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Sudden death isoneof themost expressive phenome-
naof thenatural history of Chagas' disease, affectingindi-
vidualsinthemost productive phasesof their lives. Ingene-
ral, considering all evolutionary stages of the disease, we
can say that sudden deathisthemajor causeof deathinthis
disease. Itisworth noting that in 1912 the Brazilian Carlos
Ribeiro Justiniano Chagas?, thegenial discoverer of thedi-
sease, reported thefollowing: * Wehavenumerousclinical
observations of the cardiac form and alarge number of
autopsiesthat serve asthe basisfor factual interpretation.
Intheregionswherethe diseaseiscommon, the number of
adultindividualswith profound cardiac disordersisimpres-
sive... Theimmediate consequence of thisfact isthegreat
number of rapid deaths caused by thedisease, and isreally
impressivein the statistics of lethality the great number of
peopl e dying suddenly dueto cardiac syncope.” L ater, the
author added 2 that alargenumber of familieswereshocked
by the sudden death of one or several members, who died
young and in apparent good health, in aphase of tolerance
of thecardiac affection.

Chagas' diseaseisamajor epidemiologic problem not
justinBrazil. Atthistimeitisconsideredthefourthdisease
of major socid impactinLatin America, whereit affects 16 to
18millionindividuals. Atleast 80 millionmoreindividuals
(approximately onequarter of theentireL atin American po-
pulation) areat risk for acquiring theinfection®. Despiteall
of this, systematized studies aiming to determinethereal
prevalence of sudden death in the chagasic population, its
mechanisms, risk factors, and preventionarescarce. There-
fore, an updated review about this complex, challenging,
andimportant problem of public healthisnecessary.

Causes of death in Chagas’ disease and
frequency of sudden death

Deathin Chagas' disease may result from cardiovas-
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cular causes, which arethe most common, and noncardio-
vascular causes. Thedetermining mechanismof cardiovas-
cular death may beeither an arrhythmic event, often ventri-
cular fibrillationand, lesscommonly, ventricular asystole, or
anonarrhythmic event such as pump failure (congestive
heart failure), or even embolic phenomena(cerebral, pulmo-
nary, mesenteric, etc). Noncardiovascul ar causescomprise
complications of megaesophagus and megacolon.

In regard to the frequency of sudden death in Cha-
gas disease, dataare conflicting, because they are under
theinfluence of several factors, such asthe concept of sud-
den death adopted, the popul ation sampleconsidered (field,
office, or hospital) anditsdemographic characteristics(age,
sex, race), theevolutionary stage of thedisease, thedegree
of ventricular dysfunction of the patientsin thestudies, the
type of treatment administered, and obviously, thetimein-
terval of patient’sfollow-up.

A satisfactory and consensual definition of sudden
death does not exist. For some authors*®, sudden deathis
the one that occurs naturally within seconds, minutes, or
hours after onset of signs or symptoms, or both, seen by
othersandinanout of hospital environment, affecting ap-
parently healthy individual sor thosewho at least seem soto
peoplearound them. For others™®, death occurring sudden-
ly in patientswith previousclinical manifestationsof cardio-
vascular disease or any other illness should also be consi-
dered sudden death, and one classical exampleisthe sud-
dendeath occurring after acute myocardial infarction®.

Aiming to differentiate and better characterize these
two situations, some authors when referring to sudden
death inischemic heart disease 1, and mainly in Chagas'
disease 4, started to classify it as unexpected and expec-
ted, in order to consider just thefirst one asthetruerepre-
sentative of this condition 4. From our point of view, this
differentiation hasno clinical importance because, for pre-
vention, itstriggering mechani smismuch moreimportant
than death expectancy. InChagas’ disease, whether the pa-
tient diesunexpectedly, with no signsor symptomsof theil-
Iness (unexpected sudden death),or the deathis preceded
by manifestations of the disease (expected sudden death),
thefinal mechanismisusually thesame, i.e., anarrhythmic
event, most frequently ventricular fibrillation. Inaddition, in
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aretrospectivemoredetail edinvestigation of chagasic pati-
entswith unexpected sudden desth, Prataet a *>noticed pre-
vious cardiac symptoms (dyspnea, pal pitations, seizures,
and episodes of consciousness|oss) in about 57% of the
patients.

It isworth noting that from the qualitative point of
view, grossand microscopic cardiaclesionsof chagasic pa-
tients who died suddenly and who had no signs and or
symptoms, of thedisease, werevery similar tothose obser-
vedin patientswith chronic Chagas' heart disease whodied
after aperiodof heart failure. Only fromthequantitativepoint
of view did differencesoccur, withlesionsbeing lessintense
in chagasic patientswho died suddenly °. Therefore, when
we analyze the frequency of sudden death in Chagas’ di-
sease, wethink that it isimportant to consider both events,
the expected and the unexpected sudden deaths.

In regard to chronology of sudden death in Chagas’
disease, weconsider thistheleast relevant feature, because
death almost always occursinstantaneously. Reportssuch
as“Hewasall right, talking, and suddenly shouted ‘ My
God’ and died” or “Ashe/she did not wake up, | went to
check and found him/her dead” or “He/she died suddenly,
without sayingaword”, arecommon and reflect how fulmi-
nating the deathiis.

Supported by awideliteraturereview 2, wehavelis-
tedintablel theresultsof themgjor studieson causesof de-
ath and frequency of sudden death in different population
subgroupsof Chagas' disease. Thecareful analysisof the-
se studies allowed the following conclusions: 1) sudden
death, heart failure, and cerebral thromboembolism arethe
major causes of death in Chagas' disease; 2) the higher or
lower frequency of acertain causefundamentally depends
on the characteristics of the population studied, with sud-
den death predominatingin studiesincluding only ambula-
tory patients 82021242632 gr patientswith ventricular arrhyth-
mias ¥, and pump failure predominating in those studies
carried out inhaospitalized patientswith cardiac decompen-
sation 1"2%; and 3) even though death in chagasic patients
isintrinsically associated withthe degree of myocardia im-
pairment, part of the cases of sudden death correspond to
asymptomatic patientswith mild electrocardiographic alte-
rationsand normal cardiac silhouetteon X-ray 19202,

Therefore, onthebasisof all thesestudiesand conside-
ringthedifferent evolutionary stagesof thedi sease, we may
state that sudden death accountsfor about 55 to 65% of the
deathsin Chagas' disease, heart failurefor 25to 30%, and
thromboembolic phenomenafor theremaining 10to 15%.

Clinical and epidemiological features

Sudden death in the chagasic patient occurs mainly
between 30 and 50 years of age, being rarer after the sixth
decade of life, and predominatesin males $#333, |t usually
happens during routine activities, physical exertion, or
emotion, and isof theinstantaneoustypein around half of
thecases. Intheother half, deathispreceded by premonito-
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ry symptomsfor secondsand, rarely, for minutes®:. Unlike
ischemic heart disease, whose sudden death hasapeak fre-
guency during themorning, in Chagas' disease, avesper-
tine predomi nanceseemsto occur (from12amto 6 pm)*.1n
regard to the population affected, even though sudden
death is more common in chagasic patients with complex
ventricular arrhythmiaor episodes of ventricular tachycar-
dia, it may also bethefirst manifestation of thediseaseorits
terminal event in patientswith severeventricular dysfunc-
tionand heart failure.

Anatomopathological characteristics

Despitethehigh prevalenceof Chagas' diseaseinour
country, systematized anatomopathological studieson
chagasic patientswith sudden death arescarceinthelitera-
ture. Inthe few published studies 637 we observe that
from the qualitative point of view, cardiaclesionsarevery
similar whether sudden death hasoccurred unexpectedly or
not. Quantitatively, however, alterationsin heartsof chaga
sic patients with unexpected sudden death arealot more
discretethan thosefound in chagasic patientswho died af -
ter aperiod of heart failure.

Grosdly, inunexpected sudden death, the shape of the
heartisnormal or dightly elongated duetoalarger increase
intheleft ventricleascompared with theright ventricle; car—
diacweight and volumearemildly to moderately increased,
andthecavitiesarediscretely dilated. Ontheother hand, in
the chagasic patient with previous manifestations of car-
diac decompensation, the heart hasagloboid or conical sha-
pe, much greater weight and volume, and the cardiac cavi-
tiesarevery dilated, particul arly theventricles®.

From themicroscopic point of view, themajor lesions
arefocal or diffusechronicinflammatory infiltration, mainly
constituted by lynphomononuclear cells, thenecrotic dege-
nerativeprocess, and fibrosisof substitution, which simul-
taneously affect the contractile myocardium, the speciali-
zed conducting tissue, and theintracardiac autonomic ner-
voussystem. Generally, thesealterationsaremorediscrete
in chagasi c patients with unexpected sudden death, asal-
ready pointed out, and the findings are similar to those of
patientswith the chronicform of Chagas' disease, whoend
up dying dueto another mechanism 1637,

Mechanisms of sudden death

Confirmation of theexact mechanism of sudden death
inChagas’ diseaseisextremely difficult and complex. This
resultsfromlack of el ectrocardiographic recordingsin pa-
tientswith sudden death asthefirst manifestation of thedi-
sease, fromtheextremely reduced number of deathsduring
ambulatory el ectrocardiographic monitoring, and fromthe
inefficacy or nonexistenceof specialized centersfor atten-
ding victimsof cardiopulmonary arrest out of the hospital
environmentinLatin America. Therefore, all reportsonthe
mechanismsof suddendeathin Chagas' diseasearemainly
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Table | - Causes of death in different population subgroups of Chagas' disease
Authors Neof  Characteristics of the population studied* Follow-up Deaths Causes of death
patients related to SD CHF CS  Others
CD n(%)
Prata, 1959" 169 - Hospital population NR 82 31(38) 43(53) - 81(9)
- Patients with decompensated HF
Lima& Rass, 1962'® 642 - Private patients NR 57 40(70)  13(23) A7) -
- 100% with abnormal ECG (61% with VES)
- 47% with normal CS and 53% with enlarged CS (XR)
Porto, 1964 503 - Private patients (endemic area) Up to 5-6 years 96!l 36(38) 53(55) - 7H7)
- Normal ECG in 39% of the patients
and abnormal in 61% of the patients
Brasil, 1965% 86 - Private patients 10 years 25M 18(72) 6(24) 1(4) -
- 50% with no apparent heart disease (subclinical form)
and 50% with heart disease
Baruffa, 1974% 172 - Population of endemic area (Rio Grande do Sul State) NR 18 10(56)  8(44) - -
- 23% in the indeterminate; 22% in the digestive form;
31% in the cardiac form, and 24% in the cardiodigestive form
Macedo, 1976% 840 - Population of endemic area 4 years 24 9(38)  14(58) - 15(4)
- Clinical and epidemiological investigation
Pugliese et al, 19762 160 - Patients with decompensated HF Upto 2.5 years 96 10(10) 63(66) 1(1) 22)(23)
- Revision of medical records
Dias, 1982% 268 - Pacientes with known acute phase 27 years 19 10(53) 5(26) 3(16) 1%5)
Espinosa et al, 1985 104 - Ambulatory patients 4.9 years 36" 15(42) 16(44) 5(14) -
- 29% with normal ECG; 39% with abnormal ECG,
Without CHF; and 32% with abnorma ECG and severe CHF
Coura et al, 1985% 235 - Field patients Up to 10 years 41 31(76) 9(22) 1(2) -
- Chronic chagasic patients
Santana, 1987%" 76 - Ambulatory patients (FC | or I1) 5.2 years 14 10(71)  3(21) 1(7)
- 19.5% with norma ECG and 81.5% with abnormal ECG
57% with normal CS and 43 % with enlarged CS (RX)
Acquatella et al, 1987% 755 - Ambulatory patients 2.3 anos 48111 19(40)  19(40) 48) 6%(12)
- 48% with anormal ECG, 12% borderline,
and 40% abnormal
- 79% asymptomatic patients; 13% with mild/mod symptoms
and 8% with severe CHF
Carrasco et d, 1994® 185 - Patients with abnormal ECG with no signs of CHF 6.4 years 33 12(36) 6(18) 12(36) 37(9)
104 - Peatients with abnormal ECG and CHF 2.3 years 67 14(21) 52(78) 1(1) -
Silva, 1997% 78 - Ambulatory or ward patients with NSVT on H 4.6 years 213+ 16(76) 2(9.5) 1(5) 2'(9.5)
-85%inFCloull e15%inFCIIl oulV
Garzon, 1998% 987  Ambulatory or ward patients who underwent 7 years 331 169(51) 147(44) - 15%(5)
hemodynamic study
Rassi Jr., 1999% 444 Ambulatory patients (nonselected population) 9.1 years 111 74(67) 23(21) - 14%%(12)
CS- cardiac silhouette; CS- cerebral stroke; FC- functional class; CD- Chagas' disease; ECG — electrocardiogram; VESs — ventricular extrasystoles; H — Holter; HF —
heart failure; CHF— congestive heart failure; mod — moderate; SD — sudden death; NR — not reported; P — patients; XR — chest X-ray; NSV T — nonsustained ventricular
tachycardia * At the moment of patient inclusion in the study: 1 unspecified causes; ¥ extracardiac causes; § complication of megacolon; | 1 Stoke-Adams, 7 shocks,
and 14 pulmonary embolisms; Y complication of megacolon; # unknown causes; ** pulmonary thromboembolism; 11 1 mesenteric thromboembolism and 1 proarrhythmia;
$1 thromboembolism; §§ other cardiovascular causes. || Approximately 11% of the deaths occurred in patients with normal ECG, and 89% in patients with abnormal
ECG. 11120% of the deaths occurred in patients with no apparent heart disease, and 80% in patients with heart disease. ## 22% of the deaths occurred in patients with
abnormal ECG and no CHF, and 78% in patients with abnormal ECG and severe CHF. *** All deaths occurred in patients with abnormal ECG; 93% of the deathsin
patientswith enlarged CS, and 86% in FC || patients. T11 15% of the deaths occurred in asymptomatic patients, 25% in patients with mild/moderate symptoms, and 60%
in patients with severe CHF. 331 Approximately 2/3 of the deaths occurred in FC I/11 patients, and 1/3in FC I11/1V patients.

based on observations, hypotheses, or inference . Ne-
vertheless, theessentially arrhythmogenic natureof chronic
chagasic heart disease, which ismainly characterized by a
high density and complexity of ventricular arrhythmias 4,
itsfibrotic character, with akinetic or dyskinetic areasinter-
mingled with preserved myocardial fibers*“®, and thereen-
trant mechanism of sustained ventricular tachycardiaina
large number of caseson programmed ventricular stimula-
tion“44°, strongly suggest that ventricular fibrillation cons-
titutesthe terminal event in most cases of sudden deathin
Chagas disease. Lessfrequently, abradyarrhythmia( sinus
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nodedysfunction or total atrioventricular block) or electro-
mechanical dissociation may bethe cause of thisevent .
Mendozaet al %, analyzing theHolter recording of 10
chagasi ¢ patientswith ambul atory sudden death, identified
ventricular fibrillationasthefina eventin9 patientsand bra-
dyarrhythmiain only one. The precursor of ventricular fi-
brillation wastor sade de pointesin 6 patientsand sustained
ventricular tachycardiainthe 3 others. Accordingtotheau-
thors, the high percentageof torsadede pointesmay beex-
plained by thecoexistencein Chagas heart disease of mul-
tiple abnormalities, such asdisordersof conduction, sinus
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node dysfunction, diffusefibrosis, primary and secondary
alterationsof ventricular repolarization, high frequency of
ventricular arrhythmias, particularly polymorphic andin
runs, lesionsof cardiac nerveplexuses, and ventricular dys-
function, whichmay lead to heart failure. Thepossibility of
the proarrhythmic effect should al so beremembered, becau-
se all patients with torsade de pointes were on class |A
antiarrhythmic drugs (quinidineand disopyramide). In our
meaterial, theanalysisof 13,843 Holter recordingsrevea ed
only one case of sudden death (chagasic patient), inwhom
thefinal event wasalsoventricular fibrillation. Inaddition,
during theinnumerabl e opportunitiesto monitor thecardiac
rhythm in chagasic patients with in-hospital cardiopul-
monary arrest, ventricular fibrillationwasundoubtedly the
most frequent arrhythmia observed. These data, even
though referringto aselected sample, stresstheimportance
of ventricular fibrillation in the genesis of sudden deathin
chronic Chagas' heart disease.

Exceptionally, other mechanismsmay lead to sudden
death in Chagas' disease 5**, among which we can cite
spontaneous ventricular rupture.

Interaction of structural, functional, and
triggering factors

Theclassic biological model of sudden death propo-
sed by Myerburg et al %, establishing three fundamental
factorsfor occurrence of ventricular fibrillation, whichare
the arrhythmogenic substrate, the triggering factors (ven-
tricular extrasystoles), and somefunctional factors, may also
be applied to chronic Chagas’ heart disease. Therefore,
structural myocardial abnormalities, such asfoci of in-
flammation, areasof fibrosis, ventricular dilation, and aki-
netic or dyskinetic areas, generateunidirectional block and
dow conduction in circumscribed ventricular regions, es-
sential for the appearance of reentrant ventricular arrhyth-
mias, whicharethemaintriggering factor of suddendeathin
chronic Chagas’ heart disease. However, asnot al chagasic
patientswithventricular arrhythmiadiesuddenly, themodel
isprobably only completed when some functional factors
participate, causing myocardial instability and thusfavo-
ringinstallation of fatal arrhythmias, such asventricular fi-
brillation (fig. 1). Acute hemodynamic deterioration, hypo-
xemia, electrolytic disorders, theuse of medicationswitha
proarrhythmic potential, and mainly changesintheautono-
mic nervous system 5658 are exampl es of factorsthat may
causethe arrhythmogenic substrate to be unstable. Thisis
the reason why significant morphological differencesare
not found, from the qualitative point of view (grossly and
microscopically), when comparing heartsof chagasic pati-
entswho died suddenly with hearts of chagasic patients
dying during evolution of heart failure.

Identification of groups at risk

Mortality dueto Chagas' diseaseisstill very signifi-
cantinsevera Latin Americancountriesandisstrictly rela
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Fig. 1—Instability of structurally abnormal myocardium through theinteraction of
different functional modulators, resultingin ventricular fibrillation. VPC - ventricu-
lar premature contraction; VF - ventricul ar fibrillation.

ted tothe presence of heart disease. Therisk of sudden dea-
this obviously not the same for every chagasic patient;
therefore, several authors?27:2930-325059-2 hayetried toiden-
tify factors predisposing certain patientsto ahigher risk of
this catastrophic event. Therefore, variables, such aspre-
syncope and syncope, ventricular dysfunction and heart
failure, complex nonsustained and sustained ventricular
arrhythmias, severe bradyarrhythmias (sinus node dys-
function and advanced atrioventricular blocks), and pre-
viouscardiac arrest havebeenidentified aspredictorsof the
risk of sudden death, at leastin somestudies. Theserisk pre-
dictors canbeclassified asmajor or minor predictors, assho-
wnintablell. Other variables, suchassimpleventricular ar-
rhythmiaon Holter 22°8 and the compl ete right bundle-
branch block %, at |east when isolated, do not negatively
influence the prognosis of chronic chagasic heart disease.

Presyncope and syncope are common symptomsin
chronic chagasic heart disease and may be caused either by
brady- or tachyarrhythmias. Aimingto know the prevalence
of these symptomsand to correlatethem with the presence
of cardiacarrhythmias, 143 chronic chagasi c patientsduring
outpatient visits were asked about the presence of symp-
tomsand underwent 24-hour Holter monitoring sothat their
arrhythmias could be studied®. Presyncope or syncope
werereported by 20 (14%) patients, of whom 80% had epi-
sodes of nonsustai ned ventricular tachycardiaand 30%
had bradyarrhythmias(sinusnodedysfunction or atrioven-
tricular block), showing the high prevalence of severe
arrhythmiasin these situations. A study by Rassi et al ¢
comprised 45 chronic symptomatic chagasic patients, who
underwent electrophysiological study because of presyn-
cope (17 patients) or syncope (28 patients), and whose cau-
sewasnot clarified by noninvasivemethods. Theseauthors
evidencedinduction of sustained ventricular tachycardiain
36% of the patientswith syncope andin 6% of the patients
with presyncope, and disorder of thesinusnodeor lesion of
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Tablell —Predictorsof sudden death in chronic chagasic heart
disease. ET —exercisetest; SND —sinus node dysfunction; AVBs—
atrioventricular blocks; VF —ventricular fibrillation; PVS—
programmed ventricular stimulation; RBBB — right bundle-
branch block; VT —ventricular tachycardia; HR —heart rate.

Major predictors:
- Ventricular dysfunction
- Nonsustained ventricular tachycardia* on Holter monitoring/ET
- Sustained ventricular tachycardias
- Patients who have recovered from cardiopulmonary arrest
- Severe bradyarrhythmias (SND, advanced AV Bs)
- Syncope
Minor predictors:
- Late potentials (signal-average ECG)
-Presyncope
Variableswith no prognostic value:
- Isolated ventricular extrasystole (Holter)
- Isolated RBBB
-Induction of polymorphic VT or VF on PVS
Variablesto beinvestigated:
- HR Variability
- QT dispersion

* accompanied by ventricular dysfunction

His-Purkinjein 39% of the patientswith syncopeandin41%
of those with presyncope.

Martinelli et al ¢ used noninvasive methodsto study
53 consecutive patients with recurrent syncope of unk-
nown mechanismand found abnormalitiesin 36 (68%) pati-
ents. Sustained ventricular tachycardiawasinduced in 15
(28%) patients, the HV interval was altered (greater than
70ms) in 11 (21%) patients, and 10 (19%) patientshad both
aterations, induced ventricular tachycardiaand increased
HV interval. Onthebasisof theseresults, thepatientswere
treated withimplantation of atrioventricul ar pacemakersan-
tiarrhythmic drugs, and or, empirically or guided by el ectro-
physiological study. Duringameanfollow-up of 85 months,
9 (17%) patients died suddenly, and 15 (28%) had recur-
rence of the syncope.

Complex ventricular arrhythmias, whicharefrequentin
chronic Chagas' heart disease, also constitute major risk
factorsfor sudden death, mainly when associated withim-
pairment of ventricular function. Aiming to study thelong-
term prognosi s of nonsustai ned ventricular tachycardiaand
ventricular dysfunction, 444 patientsin our serviceunderwent
echocardiography and 24-hour Holter monitoring %2 After a
mean follow-up of 9 years, 132 patients had died (sudden
deathin 74 patients, congestive heart failurein 23 patients,
other cardiovascular causesin 14 patients, noncardiovas-
cular causesin 19 patients, and unknown mechanismin 2
patients). Classification of the patientsin 4 subgroups ac-
cording to the presence of nonsustained ventricular ta-
chycardiaand ventricular dysfunction reveal ed the poor
prognosisfor those with the two risk factors, an interme-
diatesurvival for thosewith only oneof therisk factors, and
agood prognosisfor thosewith no ventricular tachycardia
and no ventricular dysfunction.

Santana?, in alongitudinal study comprising 76
chronic chagasic patients, reported an actuarial probability
of 7-year survival of 48.0+10.8% in patientswith nonsus-
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tai ned ventricular tachycardiaon Holter monitoring and of
29.5+12.9%inthose patientswith nonsustained ventricul ar
tachycardiaand cardiomegay ontheroentgen examination;
on the other hand, the prognosis was good for those pati-
entswith simple ventricular arrhythmias. Similar results
have been reported by other authors 2%,

Rassi %, following up patients with sustained ventri-
cular tachycardia, reported amortality of 93%in8years, wi-
th more than 70% of the deaths occurring in thefirst two
yearsof follow-up. Itisworth noting that sudden death ac-
counted for 71% of the deathsin Santana’s study and for
90% of the deathsin Rassi’s studly.

Presence of ventricular tachycardiaduring exercise
testing also accountsfor a higher risk of sudden deathin
chagasic patients. Inthe study by De Paolaet al ™, compri-
sing 69 chagasi ¢ patients consecutively examined, after a
mean 24-month follow-up, sudden death was observed in
16% of the 44 patientswho had ventricul ar tachycardiadu-
ring theexercisetest; ontheother hand, noneof the 25 pati-
entswithout ventricular tachycardiadied suddenly.

In regard to the importance of functional classand
ventricular dysfunction, Mady et a %, ina3-year follow-up
of 104 chagasic mal e patientswith heart failure, reported an
excellent prognosi sfor functional classl| patients(97% of
survival), areasonableprognosisfor functiona classll| pa-
tients(58% of survival), and avery poor prognosisfor func-
tional class|V patients(only 16% of survival). Likewise, the
3-year survival probability was 100% when the gjection
fractionwashigher than 0.50, dropping to 70% in the pati-
entswith gjection fraction between 0.31 and 0.50, and de-
creasing to only 16% in those patients with ejection frac-
tion equal to or lower than 0.30. However, inthisstudy, the
authors do not mention the causes of death.

Rassi et al %, analyzing the natural history of total
atrioventricular block, found asurvival of only 33%in 147
untreated chagasic patients, who were followed up for a
mean period of 3.6 years. Inmost of the cases(86%), death
was sudden.

Two other methods of investigation, signal-averaged
electrocardiography and programmed ventricul ar stimula-
tion, have been used toidentify high-risk patients. Signal-
averaged el ectrocardiography allowsthediagnosisof late
potentials, which are considered noninvasive markers of
electrophysiological substratefor reentrant ventricular ar-
rhythmias. Moraes et al ®, studying the prevalence of late
potential sin 192 patientswith chronic Chagas’ heart disea-
seandtheir relation with sustained ventricul ar tachycardia,
observed in the group with no bundle-branch block ahi-
gher prevalenceof late potential sinthe patientswith sustai-
ned ventricular tachycardia, as compared with those wi-
thout tachycardia(78% vs31%, p<0.001). However, inthe
patients with bundle-branch block, thisdistinction could
not be made (late potential present in 67% of the patients
with sustained ventricul ar tachycardiaandin 48% of the pa-
tientswithout tachycardia, p=0.07), confirming the lower
usefulness of late potential sin chagasic patientswith bun-
dle-branch block. During amean 40-month follow-up, 12
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(21%) patients had recurrence of sustained ventricular ta-
chycardia, 92% of whom had |l ate potentials.

Inthelast few years, invasiveel ectrophysiology ® has
appeared as an important method for assessing and mana-
ging patientsat high risk for devel oping sudden death, par-
ticularly thoserecovering from cardiopulmonary arrest and
those with recurrent episodes of sustained ventricular ta-
chycardia. Morerecently, Silva* assessed the prognostic
value of inducing ventricular tachycardia by programmed
ventricular stimulationin 78 chagasi ¢ patientswith nonsus-
tained ventricular tachycardiaon Holter, mean g ection frac-
tionof 0.47+0.18, and noclinica history of sustained arrhy-
thmias. Sustained monomorphic ventricular tachycardia
wasinduced in 25 (32%) patients, who required treatment
withclassll| antiarrhythmic drugs, 24 with amiodaroneand
only onewith sotalol. After amean follow-up of 56 months,
theaccumulated probability of survival (62% vs24%) and
the event-free proportion — cardiac death, spontaneous
sustained ventricular tachycardia, and recurrence of syn-
cope—weresignificantly higher innoninduciblepatientsas
compared with the inducible ones (50% vs 12%). On the
other hand, induction of polymorphic ventricular tachycar-
diaor ventricular fibrillation had no prognostic significan-
ce, and it may be an unspecific ventricular response. This
fact hasalso been reported by Rassi et al .

Finally, technological advanceshaveallowed the ap-
pearance of new methodsof risk stratification, among whi-
chwecitethestudy of heart ratevariability andtheanalysis
of dispersion of the QT interval. These are noninvasive
methods that assess the influence of the autonomic ner-
vous system on the el ectrophysiological properties of the
heart. Asthe sympathovagal balanceisessential for main-
taining myocardial electrical stability, changesinthebalan-
ce between the parasympathetic and sympathetic autono-
mic activitiesmay increaseventricular excitability andtrig-
ger fatd arrhythmias, suchasventricular fibrillation. Therefo-
re, according to someexperimental and clinical studies™™,
bothreductioninvariability of heart rateexpressed by diffe-
rent parametersin time and frequency domain, and thein-
creaseinventricular repolarization dispersion, which trans-
latesnonuniform recovery of ventricular excitability, were
associated with ahigher risk of devel oping ventricular ta-
chyarrhythmias and sudden death, particularly after myo-
cardial infarction. Thefrequent pathol ogical involvement of
the autonomic nervous systemin Chagas' heart disease 7
turnsthesetwo new methodsinto promising toolsfor iden-
tifying patientsat high risk for sudden death ™.

Relation between risk and total number of
sudden death in Chagas’ disease

According to unofficial statistics, around 50,000 dea-
thsdueto Chagas' disease occur every year, 60% of which
aresudden. As16to 18 millionchagasicindividualsexistin
Latin America, theannual rate of sudden death may beesti-
matedin0.17t00.19% (approximately 2/1,000). Therefore, to
prevent two cases of sudden death in the chagasic popula
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tion, any intervention should al so be applied to 998 morein-
dividualswho would not haveany other eventinaone-ye-
ar period, making thisstrategy unnecessary when the cost-
benefit relation istaken into account. If we consider that
sudden death in the chagasic patient is closely related to
the presence of heart disease, and that usually 20 to 30% of
the chagasi c patients devel op some degree of cardiac im-
pairment during the infection, the annual rate of sudden
death in chagasic patients with heart disease increasesto
0.56t00.94%. However, thisrateisstill not expressiveand
doesnot justify aninterventionin anindiscriminate manner
inall patients. Therefore, it is essential to identify sub-
groupsat higher risk for sudden death, which may beobtai-
ned as some variables, such asventricular dysfunction,
complex ventricular arrhythmias, induction of ventricular ta-
chycardia, and previouscardiopulmonary arrest, arerecog-
nized. As can be observed in figure 2, as subgroups at hi-
gher risk areidentified, the absolute figure corresponding
to sudden deaths progressively decreases. Individualswi-
th heart disease and ahigh probability of sudden death may
beidentified, but they represent only asmall part of thetotal
number of sudden deaths observed in the chagasic popu-
lationasawhole.

These dataimpose some limits on prevention of sud-
dendeathin Chagas' diseasein an indiscriminate manner.
Astherisk of sudden death among chagasicindividualsas
awhole or among those with heart diseaseisnot high, any
intervention tolarge-scal e prevention should beappliedto
ahuge contingent of individualswho will never develop
any event, inan attempt to benefit aminority that will have
it. On the other hand, even though adopting therapeutical
measuresonly in subgroupsat high risk (patientswith sus-
tained ventricular tachycardiaor recovering from cardiac
arrest) may sparemany livesamong treated individual s (as-
suming an effectiveantiarrhythmictherapy exists), it hasa
small impact onreducing thetotal number of sudden deaths.
Therefore, webelievethat from theepidemiol ogical point of
view and considering the cost-benefit rel ation, weshould fo-
cusonthesubgroupsat intermediaterisk that have areaso-
nablenumber of fatal events, i.e., thosechagasicindividuals
with somedegreeof myocardial impairment and associated
complex ventricular arrhythmias.

Primary and secondary prevention of sudden
death

The essentially arrhythmogenic nature of chronic
Chagas' heart disease and evidencethat certaintypesof ar-
rhythmias, particularly complex ventricular arrhythmias,
predisposeto sudden death, have motivated several resear-
cherstousedifferent antiarrhythmic drugswith prophylac-
ticaims. Therefore, therapeutical assayswith drugs of the
classeslA, IB,IC,andlll werecarried out ®% and, ina most
all of them, efficacy of theantiarrhythmic drugson ventri-
cular arrhythmiaswas observed. However, assuppression
of ectopic ventricular beatsdoesnot necessarily imply are-
ductioninmortality %, whenwechooseto routinely admi-
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Fig. 2—Relation between risk and absolute number of sudden deathsin different
population subgroupswith Chagas’ disease. Theannual risk of sudden death inthe
entire chagasi ¢ population, which comprises approximately 17 millionindividuals,
isaround 0.15 to 0.20%, accounting for and 30,000 deaths per year. With the
inclusion of additional risk predictors, the chagasic population becomes more
selectiveand therisk of sudden deathincreasesgradually. However, thishigher risk
of sudden death in specific subgroupsis accompanied by aprogressive decreasein
the total number of annual sudden deaths. Therefore, an inverse relation exists
between therisk of sudden death and thetotal number of fatal events, making difficult
the adoption of preventive measuresin large scale. CCHD —chronic Chagas’ heart
disease; EF —gjection fraction; NSV T —nonsustai ned ventricular tachycardia; SV T
—sustained ventricular tachycardia

nister antiarrhythmic drugsto chagasic patientswith com-
plex ventricular arrhythmias, weshould know that itispos-
sibleto reducetheincidence of sudden death with the pro-
phylactic treatment. Results of several prospectiverando-
mi zed studi es ®% and two recent metaanal yses % carried
out in patientswith other types of heart disease, such asis-
chemic and dilated (idiopathic) heart disease, show that
amiodarone, unlike class | antiarrhythmic drugs, may
prevent sudden death and al so decrease total mortality in
high-risk patientswith complex ventricular arrhythmiasor
heart failure, or both. Extrapolating these datato chronic
Chagas' heart disease, about which proper therapeutical
assaysarelacking, webelievethat administration of amio-
daroneto chagasi c patientswith complex ventricul ar arrhy-
thmiasistotally justified, particularly whenthearrhythmiain
guestionisnonsustai ned ventricul ar tachycardiaaccompa-
nied by ventricular dysfunction. In addition to reducing
mortality, amiodarone hasan extraordinary antiectopic effi-
cacy 82848587 alow incidenceof significant sideeffects®1®
and proarrhythmia®, particularly when administeredinlow
doses, and, only exceptionally, doesit changeinotropism.
Therefore, amiodaronemay beused evenin severeimpair-
ment of ventricular function, including thetreatment of de-
compensated heart failure, whichin chronic Chagas' heart
diseaseisaccompanied by complex ventricular arrhythmia
inamost all cases®. In chagasic patients with nonsustai-
ned ventricular tachycardiaand preserved ventricular func-
tion, becausetherisk of sudden desth seemsto belower, the
most adequate management, currently, seemstobenot touse
prophylactic antiarrhythmicdrugs. Another optionwould be
the use of new noninvasive investigative methods, such as
signal-averaged el ectrocardiography and heart rate variabi-
lity for abetter risk stratificationinthesecases.

In patients with sustained ventricular tachyarrhyth-
mias, amiodaroneis also the treatment of choice. Rassi 12
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analyzedtheactuarial curveof survival of 34 patientswith
sustained monomorphicventricular tachycardiaempirically
treated with amiodaroneisolated or associated with other
antiarrhythmicdrugs. Hecompared thiscurvewiththat of 42
untreated patients or patients who had used procainamide
or quinidine, theonly drugs availableon the market at that
time, and he observed asignificantly higher survival inthe
grouptreated withamiodarone. After 1, 4, and 8 yearsof fol-
low-up, surviva swererespectively 87%, 65%, and 59%for
the group of patientstreated with amiodarone, and 57%,
22%, and 7% for thegroup of untreated patientsor patients
treated with class| antiarrhythmic drugs(p<0.01, fig. 3A).

Scanavaccaet a %, following up 35 chagasic patients
withsustained ventricular tachycardiaempirically treatedwith
amiodarone, also found good results with an estimated
probability of sudden death of only 11% in 3 years, even
thoughrecurrenceof arrhythmiahad beenrel atively frequent,
predominatingin patientswith severeventricular dysfunction.
Thesedatasupport thedefibrillating effect of amiodarone.

Sotdlol, whichhasbeen morerecently marketedin Bra-
zil, hasal so been used for treating sustai ned ventricul ar ta-
chycardiaof chronic Chagas’ heart disease™. However, no
studies exist assessing the effects of sotalol on reducing
mortality.

Finally, ventricular tachycardiamay berecurrent and
refractory to medicamentoustreatment in some cases. In
these patients, the nonpharmacol ogical treatment, such as
percutaneouscatheter ablation, surgical ablation, implanta-
tion of automatic cardioverter/defibrillator, or other surgical
proceduresmay beattempted. The choiceof treatment will
bedetermined at first by the capacity for reproducing or not
the clinical arrhythmiaon the electrophysiological study,
whichisan examination awaysindicatedinthesesituations.
Inducing hemodynamically stableand well-tol erated sustai-
ned ventricular tachycardiaallowstheidentification of the
siteof originof tachycardiathrough different mapping tech-
niques, and then the directed procedures, i.e., surgical or
catheter ablation, may be chosen.

Atfirst, surgical ablation should be considered when
thegjectionfractionisnot significantly impaired, thesurgi-
cal riskislow, and especially when associated surgical pro-
cedures, such as aneurysmectomy, are indicated. Maga-
Ihdeset al 1 introduced thetechniqueof interpapillary en-
domyocardial cryoablationwith no previousel ectrophysio-
logical mapping to be applied to patients with sustained
ventricular tachycardiaand akinesia or dyskinesiaof the
inferolateral region of theleft ventricle, wherethereentrant
circuit of tachycardiaismost commonly situated, according
to observationsin hisgroup of work and those of Takehara
etal %, Initia resultswiththisprocedureproved efficacious
inapproximately 60% of the cases.

Catheter ablation may beperformedin patientswith de-
pressed ventricular function, because therisk inherent to
the procedureislower. Itisworth noting that reproduction
of monomorphic sustained ventricular tachycardiain chro-
nic Chagas’ heart disease hasbeen reported in 63to 95% of
the cases %%, Reentry hasbeen considered the major el ec-
trophysiological mechanism, and focal areasof fibrosisor
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Fig. 3—Actuarial curvesof survival in chronic Chagas' heart disease. (A) Sustained ventricular tachycardia. (B) Total atrioventricular block.

perianeurysmatic zones constitute the anatomical basisfor
the arrhythmogenic substrate.

Thefirst successful ablation of chagasic ventricular
tachycardiawasreportedin 1987 by Sosaet al 1. However,
subsequent resultsusing radiof requency proved deceptive
(unpublished data of several authors). Thismay bedueto
thefact that in chronic Chagas' heart disease the arrhyth-
mogenic substrateisusual ly extensive, macroreentrant, and
epimyocardial rather than subendocardial, making the con-
ventional application of radiofrequency pulsesin the sub-
endocardial regionineffective.

Inourinstitution, since1991, 55 patients(49 chagasics),
of whom 55% with recurrent and refractory sustained ven-
tricular tachycardia, 23,5% with syncopal ventricular tachy-
cardia, 14,5% withincessant ventricular tachycardia, and 2%
with an implartable defibrillator and frequent shockswere
treated with catheter ablation using eletric energy of direct
current. We obtai ned immedi ate success (no reinduction of
tachycardia) in 74% of themapeabl etachycardiasthat were
ablated. After amean follow up of 42 months, 14 (25,5%)
patients died (one during the procedure), 7 (12,5%) had
recurrences, 11 (20%) werelosttofollow-up, and 23 (42%) are
aliveand doing well. It isworth noting that except for one
patient, al the others continueto use antiarrhythmic drugs..

Morerecently, Sosaet al 11 reported the technique
of epicardia mapping through pericardial punctureand epi-
cardial applicationof radiofrequency performedinthehemo-
dynamiclaboratory, with encouraging results.

In regard to implantation of the automatic cardiover-
ter/defibrillator 1, itisthetreatment of choicefor survivors
of cardiac arrest with inducible ventricular fibrillation or
symptomicandintolerant sustained ventricul ar tachycardia
during the el ectrophysiological study, or when one cannot
reproduce the spontaneousarrhythmia, situationsthat ma-
kethemapping of thearrhythmogenic areaimpossible. Un-
successful casesor casesrefractory to the ablation techni-
gues also constitute indications for using these devices.

Theappearance of transvenouscardioverter/defibril -
lators2, reducing morbidity and mortality related to their
implantation, and thelower current cost of antiarrhythmic
devices have allowed awider use of these systemsin our
country. It isworth noting that the most modern devices
may releaseseveral typesof stimulation, such asantitachy-
cardia, low-energy cardioversion, and high-energy defibril -
Iation shocks, and may also function asan antibradycardia
pacemaker. | naddition, we have multi programming options
for detecting tachycardiaand the capacity for storinginfor-
mation regarding theinterventionsof thedevice.

Theuseof antiarrhythmic drugsafter implantation of the
automatic cardioverter/defibrillator isusually necessary to
eliminateintermittent episodesof arrhythmiasthat may resultin
inadequateactivation of thedevice, andasotod ow aneventua
tachycardiacriss, improving its hemodynamic tolerance and
makingitsinterruptionthroughantitachycardiastimulationessy.

Among other surgical procedures, el ectrophysiol ogi-
cally oriented subendocardial resection, associated or not
with cryoablation, isworth noting 3. Nondirectional con-
ventional ventricular aneurysmectomy is not recommen-
ded duetoitslow successindex, because the origin of the
ventricular tachycardiausually isnot related to the site of
theaneurysm, particularly whenitisapical 1.

Another measurethat may hel p prevent chagasic sud-
dendeathisimplantation of adefinite cardiac pacemakerin
every symptomatic or high-risk bradyarrhythmia. Itimpro-
vesthe quality of life of symptomatic patientsand increa-
sessurvival, eveninthe presenceof cardiomegaly and heart
failure. Rass 12, analyzing thenatural history of total atrio-
ventricular block in 147 chagasi ¢ patientswithout pacema-
ker implantation, found survivalsof 70%, 37%, and 6% after
1, 5, and 10 years of follow-up. On the other hand, in pa-
tientswho underwent pacemaker implantation, of theVVI
type, survival was significantly greater (86%, 57%, and
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44%, respectively) (Fig. 3B). Sudden death accounted for
87% of thedeathsof patientswithout pacemakersand 67%
of the deaths of patientswith pacemakers.

Final considerations

In conclusion, the symptomatic or asymptomatic cha—
gasic patient with confirmed or suspected arrhythmia and,
particularly with any degree of myocardial dysfunction,
should be carefully assessed, at first with noninvasive me-

Arq Bras Cardiol
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thods and, whenever necessary, complemented by invasive
electrophysiological evaluation. If ventricular arrhythmia
with prognostic significanceis detected, its therapeutical
control, at first medi camentous, should bepursued andreas-
sessed, and therefractory cases should undergo special pro-
cedures. Inthecaseof significant bradyarrhythmia, implan-
tation of adefinite cardiac pacemaker ismandatory. Thisis
how we expect to reduce the number of sudden deaths, a
common occurrencein chronic Chagas' heart disease, which
affectspeopleinthe most productive phase of their lives.

References

1. ChagasC. O Md deChagas. Archivos daSociedade de Medicinae Cirurgiade
Séo Paulo 1912; 3: 34-66.

2. ChagasC, VillelaE. Formacardiacada Trypanosomiase Americana. Mem Inst
Oswaldo Cruz 1922; 14: 5-61.

3. WHO. Control of ChagasDisease. Geneva. WHO Technical Report Series1991;
811: 95p.

4. SpainDM, BradessVA, Mohr C. Coronary atherosclerosisasacauseof unexpec-
ted and unexplained death. An autopsy study from 1949-1959. JAMA 1960;
174: 384-8.

5. Burch GE, DePasquale NP. Sudden, unexpected, natural death. Am JMed Sci
1965; 249; 86-96.

6. GordonT, Kannel WB. Prematuremortality from coronary heart disease. JAMA
1971, 215: 1617-25.

7. Kannel WB, Doyle JT, McNamaraPM, Quickenton P, Gordon T. Precursors of
sudden coronary death. Factorsrelated to theincidence of sudden death. Circu-
lation 1975; 51: 606-13.

8. Virmani R, RobertsWC. Sudden cardiac death. Hum Pathol 1987; 18: 485-92.

9. Goldstein S, MossAJ, Greene W. Sudden death in acute myocardial infarction.
Arch Intern Med 1972; 129: 720-4.

10. Paul O, Schatz M. On sudden death. Editorial. Circulation 1971; 43: 7-10.

11. ChapadeiroE, LopesER, RasoP, BraunaAO. Importanciado reconhecimentoda
Doengade Chagasem MedicinaL ega. O Hospital 1969; 76: 249-57.

12. LopesER, Chapadeiro E. Morte stibitaem dreaendémicadaDoencade Chagas.
Rev SocBrasMed Trop 1983; 16: 79-84.

13. PrataA, LopesER, Chapadeiro E. Mortestbita In: Cancado JR, Chuster M, eds.
Cardiopatia Chagasica. Belo Horizonte: I. Oficial 1985: 114-20.

14. Storino R, Milei J. Complicaciones. In: Storino R, Milei J, eds. Enfermedad de
Chagas. Buenos Aires: Mosby, 1994: 483-502.

15. PrataA, LopesER, Chapadeiro E. Caracteristicasdamortestibitatidacomondo
esperadanaDoencade Chagas. Rev Soc BrasMed Trop 1986; 19: 9-12.

16. LopesER, ChapadeiroE, AlmeidaHO, RochaA. Contribui¢&o ao estudo daana
tomia patol 6gi ca dos coracdes de chagési cos fal ecidos subitamente. Rev Soc
BrasMed Trop 1975; 9: 269-82.

17. PrataA. Progndstico e complicagdes dadoencade Chagas. Rev GoianaMed
1959; 5: 87-96.

18. LimaAB, Rass A.Parasiticheart diseases. In: LuisadaAA, ed. Cardiology. New
York: McGraw-Hill, 1962(suppl. 1, part 8): 100-19.

19. PortoCC. O eetrocardiogramano prognostico eevol ugéo dadoencade Chagas.
ArqBras Cardiol 1964; 17: 313-46.

20. Brasil A. Evolugéo e prognéstico dadoencade Chagas. Arq Bras Cardiol 1965;
18: 365-80.

21. BaruffaG. Contribui¢&o ao conhecimento daformacronicadadoengade Chagas
nazonasul do Rio Grandedo Sul. RAMRIGS 1974, 18: 237-50.

22. Macedo VO. Influénciadaexposicéo areinfec¢do naevolugdo dadoengade
Chagas. Rev Pat Trop 1976; 5: 33-115.

23. PuglieseC, Lessal, SantosFilho A. Estudo da sobrevidanamiocardite cronica
de Chagas descompensada. Rev Inst Med Trop Séo Paulo 1976; 18: 191-201.

24. DiasJCP. Doencade Chagasem Bambui, Minas Gerais, Brasil. Estudo clinico-
epidemiol 6gicoapartir dafaseaguda, entre 1940 e 1982 (Tese). Belo Horizonte:
UFMG, 1982: 376p.

25. EspinosaR, CarrascoHA, BelandriaF, et al. Lifeexpectancy analysisin patients
with Chagas' disease: prognosis after one decade (1973-1983). Int JCardiol
1985; 8: 45-56.

26. CouraJR,AbreuLL, PereiradB, Willcox HP. MorbidadedaDoengade Chages. IV.

94

Estudolongitudinal dedez anosem Painselguatama, MinasGerais, Brasil. Mem
Inst Oswaldo Cruz 1985; 80: 73-80.

27. SantanaOO. Arritmiaventricular eevolugéo clinicadepacientesnafasecronica
dadoencade Chagas(Dissertagdo deMestrado). Salvador: Universidade Federa
daBahia, 1987: 50p.

28. AcquatelaH, Cadlioti F, Gomez-ManceboJR, DavaosV, VillaobosL . Long-term
control of Chagasdiseasein Venezuela: effectson serologic findings, electrocar-
diographic abnormalities, and clinical outcome. Circulation 1987; 76: 556-62.

29. CarrascoHA, ParadaH, Guerrero L, DuqueM, Durén D, MolinaC. Prognostic
implications of clinical, electrocardiographic and hemodynamic findingsin
chronic Chagas' disease. Int JCardiol 1994; 43: 27-38.

30. SilvaRMFL. Valor preditivodasvaridveisclinicaseel etrofisiol 6gicasnospaci-
entescom cardiopatiachagési cacroni caetaquicardiaventricul ar ndo-sustentada
—Andliseterapéutica— (Tese). Sdo Paulo: EscolaPaulistade MedicinadaUni-
versidade Federal de S&o Paulo, 1997: 147p.

31. Garzon SAC, LorgaAM, Jacob JLB, et al. Predictors of mortality in chronic
Chagas heart disease—Iong-term follow-up of 987 subjectsfor upto 22 years. J
Am Coll Cardiol 1998; 31(suppl C): 107C.

32. Rass J A, Waktare JEP, Rassi SG, et d . Chagasheart disease: longterm prognos-
ticsignificanceof nonsustained ventricul ar tachycardiaand | eft ventricul ar dys-
function. PACE 1999; 22(Part 11): 862.

33. MenezesM, RochaA, SilvaAC, SilvaAM. Causasbési casdemorteem chagési-
cosidosos. Arq Bras Cardiol 1989; 52: 75-8.

34. Bestetti RB, FreitasOC, Muccillo G, OliveiraJSM. Clinica and morphological
characteristics associated with sudden cardiac death in patients with Chagas'
disease. Eur Heart J1993; 14: 1610-14.

35. LopesER, CunhalLFLR, SantosTAM, etal. VariagOescircadianasdidriasesema-
naisnamorte stlbitada Doencade Chagas. Arq Bras Cardiol 1993; 61: 345-8.

36. LopesER, ChapadeiroE, Tafuri WL, AlmeidaHO, Abrago D. Pésodo coragéoeti-
po demorteno chagésico crénico. Rev Inst Med Trop Séo Paulo 1970; 12: 293-7.

37. AndradeZ,LopesER, PrataSP AlteragGesdo sistemadecondugdodo coragdoem
chagési cos acometidos de morte repentina. Arq Bras Cardiol 1987; 48: 5-9.

38. Mendozal, Moleiro F, MarquesJ. Morte stbitanadoencade Chagas. Arq Bras
Cardiol 1992; 59: 3-4.

39. Fuenmayor AJ, Fuenmayor P. Muerte stibitaen pacientescom miocarditischagé-
sica. Arch Inst Cardiol Méx 1996; 66: 157-61.

40. ChidePA,HapernS,NauGJ, etd. Malignant ventricular arrhythmiasin chronic
chagasic myocarditis. PACE 1982; 5: 162-72.

41. GuereroL, CarascoH, ParadaH, MolinaC, ChuecosR. Mecanicaventriculary ar-
ritmias cardiacas en pacienteschagasi cosy com miocardiopatiasdil atadas prima:
rias. Seguimiento eco-€lectrocardiografico. Arq Bras Cardiol 1991; 56: 465-9.

42. Elizari MV, Chiadle PA. Cardiac arrhythmiasin Chagas' heart disease. JCardio-
vasc Electrophysiol 1993; 4: 596-608.

43. Rass JA,Rass AG,Rassi SG, Rass L, Rass A. Arritmiasventricularesnado-
encade Chagas. Particul ari dades diagnésti cas, prognosti cas e terapéuticas. Arq
Bras Cardiol 1995; 65: 377-87.

44. Barretto ACP, Higuchi ML, Luz PL, et al. Comparag&o entre alteracdes histol 6-
gicasdamiocardiopatiadadoencade Chagasecardiomiopatiadilatada. ArqBras
Cardiol 1989; 52: 79-83.

45. LopesER, Chapadeiro E. Patogeniadas manifestactes cardiacas nadoencade
Chagas. Arq Bras Cardiol 1995; 65: 367-75.

46. Mendozal, CamardoJ, MoleiroF, eta. Sustained ventricular tachycardiainchro-
nic myocarditis: electrophysiologic and pharmacol ogic characteristics. Am J
Cardiol 1986; 57: 423-7.



Arq Bras Cardiol
2001; 76: 86-96.

47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

DePaolaAAV, Horowitz LN, Miyamoto MH, et al. Angiographic and electro-
physiologic substratesof ventricular tachycardiain chronic chagasic myocardi-
tis. Am JCardiol 1990; 65: 360-3.

Giniger AG, Retyk EO, Laifio RA, SananesEG, Lapuente AR. Ventricular ta-
chycardiain Chagas disease. Am JCardiol 1992; 70: 459-62.

SarabandaA, SosaE, ScanavaccaM, et al. Caracteristicasdaindugo dataquicar-
diaventricular sustentadaduranteaestimul agéo ventricular programadanacar-
diopatiachagésicacronica Arq Bras Cardiol 1994; 63(supl 1): 124.

Rassi A, Rassi A, FariaGHDC, et al. Histérianatura do bloqueio atrioventri-
cular total de etiologiachagésica. Arq Bras Cardiol 1992; 59(supl I1): 191.
OliveiraJs, Barbieri Neto J. Cardiopatiachagasica. “ Aneurismadaponta’ roto.
ArqgBras Cardiol 1970; 23: 335-8.

TostesJr S, MenesesACO, Corréa-Araujo R, LopesER. M ecanismospouco co-
muns de morte stibitano chagésico cronico—relato de trés casos. Rev Soc Bras
Med Trop 1989; 22: 97-8.

TostesJr S, LopesER, Chapadeiro E. M orte stibitapor rupturaespontaneado ven-
triculo direito em mulher chagési cacronica—relato de caso. Rev Soc BrasMed
Trop 1990; 23: 225-8.

RamosSG, Matturri L, Rossi L, Rossi MA. Sudden cardiac deathintheindetermi-
natephaseof Chagas’ diseaseassociated with acuteinfarction of theright caroti-
dy body. Int JCardiol 1995; 52: 265-8.

Myerburg RJ, Kessler KM, Bassett AL, CastellanosA. A biological approach
to sudden cardiac death: structure, function and cause. Am JCardiol 1989; 63:
1512-6.

JunqueiraJr LF. Sobre o possivel papel dadisfuncéo autonémicacardiacana
morte stibitaassociadaadoengade Chagas. Arg BrasCardiol 1991; 56: 429-34.
RamosSG, Matturri L, Rossi L, Ross MA. Lesionsof mediastinal paragangliain
chronic chagasic cardiomyopathy: cause of sudden death? Am Heart J1996;
131: 417-20.

Baroldi G, OliveiraSJ, SilvaMD. Sudden and unexpected deathin clinically
silent” Chagas disease. A hypothesis. Int JCardiol 1997; 58: 263-8.

DiasJCP, Kloetzel K. Theprognostic value of theelectrocardiographic features
of chronic Chagas' disease. Rev Inst Med Trop S&o Paulo 1968; 10: 158-62.
Rassi A. Curvaatuarial dataquicardiaventricular sustentada na cardiopatia
chagésicacronica In: Anaisdo |V Simp6sio Brasileiro de Arritmias Cardiacas.
Recife1987: 129.

Carrasco HA. Factores pronosticos en laevolucion de la cardiopatiachagasica
cronica. Rev Fed Arg Cardiol 1988; 17: 247-50.

Rassi SG,Rass J A, Rassi AG, LimaAMC, JateneJA, Rassi A. Avaliacdodasin-
cope e da pré-sincope na cardiopatia chagasi ca cronica através da estimul agéo
elétricaprogramada. In: Anaisdo 2° Congresso da SociedadeLL atino-Americana
de Estimul aggo Cardiaca. Porto Alegre, 1989: 36.

Rass SG,Rass J A, JateneJA, LimaAMC, Ghannam VM, Rassi A. Significado
clinicodainducéo defibrilagdo ventricular, flutter ventricular etaquicardiaven-
tricular polimérfica sustentados ao estudo el etrofisiol 6gico. Arg Bras Cardiol
1991, 57(supl C): C2.

Rassi J A, Rassi AG, Rassi SG, Rassi Jr L, Rassi A. Relag@o entresintomeas, dis-
fung&o ventricular e arritmiaventricular nacardiopatiachagésicacronica. Arq
Bras Cardiol 1992; 59(supl I1): 182.

ScanavaccaM, SosaE. Estudo el etrofisiol 6gico nacardiopatiachagésicacroni-
ca Rev Soc Cardiol Estado Sao Paulo 1994: 2: 168-76.

MoraesAP, MoffaPJ, SosaEA, et d. Eletrocardiogramadealtaresol ugdo nacar-
diopatiachagésicacronica. Rev Soc Cardiol Estado S8o Paulo 1994; 4: 177-82.
Martinelli FilhoM, SosaE, NishiokaS, ScanavaccaM, Bellotti G, Pileggi F. Cli-
nical and el ectrophysiol ogic features of syncopein chronic chagasic heart di-
sease. J Cardiovasc Electrophysiol 1994; 5: 563-70.

AcquatellaH, GuerraHC, ArribadaA, et a . Estudioslatinoamericanos. In: Sto-
rinoR, Milel J, eds. Enfermedad de Chagas. BuenosAires: Mosby 1994: 605-28.
Mady C, Cardoso RHA, Pereira-Barretto AC, Luz PL, Bellotti G, Pileggi F. Sur-
vival and predictors of survival in patientswith congestive heart failure dueto
Chagas' cardiomyopathy. Circulation 1994; 90: 3098-102.

Bestetti RB, DAbo CMR, FreitasOC, Teno LAC, Castilho OT, OliveiraJSM. No-
ninvasive predictorsof mortality for patientswith Chagas’ heart disease: amul-
tivariate stepwise logistic regression study. Cardiology 1994; 84: 261-7.
DePaolaAAV, GomesJA, Terzian AB, MiyamotoMH, Martinez EE. Ventricular
tachycardiaduring exercisetesting asapredictor of sudden deathin patientswi-
th chronic chagasic cardiomyopathy and ventricular arrhythmias. Br Heart J
1995; 74: 293-5.

Bestetti RB, Dalbo CM, ArrudaCA, CorreiaFilho D, Freitas OC. Predictors of
sudden cardiac death for patientswith Chagas' disease: a hospital-derived co-
hort study. Cardiology 1996; 87: 481-7.

Pagani M, Lombardi F, Guzzetti S, et al . Power spectral anaysisof heartrateand
arterial pressure variabilitiesasamarker of sympathovagal interactionin man
and conscious dog. Circ Res 1986; 59: 178-93.

Kleiger RE, Miller JP, Bigger JT, Moss AJ, and the M ulticenter Post-Infarction

75.

76.
77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Rassi Jr. et al
Sudden death in Chagas' disease

Research Group. Decreased heart ratevariability anditsassociationwithincrea-
sed mortality after acutemyocardial infarction. Am JCardiol 1987; 59: 256-62.
ZarebaW, MossAJ, leCessie S. Dispersion of ventricular repolarization and
arrhythmic cardiac death in coronary artery disease. Am J Cardiol 1994; 74:
550-3.

Kaoberle F. Cardiopatiachagésica. O Hospital 1958; 53: 9-50.

Guzzetti S, losaD, PecisM, BonuraL, Prosdocimi M, Malliani A. Impaired heart
ratevariability in patientswith chronic Chagas' disease. Am Heart J1991; 121:
1727-31.

Rassi A, Perini GE. Propafenonano tratamento daextra-sistoliaventricular da
cardiopatia chagésicacronica. Estudo controlado através daeletrocardiografia
dindmica ArqBras Cardiol 1979; 32(supl 1): 46.

Porto CC, GuimaréesE, RosaJ, Rassi A. Propafenonanaprevencéo dasextra-sis-
tolesventricul aresdeetiol ogiachagési carel acionadascomoesforcofisico. Avar
liag&o por cicloergometria. Arq Bras Cardiol 1982; 39: 129-33.

LorgaAM, Greco OT, Garzon SAC, etd. Mexitil notratamento dearritmiasven-
tricularesdecardiopataschagésicoscronicos. Rev BrasMed (Cardiol ogia) 1983;
1: 47-52.

Rass A, Perini GE. Ensaio cego comdisopiramidanotratamento daextra-sistolia
ventricular dacardiopatiachagési cacronicacontrolado atravésdo sistemaHol -
ter deeletrocardiografiadinamica. Arq BrasCardiol 1983; 41 (supl 1): 72.
ChialePA, HalpernM S, Nau GJ, et al. Efficacy of amiodaroneduringlongterm
treatment of malignant ventricular arrhythmiasin patientswith chronicchagasic
myocarditis. Am Heart J1984; 107: 656-65.

CarrascoHA, VicufiaAV, MalinaC, et a. Effect of |low dosesof disopyramideand
amiodarone on ventricular and atrial arrhythmias of chagasic patientswith ad-
vanced myocardia damage. Int JCardiol 1985; 9: 425-38.

Rass JA,Rassi AG, Rassi SG, Rass JrL, Rassi A. Amiodaronanotratamentoda
extra-sistoliaventricular da cardiopatia chagésicacronica, com gjustes posol -
gicos controlados através do Holter e do teste ergométrico. Arg Bras Cardiol
1991; 57(supl C): C8.

Rass J A, Rassi AG, Rassi SG, Rassi A. Efeitosdedosescrescentesdeamiodaro-
nasobreasupressdo daarritmiaventricular ao Holter e ao teste ergomeétrico na
cardiopatiachagésicacronica Arg Bras Cardiol 1994; 63(supl 1): 123.

Gizzi JIC,MoreraDR, SierraC, Zegarra-CarhvasR, SouzaJE. Acdo antiarritmica
do sotal ol em cardiopatas com arritmiaventricular complexa. Arg Bras Cardiol
1994; 63(supl 1): 71.

Rassi A, Rassi Jr A, Perini GE, Rassi AG, Rassi SG, LorgaAM. Eficaciadedife-
rentesdrogas antiarritmicas nasupressao daarritmiaventricular daCardiopatia
ChagésicaCronica. Andiseatravésdaeletrocardiografiadinamica ArqBrasCar-
diol 1996; 67(supl 1): 38.

TheCardiac ArrhytmiaSupression Trial (CAST) Investigators. Preliminary re-
port: effect of encainideand flecainideon mortality inarandomizedtrial of arrhy-
thmiasupression after myocardial infarction. N Engl JMed 1989; 321: 406-12.
Echt DS, Liebson PR, Mitchell LB and the CAST Investigators. Mortality and
morbidity in patients receiving encainide, flecainide, or placebo: the Cardiac
ArrhythmiaSuppression Trial. N Engl JMed 1991; 324: 781-8.
TheCardiacArrhytmiaSupression Tria |l Investigators. Effect of theantiarrhy-
thmic agent moricizine on survival after myocardial infarction. N Engl JMed
1992; 327: 227-33.

Burkart F, Pfisterer M, Kiowski W, Follath F, Buckhardt D. Effect of antiarrhyth-
mictherapy onmortality insurvivorsof myocardial infarctionwith asymptoma-
ticcomplex ventricular arrhythmias: Basel Antiarrhythmic Study of Infarct Sur-
vival (BASIS). JAm Coll Cardiol 1990; 16: 1711-8.

Ceremuzynski Y, Kleczar E, Krzemirska-PakulaM, et a . Effect of amiodaroneon
mortality after myocardial infarction. JAm Coll Cardiol 1992; 20: 1056-62.
Navarro-Lopez F, CosinJ, Marrugat J, Guindo J, BayesdeL unaA, for the SSSD
Investigators. Comparison of theeffectsof amiodaroneversusmetoprolol onthe
frequency of ventricular arrhythmias and on mortality after acute myocardial
infarction. AmJCardiol 1993; 72: 1243-8.

Dova HC,Nul DR, Grancelli HO, Parrone SV, Bortman GR, Curiel Rfor GESICA
- Randomised trial of low dose amiodaronein severe congestive heart failure.
Lancet 1994; 344: 493-8.

GarguichevichJJ, RamosJL, GambarteA, et al. Effect of amiodaronetherapy on
mortdity in patientswith|eft ventricular dysfunction and asymptomatic complex
ventricular arrhythmias: Argentine pilot study of sudden death and Amiodaro-
ne(EPAMSA). Am Heart J1995; 130: 494-500.

CairnsJA, Connolly SJ, RobertsR, Gent M, for the Canadian AmiodaroneMyo-
cardial Infarction ArrhythmiaTrial Investigators. Randomised trial of outcome
after myocardial infarctionin patientswithfrequent or repetitiveventricular pre-
mature depol arisations: CAMIAT. Lancet 1997; 349: 675-82.
Siml,McDonadKM, Lavori PW, NorbutasCM, Hlatky MA. Quantitetiveover-
view of randomized trials of amiodaroneto prevent sudden cardiac death. Cir-
culation 1997; 96: 2823-9.

95



Rassi Jr. et al
Sudden death in Chagas' disease

98. ATMA Investigators. Effect of prophylactic amiodarone on mortality after
acute myocardial infarction and in congestive heart failure: meta-analysis of
individual datafrom 6500 patientsin randomised trials. Lancet 1997; 350:
1417-24.

99. VorperianVR,Havighurst TC, Miller S, January CT. Adverseeffectsof low dose
amiodarone: ameta-analysis. JAm Coll Cardiol 1997; 30: 791-8.

100. Sopher SM, CammAJ. Adverseeffectsof amiodaroneat low dose: plusCachange.
JAm Coll Cardiol 1997; 30: 799-801.

101. Hohnloser SH, Klingenheben T, Singh BN. Amiodarone-associ ated proarrhyth-
mic effects: areview with specia reference to Torsade de Pointestachycardia.
Ann Intern Med 1994; 121: 529-35.

102. Rassi A. Impacto dotratamento antiarritmico edo uso do marcapasso naevol ucdo
do paciente chagésico. Trabal ho apresentado durante 0 51° Congresso daSocie-
dadeBrasileirade Cardiologia. Rio de Janeiro, 1995.

103. ScanavaccaM, SosaEA, Lee H, Bellotti G, Pileggi F. Terapéuticaempiricacom
amiodaronaem portadores de miocardiopatia chagasica cronicaetaquicardia
ventricular sustentada. Arq Bras Cardiol 1990; 54: 367-71.

104. GondimFAA, DePaolaAAV, SilvaRML, MehtaN, Martinez FPEE. Eficéciaeto-
lernciado sotalol em pacientes com taquiarritmias ventricul ares sustentadas.
Arq BrasCardiol 1994; 62: 64.

105. MagalhdesL, SosaE, Marcial MB, et al. Resultados dacrioabl agéio endomiocér-
dicainterpapilar no tratamento dataquicardiaventricular chagéasica. Arq Bras
Cardiol 1993; 61(supl I1): 11-18.

106. TakeharaK, ScanavaccaM, SosaE, et al. A spectosanatomo-patol 6gicosdo foco

96

Arq Bras Cardiol
2001; 76: 86-96.

dataquicardiaventricular sustentada recorrente da miocardiopatiachagésica
cronica. Arq Bras Cardiol 1990; 55(supl B): B68.

107. SosaE, Scalabrini A, Rati M, Bellotti G, Pileggi F. Successful catheter abl ation of
the*origin” of recurrent ventricular tachycardiain chronic chagasic heart disea-
se. JElectrophysiol 1987; 1: 58-61.

108. Rassi SG, JateneJA,SobrinhoN A, etal. Aindahalugar paraaabl acio transcateter
com corrente el éricadiretano tratamento dataquicardiaventricular sustentada
em cardiopatias? Reblampa 2000; 13(Supl 1): 25.

109. SosaE, ScanavaccaM, D’ AvilaA, Pilleggi F. A new techniqueto performepicar-
dial mapping in the electrophysiology laboratory. J Cardiovas Electrophysiol
1996; 7: 531-6.

110. SosaE, ScanavaccaM, D’ AvilaA, etal. Endocardial and epicardial ablationgui-
ded by nonsurgical transthoracic epicardia mapping to treat recurrent ventricu-
lar tachycardia. J Cardiovasc Electrophysiol 1998; 9: 229-39.

111. Mirowski M, Reid PR, Mower MM, et a. Termination of malignant ventricular
arrhythmias with an implanted defibrillator in human beings. N Engl JMed
1980; 303: 322-4.

112. Bardy GH, Hofer B, Johnson G, et al. Implantable transvenous cardioverter-
defibrillators. Circulation 1993; 87: 1152-68.

113. SosaE, Marcial MB, Pileggi F. Taquicardiaventricular. Tratamentocirargicodi-
rigido. Experiénciainicial. Arq Bras Cardiol 1982; 38: 449-54.

114. SosaEA, ScanavaccaM, Marcia MB, Jatene A. Terapéuticando farmacol dgica
dasarritmias. In: Barretto ACP, SouzaAGMR, eds. SOCESP Cardiologia. Atua-
lizagdo ereciclagem. 12ed. Riode Janeiro: Atheneu 1994: 699-712.



