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Abstract

Chagas heart disease (CHD) affects approximately 30% of patients chronically
infected with the protozoa Trypanosoma cruzi. CHD is classified into four stages of
increasing severity according to electrocardiographic, echocardiographic, and
clinical criteria. CHD presents with a myriad of clinical manifestations, but its
main complications are sudden cardiac death, heart failure, and stroke.
Importantly, CHD has a higher incidence of sudden cardiac death and stroke than
most other cardiopathies, and patients with CHD complicated by heart failure
have a higher mortality than patients with heart failure caused by other etiologies.
Among patients with CHD, approximately 90% of deaths can be attributed to
complications of Chagas disease. Sudden cardiac death is the most common cause
of death (55%-60%), followed by heart failure (25%-30%) and stroke (10%-15%).
The high morbimortality and the unique characteristics of CHD demand an
individualized approach according to the stage of the disease and associated
complications the patient presents with. Therefore, the management of CHD is
challenging, and in this review, we present the most updated available data to
help clinicians and cardiologists in the care of these patients. We describe the
clinical manifestations, diagnosis and classification criteria, risk stratification, and
approach to the different clinical aspects of CHD using diagnostic tools and
pharmacological and non-pharmacological treatments.

Key Words: Chagas disease; Diagnosis; Treatment; Heart failure; Arrhythmia; Stroke
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Core Tip: Chagas heart disease (CHD) is associated with high mortality and a myriad of
clinical manifestations, including bradyarrhythmias, tachyarrhythmias, stroke, heart
failure, and sudden death. Therefore, adequate care of these patients requires careful
follow-up, clinical stratification, and knowledge of possible CHD complications and
their treatment. In this review, we present the most up-to-date available data to
optimize the care of these patients. We describe the clinical manifestations, diagnosis
and classification criteria, risk stratification, and approach to the different clinical
aspects of CHD using diagnostic tools and pharmacological and non-pharmacological
treatments.

Citation: Saraiva RM, Mediano MFF, Mendes FS, Sperandio da Silva GM, Veloso HH,
Sangenis LHC, Silva PSD, Mazzoli-Rocha F, Sousa AS, Holanda MT, Hasslocher-Moreno
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INTRODUCTION

Chagas disease (CD) is responsible for the highest economic and health burden among
parasitic diseases in the Western hemisphere[1]. It is caused by the protozoa
Trypanosoma cruzi (T. cruzi), which infects 6 to 7 million people worldwide[2].
Although it has usually been confined to endemic rural areas in Latin America,
migration movements have caused the urbanization of the disease, followed by its
spread to other continents. Currently, CD is not only a major cause of death in
endemic countries[2], but is also an important cause of morbidity and mortality among
immigrant populations in non-endemic countries, such as Spain and the United States
[3]. At least 300000 up to 1000000 people living in the United States have chronic CD
[4]. Most of them are unaware of their condition but are at risk of developing Chagas
heart disease (CHD). For instance, among relatives of patients with CD in California,
7.4% had CD diagnosed after a screening test[5]. The same situation may be
reproduced in other countries where significant migration movement from Latin
American countries occurred. In Europe, there is an estimated 120000 people living
with CD, around 43% of which are in Spain[6], with a prevalence of T. cruzi infection
among Latin American migrants of 6.08%[7].

The main route of transmission in people born in endemic areas is vector-borne
transmission. However, food-borne transmission has recently become a concern in the
Amazon region, with an increasing number of acute CD cases[8]. Other routes of
transmission may occur in endemic and non-endemic countries, including blood
transfusion, congenital, and organ transplantation. Adequate control measures can
decrease the risk of transmission by all of these routes; however, patients who are
already infected require proper care to prolong their lives, prevent complications, and
improve quality of life.

CHD pathophysiology is influenced by parasite persistence, together with an
inflammatory response that leads to chronic fibrosing myocarditis, ventricular
remodeling, and damage to the electrical conduction system[1,9]. There is evidence
that an imbalance favoring an inflammatory response against persistent parasites
within the myocardium is one of the main mechanisms for CD progression[10,11].
Other possible mechanisms involved in CD progression include coronary micro-
vascular disease and cardiac autonomic dysfunction[12]. Ultimately, patients will
present with a myriad of clinical manifestations, including bradyarrhythmia, tachyar-
rhythmia, cardioembolic events, heart failure (HF), and sudden death[1,9,12,13]. They
present with a high 10-year mortality rate, ranging from 10% in the low-risk group to
84% in the high-risk group[14]. Sudden cardiac death is the main mode of death,
followed by HF and stroke[1,9,12]. Importantly, CHD has a higher incidence of sudden
cardiac death and stroke than most other cardiopathies, and patients with CHD
complicated by HF have a higher mortality than patients with HF caused by other
etiologies[15,16].
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Specific CD treatment with trypanocidal drugs is indicated during the acute phase
of the disease or in cases of reactivation that may occur due to immunosuppression[9].
In patients with chronic indeterminate CD, trypanocide treatment should also be
offered because it decreases the rate of CD progression[17,18], the occurrence of a
composite outcome of clinical events (HF, stroke, or device implantation with a
pacemaker or implantable cardioverter defibrillator)[17], and the risk of congenital
transmission. However, in patients with CHD, trypanocide treatment was not
associated with improved outcomes[19]. Therefore, the care of patients with CHD
relies on measures to prevent or treat CHD complications to improve their survival
and quality of life. In this review, we present the most up-to-date available data to
help clinicians and cardiologists in the care of these patients. We describe the clinical
manifestations, diagnosis and classification criteria, risk stratification, and approach to
the different clinical aspects of CHD using diagnostic tools and pharmacological and
non-pharmacological treatments.

DEFINITION AND DIAGNOSIS CRITERIA

CD presents with two distinct temporal phases: acute and chronic. The acute phase
begins soon after infection, presenting with fever and systemic symptoms, inflam-
matory physiopathogenesis, and intense parasitemia. Meanwhile, the chronic phase
begins after regression of the acute phase and remains throughout life. It is charac-
terized by fibrosis as the main physiopathogenic mechanism and progresses with no
or extremely low parasitemia[l,9]. The chronic phase is comprised of three well-
defined clinical forms: The first, affecting approximately 60% of patients, is the
indeterminate form, which is classically characterized by the absence of symptoms and
signs, with no changes identified on electrocardiography (ECG), chest radiography,
and gastrointestinal tract examinations; the second is the cardiac form, which presents
with rhythm and/or conduction disorders, segmental (most frequent) or global left
ventricular (LV) systolic dysfunction with or without HF, and/or thromboembolic
events; and the third is the digestive form, which presents with esophageal and
intestinal peristaltic dysfunction, with symptoms related to megaesophagus and
megacolon[9].

The first study that described CHD was published by Carlos Chagas and Eurico
Villela in 1922[20]. This study presented a new cardiopathy observed in 63 patients
with CD. It was associated with rhythm and conduction disorders. In the 1940s, Dias et
al[21] and Laranja et al[22] defined the first clinical criteria for CHD and presented it as
a well-defined clinical entity that could be distinguished from other chronic heart
diseases, in addition to particular ECG changes that were not found in the analysis of
similar groups with other heart diseases. In 1956, Dias et al[23] presented a pioneering
study on an extensive series of patients with CHD from endemic areas, in which they
consolidated the histopathological, clinical, and ECG criteria that define this heart
disease.

CHD is one of the most frequent and severe clinical presentations of the chronic
phase of CD. It is responsible for significant morbidity and mortality[14]. Classically,
CHD is diagnosed when the patient presents with a positive serological or parasito-
logical test for T. cruzi and ECG shows typical CHD changes in the absence of other
heart diseases that may cause these changes[9]. However, patients with the
indeterminate form based on ECG criteria may present with wall motion abnormalities
in 13% of echocardiograms[24]. Therefore, others use ECG, clinical and echocardio-
graphic criteria to categorize patients into those with definite, probable, and possible
CHD diagnoses[25]. The possible presence of wall motion abnormalities in patients
with normal or nonspecific changes on ECG indicates that at least one echocardiogram
should be obtained for all patients with CD[1]. However, at the primary care level in
places with limited access to health resources, the echocardiogram may be postponed
until typical CD changes appear on ECG[9].

The ECG changes considered typical (definitive CHD) were systematized by Biolo et
al[26] and included second- and third-degree right bundle branch blocks, whether or
not associated with a left anterior fascicular block; frequent polymorphous or
repetitive ventricular premature beats (VPBs) > 1 on ECG; nonsustained ventricular
tachycardia (VT); second- and third-degree atrioventricular blocks; sinus bradycardia
with a heart rate < 40 beats/min; sinus node dysfunction; second- and third-degree left
bundle branch blocks; atrial fibrillation; and electrical inactive segment and primary
ST-T wave changes. Nonspecific (non-definitive CHD) changes on ECG include sinus
bradycardia with heart rate > 40 beats/min; low voltage QRS; nonspecific ST-T wave
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changes; first-degree right bundle branch block; left anterior fascicular block; isolated
VPBs; and first-degree atrioventricular block.

CHD CLASSIFICATION

There are several different classification systems for chronic CD that share some
similarities, such as the use of ECG and echocardiographic findings as classification
criteria, but also disparities that make comparisons between clinical studies and
management guidelines complicated. Moreover, current classifications share similar
codes for strata classification but with different meanings, which can lead to
difficulties when comparing clinical studies and discussing cases. Furthermore, several
studies classify patients as symptomatic or asymptomatic. This specific classification is
troublesome, as the “asymptomatic patient” class includes patients with both
indeterminate and cardiac forms at earlier stages, with isolated changes on ECG or
wall motion changes on echocardiography but no HF symptoms.

Here, we will discuss five CD classifications: the Kuschnir classification[27], the
Brazilian Consensus on Chagas Disease[9], the modified Los Andes classification[28],
the Latin American Guidelines[12] and the American Heart Association (AHA)
Statement[1]. They take into account the ECG, chest radiography, echocardiogram,
and clinical symptoms of HF, including the New York Heart Association (NYHA)
functional class, which have implications on patient prognosis. All of them have some
limitations in identifying the risk of events other than HF, such as cardioembolism or
sudden cardiac death. In fact, HF is the focus of the question in all these scales.
However, sudden cardiac death is a relevant mode of death in CD and manifests
frequently without previous symptoms or even without severe LV systolic dysfunction
[29].

The Tables 1-5 show the description of these five classifications. Figure 1 presents
these different classification systems to facilitate their understanding and shows a
comparison of the results from different clinical studies. We assumed that patients
with an enlarged heart on radiography would have an abnormal LV ejection fraction
to be able to include the Kuschnir classification in Figure 1. However, the Los Andes IB
group cannot be compared to other classifications, as it is comprised of patients with
normal ECG and abnormal echocardiogram.

It would be interesting to evaluate the discriminatory capacity of each classification
system in relation to prognosis. The Kuschnir classification[27] considers only the
findings on ECG, radiography, and clinical symptoms, without echocardiogram
findings. Therefore, patients with echocardiographic findings, such as mild LV systolic
dysfunction, aneurysms, and LV wall motion changes, who have a worse prognosis
than patients with isolated ECG changes are not discriminated by this classification.
Furthermore, this classification loses the ability to stratify the severity of heart disease.

The Brazilian Consensus Classification[9] was designed to classify patients with
CHD into stages with prognostic value. It includes patients with abnormal ECG, since
patients with normal ECG findings might have a similar prognosis and risk of death as
the population without CD. The classification was derived from a cohort study that
observed that global LV systolic dysfunction and HF were the most important markers
of prognosis. The mortality rates in 5 years were as follows: stage A, 13%; B (1 and 2),
45%; C, 91%; and D, 98%. Since the difference between stages B and C was significant,
stage B was divided into Bl and B2, with a cut-off point at an LV ejection fraction of
45%[9].

The Los Andes classification is divided into four categories. However, two of them
include a normal ECG and may have a similar prognostic value. In addition, patients
with an abnormal ECG and/or changes in echocardiogram were grouped together in
the same stage (stage II), although patients with isolated changes on ECG have a better
prognosis[9].

The Latin American Guidelines Classification includes patients with normal ECG
(indeterminate chronic form) in stage A. Stage B1 includes those with abnormal ECG
and mild echocardiographic alterations in the same group, which decreases the
potential for stratification of the classification. The other stages consider the presence
of systolic ventricular dysfunction and HF symptoms to discriminate the different
prognostic stages (stages B2, C, and D)[12].

The AHA statement classification describes stage A as an indeterminate chronic
form without cardiac or digestive abnormalities. Stage Bl includes patients with
segmental contractility abnormalities and normal or altered ECG, which mixes
different prognoses in the same group. In addition, stage B2 includes patients with
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Table 1 Kuschnir classification (1985)[27]

Classification ECG X-ray / cardiac symptoms

0 Normal ECG findings Normal heart size (on chest X-ray)
I Abnormal ECG findings Normal heart size (on chest X-ray)
I Left ventricular enlargement

I Congestive heart failure

ECG: Electrocardiogram.

Table 2 Brazilian consensus classification[9]

Classification ECG Echocardiogram HF
A Abnormal No LV wall motion abnormalities No
Bl Abnormal LV wall motion abnormalities with LV ejection fraction (LVEF) > 45% No
B2 Abnormal LV wall motion abnormalities with LVEF <45% No
Abnormal LV wall motion abnormalities Compensated HF
D Abnormal LV wall motion abnormalities Refractory HF

ECG: Electrocardiogram; HF: Heart failure; LV: Left ventricular.

Table 3 Modified Los Andes classification[28]

Classification ECG Echocardiogram HF
IA Normal Normal No
1B Normal Abnormal No
I Abnormal Abnormal No
111 Abnormal Abnormal Yes

ECG: Electrocardiogram; HF: Heart failure.

Table 4 | Latin American guidelines[12]

Classification ECG /X-ray Echocardiogram HF

A No structural heart disease (normal _ No
ECG and chest X-ray)

Bl ECG changes (arrhythmias or Mild contractile abnormalities with  No
conduction disorders) normal LVEF
B2 Decreased LVEF No
Decreased LVEF Prior or current symptoms of HF
D Symptoms of HF at rest, refractory to maximized medical

therapy (NYHA functional class IV).

ECG: Electrocardiogram; HF: Heart failure; LVEF: Left ventricular ejection fraction; NYHA: New York Heart Association.

mild and severe systolic dysfunction, which also results in a heterogeneous group with
different therapeutic approaches and prognoses[1].

We adopted the Brazilian Consensus Classification throughout this review, as we
understand that CHD is better stratified into stages of increasing severity and
worsening prognosis by this classification system.
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Table 5 American Heart Association Statement[1]

— . Digestive
Classification ECG/ Echocardiogram HF g
changes
A (Indeterminate form - patients Normal ECG Neither structural cardiomyopathy or HF No
at risk for developing HF) symptoms

Bl

B2

Structural cardiomyopathy evidenced by ECG or Neither current or previous signs and symptoms of
echocardiographic changes with normal LVEF HF

Structural cardiomyopathy characterized by Neither current or previous signs and symptoms of
decreased LVEF HF
LV systolic dysfunction Current or previous symptoms of HF (NYHA

functional class I, II, II, or IV)

Refractory symptoms of HF at rest despite
optimized clinical treatment requiring specialized
interventions.

ECG: Electrocardiogram; HF: Heart failure; LVEF: Left ventricular ejection fraction; NYHA: New York Heart Association.

Classification

Kuschnir

Brazilian

Los Andes

Latin American

AHA Statement

No ECG changes

ECHO changes Heart failure

ECG changes No LV dysfunction LV dysfunction  Non end stage End Stage

0 I II II1
Indeterminate A B1 B2 C D
IA II II1
A B1 B2 C D
A B1 B2 C D

Figure 1 Schematic representation of the different classification systems of Chagas disease. We assumed that patients with an enlarged heart on
chest radiography would have left ventricular systolic dysfunction on echocardiography in order to be able to compare all classifications.

Jaishideng®

ROUTINE ASSESSMENT AND FOLLOW UP

The clinical management of patients with chronic CD should consider the various
forms of the disease. Clinical procedures, guidelines, directives, and protocols have
been presented in the last decade to improve the comprehensive approach to CD in
terms of patient care at the primary, secondary, and tertiary levels[9,12,30,31].

Patients with CD should be clinically evaluated and should undergo an ECG to
diagnose CHD. In cases of CHD, it is necessary to identify the degree of myocardial
involvement, determine clinical prognosis with emphasis on stratification of the risk of
death, and initiate pharmacological management. Patient education should be part of
the patients’ integrative care.

The initial diagnostic evaluation of patients with CHD includes clinical, epidemi-
ological, and social evaluation[9,32], which is comprised by their medical history,
physical examination, and collection of epidemiological and social data. General
laboratory evaluations include complete blood count, biochemistry, electrolytes, liver
function, and lipid count tests. This initial evaluation is important to identify possible
comorbidities, such as essential arterial hypertension, diabetes mellitus, dyslipidemia,
obesity, kidney failure, and thyroid disorders. Specifically, B-type natriuretic peptide
(BNP and NT-ProBNP) analyses may be useful for diagnosing HF in clinically
suspected patients, as well as to define the prognosis[33]. Imaging tests include
posteroanterior and lateral chest radiography with the contrasted esophagus, ECG,
echocardiography, 24-h Holter monitoring, and cardiac stress test. In the context of
primary care and the presence of a normal ECG, echocardiography is not mandatory
[9]. In case of ECG changes, an echocardiogram and Holter monitoring are mandatory.
If the initial diagnostic evaluation suggests CD with digestive involvement, the patient
can be referred for a radiologic contrast study of the esophagus and/or colon, upper
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digestive endoscopy, and/or colonoscopy. Patients with a previous history or
symptoms suggestive of coronary disease and/or ECG changes compatible with
ischemic heart disease should be investigated with diagnostic tests as recommended in
specific guidelines. It is important to emphasize that the accuracy of functional tests
(cardiac stress test and myocardial scintigraphy) for diagnosing coronary disease is
reduced in patients with CHD, and preference is given to invasive (coronary cinean-
giography) or noninvasive (coronary computed tomography angiography) anatomical
tests, which are the best choice according to the estimated pre-test probability of
coronary disease.

During routine follow-up, it is essential to characterize and monitor the NYHA
functional class. In CHD staging, the algorithm used to evaluate patients with CD is
based on ECG and echocardiogram[9]. Asymptomatic patients with ECG changes and
normal echocardiograms are included in stage A CHD. Follow-up should be
maintained at the primary care level, and patients should undergo ECG annually and
echocardiography every 2 years. Asymptomatic patients with ECG changes presenting
with LV wall motion changes and LV ejection fraction > 45% are included in stage B1
CHD. Follow-up should be maintained at the primary care level, and patients should
undergo ECG annually and echocardiography every 2 years or whenever clinical
progression is suspected. Asymptomatic patients with ECG changes and LV ejection
fraction < 45% are included in stage B2 CHD. Patients should be referred to the
secondary care level, with consults every 3-4 mo, and ECG and echocardiograms
performed annually or whenever there are clinical changes. Patients with HF
symptoms responsive to treatment are included in stage C CHD and should also be
referred to the secondary care level, with consultations every 3 mo, and ECG and
echocardiograms performed annually or whenever there are clinical changes. Patients
with HF symptoms refractory to conventional treatment are in stage D CHD and
should be referred to the tertiary care level. The need for other procedures, such as
cardiac resynchronization[34], cardiopulmonary rehabilitation program([35], use of
new pharmacological drugs[36], and heart transplantation[37] should be evaluated.

Risk stratification in CHD aims to identify patients with increased mortality risk in
order to define therapeutic interventions and closer surveillance. The most powerful
predictor of CHD is LV systolic function. The Rassi score is the most commonly used
risk score, which includes six independent prognostic factors: NYHA class III or IV (5
points), increased cardiothoracic ratio on chest radiography (5 points), LV systolic
dysfunction on echocardiography (3 points), nonsustained VT on 24-h Holter
monitoring (3 points), low QRS voltage on ECG (2 points), and male sex (2 points)[14].
Patients were classified into three risk groups: low risk (0-6 points), intermediate risk
(7-11 points), and high risk (12-20 points). The 10-year mortality rates for these three
groups were 10%, 44%, and 84%, respectively[14]. Other risk score has recently been
proposed, including age (10 points per decade), NYHA functional class higher than I
(15 points), heart rate > 80 beats/min (20 points), QRS duration = 150 ms (15 points),
and abnormal NT-proBNP adjusted by age (55 points). The patients were classified
into three risk categories at baseline (low, < 2%; intermediate, 2 2% to 10%; high, >
10%). The observed mortality rates in the low-, intermediate-, and high-risk groups
were 0%, 3.6%, and 32.7%, respectively[38]. Both scores[14,38] underwent external
validation and used all-cause mortality as the endpoint. However, the mechanisms
underlying the three main modes of death in CHD may influence the risk scores.
Therefore, other scores have been proposed to assess the risk of specific modes of
death in CHD. Our group published a score to predict sudden cardiac death based on
clinical, echocardiographic, and ECG data, which classifies patients into low,
intermediate, and high risk of sudden death[29]. Similarly, our group also proposed a
score to identify CHD patients at higher risk of stroke, which includes four variables:
LV systolic dysfunction, apical aneurysm, primary ST changes on ECG, and age > 48
years[39].

Many other predictors of poor outcomes in CHD have been published, including
right ventricular (RV) systolic dysfunction[40], left atrial (LA) volume and function
[41], LV diastolic function[41,42], and biomarkers such as BNP, transforming growth
factor f1, and metalloproteinase[33,43-45].

ECHOCARDIOGRAPHY AND NEW IMAGING EXAMS

Echocardiography is a key method for the evaluation and follow-up of patients with
CHD due to its wide availability, machine portability, and the information it provides.
Echocardiography allows the classification of CHD patients into stages, identification
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of complications, and follow-up and risk assessment of patients with CD. Echocardio-
graphy can identify chamber size, global and regional LV contractility, LV aneurysms,
LV diastolic dysfunction, LA size and function, and RV systolic dysfunction[9,12,41].
Echocardiography is also important to identify the presence of other non-CHD
diseases that may be responsible for clinical and/or ECG changes.

In the early stages of chronic CHD, echocardiography may demonstrate segmental
LV wall motion abnormalities and diastolic dysfunction[46]. Segmental wall motion
disturbances may range from hypokinesis to small or large aneurysms. The LV
segments that most commonly present wall motion abnormalities are the inferior and
inferolateral walls, and the apex[24] (Figure 2). These wall motion abnormalities can be
detected in one or more LV segments in the same patient, and have prognostic implic-
ations[47]. LV aneurysm prevalence in patients with CD ranges from only 2% in
patients with the indeterminate form to approximately 45% of CD patients with LV
systolic dysfunction and HF[48]. Most aneurysms are found in the classic narrow-neck
apical location, but they can also be found in other sites, such as the inferolateral and
basal inferior walls, the interventricular septum, and even the RV apex[49]. Chagas
heart aneurysms have crucial importance because of their relationship with embolic
[39,50-52] and arrhythmic[49,53,54] events. Apical aneurysms are more associated with
intraventricular thrombi (Figure 3) and stroke risk, while inferolateral aneurysms are
more associated with arrhythmia risk. However, apical aneurysms can be missed in
conventional 2D apical views due to apical foreshortening, dropout, or near-field
artifacts. Therefore, echocardiographic examinations require standard views and
modified four- and two-chamber views to detect small apical aneurysms with or
without thrombus. Contrast echocardiography, better harmonic imaging, and three-
dimensional (3D) applications may allow for more accurate detection of LV aneurysms
and thrombi in CD, especially in those with inadequate acoustic windows.

Because of the extensive wall motion abnormalities in CHD, LV volumes and
ejection fraction are preferably estimated according to the modified Simpson’s rule
instead of the Teicholz method.

Even early in the disease, chronic CHD may already affect diastolic function[41].
Usually, the first abnormality is impaired LV relaxation, and as CHD progresses to the
late stages, LV pseudo-filling and restrictive patterns increase in prevalence[41]. The
prevalence of diastolic function abnormality varies according to study methodologies,
but has been described to range from 10% of patients with the indeterminate form to
almost 100% of patients with HF[41]. Studies using tissue Doppler imaging have
shown that progressive worsening of the e’ velocity appears to be a good parameter to
identify the progressive nature of LV diastolic dysfunction[41].

As CHD progresses to its late stages, more LV walls are affected and LV dilatation
and global LV systolic dysfunction ensue with diffuse hypokinesia. However, even at
this stage, LV aneurysms and more pronounced LV wall motion abnormalities in the
inferior and inferolateral walls are still present. LV dysfunction has prognostic implic-
ations in chronic CHD and is the strongest predictor of death in patients with CD[13].

RV systolic dysfunction has been reported in all CHD stages[40,55]. RV systolic
dysfunction can be an isolated finding, but it is most commonly associated with LV
dysfunction. Several echocardiographic parameters have been used to assess RV
function in CD, including qualitative evaluation, tissue Doppler imaging, myocardial
performance index, tricuspid annular plane systolic excursion, speckle tracking strain,
and 3D-imaging[13].

Echocardiography of patients with CHD may also reveal mitral and tricuspid
regurgitation. Mitral regurgitation is secondary to the distortion of the mitral annulus
and the subvalvular apparatus due to LV remodeling and fibrosis of the inferolateral
wall. Moderate to severe mitral regurgitation may worsen the symptoms and
prognosis of HF[56]. Tricuspid regurgitation is secondary to dilation of the tricuspid
annulus, pulmonary hypertension, and/or the presence of a pacemaker lead through
the tricuspid valve. Tricuspid regurgitation may worsen right-sided HF symptoms.

Newer imaging methods have potential utility in the diagnosis of cardiac complic-
ations and prediction models for CD. However, cost-effectiveness studies are
necessary before they are implemented in clinical practice. Reviews of new imaging
tools for CD can be found elsewhere[13]. Briefly, newer echocardiographic methods
such as speckle tracking echocardiography can be used in early CHD stages to identify
early changes in myocardial contractility or strain[57-59]. Analysis of the LV strain
may also yield a new prognostic index for CHD. In a short-term follow-up of a
population comprised of patients with HF due to CD and idiopathic dilated cardiomy-
opathy, LV longitudinal strain was an independent predictor of cardiovascular events
[60]. Another new echocardiographic method is 3D echocardiography (3DE), which
can be potentially useful in CHD because of the more accurate evaluation of the LV
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Figure 2 Note the hyperrefringent akinetic area in the basal inferolateral left ventricular wall (A) and the left ventricular apical aneurysm
in the diastolic and systolic left ventricular images (B).
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Figure 3 Note the thrombi in the apical location in a patient with a large apical aneurysm (A) and a patient with severe left ventricular
dilation and dysfunction (B).

apex, avoiding LV foreshortening. In addition, 3DE is more accurate than 2D
Simpson’s biplane rule for assessing LV volumes and ejection fraction in patients with
significant wall motion abnormalities. LA volume and function assessed by 3DE and
strain may be able to predict atrial fibrillation in CD[61].

Cardiac magnetic resonance imaging (MRI) can improve the evaluation of chamber
volume and segmental and global function over bidimensional echocardiography,
identify aneurysms and intracardiac thrombi[13], and evaluate the extension of
myocardial fibrosis (Figure 4), which correlates with increased risk of VT[62] even in
the absence of global LV systolic dysfunction[13], and is an independent predictor of
the combined endpoint of cardiovascular death and sustained VT[63], and all-cause
mortality[64]. Cardiac MRI can identify areas of fibrosis in 20% of patients with the
indeterminate form of CD and in 43.7% of patients with CHD stage A- Cardiac fibrosis
is detected in 89% to 100% of patients in the late stages of CHD[13].

Another imaging method with potential utility in risk stratification of CD is
myocardial scintigraphy using iodine-123 metaiodobenzylguanidine testing. This can
identify areas of myocardial sympathetic denervation, which are associated with the
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Figure 4 Cardiac magnetic resonance imaging of a patient with stage B1 Chagas heart disease. A: Myocardial delayed enhancement on 2-
chamber apical slice depicts areas of cardiac fibrosis in the apical segments and an apical thrombus; B: Myocardial delayed enhancement protocol on left ventricular
short-axis slices depicts areas of cardiac fibrosis in the apical and basal left ventricular walls of a patient at stage B1 of Chagas heart disease.

risk of VT in CHDJ[13]. The detection of areas of cardiac fibrosis by single-photon
emission computed tomography and areas of myocardial sympathetic denervation
identify patients at risk of developing malignant ventricular arrhythmia[65].

ARRHYTHMIA

Arrhythmias in CHD can either be bradyarrhythmias or tachyarrhythmias.

In the case of bradyarrhythmias, patients may present with presyncope, syncope,
fatigue, atypical chest pain, or exertional dyspnea, even with preserved LV systolic
function. ECG, 24-h Holter monitoring, and electrophysiological studies are usually
enough to clarify the diagnosis. Advanced atrioventricular block and symptomatic sick
sinus syndrome are the main reasons for pacemaker implantation. However, all
medications capable of worsening heart conduction should be withheld prior to
pacemaker implantation. Recommendations for pacemaker implantation in CHD
follow the same guidelines for other conditions. However, some aspects need to be
highlighted. The RV electrode position should be midseptal due to possible excessive
fibrosis at the apex[66] and the LV systolic function may worsen after pacemaker
implantation due to LV systolic dyssynchrony related to LV pacing. Another aspect to
bear in mind is that whenever it is anticipated that a pacemaker-derived rhythm will
predominate or patients already have a left bundle branch block, a resynchronization
device should be chosen.

With regard to ventricular arrhythmias, isolated VPBs are the most common, and
they do not need treatment unless symptomatic. Asymptomatic nonsustained VT also
does not require treatment in patients with preserved LV systolic function, and
pharmacological treatment of patients with symptomatic nonsustained VT or
asymptomatic nonsustained VT with LV systolic dysfunction is controversial[67]. On
the other hand, malignant ventricular tachyarrhythmias are the main cause of sudden
death in CHD and require treatment. Amiodarone is the drug of choice in patients
with CHD as it improves symptoms and decreases the density of ventricular
arrhythmia[68]. However, amiodarone has side effects, and there is no convincing
evidence that amiodarone decreases mortality in patients with CHD[68,69].
Nevertheless, amiodarone should be used in high-risk patients with LV systolic
dysfunction and nonsustained VT with symptoms. In addition, amiodarone should be
considered in patients with a high percentage of ventricular ectopic beats and nonsus-
tained VT on 24-h Holter monitoring because these can result in tachycardiomyopathy.

Another approach to secondary prophylaxis against malignant ventricular
arrhythmias in patients with CHD is an implantable cardioverter defibrillator (ICD).
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ICDs are indicated in patients with HF and LV ejection fraction < 35% with or without
a previous history of VT[70]. However, the studies that supported this recommen-
dation included only a few patients with CHD. Currently, ICDs are recommended in
CHD for secondary prevention after documented VT, ventricular fibrillation, or
aborted sudden death; in patients with LV ejection fraction < 35% and documented
syncope secondary to VT; in patients with LV ejection fraction > 35% who have
experienced syncope secondary to VT; and in patients with syncope and inducible
sustained VT during electrophysiological study[12]. In a single study, patients with
CHD and LV ejection fraction < 40% with documented prior life-threatening
arrhythmia had better survival with ICDs than patients given amiodarone[71].
Amiodarone should be considered even after ICD placement to decrease the number
of shocks, because CHD patients have intense ventricular arrhythmic activity[72] and a
high number of shocks may cause myocardial necrosis and worse LV systolic function
[73].

It is important to identify patients with an increased risk of VT, as sudden death can
be the first manifestation of a malignant arrhythmia. In the previous sections of this
review, we have discussed the prognostic value of cardiac MRI and the detection of
areas of myocardial sympathetic denervation by myocardial scintigraphy with iodine-
123 metaiodobenzylguanidine to identify patients at increased risk of sustained VT.
We also discussed a score based on clinical, echocardiographic, and ECG data (QT
dispersion, syncope, premature ventricular contractions, and LV function) to predict
sudden cardiac death. This score classifies patients into low (0-2 points), intermediate
(3-4 points), and high (> 5 points) risk of sudden death[14]. Nevertheless, ICD
implantation for primary VT prophylaxis based on such findings in complementary
examinations is still not indicated in clinical practice.

Ablation therapy (catheter-based) is an option to treat recurrent VT in patients with
CHD, as VT in CHD is typically reentrant[74]. Most reentrant circuits are located in the
same LV walls that are frequently affected in CHD[75]. However, the fibrosis pattern
in CHD is not necessarily subendocardial or transmural, as in ischemic cardiomy-
opathy, but can also be midwall and subepicardial[59]. Therefore, careful electro-
physiological mapping is necessary to achieve successful ablation[76]. The
recommendation for VT ablation in CHD follows the indication for other clinical
conditions[77]: Symptomatic sustained monomorphic VT, including VT terminated by
ICD, that recurs despite drug therapy or when antiarrhythmic drugs are not tolerated
or not desired, and when there is a suspected trigger that can be targeted for ablation;
control of incessant sustained monomorphic VT or VT storm that is not the result of a
transient reversible cause; and bundle branch reentrant or interfascicular VT.

STROKE

CD is responsible for up to 20% of stroke cases in endemic areas[78]. The main
mechanism of stroke in CD is cardioembolism from thrombi arising mainly in apical
ventricular aneurysms. However, as patients with CD have a high prevalence of atrial
fibrillation[79,80], thrombi originating from the LA and the LA appendage also
contribute to stroke in CHD[81]. The risk factors already identified for stroke in CHD
are apical aneurysm, LV thrombus, severe atrial dilation, LV systolic dysfunction,
older age, and atrial fibrillation[39,52]. Recently, risk factors for atrial fibrillation were
identified, including LA function[61] which could possibly become a new risk factor
for stroke in CHD. Importantly, CHD patients are aging, and other possible
mechanisms for stroke related to comorbidities (hypertension, dyslipidemia, smoking),
such as small vessel disease and large vessel atherosclerosis, may also play an
important role in CHD[50]. Moreover, proinflammatory and prothrombotic disease
states[50,82,83] and endothelial dysfunction may also contribute to a higher incidence
of stroke in CHD.

The most frequent signs and symptoms presented by CHD patients with stroke are
related to ischemia in the distribution of the anterior or middle cerebral arteries in the
brain, and include unilateral weakness and/or numbness, facial droop, and speech
deficits ranging from mild dysarthria and mild aphasia to global aphasia[50]. Stroke
may also contribute to cognitive impairment and dementia in endemic areas[84,85].
Stroke can be the first clinical manifestation of a patient with CHD[51,86] and examin-
ations for CD must be part of the diagnostic work-up when investigating stroke in
patients with epidemiological history positive for CD.

Transthoracic echocardiography is indicated in all patients with CD and
thromboembolic events in order to rule out LV mural thrombi, especially in LV apical
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aneurysms. Transesophageal echocardiography must also be performed in cases of
documented or suspected atrial fibrillation in order to investigate thrombi within the
LA and the LA appendage. Holter monitoring is also indicated to investigate occult
paroxysmal atrial fibrillation, whenever the source of cardioembolism is still unclear
[79]. Cardiac MRI may detect intracardiac thrombi, but its routine use in patients with
CHD and stroke is not warranted[87].

Secondary prophylaxis with anticoagulation is indicated in all patients with a
previous history of stroke. The timing of initiating anticoagulation in case of a stroke
or transient ischemic attack (TIA) due to atrial fibrillation is within 14 d after the onset
of neurological symptoms[88] but can be delayed beyond 14 d in cases that are at high
risk for hemorrhagic conversion (i.e., large infarct, hemorrhagic transformation on
initial imaging, uncontrolled hypertension, or hemorrhagic tendency)[88].
Consultation with a specialist is advisable, as most neurologists recommend starting
anticoagulation within 96 h of the event in patients with small strokes without
hemorrhagic transformation or TIA, and halting anticoagulation for more than 14 d in
case of symptomatic hemorrhagic transformation; however, there is little consensus on
the exact timing to initiate anticoagulation in other cases[89]. Given that most stroke
cases in CHD patients are related to LV thrombi, most neurologists recommend an
earlier start of anticoagulation therapy in such cases. In cases of acute stroke in CHD,
the experience with thrombolysis is limited, but short-term treatment with
thrombolytics seems to have similar success compared to non-Chagas stroke[90,91].

Antiplatelet agents for secondary prophylaxis in patients with CD and stroke
considered to be non-cardioembolic are recommended based on studies with non-CD
patients, and must follow the published guidelines[88].

Regarding primary prophylaxis, few studies have addressed stroke prediction
models for CHD. Our group identified four variables associated with stroke
occurrence in patients with sinus rhythm: LV systolic dysfunction, apical aneurysm,
primary ST changes, and age > 48 years[39]. A score was created with two points
attributed to LV systolic dysfunction and one point for each of the other variables. The
annual risk of stroke was 4.4% among patients with a score of 4 or 5, and anticoagu-
lation is indicated in such patients. For patients with a score of 2 to 3, the risk of stroke
is lower and may be similar to the risk of bleeding; hence, either anticoagulation or
aspirin can be prescribed. Patients with a score of 1 had a low incidence of ischemic
events, and we recommend treatment with aspirin or no treatment at all is
recommended[39]. Anticoagulation for primary prophylaxis is also indicated
whenever intracardiac thrombi are diagnosed by cardiac imaging. In cases of
paroxysmal or permanent atrial fibrillation, primary stroke prophylaxis follows the
same recommendations for non-CD patients[9].

The drug of choice for anticoagulation in CHD is warfarin, which is the drug that
cardiologists have the largest experience with in clinical practice in CHD. At present,
no study has compared warfarin with direct oral anticoagulants in CD. However,
patients with contraindications or those who cannot tolerate warfarin may be treated
with direct oral anticoagulants, especially patients with atrial fibrillation. Regarding
LV thrombi, the experience with direct oral anticoagulants is still limited, but a meta-
analysis of five retrospective observational studies suggested that both warfarin and
direct oral anticoagulants have a similar rate of thrombus resolution, major bleeding,
and stroke or systemic embolization. However, none of these studies included patients
with CD[92].

HEART FAILURE

CHD has an important burden on the public health system due to frequent
cardiovascular complications[93]. One of the most important CHD complications is HF
with reduced ejection fraction (HFrEF).

Patients with CD and HFrEF usually present a dilated cardiomyopathy with a large
amount of fibrosis, ventricular remodeling, and damage to the electrical conduction
system. These changes ultimately lead to bradyarrhythmias, tachyarrhythmias, and
progressive LV global systolic dysfunction[12] with hemodynamic and neuro-
hormonal responses similar to those observed in other cardiomyopathies. This
common pathophysiology suggests that the treatment usually recommended for
HEFrEF could also be prescribed to CHD patients with HF[1]. However, most previous
studies that tested such medications in HF included a small proportion of CHD
patients.
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Right-sided HF are more prominent than left-sided HF symptoms and signs in CHD
patients with HF[1]. Typical physical examination reveals deviated and sustained ictus
of the LV, usually with prominent RV, third heart sound, and varying degrees of
mitral and tricuspid regurgitation. Splitting of the second heart sound may be
associated with right bundle branch block. Edema, jugular venous distention, dyspnea,
and fatigue are common symptoms, but orthopnea is less common than in other
cardiomyopathies[15]. In addition to ECG, echocardiography is essential in patients
with HF, as outlined in the “Imaging Exams” section of this review.

In a meta-analysis of 143 studies, CD was responsible for 13% of all HF cases in
Latin America[94]. Patients with HF due to CD have a more dismal prognosis than
patients with HF due to other etiologies, which includes a higher proportion of
hospital admissions due to HF and arrhythmia, pacemaker implantation, and stroke
[15]. Moreover, the importance of HF as a mode of death in CHD has increased in
recent years[95]. Patients with asymptomatic LV systolic dysfunction should be started
on angiotensin-converting enzyme inhibitors (ACEI) and beta-blockers, as
recommended by the HF guidelines[36].

Non-pharmacological treatment strategies for HF are described in a specific section
of this review.

The pharmacological treatment in patients with HF due to CD follows the
recommendations of HF guidelines[36] and CD consensus[1,9,12] and includes a
neurohumoral block (beta-blockers, ACEI or angiotensin receptor blockers, and
mineralocorticoid receptor antagonists). However, the recommended full doses of
these drugs are often not reached, as patients with CHD have a high prevalence of
atrioventricular block and autonomic nervous system disorders. Carvedilol is the most
frequently used beta-blocker in CHD, although the quality of evidence is low and
based on a meta-analysis that included 69 participants and found a lower all-cause
mortality in the carvedilol group than in the placebo group[96].

Patients with HF due to CD receive amiodarone more often because of a higher risk
of ventricular malignant arrhythmias. The same occurs with anticoagulants due to a
higher frequency of cardioembolic events[1].

Diuretics should also be added to the patients’ prescription whenever there is
clinical evidence of congestion, and the doses should be tapered to the lowest possible
dosage in order to avoid electrolyte and metabolic disorders[1].

In case the patient persists with symptoms compatible of NYHA functional class III
or above despite neurohumoral block and diuretics, digitalis may be added to the
prescription. Another indication for digitalis is the presence of atrial fibrillation with a
rapid ventricular response. However, it is necessary to monitor digitalis serum levels
and the occurrence of atrioventricular block[1].

The experience with new drugs recently added to the HF treatment portfolio is very
limited. Regarding ivabradine, a post hoc sub-analysis of the SHIFT trial suggested that
ivabradine was associated with improvement in NYHA functional class and a trend
toward reduction in mortality[97]. However, the indication for ivabradine in CD
patients is limited due to electrical conduction system disturbances characteristic of
CHDI[12]. Regarding sacubitril/valsartan, only 7.6% of Latin American patients with
HFrEF randomized to angiotensin receptor-neprilysin inhibitors in the PARADIGM-
HF and ATMOSPHERE trials had CHD. An underpowered analysis suggested that
patients with CHD treated with sacubitril/valsartan had a lower risk of cardiovascular
death or HF hospitalization[98]. Therefore, a specific multicenter, prospective,
randomized, controlled phase 4 study including only patients with HFrEF due to CD,
named PARACHUTE-HF study, is currently in progress in order to testing the
superiority of sacubitril/valsartan over enalapril in improving the composite endpoint
of cardiovascular death or first HF hospitalization (NCT04023227).

When overt and refractory HF occurs, alternative therapies are still possible for
CHD. Orthotopic heart transplantation (OHT) and cardiac resynchronization therapy
are such therapies. Although there is a risk of CD reactivation after OHT, advances in
immunosuppression protocols and careful reactivation monitoring after surgery
allowed successful OHT in CHD. In fact, CD is the third most common indication for
OHT in South America[12]. The selection criteria are the same as those in the general
OHT evaluation, but an active pre-transplantation search for chronic digestive
complications (megaesophagus and megacolon) is necessary to avoid postoperative
complications. The mortality rate is high for CHD patients on the waiting list,
suggesting the need for earlier intervention. On the other hand, post-OHT survival is
higher, despite the risk of reactivation, perhaps because the patients included in the
previous series were younger, with fewer comorbidities and less risk of pulmonary
hypertension. Monitoring of reactivation throughout life is mandatory, especially
during increases in immunosuppression therapy for transplant organ rejection.
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Universal trypanocidal prophylactic therapy before OHT is not recommended, but
benznidazole is the drug of choice in cases of reactivation[1,9].

Different devices for cardiac assistance could be used in patients with end-stage
HFrEF due to CD. These could be applied as a bridge to transplantation, a bridge to
recovery, or even as a destination therapy. Unfortunately, the limited access to health
services in endemic countries makes this option uncommon, but some successful
experiences have been described[99].

NON-PHARMACOLOGICAL STRATEGIES

Several non-pharmacological strategies based on lifestyle modifications have
demonstrated beneficial effects in the clinical management of patients with CHD,
including nutritional counseling, pharmaceutical care, and exercise-based cardiac
rehabilitation (CR). The first approach involves dietary guidelines, encouragement to
self-care, adherence to treatment, regular physical activities, and prohibition of alcohol
and tobacco use. These strategies are usually easy to implement and have a low
maintenance cost; therefore, they should be included in clinical practice.

Nutritional counseling

CHD promotes physiological changes that can directly influence nutritional status. In
this setting, nutritional counseling aims to provide adequate calories and nutrients to
maintain an ideal body composition[9], especially considering patients who progress
with cardiac cachexia. Nutritional counseling should consider the eating behaviors
and cultural habits of each patient, as well as access to food and the presence of other
clinical conditions, such as dysphagia, intestinal constipation, dyslipidemia, diabetes
mellitus, and hypertension[9].

For patients with HF, nutritional intervention also includes the control of salt
consumption, limiting it to 3 to 4 g/d for those with mild to moderate disease, and less
than 2 g/d for more severe cases (decompensated HF)[9]. The restriction of sodium
consumption can cause low adherence to dietary recommendations[100,101], due to
low food palatability, resulting in insufficient food intake with energy and nutrient
supply below the recommendation. Culinary preparations using spices, herbs,
condiments, and different techniques have been recommended to improve palatability
and encourage healthy food consumption[102]. In severe HF, restriction of fluid intake

is necessary, and patients should be encouraged to closely control their body weight
[°]-

Pharmaceutical care

Considering that as high as 30% to 40% of patients with CD will develop cardiac or
digestive symptoms that chronically require medical assistance and pharmacological
treatment[9], pharmaceutical care emerges as an important auxiliary strategy to
improve medication compliance, minimize adverse drug events, and improve quality
of life[103]. Therefore, pharmaceutical care is an important strategy that should be
implemented in the follow-up of patients with CHD and HF, as it could help to

identify adverse drug events and suggest alternatives to minimize these side effects
[104].

Exercise-based cardiac rehabilitation

Exercise-based CR has emerged as an important strategy to improve functional
capacity and quality of life in patients with CHD complicated by HF[35]. Before
participating in an exercise program, patients must undergo a clinical evaluation
including anamnesis, physical examination, and complementary tests to minimize the
risk of adverse events during exercise practice. The anamnesis should include
information regarding the stage of CHD, history of arrhythmias, organ damage,
comorbidities, devices (pacemaker or ICD), previous hospital admissions, allergies,
and history of physical activity. On physical examination, cardiac and pulmonary
auscultation are important, together with evaluation of musculoskeletal limitations,
surgical scars, and any other signs of diseases that may limit exercise practice. A basic
laboratory investigation with a complete blood count, lipid profile, and coagulation
factors is also important.

A resting ECG should be performed to assess rhythm disturbances, and a maximal
exercise test (with or without gas exchange analysis) should be performed to evaluate
clinical, hemodynamic, and electrocardiographic responses during exercise. If not
available, a submaximal test (e.g., the 6-min walk test) can provide parameters for
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monitoring functional capacity. Exercise tests must be performed under the usual
medications, especially for patients with chronotropic negative drugs, such as beta-
blockers, digitalis, or antiarrhythmics, to mimic the condition that they will be in
during physical training sessions. An echocardiographic evaluation is also useful, as it
provides additional information for risk stratification[105].

During exercise sessions, electrocardiographic monitoring should be performed to
detect malignant exercise-induced arrhythmias. Heart rate monitors can also be used,
but the CR team must pay attention to possible errors due to electrical interference and
check with manual verification, if necessary. Blood pressure and oxygen saturation
should also be assessed before, during, and after exercise. Blood glucose
measurements can be performed before and after exercise sessions for diabetic
patients.

Ideally, the CR training program should be comprised of 150 to 300 min per week
(divided into 3 to 5 wkly sessions) of moderate-intensity activities, including aerobic,
strength, stretch, and balance exercises. The intensity of aerobic exercise usually ranges
from 70% to 85% of the peak heart rate obtained in the exercise test or 90% to 110% of
the ventilatory threshold obtained in the maximal exercise test with gas exchange
analysis. The perception of effort scale (i.e., Borg scale) is also a valuable instrument
that can be used to control exercise intensity. Resistance exercises should be performed
at least twice a week at moderate intensity, with greater emphasis on large muscle
groups (upper limbs, lower limbs, and trunk), which can be performed using free
weights, elastic bands, and resistance equipment. Stretching and balance exercises
improve performance of functional activities, reduce cardiovascular overload in some
daily situations, decrease the risk of falls, and improve autonomy[106].

In addition to low aerobic capacity and peripheral muscle weakness, inspiratory
muscle weakness is estimated in 30% to 50% of patients with CHD[107]. Inspiratory
muscle training (IMT) alone and associated with aerobic training[108,109] may
improve exercise capacity in HF patients by reducing diaphragmatic metaboreflex
activity and respiratory muscle fatigue[110]. IMT should be considered in CR, in
combination with aerobic endurance or peripheral resistance training[111]. IMT
should start at 30% of maximal inspiratory pressure (MIP), followed by a gradual
increase to 60% MIP, for 20 to 30 min per session, with a frequency of 3 to 5 exercise
sessions per week[112]. Despite the growing recommendation of IMT to become a part
of CR, little is known about this strategy for CHD. Recently, two IMT protocols (30%
and 60% of MIP) have been safely tested in patients with CHD[107].

CONCLUSION

CHD is still a major cause of hospital admissions, cardiac device implantations, stroke,
and death in endemic Latin American countries. CHD must also be investigated as a
cause of cardiac complications in migrant populations in non-endemic countries. The
routine performance of diagnostic examinations and therapies described here can help
identify CHD complications and minimize their consequences in order to improve
quality of life and, possibly, survival.
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