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Therecovery of T. cruzi DNA from South American
human mummies shows that Chagas' disease already
afflicted mankind as early as 4000 years ago *. Charles
Darwin probably contracted the disease during his
expedition to South America, as suggested by hisvivid
description of the “benchuca’ sting and the nature of his
latelife symptoms?. However, it wasin theearly twentieth
century that Carlos Chagas, in amost unique accompli-
shment in the History of Medicine, discovered the new
morbid entity that carries his name, described its patho-
logical and clinical features, the etiologic agent and its
transmission mechanism through the inoculation of
infected excreta of hematophagous insects of the family
Reduviidae (subfamily Triatominae)?.

Although the mechanism by which 7. cruzi invades
mammealian cellsisnot completely known, experimenta work
suggests that an essential step involves triggering of
activation of the transforming growth factor (TGF)-beta
signaling pathway. Therefore, adherent parasites cannot
penetrate cellslacking TGF-betareceptors and replicate
withinthem, whereasadministration of TGF-betapotentiates
T. cruzi invasion ability in experimental models*.

Virtually every organic system may be affected.
M egaesophagus and megacol on occur in about 6% of the
chagasic popul ation and neurologic disordersin around
3%, but, by far, Chagas' heart diseaseisthe most serious
complication, with clinical manifestationsarisinginnearly
onethird of Chagasinfected people throughout their life
span.

Epidemiological aspects

Conditionsfor vectorial transmission range between
latitudes 42°N and 40°S of the American Continent, from
Mexico to Argentina. On the basis of limited serological
surveys, 4%to 7% of morethan 200 millionLatin Americans
are estimated to be chagasic in extensive areas of 21 coun-
tries, and 65-90 millionareat risk of becominginfected®.

Cross-sectiona epidemiological studiesin Brazil and
Venezuel a assessed the prevalence of clinical manifes-
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tationsand mortality dueto Chagas’ heart disease. However,
no clear-cut epidemiologica pictureof Chagas' heart disease
isyet available, dueto thelack of appropriately designed
large-scale studies to address this serious public health
problem in extensive areas of the Latin American subcon-
tinent. Inaddition, casereportingisnot reliableeveninareas
of highendemicity. Probably becauseof marked variationsin
the genetic background, parasite strain, climate, socio-
economic and related hygienic-alimentary conditions, and
health care policies, the morbidity and mortality rates
ascribed to Chagas’ disease are extremely variable even
among endemic areasof each country ©.
Althoughthetrueprevalenceof Chagas' heart disease
isunknown, these rough estimates clearly indicate that
Chagas myocarditisisundoubtedly themost commonform
of cardiomyopathy in L atin-American countries’. Also, due
to migratory currents between countries and far-distant
regions, Chagas' heart disease islikely to become ubi-
quitous’. A reflection of thistendency isexemplified by the
recent growing awarenessregarding theoccurrenceof Cha
gas' heart disease in the United States. Based on apre-
valenceof 4.5% of T. cruzi serologically detectedinfection
in 205 Latin American immigrantsto the USA, and on
estimatesof thenumber of suchimmigrants, approximately
half amillion infected people are believed to exist now in
that country & Moreover, rurd-urban migrationfromendemic
areasinBrazil isbelievedtohavebroughttolargecitieshaf a
millioninfected peopleinthelast threedecades®.

Other mechanisms of transmission - | nfestation can
also, infrequently, occur by congenital and oral routes,
breast feeding, laboratory contamination, and organ
transplantation. Transfusional transmission of 7. cruziis
currently under close scrutiny in most places, since a
survey carried out from 1988 to 1990 in 850 countiesin of
Brazil, revealed that serological screening for Chagas’
disease was performed in only two thirds of all blood
donors®. Also, areview of serological surveysfor Chagas
infection among blood donors, conducted over the last
decadein several countries, disclosed aseropositivity rate
rangingfrom 10to 50% inendemicareas®.

Prevention - Chagas heart disease carriesavery high
social impact, with over 750 thousand yearsof productivelife
probably lost annually, due to premature deathsin Latin-
Americancountries, at acost of about US$1200 million/yeear °.
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These arefiguresthat thoroughly substantiate the concept
that diminationof Chagas' diseasevectoria (by improvingthe
quality of housing and use of residual insecticides) and of
transfusional transmissionin both endemic and nonendemic
areas '+ isahighly cost-effective public health policy 7.
Despite being hindered by financial limitations, thesegoals
have been attained in scattered regions+2¢,

The Southern Cone Initiative program launched in
1991 has already produced impressive results at a cost of
US$207 millionthat wasall ocated from national resources
of thesix countriesinvolved %617, Thus, in Brazil, the 89%
reduction in the number of house-infested counties was
accompanied by adropintherateof 7. cruzi infected blood
donorsfrom 6.5%t0 1%, from1982t0 19931617, Onthebasis
of suchfigures, interruption of transmissionisexpectedto
occur between 1998 and 2000in Brazil, Argentina, Chileand
Uruguay >8, However, it may betoo early for such high
expectations, as suggested by sporadic reports of trans-
mission of the disease in areas previously consi-dered
under epidemiological control .

Natural history and prognostic factors

Experimental, pathological and clinical evidence
substantiate the conceptual division of Chagas' heart
disease into the acute myocarditis and the chronic phase,
separated by thelong period - 10to 30 years- known asthe
indeterminateform of thedisease, that constitutesits most
intriguing conundrum "2°2t, Reactivation of Chagas’
disease, with proteiform clinical expression, isnow often
seen in chronic chagasic patients with various causes of
immunodeficiency, natural oriatrogenically induced 22,

Several observational studies mainly conducted in
endemicareasinBrazil, Argentinaand Venezuel g, sincethe
early 1940sdisclosed the natural history of Chagas' heart
dlsease 7,26-43_

Also, many case-series studies describe the acute
phase of Chagas' disease acquired through nonvectorial
transmission, but havelimited va uefor theknowledgeof its
natural history "2,

Natural history studiesof Chagas' heart diseasederi-
ve predominantly from cross-sectional observations of
infected peopleinrural areasof those countries’. Very few
studies have described case-control populations of
chagasic and non-chagasic people. Other observational
investigationsfocused onthe description and fol low-up of
hospital-based cohorts of chagasic patients %41,

Both the rural and hospital-based types of studies
haveclear limitationsfor theassessment of theinfluenceof
prognostic factorsin Chagas’ heart disease’s natural
history 7. Thus, no adequate identification of cardiac
involvementisusually providedin most of therural-based
studies 2™-*". Conversely, in hospital-based studies the
heart diseaseisusually well characterized, but their results
can not be extended to the whol e spectrum of the chagasic
population &3#41 Furthermore, because of the rather
protracted course of heart involvement, from the acute
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myocarditis to the end-stage heart failure or malignant
arrhythmia, no prospective studies encompassing the
whol e span of the disease in sizable populations are
available™?,

Prognosis in the acute phase - Although cardiac
myocarditisisaconstant finding in biopsy specimensor at
necropsy examination %, case seriesreported in endemic
areasusing specific serological testshave shown that only
around 10% of theacute caseshaveclinical manifestations
consistent with a correct clinical diagnosis of Chagas'
disease ?’. Thisisamajor obstacle for gathering direct
insight into the transition from the acute to the chronic
stagesof human Chagas' disease. Nevertheless, studiesin
experimental models of Chagas' disease arein general
agreement with such findings.

Whentheclinical diagnosiswaspossible (inthesmall
subset of patients), cardiac involvement occurred in
around 90% of 313 successive cases; in 70-80% cardiac
enlargement was seen on X-rays, contrasting with only
50% of cases showing el ectrocardiogram (ECG) abnorma-
lities. The severity of myocarditiswasinversely propor-
tional to age, with signs of heart failure being twice more
intense in children aged up to two years than in those
between the agesof threeand fiveyears?. Mortality inthe
acute phase of thedisease, in thisstudy, was8.3%, ahigher
figure than the 3-5% reported in similar studiesin other
endemicareasinBrazil, Argentinaand Uruguay. TheECG
was normal in 63.3% of the nonfatal cases, and in only
14.3% of those who died in the acute phase of Chagas’
disease. Of al deaths, 75% occurred in children lessthan
threeyearsof age. Heart failurewasthe constant findingin
all fatal cases, associated or not with encephalitis, and
independent of age?’.

Of 172 patients whose acute phase of Chagas' infec-
tion had been diagnosed on the basis of general clinical
signsand apositive serol ogy, followed in Bambui (central
Brazil) for up to 40 years, the development of chronic
cardiacinvolvement - based onclinical signs, ECG and chest
X-rays changes - occurred in 33.8%, 39.3% and 58.1%,
respectively during follow-up periodsof 10-20years, 21-30
yearsand 31-40 years?. In another review concerning the
same endemic area, for 268 patients whose acute phase of
the disease had been diagnosed in an average of 27 years
before, theoverall mortdity intheperiodwas13.8% %,

Survival ischaracterized by disappearance of symp-
toms and signs of heart failure within 1-3 months, and
normalization of theECGin over 90% of the casesafter one
year of theinfection.

However, thereisno evidence of spontaneous cure of
theinfection, asdemonstrated by serial xenodiagnosisand
serological testsin studiesof several hundredsof chagasic
patients’.

Prognosis in the indeterminate phase - Although

theclinical relevanceof thisdefinition could becurrently
disputed, the indeterminate phase of Chagas’ disease
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requires that patients have positive serology and/or a
positive xenodiagnosis test, no cardiovascular or diges-
tive symptoms, anormal resting 12-lead ECG and no
abnormalities detected by radiological examination of
heart, esophagus and colon. Thus, the indeterminate
phase ends and the chronic cardiac or digestive forms of
the disease ensue only when symptoms appear or abnor-
malitiesare shown onthe ECG or by radiological cardiac
or digestive scans.

The evolution potential at this stage of the disease,
determined by asyet unknown factors, isshown by longitu-
dinal cohort studiesinendemic areas. A 1-3% per year rate
of appearance of heart involvement has been observedin
several studies’.

Of 400 young adultsfollowed for 10 years, 91 (23%)
showed clinical and/or ECG or chest-X-ray markers of
cardiac disease. Of note, el ght deathswererecordedinthat
period, of which only one could be ascribed to recru-
descence of chagasic cardiomyopathy *.

Another longitudinal study in Bambui, central Brazil,
contrasted the evol ution of 885 young chagasic patientsin
the indeterminate phase, for 10 years, with that of 911
chagasic patientswithinitially abnormal ECG, inthesame
period. Survival after 10 years was 97.4% and 61.3%,
respectively for theindeterminategroup and thegroupwith
cardiac involvement =,

A third longitudinal study in arural Venezuelan
community, with 47% prevalence of positive serology for
Chagas' disease, followed 364 patientsfor amean period of
four years. It revealed the appearance of heart diseaseat a
rateof 1.1% per year in seropositiveindividuas. Mortality
was 3% in the four years of follow-up and Chagas' heart
diseasewasthe cause of deathin 69% of all fatal cases®.

In 1973 alongitudinal study wasinitiated in arural
community innortheast Brazil. Intheinitial cross-sectiona
study of 644 individuals aged >10 years, 53.7% were
seropositive. The population initially described in 1973-
1974 wasre-examinedin 1977, 1980and 1983. Theoverall
rate of development of abnormal ECGwas2.57%in seropo-
sitive (248) ascompared to 1.25% per year in seronegative
(332) individuals, arelativerisk of two for the same
geographical area. The age-adjusted mortality rate was
higher in seropositive(8.9/1000/year of 488 patients) thanin
seronegativeindividual s(7.8/1000/year of 509individuals).
However, mortality in this study was strongly associated
with ventricular conduction defectsand arrhythmias®,

In summary, theresultsof these studiesindicatethat,
aslong asthe patientsremain in theindeterminate phase,
their prognosisisfine’. It must be emphasized that these
resultswereobtained in chagasi ¢ popul ationswith >50% of
theindividuals younger than 20 years, and lessindeter-
minate cases are found in older age groups because of the
evolutive nature of the disease. It isrelevant to know that
after 10 years almost 80% of the patientsremain in the
indeterminate phase of thediseaseand probably 50% of the
entire population will have no signs of heart disease
throughout their lives. What remains elusive are those
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factorswhich determinethe devel opment of overt cardiac
diseaseand cardiac failurein somepatientswho have been
infected with 7. cruzi as opposed to others with positive
serology but without cardiacinvolvement”. Itislikely that
theexplanationwill bemultifactorial.

Prognosis of chronic Chagas’ heart disease - From
thestudies mentioned above, analyzing prognostic factors
of theindeterminate phasein rural populationsin which
only asuperficial evaluation of the heart condition was
carried out, it became apparent that the mere appearance of
ECG changesentailed abad prognosis®**. Also, aretros-
pective analysis of seropositive individualsfollowed over
18 yearsreveal ed that right bundlebranch block wasthree
timesmorecommoninfatal casesthanin survivors®,

In additionto ECG markers, the notion that themale
gender isan important del eterious prognostic factor once
the heart disease is manifest, is borne out from several
studies carried out with long-term follow-up of hospital-
based cohorts of chagasic patients and also by a case-
control study -2, The later study also suggests possible
geographical clustering and/or familial aggregation of cases
of Chagas' heart diseasein endemic areas®.

Few case-control follow-up studies have been repor-
ted in endemic areas %%, In central Brazil *, two cross-
sectional clinical assessments spanning 10 years (1974 to
1984) were carried out including 12-lead ECG and radio-
logical evaluation of heart size. Serum positive patientsand
controlswerematched by ageand gender. Inthefirst cross-
sectional study, 264 pairs of subjects were evaluated, of
which 110 could be recomposed and reexamined after the
10-year follow-up period, withthesameclinical, ECG and
chest-X-ray assessment. Theincidence of clinical heart
disease, as diagnosed by the development of symptoms,
ECG and/or radiol ogical changes, in previoudy healthy but
serologically positiveindividual swas38.3%intheten-year
period. | nthose patientswith previousheart involvement a
rate of 34.5% of deterioration was observed in the same
period. Inthechagasic populationtheoverall mortality was
23%, compared with 10.3% in the controls. Moreover,
cardiac mortality, including sudden death and deathin heart
failurewas17% among chagasic patients, and only 2.3%in
the control population. Again, the overall mortality was
much higher in chagasic males and predominated in the
group aged 30to 59 years®.

The same group of investigators, applying similar
methodsin northeastern Brazil showed that mortality rates
were 1.6% and 0% for 125 matched pairs of respectively
chagasi c and nonchagasic patientsfollowed for 4.5years®.
Progression of disease as assessed by ECG changes
occurredinonly 10.4% of patients, ascompared to 4.8% of
controls. The different morbidity and mortality rates
between the two regions were hypothesized to mean
possibledifferencesin the pathogenicity of 7. cruzi strains
inthetwo geographical regions, but no direct evidencefor
thiswas provided”.

There is also evidence to support the notion that
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mortality associated with Chagas' diseaseis strongly
correlated with the severity of themyocardia dysfunction”.
For example, survival two years after the first episode of
heart failurewas only 33.4%in 160 cases®. Of note, 10% of
deaths were sudden. In addition 98 deceased people were
autopsied, revealing <20% of prevaenceof cardiactissular
formsof 7. cruzi, withaclear predominanceof thisfindingin
male patients®.

In astudy of 107 chagasic patientsfollowed for 10
years, asignificant reductioninlifeexpectancy, ascompared
to that of 22 nonchagasic patients, was detected only in
thosewith ECG and/or clinical changes. A mortality rate of
82% over the 10-year follow-up period was seen in the
group of 34 patients with signs of heart failure at the
beginning of thestudy. In contrast, a65% 10-year survival
was associated with ECG abnormalities but in absence of
signsof heartfailure®.

Another study of 104 male patients admitted to the
hospital with congestive heart failurerevealed amortality
rate of 52% after five years. The strongest predictors of
survival wereleft ventricular (LV) jection fraction and
maximal oxygenuptakeduringexercise®.

Inaseriesof 42 patientswith Chagas' heart diseasein
the USA, 11 deaths occurred during a mean follow-up of
nearly fiveyears, lwaysinassociationwith global or regio-
nal LV dysfunction. Established or devel oping heart failure
wasastrong predictor of mortality, but, quite surprisingly,
not aborted sudden death or the presence of sustained
ventricular tachycardia®. These results conflict with the
evidence that ventricular tachycardia detected during
exercisetesting isamarker of increased risk of sudden
deathin 44 chagasi c patientsfollowed for amean period of
two years*. Thisdiscrepancy islikely related to the fact
that both studies are fraught with the same limitation of
small numbersand arelatively short follow-up.

Insummary, thereissubstantial evidencethat themost
important prognostic factor in established Chagas' heart
diseaseisthedegreeof myocardial dysfunction. Onceovert
cardiacfailureismanifest, theprognosisisbleak, similarly to
that reportedin the heart failure Framingham cohorts, with
mortality ratesapproaching 50%infour years. Itispossible
- but by no means proven by good evidence - that sudden
death and related ventricular arrhythmiasmay play amore
prominent rolein mortality dueto Chagas' diseasethanin
heart failuredueto other etiologies’.

Clinical features of Chagas’ heart disease

Followinginoculation by theetiol ogic agent, thereis
an incubation period of approximately 7 to 10 days. Local
skinor mucosaswelling producesthetypical entry lesions
known aschagomas (including the nonspecific Romafia' s
sign).

Cardiac abnormalitiesareawayspresentinal stagesof
Chagas' disease, but, characterigtically, in the acute phase,
thereisastriking discrepancy between the severity of the
myocarditisand the paucity of itsclinical expresson”’. Gene-
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ral infective signs of disease (fever, myalgia, sweating,
hepatosplenomegaly) at thisstageare usually accompanied
by nonspecific laboratory findings: leukocytosis with an
absolute increase in lymphocyte count, chest X-rays
cardiomegaly and ECG changes (sinustachycardia, ven-
tricular ectopic beats, low voltage, diffuse ST-T aterations,
first degreeatrioventricular block). Serologictestsfor 7. cruzi
infection are usually negative during the first weeks, but
circulating parasitesmay bedetected by xenodiagnosis. The
diagnosisof acute Chagas' diseasedueto blood transfusion
requiresahighleve of awareness, particularly innonendemic
areas“2. Thisnotion also appliesregarding the problem of
recognizing recrudescence of Chagas' diseaseinimmuno-
compromised patientswho havethechronicform,

Necropsy studies and in vivo investigations, using
several methodsto evaluate the ventricular performance,
myocardial perfusion, cardiac autonomic function and
rhythm, and findings on RV biopsy - demonstrate that
virtually all patients, evenintheindeterminate phase of the
disease, have at |east some subtle degree of cardiac invol-
vement 7448,

Itisimportant to emphasizethat all theanatomical and
functional disturbancesdetected during lifeare consistent
with the autopsy findings reported on several series of
chagasic patients who died in the various stages of the
dlsease 43,44,49,50_

Onthebasisof the prognosticimplicationsdiscussed
above, it would be convenient to classify patients with
Chagas' heart disease according to the presence of symp-
toms, physical and ECG abnormalities, cardiac enlargement,
right and LV systolicand diastolic dysfunction, myocardial
perfusion defects, cardiac autonomicimpair-ment and RV
biopsy findings(tablel).

Symptoms and physical signs appearing in patients
with the chronic stage of thedisease arisefromthreebasic
syndromes that may coexist in the same patient: heart
failure, cardiac arrhythmia, and systemic and/or pulmonary
thromboembolism.

Heart failure of chagasic etiology is usually biven-
tricular. However, themanifestationsof right-sidedfailure
(increased jugular venous pressure, peripheral edema,
ascites, and liver enlargement) are usually more pro-
nounced than those of left-sided failure (dyspneaand
pulmonary rales) 5. Fatigue is aso acommon symptom.
Physical examination often revealsmurmursof mitral and
tricuspid regurgitation, wide splitting of the second heart
sound with an accentuated second component (P2), dueto
the combination of aright bundle branch block and
pulmonary hypertension, and aprominent apical thrust.

Cardiac arrhythmias (such as bouts of ventricular
tachycardia) cause pal pitation, lightheadedness, dizziness,
or syncope 2, The latter symptoms may also be caused by
complete heart block, that can be detected by careful
examination of the jugular venous pulse and cardiac
auscultation. Theseverity of ventricular arrhythmiastends
tocorrelatewiththedegreeof LV dysfunction. However, it
is not uncommon to have patients with ventricular tachy-
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Table I - Pathophysiological classification of chronic Chagas’ heart disease, according to evolution stage,
based on clinical and laboratory features*

Clinical Presentation Indeterminate Overt heart disease Heart failure
Evolution Stage 1A 1B Il 1
Symptoms Absent Absent Minimal Prominent
Physical Examination Normal Norma May be abnormal Abnormal
ECG changes Absent Absent RBBB, LAHB, AVB, LBBB, PEVB +Qwaves TV
Heart size Normal Normal Normal Enlarged
(X-rays)
RV function Normal May be depressed Commonly Abnormal Abnormal
LV diastdlic function ? Mild abnormalities Abnormal Abnormal
LV systalic function Normal Mild segmental dyssynergia Segmental dyssynergia Globally depressed
Perfusion defects ? May be detected Common Common
Autonomic function ? May be abnormal Commonly abnormal Abnormal
RV biopsy ? May be abnormal Abnormal Abnormal
Exercise Stress test Normal May be abnormal: May be abnormal: Abnormal:

- arrhythmia - arrhythmia reduced

- chronotropic deficit - chronotropic deficit capacity
Arrhythmia/Sudden death Absent Very uncommon May be detected Common
* Modified from 7, with permission. LV - |eft ventricle; RV - right ventricle; ECG - electrocardiogram; AVB - atrioventricular block; LAHB - left anterior hemiblock;
LBBB - Ieft bundle branch blocks;, RBBB - right bundle branch block; PEVB - premature ectopic ventricular beats; VT - ventricular tachycardia; ? - unknown.

cardiaor complete AV block who havewell preserved glo-
bal ventricular performance (but usually regional wall
motionabnormalities) %2,

Sudden unexpected death occurs with an undefined
but not negligible frequency and can supervene (albeit
rarely) even in patients previously asymptomatic. It is
usually precipitated by physical exercise, and associated
withventricular tachycardiaandfibrillation or, morerarely,
with complete AV block. From autopsy studies, it isappa-
rent that such patients have constant but variable degrees
of inflammatory abnormalities and neuronal cardiac
depopulation . In addition, necropsy and in vivo studies
show that most such patientshave ventricular aneurysmat
oneor moresites(posterior, inferolateral, or apical) .

Systemicand pulmonary embolism, arisingfrommural
thrombi in cardiac chambersand from deep venousthrom-
bosis due to low cardiac output, is a conspicuous com-
plication of chronic Chagas' heart disease. However,
evidencefrom postmortem studi essuggeststhat emboli are
often overlooked. In areview of 1345 autopsy cases, the
incidence of cardiac thrombus or thromboemboli was 44
percent; the right and | eft cardiac chamberswere equally
affected *°. Although thromboembolic phenomenawere
more common in the systemic circulation, pulmonary
embolism accounted for 14 percent of deaths. Chest pain,
more often atypical for myocardial ischemia, isanother
common symptom?847:5354 |nasmall but appreciable subset
of chagasic patients, it may mimic an acute coronary
syndrome %%,

Diagnostic laboratory methods

Itisremarkable that some chagasic patients with
conspicuous ECG and ventricular regional abnormalities
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may be asymptomatic hard workers™#47. The appropriate
use of several diagnostic methods will detect the cardio-
vascular dysfunctionin virtually all patients, and help in
establishing both the diagnosis and prognosis .

Serologic tests - Theetiologic diagnosisisroutinely
performed with methodsthat detect circulating antibodies
that bind to parasite antigens®. Themost commonly used
tests are based upon complement fixation, immunofluo-
rescence, or ELISA assays, that, carefully standardized,
achieve sensitivity and specificity rates higher than 90
percent. Chagas' diseaseisdiagnosed with greater sensi-
tivity by the detection of 7. cruzi specific sequences of
DNA, using molecular biology approaches®. Theselater
techniques also have the potential for improving the
diagnostic and prognostic characterization of the disease,
onthebasisof parasitestrainidentification ®.

Electrocardiogram - Themost commonaterationson
the routine ECG are right bundle branch block, often
associated with left anterior hemiblock, diffuse ST-T
changes, ventricular premature beatsthat may bemultiform,
and runs of nonsustained ventricular tachycardia. Other
frequent findings are abnormal Q waves and various
degrees of atrioventricular block and, in more advanced
stagesof disease, atrial fibrillation and low QRSvoltage®.

Chest x-ray - Themost common radiographicfinding
is marked cardiomegaly with mild or absent pulmonary
congestion “2,

Ambulatory electrocardiographic monitoring -
Virtualy all typesof atrial and ventricular arrhythmiascan
occur including sinusnode dysfunction, intermittent com-
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plete atrioventricular block, and complex ventricular
arrhythmias®s262,

Echocardiography - Intheearly stages, echocardio-
graphy may reveal one or more areas of dyssynergia,
including the typical, almost pathognomonic ventricular
aneurysm. More advanced diseaseisrevealed by global
ventricular dilatation and diffuse hypokinesis, often
associated withmitral and tricuspid regurgitation .

Exercise testing - Exercisetesting isof limited use-
fulnessfor theeval uation of patients presenting with chest
pain because, as noted above, most have baseline el ectro-
cardiographic abnormalities ®. However, this test may
congtitute an aternative to ambul atory monitoring for the
detection of exercise-related ventricular dysrhythmia®-,
A deficient chronotropic response can also be detected in
chagasic patients, due to parasympathetic denervation of
the sinus node %7,

Radionuclide angiography - Althoughlessfrequently
used than echocardiography for clinical purposes, radio-
nuclide angiography hasbeen employedininves-tigations
aiming at the detection of early impai rment of biventricular
function. Regiona wall motion abnormalities and global
right ventricular dysfunction may be detected in patients
with the indeterminate or isolated digestive form of the
diseaseinwhomLV performanceisstill preserved %,

Myocardium perfusion scintigraphy - Bothtransient
(reversible or paradox) and irreversible perfusion defects
are usually detected by myocardia perfusion scanning of
patients who complain of angina-like pain. Perfusion
disturbances occur in the presence of normal epicardial
coronary arteriesand probably represent abnormalities of
the coronary microvasculature or areas of myocardial
fibrosis 475,

Cardiac catheterization and angiography - Cardiac
catheterization and angiography may be mandatory in
patientswith symptomsbut elusiveel ectrocardiographic or
scintigraphic signs of ischemia, to confirm or, more fre-
guently, to exclude the presence of epicardial obstructive
coronary artery disease*>5*%, The method also depictsthe
regional wall motion abnormalities that may be accom-
panied by mural thrombosis®.

Electrophysiologic testing - Thistestisindicatedin
selected cases to assess sinus node function and atrio-
ventricular conduction when the origin of symptoms
remains uncertain after noninvasive evaluation 2, Al-
though definitive evidence of benefit islacking, this
procedureis also useful intwo other subsets: survivors of
sudden cardiac death; and thosewith sustained ventricular
tachycardiato determine prognosis and to select the
appropriate antiarrhythmic therapy (medical, surgical, or
implantable device) °™,
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Electrophysiol ogic testing does not have an impor-
tant prognostic role in most patients with preserved LV
function who have nonsustai ned ventricular tachycardiaor
in those without spontaneous arrhythmia. Programmed
stimulation did not induce sustained ventricular tachy-
cardiain any of 72 patientswith 400 to 1200 ventricular
extrasystoles’hour, of whom 35 percent had honsustained
ventricular tachycardiaon Holter monitoring ™. Themean
LV gectionfractionin thisgroupwas60 percent. During an
averagefollow-up of 36 monthsonly 1 of the 72 patientshad
spontaneous sustained ventricular tachycardia™.

Signal averaged electrocardiogram - Preliminary
experiencein patientsnot showing conduction distur-bances
suggests that | ate potential s occur more frequently with
sustai ned ventricular tachycardiathaninitsabsencebut the
significanceof thisfinding remainsto bedetermined . The
presence of |ate potentials al so seemsto correlate with the
degreeof myocardia depression ™.

Magnetic resonance imaging - Although not yet
usedfor clinical purposes, thismethod hasthe potential to
show the underlying myocarditis and also may provide
accurate anatomic and functional characterization of
cardiacinvolvement ™

Cardiac autonomic assessment - Cardiac autonomic
dysfunction, mainly parasympathetic, can be shownin
chagasic patients (including those with isolated digestive
disease) whose heart response to several autonomic tests
(including the RR variability measurement) isimpaired, as
compared to control subjects*"7>777 However, these
abnormalitiesareneither correl ated with any symptoms, nor
cause postural hypotension.

Pathological abnormalities

Necropsy findingsin humans have been correlated
with observationsin severa animal model sof experimental
Chagas' disease reproducing the various stages of the
disease 378, Endomyocardial biopsy has aso been used
in subsets of the chagasi c population, including patientsin
theindeterminate phase*®®.

Themain cardiac pathol ogic changesduring theacute
phase consist of four-chamber marked dilation and peri-
cardial effusion.

Microscopicexamination showsintenseparasitismin
virtually every organic system. Themyocarditisisintense
and diffuse, showing myocytenecrosis, interstitial edema,
vasculitis, and mononuclear and polymorphonucl ear
infiltration. The inflammatory process may reach the
endocardium, resulting in thrombus formation. The
conductionsystemisasoinvolved, aswell astheintramural
and extracardiac neuronal ganglia.

In chronic patientswho die after the clinical onset of
heart failurethereisdilatationandincreaseof cardiacweight
(usually 350t0800g). Dilationisusually moreconspicuous
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in the right chambers #, and signs of systemic congestion
(ascites, hepatomegaly) predominateover lung congestion .,
Itispossiblethat thispeculiar featureof Chagas' heart disease
could be explained by early severe damage of theright
ventricle, achamber frequently neglected in many investi-
gationsthat included cardiac functiona eval uation %,

Intracardiac mural thrombosisin various stages of
organizationisfoundinnearly 50% of such cases; theright
and left heart chambers are equally affected *°. The most
specific cardiac anatomic lesion isthe ventricular apical
aneurysmwhich, in one series, wasnoted in 52 percent of
1078 autopsied chagasic patients®. The lesion does not
show the fibrosis usually seen in aneurysms due to myo-
cardia infarction, and rarely undergoesrupture™®, Thereis
no relation between the frequency of apical aneurysmand
age or heart weight, and aneurysms have been reported
even in patients who died suddenly, with no apparent
previous clinical manifestations of disease*. Histologic
examination revealsmild chronic myocarditis, manifested
by scattered mononuclear cell infiltrateswith the surroun-
ding myocytes undergoing various stages of degeneration
and necrosis®#. These changes have been traditionally
interpreted as not being related to direct parasitism of
myocardial cells, sinceintact parasitesarerarely detectedin
humansand in experimental modelsof Chagas' disease®.

Focal and diffusefibrosisisprominent, inthemyocar-
dium and the conduction system . Preferential invol-
vement of the right bundle branch and the | eft anterior
fascicle of theleft bundle by inflammatory and fibrotic
changes correlates with the frequent occurrence of ECG
block of these structures®. Microvascular changesinexpe-
rimental models consist of decapillarization, interstitial
edema, intravascular platel et aggregation and thickening of
thevascular basement membrane.

Similar findingsarefound onendomyocardial biopsy.
Studies in patients with the indeterminate form have
described changesin approximately 60 percent of patients,
althoughthefindingsarelessseverethan thosein patients
with overt cardiac disease®®.

Striking autonomic neurona depopulation and nerve
degeneration, mostly in the cardiac, esophageal and colon
tissues, isanother typical featureof chronic Chagas' disease
829192 However, no correlation existisbetweentheintensity of
neuronal destruction and dilation of the organ or other
microscopicindicesof myocarditisin the chronic phase®.

Pathophysiology and pathogenetic mechanisms

Theclinica manifestationsand organ damage occur-
ring during the acute phase are clearly linked to parasite
presenceintarget organslikethegastrointestinal tract, cen-
tral nervoussystem and heart. High grade parasitemiaal so
correlates with lymphadenopathy, liver and spleen enlar-
gement, asmarkersof widespreadimmunologicreaction. As
the parasitemia abates, and the systemic inflammatory
reaction subsides, itisbelievedthat asilent relentlessfocal
myocarditisensues, during theindeterminatephase™™. This
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causescumul ativedestruction of cardiacfibersand marked
reparativefibrosis. During this phase ventricular arrhy-
thmias and sudden death may rarely occur as manifes-
tations of the underlying focal inflammatory process*+%,
Thisisa soeventually responsiblefor myocardial massloss
attaining critical degrees, thereby leading to cardiac
dilation and setting the anatomic substrate for malignant
ventricular dysrhythmia ™. The support for this basic
conceptual framework comesfrom several investigationsin
variousexperimental model sof Chagas' heart diseaseusing
various animal species. Additional evidence has been
provided by many studies correlating clinical and patho-
logical findingsin autopsied humansdyinginall phasesof
the disease. All studies were observational and usually
included case-series of dozens chagasic patients for the
acute and indeterminate phases, and ranging from hun-
dredsto thousands casesfor the chronic phase of Chagas
heart disease .

Complex ventricular arrhythmiaconstitutesone of the
most important pathophysiological aspects, consideringits
implication on sudden death. It isbelieved that complex
ventricular arrhythmiaismorecommonin chagasic patients
than in other dilated cardiomyopathies, but no adequate
comparative study has been reported to support thisgene-
ral belief. Asexpected, thereis reasonable evidence that
more complex and frequent ventricular dysrhythmia
parallelstheworsening of ventricular function *. However,
complex arrhythmias including nonsustained and sus-
tained VT may also occur in chagasi ¢ patientswith preser-
vedglobal LV function. Thereisgrowing evidencethat the
electrophysiological substrate underlying sustained
ventricular tachycardiain Chagas’ heart diseaseisa
macroreentrant circuit within akinetic or dyskinetic areasin
the posterobasal and/or posterolateral regionsof theLV %,

Despiterecent advancesinthe understanding of Cha-
gas heart disease pathophysiol ogy, themain challengestill
consists of the identification of the pathogenetic mecha-
nisms acting during the indeterminate phase. The widely
disparate clinical and pathological manifestations of the
acute and chronic phases of a disease with acommon
infective basis al so needs elucidation.

Basically, four main classesof mechanismshavebeen
implied in the pathogenesis of chronic Chagas’ heart
disease.

Neurogenic mechanisms - Necropsy studiesin hu-
mans clearly demonstrated intense cardiac neuronal depo-
pulationinthevariousChagas' disease stages**"*%2, These
findingswerereproduced by investigationsinanimal models
of the disease 4983899 The histopathologic features are
foci of damaged nervoustissuearrangedinadiffuseandirre-
gular distribution. Neuronal parasitism, periganglionitisand
degenerative abnormalitiesin Schwann cells and nervous
fibers have al so been observed. Not only cardiac parasym-
pathetic nervous structures are involved but paravertebral
sympathetic gangliadestruction has al so been described .

Correspondent striking abnormalities of parasym-
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pathetic and, to alesser extent, of sympathetic cardiac
autonomic control have been clearly documented by
extensive laboratory investigation in humans 47:69.7577.9,
Thisaspect seemsto beahallmark of thisdisease. Infact,
less severe degrees of denervation have been found in
rheumatic disease, endomiocardiofibrosis, andidiopathic
dilated cardiomyopathy by direct comparative studieswith
Chagas’ disease”.

Taking into account the early, intense, and largely
predominant parasympathetic denervation in Chagas’
disease, that mostly explainsthe pathogenesisof chagasic
megaesophagusand megacol on *®, aneurogenic theory of
Chagas’ heart disease has been proposed: along lasting
autonomic imbalance would lead to a catecholamine-
induced cardiomyopathy %7,

However, variouslinesof evidence cast doubtsonthe
participation of neurogenic derangements as main patho-
genetic mechanisms of Chagas' heart disease’. Thus, the
frequency and the intensity of thisabnormality are quite
variable, and a mismatch between the presence of auto-
nomic denervation and ventricular dysfunction is often
Seen 779296101108 Dyifferencesin 7. cruzi strainand/or regio-
nal environment arelikely causesfor variableneurotropism
observed in several regions®. More important, studies
aimed at investigating the presence of autonomic dys-
function and early contractileabnormalitieshavefailedto
show any significant association .

However, acritical appraisal of thisissue should
consider that all the investigators mentioned above
performed evaluation of autonomic cardiac function
integrity by assessment of heart rate control. Hence,
evidenceof early nervousdamage possibly occurring at the
ventricular myocardial level, may havebeen overlooked .

A more appropriate insight into this aspect was
obtained by recent investigations using*?*I-MIBG scin-
tigraphy for evaluation of myocardial sympathetic nerve
terminal s 19+1%, Segmental areas of sympathetic dener-
vationweredetectedinahigh proportion of patientsevenin
theindeterminate phase of Chagas' heart disease. Thisis
the first functional evidence of cardiac sympathetic
impairment preceding left wall motion abnormalitiesinthe
indeterminate phase of chronic Chagas' disease.

Increased 2*1-M1BG washout rate was al so observed
in patientswith normal segmental ventricular function *®.
Thiscould be dueto early increased cardiac sympathetic
activity, and lend support to the neurogenic theory as
stated above. Alternatively, thisabnormality could be
caused by competition between the radiotracer and an
endogenous substance for the neurotransmitter receptors
of thesympathetic nerveterminals.

In plausible concordance with thislast hypothesis,
recent reports have documented in patients with Chagas
diseasethe existence of circulating antibodiesthat bind to
adrenergic and cholinergic receptors of lymphocytes and
myocardium 17111, Studiesfocusing on antibodies against
heart adrenergic and cholinergic receptors have shown
their ability totrigger physiologic, morphologic, enzymatic
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and molecular alterations, potentially leading to cardiac
damage 1111, Deposit of autoantibodiesuponthemyocar-
dial neurotransmitter receptor could induce its desensi-
tization or down-regulation and cause progressive dener-
vation. Such mechanisms could represent the elusive but
significant link between denervation and autoimmune
aggression aspathogeneticfactorsin Chagas' heart disease.
In conclusion, theneurogenictheory isstill under de-
bate. Its prognostic meaning has never been assessed, and
the hypothesis implicating autonomic impairment in
triggering sudden death remainsentirely specul ative®112,

Parasite-dependent inflammation - For decadesno
significant pathogenetic role was attributed to 7. cruzi
infection inthe chronic phase of thedisease, onthe basisof
histopathol ogical evidence of low-grade fiber parasitism
and anintriguing lack of topographic correl ation between
inflammatory foci and amastigote 7. cruzi nests®. This
classical view emphasized the presence of focal lym-
phocytic myocarditis and myocytolytic necrosisin areas
where no parasite could be seen '3, and seemed to be
supported by thefinding of very low grade parasitemiathat
could be detected in only aminority of chronic Chagas
disease patients 5114,

However, more recent studies employing immune-
histochemical techniquesand monocl onal antibodiesagainst
T. cruzi antigens have been performed on endo-myocardial
biopsy specimens retrieved from chronic Chagas' heart
patients and arelationship between parasite antigens and
inflammatory foci was observed 315, Similar resultswere
obtained by detection of 7. cruzi genomicfragmentsapplying
the polymerase chain reaction method 6, In addition,
molecular biology techniques now permit the detection of
circulating T. cruzi antigensinamuch larger contingent of
chagasic patients in whom the conventional serologic
methods fail for such purpose 117118, |t is plausible to
speculate that even low-grade persistent parasitism may
lead to a continuous antigeni ¢ feedback loop to the auto-
immune system, which may constitutethe main damaging
mechanisminthelate phase™*12,

A direct role of parasitism in the pathogenesis of
chronicChagas’ heart diseasecan haverel evant thera-peutic
implications. Thereisonly very incipient evidenceregarding
thepossiblefavorableimpact of etiological treatmentinthe
clinical outcomein the chronic phaseof disease™. In parti-
cular, someresultshave beenreported onanonrandomized,
open label, placebo controlled trials of benznidazolein the
clinical outcome of 131 treated and 70 nontreated chronic
chagasic patients followed for eight years on average!=.
Significant reductionintherateof new e ectrocardiographic
abnormalitiesandintheincidenceof clinica deteriorationwas
observed in the treated group. Similar results were also
recently obtained employingitraconazoleand dlopurinol 12,
Theseresults, if confirmed in larger adequately designed
studies, would give further support to the theory of direct
parasite participation in the establishment and further
progression of chronicmyo-cardial damage.
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Microvascular disturbances - Various classes of
evidence arising from clinical and experimental grounds
suggest that transitory ischemic microvascular abnor-
malitiesoccur in Chagas' heart disease.

Thefirst order of evidenceisrelated to morphological
features of chronic myocarditis. Thefocal distribution of
myocytolysisand interstitial reparative fibrosis (features
also observed in nonchagasi c experimental models of
ischemialreperfusion) iscompatiblewithtransentischemic
involvement at themicrocirculatory level of discretegroups
of fiberst?>1?", Also, pathol ogical involvement of coronary
vessels has been shown by necropsy studies?"* andis
reinforced by observationsin murineexperimental models
of chronicChagas' disease™3, Intheexperimental setting
the detection of occlusive platelet thrombi in small epi-
cardial and intramural coronary arteries indicatesthe
occurrence of microcirculatory disturbances likely to
produce ischemia detected by special histochemical
techniques 313, M oreover, the admini stration of verapamil
(acalcium blocker with prominent vasodilator and anti-
platelet effects) to 7. cruzi infected-micewasaccom-panied
by significant reductioninmortality and extension of tissue
damage™®.

On clinical grounds, myocardial perfusion abnor-
malities have been documented by several independent
reports using various types of myocardial perfusion
markers (thallium-201, *™T c-Sestamibi, *™Tc-micros-
pheres), during effort and at rest, in chagasic patientswith
angiographically normal coronary arteries 847.70.136-142,
Reversible, fixed and paradoxical perfusiondefects,inareas
withnormal contraction, werefoundinalargeproportion of
patients even in the absence of other signs of myocardial
involvement.

Abnormal responseof coronary flow to acetylcholine
administration hasbeenreported in chronic Chagas' heart
disease patients, suggesting the occurrence of endothelial
dysfunction 3. The demonstration of abnormal sube-
picardial coronary artery reactivity to hyperventilationand
nitrate administration also supports the notion that func-
tional abnormalitiesin myocardial flow regulation occur in
chagasic patients#,

Recent ultrastructural studiesin canine experimental
models suggest that small vessel involvement may be
secondary to direct interaction of inflammatory cellsand the
endothelium . Itispossibleto specul atethat substanceslike
thromboxane A2, cytokines, and prostaglandins, producedin
theinflammatory infiltrate, may haveimportant effectson
vascular reactivity. According to this hypothesis, micro-
vascular ischemiadocumented in Chagas' cardio-myopathy
may be secondary to the inflammatory response?. Conver-
saly, theischemic phenomenamay represent afeedback loop
that potentiatesthe primary damagemechanism.

Itisalso reasonableto assumethat elucidation of the
actual causeof ischemiain Chagas' diseasemightimprove
the understanding of the precordial chest pain commonly
experienced by the patients and help to establish thera-
peutic strategiesfor treatment of thissymptom.
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Immune mediated cardiac damage - A widearray of
scientificinvestigationsisconsideredtolend support tothe
theory of autoimmunity as the key processin the patho-
genesisof chronic Chagas' heart disease. The concept that
theeffector cell sinthemononuclear chagasic myocarditis
may damage nonparasited myocardial fibers has been
suggested by histopathologic studies using light micros-
copy; it was recently corroborated by ultrastructural
studiesin animal model s, andisbased onthe postul ate of
abnormal immune cross-reactivity between 7. cruzi and
myocardia antigens.

Antigenic mimicry shared by the 7. cruzi and the
myocardium has been shown for aseries of cross-reactive
antibodies directed against several host antigens 14615,
However, the demonstration that this biological effect
could have aclinical counterpart to support the auto-
immune nature of thisdiseaserequired theidentification of
an organ-specific autoantigen whose injection into the
susceptible host could reproduce the lesion. Also, the
myocardial damage in such circumstances, should be
induced by passive transference of lymphocytes s,

Thiskind of definite support of thelesion mechanism
ascribed to the cellular immuneinfiltrate has been recently
obtained by identification of myosin-specific TCD4+ lympho-
cytesinthe chronic murine Chagas' disease mode! 52, Other
evidence was obtained by abrogation of the myocardial
damage subsequently to depletion of TCD4+ in chronic
infected mice ™. In addition, myocardial damage could be
reproduced in noninfected animals by passive transfer of
TDCA+ lymphocytes, obtained frominfected mice™:,

Moreover, specific epitopes associated with the host
immuneresponseand potentially ableto produce myocar-
dial damage have been recently identified?°+1%2, Thereis
also evidence that persistent 7. cruzi antigen presentation
to macrophages could lead to cytokyne production, thus
modul ating theimmune response and possibly causing the
relative immunosuppressive state responsible for perpe-
tuation of infection 12163164 Al these findings can be
combined to support the theory of chronic chagasic foca
fibrotic lymphocytic myocarditis being determined by
autoimmune response to epitopes within myocardial
proteins. Thisbreak of immunetolerance would be dueto
mimicry of myocardial antigensby 7. cruzi, thusinducing
Cross-reactiveimmuneresponses.

In essence, T. cruzi inflammatory and autoimmune
aggression seem to constitute the more prominent patho-
genetic mechanisms. Autonomic disturbancesand micro-
vascular ischemiaappear to play anancillary role, acting as
amplification loopsand contributing to expand myocardial
tissue damage. A unified overall pathogenetic framework
may be constructed on the basisof such notions(fig. 1).

Management of Chagas’ heart disease
Etiologic treatment - Nifurtimox and benznidazol have

been shown to have comparabl e antitrypanosomaefficacy
and alsosimilarly highincidenceof untoward side effects,
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commonly responsible for discontinuation of treatment:
dermatitis, polyneuritis, leukopenia, gas-trointestinal
intolerance %1%, A recent report on higher incidence of
cancer following antitrypanosomatherapy in heart trans-
planted patientsis also an indication that the search for
more effective and better tolerated drugs seems clearly
warranted **”. Recent reportsof alopurinol anditraconazole
for treating Chagas' diseasereactivation after heart trans-
plantation and chronic chagasic yiel ded intriguing results
that requirefurther seriousscrutiny beforeany firm conclu-
sions can be derived 12418,

In the acute phase of Chagas' infection, irrespective
of the mechanism of transmission (vectorial, blood trans-
fusion, laboratory accident, oral, or even reactivation of
chroni ¢ disease during immunosuppressive conditions), it
isvirtually consensual that etiologic treatment is manda-
tory to control symptoms and life threatening conditions,
such asmyocarditisand encephalitis, and, presumably, to
prevent chronic organ damage. However, the efficacy of
treatment regarding thislater aspect hasnot been proved as
no controlledlong-termfollow-uptria shavebeen reported.
Parasitol ogic eval uation showsnegativity of xenodiagnosis
in over 90% of cases and serologic tests are negativein
80%, after adequatetreatment. The prognosti c meaning of
conversion to anegative serology hasnot been established,
again dueto lack of appropriately designed follow-up
studies focusing on this relevant aspect.
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Evidencefor potential benefits of specific antitry-
panosomachemotherapy in chronic Chagas' heart disease
islacking because misleading criteria have been used to
assess therapeutic efficacy and also due to the fact that
only small, nonrandomized, noncontrolled trial shavebeen
carried out ¢, Thus, conversion from aserum-positive
toaserum-negative statefollowingtherapy isanunreliable
marker of theimpact of such treatment upon the course of
Chagas' disease, because in any event, negative serology
iscommon in the chronic phase. Moreover, large fluc-
tuations of parasitemiaoccur over time. Another negative
aspect in those trialsis the bias induced by selection of
patients with persistent parasitemiain the pretreatment
period’. Furthermore, resultsof experimental studieshave
shownthat inthechronic phasetheparasitemiaislow or not
detectableat al whilethereisapredominant tissular para-
sitism by amastigoteformsof 7. cruzi 4.

Conversely, persistently positive serol ogic tests may
merely reflect mechanismsof immunological memory, or be
associated with cross-reactivity to altered host antigens.
Hence, results of any of the serological criteriaused to
assess the therapeutic value of etiologic treatment in
patientswith the chronicform of Chagas' heart diseaseare
clearly unreliable. The reported rate of negativity of
serological testsfollowing treatment inthe chronic phaseis
consistently very low (4-8%) in thetrials suffering the
epidemiological restrictionsalready pointed out 165171,

Pathogenic mechanisms in Chronic Chagas’ Heart Disease
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Fig. 1— Pathogenetic mechanismsin Chagas’ heart disease.
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Thus, until an adequatelaboratory methodisavailable
for assessment of cure, the only acceptable criteriafor any
etiol ogic therapeuticintervention benefit must bebased on
the prevention of the appearance of the clinical form of
disease or the arrest of progression of the damage already
detected. For this, avery long follow-up period of large
cohortsof chagasic patientsisrequiredto detect changesin
thenatural history of the disease.

No definitive recommendations are justifiable for
etiologic treatment in the chronic phase of Chagas' heart
disease, until largerandomized controlled studiesencom-
passing patientsin different stages of disease have been
performed’.

Treatment of congestive heart failure - Since the
hemodynamic derangementsin chronic chagasic patients
withheart failurearecomparabletothosereportedindilated
cardiomyopathiesof other etiol ogies, classical therapeutic
interventions (sodium restriction, diuretics, digitalis, and
vasodilation with nitrates and hydralazine) are usually
employed for relief of congestive symptomsin chagasic
patients’. Several noncontrolled small studiesdocumented
short-term hemodynamic beneficia effectsof these agents,
and, to alesser extent, improvement inexercisetolerancein
chronic chagasic patients. However, no studies reported
improvement in survival, or even in long-term outcome
based on hemodynamic and symptomatic benefit .

Preliminary studiesinvolving therapy with ACE-
inhibitors, enrolling small numbersof patients, haveshown
promising resultsin heart failure complicating Chagas
disease 217, in regard to symptomatic control. Although
no long-term prospectively controlled study has been
reported assessing the impact on survival of chagasic
patientstreated with ACE-inhibitorsor any other pharma:
cological interventions, thereis no reason to expect that
their beneficial effect would be any different from that
observed in heart failure dueto other etiologies. In fact,
there seemsto beafavorableacute neuromodulating effect
of ACE-inhibitionin chagasic patients™.

Asdiscussed earlier, early regional ventricular wall
motion impairment and diminished contractile properties
can beseen evenin patientswith theindeterminateform of
the disease %175, Moreover, the mild dyssynergia thus
detected appears to reflect more extensive myocardial
damage than the ECG changes classically interpreted as
heral ding more advanced cardiac involvement . Further-
more, thereisrecent preliminary evidencethat these minor
segmental wall motion abnormalitiesin chagasic patients
may bear relevant prognosticimplications®”. Therefore, it
isreasonable to conclude that it remains to be tested if
chagasic patients, similar towhat hasbeen shownin other
causes of heart failure, would benefit from early medical
intervention, to detain the natural history and prevent the
installation of overt cardiac dysfunction.

Surgical approaches to treatment - Heart transplan-
tation - Asin other cardiomyopathies, heart transplan-

274

Arq Bras Cardiol
volume 72, (n° 3), 1999

tation hasbeen performedin small groupsof patientswith
refractory heart failure dueto Chagas' disease. However,
wider application of thistherapy is currently hindered by
socioeconomical factorsin endemic areas, and by the
reactivation of infective manifestations associated with
immunosuppression. Acute myocarditis, with marked
transitory LV systolic depression occurredinfiveof thefirst
nine patientsincluded in the largest series - 22 patients-
operated inasinglesurgical center 18, Although the acute
reactivation wasusually responsiveto antiparasitetherapy,
thepossibility of chronic damagetotheallograft could not
beruled out. Theresultsreported onthelatest 13 patientsof
thisseries, using areduced regimen of immunosuppression
with cyclosporine, are promising asreactivation of disease
supervened in only one patient. Also, asurvival rate at 24
months posttransplantation of 80% in that later group,
appearsto comparefavorably withthosereportedinclinical
series. Nevertheless, the long-term impact of heart trans-
plantationin chagasi ¢ patientsremai nsto bedetermined by
adequately controlled studiesin large cohorts’.

Dynamic cardiomyoplasty - Reported experiencewith
this palliative surgical procedure in chagasic patientsis
quitelimited. Initial resultsshowed encouraging symptom
and LV function improvement in very few patients'. A
recent survey of surgical centersin South Americashowed
resultspertainingto atotal of 112 patientsof whom 96 had
heart failure dueto dilated cardiomyopathy and 13 dueto
Chagas' heart disease®. Comparative analysisdisclosed
survival ratesof 86.1% and 49.8% for patientswith dilated
cardiomyopathy and 40% and 9.5%for chagasic patients, at
one and five yearsfollow-up, respectively. No cluesfrom
these datawould point to any factors possibly involved in
the worse prognosi s thus suggested for chagasic patients.
Clearly, largecontrolled randomized trial sare necessary to
define the issue of cardiomyoplasty as atemporary
approach, before moreradical interventions such asheart
transplantation can be used in selected patients with
refractory Chagas' heart disease’.

Prevention of thromboembolic events - Thereisvery
limited clinical information concerning therisk of embolic
phenomena in patients with detected mural thrombus or
apical aneurysm?’. In 65 selected patients with apical
aneurysmafollow-up study ranging from 19to 176 months
documented 17 episodesof thromboembolismoccurringin
14 patients (24.5%) 8. These patientsal so had congestive
heart failure, and 11 died in the period of observation. In
eight of those patients the cause of death wasrelated to
heart failure, andinthreeit wasaconsequenceof cerebral
embolism. Another small study addressed the relative
contribution of Chagas' heart disease as the underlying
cause of embolism in 69 patients with embolic strokes
treated in an endemic region in South America?®, Of 13
patients with nonischemic dilated cardiomyopathy, Cha-
gas heart diseasewasdetectedin9(13.0%). It wasthethird
morefrequently identified causeof embolism, just after atrial



Arq Bras Cardiol
volume 72, (n° 3), 1999

fibrillation (29%) and rheumatic valvular heart disease
(20.3%).

However, thered risk of thromboembolismin patients
with Chagas' heart disease is unknown, as no specific
studieshave addressed this problem. Furthermore, despite
the preliminary evidencethat thromboembolic eventsare
relevant prognostic factorsin thenatural history of Chagas
disease, noclinical studiesfocusing on adequatetreatment
and prevention of thromboembolism in chagasic patients
have been conducted to date”.

Current recommendationsfor anticoagul ant therapy
arebased oninformation derived from other dilated cardio-
myopathies. Chagasic patients presenting global LV
dysfunction, atria fibrillation, previousembolic episodes,
dyskinetic areas with detected mural thrombus, are
candidate to treatment with intravenous and/or oral
anticoagulants *®. Theissueisfurther complicated by the
fact that social and economic factorslimit the implemen-
tation of this strategy, even in chagasic patients with
otherwise apparent clear indications for prevention of
thromboembolic events’.

Management of chagasic patients with precordial
pain - Thismay beadifficulttask, andisentirely empiricaly
based. Thesymptomisnot related to vasotonic anginaand
recent studies show that chagasic patients do not have
augmented responses to either coronary constrictor or
endothelium-independent vasodilator stimuli, suggesting
that no increased baseline coronary tonus occurs 144184,
Also, therapeutic interventions aiming at the relief of
symptoms as possibly derived from esophageal invol-
vement are not usually justifiable. Although endoscopy
evidence of esophagitis can be obtained in a substantial
proportion of chagasic patients, their sengitivity to chemical
or mechanical stimuli istypically depressed *¥. Some
patients benefit from the use of nitrates and beta-adre-
nergic or calcium channel blockers, but the individual
responseis unpredictable.

Management of rhythm disturbances - M anagement
of symptomatic bradyarrhythmiasdoesnot differ fromthat
recommended for other cardiomyopathies, and in most
situationsrelieson permanent pacemaker insertion, but no
sound evidencebased onlargerandomized controlledtrials
isavailableto support any specific treatment strategy °.

Mainindicationsfor pacing areatrioventricular block
and sinus node dysfunction . The evidence for abene-
ficial effect of pacemaker implantation comesfromthe su-
perior clinical outcome of patients with such rhythm
disturbancesin limited case-series reports, as compared
withthenatural history of patientsinwhom thistreatment
was not possible #7188 Another relevant aspect is the
common associ ation of atrioventricular disturbancesand
ventricular complex dysrhythmiainthe samepatient. The
acceptable management of thisclinical conditionrequires
“prophylactic” artificial pacemaker implantation associa-
ted with pharmacol ogical antiarrhythmic therapy, even
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though this combined strategy is not based on adequate
evidence.

For patientswith asymptomatic ventricul ar ectopic
beats or nonsustained ventricular tachycardiano definite
antiarrhythmic therapy was shown to improve survival ’.
Indeed, very scanty information has been published
regarding thisissue, but two moderately largerandomized
trialsincluded chagasics among patients treated with
amiodarone 181,

TheGESICA (Grupo de Estudio de la Sobrevida en la
Insuficiencia Cardiaca en Argentina) ® concluded, after
two years of follow-up, that low-dose amiodarone was
effectivein reducing mortality and hospital admissionin
patients with severe heart failure, independent of the
presence of complex ventricular dysrhythmia. Unfor-
tunately, the contingent of chagasic patients was very
small (48 of 516 patients), and subgroup analysis was
neither provided nor would likely beuseful.

An ongoing prospective multicenter randomized
controlled study designed to evaluate the impact on
survival of treatment of asymptomatic ventricular arrhy-
thmiaalso included chagasic patients'®. Initspilot phase
thistrial enrolled 127 patients (24 with Chagas’ heart
disease) with LV EF <35%, presenting frequent ventricular
premature complexes and/or repetitive forms of asymp-
tomaticventricular arrhythmia. Thepreliminary resultsafter
12 months of follow-up showed asignificant reductionin
theincidence of sudden death in the amiodarone group
(7.0%Vvs20.4%). It must be pointed out that follow-up data
wereobtainedinonly 106 patients. Thiswasaconsegquence
of an excessively high drop-out rate (16%) which seriously
limitstheappraisal of theresults. Neverthel ess, we should
await the final results of thistrial, hopefully recruiting a
larger contingent of chagasic patients, before the routine
use of amiodarone could be recommended for chagasic
patientswith asymptomatic ventricul ar arrhythmias.

Although no prospective controlled studies with
antiarrhythmic drugshavebeen performedfor treatment of
hemodynamically tolerated sustained VT in the setting of
Chagas’ heart disease, those patientsare generally treated
with class |11 anti-arrhythmic drugs, either amiodarone
(1000mg/day for 10 to 14 daysfollowed by maintenance
therapy at 200to 600mg/day) *** or sota ol (320mg/day) after
electrophysiologic study 2. The efficacy of empiric
treatment with amiodarone is strongly influenced by the
grade of left ventricular dysfunction. Thisisreflected in
one-year mortality ratesof 0and 40 percent and of recurren-
ceof ventricular tachycardiaof 30 and 100 percent after one
year, respectively for groups of chagasics with class|-I1
andlll-1V of theN'Y HA #2191,

Patients at high risk of sudden death from lethal
tachyarrhythmiaswould probably benefit from animplan-
tablecardioverter-defibrillator 8%, but itswidespread useis
hampered by socioeconomic limitations. Aneurys-mecto-
my or cryosurgical ablation following electrophysio-logic
study, have been indicated for patients with ventri-cular
tachycardiarefractory to medical treatment, particular-ly
those in whom a structural lesion can be spotted 1%,
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Preliminary evidence shows efficacy of approximately 60
percent in such group .

Sustained monomorphicventricular tachycardia(VT)
may al so be amenabl e to percutaneous ablation using
catheter-delivered radiofrequency in sel ected patientswith
inducible, hemodynamically tolerated VT andidentifiable
sites of the reentry circuits **>1%. One of these studies
reported that after endocardial radiofrequency ablationin
15 patients, only 4 (27%) patients were free of induced
ventricular tachycardia'®. In 5 (33%) patients VT was
favorably modified and the procedurewas unsuccessful in
6 (40%) patients. Antiarrhythmic drugswerecontinuedin
14 (93%) patients. Ona2-year follow-up, VT recurrencerate
and mortality weresignificantly reduced in patientswhose
VT was suppressed or modified by endocardial radio-
frequency ablation, in comparison with those patientsin
whom ablation was considered unsuccessful. However,
another study described that after endocardial radio-
frequency and/or low energy direct current ablationin 24
patients, whereas suppression or modification of VT was
achievedin 19 (79%) patients, successful clinical outcome
was obtained in only 4 (17%) patients on afollow-up of
26+21 months*®. Moreover, only 2 (8%) patientswere off
al antiarrhythmic drugsand 4 (17%) patientsalsorequired
other nonpharmacol ogical therapy.

Thus, because endocardial radiofrequency ablation
could only be performed in selected patients with hemo-
dynamically tolerated VT and more than 90 percent of
patients still need antiarrhythmic drug therapy after
ablation, endocardia radiofrequency ablation should still
be regarded more as apotential ancillary therapy than a
curativeprocedurefor VT 7,
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Morerecent studies suggest that progressin ablation
of chagasic VT might be made following new mapping
techniques of VT such asepicardia mapping through the
coronary venous system 8 or nonsurgical transthoracic
epicardial mapping through pericardial puncture!®®. This
later investigation found a high prevaence of epicardial
reentrant circuitsin chagasic VT, reporting that of 10
consecutive patientswho underwent transthoracic epi car-
dial mapping, VT was rendered noninduciblein all six
patientsin whom epicardial ablation was attempted®. In
contrast, unsuccessful ablationandclinical outcomeoccurred
inthe four patientsin whom epicardial -guided endocardial
delivery of radiofrequency energy wasperformed.

Clearly, thepreliminary experiencewith such approa-
chesmust beexpanded, on aninvestigational basis, to defi-
netheir relativevauefor arrhythmiacontrol and mortality
reduction.

In summary, pharmacological, surgical and device-
based strategiesfor the treatment of ventricular dysrhyth-
miain chagasic patientsareempirical and not supported by
largerandomized controlled trial . For chagasi ¢ patients
with symptomatic bradyarrhythmiasitisgenerally agreed
that a permanent pacemaker should be inserted. For
patients with unstable ventricular tachyarrhythmias an
implantable cardioverter-defibrillator should be primarily
considered. Catheter-based or surgical ablative therapy
should be considered investigational procedures, for
selected patientswith good hemodynamic toleranceduring
ventricular tachycardia. For patients with asymptomatic
ventricular premature beats or nonsustained ventricul ar
tachycardiano antiarrhythmic therapy would generally be
required .
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