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Cardiomyopathies, defined as diseases of the myo-
cardium associated with cardiac dysfunction, are
classified into dilated, hypertrophic, restrictive and
arrhythmogenic right ventricular cardiomyopathy,
as well as unclassified.1 More recently, molecular
classification has been suggested.2 Cardiomyopathies
continue to be a significant cause of morbidity and
mortality in the developed world.w1 In developing
countries, however, there appears to be an increased
incidence of the ‘‘usual’’ forms of cardiomyopathy,
with a modified clinical course possibly due to
genetic differences or environmental factors such as
malnutrition, infections and pollution.w2 In addition,
there are specific cardiomyopathies endemic to the
tropics such as Chagas and endomyocardial fibrosis,
which cause a considerable amount of death and
suffering and have been classified as neglected
diseases. We here describe what is known about
these two diseases, their aetiologies, pathogenesis
and management and outline directions for further
research. The present article will discuss Chagas
disease, and a subsequent article will address
endomyocardial fibrosis.

CHAGAS DISEASE
Chagas disease is the leading cause of cardiac
disease in many countries in Latin America, and
the World Health Organization has estimated that

16–18 million people are currently infected and 90
million are at risk of infection.3 Chagas disease has
been classified as one of the most neglected
diseases in the world,w3 with no new drug
development in the past 30 years.w4 Yet there are
still 200 000 new cases of Chagas disease reported
each year and some rural communities in Latin
America have seroprevalence rates as high as 40%.

EPIDEMIOLOGY
Chagas disease is caused by the protozoan parasite
Trypanosoma cruzi (fig 1), which is spread by
triatomine bugs (fig 2). The disease is mainly
constrained geographically to countries where its
vector is endemic, ranging from South America to
Mexico and southern USA. Transmission has also
been shown to occur via blood transfusions, organ
transplants as well as transplacentally and by
ingestion of triatomine contaminated food or
drink.w5 The bug lives in the mud walls and thatched
roofs of poor quality houses in rural areas; therefore,
Chagas disease is linked to socioeconomic status with
the rural poor being most exposed.

With increasing immigration from Latin America
to the United States there was concern relating to
safety of blood donations in the USA. A study
between 2006 and 2007 identified one in 4655 blood
donations in three centres in California and Arizona
as being positive for T cruzi antibodies.w6 There have
been seven reported transfusion acquired infections
for Chagas disease in the USA and Canada.w7,w8 The
Food and Drug Administration has recently licensed
a new T cruzi enzyme-linked immunosorbent assay
(ELISA) test system to screen blood donors in the
USA.w9 Vector borne transmission of Chagas disease
can also occur in the southern United States, but
with five reported cases ever it remains rare, so the
potential for misdiagnosis is significant.w10

LIFE CYCLE OF THE PARASITE
The triatomine bug becomes infected when it takes
a blood meal from an infected mammal, and the
parasite develops over a few weeks within the
bug’s intestine as the epimastigote. When an
infected bug bites a person, contaminated faeces
may enter the body through the wound, other
areas of broken skin, or the conjunctiva of the eyes,
introducing the infectious form of the parasite (the
metacyclic trypomastigote) into the host. These

Figure 1 Trypanosoma cruzi, the causative agent of
Chagas disease.
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parasites penetrate most commonly host phagocy-
tic cells and multiply intracellularly as amastigotes.
They are then released into the blood stream as
trypomastigotes able to infect a variety of host
cells, most commonly myocardial cells. The trypo-
mastigotes may also be taken up by feeding
triatomine bugs, thus continuing the life cycle.w11

DISEASE STAGES
The acute phase of the infection with T cruzi is
characterised by a self limiting syndrome lasting
between 4–8 weeks, with fever, malaise, lymphade-
nopathy, hepatosplenomegaly and myocarditis. A
chagoma may occur at the site of entry or, if this is at
the conjunctiva, a unilateral periorbital oedema can
occur called Romañas sign. During this stage para-
sites can be demonstrated in the blood and there is
direct invasion of myocardial fibres. Rarely, it can
cause a meningoencephalitis in younger children,
which carries a poor prognosis. Overall the acute
infection has around a 10% mortality rate.4 w12

In the majority of cases, through the develop-
ment of immunity, the infection is controlled and
the disease progresses to a latent period or
indeterminate phase. Dilated cardiomyopathy con-
stitutes the chronic phase which develops in up to

30% of infected individuals between 10–20 years
later.w12 This may present as congestive cardiac
failure, symptomatic arrhythmias, thromboem-
bolic disease or sudden death.w13 w14 The left
ventricular wall becomes thinner, allowing the
formation of an apical aneurysm, a distinctive
feature of Chagas cardiomyopathy. Thrombi are
often present in such aneurysms, easily explaining
the common occurrence of thromboembolisms.

Cardiac dysautonomia is a hallmark of chronic
Chagas disease resulting in varying degrees of heart
block in the initial stages, plus a frequent
occurrence of malignant arrhythmias.w13

Ventricular premature contractions are common.
Runs of ventricular tachycardia, complete heart
block, malignant arrhythmias and thromboembolic
disease could all be contributing to the high
prevalence of sudden death in chagasic patients.
The overall 5 year mortality for patients with
established Chagas cardiomyopathy is over 50%.w13

ECG AND ECHOCARDIOGRAPHY FINDINGS
We studied early echo and ECG changes in patients
with Chagas disease in Honduras and found 36%
of asymptomatic patients infected with T cruzi
already had myocardial functional impairment and
29% had ECG changes, most commonly right
bundle branch block (RBBB) alone or with left
anterior hemi-block.5 (fig 3).

In the later symptomatic stages the majority of
patients have grossly abnormal echocardiograms,
representative of the widespread cardiac involve-
ment including dilated ventricles, thinned walls
and large left and right atria, and significant overall
ventricular functional impairment (fig 4). ECG
changes in these later stages are also pronounced,
with both conduction disturbances and arrhyth-
mias being found far more frequently than in
dilated cardiomyopathies of other aetiologies.w13

DIAGNOSIS
T cruzi parasites can often be detected by direct blood
smear in the acute phase of the disease, but due to
low levels of parasitaemia in the indeterminate and
chronic phases, diagnosis has previously relied on
xenodiagnosis and serological tests including ELISA
and indirect immunofluoresence assay (IFF).w15

Recently, molecular based assays using polymerase
chain reaction (PCR) have been shown to be the
most sensitive technique to diagnose patients with
chronic Chagas disease,6 and has also been shown to
be the most effective way for evaluation of cure
following anti-trypanosome treatment.w16

PATHOGENESIS
In the acute phase of the disease the myocarditis that
develops has been associated with the
parasitaemia affecting the target organ. The damage
results from direct destruction due to intracellular
parasitism, necrosis related to inflammation, and
other cytotoxic mechanisms involving CD8 T cells
and, less frequently, CD4 T cells. Such cells recognize
T cruzi epitopes at the surface of infected cells, which

Figure 2 Triatoma infestans, the vector for Chagas
disease.

Figure 3 ECG from a patient with early Chagas
cardiomyopathy showing right bundle branch block.
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contain amastigotes, and non-infected cells, which
have processed parasite antigens.7

The histopathological picture of the myocar-
dium in chronic Chagas disease is characterised by
a chronic inflammatory process in all four cham-
bers of the heart (with the right side often worst
affected), with focal thickening, tissue destruction
and interstitial fibrosis, either focal or later
becoming diffusely distributed.7 8

The progression to this chronic stage and the
factors determining why only a certain proportion
of patients develop this stage remains poorly
understood. Due to the scarcity of parasites in
the myocardium in these later stages, and the
occurrence of myocardial inflammatory infiltrate,
many theories have implicated autoimmune and
inflammatory processes in the pathogenesis. One
of us (SY) is currently investigating the role of
cytokines as mediators of disease progression in
patients with different stages of Chagas disease
and the role of cytokine gene polymorphisms as a
predisposing factor to disease.w17

Recent developments in molecular and immuno-
histochemistry have demonstrated T cruzi antigen
in the inflammatory foci in chronic Chagas hearts.
This suggests that parasite persistence is driving
the immune response, causing the low grade tissue
destruction and chronic inflammation. However,
the T cruzi antigen remains scarce and not always
associated with the inflammatory foci in the
myocardium. It is likely that the pathogenesis of
chronic Chagas cardiomyopathy is a complex
interplay between parasite and the host’s immune
response.9 Further research is needed to investigate
the mechanism of cardiac injury and why 30% of
people infected progress to cardiomyopathy.

PROGNOSIS
Patients with Chagas cardiomyopathy have a differ-
ent clinical progression to other cardiomyopathies,
often with a worse prognosis.4 A study of heart
failure patients with cardiomyopathies of different
aetiologies in Brazil showed Chagas disease to be the

most important determinant for mortality.w18 A risk
score for predicting mortality has recently been
developed and validated for Chagas cardiomyopa-
thy.10 Of the six independent prognostic factors
identified, the first three were related to functional
class, cardiomegaly and systolic dysfunction, plus
demonstration of ventricular arrhythmias.
Management therefore should be aimed at aggressive
treatment of the heart failure and prevention of
malignant arrhythmias.

MANAGEMENT
This consists of treating the different manifesta-
tions of the disease and, importantly, controlling
the infection and applying preventive measures.

Cardiac failure treatment
Due to a lack of specific clinical trials for Chagas
cardiomyopathy patients, treatment has tradition-
ally relied upon the same heart failure medications
as have been used to treat other cardiomyopathies,
including diuretics, angiotensin converting enzyme
(ACE) inhibitors and digoxin.w19 In particular, ACE
inhibitors, which have been shown to improve
survival in the latter group,w20 have been utilised in
studies investigating the specific effect of these
agents on chagasic patients. Captopril has been
shown to improve cardiac function but not
mortality from Chagas heart disease.11 Captopril
is also an anti-inflammatory agent, acting through
the immunomodulatory actions of angiotensin II
and the downstream effects of bradykinin. In a
mouse model of acute Chagas myocarditis, capto-
pril significantly reduced cardiac necrosis and
fibrosis without increasing parasite burden.12

b-blockers currently used in standard heart failure
treatment have been postulated to be beneficial in
Chagas cardiomyopathy; however, data to confirm
this are lacking. A recent study has demonstrated
in a small cohort beneficial effect with the addition
of the b-blocker carvedilol to an ACE inhibitor in
cardiac function and clinical status of patients with
chagasic cardiomyopathy.13 Larger randomised con-
trolled trials, including other b-blockers as well, are
needed to verify these findings.

Treatment of rhythm disturbances
Due to the high frequency of atrioventricular (AV)
nodal block in Chagas disease, pacemakers are
often used and are a very effective treatment
option, but they do not alter the progression of the
disease.5 The use of these devices is life saving with
a need for humanitarian organisations, individual
professionals and commercial companies to donate
devices to the local physicians who are capable and
willing to help deprived individuals free of charge.5

For tachyarrhythmias, antiarrhythmics such as
amiodarone are used, and more recently implan-
table cardioverter-defibrillators (ICDs). Chagas
disease patients have indications for ICD implan-
tation similar to those of other patients.14

However, in patients with cardiomyopathies of
different aetiologies receiving ICDs, Chagas

Figure 4 M mode echocardiogram showing a dilated left
ventricle (6.38 cm in systole) of a patient with severe
Chagas cardiomyopathy, with pronounced hypokinesia of
the thinned septum and posterior wall.
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patients had the highest cumulative incidence of
life threatening ventricular arrhythmiasw21 and
significantly more had received an appropriate
shock in the first 6 months after implantation.w22

Transplantation
Heart transplantation for end stage Chagas cardio-
myopathy has been shown to be a valuable treat-
ment option, with old fears of reactivation of the
disease in the allograft and therefore poor survival
rates being disproved.15 In Brazil, follow-up of
patients undergoing heart transplantation showed
significantly better survival rates for Chagas cardio-
myopathy compared to other types of cardiomyo-
pathy.w23 Reactivation of T cruzi remains a concern,
but improved molecular based diagnostics allows
early identification of parasitaemia and successful
treatment with antiparasitic agents.w24

Antiparasitic treatment
In the 1970s the antiparasitic agents benznidazole
and nifurtimox were introduced for clinical treat-
ment of Chagas disease, but high toxicity and
variable efficacy, especially in the chronic phase,
limited their use.w4 More recent data suggest
favourable outcomes in children and young adults
treated with benznidazole in the early chronic
phase of T cruzi infection, with 55.8% showing
negative seroconversion of T cruzi antibodies at
3 year follow-up compared to controls.16

In addition, a non-randomised trial in 2006
showed that the use of benznidazole in patients
in indeterminate phase with no heart failure was
associated with reduced progression to chronic
Chagas cardiomyopathy.17 A Cochrane Review in
2002 also suggests potential for trypanocidal drugs
in asymptomatic patients, but emphasises the need
for large randomised controlled trials including
newer agents to confirm these findings.18

New antiparasitic drug developments
Although there have been no new licensed anti-
trypanosomal drugs since the 1970s, the recent

sequencing of the T cruzi genome in 2005 opens up
possibilities for the development of novel thera-
peutics.19

Currently experimental antifungal triazoles are
reported to show good trypanocidal effects in acute
and chronic murine models.w25 w26 Itraconazole in
particular has shown excellent parasitological cure
in animal models and human Chagas disease.w27 w28

Allopurinol has also shown encouraging results in
treating chronic T cruzi infections with far fewer
side effects than conventional anti-trypanosomal
treatments.w28 w29

Other potential chemotherapeutic agents
against T cruzi in development include tricyclic
drugs, antiproliferative lysophospholipid analogues
(already in clinical trials as the first oral treatment
for visceral leishmaniasis), and cysteine proteinase
(cruzipain) inhibitors.w25

There is an urgent need for human clinical trials
of these new therapeutic agents for the 18 million
people currently infected with T cruzi for which
there are grossly inadequate treatment options.

CONTROL OF DISEASE
In the early 1990s the ‘‘southern cone initiative’’
included many countries in South America and saw
great reductions of transmission, through vector
elimination from residual spraying with synthetic
pyrethroids, housing improvements and health
education.20 More recently the Andean and Central
American countries have adopted similar control
programmes plus universal screening of blood
products to control transfusion related infections.21

In July 2007 the WHO launched a ‘‘global network
for Chagas elimination’’ with the goal of coordinat-
ing efforts to eliminate Chagas disease by 2010.
However, as T cruzi has many animal reservoirs,
completely eradicating the disease seems almost
impossible. As new rural housing developments
spread and insecticide spraying is labour intensive
and expensive, without continued vigilance and
surveillance resurgence of Chagas disease will remain
a threat.w30 An integrated approach to prevention,
diagnosis and management is badly needed.

CONCLUSION
Chagas disease is no longer a sole problem for the
rural poor of South America. An estimated 12.7
million Latin Americans are currently resident in
the USA, with up to 0.5 million thought to be
infected with T cruzi.

The management of Chagas disease depends
on the stage, with patients in the acute and
indeterminate phase most likely to benefit from
antiparasitic treatment. Management of patients
in the advanced stages should be aimed at
aggressive heart failure treatments and antiar-
rhythmics, including ICDs and heart transplanta-
tion considered for those with end stage disease.
Further research is still needed to elucidate the
complex immunology underlying the pathogenesis
of Chagas disease, which in turn may lead to the
well needed development of novel therapeutics.
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Chagas disease remains a major cause of cardiac
morbidity and mortality in the Americas, and
although there has been success in reducing
transmission in the past decade, areas of resurgence
are occurring as well as spread to new areas. Global
awareness of Chagas disease needs to be promoted
in the medical and general community if any
impact is to be made on this neglected disease.

Competing interests: In compliance with EBAC/EACCME guide-
lines, all authors participating in Education in Heart have disclosed
potential conflicts of interest that might cause a bias in the article.
The authors have no competing interests.

REFERENCES
1. Richardson P, McKenna W, Bristow M, et al. Report of the 1995

World Health Organization/International Society and Federation of
Cardiology Task Force on the Definition and Classification of
cardiomyopathies. Circulation 1996;93:841–2.

2. Ashrafian H, Watkins H. Review of translational medicine and
genomics in cardiovascular disease: new disease taxonomy and
therapeutic implications. Cardiomyopathies: therapeutics based on
molecular phenotype. J Am Coll Cardiol 2007;49:1251–64.

3. World Health Organization. Control of Chagas disease. WHO
Technical Report Series 1991;81:27–31.

4. Bestetti RB, Freitas OC, Muccillo G, et al. Clinical course of
Chagas’ heart disease: a comparison with dilated cardiomyopathy.
Int J Cardiol 1997;25:187–93.

5. Yacoub S, Birks EJ, Slavik Z, et al. Early detection of myocardial
dysfunction in Chagas disease using novel echocardiographic
indices. Trans R Soc Trop Med Hyg 2003;97:528–34.

6. Wincker P, Britto C, Pereira JB, et al. Use of a simplified
polymerase chain reaction procedure to detect Trypanosoma cruzi
in blood from chronic Chagasic patients in a rural endemic area.
Am J Trop Med Hyg 1994;51:771–7.

7. Milei J, Storino R, Alonso GF, et al. Endomyocardial biopsies in
chronic Chagas’ cardiomyopathy. Cardiology 1992;80:424–37.

8. Rossi MA, Besetti RB. The challenge of Chagasic cardiomyopathy.
Cardiology 1995;86:1–7.

9. Marin-Neto JA, Cunha-Neto E, Maciel BC, et al. Pathogenesis of
chronic Chagas heart disease. Circulation 2007;115:1109–23.

c Up to date review on the probable mechanisms involved in
the pathogenesis of Chagas cardiomyopathy.

10. Rassi A Jr, Rassi A, Little WC, et al. Development and validation
of a risk score for predicting death in Chagas heart disease.
N Engl J Med 2006;355:799–808.

c Very clear and useful article to guide clinicians in the
management of patients with Chagas cardiomyopathy.

11. Roberti RR, Martinez EE, Andrade JL, et al. Chagas
cardiomyopathy and captopril. Eur Heart J 1992;13:966–70.

12. Leon JS, Wang K, Engman DM. Captopril ameliorates myocarditis
in acute experimental Chagas disease. Circulation 2003;107:2264.

13. Botoni FA, Poole-Wilson PA, Ribiero AL, et al. A randomized trial
of carvedilol after renin-angiotensin system in chronic Chagas
cardiomyopathy. Am Heart J 2007;153:e1–8.

14. Muratore C, Rabinovich R, Iglesias R, et al. Implantable
cardioverter defibrillators in patients with Chagas disease: are they
different from patients with coronary disease? Pacing Clin
Electrophysiol 1997;20(1 Pt 2):194–7.

15. De Carvalho VB, Sousa EF, Vila JH, et al. Heart transplantation in
Chagas disease, 10 years after the initial experience. Circulation
1996;94:1815–7.

c Valuable article providing good evidence for transplantation
in patients with Chagas cardiomyopathy.

16. De Andrade AL, Zicker F, De Oliveira RM, et al. Randomized trial
of efficacy of benznidazole in treatment of early Trypanosoma cruzi
infection. Lancet 1996;348:1407–13.

c Key article showing the benefits of early treatment with the
antiparasitic agent benznidazole.

17. Viotti R, Vigliano C, Lococo B, et al. Long-term cardiac outcomes of
treating chronic Chagas disease with benznidazole versus no
treatment: a non-randomized trial. Ann Intern Med 2006;144:724–34.

18. Villar JC, Marin-Neto JA, Ebrahim S, et al. Trypanocidal drugs for
chronic asymptomatic Trypanosoma cruzi infection. Cochrane
Database Syst Rev 2002;(1):CD003463.

c Excellent overview of the evidence for trypanocidal drugs
in the later stages of Chagas disease.

19. El-Sayed NM, Myler PJ, Batholomeu DC, et al. The genome
sequence of Trypanosoma cruzi, etiologic agent of Chagas disease.
Science 2005;309:409–15.

20. Schofield CJ, Dias JC. The southern cone initiative against
Chagas disease. Adv Parasitol 1999;42:1–27.

21. Ceaser M. Battling with Chagas disease in South America. Lancet
Infect Dis 2005;5:470–1.

Multiple choice questions

Education in Heart Interactive (heart.bmj.com/misc/education.dtl)

Education in Heart (EiH) articles each have an accompanying series of six multiple choice questions.
These are hosted on BMJ Learning—the best available learning website for medical professionals from
the BMJ Group. Each article is submitted to EBAC (European Board for Accreditation in Cardiology;
ebac-cme.org) for 1 or 2 hours of external CPD credit.

Free access for subscribers: For full details of the resources available to subscribers please see:
heart.bmj.com/misc/education.dtl#access

How to access the questions: Click on BMJ Learning: Take this module on BMJ Learning from the
online article content box, table of contents or EiH collection (heart.bmj.com/cgi/collection/
heart_education).
If prompted, subscribers must sign into Heart with their journal’s username and password.
Please note: All users must also complete a one-time registration on BMJ Learning. Users will then
subsequently log in (with a BMJ Learning username and password) on every visit in order to log
activity and provide appropriate access.

Activating your subscription to Heart: If you have not yet activated your online subscription to Heart,
please visit journals.bmj.com/cgi/activate/basic and enter your six digit (all numeric) customer number
(found above your address label with your print copy). If you have any queries, please contact
subscriptions@bmjgroup.com

Case based learning: You may also be interested in the cardiology interactive case histories published
in association with Heart, for more information please see: heart.bmj.com/misc/education.dtl#ichs

Education in Heart

248 Heart 2008;94:244–248. doi:10.1136/hrt.2007.132316

 on 12 February 2008 heart.bmj.comDownloaded from 

http://heart.bmj.com

