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Abstract
Purpose of Review Chagas cardiomyopathy is a major public health disease in Latin America and, due to migration, is becoming
a worldwide health and economic burden. This review sought to present the clinical and epidemiological aspects of Chagas
cardiomyopathy, as well as some specific features and principles of treatment. We also retrospectively assessed our institutional
experience with mechanical circulatory support in refractory heart failure due to Chagas cardiomyopathy over a 10-year period.
Recent Findings The role of antiparasitic treatment in patients with heart failure due to Chagas cardiomyopathy is controversial.
Heart transplantation, although formerly contraindicated, is currently established as an important therapeutic option. Also, the
favorable characteristics of Chagas patients, such as younger age, little comorbidity, and no reoperations or severe pulmonary
hypertension, could be an advantage for a mechanical circulatory support indication in advanced heart failure due to Chagas
cardiomyopathy.
Summary Despite the absence of large evidence-based data, much has been accomplished since Carlos Chagas’ discovery one
century ago. Our institutional experience shows that mechanical circulatory support in Chagas patients is associated with more
successful bridging to heart transplantation when compared to non-Chagas patients.

Keywords Chagas disease . Cardiomyopathy .Heart failure .Anatomopathology .Heart transplantation .Mechanical circulatory
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Introduction

Chagas disease is a chronic disease, first described in 1909 by
the Brazilian physician Carlos Chagas, caused by the

protozoan Trypanosoma cruzi (T. cruzi). [1, 2] The disease is
prevalent in American tropical and subtropical regions.
Chagas cardiomyopathy (CC) is one of the chronic manifes-
tations of T. cruzi infection and is a major public health disease
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that is becoming a worldwide health and economic burden [3,
4]. In fact, the global budget of Chagas disease is similar to or
exceeds those of other prominent diseases, such as rotavirus or
cervical cancer, even in the USA where Chagas disease has
not been traditionally endemic [5, 6].

T. cruzi is transmitted to humans mainly through the
bite of an insect vector that belongs to the subfamily
Triatominae, the “kissing bug.” The main bug vectors
adapted to living with humans are the Triatoma infestans
(widespread in the Southern Cone countries of South
America), the Rhodnius prolixus (in northern South
America, specially Colombia and Venezuela), and the
Triatoma dimidiate (countries of Central America) [7, 8].
Transmission may also occur through alimentation, blood
transfusion, or congenitally, as well as through solid organ
transplantation or laboratory accident [8–10].

The World Health Organization estimates that eight
million people are infected with T. cruzi worldwide, main-
ly in Latin America [2, 11]. However, due to migration,
T. cruzi–infected individuals have spread throughout the
world, and it is estimated that 400,000 infected persons
live in non-endemic countries, mainly in the USA and
Europe [6, 12•, 13••].

Patients with Chagas disease remain infected for life.
The incubation period lasts for 5–10 days and is followed
by the acute phase of disease for 4–8 weeks [14]. The
acute phase is asymptomatic or exhibits only mild symp-
toms and signs such as fever, anorexia, and a local swell-
ing at the bite site of the Triatominae, called chagoma.
The most recognized marker of acute Chagas disease is
the Romaña’s sign, a unilateral painless periorbital swell-
ing after contamination with the bug feces [7]. In one
study, the prevalence of chronic Chagas reached 18% of
the street cleaners in Midwestern Brazil, but less than 1%
recalled an acute infection stage [15].

The chronic phase can have four clinical forms: indeter-
minate, cardiac, gastrointestinal, and mixed (both cardiac
and gastrointestinal involvement). It begins once parasitemia
falls below detectable levels by microscopy [14]. Patients
with the indeterminate form have serologic evidence of
T. cruzi infection, but neither symptoms, nor physical signs.
Patients with the indeterminate form of the disease have an
excellent prognosis, and their survival rates are similar to
healthy individuals [16]. Although most patients remain
asymptomatic for the next 30 years, one third will develop
cardiac and/or gastrointestinal involvement within 10–
30 years [7, 8, 13••]. Megaesophagus and/or megacolon oc-
cur in about 15% of patients as a result of peristaltic dys-
function. Gastrointestinal involvement has been related to
the geographical distribution of T. cruzi serotypes and ap-
pears to be more common in central regions of Brazil, less
frequent in Bolivia, and practically non-existent in Central
America, and Mexico [17].

Chagas Cardiomyopathy

CC is characterized by a chronic myocarditis that may affect all
cardiac chambers, the conduction system, and the autonomic
nervous system [16]. The pathogenesis of cardiac damage is not
completely understood. The interaction of chronic infection,
autoimmunity, denervation, and microvascular and endothelial
dysfunction may have a role in the myocardial remodeling pro-
cess, tissue scarring and, ultimately, chronic heart failure (HF)
[13••]. Additionally, transmission forms, genetic polymor-
phisms, immunosuppression, and co-infection (e.g., human im-
munodeficiency virus or other viruses) have also been associ-
ated to the disease progression [4, 18, 19].

The chronic phase can be classified into stages of cardiac
impairment according to international recommendations
adapted to the CC (Fig. 1) [2, 20]. Stage A includes patients
with the indeterminate form, without HF. Stage B includes
patients with asymptomatic structural cardiopathy, and C pa-
tients with current or previous HF symptoms and ventricular
dysfunction [NYHA functional class I, II, III, and IV]. Finally,
stage D comprises patients with HF symptoms at rest, refrac-
tory to maximized clinical treatment (NYHA IV), requiring
specialized and intensive interventions. Arrhythmia-related
symptoms include palpitations, dizziness, lipothymia, and
syncope. And since Chagas disease is associated with sympa-
thetic and parasympathetic denervation, the occurrence of
dysautonomia and vagal dysfunction can occur before the
development of LV dysfunction and HF.

In 2006, a risk score was developed to predict death in CC
[21]. Six independent prognostic factors were identified: New
York Heart Association class III or IV, evidence of
cardiomegaly on radiography, left ventricular systolic dys-
function on echocardiography, non-sustained ventricular
tachycardia on 24-h Holter monitoring, low QRS voltage on
electrocardiography, andmale sex. The 10-year mortality rates
for the high-risk groups were 84%.

Previous studies demonstrated that patients with CC have
worse long-term outcomes than patients with other HF etiol-
ogies, including the ischemic [22–24]. The poor prognosis of
CC might also be related to the progressive remodeling pro-
cess, with significant more ventricular arrhythmias and throm-
boembolic disorders [20, 25, 26].

The most appropriate diagnostic strategy depends on the
clinical stage of the infection. Because of the low parasitemia
in the chronic phase of Chagas disease, parasitological tests
are not used in the investigation of CC. The diagnosis of CC is
based on positive T. cruzi serology, with at least two serolog-
ical tests of different principles. The most frequently used are
enzyme-linked immunosorbent assay (ELISA), indirect im-
munofluorescence (IIF), and indirect hemagglutination
(IHA) [14, 27]. Molecular biology techniques, especially the
polymerase chain reaction (PCR), have been proposed as use-
ful tools for the diagnosis of T. cruzi infection [28].
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Electrocardiographic abnormalities, such as atrioventricu-
lar or bundle-branch conduction delays, ventricular repolari-
zation changes, and ectopies, are common. The most frequent-
ly found abnormality is the association of right bundle branch
block with left anterior hemiblock [29–31]. Atrial fibrillation
and polymorphic ventricular extrasystoles occur late and are
common in the presence of ventricular dysfunction.
Nonsustained ventricular tachycardia indicates a poor progno-
sis in patients with chronic CC [32]. The presence of patho-
logical Q-waves does not correspond to segmental left ventri-
cle (LV) wall motion abnormalities, but may reflect an ad-
vanced degree of heart disease [33].

Echocardiography allows assessing regional and global LV
contractility, ventricular impairment, aneurysms, intracavitary
thrombi, and diastolic function [2, 34]. The segments fre-
quently involved are the apical and posterior walls, with
hypokinesis and aneurysms being most common [35].
Chronic myocardial damage causes major alterations in dia-
stolic function, and signs of increased LV filling pressures
usually precede systolic dysfunction [36]. In fact, the combi-
nation of diastolic dysfunction and elevated brain natriuretic
peptide (BNP) measurement adds important prognostic infor-
mation to patients with Chagas disease [37]. Besides BNP,
several other non-specific biomarkers have been reported in
CC, such as N-terminal proBNP, troponin, creatine kinase–
myocardial band, and matrix metalloproteinase 2 [38, 39].

Treatment should be directed according to the disease stage
[40]. The major goal for the indeterminate stage is to stop the
progression to the clinically determined form, in particular,
preventing the manifestation of cardiac disease. Despite the ab-
sence of strong evidence-based data, the therapeutic approach for
the symptomatic stage of CC should follow the standard recom-
mendations for HF treatment, including neurohormonal modula-
tion, anticoagulation, cardiac resynchronization therapy, and im-
plantable cardioverter defibrillator [13••, 41–44]. Treatment with
antitrypanosomal drugs is always recommended for acute and
congenital Chagas disease, reactivated infections, and chronic
disease in children younger than 18 years [45]. Currently avail-
able trypanocidal drugs, benznidazole and nifurtimox, carry a
substantial risk of adverse effects, such as skin rash, digestive
intolerance, anorexia, asthenia, headache, sleeping disorders,
neuropathy, and myelosuppression and need careful monitoring.
In acutely infected individuals, trypanocidal therapy should be
performed as soon as possible, except during pregnancy or in
patients with kidney or liver failure, which contraindicates the

parasite-specific therapy. The role of antiparasitic treatment in the
chronic phase of Chagas disease is controversial [46]. The
BENEFIT is the largest randomized trial on Chagas disease,
involving 2854 patients at 49 centers in five Latin American
countries [47•, 48]. The BENEFIT showed that, although
benznidazole treatment of patients with moderate-to-severe
chronic CC was able to reduce serum parasite detection, it did
not reduce cardiac clinical decline through 5 years of follow-up
[47•]. Nevertheless, it is noteworthy that patients receiving
benznidazole had significantly fewer hospital admissions for car-
diovascular causes than those receiving placebo [48].
Furthermore, the recent phase II randomized clinical trials
CHAGASAZOL, STOP-CHAGAS, and the E1224 [49–51]
demonstrated that the antifungal azoles, ergosterol biosynthesis
inhibitors, are inferior to benznidazole in eliminating the T. cruzi.
More clinical trials with either new drugs or different regimens of
current standards of care, such as benznidazole, are necessary
[40]. Until further evidence is available, treatment of patients
with chronic Chagas disease without cardiomyopathy remains
disputed [52, 53].

Anatomopathological Aspects in Explant
Specimens

Since autopsy studies of confirmed Chagas patients are rare
and no large autopsy series have been published recently, the
pathology data of chronic Chagas are derived from explanted
specimens in small series from transplant services [54•].
Herein, we also share some of our institutional experience in
assessing gross and microscopic hearts from Chagas patients.

Hearts are grossly enlarged, with typical biventricular and
biatrial dilatation. In a series, presented at the 2013 ESC Heart
Failure Congress, the mean heart weight in Chagas explants
was 465 g compared to 608 g in idiopathic-dilated cardiomy-
opathy hearts (p < 0.05) [55]. Chagas hearts also showed a
lesser amount of interstitial fibrosis and myocyte hypertrophy
in semi-quantitative evaluation.

Although the apical ventricular aneurysm is commonly de-
scribed as a characteristic feature of CC [42], this was not true
in our experience as we have detected apical aneurysm in less
than 10% of our specimens. This rate is similar to the one
described by Kransdorf in one of 11 patients, [56] but lower
than the 36% described subsequently in 2016 by the same
group. [54•]. We found LV endocardial fibrosis (Fig. 2), a

Fig. 1 Chagas cardiomyopathy and heart failure staging. Echo, echocardiography; HF, heart failure
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feature that may mimic tropical endomyocardial fibrosis, but
epicardial coronary atherosclerosis was uncommon in our se-
ries. There was a fairly common rate of aortic root dilatation,
as in any case of enlarged hearts, but without aortic valve
leaflets disease. Mitral valve fibrosis with tissue redundancy
was also common, which clinically correlates with a high
incidence of mitral regurgitation [56].

Microscopically, the Chagas heart histology shows a vari-
ety of patterns. The most common is a combination of inter-
stitial fibrosis, myocyte hypertrophy, and interstitial
lymphoplasmacytic inflammation, without an area predilec-
tion, but more common in LV sections (Fig. 3). Scattered giant
cells and poorly formed granulomas are seen in less than 5%
of cases, with or without the identification of parasites within
the tissue (amastigote forms). In one series, the authors de-
scribed “myocarditis” in all explanted patients [54•]. In our
experience, a second pattern with larger areas of fibrosis
among scattered and less prominent lymphocytic infiltrates

was also seen, which could be consistent with a “healed myo-
carditis” pattern. A third pattern, the least common, showed
aggregated of inflammatory infiltrates in a perivascular distri-
bution, similar to the histology of hypersensitivity myocardi-
tis. Since all patients were on multiple drugs during the trans-
plantation process, it was impossible to distinguish this latter
pattern from drug-induced myocarditis, a process that is also
seen in cases of idiopathic-dilated cardiomyopathy.

Heart Transplantation

Since Chagas disease is a chronic systemic infection, heart
transplantation (HT) was formerly contraindicated for CC
because of the potential risk of recurrence. However, early
Brazilian experience in the 1980s established the viability
of HT in patients with CC [2, 57, 58]. In fact, survival
probability for Chagas HT recipients is better than that

Fig. 2 Gross photographs of explanted Chagas cardiomyopathy hearts. a
Left ventricular outflow tract in Chagasic explant. There is minimal
endocardial fibrosis. The aortic valve seems unremarkable. b Cross-
sectional biventricular short axis cut. There is left ventricular dilatation

with mild to moderate endocardial fibrosis. The mitral valve has been
transilluminated. c Apical section of the same explanted heart. There is
moderate endocardial fibrosis and a dark thrombus at the tip

Fig. 3 Microscopic assessment of explanted Chagas cardiomyopathy
hearts. a Panoramic histologic section of the left ventricular lateral wall.
There is normal epicardial fat and an arteriole (A) with minimal intimal
thickening. Themyocardium has multiple foci of interstitial inflammation
(asterisk indicates focal myocarditis). There is minimal interstitial
fibrosis. b Higher power of the same case showing interstitial

inflammation splaying myocardial fibers. The infiltrates are mostly
lymphocytes with scattered plasma cells and macrophages. c There is
several fold variation in length and diameter of myocyte nuclei and
focal lipofuscin deposition (brown pigment). These findings are
nonspecific
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seen in other etiologies [59, 60], since the patients are
younger, with few comorbidities and no reoperations or
severe pulmonary hypertension [61].

Severe megaesophagus is a relative contra-indication to
HT, because it could be associated with post-transplant
malnourishment [62]. Most transplant centers in South
America screen for Chagas megaesophagus with radiographic
barium swallow and refer stable patients on the transplant list
for elective surgical correction, if possible [2, 63].

Posttransplant T. cruzi reactivation is frequent; never-
theless, if treated appropriately, it rarely results in death or
CC relapse [12•, 58]. The current evidence indicates that
the probability of reactivation could be up to 90% at
2 years following HT [64]. Symptoms may be the same
as in the acute phase of Chagas disease or even simulate
acute allograft rejection. Aggressive immunosuppression
plays an important role in T. cruzi reactivation, as it is
associated with AIDS, chemotherapy, malignancy, and,
particularly, with the immunosuppressive protocol
[64–66]. There is an increased risk of reactivation after
allograft rejection episodes, when immunosuppression in-
tensification is required. Initial experience with HT for
CC showed that reactivation episodes were reduced from
to 2.3 to 0.25 per patient after cyclosporine trough levels
were adjusted from 500–700 to 100–150 ng/mL [67].
Mycophenolate mofetil (MMF) has also been associated
with higher incidence of T. cruzi reactivation when com-
pared to azathioprine [66]. Some transplant centers in
South America routinely substitute MMF for azathioprine
in Chagas HT recipients, while others just choose to lower
MMF doses.

A structured clinical and laboratory monitoring protocol
is necessary to monitor for T. cruzi reactivation, so that
specif ic t reatment could be ini t ia ted before the

development of clinically significant disease [68].
However, there is no scientific data defining exactly when
that should be done. Some centers perform it along with
the biopsies, while others recommend it weekly in the ini-
tial 2 months after HT, every 2 weeks up to the 6 months,
and, finally, monthly until the first year [2, 69, 70].

Reactivation should be treated with benznidazole, at 5–
10 mg/kg per day for 60 days. However, a strategy of
universal anti-trypanosomal therapy for all recipients with
CC should not be indicated, first, because not all patients
will experience post-transplant reactivation and second,
because of the drug toxicity and severe side effects such
as peripheral neuropathy, anorexia, rash, insomnia, and
bone marrow suppression [71].

In 2009, a systematic review of studies on Chagas HT
population suggested that other post-transplant complications,
such as infection, rejection, neoplasms, and cardiac allograft
vasculopathy, have a similar incidence in recipients with or
without Chagas disease [59].

Mechanical Circulatory Support

Survival of Chagas patients listed as UNOS Status 1 is lower
than that observed for non-Chagas patients (NCP) in the same
condition [72]. Although published data on mechanical circu-
latory support (MCS) in patients with CC is limited, it is im-
portant to contemplate a precocious indication as a bridge to
transplantation (BTT) in these patients [73].

Due to the limited experience with MCS devices in
Latin American countries, there are very few studies eval-
uating their feasibility and impact in CC. However, suc-
cessfully BTT in CC with LV assist device and total arti-
ficial heart were previously described [56, 74, 75]. The

Fig. 4 Bridge to heart
transplantation in Chagas
cardiomyopathy: a single-center
10-year experience
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favorable characteristics of Chagas patients could be an
advantage for MCS indication in advanced HF. However,
these patients should be monitored for right ventricular
dysfunction, apical aneurysms, and mural thrombi [54•].

We retrospectively assessed our institutional experience
with BTT in CC over a 10-year period (unpublished data).
Information regarding the follow-up status was obtained from
inpatient and outpatient clinical charts and telephone contact.
From January 2008 to December 2017, we mechanically
bridged to transplant 23 adults with refractory end-stage HF.
Seven of these patients had CC. Bridged CC patients were all
male (p = 0.21 vs. NCP), with a mean age of 44.6 ± 13.8 years
(p = 0.31 vs. NCP). We used the Abiomed AB500™ (n = 5)
and the CentriMag™ (n = 2; p =NS vs. NCP for both MCS).
Mean support time was 26 days (range 7–58; p = 0.39 vs.
NCP). All CC patients were successfully bridged to HT in less
than 60 days (log rank p = 0.007 vs. NCP, Fig. 4).

Conclusion

Chagas cardiomyopathy is a major public health disease that is
becoming a worldwide health and economic burden. It is as-
sociated with worse outcomes when compared to other HF
etiologies, including ischemic heart disease.

Despite the absence of evidence-based data, pharmacolog-
ical treatment should be similar to other cardiomyopathies.
Heart transplantation is an acceptable therapy for patients with
end-stage Chagas cardiomyopathy, with short-term outcomes
comparable to other etiologies. However, survival of Chagas
patients listed under UNOS 1 Status is lower than that ob-
served for non-Chagas patients in the same condition.
Therefore, it is important to contemplate a precocious indica-
tion of mechanical circulatory support in these patients. The
experience of our institution and others encourage the use of
mechanical circulatory support for end-stage Chagas cardio-
myopathy as a bridge to successful heart transplantation.

Compliance with Ethical Standards

Conflict of Interest Jefferson Luis Vieira, Fábio Rocha Fernandes
Távora, Maria Gyslane Vasconcelos Sobral, Glauber Gean Vasconcelos,
Germana Porto Linhares Almeida, Juliana Rolim Fernandes, Laura Leite
da Escóssia Marinho, Daniel Francisco de Mendonça Trompieri, João
David De Souza Neto, and Juan Alberto Cosquillo Mejia declare that
they have no conflict of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

1. Bestetti RB, Restini CB, Couto LB. Carlos Chagas discoveries as a
drop back to scientific construction of chronic Chagas heart disease.
Arq Bras Cardiol. 2016;107(1):63–70.

2. Andrade JP, Marin-Neto JA, Paola AA, Vilas-Boas F, Oliveira GM,
Bacal F, et al. I Latin American guidelines for the diagnosis and
treatment of Chagas cardiomyopathy. Arq Bras Cardiol. 2011;97(2
Suppl 3):1–48.

3. Hotez PJ, Dumonteil E, Woc-Colburn L, Serpa JA, Bezek S,
Edwards MS, et al. Chagas disease: “the new HIV/AIDS of the
Americas”. PLoS Negl Trop Dis. 2012;6(5):e1498.

4. Kalil-Filho R. Globalization of Chagas disease burden and new
treatment perspectives. J Am Coll Cardiol. 2015;66(10):1190–2.

5. Lee BY, Bacon KM, Bottazzi ME, Hotez PJ. Global economic
burden of Chagas disease: a computational simulation model.
Lancet Infect Dis. 2013;13(4):342–8.

6. Bern C, Montgomery SP, Herwaldt BL, Rassi A, Marin-Neto JA,
Dantas RO, et al. Evaluation and treatment of chagas disease in the
United States: a systematic review. JAMA. 2007;298(18):2171–81.

7. Benziger CP, do Carmo GA, Ribeiro AL. Chagas cardiomyopathy:
clinical presentation and management in the Americas. Cardiol
Clin. 2017;35(1):31–47.

8. Rassi A, Marin-Neto JA. Chagas disease. Lancet. 2010;375(9723):
1388–402.

9. Robertson LJ, Devleesschauwer B, Alarcón de Noya B, Noya
González O, Torgerson PR. Trypanosoma cruzi: time for interna-
tional recognition as a foodborne parasite. PLoS Negl Trop Dis.
2016;10(6):e0004656.

10. Cevallos AM, Hernández R. Chagas’ disease: pregnancy and con-
genital transmission. Biomed Res Int. 2014;2014:401864.

11. World Health Organization. (2018). Chagas disease (American try-
panosomiasis), 2018. Retrieved from http://www.who.int/chagas/
epidemiology/en/. Accessed 8 Aug 2018.

12.• Benatti RD, Al-Kindi SG, Bacal F, Oliveira GH. Heart transplant
outcomes in patients with Chagas cardiomyopathy in the United
States. Clin Transplant. 2018;32:e13279 This study provides an
up-to-date review on heart transplant outcomes in patients with
Chagas cardiomyopathy.

13.•• Bocchi EA, Bestetti RB, Scanavacca MI, Cunha Neto E, Issa VS.
Chronic Chagas heart disease management: from etiology to car-
diomyopathy treatment. J Am Coll Cardiol. 2017;70(12):1510–24
This study provides a thorough description of Chagas cardio-
myopathy treatment.

14. LiÚni KCF, Bavia L, Ambrosio AR, de Messias-Reason IJ. The
complement system: a prey of Trypanosoma cruzi. FrontMicrobiol.
2017;8:607.

15. Lauria-Pires L, BragaMS, Vexenat AC, Nitz N, Simões-Barbosa A,
Tinoco DL, et al. Progressive chronic Chagas heart disease ten
years after treatment with anti-Trypanosoma cruzi nitroderivatives.
Am J Trop Med Hyg. 2000;63(3–4):111–8.

16. Nunes MC, Dones W, Morillo CA, Encina JJ, Ribeiro AL,
Cardiology CoCDotISo. Chagas disease: an overview of clinical
and epidemiological aspects. J Am Coll Cardiol. 2013;62(9):767–
76.

17. Souza DH, Vaz MG, Fonseca CR, Luquetti A, Rezende Filho J,
Oliveira EC. Current epidemiological profile of Chagasic
megaesophagus in Central Brazil. Rev Soc Bras Med Trop.
2013;46(3):316–21.

8 Page 6 of 8 Curr Cardiol Rep (2019) 21: 8

http://www.who.int/chagas/epidemiology/en/
http://www.who.int/chagas/epidemiology/en/


18. Cunha-Neto E, Chevillard C. Chagas disease cardiomyopathy: im-
munopathology and genetics. Mediat Inflamm. 2014;2014:683230.

19. Mocelin AO, Issa VS, Bacal F, Guimarães GV, Cunha E, Bocchi
EA. The influence of aetiology on inflammatory and neurohumoral
activation in patients with severe heart failure: a prospective study
comparing Chagas’ heart disease and idiopathic dilated cardiomy-
opathy. Eur J Heart Fail. 2005;7(5):869–73.

20. Bocchi EA. Update on indications and results of the surgical treat-
ment of heart failure. Arq Bras Cardiol. 1994;63(6):523–30.

21. Rassi A, Little WC, Xavier SS, Rassi SG, Rassi AG, Rassi GG,
et al. Development and validation of a risk score for predicting
death in Chagas’ heart disease. N Engl J Med. 2006;355(8):799–
808.

22. Freitas HF, Chizzola PR, Paes AT, Lima AC, Mansur AJ. Risk
stratification in a Brazilian hospital-based cohort of 1220 outpa-
tients with heart failure: role of Chagas’ heart disease. Int J
Cardiol. 2005;102(2):239–47.

23. Abuhab A, Trindade E, Aulicino GB, Fujii S, Bocchi EA, Bacal F.
Chagas’ cardiomyopathy: the economic burden of an expensive and
neglected disease. Int J Cardiol. 2013;168(3):2375–80.

24. Barbosa AP, Cardinalli Neto A, Otaviano AP, Rocha BF, Bestetti
RB. Comparison of outcome between Chagas cardiomyopathy and
idiopathic dilated cardiomyopathy. Arq Bras Cardiol. 2011;97(6):
517–25.

25. Martinelli Filho M, De Siqueira SF, Moreira H, Fagundes A,
Pedrosa A, Nishioka SD, et al. Probability of occurrence of life-
threatening ventricular arrhythmias in Chagas’ disease versus non-
Chagas’ disease. Pacing Clin Electrophysiol. 2000;23(11 Pt 2):
1944–6.

26. Bestetti RB, Cardinalli-Neto A. Sudden cardiac death in Chagas’
heart disease in the contemporary era. Int J Cardiol. 2008;131(1):9–
17.

27. Ribeiro AL, Rocha MO. Indeterminate form of Chagas disease:
considerations about diagnosis and prognosis. Rev Soc Bras Med
Trop. 1998;31(3):301–14.

28. Seiringer P, Pritsch M, Flores-Chavez M, Marchisio E, Helfrich K,
Mengele C, et al. Comparison of four PCR methods for efficient
detection of Trypanosoma cruzi in routine diagnostics. Diagn
Microbiol Infect Dis. 2017;88(3):225–32.

29. Traina MI, Hernandez S, Sanchez DR, Dufani J, Salih M,
Abuhamidah AM, et al. Prevalence of Chagas disease in a U.S.
population of Latin American immigrants with conduction abnor-
malities on electrocardiogram. PLoS Negl Trop Dis. 2017;11(1):
e0005244.

30. Maguire JH, Hoff R, Sherlock I, Guimarães AC, Sleigh AC, Ramos
NB, et al. Cardiac morbidity and mortality due to Chagas’ disease:
prospective electrocardiographic study of a Brazilian community.
Circulation. 1987;75(6):1140–5.

31. Ribeiro AL, Sabino EC, Marcolino MS, Salemi VM, Ianni BM,
Fernandes F, et al. Electrocardiographic abnormalities in
Trypanosoma cruzi seropositive and seronegative former blood do-
nors. PLoS Negl Trop Dis. 2013;7(2):e2078.

32. Rassi A, Rassi SG. Predictors of mortality in chronic Chagas dis-
ease: a systematic review of observational studies. Circulation.
2007;115(9):1101–8.

33. Pazin-Filho A, Romano MM, Almeida-Filho OC, Furuta MS,
Viviani LF, Schmidt A, et al. Minor segmental wall motion abnor-
malities detected in patients with Chagas’ disease have adverse
prognostic implications. Braz J Med Biol Res. 2006;39(4):483–7.

34. Acquatella H. Echocardiography in Chagas heart disease.
Circulation. 2007;115(9):1124–31.

35. Viotti RJ, Vigliano C, Laucella S, Lococo B, Petti M, Bertocchi G,
et al. Value of echocardiography for diagnosis and prognosis of
chronic Chagas disease cardiomyopathy without heart failure.
Heart. 2004;90(6):655–60.

36. Barros MV, da Costa Rocha MO, Ribeiro AL, Machado FS. Tissue
Doppler imaging enables the identification of diastolic dysfunction
of pseudonormal pattern in Chagas’ disease. J Am Soc
Echocardiogr. 2001;14(5):353–9.

37. Garcia-Alvarez A, Sitges M, Pinazo MJ, Regueiro-Cueva A,
Posada E, Poyatos S, Ortiz-Pérez JT, Heras M, Azqueta M,
Gascon J, Sanz G. Chagas cardiomyopathy: the potential of dia-
stolic dysfunction and brain natriuretic peptide in the early identi-
fication of cardiac damage. PLoS Negl Trop Dis 2010;4(9). https://
doi.org/10.1371/journal.pntd.0000826.

38. Keating SM, Deng X, Fernandes F, Cunha-Neto E, Ribeiro AL,
Adesina B, et al. Inflammatory and cardiac biomarkers are differ-
entially expressed in clinical stages of Chagas disease. Int J Cardiol.
2015;199:451–9.

39. Sherbuk JE, Okamoto EE, Marks MA, Fortuny E, Clark EH,
Galdos-Cardenas G, et al. Biomarkers and mortality in severe
Chagas cardiomyopathy. Glob Heart. 2015;10(3):173–80.

40. Chatelain E. Chagas disease research and development: is there
light at the end of the tunnel? Comput Struct Biotechnol J.
2017;15:98–103.

41. Bestetti RB, Cardinalli-Neto A. Device therapy in Chagas disease
heart failure. Expert Rev Cardiovasc Ther. 2012;10(10):1307–17.

42. Malik LH, Singh GD, Amsterdam EA. The epidemiology, clinical
manifestations, and management of Chagas heart disease. Clin
Cardiol. 2015;38(9):565–9.

43. Araújo EF, Chamlian EG, Peroni AP, Pereira WL, Gandra SM,
Rivetti LA. Cardiac resynchronization therapy in patients with
chronic Chagas cardiomyopathy: long-term follow up. Rev Bras
Cir Cardiovasc. 2014;29(1):31–6.

44. Issa VS, Amaral AF, Cruz FD, Ferreira SM, Guimarães GV,
Chizzola PR, et al. Beta-blocker therapy and mortality of patients
with Chagas cardiomyopathy: a subanalysis of the REMADHE
prospective trial. Circ Heart Fail. 2010;3(1):82–8.

45. Pérez-Molina JA, Molina I. Chagas disease. Lancet.
2018;391(10115):82–94.

46. Marin-Neto JA, Rassi A, Avezum A, Mattos AC, Morillo CA,
Sosa-Estani S, et al. The BENEFIT trial: testing the hypothesis that
trypanocidal therapy is beneficial for patients with chronic Chagas
heart disease.Mem Inst Oswaldo Cruz. 2009;104(Suppl 1):319–24.

47.• Morillo CA, Marin-Neto JA, Avezum A, Sosa-Estani S, Rassi A,
Rosas F, et al. Randomized trial of Benznidazole for chronic
Chagas’ cardiomyopathy. N Engl J Med. 2015;373(14):1295–306
The BENEFIT is the largest randomized trial on Chagas
disease.

48. Rassi A, Marin JA. Chronic Chagas cardiomyopathy: a review of
the main pathogenic mechanisms and the efficacy of aetiological
treatment following the BENznidazole evaluation for interrupting
trypanosomiasis (BENEFIT) trial. Mem Inst Oswaldo Cruz.
2017;112(3):224–35.

49. Molina I, Gómez i Prat J, Salvador F, Treviño B, Sulleiro E, Serre
N, et al. Randomized trial of posaconazole and benznidazole for
chronic Chagas’ disease. N Engl J Med. 2014;370(20):1899–908.

50. Morillo CA, Waskin H, Sosa-Estani S, Del Carmen Bangher M,
Cuneo C, Milesi R, et al. Benznidazole and Posaconazole in elim-
inating parasites in asymptomatic T. Cruzi carriers: The STOP-
CHAGAS Trial. J Am Coll Cardiol. 2017;69(8):939–47.

51. Torrico F, Gascon J, Ortiz L, Alonso-Vega C, Pinazo MJ, Schijman
A, et al. Treatment of adult chronic indeterminate Chagas disease
with benznidazole and three E1224 dosing regimens: a proof-of-
concept, randomised, placebo-controlled trial. Lancet Infect Dis.
2018;18(4):419–30.

52. Bocchi E. Chagas disease cardiomyopathy treatment remains a
challenge. Lancet. 2018;391(10136):2209.

53. Pérez-Molina JA, Molina I. Chagas disease cardiomyopathy treat-
ment remains a chal lenge – Authors ’ reply. Lancet .
2018;391(10136):2209–10.

Curr Cardiol Rep (2019) 21: 8 Page 7 of 8 8

https://doi.org/10.1371/journal.pntd.0000826
https://doi.org/10.1371/journal.pntd.0000826


54.• Kransdorf EP, FishbeinMC, Czer LS, Patel JK, Velleca A, Tazelaar
HD, et al. Pathology of chronic Chagas cardiomyopathy in the
United States: a detailed review of 13 cardiectomy cases. Am J
Clin Pathol. 2016;146(2):191–8 This study provides information
on Chagas cardiomyopathy anatomopathology.

55. Souza JD, Torres A, Mejia JA, Fernandes JR, Vasconcelos GG,
Pessoa V, et al. Allograft pathology in patients transplanted in a
reference center, including cases of Chagas cardiomyopathy. Eur J
Heart Fail Suppl. 2013;12:S73–S325. https://doi.org/10.1093/
eurjhf/hst009.

56. Kransdorf EP, Czer LS, Luthringer DJ, Patel JK, Montgomery SP,
Velleca A, et al. Heart transplantation for Chagas cardiomyopathy
in the United States. Am J Transplant. 2013;13(12):3262–8.

57. Benatti RD, Oliveira GH, Bacal F. Heart transplantation for Chagas
cardiomyopathy. J Heart Lung Transplant. 2017;36(6):597–603.

58. Fiorelli AI, Santos RH, Oliveira JL, Lourenço-Filho DD, Dias RR,
Oliveira AS, et al. Heart transplantation in 107 cases of Chagas’
disease. Transplant Proc. 2011;43(1):220–4.

59. Bestetti RB, Theodoropoulos TA. A systematic review of studies on
heart transplantation for patients with end-stage Chagas’ heart dis-
ease. J Card Fail. 2009;15(3):249–55.

60. Bocchi EA, Fiorelli A. The paradox of survival results after heart
transplantation for cardiomyopathy caused by Trypanosoma cruzi.
First Guidelines Group for Heart Transplantation of the Brazilian
Society of Cardiology. Ann Thorac Surg. 2001;71(6):1833–8.

61. Mangini S, Alves BR, Silvestre OM, Pires PV, Pires LJ, Curiati
MN, et al. Heart transplantation: review. Einstein (Sao Paulo).
2015;13(2):310–8.

62. Bocchi EA. Heart transplants for patients with Chagas’ heart dis-
ease. Sao Paulo Med J. 1995;113(2):873–9.

63. Bocchi EA, Fiorelli A, Cardiology FGGfHTotBSo. The Brazilian
experience with heart transplantation: a multicenter report. J Heart
Lung Transplant. 2001;20(6):637–45.

64. Nogueira SS, Felizardo AA, Caldas IS, Gonçalves RV, Novaes RD.
Challenges of immunosuppressive and antitrypanosomal drug ther-
apy after heart transplantation in patients with chronic Chagas dis-
ease: a systematic review of clinical recommendations. Transplant
Rev (Orlando). 2018;32:157–67.

65. Campos SV, Strabelli TM, Amato Neto V, Silva CP, Bacal F,
Bocchi EA, et al. Risk factors for Chagas’ disease reactivation after
heart transplantation. J Heart Lung Transplant. 2008;27(6):597–
602.

66. Bacal F, Silva CP, Bocchi EA, Pires PV, Moreira LF, Issa VS, et al.
Mychophenolate mofetil increased chagas disease reactivation in
heart transplanted patients: comparison between two different pro-
tocols. Am J Transplant. 2005;5(8):2017–21.

67. Fiorelli AI, Stolf NA, Honorato R, Bocchi E, Bacal F, Uip D, et al.
Later evolution after cardiac transplantation in Chagas’ disease.
Transplant Proc. 2005;37(6):2793–8.

68. Kransdorf EP, Zakowski PC, Kobashigawa JA. Chagas disease in
solid organ and heart transplantation. Curr Opin Infect Dis.
2014;27(5):418–24.

69. Chin-Hong PV, Schwartz BS, Bern C, Montgomery SP, Kontak S,
Kubak B, et al. Screening and treatment of chagas disease in organ
transplant recipients in the United States: recommendations from
the chagas in transplant working group. Am J Transplant.
2011;11(4):672–80.

70. Schwartz BS, Mawhorter SD, Practice AIDCo. Parasitic infections
in solid organ transplantation. Am J Transplant. 2013;13(Suppl 4):
280–303.

71. Bern C. Antitrypanosomal therapy for chronic Chagas’ disease. N
Engl J Med. 2011;364(26):2527–34.

72. Moreira LP, Galantier J, Benicio A, Leirner AA, Fiorelli AI, Stolf
NAG, et al. Clinical perspectives of patients with Chagas cardio-
myopathy listed as high priority for heart transplantation. Braz J
Cardiovasc Surg. 2005;20(3):261–9.

73. Leirner AA, Moreira LF, Stolf NA. The role of circulatory assis-
tance and heart transplantation in Chagas’ disease cardiomyopathy.
Artif Organs. 2007;31(4):245–8.

74. Moreira LF, Galantier J, Benício A, Leirner AA, Cestari IA, Stolf
NA. Left ventricular circulatory support as bridge to heart trans-
plantation in Chagas’ disease cardiomyopathy. Artif Organs.
2007;31(4):253–8.

75. Ruzza A, Czer LS, De Robertis M, Luthringer D, Moriguchi J,
Kobashigawa J, et al. Total artificial heart as bridge to heart trans-
plantation in Chagas cardiomyopathy: case report. Transplant Proc.
2016;48(1):279–81.

8 Page 8 of 8 Curr Cardiol Rep (2019) 21: 8

https://doi.org/10.1093/eurjhf/hst009.
https://doi.org/10.1093/eurjhf/hst009.

	Chagas Cardiomyopathy in Latin America Review
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Chagas Cardiomyopathy
	Anatomopathological Aspects in Explant Specimens
	Heart Transplantation
	Mechanical Circulatory Support
	Conclusion
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance



