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c Universidad Católica Boliviana San Pablo, Bolivia 
d Imperial College of London, UK 
e Department of Biochemistry, University of Cambridge, UK 
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A B S T R A C T   

Background: Chagas disease is an endemic protozoan disease with high prevalence in Latin America. Of those 
infected, 20–30% will develop chronic Chagas cardiomyopathy (CCC) however, prediction using existing clinical 
criteria remains poor. In this study, we investigated the utility of left ventricular (LV) echocardiographic speckle- 
tracking global longitudinal strain (GLS) for early detection of CCC. 
Methods and results: 139 asymptomatic T. cruzi seropositive subjects with normal heart size and normal LV 
ejection fraction (EF) (stage A or B) were enrolled in this prospective observational study and underwent paired 
echocardiograms at baseline and 1-year follow-up. Progressors were participants classified as stage C or D at 
follow-up due to development of symptoms of heart failure, cardiomegaly, or decrease in LVEF. LV GLS was 
calculated as the average peak systolic strain of 16 LV segments. Measurements were compared between par-
ticipants who progressed and did not progress by two-sample t-test, and the odds of progression assessed by 
multivariable logistic regression. Of the 139 participants, 69.8% were female, mean age 55.8 ± 12.5 years, with 
12 (8.6%) progressing to Stage C or D at follow-up. Progressors tended to be older, male, with wider QRS 
duration. LV GLS was − 19.0% in progressors vs. –22.4% in non-progressors at baseline, with 71% higher odds of 
progression per +1% of GLS (adjusted OR 1.71, 95% CI 1.20–2.44, p = 0.003). 
Conclusion: Baseline LV GLS in participants with CCC stage A or B was predictive of progression within 1-year and 
may guide timing of clinical follow-up and promote early detection or treatment.   

1. Introduction 

Chagas disease is caused by the parasite Trypanosoma cruzi and its 

vector for transmission are triatomine (kissing) bugs. It is a leading cause 
of congestive heart failure (CHF) in Latin America where approximately 
6 million people are infected [1]. Migration has also resulted in an 

* Corresponding author. 
E-mail address: Sithu.Win@ucsf.edu (S. Win).   

1 Signifies co-first authors. 

Contents lists available at ScienceDirect 

IJC Heart & Vasculature 

journal homepage: www.sciencedirect.com/journal/ijc-heart-and-vasculature 

https://doi.org/10.1016/j.ijcha.2022.101060 
Received 16 March 2022; Received in revised form 27 April 2022; Accepted 17 May 2022   

mailto:Sithu.Win@ucsf.edu
www.sciencedirect.com/science/journal/23529067
https://www.sciencedirect.com/journal/ijc-heart-and-vasculature
https://doi.org/10.1016/j.ijcha.2022.101060
https://doi.org/10.1016/j.ijcha.2022.101060
https://doi.org/10.1016/j.ijcha.2022.101060
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcha.2022.101060&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


IJC Heart & Vasculature 41 (2022) 101060

2

estimated 300,000T. cruzi infected individuals residing within the 
United States [2]. The highest prevalence is in Bolivia, with 6.1% of the 
entire population is affected, while the absolute number of cases is 
greatest in Brazil, Argentina and Mexico [3]. In a public hospital in Santa 
Cruz, Bolivia, 79% of patients with CHF had Chagas disease [4]. The 
current Bolivian guidelines include antitrypanosomal treatment (eg. 
benznidazole) up to age 15 years. However, some data suggests that 
treatment of adults with indeterminate or chronic stages may decrease 
Chagas cardiomyopathy (CCC) progression, mainly in non-randomized 
studies of patients without established cardiomyopathy [5,6]. In pa-
tients with established CCC, treatment reduced parasite detection but 
was not associated with reduction in progression or cardiovascular 
events [7]. A method of identifying patients at highest risk of CCC 
progression, before the development of systolic dysfunction, may facil-
itate management. 

Cardiac manifestations usually begin in early adulthood following 
acute infection and progress over decades; thus, the prevalence of 
clinical disease also increases with age. During the chronic phase, about 
70–80% remain asymptomatic (indeterminate form) while 20–30% 
develop chronic Chagas cardiomyopathy (CCC) and heart failure at a 
rate of 1.85% to 7% annually [3,8]. Chronic inflammation results in 
myocardial fibrosis which impairs contractile function, damages the 
conduction system, and can lead to heart block, arrhythmias, and dilated 
cardiomyopathy with symptomatic HF. [9-12]. 

While some potential risk factors have been identified, such as male 
sex, reinfection, parasite strain, and comorbidities, there is currently a 
lack of reliable predictors of worsening CCC [13]. Electrocardiographic 
(ECG) abnormalities and left ventricular ejection fraction (LVEF) have 
been utilized to categorize Chagas cardiac disease [14]. Speckle-tracking 
strain echocardiography (STE) is a newer non-invasive imaging tech-
nique added to conventional echocardiography which has been shown 
to detect subclinical myocardial contractile dysfunction before a 
reduction in LVEF. In this study, we evaluate the utility of LV STE for 
predicting worsening CCC in patients with Chagas disease. 

2. Methods 

This ongoing prospective observational cohort study was conducted 
at the Hospital Juan de Dios, the largest public hospital in Santa Cruz, 
Bolivia. Participants in this cohort were seropositive for T. cruzi and 
were enrolled between March 2016 – April 2017. They underwent an 
interview, physical exam, vitals, resting ECG and a limited 2D echo-
cardiogram annually. Patients were not involved in the design and 
conduct of this research. 

We defined Chagas severity at each visit based on a modification of 
the Acquatella criteria [4,15]. Stage A is defined as seropositive patients 
that are asymptomatic with a normal ECG. Stage B represents seropos-
itive patients with ECG abnormalities including right bundle branch 
block (RBBB), left anterior fascicular block (LAFB), left bundle branch 
block (LBBB), ventricular extrasystoles, atrioventricular block, atrial 
fibrillation/flutter, bradycardia (<50 bpm), tachycardia (>100 bpm) 
but without LV systolic dysfunction. Stage C is defined as seropositive 
patients with evidence of mild to moderate systolic dysfunction by 2D 
echocardiogram (EF men: 40–51%, women: 40–53%). Stage D patients 
are those with severe systolic dysfunction by 2D echocardiogram (EF <
40%). 

Participants were included if they were classified as stage A or B at 
their baseline visit and had technically adequate echocardiograms (<3 
LV segments missing or unanalyzable, with frame rates 70–90 FPS) 
available for analysis at baseline and 1-year follow-up. We focused on LV 
longitudinal strain as this measure is the most clinically validated and 
available on most echo machines. Our limited studies had apical LV 
views available in most patients, whereas LV short axis (for radial strain) 
or right ventricular apical (for RV free wall strain) were less available. 
We sought to identify echocardiographic markers of progression of CCC 
from the milder/asymptomatic stages without LV systolic dysfunction 

(stages A or B) to the onset of symptoms of CHF, dilated cardiomyopa-
thy, or systolic dysfunction (stages C or D) as this marks a significant 
transition point in clinical care. This protocol was approved by Uni-
versidad Católica Boliviana (Santa Cruz, Bolivia), Asociación Benéfica 
PRISMA (Lima, Perú), Universidad Peruana Cayetano Heredia (Lima, 
Perú), and Johns Hopkins University (Baltimore, USA). All participants 
provided written informed consent for the initial study. 

2.1. Serologic confirmation 

Patients underwent serologic confirmation in our Santa Cruz lab by 
anti-T. cruzi enzyme-linked immunosorbent assay (ELISA) (Wiener 
Chagatest, Rosario, Argentina) and indirect hemagglutination assay 
(IHA) (Polychaco IHA, Buenos Aires, Argentina). For specimens with 
discrepant results, aliquots were tested by trypomastigote excreted- 
secreted antigen (TESA)-blot. Confirmed infection was defined by pos-
itive results by at least 2 assays. 

2.2. Echocardiographic analysis 

Echocardiograms were performed at a single site using a GE Vivid-I 
machine. Images were obtained with a 3.4 MHz sector transducer. LV 2D 
measurements were obtained in conformity with the American Society 
of Echocardiography guidelines [16]. Relative wall thickness, LV mass 
index, and fractional shortening percentage were calculated. LVEF was 
calculated by the modified Simpson’s biplane method using the apical 
four- and two-chamber views. Evaluation of LV diastolic function was 
based on pulsed-wave Doppler imaging of mitral valve inflow velocities, 
measuring peak early (E) and late (A) diastolic velocity to calculate the 
E/A ratio, and the E-wave deceleration time. Using tissue Doppler im-
aging, the average of septal and lateral early diastolic velocity (e’) and 
E/e’ ratio was used to estimate LV filling pressures [17]. 

Functional assessment of the RV was performed by analyzing 
M− mode derived tricuspid annular systolic plane excursion (TAPSE). In 
the absence of RV outflow tract obstruction and tricuspid or pulmonic 
stenosis, the tricuspid regurgitant velocity was used to estimate RV 
systolic pressure (RVSP). 

We utilized a vendor-neutral offline imaging platform (Image-Arena 
v4, TomTec Imaging Systems) to assess averaged peak LV global longi-
tudinal systolic strain (GLS), a summative measure of LV contractility 
and myocardial deformation based on the degree of systolic shortening 
of each segment of the LV5. It is expressed as a negative percentage, with 
less negative numbers indicating worse function. Using standard 2D cine 
end-diastolic frames from apical three, four, and two-chamber views, LV 
GLS was calculated as the average of 16 regional segments [16]. The 
software employed automatic tracking, which was manually adjusted to 
ensure adequate speckle colocation along the endocardial borders. All 
echocardiographic measurements including strain were performed 
jointly by two reviewers (SW, MMS) blinded to the disease classification 
and clinical variables. 

2.3. Statistical analysis 

Continuous data are presented as mean ± standard deviation and 
categorical variables are presented as counts and percentages. Differ-
ences in baseline characteristics and echocardiographic measures by 
CCC progression status were compared using two-sample t test for 
continuous variables and χ2 test for categorical variables. A two-sided p 
value < 0.05 was considered statistically significant. The relationship 
between baseline LV GLS and risk of progression from asymptomatic 
severity classes (A or B at baseline) to stage C or D was assessed using 
univariate and multivariable logistic regression, adjusting for LVEF and 
QRS duration. Receiver Operating Characteristic (ROC) curves were 
generated comparing the discriminative performance of LV GLS versus 
LVEF and QRS duration for predicting progression to stage C or D. The 
test performance characteristics (sensitivity, specificity, and predictive 
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values) of LV GLS at different thresholds for progression to stage C or D 
was calculated. Statistical analysis was performed in Stata v14.2 [18]. 

3. Results 

3.1. Clinical and electrocardiographic characteristics 

A total of 139 participants (69.8% women) with Chagas stage A 
(34.5%) or B (65.5%) at baseline were included in this study (Table 1). 
There was no difference in follow-up time between echocardiograms in 
the non-progressors (382 ± 59 days) vs. progressors (380 ± 67 days) p 
= 0.909. Mean age was 55.2 ± 12.6 years among non-progressors and 
61.9 ± 9.8 years among progressed (p = 0.078), and 69.8% were female 
with men more likely to progress (p = 0.026). Hypertension was present 
in 65.7% and diabetes in 15.1%, with mean BMI 29.4 kg/m2. Of the 139 
participants, 12 (8.6%) progressed to stage C or D at follow-up. Baseline 
QRS duration was significantly wider in participants who progressed 
versus those who did not (115.4 ± 25.1 vs. 95.8 ± 29.9 ms, p = 0.030) 
and this difference was similar at the follow-up visit (123.3 ms vs. 102.9 
ms, p = 0.072); LBBB was more common in progressors (p = 0.001) as 
was atrial fibrillation or flutter (p < 0.001). 

3.2. Echocardiographic features at baseline by progression status 

LVEF was lower among progressors compared to non-progressors at 
baseline (58% ± 7.3 vs. 63% ± 4.6, p < 0.001) and follow-up (Table S1 
in supplemental) with similar findings for LV fractional shortening. LV 
mass and chamber size (internal diameter in diastole or systole) were 
greater in progressors than in non-progressors, but this difference was 
attenuated after accounting for sex or indexed to body surface area. LV 
GLS was more negative (normal values tend to be more negative) in 
those who remained stage A or B at follow-up compared to those who 
progressed (–22.4% vs. − 19.0%, p < 0.001) to stage C or D (Figure S1, 
supplemental) with similar findings for segmental strain in all 16 
segments. LV diastolic function was generally comparable in the two 
groups at baseline, with a trend towards septal and lateral tissue doppler 
velocities being lower in progressors (which became significant at 
follow-up) but was not significantly associated with progression. Mea-
sures of right ventricular function were similar in the two groups. 

3.3. Relationship between baseline LV strain and progression of 
cardiomyopathy 

Each 1% increase (more positive) in LV GLS was associated with an 
82% higher risk of progression from stage A/B to stage C or D in uni-
variate analyses (OR 1.82, 95% CI 1.32–2.51, p < 0.001) and 76% 
higher risk after adjusting for age and sex (OR 1.76, 95% CI 1.24–2.51, p 
= 0.002) (Table 2). In a multivariable model, LVEF and QRS duration 
were not found to be predictors of progression whereas LV GLS remained 
significant (OR 1.71, 95% CI 1.20–2.44, p = 0.003). Similar results were 
obtained using ordinal logistic regression considering the progression 
from A/B to C as 1 category increase and A/B to D as 2 categories in-
crease. In comparing the accuracy of LV GLS with LVEF and QRS 
duration in predicting progression to stage C or D, an Area Under the 
Receiver Operating Characteristic curve (AUROC) of 0.890 (95% CI 0.82 
– 0.96) was obtained for LV GLS versus 0.735 for LVEF (95% CI 
0.58–0.89; p = 0.073) and 0.760 for QRS duration (95% CI 0.65–0.87; p 
= 0.017) (Fig. 1). Combining the three parameters (LV GLS, LV EF, QRS 
duration) in a multivariable logistic regression produced an AUROC of 
0.906 which was not statistically significantly different from LV GLS 
alone for prediction of progression. Within each percentage of baseline 
LV GLS, more positive values had a greater percentage of patients pro-
gressing to stage C or D (Fig. 2). Table S2 (supplemental) shows the 
corresponding test characteristics (sensitivity, specificity, positive [PPV] 
and negative [NPV] predictive values, and accuracy) of LV GLS using 
various thresholds to define abnormal, within our study population 

where the progression rate was 8.6% in 1 year (i.e. prevalence of pro-
gression). Using an LV GLS threshold of ≥− 21% results in 30.2% of 
subjects testing positive (abnormal) and produces a sensitivity of 83% 
and specificity of 75%; whereas a threshold of ≥− 18% gives a sensitivity 
of 33% and specificity of 98% with only 5.0% of all subjects testing 

Table 1 
Clinical and electrocardiographic characteristics of participants by progression 
status.   

Total 
(n ¼
139) 

Not 
Progressed 
(n ¼ 127) 

Progressed 
(n ¼ 12) 

p- 
value* 

Baseline 
Characteristics     

Age, years 55.8 ±
12.5 

55.2 ± 12.6 61.9 ± 9.8  0.078 

Female, % 69.8 (97) 72.4 (92) 41.7 (5)  0.026 
Hypertension, % 65.7 (88) 67.7 (84) 40.0 (4)  0.076 

Systolic, mmHg 123.9 ±
23.4 

123.9 ± 23.7 124.3 ±
21.1  

0.947 

Diastolic, mmHg 75.6 ±
12.7 

75.2 ± 12.7 79.3 ± 12.6  0.282 

Diabetes, % 15.1 (21) 15.0 (19) 16.7 (2)  0.704 
BMI, kg/m2 29.4 ±

6.4 
29.3 ± 6.5 30.1 ± 5.3  0.694 

Chagas treatment, % 10.1 (14) 10.2 (13) 8.3 (1)  0.931 
Chagas Stage A, % 34.5 (48) 34.7 (44) 33.3 (4)  0.927 
Chagas Stage B, % 65.4 (91) 65.4 (83) 66.7 (8)  –  

Baseline Visit ECG     
Heart rate, bpm 66.8 ±

9.9 
66.9 ± 10.1 65.5 ± 8.5  0.638 

PR interval, ms 167.1 ±
23.9 

166.6 ± 24.1 173.5 ±
21.2  

0.380 

QRS duration, ms 97.5 ±
29.9 

95.8 ± 29.9 115.4 ±
25.1  

0.030 

QTc, ms 425.9 ±
25.5 

426.3 ± 24.4 420.7 ±
36.9  

0.485 

LBBB, % 0.7 (1) 0 (0) 8.3 (1)  0.001 
RBBB or Incomplete 

RBBB, % 
10.8 (15) 10.2 (13) 16.7 (2)  0.493 

LPFB, % 2.2 (3) 1.6 (2) 8.3 (1)  0.124 
LAFB, % 12.9 (18) 12.6 (16) 16.7 (2)  0.688 
IVCD, % 4.3 (6) 3.2 (4) 16.7 (2)  0.085 
AV Block 1st Degree, % 8.6 (12) 8.7 (11) 8.3 (1)  0.969 
AV Block 2nd or 3rd 

Degree, % 
0.7 (1) 0.8 (1) 0 (0)  0.758 

AFib or Flutter, % 1.4 (2) 0 (0) 16.7 (2)  <0.001 
Prolonged QT, % 1.4 (2) 1.6 (2) 0 (0)  0.661  

Follow-up Visit ECG     
Heart rate, bpm 68.6 ±

13.2 
68.9 ± 13.7 65.6 ± 4.5  0.403 

PR interval, ms 159.5 ±
21.1 

158.8 ± 20.8 168.0 ±
23.3  

0.187 

QRS duration, ms 104.7 ±
37.5 

102.9 ± 37.5 123.3 ±
32.9  

0.072 

QTc, ms 422.3 ±
44.5 

421.3 ± 45.6 432.5 ±
30.7  

0.409 

LBBB, % 0 (0) 0 (0) 0 (0)  – 
RBBB or Incomplete 

RBBB, % 
15.1 (21) 13.4 (17) 33.3 (4)  0.065 

LPFB, % 0.7 (1) 0 (0) 8.3 (1)  0.001 
LAFB, % 18.0 (25) 16.5 (21) 33.3 (4)  0.148 
IVCD, % 2.9 (4) 2.4 (3) 8.3 (1)  0.237 
AV Block 1st Degree, % 3.6 (5) 3.2 (4) 8.3 (1)  0.357 
AV Block 2nd or 3rd 

Degree, % 
0 (0) 0 (0) 0 (0)  – 

AFib or Flutter, % 2.2 (3) 0.8 (1) 16.7 (2)  <0.001 
Prolonged QT, % 0.7 (1) 0.8 (1) 0 (0)  0.758 

Results are expressed as mean ± SD for continuous variables, or % (n) for 
dichotomous variables. 
ECG, electrocardiogram; LBBB, left bundle branch block; RBBB, right bundle 
branch block; LAFB, left anterior fascicular block; IVCD, intraventricular con-
duction delay; LPFB, left posterior fascicular block. 
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positive. 

4. Discussion 

Non-invasively detecting the incidence or progression of CCC has 
been of interest for decades, particularly in regions where T. cruzi is 
endemic. We evaluated echocardiographic GLS longitudinally for pre-
dicting the transition from CCC stage A/B to the onset of mild to mod-
erate (stage C) or severe systolic dysfunction (stage D) as this represents 
a clinically meaningful point associated with worsening symptoms and 
the need to initiate goal-directed medical therapy (GDMT) for heart 
failure, as well as greater overall healthcare system utilization. 

Electrocardiographic (ECG) abnormalities are among the earliest 
markers of cardiac involvement in Chagas disease. Studies using ECG in 
the 1980s found that the highest incidence of new conduction deficits 
occurred in 15 to 19 year-olds, and those with baseline RBBB had 7.3- 
fold increased mortality over the 7-year follow-up [12,19]. Length-
ening of the QRS interval by 5 ms was predictive of a 5% decrease in 
LVEF in subsequent follow-up and intraventricular conduction delay is 
considered a poor prognostic indicator in CHF [20,21]. 

Echocardiography in Chagas disease can be relatively normal, or 
show regional wall motion abnormalities, thinning and ventricular an-
eurysms. Advanced CCC can present as a globally hypokinetic, biven-
tricular dilated cardiomyopathy with associated functional mitral and 
tricuspid regurgitation [15]. Strain is a quantitative measure of 
myocardial deformation defined as the change in length of a segment 
relative to its original length and can be obtained using 2D speckle- 
tracking echocardiography. It has been used to detect subclinical ab-
normalities in myocardial contractility in several disease states, and 
often precedes a decrease in LV ejection fraction. In Chagas disease 
strain has been used in the indeterminate form to detect myocardial 
involvement [22] and correlates with the amount of fibrosis detected by 
cardiac magnetic resonance (CMR) imaging [23]. GLS of the RV free 
wall is the most accurate method of detecting RV systolic dysfunction 
(RV EF < 50%) as defined by CMR [24]. In later stages, it has been 
shown to predict cardiac events, adding prognostic information beyond 
LVEF and E/e’ [25]. 

Our study demonstrates that STE-based GLS is predictive of future (1- 
year) progression of CCC and could be used to identify patients at 
highest risk who may benefit from closer follow-up. Multivariable 
analysis (Table 2) and ROC curves (Fig. 1) show that GLS was the 
strongest predictor when compared to LVEF and QRS duration by ECG. 
There appeared to be a relatively linear relationship (Fig. 2) with higher 
(more positive) values of GLS having a greater proportion of patients 
progressing at follow-up. Surprisingly, some patients still progressed 
even with values of strain considered to be fairly normal at baseline (–22 
to − 20%) indicating that super-normal values (<–22%) are needed if 
attempting to completely eliminate the risk. Because the performance of 
strain can be dependent on image quality, frame rate, experience, and 
equipment – it is important to standardize the acquisition and analysis as 
much as possible [26]. Furthermore, the values of strain obtained will 
differ slightly by software used (eg. GE vs. Philips[TomTec]) but a recent 
comparison showed that longitudinal strain (GLS) had the lowest bias 
between these two vendors [27]. 

4.1. Clinical and health-system implications 

In Table S2 we present test characteristics using GLS at various 
abnormal cutpoints. Because of the relatively small sample size, these 
values should be considered estimates and serve as a guide to true 
performance if deployed in a population setting. Our cohort was 
recruited in Bolivia and had a 1-year progression rate of 8.6% which 
may not be representative across different countries or settings. The 
prevalence of progression would affect positive and negative predictive 
values but would not be expected to change sensitivity or specificity 
significantly. 

Table 2 
Relationship between baseline measures and progression of cardiomyopathy.   

OR (95% CI)* p-value 

Model 1   
LV GLS (per +1%)** 1.82 (1.32–2.51)  <0.001  

Model 2   
LV GLS (per +1%)** 1.76 (1.24–2.51)  0.002 
Age (per 1 year) 1.01 (0.96–1.07)  0.705 
Female 0.41 (0.10–1.59)  0.196  

Model 3   
LV GLS (per +1%)** 1.71 (1.20–2.44)  0.003 
LV ejection fraction (%) 1.10 (0.93–1.31)  0.259 
QRS duration (per 10 ms) 1.28 (0.97–1.70)  0.083 

*Odds ratio and 95% confidence interval from univariate and multivariate lo-
gistic regression. 
** LV GLS, left ventricular global longitudinal systolic strain. 

Fig. 1. Receiver operating characteristic curve for LV GLS, LVEF and QRS 
duration. * LV GLS, left ventricular global longitudinal systolic strain. LV EF, 
left ventricular ejection fraction. 

Fig. 2. Progression to Stage C or D at follow-up by Baseline LV GLS. LV 
GLS, left ventricular global longitudinal systolic strain. 
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These results could be used to support a high-sensitivity screening 
strategy to simultaneously identify high-risk patients, while reassuring 
low-risk patients and lengthening their follow-up intervals. For example, 
choosing a threshold of ≥− 21% would result in 30% of patients testing 
positive and a quarter of them (24%) progressing within a year. These 
individuals could be brought back in 6 months for repeat testing, while 
the remaining 70% who tested negative could be deferred for 1–2 years 
with a high NPV (98%) and cost savings to the system. The precise 
specifications and benefits of such a program would need to be validated 
in larger and longer-term studies. The data also suggests a more diag-
nostic use case to detect subclinical myocardial involvement with a 
normal ejection fraction. Selecting a threshold of ≥− 18% would result 
in over half (57%) of the 5% who test positive progressing within a year. 

Treatment of chronic Chagas infection with trypanocidal therapy 
(benznidazole) in the early stages of disease is guideline recommended 
[14]. However, in the BENEFIT trial, treatment of patients with estab-
lished cardiomyopathy did not reduce the risk of progression or car-
diovascular events [7]. The Viotti (2006) study [6] did show a reduction 
in progression, but was a smaller non-randomized trial where partici-
pants were younger and at an earlier stage of disease (Kuschnir groups 0, 
I or II) [28]. About 34% of participants in that study had ECG abnor-
malities related to Chagas, but without clinical signs of heart failure or 
LV dysfunction – similar to stage A/B in our population. The different 
results could be explained by trial design, treatment at an earlier stage 
before the onset of cardiac damage, or differences in parasite suscepti-
bility. Methods of detecting subclinical or early disease, such as STE- 
strain, could have a role in developing treatment strategies or facili-
tating future research. 

5. Limitations 

The main limitations of our study are the small sample size, and short 
duration (1-year) of follow-up. Because of this, there were very few 
events (participants who progressed) in our study. Combining stages A 
and B in our analysis was therefore also necessary for statistical and 
sample size considerations. We were not able to evaluate progression 
from A and B separately, which is also of great clinical interest and 
would need to be studied in a larger population. Other studies have 
shown that patients with a normal ECG (stage A) have a lower risk of 
progression than those with characteristic ECG abnormalities (stage B) 
[6,12]. We were not able to obtain RV strain, and strain analyses also 
have some inherent variability, can be technically difficult to perform 
reproducibly, and may not be available in all echocardiographic labo-
ratories. Echo strain is not as widely available or as quick and low-cost as 
ECG, which may limit the real-world applicability of our findings. 
Finally, our results may not be generalizable to other populations or 
countries with Chagas disease. 

6. Conclusion 

In summary, STE-based GLS was predictive of progression of CCC 
and the development of systolic dysfunction in our cohort of seropositive 
Chagas patients with stage A or B disease at baseline. Screening for these 
changes may provide a non-invasive approach to identify patients who 
could benefit from earlier management, such as more frequent follow-up 
or initiation of treatment. Further studies would be needed to confirm 
the utility of GLS as a screening tool at the population level as well as 
determine feasibility and cost-effectiveness in regions where Chagas 
disease is endemic. 
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