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In this chapter, the main prognostic markers of Chagas heart disease are addressed, with an emphasis on the most recent
findings and questions, establishing the basis for a broad discussion of recommendations and new approaches to managing Chagas
cardiopathy. The main biological and genetic markers and the contribution of the electrocardiogram, echocardiogram and cardiac
magnetic resonance are presented. We also discuss the most recent therapeutic proposals for heart failure, thromboembolism and
arrhythmias, as well as current experience in heart transplantation in patients suffering from severe Chagas cardiomyopathy. The
clinical and epidemiological challenges introduced by acute Chagas disease due to oral contamination are discussed. In addition,
we highlight the importance of ageing and comorbidities in influencing the outcome of chronic Chagas heart disease. Finally,
we discuss the importance of public policies, the vital role of funding agencies, universities, the scientific community and health
professionals, and the application of new technologies in finding solutions for better management of Chagas heart disease.
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Chagas disease and Chagas heart disease: a brief
historical review

When Carlos Chagas identified the Trypanosoma
cruzi in 1908 and the first human case in April 1909,
he turned his attention to cardiac disorders detected in
acute cases. As early as 1911, in a conference at the Na-
tional Academy of Medicine, he detailed this heart dis-
case (studied by him together with pathologists Vianna
and Crowell), with attention to the occurrence and sever-
ity of myocarditis. The very serious conditions of heart
failure, sudden death and arrhythmias that he found in
young adults in the region of Lassance, Minas Gerais®
attracted his attention and was attributed to schizotri-
panosis because he was aware of homes infested by the
triatomine. Carlos Chagas did not find trypanosomes
in the fresh blood test of these patients but in the xeno-
diagnosis and in subinoculations of the laboratory. For
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Chagas, heart disease marked the existence of a chronic
phase of the disease, which he understood to be the most
important event of this “new morbid entity of man”, and
expanding his research, he published a broad review in
1916.? He joined Eurico Villela in clinical data studies
on heart disease® and, together using clinical reason-
ing and graphic records with polygraphs attached to the
shock of the tip and the jugular pulse, demonstrated the
presence of atrioventricular dissociation, complex ven-
tricular arrhythmias, atrial fibrillation and major car-
diomegalies, indicating a reserved prognosis. In 1929,
Evandro Chagas joined the team, developing pioneering
studies with electrocardiograms. Intraventricular blocks
and areas of electrical hypoactivity were then described,
which later turned out to be signs of cardiac fibrosis
or parietal aneurysms and a poor prognosis.”) In short,
Carlos Chagas anticipated the scientific findings and
pathophysiological conceptions of cardiopathy decades
earlier, aspects that remain a challenge to cardiology.
Prognostic studies continued in Brazil, Venezuela
and Argentina. Between 1940 and 1960, serological-elec-
trocardiographic surveys were improved, which demon-
strated the disease burden and its natural history, a very
important element for making political-administrative
decisions in the extensive fight against triatomines and
transfusion blood control. Old mercurial diuretics and
classic digitaline were gradually replaced, and echocar-
diography proved to be an element of great diagnostic and
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prognostic value. Then, the Holter system, stress tests,
biomarkers of congestive heart failure (CHF) and other
diagnostic tools complemented the arsenal of assessing
myocardial status, the degree of CHF, the profile of ar-
rhythmias and possible thromboembolic conditions.®

Clinical findings in Chagas heart disease, especially
in its chronic stage, will shape its diagnosis, prognosis
and clinical-social management. Discrete electrocar-
diographic findings, absence of cardiomegaly and signs
of CHF are generally associated with a good prognosis
“quod vitam” but are entitled to continued medical atten-
tion, given the possibility of evolution.®:®

The management of Chagas cardiomyopathy was
improved after 1960, with the advent of pacemakers,
the emergence of new serological techniques and more
effective drugs for the stabilisation of arrhythmias and
CHEF that prolonged the life of Chagas patients and their
social insertion. Cardiopathy is better understood as a
product of several elements rooted in 7. cruzi infection
modulated by different factors (genetic, environmental,
vagus-sympathetic balance, age, gender, race, coinfec-
tions, social status, etc.). It was found that the severity
of chronic heart disease is directly related to the occur-
rence and intensity of heart disease in the acute phase,®
and in the anatomical-physiological field, myocytolysis,
fibrosis and neurovegetative dysautonomy have been
considered the main basis of severe disease, factors that
still challenge doctors and researchers today.’®

Pathogenesis of chronic Chagas heart disease:
new horizons

It is widely known that Chagas cardiomyopathy is
the most severe manifestation of the disease, which
develops in up to 30% of infected individuals over the
years to decades after the initial infection.®'” The clini-
cal presentation varies widely according to the severity
of myocardial dysfunction, ranging from asymptomatic
to severe forms, with heart failure, cardiac arrhythmias,
thromboembolism events or sudden death.!®!12 The
factors associated with different degrees of cardiomy-
opathy severity are still under investigation.

In fact, even today, the pathogenesis of chronic Cha-
gas cardiomyopathy is not fully understood.'® Growing
evidence indicates that parasite persistence is central to
the disease by driving the immune response, tissue de-
struction and chronic inflammation. However, T. cruzi
antigens remain scarce and are not always associated
with inflammatory foci in the myocardium¥. The per-
sistence of the parasite in tissues associated with poorly
adapted homeostatic mechanisms, such as the oxidative/
antioxidative and proinflammatory/anti-inflammatory
processes associated with the dysregulation of the im-
mune response, seems to be essential for the onset and
progression of Chagas heart disease.!"'> Recently, stud-
ies using hypercaloric diets in animal models have shown
an increase in the parasitic load in adipose tissue with a
consequent reduction in parasitaemia in cardiac tissue,
suggesting that adipose tissue could act as a reservoir
for later migration of the parasite to other organs and a
possible protective role of adipose tissue in the evolution
of chronic Chagas cardiomyopathy.!3-19

The discrepancy between the severity of tissue dam-
age and parasite load has led to the suggestion that the
inflammatory immune response of the host is the most
important determinant of progression.!» The balance be-
tween immune-mediated parasite containment and dam-
aging inflammation of host tissues likely determines the
course of disease.!” Other pathogenic factors involved
include damage to cardiac parasympathetic neurons and
coronary microvasculature disorders.!® Pathogenic dif-
ferences in 7. cruzi strains and host susceptibility are
also likely to play a role in clinical patterns and disease
severity.!9 Given the complex interplay between para-
sites and the host immune response, it is likely that a
combination of these and other factors, including host
genetic susceptibility and environmental factors, con-
tribute to cardiac disease.!” Therefore, the clinical ex-
pression of Chagas disease and its prognosis seem to re-
sult from multiple factors linked to the parasite, the host
and the interaction between them.

The histopathological features of Chagas cardio-
myopathy are characterised by a chronic inflammatory
process in all cardiac chambers, with focal thickening,
tissue destruction and interstitial fibrosis, either focal or
diffusely distributed."® Overall ventricular functional
impairment is a consequence of the progressive destruc-
tion of cardiac fibres and intense fibrosis. Additionally,
widespread destruction of myocardial cells, diffuse fi-
brosis and scarring of the conduction system predispose
patients to the frequent occurrence of atrioventricular
blocks, intraventricular blocks and sinus node dysfunc-
tion in Chagas heart disease. This chronic activation of
inflammatory factors in the myocardium seems to deter-
mine a worse prognosis for this disease than heart dis-
eases of other actiologies.!*2?

Evolution markers of Chagas heart disease

Immunological and genetic biomarkers - After over
110 years of Chagas disease discovery, the identification
of reliable markers of treatment efficacy, as well as of
the prognosis of chronic Chagas cardiomyopathy (CCC)
development, remain major challenges, driving the
search for “immunological biomarkers” to anticipate the
progression to CCC and thus allowing for better clinical
management and/or pharmacological intervention for
the benefit of Chagas patients®*? In addition, with ad-
vances in genomics, “genetic biomarkers” have also been
investigated. While immunological and genetic markers
present unquestionable potential, the complexity behind
each target molecule requires careful and precise inte-
gration with well-established clinical parameters (e.g.,
X-ray, ECG, echo, MRI and clinical assessments) for
their validation as clinically actionable markers. Thus,
many target molecules have been studied, but few bio-
markers of CCC have been proposed to date.

Immune cells recognise, interact, and initiate a
cascade of events meant to control the parasite and to
regain homeostasis. However, the persistence of this
host-parasite interaction initiates a new set of biologi-
cal events leading to outcomes in the immune/neuro/
cardiovascular context. These complex interactions lead
to an imbalance in the production of several molecules
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involved in the inflammatory response and in disease
pathology. Thus, the excessive or decreased production
of mediators, such as cytokines, chemokines, adhesion
molecules, and cellular activation markers, among oth-
ers, culminates in a potential worsening or stabilisation
of CCC and thus has been studied as a biomarker of CCC
establishment or progression.

Despite several candidates, an important issue is
that validation of prognostic biomarkers must consider
several variables that can influence their expression,
age, ethnicity, gender, geographical origin of the in-
fected individuals and a clearly defined endpoint. The
use of unproperly defined and validated biomarkers
could lead to false results that, if employed for clini-
cal management, could lead to harmful instead of ben-
eficial consequences. For instance, TNF is a classical
cytokine released by phagocytic cells upon 7. cruzi
invasion, as well as by activated lymphocytes, which
is responsible for orchestrating chemokine production
and cell activation, intensifying systemic and local
inflammatory responses.®**2>2¢ During the chronic
phase of the disease, TNF has been shown to be an es-
sential key marker for the prognosis of cardiac distur-
bances in CCC individuals,?”*** but not every study
supports this positive correlation between TNF levels
and electrofunctional deficits in the CCC.®? It is not a
matter of who is “right or wrong” but which intrinsic
variables can interpose the final clinical understand-
ing. Thus, a clear identification of CCC prognostic
biomarkers is still a challenging puzzle. To achieve
this goal, it is imperative that studies test potential
candidates and consider a: the geographical and ethnic
origin of the Chagas populations, b: variables such as
age and sex, and c: well-established and homogenecous
clinical endpoint. In addition, longitudinal studies as-
sessing the expression of different candidate molecules
and genes are critical to identify reliable biomarkers
of disecase progression. A global scientific effort and
proper funding are important hindrances to overcome
to achieve such goals (Table I).
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Relevance and/or validity in chagasic cardiomyopathy (CC)
1 ANP and 17 BNP correlated with worsening ECHO parameters, predict death and demand for heart transplant
ROC-based analyses:
BNP (280.4 pg/ml) with 96% of sensitivity and 75% of specificity for predicting E/E’ >15
BNP (60 pg/ml or more) has sensitivity of 91.7% and specificity of 82.8% for LV dysfunction prediction.
1 levels IFN-y IL-6, IL-12, IL-13, CK-MB, MMP-2, MMP-9, TIMP-2 and (| IL10 and IL-17) related to severe CC
TMMP-9 as for late fibrosis and severe cardiac remodeling
ROC-based analyses:
TMMP-2/MMP-9 ratio related to ECG abnormalities.
1 expression of MiR-19a-3p, miR-21-5p, and miR-29b-3p correlated with cardiac dysfunction and fibrosis
1 CXCL9, CXCR3, CCR4, CCRS, CCR7, CCR8, CDID and PD-1/PDLI expression correlated with myocarditis and/or LV worsening

TABLE 1
Potential biomarkers for Chagas cardiomyopathy prognosis
| genotypic frequencies of CXCL9 (rs10336 CC) and CXCLI0 (rs3921GG), and 1 CCRS5 (rs1799988CC) correlated with LV dysfunction.

Electrocardiographic markers - Electrocardiog-
raphy has been considered an important tool in the
management of patients with Chagas disease, and the
presence of typical electrocardiographic abnormalities,
which encompass a wide spectrum of presentations, is
needed for the recognition of the cardiac chronic form
of the disease. This condition must indicate the need for
more cardiac evaluation and closer follow-up.©?

The initial manifestations of Chagas cardiomyopathy
are generally mild, and most patients have asymptom-
atic ECG abnormalities. The earliest signs are typically
conduction-system defects, especially right bundle branch
block alone or with left anterior fascicular block.®3433:56)
Premature ventricular contractions are a common finding
that may be missed on 12-lead ECG, usually detected by
Holter monitoring or stress testing. Indeed, Chagas car-
diomyopathy is a highly arrhythmogenic condition that is
characterised by sinus and junctional bradycardias, atrial
fibrillation or flutter, atrioventricular blocks, and nonsus-
tained or sustained ventricular tachycardia.®”

1 BNP, TNF, and pro-BNP or TNF-related to depression of LVEF, with 1 of LV end-diastolic diameter and with LV premature complexes
1 myosin (light chain 2 and heavy chain 11), 1 levels of vinculin and plasminogen and 1 NK/CD8" T-cell correlated to the cardiac dysfunction

LV: left ventricle; EF: ejection fraction; (E/E) early diastolic mitral annular tissue velocity ratio; ECG: electrocardiogram; ECHO: echocardiogram.

Matrix metalloproteinase (MMP-2 and MMP-9); tissue inhibitor

Tumor necrosis factor (TNF), atrial natriuretic peptide (ANP),
of the MMP (TIMP-2)

brain natriuretic peptide (BNP) and pro-BNP
CC - CXC chemokine receptors (CXCR3, CCR4, 5, 7 and 8)

and ligandsCXCL9 and 10)
CDID and Programmed cell death (PD-1/PDLI)

Creatine-kinase (CK-MB) isoenzyme
Vinculin, plasminogen and NK/CD8" T-cell
MiR-19a-3p, miR-21-5p, and miR-29b-3p

y-interferon (IFN-y), IL-1, IL-6, IL-12,

Biomarkers
IL-17andIL-13.
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The predominant distribution of fibrosis to the poste-
rior and apical regions of the left ventricle, involvement
of the sinus node and electrical conduction system dis-
tinguishes Chagas cardiomyopathy from other cardio-
myopathies.®? Electrocardiographic changes in the late
disease stage are also pronounced, with conduction dis-
turbances and arrhythmias occurring more frequently
than in dilated cardiomyopathies of other aetiologies.®®

In a cohort of more than 260 thousand patients, of
whom 7590 had Chagas disease, 38.8% of those with
other heart diseases had an altered electrocardiogram,
whereas 68.5% of patients with chronic Chagas heart dis-
case exhibited electrocardiographic changes. The preva-
lence of these changes increased with age, and between
60-69 years of age, 74% of CCC patients had an abnormal
ECG.®® In another hospital series consisting of 600 pa-
tients with Chagas heart disease, 92.2% of patients had an
altered electrocardiogram, among which many had more
than one electrocardiographic abnormality.©?

Among the most frequent electrocardiographic ab-
normalities is sinus bradycardia, which can occur in
up to 20% of patients. Extrasystoles can occur in up to
19% of patients, being twice as frequent as in the gen-
eral population.©®®” Approximately 40% of patients pres-
ent right bundle branch block (BRD), which is often as-
sociated with left anterior fascicular block. In another
series, BRD was found in 22.7% of cases and associated
with left anterior fascicular block (LAFB) in 13.7%.6%
First-degree atrioventricular blocks are also common,
occurring in approximately 5% of patients. Second- and
third-degree blocks are rare, but in hospital series, they
can occur in up to 11% of cases.®”

Other electrocardiographic changes also reflect the
presence of heart disease, and low voltage and elec-
tric inactive areas can be found in up to 10% of cases.
D A 2013 meta-analysis® showed that the most com-
mon EKG abnormalities were right bundle branch block
(RBBB) and left anterior fascicular block (LAFB) and
first-degree A-V block as well as arrhythmias (atrial
fibrillation or flutter and ventricular ectopic). An im-
portant conclusion was that the prevalence of ECG al-
terations in children was similar to that in adults and
suggests an earlier onset of cardiac disease.®

Several electrocardiographic changes are markers
of increased risk of death in patients with Chagas dis-
ease,® such as the presence of polymorphic and paired
ventricular extrasystoles identified in 75% of patients
who died in a series of patients with Chagas disease.®
In this same series, low voltage and repetitive ventricu-
lar arrhythmias occurred in 48.3% of patients who died,
correlating significantly with the risk of death (risk ratio
of 2.15). It is also considered electrocardiographic pre-
dictors of higher risk for sudden death the presence of an
electrically inactive zone, left anterior fascicular block,
increased dispersion of the QT interval and an increase
in the corrected QT.©%69

The coexistence of pathological Q waves character-
ises the diffuse and marked impairment of ventricular
function and may be related to the presence of an apical
aneurysm of the left ventricle. Other severity markers
have been proposed, such as the presence of T wave de-

viation and T wave amplitude variability, changes iden-
tified as an independent risk factor for death in these
patients.®” Recently, an association has been reported
between T-wave microalternation and malignant ven-
tricular arrhythmias in Chagas disease.®®

All evidence converges to a much higher risk of car-
diac death in patients with Chagas cardiomyopathy com-
pared with the general population, congruent with the
finding that Chagas disease evolves numerous electrical
and myocardial abnormalities. The scores developed to
stratify this population in relation to the risk of death
represent an important achievement for a better under-
standing of the evolution of the disease and assistance to
affected people.®® Electrocardiographic markers of prog-
nosis in Chagas heart disease persist as important targets
for investigation, and with the continuous evolution of
this methodology, new insights will certainly appear.

Echocardiogram - Echocardiography is the most
common imaging modality used to assess patients with
Chagas cardiomyopathy. Cardiac impairment is general-
ly a progressive process that can be classified into stages
(A, B, C and D) according to international recommenda-
tions adapted to Chagas disease® (Table II). Left ven-
tricular segmental abnormalities are common in Chagas
cardiomyopathy at any stage of the disease. These are
located mainly at the left ventricular apex and inferior
and inferolateral walls, but they may also affect other
left ventricular or right ventricular segments.”

The prevalence of segmental wall motion abnormali-
ties varies according to the stage of the disease, reach-
ing approximately 50% in patients with left ventricular
dilatation and dysfunction.”” Diastolic dysfunction is an
important hallmark of Chagas disease even in its early
phases. In general, left ventricular diastolic and systolic
dysfunction coexist, and isolated diastolic dysfunction is
uncommon.’> Right ventricular dysfunction is consid-
ered a typical feature of Chagas cardiomyopathy. It may
be detected early in the disease course, but in general,
the clinical manifestations occur late in advanced stages
of Chagas cardiomyopathy.”™ Functional mitral and tri-
cuspid insufficiencies are often associated with severe
biventricular global systolic dysfunction (Table II).

Myocardial deformation imaging is a relatively new
echocardiographic technique for the quantitative assess-
ment of myocardial contractility.”® Strain is a measure
of myocardial deformation, defined as the change in
length of the myocardium relative to the original length,
and it can be measured using speckle tracking echocar-
diography. Speckle tracking echocardiography allows a
more precise and quantitative measurement of region-
al myocardial function in Chagas cardiomyopathy.™
Global longitudinal strain is the most studied method for
the detection of subclinical ventricular dysfunction in
patients with Chagas cardiomyopathy and is correlated
with the amount of myocardial fibrosis.’*’” Regional
strain is of particular interest in Chagas cardiomyopathy,
given the frequent segmental myocardial involvement.
In addition, strain has also been explored as a potential
predictor of adverse outcomes in Chagas cardiomyopa-
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TABLE II
Stages in the development of heart failure due to Chagas disease
Stages” Findings
A Patients present no symptoms of heart failure and no structural heart disease (normal ECG and chest X-ray)
Bl Asymptomatic patients with ECG changes (arrhythmias or conduction disorders); mild echocardiographic contractile
abnormalities with normal global ventricular function can also be present
B2 Patients with decreased left ventricular ejection fraction who have never had any signs or symptoms of heart failure
C Patients with left ventricular dysfunction and prior or current symptoms of heart failure
D Patients with symptoms of heart failure at rest, refractory to maximised medical therapy (NYHA IV) that require

specialised and intensive interventions

*: 1 Latin American Guidelines for the diagnosis and treatment of Chagas heart disease: executive summary; ECG: electrocar-

diogram; NYHA: New York Heart Association.

thy.”87 Other uses of myocardial strain are currently
being explored, including the evaluation of mechanical
dispersion and risk of arrhythmias.®?

Therefore, a growing body of evidence suggests that
the assessment of cardiac function by echocardiographic
myocardial deformation parameters provides incremen-
tal information in clinical settings. In the context of
Chagas disease, the clinical impact of early myocardial
changes assessed by these advanced echocardiographic
techniques in predicting disease progression still needs
to be well defined.

Cardiac magnetic resonance - Cardiac resonance
with the delayed enhancement technique after gadolinium
infusion plays a fundamental role in risk stratification in
patients with chronic Chagas heart disease. In a series of
140 patients with 53.6 + 11.5 years of life, the occurrence
of fibrotic load greater than 12.3 g was associated with
higher mortality, ICD therapies or reversed cardiac arrest,
regardless of the Rassi score. Interestingly, patients with-
out fibrosis did not experience such events.®)

Magnetic resonance studies showed late enhance-
ment in 75% of patients with Chagas cardiomyopathy
and in 25% of patients with indeterminate forms. The
scar was most frequently located on the left ventricular
lateral-basal and middle-basal walls.®>9 Lee-Felker®¥
and collaborators studied scar distribution using delayed
enhancement cardiac magnetic resonance in 81 Chagas
disease patients residing in the United States (mostly
immigrants from El Salvador and Mexico) and dem-
onstrated that the scar was predominantly transmural
(56%, 65/117 segments) and mesocardial (30%, 35/117
segments). Endocardial scarring was uncommon (14%,
16/117 segments), and subepicardial scarring was rare
(< 1%, 1/117 segments). Interestingly, the distribution of
scars on resonance in the Brazilian population was dif-
ferent, ,ore often showing epicardial scars.®9

Recently, resonance processing software has been
used, aiming to quantify the extent of the scar and distri-
bution and mainly to identify the presence of ventricular
tachycardia circuits (Fig. 1). In addition, when this infor-
mation is integrated into the electroanatomical mapping
system during ablation, it accelerates procedure faster
and has a lower recurrence rate.®®

Chronic Chagas heart disease and its therapeutic
approach: what have large studies taught us
about heart failure?

Despite originally being an infectious illness, Chagas
disease must be clinically managed as a chronic disorder,
with an important impact on the public health system due
to its serious late cardiovascular complications.®” The
pattern of dilated cardiomyopathy in Chagas discase
is chronic myocarditis with a large amount of fibrosis,
responsible for significant involvement of the electrical
conduction system and formation of re-entrance circuits,
causing bradi and tachyarrhythmias and progressive sys-
tolic dysfunction, respectively, with segmental wall mo-
tion abnormalities usually preceding global impairment.
@ The common pathophysiology with other aetiologies
suggests that elective therapies in usual heart failure with
reduced ejection fraction (HFrEF) patients could also be
beneficial in Chagas disease.

Abnormalities of systolic and diastolic functions
frequently coexist, and right-sided HF symptoms can
be more prominent than left-side HF. Isolated pulmo-
nary congestion symptoms and acute lung oedema
occur only in the presence of severe left mitral regur-
gitation, either by mitral tethering due to progressive
remodelling of the left ventricle (LV) or by disruption
of valve coupling associated with basal inferolateral
fibrosis. Right ventricle (RV) dysfunction is usually
associated with LV dysfunction in advanced stages of
CCC, indicating a poor prognosis.®”

In addition to an altered electrocardiogram that de-
fines the diagnosis of CCC, echocardiography is essen-
tial in HF patients, allowing, as cited below, the assess-
ment of the degree of systolic dysfunction, an analysis of
filling pressures and segmental patterns with character-
istic aneurysms, and some silent complications, such as
the presence of intracavitary thrombus.®%

In a meta-analysis of 143 studies, Chagas disease was
responsible for 36% of all HF cases in Latin America,
with a mortality of 1.12-7.18 per 100,000 people per year
being reported.®” In relation to prognosis, patients with
Chagas-HF have a poorer quality of life and higher rates
of hospitalisation and mortality than patients with other
nonischaemic and ischaemic aetiologies, regardless of
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Fig. 1: cardiac magnetic resonance with late-gadolinium enhancement with tridimensional reconstruction of the scar in a patient with Chagas
cardiomyopathy showing an infero-latero-basal scar with two corridors that are potential circuits for monomorphic ventricular tachycardia (VT).

younger age, fewer comorbidities and comprehensive
use of conventional therapies for HFrEF. They have the
highest proportion of hospital admissions for cardio-
genic shock and arrhythmia, with lower systolic blood
pressure and a higher proportion of right ventricular HF,
pacemaker implantation and prevalence of stroke.®%%39%
Chagas disease has become the third most common in-
dication for heart transplantation in South America.®® In
fact, although Chagas disease is a highly arrhythmogenic
cardiomyopathy, modern pharmacological therapy has re-
duced the risk of sudden death, and pump failure death as-
sociated with HF has become the major mode of death in
CCC inrecent years.®® Unfortunately, even today, most of
the therapies for Chagas-HF are prescribed based on evi-
dence from expert opinions or clinical trials that included
only a small proportion of Chagas disease patients.®**)

In the chronic phase of the disease, tertiary prevention
activities are important to mitigate or reduce morbidity
and mortality related to chronic complications while also
improving the quality of life of those affected.®” The first
approach involves dietary guidelines, such as avoiding
excessive fluid and salt intake, promoting self-care and
adherence to treatment, maintaining regular physical ac-
tivities, and prohibiting alcohol and tobacco.

Routinely, given that there are no contraindications,
a neurohumoral block with beta-blockers, angiotensin-
converting enzyme inhibitors (ACElIs) or angiotensin re-
ceptor blockers and mineralocorticoid receptor antago-
nists represents the gold standard treatment for HFrEF.
Among studies evaluating pharmacological Chagas-HF
treatment, a few randomised clinical trials, including
only dozens of patients, and some retrospective studies
have demonstrated benefits of ACEIs and beta-blockers,
including better survival with beta-blockers.®® Blocking
the adrenergic response could have specific pathophysi-
ologic relevance in Chagas disease due to the classical

autonomic imbalance associated with this cardiomy-
opathy, with potential development of ventricular ar-
rhythmia.®” However, due to the higher degrees of heart
block and autonomic nervous system disorders, patients
with Chagas-HF receive digitalis and beta-blockers less
frequently or do not reach the recommended full dose.
Among beta-blockers, carvedilol is the most frequently
used medication. A meta-analysis of two trials (69 par-
ticipants) found a lower proportion of all-cause mortal-
ity in the carvedilol group than in the placebo group
[RR 0.69; 95% confidence interval (CI) (0.12 - 3.88)],
although the evidence was low quality through the
GRADE assessment, and there were no conclusive re-
sults between carvedilol and placebo in terms of hospital
readmissions and quality of life.®”

In contrast to the lower use of beta-blockers, patients
with Chagas-HF more often receive amiodarone due to
the higher risk of ventricular malignant arrhythmias. The
same phenomenon has been observed with anticoagulants
due to a higher frequency of cardioembolic events.®9%

Digitalis may be added to the initial regimen in pa-
tients with refractory symptoms despite standard ther-
apy, especially those with atrial fibrillation with a fast
ventricular response. Appropriate monitoring of the se-
rum level and the development of atrioventricular nodal
dysfunction is recommended.®”

Diuretics should be used in clinical evidence of con-
gestion at the lowest possible dosage to obtain a negative
balance, thereby avoiding electrolyte and metabolic dis-
orders. They improve the quality of life and relieve con-
gestive symptoms in patients with HF, despite no dem-
onstrated impact on mortality, particularly in CCC.®>)

Recently, in a post hoc subanalysis of the SHIFT
trial, patients with Chagas disease demonstrated lower
heart rates and improvement in functional class with iv-
abradine, with a trend towards a reduction in mortality.



©® However, the indication of ivabradine in Chagas dis-
ease patients is limited due to a lower resting heart rate
probably caused by electrical conduction system distur-
bances and higher use of amiodarone.®”

Evidence for the role of angiotensin receptor nepri-
lysin inhibitors (ARNIs) in CCC is lacking, and only
7.6% of 2,552 Latin American patients with HFrEF ran-
domised in the PARADIGM-HF and ATMOSPHERE
trials had Chagas disease. Patients with CCC treated
with sacubitril/valsartan, compared with enalapril, had a
lower risk of cardiovascular death or HF hospitalisation.
This analysis is underpowered and should be interpreted
with caution.®” A study dedicated to patients with Cha-
gas-HF has been underway since 2019. PARACHUTE-
HF is a phase 4, multinational, multicentre, prospective,
randomised, controlled study with the objective of dem-
onstrating the superiority of sacubitril/valsartan over
enalapril in improving a composite endpoint of cardio-
vascular death or first HF hospitalisation in Chagas-HF
(NCT04023227).

Different devices for cardiac assistance could be
used in patients with end-stage Chagas-HF. These
could be applied as a bridge to transplantation, a bridge
to recovery, or even as destination therapy. Unfortu-
nately, the scenario of social vulnerability and poor ac-
cess to health services in endemic countries makes this
option uncommon, but some successful experiences
have been described.®*>

It has been widely demonstrated that physical ex-
ercise promotes several benefits for patients with heart
disease in general, mainly of ischaemic and hyperten-
sive aetiologies.'”” Despite this, there are few studies in-
volving Chagas disease patients. A recent clinical trial,
the PEACH study,"%) showed that the maximum oxygen
volume (VO,) increased among CCC participants sub-
mitted to a cardiac rehabilitation programme. The re-
sults of this clinical trial reinforce evidence that physical
exercise and other multidisciplinary approaches should
be available to Chagas-HF patients.

New insights are necessary to minimise the deep
barriers preventing access to treatment of chronic com-
plications, which negatively contribute to the poor prog-
nosis of this heart disease.

Thromboembolic events

Systemic embolisms are common manifestations in
patients with CCC and can be the first manifestation of
the disease even in early stages of the disease without
ventricular dysfunction (Stage B2). The most important
mechanisms that lead to thromboembolic events are
left ventricular systolic dysfunction, arrhythmias, api-
cal aneurysm, and thrombi from cardiac chambers due
to blood stasis.!*® There are few studies estimating the
incidence of thromboembolic events in Chagas disease
patients. In 1983, a necropsy study showed that systemic
or intracardiac thrombi were observed in 44% of 1345
autopsy reports from CCC patients.!%

Although thromboembolic events are not as frequent
as other outcomes, they have great importance due to
their high morbidity and mortality, especially concern-
ing cerebrovascular events. A 2014 systematic revision
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with 4158 patients showed that the risk of stroke was
elevated in the group of patients with Chagas disease,
reaching 70% higher than that in noninfected patients
(RR = 1.70; HF 95%: 1.06 to 2.71).0%9

A prospective cohort with 1043 patients studied the
incidence of cardioembolic stroke in CCC, resulting in
3.0% in 5.5 years or 0.56%/year. This cohort formulated
the IPEC-FIOCRUZ score with four variables and five
points to predict the risk of cardioembolic stroke: systol-
ic dysfunction (two points), presence of apical aneurysm
(one point), age over 48 years (one point), and primary
change in ventricular repolarisation at electrocardiog-
raphy (one point). Patients with four-five points would
have an incidence as high as 4.4% per year of cardioem-
bolic stroke, in contrast to individuals with an incidence
close to zero, with zero-one point.(%

There were no events in patients using oral anticoag-
ulation with warfarin; however, it added a greater bleed-
ing risk of approximately 2% per year. Thus, oral antico-
agulation would be indicated only in subgroups at high
risk of cardioembolic events, characterised by patients
with four-five points. In two-point patients with a low
incidence of stroke (1.2% per year), acetylsalicylic acid
or no prophylaxis was recommended. Patients using ace-
tylsalicylic acid did not present haemorrhagic complica-
tions; however, this drug is not as effective as warfarin.
Patients with an incidence of zero-one points have an
incidence close to zero and do not require prophylaxis.
(199 To prevent cardioembolic events in CCC patients, a
risk benefit should always be evaluated.1°7109

Approach to the management of arrhythmias
in the current therapeutic context

The treatment of arrhythmias in Chagas disease, es-
pecially sustained ventricular tachycardia (SVT), aims
to prevent sudden death. The strategies used are based
on the implantation of cardiodefibrillators (ICDs) and on
the prevention of the occurrence of arrhythmias using
antiarrhythmic drugs and catheter ablation.

Implantable cardioverter defibrillators are frequent-
ly used in patients with Chagas heart disease and SVT.
However, there are no randomised clinical studies evalu-
ating their role in primary prophylaxis for sudden death
in patients with Chagas cardiopathy. The CHAGASICS
randomised study is currently underway to evaluate the
role of implantable defibrillators in comparison with
amiodarone in patients with chronic Chagas heart dis-
ease and ventricular dysfunction.!®

Despite the lack of randomised studies, some obser-
vational studies have shown the benefit of these devices.
In an investigation of 76 patients with Chagas heart dis-
ease and SVT with an LV ejection fraction above 40%,
the use of ICD was associated with lower mortality (4.7%)
compared with patients who used only amiodarone.!!” In
another investigation, the authors described the follow-up
of 90 Chagas patients with SVT who received an ICD im-
plant.!") The mean LV ejection fraction was 47 + 13%,
and in an average follow-up of two years, mortality was
34%. Importantly, they observed that patients who pre-
sented more than four shocks per month had higher mor-
tality.('V In 2018, Carmo AAL et al.!? developed a meta-
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analysis including 115 Chagas patients using amiodarone
and 483 with ICD and amiodarone. In that analysis, there
was no difference in mortality between patients with or
without ICD (9.6% and 9.7%, respectively.!!?

Amiodarone is frequently used in patients with
chronic Chagas heart disease even before they have
SVT. Patients with more preserved ventricular function
seem to benefit from the use of amiodarone;!'> however,
the rate of occurrence of ventricular arrhythmias is still
high, and catheter ablation is often necessary.

SVT catheter ablation seeks to homogenise the ar-
rhythmogenic substrate composed of viable myocardial
fibres in the middle of the scar. Circuit mapping can
be performed during tachycardia; however, due to the
complexity of the scars, which can have multiple cir-
cuits and SVT morphologies, it is usually performed in
sinus rhythm (substrate modification) through the iden-
tification of abnormal electrophysiological potentials in
the scar area. Electroanatomical mapping is essential
for this procedure. An important point in patients with
Chagas heart disease is that the substrate is often sub-
epicardial in origin, requiring an epicardial approach in
most patients (Fig. 2).

In the first series, described in 1999, the authors
performed simultaneous epi- and endocardial mapping
in patients with SVT. Ten patients with Chagas disease
were studied, in which 18 mappable tachycardias were
identified. In this series, at least one epicardial circuit
was found in 14 of the 18 mapped SVTs. Epicardial ab-
lation was performed in six patients with interruption
of tachycardia."' In another series, the authors! per-
formed endocardial and epicardial mapping in 17 pa-

Bipolar endocardium

Health
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tients with Chagas cardiomyopathy, obtaining immedi-
ate success in 14 (83.3%) patients. In a mean follow-up of
318 £ 95 days, 11 of the 14 patients did not experience re-
currence of VT, the number of therapies decreased from
4.64 + 2.71 in the six months before ablation to 0.29 +
0.61 (p = 0.002) in the same period after.!!>

A randomised study was carried out in 2020019
comparing the mapping technique and endocardial
versus epicardial ablation in 30 patients with chronic
Chagas heart disease and SVT. The procedure was
unsuccessful when the ablation was exclusively endo-
cardial in nine (60%) patients. Conversely, only two
(13%; p = 0.0215) patients were unsuccessful when the
endo- and epicardial approaches were combined. The
median area of epicardial scarring was larger (mean of
61.2 cm?) than that of the endocardial scar (13.35 cm?; p
< 0.001). Interestingly, five patients (17%) did not have
an endocardial scar; all the investigated patients had
an epicardial scar (p = 0.05). In this series, it was also
shown that mapping and epicardial ablation were safe,
with only two patients presenting a haemopericardium
above 80 mL, without major complications related to
the procedure. In a median follow-up of 587 days, 60%
of patients undergoing exclusive endocardial ablation
and 33.3% in the combined endo- and epicardial strat-
egy had recurrence of SVT, with a median time to re-
currence of 46.5 days.!®

Generally, the treatment of ventricular arrhythmias
in patients with chronic Chagas heart disease is com-
plex, requiring the use of antiarrhythmic drugs, usually
amiodarone, in the presence of significant ventricular
dysfunction and an ICD implantation. Even though,

Bipolar epicardium
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potentials

Fig. 2: electroanatomical epicardial and endocardial voltage mapping in a patient with chronic Chagas cardiomyopathy. The endocardial voltage
map shows no endocardial scar (purple colour), and the epicardial voltage map shows a large epicardial scar (red colour) on the latero-anterior
and inferior walls extending from the base of the left ventricle to the apex. There are late potentials that indicate the area of slow conduction on

the inferolateral portion of the scar.



when patients present recurrent ICD therapies despite
the use of amiodarone, requiring ablation, an epicardial
approach in most cases is recommended.

Cardiac transplantation

In the past, Chagas disease was considered a con-
traindication to cardiac transplantation (CT) due to the
risk of reactivation of 7. cruzi infection as a result of im-
munosuppressive therapy.!'” Brazil was a pioneer in this
procedure, and since the 1980s, CT has become an es-
tablished alternative for terminal Chagas’s heart disease,
with survival rates of 76%, 71% and 46% at six months,
five years and 10 years, respectively, and it was better
than the cohort of patients undergoing CT due to other
actiologies.""®!"” However, the only national registry
that compiled the results of CT in Brazil was carried out
in 1999.029 Chagas’s disease is the third leading cause of
indication for CT in endemic countries, corresponding
to 35% of patients undergoing the procedure.!*"”) How-
ever, the emigration of Latin American patients with 7.
cruzi to nonendemic countries, such as North America,
Europe, Asia and Oceania, has globalised the disease,
creating a problem not only epidemiologically but also
for transplant teams.!21122

The indications and contraindications for CT fol-
low the classic criteria, with some peculiarities.!'*'*¥ In
general, these patients have a less favourable social and
cultural profile, but there does not seem to be a relation-
ship between the socioeconomic situation and the evolu-
tion after CT.(?%125 The possibility of megaoesophagus
and megacolon should be evaluated, which, depending
on the severity, may constitute contraindications."” In
Brazil, serology for 7. cruzi infection in all potential do-
nors and recipients is mandatory and has been recom-
mended in nonendemic countries with potential donors/
recipients having a positive epidemiology.©%12%

Basic maintenance immunosuppressive therapy in-
cludes a calcineurin inhibitor (cyclosporine A or tacro-
limus) associated with mycophenolate mofetil or myco-
phenolate sodium or azathioprine and prednisone, with
the lowest possible immunosuppressive intensity, as
long as rejection does not occur.?

The incidence of reactivation after CT varies from
20 to 45% in the first year.!"*!26:127) Considering the po-
tential morbidity and mortality, the diagnosis and appro-
priate management of reactivation of Chagas’s disease
is extremely important and must be carried out within
a structured clinical and laboratory protocol.®!"*122 The
diagnosis of reactivation is based on clinical signs and
symptoms and/or the presence of parasites in blood, ce-
rebrospinal fluid, bone marrow or tissues.©!1%122

Clinical reactivation has cardiac and extracardiac
manifestations, including myocarditis, skin lesions, fe-
ver, bone marrow involvement and neurological mani-
festations."*!126:128 Reactivation myocarditis can be mis-
takenly diagnosed as graft rejection and treated with an
intensified immunosuppressive treatment, which will
aggravate reactivation.!"?? The differential diagnosis
between rejection and reactivation myocarditis is com-
plex."*127) In the presence of an inflammatory infiltrate,
amastigote nests and/or positive polymerase chain reac-
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tion (PCR) for 7. cruzi in the myocardium, we can say
that there is reactivation, but it is not possible to safely
exclude the associated graft rejection.

Serological tests are useful only in potential donors
and recipients.®""” They have no role in the diagnosis of
reactivation. Traditionally, laboratory monitoring has uti-
lised parasitological methods (direct research of 7. cruzi
in blood and blood cultures) and serial histological exami-
nations of endomyocardial biopsies in search of 7. cruzi
amastigote tests with low sensitivity.®!"” In recent years,
several studies have demonstrated the PCR test value in
peripheral blood and fragments of endomyocardial biopsy
(EMB) in detecting early reactivation before the appear-
ance of symptoms and/or graft dysfunction.(!*12%139

In the presence of signs/symptoms and/or the identi-
fication of the parasite in the blood, cerebrospinal fluid
or tissue, it is recommended to start aetiological treat-
ment immediately. This condition, when treated early
and properly, has a good prognosis. Benznidazole is the
recommended first-line treatment®'? delivered at 5 mg/
kg/day for 60 days, with the daily dose being divided
two or three times. Nifurtimox is not available in Brazil.
There is no evidence to support a prophylactic anti-7.
cruzi treatment strategy for reactivation. A patient may
have more than one reactivation episode after treatment.
Therefore, it is necessary to maintain the monitoring of
reactivation even after anti-7. cruzi treatment.®!"*13) The
aetiological treatment of patients with a positive PCR in
EMB and without clinical manifestations of reactivation
remains to be established.!2”

Perspectives and challenges in cardiac
transplantation

The globalisation of Chagas disease requires atten-
tion and knowledge from transplant teams in nonendem-
ic countries, and failures in the diagnosis and treatment
of reactivation can have fatal consequences. With the in-
corporation of PCR techniques, the reactivation concept
should be revised. The differential diagnosis between re-
jection and reactivation remains a challenge and requires
further study. Multicentre studies comparing different
immunosuppression strategies are desirable, as well as a
national registry to assess management, patient care and
the results of the procedure.

Acute Chagas’s heart disease: a new and poorly
known challenge

The annual incidence of acute cases of Chagas dis-
ease due to vector transmission has been decreasing
in Latin America and Brazil.® Currently, Chagas dis-
ease presents itself in the acute form in countries of the
American continent and in several states of Brazil, with
the increase in new cases attributed to oral transmission
due to lack of hygiene in food processing.’*? In fact, the
disease shows a higher incidence of oral transmission in
the Brazilian Amazon, mainly in the states of the North-
ern region of Brazil, with a clinical-epidemiological sce-
nario that differs from the classic vector transmission
recorded in the Southeastern and Central West regions,
which are historically endemic in the country.(3%139
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The common form of presentation is observed in out-
breaks of familial microepidemics and, less frequently,
in isolated cases, but it is related to the lack of food hy-
giene.!® Oral transmission by food has drawn the at-
tention of the scientific community to better understand
this route of transmission and the way food is contami-
nated, especially agai, an Amazonian fruit that is fre-
quently involved in this chain of transmission.*®

Certain gaps need to be better defined, such as the
parasite’s entrance doors in the human organism using
the oral route and the inoculum’s relationship with mor-
bidity, mortality and clinical evolution. In this sense,
studies are scarce and have been well documented in
experimental models, showing different doors of en-
try through the oral route that are related to the disease
evolution.’*” Symptomatic patients may have prolonged
febrile symptoms and nonspecific symptoms charac-
teristic of infectious processes that generate diagnostic
confusion with typhoid fever, malaria and kalaazar.13513%

The acute phase due to oral transmission also differs
from the vector-transmitted acute phase from the clinical
perspective. Oral infection has a greater number of symp-
toms, and fever is more present and prolonged, with great-
er morbidity, suggesting that it is related to the inoculum.
139 Acute infection suggests greater morbidity and lethal-
ity in males, as evidenced in a series of acute cases.4*-14D

The lack of a definition of clinical prognostic and
evolutionary markers of acute disease represents another
problem, since the registered reports are only descriptive
studies of case series.*>¥9 The fatality of some symp-
tomatic cases is observed with clinical signs of severe
heart failure and/or septic shock. In contrast, groups of
poorly symptomatic patients may present slight changes
in the electrocardiogram already showing early myo-
cardial injury."* Moreover, in a subgroup of poorly
symptomatic individuals, most of the series presented
an absence of nocturnal sleep decline in blood pressure,
suggesting an impairment of the autonomic nervous sys-
tem already in the initial phase, corroborating studies
describing dysautonomy in the acute phase of infection.
4% The clinical significance of the involvement of the
autonomic nervous system is not well established in
Chagas’s disease as a prognostic marker of progression
to cardiac sequelae, requiring longitudinal studies to an-
swer this question.!4®

Concerning the diagnostic methods for detecting the
parasite in the bloodstream, the scarcity of sensitive, rapid
and easily accessible tests for the diagnosis of the acute
phase of Chagas disease has been perpetuated for decades
without technological advances, which is still a great chal-
lenge in rural locations located far from urban centres.

There is a pressing need for studies to better define
the strains and parasitic load in endemic regions of the
Amazon, with cutting-edge technological investments
to flatten the annual seasonality curve to minimise the
incidence of acute cases.? Scientific evidence related
to treatment with antiparasitic agents administered in
the acute phase is still scarce. Reports of acute and fa-
tal cases in the Amazon region have evolved with septic
shock and ventricular dysfunction, some under aetiolog-
ic monotherapy treatment since, to date, only benznida-

zole has been available in Brazil, without robust studies
pointing to a change in the prognosis of patients treated
in the initial stage of infection.(43-144

In the case of pregnant women with acute Chagas’s
disease due to oral transmission, there is no consensus on
the gestational period in which it will be safe to prescribe
aetiological treatment due to the absence of evidence con-
firming foetal teratogenicity by antiparasitic agents, im-
plying ethical aspects in medical decisions.®!4®

Another aspect to consider is that we are facing an
acute infectious disease with chronic evolution of an
inflammatory character in the acute phase, which sug-
gests an alteration of coagulation factors, with throm-
bus and haemorrhage previously described.**!*9 In the
pandemic scenario caused by Coronavirus disease 2019
(COVID-19), we warn of the possibility of coinfection at
a time when there is no scientific evidence of the evolu-
tion of cases of coinfection of acute Chagas disease with
other infectious diseases.

Investment in public food hygiene policies is neces-
sary to minimise the occurrence of acute infection by
oral transmission in the affected locations. As it is a
chronic infectious disease, without robust evidence of a
cure and a lack of randomised studies, prevention is cur-
rently the best alternative.

A series of challenges still need to be overcome
and revolve around studies of genotyping and immu-
nopathogenicity of the parasite in endemic areas. New
therapies, unravelling clinical and inflammatory mark-
ers that cause sequelae, and the development of quick,
more accessible and specific alternative methodologies
for diagnosing parasitic infection are needed. However,
the most fundamental necessity is the investment in
new therapeutic options for aetiological treatment of the
acute phase, which have evidence of efficacy and safety
for eliminating the parasite with fewer adverse events.

Ageing and comorbidities: a new reality for patients
with chronic Chagas heart disease in Brazil

The change in the epidemiological profile of Chagas’s
disease has transformed the old profile of rural youth pa-
tients into older patients living on the outskirts of large
cities experiencing an era of chronic degenerative dis-
eases. The socioeconomic status of these patients, per
se, already predisposes them to the appearance of other
conditions.®®® The impact of comorbidities among pa-
tients with chronic Chagas heart disease requires well-
defined studies. Knowledge from other areas is usually
extrapolated, indicating that, in general, good clinical
practice should be followed with the same therapeutic
guidelines. It is necessary to contemplate periodic moni-
toring and, when necessary, to consult with specialists.
Pharmacological/nonpharmacological guidance should
be promptly instituted, following what is recommended
by specific current guidelines. (131152159

High blood pressure is the most frequent cardiac co-
morbiditie associated with CCC.3*159 The natural course
of untreated systemic arterial hypertension is the devel-
opment of heart failure (HF); therefore, it is necessary
to diagnose this condition early and provide aggressive
treatment to reduce blood pressure levels to target values.



Coronary artery disease (CAD) is a challenge in pa-
tients in older age groups, since CCC patients can re-
port chest pain, mimicking CAD, despite the common
finding of normal subepicardial coronaries after angio-
graphic investigation. Several theories attempt to ex-
plain this anginoid syndrome, which may be related to
dysfunction in the microcirculation, abnormal vascular
reactivity and alteration of the endothelium. The pres-
ence of sympathetic denervation has also been consid-
ered, which can lead to loss of vasomotor tone with a
consequent alteration of the coronary flow, potentially
generating myocardial ischaemia."3%" In these cases,
myocardial perfusion scintigraphy presents regional mo-
tility changes as well as transient and/or permanent per-
fusion defects, which may suggest obstructive coronary
disease.™™® These aspects must be taken into account
in patients with CCC and suspected CAD, and cardiac
catheterisation is often indispensable.

Among noncardiological comorbidities, diabetes
mellitus (DM2) and chronic obstructive pulmonary
disease (COPD) are prominent. It is estimated that ap-
proximately one-quarter to one-fifth of elderly patients
with moderate to severe HF have COPD. The differen-
tial diagnosis of the origin of dyspnoea is essential to
define the most appropriate management.'> The use of
beta-blockers in patients with CCC who are undergoing
COPD and HF must be maintained, as it reduces hos-
pitalisations and mortality due to HF. In this scenario,
bisoprolol has shown a greater safety and benefit than
carvedilol and metoprolol.¢?

Diabetes mellitus is a comorbidity that has been
growing in CCC patients due to the ageing of this pop-
ulation and, when associated with HF, increased mor-
tality.() Metformin, which is associated with lifestyle
changes, remains the initial therapy of choice for most of
these patients due to its proven benefit in reducing blood
glucose, easy access, low cost and, above all, relation-
ship with reduced cardiovascular mortality. In patients
who require a combination with other drugs to control
glycaemia, one should opt, whenever possible, for those
that have been shown to have a positive impact in re-
ducing cardiovascular morbidity and mortality. In this
sense, ISGLT?2 is noteworthy, which, despite a high cost,
has shown a reduction in hospitalisations due to HF de-
compensation and mortality.(16%163)

Challenges and public policies for the diagnosis,
treatment and monitoring of patients with chronic
Chagas heart disease

It is estimated that there are 8 to 10 million people in-
fected with 7. cruzi worldwide. Of this total, 2 to 3 mil-
lion refer to the estimated prevalence of the disecase in
Brazil. Considering the percentage of people who prog-
ress to the cardiac form of Chagas disease, it is estimated
that there are currently between 600 and 900 thousand
people with chronic Chagas heart disease in the country,
the majority of which are in older age groups, a popula-
tion with a higher frequency of comorbidities.”

Considering the actuarial charts available, we can
expect the existence of people with chronic heart disease
for thirty or forty more years in Brazil or even longer if
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we consider the population of the Amazon region that is
being infected orally at present and may develop chronic
heart disease in the future. It is possible that we are now
perceiving only the tip of the iceberg with regard to the
future consequences of changing the current epidemio-
logical profile of the disease in the Amazon region. Ad-
ditionally, the lack of a definition of clinical prognos-
tic markers and acute Chagas disease evolution by oral
transmission still need to be well studied.

Considering the important prevalence of the disease
and the human and social losses it causes, the preven-
tion and management of Chagas heart disease remains
a challenge to science and public policies in endemic
countries.®®

In terms of public health management, it is important
to prioritise the implementation of strategies to face situ-
ations that have not yet been overcome, even after more
than a century of the discovery of the disease. Early detec-
tion of Chagas disease and its clinical-evolutionary char-
acterisation are feasible by means of the diagnostic arse-
nal currently available, but its universalisation is still far
from being possible, both in endemic rural regions and in
urban centres, due to the lack of knowledge of the disease
by health professionals and also due to problems of patient
access to different levels of public health care.”

As the management of heart disease requires conti-
nuity of care, it is necessary to seek the best solutions for
its diagnosis, staging, treatment and, above all, to en-
sure patient compliance with treatment. To achieve these
goals, it is essential to invest in the education of health
teams, and in a country of continental dimensions such
as Brazil, the training and updating of professionals can
be achieved through the use of distance education, which
has gained significant momentum in recent years, fos-
tered by more universal access to mobile technology and
the internet. At universities, technological infrastructure
and expertise create and offer, in the distance learning
mode, refresher courses on the diagnosis and manage-
ment of Chagas disease for healthcare professionals. In a
more daring concept, we can think of distance education
as part of a broader innovation process, involving infor-
mation, education, monitoring and assistance to citizens
with the disease and their families, through the use of
telemedicine and tele-education as part of the effort so
that information and care reach everyone affected.

Other concrete challenges involve making decisions
and setting priorities, which are important to overcome.
Funding institutions and researchers are also part of this
important process of searching for solutions to reduce
suffering and improve the quality of life of patients with
Chagas heart disease. There is an urgent need to improve
the therapeutic arsenal, both for aetiological treatment
and for the management of heart disease itself. Maintain-
ing continued investments in research is essential, since
a better knowledge of the pathogenesis of CCC may al-
low the prevention and treatment of cardiac fibrosis, a
major clinical challenge to be overcome. In addition to
the search for new chemotherapeutic drugs, investment
in a possible vaccine is an important aspect of research,
in view of the latest biotechnology and genetic engineer-
ing techniques applied to the development of vaccines.
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