dimensional increase.'

Left ventricular posterior wall dynamics-(a) normal-
ised peak rate of posterior wall thinning was taken as

the lowest negative value of the mean curve of change
in posterior wall thickness during diastole; and (b)
duration of early thinning of the posterior wall was

taken as the interval between maximum posterior wall
thickness and the peak rate of posterior wall tinning.

VALIDITY AND REPRODUCIBILITY OF METHODS
Validation of echocardiographic measurements of the
left ventricular minor axis and its rate of change has
been established by comparison with angiographic
data from previous studies.'4 15

Reproducibility was assessed as the root mean

square difference between pairs of determination of
left ventricular dimension at end systole and end dias-
tole and of peak rate of increase in left ventricular
dimension during filling. These calculations were per-

formed for 20 pairs of measurements made by two
observers on the same recording and also in 10
patients between pairs of recordings made at different
times in the same patient. For duplicate determina-
tions on the same recording the mean square differ-
ence was 1*7 mm for end systole and 1'8 mm for end

Table 2 Left ventricular (LV) percentage dimensionl changes, left ventricular (LV) cavity dynamics, and "a" wave (apexcardiogram) in
asymptomatic patients with Chagas's disease (group 1), arrhythmic patients with Chagas's disease (group 2), normal control subjects (group 3), and
control subjects with hypertrophy (group 4). Values are mean (ISD)

Group LV dimension change LV cavity dynamics "a" wave

CE (%h) PRE-O (%) IVR (%) Atrial systole Peak rate of Rapidfilling "a".H (%) "a":D (%)
(Yo) dimension period (ms)

increase (cmls)

1 8-8 (8-4) 37.2 (10-6) 6-9 (6-0)*** 21-2 (9-3)* 12-0 (3 1)*** 177-1 (72-2)** 9-1 (5-4) 29-5 (13-0)
2 15-6 (12-4)* 488 (9.7)***tt 195 (18.0)**t 176 (9-4) 10-1 (3-4)*** 2251 (69.1)*** 191 (11-3)**t 515 (15-8)***ttt
3 6-9 (8-9) 34-3 (10-1) 1-5 (2-1) 15-8 (6-2) 16-0 (3-0) 125-7 (29-2) 7-5 (3-5) 23-6 (9-3)
4 230 (22-7)*t 415 (16-8) 144 (9. 1)***t 23-8 (13-2) 10-9 (3-7)*** 1769 (63.1)* 19-9 (9.4)***ttt 447 (13*5)***tt

Statistical difference from group 3: ***p<0.001; **p<0.01; *p<0.05; and from group 1: flflp<0.001; t4p<0.01; fp<0.05.
"a":H, ratio of "a" wave to total apexcardiogram height; "a":D, ratio of "'a" wave to totI diastolic deflection of apexcardiogram; CEYo, change in LV
dimension between C and E points of apexcardiogram (expressed as percentage of total dimension change); IVR, isovolumic relaxation time.
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Table 3 Posterior wall (PW) dynamics in asymptomatic
patients with Chagas's disease (group 1), arrhythmic patients
with Chagas's disease (group 2), normal control subjects (group
3), and control subjects with hypertrophy (group 4). Values are
mean (ISD)

Group PW thickness Peak rate of (N) Duration ofPW
diastole (mm) PW thinning (s') thinning (ms)

1 7-5 (1-6) 5-1 (1-9)** 84-3 (46-4)*
2 7-4 (1-5) 3-5 (1-9)***t 114-1 (40-4)***
3 6-9 (1-4) 6-7 (1-8) 59-1 (17-1)
4 12-3 (3-5)***jtj 3.6 (1-7)***t 86-2 (54-5)

Statistical difference from group 3: ***p<0-001; **p<0-01;
*p<0-05; from group 1: tlp<0-001; tp<0-05; and from group 2:
m$p<0o001.
N, normalised (dPW/dt I/PW).

diastole difference and 1*6 cm/s for peak rate of
increase of left ventricular dimension.

STATISTICAL METHOD
Normal values were considered to be those found
between two standard deviations of the mean values in
the normal group. The statistical analysis of the dif-
ferences between means was determined by Student's
t test.

Results

Tables 1-3 and Figs. 4-8 show the results (mean

Combellas, Puigbo, Acquatella, Tortoledo, Gomez
(SD)) in the asymptomatic study group (group 1), the
study group with arrhythmias (group 2), the normal
control group (group 3), and the hypertrophic control
group (group 4). Group 3 had diastolic intervals and
changes in left ventricular dimension, left ventricular
cavity size, and posterior wall dynamics similar to
those reported by others.3 16

GROUP 1
Although the left ventricular end diastolic dimension,
the end diastolic thickness of the posterior wall, the
percentage fractional shortening, and the systolic time
intervals were normal with respect to the control
group, the following significant abnormalities were
found (Tables 1-3):

Diastolic intervals-Isovolumic relaxation time was
prolonged (p<0*05) and mitral valve opening and aor-
tic valve closure were delayed in relation to minimum
dimension (p<0Ol and p<005 respectively) (Figs. 4
and 5).
Changes in left ventricular dimension-There was a

significant abnormal increase in left ventricular
dimension during isovolumic relaxation time
(p<O-O01). Increased change in dimension was found
during atrial systole (p<0.05) (Fig. 6). As regards the
"a":H and "a":D ratios in the apexcardiogram,
although there was no significant change, values 2
standard deviations above the mean for the normal
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group were found in seven out of 20 patients.
Left ventricular cavity dynamics-Left ventricular

end systolic dimension was significantly increased
(p<005), the peak rate of increase in dimension was

reduced (p<0.001), and the duration of the rapid
filling period was significantly prolonged (p<0z01)
(Figs. 7 and 8).

Left ventricular posterior wall dynamics-The nor-

malised peak rate of posterior wall thinning was

reduced (p<001) and early thinning of the posterior
wall was prolonged (p<0-05) (Figs. 7 and 8).

GROUP 2
This group had a slight increase in both the left ven-
tricular end diastolic dimension and left ventricular
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2), and hypertrophic control subjects (group 4).

end systolic dimension (53.8 (6-6) mm and 38-6
(8-9) mm) and a slight decrease in fractional shorten-
ing (29 (9)%); nevertheless, systolic time intervals and
posterior wall thickness remained normal.
The abnormal values for all indices of diastolic

function seen in group 1 were of a greater magnitude
in group 2 who also had (a) increased duration of the
A2-0 interval (p<O0O1 and p<O.05 vs groups 3 and
1), (b) abnormal reduction in left ventricular dimen-
sion during the apexcardiogram upstroke (p<0.05 vs

group 3) as well as an abnormal increase during the
apexcardiogram downstroke during isovolumic relax-
ation time (p<O0O1 and p<O005 vs groups 1 and 3) and
before the 0 point (pre-O) (p<O0OOl and p<O0O1 vs

group 1 and 3), and (c) an increase in the "a":H ratio
(p<OO1 and p<OO5 vs groups 1 and 3) and "a":D

ratio in the apexcardiogram (p<OOOl vs groups 1 and
3) (Tables 1-3, Figs. 48).

GROUP 4
Left ventricular end diastolic and left ventricular end
systolic dimensions were reduced (p<0.01 vs group 3
and p<O-001 vs groups 1 and 2). The fractional shor-
tening and the systolic intervals were normal. End
diastolic thickness of the left ventricular posterior wall
was increased (p<0001 vs groups 1, 2, and 3). Dias-
tolic function abnormalities similar to those in group 2
were found; there was, however, less delay in aortic
valve closure and mitral valve opening. The increase
in dimension during the apexcardiogram downstroke
was not significant and the rapid filling period was less
prolonged (Tables 1-3, and Figs. 4-8).
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Discussion

Computerised echocardiographic interpretation is an
excellent tool for studying left ventricular diastolic
function because it provides not only a continuous
record of changes in dimension, wall thickness, and
instantaneous dynamics but also allows us to pinpoint
the moment mitral valve opening begins and thus to
study left ventricular relaxation and filling. It has
been useful as a non-invasive method of studying
early changes in ventricular function in subjects with
ischaemic and valvar heart disease and hypertrophic
cardiomyopathy and could be used in the study of
other heart diseases.4 We found it especially useful in
patients with early Chagas's heart disease for studying
inco-ordinate contraction, which has previously been
reported by our group and others.6-9 17

Interestingly, important diastolic function abnor-
malities were found even in the asymptomatic patients
with Chagas's disease (group 1) in whom clinical
examination, electrocardiograms, chest x ray films,
and M mode and cross sectional echocardiograms had
failed to show any signs of heart disease. The abnor-
malities were less severe in this group than in those
with arrhythmias (group 2).

Firstly, the abnormal diastolic intervals included
delayed closure of the aortic valve, delayed mitral
valve opening, and prolonged isovolumic relaxation.
The delay in aortic valve closure is explained by
inco-ordination due to segmental contractility disor-
ders as there are areas of myocardium with delayed or
abnormal movements which provoke persistent ten-
sion, thus prolonging and delaying the end of ejec-
tion.3 Delayed mitral valve opening would thus be
explained not only by the delayed aortic valve closure
but by the prolonged isovolumic relaxation time itself.

Secondly, the abnormal changes in left ventricular
dimension during the apexcardiogram upstroke
(isovolumic contraction), the downstroke (early relax-
ation), or both consisted of a significant reduction in
dimension during the former and an abnormal
increase during the latter; when both abnormalities
were present, reduction during isovolumic contrac-
tion was always accompanied by increase during
relaxation. These abnormal dimensional changes were
the result of disturbances of function. A decrease in
dimension during isovolumic contraction could reflect
assynchronous onset of contraction, with areas of
myocardium developing early tension and contrac-
tion, whereas an increase in dimension during relaxa-
tion would reflect increased outward movement of the
posterior wall before mitral valve opening occurs,
accompanied by a change in isovolumic shape. A simi-
lar explanation has been suggested for ischaemic
patients with inco-ordinate contraction4; however,
invasive studies would be needed for confirmation.
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Thirdly, the abnormal left ventricular cavity and

posterior wall dynamics included prolonged duration
of rapid filling and reduced dimensional increase peak
rate accompanied by prolonged and reduced posterior
wall thinning. This tendency towards early involve-
ment of the posterior wall or apical region in Chaps's
heart disease or both had already been confirmed by
cineventriculograms, M mode and cross sectional
echocardiograms, and radionuclide studies6-8 and
represents the pathological substratum of posterior
wall thinning or aneurysms.'8

In the patients with arrhythmias who already
showed signs of heart disease, but without congestive
heart failure, the abnormalities of diastolic function
were more severe and widespread. Significant differ-
ences in relation to the abnormal changes in the
asymptomatic group were observed and were also
accompanied by other changes, both in early and end
diastole. The former consisted of a significant length-
ening of the A2-O interval accompanied by an
abnormal increase in the left ventricular dimension
before the 0 point (increased pre-0 dimension) and
the latter consisting of an increase in the apexcardio-
gram "a" waye. The first changes would be secondary
to a greater abnormality in the velocity and duration
of rapid filling'9 and the second would be a sign of a
significant atrial systole, during which the left ven-
tricular dimensional change was relatively small and
reflected greater resistance to filling during end dias-
tole. Both changes indicate myocardial restriction due
to reduced distensibility in Chagas's disease. A good
correlation has been reported between increases in the
"a" wave, both the "a'.':H and the "a":D ratios, with
diastolic compliance or distensibility, determined by
invasive methods in subjects with dilated car-
diomyopathy. 13 These abnormal findings in the group
with arrhythmias were similar to those in the control
group with left ventricular hypertrophy having a
known pattern of diastolic abnormalities.20-23

Similar changes have also recently been described
in subjects with aortic valve stenosis and severe diab-
etes.22 24 Although these findings are not specific to
Chagas's disease, there are certain differentiating
characteristics. The degree of assynchronism (delayed
aortic valve closure and delayed mitral valve opening)
is greater in patients with Chagas's disease, and the
degree of the dimensional changes during the
isovolumic periods (both contraction and relaxation)
is greater than in subjects with hypertrophy.
Moreover, although there is some similarity in
patients with ischaemic heart disease as far as the
degree of assynchronism and dimensional changes are
concerned,25 in Chaas's disease the isovolumic relax-
ation period is prolonged and the filling abnormalities
are more severe. It is important to point out that a
diagnosis of coronary disease can be excluded as a
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cause in this series because of the absence of symp-
toms, mean age <43 years, normal coronary angio-
grams in seven out of 12 (58%) patients in the
arrhythmic group, and positive serology for Chagas's
disease in 1000/o of the patients.

Abnormalities in diastolic function have been
ascribed to altered myocardial properties (ischaemic
disease, hypertrophy)2021 2627 or to microvascular
involvement (diabetes). 24

In Chagas's disease these abnormalities are due to
oedema, inflammatory cell infiltration, and destruc-
tion of the myocardial fibres. In the more advanced
stages, fibrous replacement of myocardial fibres might
be a cause contributing to myocardial rigidity.
These findings lead us to believe that the initial

manifestation of Chagas's disease is predominantly a
diastolic rather than a systolic dysfunction and that
only years later the symptoms secondary to severe
impairment of pumping or systolic function prevail.

It is a well known fact that in Chagas's disease the
initial infection, easily detected by serological tests, is
often followed by a latent period which lasts for years
or even decades. It is important during this period to
detect any sign of heart disease. This not only permits
timely therapeutic measures to be taken, such as para-
siticide drugs, but also a better assessment of these
measures and further knowledge as far as prognosis
and the evolution of this disease is concerned.
To our knowledge there is no report of studies of

diastolic function in Chagas's disease using non-
invasive techniques. Carrasco et al found abnormal
and progressive changes in left ventricular systolic
function and distensibility using invasive studies.9
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