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Abstract

Chronic Chagas cardiomyopathy (CCC) poses significant health chal-
lenges not only in Latin America but also in non-endemic regions
due to global migration. The complexity and severity of CCC call
for an updated and thorough review to inform clinical practices and
direct future research efforts. This review seeks to consolidate current
knowledge on CCC, emphasizing diagnostic, therapeutic, and prog-
nostic facets to facilitate better management and understanding of the
disease. An exhaustive examination was conducted, analyzing peer-
reviewed articles published between January 2020 and April 2024,
sourced from prominent medical databases such as PubMed and Sco-
pus. The review delineates crucial aspects of CCC pathophysiology,
evaluates patient outcomes, identifies diagnostic challenges, and as-
sesses treatment efficacy. Our findings prompt the need for revised
clinical guidelines and stress the importance of continued research to
enhance therapeutic strategies and disease comprehension. It is im-
perative that future studies address these identified gaps to advance
patient care and treatment options for CCC.
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Introduction

Chagas disease, initiated by the protozoan parasite Trypano-
soma cruzi (T. cruzi), has emerged as a leading cause of noni-
schemic cardiomyopathy in Latin America and now poses a
significant global health challenge [1]. Chronic Chagas car-
diomyopathy (CCC), the most severe cardiac manifestation of
Chagas disease, progresses through distinct phases acute, in-
determinate, and chronic - culminating in debilitating cardio-
myopathy marked by extensive myocardial fibrosis and heart
failure (HF) [2]. This introduction delineates the complex
epidemiological and pathophysiological landscape of CCC,
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emphasizing the urgent need for comprehensive reviews that
address diagnostic, management, and prognostic strategies to
ameliorate this public health issue [3].

CCC is classified as a cardiomyopathy where 7. cruzi
infection leads to acute myopericarditis followed by chronic
fibrosing myocarditis. The disease manifests in phases, start-
ing with an acute phase that is frequently asymptomatic and
lasting approximately 40 - 60 days [4]. This is followed by
an indeterminate phase where the infected individual may re-
main symptom-free for years [5]. Approximately 20-30% of
individuals infected with 7. cruzi develop CCC after a latency
period of 10 - 30 years [3, 4]. The chronic phase is character-
ized by progressive myocarditis, ventricular dilation, and HF,
with increased expression and activity of matrix metallopro-
teinases (MMP-2 and MMP-9) and their inhibitors (TIMPs)
associated with extensive heart remodeling and poorer prog-
nosis in CCC patients [1]. Heart transplantation becomes a
valuable therapeutic option for end-stage patients [2]. The
severity of myocarditis in CCC is correlated with the number
of infiltrating leukocytes expressing hypoxia-inducible factor
(HIF)-1a and CD73, which are linked to tissue parasite persis-
tence and immune response modulation [2]. The conversion
rate from the indeterminate phase to Chagas cardiomyopathy
is approximately 1.1% per year, with early predictors of dis-
ease progression including elevated B-type natriuretic peptide
(BNP) levels and echocardiographic changes [4]. Genetic pol-
ymorphisms, such as the TT genotype at -819C>T, are associ-
ated with an increased risk of developing CCC, suggesting
a genetic predisposition to disease progression [3]. Regula-
tory T cells (Tregs) and their interactions with co-stimulatory
molecules (CD80 and CD86) play a role in modulating the
immune response, with distinct patterns observed in asymp-
tomatic and symptomatic patients [5, 6]. Understanding these
stages and the underlying mechanisms can aid in early de-
tection, improve patient management, and develop targeted
interventions.

Detailed analyses reveal that prevalence rates vary signifi-
cantly, influenced by factors such as disease phase, comorbidi-
ties, and genetic predispositions [7]. For instance, the cumula-
tive progression rate to CCC in a Brazilian cohort was observed
to be 6.9%, with a notable incidence rate of 1.48 cases per 100
patient-years [8]. Such variability is also pronounced in differ-
ent regions, such as among Bolivians in Barcelona compared
to those in rural Southern Bolivia, highlighting the impact of
environmental and social factors on disease spread and pro-
gression [9].

The clinical significance of CCC cannot be overstated,
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given its impact on morbidity and mortality. The progression
from a potentially asymptomatic condition to severe cardio-
myopathy underscores the importance of early detection and
effective management to reduce the healthcare burden [10].
Socioeconomic factors also play a critical role in disease man-
agement and outcomes, with disparities in access to care and
treatment efficacy often observed across different regions and
populations [11].

This review is justified by the variability in clinical out-
comes and regional disparities in treatment, which suggest
gaps in current research and practice. These gaps include a
lack of standardized treatment protocols and an incomplete
understanding of the pathophysiological mechanisms contrib-
uting to the variability in disease progression and outcomes
[12].

The objectives of this review are to provide a comprehen-
sive overview of the diagnosis, management, and outcomes
of CCC, identify current gaps in research and healthcare de-
livery, and propose future directions for research and clini-
cal practice. By focusing on these areas, this review aims to
contribute significantly to the understanding of CCC, offering
insights that could lead to more effective and tailored thera-
peutic interventions, thereby improving patient outcomes on
a global scale.

Epidemiology

The prevalence and progression of CCC display significant
geographic and demographic variability, reflecting the com-
plexity of its epidemiological and pathophysiological land-
scape [13].

Detailed analyses reveal that the prevalence rates of CCC
vary considerably across different regions, influenced by fac-
tors such as the phase of Chagas disease, comorbidities, and
genetic predispositions. Notably, the annual rate of develop-
ing cardiomyopathy is estimated at 4.6% among patients with
acute Chagas infection and 1.9% among those with the inde-
terminate chronic form of the disease [14]. Furthermore, the
cumulative progression rate to CCC in a Brazilian urban co-
hort with an indeterminate form of Chagas disecase was ob-
served to be 6.9%, with an incidence rate of 1.48 cases per 100
patient-years [8].

Geographic variation in prevalence is also marked; for in-
stance, in Barcelona, among the Bolivian population, the prev-
alence of 7. cruzi infection stands at 18.3%, with a coinfection
rate of 6% for 7. cruzi and severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [15]. In contrast, rural popula-
tions in Southern Bolivia exhibited a higher seroprevalence of
Chagas disease (92%) compared to their urban counterparts
(40%). These disparities are particularly pronounced in spe-
cific demographic groups; for example, the highest proportion
of Chagasic cardiac anomalies occurs in the 50 - 59 age group
[16-18].

The epidemiology of CCC is characterized by significant
variability across different regions and populations, with ge-
netic and environmental factors playing crucial roles in its de-
velopment. Understanding these dynamics is essential for the
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development of targeted diagnostic and therapeutic strategies
for this debilitating disease.

Pathophysiology

In Chagas cardiomyopathy, the acute phase, typically asymp-
tomatic and lasting around 40 - 60 days, presents significant
challenges for early detection and management [4]. Follow-
ing this phase, individuals enter an indeterminate period,
during which they may remain symptom-free for years [5].
Ultimately, approximately 30% of those infected progress to
CCC, characterized by severe cardiomyopathy leading to HF,
arrhythmias, and sudden cardiac death (SCD) [6].

The transition from acute to chronic Chagas disease is in-
fluenced by a multitude of factors including genetic predis-
positions and immunologic responses. Spatial metabolomics
studies have demonstrated that 7. cruzi infection induces lo-
calized chemical changes in heart tissue, contributing to the
pathogenesis of CCC [12]. This chronic phase is marked by a
sustained inflammatory response, characterized by the produc-
tion of proinflammatory cytokines and reactive oxygen species
by infected macrophages, which promote oxidative stress, fi-
brosis, and cellular apoptosis in cardiac tissues [19].

In terms of transmission dynamics, CCC’s development
involves multiple vectors and mechanisms, which vary sig-
nificantly by region. The role of genetic factors is increas-
ingly recognized, with research highlighting rare pathogenic
variants in mitochondrial and inflammation-associated genes
that may predispose individuals to CCC. These genetic factors,
alongside mitochondrial dysfunction and chronic inflamma-
tory processes, contribute significantly to the disease’s patho-
genesis [17].

Studies also emphasize the importance of immune re-
sponse dynamics in CCC, with the production of proinflam-
matory cytokines and reactive oxygen species playing a
central role. Bioinformatics analyses have identified key bio-
logical pathways and hub genes associated with inflammation
in CCC, significantly correlating with Th1 and Th2 cell differ-
entiation, cytokine-cytokine receptor interaction, nuclear fac-
tor (NF)-kB signaling pathway, and T cell receptor signaling
pathway [18].

Genetic factors play a critical role in the susceptibility to
and progression of CCC. Studies have identified rare patho-
genic variants in mitochondrial and inflammation-associated
genes that predispose individuals to mitochondrial dysfunc-
tion and an exaggerated inflammatory response to interferon-y
[17]. Furthermore, polymorphisms in the PIK3CG gene, which
influences the PI3Ky signaling pathway, are associated with
an increased risk of developing CCC. These genetic elements,
combined with immunological factors such as the activation of
the NF-kB-dependent pathway, underline the complex inter-
play between host genetics and immune responses in disease
progression [20].

Cardiac remodeling in CCC involves profound structural
and functional alterations within the heart. Increased expres-
sion and activity of MMPs (MMP-2 and MMP-9) and their
tissue inhibitors (TIMPs) indicate a shift toward extensive car-
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diac remodeling [21]. These changes are accompanied by met-
abolic disturbances, as evidenced by metabolomic profiling,
which reveals energy deficits and altered substrate utilization
contributing to the severity of CCC. Additionally, elevated di-
astolic calcium levels and intracellular inositol 1,4,5-trisphos-
phate concentrations in cardiomyocytes from CCC patients are
associated with contractile dysfunction, further complicating
the disease progression [22].

The pathophysiology of CCC encompasses a transition
from an acute, often unnoticed infection to a debilitating
chronic condition. This progression is driven by a combination
of genetic predispositions, immunological responses, and met-
abolic and structural changes in the heart. Understanding these
intricate mechanisms is crucial for improving the diagnosis,
treatment, and management of Chagas disease, ultimately aim-
ing to mitigate the global burden of CCC.

Clinical Manifestations

CCC, primarily caused by 7. cruzi infection, exhibits a diverse
spectrum of clinical manifestations that evolve from asympto-
matic to severe, life-threatening cardiovascular complications.
This progression underscores the complexity of CCC and ne-
cessitates a nuanced understanding for effective diagnosis and
management [2].

In the initial stages, CCC may be subtle or entirely asymp-
tomatic, which presents significant challenges for early diag-
nosis. As the disease progresses, patients often experience a
range of symptoms including dyspnea on exertion, fatigue,
palpitations, dizziness, and syncope. These symptoms are
indicative of underlying cardiac abnormalities such as ven-
tricular arrhythmias, conduction system defects, sinus node
dysfunction, and segmental wall-motion abnormalities. Other
notable manifestations include chest pain, which may present
as atypical or resemble angina, and peripheral edema [7].

A hallmark of CCC is the development of cardiac struc-
tural changes including apical aneurysms and mural thrombi,
which have a high embolic potential. These structural changes
can precipitate severe outcomes such as stroke, SCD, and HF
[23]. SCD, which accounts for 55-65% of deaths in CCC pa-
tients, may occur unexpectedly and is often triggered by severe
arrhythmic events such as ventricular tachycardia or fibrilla-
tion, asystole, or complete atrioventricular block (frequently
during physical exertion) [24].

The transition to overt HF typically begins with isolated
left ventricular failure and may progress to biventricular HF
(HF). Patients with advanced disease often exhibit clinical
signs of right-sided HF, such as increased jugular venous pres-
sure, peripheral edema, ascites, and hepatomegaly. Diagnostic
findings may include both systolic and diastolic dysfunction,
the latter of which may be present without overt left ventricu-
lar systolic impairment [25].

Cardiac arrhythmias in CCC span a wide spectrum, from
asymptomatic disturbances to symptomatic palpitations, syn-
cope, and sudden cardiac arrest. These arrhythmias encom-
pass virtually all types of atrial and ventricular disturbances,
including persistent sinus node dysfunction, atrial fibrillation,
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intermittent complete atrioventricular block, and complex ven-
tricular arrhythmias. The presence of ventricular arrhythmias
and atrioventricular or sinus node dysfunction often co-occur,
adding to the complexity of clinical management. In managing
these arrhythmias, amiodarone and sotalol are commonly used
due to their efficacy in reducing arrhythmia recurrence and im-
proving patient outcomes. Amiodarone is often preferred for
its broad-spectrum antiarrhythmic properties, despite its slow-
er onset of action. Sotalol, a class III antiarrhythmic, is also
effective but may be used in combination with other agents
for enhanced efficacy [26]. Combining class I and class III
antiarrhythmic drugs, such as amiodarone with beta-blockers,
is a common strategy to enhance antiarrhythmic efficacy and
reduce the risk of arrhythmias. This approach is particularly
useful in cases where monotherapy is insufficient. Amiodar-
one is typically administered in a loading dose followed by
a maintenance dose to achieve therapeutic levels quickly and
maintain efficacy. Sotalol dosage must be carefully adjusted
based on renal function and patient response to minimize the
risk of adverse effects. Both amiodarone and sotalol have
been shown to reduce the frequency of ventricular arrhyth-
mias and the morbidity associated with recurrent implantable
cardioverter-defibrillator (ICD) shocks in CCC patients. The
combination of antiarrhythmic drugs can lead to better control
of arrhythmias and improved patient outcomes compared to
monotherapy [26].

Thromboembolic events represent a major cause of mor-
bidity in CCC, contributing significantly to the incidence of
stroke and other severe outcomes. Strokes in CCC are often
cardioembolic in origin, related to emboli from dilated cardiac
chambers or atrial fibrillation. Less frequently, strokes may
result from atherothrombosis or small vessel disease. Pulmo-
nary embolisms typically originate from venous or right heart
thrombi, adding another layer of risk for these patients [27].

The initial diagnostic approach for CCC typically involves
chest radiography and electrocardiography (ECG). Cardio-
megaly is a classic radiographic finding, although many pa-
tients may present with a normal chest radiograph. ECG ab-
normalities are common and varied, including intraventricular
blocks, particularly right bundle branch block and left anterior
fascicular block, diffuse ST-T changes, ventricular premature
beats, and various degrees of atrioventricular block. Despite
their prevalence, these findings are not exclusive to CCC, ne-
cessitating further diagnostic evaluation [28].

Advanced imaging techniques, such as cardiac magnetic
resonance (CMR), play a critical role in the evaluation of CCC.
CMR can detect myocardial fibrosis, which is strongly asso-
ciated with ventricular arrhythmias and an increased risk of
SCD. Moreover, novel imaging modalities can identify early
diffuse myocardial fibrosis and inflammation, crucial predic-
tors of disease severity and prognosis [24].

The clinical manifestations of CCC are multifaceted and
dynamic, ranging from asymptomatic to critical conditions
that include severe arrhythmias, HF, and thromboembolic
events. Given that sudden death is a major problem in CCC,
specific consideration is given to the use of antiarrhythmic
drugs to manage these arrhythmias. Ventricular arrhythmias,
which are a major cause of SCD, are primarily targeted by an-
tiarrhythmic drugs. Beta-blockers, particularly at doses greater
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than 50% of the target dose, have been shown to significantly
reduce the risk of major ventricular arrhythmias and SCD in
patients with arrhythmogenic conditions similar to CCC [5].
Amiodarone and sotalol are also used to manage ventricular
arrhythmias, although their efficacy varies and is often based
on extrapolation from other cardiomyopathies [4, 5]. Addition-
ally, the Na*/Ca®* exchanger (NCX) has been identified as a
key player in the electrical remodeling of cardiomyocytes in
CCC, suggesting that targeting NCX could be a potential ther-
apeutic strategy [6]. However, the narrow therapeutic window
of antiarrhythmic drugs poses a challenge, necessitating care-
ful monitoring and individualized dosing to minimize adverse
effects [1, 2].

Given the high risk of SCD in CCC patients, ICDs play a
crucial role in reducing mortality and preventing sudden death,
particularly in those with life-threatening ventricular arrhyth-
mias. ICD implantation, combined with amiodarone, signifi-
cantly reduces all-cause mortality and sudden death compared
to amiodarone alone. The survival benefit is especially signifi-
cant in patients with a left ventricular ejection fraction (LVEF)
of less than 40% [1]. ICDs are used for both primary and sec-
ondary prevention in CCC patients with sustained ventricular
tachycardia or ventricular fibrillation [3]. However, identi-
fying predictors of sudden death remains challenging. Frag-
mented surface ECG is a poor predictor of appropriate ICD
therapies in these patients [2]. CCC patients exhibit a higher
frequency of appropriate ICD therapy and shorter event-free
survival compared to non-Chagas patients, indicating a more
arrhythmogenic substrate in CCC [4]. Chagas disease doubles
the risk of requiring appropriate ICD therapy or experiencing
death [4].

The implantation of cardiac defibrillators, particularly
ICDs, significantly improves prognosis and quality of life for
patients with CCC. Clinical studies have shown that ICD im-
plantation significantly reduces the risk of SCD and improves
survival rates in patients with various cardiomyopathies, in-
cluding CCC. Patients report improved quality of life post-
implantation, with positive changes in physical and social
limitations, symptom frequency, and overall well-being [1-3].
However, device-related complications, such as inappropriate
shocks, can significantly deteriorate quality of life, highlight-
ing the importance of managing these complications effective-
ly [1, 7]. Most patients adjust well to ICD implantation, though
a subset may experience poor psychological outcomes, includ-
ing anxiety and depression, particularly those with comorbidi-
ties or lower education levels [5, 8]. Effective management
of complications and personalized patient care are crucial to
maximizing the benefits of ICD therapy.

Comparative studies indicate that catheter ablation may
be more effective than antiarrhythmic drugs in reducing re-
current atrial arrhythmias and hospitalizations, though this is
more relevant to atrial fibrillation rather than the ventricular
arrhythmias typical in CCC [3]. A thorough understanding of
these manifestations, coupled with comprehensive diagnostic
strategies, is essential for the effective management and treat-
ment of CCC. This nuanced approach ensures that clinicians
can better predict disease progression and tailor interventions
to mitigate the significant morbidity and mortality associated
with this challenging cardiomyopathy.

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

Diagnostic Criteria and Challenges

The diagnosis of CCC requires meticulous integration of clini-
cal assessments, serological testing, and advanced imaging
technologies. This comprehensive approach is vital to accu-
rately identify and manage CCC, given its complexity and the
significant morbidity associated with delayed or missed diag-
nosis [29].

Approach to diagnosis

The diagnostic process for CCC begins with the identification
of individuals at potential risk. This includes those who have
resided in endemic areas of Latin America or are descendants
of individuals from these regions. Due to the often-asympto-
matic nature of chronic Chagas disease, proactive screening is
essential. Serologic testing for immunoglobulin G (IgG) anti-
bodies against 7. cruzi is the cornerstone for confirming infec-
tion, irrespective of symptom presentation [30].

Following serological confirmation, a thorough cardiac
assessment is mandatory. This assessment should comprise a
detailed medical history review, physical examination, rest-
ing 12-lead ECG with a 30-s lead II rhythm strip, and chest
radiography. While these initial tests are fundamental, their
normal findings do not rule out CCC, thereby necessitating
further detailed cardiac evaluation [31]. Differential diagnosis
is essential as CCC can mimic other cardiomyopathies, nota-
bly arrhythmogenic cardiomyopathy (AC). CCC is primarily
caused by infection with the protozoan parasite 7. cruzi, pre-
senting with HF, ventricular arrhythmias, and thromboembolic
events. AC, a genetic disorder often inherited in an autosomal
dominant pattern, primarily features fibrofatty replacement of
the right ventricular myocardium and does not typically pre-
sent with thromboembolic events. Imaging modalities such as
strain echocardiography, nuclear medicine, computed tomog-
raphy (CT), and CMR imaging are crucial in distinguishing
CCC, which often shows myocardial fibrosis and inflamma-
tion, from AC, which is characterized by fibrofatty myocardial
replacement (Table 1).

Standardized diagnostic criteria

The clinical diagnosis of CCC hinges on identifying specific
cardiac abnormalities that are indicative of Chagas heart dis-
ease. Diagnostic criteria include ECG or ambulatory ECG
abnormalities, such as sinus bradycardia, right bundle branch
block with left anterior hemiblock, ventricular premature beats,
and varying degrees of atrioventricular block. These findings
must be evaluated alongside other potential cardiac conditions
to ensure CCC is the primary diagnosis [32].

Cardiac imaging further enriches the diagnostic landscape.
Echocardiography and CMR are pivotal, revealing abnormali-
ties from regional wall motion issues to more pronounced
features such as ventricular aneurysms or intracavity thrombi.
These imaging modalities are essential for a definitive diagno-
sis and for monitoring disease progression [29].
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Table 1. Comparison of Chronic Chagas Cardiomyopathy (CCC) and Arrhythmogenic Cardiomyopathy (AC)

Features

Chronic Chagas cardiomyopathy (CCC)

Arrhythmogenic cardiomyopathy (AC)

Risk factors

Causes
Pathophysiology

Heart failure
Ventricular arrhythmias
Thromboembolism
Ventricular aneurysms
Right ventricular involvement
Heart block

Chest pain
Disease-specific finding
Diagnostic test

Treatment

Complications

Rural Latin America
Trypanosoma cruzi infection
Dysautonomia

Common

Common

Common

Common (apical aneurysms)
Rare

Common (complete)
Common (atypical)

Common (megaesophagus, megacolon)
Transthoracic echocardiogram

Benznidazole, angiotensin-converting enzyme
inhibitors, beta-adrenergic blockers, diuretics

Heart failure

Family history (autosomal dominant)
Genetic mutations
Fibrofatty infiltration
Common

Common

Rare

Rare

Common (dilation)
Rare (first-degree)
Rare

Rare

Cardiac MRI

Beta-adrenergic blockers, angiotensin-
converting enzyme inhibitors, antiarrhythmic
drugs, implantable cardioverter-defibrillators

Sudden cardiac death

MRI: magnetic resonance imaging.

Key diagnostic tests

Echocardiography remains a fundamental diagnostic tool by
detailing structural and functional cardiac changes. Early-stage
disease may show mild segmental wall motion abnormalities,
which are significant predictors of future cardiac events and
overall disease progression. Advanced stages are characterized
by more severe global ventricular dilatation and systolic dys-
function, often accompanied by valvular disturbances [33].

Ambulatory ECG monitoring is indispensable for captur-
ing transient cardiac events and arrhythmias that a standard
ECG might miss. This test is crucial for assessing the arrhyth-
mic risk and other related cardiac symptoms, providing a con-
tinuous overview of the cardiac rhythm that informs both diag-
nosis and management strategies [29].

Advanced diagnostic tools and innovations

When echocardiography does not provide conclusive results,
CMR is the recommended next step. It offers a detailed as-
sessment of ventricular size, function, and myocardial fibrosis,
providing a clear picture of the extent of myocardial damage.
In scenarios where CMR is inaccessible or contraindicated,
radionuclide imaging serves as a viable alternative, enabling
comprehensive evaluation of cardiac function and identifica-
tion of fibrotic changes [29].

Differential diagnosis

Accurately distinguishing CCC from other cardiomyopathies
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and cardiac conditions is critical. This differentiation involves
detailed comparative analysis against ischemic heart disease,
hypertrophic cardiomyopathy, and dilated cardiomyopathy.
Stress testing and coronary angiography are employed to
exclude ischemic conditions, especially in patients present-
ing with chest pain or those with inconclusive stress imaging
results. The differentiation process is guided by both clinical
judgment and a range of diagnostic tools to ensure precise di-
agnosis and appropriate management [34].

In conclusion, the diagnosis of CCC encompasses a broad
spectrum of diagnostic strategies, from initial risk assessment
and serologic testing to advanced imaging and careful differ-
entiation from other cardiac conditions. This comprehensive
approach ensures accurate diagnosis, informs effective man-
agement strategies, and ultimately improves patient outcomes
in CCC. This meticulous diagnostic journey underscores the
complexities of CCC and highlights the necessity for robust
clinical protocols and advanced diagnostic tools in managing
this life-threatening condition.

Management and Treatment

The management of CCC requires a vigilant and structured
approach to actively monitor disease progression. Patients
diagnosed with CCC should undergo annual clinical evalua-
tions, which include a detailed history and physical examina-
tion, complemented by an electrocardiogram to detect new or
progressive cardiac abnormalities. These regular assessments
help in the timely identification of complications such as HF or
arrhythmias, which may necessitate adjustments in therapeutic
strategies [35].

Echocardiographic monitoring is pivotal and should be
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performed with a frequency tailored to disease severity. Pa-
tients exhibiting a normal LVEF and no regional wall motion
abnormalities are advised to undergo echocardiography eve-
ry 3 -5 years. Conversely, those displaying reduced ejection
fractions or evident wall motion abnormalities should receive
more frequent evaluations, typically on an annual or biennial
basis, to closely monitor progression and guide treatment ad-
justments [25].

Pharmacological and antitrypanosomal therapy

Pharmacological management in CCC is twofold, focusing on
symptomatic relief of HF symptoms and specific antitrypano-
somal treatment to address the underlying infection. For early-
stage HF (American Heart Association/American College of
Cardiology (AHA/ACC) stages A and B) with a Rassi score
indicating low mortality risk, antitrypanosomal therapy with
either benznidazole or nifurtimox is recommended. Benznida-
zole is typically administered at a dose of 5 - 7 mg/kg/day in
adults, divided into two doses for 60 days, while nifurtimox is
given at a dose of 8 - 10 mg/kg/day in adults, divided into three
doses for 60 - 90 days. These doses may vary based on patient
factors such as age, weight, disease stage, and comorbidities.
However, the use of these medications in the chronic phase of
CCC is limited due to their high toxicity and limited efficacy.
Combination therapies, such as benznidazole with aspirin or
curcumin, have shown promise in reducing cardiac fibrosis
and inflammation. Immunomodulatory and anti-inflammatory
approaches, including low-dose aspirin, resolvins, and natural
compounds like resveratrol and curcumin, can also play a cru-
cial role in managing CCC. Advanced therapeutic strategies
targeting specific pathways such as transforming growth factor
(TGF)-B and miR-21, along with the development of vaccines
linked to chemotherapy, offer potential benefits. The selection
of specific agents and dosing schedules is critical and should
be adjusted based on therapeutic response and potential side
effects. The use of anti-parasitic medications should be care-
fully considered, with a preference for combination therapies
and advanced management options in chronic cases [35].

The use of these drugs in later stages (AHA/ACC stages
C and D) is generally avoided due to diminished benefits and
heightened risks of drug toxicity. Additionally, the manage-
ment of HF follows standard guidelines applicable to other
etiologies, emphasizing neurohormonal blockade to improve
survival and reduce morbidity [35].

Non-pharmacological interventions

Non-pharmacological strategies form a crucial component of
CCC management. These include lifestyle modifications such
as dietary adjustments and tailored physical activity programs,
which help mitigate HF symptoms and improve quality of
life. Surgical interventions and device therapies, such as the
implantation of pacemakers or defibrillators, are reserved for
patients with severe arrhythmic complications or those at high
risk for SCD [36].
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Advanced management options

For patients with refractory HF or those ineligible for or un-
responsive to conventional therapies, advanced treatment op-
tions such as heart transplantation are considered. This ap-
proach necessitates comprehensive preoperative evaluation
and meticulous postoperative care to prevent reactivation of
T. cruzi infection, facilitated by immunosuppressive therapy.
Anti-parasitic medications, particularly benznidazole and ni-
furtimox, are used post-transplant to manage parasitic infec-
tion and prevent cardiac deterioration. However, these drugs
have significant side effects and high rates of treatment dis-
continuation. Research into alternative drugs and new treat-
ment strategies, including combinations of anti-parasitic and
immunomodulatory drugs, is ongoing to improve outcomes
and reduce side effects. Prophylactic anti-parasitic therapy or
the use of allopurinol alone is currently limited by evidence,
necessitating further research to establish effective measures.
Adjusted immunosuppressive regimens, including lower doses
of corticosteroids, adjusted cyclosporine levels, and the use of
azathioprine rather than mycophenolate mofetil, are recom-
mended to reduce the risk of 7. cruzi reactivation and rejection
episodes [37].

Treatment challenges

The effective treatment of CCC is hindered by several chal-
lenges, including logistical issues such as access to care in
endemic areas, economic barriers limiting the availability of
medications and advanced therapies, and the inherent toxic-
ity and limited efficacy of current antitrypanosomal drugs in
chronic disease stages. Additionally, patients with CCC exhibit
resistance to standard HF therapies due to unique pathogenic
mechanisms and clinical characteristics. Studies have shown
that CCC patients have altered intestinal permeability, lead-
ing to potential differences in drug absorption and response.
Metabolomic profiling of CCC patients’ failing myocardium
revealed significant metabolic alterations, including dysregu-
lation of energy pathways, increased oxidative stress, and
chronic inflammation, contributing to disease progression and
severity [3]. Furthermore, research on microRNAs in CCC pa-
tients demonstrated associations between specific circulating
microRNAs and markers of myocardial function, suggesting a
potential link between microRNA levels and disease severity
[5]. Addressing these challenges is essential for improving out-
comes and requires enhancements in healthcare infrastructure,
patient education, and the development of new therapeutic
agents with better efficacy and safety profiles [2].

In conclusion, the management of CCC involves a multi-
faceted approach that emphasizes regular monitoring, appro-
priate use of pharmacological therapies, supportive non-phar-
macological interventions, and advanced treatment options for
severe cases. Overcoming the challenges associated with the
management of CCC requires ongoing efforts in medical re-
search, healthcare policy, and patient-centered care strategies
to enhance the quality of life and prognosis for affected indi-
viduals.
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Prognosis

CCC represents a severe manifestation of Chagas disease, pri-
marily characterized by its impact on the cardiovascular system
and significant implications for patient morbidity and mortality.
The prognosis of CCC is influenced by a multifaceted interplay
of clinical, metabolic, and molecular factors, which necessitate a
comprehensive understanding to enhance patient outcomes [12].

Predictive factors for mortality in CCC encompass both
clinical presentations and underlying pathophysiological
mechanisms. A prominent risk factor is HF, which notably
influences mortality rates. Observational studies suggest that
mortality in patients presenting with HF due to CCC is higher
compared to other etiologies of HF. This heightened risk is
underscored by the presence of left ventricular dilatation or
systolic dysfunction, and nonsustained ventricular tachycar-
dia (NSVT). Furthermore, the disease stage critically affects
prognosis, with advanced cardiomyopathy stages showing sig-
nificantly higher mortality rates. Meta-analysis indicates an-
nual mortality rates of 4.8% to 22.4% escalating with disease
severity from early to advanced stages [14]. Additionally, male
sex and older age have been identified as demographic factors
associated with poorer outcomes [38].

The Rassi score is instrumental in prognostic assessments,
offering a quantifiable method to stratify mortality risk among
patients. Developed and validated through longitudinal stud-
ies, this score incorporates multiple predictors including New
York Heart Association (NYHA) class III or IV, cardiomegaly
on chest radiograph, and segmental or global left ventricular
systolic dysfunction, among others [34]. Patients with higher
scores on this scale exhibit substantially increased risks of
mortality, with 10-year mortality rates ranging from 9% to
85% based on score stratification [39].

Prognostic assessments also involve a range of diagnostic
tools that provide critical insights into the disease’s progres-
sion and patient prognosis. Echocardiography and CMR are
pivotal in this regard. Echocardiography frequently identifies
impaired left ventricular function, a significant predictor of
poor outcomes. CMR further elaborates on this by detailing
the extent of myocardial fibrosis, which is strongly correlated
with increased mortality and morbidity rates [29].

Emerging research highlights the potential of metabolic
and molecular alterations in influencing the disease course.
Chronic inflammatory states, driven by metabolic dysfunc-
tions such as altered amino acid levels and increased oxidative
stress, play a crucial role in disease progression. These find-
ings advocate for the integration of these biomarkers in routine
clinical assessments to anticipate disease trajectory and tailor
patient management strategies [40].

In conclusion, the prognosis of CCC is dictated by a com-
plex array of factors that span clinical manifestations, disease
staging, and underlying molecular alterations. Effective man-
agement hinges on the utilization of comprehensive risk as-
sessments like the Rassi score and the judicious application of
diagnostic imaging to guide therapeutic decisions. As research
continues to evolve, integrating new biomarkers and molecu-
lar insights holds promise for refining prognostic evaluations
and enhancing therapeutic outcomes in this patient population.
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Gaps in the Literature

Research on CCC has identified significant insights into the
disease’s progression, demographic influences, and potential
therapeutic interventions. Nonetheless, several critical gaps
remain, particularly in understanding the long-term outcomes
and the impacts of early interventions. These shortcomings not
only hinder the refinement of therapeutic strategies but also
limit the overall advancement in patient care and disease man-
agement within this field [34].

Research shortcomings are evident, particularly in the un-
derrepresentation of specific demographic groups within lon-
gitudinal studies. Insights from recent research underscore that
older age and male sex are associated with a higher risk of
progressing to CCC. Additionally, the increasing prevalence
of comorbidities such as arterial hypertension, diabetes mel-
litus, and pulmonary hypertension among Chagas patients
highlights the need for a nuanced understanding of how these
factors influence disease progression and patient outcomes
[14]. However, current studies tend to overlook younger indi-
viduals and females, which could skew the understanding of
CCC across the broader population. This gap suggests a press-
ing need for inclusive research designs that encompass a wider
range of demographic variables to provide a more comprehen-
sive understanding of the disease dynamics [7].

The methodological limitations in CCC research further
complicate the ability to draw robust conclusions about the ef-
ficacy of treatments and the pathophysiology of the disease.
While recent studies have started to explore the potential of
immunomodulatory agents, cell therapies, and innovative
pharmaceutical approaches, there remains a substantial gap in
evidence concerning the long-term efficacy and safety of these
treatments [10]. The limitations are particularly pronounced
in the context of randomized controlled trials (RCTs), which
are crucial for validating the effectiveness of new therapies
[12]. Despite the potential shown by various emerging thera-
pies, such as nano-immunotherapy and therapeutic silencing
of miR-21, the current research landscape lacks a sufficient
number of comprehensive RCTs that could substantiate their
benefits and guide clinical practice [41].

Furthermore, the existing methodologies for detecting and
monitoring CCC are not without flaws. Advanced diagnostic
techniques such as speckle tracking echocardiography and
CMR imaging offer promising avenues for early detection of
myocardial damage and fibrosis. However, these technologies
are not yet widely incorporated into routine clinical evalua-
tions, leading to potential delays in diagnosis and suboptimal
monitoring of disease progression. Additionally, the need for
a multi-therapeutic strategy that encompasses both pharmaco-
logical and non-pharmacological interventions remains inad-
equately addressed in the current research framework [42].

In summary, the gaps in the literature concerning CCC are
significant and multifaceted. The underrepresentation of broader
demographic groups in research studies and the methodological
limitations in both diagnostics and treatment evaluations pose
considerable challenges. Addressing these gaps is crucial for ad-
vancing the understanding and management of CCC, which in
turn could lead to more effective and tailored therapeutic inter-
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ventions for affected individuals. The enhancement of methodo-
logical approaches and the expansion of demographic inclusiv-
ity in research are imperative for overcoming these challenges
and improving patient outcomes in the realm of CCC.

Future Directions

Future research in CCC should prioritize multi-therapeutic
strategies targeting both the parasite and inflammation-related
alterations, utilizing immunomodulatory drugs [43]. Identi-
fying novel biomarkers for disease progression and mortal-
ity can improve diagnostic and prognostic tools, aiding early
detection and management [25]. Investigations should focus
on cardiometabolic and inflammatory markers like interleu-
kin (IL)-33, CD40, and regenerating islet-derived 1 alpha
(REG1A) for better patient stratification and targeted therapies
[44, 45]. Public health policies need to enhance CCC preven-
tion and management, integrating surveillance systems and
treatment protocols, especially for vulnerable populations like
human immunodeficiency virus (HIV)-infected patients [46].
Policy changes should also consider heart transplantation for
advanced cases and strategies against thromboembolic events
[47]. New imaging parameters, such as strain echocardiogra-
phy and CMR imaging, are recommended for predicting and
managing SCD risks, facilitating early detection of myocardial
fibrosis and inflammation [48]. Enhancing research into diag-
nostic biomarkers and targeted therapies, alongside strategic
public health policy updates, is crucial for improving CCC
prevention, management, and patient outcomes.

Conclusions

This review has delineated the complex epidemiology and
pathophysiology of CCC, highlighting the disease’s progres-
sion from an often-asymptomatic acute phase to a debilitating
chronic state characterized by severe cardiomyopathy. Our com-
prehensive analysis underscores the critical role of early detec-
tion and the implementation of targeted diagnostic and thera-
peutic strategies to mitigate the impact on patient morbidity and
mortality. The variability in disease expression and progression,
influenced by genetic predispositions and regional disparities in
treatment efficacy, points to significant gaps in current research
and healthcare delivery. It is imperative that future studies fo-
cus on closing these gaps through rigorous research, particularly
involving underrepresented demographics and innovative treat-
ment modalities. Enhanced public health policies and ongoing
research support are crucial to improve CCC management and
patient outcomes globally. Therefore, we urge for continued ad-
vancement in the understanding of CCC’s clinical, metabolic,
and molecular dynamics to foster the development of more ef-
fective therapeutic interventions and healthcare strategies.

Learning points

The review has the following learning points: 1) addresses the
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escalating global burden of CCC due to migration patterns,
emphasizing the urgency for enhanced intervention strate-
gies; 2) provides novel insights into CCC’s pathophysiological
mechanisms, advancing understanding of disease progression
through genetic, immunological, and metabolic perspectives;
3) evaluates advancements in diagnostic methodologies, facili-
tating early detection and precise disease monitoring with ad-
vanced imaging techniques; 4) assesses the efficacy of current
treatment modalities, emphasizing the need for tailored thera-
peutic interventions to optimize patient outcomes; 5) identifies
critical gaps in research and clinical practice, advocating for
updated treatment guidelines and proposing future research di-
rections to enhance CCC management globally.

Acknowledgments

None to declare.

Financial Disclosure

No funding was received for the conduct of this study or the
preparation of this article, indicating that there are no financial
sources to declare.

Conflict of Interest

The author declares no conflict of interest to ensure the impar-
tiality of the review.

Author Contributions

Jordan Llerena-Velastegui, MD: conceptualization, supervi-
sion, project administration, writing - review and editing. Al-
mendra Lopez-Usina, medical student: data curation, formal
analysis, writing - review & editing. Camila Mantilla-Cis-
neros, medical student: conceptualization, writing - original
draft, writing - review & editing, methodology.

Data Availability

All data generated or analyzed during this study are included
in this published article, and further inquiries should be direct-
ed to the corresponding author.

References

1. Malhotra S, Masood I, Giglio N, Pruetz JD, Pannaraj
PS. Current knowledge of Chagas-related heart disease
among pediatric cardiologists in the United States. BMC
Cardiovasc Disord. 2021;21(1):116. doi pubmed pmc

2. Echavarria NG, Echeverria LE, Stewart M, Gallego C,
Saldarriaga C. Chagas Disease: Chronic Chagas Cardio-

www.cardiologyres.org 347


https://www.doi.org/10.1186/s12872-021-01924-8
http://www.ncbi.nlm.nih.gov/pubmed/33653275
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7921824

Advances in Understanding and Treatment of CCC

Cardiol Res. 2024;15(5):340-349

10.

I1.

12.

13.

348

myopathy. Curr Probl Cardiol. 2021;46(3):100507. doi
pubmed

Vieira MC, Mendes F, Silva PSD, Silva G, Mazzoli-
Rocha F, Sousa AS, Saraiva RM, et al. The association
between variables of cardiopulmonary exercise test and
quality of life in patients with chronic Chagas cardiomyo-
pathy (Insights from the PEACH STUDY). PLoS One.
2022;17(12):e0279086. doi pubmed pmc

Chadalawada S, Sillau S, Archuleta S, Mundo W, Ban-
dali M, Parra-Henao G, Rodriguez-Morales AJ, et al.
Risk of chronic cardiomyopathy among patients with the
acute phase or indeterminate form of Chagas disease: a
systematic review and meta-analysis. JAMA Netw Open.
2020;3(8):¢2015072. doi pubmed pmc

Ballinas-Verdugo MA, Jimenez-Ortega RF, Martinez-
Martinez E, Rivas N, Contreras-Lopez EA, Carbo R,
Sanchez F, et al. Circulating miR-146a as a possible can-
didate biomarker in the indeterminate phase of Chagas
disease. Biol Res. 2021;54(1):21. doi pubmed pmc
Saraiva RM, Mediano MFF, Mendes FS, Sperandio
da Silva GM, Veloso HH, Sangenis LHC, da Silva PS,
et al. Chagas heart disease: An overview of diagnosis,
manifestations, treatment, and care. World J Cardiol.
2021;13(12):654-675. doi pubmed pmc

Guevara Moctezuma EI, Smith Doria S, Ortiz JV, Teix-
eira de Sousa DR, Mwangi VI, do Nascimento Couceiro
K, Brandao ARJ, et al. Chronic Chagas cardiomyopa-
thy in the Brazilian Amazon region: clinical character-
istics and regional distinctiveness. Front Public Health.
2023;11:1284639. doi pubmed pmc

Marcolino MS, Palhares DM, Ferreira LR, Ribeiro AL.
Electrocardiogram and Chagas disease: a large popu-
lation database of primary care patients. Glob Heart.
2015;10(3):167-172. doi pubmed

Posada E, Pell C, Angulo N, Pinazo MJ, Gimeno F, Eli-
zalde I, Gysels M, et al. Bolivian migrants with Cha-
gas disease in Barcelona, Spain: a qualitative study of
dietary changes and digestive problems. Int Health.
2011;3(4):289-294. doi pubmed

Botoni FA, Ribeiro AL, Marinho CC, Lima MM, Nunes
Mdo C, Rocha MO. Treatment of Chagas cardiomyopathy.
Biomed Res Int. 2013;2013:849504. doi pubmed pmc
Jimeno I, Mendoza N, Zapana F, de la Torre L, Torrico
F, Lozano D, Billot C, et al. Social determinants in the
access to health care for Chagas disease: A qualitative re-
search on family life in the "Valle Alto" of Cochabamba,
Bolivia. PLoS One. 2021;16(8):e0255226. doi pubmed
pmc

Rassi A, Jr., Marin JAN, Rassi A. Chronic Chagas car-
diomyopathy: a review of the main pathogenic mecha-
nisms and the efficacy of actiological treatment following
the BENznidazole Evaluation for Interrupting Trypa-
nosomiasis (BENEFIT) trial. Mem Inst Oswaldo Cruz.
2017;112(3):224-235. doi pubmed pmc
Montalvo-Ocotoxtle IG, Rojas-Velasco G, Rodriguez-
Morales O, Arce-Fonseca M, Baeza-Herrera LA, Arzate-
Ramirez A, Melendez-Ramirez G, et al. Chagas heart dis-
ease: beyond a single complication, from asymptomatic
disease to heart failure. J Clin Med. 2022;11(24):7262.

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

doi pubmed pmc

Chadalawada S, Rassi A, Jr., Samara O, Monzon A, Gu-
dapati D, Vargas Barahona L, Hyson P, et al. Mortality
risk in chronic Chagas cardiomyopathy: a systematic re-
view and meta-analysis. ESC Heart Fail. 2021;8(6):5466-
5481. doi pubmed pmc

Gomez IPJ, Essadek HO, Esperalba J, Serrat FZ, Guiu IC,
Goterris L, Zules-Ona R, et al. COVID-19: an opportunity
of systematic integration for Chagas disease. Example of
a community-based approach within the Bolivian popula-
tion in Barcelona. BMC Infect Dis. 2022;22(1):298. doi
pubmed pmc

Echalar JC, Veliz D, Urquizo ON, Niemeyer HM, Pinto
CF. Age-related anomalies of electrocardiograms in pa-
tients from areas with differential Seroprevalence of Cha-
gas disease in Southern Bolivia. Parasite Epidemiol Con-
trol. 2021;13:¢00204. doi pubmed pmc

Ouarhache M, Marquet S, Frade AF, Ferreira AM, Ianni
B, Almeida RR, Nunes JPS, et al. Rare pathogenic vari-
ants in mitochondrial and inflammation-associated genes
may lead to inflammatory cardiomyopathy in Chagas dis-
ease. J Clin Immunol. 2021;41(5):1048-1063. doi pub-
med pmc

Cunha-Neto E, Chevillard C. Chagas disease cardiomyo-
pathy: immunopathology and genetics. Mediators In-
flamm. 2014;2014:683230. doi pubmed pmc

Maldonado E, Rojas DA, Urbina F, Solari A. The oxida-
tive stress and chronic inflammatory process in Chagas
disease: role of exosomes and contributing genetic fac-
tors. Oxid Med Cell Longev. 2021;2021:4993452. doi
pubmed pmc

Silva MC, Fuzo CA, Marques Paiva I, Lopes Bibo N,
Tavares de Oliveira M, da Silva Soares HA, Chevillard
C, et al. Synonymous mutation rs1129293 is associated
with PIK3CG expression and PI3Kgamma activation in
patients with chronic Chagas cardiomyopathy. Immuno-
biology. 2022;227(5):152242. doi pubmed

Baron MA, Ferreira LRP, Teixeira PC, Moretti AIS, San-
tos RHB, Frade AF, Kuramoto A, et al. Matrix Metallo-
proteinase 2 and 9 Enzymatic Activities are Selectively
Increased in the Myocardium of Chronic Chagas Disease
Cardiomyopathy Patients: Role of TIMPs. Front Cell In-
fect Microbiol. 2022;12:836242. doi pubmed pmc

de Oliveira RM, Paiva MUB, Picossi CRC, Paiva DVN,
Ricart CAO, Ruperez FJ, Barbas C, et al. Metabolomic
insights in advanced cardiomyopathy of chronic chagasic
and idiopathic patients that underwent heart transplant.
Sci Rep. 2024;14(1):9810. doi pubmed pmc

Pino-Marin A, Medina-Rincon GJ, Gallo-Bernal S, Du-
ran-Crane A, Arango Duque Al, Rodriguez MJ, Medina-
Mur R, et al. Chagas cardiomyopathy: from Romana sign
to heart failure and sudden cardiac death. Pathogens.
2021;10(5):505. doi pubmed pme

Santacruz D, Rosas F, Hardy CA, Ospina D, Rosas AN,
Camargo JM, Bermudez JJ, et al. Advanced management
of ventricular arrhythmias in chronic Chagas cardiomyo-
pathy. Heart Rhythm O2. 2021;2(6Part B):807-818. doi
pubmed pmc

Torres RM, Correia D, Nunes M, Dutra WO, Talvani A,

www.cardiologyres.org


https://www.doi.org/10.1016/j.cpcardiol.2019.100507
http://www.ncbi.nlm.nih.gov/pubmed/31983471
http://www.ncbi.nlm.nih.gov/pubmed/31983471
https://www.doi.org/10.1371/journal.pone.0279086
http://www.ncbi.nlm.nih.gov/pubmed/36520825
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9754173
https://www.doi.org/10.1001/jamanetworkopen.2020.15072
http://www.ncbi.nlm.nih.gov/pubmed/32865573
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7489816
https://www.doi.org/10.1186/s40659-021-00345-3
http://www.ncbi.nlm.nih.gov/pubmed/34289913
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8293491
https://www.doi.org/10.4330/wjc.v13.i12.654
http://www.ncbi.nlm.nih.gov/pubmed/35070110
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8716970
https://www.doi.org/10.3389/fpubh.2023.1284639
http://www.ncbi.nlm.nih.gov/pubmed/38089032
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10711604
https://www.doi.org/10.1016/j.gheart.2015.07.001
http://www.ncbi.nlm.nih.gov/pubmed/26407512
https://www.doi.org/10.1016/j.inhe.2011.09.005
http://www.ncbi.nlm.nih.gov/pubmed/24038501
https://www.doi.org/10.1155/2013/849504
http://www.ncbi.nlm.nih.gov/pubmed/24350293
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3857751
https://www.doi.org/10.1371/journal.pone.0255226
http://www.ncbi.nlm.nih.gov/pubmed/34383775
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8360591
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8360591
https://www.doi.org/10.1590/0074-02760160334
http://www.ncbi.nlm.nih.gov/pubmed/28225900
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5319366
https://www.doi.org/10.3390/jcm11247262
https://www.doi.org/10.3390/jcm11247262
http://www.ncbi.nlm.nih.gov/pubmed/36555880
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9784121
https://www.doi.org/10.1002/ehf2.13648
http://www.ncbi.nlm.nih.gov/pubmed/34716744
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8712892
https://www.doi.org/10.1186/s12879-022-07305-6
http://www.ncbi.nlm.nih.gov/pubmed/35346096
http://www.ncbi.nlm.nih.gov/pubmed/35346096
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8960226
https://www.doi.org/10.1016/j.parepi.2021.e00204
http://www.ncbi.nlm.nih.gov/pubmed/33665387
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7905461
https://www.doi.org/10.1007/s10875-021-01000-y
http://www.ncbi.nlm.nih.gov/pubmed/33660144
http://www.ncbi.nlm.nih.gov/pubmed/33660144
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8249271
https://www.doi.org/10.1155/2014/683230
http://www.ncbi.nlm.nih.gov/pubmed/25210230
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4152981
https://www.doi.org/10.1155/2021/4993452
http://www.ncbi.nlm.nih.gov/pubmed/34976301
http://www.ncbi.nlm.nih.gov/pubmed/34976301
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8718323
https://www.doi.org/10.1016/j.imbio.2022.152242
http://www.ncbi.nlm.nih.gov/pubmed/35870262
https://www.doi.org/10.3389/fcimb.2022.836242
http://www.ncbi.nlm.nih.gov/pubmed/35372112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8968914
https://www.doi.org/10.1038/s41598-024-53875-7
http://www.ncbi.nlm.nih.gov/pubmed/38684702
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11059181
https://www.doi.org/10.3390/pathogens10050505
http://www.ncbi.nlm.nih.gov/pubmed/33922366
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8145478
https://www.doi.org/10.1016/j.hroo.2021.10.010
http://www.ncbi.nlm.nih.gov/pubmed/34988532
http://www.ncbi.nlm.nih.gov/pubmed/34988532
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8710627

Llerena-Velastegui

Cardiol Res. 2024;15(5):340-349

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sousa AS, Mendes F, et al. Prognosis of chronic Chagas
heart disease and other pending clinical challenges. Mem
Inst Oswaldo Cruz. 2022;117:¢210172. doi pubmed pmc
Elizari MV, Chiale PA. Cardiac arrhythmias in Cha-
gas' heart disease. J Cardiovasc Electrophysiol.
1993;4(5):596-608. doi pubmed

Lage TAR, Tupinambas JT, Padua LB, Ferreira MO, Fer-
reira AC, Teixeira AL, Nunes MCP. Stroke in Chagas dis-
ease: from pathophysiology to clinical practice. Rev Soc
Bras Med Trop. 2022;55:e0575. doi pubmed pmc
Sanchez-Montalva A, Salvador F, Rodriguez-Palo-
mares J, Sulleiro E, Sao-Aviles A, Roure S, Valerio L,
et al. Chagas cardiomyopathy: usefulness of EKG and
echocardiogram in a non-endemic country. PLoS One.
2016;11(6):e0157597. doi pubmed pmc

Li SX, Soles EO, Sharma PS, Rao AK. Case report: di-
agnosis of chronic Chagas cardiomyopathy using a mul-
timodality imaging approach. Eur HeartJ Case Rep.
2023;7(1):ytac487. doi pubmed pmc

Cutshaw MK, Sciaudone M, Bowman NM. Risk factors
for progression to chronic Chagas cardiomyopathy: a sys-
tematic review and meta-analysis. Am J Trop Med Hyg.
2023;108(4):791-800. doi pubmed pmc

Bern C, Montgomery SP, Herwaldt BL, Rassi A, Jr., Ma-
rin-Neto JA, Dantas RO, Maguire JH, et al. Evaluation
and treatment of chagas disease in the United States: a
systematic review. JAMA. 2007;298(18):2171-2181. doi
pubmed

Braggion-Santos MF, Moreira HT, Volpe GJ, Koenigkam-
Santos M, Marin-Neto JA, Schmidt A. Electrocardiogram
abnormalities in chronic Chagas cardiomyopathy cor-
relate with scar mass and left ventricular dysfunction as
assessed by cardiac magnetic resonance imaging. J Elec-
trocardiol. 2022;72:66-71. doi pubmed

Ralston K, Zaidel E, Acquatella H, Barbosa MM, Narula
J, Nakagama Y, Molina GR, et al. WHF recommenda-
tions for the use of echocardiography in Chagas disease.
Glob Heart. 2023;18(1):27. doi pubmed pmc
Gomez-Ochoa SA, Serrano-Garcia AY, Hurtado-Ortiz A,
Aceros A, Rojas LZ, Echeverria LE. A systematic review
and meta-analysis of mortality in chronic Chagas cardio-
myopathy versus other cardiomyopathies: higher risk or
fiction? Rev Esp Cardiol (Engl Ed). 2024. doi pubmed
Nunes MCP, Beaton A, Acquatella H, Bern C, Bolger AF,
Echeverria LE, Dutra WO, et al. Chagas cardiomyopathy:
an update of current clinical knowledge and management:
a scientific statement from the American Heart Associa-
tion. Circulation. 2018;138(12):e169-¢209. doi pubmed
Calderon-Ramirez PM, Fernandez-Guzman D, Caira-
Chuquineyra B, Mamani-Garcia CS, Medina HM, Di-
az-Arocutipa C. Exercise-based training programs for
patients with chronic Chagas cardiomyopathy: A system-
atic review and meta-analysis. Int J Cardiol Heart Vasc.
2023;48:101256. doi pubmed pmc

Moreira M, Renan Cunha-Melo J. Chagas disease infec-
tion reactivation after heart transplant. Trop Med Infect

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

Dis. 2020;5(3):106. doi pubmed pmc

Lidani KCF, Sandri TL, Castillo-Neyra R, Andrade
FA, Guimaraes CM, Marques EN, Beltrame MH, et al.
Clinical and epidemiological aspects of chronic Chagas
disease from Southern Brazil. Rev Soc Bras Med Trop.
2020;53:¢20200225. doi pubmed pmc

Di Lorenzo Oliveira C, Nunes MCP, Colosimo EA, de
Lima EM, Cardoso CS, Ferreira AM, de Oliveira LC, et
al. Risk score for predicting 2-year mortality in patients
with chagas cardiomyopathy from endemic areas: SaMi-
Trop cohort study. J Am Heart Assoc. 2020;9(6):¢014176.
doi pubmed pmc

Diaz ML, Burgess K, Burchmore R, Gomez MA,
Gomez-Ochoa SA, Echeverria LE, Morillo C, et al. Me-
tabolomic profiling of end-stage heart failure second-
ary to chronic chagas cardiomyopathy. IntJ Mol Sci.
2022;23(18):10456. doi pubmed pmc

Santos ES, Silva DKC, Dos Reis B, Barreto BC, Cardoso
CMA, Ribeiro Dos Santos R, Meira CS, et al. Immu-
nomodulation for the treatment of chronic chagas disease
cardiomyopathy: a new approach to an old enemy. Front
Cell Infect Microbiol. 2021;11:765879. doi pubmed pmc
Romano MMD, Moreira HT, Marin-Neto JA, Baccelli
PE, Alenezi F, Klem I, Maciel BC, et al. Early impair-
ment of myocardial deformation assessed by regional
speckle-tracking echocardiography in the indetermi-
nate form of Chagas disease without fibrosis detected
by cardiac magnetic resonance. PLoS Negl Trop Dis.
2020;14(11):e0008795. doi pubmed pmc

Neves EGA, Koh CC, Souza-Silva TG, Passos LSA,
Silva ACC, Velikkakam T, Villani F, et al. T-Cell Sub-
populations Exhibit Distinct Recruitment Potential, Im-
munoregulatory Profile and Functional Characteristics
in Chagas versus Idiopathic Dilated Cardiomyopathies.
Front Cardiovasc Med. 2022;9:787423. doi pubmed pmc
Nunes JPS, Roda VMP, Andrieux P, Kalil J, Chevillard
C, Cunha-Neto E. Inflammation and mitochondria in the
pathogenesis of chronic Chagas disease cardiomyopathy.
Exp Biol Med (Maywood). 2023;248(22):2062-2071. doi
pubmed pmc

Raguindin P, Rocha MO, Mattoso Barbosa AM, et al.
Predictive value of novel circulating biomarkers in Cha-
gas disease: The Brazilian Chagas disease cohort. Eu-
ropean Heart Journal. 2022 Oct;43(Supplement 2):eh
ac544.1795. doi

Nolan MS, Hochberg NS. Chagas disease in HI V-infected
patients: it's time to consider the diagnosis. Am J Trop
Med Hyg. 2021;105(3):545-546. doi pubmed pmc

Lu N, Werry D, Chapman M, Morshed M, Ndao M, Mir-
zanejad Y. Successful treatment of suspected early form
of chronic Chagas cardiomyopathy: a case report. Eur
Heart J Case Rep. 2022;6(10):ytac403. doi pubmed pmc
Moll-Bernardes RJ, Rosado-de-Castro PH, Camargo GC,
Mendes F, Brito ASX, Sousa AS. New imaging param-
eters to predict sudden cardiac death in chagas disease.
Trop Med Infect Dis. 2020;5(2):74. doi pubmed pmc

www.cardiologyres.org

349


https://www.doi.org/10.1590/0074-02760210172
http://www.ncbi.nlm.nih.gov/pubmed/35674528
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9172891
https://www.doi.org/10.1111/j.1540-8167.1993.tb01247.x
http://www.ncbi.nlm.nih.gov/pubmed/8269325
https://www.doi.org/10.1590/0037-8682-0575-2021
http://www.ncbi.nlm.nih.gov/pubmed/35674560
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9176734
https://www.doi.org/10.1371/journal.pone.0157597
http://www.ncbi.nlm.nih.gov/pubmed/27308824
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4911085
https://www.doi.org/10.1093/ehjcr/ytac487
http://www.ncbi.nlm.nih.gov/pubmed/36644453
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9833287
https://www.doi.org/10.4269/ajtmh.22-0630
http://www.ncbi.nlm.nih.gov/pubmed/36848894
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10076993
https://www.doi.org/10.1001/jama.298.18.2171
http://www.ncbi.nlm.nih.gov/pubmed/18000201
http://www.ncbi.nlm.nih.gov/pubmed/18000201
https://www.doi.org/10.1016/j.jelectrocard.2022.03.005
http://www.ncbi.nlm.nih.gov/pubmed/35344746
https://www.doi.org/10.5334/gh.1207
http://www.ncbi.nlm.nih.gov/pubmed/37305068
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10253240
https://www.doi.org/10.1016/j.rec.2024.02.014
http://www.ncbi.nlm.nih.gov/pubmed/38485084
https://www.doi.org/10.1161/CIR.0000000000000599
http://www.ncbi.nlm.nih.gov/pubmed/30354432
https://www.doi.org/10.1016/j.ijcha.2023.101256
http://www.ncbi.nlm.nih.gov/pubmed/37794957
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10545933
https://www.doi.org/10.3390/tropicalmed5030106
http://www.ncbi.nlm.nih.gov/pubmed/32610473
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7558140
https://www.doi.org/10.1590/0037-8682-0225-2020
http://www.ncbi.nlm.nih.gov/pubmed/33111908
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7580281
https://www.doi.org/10.1161/JAHA.119.014176
https://www.doi.org/10.1161/JAHA.119.014176
http://www.ncbi.nlm.nih.gov/pubmed/32157953
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7335521
https://www.doi.org/10.3390/ijms231810456
http://www.ncbi.nlm.nih.gov/pubmed/36142367
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9499603
https://www.doi.org/10.3389/fcimb.2021.765879
http://www.ncbi.nlm.nih.gov/pubmed/34869068
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8633308
https://www.doi.org/10.1371/journal.pntd.0008795
http://www.ncbi.nlm.nih.gov/pubmed/33253242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7728209
https://www.doi.org/10.3389/fcvm.2022.787423
http://www.ncbi.nlm.nih.gov/pubmed/35187122
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8847602
https://www.doi.org/10.1177/15353702231220658
http://www.ncbi.nlm.nih.gov/pubmed/38235691
http://www.ncbi.nlm.nih.gov/pubmed/38235691
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10800136
https://www.doi.org/10.1093/eurheartj/ehac544.1795
https://www.doi.org/10.4269/ajtmh.21-0681
http://www.ncbi.nlm.nih.gov/pubmed/34398814
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8592368
https://www.doi.org/10.1093/ehjcr/ytac403
http://www.ncbi.nlm.nih.gov/pubmed/36381253
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9639801
https://www.doi.org/10.3390/tropicalmed5020074
http://www.ncbi.nlm.nih.gov/pubmed/32397217
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7345269

