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Abstract

Background: Chronic Chagas cardiomyopathy (CCC) manifests as heart failure, thromboembolic events, and sudden
cardiac death (SCD). Although SCD may be the presenting event, there is still no recommendation for early cardioverter/
defibrillator implantation in current guidelines.

Objective: To evaluate the correlation between autonomic denervation, myocardial hypoperfusion, fibrosis, and
ventricular arrhythmias in patients in the early stages of CCC.

Methods: Cross-sectional study of 29 patients with CCC and preserved left ventricular function who underwent SPECT
with iodine-123-meta-iodobenzylguanidine ('*I-mIBG), myocardial perfusion SPECT with technetium-99m sestamibi
(**Tc-MIBI), and cardiac magnetic resonance (CMR) with gadolinium, divided into two groups according to on 24h Holter
findings: arrhythmia (> 6 ventricular premature complexes/hour and/or nonsustained ventricular tachycardia; n = 15) or
no-arrhythmia (< 6 ventricular premature complexes/hour and no ventricular tachycardia; n = 14).

Results: Significant correlations were observed between parameters of the three cardiovascular imaging modalities and the
presence of ventricular arrhythmia. Denervation on mIBG correlated moderately with diffuse fibrosis, represented by ECV
on CMR (r = 0.55, P = 0.002). Hypoperfusion by MIBI-SPECT correlated with fibrosis by both LGE (r = 0.66, P = 0.005)
and extracelluar volume (ECV) (r = 0.56, P = 0.002). We also observed a moderate correlation between the extent of
myocardial areas with denervation and hypoperfusion (r = 0.48, P = 0.007).

Conclusion: The presence of autonomic denervation, myocardial hypoperfusion, and fibrosis was associated with
ventricular arrhythmia in the early stages of CCC. A combination of these parameters can improve stratification of SCD
risk in these patients.

Keywords: Chagas Disease; Sympathetic Denervation; Cardiac Arrhythmias.

Introduction
Chagas disease (CD) is among the neglected tropical

the left ventricular ejection fraction (LVEF) is normal or only
slightly depressed.*

diseases recognized by the World Health Organization.
There are 300,000 new cases and 50,000 deaths from CD
every year."? Sudden cardiac death (SCD) is the leading
cause of mortality in chronic Chagas cardiomyopathy (CCC),
representing the most dramatic course of CD,** and is closely
associated with the presence of ventricular arrhythmia and
myocardial dysfunction.®” However, there is also a high
incidence of SCD and malignant ventricular arrhythmia in
young patients still in the early stages of the disease, when
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In 1916, Carlos Chagas reported: “Also quite frequent are
sudden deaths in the cardiac forms of the disease. Sometimes
they die still young, fully active, and in an apparently satisfactory
state of health.”'

Indeed, the clinical course of CCC is variable, and
identification of patients at risk of death remains a
challenge. Rassi et al. proposed a simple risk score with six
independent prognostic variables used to predict death."
Although this tool has good applicability in clinical, many
patients who experienced SCD were not classified as
high risk by the score, nor did they qualify for primary
prevention with an implantable cardioverter/defibrillator
(ICD) according to current guidelines. Furthermore, this
model disregards the role of dysautonomia, as has already
been demonstrated in other studies.’*"?

It is well known that the presence of myocardial fibrosis,
associated with areas of denervation and microvascular changes,
creates an arrhythmogenic substrate. However, the stage of the
disease at which these changes occur is still unknown.
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The objective of the present study was to correlate
sympathetic denervation as assessed by '?I-mIBG (mIBC)
single photon emission computed tomography (SPECT),
myocardial hypoperfusion by technetium (°*"Tc) sestamibi
SPECT (MIBI), and fibrosis by cardiac magnetic resonance
(CMR) with the incidence of ventricular arrhythmias in
patients with stage A and B1 CD (Central Illustration).

Methods

Population

This prospective cross-sectional study was carried out
with outpatients recruited from the CD Clinical Research
Laboratory at Fundagao Oswaldo Cruz (Rio de Janeiro,
Brazil) who were aged = 18 years, had tested positive for
T. cruzi on two types of serology, preserved LVEF (= 45%),
and New York Heart Association (NYHA) functional class I.

The exclusion criteria were presence of other heart
disease, renal impairment, pregnancy, or breastfeeding.
CD was classified according to the Brazilian consensus.?

Participants were divided into two groups according
to the results of 24-hour Holter monitoring, based on the
CAST study: those with six or more ventricular premature
complexes per hour and/or nonsustained ventricular
tachycardia, and those with fewer than six VPCs per hour
and no ventricular tachycardia.™

The study was approved by the Ethics Committee
of Instituto Nacional de Infectologia Evandro Chagas,
Fundagdo Oswaldo Cruz (CAAE: 63064516.1.0000.5262).

Routine measurements

Patients underwent a 12-lead ECG, 24-hour Holter
monitoring with a digital recorder (H3™; Mortara,
Milwaukee, WI, USA), and two-dimensional transthoracic
echocardiography (Vivid 7®, General Electric Medical
Systems, Milwaukee, WI, USA).

Subsequently, they underwent CMG, mIBG scintigraphy,
and a resting myocardial perfusion MIBI scan.

CMR protocol

All patients underwent CMR on a 3.0-T scanner
(Magnetom Prisma; Siemens AG, Erlangen, Germany). Cine
images were acquired in long- and short-axis views. Modified
look-locker inversion recovery (MOLLI) T1 mapping images
were obtained from short-axis views of the ventricle before and
15 minutes after contrast infusion. The MOLLI 5(3)3 sequence
design was used for pre-contrast (native) T1 mapping, while the
4(1)3(1)2 design was used for post-contrast acquisition. Breath-
hold late gadolinium enhancement (LGE) images were acquired
10 minutes after contrast infusion, in an inversion-recovery
segmented gradient echo sequence. Myocardial fibrosis mass
on LGE was characterized by semiquantitative visual scoring.

Arq Bras Cardiol: Imagem cardiovasc. 2024;37(1):e20240008
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The extent of LGE was scored on a 5-point scale in each of the
17 myocardial segments on the short-axis images."

MIBG and MIBI protocols

Patients received 185 MBq of mIBG by slow intravenous
injection one hour after oral administration of 20 mL of a 10%
potassium iodide solution. Planar images (anterior projection) and
CT images were acquired with the patient supine, 15 minutes
(early) and 3 hours (late) after radiotracer injection, on a SPECT/
CT dual-head hybrid gamma camera (Symbia 16T, Siemens
Healthineers, Germany) with a low-energy, high-resolution
parallel-hole collimator. Planar images were obtained for 5
minutes. CT images were acquired with a semicircumferential
orbit, in 32 projections at a rate of 60 s/projection, a 20%
energy window centered at 159 keV, and a 64 X 64-pixel
acquisition matrix with a pixel size of 0.6 cm. For quantitative
analysis of mIBG, the early and late heart-to-mediastinum (H/M)
ratios and the myocardial washout rate (%) were calculated as
recommended in the current literature (Figure 1).'*"

Resting SPECT images were acquired 30 minutes after
peripheral intravenous injection of 555 MBq of *™Tc-MIBI
with the gated SPECT technique, using the same equipment
and parameters described above, with a 20% energy window
centered at 140 keV. All SPECT images were followed by CT
images to obtain attenuation correction maps.

Processing and analysis of scintigraphic images

Perfusion and innervation images were analyzed in Syngo
P software (Siemens Healthineers), aligned so as to permit
simultaneous visualization of the three orthogonal planes (short,
horizontal long, and vertical long axes). Two blinded, experienced
observers analyzed the images visually using a 17-segment LV
model. MIBI and mIBG uptake were scored semiquantitatively

Figure 1 - Scintigraphy with mIBG-1123 - Anterior planar image with areas
of interest over the superior mediastinum (rectangular) and left ventricle
(circular) to calculate the heart/mediastinum ratio.
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(0, normal; 1, mild uptake reduction; 2, moderate uptake
reduction; 3, severe uptake reduction; 4, no uptake). Summed
perfusion and sympathetic innervation scores were calculated
to represent the extent and severity of the respective defects.
MIBI total perfusion deficit (TPD) and ventricular function
were automatically calculated by QPS/QGS software (Cedars
Sinai Medical Center, Los Angeles, CA, USA). The innervation/
perfusion mismatch, corresponding to viable but denervated
myocardium, was also calculated. Segments exhibiting normal
MIBI uptake and reduced mIBG uptake were considered to have
innervation/perfusion mismatch.

Statistical analysis

Continuous variables were expressed as means, medians,
and standard deviations. Categorical variables were expressed
as proportions. Between-group differences were analyzed by the
nonparametric Mann-Whitney test.

Spearman coefficients were calculated to test for correlation
between areas with sympathetic denervation, myocardial
hypoperfusion, and fibrosis.

Significance was accepted at P < 0.05. All analyses were
performed in the SPSS Version 24.0 software environment (IBM
Corp, Armonk, NY, USA).

Results

The sample consisted of 29 patients with chronic CD, all
categorized as NYHA functional class I. The mean age was 58.5 =
9.9 years, and 18 patients (62%) were female; the sex distribution
did not differ between the arrhythmia and no-arrhythmia groups.

Twenty-two patients (76%) were asymptomatic, and the only
medications recorded were antihypertensives and statins. To
assess functional capacity and detect myocardial ischemia, all
patients underwent cardiopulmonary exercise testing (CPET),
which confirmed functional class | and did not reveal any changes
suggestive of exercise-induced ischemia. Clinical characteristics
are described in Table 1.

Patients in the arrhythmia group had significantly greater areas
of compromised cardiac sympathetic innervation, myocardial
hypoperfusion, innervation/perfusion mismatch (Figure 2), and
fibrosis than patients in the no-arrhythmia group. The findings
obtained on cardiovascular imaging in the arrhythmia and no-
arrhythmia groups are summarized in Table 2 and Figure 3.

Sympathetic denervation detected on mIBG scintigraphy
correlated moderately with diffuse fibrosis, as represented by
ECV on CMR images (r = 0.55, P = 0.002). Hypoperfusion on
MIBI-SPECT imaging correlated with fibrosis using the LGE (r =
0.66, P = 0.005) and ECV (r = 0.56, P = 0.002) techniques.
We also found a moderate correlation between the extent of
denervation and the extent of hypoperfusion (r = 0.48, P =
0.007), as exemplified in Figure 4.

Global longitudinal strain (GLS) on echocardiography
correlated inversely with mIBG and MIBI-SPECT scores, as well
as with measures of fibrosis on CMR. Patients with GLS had more
myocardial hypoperfusion (r = -0.59, P = 0.001), sympathetic
denervation (r = —0.48, P = 0.008), and fibrosis as represented
by LGE (r = -0.68; P = 0.003) and ECV (r = -0.45, P = 0.01).
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Table 1 - Baseline profile of the study population

Clinical condition R Arrlgt:r:‘i:; EE Arr(I;lry‘;:rnia (nT:t;IQ)
(n=15)
Age, years — mean (x SD) 55.5 (£ 10.6) 61.2 (£ 8.0) 58.5 (£ 9.9)
Sex, female — n (%) 9 (50) 9 (50) 18 (62)
Clinical form - n (%)
Indeterminate 7 (64) 4 (36) 11 (38)
Stage A 3 (50) 3(50) 6 (21)
Stage B1 4(33) 8 (67) 12 (41)
Symptoms - n (%)
Asymptomatic 9 (41) 13 (59) 22 (76)
Palpitations 4 (67) 2 (33) 6 (21)
Syncope 1(50) 1(50) 2(7)
Medications - n (%)
Beta-blocker 1(33) 2 (67) 3(10)
ACEI or ARB 5 (31) 11 (69) 16 (55)
Diuretics 2 (33) 4 (67) 6 (21)
Statins 5 (50) 5 (50) 10 (34)

SD: standard deviation; ACEl: angiotensin-converting enzyme inhibitor; ARB: angiotensin Il receptor blocker.

Innervation

Perfusion

Figure 2 - Short axes of mIBG scintigraphy and MIBI scintigraphy showing extensive myocardial sympathetic dennervation in the apical, inferior and inferolateral
segments (A), with preserved myocardial perfusion (B); corresponding SPECT/CT fusion images with mIBG (C) and MIBI (D), indicating significant denervation/
perfusion mismatch in a patient with chronic chagasic heart disease and ventricular arrhythmia. Three-dimensional reconstruction of the left ventricle using the
gated-SPECT technique to evaluate ventricular systolic function (E).

Arq Bras Cardiol: Imagem cardiovasc. 2024;37(1):e20240008
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Table 2 - Cardiac imaging features

Echocardiogram

E/e' ratio 7.9
Indexed LA volume (mL/m2) 20.3
LV GLS (%) -20.2
LVEF (%) 63.9
123I-mIBG scintigraphy
H/M ratio, early 1.81
H/M ratio, late 1.83
Washout rate (%) 25.2
Summed score 5.6

99mTc-MIBI scan

Summed rest score 0.29
TPD (%) 0.43
Gated-SPECT LVEF (%) 67.5
Mismatch

MIBG-MIBI 54

Cardiac Resonance (%)

LVEF (%) 70.7
LGE (%) 4.0

0.6 10.9 15 0.1
1.2 30.6 3.5 0.02
0.7 -16.3 1.0 0.04
5.2 61.3 8.3 0.31
0.18 1.72 0.21 0.20
0.14 1.73 0.26 0.20
7.4 275 1.8 0.52
4.9 232 18.7 <0.01
0.6 4.7 6.8 0.02
0.6 5.9 7.6 0.01
11.0 56.8 21.7 0.10
4.8 18.5 17.5 0.01
3.2 57.9 12.1 <0.01
2.9 14.3 135 0.04

SD: standard deviation; LA: left atrium; GLS: global longitudinal strain; LVEF: left ventricular ejection fraction; mIBG: iodine-123-metaiodobenzylguanidine;
H/M: heart/mediastinum; SPECT: single photon emission computed tomography; MIBG-MIBI: innervation/perfusion mismatch; LGE: late gadolinium
enhancement; CMR: cardiac magnetic resonance imaging; MIBI: technetium-99m sestamibi; TPD: total perfusion deficit; LV: left ventricle. a Mann-

Whitney test.

Discussion

The present study found that, in patients with early-stage
CCC and preserved ventricular function, the extent of
cardiac denervation, myocardial perfusion abnormalities,
and percentage of fibrosis correlated with a higher
incidence of ventricular arrhythmias.

Most studies to date have analyzed patients in the more
advanced stages of CCC, with impaired cardiac function
and high risk of death — patients in whom ICD implantation
would already be indicated for secondary prevention of
SCD.”" However, SCD may be the first presenting symptom
of CD, affecting young individuals with normal LV function;
these sudden deaths have major social and economic
impact in endemic countries. Given this research gap, the
present study was aimed at a subgroup considered to be at
low risk within the natural history of CD, most patients being
asymptomatic (76%) and having preserved LV function, but
with an uncertain prognosis.

CCC is considered an arrhythmogenic cardiomyopathy.
Previous studies with mIBG imaging have demonstrated
that denervation can occur early in patients with normal
LV function®'® and may also be associated with ventricular
tachycardia in CCC with mild ventricular dysfunction and

Arq Bras Cardiol: Imagem cardiovasc. 2024;37(1):e20240008

few or minor regional abnormalities.??? In addition to
confirming this finding of early denervation, the present
study showed that patients with CD and ventricular
arrhythmias had significantly larger areas of sympathetic
denervation than those without arrhythmias, and that
these areas also correlated with myocardial hypoperfusion.
Several pathological processes can contribute to this
phenomenon: sympathetic and parasympathetic neuronal
depopulation induced by the parasite itself or by an adverse
immune reaction during the acute phase of CD; circulating
antibodies capable of binding to cholinergic and adrenergic
receptors; and microvascular derangements.?*

We also demonstrated larger areas of hypoperfusion on
resting MIBI scintigraphy in the arrhythmia group, although
these patients had no anginal complaints, no known CAD,
and no evidence of exercise-induced ischemia on CPET. In
CD, hypoperfusion has been attributed to changes in the
coronary microcirculation associated with the perivascular
inflammation typical of the diffuse Chagas myocarditis.
Studies of patients with CCC have demonstrated that chest
pain and perfusion defects on perfusion scintigraphy did
not correlate with obstructive epicardial atherosclerotic
disease on coronary angiography,?-° which strongly
suggests a correlation between disturbances in the coronary
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Figure 3 — Bar graph illustrating the average hypoperfusion sympathetic denervation scores, innervation/perfusion mismatch and percentage of fibrosis
between the groups of chagasic patients with and without ventricular arrhythmias.

miBG-SPECT

MIBI-SPECT

GLS (ECHO)

ECV (CMR) -0.45°
LGE (CMR) 0.48° 0.66" -0.68"

. . ** P <0.01
GLS (ECHO) -0.48 -0.59 ‘P <005

Figure 4 - Correlations between cardiac sympathetic denervation (mIBG) scores, myocardial hypoperfusion (MIBI) by nuclear SPECT techniques, fibrosis
by ECV and LGE techniques of CMR and GLS by transthoracic ECHO in patients with chronic chagasic heart disease and ventricular arrhythmias. ECHO:
echocardiography; ECV: extracellular volume; CMR: cardiac magnetic resonance imaging; GLS: global longitudinal strain; LGE: delayed enhancement.

microcirculation, hypoperfusion, and progression to
regional fibrosis, as previously observed from experimental
and human pathology evidence.?”?° These findings
support a role of regional perfusion abnormalities in the
pathogenesis of myocardial damage in CCC. In the present
study, these findings were replicated in patients still in the
early stages of the disease.

Furthermore, we found that areas of innervation/
perfusion mismatch were associated with a higher
incidence of ventricular arrhythmias. It has been postulated
that innervation/perfusion mismatch may predispose
to fatal ventricular arrhythmias in CCC with ventricular
dysfunction.?-233% Although the pathophysiology is
still unclear, areas so affected may be hypersensitive
to catecholamines, with upregulation of B-adrenergic
receptors, increased automaticity, and exaggerated
responses to sympathetic activation.*'

In our sample, fibrosis mass as estimated by CMR was
also associated with ventricular arrhythmias and correlated
with hypoperfusion and denervation. Regarding this
finding, Gadioli et al.?" reported a correlation of ventricular
arrhythmias with the extent of cardiac sympathetic
denervation, but not with fibrosis, in patients with CCC and

mild ventricular dysfunction. However, it is worth noting
that their study did not use CMR and considered perfusion
changes on MIBI as indicative of fibrosis, which may be a
limitation, as this finding may simply represent abnormalities
in the microcirculation without fibrosis or scarring.

Fibrosis is a known arrhythmogenic substrate in ischemic
and nonischemic LV dysfunction,®* including CCC.33-3*
Fibrotic lesions disrupt intercellular junctions, alter the
cardiac electrical potential, and form reentrant circuits
for arrhythmias.?® The extent of fibrosis as assessed by
late enhancement on CMR can be used to identify high-
risk patients. Recently developed techniques, such as
T1 mapping and ECV assessment, can further refine this
stratification, as demonstrated in a previous study by our
group*® which showed the presence of diffuse interstitial
fibrosis on T1 mapping even in the undetermined form
of CD, as well as an independent association between
ventricular arrhythmias and ECV in CCC — which was
confirmed by the current study.

Corroborating the findings of early changes in cardiac
function before global and regional abnormalities develop,
we observed in this study a reduction in LV GLS in the
arrhythmia group as compared to the no-arrhythmia group.

Arq Bras Cardiol: Imagem cardiovasc. 2024;37(1):e20240008
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This reduction in GLS in the arrhythmia group was inversely
correlated with sympathetic denervation, myocardial
hypoperfusion, and fibrosis, which opens fascinating avenues
for further refinement of risk stratification. GLS reflects the
longitudinal deformation of the myocardium in a more
sensitive and reproducible way than LVEF373 Azevedo et
al.** demonstrated a significant association between GLS
and myocardial mechanical dispersion with nonsustained
ventricular tachycardia in 77 patients with CCC. Recently,
reductions in GLS were also observed in the undetermined
form of the disease, before the onset of fibrosis.*°

The novelty of the present study lies in our finding that,
even in “low-risk” patients at the earliest stages of CCC, a
significant association between ventricular arrhythmias and
the various pathophysiological mechanisms involved in
the genesis of SCD is already present, as demonstrated by
different cardiovascular imaging methods.

Limitations

The sample size of this study was relatively small.
Nevertheless, we were able to observe significant associations
of fibrosis, hypoperfusion, and myocardial denervation with
ventricular arrhythmias and increased risk of SCD in CCHD.

Conclusions

Sympathetic denervation (detected by mIBG), myocardial
hypoperfusion (detected by MIBI), and fibrosis (represented
by ECV and LGE on CMR) correlate significantly with the
incidence of ventricular arrhythmias in patients with CCHD
and preserved left ventricular function. These findings
may aid in the development of tools to improve SCD risk
stratification and identify patients who may benefit from
specific therapy, such as ICD implantation.

Acknowledgments

We thank all the staff and research assistants at Instituto
D’Or de Pesquisa e Ensino; Fundagao Oswaldo Cruz
(Fiocruz); and the patients who participated in this study.

References

1. World Health Organization. Chagas disease (American trypanosomiasis) [Internet].
Geneva: World Health Organization; 2022 [cited 2022 Dec 4]. Available from:
https://www.who.int/health-topics/chagas-disease.

2. Dias)C, Ramos AN Jr, Gontijo ED, Luquetti A, Shikanai-Yasuda MA, Coura JR, et
al. 2 nd Brazilian Consensus on Chagas Disease, 2015. Rev Soc Bras Med Trop.
2016;49 (Suppl 1):3-60. doi: 10.1590/0037-8682-0505-2016.

3. Chagas Disease in Latin America: An Epidemiological Update Based on 2010
Estimates. WKly Epidemiol Rec. 2015;90(6):33-43.

4. Manzullo EC, Chuit R. Risk of Death Due to Chronic Chagasic Cardiopathy.
Mem Inst Oswaldo Cruz. 1999;94 (Suppl 1):317-20. doi: 10.1590/S0074-
02761999000700060.

5. Lopes ER. Sudden Death in Patients with Chagas Disease. Mem Inst Oswaldo
Cruz.1999;94 (Suppl 1):321-4. doi: 10.1590/50074-02761999000700061.

6. RassiAJr, Rassi SG, Rassi A. Sudden Death in Chagas’ Disease. Arq Bras Cardiol.
2001;76(1):75-96. doi: 10.1590/50066-782x2001000100008.

Arq Bras Cardiol: Imagem cardiovasc. 2024;37(1):e20240008

Author Contributions

Conception and design of the research: Brito ASX, Moll-
Bernardes RJ, Almeida AS, Rosado-de-Castro PH, Sousa
AS; acquisition of data and analysis and interpretation of
the data: Brito ASX, Moll-Bernardes RJ, Pinheiro MVT,
Camargo G, Siqueira FPR, Glavam AP, Almeida AS, Mendes
FSNS, Rosado-de-Castro PH, Sousa AS; statistical analysis
and writing of the manuscript: Brito ASX, Moll-Bernardes
RJ, Sousa AS; obtaining financing: Brito ASX, Moll-Bernardes
RJ, Rosado-de-Castro PH, Sousa AS; critical revision of
the manuscript for intellectual content: Brito ASX, Moll-
Bernardes RJ, Pinheiro MVT, Mendes FSNS, Rosado-de-
Castro PH, Sousa AS.

Potential Conflict of Interest

No potential conflict of interest relevant to this article
was reported.

Sources of Funding

This study was funded by Instituto D’or de pesquisa e
ensino, Instituto Nacional de Infectologia Evandro Cruz
(Friocruz), Inova and CNPq.

Study Association

This article is part of the thesis of Doctoral submitted
by Adriana Soares Xavier de Brito, from Instituto D’or de
Pesquisa e Ensino.

Ethics Approval and Consent to Participate

This study was approved by the Ethics Committee of
the Instituto Nacional de Infectologia Evandro Chagas,
Fundacdo Oswaldo Cruz under the protocol number
63064516.1.0000.5262. All the procedures in this study
were in accordance with the 1975 Helsinki Declaration,
updated in 2013. Informed consent was obtained from all
participants included in the study.

7. SouzaAC, Salles G, Hasslocher-Moreno AM, Sousa AS, Brasil PEAA, Saraiva RM, et
al. Developmentof a Risk Score to Predict Sudden Death in Patients with Chaga’s
Heart Disease. Int] Cardiol. 2015;187:700-4. doi: 10.1016/}.ijcard.2015.03.372.

8. Baroldi G, Oliveira SJ, Silver MD. Sudden and Unexpected Death in Clinically
‘Silent’ Chagas’ Disease. A hypothesis. Int J Cardiol. 1997;58(3):263-8. doi:
10.1016/s0167-5273(96)02878-1.

9. Sternick EB, Martinelli M, Sampaio R, Gerken LM, Teixeira RA, Scarpelli R, et
al. Sudden Cardiac Death in Patients with Chagas Heart Disease and Preserved
Left Ventricular Function. J Cardiovasc Electrophysiol. 2006;17(1):113-6. doi:
10.1111/j.1540-8167.2005.00315 X.

10. Chagas C. Processos Patojenicos da Tripanozomiase Americana. Mem Inst
Oswaldo Cruz. 1916;8:5-36. doi: 10.1590/50074-02761916000200002.

11. RassiAJr,RassiA, Little WC, Xavier SS, Rassi SG, Rassi AG, etal. Developmentand
Validation of a Risk Score for Predicting Death in Chagas’ Heart Disease. N Engl J
Med. 2006;355(8):799-808. doi: 10.1056/NEJM0a053241.



Brito et al.
Denervation, hypoperfusion, fibrosis in CCC

Original Article

—-

4

N

5

—-

6

N

9

21.

22.

23.

24.

25

Nunes MCP, Beaton A, Acquatella H, Bern C, Bolger AF, Echeverria LE, et al.
Chagas Cardiomyopathy: An Update of Current Clinical Knowledge and
Management: A Scientific Statement from the American Heart Association.
Circulation. 2018;138(12):e169-e209. doi: 10.1161/CIR.0000000000000599.

. Barros MV. New Predictors of Malignant Ventricular Arrhythmias in Chagas
Disease: Searching for the Holy Grail. Rev Soc Bras Med Trop. 2015;48(1):1-3.
doi: 10.1590/0037-8682-0059-2015.

. Denes P, Gillis AM, Pawitan Y, Kammerling JM, Wilhelmsen L, Salerno DM.
Prevalence, Characteristics and Significance of Ventricular Premature
Complexes and Ventricular Tachycardia Detected by 24-Hour Continuous
Electrocardiographic Recording in the Cardiac Arrhythmia Suppression Trial.
CAST Investigators. Am | Cardiol. 1991;68(9):887-96. doi: 10.1016/0002-
9149(91)90404-9.

.FineNM, Tandon S, Kim HW, Shah D), Thompson T, Drangova M, etal. Validation
of Sub-Segmental Visual Scoring for the Quantification of Ischemic and
Nonischemic Myocardial Fibrosis using Late Gadolinium Enhancement MRI. J
Magn Reson Imaging. 2013;38(6):1369-76. doi: 10.1002/jmri.24116.

. Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S, Laskey WK, et al.
Standardized Myocardial Segmentation and Nomenclature for Tomographic
Imaging of the Heart. A Statement for Healthcare Professionals from the Cardiac
Imaging Committee of the Council on Clinical Cardiology of the American Heart
Association. IntJ Cardiovasc Imaging. 2002;18(1):539-42.

Flotats A, Carri6 |, Agostini D, Le Guludec D, Marcassa C, Schéfers M, et al.
Proposal for Standardization of 123|-Metaiodobenzylguanidine (MIBC) Cardiac
Sympathetic Imaging by the EANM Cardiovascular Committee and the European
Council of Nuclear Cardiology. Eur  Nucl Med Mol Imaging. 2010;37(9):1802-
12.doi: 10.1007/500259-010-1491-4.

Marino VSP, Dumont SM, Mota LDG, Braga DS, Freitas SS, Moreira MDCV.
Sympathetic Dysautonomia in Heart Failure by 1231-MIBG: Comparison
between Chagasic, Non-Chagasic and Heart Transplant Patients. Arq Bras
Cardiol. 2018;111(2):182-90. doi: 10.5935/abc.20180124.

. Landesmann MC, Fonseca LM, Pereira BB, Nascimento EM, Castro PHR, Souza
SA, etal. lodine-123 Metaiodobenzylguanidine Cardiac Imaging as a Method
to Detect Early Sympathetic Neuronal Dysfunction in Chagasic Patients with
Normal or Borderline Electrocardiogram and Preserved Ventricular Function.
Clin Nucl Med. 2011;36(9):757-61. doi: 10.1097/RLU.0b013e31821772a9.

. Miranda CH, Figueiredo AB, Maciel BC, Marin-Neto JA, Simbes MV. Sustained
Ventricular Tachycardia is Associated with Regional Myocardial Sympathetic
Denervation Assessed with 1231-Metaiodobenzylguanidine in Chronic
Chagas Cardiomyopathy. J Nucl Med. 2011;52(4):504-10. doi: 10.2967/
jnumed.110.082032.

Gadioli LP Miranda CH, Pintya AO, Figueiredo AB, Schmidt A, Maciel BC, etal.
The Severity of Ventricular Arrhythmia Correlates with the Extent of Myocardial
Sympathetic Denervation, but not with Myocardial Fibrosis Extent in Chronic
Chagas Cardiomyopathy: Chagas Disease, Denervation and Arrhythmia. ] Nucl
Cardiol. 2018;25(1):75-83. doi: 10.1007/512350-016-0556-6.

Barizon GC, Simdes MV, Schmidt A, Gadioli LB, Murta Junior LO. Relationship
between Microvascular Changes, Autonomic Denervation, and Myocardial
Fibrosis in Chagas Cardiomyopathy: Evaluation by MRI and SPECT Imaging. ]
Nucl Cardiol. 2020;27(2):434-44. doi: 10.1007/s12350-018-1290-z.

Marin-Neto JA, Simdes MV, Rassi Junior A. Pathogenesis of Chronic Chagas
Cardiomyopathy: the Role of Coronary Microvascular Derangements. Rev Soc
Bras Med Trop. 2013;46(5):536-41. doi: 10.1590/0037-8682-0028-2013.

Marin-Neto JA, Cunha-Neto E, Maciel BC, Simdes MV. Pathogenesis of Chronic
Chagas Heart Disease. Circulation. 2007;115(9):1109-23. doi: 10.1161/
CIRCULATIONAHA.106.624296.

.Marin-Neto JA, Marzullo P Marcassa C, Gallo Janior L, Maciel BC, BellinaCR, etal.
Myocardial Perfusion Abnormalities in Chronic Chagas’ Disease as Detected by
Thallium-201 Scintigraphy. Am Cardiol. 1992;69(8):780-4. doi: 10.1016/0002-
9149(92)90505-s.

26.

27.

28.

29.

30

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

Hiss FC, Lascala TF, Maciel BC, Marin-Neto JA, Simoes MV. Changes in
Myocardial Perfusion Correlate with Deterioration of Left Ventricular Systolic
Function in Chronic Chagas’ Cardiomyopathy. JACC Cardiovasc Imaging.
2009;2(2):164-72. doi: 10.1016/j.jcmg.2008.09.012.

Rossi MA, Tanowitz HB, Malvestio LM, Celes MR, Campos EC, Blefari V, et
al. Coronary Microvascular Disease in Chronic Chagas Cardiomyopathy
Including an Overview on History, Pathology, and Other Proposed
Pathogenic Mechanisms. PLoS Negl Trop Dis. 2010;4(8):e674. doi:
10.1371/journal.pntd.0000674.

Ferrans VJ, MileiJ, Tomita Y, Storino RA. Basement Membrane Thickeningin
Cardiac Myocytes and Capillaries in Chronic Chagas’ Disease. Am J Cardiol.
1988;61(13):1137-40. doi: 10.1016/0002-9149(88)90148-8.

Rossi MA, Gongalves S, Santos RR. Experimental Trypanosoma Cruzi
Cardiomyopathy in BALB/C Mice. The Potential Role of Intravascular Platelet
Aggregation in its Genesis. Am ) Pathol. 1984;114(2):209-16.

. Gadioli LP Miranda CH, Marin-Neto JA, Volpe GJ, Filho ACLB, Filho AP, etal.
Regional Myocardial Sympathetic Denervation Precedes the Development
of Left Ventricular Systolic Dysfunction in Chronic Chagas’ Cardiomyopathy.
J Nucl Cardiol. 2022;29(6):3166-76. doi: 10.1007/s12350-021-02869-3.

Dae MW, O’Connell JW, Botvinick EH, Chin MC. Acute and Chronic Effects
of Transient Myocardial Ischemia on Sympathetic Nerve Activity, Density,
and Norepinephrine Content. Cardiovasc Res. 1995;30(2):270-80.

White JA, Patel MR. The Role of Cardiovascular MRI in Heart Failure and the
Cardiomyopathies. Magn Reson Imaging Clin N Am. 2007;15(4):541-64,
vi. doi: 10.1016/j.mric.2007.08.009.

Rochitte CE, Oliveira PF, Andrade JM, lanni BM, Parga JR, Avila LF, et al.
Myocardial Delayed Enhancement by Magnetic Resonance Imaging in
Patients with Chagas’ Disease: a Marker of Disease Severity. ] Am Coll
Cardiol. 2005;46(8):1553-8. doi: 10.1016/j.jacc.2005.06.067.

.Torredo JA, lanni BM, Mady C, Naia E, Rassi CH, Nomura C, etal. Myocardial
Tissue Characterization in Chagas’ Heart Disease by Cardiovascular
Magnetic Resonance. J Cardiovasc Magn Reson. 2015;17:97. doi: 10.1186/
512968-015-0200-7.

Paola AA, Horowitz LN, Miyamoto MH, Pinheiro R, Ferreira DF, Terzian
AB, et al. Angiographic and Electrophysiologic Substrates of Ventricular
Tachycardia in Chronic Chagasic Myocarditis. Am J Cardiol. 1990;65(5):360-
3. doi: 10.1016/0002-9149(90)90302-h.

Pinheiro MVT, Moll-Bernardes R}, Camargo GC, Siqueira FP, Azevedo CF,
Holanda MT, et al. Associations between Cardiac Magnetic Resonance
T1 Mapping Parameters and Ventricular Arrhythmia in Patients with
Chagas Disease. Am J Trop Med Hyg. 2020;103(2):745-51. doi: 10.4269/
ajtmh.20-0122.

Belghitia H, Brette S, Lafitte S, Reant P, Picard F, Serri K, et al. Automated
Function Imaging: a New Operator-Independent Strain Method for Assessing
Left Ventricular Function. Arch Cardiovasc Dis. 2008;101(3):163-9. doi:
10.1016/s1875-2136(08)71798-4.

Cho GY, Marwick TH, Kim HS, Kim MK, Hong KS, Oh DJ. Global
2-Dimensional Strain as a New Prognosticator in Patients with Heart Failure.
J Am Coll Cardiol. 2009;54(7):618-24. doi: 10.1016/j.jacc.2009.04.061.

Azevedo ACA, Barros MVL, Klaboe LG, Edvardsen T, Costa HS, Paixao
GMM, et al. Association between Myocardial Mechanical Dispersion and
Ventricular Arrhythmogenicity in Chagas Cardiomyopathy. IntJ Cardiovasc
Imaging. 2021;37(9):2727-34. doi: 10.1007/5s10554-021-02246-8.

Romano MMD, Moreira HT, Marin-Neto JA, Baccelli PE, Alenezi F Klem 1,
etal. Early Impairment of Myocardial Deformation Assessed by Regional
Speckle-Tracking Echocardiography in the Indeterminate form of Chagas
Disease without Fibrosis Detected by Cardiac Magnetic Resonance.
PLoS Negl Trop Dis. 2020;14(11):e0008795. doi: 10.1371/journal.
pntd.0008795.

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol: Imagem cardiovasc. 2024;37(1):e20240008



