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Abstract
Purpose of Review To review the contributions of radionuclide imaging to understanding the manifestations and pathophysiol-
ogy of chronic Chagas cardiomyopathy (CCC).
Recent Findings Experimental studies using high-resolution SPECT myocardial perfusion imaging (MPI) show that myocardial
perfusion derangement that corresponds to dysfunctional, viable myocardium is closely linked to inflammation and precedes LV
regional systolic dysfunction. Clinical studies show that microvascular ischemia is strictly related to the areas of cardiac sym-
pathetic denervation, assessed by 123I-MIBG imaging, which correlates with severe ventricular arrhythmia incidence. Initial case
reports suggest that 18F-FDG-PET imaging is a promising, non-invasive detection method for myocardial inflammation.
Summary Available evidence indicates that microvascular ischemia participates in the mechanisms causing myocardial injury in
CCC, with potential implication for monitoring subclinical disease progression.Moreover, MIBG imaging is a promising tool for
risk stratification of sudden death. Preliminary clinical experience suggests a role for 18F-FDG-PET in detection of inflammation
in CCC.
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Introduction

Chagas disease (CD) is caused by infection with a blood pro-
tozoan, Trypanosoma cruzi (T. cruzi), which is usually trans-
mitted through the feces of a kissing bug, but its transmission
routes also include congenital, blood transfusion, oral trans-
mission, laboratory contamination, and organ transplantation
[1, 2].

CD is a serious health problem in endemic Latin America
countries; an estimated 6 million people are infected with
T. cruzi, leading to significant morbidity and mortality. Due
to migratory waves, T. cruzi-infected individuals have spread
worldwide; an estimated 400,000 infected persons are now
living in non-endemic countries, mainly in the USA and
Europe [3, 4].

The natural evolution of the disease includes two distinct
acute and chronic phases. The acute phase, which follows a
variable incubation period that depends on the transmission
route, is usually a benign febrile disease lasting 4 to 8 weeks.
After this initial phase abates, infected patients progress to a
long chronic phase in which the majority (70%) remain
asymptomatic and free of structural organ lesions for their life
span, despite positive serologic tests, constituting the chronic
indeterminate phase [5]. Two to three decades after the initial
T. cruzi infection, approximately 30% of the chronically in-
fected patients develop organic disease manifested by diges-
tive tract or cardiac involvement. The most severe clinical
form is chronic Chagas cardiomyopathy (CCC) [6].

The essential pathologic feature of CCC is a low-grade
chronic and relentless focal myocarditis that is initially clini-
cally silent but causes progressive myocardial damage with
extensive reparative interstitial fibrosis that ultimately leads
to a severe form of dilated cardiomyopathy [7]. This global

This article is part of the Topical Collection on Cardiac Nuclear Imaging

* Marcus Vinicius Simões
msimoes@fmrp.usp.br

Leonardo Pippa Gadioli
pippagadioli@gmail.com

Luciano Fonseca Lemos de Oliveira
oliveiralfl@hotmail.com

1 Division of Cardiology, Internal Medicine Department, Medical
School of Ribeirão Preto - University of São Paulo, Ribeirão
Preto, Brazil

2 Cardiology Division – Internal Medicine Department, Hospital das
Clínicas, Faculdade de Medicina de Ribeirão Preto, 3900
Bandeirantes Avenue, Ribeirão Preto, São Paulo 14048900, Brazil

Current Cardiovascular Imaging Reports (2019) 12: 7
https://doi.org/10.1007/s12410-019-9482-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s12410-019-9482-8&domain=pdf
mailto:msimoes@fmrp.usp.br


cardiac systolic dysfunction is frequently preceded by left
ventricular segmental wall motion impairment that predomi-
nates in the inferior, posterior-lateral, and apical regions. The
finding of an isolated, thin walled, left ventricular apical an-
eurysm, with a “finger glove” configuration, is considered a
hallmark of the disease [8].

The clinical manifestations of CCC are quite variable and
may include arrhythmias with syncope or palpitations, chest
pain from microvascular dysfunction, and heart failure from
right and left ventricular dysfunction [9]. Cardiac conduction
abnormalities are some of the first signs, especially right bun-
dle branch block associated with left anterior fascicular block.
Late manifestations include high degree atrial-ventricular
block and dilated cardiomyopathy [6]. Once heart failure
symptoms have presented, the prognosis is poorer than that
of dilated cardiomyopathy of other etiologies [10].

Multiple imaging methods have been employed to investi-
gate CCC patients, which were recently reviewed [11]. In
particular, radionuclide imaging has been used to characterize
several aspects of the cardiac involvement in CCC patients,
primarily the myocardial perfusion changes and autonomic
sympathetic denervation. Most recently, PET imaging has
been suggested as a promising tool to detect myocardial
inflammation.

Myocardial Perfusion Scintigraphy

In the clinical scenario, MPI is frequently necessary to rule out
coronary artery disease (CAD) in patients with CCC because
several clinical and laboratory expressions of CCC may mim-
ic CAD, including angina pectoris and segmental LV wall
motion abnormalities [12, 13]. .

Initial investigations showed that reversible myocardial
perfusion defects are frequently reported in 30 to 50% of pa-
tients (Fig. 1). However, invasive coronary angiography most
frequently demonstrates the absence of significant obstructive
coronary disease at the epicardial vessels, indicating that the
perfusion disturbance is due to coronary microvascular dys-
function [13, 14].

A pivotal study of stress-rest myocardial perfusion
Thallium-201-SPECT imaging investigated 37 patients with
various stages of CHD [15], independently of the presence of
angina, including 12 patients without any apparent cardiac
involvement; 13 patients with regional LV dysfunction, but
normal global LV systolic function; and 13 patients with ad-
vanced CCC with reduced left ventricle ejection fraction
(LVEF). Perfusion defects (fixed, paradoxical, and reversible)
were observed in the majority (78%) of patients, and a signif-
icant topographic correlation was observed between perfusion
disturbances and wall motion abnormalities that predominated
in the apical and inferior-posterior-lateral LV segments.
Notably, patients with more severe LV systolic dysfunction

had larger myocardial perfusion defects, mainly fixed ones;
a significant negative correlation between LVEF and the ex-
tent of myocardial perfusion defect (MPD) was observed. In
the group of 12 patients with no other evidence of myocardial
disease, 5 subjects (42%) had reversible myocardial perfusion
defects, but no other kind of defects. Conspicuously, these
reversible ischemic defects were mostly observed in the apical
and inferior-posterior LV segments, i.e., the same regions
where regional contractile dysfunction is frequently found in
the later stages of CCC. These findings suggest that myocar-
dial perfusion disturbance occurs in the early stages of CCC,
preceding the start of regional LV contraction dysfunction,
and may contribute to the mechanism of myocardial injury
[15]. This concept was further supported by another recent
investigation of 30 patients with the chronic indeterminate
form using MPI; myocardial reversible perfusion defects were
detected in 25% of patients and affected LV segments also
exhibiting mild wall motion abnormalities [16].

The hypothesis that microvascular dysfunction is a compo-
nent of the mechanism leading to chronic myocardial damage
in CCC was further reinforced by a longitudinal, retrospective
study of 36 patients with CCC [17]. Patients were initially
evaluated with stress-rest MPI, and then the nuclear scans
were repeated after 5.6 years. During this follow-up period,
the LVEF declined significantly from 55% ± 11% to 50% ±
13%. At baseline, reversible myocardial perfusion defects
were present in 20 patients (56%) and involved 10.2% of the
LV area. Most notably, a topographic association was found
between the presence of ischemia in the initial evaluation and
the late development of wall motion abnormality in the same
area; among the 47 segments with reversible perfusion defects
in the initial study, 32 (68%) progressed to perfusion defects at
rest (indicating the presence of fibrosis). In contrast, among
the 469 segments not showing such defects in the initial study,
only 41 (8.7%) had the same progression. The individual

Fig. 1 Representative slices of the stress-rest SPECT imaging with
Thallium-201 of a 52-year-old male patient with CCC, presenting effort
angina. Moderate reversible perfusion defects are seen in the segments of
the inferior wall, involving 26% of the left ventricular surface area. The
angiography showed normal coronary arteries
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increase in the perfusion defect area at rest was significantly
correlated with the decrease of the LVEF over time. Hence, in
this longitudinal study, the deterioration of LV systolic func-
tion over time was associated with both the presence of re-
versible ischemic defects at the initial assessment and an in-
crease in the extent of irreversible perfusion defects, indicating
regional myocardial fibrosis, during follow-up (Fig. 2) [17].

In addition to demonstrating the pathophysiological impor-
tance of microvascular ischemia for CCC progression, it has
been suggested that these results indicate that SPECTMPI can
achieve early detection of Chagas’ disease and may be a
promising tool for risk stratification and monitoring of sub-
clinical progression of Chagas’ cardiomyopathy [18].

However, the study of Hiss et al. [17] was retrospective,
which limits the strength of the evidence. Of note, a prospec-
tive longitudinal study of the mechanisms that produce the
myocardial damage of the late chronic phase of CCC, starting
from the initial chronic indeterminate form, would require a
very long follow-up period (2 to 3 decades), a significant
obstacle to its execution. This obstacle justifies exploring ex-
perimental models of CCC to investigate these pathophysio-
logical mechanisms.

Experimental Studies

Only recently, experimental studies using high-resolution im-
aging reported the presence of myocardial perfusion

derangements in animal models of CCC, allowing character-
ization of the underlying histopathological myocardial tissue
changes.

In the study of Lemos de Oliveira et al. [19••], myocardial
perfusion defects were investigated in hamsters at the time
windows of 6 and 10 months after experimental infection
(chronic phase) with 3.5 × 104 to 105 trypomastigote forms
of T. cruzi Y-strain. The animals were submitted to in vivo
imaging, including high-resolution rest 99mTc-Sestamibi
myocardial perfusion SPECT imaging and 18F-FDG positron
emission tomography (PET), to evaluate myocardial viability
and the correlation between regional histological changes of
fibrosis and inflammation. Severe myocardial perfusion de-
fects (pixel uptake < 50% of the maximum pixel value) were
present in 17 (50%) of the infected animals, involving the
segments of the anterior-lateral and apical walls, ranging from
6.4 to 59% of the LV surface area. Notably, histologic analysis
revealed no areas of transmural scar in those segments with
rest MPD. Accordingly, those regions also had normal or only
mild reduction of the 18F-FDG uptake on PET images,
confirming the presence of viable myocardium (Fig. 3).
Infected animals with MPD had lower LV ejection fraction,
higher wall motion score index on 2D-Echo, and higher in-
flammatory infiltrate than infected animals without MPD and
controls animals.

Thus, these experimental findings show that rest MPD is
associated with myocardial inflammation and does not

Fig. 2 Polar maps of the initial (a)
and 6.5 year later (b) SPECT-
Thallium-201 MPI of a patient
with CCC, anginal pain, and
normal coronary arteries. The
interval between images was
6.5 years. A large reversible
myocardial perfusion defect
involving the apex, septal,
inferior-septal, inferior, and
inferior-lateral walls is seen in the
initial study. In the late study, an
extensive rest perfusion defect is
observed in the same topography.
Concurrently, the left ventricular
ejection fraction decreases from
36 to 31% during the follow-up.
(Adapted with permission from
Hiss et al. [17]
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indicate scar tissue, corresponding to regions with impaired
wall motion but with metabolically viable myocardium.

To further investigate the hypothesis that rest myocardial
perfusion defects correspond to viable hypoperfused myocar-
dium, in the hamster experimental model of CCC, Tanaka
et al. [20•] tested the effect of prolonged administration of
dipyridamole, a coronary microvascular dilating drug, on the
extent of rest MPD. At baseline, 6 months after experimental
T. cruzi infection, two groups of infected animals (assigned to
receive either dipyridamole or placebo) had areas of perfusion
defect (13.2 ± 3.8% and 17.3 ± 3.7%, respectively) larger than
the non-infected, control animal groups (assigned to receive
dipyridamole or placebo; 3.8 ± 0.7% and 3.5 ± 0.9%, respec-
tively, p < 0.004). After treatment, the authors observed a sig-
nificant reduction of the perfusion defect area only in the
infected animals treated with dipyridamole (from 17.3 ± 3.7
to 6.8 ± 2.1%, p = 0.001) (Fig. 4). Thus, these findings, show-
ing amelioration of the rest myocardial perfusion following
use of a microvascular-vasodilator drug, reinforce the notion
that those areas correspond to viable hypoperfused myocardi-
um [21, 22].

In summary, recent experimental in vivo imaging studies
show that areas of severe rest myocardial perfusion distur-
bance are topographically correlated with left ventricular wall
motion impairment and correspond to viable hypoperfused
myocardium. This suggests the participation of microvascular
ischemia in the genesis of myocardial dysfunction in CCC, a
mechanism similar to the myocardial hibernation described in
the ischemic cardiomyopathy of atherosclerotic origin. In ad-
dition, the findings also suggest a close relationship between
myocardial perfusion derangement and inflammation,

suggesting that inflammation can be the primary cause of
myocardial perfusion defects in experimental CCC.

Future research, in both clinical and experimental settings,
addressing the effect of therapeutic interventions with anti-
inflammatory drugs and microvascular dilating agents should
help to elucidate the “cause and effect” relationship between
inflammation and microvascular ischemia and reveal the rel-
ative contribution of each disturbance to the pathophysiolog-
ical mechanisms of CCC.

Cardiac Sympathetic Innervation Assessment
Using 123I-MIBG

Cardiac autonomic denervation is a conspicuous feature of
CCC that was first documented by necroscopic studies de-
scribing depopulation of the parasympathetic neuronal bodies
in the atrial tissue and of the sympathetic paravertebral ganglia
[23, 24]. These anatomical observations were further support-
ed by functional investigations that showed abnormal auto-
nomic control over the sinus node function and heart rate
and that demonstrated a predominant vagal denervation [25].

In recent years, myocardial scintigraphy with 123I-MIBG
(MIBG) has become the main method to noninvasively assess
myocardial sympathetic innervation in several forms of cardi-
ac disease and thereby obtain accurate information about the
integrity of sympathetic nerve fibers and the degree of activa-
tion of cardiac sympathetic innervation.

Our research group pioneered the use of MIBG to assess
patients with CCC [15]. In a series of 37 patients with diverse
degrees of LV dysfunction, regions with reduced myocardial

Fig. 3 High-resolution SPECT perfusion images (upper row) of a
T. cruzi-infected animal exhibiting a severe perfusion defect (< 50%
uptake) involving 29% of the LV surface area in the septum-anterior,
anterior, anterior-lateral, and apical segments. Images of the

corresponding 18F-FDG-PET tomographic sections (lower row) show
normal or mildly reduced radiotracer uptake demonstrating myocardial
viability in the areas of the perfusion defect (mismatch)
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sympathetic innervation were detected in 33% of the patients
lacking another cardiac manifestation, in 77% of the patients
with regional LV wall motion disturbance, and in 92% of the
patients with more severe global LV systolic dysfunction. The
mean areas of sympathetic denervation in each group were
3.7%, 8.3%, and 19.0% of the LV surface area, respectively.
The myocardial segments exhibiting sympathetic denervation
were primarily located in the apical, lateral, and inferior re-
gions of the left ventricle.

Thus, those initial results indicated that sympathetic myo-
cardial denervation occurs early in the course of CCC, before
the establishment of the LV systolic regional or global dys-
function [15]. Moreover, there was a significant negative cor-
relation between the area of sympathetic denervation and
LVEF values, indicating that sympathetic denervation in-
creases as myocardial dysfunction progresses, aspect well
documented in other heart diseases [26]. In addition, there
was a close topographic correlation among myocardial perfu-
sion defects, LV wall motion impairment, and the areas of
denervation, suggesting a pathophysiological connection be-
tween perfusion and sympathetic innervation derangements.

This possible connection was further investigated by a re-
cent study employing image co-registration in 13 patients with
CCC [27•]. It evaluated the quantitative and topographic cor-
relation among areas of cardiac sympathetic denervation using
123I-MIBG-SPECT, myocardial hypoperfusion using
Sestamibi-Tc99m-SPECT, and myocardial scarring using
magnetic resonance imaging (MRI). The results showed a
strong general topographic concordance between areas of de-
nervation and areas of perfusion disturbance, suggesting that

these abnormal features are correlated. The areas of stress-
hypoperfused myocardium were significantly positively cor-
related with the areas of denervated myocardium. Moreover,
the area of stress-hypoperfused myocardium corresponded to
60.8% of the denervated area, whereas only 16.1% of the
denervated area corresponded to areas of fibrosis detected by
MRI [27•].

Thus, those results reinforced the notion that myocardial
denervation is closely correlated with myocardial hypoperfu-
sion. In fact, repetitive hypoxia caused by microvascular is-
chemia may be proposed to cause injury to sympathetic nerve
endings. This proposed causal pathway is supported by the
observation that sympathetic nerve fibers are more sensitive
to ischemic injury than cardiac muscle fibers [28, 29].
Alternatively, both types of disturbances can reflect the pres-
ence of inflammation, the underlying, damaging mechanism
in CCC.

Although cardiac autonomic denervation is well character-
ized in patients with CCC, a clinical outcome related to this
derangement was only recently reported [30]. The authors
used MIBG and Tc99m-Sestamibi-SPECT imaging to pro-
spectively investigate 15 CCC patients presenting with
sustained ventricular tachycardia (SVT) and 11 patients with-
out severe ventricular arrhythmia. The patients with SVT had
higher MIBG summed defect scores (22.4 ± 9.5 vs. 10.9 ±
7.8) and more mismatch defects (correspondent to segments
with viable but denervated myocardium) per patient (7.1 ± 2.0
vs. 2.0 ± 2.2) than the patients without SVT. Both groups had
similar 99mTC-Sestamibi-SPECT summed defect scores (6.9
± 7.5 vs. 4.4 ± 5.2). The detection of ≥ 3 mismatch defects was

Fig. 4 Illustrative images of high-resolution rest myocardial perfusion
99m-Tc-Sestamibi-SPECT of T. cruzi-infected hamsters at baseline
(6 months after infection) and post-treatment with dypiridamole
(4 mg/kg bid, intraperitoneal, during 30 days). At baseline, there is a

severe, large perfusion defect involving the septal, inferior, anterior,
lateral, and apical walls. In the images acquired in the post-treatment
assessment, there is a remarkable reduction of the perfusion impairment
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strongly associated with the detection of SVT (93% sensitiv-
ity, 82% specificity; p = 0.0002). Therefore, the reported re-
sults suggested that cardiac sympathetic denervation was as-
sociated with the occurrence of severe ventricular arrhythmia
in CCC (Fig. 5).

This relationship between denervation and arrhythmia was
further supported by a more recent study of the quantitative
correlation between the extent of sympathetic denervation and
the occurrence of ventricular arrhythmia of diverse severity
[31••]. In that study, 15 CCC patients with SVT had larger
areas of viable but denervated myocardium, assessed by the

summed difference defect scores betweenMIBG and Tc-99m-
SPECT images (20.0 ± 8.0) than the 17 CCC patients with a
less severe form of ventricular arrhythmia, i.e., non-sustained
ventricular tachycardia, (11.0 ± 8.0, p < 0.05) and the CCC
patients without a repetitive ventricular arrhythmia, based on
Holter monitoring (2.0 ± 5.0, p < 0.0001).

Therefore, the available evidence supports the concept that
cardiac sympathetic denervation may play a pivotal role in
triggering severe ventricular arrhythmia in CCC. This is par-
ticularly important because severe ventricular arrhythmia in
individuals with relatively preserved global left ventricular

Fig. 5 ECG recordings during a sustained ventricular tachycardia
induced during an invasive electrophysiological study of a patient with
CCC and syncope (upper panel). The lower panel displays Tc99m-
Sestamibi-SPECT and 123I-MIBG-SEPCT images of the same patient,
showing severe 123-I-MIBG uptake defects in the basal and mid-

ventricular portions of the inferior-lateral and inferior walls, with
normal Tc99m-Sestamibi uptake, indicating the presence of viable but
denervated myocardium in those regions. The ECG morphology during
the induced-SVT indicates that the tachycardia originates in the same left
ventricular regions where the viable denervated myocardium is located
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systolic function is a typical feature of the natural history of
CCC and may lead to sudden death in the early phases of
disease [32]. Consequently, the available data suggest that
MIBG scintigraphy can be a useful tool for risk stratification
of arrhythmic sudden cardiac death in this population.

PET Imaging

Several cardiac diseases involve myocardial inflammation,
which has recently become an important target of molecular
imaging that may be applied to the chronic myocarditis of
patients with CCC. However, the clinical use of PET imaging
for evaluation of CCC patients is still limited to a few case
reports.

Garg and colleagues [33] described the findings of a patient
with CCC presenting with dyspnea, acute chest pain, and tro-
ponin elevation with normal coronary angiography.
Echocardiography showed significant reduction of LV ejec-
tion fraction (35%) and apical and basal posterior-lateral wall
aneurysms. PET imaging with ammonia (13NH3) revealed
myocardial perfusion defects at the apex, basal inferior-lateral,
and lateral walls. The 18F-FDG PET images, using an appro-
priate protocol for suppression of glucose uptake by
cardiomyocytes, displayed high uptake of the radiotracer par-
tially overlapping the regions exhibiting perfusion defects,
suggesting myocardial inflammation, especially, in regions
adjacent to perfusion defects and LVaneurysms. Another case
with very similar characteristics was recently reported [34].

Recently, Shapiro and colleagues [35] reported two patients
with CCC with clinical presentation of arrhythmic storm with
recurrent ventricular tachycardia (VT). They demonstrated that
a higher uptake of 18F-FDG was partially correlated with the
myocardial regions where the VT originated, supporting the
contribution of on-going inflammation to the mechanism of
VT. This observation is particularly important due to the higher
risk of cardiac events in CCC patients presenting with VT.

Taken together, these results suggest that active inflamma-
tion may contribute to myocardial perfusion disturbances and
conduction abnormalities leading to myocardial dysfunction
and severe ventricular arrhythmia potentially associated with
sudden cardiac death. Thus, in vivo detection of inflammation
with 18F-FDG-PET is a promising tool to monitor disease
activity and risk stratification of patients with CCC. Future
research should address these new potential clinical applica-
tions of PET imaging.

Conclusions

Findings from clinical studies and recent experimental inves-
tigations using high-resolution SPECT MPI emphasized the
involvement of microvascular ischemia in the progression of

CCC. Furthermore, MPI can detect evidence of subclinical
myocardial damage early and so is a promising non-invasive
tool for monitoring the disease progression.

Cardiac autonomic denervation, assessed by 123I-MIBG,
can be detected even in patients with no other manifestations
of heart disease. Notably, the extent of sympathetic denerva-
tion correlates with the occurrence and severity of ventricular
arrhythmia, indicating that this image technique can be used to
stratify the risk of sudden death in CCC patients.

Future research in CCC should address the effectiveness of
MPI and PET for monitoring early subclinical myocardial
damage to evaluate therapeutic strategies targeting inflamma-
tion and microvascular ischemia.
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