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A B S T R A C T

Background: Chagas disease (CD) remains an important endemic disease in Latin America. However, CD
became globalized in recent decades. The majority of the chronically infected individuals did not receive etio-
logic treatment for several reasons, among them the most conspicuous is the lack of access to diagnosis. The
impact of trypanocidal treatment on CD chronic phase, without cardiac involvement (indeterminate form
ICF), is yet to be determined. We aimed to evaluate the effect of trypanocidal treatment with benznidazole
(BZN) on the rate of progression to Chagas heart disease in patients with ICF.
Methods: This is a retrospective cohort observational study including patients with ICF treated with BZN and
compared to a group of non-treated patients matched for age, sex, region of origin, and the year of cohort
entry. We reviewed the medical charts of all patients followed from May 1987 to June 2020 at the outpatient
center of the Evandro Chagas National Institute of Infectious Diseases (INI) of the Oswaldo Cruz Foundation
(Fiocruz), Rio de Janeiro, Brazil. Patients’ follow-up included at least one annual medical visit and one annual
electrocardiogram (ECG). Echocardiographic exams were performed at baseline and during the follow-up.
Disease progression from ICF to cardiac form was defined by changes in baseline ECG. Cumulative incidence
and the incidence rate were described in the incidence analysis. Cox proportional hazards models were used
to estimate hazard ratios and 95% confidence intervals for the association between BZN and CD progression,
cardiovascular events or death.
Findings: One hundred and fourteen treated patients met the study inclusion criteria. A comparison group of
114 non-treated patients matched for age, sex, region of origin, and the year of cohort entry was also
included, totalizing 228 patients. Most patients included in the study were male (70.2%), and their mean age
was 31.3 (+7.4) years. Over a median follow-up of 15.1 years (ranging from 1.0 to 32.4), the cumulative CD
progression incidence in treated patients was 7.9% vs. 21.1% in the non-treated group (p = 0.04) and the CD
progression rate was 0.49 per 1.000 patients/year in treated patients vs. 1.10 per 1.000 patients/year for non-
treated patients (p = 0.02). BZN treatment was associated with a decreased risk of CD progression in both
unadjusted (HR 0.46; 95%CI 0.21 to 0.98) and adjusted (HR 0.43; 95%CI 0.19 to 0.96) models and with a
decreased risk of occurrence of the composite of cardiovascular events only in the adjusted (HR 0.15; 95%CI
0.03 to 0.80) model. No association was observed between BZN treatment and mortality.
Interpretation: In a long-term follow-up, BZN treatment was associated with a decreased incidence of CD pro-
gression from ICF to the cardiac form and also with a decreased risk of cardiovascular events. Therefore, our
results indicate that BZN treatment for CD patients with ICF should be implemented into clinical practice.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Chagas disease (CD) remains an important endemic disease and
public health problem in Latin American countries and has become
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Research in context

Evidence before this study

We searched PubMed and Google Scholar on September 2020,
for articles published in English, Portuguese or Spanish, without
publication time constraints, using the terms (''benznidazole'')
AND (''therapy''). Although the use of benznidazole in the
chronic phase of Chagas disease is already indicated in guide-
lines for some defined situations, including the indeterminate
form, and we already have some studies that prove its effective-
ness, the impact of treatment on clinical evolution from inde-
terminate to cardiac form in Chagas disease still needs more
evidence. The few studies in the literature that evaluate the effi-
cacy of benznidazole in relation to the progression of the clini-
cal condition of individuals with chronic Chagas' disease come
up against a relevant aspect, which is the follow-up time after
the etiological treatment. This condition is due to the natural
history of Chagas disease, in which chronic carriers of the dis-
ease take decades to manifest clinical changes.

Added value of this study

This study covers a long post-treatment follow-up period, in
which patients with the indeterminate form of Chagas disease
treated with benznidazole progressed less to the cardiac form
and presented fewer clinical events related to Chagas disease
when compared to untreated patients.

Implications of all the available evidence

According to the World Health Organization, about 6 to 7 mil-
lion people are infected with Trypanosoma cruzi worldwide,
with a significant proportion of whom may develop chronic
Chagas heart disease, one of the main determinants of morbid-
ity and mortality. Therefore, in light of the findings of this
study, we corroborate the current guidelines that recommend
offering etiological treatment to individuals up to 50 years of
age, who have the indeterminate form of Chagas disease.
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globalized in recent decades [1]. After acute infection, patients not
treated with trypanocidal drugs usually progress to a chronic phase
that consists of four well-defined clinical forms: the indeterminate
form (ICF), characterized by the absence of electrocardiographic
(ECG) abnormalities and normal radiological exams of the chest,
esophagus, and colon; the cardiac form, which presents ECG abnor-
malities with or without global or segmental left ventricular systolic
dysfunction; the digestive form, with esophagus and/or intestine
peristalsis dysfunction, which may lead to megasyndromes, and car-
diodigestive form, an association of cardiac and digestive disorders
[2]. CD treatment and clinical management are directed according to
the phase and clinical presentation of the disease. Specific treatment
with trypanocidal drugs is mandatory in the acute phase, congenital
cases or reactivation due to immunosuppression. In the chronic
phase, the trypanocidal treatment is indicated in children and adoles-
cents, recent infection, and women of childbearing age [3].

One century after its discovery, there are still questions about
which drug is safe and effective in the various clinical forms of
chronic CD. In the 1960s and 1970s, the first trypanocidal drugs were
described, nifurtimox and benznidazole (BZN) [4], which showed
impressive results with healing of 70% of treated individuals in the
CD acute phase. However, the evidence accumulated since then is not
enough to guarantee that these drugs prevent CD clinical progression
from the ICF to the cardiac form [5].

The most relevant question about prescribing trypanocidal treat-
ment for CD chronic patients is whether they will have a clinical
benefit. Until the mid-1990s, the role of the parasite in the pathogen-
esis of chronic Chagas heart disease was considered secondary, with
cardiac complications essentially assumed to be caused by autoim-
mune disorders [6]. After a study by Viotti et al. [7] that demonstrated
a BZN beneficial effect on the evolution of the CD chronic phase, the
paradigm began to change [8,9]. Some authors who previously stood
for the exclusive autoimmune hypothesis changed their view to
accept that a low-grade, incessant, systemic infection is essential for
the pathogenesis of chronic Chagas heart disease [10]. In addition,
the striking correlation between the presence of Trypanosoma cruzi
antigen and the severity of the inflammatory infiltrate within the
myocardium supports a direct role for the parasite in the perpetua-
tion of myocardial inflammation in CD [11]. Currently, there is a con-
sensus that the persistence of parasites, together with an unbalanced
immune response, triggers a sustained inflammatory response that
lead to chronic CD progression [12]. Therefore, the eradication of Try-
panosoma cruzi (T.cruzi) may be a prerequisite for slowing the pro-
gression from ICF to Chagas heart disease [13]. This paradigm was
also used to justify a clinical trial to test etiological treatment of
patients with chronic Chagas heart disease. However, this trial could
not demonstrate a clinical benefit [14].

The use of trypanocidal drugs in murine models of chronic T.cruzi
infection showed a concomitant decrease of the parasite load and of
the cardiac dysfunction and myocarditis, indicating that parasite per-
sistence may play an important role in the pathogenesis of chronic
chagasic cardiomyopathy [15,16]. In anima nobile, Viotti et al. [7]
were pioneers in showing that chronic CD patients treated with BZN
present a lower incidence of new ECG changes than non-treated
patients. However, the indication of the etiological CD treatment in
the chronic phase remains controversial, largely due to a difficult
evaluation in terms of efficacy [17]. Factors such as the low preva-
lence of detectable parasitemia, persistence of antibodies that results
in positive serological tests after treatment, and clinical outcomes
which require a long-term follow-up, are significant limitations to
the evaluation of therapeutic efficacy. A meta-analysis by P�erez-
Molina et al. [18] showed that the effect of trypanocidal treatment in
late chronic infection is doubtful. Although data generally pointed to
a beneficial effect, this was marginal. This uncertainty is greater in
asymptomatic patients aged over 50 years, in whom the risk-benefit
of treatment does not seem favorable. The results obtained also vary
according to the phase of the disease, time of treatment and dosage,
age, geographical origin of the patients, and susceptibility of the T.
cruzi lineage [19,20]. Moreover, the use of different evaluation proto-
cols, which include different outcomes, increases the complexity of
evaluating the efficacy of a specific treatment for chronic CD [21,22].

Studies performed in the 1990s and 2000s showed that trypanoci-
dal treatment may promote some positive results on parasitemia,
serology, and heart disease progression [23,24]. More recently, most
clinical trials tested trypanocidal treatment efficacy by means of poly-
merase chain reaction (PCR) as the main parasitological outcome
[25�29]. Similarly, observational studies followed the same outcome
[30,31]. Therefore, the focus of the current studies involving etiologic
treatment is the antiparasitic effect, achieved by a persistent negative
PCR after treatment. However, the clinical significance of an antipara-
sitic effect is still controversial and few studies in recent years have
used disease progression as the main outcome of trypanocidal treat-
ment, either in patients with the ICF or Chagas heart disease [32,33].

Thus, the objective of the present study is to evaluate the effect of
trypanocidal treatment with BZN on the rate of progression to heart
disease in patients with ICF.

2. Methods

This is a retrospective cohort observational study including
patients with ICF of CD, treated with BZN (TP) and compared to a
group of non-treated patients (NTP) matched for prognostic variables
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of CD progression: age (5 years’ range), sex, region of origin, and the
year of cohort entry. Clinical and epidemiological data were retrieved
from the medical records. The NTP were chosen from a spreadsheet
containing only the baseline characteristics, with no information
about studied outcomes in order to minimize selection bias. All
patients were followed at the outpatient center of the Evandro Cha-
gas National Institute of Infectious Diseases (INI) of the Oswaldo Cruz
Foundation (Fiocruz), located at the state of Rio de Janeiro, Brazil
from May 1987 to June 2020. Serological diagnosis of CD was con-
firmed when two simultaneous serological techniques were reactive
as follows: indirect immunofluorescence (titer >1/40) and enzyme-
linked immunosorbent assay, whose cutoff value is described in Lapa
et al. [34]. None of the patients had previous clinical findings of acute
Chagas disease. Patients who had less than one year of follow-up or
without at least two paired ECGs during the follow-up, or those who
interrupted BZN treatment within less than 30 days were excluded
from the study. During the period in which patients were diagnosed
with CD and admitted for follow-up, there were no established crite-
ria for the use of BZN in the chronic CD phase. Despite the lack of
guidelines, young patients (< 30 years old) with any positive parasi-
tological test were treated with BZN at the discretion of the attending
physician. The dosage of BZN usually varied between a fixed dose of
200 mg, regardless of weight, for 30 to 60 days, and 5 mg/kg/day, for
30 to 60 days. The region of origin was classified according to the
morbidity of CD categorized by a national ECG survey [35] and
defined as low (normal ECGs > 50%), high (altered ECGs > 50%), and
non-endemic areas (Rio de Janeiro and Espírito Santo states). During
the study follow-up, all patients were living in the state of Rio de
Janeiro.

In the present study, we considered a pragmatic ICF definition
based on positive serological tests, absence of cardiac and/or diges-
tive symptoms and/or signs, normal conventional ECG or with the
presence of nonspecific abnormalities, and normal radiological find-
ings of the heart. Patients without symptoms compatible with mega-
syndromes did not undergo contrasted examinations of the
esophagus and colon. This pragmatic definition of ICF, based on the
2nd Brazilian consensus on Chagas disease [36], considers only the
presence of cardiac and/or digestive symptoms and ECG findings, not
including the echocardiographic evaluation.

The primary outcome was progression from ICF to the cardiac
form. Secondary outcomes included a composite outcome of cardio-
vascular events (heart failure, stroke, or device implantation: pace-
maker or implantable cardioverter defibrillator) and death.
Progression was defined by ECG changes during the follow-up. The
follow-up time was measured from the time of first ECG until the
occurrence of study outcomes (CD progression, composite of cardio-
vascular events or death) or the last medical appointment before the
administratively censored date on June 2020 for those who were still
followed or lost to follow-up.

Patients underwent an initial evaluation, which included epidemi-
ological history, clinical anamnesis, physical examination focused on
CD-related cardiovascular signs and symptoms, chest X-ray examina-
tion, 12-lead ECG and two-dimensional echocardiogram with Dopp-
ler (ECHO). ECG was performed on admission and repeated annually
in all patients. The Minnesota Code Manual of Electrocardiographic
Findings (modified for CD) was used to standardize the ECG interpre-
tation [37]. The ECG abnormalities compatible with Chagas heart dis-
ease according to the criteria recommended by the 2nd Brazilian
Consensus on Chagas Disease were: 2nd- and 3rd-degree right bun-
dle-branch block, associated or not to left anterior fascicular block,
frequent ventricular premature beats (VPBs >1 by ECG), polymor-
phous or repetitive nonsustained ventricular tachycardia, 2nd- and
3rd-degree atrioventricular block, sinus bradycardia with heart rate
less than 50 bpm, sinus node dysfunction, 2nd- and 3rd-degree left
bundle-branch block, atrial fibrillation, electrical inactive area, or pri-
mary ST-T wave changes. All ECG evaluations were performed
exclusively by the same single physician until 1998 and by two cardi-
ologists from this date on. In case of disagreement, cases were deter-
mined by consensus. The ECHO examination included parasternal
and cross-sectional views and 2-, 4- and 3- chamber apical views and
variations to identify wall motion abnormalities. Left ventricular
global systolic function was assessed by the Simpson or Teicholz
method and classified as normal, mild, moderate, or severe depressed
[38]. Patients’ follow-up included at least one annual medical visit
and one annual ECG in which cardiovascular events and CD progres-
sion were ascertained. ECHO exams were performed at baseline and
during the follow-up based on signs and symptoms presented by
each patient and at the physicians’ discretion. The cardiovascular out-
comes of interest included CD progression, a composite of cardiovas-
cular events (heart failure, stroke, or device implantation), and death
that were identified by reviewing the medical records. The classifica-
tion of Chagas heart disease followed the criteria adopted in the 2nd
Brazilian Consensus on Chagas disease. Serological CD tests were per-
formed on admission and repeated at any visit during the follow-up
with intervals of at least one year. Serological outcome was defined
by persistent negative serology in indirect immunofluorescence
assay.

2.1. Statistical analysis

Descriptive statistics was presented as means (standard devia-
tions) for continuous and absolute frequencies (percentages) for cate-
gorical variables. Comparisons of patients’ characteristics according
to BZN treatment were performed using t-test (continuous) or chi-
squared test (categorical) at baseline and at the end of follow-up.
Cumulative incidence (expressed by the number of patients that pre-
sented the outcome divided by the total number of patients during
the follow-up) and the incidence rate (expressed as the number of
patients that presented the outcome divided by the time of exposure
of each individual) were described in the incidence analysis. Cox pro-
portional hazards models were used to estimate hazard ratios (HRs)
and 95% confidence intervals (CI) for the association between BZN
and study outcomes. Models were fitted without adjustments, as
well as, adjusted for potential confounders including age, sex, region
of origin, left ventricular ejection fraction, number of comorbidities
(arterial hypertension, diabetes mellitus and dyslipidemia), presence
of non-chagasic cardiomyopathy, and non-specific ECG abnormali-
ties. Additional analyses to examine the differential responses of BZN
doses (fixed dose of 200 mg vs. other doses) were also performed.
The Schoenfeld residuals test did not demonstrate substantial devia-
tion from proportional hazard assumptions. Kaplan-Meier survival
curves for CD progression stratified according to BZN treatment were
constructed and compared using the log-rank test. Data analyses
were performed using Stata 13.0 software (College Station, Texas)
and statistical significance was set at a 2-tailed p-value of <0.05 for
all analyses.

2.2. Ethics committee approval

The study was approved by the Evandro Chagas National Institute
of Infectious Diseases Research Ethics Committee (Number: 054/
2008 - May 5, 2009). The Ethics committed waived informed consent
due to the retrospective nature of the study.

2.3. Role of the funding source

None.

3. Results

Out of 2177 patients followed at the outpatient center of INI-Fioc-
ruz from May 1987 to June 2020, 1085 presented ICF. From these,



Table 1
Baseline characteristics of patients (total and stratified by BZN treatment) (n = 228).

Variable Mean (standard deviation) or Frequency (%) p-value

Total (n = 228) NTP (n = 114; 50%) TP (n = 114; 50%)

Age (years) 31.3 (+7.4) 32.7 (7.4) 29.8 (7.1) 0.003
Female sex 68 (29.8) 34 (29.8) 34 (29.8) 1.00
Region of origin
Low CD mortality area 120 (52.6) 62 (54.4) 58 (50.9) 0.79
High CD mortality area 79 (34.7) 37 (32.5) 24 (36.8)
Non-endemic area 29 (12.7) 15 (13.2) 14 (12.3)
Non-specific ECG abnormalities 76 (33.3) 36 (31.6) 40 (35.1) 0.57
First-degree right bundle-branch block 19 (8.3) 4 (3.5) 15 (13.2) 0.008
Left anterior fascicular block 7 (3.1) 3 (2.6) 4 (3.5) 0.70
Isolated atrial or ventricular premature beats 5 (2.2) 1 (0.9) 4 (3.5) 0.18
Sinus bradycardia with heart rate 50�60 bpm 30 (13.2) 20 (17.5) 10 (8.8) 0.05
Low QRS voltage 5 (2.2) 2 (1.8) 3 (2.6) 0.65
Secondary ST-T wave changes 12 (5.3) 6 (5.3) 6 (5.3) 1.00
First degree atrioventricular block 3 (1.3) 2 (1.8) 1 (0.9) 0.56
Fist-degree left bundle-branch block 6 (2.6) 3 (2.6) 3 (2.6) 1.00
Left ventricular ejection fraction (n = 215)* 66.9 (5.9) 67.0 (5.9) 66.8 (5.8) 0.76
Echocardiogram abnormalities (n = 215)* 12 (5.6) 7 (6.7) 5 (4.5) 0.48
Diastolic dysfunction 1 (0.5) 1 (1.0) 0 (0.0) 0.30
Segmental dysfunction 9 (4.2) 5 (4.8) 4 (3.6) 0.66
Global systolic dysfunction 3 (1.4) 2 (1.9) 1 (0.9) 0.52

*Left ventricular ejection fraction (n = 215, 104 NTP and 111 TP).
*Echocardiogram abnormalities (n = 215, 104 NTP and 111 TP).
Low/moderate mortality area: Brazilian States - Cear�a, Paraíba, Pernambuco, Piaui, Sergipe, Alagoas, Rio Grande do Norte,
Paran�a, Rio Grande do Sul, S~ao Paulo, Mato Grosso do Sul - and Bolivia.
High mortality area: Brazilian States - Minas Gerais, Bahia e Goi�as.
Non-endemic area: Brazilian States � Rio de Janeiro and Espírito Santo.
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159 patients were treated with BZN. Among the patients who were
treated with BZN, 38 were excluded because treatment was inter-
rupted within less than 30 days due to adverse drugs reactions and
seven for not having at least two paired ECG during the follow-up,
leaving a sample of 114 TP. A comparison non-treated group of 114
patients matched for age, sex, region of origin, and the year of cohort
entry was also included, totalizing 228 patients.

The baseline clinical and demographic characteristics of patients
included in the study are described in Table 1 (total and according to
TP and NTP). Basically, most patients included in the study were male
(70.2%), came from an area with low CD mortality rates (52.6%), and
had a mean age of 31.3 years-old. One-third of patients had non-spe-
cific ECG abnormalities and 5.6% had echo abnormalities with a mean
of left ventricular ejection fraction of 66.9%. Overall, no major differ-
ences were observed between TP and NTP, except for a greater per-
centage of first-degree right bundle-branch block and sinus
bradycardia with heart rate 50�60 bpm in TP and NTP, respectively.

The association between BZN treatment with CD progression,
composite of cardiovascular events and death are depicted in Table 2.
Over a median follow-up period of 15.1 years (ranging from 1.0 to
Table 2
Survival estimates for progression from indeterminate to cardiac form of Chagas dise

Number of events Cumulative incidence Incidence rate (9
(per 1000 per

BZN treatment Progression fro
No 24 21.1% 1.10 (0.74 to 1.6
Yes 9 7.9% 0.49 (0.25 to 0.9
BZN treatment Composite of cardiova
No 10 8.8% 0.42 (0.23 to 0.7
Yes 2 1.8% 0.10 (0.03 to 0.4
BZN treatment Death
No 10 8.8% 0.41 (0.22 to 0.7
Yes 7 6.1% 0.35 (0.17 to 0.7

*Model adjusted for age, sex, Left ventricular ejection fraction, number of comorbidit
and region of origin.
32.4), 33 patients progressed from ICF to the cardiac form, resulting
in a 14.5% cumulative incidence (21.1% for NPT vs. 7.9% for TP;
p = 0.04) and 0.82 per 1000 patients/year incidence rate (1.10 for NPT
vs. 0.49 for TP; p = 0.02). BZN treatment was associated with a
decreased risk of CD progression in both unadjusted (HR 0.46; 95%CI
0.21 to 0.98) and adjusted (HR 0.44; 95%CI 0.20 to 0.99) models.
Twelve patients (5.3%) presented the composite of cardiovascular
events (including heart failure, stroke, and/or device implantation)
during the median follow-up of 16.1 years (ranging from 1.5 to 32.7),
of those 10 NTP (8.8%) and 2 TP (1.8%). BZN treatment was associated
with a decreased risk of occurrence of the composite of cardiovascu-
lar events only in the adjusted (HR 0.15; 95%CI 0.03 to 0.77) model.
There were 17 deaths during the median follow-up of 16.6 years
(ranging from 1.5 to 32.7). Four deaths were directly related to CD,
three due to sudden death and one due to heart failure. All three
patients that presented sudden death had arterial hypertension and
none of them progressed to Chagas heart disease. The patient who
died due to heart failure was the only one who progressed to the car-
diac form. However, no association was observed for BZN treatment
and death in both unadjusted and adjusted models. Fig. 1 illustrates
ase and death according to BZN treatment (n = 228).

5%CI)
son-years)

Unadjusted Adjusted*

HR (95%CI) p-value HR (95%CI) p-value

m indeterminate to cardiac form of Chagas disease
4) 1.00 (Reference) 0.04 1.00 (Reference) 0.04
5) 0.46 (0.21 to 0.98) 0.44 (0.20 to 0.99)
scular events (heart failure, stroke, or device implantation)
9) 1.00 (Reference) 0.06 1.00 (Reference) 0.02
2) 0.23 (0.05 to 1.07) 0.15 (0.03 to 0.77)

7) 1.00 (Reference) 0.85 1.00 (Reference) 0.95
4) 0.91 (0.35 to 2.39) 1.04 (0.37 to 2.89)

ies, presence of non-chagasic cardiomyopathy, non-specific ECG abnormalities,



Fig. 1. Kaplan Meier curves for progression from indeterminate to cardiac form (A) and
death (B) by BZN treatment.

Table 3
Clinical characteristics of patients at the end of follow-up (n = 228).

Mean (standard deviation) or Frequency (%) p-value

Variable Total
(n = 228)

NTP
(n = 114; 50%)

TP
(n = 114; 50%)

Digestive form 15 (6.6) 9 (7.9) 6 (5.3) 0.42
Arterial
Hypertension

73 (32.0) 45 (39.5) 28 (24.6) 0.02

Diabetes Mellitus 28 (12.3) 15 (13.2) 13 (11.4) 0.69
Dislipidemia 76 (33.3) 49 (43.0) 27 (23.7) 0.002
Non-chagasic
cardiomyopathy

6 (2.6) 3 (2.6) 3 (2.6) 1.00

Other
comorbidities*

38 (16.7) 26 (22.8) 12 (10.5) 0.01

Clinical presentation
of Chagas disease

Indeterminate 195 (85.5) 90 (78.9) 105 (92.1) 0.02
Cardiac stage A 23 (10.1) 16 (14.0) 7 (6.1)
Cardiac stage B1 5 (2.2) 3 (2.6) 2 (1.8)
Cardiac stage B2 0 (0.0) 0 (0.0) 0 (0.0)
Cardiac stage C 5 (2.2) 5 (4.4) 0 (0.0)
CD specific ECG
abnormalities

34 (14.9) 25 (21.9) 9 (7.9) 0.003

Second or third-
degree right bun-
dle-branch block

14 (6.1) 11 (9.7) 3 (2.6) 0.03

Frequent atrial or
ventricular pre-
mature beats

5 (2.2) 3 (2.6) 2 (1.8) 0.65

Primary ST-T wave
abnormalities

13 (5.7) 11 (9.7) 2 (1.8) 0.01

Electrical inactive
area

4 (1.8) 2 (1.8) 2 (1.8) 1.00

Second or three-
degree left bun-
dle-branch block

2 (0.9) 1 (0.9) 1 (0.9) 1.00

Atrial flutter 1 (0.4) 1 (0.9) 0 (0.0) 0.32
Atrial tachycardia 1 (0.4) 1 (0.9) 0 (0.0) 0.32
Echocardiogram
abnormalities
(n = 172)

56 (32.6) 40 (42.1) 16 (20.8) 0.003

Diastolic
dysfunction

42 (24.4) 32 (33.7) 10 (13.0) 0.002

Segmental
dysfunction

19 (11.1) 14 (14.8) 5 (6.5) 0.09

Global systolic
dysfunction

13 (7.6) 10 (10.5) 3 (3.9) 0.10

Serological cure 13 (5.7) 0 (0.0) 13 (11.4) <0.001

* Other comorbidities included cancer, asthma, chronic obstructive pulmo-
nary disease, hypothyroidism, depression, alcohol abuse, and co-infection (HIV,
HTLV, and viral hepatitis).
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the survival curves free of CD progression (A), the composite of car-
diovascular events (B), and death (C) according to BZN treatment. No
differences for schemes of BZN dose (fixed dose of 200 mg vs. other
doses) were observed for any of the studied outcomes (p>0.20).

Table 3 depicts the clinical characteristics of patients at the end of
follow-up. The prevalence of comorbidities was 32.0% for arterial
hypertension (39.5 in NTP vs. 24.6 in TP; p = 0.02), 12.3% for diabetes
mellitus (13.2 in NTP vs. 11.4 in TP; p = 0.69) and 33.3% for dyslipide-
mia (43.0 in NTP vs. 23.7 in TP; p = 0.002). Only few patients (2.6%)
had non-chagasic cardiomyopathy (2.6% in both groups; p = 1.00)
and 16.7% presented other comorbidities including cancer, chronic
obstructive pulmonary disease, hypothyroidism, depression, alcohol
abuse and co-infection viral hepatitis (22.8 in NTP vs. 10.5 in TP;
p = 0.01). The incidence of megaviscera during the follow-up was
6.6%. There was a higher incidence of CD progression, 10.1% pro-
gressed to stage A (14.0% in NTP vs. 6.1% in TP), 2.2% to stage B1 (2.6%
in NTP vs. 1.8% in TP), and 2.2% to stage C (4.4% in NTP vs. 0.0% in TP;
p = 0.02). Among the nine patients who presented segmental LV dys-
function at the baseline, two maintained the segmental LV dysfunc-
tion, two developed global systolic dysfunction, three no longer
presented the segmental LV dysfunction and two did not undergo
the control echocardiogram. ECG and ECHO abnormalities were more
frequent in the NTP than in the TP at the end of follow-up (p = 0.003
for both). Serological negativation was observed in 11.4% of TP with
no cases in NTP (p<0.001). The median time for serological negativa-
tion was 9.5 years (IQR 25%�75% 7.4 to 21.3), ranging from 1.1 to
28.3 years. A more detail description including the characteristics of
patients that progressed from the ICF to the cardiac form are pre-
sented in Supplemental Tables 1 and 2.
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4. Discussion

Many factors may be involved in the risk of developing chronic
Chagas heart disease and/or megasyndromes including age, sex, geo-
graphical origin, parasite load, genetic heterogeneity of T. cruzi and
its discrete typing units (DTU, TcI�TcVI), immunological aspects of
the host, severity of the initial acute infection, transmission route,
exposure to T. cruzi reinfection in areas with sustained vector trans-
mission, nutritional status, presence of comorbidities, and the social
context and quality of life of CD patients [39,40].

The global annual rate of progression from ICF to Chagas heart dis-
ease is estimated at 1.9% [41] and can justify the etiologic treatment
to prevent CD progression [42]. Longitudinal and observational stud-
ies conducted in the last decade helped to determine the efficacy of
etiologic treatment on clinical progression of ICF, as they indicated
that adult patients treated with trypanocidal drugs progressed less to
the cardiac form than non-treated patients [32,33,43�46].

Our study identified that BZN TP presented a lower progression to
heart disease when compared to NTP. Moreover, we also determined
that BZN TP had a lower risk of cardiovascular events. Other studies
that used ECG changes as an outcome had reported similar results
regarding the cumulative incidence of progression. For example, Vio-
tti et al. [7] reported 4.1% in TP and 18.7% in NTP, Fabbro et al. [45]
reported 3.7% in TP and 24.6% in NTP, and Fragata-Filho et al. [46]
reported 20.9% in TP and 53.1% in NTP. One factor that justifies these
different progression rates is the different range of patients’ age
between those studies, as age is directly associated with the time of
infection and disease progression in the chronic phase. Trypanocidal
treatment studies reported a higher prevalence of young patients in
TP group than in the NTP control group, which tended to be older.
Younger individuals have a higher potential to develop heart disease
during their life span and, therefore, a higher probability of present-
ing ECG changes during follow-up [47]. In the present study, pairing
both groups by age removed this potential bias from the final analysis
of the BZN effect.

Another factor that should be considered in the analysis of results
is the follow-up time. A retrospective study with healthy blood
donors with CD not treated with trypanocidal drug reported that a
follow-up time of ten years would help to identify the incidence of
Chagas heart disease [48]. In the present study, the progression
curves of both groups begin to differentiate after around 13 years of
follow-up, after which, there was greater progression to heart disease
in NTP. Considering the natural history of CD, a long follow-up time
would be ideal to evaluate the rate of progression to heart disease. In
this sense, the results of this study are based on an extended follow-
up time of up to 33 years, with a median of 15.1 years, similar
between patients who progressed or did not progressed.

All patients lived in urban areas of the state of Rio de Janeiro and
had been away from their hometown for at least 20 years and were
not subject to possible T.cruzi reinfection. Although most patients
came from CD nonendemic or low/medium morbidity and mortality
regions (65.3%), those from regions with high CD morbidity and mor-
tality, such as Bahia, Minas Gerais and Goi�as states, predominated
among those who progressed, reinforcing the findings of a Brazilian
national survey that showed a higher prevalence of chronic heart dis-
ease in these regions [35].

In our study, most patients used a fixed dose of 200 mg/day
(79.8%), regardless of weight, for a mean period of 30 to 60 days. The
BZN beneficial effect was not related to treatment period or daily
dose, although this dosage is considered sub-dose by the current
guidelines. Few studies addressed different BZN dose regimens, some
with drugs association, but all of them used parasite load as a surro-
gate for efficacy and did not analyze patients’ clinical progression
[25,28,29,33]. Also, changes in post-treatment serological curve occur
only after a long-term follow-up. In our study, the long-term follow-
up time allowed the observation that serological change.
The most frequent ECG changes that defined CD progression were
second or third-degree right bundle-branch block and primary ST-T
wave abnormalities. These findings are compatible with the literature
that addresses electrocardiographic changes in Chagas disease [49]. It
is important to emphasize that ECG abnormalities related to CD pro-
gression are well defined and relatively easy to be identified by a spe-
cialized cardiologist. Furthermore, patients who progressed are still
followed at our institution and the new ECG findings that defined
progression were still present in subsequent ECGs performed at our
outpatient clinics.

Of the 2177 patients diagnosed with Chagas' disease followed up
at the outpatient center, 52% are women. Therefore, it is surprising
that the majority of patients treated with benznidazole in our study
were men. Unfortunately, we do not have a reasonable explanation
for this. However, we can hypothesize that the fact that women are
at risk of having a higher frequency of adverse events with benznida-
zole may have led to treatment discontinuation before 30 days [50],
which determined a greater presence of men in this study.

At the onset of the study, ICF classification was based solely in the
absence of typical Chagas heart disease alterations in the ECG. The
abnormalities found in other cardiologic exams were not taken into
account for ICF classification. We were also unable to retrospectively
exclude asymptomatic digestive Chagas disease. Although previous
articles have linked segmental changes on the echocardiogram to a
worse prognosis when compared to normal ECHO [51] and changes
in the global systolic function of the left ventricle already constitute
the presence of heart disease, in our study these changes, in the pres-
ence of a normal ECG at the beginning of the follow-up, did not influ-
ence the progression to Chagas heart disease. Regarding the low QRS
voltage, it is considered a non-specific electrocardiographic alteration
of CD [36]. Only one study identified the presence of low QRS voltage
as a predictor of death but not confirmed in other cohorts [49]. In our
study, patients had low QRS voltage at baseline (2NTP / 3TP), and this
variable was included as a potential confounder in the adjusted sur-
vival model as a non-specific ECG abnormality.

The present study is as far as we know the first report of
decreased risk of subsequent cardiovascular events in ICF patients
treated with BZN. We were not able to demonstrate a reduced mor-
tality risk, but the mortality among ICF patients is quite small and
similar to the overall population and our study was underpowered to
evaluate this event. Furthermore, most deaths were not due to causes
related to CD and, probably, would not be avoided by BZN treatment.
In fact, Catalioti and Acquatella compared TP with NTP and reported
no mortality differences in a five-year follow-up [52].

This study has some limitations. The pragmatic definition of ICF
considering only the presence of symptoms and the ECG findings
may have misclassified some patients at baseline. However, this
approach seems to be more suitable to the reality of CD patients, that
usually resides in low socioeconomic areas with limited health care
resources. As it is a retrospective observational study, the patients
were not randomly allocated to the treatment group, which allows
potential confounding factors. However, the use of matching strategy
minimized this potential bias, although matching for all potential
confounders is not feasible and there is still the possibility of residual
confounding. To account for residual confounders, we included some
additional variables in our survival models and the results were con-
sistent even after adjustments, reinforcing the strength of our find-
ings. However, the lack of a more detailed information on
sociodemographic factors is also a limitation that can implicate in
potential residual confounders. Another limitation is that studied
patients were young (77% < 35 years), which limits the applicability
of the results to the treatment of older patients. The changes over
time in factors that could influence the study outcomes (e.g. availabil-
ity and access of healthcare, behavioral and sociodemographic risk
factors, alternative treatments and point of intervention) were not
evaluated. However, we believe that those changes would have
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occurred in a similar degree in both groups, therefore a non-differen-
tial error. Despite these limitations, a major advantage of this study is
that it has a long clinical follow-up period that better evaluates the
disease progression outcome

In conclusion, this long-term follow-up study identified a benefi-
cial effect of BZN on CD progression as TP present 54% decreased risk
of progression from ICF to cardiac form. We also identified a protec-
tive effect of BZN on cardiovascular events. Therefore, our results
give further support for the trypanocidal treatment of patients with
CD ICF. Future prospective randomized studies should be conducted
to definitively establish the role of BZN in the treatment of chronic
CD.
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