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Current vision of a disease with high mortality
that is progressively dispersing throughout
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The sympathetic denervation studies and the studies of microvascular involvement are the most
important tools for early detection of Chagas heart disease. Especially the 1231-1231-MIBG-
SPECT or 11C-meta-hydroxyephedrine-PET studies since everything starts from sympathetic
denervation. Also it is advisable to insist on the assessment of other parameters of early
involvement of left ventricular systolic function to understand the importance of the additional
information provided by the analysis of the parameters of ventricular remodeling, synchrony,
and GLS in patients with normal left ventricular ejection fraction and in the absence of ven-
tricular dilatation for early detection of myocardial dysfunction.

See related article: pp. 2379-2388

INTRODUCTION

Chagas disease was described in 1909 by Carlos
Chagas.! This disease is caused by the protozoan
Trypanosoma cruzi (hematophagous insects) by means
of the transcutaneous inoculation of the infected excreta.
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In the last 30 years, the prevalence of the disease
has been reduced from 18 million in 1990 to 8 million in
2005. Today, approximately 6 million people’ have an
incidence of 1.85 per 100 people per year. Despite this,
the prevalence is very high and worrying due to the
complications of the disease. In 2016, the United States
had the seventh highest prevalence of Chagas infections
in the Western Hemisphere, with > 300,000 infected
individuals estimated to be living in the United States.’
Of those, an estimated 30,000 to 45,000 will go on to
develop Chagas heart disease.”

Recently published data by the Spanish National
Statistics Institute (Spanish Agency of Medicines and
Medical Devices) from 2010 to 2018 by Navarro et al
observed that in Spain 55,367 out of 2,602,285 migrants
originally from endemic countries were living with
Chagas disease in Spain in 2018, accounting for a
prevalence of 2.1%.* Only 1% of these cases (613/
455,566) were children aged 14 years or less resulting in
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<«Figure 1. All images corresponded to the same patients. (A)
On the left: Sympathetic denervation ('**I-mIBG) in anterior,
septal and apical regions. On the right: Gated SPECT with
9MTc-Tetrofosmin, changes in motility and left ventricular
thickening with normal left ventricular ejection fraction and
dilated left ventricle in diastole. (B) Differences in the
interpretation of the sympathetic denervation image with and
without attenuation correction in early and late images. In late
images with or without attenuation correction, the intensity and
extent of denervation is higher, although less significant in
images without attenuation correction. (C) 2 mIBG
heart/mediastinum (H/M) ratio in early and late images.
SE%, percentage of myocardium with early '**I-mIBG uptake
defect; SES, summed early score; SDS, summed difference
score; SLS, summed late score; SL%, percentage of myocar-
dium with late '*I-mIBG uptake defect.

a prevalence of 0.1%.* The indexes of underdiagnosis
and undertreatment were heterogeneous across different
Spanish autonomous regions, but the overall index of
underdiagnosis was around 71%, and the overall index
of undertreatment was 82.5% in patients aged 15 years
or older, and 60% in children.*

Chagas disease has an acute phase and a chronic
phase. The acute phase may be asymptomatic, or as a
nonspecific febrile illness, symptomatic in 1% of infected
patients. Also, the chagasic myocarditis is infrequent (1 to
5 of every 10,000 infected patients), although with high
mortality.” An estimated 10% to 30% of people harboring
the parasite will develop symptomatic chronic Chagas
disease years or decades later.®’ In the chronic phase, the
Chagas disease is subdivided in 4 clinical presentations’:
indeterminate, digestive, cardiac, or mixed (both diges-
tive and cardiac). These forms correspond to the
progression of Chagas disease. Furthermore, the progress
of heart damage can be classified into 5 different evolu-
tionary forms (A, B1, B2, C, D)2’5’8:

Chagas Intermediate (A): Normal ECG. Normal
echocardiogram. Asymptomatic.

Chagas cardiomyopathy (B1): Abnormal ECG. Abnor-
mal echocardiogram with normal left ventricular
ejection fraction. Without clinical heart failure.
Chagas dilated cardiomyopathy (B2): Abnormal ECG.
Abnormal echocardiogram with left ventricular dys-
function. Without clinical heart failure.

Chagas dilated cardiomyopathy with heart failure (C):
Patients with ventricular dysfunction and clinical heart
failure (NYHA functional class I, II, III, or IV).
Chagas dilated cardiomyopathy with heart failure (D):
Patients with refractory clinical heart failure at rest.

The mega esophagus and megacolon appear in 5% to
10% of patients, although Chagas cardiomyopathy is by
far the most serious form of the disease.”'® Moreover,
these patients can remain throughout life with the so-
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called indeterminate form, or develop a full-blown
chronic Chagas cardiomyopathy (30%-40%), which leads
to sudden death, complex arrhythmias, ventricular aneur-
ysms, heart failure, and thromboembolism.'%!!
Therefore, the importance of this topic lies in the early
diagnosis of Chagas disease to detect early or prevent
cardiac involvement, as well as, diagnosing Chagas
disease in patients with already established cardiomy-
opathies, because the Chagasic cardiomyopathy has a
fourfold higher morbidity and mortality than do typical
patients with cardiomyopathies.'? Hence, the use of tools
that allow diagnosis as early as possible is a priority.

DISCUSSION OF CURRENT STUDY PUBLISHED
IN THE JOURNAL NUCLEAR CARDIOLOGY

In the current issue of the Journal Nuclear Cardi-
ology, Xavier de Brito et al presents a study titled
‘‘Autonomic denervation, myocardial hypoperfusion
and fibrosis may predict ventricular arrhythmia in the
early stages of Chagas cardiomyopathy’’. This was a
cross-sectional study conducted on 29 outpatients from
the Clinical Research Laboratory for Chagas Disease. In
all of the patients the myocardial sympathetic innerva-
tion was evaluated with I-123-labeled
metaiodobenzylguanidine ('*’I-MIBG) with SPECT
('*I-MIBG-SPECT), the myocardial fibrosis with
LGE-MRI, and the perfusion imaging with MIBI-
SPECT. Regardless of the fact that the number of
patients is a very small series and that the coronary
anatomy was not studied in any patient, this study shows
how early detection of myocardial involvement can be
done in patients with Chagas disease. The authors
discussed that the extent of cardiac sympathetic dener-
vation, myocardial hypoperfusion and fibrosis was
associated with the presence of ventricular arrhythmia
in the early phases of Chagas heart disease. They, also,
reported that sympathetic denervation by '*’I-MIBG-
SPECT before any remodeling or change in left ven-
tricular function had occurred, with a correlation to
ventricular electrical instability. This data is very
important from the clinical point of view, and is
consistent with previous studies.'*'°

For example, Barizon et al'® found that combined
myocardial analysis of the extent and location of
autonomic denervation, hypoperfusion, and scarring
may allow for a better understanding of the pathophys-
iology of Chagas cardiomyopathy. Velasco and Morillo
suggest that there exists a strong association between
areas of myocardial denervation and perfusion defects
during stress, while areas of fibrosis were smaller and
without association.'* Therefore, these studies add to the
idea that autonomic denervation and microvascular
dysfunction are closely interrelated in Chagas disease,
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and QGS® software package in the same day. Ventricular dyssynchrony (Bandwidth 66°) is
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and fibrosis seems to appear late in the process.'*'’

Previously, Rabelo et al'® observed a reduction in
coronary flow reserve measured with transthoracic
dipyridamole (0.84 mgkg™' in 6 minutes) stress
echocardiography in patients with Chagas disease com-
pared to control subjects. Coronary flow reserve was
assessed on left anterior descending artery using pulsed
Doppler as the ratio of maximal peak vasodilation
(dipyridamole) to rest diastolic flow velocity. Moreover,
Torres et al”, evaluated the coronary endothelial func-
tion infusing acetylcholine into the Ileft anterior
descending coronary artery of patients with Chagas’
heart disease. Coronary blood flow was measured with a
Doppler flow velocity catheter and by quantitative
coronary cineangiography. They observed that patients
with Chagas’ heart disease have an abnormality of the

coronary endothelium-dependent vasodilation. In addi-
tion, the patients with Chagas disease may have
myocardial perfusion abnormalities with normal coro-
nary arteries, in the same way as patients with coronary
artery disease.'®2° For this reason, it is important to
assess the coronary anatomy in patients with chronic
Chagas heart disease.

In the study of Gladioli et al*' no correlation was
detected between myocardial fibrosis and ventricular
arrhythmias. In this series of 43 patients with chronic
Chagas cardiomyopathy and left ventricular ejection
fraction > 35%, patients were divided into three groups:
patients with sustained ventricular tachycardia, patients
with non-sustained ventricular tachycardia on 24-hours
Holter monitoring, and patients without ventricular
arrhythmias. All patients were evaluated by '*I-
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MIBG-SPECT and MIBI-SPECT. The authors con-
%‘ cluded that the extent of regional myocardial
% 5 sympathetic denervation assessed by '**I-MIBG-SPECT
5 ¥ imaging correlated quantitatively with the presence of
§ % ventricular arrhythmia, suggesting a relevant role played
£ _% by the regional myocardial sympathetic denervation in
g § triggering severe ventricular arrhythmia in patients with
& o chronic Chagas cardiomyopathy. Also in another small
;. % series (n = 18) it was observed that myocardial dener-
‘5 = vation is a progressive derangement, which parallels the
v . . . . .
S5 progression of left ventricular dysfunction in patients
kS c with chronic Chagas cardiomyopathy. In other words,
8 the regional myocardial sympathetic denervation is
é § topographically correlated with the ulterior development
S %L of wall motions abnormalities in this myocardial dis-
@ £ ease.””*® Thus, in clinical practice it is important to
w Y £ assess the perfusion and innervation mismatch patterns,
- o Y T . . . . .
s % 3 S since they integrate information on fibrosis and
21 8° z denervation.
& In this study Xavier de Brito et al used attenuation
g o = correction (AC) for the SPECT images, although the
T /'\ E myocardial sympathetic denervation defects localization
) S by ventricular regions is not discussed. Not all studies of
o) v y g
g £ - Chagas heart disease with 123 _MIBG-SPECT use AC.
) (7] . . . .
v P £ This technical aspect is relevant because in Chagas heart
c = . . e
o ° o disease the topographic distribution of '*I-MIBG
g 2 2 uptake defects are predominant in the inferior, poste-
“;: 8 & 5 rior-lateral, and apical walls.>!** The localization of the
o ; ~ K denervation defect is part of the pathophysiology of
+ . . . . .
9 ? % E sustained ventricular tachycardia. So, the sustained
—_— — 1% . . . .
v T = 2 ventricular tachycardia arises from the basal portion of
% E o & the inferior and posterior left ventricular walls, which
'5 2 g A s are the regions most frequently involved in the '*I-
© ::; 28 § MIBG defects.”'** Possibly in the future, all '*’I-
T >2F5« | E MIBG-SPECT studies should be done with AC. Fig-
| & &I - g g
S ‘E) ™ § = ﬁ 2 ure 1A-C show the differences in the interpretation of
2 'Z_MIBG-SPECT early and late images with and
~ z without an attenuation correction from our laboratory.
9 ry
| = 2 In this figure, we can see the difference in the intensity
§ and extent of cardiac sympathetic denervation between
£ K an early study and a late study with '**I-MBIG.
® 2 Currently, there are no prognostic data available regard-
ﬁ _?_)0 & ing this parameter in patients with Chagas heart disease.
-] g 3 The left ventricular global longitudinal strain
R E (GLS), the peak-emptying-rate, remodeling (end-dias-
g E; o g tolic left ventricular shape index, end-systolic left
8 v ":{, ventricular shape index and eccentricity index) and the
3 & N %g synchronization parameters (standard deviation, band-
= ;3 Q 55 with) allows us to observe early systolic dysfunction.
S 8% These parameters are relevant and all can be assessed
- & " ST with SPECT or PET images in patients with Chagas
= v . . .
) _g L 2 disease. The importance of the concept of being able to
2 s % 2 ‘2: detect ventricular systolic dysfunction in its initial
= || a ZT phases lies in the worse prognosis and progressiveness
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Multimodality Imaging to Detect and Stratify the Risk of Chagas Heart Disease

If there is myocardial
involvement, always complete
evaluation with coronary
anatomy to rule out CAD
(Coronary CT)

Chagas disease
confirmed

Inicial cardiac evaluation:
ECG, 24-hour Holter and
Echocardiogram

Variables to detect early
Chagas Heart Disease:

Myocardial sympathetic denervation.
Microvascular dysfunction.

Parameters to detect Early
Ventricular Dysfunction:

Nuclear Cardiology:

Eccentricity index.

End-diastolic left ventricular shape-
index.

End-systolic left ventricular shape
index.

Peak-emptying rate.

Diagnostic and
prognostic value.

Suggests MIBG + or '1C- MIBG - or 'C-
Early mHED + or with mHED - without
Chagasic Microvascular Microvascular
Heart Disease ** Disease **
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Medical control
with ECG, 24-

!—J—\
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Microvascular
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Abnormal ECG with
normal Echocardiogram: @‘—' &

| Global longitudinal strain.

Global circumferential strain.
Diastolic dysfunction.
Bandwidth.

Standard deviation.

Prognostic value.

”

MIBG + or ''C-
mHED + or
with
Microvascular
Disease **

Cardiac Magnetic Resonance:

Longitudinal strain rate.
Circumferential strain rate.

Right ventricular global peak strain.
Peak diastolic strain rate.

Left atrium strain.

Ventricular dyssynchrony.

hour Holter and Ventricular dyssynchrony.
e skl Echocardiogram Echocardiogram can be & o‘b-\\o

th Card 09 K P e
LIS repeated each 3 - 5 (SN Echocardiogram:
RMagnetlc | years or anytime. N ":?00 é&a :

esonance &

Imaging Repeat MIBG at T Speckle tracking echocardiography.

4-6 years

Diastolic dysfunction.

Figure 3. Perspective and future direction for the cardiac study in patients with Chagas disease.
Differentiating between the diagnosis of early myocardial involvement and the early systolic
dysfunction is a must. The diagnosis of Early Heart Disease is prior to the diagnosis of Early
Systolic Dysfunction. **The assessment of microvascular disease by means of myocardial flow
analysis with CZT-SPECT imaging provides additional information of myocardial perfusion,
remodeling, synchrony, global longitudinal strain and peak-emptying-rate, in the same study.

of heart muscle disease. Chagas systolic dysfunction is
possibly one of the worst prognosis. In BETTER-HF
study (patients without Chagas), it was observed that
myocardial contractility as assessed by GLS has a good
discrimination for the identification of severe cardiac
denervation. Also, GLS may allow for a more readily
accessible estimation of the degree of autonomic den-
ervation in advanced heart failure patients.>> Kawakubo
et al compared adenosine-stressed global circumferential
strain and GLS values obtained from '*N-ammonia PET
images with global myocardial flow reserve values.?
They observed that feature-tracking-derived strain val-
ues from a single PET scan could provide a clinically
reasonable assessment of regional myocardial motility.

The left ventricular dyssynchrony is another impor-
tant aspect of Chagas heart disease because it is an
additional tool to evaluate the early myocardial dys-
function. Recently Athayde et al*” evaluated 40 patients
with chronic Chagas cardiomyopathy. They found that
in severe left ventricular dyssynchrony with non-left
bundle branch block, the evaluation of GLS and ven-
tricular dyssynchrony between rest and exercise is able
to reclassify myocardial function and to identify sub-
groups with contractile reserve and significant

dyssynchrony. Figure 2 shows dyssynchrony at rest that
increases with exercise in a patient with Chagas heart
disease and normal left ventricular ejection fraction,
information provided from our laboratory.

PROGNOSIS AND FUTURE DIRECTIONS

There are multiple clinical studies of electrocardio-
graphy, echocardiography, magnetic resonance, and
nuclear cardiology in relation to the prognosis of Chagas
heart disease (Table 1). All studies assess the cardiac
event in patients with established Chagas heart disease.
Despite its importance, the concept that must be taken
into account is that the diagnosis of Chagas heart
disease per se is the most important poor prognostic
variable to the life of the patient. That is because the
development of Chagas heart disease should be con-
sidered a major cardiac event due to its high mortality.
Recently, Cutshaw et al** in a systematic meta-analysis
found older and male patients with Chagas disease are
more likely to have cardiomyopathy, although it cannot
be identified causal relationships due to the high
heterogeneity of the predominantly retrospective study
designs in current literature.
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During the follow-up of patients with Chagas
disease, we do not have to wait for left ventricular
systolic dysfunction to predict the cardiac prognosis,
since sympathetic denervation itself is a predictor of
ventricular arrhythmias and sudden death. Autonomic
myocardial denervation may be a more sensitive marker
of cardiac involvement in Chagas disease than finding it
by other imaging modalities."?

In addition, myocardial flow analysis is very
important in patients with Chagas disease, since it has
a diagnostical value for early myocardial involvement,
prognostic value, rather than a pathophysiological value.

Finally, and as we can see, since most cardiac
imaging studies do not have a significant number of
patients, multicenter studies should be performed in the
future. On the other hand, the multimodality of imaging
in patients with Chagas disease provides additional
diagnostic and prognostic information (Figure 3).

In conclusion, in the future and from the point of
view of cardiac imaging, the sympathetic denervation
studies and the studies of microvascular involvement are
the most important tools for early detection of Chagas
heart disease. Especially the '**I-'**I-MIBG-SPECT or
"1C-meta-hydroxyephedrine-PET studies since every-
thing starts from sympathetic denervation. Also it is
advisable to insist on the assessment of other parameters
of early involvement of left ventricular systolic function
to understand the importance of the additional informa-
tion provided by the analysis of the parameters of
ventricular remodeling, synchrony, and GLS in patients
with normal left ventricular ejection fraction and in the
absence of ventricular dilatation for early detection of
myocardial dysfunction.
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