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BACKGROUND: Chagas disease (CD) presents an ominous prognosis. The predictive value of biomarkers and new echocardio-
gram parameters in adjusted models have not been well studied.

METHODS AND RESULTS: There were 361 patients with chronic CD (57.6% men, 61+11years of age, clinical forms: indetermi-
nate 27.1%, cardiac 56.6%, digestive 3.6%, cardiodigestive 12.7%) included in this single-center, observational, prospective
longitudinal study. Echocardiographic evaluation included strain analyses of left atrial, left ventricular (LV), and right ventricular
and 3-dimensional analyses of left atrial and LV volumes. Biomarkers included cardiac troponin |, brain natriuretic peptide,
transforming growth factor 1, tumor necrosis factor, matrix metalloproteinases, and Trypanosoma cruzi polymerase chain
reaction. The studied end point was a composite of CD-related mortality, heart transplant, hospital admission due to wors-
ening heart failure, or new cardiac device insertion. Event-free survival was analyzed by multivariable regression analyses
adjusted for competing risks. P values <0.05 were considered significant. The composite event occurred in 79 patients after
4.9+2 0years follow-up. LV end-diastolic volume (hazard ratio [HR], 1.01 [95% CI, 1.00-1.02]; P=0.02), peak negative global
atrial strain (HR, 1.08 [95% ClI, 1.00-1.17]; P=0.04), LV global circumferential strain (HR, 1.12 [95% ClI, 1.04-1.21]; P=0.003), LV
torsion (HR, 0.55 [95% ClI, 0.35-0.81]; P=0.003), brain natriuretic peptide (HR, 2.03 [95% ClI, 1.23-3.34]; P=0.005), and posi-
tive T cruzi polymerase chain reaction (HR, 1.80 [95% Cl, 1.12-2.91]; P=0.01) were end point predictors independent from age,
sex, 2-dimensional echocardiographic indexes, hypertension, previous cardiac device, and CD cardiac form.

CONCLUSIONS: Two-dimensional strain- and 3-dimensional-derived parameters, brain natriuretic peptide, and positive T cruzi
polymerase chain reaction can be useful for prediction of CD cardiovascular events.
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Health Organization as a neglected tropical dis- and Argentina.! Furthermore, migration has resulted in a

Chagas disease (CD) is recognized by the World areas of Latin America, with the majority living in Brazil
ease, mainly affecting millions of people in endemic large number of infected individuals living in nonendemic
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CLINICAL PERSPECTIVE

What Is New?

e We evaluated for the first time in chronic Chagas
disease the value of several biomarkers and
new echocardiographic parameters to predict
survival free of cardiovascular events independ-
ent from clinical and 2-dimensional Doppler
echocardiographic indexes.

e Cardiac troponin |, brain natriuretic peptide,
transforming growth factor 1, and tumor necro-
sis factor serum levels differed between patients
with and without Chagas disease cardiac form.

e |ower absolute peak negative global left atrial
strain, left ventricular global circumferential strain
and torsion, higher 3-dimensional left ventricular
end-diastolic volume, brain natriuretic peptide,
and positive Trypanosoma cruzi polymerase
chain reaction were independent predictors of a
poorer survival free of cardiovascular events.

What Are the Clinical Implications?

e Left ventricular systolic and left atrial contractile
strain parameters, 3-dimensional left ventricular
volume, brain natriuretic peptide, and a positive
T cruzi quantitative polymerase chain reaction
are predictors of survival free of cardiovascular
events in chronic Chagas disease and represent
potential tools to be incorporated in models of
risk prediction in Chagas disease.

e The independent value of a positive T cruzi
quantitative polymerase chain reaction for car-
diovascular outcome prediction suggests the
importance of parasite persistence in Chagas
disease pathophysiology and the need for
further studies on trypanocidal treatment in
chronic Chagas disease.

Nonstandard Abbreviations and Acronyms

CD Chagas disease

CHD Chagas heart disease

E’ peak early diastolic mitral annulus
velocity

E peak early wave diastolic filling
velocity

GCS global circumferential strain

GEB guanidine EDTA buffer

GLS global longitudinal strain

LASct peak negative globalleft atrial strain

MMP matrix metalloproteinase

STE speckle tracking echocardiography

TGF-31 transforming growth factor 1
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countries, such as the United States, with an estimated
288000 infected individuals,? and the European Union,
with an estimated 120000 infected individuals.® The
combined prevalence of infection in Latin American mi-
grants in Europe is 6.08%.* Moreover, chronic Chagas
heart disease (CHD) is an important cause of hospital
admission due to decompensated heart failure (HF), sud-
den cardiac arrest, arrhythmias needing cardiac device
implantation, and stroke in endemic areas."® Thus, CD
is still considered one of the main challenges of global
health, causing >7000 deaths per year, and the parasitic
disease with the highest economic and health burden in
the Western hemisphere.

Chronic CD can present with 4 different clinical
forms. The indeterminate form can last for years, rep-
resented by patients with a normal ECG, chest and di-
gestive tract radiographs, and affects 60% to 70% of
the patients.® The cardiac form has the worst progno-
sis due to arrhythmias, thromboembolic events, sud-
den death, and HF with reduced ejection fraction.® The
digestive form is characterized by dilated esophagus
and/or colon. The fourth form is when cardiac and di-
gestive complications supervene in the same patient.®

The pathophysiology that determines which patient
will progress from the indeterminate to the cardiac
form is still under investigation. The persistent low-
grade chronic fibrosing myocarditis driven by a per-
sistent myocardial infection and an imbalance favoring
an inflammatory milieu are considered key to CD pro-
gression."8 In this regard, several studies compared
serum biomarkers levels in patients with different CD
clinical forms,®'® and explored the prognostic value of
several biomarkers.'9-?> Moreover, cardiac exams also
have a strong prognostic value among patients with
the CD cardiac form. Echocardiography is the most
studied, and left ventricular (LV) ejection fraction the
most consistent mortality predictor across different
follow-up studies.?® Other traditional 2-dimensional
(2D) Doppler echocardiographic parameters, such as
LV diastolic function,?*?° left atrial (LA) volume®® and
function,?® and right ventricular (RV) function®” were
also described to be predictors of poor cardiovascu-
lar outcomes in CD. More recently, speckle tracking
echocardiography (STE) enabled the study of myo-
cardial contractility and independent prognostic value
of LV global longitudinal strain (LV-GLS),?® LV global
circumferential strain (LV-GCS), and LV global radial
strain and LV torsion?® to predict cardiovascular events
in CD were reported. In regard to biomarkers, brain
natriuretic peptide (BNP),%" and its pro form,3°8! and
high-sensitivity troponin T°' have been shown to have
prognostic value, together with other biomarkers that
can indicate an inflammatory profile, such as trans-
forming growth factor g1 (TGF-£1),%° and matrix metal-
loproteinase (MMP).?! Furthermore, the detection of
the parasite in the bloodstream has been implicated in
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a worse clinical form and prognosis, both by hemocul-
ture® and molecular methods.®® However, few studies
have explored in the same cohort the prognostic value
of biomarkers and new echocardiographic techniques
against traditional 2D Doppler echocardiographic pa-
rameters to try to understand if the addition of such
tools to the patients’ workup would add to prognosis
prediction in CD.

Therefore, we aimed to investigate in this single-
center, longitudinal prospective study if biomarkers, in-
cluding Trypanosoma cruzi polymerase chain reaction
(PCR), and new echocardiographic tools can predict
cardiovascular outcomes in patients with CD indepen-
dent from clinical and traditional 2D Doppler echocar-
diographic parameters.

METHODS

Design and Study Subjects

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

This is a single-center, observational, prospective
longitudinal study that was approved by the local insti-
tutional review committee on January 27, 2014 under
number 515851, This study conforms to standards
currently applied by the Brazilian National Committee
for Research Ethics and Resolution 466/2012 of the
National Health Council, of the Ministry of Health, and
to the Code of Ethics of the World Medical Association
(Declaration of Helsinki). All subjects gave written in-
formed consent before their participation.

Adult patients with chronic CD were randomly se-
lected among those regularly followed at our institu-
tion between July 2014 and March 2017. CD diagnosis
was based on positivity in 2 different serological tests
(enzyme-linked immunosorbent assay and indirect
immunofluorescence).?®

From 402 included patients, 11 did not return for
the index echocardiogram, and 30 were excluded due
to concomitant heart disease not related to CD (n=10),
cancer (n=6), coinfections (n=4), autoimmune disease
(n=5), chronic use of corticosteroid or nonsteroidal
anti-inflammatory drugs (n=4), or splenomegaly (n=1).
The final studied population was composed of 361 pa-
tients (Figure 1).

Patients were classified at the time of their inclusion
according to the Brazilian CD consensus® into indeter-
minate (no evidence of cardiac involvement), stage A
(no HF symptoms with isolated changes in the ECG),
stage B (no HF symptoms with segmental or global
LV systolic dysfunction), stage C (symptomatic HF), or
stage D (end-stage HF). ECGs were analyzed by cardi-
ologists with extensive experience in CD and classified
using the Minnesota Code criteria, modified for CD.3*
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The ECG changes considered compatible with CD
cardiac form followed previously published criteria.?

Study End Point and Follow-Up

The studied end point was a composite event (mortal-
ity related to CD, heart transplant, hospital admission
due to worsening HF, or insertion of a new cardiac de-
vice [pacemaker, implantable cardioverter-defibrillator,
or cardiac resynchronization therapy device], which-
ever occurred first). Death was classified as related
to CD (sudden, due to stroke, or HF), unrelated to
CD, or unknown cause. Death was considered sud-
den when it occurred within 1 hour after of symptoms
onset, during sleep, or unwitnessed in a previously sta-
ble patient.®® Death was considered due to HF when
it occurred associated to a period of worsening HF
clinical status. In cases of patients who did not return
for medical appointments, mortality data were also re-
trieved from registries of death certificates available at
the Department of Justice of the Rio de Janeiro state
(http://www4 tjrj.jus.br/Portal-Extrajudicial/CNO/).

The diagnosis of worsening HF depended on the
fulfiling of all of following criteria: symptoms of HF,
LV systolic dysfunction by echocardiography, and re-
sponse to treatment directed toward HF.3® Insertion of
a new cardiac device and use of cardiovascular med-
ications followed Brazilian guidelines.® Patients were
followed as previously described?® until December
2021.

Echocardiography
Studies were performed using a phased-array ul-
trasound system (Vivid 7; GE Medical Systems,
Milwaukee, WI) equipped with M4S phased-array and
1.5- to 4-MHz 4-matrix-array transducers by a single
experienced echocardiographer. Cardiac dimensions,
measured using M-mode and 2D echocardiography,
and Doppler measurements were obtained as rec-
ommended.?” 2D LV ejection fraction and 2D maxi-
mum LA volume were determined using the modified
Simpson rule with images obtained from apical 4- and
2-chamber views. Echocardiograms were reviewed
offline, and strain (¢) and 3-dimensional echocardio-
gram (BDE) analyses were performed with Echopac
PC workstation software version 108.1.12 (GE Medical
Systems) with the 4-dimensional LV-volume analysis
plug-in (Tomtec Imaging Systems, Unterschleissheim,
Germany). All 2D clips analyzed were acquired at high
frame rates (>60frames/s).

3DE 4-beat full volume images were acquired during
breath hold in end expiration from apical views. Volume
rate varied from 17 to 25volumes/s. The Echopac soft-
ware was used to determine the maximum and mini-
mum LA volumes, and the precontraction LA volume
was obtained from analysis of time-volume curves.?®
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[ Included: 402 ]

No return for
index

|

/ Excluded: concomitant heart \

disease not related to CD (n=10),
cancer (n=6), co-infections (n=4),
auto-immune disease (n=5),

chronic use of corticosteroid or

echocardiogram: J
11

-

non-steroidal anti-
inflammatory drugs (n=4), or

splenomegaly (n=1) J

[ Studied: 361

]

Indeterminate Cardiac form:
form: 98 205

Digestive Cardiodigestive
form: 11 form: 47

[ Stage A: 74] [ Stage B: 77 ] [ Stage C: 47 ] [ Stage D: 7 ]

| StageA:20 | | StageB:19 | | StageC:7 | [ StageD:1 ]

Figure 1. Flow diagram.

Flow diagram depicting recruitment, exclusion criteria, and studied groups at baseline. CD

indicates Chagas disease.

3DE LV volumes and ejection fraction were measured
using a similar approach.?®

LA ¢ was determined as previously described?®
using apical 4- and 2-chamber views. The onset of
the P wave was used as the reference point, and peak
positive global LA ¢, peak negative global LA ¢ (LASct),
and the sum of those previous values were obtained.

LV-GLS, LV-GCS, LV global radial strain, and LV
torsion and twist were analyzed as previously de-
scribed.?®2° RV longitudinal € was calculated using a
focused 4-chamber apical view. RV free wall longitudi-
nal ¢ was calculated as the average of the basal, mid,
and apical RV free wall segments.

Biomarker Measurement

Biomarkers serum measurements were performed by
researchers blinded to the clinical classification of the
patients. TGF-1, tumor necrosis factor (TNF), MMP-
2, MMP-9, and BNP measurements were performed

using commercially available ELISA kits (TGF-$1 and
TNF: Quantikine ELISA Human ImmunoAssay; R&D
Systems; MMP-2 and MMP-9: Picokine ELISA Human
ImmunoAssay; Boster Biologics; BNP: ABCAM) ac-
cording to the manufacturer’s instructions using
SpectraMax 190 absorbance microplate reader
(Molecular Devices). Cardiac troponin | was deter-
mined by enzyme immunoassay (Siemens). For total
TGF-B1 dosage, all samples were assayed after acidic
pH activation of latent TGF-£1.

T cruzi PCR

Ten milliliters of whole blood samples were obtained
from each patient and immediately mixed with an
equal volume of 6 M guanidinium hydrochloride/0.2 M
EDTA, pH 8.00 (guanidine EDTA buffer [GEB]).3¢ The
GEB samples were coded and delivered blinded to
perform the molecular tests. Before DNA extraction,
GEB samples were boiled for 15 minutes, and after
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24 to 48hours at room temperature, samples were
stored at 4 °C for DNA extraction and PCR-based
analysis. Additionally, the blood of individuals without
T cruzi infection (negative serology) from nonendemic
CD areas were included as controls for DNA extraction
and molecular assays. One negative control was used
per DNA extraction of 11 GEB samples, and tested in
parallel with the DNA patient samples in all quantitative
PCR (gPCR) assays. Three hundred microliters of GEB
samples were processed for DNA extraction using
the High Pure PCR Template Preparation kit (Roche
Diagnostics, Indianapalis, IN).

The gPCR assays were performed by absolute
quantification to estimate the parasite load, based on
standard curves constructed by 1:10 serial dilutions
of DNA extracted from a seronegative-GEB sample
spiked with T cruzi epimastigotes (CL Brener), rang-
ing from 10 to 0.5 parasite equivalents per milliliter of
blood, as previously described.®® To prepare the stan-
dard curve, the 1:10 serial dilution was done with DNA
extracted from negative GEB samples. The standard-
ized nuclear satellite DNA gPCR assay used the Cruzi
1/Cruzi 2 primers and Cruzi 3 probe reported by Piron
et al*® and the exogenous internal ampilification control
described by Duffy et al.*' The parasite load was quan-
tified in all GEB samples and expressed as the aver-
age between the duplicates for each patient. The DNA
quality and absence of PCR inhibition were monitored
by the threshold cycle value for the exogenous inter-
nal amplification control. The gPCR assays were per-
formed with 5 uL of DNA, using the FastStart Universal
Probe Master Mix (Roche Diagnostics, Mannheim,
Germany) in a final volume of 20 uL. The cycling condi-
tions for the multiplex TagMan gPCR were a first step
of 10 minutes at 95 °C, followed by 40 cycles at 95 °C
for 15seconds, and 58 °C for 1 minute. The amplifica-
tions were performed in an ABI 7500 Fast Real Time
PCR device (Applied Biosystems).

Statistical Analysis

The corresponding author had full access to all of
the data in the study and takes responsibility for
their integrity and the data analysis. Calculations
were done using MedCalc version 20.113 (MedCalc
Software, Mariakerke, Belgium) and Stata version 13.0
(StataCorp, College Station, TX). Continuous variables
are expressed as meanzxstandard deviation or median
(interquartile range), and categorical variables as ab-
solute and percentage values. Kolmogorov-Smirnov
tests provided support that continuous variables were
normal, because P values were >0.10. Associations
between studied variables and event-free survival time
were tested using univariable and multivariable Cox
proportional hazards regression analysis. Separate
multivariable Cox proportional hazards regression
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analyses were performed for each variable of interest
to test if 3DE, 2D ¢, and biomarker parameters were
associated with the studied end point. Multivariable
analyses were adjusted for parameters reported as
independent mortality predictors in CD: age,* sex,*?
LV ejection fraction,** ratio of peak early wave dias-
tolic filling velocity to early diastolic mitral annulus ve-
locity ratio,?* and RV systolic function®” expressed by
peak systolic tricuspid annulus velocity. Hypertension
and presence of a cardiac device and cardiac form at
baseline were also included among the variables of
adjustment, because they presented a strong univari-
able association with the studied end point. Missing
data were handled by listwise deletion. Schoenfeld re-
siduals did not reject the proportional assumption of
Cox proportional hazards regression analysis. Similar
competing-risk survival regression models using the
Fine-Gray method were also fitted to account for the
possibility of competing risks for deaths from other
causes.

The variance inflation factor was used to check
for multicollinearity among the variables included in
the multivariate models. Receiver operating charac-
teristic (ROC) curves were generated to define cutoff
values for each variable of interest with independent
prognostic value with corresponding sensitivities and
specificities for prediction of the composite event.
The optimal cutoff obtained for an ROC curve cor-
responded to the maximum of the Youden index,
defined as J=max[SE+SP 1], where SE, and SP, are
the sensitivity and specificity over all possible thresh-
old values. This value corresponded to the point
on the ROC curve farthest from the diagonal line.
Assessment of differences between areas under the
ROC curves (AUC) was done by pairwise comparison,
as previously described.*® Cumulative survival curves
dichotomized at optimal ROC were constructed using
the Kaplan-Meier method and compared using the
log-rank test. Patients whose follow-up was lost were
censored from statistical analyses at the time of the
last medical appointment. The null hypothesis was re-
jected at P<0.05.

RESULTS

Patients

The patients studied presented the following CD clini-
cal forms at the time of their enrollment: 98 (27.1%) pre-
sented the indeterminate form, 205 (56.6%) presented
the cardiac form (stage A n=74 [20.5%), stage B n=7r7
[21.3%)], stage C n=47 [13.0%], stage D n=7 [1.9%)]), 11
(3.6%) presented digestive form, and 47 (12.7%) pre-
sented the cardiodigestive form (stage A n=20 [5.2%),
stage B n=19 [5.2%], stage C n=7 [1.9%)], stage D n=1
[0.3%)).
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The clinical characteristics, laboratory results, and
ECG findings of the included patients are depicted in
Table 1. The most common ECG abnormalities were
right bundle-branch block, left anterior hemiblock, and
primary T-wave changes (Table 1). Fifty-two patients
(14.4%) had a cardiac device at baseline; 28 (7.8%) had
a dual-chamber pacemaker, 7 (1.9%) had a single-
chamber pacemaker, 12 (3.3%) had an ICD implant, 3
(0.8%) had a cardiac resynchronization therapy pace-
maker device, and 2 (0.5%) had a cardiac resynchroni-
zation therapy defibrillator device.

The frequency of use of cardiovascular medications
was as follows in patients with no evidence of cardiac
form: angiotensin-converting enzyme inhibitor (ACEi)
29.4%, angiotensin receptor blocker (ARB) 25.7%,
furosemide 1.8%, warfarin 0.9%, and amiodarone
2.7%. The frequency of use of cardiovascular medi-
cations was as follows in patients with cardiac form
(with or without associated digestive form): stage A,
carvedilol 21%, ACEi 38.3%, ARB 37.3%, digoxin
3.2%, warfarin 7.5%, and amiodarone 5.3%; stage
B, carvedilol 43.7%, ACEi 56.2%, ARB 29.2%, spi-
ronolactone 6.2%, furosemide 6.2%, warfarin 20.8%,
and amiodarone 17.7%; stage C/D, carvedilol 95.2%,
ACEi 48.4%, ARB 43.5%, digoxin 37.1%, spironolac-
tone 71.0%, furosemide 85.5%, warfarin 38.7%, and
amiodarone 32.2%.

Echocardiography

The mean values for 2D Doppler echocardiographic
parameters, LV and LA 3DE parameters, and LA, LV,
and RV function analyses by STE analysis are depicted
in Table 1.

Seven patients (1.9%) were excluded from LV-GLS
analysis, and 13 patients (3.6%) were excluded from
LV-GCS and LV global radial € analyses due to poor
imaging quality. Twenty-five (6.9%) were excluded from
LV twist and torsion analyses due to poor imaging
quality for LV rotation analysis in either basal or api-
cal short-axis views. LA good imaging quality for RV
¢ analysis was not obtained in 23 patients (6.4%). LA ¢
parameters were obtained from all participants. Seven
patients (1.9%) and 23 patients (6.4%) were excluded
from LA and LV 3DE analyses, respectively, due to
poor imaging quality.

The differences in 3DE and STE parameters among
the different CD clinical forms were already described
in previous articles from our group.?>2® Although the
current study represents a new sample of patients, we
did not repeat this analysis.

Correlations between LV ejection fraction and 2D
LV € in a correlation matrix revealed that the correlation
with LV ejection fraction was -0.81 for LV-GCS, -0.84
for LV-GLS, 0.70 for LV global radial strain, and 0.59 for
LV torsion (P<0.0001 for all correlations).
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Table 1. Clinical and Echocardiographic Characteristics

of Studied Subjects (n=361)

Variable Value
Age, y 61.4+10.6
Sex, men 208 (57.6)
Body mass index, kg/m? 27.2+5.1
Hypertension 245 (67.9%)
Diabetes 81 (22.4%)
Electrocardiogram
RBBB 125 (34.6%)
LBBB 17 (4.7%)
LAHB 108 (29.9%)
Primary T-wave changes 113 (31.3%)
Electric inactive areas 30 (8.3%)
Low voltage 27 (7.5%)
Cardiac device 52 (14.4%)
Blood tests
Urea, mg/dL 39+16
Creatinine, mg/dL 1.0+0.3
Sodium, mmol/L 140.2+2.2
Potassium, mmol/L 4.5+0.5
Uric acid, mg/dL 5.0+£1.5
Hemoglobin, g/dL 13.5+1.4
2D echocardiogram
LA, cm 3.9+0.6
LA volume, mL/m? 34.3+14.9
Lvd, cm 5.56+0.8
LVs, cm 3.6+1.2
LV ejection fraction, % 57.9+13.9
LV S, cm/s 7.2+1.9
RV S, cm/s 12.6+2.8
TAPSE, mm 231541
PASP, mmHg 29.1+10.3
E/A ratio 11£0.7
DT, ms 192+55
E’, cm/s 7727
A, cm/s 8.9+2.7
E/E’ ratio 10.6+5.2
LV aneurysm 56 (15.5%)
3DE
Maximum LA volume, mL/m? 31.2+13.7
Minimum LA volume, mL/m? 16.5+12.3
Pre-A LA volume, mL/m? 20.5+10.6
LV end-diastolic volume, mL/m? 67.0+£27.1
LV end-systolic volume, mL/m? 34,7241
LV ejection fraction, % 51.7+13.7
Strain
LASct, % -11.4+3.6
LAScd, % 10.9+4.4
LAST, % 21.7+6.4

(Continued)
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Table 1. (Continued)

Variable Value
Peak LV-GLS, % -15.9+4.5
Peak LV-GCS, % -16.6+5.9
Peak LV-GRS, % 37.1+17.9
Peak twist, degrees 10.9+6.8
Peak torsion, degrees/cm 1.3+0.9
RV-fwLS, % -21.4+5.5

Values are mean+SD or n (%). 2D, indicates 2-dimensional; 3DE,
3-dimensional echocardiogram; A, peak late wave diastolic filling velocity; A,
peak late diastolic mitral annulus velocity; DT, deceleration time; E, peak early
wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity;
GCS, global circumferential strain; GLS, global longitudinal strain; GRS,
global radial strain; LA, left atrial; LAHB, left anterior hemiblock; LAScd, peak
positive global LA strain; LASct, peak negative global LA strain; LAST, total
global LA strain; LBBB, left bundle-branch block; LV, left ventricular; LVd,
LV end-diastolic diameter; LVs, LV end-systolic diameter; PASP, pulmonary
artery systolic pressure; RBBB, right bundle-branch block; RV, right
ventricular; RV-fwlLS, RV free wall longitudinal strain; S’, peak systolic mitral
annulus velocity; and TAPSE, tricuspid annular plane excursion.

Biomarkers

For biomarkers analyses, patients with indetermi-
nate and digestive forms were grouped together in a
group named no evidence of cardiac form, and pa-
tients with the cardiodigestive form were grouped to-
gether with patients with the cardiac form according
to their stage.

Cardiac troponin | serum levels were higher among
patients at stages B and C/D of the cardiac form than
in patients with no evidence of the cardiac form or at
stage A of the cardiac form. BNP serum levels were
higher among patients at stages C/D of the cardiac
form than in all other groups. TGF-f1 serum levels were
lower among patients at stages C/D of the cardiac
form than in all other groups. TNF serum levels were
higher among patients at stages C/D of the cardiac

Table 2. Biomarkers Serum Levels of Studied Subjects
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form than in patients with no evidence of the cardiac
form (Table 2). MMP-2, MMP-9, and ratio serum levels
were similar across the studied groups.

PCR for T cruzi DNA was positive in 137 out of 333
(41.1%) patients whose samples were tested for T cruzi
PCR. The T cruzi PCR positivity and the parasitic load
were similar across the groups studied. Among those
who were tested for T cruzi PCR, 40 had a previous
history of trypanocidal treatment at baseline. The T
cruzi PCR positivity was 10% (4/40) among those with
previous history of trypanocidal treatment against
45.4% (133/293) among those without previous history
of trypanocidal treatment (P<0.0001).

Event-Free Survival Time

The mean follow-up period was 4.9+2.0years. Patients
lost to follow-up (N=18, 5.0%) were censored from
analysis at the time of their last clinic visit. The com-
posite event occurred in 79 patients (45.1 per 1000
patient-years). A total of 49 patients died due to CD-
related problems, 2 underwent a heart transplant, 33
were admitted due to worsening HF, and 26 had a car-
diac device implant (dual-chamber pacemaker [n=16],
single-chamber pacemaker [n=1], cardiac resynchro-
nization therapy pacemaker device [n=8], and cardiac
resynchronization therapy defibrillator [n=1]) during the
study follow-up. The cause of death related to CD was
HF in 29 patients (59.2%), sudden death in 18 patients
(36.7%), and stroke in 2 patients (4.1%). Sixteen pa-
tients died due to events not related to CD, and 8 pa-
tients died due to ignored causes. These patients were
censored from analysis. Additionally, 3 patients with
the indeterminate form were treated with benznidazole
during the study follow-up and were censored by the
date their treatment started, because benznidazole

Cardiac form

No evidence of cardiac
Variable form, n=109 Stage A, n=94 Stage B, n=96 Stages C/D, n=62
Troponin |, ng/mL 0.01 (0.0-0.04) 0.00 (0.0-0.04) 0.03 (0.0-0.07)"* 0.03 (0.0-0.08)**
BNP, pg/mL 40.0 (31.7-53.4) 37.7 (29.8-49.6) 40.2 (33.6-63.3) 76.8 (37.3-183.5)" 1+
TGF-B1, ng/mL 49.9+19.2 46.4+12.4 44.8+10.1 36.9+12.8%14
TNF, pg/mL 4224 4.7£2.9 5.2+4.1 6.2+6.0*
MMP-2, ng/mL 3.9 (2.5-7.6) 3.7 (2.4-7.1) 41 (2.5-8.4) 41(2.9-8.9)
MMP-9, ng/mL 6.5+3.8 5.9+3.8 6.2£3.9 6.7+3.8
MMP-2/MMP-9 ratio 0.74 (0.38-1.66) 0.89 (0.35-1.79) 0.92 (0.40-1.75) 0.79 (0.42-1.65)
T cruzi PCR, % 37 (35.9) 43 (47.8) 33 (37.1) 24 (47.1)
Parasitic load, par.Eq./mL 0.41 (0.10-2.09) 0.44 (0.08-2.70) 0.17 (0.04-1.25) 0.20 (0.05-0.82)

Values are meanz+standard deviation, median (interquartile range), or n (%). BNP indicates brain natriuretic peptide; MMP, matrix metalloproteinase; par.Eq.,
parasite equivalents per milliliter of blood; PCR, polymerase chain reaction; T cruzi, Trypanosoma cruzi; TGF-1, transforming growth factor §1; and TNF, tumor

necrosis factor.

*P<0.05 vs no evidence of cardiac form.

P<0.05 vs stage A.
#P<0.05 vs stage B.
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treatment can change the status of positive to negative
T cruzi PCR.

The numbers of composite events according to the
clinical forms at baseline were as follows: indetermi-
nate form (n=2), cardiac form (stage A n=9, stage B
n=18, stage C n=30, stage D n=7), and cardiodigestive
form (stage A n=3, stage B n=3, stage C n=6, stage
D n=1). No patient with the digestive form at baseline
presented the studied end point during the study fol-
low-up. A survival curve analysis according to the clin-
ical form at baseline was performed with patients with
indeterminate and digestive forms grouped together
in a group named no evidence of cardiac form, and
patients with the cardiodigestive form were grouped
together with patients with the cardiac form according
to their stage. There was a worse outcome for patients
at stage A (hazard ratio [HR], 7.2 [95% ClI, 4.1-12.7]),
B (HR, 13.3 [95% ClI, 7.5-23.4]), C (HR, 58.0 [95% Cl,
26.6-126.5]), and D (HR, 165.2 [95% CI, 14.0-1943.4])
compared with patients with no cardiac form at base-
line, a worse outcome for patients at stage B (HR, 1.8
[95% Cl, 1.01-38.2]), C (HR, 8.0 [95% Cl, 3.6-17.8]), and
D (HR, 22.8 [95% ClI, 1.9-269.5]) compared with pa-
tients at stage A of the cardiac form at baseline, and a
worse outcome for patients at stage C (HR, 4.4 [95%
Cl, 2.0-9.8]), and D (HR, 12.5 [95% CI, 1.05-35.7])
compared with patients at stage B of the cardiac form
at baseline (P<0.0001; Figure 2).

Nonadjusted Analyses
Clinical characteristics associated in the univariable
analysis with the studied end point were CD cardiac
form, body mass index, hypertension, right bundle-
branch block, primary T-wave changes, electric inac-
tive areas, and presence of a cardiac device. Blood
tests associated in the univariable analysis with the
studied end point were urea, creatinine, potassium,
and uric acid serum levels. All 2D echocardiographic
and Doppler studied parameters were also associated
in the univariable analysis with the studied end point.
LA and LV 3DE parameters and LA, LV, and RV ¢ pa-
rameters were associated with the occurrence of the
composite event by univariable analysis (Table 3).
Among biomarkers, although cardiac troponin,
BNP, TGF-g1, and TNF serum levels were associated
with the occurrence of the composite event by univari-
able analysis, MMP-2 and MMP-9 serum levels and
their ratio, T cruzi PCR positivity, and parasitic load
were not associated (Table 3).

Adjusted Analyses

Multivariable Cox proportional hazards regression
analyses revealed that 3DE LV end-diastolic volume,
LASct, peak LV-GCS, peak torsion and twist, and a
positive T cruzi PCR were independent predictors of
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Figure 2. Event-free survival curves according to the
Chagas disease clinical form at baseline.

The Kaplan—-Meier analysis showed a progressively worse
outcome across the different Chagas disease clinical forms from
patients with no cardiac form (best survival) to patients at stage
D of the cardiac form at baseline (worst outcome; P<0.0001).

the composite event (Table 4). The full description of
these models is depicted in Tables S1 through S6. The
mean variance inflation factor of the multivariable mod-
els ranged from 1.37 to 1.99. BNP presented a close to
significant independent association with the compos-
ite event (Table 4).

Because 24 patients died due to causes unrelated
to CD or due to ignored causes, we included those
deaths as competing events and did a competing risk
survival analysis for all variables of interest. The anal-
yses revealed that 3DE LV end-diastolic volume (HR,
1.01 [95% CI, 1.00-1.02]; P=0.02), LASct (HR, 1.08
[95% CI, 1.00-1.17]; P=0.04), LV-GCS (HR, 1.12 [95%
Cl, 1.04-1.21]; P=0.003), LV twist (HR, 0.94 [95% ClI,
0.89-0.99]; P=0.01), LV torsion (HR, 0.55 [95% CI,
0.35-0.81]; P=0.003), BNP (HR, 2.03 [95% CI, 1.23-
3.34]; P=0.005), and positive T cruzi PCR (HR, 1.80
[95% Cl, 1.12-2.91]; P=0.01) were independently asso-
ciated with the composite event. The full multivariate
analyses adjusted for competing events of the vari-
ables of interest with a significant result are presented
in Tables S7 and S8.

Another multivariable regression model including
all the variables of interest with independent associ-
ation with the composite event adjusted for the ad-
justing variables and competing risks showed that
3DE LV end-diastolic volume (HR, 1.01 [95% CI, 1.00-
1.02]; P=0.03), LASct (HR, 110 [95% ClI, 1.03-1.18];
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Table 3. Nonadjusted Associations Between Clinical, Echocardiographic, and Biomarkers Characteristics of Studied
Subjects and the Studied Composite Event

Variable HR 95% ClI P value Harrell C index (95% ClI)
Age, y 1.00 0.98-1.03 0.63 0.50 (0.44-0.56)
Sex, men 1.08 0.69-1.68 0.74 0.50 (0.45-0.56)
Body mass index, kg/m? 0.95 0.91-0.99 0.01 0.59 (0.52-0.66)
Hypertension 0.48 0.30-0.74 0.001 0.59 (0.563-0.64)
Diabetes 0.87 0.50-1.50 0.61 0.51 (0.46-0.58)
CD cardiac form 19.8 4.9-80.5 <0.0001 0.65 (0.63-0.68)
Electrocardiogram
RBBB 1.96 1.26-3.04 0.0028 0.57 (0.51-0.62)
LBBB 175 0.76-4.02 0.19 0.51 (0.49-0.54)
LAHB 1.45 0.92-2.29 0.11 0.52 (0.47-0.58)
Primary T-wave changes 1.81 1.16-2.83 0.0085 0.56 (0.51-0.62)
Electric inactive areas 2.81 1.568-5.02 0.0005 0.55 (0.51-0.59)
Low voltage 1.82 0.94-3.54 0.076 0.52 (0.49-0.56)
Cardiac device 2.96 1.82-4.80 <0.0001 0.59 (0.54-0.64)
Blood tests
Urea, mg/dL 1.02 1.01-1.03 <0.0001 0.67 (0.61-0.73)
Creatinine, mg/dL 2.50 1.55-4.04 0.0002 0.62 (0.56-0.68)
Sodium, mmol/L 0.97 0.88-1.07 0.53 0.54 (0.47-0.60)
Potassium, mmol/L 2.00 1.25-3.20 0.0039 0.58 (0.51-0.65)
Uric acid, mg/dL 1.21 1.05-1.38 0.006 0.58 (0.52-0.65)
Hemoglobin, g/dL 0.96 0.81-1.14 0.64 0.52 (0.45-0.59)
2D echocardiogram
LA, cm 2.79 2.093.72 <0.0001 0.72 (0.67-0.77)
LA volume, mL/m? 1.04 1.03-1.04 <0.0001 0.76 (0.71-0.81)
Lvd, cm 3.23 2.57-4.06 <0.0001 0.79 (0.75-0.84)
LVs, cm 2.46 210-2.90 <0.0001 0.82 (0.77-0.87)
LV ejection fraction, % 0.93 0.92-0.94 <0.0001 0.81 (0.76-0.87)
LV S, cm/s 0.49 0.42-0.57 <0.0001 0.80 (0.75-0.85)
RV S, cm/s 0.76 0.69-0.83 <0.0001 0.67 (0.61-0.73)
TAPSE, mm 0.88 0.84-0.92 <0.0001 0.65 (0.58-0.72)
PASP, mmHg 1.06 1.04-1.07 <0.0001 0.71(0.65-0.78)
E/A ratio 1.98 1.63-2.42 <0.0001 0.61 (0.53-0.68)
DT, ms 0.99 0.98-0.99 0.0005 0.62 (0.56-0.69)
E, cm/s 0.68 0.61-0.77 <0.0001 0.74 (0.68-0.79)
A, cm/s 0.69 0.64-0.75 <0.0001 0.78 (0.73-0.84)
E/E' ratio 115 112-1.18 <0.0001 0.74 (0.68-0.81)
LV aneurysm 1.76 1.05-2.916 0.03 0.54 (0.50-0.59)
3DE
Maximum LA volume, mL/m? 1.03 1.02-1.04 <0.0001 0.72 (0.66-0.78)
Minimum LA volume, mL/m? 1.03 1.03-1.04 <0.0001 0.77 (0.71-0.82)
Pre-A LA volume, mL/m? 1.07 1.05-1.08 <0.0001 0.77 (0.72-0.83)
LV end-diastolic volume, mL/m? 1.03 1.02-1.03 <0.0001 0.80 (0.75-0.86)
LV end-systolic volume, mL/m? 1.03 1.03-1.04 <0.0001 0.82 (0.77-0.87)
LV ejection fraction, % 0.93 0.91-0.94 <0.0001 0.79 (0.74-0.85)
Strain
LASct, % 1.31 1.23-1.39 <0.0001 0.73 (0.67-0.79)
LAScd, % 0.87 0.82-0.92 <0.0001 0.68 (0.62-0.74)

(Continued)
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Table 3. (Continued)
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Variable HR 95% ClI P value Harrell C index (95% Cl)
LASH, % 0.85 0.82-0.88 <0.0001 0.76 (0.70-0.81)
Peak LV-GLS, % 1.25 1.20-1.31 <0.0001 0.79 (0.74-0.84)
Peak LV-GCS, % 1.25 1.20-1.31 <0.0001 0.82 (0.77-0.87)

Peak LV-GRS, % 0.94 0.92-0.95 <0.0001 0.77 (0.72-0.83)
Peak twist, degrees 0.86 0.83-0.89 <0.0001 0.76 (0.70-0.81)
Peak torsion, degrees/cm 0.26 0.19-0.36 <0.0001 0.78 (0.73-0.83)
RV-fwLS, % 1.06 1.01-1.10 0.01 0.59 (0.53-0.66)

Biomarkers
Troponin |, ng/mL 1.22 1.07-1.41 0.004 0.57 (0.51-0.64)
BNP, ng/mL 275 1.74-4.35 <0.0001 0.67 (0.60-0.73)
TGF-1, ng/mL 0.96 0.94-0.97 <0.0001 0.64 (0.58-0.71)
TNF, pg/mL 1.05 1.01-1.10 0.02 0.53 (0.46-0.59)
MMP-2, ng/mL 1.03 0.98-1.08 0.21 0.53 (0.47-0.60)
MMP-9, ng/mL 1.00 0.94-1.06 0.99 0.50 (0.43-0.57)
MMP-2/MMP-9 ratio 1.00 0.98-1.02 0.96 0.48 (0.41-0.55)
T cruzi PCR, % 1.47 0.93-2.34 0.099 0.53 (0.47-0.59)
Parasitic load, par.Eq./mL 1.03 1.00-1.06 0.058 0.54 (0.47-0.60)

2D indicates 2-dimensional; 3DE, 3-dimensional echocardiogram; A, peak late wave diastolic filling velocity; A, peak late diastolic mitral annulus velocity;
BNP, brain natriuretic peptide; CD, Chagas disease; DT, deceleration time; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus
velocity; GCS, global circumferential strain; GLS, global longitudinal strain; GRS, global radial strain; HR, hazard ratio; LA, left atrial; LAHB, left anterior
hemiblock; LAScd, peak positive global LA strain; LASct, peak negative global LA strain; LAST, total global LA strain; LBBB, left bundle-branch block; LV, left
ventricular; LVd, LV end-diastolic diameter; LVs, LV end-systolic diameter; MMP, matrix metalloproteinase; par.Eq., parasite equivalents per milliliter of blood;
PASP, pulmonary artery systolic pressure; PCR, polymerase chain reaction; RBBB, right bundle-branch block; RV, right ventricular; RV-fwLS, RV free wall
longitudinal strain; S’, peak systolic mitral annulus velocity; TAPSE, tricuspid annular plane excursion; T cruzi, Trypanosoma cruzi; TGF-f1, transforming growth

factor f1; and TNF, tumor necrosis factor.

P=0.0007), LV-GCS (HR, 113 [95% CI, 1.02-1.25];
P=0.01), LV torsion (HR, 0.57 [95% ClI, 0.34-0.97];
P=0.038), BNP (HR, 3.9 [95% ClI, 1.8-8.3]; P<0.001),
and positive T cruzi PCR (HR, 1.79 [95% Cl, 1.07-2.99];
P=0.026) remained independently associated with the
studied end point.

Optimal cutoff values to predict the composite event
for 3DE LV end-diastolic volume was 74.8 mL/m? (AUC,
0.82; sensitivity, 69.4%; specificity, 86.1%; P<0.0001),
for LASct was -10.5% (AUC, 0.74; sensitivity, 70.3%;
specificity, 71.0%; P<0.0001), for peak LV-GCS was
-14.7% (AUC, 0.85; sensitivity, 79.2%; specificity,
78.2%; P<0.0001), for LV twist was 9.3° (AUC, 0.79;
sensitivity, 78.9%; specificity, 66.0%; P<0.0001), for
LV torsion was 1.11 degrees/cm (AUC 0.81; sensitivity,
84.2%; specificity, 66.0%; P<0.0001), and for BNP was
51.6pg/mL (AUC, 0.65; sensitivity, 57.7%; specificity,
73.0%; P=0.0001). Peak LV-GCS presented a larger
AUC than LASct (P=0.003) and BNP (P<0.0001). 3DE
LV end-diastolic volume also presented a larger AUC
than LASct (P=0.02) and BNP (P<0.0001). LV torsion
also presented a larger AUC than LASct (P=0.04) and
BNP (P=0.0002) (Figure 3).

Survival curves were constructed for the parame-
ters with the largest AUC according to ROC analyses.
LV-GCS absolute value <14.7% (HR, 11.6 [95% ClI,
7.05-19.0]; P<0.0001; Figure 4A), 3 DE LV end-diastolic

J Am Heart Assoc. 2023;12:e028810. DOI: 10.1161/JAHA.122.028810

volume >74.8mL/m? (HR, 24.9 [95% Cl, 13.9-44.8];
P<0.0001; Figure 4B), and LV torsion <1.11 degrees/
cm (HR, 6.3 [95% ClI, 4.0-10.0]; P<0.0001; Figure 4C)
were associated with lower survival free of the com-
posite event.

DISCUSSION

The dismal prognosis of patients with chronic CHD
drives the research for new biomarkers of progres-
sion and prognosis in CD. The insight obtained from
cross-sectional studies and some longitudinal studies
points out that a complex interplay of immunological
mediators, parasite persistence, and LV fibrosis and
remodeling interacts for the pathophysiology and slow
progressive nature of CHD. In this study, we evaluated
the prognostic value of biomarkers, parasite persis-
tence, and new echocardiographic indexes against 2D
Doppler echocardiographic indexes already tested as
prognostic predictors in CD. We showed that parasite
persistence, BNP serum levels, 3DE LV volume, and LA
and LV contractility measured by STE were predictors
of cardiovascular events independent from age, sex,
presence of a cardiac device or cardiac form at base-
line, and 2D Doppler echocardiographic indexes of LV
systolic and diastolic function, and RV systolic function.
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Table 4. Adjusted Associations Between 3DE, Strain, and Biomarkers Characteristics of Studied Subjects and the Studied

Composite Event

Adjusted analyses
Variable HR 95% ClI P value Harrell C index (95% CI)
3DE
Maximum LA volume, mL/m? 1.01 0.99-1.02 0.41 0.84 (0.80-0.88)
Minimum LA volume, mL/m? 1.01 0.99-1.02 0.32 0.84 (0.80-0.88)
Pre-A LA volume, mL/m? 1.02 0.99-1.04 0.16 0.85 (0.81-0.89)
LV end-diastolic volume, mL/m? 1.01 1.00-1.02 0.019 0.85 (0.81-0.89)
LV end-systolic volume, mL/m? 1.01 0.99-1.02 0.21 0.85 (0.80-0.89)
LV ejection fraction, % 1.01 0.97-1.04 0.75 0.84 (0.80-0.89)
Strain
LASct, % 1.09 1.01-1.18 0.026 0.85 (0.81-0.89)
LAScd, % 1.00 0.93-1.08 0.90 0.84 (0.80-0.88)
LASH, % 0.97 0.92-1.02 0.24 0.84 (0.80-0.88)
Peak LV-GLS, % 0.98 0.88-1.09 0.71 0.84 (0.79-0.88)
Peak LV-GCS, % 113 1.04-1.21 0.002 0.85 (0.81-0.89)
Peak LV-GRS, % 0.99 0.97-1.02 0.67 0.84 (0.79-0.88)
Peak twist, degrees 0.94 0.90-0.99 0.022 0.84 (0.79-0.88)
Peak torsion, degrees/cm 0.56 0.37-0.84 0.006 0.84 (0.80-0.88)
RV-fwLS, % 0.97 0.92-1.02 0.23 0.85 (0.81-0.89)
Biomarkers
Troponin |, ng/mL 0.99 0.84-1.16 0.88 0.83 (0.79-0.88)
BNP, ng/mL 1.94 0.99-3.82 0.05 0.84 (0.80-0.88)
TGF-B1, ng/mL 0.99 0.97-1.01 0.51 0.85 (0.81-0.89)
TNF, pg/mL 1.02 0.97-1.06 0.48 0.83 (0.79-0.88)
MMP-2, ng/mL 1.01 0.97-1.06 0.51 0.83 (0.79-0.88)
MMP-9, ng/mL 1.00 0.94-1.07 0.95 0.83(0.79-0.88)
T cruzi PCR, % 1.77 1.09-2.86 0.02 0.84 (0.79-0.88)
Parasitic load, par.Eq./mL 1.01 0.98-1.08 0.55 0.83 (0.79-0.88)

Multivariate models were adjusted for age, sex, LV ejection fraction, peak early wave diastolic filling velocity and peak early diastolic mitral annulus velocity
ratio, RV peak systolic mitral annulus velocity, hypertension, and presence of a cardiac device and cardiac form at baseline. 3DE indicates 3-dimensional
echocardiogram; BNP, brain natriuretic peptide; GCS, global circumferential strain; GLS, global longitudinal strain; GRS, global radial strain; HR, hazard
ratio; LA, left atrial; LAScd, peak positive global LA strain; LASct, peak negative global LA strain; LASY, total global LA strain; LV, left ventricular; MMP, matrix
metalloproteinase; par.Eq., parasite equivalents per milliliter of blood; PCR, polymerase chain reaction; RV, right ventricular; RV-fwLS, RV free wall longitudinal
strain; T cruzi, Trypanosoma cruzi; TGF-B1, transforming growth factor f1; and TNF, tumor necrosis factor.

Immunological biomarkers are pursued as a
marker or a panel of markers that could explain CD
progression and identify the group of patients at
higher risk to develop CHD. Several cross-sectional
studies including both cytokine serum levels and ge-
netic polymorphisms*® indicated that biomarkers,
such as interleukin-10,'*'" interleukin-17,"" MMP-9,"
TGF-g1,131718  TNF,'418-18 interferon-§,'*'®1" interleu-
kin-6,'*1%17 and interleukin-1B," could have a role in CD
progression. However, cross-sectional studies have
limited power to prove causality, and longitudinal stud-
ies are still scarce in CD.'®-2" In our article, we included
a large sample of patients followed up to 7years.
Although univariable analysis showed an association
of troponin |, BNP, TNF, and TGF-g1 with the occur-
rence of cardiovascular events, only BNP was asso-
ciated with cardiovascular events after multivariable

J Am Heart Assoc. 2023;12:e028810. DOI: 10.1161/JAHA.122.028810

analysis and adjustment for competing risks. Abnormal
NT-proBNP (N-terminal pro-B-type natriuretic peptide)
was shown to have association with mortality indepen-
dent from LV ejection fraction, RV end-diastolic area,
ratio of early diastolic filling to early diastolic mitral an-
nulus peak velocities, and LA volume index.*” Other
articles also showed that NT-proBNP was a predictor
of a composite outcome (mortality, heart transplant, or
use of an LV assist device) independent of age and
LV ejection fraction®' or mortality independent from
age and sex?! in CD. In our article, we further adjusted
our results to several factors that can be associated
with BNP serum levels, such as age,*® sex,*® hyper-
tension,* and 2D echocardiographic indexes of LV
systolic and diastolic function,'® and BNP serum levels
remained as an independent cardiovascular outcome
predictor in CD, which demonstrates the importance
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Figure 3. Comparison of the areas under the ROC curves
generated for the independent predictors of the composite
event.

Comparison of ROC curves generated for LV-GCS, 3DE LV
end-diastolic volume, LV torsion, LASct, and BNP. Peak LV-
GCS, 3DE LV end-diastolic volume, and LV torsion presented a
larger AUC than LASct (P=0.003, P=0.02, P=0.04, respectively),
and BNP (P<0.0001, P<0.0001, P=0.0002, respectively).
Differences in areas under the ROC curves were assessed by
pairwise comparison, as previously described.*® 3D indicates
3-dimensional; 3DE, 3-dimensional echocardiogram; AUC, area
under the receiver operating characteristic curve; BNP, brain
natriuretic peptide; GCS, global circumferential strain; LA, left
atrial; LASct, peak negative global LA strain; LV, left ventricular;
and ROC, receiver operating characteristic.

of its use in clinical practice. In regard to troponin, our
article did not show an independent association of tro-
ponin | with cardiovascular events; however, another
article found an association of high-sensitivity troponin
T with a composite outcome of mortality, heart trans-
plant, or use of an LV assist device, but the results
were adjusted only to age and LV ejection fraction.®!
In regard to MMP-2, our article did not show an as-
sociation with cardiovascular events, whereas others
showed a significant association with mortality after
adjusting for age and sex.?' In regard to TGF-B1, our
longitudinal study including patients with indeterminate
form and all stages of cardiac form did not confirm an
association with mortality described by us in a small
retrospective sample including patients without mod-
erate to severe LV systolic dysfunction.?® However, it
is important to stress that a negative finding on muilti-
variable analyses does not mean that cytokine serum
levels would not have an important role in CHD patho-
genesis. This finding can be interpreted as the clinical
and echocardiogram exams being able to detect the
cardiovascular changes that affect prognosis, or that
the measurement of biomarkers in peripheral blood do
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Figure 4. Event-free survival curves of patients with
chronic Chagas disease.

Kaplan—Meier curves of the event-free survival time according to
LV-GCS (A), 3DE LV end-diastolic volume (B), and LV torsion (C).
3DE indicates 3-dimensional echocardiogram; GCS, LV global
circumferential strain; HR, hazard ratio; and LV, left ventricular.

not accurately represent the local effects of those cy-
tokines in the heart.

The parasite persistence has been increasingly rec-
ognized as a key element for the ongoing relentless
chronic fibrosing myocarditis characteristic of CD.!%®
The identification of the parasite in the peripheral blood
is more frequent in patients with the cardiac form6:32
and has been implicated in a worse prognosis.®? In
this article, we added the important information that a
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positive T cruzi gPCR identified patients with a worse
cardiovascular outcome independent from clinical and
2D Doppler echocardiographic parameters. However,
the parasite load was not associated with a worse
outcome. Another study did not find an association
between a positive gPCR and the occurrence of a
composite outcome of mortality, heart transplant, and
LV assist device after a 2-year follow-up in patients with
CHD,® but on the other hand showed that a group
with lower parasitemia had a higher risk of presenting
the studied combined outcome. However, this finding
was only adjusted for age, whereas LV ejection fraction
was lower in this group than in those with higher par-
asitemia.®® Furthermore, the BENEFIT (BENznidazole
Evaluation for Interrupting Trypanosomiasis) trial did
not show a significant difference in the occurrence of a
composite outcome of cardiovascular events between
patients with CHD treated or not treated with benzni-
dazole, although there was a significant decrease
in the number of hospitalizations for cardiovascular
causes. The main finding of the BENEFIT trial was also
observed in the subgroup with a positive T cruzi PCR
at baseline.®° Thus, the role of the parasite in CD pro-
gression or in the occurrence of cardiovascular events
must have a complex mechanism including the trigger-
ing of chronic myocardial inflammation.

In our article, we confirmed our previous finding that
peak LV-GCS and LV torsion are independent predic-
tors of an adverse cardiovascular outcome in patients
with CD.2° This is an important finding, because this
is an internal validation of our previous finding using a
different group of patients with echocardiograms ob-
tained in a different period of time.?® We also found
that LA contractility measured by STE is an indepen-
dent predictor of an adverse cardiovascular outcome,
as we also described previously.?® Although peak LV-
GLS presented a high C value in nonadjusted analysis,
LV-GLS did not remain as an independent predictor
after adjusted analysis, because LV-GLS and LV ejec-
tion fraction presented a high correlation. Other recent
studies with smaller group of patients also studied the
prognostic value of strain and 3DE. A study that en-
rolled 177 patients and studied a combined outcome
of all-cause mortality, heart transplant, or LV assist de-
vice implantation described that LV-GLS, LV ejection
fraction, and peak early wave diastolic filling velocity
to early diastolic mitral annulus velocity ratio were the
best outcome predictors.?® However, the compari-
son with our results is difficult, because the variables
that were included in the multivariate models were not
clear, and some continuous echocardiographic vari-
ables were analyzed as dichotomic variables. Another
smaller study that included 72 patients who were fol-
lowed for 60months for the occurrence of hospital-
ization for HF, complex ventricular arrhythmias, heart
transplant, and all-cause mortality described that 2D
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LV-GLS, 2D LV-GCS, 3-dimensional LV area strain,
and RV-GLS were univariable predictors of the studied
composite end point.®!

Clinical Implications

Biomarkers of CD progression, prognosis, and/or
therapeutic response are pursued by several groups.®?
The current article shows that strain parameters that
evaluate LV systolic function and torsion mechanisms
are independent from clinical and 2D Doppler echo-
cardiographic parameters and confirms previous find-
ings of our group.?® This internal validation strengthens
the value of LV-GCS and torsion as new parameters
for cardiovascular prediction in CD. Additionally, LV
end-diastolic volume evaluated by 3DE was also an
independent parameter associated with the studied
outcome. Moreover, the adjusted models including
these parameters presented a high Harrell C index.
Additionally, LV-GCS was also pointed out by a dif-
ferent group as a cardiovascular outcome predictor
in CD®" and presented the higher AUC in ROC curve
comparison analysis. Among biomarkers, our article
shows that markers of myocardial damage, such as
cardiac troponin, or increased LV end-diastolic pres-
sure, such as BNP, or immunological activity, such as
TGF-81 and TNF, differ among the different CD groups
and are associated on univariable analysis with car-
diovascular outcome. Moreover, BNP remained as-
sociated with cardiovascular events after multivariable
analysis with adjustment for competing risks. This
shows the importance of this biomarker in clinical sce-
narios in the absence of echocardiogram tools.

Another clinically relevant result is that a positive T
cruzi gPCR was an independent cardiovascular out-
come predictor. This suggests the importance of par-
asite persistence in CD pathophysiology and the need
for further studies on trypanocidal treatment for pa-
tients with chronic CD.

The use of cardiovascular medications by the study
participants was in accordance with the published
recommendations,® as demonstrated by their high fre-
quency of use among patients at stages C or D of the
cardiac form, and frequent use of carvedilol and ACEi/
ARB in patients at stage B. The frequency of use of
those medications in patients with no cardiac form or
at stage A was lower, as expected, and more related to
the comorbidities these patients presented.

Limitations

Our study limitations on the echocardiographic tech-
nique used in this article were discussed in a previ-
ous publication by our group.?® Another limitation of
the present study is that external validation of our
findings, mainly on LV torsion and LA strain, is still re-
quired. Also, LV-GLS is load-dependent, and a global
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work index has been recommended as an alternative
to overcome this limitation.5® However, this novel index
was not measured at the time the echocardiograms
were acquired.

Another limitation is that findings on 24-hour Holter
monitoring were not included among the variables of
adjustment.

Although the gPCR positivity was an independent
cardiovascular outcome predictor, the parasitic load
was not. However, the mean parasitic load found in
this article was under the limit of detection described
for this technology*' but within the range for the par-
asitic load described by others in Brazilian patients.®*
Therefore, the parasitic load measurement precision
was low, which limits the use of this variable in compar-
isons among different study groups and in prediction
models.

The number of adjusting variables included in the
Cox survival models followed the classical rule pub-
lished by Peduzzi et al,®® which considers the need of
10 events per variable. Despite some authors ques-
tioning this approach,® this rule is still widely accepted,
with some authors suggesting that even a lower num-
ber of events could adequately estimate the risk.%”

CONCLUSIONS

2D e- and 3DE-derived parameters, BNP serum lev-
els, and a positive T cruzi PCR predicted a composite
event of mortality related to CD, heart transplant, or
hospital admission due to worsening HF in patients
with CD independent of clinical and 2D-Doppler echo-
cardiographic indexes. Our findings suggest the po-
tential usefulness of new echocardiographic tools,
BNP, and parasitological exams in CD prediction and
the importance of further studies on treatment for the
causes of CD.
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Table S1. Predictors of the composite event in multivariable analysis models.

Adjusted Analyses
Model A — Maximum LA Model B — Minimum LA Model C - Pre-A LA
Model 0
volume volume volume
n= 359
n= 354 n= 354 n=336
Variable HR 95% CI Pvalues HR 95% CI P values HR 95% ClI Pvalues HR 95% CI P values
Age, years 1.02 0.99-1.04 0.18 1.02 0.99-1.04 0.16 1.02 0.99-1.04 0.17 1.02 0.99-1.04 0.19
Sex, male 0.66 0.40-1.09 0.10 0.68 0.41-1.11 0.12 0.68 0.41-1.12 0.13 0.54 0.32-0.94 0.028

LV ejection fraction,%  0.95  0.93-097 <0.0001 0.95 0.93-097 <0.0001 095 0.93-0.97 <0.0001 0.95 0.92-0.97 <0.0001

E/E’ ratio 1.05 1.01-1.09 0.015 1.04 1.00-1.08 0.039 1.04 1.00-1.08 0.044 1.04  0.99-1.08 0.10
RV S, cm/s 0.95 0.86-1.05 0.32 0.95 0.86-1.05 0.30 0.95 0.86-1.05 0.31 1.00 0.90-1.11 0.99
Hypertension 0.60  0.35-1.02 0.058 0.57 0.33-0.97 0.038 0.57 0.33-0.97 0.04 0.50 0.29-0.87 0.014
Cardiac device 095  0.56-1.59 0.84 0.95 0.57-1.60 0.18 0.95 0.56-1.59 0.84 0.94 0.54-1.63 0.83
CD cardiac form 6.69 1.56-28.7 0.01 6.42 1.49-27.6 0.01 6.38 1.48-27.4 0.01 6.25 1.45-26.9 0.014
Variable of Interest - - - 1.01 0.99-1.02 0.41 1.01 0.99-1.02 0.32 1.02 0.99-1.04 0.16

€20z ‘0z aunc uo Aq Blio'sfeuinofeye//:dny woly pspeojumod

CD, Chagas disease; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity; HR, hazard ratio; LA, left atrial;

LV, left ventricular; RV, right ventricular; S’, peak systolic mitral annulus velocity.
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Table S2. Predictors of the composite event in multivariable analysis models.

Adjusted Analyses
Model D- 3D LV end-diastolic  Model E — 3D LV end-systolic Model F —3D LV egjection Model G - LASct
volume volume fraction n=341
n= 338 n=338 n=338
Variable HR 95% CI Pvalues HR 95% Cl  Pvalues HR 95% ClI Pvalues HR 95% CI P values
Age, years 1.03 0.99-1.05 0.055 1.02 1.00-1.05 0.069 1.02 1.00-1.05 0.06 1.02 1.00-1.05 0.09
Sex, male 0.57 0.32-1.02 0.058 0.67 0.38-1.18 0.16 0.77 0.45-1.32 0.34 0.58 0.34-1.00 0.0498

LV ejection fraction,%  0.95  0.93-0.98 0.0001 095  0.93-0.98 0.001 094  0.91-0.97 0.0003 0.95 0.92-0.97 <0.0001

E/E’ ratio 1.02  0.97-1.07 0.44 1.03 0.99-1.08 0.17 1.05 1.01-1.09 0.02 1.03 0.99-1.08 0.17
RV S, cm/s 0.96 0.87-1.06 0.40 0.95 0.86-1.05 0.35 094  0.85-1.05 0.29 1.03 0.92-1.14 0.62
Hypertension 0.64 0.36-1.11 0.11 0.67 0.38-1.17 0.16 0.64 0.37-1.14 0.13 0.53 0.31-0.92 0.0249
Cardiac device 0.80 0.45-141 0.44 0.79 0.45-1.39 0.41 0.82 0.46-1.46 0.50 0.97 0.56-1.67 0.91
CD cardiac form 6.07 1.40-26.2 0.016 6.14 1.42-26.5 0.015 5.95 1.38-25.7 0.017 6.21 1.44-26.8 0.014
Variable of Interest 1.01 1.00-1.02 0.019 1.01 0.99-1.02 0.21 1.01 0.97-1.04 0.75 1.09 1.01-1.18 0.026

3D, three dimensional; CD, Chagas disease; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity; HR,
hazard ratio; LA, left atrial; LASct, peak negative global LA strain; LV, left ventricular; RV, right ventricular; S’, peak systolic mitral annulus

velocity.
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Table S3. Predictors of the composite event in multivariable analysis models.

Adjusted Analyses
Model H- LAScd Model I — LASr Model J - LV-GLS Model K - LV-GCS
n= 359 n= 359 n= 354 n= 347
Variable HR 95% CI Pvalues HR 95% ClI  Pvalues HR 95% CI Pvalues HR 95% CI P values
Age, years 1.02 0,99-1.04 0.19 1.01 0.99-1.04 0.30 1.02 0.99-1.04 0.11 1.02 0.99-1.04 0.16
Sex, male 0.66 0.40-1.09 0.11 0.67 0.41-1.04 0.09 0.68 0.41-1.14 0.14 0.61 0.37-0.99 0.049

LV ejection fraction, %  0.95 0.93-0.97 <0.0001 0.95 0.93-0.98 0.0001 0.94 0.91-0.98 0.001 0.98 0.95-1.00 0.09

E/E’ ratio 1.05 1.01-1.09 0.01 1.04  0.99-1.08 0.05 1.05 1.01-1.09 0.019 1.04 1.00-1.08 0.057
RV S’, cm/s 0.95 0.86-1.05 0.32 0.97 0.87-1.07 0.51 0.94  0.85-1.05 0.28 0.98 0.88-1.08 0.70
Hypertension 0.60  0.35-1.02 0.06 0.59 0.34-1.00 0.049 0.58  0.34-0.98 0.04 0.71 0.40-1.23 0.22
Cardiac device 095  0.56-1.59 0.84 0.95 0.57-1.59 0.85 0.99 0.58-1.70 0.99 0.86 0.50-1.47 0.59
CD cardiac form 6.70 1.56-28.7 0.01 6.38 1.48-27.4 0.01 6.43 1.50-27.6 0.01 5.74 1.33-24.7 0.019

Variable of Interest 1.00 0.93-1.08 0.90 0.97 0.92-1.02 0.24 0.98 0.88-1.09 0.98 1.13 1.04-1.21 0.002

CD, Chagas disease; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity; GCS, global circumferential
strain; GLS, global longitudinal strain; HR, hazard ratio; LA, left atrial; LAScd, peak positive global LA strain; LASr, total global LA strain; LV,

left ventricular; RV, right ventricular; S°, peak systolic mitral annulus velocity.



Table S4. Predictors of the composite event in multivariable analysis models.

Adjusted Analyses
Model L- LV-GRS Model M — Peak Twist Model N — Peak Torsion Model O - RV-fwLS
n= 347 n= 334 n=334 n= 337
Variable HR 95% CI Pvalues HR 95% ClI  Pvalues HR 95% CI Pvalues HR 95% CI P values
Age, years 1.02 0.99-1.04 0.17 1.02 0.99-1.04 0.22 1.02 0.99-1.04 0.19 1.02 0.99-1.04 0.18
Sex, male 0.65 0.40-1.08 0.10 0.66 0.40-1.08 0.10 0.62 0.38-1.03 0.06 0.65 0.38-1.11 0.11

LV ejection fraction, %  0.95 0.93-0.98 0.0001 0.95 0.93-0.98 <0.0001 0.96 0.94-0.98 0.0002 0.95 0.93-0.97  <0.0001

E/E’ ratio 1.04 1.00-1.09 0.027 1.04  0.99-1.08 0.09 1.04  0.99-1.08 0.10 1.05 1.01-1.10 0.01
RV S’, cm/s 0.96  0.86-1.06 0.43 0.95 0.86-1.06 0.36 0.95 0.86-1.06 0.35 0.95 0.86-1.06 0.38
Hypertension 0.58  0.34-1.00 0.049 0.71 0.41-1.25 0.24 0.72 0.41-1.27 0.26 0.58 0.33-1.02 0.057
Cardiac device 091  0.53-1.56 0.73 0.83 0.48-1.44 0.51 0.81 0.47-1.42 0.47 1.04  0.60-1.80 0.90
CD cardiac form 6.45 1.50-27.8 0.01 5.08 1.17-22.0 0.03 4.86 1.12-21.1 0.03 12.2 1.63-91.9 0.01

Variable of Interest 099 0.97-1.02 0.67 094  0.90-0.99 0.02 0.56  0.37-0.85 0.006 097  0.92-1.02 0.23

€20z ‘0z aunc uo Aq Blio'sfeuinofeye//:dny woly pspeojumod

CD, Chagas disease; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity; GRS, global radial strain; HR,

hazard ratio; LV, left ventricular; RV, right ventricular; RV-fwLS, RV free wall longitudinal strain; S’, peak systolic mitral annulus velocity.



Table S5. Predictors of the composite event in multivariable analysis models.

Adjusted Analyses
Model P- Troponin | Model Q — BNP Model R — TGF-B1 Model S - TNF
n=315 n=335 n =313 n= 329
Variable HR 95% CI Pvalues HR 95% ClI  Pvalues HR 95% CI Pvalues HR 95% CI P values
Age, years 1.02 0.99-1.04 0.16 1.01 0.99-1.04 0.29 1.01 0.99-1.04 0.28 1.01 0.99-1.04 0.23
Sex, male 0.70 0.41-1.17 0.17 0.68 0.41-1.13 0.14 0.73 0.43-1.25 0.25 0.65 0.39-1.08 0.10

LV ejection fraction, %  0.96 0.93-0.98 0.0001 0.95 0.93-0.97 <0.0001 0.95 0.93-0.98 0.0001 0.95 0.93-0.97  <0.0001

E/E’ ratio 1.05 1.00-1.10 0.03 1.04 1.00-1.08 0.06 1.05 1.00-1.10 0.03 1.05 1.01-1.09 0.01
RV S’, cm/s 0.94 0.85-1.04 0.25 0.93 0.84-1.02 0.13 0.94  0.84-1.05 0.26 0.96 0.86-1.06 0.40
Hypertension 059  0.34-1.02 0.058 0.72 0.42-1.23 0.23 0.69 0.40-1.21 0.20 0.63 0.37-1.08 0.10
Cardiac device 1.00 0.58-1.70 0.99 0.85 0.50-1.44 0.55 0.86 0.49-1.50 0.59 0.90 0.53-1.53 0.70
CD cardiac form 6.51 1.51-28.0 0.01 6.85 1.60-29.3 0.009 6.84 1.59-29.4 0.0097 7.05 1.65-30.2 0.008

Variable of Interest 099 0.83-1.16 0.88 194  0.99-3.82 0.05 0.99 0.97-1.01 0.51 1.02  0.97-1.06 0.48
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BNP, brain natriuretic peptide; CD, Chagas disease; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity;
HR, hazard ratio; LV, left ventricular; RV, right ventricular; S’, peak systolic mitral annulus velocity; TGF-f1, transforming growth factor p1;

TNF, tumor necrosis factor.



Table S6. Predictors of the composite event in multivariable analysis models.

Adjusted Analyses
Model T- MMP-2 Model U- MMP-9 Model V —T. cruzi PCR Model X — Parasitic load
n=335 n= 332 n=331 n =331
Variable HR 95% CI Pvalues HR 95% ClI  Pvalues HR 95% CI Pvalues HR 95% CI P values
Age, years 1.01  0.99-1.04 0.28 1.01  0.99-1.04 0.28 1.03  0.99-1.06 0.06 1.02  1.00-1.05 0.07
Sex, male 0.64 0.39-1.07 0.09 0.67 0.41-1.12 0.13 0.75 0.44-1.26 0.27 0.72 0.42-1.21 0.21

LV ejection fraction, %  0.95 0.93-0.97 <0.0001 0.95 0.93-0.97 <0.0001 0.94 0.92-0.96 <0.0001 0.95 0.93-0.97  <0.0001

E/E’ ratio 1.05 1.01-1.09 0.018 1.05 1.01-1.09 0.02 1.04 1.00-1.08 0.07 1.04  0.99-1.08 0.08
RV S’, cm/s 0.95 0.86-1.04 0.27 0.95 0.86-1.05 0.32 0.95 0.86-1.05 0.33 0.95 0.86-1.05 0.30
Hypertension 0.64 0.37-1.08 0.09 0.65 0.38-1.12 0.12 0.59 0.34-1.02 0.06 0.57 0.33-0.99 0.048
Cardiac device 089  0.52-1.50 0.65 0.93 0.54-1.60 0.79 0.77 0.43-1.37 0.38 0.84 0.47-1.49 0.55
CD cardiac form 6.79 1.59-29.0 0.0098 6.85 1.60-29.3 0.009 6.04 1.41-26.0 0.02 6.59 1.53-28.3 0.01

Variable of Interest 1.01 0.97-1.06 0.51 1.02 0.94-1.07 0.95 1.77 1.09-2.86 0.02 1.01 0.98-1.03 0.55
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CD, Chagas disease; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity; HR, hazard ratio; LV, left
ventricular; MMP, matrix metalloproteinase; PCR, polymerase chain reaction; RV, right ventricular; S’, peak systolic mitral annulus velocity; T.

cruzi, Trypanosoma cruzi.
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Table S7. Predictors of the composite event in multivariable analysis models adjusted for competing risks.

Adjusted Analyses
3D LV end-diastolic volume LASct LV-GCS Peak Twist
n= 338 n= 341 n= 347 n= 334

Variable HR 95% CI Pvalues HR 95% ClI  Pvalues HR 95% CI Pvalues HR 95% CI P values
Age, years 1.01 0.99-1.04 0.31 1.01 1.00-1.17 0.04 1.01 0.98-1.03 0.63 1.01 0.98-1.03 0.60
Sex, male 0.56 0.31-1.02 0.059 0.58 0.34-1.00 0.051 0.61 0.36-1.03 0.067 0.65 0.39-1.06 0.09
LV ejection fraction, % 0.96 0.94-0.98 <0.001 0.95 0.93-0.97 <0.001 0.98 0.95-1.00 0.08 0.96 0.94-0.98 <0.001
E/E’ ratio 1.02 0.97-1.07 0.36 1.04 1.00-1.08 0.049 1.04 1.00-1.08 0.03 1.04 1.00-1.08 0.06
RV S’, cm/s 0.95 0.86-1.06 0.38 1.01 0.93-1.11 0.76 0.98 0.87-1.10 0.68 0.95 0.85-1.06 0.37
Hypertension 0.75 0.43-1.29 0.43 0.66 0.38-1.15 0.14 0.83 0.45-1.52 0.54 0.82 0.47-1.45 0.50
Cardiac device 0.74 0.41-1.32 0.31 0.89 0.52-1.54 0.69 0.81 0.47-1.38 0.44 0.76 0.44-1.34 0.35
CD cardiac form 6.17 1.39-27.3 0.017 6.39 1.45-28.2 0.014 5.86 1.31-26.3 0.02 5.06 1.10-23.3 0.037
Variable of Interest 1.01 1.00-1.02 0.024 1.08 1.00-1.17 0.04 1.12 1.04-1.21 0.003 0.94 0.89-0.99 0.01

3D, three-dimensional; CD, Chagas disease; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity; GCS,

global circumferential strain; HR, hazard ratio; LA, left atrial; LASct, peak negative global LA strain; LV, left ventricular; RV, right ventricular;

S’, peak systolic mitral annulus velocity.
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Table S8. Predictors of the composite event in multivariable analysis models adjusted for competing risks.

Adjusted Analyses
Peak Torsion BNP T. cruzi PCR
n =334 n= 335 n=331
Variable HR 95% ClI Pvalues HR 95% ClI  Pvalues HR 95% ClI P values
Age, years 1.01 0.98-1.03 0.54 1.00 0.98-1.03 0.75 1.02 0.99-1.04 0.18
Sex, male 0.61 0.37-1.03 0.057 0.69 0.41-1.15 0.15 0.80 0.48-1.33 0.39

LV ejection fraction,%  0.95  0.94-0.98 <0.001 095 0.93-097 <0.001 095 0.93-0.97 <0.001

E/E’ ratio 1.04 1.00-1.08 0.066 1.04 1.01-1.08 0.02 1.04 1.01-1.08 0.02
RV S, cm/s 0.95 0.85-1.06 0.37 0.92 0.83-1.02 0.10 095  0.85-1.05 0.28
Hypertension 083  0.47-147 0.53 0.85 0.50-1.43 0.54 0.67 0.39-1.15 0.14
Cardiac device 0.75  0.43-1.32 0.32 0.80 0.47-1.36 0.41 0.76  0.44-1.33 0.34
CD cardiac form 4.85 1.05-22.4 0.04 6.94 1.59-30.3 0.01 5.97 1.35-26.3 0.018
Variable of Interest 0.53 0.35-0.81 0.003 2.03 1.23-3.35 0.005 1.80 1.12-2.91 0.01

BNP, brain natriuretic peptide; CD, Chagas disease; E, peak early wave diastolic filling velocity; E’, peak early diastolic mitral annulus velocity;
HR, hazard ratio; LV, left ventricular; PCR, polymerase chain reaction; RV, right ventricular; S’, peak systolic mitral annulus velocity; T. cruzi,

Trypanosoma cruzi.
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