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ORIGINAL ARTICLE

Evidence of Early Cardiomyopathy with Strain in Chagas Disease

Evidencia de miocardiopatía incipiente con strain en la enfermedad de Chagas

Hospital General de Agudos “Carlos G. Durand”- CABA
MTSAC Full Member of the Argentine Society of Cardiology
†To apply as Full member of the Argentine Society of Cardiology

MATILDE B. DEL CAMPO CONTRERAS†, GRACIELA ROUSSE†, MARCELA C. SUN, CARLOS R. KILLINGERMTSAC, GUSTAVO CABREJOS, 
SANDRA FERRADAS, MÁXIMO SENESI

ABSTRACT

Background: In Chagas’ disease, cardiomyopathy is the most severe affection produced by this parasitic disease; its slow progression 
has led to several investigations in search of parameters capable of detecting incipient myocardial damage. Currently, the incorpora-
tion of strain by speckle tracking echocardiography opens a new horizon.
Objective: The aim of this study was to investigate the role of two-dimensional echocardiography in Chagas disease and in the detec-
tion of incipient cardiomyopathy.
Methods: A cross-sectional study was performed between December 2009 and March 2011, including 93 patients with Chagas 
disease. Forty-five patients were men and mean age was 46±12 years. The patients were divided into three groups (G): G1 (n=40) 
without demonstrable heart disease), G2 (n=17) with abnormal electrocardiogram and G3 (n=36) with cardiomyopathy. A control 
group consisted of 35 subjects; 19 were men and mean age was 40±10 years. Doppler echocardiography was performed to evaluate 
left ventricular diameters, left atrial area, left ventricular ejection fraction (Simpson), mitral annular plane systolic excursion and 
tricuspid annular plane systolic excursion. Mitral inflow pattern evaluated E wave, A wave, mitral E wave deceleration time and E/A 
ratio. Pulsed tissue Doppler imaging was used to measure and compare velocities at the lateral mitral annulus and tricuspid annulus 
(E’ wave, A’ wave, E’/A’ ratio and S’ wave) and global and segmental longitudinal peak systolic strain.
Results: Global longitudinal peak systolic strain correlated with mitral annular plane systolic excursion (r: 0.75) in the pool of pa-
tients with Chagas disease. Segmental longitudinal peak systolic strain differentiated two or more abnormal segments (value below 
-12%) in 10 patients of the group without demonstrable heart disease. This subgroup (n=10) had lower values of global longitudinal 
peak systolic strain (-19.78% vs. -22.28%; p=0.009), lower E’/A’ ratio in the mitral annulus (1.23±0.59; p=0.021) and tricuspid an-
nulus (0.73±0.3; p=0.019), with inverted E’/A’ ratio in the tricuspid annulus compared with the rest of the group (n=30).
Conclusions: Global longitudinal peak systolic strain correlated with mitral annular plane systolic excursion. Segmental longitudi-
nal peak systolic strain differentiated a subpopulation in the group without demonstrable heart disease with abnormal segments, 
low values of global longitudinal peak systolic strain and biventricular diastolic dysfunction by pulsed tissue Doppler imaging. The 
clinical value of this finding requires longitudinal follow-up.

Key words: Echocardiography, methods - Chagas Cardiomyopathy - Chagas Disease - Echocardiography, Color Doppler - Diastolic 
Heart Failure

RESUMEN

Introducción: En la enfermedad de Chagas, la miocardiopatía es la afección más grave provocada por esta parasitosis; su lenta 
evolución ha llevado a numerosas investigaciones en búsqueda de parámetros que permitan detectar daño miocárdico incipiente. 
Actualmente, la incorporación del strain por speckle tracking abre un nuevo horizonte.
Objetivo: Investigar el rol del strain bidimensional en la enfermedad de Chagas y en la detección de miocardiopatía incipiente.
Material y métodos: Estudio transversal, realizado de diciembre de 2009 a marzo de 2011, en el que se incluyeron 93 pacientes con 
enfermedad de Chagas, 45 hombres, edad promedio 46 ± 12 años, que se dividieron en tres grupos(G): G1 (n = 40) sin cardiopatía 
demostrada, G2 (n = 17) con electrocardiograma anormal y G3 (n = 36) con miocardiopatía. Se conformó un grupo control de 35 
sujetos, 19 hombres, edad promedio de 40 ± 10 años. Por eco-Doppler cardíaco se evaluaron: diámetros del ventrículo izquierdo, 
área auricular izquierda, fracción de eyección del ventrículo izquierdo (Simpson), excursión sistólica del plano de los anillos mitral 
y tricuspídeo. Por flujograma mitral: ondas E y A, tiempo de desaceleración de la onda E, relación E/A. Entre el grupo control y el 
grupo sin cardiopatía demostrada se compararon el Doppler pulsado tisular de los anillos mitral y tricuspídeo (ondas E’, A’, relación 
E’/A’ y onda S’) y el strain longitudinal pico sistólico global y segmentario.
Resultados: El strain longitudinal pico sistólico global se correlacionó con la excursión sistólica del plano del anillo mitral (r: 0,75) 
en los pacientes con enfermedad de Chagas tomados en conjunto. El análisis del strain longitudinal pico sistólico segmentario dis-
criminó dos o más segmentos anormales (valor inferior -12%) en 10 pacientes del grupo sin cardiopatía demostrada. Este subgrupo 
(n=10) mostró inferior strain longitudinal pico sistólico global(-19,78% vs. -22,28%; p = 0,009), menor valor E’/A’ en los anillos 
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INTRODUCTION
Chagas disease is the Latin American endemic para-
sitic disease with the highest morbidity and mortality. 
Its etiological agent, Trypanosoma Cruzi, has differ-
ent pathways of human transmission: vector-borne, 
transplacental and transfusion transmission. Oral 
transmission is less common (by contamination of 
food or juices) and was reported for the first time in 
1965. (1) Vector-borne transmission is the most com-
mon form and the blood-sucking insect host, Triato-
ma infestants, finds a favorable habitat in deprived 
conditions. Control of Chagas disease is considered 
a serious public health problem. Although its preva-
lence has decreased over the past two decades, the 
World Health Organization (WHO) has recently re-
ported (2016) that about 6 million to 7 million people 
worldwide are estimated to be infected and only dur-
ing 2008 11,000 deaths were registered due to Chagas 
cardiomyopathy. (2) As a consequence of global migra-
tion, there are 300,000 persons infected in the United 
States (3) and 100,000 in Europe. (4)

Cardiomyopathy is, by far, the most severe affec-
tion produced by Chagas disease. Most patients with 
this parasitic disease remain asymptomatic during 
10 to 30 years. During this “latency” period of the 
chronic phase, 30% to 40% of patients develop heart 
disease. (5, 6) Disease progression is heterogeneous, 
unpredictable and slow, and mortality is related with 
the severity of myocardial dysfunction. (7) The patho-
genesis of Chagas heart disease is not completely de-
fined and is attributed to different factors: presence 
of the parasite or parasite antigens in the myocardial 
tissue and the immune response (mediator of tissue 
damage and endothelial dysfunction). (8-10) Several 
investigators, including our group, have analyzed the 
genetic factors that regulate this immune response 
using histocompatibility testing methods, but the 
results have hitherto been inconclusive due to sig-

nificant polymorphism and to the many variables in-
volved. (11, 12)

The 2010 International Consensus on Chagas Dis-
ease replaced the terms “indeterminate” and “healthy 
carrier” of asymptomatic patients during the chronic 
stage of the disease for “chronic patients without de-
monstrable pathology”, (13) giving importance to the 
presence of heart disease according to the sensitivity 
of the diagnostic method used. Previous studies have 
demonstrated abnormalities in diastolic function, (14) 
regional wall motion and pulsed tissue Doppler imag-
ing (TDI), (15, 16) and abnormal results in pharma-
cological stress echocardiography. (17, 18) Biological 
markers, as B-type natriuretic peptide (BNP) and 
troponin, (19) in addition to the new technological 
advances of echocardiography, as two-dimensional 
strain, aim at detecting incipient myocardial damage. 
In this sense, speckle-tracking echocardiography is 
a promising technique. Myocardial deformation can 
be estimated by longitudinal (predominantly in sub-
endocardial fibers) circumferential and radial strain, 
though circumferential and radial strains require 
transmural involvement of the myocardial wall ana-
lyzed. (20) Taking into account that the subendocar-
dium is the most sensitive myocardial layer to the 
different types of ischemia (microvascular abnormali-
ties, endothelial dysfunction or vasoconstrictor stim-
uli in angiographically normal coronary arteries), it 
is possible that longitudinal strain could be abnormal 
in the early stages of Chagas cardiomyopathy, as the 
aforementioned abnormalities may be present in the 
different stages of the disease.

The aim of this study was to analyze the usefulness 
of two-dimensional strain by speckle- tracking echo-
cardiography in the chronic stage of Chagas disease 
and in the identification of incipient myocardial dam-
age in patients without demonstrable heart disease 
detected by standard echocardiographic parameters.

BNP		  B-type natriuretic peptide

ICC		  Intraclass correlation coefficient

LVDD		  Left ventricular diastolic diameter

TDI		  Tissue Doppler imaging

LVSD		  Left ventricular systolic diameter.

ECG		  Electrocardiogram

MAPSE	 Mitral annular plane systolic excursion

TAPSE		  Tricuspid annular plane systolic excursion

EF		  Ejection fraction

GWDHD	 Group without demonstrable heart disease

GLPSS		  Global longitudinal peak systolic strain

SLPSS		  Segmental longitudinal peak systolic strain

EDT		  Mitral E wave deceleration time

RV		  Right ventricular

LV		  Left ventricular

Abbreviations 

mitral (1,23 ± 0,59; p = 0,021) y tricuspídeo (0,73 ± 0,3; p = 0,019), con inversión de la relación E’/A’ tricuspídea respecto del resto 
del grupo (n= 30).
Conclusiones: El strain longitudinal pico sistólico global se correlacionó con la excursión sistólica del plano del anillo mitral. El strain 
longitudinal pico sistólico segmentario discriminó en el grupo sin cardiopatía demostrada una subpoblación con segmentos anorma-
les, valores inferiores de strain longitudinal pico sistólico global y disfunción diastólica biventricular por Doppler pulsado tisular; la 
implicación clínica de este hallazgo requiere seguimiento longitudinal.

Palabras clave: Ecocardiografía, métodos - Miocardiopatía chagásica - Enfermedad de Chagas - Eco-Doppler cardíaco - Insuficiencia 
Cardíaca Diastólica
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ation (SD) or median and interquartile range, and categori-
cal variables as percentage. The differences between groups 
for continuous variables were analyzed using Student’s t 
test or ANOVA, followed by the Bonferroni test or the Mann-
Whitney test; the chi square test or Fisher’s exact test were 
used to compare categorical variables. Correlations were 
analyzed using Pearson’s linear correlation coefficient (r).
Intraobserver and interobserver variability was estimated 
using the intraclass correlation coefficient (ICC). A p value 
<0.05 was considered statistically significant. All the calcu-
lations were performed using SPSS 18.0 statistical package 
(SPSS Inc. 5, Chicago, IL).

Ethical considerations
The protocol was evaluated and approved y the institutional 
Ethics Committee.

RESULTS
Among the initial 100 patients, 7 were excluded due to 
suboptimal ultrasonic window to measure strain (fea-
sibility 94%). The characteristics of the population and 
echocardiographic results are described in Table 1.

Patients with Chagas disease cardiomyopathy 
(Group 3) were older (an expected difference consider-
ing the long latency period of this disease), had larger 
ventricular diameters and left atrial area and variable 
systolic dysfunction reflected by lower MAPSE and 
EF compared with the other groups (p <0.05) (Table 
1). The most common wall motion abnormalities of 
this group were observed in: apical segment in 13 pa-
tients (28%), inferoseptal and inferior segments in 3 
patients (6%), other locations (anteroseptal, anterior 
and anterolateral) in 6 patients (12%) and an apical 
inferior aneurysm in only 1 patient (2%). Global hy-
pokinesis was present in 22 patients (45%). 

There were no significant differences in cardiac di-
ameters and ventricular function between the control 
group, Group 1 (GWDHD) and Group 2 (abnormal 
ECG). The analysis of LV diastolic function revealed 
a non-significant trend toward longer EDT and lower 
E/A ratio associated with the severity of the groups.

Mitral inflow velocity and pulsed TDI of the mitral 
annulus were similar in the control group and in the 
GWDHD. However, pulsed TDI at the level of the tri-
cuspid annulus showed a significant reduction in the 
E’t wave and a significantly lower E’t/A’t ratio, with 
inverted E’t/A’t ratio in 38% of the control group vs. 
68% of the GWDHD (p=0.007) (Table 2).

Two-dimensional strain
There was good correlation between GLPSS and 
MAPSE (r; 0.75) in the pool of patients (Figure 1).

When the control group and Group 1 were com-
pared, GLPSS presented lower values without reach-
ing statistical significance. Neither was the analysis 
of mean SLPSS of each segment significant between 
both groups. However, SLPSS had abnormal values, 
below -12%, in 2 or more contiguous segments in 10 
patients of Group 1 vs. no abnormal values in the con-
trol group (p <0.05). The distribution of segments 

METHODS

Population
Between December 2009 and March 2011, 100 patients with 
Chagas disease were referred to our laboratory for regular 
cardiovascular evaluation. The patients came from endemic 
areas and had at least two serological tests with positive re-
sults: indirect immunofluorescence (IIF), enzyme-linked im-
munosorbent assay (ELISA), and indirect hemagglutination. 

All the patients underwent clinical examination, electro-
cardiogram (ECG) and Doppler echocardiography and were 
compared with a control group. Patients with the following 
conditions were excluded: hypertension, coronary artery dis-
ease, valvular heart disease, cardiomyopathies, metabolic and 
toxic disorders, atrial fibrillation, and those with pacemaker 
implantation or with previous antiparasitic treatment.  

Patients were classified into 3 groups and were compared 
with a control group (35 subjects with mean age of 40.51 ± 
10.8 years and negative serology for Chagas disease).

Group 1 involved 43 patients with normal ECG and 
echocardiography; group without demonstrable heart dis-
ease (GWDHD). 

Group 2 was composed of 18 patients with normal 
echocardiogram and abnormal ECG due to the presence of 
right bundle branch block, left anterior hemiblock, ventricu-
lar premature contractions, primary repolarization abnor-
malities, electrically inactive areas or sinus bradycardia. 

Group 3 consisted of 39 patients with abnormal echocar-
diogram due to regional or global wall motion abnormalities, 
increased left ventricular (LV) diameters and different levels 
of systolic dysfunction. 

Doppler echocardiography
Doppler echocardiography was performed with a VIVID 7 ul-
trasound machine from General Electric Healthcare, using 
a matrix array transducer M4S (1.7 - 3.4 MHz). The studies 
were evaluated by two independent observers. The follow-
ing measurements were estimated: left ventricular diastolic 
diameter (LVDD), left ventricular systolic diameter, (LVSD), 
fractional shortening, ejection fraction (EF) calculated by 
Simpson’s rule, wall thickness, left atrial area, mitral annu-
lar plane systolic excursion (MAPSE) and tricuspid annular 
plane systolic excursion (TAPSE). E wave, A wave, E/A ratio 
and mitral E wave deceleration time (EDT) were assessed 
through mitral inflow velocity. Pulsed TDI evaluated veloci-
ties at the lateral mitral annulus (E’m, A’m, E’m/A’m and 
S’m) and tricuspid annulus (E’t, A’t, E’t/A’t and S’t). Longi-
tudinal peak systolic strain was evaluated from apical views 
with a frame rate of 50 to 70 frames per second. The best of 3 
cycles was analyzed online using the automated function im-
aging. (21) Global longitudinal peak systolic strain (GLPSS) 
was determined as the average of the 16 segments analyzed 
and was presented as a bull’s-eye diagram, and segmental 
longitudinal peak systolic strain (SLPSS) was defined as 
that corresponding to each of these segments. The myocar-
dial segments were named following the recommendations 
of the American Society of Echocardiography. (22)

As the aim of our study was also to evaluate the presence 
of incipient myocardial damage, and patients in Group 2 and 
Group 3 had manifestations of Chagas disease cardiomyopa-
thy, mitral inflow velocity, pulsed TDI of the mitral annulus 
and tricuspid annulus and strain were compared between 
the control group and Group 1.

Statistical analysis
Continuous variables are expressed as mean±standard devi-
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with abnormal SLPSS was the following: inferior seg-
ments 40% (inferoseptal, inferior and inferolateral), 
anterior segments 40% (anteroseptal, anterior and 
anterolateral) and apical segments 29% (Figure 2). 

The ICC for intraobserver variability was 0.93 and 
0.9 for interobserver variability.

Results of Group 1 analysis
Patients in Group 1 were divided into two subgroups 
due to SLPSS ≤ -12% in two or more segments in 10 

patients: 1a (patients with normal segments) and 1b 
(patients with abnormal segments). Mitral inflow ve-
locity, pulsed TDI of the mitral annulus and tricuspid 
annulus and strain were compared in these subgroups 
(Table 3).

In Group 1b, EDT was longer, but did not reach sta-
tistical significance while the A wave was significantly 
increased (0.73±0.22 vs. 0.58±0.13, p=0.013). The 
E/A ratio of mitral inflow velocity and the E’m/A’m 
of pulsed TDI at the level of the mitral annulus were 
significantly decreased. An inverted E’t/A’t ratio was 
observed in the pulsed TDI at the level of the tricuspid 
annulus (0.73±0.31 Group 1b vs. 1.02±0.33 Group 
1a, p=0.005), with a significant reduction of the E’t 
wave (9.4±0.96 cm/s vs. 12.83±3.91 cm/s, p=0.007). 

GLPSS was significantly lower in Group 1b 

Fig. 1. Correlation between global longitudinal peak systolic strain 
(GLPSS) and mitral annular plane (longitudinal) systolic excursion 
(MAPSE) (r=0.75) in the pool of patients with Chagas disease (n=93)
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ai
n

L MAPSE

Controls
n=35

Group 1
n=40

Group 2
n=17

Group 3
n=36

p

Age, years

Male sex, n (%)

HR, bpm

LVDD, cm

LAA, cm2

EF, %

MAPSE, cm

Mitral E/A ratio

EDT, ms

TAPSE, cm

40.51±10.8

19 (54)

69.48±7.38

4.8±0.4

15.6±2.4

63.86±7.09

2.0±0.2

1.37±0.38

211-97±40.7

2.29±0.27

40.67±15

5 (12)

66.06±7.68

4.7±0.4

16. 6±4.5

60.09±8.18

1.8±0.2

1.32±0.44

224.15±54.9

2.27±0.22

45.35±13.5

5 (29)

69.23±10.07

4.8±0.5

16.20±563.8

59.08±7.45

1.8±0.2

1.26±0.49

229.56±52.4

2.32±0.48

52.83±12.9

16 (44)

67.11±10.53

5.9±1.0

20.7±6.9

37.41±13.61

1.3±13.61

1.15±0.66

230.91±130.07

2.01±0.46

<0.0001

0.001

ns

<0.0001

<0.0001

<0.0001

<0.0001

ns

ns

0.002

Table 1. Characteristics of the population and echocardiogram. Controls and patients with Chagas disease

HR: Heart rate. bpm: Beats per minute. LVDD: Left ventricular diastolic diameter. LAA: Left atrial area. EF: Ejection fraction. MAPSE: Mitral annular 
plane systolic excursion. Mitral E/A: Mitral inflow velocity ratio. EDT: Mitral E wave deceleration time. TAPSE: Tricuspid annular plane systolic excur-
sion. ns: Non-significant

Table 2. Comparison of mitral inflow velocity, pulsed tissue 
Doppler imaging of the mitral and tricuspid annulus and global 
longitudinal peak systolic strain. Control Group vs. Group 1.

E: E mitral wave. A: A mitral wave. Mitral E/A: E/A ratio of mitral inflow 
velocity. EDT: Mitral E wave deceleration time. S’m, E´and A’m : S, E and 
A waves of mitral annulus pulsed tissue Doppler imaging. .S’t, E’t and 
A’t: S, E and A waves of tricuspid annulus pulsed tissue Doppler.

E

A

Mitral E/A ratio

EDT, ms

S’m

E’m

A’m

E’m/A’m

S’t

E’t, m/s

A’t, m/s

E’t/A’t

Global strain, %

0.76±0.16

0.6±0.23

1.37±0.38

211±40

10.40±2.12

14.37±4-12

9.11±2.65

1.71±0.73

13.03±1.85

14.14±2.29

12.60±3.11

1.19±0.39

-22.19±2.54

0.75±0.13

0.61±0.17

1.32±0.44

224±55

9.65±2.64

13.89±4.15

9.12±2.47

1.63±0.64

12.58±2.20

11.97±3.73

13.38±3.51

0.94±0.34

-21.56±2.63

ns

ns

ns

ns

ns

ns

ns

ns

ns

0.007

ns

0.005

ns

Control Group
( n=35p)

Group 1
(n=40p)

p
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compared with Group 1a (-19.78%±2.4 % vs.  
-22.28%±2.4%, p=0.009). This could explain the low-
er value of GLPSS seen in patients of the GWDHD 
(Table 3).

DISCUSSION
Chagas cardiomyopathy is the most important and 
severe manifestation of Chagas disease. The main 
anatomopathological finding is progressive and chron-
ic fibrous myocarditis, and focal myocarditis that oc-
curs even in the indeterminate phase of the disease 
and becomes more intense while disease progresses. 
Loss of cardiomyocytes and their replacement by fi-
brotic tissue predisposes to ventricular arrhythmias 
and different degrees of diastolic and systolic dysfunc-
tion during its progression. (23) Chagas cardiomyopa-
thy produces diastolic dysfunction in both phases of 
ventricular filling: relaxation is initially impaired with 
subsequent involvement of chamber compliance as it 
affects not only myocardial fibers but different com-
ponents, as the interstitial space, conduction system, 
autonomic nervous system and vascular integrity. (16)

Considering that Chagas cardiomyopathy develops 
during decades, the search for any echocardiographic 
parameter that could warn about its clinical evolution 
in the chronic stage without demonstrable heart dis-
ease, led to multiple research studies with the avail-
able tools. In this sense, mitral inflow velocity, pulsed 
TDI of the mitral annulus (at rest and during dobu-
tamine stress echocardiography) and of the tricuspid 
annulus were analyzed. (14-19) At present, the incor-
poration of strain by speckle tracking echocardiogra-
phy opens a new horizon.  

In our study, diastolic dysfunction, reflected by 
longer EDT and lower value of the E/A ratio in pa-
tients of the GWDHD compared with the control 
group, was not statistically significant. This finding is 
similar to the one reported by Pazin-Filho et al. (6) and 
opposed to that of Cianciulli et al. (14). Other authors, 

 
Fig. 2. 2D longitudinal strain by 
speckle tracking echocardiog-
raphy obtained from the apical 
view of a patient in Group 1b. 
Upper, left: Long axis view with 
normal segmental strain. Upper, 
right: 4-chamber view showing 
strain values below -12% in the 
basal anterolateral and mid- an-
terolateral segments (pink color; 
see color image in the web). Low-
er, left: 2-chamber view showing 
normal segmental strain. Lower, 
right. Bull’s eye diagram ob-
tained from longitudinal peak 
systolic strain of each segment 
and global strain (average of all 
the segments).

Table 3. Comparison of mitral inflow velocity, pulsed tissue 
Doppler imaging of the mitral and tricuspid annulus and 
global longitudinal peak systolic strain. Group 1a vs. Group 1b.

E: E mitral wave. A: A mitral wave. Mitral E/A: E/A ratio of mitral inflow 
velocity. EDT: Mitral E wave deceleration time. S’m, E´and A’m : S, E and 
A waves of mitral annulus pulsed tissue Doppler imaging. .S’t, E’t and 
A’t: S, E and A waves of tricuspid annulus pulsed tissue Doppler. GLPSS: 
Global longitudinal peak systolic strain.

E, m/s

A, m/s

Mitral E/A ratio

EDT, ms

S’m, cm/s

E’m, cm/s

A’m, cm/s

E’m/A’m

S’t

E’t

A’t

E’t/A’t

GLPSS (%)

0.77±0.13

0.58±0.13

1.41±0.43

214.73±50.87

9.90±2.7

14.77±3.78

9±2.62

1,76±0.61

12.90±2.1

12.83±3.91

12.93±2.59

1.02± 0.33

-22.28±2.4

0.71±0.11

0.73±0.22

1.08±0.41

252.40±59.63

8.90±2.4

10.90±3.95

9.5±2.01

1.23±0.59

11.60±2.3

9.4±0.96

14.70±5.37

0.73±0.31

-19.78±2.4

ns

0.013

0.04

0.059

ns

0.09

ns

0.021

ns

0.001

ns

0.019

0.009

Group I a
(n=30)

Group I b
(n=10)

p
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