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Abstract

Background

Chagas disease is a neglected chronic condition caused by Trypanosoma cruzi, with high

prevalence and burden in Latin America. Ventricular arrhythmias are common in patients

with Chagas cardiomyopathy, and amiodarone has been widely used for this purpose. The

aim of our study was to assess the effect of amiodarone in patients with Chagas

cardiomyopathy.

Methodology

We searched MEDLINE, Embase and LILACS up to January 2018. Data from randomized

and observational studies evaluating amiodarone use in Chagas cardiomyopathy were

included. Two reviewers selected the studies, extracted data and assessed risk of bias.

Overall quality of evidence was accessed using Grading of Recommendations Assessment,

Development and Evaluation (GRADE).

Principal findings

We included 9 studies (3 before-after studies, 5 case series and 1 randomized controlled

trial). Two studies with a total of 38 patients had the full dataset, allowing individual patient

data (IPD) analysis. In 24-hour Holter, amiodarone reduced the number of ventricular tachy-

cardia episodes in 99.9% (95%CI 99.8%-100%), ventricular premature beats in 93.1% (95%

CI 82%-97.4%) and the incidence of ventricular couplets in 79% (RR 0.21, 95%CI 0.11–

0.39). Studies not included in the IPD analysis showed a reduction of ventricular premature

beats (5 studies), ventricular tachycardia (6 studies) and ventricular couplets (1 study). We
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pooled the incidence of adverse side effects with random effects meta-analysis; amiodarone

was associated with corneal microdeposits (61.1%, 95%CI 19.0–91.3, 5 studies), gastroin-

testinal events (16.1%, 95%CI 6.61–34.2, 3 studies), sinus bradycardia (12.7%, 95%CI

3.71–35.5, 6 studies), dermatological events (10.6%, 95%CI 4.77–21.9, 3 studies) and drug

discontinuation (7.68%, 95%CI 4.17–13.7, 5 studies). Quality of evidence ranged from mod-

erate to very low.

Conclusions

Amiodarone is effective in reducing ventricular arrhythmias, but there is no evidence for

hard endpoints (sudden death, hospitalization). Although our findings support the use of

amiodarone, it is important to balance the potential benefits and harms at the individual level

for decision-making.

Author summary

Chagas disease is a chronic neglected tropical disease, with high prevalence and burden in

Latin America. About 30% of chronically infected patients develop Chagas cardiomyopa-

thy. Ventricular arrhythmias are common in patients with Chagas cardiomyopathy and

treatment approaches include medications, resynchronization therapy, and implantable

cardioverter defibrillator. Studies published from 1980 to 1990 have evaluated the effect of

amiodarone. According to our systematic review and individual patient meta-analysis,

amiodarone reduced ventricular tachycardia, ventricular premature beats and incidence

of ventricular couplets. Although the strong evidence of clinical benefit with arrhythmia

reduction, this information should be interpreted with caution, since arrhythmia is a sur-

rogate outcome and since its clinical impact on death and hospitalization reduction over

time is not clear. Little information was identified related to hard endpoints. Regarding

side effects, our systematic review observed that amiodarone was associated with corneal

microdeposits, gastrointestinal events, sinus bradycardia, dermatological events, pneumo-

nitis, hypothyroidism and drug discontinuation. The currently available evidence shows

that amiodarone seems to be an effective antiarrhythmic drug for patients with Chagas

disease, especially in settings where an implantable cardioverter defibrillator is not avail-

able or affordable, but that a balance between potential benefits and harms at the individ-

ual level is needed.

Introduction

Chagas disease, also known as American trypanosomiasis [1], is an important public health

problem in Latin America, and remains a substantial cause of morbidity and mortality [2].

Recently, it has become a health concern [1] in areas such as Europe, North America, Japan

and Australia, especially due to immigration from endemic areas to developed countries [3,4].

About 6 to 8 million people are affected worldwide [5], and less than 1% of infected people

have access to adequate diagnosis and treatment [6].

The clinical course of the disease is extremely variable, and although many individuals

remain asymptomatic for long periods, approximately 30% of infected people develop Chagas

cardiomyopathy [7]. Cardiac complications result in remodeling of the cardiac collagenous

matrix and subsequent fibrosis, leading to increased myocardial stiffness, systolic and diastolic
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dysfunction, and ultimately a severe dilated cardiomyopathy associated with ventricular

arrhythmias [8].

Since trypanocidal therapy with benznidazole in patients with established Chagas cardio-

myopathy had not proved to reduce cardiac clinical deterioration in clinical trials [9], the treat-

ment of heart failure and arrhythmias became the main therapeutic strategy to curb the

evolution of the disease. Despite the lack of solid evidence-based data on Chagas disease, ther-

apy should generally be instituted extrapolating from guidelines for the management of heart

failure patients, including neurohumoral inhibition, resynchronization therapy, and implant-

able cardioverter defibrillator [10]. However, this alternative is not readily available for low

income populations such as those affected by Chagas disease. Studies have shown that amio-

darone can improve survival in patients who have a high risk of arrhythmic death [11,12];

thus, amiodarone has been recommended as the treatment of choice for all patients with sus-

tained ventricular tachycardia, and for those with no sustained ventricular tachycardia and

myocardial dysfunction [13]. In a recent meta-analysis of primary prevention (17 studies, 8383

participants), amiodarone reduced sudden death, cardiac mortality and all-cause mortality;

however, Chagas patients were not included. Nevertheless, amiodarone was associated with

increased adverse effects, both hypo- or hyperthyroidism and pulmonary fibrosis, and

increased risk of discontinuation compared with placebo [14].

Due to the lack of direct evidence regarding the benefits and risks of amiodarone use in

Chagas patients, evidence from patients with other cardiopathies is often used and extrapo-

lated to patients with Chagas disease for decision-making. However, there are some particular-

ities of the amiodarone effect on Chagas disease; for instance, there is some evidence that

amiodarone also has anti-T. cruzi activity, disrupting Ca2+ homeostasis and blocking oxidos-

qualene cyclase in T. cruzi, causing ultrastructural damage [15]. Only small studies have

assessed the effects of amiodarone specifically in Chagas disease, mostly published in Portu-

guese and Spanish, and it is not clear if the estimated effect is similar to that in the general pop-

ulation. Therefore, our aim was to do a systematic review of the effect of amiodarone in

patients with Chagas disease, to provide a more accurate estimate of the effect of amiodarone

in this population and to identify the potential benefits and harms of this drug.

Methods

Protocol and registration

The planning for this review was based on the guidelines of Preferred Reporting Items for Sys-

tematic Reviews and Meta-analyses (PRISMA) [16] and in accordance with the Cochrane

Handbook for Systematic Reviews of Interventions [17]. This systematic review was registered

in PROSPERO under No. CRD42017056765 (S1 Appendix).

Eligibility criteria and outcomes of interest

We included clinical trials, crossover studies, case series and before-after studies assessing the

effects of amiodarone on symptoms in patients with Chagas disease. Case-control studies,

reviews, letters and editorials were not included. The outcomes assessed were any arrhythmia

(e.g., ventricular tachycardia, ventricular premature beats and ventricular couplets), sudden

death and side effects.

Search strategy

The following electronic databases were searched: MEDLINE (accessed through PubMed),

Embase and LILACS. In addition, the references included in the published articles identified
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were used as an additional source to identify other studies. The search was conducted in Janu-

ary 2018 and consisted of the following terms: “Chagas disease” and “amiodarone,” as shown

in S2 Appendix. There was no language restriction in the search.

Study selection and data extraction

The titles and abstracts of all articles identified by the search strategy were evaluated by two

researchers (C.S., C.B.M.). All abstracts that did not provide sufficient information concerning

the inclusion and exclusion criteria were selected to evaluate the full article. In the second

phase, the same reviewers independently evaluated the full articles and made their selection in

accordance with the eligibility criteria. Disagreements between reviewers were resolved by

consensus or by a third reviewer (V.C.).

Data extraction was performed using a standardized form by two reviewers independently

(C.S., C.B.M.). The following data were extracted: methodological characteristics of the studies,

number of participants, comparison groups, interventions and outcomes. Extracted outcomes

were arrhythmia, side effects and sudden death. The authors were contacted by email if full

data were not available. Disagreements between reviewers were resolved by consensus or by a

third reviewer (V.C.).

Quality assessment

The assessment of methodological quality was performed by two researchers (C.S, C.B.M.).

The clinical and crossover studies were evaluated using the RoB 2.0 tool to assess risk of bias in

randomized trials and crossover studies [18], and the before-after studies were evaluated using

the NIH Quality Assessment Tool for Before–After Studies with No Control Group [19]. For

case series, we used the same tool for before-after studies, considering only the applicable

questions.

The overall quality of evidence was assessed using Grading of Recommendations Assess-

ment, Development and Evaluation (GRADE). GRADE is a system used for grading the qual-

ity of evidence, classifying each outcome as high, moderate, low, or very low, corresponding to

the level of certainty on the estimate results. [20]. We created an Evidence Profile and Sum-

mary of Findings Tables for each outcome using GRADE’s electronic tool GRADEpro GDT

(www.gradepro.org).

Data synthesis and analysis

After data extraction, if the outcome measurements could not be transformed in a common

numeric scale for quantitative synthesis due to different designs of trials, a descriptive synthesis

was performed.

Individual patient data (IPD) meta-analysis was performed using Poisson and binomial dis-

tributions. The generalized estimating equation technique was used to determine if amiodar-

one reduces the number of ventricular premature beats, the number of ventricular tachycardia

episodes and the incidence of ventricular couplets compared to the control treatment. Results

were presented as median, interquartile range (IQR) and proportion of reduction with 95%

confidence intervals (CI) for continuous variables; for categorical variables, data were pre-

sented as proportion and relative risk with 95%CI. This meta-analysis was conducted in R sta-

tistical software version 3.3.2 [21], package geepack version 1.2–1 [22–24].

Random effects model meta-analysis of proportion, with logit transformation, using DerSi-

monian and Laird as variance estimator, was performed to determine side effects, and the

results are presented as pooled prevalence, with 95%CI. This meta-analysis was conducted in

R statistical software version 3.3.2, package meta version 4.8–1 [25].
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Results

Description of studies

Nine studies [26–34] from 417 records found in the database search fulfilled eligibility criteria

and were included in this systematic review, providing data from 365 subjects. There were three

before-after studies [30,32,34], five case series (1 of which as follow period of a cluster random-

ized trial) [26,27,29,31,33] and one randomized clinical trial [28]. The mean age of participants

ranged across the trials from 15 to 78 years. In 8 studies [26–33], amiodarone was administered

orally and the dose ranged from 200 to 1200 mg, with a mean treatment time ranging from 1

day to 27 months. In 1 study [34], the dose of amiodarone was 5 mg/kg, given intravenously.

Fig 1 shows the flow diagram of the selection process, and Table 1 summarizes the charac-

teristics of the included studies.

For data synthesis, only 2 studies [30,32] were included in the IPD meta-analysis for ven-

tricular premature beats, ventricular tachycardia and ventricular couplets. Other studies [26–

29,31,33,34] had different designs or presented the results in a non-comparable manner; there-

fore, these results were described narratively (Table 2).

Methodological quality

Among the before-after studies included in this systematic review, 62.5% were classified as fair

quality and 37.5% as poor. All of them had a representative patient population, clear interven-

tion description and outcome measures specified. However, they presented issues concerning

lack of data about objective eligibility criteria, sample size, outcome assessor blinding, loss of

follow-up and statistical analysis.

Regarding the randomized clinical trial, the study was conducted with a parallel design and

showed high risk of bias, according to the RoB 2.0 tool. The study exhibited low risk for bias

arising from intended interventions, measurement outcome data and selection of reported

results, some concerns for randomization process and high risk of bias regarding measure-

ment of the outcome. Complete assessment of risk of bias is presented in S3 Appendix.

Effects of interventions

Ventricular tachycardia. Seven studies [27,28,30–34] evaluated ventricular tachycardia,

and two studies [30,32] were included in the IPD meta-analysis. In these two studies, the

median number of ventricular tachycardia episodes in 24-hour Holter was 25 (IQR 3–856) in

the control group and 0 (IQR 0–0) for the intervention group (Table 3). Amiodarone reduced

ventricular tachycardia in 99.9% (95%CI 99.8–100% in 24-hour Holter monitoring) (Table 3).

All studies that were not included in the meta-analysis reported a decrease in the number of

ventriculartachycardia episodes after the use of amiodarone (Table 2). The quality of evidence

according to GRADE for this outcome was moderate. (S4 Appendix).

Ventricular premature beats. Eight studies [26,28–34] evaluated ventricular premature

beats and two studies [30,32] were included in the IPD meta-analysis. In these two studies, the

median number of ventricular premature beats in 24-hour Holter was 8924.5 (IQR 5987.5–

21295.5) in the control group and 161.5 (IQR 34.3–560.3) for the intervention group (Table 3).

Amiodarone reduced ventricular premature beats in 93.1% (95%CI 82–97.4% in 24-hour Hol-

ter monitoring) (Table 3). All studies that were not included in the meta-analysis reported a

decrease in the number of ventricular premature beats after the use of amiodarone (Table 2).

The quality of evidence according to GRADE for this outcome was moderate (S4 appendix).

Ventricular couplets. Three studies [28,30,32] assessed ventricular couplets and two of

them [30,32] were included in the IPD meta-analysis. In the control group, 38 out of 38
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patients had ventricular couplets (100%), while 8 out of 38 patients (21.0%) had it in the inter-

vention group (Table 3). Amiodarone reduced the incidence of ventricular couplets by 79.0%

(RR 0.21, 95%CI 0.11–0.39 in 24-hour Holter monitoring) (Table 3). In the study that was not

included in the meta-analysis, 95.2% (38/40) of patients showed a reduction in the number of

ventricular couplets with use of amiodarone [28]. The quality of evidence according to

GRADE for this outcome was moderate (S4 appendix).

Sudden death. Three studies [27,31,32] (n = 107) evaluated sudden death after the use of

amiodarone. Eight patients (7.50%) experienced sudden death after 5 to 27 months of treat-

ment. The quality of evidence according to GRADE for this outcome was very low (S4

appendix).

Side effects. All studies [26–34] investigated side effects caused by amiodarone and 7

were included in the meta-analysis [27,28,30–34]. The studies not included in the meta-analy-

sis are described in Table 2. Five studies [27,28,30–32] assessed corneal microdeposits, three

studies [30–32] reported cases of gastrointestinal events, six studies [27,30–34] reported cases

of sinus bradycardia, three studies assessed dermatological events [27,28,32] and five studies

assessed drug discontinuation [27,28,31–33].

The prevalence of corneal microdeposits after use of amiodarone was 61.0% (95%CI 18.8–

91.3%, n = 161), gastrointestinal events 16.1% (95%CI 6.61–34.2%, n = 47), sinus bradycardia

12.6% (95%CI 3.68–35.4%, n = 144), dermatological events 10.5% (95%CI 4.87–21.3%,

n = 99), and drug discontinuation 7.59% (95%CI 4.12–13.6%, n = 156) (S5 Appendix). Three

studies assessed hypo- or hyperthyroidism (n = 203), where only one patient showed hypothy-

roidism [27,29,31]. One study reported two cases of pneumonitis during the use of amiodar-

one [27].

Discussion

This systematic review included 9 studies that determined the effects of amiodarone with

regard to arrhythmia, side effects and sudden death in individuals with Chagas disease. Due to

the high heterogeneity on outcome assessment and diversity of study designs, most results

were presented qualitatively. However, it was possible to pool two before-after studies in an

IPD meta-analysis, since these studies provided the full dataset in the published articles

[30,32]. For adverse side effects, available data allowed pooling frequency estimates using the

conventional meta-analysis approach for seven studies [27,28,30–34].

According to our findings, there was moderate certainty in the body of evidence for the

effect of amiodarone on the clinically significant reduction of arrhythmia in patients with Cha-

gas disease, such as ventricular tachycardia episodes (reduction of 99%), ventricular premature

beats (reduction of 93%) and ventricular couplets (RR = 0.21). Although it was only possible to

pool two studies in the IPD metanalysis, all other studies showed similar effects on these

outcomes.

Despite the strong evidence for arrhythmia reduction, studies did not provide enough

information for the assessment of the effect on clinically relevant outcomes, such as mortality

and hospitalization. Arrhythmia was mainly assessed using 24-hour Holter or conventional

electrocardiogram evaluation, and it was expected that most episodes would be asymptomatic,

without any clinical impact. Although clinical benefit is expected with arrhythmia reduction,

this information should be interpreted with caution, since arrhythmia is a surrogate outcome,

and is not clear the clinical impact on death and hospitalization reduction over time. Little

Fig 1. Flowchart of included studies.

https://doi.org/10.1371/journal.pntd.0006742.g001
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Table 1. Characteristics of studies included in systematic review.

Author, Year,

Country

Design Population N Median

age

(Range)

Male Intervention Outcomes Follow-up

(months)

Belotti et al.,

1983, Brazil [34]

Before-after study Chagas patients with

chronic cardiomyopathy

14 40.5

(28–77)

71% Amiodarone, 900 to 1050 mg

intravenous continuous

infusion.

Ventricular tachycardia;

Ventricular premature

beats;

Side effects

Arrhythmias were measured

by 24-hour Holter.

1 day

Chiale et al.,

1984, Argentina

[32]

Before-after study Chagas patients with

chronic myocarditis

24 51.5

(33–74)

- Amiodarone, 600 to 800 mg/

day in one or more daily

doses, orally

Ventricular tachycardia;

Ventricular premature

beats;

Ventricular couplets;

Sudden death;

Side effects

Arrhythmias were measured

by 24-hour Holter.

mean 26.6

(from 2 to

55)

Haedo et al.,

1986, Argentina

[30]

Before-after study Chagas patients with

chronic myocarditis

14 45.4

(30–61)

50% Amiodarone, 800 mg/day in

four doses

Ventricular tachycardia;

Ventricular premature

beats;

Ventricular couplets;

Side effects

Arrhythmias were measured

by 24-hour Holter.

1

Greco et al.,

1980, Brazil [31]

Case series G1: Chagas patients with

frequent ventricular

premature beats

G2: Chagas patients with

paroxysmal ventricular

tachycardia

48

G1:34

G2:14

G1: 28.5

(22–68)

G2: 37.1

(33–70)

G1:

42%

G2:

18%

G1: amiodarone 600 mg/day

G2: amiodarone 80 mg/day,

and then 400 mg/day

Ventricular tachycardia;

Ventricular premature

beats;

Sudden death;

Side effects

Arrhythmias were measured

by conventional

electrocardiogram.

from 4 to 9

Prata et al.,

1982, Brazil [29]

Case series Chagas patients with

supraventricular and

ventricular arrhythmias

120 (32–65) 40% G1: amiodarone, 400 to 800

mg/day

G2: amiodarone, 400 to 800

mg/day

Ventricular premature

beats;

Side effects.

Arrhythmias were measured

by conventional

electrocardiogram.

2

Scanavacca

et al., 1990,

Brazil [27]

Case series

Chagas patients with

chronic myocarditis and

sustained ventricular

tachycardia

35 50.0

(32–78)

69% Amiodarone, during

hospitalization, between 600

and 1200 mg/day

Ventricular tachycardia;

Side effects;

Sudden death

Arrhythmias were measured

by 24-hour Holter.

mean 27

(from 6 to

80)

Vichi et al.,

1984, Brazil [26]

Case series G1: Chagas patients with

ventricular extra systoles

G2: Chagas patients with

significant ventricular

extra systoles

20

G1:10

G2:10

G1: 43.5

(38–50)

G2: 45,6

(39–51)

G1:

70%

G2:

50%

G1: amiodarone 400 mg/day

in 2 doses, orally

G2: amiodarone 150 mg,

intravenously for 1 minute,

followed by 5 mg/kg/hour,

intravenously for 120 minutes

Ventricular premature

beats;

Side effects.

Arrhythmias were

measured by conventional

electrocardiogram.

1

Carrasco et al.,

1985, Venezuela

[33]

Case series

(followed period of

a cluster

randomized trial)

Chagas patients with

chronic myocarditis

9 51.0

(40–70)

67% Amiodarone, 200 mg Ventricular tachycardia;

Ventricular premature

beats;

Side effects.

Arrhythmias were measured

by 24-hour Holter.

0.5

Rosenbaum

et al., 1987,

Argentina [28]

Randomized

clinical trial

(parallel design)

Chagas patients with

ventricular arrhythmias

81

G1:40

G2:41

44.1

(15–65)

44% G1: amiodarone, 800 mg/day

G2: flecainide, 200 mg/day

Ventricular tachycardia;

Ventricular premature

beats;

Ventricular couplets;

Side effects.

Arrhythmias were measured

by 24-hour Holter and

conventional

electrocardiogram.

2

https://doi.org/10.1371/journal.pntd.0006742.t001
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Table 2. Narrative results.

Author, year Effect on arrhythmia Side effects

Belotti et al., 1983

[34]

Ventricular premature beats: 83.3% (10/12) of patients showed a

reduction in the number of ventricular premature beats.

Ventricular tachycardia: Ventricular tachycardia was suppressed in

33.3% (2/6) of patients.

28.6% (4/14) of patients had sinus bradycardia.

Chiale et al., 1984

[32]

Ventricular premature beats: 100% (24/24) of patients showed a

reduction in the number of ventricular premature beats.

Ventricular tachycardia: 100% (24/24) of patients had a reduction in

the number of ventricular tachycardia episodes.

Ventricular couplets: 91.7% (22/24) of patients had a reduction in the

number of ventricular couplets.

Sudden death: 4.17% (1/24) of patients experienced sudden death.

100% (24/24) of patients had corneal microdeposits, 8.33% (2/24)

gastrointestinal events, 8.33% (2/24) sinus bradycardia, 8.33% (2/24)

dermatological events, while 4.17% (1/24) discontinued treatment.

Haedo, et al.,

1986 [30]

Ventricular premature beats: 100% (14/14) of patients had reduction in

the number of ventricular premature beats.

Ventricular tachycardia: 100% (14/14) of patients had a reduction in

the number of ventricular tachycardia episodes.

Ventricular couplets: 42.9% (6/14) of patients had a reduction in the

number of ventricular couplets.

21.4% (3/14) of patients had corneal microdeposits, 28.6% (4/14)

gastrointestinal events and 57.1% (8/14) sinus bradycardia.

Greco et al., 1980

[31]

Ventricular premature beats: 35.3% (12/34) of patients had a great

response, 58.8% (20/34) a good response and 5.88% (2/34) a regular or

no response�.

Ventricular tachycardia: 85.7% (12/14) of patients had a great

response�.

Sudden death: 10.7% (5/48) of patients experienced sudden death.

100% (48/48) of patients had corneal microdeposits and 2.08% (1/48)

sinus bradycardia, while 2.08% (1/24) of patients discontinued

treatment.

Prata et al., 1982

[29]

Ventricular premature beats: 58.3% (70/120) of patients had a great

response, 27.5% (33/120) a good response, 12.5% (15/120) a regular

response and 1.70% (2/120) no response��.

Some patients had corneal microdeposits, gastrointestinal events, sinus

bradycardia and dermatological events. Article did not report the

number of patients with side effects.

Scanavacca et al.,

1990 [27]

Ventricular tachycardia: The probability to suppress ventricular

tachycardia was 62.0% in 12 months, 56.0% in 24 months and 44.0% in

36 months, with regular use of amiodarone.

Sudden death: 5.71% (2/35) of patients experienced sudden death.

5.71% (2/35) of patients had corneal microdeposits, 2.86% (1/35) sinus

bradycardia, 17.1% (6/35) dermatological events, 5.71% (2/35)

pneumonitis and 2.86% (1/35) hypothyroidism, while 11.4% (4/35) of

patients discontinued treatment.

Vichi et al., 1984

[26]

Ventricular premature beats: The proportion of premature beats

decreased from 36.6% of total beats during the control phase to 6.10%

after 4 weeks with oral amiodarone (10 patients)

The proportion of premature beats decreased from 31.0% of total beats

during the control phase to 4.24% after 120 minutes of intravenous

amiodarone treatment (10 patients).

No undesirable side effects were observed.

Carrasco et al.,

1985 [33]

Ventricular premature beats: Antiarrhythmic effect was total in 67%

(6/9) of patients, partial in 11% (1/9) and insignificant in 22% (2/9).

Ventricular tachycardia: Antiarrhythmic effect was total in 25% (2/9) of

patients, partial in 62% (6/9) and ineffective in 13% (1/9).

11.1% (1/9) of patients had gastrointestinal events and 11.1% (1/9) sinus

bradycardia, while 11.1% (1/9) of patients discontinued treatment.

Rosenbaum et al.,

1987 [28]

Ventricular premature beats:

Amiodarone: 90.7%(36/40) of patients had a reduction in the number of

ventricular premature beats.

Flecainide: 92.4%(38/41) of patients had a reduction in the number of

ventricular premature beats.

Ventricular tachycardia:

Amiodarone: 92.6%(37/40) of patients had a reduction in the number of

ventricular tachycardia.

Flecainide: 96.5%(40/41) of patients had a reduction in the number of

ventricular tachycardia episodes.

Ventricular couplets:

Amiodarone: 95.2%(38/40) of patients had a reduction in the number of

ventricular couplets.

Flecainide: 92.5%(38/41) of patients had a reduction in the number of

ventricular couplets.

Amiodarone: 47.5% (19/40) of patients had corneal microdeposits,

5.00% (2/40) and dermatological events, while 7.50% (3/40) of patients

discontinued treatment.

Flecainide: 2.43% (1/41) of patients had sinus bradycardia, and 7.31%

(3/41) of patients discontinued treatment.

� Great response defined as total disappearance of arrhythmias, good response as disappearance of 50 to 75% of arrhythmias, regular response as disappearance of 25 to

50% of arrhythmias and no response as arrhythmias down to 25%.

��Great response defined as total disappearance of arrhythmias, good response as disappearance of >50% of arrhythmias, regular response as disappearance of <50% of

arrhythmias and no response as no change.

https://doi.org/10.1371/journal.pntd.0006742.t002
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information was identified related to hard endpoints; three studies, with 107 patients, observed

8 sudden deaths (7.50%) after 5 to 27 months of treatment, without comparison with any con-

trol group.

Effects of amiodarone on sudden death are available from different clinical conditions. Pic-

cini et al. performed a meta-analysis of studies using amiodarone for primary prophylaxis of

sudden cardiac death in high-risk patients (post myocardial infarction, heart failure). Com-

pared to placebo/control, there was a 29 and 18% reduction in sudden death and cardiovascu-

lar mortality, respectively [35]. Moreover, in a recent meta-analysis of primary prevention,

amiodarone reduced the risk of sudden cardiac death by 34% [14]. In the absence of direct evi-

dence for patients with Chagas cardiomyopathy, these figures may provide an indirect estimate

of the potential benefit in our population of interest.

Regarding side effects, our systematic review observed that amiodarone was associated with

corneal microdeposits, gastrointestinal events, sinus bradycardia, dermatological events, pneu-

monitis, hypothyroidism and drug discontinuation. Other studies that did not include Chagas

patients suggested that adverse effects are common, with a prevalence as high as 15% in the

first year of use and 50% during long-term use, indicating a cumulative effect with chronic

use, corroborating our results [36]. Moreover, in an additional study, the risk of discontinua-

tion of amiodarone was 45% superior than placebo, however presenting similar rates when

compared with other antiarrhythmics [14]. Of note, even though our review found that amio-

darone was associated with a low incidence of sinus bradycardia (7%), concomitant use of

amiodarone and beta-blockers in Chagas cardiomyopathy may increase the risk of exacerba-

tion of bradyarrhythmia [37].

There are other interventions with potential benefit for patients with Chagas disease and

arrhythmias. Observational studies have shown that an implantable cardioverter defibrillator

is effective for primary or secondary prevention of death in Chagas disease [38,39]. However,

there are obstacles concerning its use due to socioeconomic limitations such as low income

and poor health and nutrition conditions. The first randomized clinical trial comparing the

implantable cardioverter defibrillator and amiodarone for primary prevention of death in

patients with Chagas disease and nonsustained ventricular tachycardia, the CHAGASICS

study, is ongoing and may provide important information for the field in the near future [40].

Table 3. Ventricular tachycardia, ventricular premature beats and ventricular couplets after amiodarone.

Ventricular tachycardia (no./24 hours) Control (Median (IQR)) Amiodarone (Median (IQR))

Chiale et al., 1984 [32] 233 (2.8–481.5) 0 (0–0)

Haedo et al., 1986 [30] 12 (3.5–512.5) 0 (0–0)

Median (IQR) raw 25 (3.00–856) 0 (0–0) �

Ventricular tachycardia reduction (95%CI) adjusted — 99.9% (95%CI 99.8–100%)

Ventricular premature beats (no./24 hours) Control (Median (IQR)) Amiodarone (Median (IQR))

Chiale et al., 1984 [32] 10.4 (8.01–26.5) 7115.5 (25–348.2)

Haedo et al., 1986 [30] 6.12 (5.70–17.7) 321 (103.5–887.2)

Median (IQR) raw 8924.5 (5987.5–21295.5) 161.5 (34.3–560.3)

Ventricular premature beats reduction (95%CI) adjusted —- 93.1% (95%CI 82–97.4%)

Incidence of ventricular couplets (24h) Control (N) Amiodarone (N)

Chiale et al., 1984 [32] 24/24 (100%) 2/24 (8.3%)

Haedo et al., 1986 [30] 14/14 (100%) 6/14(42.9%)

Relative risk (95%CI) adjusted 1 0.21 (0.11–0.39)

� Out of 38 patients, only 1 showed ventricular tachycardia (a single episode) during 24-hour Holter, after use of

amiodarone.

https://doi.org/10.1371/journal.pntd.0006742.t003
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Our systematic review and meta-analysis has several strengths. We performed IPD meta-

analysis, which has potential advantages such as increased power and reduced bias, and it is

considered the gold standard in evidence synthesis [41]. Moreover, our comprehensive search

of various databases, along with seeking the information from study authors and experts in the

field, makes it unlikely that any relevant study was missed.

However, our review has some limitations, especially related to the nature of the available

data. Most of our results are based on limited observational data. All included studies were

small and presented methodological limitations, and the majority of them presented a short-

term follow-up.

Another fact that may reduce the external validity of our findings is that all included studies

were published from 1980 to 1990. In the last 30 years, the treatment of heart failure and

arrhythmias has progressed exponentially. The addition of ACE inhibitors, beta-blockers and

mineralocorticoid antagonists has modified the evolution of heart failure, and the emergence

of electrophysiology as well has added the use of ablation therapies and implantable cardio-

defibrillators in the management of patients with Chagas cardiomyopathy. There is a gap in

the literature showing the effect of such developments on the number of events or mortality in

these patients.

An important aspect to highlight is the lack of interest of the scientific community regard-

ing this topic, where the most recent article included in the review was published in 1990, and

the absence of systematic reviews targeting this research question. Our study demonstrates the

lack of clinical trials and observational data on therapeutic options for chagasic cardiomyopa-

thy considering the current therapeutic arsenal.

In spite of data limitations, the estimates reported here show that amiodarone seems to be

an effective antiarrhythmic drug for patients with Chagas disease, reducing uncomfortable

symptoms such as palpitations and potentially fatal events related to ventricular tachycardia.

However, it is important to stress that there is no direct evidence for the reduction on clinically

relevant outcomes. Our findings may be useful to support clinicians’ decision-making in amio-

darone use, especially in settings where an implantable cardioverter defibrillator is not avail-

able or affordable, but there is a need to balance the potential benefits and harms at the

individual level.

Supporting information

S1 Checklist. PRISMA checklist.

(PDF)

S1 Appendix. PROSPERO protocol.

(PDF)

S2 Appendix. Search strategy.

(PDF)

S3 Appendix. Risk of bias assessment.

(PDF)

S4 Appendix. GRADE assessment.

(PDF)

S5 Appendix. Side effects.

(PDF)

Amiodarone for arrhythmia in patients with Chagas disease

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0006742 August 20, 2018 11 / 14

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006742.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006742.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006742.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006742.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006742.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0006742.s006
https://doi.org/10.1371/journal.pntd.0006742


Author Contributions

Conceptualization: Cinara Stein, Celina Borges Migliavaca, Verônica Colpani, Priscila Raupp
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