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Abstract

Sudden cardiac arrest (SCA) represents the most 
dramatic course of chronic Chagas cardiomyopathy 
(CCC) and is closely related to the presence of ventricular 
arrhythmias and heart disease. Although several aspects 
of ventricular arrhythmias in CCC have been elucidated 
in the last decades, such as the role of impaired cardiac 
autonomic modulation reported in pre-clinical studies, 
important questions remain unresolved regarding these 
cardiac problems and SCA. The aim of this article is to 
discuss recent developments in the understanding of 
the role played by the autonomic nervous system on 
arrhythmic events in CCC. We draw attention to the 
neurogenic theory of CCC (“catecholamine-induced 
cardiomyopathy”) and its autoimmune regulation. Finally, 
we contextualize treatment strategies for Chagas disease 
considering the prevention of malignant ventricular 
arrhythmias. The most clinically relevant message from 
this article may be the high negative predictive value of 
dysautonomia for SCA in CCC. Nevertheless, there is a 
long journey from the identification of a potential marker 
for SCA to its actual use, which will require a common 
effort by the entire Chagas community.

Introduction

Chagas disease (Chd), caused by Trypanosoma cruzi, is a 
life-threatening and persistent illness.1  The World Health 
Organization (WHO) estimates that over one million 

people suffer from chronic Chagas cardiomyopathy 
(CCC) in non-endemic countries,2  where its prevalence 
is currently rising. The number of deaths from CCC 
complications is expected to double with the increase in 
immigration observed in the last few decades in Europe 
and the United States.3

In Brazil, human Chd is still a major public health 
problem.4  In 2010 (data reviewed in 2015), the WHO 
estimated 1 156 821 infected people and 231 364 people with 
CCC,5 leading to 6000 fatal cases per year; these numbers 
represent around 48% of all deaths caused by human Chd 
in Latin America.4 Given the chronic nature of human Chd 
and the increased life expectancy in Brazil, it can be assumed 
that mortality due to this disease will remain high in the 
next decades. In addition, the treatment of the infection has 
shown no benefits once CCC is established, 6

Chd has a variable clinical presentation (further 
discussed in. 7)  The T. cruzi infection is followed by 
a short acute phase, which is usually self-limited and 
is asymptomatic in 95% of the patients; most acute 
infections are never clinically detected. In less than 1% of 
infections, the acute phase is severe and life-threatening 
due to meningoencephalitis or myocarditis.7 Rather 
surprisingly, there is still no known proven cure.8  
Acute cases of greater severity resulting from a higher 
parasitic burden tend to evolve into forms of CCC that 
are also more severe.9  The CCC is identified from an 
electrocardiographic alteration compatible with Chd, as 
discussed in. 6 In most cases, the disease enters its long-
lasting chronic phase starting with the indeterminate 
form: a long and latent stage of the infection. While 
most patients infected with T. cruzi will remain in the 
indeterminate form for a lifetime, illustrating that organ/
tissue aggression remains controlled in many patients, 
according to early studies (contemporary natural history 
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information is scarce,10) around 20–30% will develop 
clinically manifest lesions 10 to 30 years after the infection, 
mainly in the heart 3 and usually with a mild presentation 

.9 During this long disease progression period, recent 
literature revealed that the annual incidence of the cardiac 
form is relatively low, at 1.85%. 10

CCC is highly arrhythmogenic, more than other 
cardiomyopathies.6  It is characterized by severe 
ventricular arrhythmia beyond the typical conduction 
system defects, especially with a right bundle branch 
block and/or left anterior fascicular block 11-13 in the 
various stages of Chagas disease (often called the “silent 
killer”). One of the main modes of death is sudden 
cardiac death ([SCD] 55%-65%), of which 90% of cases 
are due to sustained ventricular tachycardia (SVT)/
ventricular fibrillation (VF) clinically manifest as SCD 
or sudden cardiac arrest (SCA)/resuscitated SCD.14-17 
In this regard, according to Laranja et al.,18 the potential 
risk of sudden death should be considered in Chagas 
patients with evidence of cardiac involvement. Indeed, 
SCA in Chd is closely related to heart disease,14 but not 
all patients with complex ventricular arrhythmias will 
develop SCA. Although there is no absolute proof that 
pathogen-induced cardiac remodeling19 is synonym to 
arrhythmic death in patients, ie, that halting cardiac 
remodeling could prevent SCA, there is a consensus 
that cardiac autonomic dysfunction is required for SCA 
to occur.20 Gadioli et al., in a study that analyzed the 
electrophysiological substrate of complex ventricular 
arrhythmias in CCC, suggested that factors other than 
the severity of the left ventricular dysfunction and the 
presence of regional myocardial fibrosis are likely to 
contribute to the genesis of these complex ventricular 
arrhythmias and ultimately SCA. 21

Thus, the present article aims to highlight recent 
developments in our understanding of the role played 
by the autonomic nervous system on arrhythmic events 
in CCC. We also discuss the neurogenic theory of chronic 
Chd (“catecholamine-induced cardiomyopathy”) and 
its autoimmune regulation. Finally, we present current 
treatment strategies for the prevention of malignant 
ventricular arrhythmias.

The Role of Autonomic Imbalance on Sudden 
Cardiac Arrhythmic Death

The detection of cardiac dysautonomia is a source of 
information when resolving the clinical enigma of sudden 
and unexpected death, particularly in CCC 20. The type 

and sequence of dysautonomic events that explain cardiac 
arrest (detailed in Table 1) are a matter of discussion. CCC 
is a unique condition because of the association between 
autonomic nervous system impairment and an increasing 
number of complex ventricular arrhythmias. 20-24

1. Evidence from Histopathology Studies 
It seems likely that most or all patients with Chagas 

disease undergo major pathological changes in the 
intertruncal plexus; these changes are among the least 
recognized but exceptionally important aspects of CCC. 
Alterations such as ganglionitis, periganglionitis, neuritis, 
and perineuritis are present during Chagas infection, 
with neural depopulation and a marked reduction in 
ganglionic density in both humans and experimental 
animal models.25 These changes predominantly occur 
during the acute phase of the Chagas infection by a 
combination of 3 factors: direct parasitism of neurons, 
degeneration caused by periganglionic inflammation, 
and an antineuronal autoimmune reaction. 26

The pathological changes in the intertruncal plexus 
in human Chd are so remarkable that some researchers 
consider them the main mechanism leading to SCD. 
Reviews of studies on cardiac autonomic dysfunction 
explain the presence of ventricular arrhythmias in the 
non-remodeled ventricle as a result of a prolonged 
autonomic imbalance. This imbalance is in turn caused 
by an intense and early parasympathetic neuronal 
depopulation, which would eventually lead to a 
“catecholamine-induced cardiomyopathy”. 27 

Studies using animal models showed that neuronal 
cell death occurs mainly or exclusively during the acute 
phase .28,29 Nevertheless, the autonomic neurons have a 
high capability for axonal regrowth or sprouting.30 and 
sympathetic reinnervation was reported in humans 
during the chronic phase of Chd after procedures 
such as heart transplantation and stem cell therapy.31,32 
However, the re-establishment of functional neuro-
effector junctions due to axonal regeneration during 
the chronic phase is disorganized, random, and not 
complete. The parasympathetic innervation presents an 
analogous behavior: a marked destruction of nervous 
fibers and a decrease in heart acetylcholine (ACh) 
levels during the acute phase, followed by functional 
re-establishment in a disorganized, random, and 
incomplete manner during the chronic phase.28 It is 
still unclear why parasympathetic denervation appears 
more intense than sympathetic denervation, leading to 
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the “catecholamine-induced cardiomyopathy” present 
in the realm of the neurogenic theory for Chd; it is 
possible that the localization of post-ganglionic neurons 
of the parasympathetic system in the heart may lead to 
greater damage and a slower reinnervation rate, since 
neuronal damage seems to be restricted to the nerve 
terminals 28. In fact, this residual cardiac sympathetic 
activation was demonstrated in studies with iodine-123 
metaiodobenzylguanidine (123I-MIBG) scintigraphy, 
where myocardial sympathetic innervation was indicated 
by an increased 123I-MIBG washout rate. This could be the 
result of relatively increased cardiac sympathetic activity 
at the early stage of CCC, supporting the neurogenic 
theory stated above. 23,33,34 More importantly, the vagal-
cholinergic pathway plays a direct role in preventing the 
initiation of complex ventricular arrhythmias, including 
non-sustained ventricular tachycardia (NSVT) and 
ventricular fibrillation. 35,36 

Corroborating previous reports, a recent study used 
myocardial scintigraphy with 123I-MIBG to measure 
sympathetic innervation and rest myocardial perfusion 
using 99mTc-Sestamibi (MIBI) in Chagas patients 
with normal or mildly reduced left ventricular systolic 
function. The results indicated that the occurrence of 
ventricular arrhythmias of different degrees of severity 
correlated quantitatively with the extent of ventricular 
sympathetic denervation, but not of fibrosis, suggesting 
that myocardial sympathetic denervation played a major 
role in triggering these arrhythmias. 21 Moreover, the 
presence of different degrees of myocardial sympathetic 
denervation in patients with similar resting myocardial 
perfusion imaging summed scores but different MIBG 
summed scores suggested that the mechanism of 
sympathetic neuronal damage may not be related to the 
microcirculation abnormalities responsible for perfusion 
defects. The reason why some patients with similar levels 
of fibrosis and perfusion defects have different amounts of 
denervated myocardium is still unknown, and the future 
understanding of the causes of neuronal damage in CCC 
should contribute to the design of effective treatments.

The coexistence of denervated and innervated areas 
37, the presence of regional myocardial fibrosis,37,38 and 
the potential influence of these structures in inotropic, 
chronotropic, and dromotropic activities in the diseased 
myocardium is clear. Their effects on the recovery of 
excitability result in an increase of the dispersion of action 
potential duration to a critical level 39 during residual 
sympathetic activation and increase the propensity to 
ventricular arrhythmias. 33-35,40  Although it is difficult 

to determine the independent effects of impaired 
cardiac autonomic modulation, it certainly influences 
the recovery of excitability , as recently suggested by 
myocardial scintigraphy studies. 21 This is certainly 
an area of research that merits further investigation. 
Differences in the response to residual sympathetic 
activation can be due to heterogeneous sympathetic 
innervation or ion channel distribution, in addition to 
myocardial remodeling and the resultant ventricular 
electrophysiological effects. 41 

2. The Mechanism of Autonomic Dysfunction 
Although the mechanism of autonomic dysfunction 

in CCC has yet to be clarified, studies reported the 
presence of circulating antibodies with the capacity of 
binding to cholinergic (Ac-M) as well as adrenergic (Ac-β) 
receptors.42-46  These findings could conciliate neurogenic 
alterations 20 and an immunological aggression 47 as 
interacting and relevant pathophysiological factors 
(particularly, the electrophysiological role of antibodies). 

A research group at the Federal University of Rio 
de Janeiro, Brazil, first reported in 1994 that a humoral 
component could be involved in the genesis of ventricular 
arrhythmia in CCC. Their results indicated that sera from 
rabbits infected with T. cruzi generated atrioventricular 
conduction disturbances in isolated rabbit hearts.48 Three 
years later, we confirmed this hypothesis by showing 
that antibodies originated from chronic chagasic patients 
presenting complex ventricular arrhythmias decreased 
heart rates and caused atrioventricular blocking in 
isolated rabbit hearts.49  In line with these studies, a 
research group characterized 58 serum samples of 
patients with CCC and described that some of them had a 
β-adrenergic effect and induced ventricular arrhythmias 
through communicating junctions in a culture of 
newborn rat cardiomyocytes. This result suggested 
another mechanism through which these antibodies 
could contribute to the occurrence of arrhythmias.50

Until 2007, studies associated the role of antibodies 
to conduction disorders, focusing mainly on the 
atrioventricular conduction disturbance. However, 
they did not consider that these proteins could mediate 
the ventricular repolarization involvement and thus 
be related to the induction of ventricular arrhythmias, 
which are among the main causes of death in patients 
with CCC.51  Indeed, our group was able to show, for the 
first time, that patients with CCC who had antibodies 
with muscarinic activity presented higher QT interval 
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dispersion when compared to chronic chagasic patients 
that did not have this type of antibody in their sera. It 
is worth mentioning that antibodies with a muscarinic 
effect, when perfused in isolated rabbit hearts under 
controlled heart rates, increased QT intervals.52 More 
recently, our group showed that autoantibodies with 
beta-adrenergic activity from CCC patients induced 
ventricular arrhythmias and early afterdepolarization 
in drug-induced LQT2 rabbit hearts.53

3. The Electrophysiological Proposal
In CCC, the prolongation of the QT interval is 

associated with functional re-entry, ventricular 
arrhythmia (especially torsade de pointes), and sudden 
death. Studies showed that increases in catecholamine 
residual levels prolong the QT interval in Chagas 
disease ,52,53 and robust data link the presence of cardiac 
repolarization abnormalities and the risk of arrhythmic 
death in CCC. Cohort studies reported, after Cox 
regression adjustment for cardiovascular disease, that 
an abnormal QT interval or increased QT dispersion,54 
as well as T-wave axis deviation 55 or primary T-wave 

abnormalities in a 12-lead ECG 56 were associated with 
an increased risk of death. Other methods of evaluating 
repolarization variability, such as T-wave amplitude 
variability 56 and T-wave spatial heterogeneity,57  were 
independently associated with higher risk in a relatively 
small cohort. Finally, microvolt T-wave alternans, 
evaluated by a commercial method and useful in other 
conditions, is abnormal in CCC,58 

Nevertheless, a consensus emerges from these studies 
that successful risk assessment of patients with CCC 
needs to involve a combination of different indices that 
reflect not only the pathological substrate but also the 
autonomic regulation of cardiac electrophysiology. It is 
important to state that pre-existing electrophysiological 
heterogeneity is a sine qua non for ventricular arrhythmias 
to occur. In fact, some studies aimed at addressing this 
requirement used the dynamic beat-to-beat method 
as a measure of repolarization heterogeneity.41,59 It is 
nonlinear, highly dynamic, occurs independently from 
underlying heart rate variability, and varies with normal 
and abnormal physiological conditions, including 
autonomic state. It is also important to note that there 

Chagas patient, male, 30 years old; ECG showed right bundle branch block + left anterior hemiblock + unsustainable monomorphic 
ventricular tachycardia ; echo / chest radiography revealed dilated cardiomyopathy; TILT test showed dysautonomy; myocardial 
scintigraphy with MIBG showed sympathetic ventricular denervation (dysautonomia); 24h-Holter highlighted several episodes of 
unsustainable monomorphic ventricular tachycardia. High-risk patient for sudden death, implanted ICD
ECG: electrocardiography; ICD: implantable cardioverter-defibrillator.
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is no correlation between QT dispersion, a conceptually 
flawed measure of repolarization heterogeneity, and the 
dynamic beat-to-beat method.60

Recent studies analyzed the electrical restitution 
heterogeneity in another disease 61,62 and suggested 
autonomic modulation as a factor that contributed to 
the break-up of the electrical wave front, increasing the 
propensity to ventricular arrhythmias. 

Some researchers suggest dynamic beat-to-beat 
analysis as a promising novel biomarker of SCD risk 
in ischemic cardiomyopathy. 36,41,59,61-66 Ongoing clinical 
studies, including a multicenter British study, are being 
conducted to consolidate the evidence base for periodic 
repolarization dynamics and develop a successful clinical 
tool for the assessment of SCD risk.62  In Brazil, our group 
has explored the potential role of dynamic beat-to-beat 
analysis in SCA risk stratification in CCC. MobileECG, a 
ubiquitous platform that explores beat-to-beat dynamics 
over collaborative databases, is currently being developed 
for its application in the Brazilian Unified Health System 
in patients with CCC. 67 

Therapeutic Perspectives

After more than three decades dedicated to vector 
control and blood safety programs with successful 
results, the approach to Chagas disease by the scientific 
community and global health policy makers is entering 
a new phase. Today, the main priorities of international 
funders are treatment models that may produce clinical 
effects in the patients. The future will rely on the search 
for new therapeutic strategies that are efficient and 
well tolerated, reflecting in the clinical improvement of 
patients with this neglected tropical disease.

As previously mentioned, ventricular arrhythmias are 
very common in patients with CCC,6 and sustained rapid 
ventricular tachycardia is recognized as the most important 
cause of sudden cardiac death in Chagas heart disease. 68 
It has been identified in patients with segmental diseases, 
with or without important ventricular dysfunction, and 
ICD implants are recommended to prevent sudden cardiac 
death. 68,69 However, the use of ICDs is hampered by the 
lack of controlled data to establish precise indications and 
efficacy.70-72 In fact, the evidence on the use of amiodarone, 
β-blockers, enzyme inhibitors, aldosterone blockers,73 and 
devices such as the ICD is not yet conclusive to support or 
reject their use,71,72 which is recommended based on limited 
observational data and the extrapolation of results from 
other patient populations.

Official statistics record about 12,500 deaths due to 
Chd each year, with 60% (or 7,500 deaths) occurring 
suddenly. The annual rate of sudden death can be 
estimated at 0.17 to 0.19%,14 since there are 6-7 million 
infected individuals in Latin America. Thus, in order 
to prevent two cases of sudden death in the general 
chagasic patient population, any intervention should 
be applied to another 998 chagasic individuals who will 
not present any events. Particularly, the implantation of 
ICDs represents a high-cost intervention and requires 
multiple implants to save a life, since studies show that 
only one in every eighteen ICD implants is actually 
effective. This is another aspect that demonstrates the 
uniqueness of Chagas disease and evidences the need 
for identifying subgroups of sudden death risk patients 
that would be potential candidates for a more intensive 
prevention strategy.

Over the years, clinical studies showed that the vagal-
cholinergic pathway could play a direct role in preventing 
the initiation of complex ventricular arrhythmias. 
Unfortunately, the effects of chronic vagal stimulation 
(VNS) on the occurrence of arrhythmia were investigated 
in humans and produced unfavorable results.74-76 Similar 
outcomes were obtained with studies on sympathetic 
denervation through the use of pharmacological agents. 77 

At the moment, all efforts are focused on strategies 
to eliminate circulating antibodies with the capacity of 
binding to cholinergic (Ac-M) as well as adrenergic (Ac-
β) receptors in patients with CCC.

A relevant and often ignored facet of CCC is the 
presence in nearly all cardiac chagasic patients of 
agonistic autoantibodies against G-protein coupled 
receptors, such as those against muscarinic and beta-
adrenergic receptors. Studies by our and other groups 
have extensively characterized these antibodies and 
showed that they can modulate electrogenesis and 
impulse conduction in isolated hearts. 46-53 Both classes 
of antibodies are regarded as “drivers” of cardiac 
arrhythmia in CCC. Consequently, to counteract the 
arrhythmogenic potency of agonistic antibodies against 
G-protein coupled receptors, treatment strategies that 
focus on the removal of these antibodies by whole 
immunoglobulin G apheresis or in vivo antibody 
neutralization 78-80 have been developed; these could 
possibly have a beneficial effect in Chagas patients with 
complex ventricular arrhythmias that are refractory to 
conventional treatments. It is also necessary to explore 
specific and appropriate suppression times or dose-
dependent effects that could contribute to the control of 
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Another therapeutic option could be the use of stem 
cells for tissue repair. This new strategy is being intensely 
investigated in clinical assays 81.

Concluding Remarks 

Although several aspects of ventricular arrhythmias in 
CCC have been elucidated in the last decades, important 
questions regarding the mechanisms of sudden arrhythmic 
death remain unresolved. While pre-clinical studies have 
documented the role of impaired cardiac autonomic 
modulation in ventricular arrhythmias, the translational 
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and perhaps the most clinically relevant message from 
this article may be the high negative predictive value of 
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