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ABSTRACT

Chagas disease (ChD) represents a significant health burden in endemic regions
of Latin America and is increasingly being recognized as a global health issue. The
cardiac involvement in ChD, known as Chagas cardiomyopathy (ChCM), is the most
severe manifestation and a leading cause of heart failure and mortality in affected
individuals. Echocardiography, a non-invasive imaging modality, plays a crucial role in
the diagnosis, monitoring, and risk stratification of ChCM.

This consensus recommendation aims to provide guidance on the appropriate use of
echocardiography in ChD. An international panel of experts, including cardiologists,
infectious disease specialists, and echocardiography specialists, convened to review
the available evidence and provide practical recommendations based on their
collective expertise.

The consensus addresses key aspects related to echocardiography in ChD, including
its role in the initial evaluation, serial monitoring, and risk assessment of patients. It
emphasizes the importance of standardized echocardiographic protocols, including
the assessment of left ventricular function, chamber dimensions, wall motion
abnormalities, valvular involvement, and the presence of ventricular aneurysm.
Additionally, the consensus discusses the utility of advanced echocardiographic
techniques, such as strain imaging and 3D echocardiography, in assessing myocardial
mechanics and ventricular remodeling.
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1. BACKGROUND, OBJECTIVES, AND METHODOLOGY
1.1. BACKGROUND AND OBJECTIVES

Chagas disease (ChD) is a neglected tropical disease caused by the protozoan Trypanosoma
cruzi, with some of the most serious manifestations affecting the cardiovascular system. It
is a chronic, stigmatizing condition, associated with poverty and affecting close to six million
people globally [1]. Although historically the disease was limited to endemic areas of Latin
America, widespread migration has led to Chagas becoming a global disease. In addition to
the morbidity and mortality associated with the disease, the social and economic burdens on
individuals and society are substantial [1]. Often called the ‘silent killer’, ChD is characterized by
a long, asymptomatic phase in affected individuals. Approximately 30% then go on to develop
chronic Chagas cardiomyopathy (ChCM) characterized by serious cardiovascular complications
such as stroke, rhythm disturbances, and severe heart failure [2].

While electrocardiography (ECG) is the chief diagnostic tool by which the diagnosis of ChCM is
made, echocardiography plays a critical role in the evaluation of consequent structural heart
disease, and provides important information about prognosis [3]. Unfortunately, access to
echocardiography is not widespread, particularly in the rural/remote communities in which
Chagas disease is prevalent, and it can be prohibitively expensive even in urban environments
[4]. Access to high quality and timely echocardiography at the primary care level or near where
patients reside, must become a priority for health systems that care for individuals with ChD,
facilitating early diagnosis and management of those suffering from cardiomyopathy. These
efforts will require financing, strengthening of infrastructure, human resource development,
and national policies to establish evidence-based use of diagnostics to ensure the greatest
impact on patient care [4].

The ‘World Heart Federation Recommendations for the Use of Echocardiography in Chagas
disease’, an evidence-based consensus, is a practical and patient centered document, chiefly
focused on limited-resource environments, and is created for all stakeholders to provide an
understanding of the role and necessity of echocardiography in the evaluation and care of an
individual with ChD.

1.2. METHODOLOGY

The World Heart Federation (WHF) appointed a writing group consisting of 13 specialists and
imaging experts representing all global regions, and a reviewing group of nine. To ensure a best
practice approach and a broad consensus, the document was developed through an extensive
review of published guidelines and research papers. The results of the initial appropriateness
scoring presented in tables throughout the document were discussed by the writing group and
a final round of independent scoring (modified Delphi method) was accomplished [5, 6]. The
final document is aligned with the ‘WHF Inter-American Society of Cardiology (IASC) Roadmap
on Chagas disease’ [1].

2. INTRODUCTION AND CLASSIFICATION OF CHAGAS DISEASE
2.1. INTRODUCTION

Chagas disease is a neglected public health problem. Transmission of the Trypanosoma cruzi
protozoa chiefly occurs through skin inoculation from contaminated feces of Reduviidae
insects, present in the houses of impoverished rural communities [7]. Vector control programs
have substantially decreased the number of infected individuals from about 18 million in 1990
to about 6-7 million at present [8], but about 70 million people remain at risk of acquiring
the disease. In recent decades the movement of people from rural to urban areas and from
endemic to non-endemic countries [9, 10] has led to the problem becoming a global concern.
Other mechanisms of transmission include oral (through ingestion of contaminated foods),
mother to child, blood transfusion, organ transplantation, and less commonly, laboratory
accidents.

The pathogenesis of cardiac disease due to ChD is not clear, though multiple mechanisms are
likely to play a role, including direct toxicity of the parasite on myocardial tissue, autoimmune
phenomena, microvascular alterations, and autonomic denervation [11].
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Chronic ChD diagnosis requires two or more positive serology tests, and subsequent clinical
examination. The presence of ChCM is commonly detected by electrocardiogram (ECG)
demonstrating a characteristic pattern of abnormalities and is essential for identifying patients
with cardiac manifestations of the disease [7, 8, 12]. A normal ECG is associated with a benign
prognosis.

A subject with positive serology and a normal ECG should have repeated evaluation every few
years. In patients with positive serology and an abnormal ECG, or those who are symptomatic,
additional tests such as an echocardiogram are indicated, but access is often limited. However,
due to the potential severity of the cardiac complications, and with improving availability to
non-invasive cardiovascular imaging techniques, the indication for their use in asymptomatic
patients is now more pertinent [3].

2.2. CLASSIFICATION OF CHAGAS DISEASE

Acute disease

The initial infection in Chagas disease is most commonly asymptomatic, or with few, non-
specific symptoms. In the case of vector-borne transmission, the onset usually follows a 1-2
week incubation period and lasts for a period of 6-8 weeks. Acute cardiac presentations during
this phase are extremely rare, and manifest with signs and symptoms indistinguishable from
myocarditis of other infectious etiologies [13]. A small minority of patients in the acute setting
present with fulminant myocarditis, most commonly those who are immunosuppressed [14, 15]
or those infected due to oral transmission, with ingestion of a high amount of infected Triatoma.

Patients in the asymptomatic acute phase are rarely detected, and as such do not usually
receive antiparasitic treatment, although treatment has been shown to be beneficial in this
phase, especially in children. The effectiveness of treatment in the chronic form without cardiac
manifestations, is still controversial, with some indirect evidence supporting the possibility of a
reduction in progression to cardiac disease [1, 16].

Chronic disease

a) Indeterminate form

Individuals with a serologic diagnosis of ChD without obvious cardiac or gastrointestinal
manifestations are referred to as having the ‘indeterminate’ form of the disease [17]. However
subclinical cardiac pathology has been identified by sophisticated echocardiographic and other
advanced modalities, despite normal ECG findings. This group is better described as Chagas
disease ‘without clinically detectable cardiac pathology’ [16, 17]. This stage may persist
for decades, while a subset of these patients will develop chronic cardiac disease (Chagas
cardiomyopathy) or/and gastrointestinal manifestations.

Following acute infection, in roughly a third of patients, the parasite evades the host immune
defenses to establish the chronic forms of the disease. Orchestration of yet-to-be-defined
parasite and host factors are thought to influence tissue tropism, and to be responsible for
determining the magnitude of cardiac and/or gastrointestinal involvement in chronic ChD
[12]. During this phase, effective antiparasitic therapy may result in parasitological cure and a
reduction in progression to overt cardiac manifestations (Figure 1).

b) Chagas cardiomyopathy

Lacking effective treatment, in a subset of the population, Chagas cardiomyopathy will develop.
Itis progressive and malignant, affecting the heart, with the most common manifestations being
heart failure, arrhythmias, heart block, thromboemboli, stroke, and sudden death [1, 8, 12, 18].

3. ECHOCARDIOGRAPHY
3.1. GENERAL CONTRIBUTIONS

Echocardiography plays a central role in the evaluation of ChD given its ability to detect
cardiac damage and provide prognostic information. Impaired systolic function and increased
ventricular dimensions are the most valuable findings in predicting cardiac morbidity and
mortality [8, 18-23].
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In a patient with suspected ChD, it is advisable to perform a comprehensive transthoracic
echocardiography (TTE), as described in the American Society of Echocardiography (ASE)
recommendations for cardiac chamber quantification [24].

Portable ultrasound machines used to perform echocardiography may be an ideal tool in rural
areas without easy access to facilities where a cardiology laboratory is readily available, [25,
26] although clinical studies are still lacking on the use of portable echo for diagnosing patients
with suspected ChD or with already established disease. A subjective evaluation showing
left ventricular dysfunction may be enough for the diagnosis of ChCM. Table 1 summarizes
recommendations on indications for performing echocardiography in ChD.

INDICATION APPROPRIATE (A),
INAPPROPRIATE (I) OR
UNDETERMINED (U)

Perform an echocardiogram for the diagnosis of Chagas disease I

Perform a transthoracic echocardiogram to assess cardiac involvement in a A
patient diagnosed with Chagas disease

In areas with limited accessibility to health centers, it would be useful to u
perform a handheld echocardiogram to initially assess cardiac involvement

In rural areas with limited access to health centers, a POCUS protocol could u
be proposed to assess wall motion disorders, the presence of ventricular

aneurysms, and left ventricular ejection fraction in patients with Chagas disease

to determine cardiac involvement

3.2. ECHOCARDIOGRAPHY IN ACUTE CHAGAS DISEASE

In patients with clinically suspected acute ChD, echocardiography should be performed
to assess for functional abnormalities, evaluate the presence of pericardial effusion, and to
assess for the presence of acute myocarditis (Figure 2). In endemic countries or in patients from
these countries presenting in non-endemic environments, a febrile illness accompanied by
abnormalities in myocardial wall motion and/or pericardial effusion should raise the possibility
of acute ChD in the differential diagnosis.
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Figure 1 Phases of Chagas
disease [1].

Table 1 Recommendations
on indications for performing
echocardiography.



ACUTE CHRONIC PHASE

PHASE

INDETERMINATE CHAGAS CARDIOMYOPATHY
FORM
A B1 CHAGAS DILATED CARDIOMYOPATHY/HEART FAILURE
B2 C D
Myocardial Patients at risk for Patients with structural Patients with structural  Patients with ventricular ~ Patients with
wall motion developing HF. They cardiomyopathy, evidenton  cardiomyopathy dysfunction (LVEF refractory
and/or have positive serology, ECG or echocardiographic characterized by global < 40%) or V aneurism symptoms of HF

neither structural
cardiomyopathy on
ECG/echo nor HF
symptoms.

pericardial
effusion

abnormalities, but with
normal or mildly depressed
global LV function and
neither current nor previous
HF symptoms.

LV dysfunction (LVEF
> 40% < 50%) and
neither current nor
previous signs and
symptoms of HF

and current or previous
symptoms of HF (NYHA
FCI, II, II1, or 1V)

at rest despite
optimized clinical
treatment requiring
specialized
interventions

Global systolic function is rarely compromised, and wall motion abnormalities are usually
segmental and focal [23]. In a series of 52 acute ChD myocarditis cases, the most common
echocardiographic finding was pericardial effusion, which was detected in 42% (22 of 52) of
the cases (mild to moderate in 17 and severe to massive in 5) [27]. Thus, among those with
acute ChD who present with cardiomegaly on X-ray, echocardiography is more likely to detect
pericardial effusion rather than chamber dilatation. In the case of a documented pericardial
effusion, careful assessment for hemodynamic compromise should be performed. In Table 2
the stages of cardiac involvement in ChD are represented.

3.3. ECHOCARDIOGRAPHY IN CHRONIC CHAGAS DISEASE
3.3.1 Left ventricle in ChCM

Two-dimensional echocardiography will determine left ventricular (LV) chamber size and detect
diffuse hypocontractility or subtle regional wall motion abnormalities [18]. Left ventricular
segmental abnormalities become more common over time, and are frequently located at the
LV apex, inferobasal, and inferolateral walls, but may also affect other LV or right ventricular
(RV) segments [28]. Regional wall motion abnormalities usually precede LV dysfunction and
may be associated with ventricular arrhythmias even at early stages of the disease [29]. Even
patients with indeterminate disease may have subtle changes in LV segmental contractility,
detectable by speckle-tracking echocardiography [12, 29].

The main pathologic finding in patients with ChD is a chronic, progressive myocarditis with fibrosis,
and focal myocarditis may be found in patients with the indeterminate form [30]. Fibrosis is
typically predominant in the posterior and apical regions of the LV, with involvement of the sinus
node and electric conduction system, distinguishing ChD from other cardiomyopathies [31].
Assessment of myocardial strain through speckle-tracking echocardiography may allow early
detection of subclinical myocardial dysfunction, in ChCM [12, 30], as global longitudinal strain
has a strong correlation with the amount of myocardial fibrosis as detected by cardiac magnetic
resonance [32]. Regional strain is of particular significance, given the frequent segmental
myocardial involvement described in apical, inferobasal, or inferolateral walls [32, 33].

Table 2 Chagas disease staging.

HF, heart failure; LV, left
ventricular; LVEF, left ventricular
ejection fraction; NYHA FC,

New York Heart Association
functional class. Adapted from
Andrade JP et al. [6] and Nunes
MCP et al. [7].

Figure 2 Acute Chagas
disease. Arrows indicate
pericardial effusion in heart
failure due to Chagas disease.
Image: Mariana Corneli.
Reproduced with permission
of the photographer.



Speckle tracking echocardiography can also quantify the heterogeneity of systolic contraction, Ralston et al. 6
which is associated with the risk of arrhythmic events. A recent study showed that mechanical ggﬁa{oﬁgggﬁ,/gh.um
independent of LV ejection fraction [28, 31, 33].

Contrast echocardiography may be useful not only to better estimate LV systolic function and
volumes, but also allows for the accurate detection of ventricular aneurysms and thrombi in
ChD. With the apical four-chamber view, using contrast echo, it should be usually possible to
clearly visualize the RV and LV cavities and detect segmental abnormalities [28].

ASE guidelines recommend two-dimensional echocardiography (2D echo) for the calculation
of left ventricular ejection fraction (LVEF) using the biplane method of disks (the Simpson rule)
[24]. Taking this into account, in patients with ChD it is recommended to evaluate systolic
function using this methodology. However, the presence of apical LV aneurysms presents a
challenge to the use of the method of disks [3]. Three-dimensional (3D echo) echocardiography
allows visualization of cardiac chambers without geometric assumptions, and is more accurate
than 2D echo for assessing LV volume and LVEF in patients with wall motion abnormalities,
including small LV aneurysms, that would otherwise be overlooked by 2D echo because
of foreshortening [24, 34-36]. In these cases, calculation of LVEF using 3D echo would be
beneficial, if available.

Echocardiography is also useful in evaluating dyssynchrony and in assessing a patient’s response
to cardiac resynchronization therapy (CRT). Usual indications for CRT in these patients are when
a pacemaker is needed in the presence of systolic dysfunction, in order to avoid further clinical
worsening resulting from the dyssynchrony induced by artificial cardiac stimulation, or less
frequently, when a patient has left bundle branch block (LBBB) and a low LVEF. However, there is
little information regarding the benefit of CRT in ChCM. Although dyssynchrony may be present,
most of the patients do not have LBBB, and there is little information regarding the benefit of
CRT in ChCM [37, 38]. However, there are some patients that receive a CRT when a replacement
pacemaker is needed, or when a pacemaker is needed in the presence of systolic dysfunction,
in order to avoid further clinical worsening resulting from the dyssynchrony induced by artificial
cardiac stimulation, or less frequently, when a patient has LBBB a low LVEF.

Novel technologies like 3D echo and contrast echo, are not available in most of the places
where ChD patients live. Table 3 summarizes recommendations on LV measurements.

Table 3 Recommendations for

PARAMETER OR INDICATION APPROPRIATE (A), . .
use of echocardiography in

INAPPROPRIATE (I) OR

UNDETERMINED (U) evaluation of the left ventricle.
2D Echo Assessment of LV Dimensions A
Assessment by calculation of LVEF through the biplane method of disks (the A
Simpson rule)
LV evaluation in the presence of ventricular aneurysm by 3D echo if this A
methodology is available
Identify segmental wall motion disorders through 2D echo A

Evaluation of LV systolic function by 2D echo in the presence of apical aneurysm I
and 3D echo available

Evaluation of global longitudinal deformity of the LV in the absence of motility A
disorders and preserved FEY in patients with suspected indeterminate form

It is recommended to evaluate the presence of ventricular dyssynchrony in A
patients with Chagas disease and impaired LVEF

Use of contrast echo in case of poor ultrasound window or in case of suspected A
left ventricular aneurysm if it is available

In a patient with Chagas disease and an echocardiogram without abnormalities, U
perform a stress echo with dobutamine to unmask ventricular dysfunction.

3.3.2 Apical aneurysm and thrombi

Apical aneurysms are a hallmark of Chagas disease, so the presence of apical aneurysm should
raise suspicion of ChCM [28, 31, 39]. These aneurysms are characterized using 2D echo as the
presence of a deformity outside the endocardial border, persisting in systole and diastole. In



general, these aneurysms are small, have a narrow neck, and may contain thrombi (Figure 3). Ralston et al.
Particular attention should be paid to spontaneous echo contrast and the presence of thrombus
in ventricular chambers, especially associated with an aneurysm, as thrombi are important risk
factors for systemic embolisms [40, 41]. Importantly, these aneurysms are not always seen
in the traditional apical views, and may be missed if a comprehensive echo is not performed.
Unconventional views, especially a modified apical 2-chamber view, with posterior angulation
of the transducer, are necessary to visualize the apical aneurysm and its associated thrombus.
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Figure 3 2D apical 4, 2 and
3-chamber views in a patient
with Chagas disease and

a typical aneurysm. In the
2-chamber view, a basal
inferior aneurysm is also
present. Longitudinal strain
is abnormal in the apex, as
well as on the basal inferior
wall. Image: Marcia Barbosa.
Reproduced with permission
of the photographer.

The prevalence of aneurysms varies widely from study to study because of the heterogeneity
of the population analyzed and the accuracy of the imaging method used for diagnosis.
Nevertheless, LV apical abnormalities have a low prevalence in those with normal ECG findings
but increase to 24% in those with an abnormal ECG [3, 22].

3.3.3 Left ventricular diastolic function

Similar to other cardiomyopathies, ChD may lead to impaired diastolic function, which can occur
in the early stages of the disease. Diastolic dysfunction (DD) is an important diagnostic and
prognostic factor in ChCM, and usually precedes systolic dysfunction. Accumulation of interstitial
collagen fibers in the chronic form can lead to altered ventricular relaxation, followed by progressive
reduced myocardial compliance, which then leads to increase LV filling pressure [42-44].

Thus, the first abnormality observed is abnormal LV relaxation, expressed as a decreased early
mitral wave/late atrial wave (E/A) ratio, with prolongation of the isovolumic relaxation time and
increased deceleration time of the E wave of the mitral valve. As the disease progresses, there
is decreased LV compliance with secondary increased left ventricular filling pressures. This will
increase the E/A ratio and decrease the relaxation time, with increased early mitral E wave/
mitral annular early diastolic velocity by tissue Dopper (E/e’) ratio. Abnormalities of diastolic
function have been described in all forms of ChD, increasing from stage A to more advanced
stages of heart disease, with severe systolic and diastolic dysfunction.

The incidence of DD varies according to the stage of disease, ranging from about 10% in the
indeterminate form to being almost universally present in ChD with heart failure [36]. In contrast,
Pazin-Filho et al. looked at patients with the indeterminate disease, without echocardiographic
markers of regional systolic dysfunction, and did not find any impairment of diastolic function
[45]. Similarly, Barbosa et al. did not find any abnormality in diastolic function in patients with
indeterminate stage disease, despite observed differences in regional LV contractility by two-
dimensional speckle tracking strain [46]. The different findings in these studies are probably
related to methodological differences in patient populations, selection of controls, and varied
definitions of parameters for DD.



Doppler echocardiographic parameters to assess left ventricular filling pressures have been
reported to enhance risk stratification in patients with impaired LV systolic function. The E/e’
ratio has provided the ability to determine the extent of diastolic dysfunction in several cardiac
diseases. The inclusion of the E/e’ ratio in patients with ChCM has improved the risk prediction
model beyond established risk factors, including functional class, LVEF, and RV function [47].

However, E/e’ ratio appears to have a different effect on mortality in the setting of ChCM,
according to the degree of systolic dysfunction. Nunes et al. showed that in mild or moderate
systolic dysfunction, an E/e’ ratio > 15 was a powerful predictor of mortality. In contrast, in
severe systolic dysfunction, an increased E/e’ ratio was inversely associated with mortality
which distinguishes ChD from heart failure of other etiologies [48]. The underlying mechanism
to explain these findings is not known. Table 4 describes recommendations regarding the
assessment of diastolic function in ChD.

PARAMETER OR INDICATION APPROPRIATE (A),
INAPPROPRIATE (I) OR
UNDETERMINED (U)

Evaluate diastolic function parameters in all patients with suspected ChD or A
ChCM

Index left atrial volume in all patients evaluated with color Doppler A
echocardiography

3.3.4 Left atrium

Diastolic dysfunction contributes to left atrium (LA) remodeling and dysfunction, particularly in
patients with LV dysfunction [8, 36, 49]. Measurement of LA volume (LAV) and indexing it to body
surface area (LAVi) has been demonstrated to be a marker of duration and severity of diastolic
dysfunction. It is also useful in Chagas disease patients to predict prognosis. Left atrium volume
can be increased in all stages of ChD [36, 49, 50],and LA function seems to be more significantly
compromised in ChD than in idiopathic cardiomyopathy [51], suggesting a component of atrial
myopathy. However, a study using strain to analyze atrial function demonstrated impairment
to a degree similar to that of idiopathic dilated cardiomyopathy [52].

Left atrium volume indexed to body surface was an independent predictor of survival in a study
of 192 patients followed for 34 months, adding incremental prognostic value to clinical factors,
LVEF, and Doppler-derived parameters of diastolic function [50]. LA contractile function has
also been shown as an independent predictor of subsequent clinical events [36]. Although LA
electrophysiological properties were depressed in all groups of patients with the cardiac form,
LA contractile function was decreased only in those with heart failure.

The importance of the evaluation of LV diastolic function and LA function in ChD is that
end-systolic LV diameter, e” velocity, and LA strain were associated with clinical events [36].
However, their clinical significance and role in staging of the disease remains to be determined.

3.3.5 Right ventricle (RV)

Right ventricle systolic dysfunction may be an early finding in the natural history of ChD and has
been detected in patients with the indeterminate and digestive forms [3, 42, 53, 54]. It remains
to be clarified whether RV dysfunction is predominantly secondary to chronic pulmonary
hypertension induced by LV systolic dysfunction or reflects direct myocardial damage.
Nevertheless, isolated right-sided heart failure is not frequent, and usually RV dysfunction is
associated with LV dysfunction at advanced stages of ChCM [55].

Furthermore, it is important to emphasize that RV dysfunction may occur without symptoms or
signs of heart failure, but may be aggravated by the burden generated by chronic pulmonary
hypertension secondary to LV systolic dysfunction. In such circumstances RV dysfunction
carries an adverse prognosis [56].

Evaluation of RV anatomy and function with echocardiography is often challenging [57]. Given
the anatomical complexity of the RV, the evaluation of multiple echocardiographic parameters
are suggested to determine RV compromise [24].

Ralston et al.
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Table 4 Recommendations
for use of echocardiography
in evaluation of left ventricle
diastolic function.



Assessment of regional wall motion abnormalities is difficult, mainly due to the presence
of protruding trabeculae and the moderator band. Those structures cause suboptimal
visualization of the wall motion of mid and apical RV segments. In the face of these limitations,
echocardiographic evaluation of RV systolic function is usually performed using quantitative
non-volumetric parameters. The tricuspid annular plane systolic excursion (TAPSE) is measured
at the base of the RV free wall. Since the basal region of the RV is usually spared in ChCM, this
might explain, at least in part, the lack of association between TAPSE and RV dysfunction.

Several indexes and methods have been used to describe RV dysfunction in patients with ChD
showing somewhat discrepant results. For example, the myocardial performance index of the
RV, also known as Tei index, provides incremental prognostic information about mortality, but
could not identify RV involvement in the indeterminate form group of patients [24, 46, 56].
These mixed data may be attributed to the different methods used to assess RV function, as
well as to the composition of the various groups of patients included in each study [42].

Given these limitations, novel technologies like 3D echo and myocardial strain through
speckle-tracking echocardiography are being evaluated [46, 57]. For example, analysis of RV
deformation by using 2D speckle-tracking echocardiography improved detection of RV systolic
dysfunction. However, the clinical value of these parameters needs to be better established in
patients with ChD.

The presence of intracardiac devices such as pacemakers is common in patients with Chagas
disease, for this reason it is important to evaluate in detail the location of the endocavitary
catheters using all possible echocardiographic views. In this context, it is recommended
to carefully evaluate the functional repercussions at the level of the tricuspid valve and its
consequent degree of regurgitation.

Although the accuracy of RV volumes and RV ejection fraction is higher when using 3D echo,
2D echo has the advantage of ease of use and wider availability.

Right ventricular aneurysms are uncommon, but some patients have apical aneurysms affecting
both ventricles (Figure 4). It is important to check for the presence of thrombi in the RA and RV.

Right ventricular systolic involvement is a marker of ChD severity and represents a strong
predictor of mortality [56, 58]. Furthermore, it has also been reported to be an important
determinant of exercise capacity in ChD. Right ventricular systolic annular velocity by tissue
Doppler imaging was associated with peak VO2, regardless of the influence of age, gender,
and LV systolic function [59]. Table 5 summarizes recommendations regarding RV echo
measurements.

Ralston et al. 9
Global Heart
DOI: 10.5334/gh.1207

Figure & A young patient with
Chagas disease presenting

with biventricular dysfunction.
Arrow in the 4 chamber-view,
optimized to visualize the right
ventricle, shows the infrequent
finding of right ventricular
aneurysm. Image: Marcia
Barbosa. Reproduced with
permission of the photographer.



PARAMETER OR INDICATION APPROPRIATE (A),
INAPPROPRIATE (I) OR

UNDETERMINED (U)

It is recommended to evaluate the dimensions and parameters of RV systolic A
function in all patients with Chagas disease when performing an echocardiogram.

Complement the evaluation of the right cavities with strain and 3D echo if these A
techniques are available

Estimate pulmonary systolic pressure in all patients with Chagas disease if A
possible
In the case of patients with Chagas disease and pacemakers or intracardiac A

devices, evaluate the functional repercussions at the level of the tricuspid valve
and their adequate positioning.

3.3.6 Valvular disease

Dilated cardiomyopathy is the most severe manifestation of ChD and can contribute to the
presence of functional valve abnormalities such as mitral or tricuspid regurgitation (secondary
regurgitation) [42].

In secondary mitral regurgitation (SMR), the valve leaflets and chordae are structurally normal
and mitral regurgitation results from an imbalance between closing and tethering forces
secondary to alterations in LV and LA geometry [60]. In ChD, severe LV dilatation has been
associated with the presence of mitral valve regurgitation due to a dilatation of the mitral
annulus. Also, in the case of wall motion disorders of the inferior and/or inferolateral segments,
posterior leaflet tethering, despite almost normal LV size and ejection fraction, can be the
mechanism, with a similar appearance to ‘ischemic MR’ [60].

In addition, ChD may also have a direct effect on the valves and be the direct cause of valvular
heart disease (primary regurgitation). The pathogenesis of ChCM has not been completely
elucidated, though the parasite-driven inflammatory reaction and the adverse host immune
response are likely factors [61]. Resulting myocarditis, which is a feature of ChCM, frequently
affects the papillary muscles leading to valve dysfunction, mainly regurgitation. This has been
also reported as the main cause for the mitral valve prolapse seen in these patients [61].

The principal mechanism of tricuspid regurgitation in ChD is as a consequence of left-ventricular
dysfunction. In some cases it may be secondary to pressure and/or volume overload mediated
RV dilatation.

The echocardiographic criteria to define severe mitral and tricuspid regurgitation do not differ
from those used usually in both primary and secondary mitral and tricuspid regurgitation
(Figure 5) (60).

Aortic valve pathology is less common, and potentially due to dilatation of the aortic annulus
leading to aortic regurgitation.

Ralston et al. 10
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Table 5 Recommendations
for use of echocardiography
in evaluation of the right
ventricle.

Figure 5 Biventricular
dysfunction in a patient with
Chagas disease. Superior
figures show non coaptation
of the tricuspid valve (due to
right ventricular dilation) and
its consequent functional
regurgitation. Lower figures
show mitral regurgitation
secondary to left ventricular
dysfunction.

Image: Mariana Corneli.
Reproduced with permission
of the photographer.



4. STAGES OF CHCM

American Heart Association heart failure staging can be adapted to Chagas cardiomyopathy [8,
18]. Asymptomatic patients with positive serology, who lack structural abnormalities evident
on ECG or echocardiography are referred to as having ‘indeterminate’ ChD or ‘ChD without
clinically detectable cardiac pathology’, and are referred to as having ‘Stage A’ disease.

Once cardiac impairment is evident on ECG or echocardiography, the patient is classified as
‘Stage B’ with the Chagas disease AHA scientific statement dividing this stage further in to B1
[asymptomatic ECG manifestations, wall motion abnormalities] and B2 [asymptomatic global
LV dysfunction] [8].

Development of heart failure symptoms in a patient with structural cardiac changes identified
by echocardiography is the hallmark of ‘Stage C illness. Finally, ‘Stage D’ chronic ChD patients
are those at NYHA functional class IV with the clinical picture of decompensated, advanced
heart failure generally associated with diffuse biventricular dysfunction and chambers
dilatation [8, 18, 62].

Detection of cardiac involvement in the early stages of disease is particularly challenging, but of
importance in determining requirements for follow up and risk stratification. Patients with true stage
A disease need much less regular follow up, while those with incipient disease need more regular
monitoring. Decline in ventricular systolic function parallels the staging of cardiac impairment and
serves as the strongest predictor of survival in chronic ChD [19, 63]. However, sudden cardiac death
and ventricular arrhythmias may develop even with mild LV dysfunction [64].

5. WHEN TO PERFORM AN ECHOCARDIOGRAM?
5.1. INDETERMINATE FORM (STAGE A)

Asymptomatic Chagas patients with normal ECG and chest radiography: A normal ECG has
strong negative predictive value for cardiovascular events and the majority of patients with
a normal ECG will not develop cardiomyopathy. Those who do so, will have a 10 to 30 year
lag period before worsening. A baseline echocardiogram is theoretically recommended [3,
62] however, in considering the broader health system context in low resource settings, this
recommendation should be qualified as non-urgent and should not be prioritized over other
more pressing indications for echocardiography. Early detection of asymptomatic mild wall
motion abnormality either by 2D echo echocardiography or, by strain does not infer a change
in clinical management of this group of patients: they have the same prognosis as patients with
normal echocardiogram and strain [8].

For subsequent, follow-up echo there is also no urgent requirement when a baseline echo is
normal, while ECG and X-rays remain normal and the patient remains asymptomatic.

5.2. CHAGAS DISEASE PATIENTS WITH ECG ABNORMALITIES (STAGES B1
AND B2)

Asymptomatic patients with ECG abnormalities: baseline echocardiography is recommended
and the frequency of follow-up echo depends on the clinical status of the patient. Although
studies on the progression of the disease are limited, it seems to be slow in asymptomatic
patients with a normal echo [63]. Hence in these cases, repeat echo every five years is
recommended, or when symptoms change. When the initial echo is abnormal, it should be
repeated in one to three years, due to the increased risk of progression, especially if there is
significant ventricular dysfunction. [3, 62, 65]. In any patient, the appearance of new symptoms
or ECG abnormalities should be considered an indication for echocardiography.

The purpose of echocardiographic follow-up is to identify patients with moderate or severe LV
dysfunction, who are often still asymptomatic but who could benefit from early administration
of guideline-directed medical therapy [20, 62, 63, 65]. Once disease stage B2 is established,
periodic reassessment of patients is recommended to detect subtle signs of heart failure which
may modify disease management. A periodic and specific assessment of LVEF deterioration,
aneurysms and LV thrombi is mandatory.
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5.3. SYMPTOMATIC PATIENTS (STAGES C AND D)

If significant LV dysfunction is present, recommendations for follow-up echocardiographic
evaluation are similar to those for other forms of dilated cardiomyopathy. An echocardiogram
should be repeated if there has been a deterioration in clinical status. An echocardiogram is
also advised 3-6 months after optimization of standard therapies for heart failure with reduced
ejection fraction (HFrEF) to determine the need for additional novel pharmacological agents
like Angiotensin Receptor and Neprilysin Inhibitor Sacubitril-Valsartan or Sodium-Glucose
Transporter 2 inhibitors dapagliflozin and empagliflozin and/or implanted devices [66].

Patients with symptomatic ChCM may present with diffuse hypokinesis. Nunes et al compared
patients with idiopathic dilated cardiomyopathy versus patients with diffuse dilated ChCM,
finding a worse prognosis in Chagas disease patients [32]. Similar results were found when
comparing the survival of randomized patients in the PARADIGM-HF (Prospective Comparison
of ARNI With ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure) and
ATMOSPHERE (Aliskiren Trial to Minimize Outcomes in Patients With Heart Failure) trials [33].
For this reason, it is necessary to be familiar with this pattern of abnormalities that may point
to ChD as the underlying etiology. Table 6 summarizes recommendations regarding when to
perform an echocardiogram in patients with ChD.

SYMPTOMATIC STATE OF THE PATIENT APPROPRIATE (A),
INAPPROPRIATE (I) OR
UNDETERMINED (V)

Asymptomatic patients with normal ECG should have a baseline echo, in a A
non-urgent fashion, where possible.

Asymptomatic patient with new changes in the ECG or patient that A
development symptoms that suggest cardiac compromise regardless of
whether they have already undergone an echocardiogram previously

Asymptomatic patient without changes in the ECG with a previous I
echocardiogram performed less than 5 years ago without alterations

Repeat echocardiogram in patients with symptoms and impaired LV ejection A
fraction with impaired functional class

Repeat echocardiogram in symptomatic patients with LVEF <40% 3 to 6 A
months after adjusting medical treatment for heart failure to assess the
impact of treatment

Repeat an echocardiogram annually in all patients with Chagas disease, I
regardless of the presence of electrocardiographic alterations or functional
class, as an evolutionary control of the disease

6. CONTRIBUTIONS OF OTHER CARDIOVASCULAR IMAGING
TECHNIQUES

Cardiac magnetic resonance and radionuclide imaging provide complementary information to
ECG and echocardiography in ChCM [42].

Using different cardiac magnetic resonance techniques and contrast images (late gadolinium
enhancement), as well as radionuclide imaging with iodine-123-metaiodobenzylguanidine
(*2I-MIBG), SPECT, or PET with 18-Fluorodeoxyglucose, several findings and tissue characterization
may be achieved, like microvascular disease, fibrosis-scars, edema, denervation [67-76]. These
tests are not widely available but may further reclassify disease stages and progression rates.

7. CONCLUSIONS

Chagas disease is a serious public health concern in endemic countries and has become an
emerging health problem in non-endemic areas due to migration and results in substantial
morbidity and mortality. Echocardiography is a safe and cost-effective imaging tool to
identify cardiac involvement in Chagas disease, offering the possibility of earlier diagnosis and
prognostic information to improve management of patients. Thus, a comprehensive Doppler
echocardiographic exam of patients with ECG abnormalities is fundamental, in order to detect
ventricular abnormalities that may require treatment and offer prognostic information.

Ralston et al.
Global Heart
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Table 6 Recommendations
on when to perform an
echocardiogram in patients
with Chagas disease.
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Despite the advantages of echo, it remains out of reach of many patients in the resource limited Ralston et al.
. . . . e . . Global Heart
settings where the disease is most prevalent. Ironically it is in these settings that potentially the DOI: 10.5334/gh.1207

greatest benefits could be achieved in better managing patients at the point of care.

ABBREVIATIONS
ASE: American Society of Echocardiography

BNP: brain natriuretic peptide

ChCM: Chagas cardiomyopathy

ChD: Chagas disease

DD: diastolic dysfunction

ECG: electrocardiogram

GRADE: Grading of Recommendations Assessment, Development, and Evaluation
LA: left atrium

LGE: late gadolinium enhancement

LV: left ventricular

LVEF: left ventricular ejection fraction

NSVT: non-sustained ventricular tachycardia
NYHA: New York Heart Association

POCUS: point of care ultrasound

RV: right ventricular

SMR: secondary mitral regurgitation

SCD: sudden cardiac death

TTE: transthoracic echocardiography

WHO: World Health Organization
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