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Abstract 

Background: Although Chagas cardiomyopathy is related to thromboembolic stroke, data on risk factors for cerebro‑
vascular events in Chagas disease is limited. Thus, we assessed the relationship between left ventricular (LV) impair‑
ment and cerebrovascular events and sources of thromboembolism in patients with Chagas cardiomyopathy.

Methods: This retrospective cohort included patients with chronic Chagas cardiomyopathy who underwent cardio‑
vascular magnetic resonance (CMR). CMR was performed with a 1.5 T scanner to provide LV volumes, mass, ejection 
fraction (LVEF), and myocardial fibrosis. The primary outcome was a composite of incident ischemic cerebrovascular 
events (stroke or transient ischemic attack—TIA) and potential thromboembolic sources (atrial fibrillation (AF), atrial 
flutter, or intracavitary thrombus) during the follow‑up.

Results: A total of 113 patients were included. Median age was 56 years (IQR: 45–67), and 58 (51%) were women. 
The median LVEF was 53% (IQR: 41–62). LV aneurysms and LV fibrosis were present in 38 (34%) and 76 (67%) individu‑
als, respectively. The median follow‑up time was 6.9 years, with 29 events: 11 cerebrovascular events, 16 had AF or 
atrial flutter, and two had LV apical thrombosis. In the multivariable model, only lower LVEF remained significantly 
associated with the outcomes (HR: 0.96, 95% CI: 0.93–0.99). Patients with reduced LVEF lower than 40% had a much 
higher risk of cerebrovascular events and thromboembolic sources (HR: 3.16 95% CI: 1.38–7.25) than those with 
normal LVEF. The combined incidence rate of the combined events in chronic Chagas cardiomyopathy patients with 
reduced LVEF was 13.9 new cases per 100 persons‑year.

Conclusions: LV systolic dysfunction is an independent predictor of adverse cerebrovascular events and potential 
sources of thromboembolism in patients with chronic Chagas cardiomyopathy.
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Background
Chagas disease is caused by infection with the proto-
zoan parasite Trypanosoma cruzi (T. cruzi), transmitted 
to human beings primarily by contact with blood-suck-
ing triatomine bugs. However, other transmission routes 
are still possible, such as blood transfusion, solid organ 
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transplantation, congenitally from mother to fetus, and 
oral infection through ingestion of contaminated food 
or drink [1]. Despite the substantial reduction of acute 
cases of Chagas disease by transfusions and direct vec-
torial transmission in the last decades, the World Health 
Organization recently estimated 6–7 million people 
infected by T. cruzi worldwide, while 75 million peo-
ple are at risk of infection [2]. Furthermore, population 
migratory moves have been related to increasing cases 
detected in non-endemic areas, mainly in the United 
States and European countries [3, 4].

Chronic Chagas cardiomyopathy, the most severe and 
frequent manifestation of Chagas disease chronic phase, 
may lead to heart failure, arrhythmias, and systemic and 
pulmonary thromboembolic events [5]. Even though 
Chagas cardiomyopathy is independently related to 
ischemic stroke, cerebrovascular events may be an unrec-
ognized and neglected adverse outcome in most patients 
with Chagas disease [6, 7]. Cardioembolism is the lead-
ing cause of stroke in this clinical scenario, especially in 
the presence of atrial fibrillation (AF) [8]. However, other 
cardiac abnormalities may also play a role, including left 
ventricular (LV) systolic dysfunction, apical aneurysm, 
and mural thrombus [9, 10]. It is noteworthy that stroke 
can be the first sign of Chagas disease in asymptomatic 
patients with this condition, irrespective of detection of 
LV dysfunction or supraventricular arrhythmia [11].

However, data about the association of LV impairment 
with cerebrovascular events in patients with Chagas dis-
ease is limited, so a debate continues about the best strat-
egy for preventing and managing stroke and transient 
ischemic attack (TIA) in this clinical setting [12]. Despite 
this uncertainty, it is intuitive that identifying risk factors 
for these adverse outcomes in such patients, especially 
using a noninvasive method of reference for cardiovascu-
lar imaging, is crucial for a thorough strategy to prevent 
these ominous events.

Thus, the purpose of this study was to investigate the 
relationship between LV morphological and functional 
parameters, assessed by cardiovascular magnetic reso-
nance (CMR), with the incidence of ischemic cerebrovas-
cular events and potential sources of thromboembolism 
in patients with chronic Chagas cardiomyopathy.

Methods
Study participants
In this time-to-event analysis, we retrospectively col-
lected data from 140 adult patients aged ≥ 18  years and 
with chronic Chagas cardiomyopathy who underwent 
CMR from October 2009 to December 2013. All patients 
were followed in the outpatient clinics at the Hospital 
das Clínicas de Ribeirão Preto, University of São Paulo, 
Brazil. Chagas disease was defined by the positivity of 

at least two different serological tests: enzyme-linked 
immunosorbent assay, indirect immunofluorescence, 
or hemagglutination. CMR was requested according to 
a prior study protocol from our group, published else-
where [13]. All patients had at least one marker of Chagas 
cardiomyopathy, defined as the presence of LV global or 
regional dysfunction or LV scar on CMR. Exclusion cri-
teria were evidence of other types of cardiomyopathies, 
known obstructive epicardial coronary artery disease, 
primary valvular heart disease, or contraindication for 
CMR, including cardiac implantable electronic devices 
and claustrophobia, as previously described [13]. Addi-
tional exclusion criteria were previous stroke (n = 3), AF 
(n = 12), or oral anticoagulant use at the time of CMR 
(n = 11). One patient was excluded from the study due to 
loss of follow-up immediately after CMR (n = 1). A total 
of 113 patients were ultimately included in the study. The 
study protocol was approved by the institutional research 
ethics committee and was conducted following the Hel-
sinki Declaration (process number 4913/2010). All par-
ticipants gave written informed consent to the study.

Cardiac magnetic resonance
Images were acquired using a 1.5  T scanner (Achieva, 
Philips Healthcare, Best, The Netherlands), with a 5-ele-
ment coil SENSE. Cine imaging was obtained by balanced 
steady-state–free precession pulse sequence electrocar-
diographic (ECG) gated, with a ventricular short-axis 
slice thickness of 8 mm and a gap of 2 mm between slices. 
Myocardial late gadolinium enhancement (LGE) evalua-
tion was assessed using a T1-weighted inversion recovery 
fast gradient echo pulse sequence, applied 10  min after 
intravenous infusion of 0.2  mmol of gadolinium-based 
contrast (Omniscan; General Electric Healthcare, Chi-
cago, Illinois, USA), with ventricular slices thickness of 
10 mm and no gap between them. Detailed CMR proto-
col parameters are reported in Additional file 1: Table S1. 
Exams were stored in the DICOM pattern and evaluated 
by a single experienced reader, blinded to patients’ data, 
using MASS software (Leiden University, Leiden, The 
Netherlands). LV ejection fraction (LVEF) was exam-
ined in cine images by the Simpson disk summation 
technique. The first basal slice was defined as the one 
immediately adjacent to the atrioventricular junction. 
End-diastolic and end-systolic volumes were determined 
as the largest and the smallest volumes during the car-
diac cycle, respectively, for endocardial manual delinea-
tion. Papillary muscles and trabeculae were considered 
part of the ventricular cavity. Myocardial scar areas were 
quantified using the full-width at half-maximum crite-
rion, which uses half the maximal signal intensity of the 
enhanced area as the threshold to define fibrosis, as pre-
viously described [13]. LV fibrosis mass was calculated as 
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the product of LGE volume and density of myocardial tis-
sue (1.05 g/mL).

Clinical assessment and follow‑up
The study follow-up time was defined from the CMR 
examination to the last clinical visit until December 31st, 
2020. Demographics and clinical data were obtained 
when the participants underwent the CMR. All partici-
pants were followed in a specialized clinic for Chagas dis-
ease, with visits performed at least once a year but more 
frequently if clinically necessary. Clinical management 
was performed according to the Latin American Guide-
lines for the Diagnosis and Treatment of Chagas Heart 
Disease [14]. As a routine protocol, patients underwent 
ECG and 24-h Holter monitoring if there was a change 
in clinical status, heart palpitations, or arrhythmias 
detected by physical examination.

The study endpoint was a composite of incident 
ischemic cerebrovascular events (stroke or TIA) and 
potential thromboembolic sources (AF, atrial flutter, or 
intracavitary thrombus). According to a hierarchical 
order, only one outcome was computed for two or more 
overlapping incident events, beginning with stroke or 
TIA, followed by intracavitary thrombus and AF or flut-
ter. Cerebrovascular events were identified from medical 
records reviewed by two physician members of the study 
group, with a third senior physician to resolve disagree-
ments, if necessary. Diagnosis of stroke was determined 
as a focal neurologic deficit of sudden onset, persist-
ing for more than 24  h, without a known alternative to 
a vascular cause, and confirmed by clinical examination 
or radiological findings according to Stroke Data Bank 
and World Health Organization criteria [15, 16]. TIA 
was defined as focal neurological symptoms lasting less 
than 24 h. Clinical characteristics at the time of the cer-
ebrovascular event were also retrieved from the medi-
cal reports, including neurologic manifestations, cranial 
computed tomography scan, ECG, echocardiography, 
and imaging of intra- and extracranial arteries. AF was 
defined by irregular R–R intervals, absence of distinct P 
waves, and signs of irregular atrial activations on ECG 
[17]. Atrial flutter was characterized by an organized 
atrial tachycardia with a rate of ≥ 240 beats/min lacking 
an isoelectric baseline between deflections [18]. Intra-
cavitary thrombus was determined from invasive or non-
invasive cardiac imaging, as previously described [19].

Statistical analysis
Continuous variables are expressed as mean ± stand-
ard deviation if normally distributed and as median and 
interquartile range (IQR) if not normally distributed. 
Normality of the data was examined by histograms and 
the Shapiro–Wilk test. The CMR-derived independent 

variables (exposures) were LV end-diastolic and end-sys-
tolic volumes, LV mass, LVEF, detection and quantitation 
of LV myocardial fibrosis, and LV aneurysm. LV volumes 
were indexed to body surface area. LVEF was assessed 
continuously and based on a sensitivity analysis to deter-
mine the best cutoff point related to the highest risk pre-
diction model performance. LV fibrosis was expressed as 
the total amount of myocardial fibrotic mass, percent-
age of LV mass, and categorically based on its presence 
or absence [13]. LV fibrosis mass was log-transformed 
because of skewed distribution. LV aneurysm was 
defined by the presence of wall thinning, motion abnor-
mality (akinesia or dyskinesia), and late gadolinium 
enhancement. Cox proportional hazard models were 
used to verify the association of demographics, CMR-
derived parameters, and traditional cardiovascular risk 
factors (hypertension, diabetes mellitus, dyslipidemia, 
and smoking) with the outcome. Parameters significantly 
related to the outcome in the univariate analysis were 
included in a multivariable model. Risk prediction model 
performance was evaluated by Harrell’s C statistic. Unad-
justed Kaplan–Meier curves were performed to estimate 
survival distributions according to categorical exposures 
for the primary combined outcome. The log-rank test 
was used to compare survival curves. Pearson’s correla-
tion coefficient was used to test the relationship between 
CMR-derived parameters. A p-value lower than 0.05 was 
considered statistically significant. All statistical analyses 
were performed using Stata (version 15.1, Stata Corpora-
tion, College Station, Texas, USA).

Results
Baseline characteristics
Baseline characteristics of the 113 patients included in 
the study are presented in Table  1. A total of 58 (51%) 
participants were women. Median age was 56 years (IQR: 
45–67). In addition to cardiomyopathy, 13 patients also 
had evidence of the digestive form of Chagas disease, 
including dysphagia, megaesophagus, and megacolon. 
Patients were mainly at New York Heart Association 
(NYHA) functional class I (80%), followed by functional 
class II (15%) and functional class III (5%).

Hypertension was the most frequent comorbidity 
(38%), while dyslipidemia, diabetes, and current smoking 
were present in 24%, 9%, and 9% of the patients, respec-
tively. Most participants (57%) were in use of angioten-
sin-converting enzyme inhibitors or angiotensin receptor 
blockers, while beta-blockers and amiodarone were in 
use by 36% and 19%, respectively. Right bundle branch 
block was the most common ECG abnormality (50%).

CMR-derived LV parameters are summarized in 
Table  2. The median LVEF was 53% (IQR: 41–62). LV 
aneurysm was detected in 38 (34%) patients, mostly at 
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the apex (n = 35) but also in the inferolateral wall (n = 3). 
As assessed by LGE, LV fibrosis was identified in 76 (67%) 
individuals. LV fibrosis mass quantification was not feasi-
ble in 4 patients due to a small LV scar.

Follow‑up results
During a median follow-up time of 6.9  years (IQR: 
6.1–11.0), 29 (26%) patients presented with the pri-
mary outcome: 11 had cerebrovascular events (nine had 
an ischemic stroke, while two had a TIA), 16 had AF or 
atrial flutter (n = 14 and 2, respectively), and two had LV 
apical thrombosis identified by echocardiography (n = 1) 
and invasive ventriculography (n = 1). Another patient 

had an LV thrombus at the apex identified by the baseline 
CMR and, hence, was not accounted for in the time-to-
event analysis.

A detailed description of the cerebrovascular events is 
provided in Table 3. Eight patients with cerebrovascular 
events had no significant cranial artery disease on imag-
ing exams. Another patient who reached the primary 
outcome underwent cranial arteries imaging in an exter-
nal service, with no report of significant abnormalities. 
Of the other two patients with cerebrovascular events, 
one had no cranial arteries imaging but presented with 
AF simultaneously with the diagnosis of stroke. The other 
patient had no cranial arteries imaging and no AF but 
had a low 10-year atherosclerotic cardiovascular disease 
risk at the event time, as estimated by the ASCVD risk 
estimator [20].

In the univariate analyses, age and all CMR-derived 
parameters were significantly associated with the pri-
mary outcome (Table 4). Sex, hypertension, dyslipidemia, 
and smoking were not significantly to the combined 
endpoint. None of the patients with diabetes reached an 
event of interest, preventing Cox regression estimates. 
LVEF lower than 40% had the highest risk prediction 
performance among the LVEF cutoffs tested (C-statistic: 
0.693), Additional file 2: Table S2. A total of 25 patients 
(22%) had a LVEF lower than 40%. Survival distributions 
according to LVEF categories, presence of LV scar, and 
LV aneurysm are demonstrated by Kaplan–Meier curves 
(log-rank p-value < 0.001, 0.002, and 0.029, respectively; 
Figs. 1, 2, 3).

Table 1 Baseline characteristics of the participant patients

ACE angiotensin-converting enzyme, ARB angiotensin receptor blockers, AV 
atrioventricular, BMI body mass index, NYHA New York Heart Association
a Smoking: five missing data

Demographics and clinical data

 Total amount of participants 113

 Female 58 (51%)

 Age (years) 56 [45–67]

 BMI (Kg/m2) 26.4 ± 4.6

 NYHA functional class

  I 90 (80%)

  II 15 (13%)

  III 8 (7%)

 Hypertension 43 (38%)

 Diabetes mellitus 5 (4%)

 Dyslipidemia 27 (24%)

  Smokinga

  Never 72 (64%)

  Former 26 (23%)

  Current 10 (9%)

 Medications

  ACE inhibitors or ARBs 64 (57%)

  Beta‑blockers 41 (36%)

  Spironolactone 16 (14%)

  Furosemide 26 (23%)

  Thiazides 21 (19%)

  Amiodarone 21 (19%)

  Statins 23 (20%)

  Aspirin 21 (19%)

Electrocardiography

 1st or 2nd degree AV block 30 (27%)

 Left bundle branch block 9 (8%)

 Right bundle branch block 57 (50%)

 Left anterior fascicular block 42 (37%)

 Premature ventricular contractions 17 (15%)

 Low QRS voltage 13 (12%)

Table 2 Cardiac magnetic resonance evaluation of the 
participants

LVEF left ventricular ejection fraction, LGE late gadolinium enhancement, LV left 
ventricular, RV right ventricular

LV end‑diastolic volume (mL) 153 [125–216]

LV end‑diastolic volume index (mL/m2) 87 [75–126]

LV end‑systolic volume (mL) 70 [47–125]

LV end‑systolic volume (mL/m2) 42 [29–73]

LV mass (g) 108 [89–138]

LV mass index (g/m2) 63 [53–78]

LVEF (%) 53 [41–62]

  Reduced LVEF (< 40%) 25 (22%)

Presence of LV LGE, n (%) 76 (67%)

LV LGE mass (g) 6 [0–13]

LV LGE mass (%) 5 [0–10]

Presence of LV aneurysm, n (%) 38 (34%)

  Apical 35 (31%)

  Inferolateral 3 (3%)

RV end‑diastolic volume (mL) 114 [93–132]

RV end‑diastolic volume index (mL/m2) 46 [33–63]
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The multivariable models  (Table  5) included age, LV 
mass, LVEF, LV scar, and LV aneurysm. LV end-dias-
tolic and end-systolic volumes were not included in the 
adjusted model due to the higher correlation between 
them (r = 0.97, p < 0.001), and with LVEF (r = − 0.72 and 
− 0.82, respectively; p < 0.001 for both), Additional file 3: 
Table  S3. The adjusted model 1 included LVEF and LV 
scar as continuous variables. Model 2 categorized LVEF 
as reduced (< 40%) or preserved (≥ 40%), while LV scar 
was assessed as to its presence versus absence. In the 
adjusted model 1, only a lower LVEF was significantly 
related to the primary combined outcome (HR: 0.96, 
95% CI: 0.93–0.99, p = 0.014), C-statistic = 0.775. In the 
adjusted model 2, a reduced LVEF < 40% was significantly 
associated with the primary combined outcome (HR: 
3.16, 95% CI: 1.38–7.25, p = 0.006), C-statistic: 0.806.

Since the multivariable model included five param-
eters, we considered possible overfitting. Given that the 
primary question is to determine which of the CMR 
parameters is the most important predictor, we per-
formed a sensitivity analysis including only LVEF, LV scar 

(both continuous variables), and LV aneurysms in a mul-
tivariable model. LV mass was not included in the model 
due to the correlation between LV mass and LVEF and 
because LV mass seemed relatively weaker on univariate 
analysis. In this additional model, LVEF was significantly 
related to the outcomes (HR: 0.95, 95% CI: 0.92–0.98, 
p = 0.001), but not either LV scar (HR: 1.25, 95% CI: 
0.85–1.84, p = 0.247) or LV aneurysms (HR: 1.42, 95% CI: 
0.62–3.26, p = 0.401).

The overall incidence rate of the combined event in 
our cohort was 4.2 new cases per 100 persons-years. 
In the group with reduced LVEF, the incidence rate for 
those events was 13.9 new cases per 100 persons-year, 
significantly different from those with preserved LVEF 
(incidence-rate of 2.6 new cases per 100 persons-year, 
p < 0.001). The incidence rate of cerebrovascular events 
in patients with reduced LVEF was 7.5 new cases per 100 
persons-year.

Table 3 Clinical characteristics at the time of the cerebrovascular event

AF atrial fibrillation, CTA  computed tomography angiography, ECG electrocardiogram, LV left ventricular, LVEF left ventricular ejection fraction, MRA magnetic 
resonance angiography, P. Nº patient number, SR sinus rhythm, US ultrasound
a Subjective analysis due to poor echocardiographic acoustic windows

P. Nº Neurologic signs Computed 
tomography

ECG Echocardiography Imaging of intra‑ and 
extracranial arteries

LVEF LV apex Thrombus

Wall motion Aneurysm

2 Left hemiparesis Ischemic stroke with 
hemorrhagic transfor‑
mation

SR 28% Global hypokinesia Small No CTA with no significant 
stenosis

6 Transient right upper 
limb paresis

No signs of stroke AF 26% Global akinesia No No Not available

62 Left hemiparesis and 
dysarthria

Ischemic stroke SR 33% Global hypokinesia Small Yes;
LV apex

CTA with no significant 
stenosis

65 Transient left hemipa‑
resis and dysarthria

Ischemic stroke AF 35% Global hypokinesia No No CTA with no significant 
stenosis

75 Left hemiparesis and 
dysarthria

Ischemic stroke with 
hemorrhagic transfor‑
mation

SR < 40%a Global dyskinesia Large Yes;
LV apex

CTA with no significant 
stenosis

76 External report of 
focal neurologic 
deficit

Ischemic stroke SR 36% Regional dyskinesia Small No CTA performed in an 
external service

95 Persistent right hemi‑
paresis and dysarthria

Ischemic stroke SR 46% Global hypokinesia No No MRA with no signifi‑
cant stenosis

96 Aphasia Ischemic stroke AR 17% Global akinesia No No MRA with no signifi‑
cant stenosis

101 Aphasia and left 
upper limb paresis

Ischemic stroke SR 58% No No No Not available

104 Aphasia and right 
upper limb

No signs of stroke SR 50% Regional dyskinesia Small Yes;
Left atrial appendage

CTA with no significant 
stenosis

105 Left hemiparesis Ischemic stroke SR 35% Global hypokinesia Small No Carotid US with no 
significant stenosis
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Discussion
This study demonstrates that LV systolic dysfunction 
is a significant predictor of cerebrovascular events and 
potential sources of thromboembolism in patients with 
Chagas cardiomyopathy. Although LV fibrosis and LV 
aneurysms have been associated with the combined out-
come in the univariate analysis, this relationship was not 
significant in the adjusted models. Notably, our cohort’s 
overall incidence rate of stroke or TIA was relatively low. 
In addition, during the regular clinical follow-up, a higher 
proportion of potential sources of thromboembolic 
events, such as AF or flutter and LV mural thrombus, 
were identified, warranting preventive oral anticoagula-
tion. Although thromboembolism is a well-recognized 
phenomenon in individuals with Chagas disease, data 
about risk factors for cerebrovascular events in this clini-
cal condition are scarce, mostly from autopsy and clinical 
case series or case–control investigations [9, 21]. Hence, 

the results from our cohort are significant in several 
aspects.

First, using CMR, a reference method to assess LV 
structure and function, we found that reduced LVEF was 
significantly related to incident cerebrovascular events 
and potential sources of thromboembolism in patients 
with Chagas disease. This result is consistent with prior 

Table 4 Univariate Cox proportional hazard models for the 
primary combined outcome (stroke, TIA, atrial fibrillation, atrial 
flutter, and intracavitary thrombus) in patients with chronic 
Chagas cardiomyopathy

CI confidence interval,    LVEF left ventricular ejection fraction, HR hazard ratio, 
LGE late gadolinium enhancement, LV left ventricular
1 None of the patients with diabetes reached an event of interest, preventing 
Cox regression estimates
2 Log-transformed variables

Univariate analysis

HR 95% CI p‑value

Demographic and clinical  data1

 Age (years) 1.03 1.00–1.06 0.022

 Sex (female vs. male) 0.74 0.35–1.53 0.419

 Hypertension 0.97 0.46–2.07 0.955

 Dyslipidemia 1.54 0.67–3.50 0.302

 Smoking

  Never Reference Reference Reference

  Former 1.63 0.72–3.66 0.234

  Current 0.48 0.06–3.61 0.476

CMR‑derived parameters

 LV end‑diastolic volume index 
(mL/m2)

1.01 1.00–1.01 < 0.001

 LV end‑systolic volume index  
(mL/m2)

1.01 1.00–1.01 < 0.001

 LV mass index (g/m2) 1.02 1.01–1.04 < 0.001

 LVEF (%) 0.94 0.92–0.96 < 0.001

 LVEF < 40% 5.65 2.64–12.1 < 0.001

 LV LGE (presence vs. absence) 5.31 1.60–17.61 0.006

 LV LGE mass (g)2 1.73 1.23–2.43 0.001

 LV LGE percentual  mass2 1.70 1.18–2.44 0.004

 LV aneurysm (presence vs. 
absence)

2.20 1.06–4.59 0.034

Fig. 1 Kaplan–Meier unadjusted estimates for the primary 
combined endpoint (cerebrovascular event, atrial fibrillation/flutter, 
or intracavitary thrombus) in patients with Chagas cardiomyopathy 
according to left ventricular ejection fraction (LVEF) categories

Table 5 Multivariable Cox proportional hazard models for the 
primary combined outcome (stroke, TIA, atrial fibrillation, atrial 
flutter, and intracavitary thrombus) in patients with chronic 
Chagas cardiomyopathy

Model 1: Left ventricular ejection fraction and late gadolinium enhancement 
assessed as continuous variables

Model 2: Left ventricular ejection fraction and late gadolinium enhancement 
assessed as categorical variables

CI confidence interval, LVEF left ventricular ejection fraction, HR hazard ratio, LGE 
late gadolinium enhancement, LV left ventricular

Multivariable analysis

HR 95% CI p‑value

Model 1
 Age (years) 1.02 0.99–1.06 0.144

 LV mass index (g/m2) 1.00 0.98–1.02 0.373

 LVEF (%) 0.96 0.93–0.99 0.014

 LV LGE mass (g) 1.14 0.74–1.74 0.248

 LV aneurysm (presence vs. absence) 1.74 0.71–4.23 0.221

Model 2
 Age (years) 1.02 0.99–1.06 0.089

 LV mass index (g/m2) 1.01 0.99–1.02 0.215

 LVEF < 40% 3.16 1.38–7.25 0.006

 LV LGE (presence vs. absence) 2.46 0.66–9.18 0.179

 LV aneurysm (presence vs. absence) 1.74 0.91–4.33 0.221
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investigations using echocardiography to assess LV func-
tion. Sousa et al. found that LV systolic dysfunction was 
associated with cardioembolic ischemic stroke in a large 
cohort of patients with Chagas disease [22]. Nunes et al., 
in a study of patients with Chagas disease and impaired 
LV systolic function, also demonstrated that LVEF < 35% 
was related to ischemic cerebrovascular events [23]. 
More recently, Saraiva et al. showed that lower LVEF was 
a predictor of new-onset AF, although this relationship 
lost significance after adjustment for left atrial parame-
ters. Unlike that study, which included patients predomi-
nantly in the indeterminate form of Chagas disease or 
with the cardiac form with isolated electrocardiographic 
changes, our investigation focused on those with evi-
dence of chronic Chagas cardiomyopathy when the pre-
dicted value of LV structure and function is potentially 
higher [24].

Second, we tested the role of LV myocardial fibro-
sis in predicting cerebrovascular events and thrombo-
embolic sources in Chagas disease (Fig.  4). Although 
CMR-derived LGE was associated with the combined 
outcome in the univariate analysis, this relationship lost 
significance in the adjusted model. However, because the 
number of events in our cohort was low, we recognize 
possible overfitting. Hence, further work is required to 
address whether LV myocardial fibrosis is an independ-
ent risk marker for stroke and sources of thromboem-
bolic events in patients with Chagas disease.

Third, the presence of LV aneurysm was not related to 
the primary combined outcome in our study. In a sen-
sitivity analysis, including only LV apical aneurysms, 
after excluding aneurysms of the inferolateral wall, the 
results did not significantly change. Although LV api-
cal aneurysm is a well-known site of intramural thrombi 
formation, its role as an embolic event predictor in the 
absence of LV systolic dysfunction is less established. In 
a case–control analysis, Carod-Artal et  al. showed that 
apical aneurysms were independently related to stroke in 
Chagas disease patients [6]. Similarly, in a retrospective 

Fig. 2 Kaplan–Meier unadjusted estimates for the primary 
combined endpoint (cerebrovascular event, atrial fibrillation/flutter, 
or intracavitary thrombus) in patients with Chagas cardiomyopathy 
according to the presence or absence of left ventricular (LV) scar

Fig. 3 Kaplan–Meier unadjusted estimates for the primary 
combined endpoint (cerebrovascular event, atrial fibrillation/flutter, 
or intracavitary thrombus) in patients with Chagas cardiomyopathy 
according to the presence or absence of left ventricular (LV) 
aneurysm

Fig. 4 Cardiovascular magnetic resonance (CMR) of a 62 years‑old male patient with chronic Chagas cardiomyopathy who developed ischemic 
stroke 1.7 years after the CMR examination. Left ventricular myocardial thinning is depicted in anterolateral and inferolateral segments from short 
axis cine‑steady free precession (a) and black blood (b) pulse sequences, associated with late gadolinium enhancement (c). Baseline LVEF was 31%
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cohort of patients with Chagas disease, Sousa et  al. 
observed that LV apical aneurysm was an independent 
predictor of cardioembolic ischemic stroke [22]. In con-
trast with these two studies, and similarly to our pre-
sent results, in a prospective cohort of individuals with 
Chagas cardiomyopathy, Nunes et al. found that LV api-
cal aneurysm was not independently associated with 
ischemic cerebrovascular events [23].

In our view, these conflicting findings may result, at 
least in part, from the different methods and definitions 
used to describe LV aneurysms in those studies. Api-
cal aneurysms in Chagas disease can range from small 

“hollow punch” lesions to large areas of akinetic myocar-
dium thinning (Figs.  5 and 6). [25, 26] In our study, 26 
(74%) of the LV apical aneurysms were classified as small 
lesions. Inadequate echocardiographic windows may 
limit the detection of the typical small LV apical aneu-
rysms in Chagas disease patients, which can be present 
earlier in the disease course [27]. Of note, 8 out of 35 
(23%) LV apical aneurysms identified in our study were 
found in patients with preserved LVEF and no other 
regional myocardial abnormality; all of these were small.

Finally, our study has described the incidence rate 
of cerebrovascular events and potential sources of 

Fig. 5 Small “hollow punch” left ventricular (LV) aneurysm in a 60 years‑old female who developed atrial flutter 8.6 years after the CMR examination. 
A narrow neck aneurysm is depicted in diastole (a) and systole (b) in a four‑chamber cine‑steady state free precession pulse sequence. A small 
amount of late gadolinium enhancement at the LV apex can be seen (c). Baseline LVEF was 70%

Fig. 6 Large left ventricular aneurysm in a 67 years‑old male who developed ischemic stroke 5.5 years after the CMR examination. A wide neck 
aneurysm is depicted in diastole (a) and systole (b) in a three‑chamber cine‑steady state free precession pulse sequence. A large amount of late 
gadolinium enhancement at the left ventricular apex can be seen (c). Baseline LVEF was 23%
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thromboembolism in patients with Chagas disease and 
provided these data stratified by LV systolic dysfunc-
tion. The incidence of cardioembolic ischemic stroke 
in Chagas disease has been poorly described [28]. In 
another cross-sectional retrospective study of patients 
with cardiomyopathies, stroke cases were significantly 
more frequent in the Chagas group than in those with 
non-Chagas cardiomyopathies [29]. Overall, we found 
a relatively low incidence rate of either stroke or TIA in 
our cohort, with 1.6 new stroke cases per 100 persons-
year. This finding could be explained by the heterogene-
ity of the study population, which included individuals 
with normal LV systolic function and hence low risk for 
cardioembolic events. Moreover, identifying a significant 
proportion of patients with incident sources of thrombo-
embolism during the follow-up, especially AF and flut-
ter, may also have played a central role in decreasing the 
stroke incidence rate in our cohort. These results high-
light the importance of a specialized and regular follow-
up focusing on monitoring risk factors for cardioembolic 
events, such as supraventricular arrhythmias and intra-
cavitary thrombus [30]. In contrast to those with normal 
LV systolic function, patients with reduced LVEF showed 
a higher incidence rate of cerebrovascular events. This 
result agrees with another cohort of patients with Chagas 
cardiomyopathy and LV systolic dysfunction assessed by 
echocardiography, demonstrating an incidence rate of 2.7 
ischemic cerebrovascular events per 100 patients-year 
[23]. In our cohort, those with LV systolic dysfunction 
showed an incidence rate of cerebrovascular events even 
higher as 7.5 new cases per 100 persons-year.

Limitations
Given the retrospective nature of our study design, we 
acknowledge that causality cannot be inferred from 
our data. The diagnosis of stroke and TIA was primar-
ily based on the medical reports. In one of the cases 
that reached the primary study outcome, we did not 
have access to the computed tomography images and 
results because the exam was performed in an external 
medical service. Nevertheless, we still could apply the 
World Health Organization criteria for stroke since this 
patient had persistent hemiparesis and dysarthria. One 
patient with a cerebrovascular event had normal LVEF 
and neither AF nor intracardiac thrombus at the time 
of the outcome, while images of cranial arteries were 
not available. Although this patient had a low 10-year 
atherosclerotic cardiovascular disease risk at the event 
time, we recognize that a non-cardioembolic cause 
for the cerebrovascular event could not be excluded. 
The other patients who had neither AF nor intra-
cardiac thrombus at the time of the cerebrovascular 
event showed global LV dysfunction and no significant 

stenosis on cranial arteries imaging. For those, a cardi-
oembolic cause is highly probable, although not defini-
tive. A detached thrombus or paroxysmal AF may be a 
possible explanation for these events. Given the low-
intensity, slowly progressive but incessant myocarditis 
in chronic Chagas cardiomyopathy, a serial evaluation 
with CMR would provide important insights into Cha-
gas disease’s natural history [1]. In particular, CMR 
would offer a sensitive analysis of LV dysfunction pro-
gression and reveal the onset and expansion of LV 
fibrosis. Thus, a serial examination could re-stratify the 
patients during their lifespan. Unfortunately, we did not 
regularly repeat the CMR exams for this study. Of note, 
in a large cohort from the BENEFIT study, the authors 
showed a slow progression of cardiac changes in 
patients with Chagas disease in a follow-up of 5.4 years 
[31]. In our study, irregular pulse detected in clinical 
visits was considered a red flag for AF, triggering the 
request for an ECG or 24-h Holter monitoring. Prior 
studies have demonstrated that irregular pulse can be a 
quick and simple clinical sign to elicit AF, which a sen-
sitivity of 95% and a specificity of 75% for this purpose 
[32]. Nevertheless, we acknowledge that the incidence 
of AF and flutter may be potentially underestimated, 
especially in the setting of paroxysmal events. Finally, 
we acknowledge that the incidence of the other out-
comes may also be underestimated given the retrospec-
tive nature of our study.

Conclusions
LV systolic dysfunction is a significant and independ-
ent predictor of cerebrovascular events and potential 
sources of thromboembolism in patients with chronic 
Chagas cardiomyopathy. The predictive value of LV fibro-
sis and aneurysm for these events needs further clarifi-
cation, particularly in those with normal LVEF. A regular 
follow-up of patients with Chagas disease, with attention 
to LV systolic dysfunction and other risk factors for car-
dioembolic events, such as AF and intracavitary throm-
bus, might effectively reduce cerebrovascular events in 
this clinical condition. Nevertheless, further studies are 
needed to ascertain the potential benefit of this more 
frequent surveillance for preventing thromboembolic 
events in patients with chronic Chagas cardiomyopathy.
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