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IAM = infarto agudo do miocardio
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SDANN = média dos desvios padrdo dos intervalos RR normais,
calculados em intervalos de 5 min

SDANNI = desvio padrao da média dos intervalos RR normais, calculados
em intervalos de 5 min

RMSSD = raiz Quadrada da média das diferengas sucessivas ao
quadrado dos intervalos RR

PNNS50 = porcentagem das diferengas sucessivas entre os intervalos RR
adjacentes normais maiores do que 50 ms
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RESUMO

Introducado e objetivo - Os métodos nao-invasivos utilizados na estratificagao de risco
pos-infarto agudo do miocardio (IAM) tém mostrado baixo valor preditivo positivo
quando estudados isoladamente. A possibilidade da Eletrocardiografia Dindmica de 24
horas (ECGD) fornecer dados referentes a isquemia silenciosa (IS), arritmias
ventriculares e modulagcdo autondmica do coracdo pelo estudo da variabilidade da
frequéncia cardiaca (VFC), levou o autor a empregar este método em pacientes
acometidos de IAM com o objetivo de avaliar se estas trés varidveis estariam
relacionadas a presenca de eventos desfavoraveis em evolugao a médio prazo.

Material e Métodos — Foram selecionados 91 pacientes acometidos de um primeiro |IAM
nao-complicado e realizados exames de ECGD de 24 h por dois dias consecutivos,
antes da alta hospitalar. Os parametros pesquisados nos exames foram: isquemia
silenciosa, identificagcdo e quantificagcdo de arritmias ventriculares e determinagao dos
indices de VFC pelos métodos do dominio do tempo e do mapa de retorno
tridimensional. Foram considerados como desfechos: re-infarto, angina instavel,
taquicardia ventricular sustentada e morte.

Resultados — No seguimento médio de 27,7 meses (DP=15,45), 23 (25%) dos pacientes
apresentaram eventos, sendo nove fatais. Os eventos foram mais freqlentes entre os
pacientes que apresentaram extra-sistoles ventriculares >10/hora (p=0,01) e também
naqueles com IS (p=0,02). Em modelo de analise multifatorial, a presenca de
dislipidemia elevou o valor preditivo positivo dessas variaveis. Nenhum dos indices de

VFC esteve significativamente relacionado ao surgimento de eventos.



Conclusbes — Em pacientes pés-IAM de baixo risco, a presenga de arritmias
ventriculares freqlientes ou de isquemia silenciosa esta relacionada a um progndstico
desfavoravel. O estudo da VFC nao mostrou utilidade na estratificagao de risco destes

pacientes.

Palavras-chaves: eletrocardiografia dindamica, isquemia silenciosa, arritmia ventricular,

variabilidade da freqliéncia cardiaca.



ABSTRACT

Introduction and objective — The noninvasive methods used in post-acute myocardial
infarction (AMI) risk stratification have been shown to have a low predictive value when
studied in isolation. The possibility that ambulatory electrocardiographic monitoring
(AEM) may provide data on silent ischemia (Sl), ventricular arrhythmias (VA) and
autonomic modulation of the heart through the study of heart rate variability (HRV) led
the present author to use this method in AMI patients with the aim of assessing whether
these three variables could be related to the presence of unfavorable events in the
medium term follow-up.

Methods — Ninety-one patients with a first, uncomplicated AMI were selected and
submitted to AEM for two consecutive days prior to discharge from the hospital. The
parameters studied in the examination were as follows: presence of Sl, identification and
quantification of VA and determination of the HRV indices by the time domain and three-
dimensional return map methods. The following were regarded as outcomes: new AMI,
unstable angina, sustained ventricular tachycardia and death.

Results — In the mean follow-up of 27.7 months (SD=15.45), 23 (25%) of the patients
presented events, nine of which were fatal. Events occurred most frequently in the
patients who presented ventricular premature contractions >= (p=0.01) and also in those
with Sl (p=0.04). In the multifactorial analysis the presence of dislipidemia raised the
positive predictive value of these variables. None of the HRV indices was significantly

correlated with the occurrence of events.



Conclusions — In low-risk post-AMI patients the presence of frequent ventricular
arrhythmias or silent ischemia is associated with an unfavorable prognosis. The study of

HRV was not shown to be useful in the risk stratification of these patients.

Keywords — Ambulatory electrocardiographic monitoring; Silent ischemia; Ventricular

arrhythmia; Heart rate variability



INTRODUGCAO

As doencas isquémicas do coragao se constituem na principal causa de
mortalidade no mundo atualmente. Nas ultimas trés décadas o esforgco dedicado ao
tratamento dessas doencgas proporcionou o surgimento de novas terapias produzindo
uma reducgao significativa da morbi-mortalidade. Entretanto, estes resultados ainda nao
sdo satisfatorios, considerando-se a taxa anual de mortalidade pdés infarto agudo do
miocardio (IAM), fora da fase hospitalar, em torno de 3% a 5% (1). Como o maior risco
de morte subita e de ocorréncia de eventos cardiovasculares situa-se nos primeiros 12
meses apos o IAM (2), uma precisa estratificagao de risco antes da alta hospitalar tem
sido reconhecida ha muito tempo como uma etapa critica na otimizagdo do manejo
desses pacientes, tanto em termos de resultados individuais como também, em termos
da relagao custo-beneficio das intervengdes diagndsticas e terapéuticas. Desse modo,
a procura de testes simples e n&o invasivos para a identificacdo de pacientes com
maior risco de evolugao desfavoravel apos o infarto agudo do miocardio continua sendo
objeto de permanente interesse.

Para os sobreviventes de IAM complicados por insuficiéncia cardiaca, isquemia
recorrente, ou arritmias, existe pouca controvérsia sobre o papel de uma estratégia
terapéutica agressiva, incluindo até o implante de um cardioversor-desfibrilador (3-5).
Existe, entretanto, falta de consenso sobre a abordagem 6tima e mais custo-efetiva
para a avaliagao pré-alta hospitalar de pacientes que tiveram um curso clinico sem
complicagdes e estdo assintomaticos. Assim, torna-se um desafio é identificar fatores

de risco para eventos fatais e ndo fatais entre a maioria dos pacientes de risco



relativamente baixo p6s-IAM na era atual, quando o progndstico € consideravelmente
melhor do que quando nao se dispunha das terapias de reperfusédo(2).

Os seguintes métodos nédo-invasivos tém sido utilizados para estratificacao de
risco pos-IAM: determinagdo da fragdo de ejecdo do ventriculo esquerdo pela
ecocardiografia ou por ventriculografia radioisotépica, pesquisa de potenciais tardios
pela eletrocardiografia de alta resolugéo e a eletrocardiografia dindmica de 24 horas
(ECGD) permitindo a deteccéo e quantificagcao de arritmias ventriculares e de isquemia
silenciosa além da avaliagdo autonémica pelo emprego da analise da variabilidade da
frequéncia cardiaca (VFC). Esses métodos, no entanto, quando estudados
isoladamente, tém demonstrado baixo valor preditivo positivo (6-12). A possibilidade de
se obter informagdes sobre diferentes parametros de fungdo cardiaca (arritmias,
isquemia e atividade autondmica) com o emprego de um unico exame, tornou a
eletrocardiografia dindmica um atraente recurso n&o invasivo para auxiliar no
diagndstico e na estratificagdo de risco das principais cardiopatias.

A presenca de ectopias ventriculares frequentes (>10/hora), complexas ou
apresentadas sob a forma de taquicardia ndo-sustentada, detectadas na ECGD de
pacientes acometidos de IAM esta relacionada a um pior prognostico do que aqueles
que nao apresentam tais arritmias, especialmente quando associadas a disfungéo
ventricular esquerda (13-19). Como ambas as condi¢des sao fatores independentes de
risco para morte subita, os pacientes com essa associagdo sdo considerados como 0s
de pior evolugao em acompanhamento de sobrevida em longo prazo (14,20,21).

Estudos realizados a partir da década de 80 indicaram que a presenca de

isquemia silenciosa na ECGD de portadores de angina do peito instavel ou no pds-



infarto agudo do miocardio aumentava significativamente o risco de novo evento
coronario ou mesmo, de morte subita cardiaca (22-33). No mais amplo desses estudos,
Gill JB et al. (10) avaliaram 406 pacientes com registros eletrocardiograficos de 48
horas. Os exames realizados do 5 ao 7’ dia apo6s o IAM, encontraram prevaléncia de
alteragdes isquémicas em 23,4% deles e no seu acompanhamento, foi constatada uma
taxa de mortalidade anual de 11,6% dos pacientes com evidéncia de isquemia
miocardica contra 3.9% naqueles sem isquemia (p=0.009).

O conhecimento de que as variacbes da frequéncia cardiaca batimento a
batimento poderia refletir a modulagdo autonémica do coracdo (34-40) levou a
constatacdo que os pacientes pos-IAM com VFC diminuida tinham maior risco de
mortalidade do que os com VFC preservada(41-46). Outros métodos de analise da
VFC foram desenvolvidos com a finalidade de proporcionar resultados mais confiaveis e
maiores informagdes sobre a regulagdo autondmica do coracéo (47-54). Moraes et al.
(55) desenvolveram um mapa de retorno tridimensional (MR3D) no qual cada intervalo
RR é plotado versus a diferenca dos intervalos adjacentes e versus o numero total de
intervalos e as imagens tridimensionais resultantes sdo entdo quantificadas por um
conjunto de indices. Estes autores demonstraram assim que a analise da VFC usando
tais indices reflete tanto a modulacdo vagal como a simpatica, apresenta boa
reprodutibilidade e boa correlagdo com os indices da VFC no dominio do tempo, em
individuos saudaveis e em portadores de diabetes melito. Nos pacientes acometidos de
IAM, entretanto, esses dados sdo desconhecidos.

A diminuicdo da VFC em pacientes sobreviventes de IAM se constitui em

poderoso preditor de mortalidade e de complicagdes arritmicas, além de ser



independente de outros fatores ja estabelecidos para estratificacdo de risco, tais como
fracdo de ejecao ventricular esquerda (FEVE) deprimida, atividade ectdpica ventricular
aumentada e presenca de potenciais tardios. Para predi¢ado de mortalidade geral o valor
da VFC é similar ao da FEVE que, em termos gerais, reflete o estado contratil do
coragao, considerado como um dos principais fatores de prognéstico desde os
trabalhos iniciais de Killip (55,56). Entretanto, a VFC é superior a FEVE na predi¢ao de
eventos arritmicos (morte subita e taquicardia ventricular) (58,59). O valor preditivo da
VFC isolado é modesto mas a combinacdo com outros métodos pode aumentar
consideravelmente a sua acuracia para mortalidade cardiaca e eventos arritmicos. O
aumento da acuracia preditiva positiva tem sido relatada para a combinagdo da VFC
com frequéncia cardiaca média, FEVE, frequéncia das arritmias ventriculares, presenca
ou auséncia de potencias tardios e elementos da avaliagédo clinica. Entretanto, ainda
nao estdo bem estabelecidos quais sdo os fatores mais praticos e mais viaveis para
serem combinados com a VFC na estratificagcdo multifatorial de risco (60).

A utilizagdo da ECGD para estratificagado de risco pos-IAM apresenta-se entao
como um recurso de facil disponibilidade, de baixo custo financeiro, destacando-se
entre os outros métodos por fornecer dados considerados de forte poder preditivo
relativos a avaliagcdo da VFC, ao registro de arritmias e a deteccdo de isquemia
silenciosa. O uso associado destas trés varidveis num mesmo grupo de pacientes,
inexplicavelmente, n&o tem sido pesquisado.

O presente estudo, teve por objetivo principal avaliar a utilidade dos trés recursos
derivados da ECGD na estratificagado de risco de pacientes acometidos de um primeiro

IAM nao-complicado, em evolugao de médio prazo.



MATERIAL E METODOS
Protocolo do estudo

No periodo de julho de 1997 a janeiro de 2001, foram realizados exames de
eletrocardiografia dindmica de 24 horas por dois dias consecutivos em 97 pacientes
internados no Hospital Universitario Oswaldo Cruz de Recife-PE acometidos de
primeiro 1AM com evolugdo hospitalar sem complicagbes. Para o diagndstico de I1AM
foram considerados: presenca de dor precordial com duragdao superior a 30 min,
supradesnivelamento do segmento ST no eletrocardiograma e elevagao da enzima
creatinoquinase fracdo MB (CK-MB) acima de duas vezes o seu valor maximo do
normal. Os exames de ECGD foram feitos antes da alta hospitalar, entre o 7° e 0 20°
dia pds-IAM, estando os pacientes em condigées normais de deambulagéo.

Os critérios de exclusao foram: idade superior a 75 anos, surgimento de qualquer
complicagdo durante a evolugdo do infarto tais como manifestagdes clinicas de
insuficiéncia cardiaca, angina ou baixo débito cardiaco, fibrilagdo atrial, disturbios da
conducado como bloqueios atrioventriculares ou interventriculares e sindrome de Wolff-
Parkinson-White, além do uso de qualquer medicagao antiarritmica ou marcapasso.
Também foram excluidos portadores de valvulopatias, cardiomiopatias e diabéticos
insulino-dependentes. Pacientes em uso de betabloqueadores tiveram a medicagao
suspensa pelo periodo minimo equivalente a quatro meias-vidas da medicacgéo.

Informagdes relativas a localizagao eletrocardiografica do infarto, medicagao
usada na fase aguda, numero de artérias acometidas com lesdo acima de 70% a

cinecoronariografia, foram coletadas para analise da influéncia desses fatores nos
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resultados. O tratamento desses pacientes foi procedido de acordo com a rotina normal
do Servigo, sem qualquer interferéncia do pesquisador.

Os eventos considerados como desfechos foram novo infarto, angina instavel,
taquicardia ventricular sustentada e morte.

O protocolo da pesquisa foi aprovado pelo comité de ética da Instituicdo e todos

os pacientes assinaram um termo de consentimento informado.

Eletrocardiografia Dindmica de 24 horas

Os exames foram registrados em gravadores de fita cassete Dynamis 3000
Cardios de trés canais analégicos e mais um canal digital para corre¢éo do tempo, com
os eletrodos posicionados nas derivagdes CM1, CM5 e D2 modificado. A analise foi
feita em sistema DMI — Burdick Altair V6.0 semi automatico por dois observadores. Para
interpretacdo das alteragdes do segmento ST, um terceiro observador revisou os
exames. Foram excluidos os registros com duracéo inferior a 20 horas ou que
apresentassem mais que 2% de artefatos no tempo total de gravagéo de cada dia.

Para o critério de isquemia miocardica silenciosa, foi considerada uma depressao
do segmento ST maior que 1 mm medida a 80 ms do ponto J, com duragdo minima de
um minuto e separada de outro episddio por pelo menos um minuto, na auséncia de
sintomas. A duragdo total dos episddios isquémicos foi calculada pelo canal que
apresentava maiores valores em minutos/24 horas.

As arritmias ventriculares isoladas foram consideradas freqlientes quando
ocorreram 10 ou mais vezes por hora e complexas quando se apresentavam aos pares,

salvas ou sequéncias com duragdo menor que 30 segundos.
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Variabilidade da Frequéncia Cardiaca

A VFC foi analisada no dominio do tempo e por uma abordagem néao linear
através do mapa de retorno tridimensional (MR3D) (55). A analise da VFC no dominio
do tempo foi efetuada de acordo com os critérios adotados internacionalmente (61)
utilizando-se os seguintes indices: média dos intervalos RR (RRMED), desvio padrao
de todos os intervalos RR normais (SDNN); média dos desvios padrdo dos intervalos
RR normais calculados em intervalos de 5 minutos (SDNNi); desvio padrao das médias
dos intervalos RR normais calculadas em intervalos de 5 minutos (SDANNi); raiz
quadrada da média das diferengas sucessivas entre intervalos RR adjacentes normais
elevadas ao quadrado (RMSSD) e o percentual das diferengas entre intervalos RR
adjacentes normais que ultrapassam 50 ms (pNN50).

Os MR3D foram construidos plotando-se RRn versus [(RRn+1)-(RRn)] versus o
numero de contagens. Foram calculados o indice de representagao simpatica P1, os
indices de representacao vagal (P2 e P3) e MN que reflete ambos os ramos do sistema

nervoso auténomo.

Andlise Estatistica

Na definicdo das arritmias ventriculares e da VFC, foram adotados os limites
mais comumente utilizados na literatura. No primeiro caso, foram consideradas as
extra-sistoles ventriculares (ESV) isoladas em frequéncia igual ou maior que 10/hora ou
complexas em qualquer numero. No segundo, o indice SDNN foi usado como

referéncia preferencial por ser considerado o mais representativo da modulagao
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autonémica, embora todos os outros indices de VFC obtidos pelos métodos do dominio
do tempo e do MR3D tenham sido igualmente avaliados.

Foram usados trés niveis de cortes para o indice SDNN: menor que 50 ms, de 50
a 100 ms e maior que 100 ms. Este indice também foi analisado usando-se o ponto de
corte de 70 ms e ainda de acordo com a sua distribuicdo em tercis. Por néao
apresentarem distribuicdo normal, os indices no dominio do tempo sofreram
transformacao logaritmica para poderem ser correlacionados entre si por meio de
métodos paramétricos (Pearson r), permitindo comparag¢des com a literatura onde este
tipo de analise foi realizado.

Apesar da alta reprodutibilidade observada na maioria dos indices, foram
adotadas as medidas relativas ao primeiro dia do exame por apresentarem melhor
correlacdo com os eventos estudados.

Para avaliar de modo n&o-paramétrico a reprodutibilidade dos indices da VFC,
das arritmias ventriculares e da isquemia silenciosa, usou-se 0 coeficiente de
correlacgao intraclasse (Spearman R) e o teste de hipoteses (Wilcoxon). A correlagao
entre os indices do MR3D e os indices da VFC no dominio do tempo foi calculada pelo
coeficiente de correlacdo de Pearson.

Relagbes entre os indices de VFC, a presencga de isquemia silenciosa e a carga
isquémica foram aferidas por meio de indices ndo-paramétricos, particularmente o teste
de hipéteses Mann-Whitney U e o coeficiente de correlagdo de Spearman.

Para avaliar a diferenga entre proporgdes foi utilizado o Teste Canbnico da

Diferenca entre Proporgoes.
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As curvas de sobrevida livre de eventos foram construidas pelo método de
Kaplan-Meier e suas diferengcas foram comparadas usando-se o teste F de Cox
(comparagéao entre duas curvas) e o teste de Chi-Quadrado (comparacao entre trés
curvas ou mais). Os dados foram considerados "censurados" a partir da data do evento
ou da ultima avaliacido, nos casos dos pacientes que nao apresentaram eventos.

A analise multivariada foi feita pelo método de regressao logistica usando-se o
método de estimagdo Quasi-Newton. Apenas varidveis com contribuicdo
estatisticamente significativa para a previsdo foram incluidas no modelo multivariado.

Em todos os casos, adotou-se como significancia estatistica o valor de p<0,05

(mais especificamente, a<0,05 e 3<0,80).
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RESULTADOS
Perfil da populacéo estudada

Dos 97 pacientes que entraram para o estudo, quatro foram excluidos por
critérios técnicos relativos ao registro dos exames de ECGD e dois porque nao
retornaram para controle. Permaneceram entdo 91 pacientes com idade média de 55,6
anos (variando de 34 a 74 anos, DP=8,85) e prevaléncia do sexo masculino (69%),
considerados de baixo risco de mortalidade pelos critérios de inclusdo adotados. As
caracteristicas gerais do grupo constam da Tabela | onde se observa também uma
participagcéo importante (38,5%) de pacientes procedentes da zona rural.

Em relagdo aos antecedentes pessoais, a maioria era de hipertensos (62%) e

fumantes (58%), 19% eram diabéticos e 23,2% eram portadores de dislipidemia.
O eletrocardiograma da admissdo mostrou infarto de localizagédo inferior em 51,6% e
anterior em 48,4%. A cineangiocoronariografia foi realizada em 67 pacientes em dois
dos quais n&o havia lesdes obstrutivas significativas (>70% da luz do vaso). O numero
médio de vasos acometidos com esse grau de obstrugdo foi de 1.7 (DP=0.87).

A trombdlise quimica foi utilizada em 58% (N=88) dos pacientes. Embora o uso
de betabloqueador tenha sido suspenso em todos os pacientes para realizagdo da
ECGD, 94,6% deles usaram tal medicacé&o na fase aguda do IAM e voltaram ao seu
uso logo apos o exame. Os inibidores da enzima de conversdo da angiotensina foram

usados por 85% dos pacientes.



15

Numero de pacientes

91

Idade 55,6 anos (DP = 8,85)
Sexo
Masculino 63 (69%)
Feminino 28 (31%)
Procedéncia

Zona urbana

Zona rural

56 (61,5%)
35 (38,5%)

Antecedentes Pessoais
Tabagismo
Hipertensao
Diabete

Dislipidemia

52 (58%)
54 (62%)
17 (19%)
21 (23,%)

Local do Infarto
Anterior

Inferior

44 (48,4%)
47 (51,6%)

Numero de artérias comprometidas (estenose>70%)

1 31 (46%)

2 22 (33%)

3 ou mais 12 (18%)
Tratamento na fase aguda

Trombolitico 53 (58%)

Inibidor da enzima conversora da angiotensina 77 (85%)

Betabloqueador

86 (94,6%)

Tabela 1 — Caracteristicas gerais da populagédo estudada
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Achados da Eletrocardiografia Dindmica

Um resumo dos principais dados obtidos pela realizacdo da ECGD é mostrado
na Tabela 2. Extra-sistolia ventricular isolada com frequéncia igual ou maior que
10/hora foi detectada em 17 (18,7%) dos exames (N=89) enquanto que extra-sistoles
pareadas, em salvas e episodios de taquicardia ventricular ndo-sustentada (TVNS)
estiveram presentes em 20 (22%).

Alteragcdes compativeis com isquemia miocardica silenciosa foram encontradas
em 15% dos pacientes. Estes apresentaram carga isquémica total nas 24 horas
variando de 5,7 a 729,4 min com média de 51 min (DP=150,71).

O estudo da variabilidade da frequéncia cardiaca no dominio do tempo mostrou
que 8% dos pacientes apresentaram o SDNN menor ou igual a 50 ms, enquanto 59%
mostraram valores entre 50 e 100 ms e 33% apresentaram indices maiores que 100
ms. Os outros indices de VFC no dominio do tempo e também os obtidos pelo MR3D
mostraram-se bem correlacionados entre si (Tabela 3).

A reprodutibilidade dos resultados da ECGD foi analisada em 85 pacientes cujos
registros dos dois exames consecutivos de 24 horas apresentaram qualidade técnica
satisfatéria para tal avaliagdo. As arritmias ventriculares mostraram boa
reprodutibilidade (Spearman R=0,89; p=0,30 para ESV>10/h e Spearman R=0,98;
p=0,70 para ESV complexas) como também os indices de variabilidade da frequéncia
cardiaca (Spearman R=0,91; p=0,80 para o SDNN) enquanto que a isquemia silenciosa
medida pela carga isquémica total mostrou baixa reprodutibilidade (Spearman R=0,46;

p=0,03) conforme pode ser observado na Tabela 4 e Figura 1.
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ESV isoladas (> 10/hora)

ESV pareadas, salvas e TVNS

Isquemia Silenciosa
Carga Isquémica (min)
SDNN < 50 ms

SDNN > 50 ms < 100 ms

SDNN > 100 ms

17 (18,7%)

20 (22%)

5,7 — 729,4 (DP = 150,71)
Média = 51
7 (8%)
53 (59%)
29 (33%)

N =389

Tabela 2 — Principais achados da eletrocardiografia dinamica.
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RRMed | SDNN | PNN50 | RMSSD | SDNNI | SDANNI| P1 P2 | P3 | MN
RRMed 1,00 | 0,64 0,60 0,66 0,72 0,56 |0,63|0,66|0,47 | 0,69
SDNN 0,64 1,00 0,69 0,71 0,89 0,97 |0,49]0,97|0,59|0,85
PNNS50 0,60 | 0,69 1,00 0,94 0,81 0,57 |0,61|0,66 | 0,94 | 0,91
RMSSD 0,66 | 0,71 0,94 1,00 0,83 0,59 |0,67|0,69|0,94|0,95
SDNNI 0,72 | 0,89 0,81 0,83 1,00 0,77 |0,62|0,89 0,72 | 0,91
SDANNI 0,56 | 0,97 0,57 0,59 0,77 1,00 |0,42 094 |0,45|0,75
P1 0,63 | 0,49 0,61 0,67 0,62 0,42 11,00 0,50 | 0,52 | 0,75
P2 0,66 | 0,97 0,66 0,69 0,89 094 10,50 |1,00]0,55|0,84
P3 0,47 | 0,59 0,94 0,94 0,72 0,45 1052|055 1,00 | 0,87
MN 0,69 | 0,85 0,91 0,95 0,91 0,756 |0,75|0,84|0,87 | 1,00

Tabela 3 - Correlagado entre os indices apds transformacgao logaritmica das medidas

(Pearson r)
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10 dla 20 dla Teste ° °
» ) . 1 dia vs. 2 dia
Variavel N | Wilcoxon Variavel
(Spearman R)
M DP M DP (P)

RRMED 797,7| 128,09|803.3| 138,08 |83 0,31 RRMED 0,93
SDNN 92,5| 36,46 92,9 37,21|83 0,80 SDNN 0,91
PNN50 5,0 7,24 52 7,50|83 0,38 PNN50 0,92
RMSSD 23,6| 11,23| 23,9| 11,78|83 0,69 RMSSD 0,94
SDNNI 38,5 17,59| 39,4| 18,08|83 0,09 SDNNI 0,98
SDANNI 80,4 31,94| 80,4 31,29|83 0,87 SDANNI 0,86
P1 594 11,10| 60,6/ 10,05|83 0,24 P1 0,84
P2 454| 13,52| 459| 13,14|83 0,28 P2 0,90
P3 77,8 28,09 78,0 29,70|83 0,67 P3 0,89
MN 235,4| 165,66|244,8| 176,27 | 83 0,26 MN 0,94
Carga | 510 1150,71| 191 | 67,89 |82| o003 | |c@928 0,46
Isquémica Isquémica

ESV ESV

>10/hora 251,3|721,14 1212,0| 624,31 |82 0,30 >10/hora 0,89
ESV 2,9 12,87 | 4,3 | 23,46 |82 0,70 ESV 0,98
Complexas Complexas

Tabela 4 — Analise da reprodutibilidade das variaveis
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Ao avaliar-se se os indices de VFC no dominio do tempo estavam
correlacionados com os indices obtidos pelo mapa de retorno tridimensional evidenciou-

se alta correlagao entre eles (Tabela 3).

3) Evolugao dos pacientes

A duragcdo média de acompanhamento foi de 27,7 meses (minima de 1 més e
maxima de 60 meses, DP=15,45). Nesse periodo, 23 (25%) pacientes apresentaram
um dos eventos considerados como desfecho - angina instavel, novo infarto e morte.
Das nove mortes registradas, duas foram de causa néo-cardiaca (Figuras 2 e 3).

Como pode ser observado na Tabela 5, onde estdo destacadas as variaveis que
apresentaram significancia estatistica, os eventos foram mais freqlientes entre os
pacientes que apresentaram extra-sistoles ventriculares em numero igual ou maior que
10/hora do que entre aqueles com numero inferior a este (47% versus 19%; p=0,01 no
Teste da Diferenca entre Proporg¢des) e também foi verificada uma incidéncia maior de
eventos naqueles que mostraram isquemia silenciosa nos seus exames (46% versus
20%, p=0,04 no Teste da Diferenca entre Proporgdes). As curvas de Kaplan-Meier de
sobrevida livres de eventos construidas com estas variaveis, representam bem estas
diferengas (Figuras 4 e 5).

Nenhum dos indices de VFC esteve significativamente relacionado ao
surgimento de eventos na evolugao dos pacientes (Figura 6).

Dentre as variaveis clinicas, observou-se que o antecedente de dislipidemia

estava fortemente associado a incidéncia de eventos (p=0,001).
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Variavel Teste F de Cox p Variavel Teste F de Cox p

F(24,18) = F( 30, 16) =

RRMED 14 312070 0,28 | |Sexo 1.201446 0,36
F( 20, 22) = F( 16, 30) =

SDNN— 14 030536 047 | |ldade 2.018370 0,05
F(18,24) = : F(38,8)=

PNN50 1404473 0,22 Diabetes 1.194395 0,42
F(22,20) = . F(28,18) =

RMSSD 1.006124 0,50 Tabagismo 1.079844 0,44
F(22,20) = . F( 28, 16) =

SDNNI 1.043647 0,46 Trombdlise 1.204485 0,30
F( 22, 20) = . . |F(24,22)=

SDANNI 1131793 0,39 Dislipidemia 3.913683 0,001
F(20, 22) = F( 30, 14) =

P1 1.231018 0,32 HAS 1.344602 0,28
F( 20, 22) = . F( 10, 32) =

P2 1106120 0,41 Trat. Clinico 1548191 0,17
F( 20, 22) = CATE (n°de |F( 18, 16) =

P3 1.240370 0.31 | ||esses) 1,064640 0,45
F( 20, 22) = F( 30, 16) =

MN 1.125970 039 | LocalIAM 14 485182 0,20

. |F(30,12) =

Isquemia 3.002987 0,02

ESV F(26,16) = 0.01

>10/hora |3.057427 ’

ESV F(26, 14) = 012

Complexas | 1.828414 ’

Tabela 5 - Influéncia das diversas variaveis na sobrevida livre de eventos
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Meier)
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O fator idade mostrou significancia limitrofe (p=0,05) com auséncia de eventos
em pacientes com idade superior a 65 anos (Figuras 7 e 8). Entretanto, o modelo de
regressao evidenciou que a idade nao apresentava este efeito per se, dependendo de
uma associagao com o fator dislipidemia (Tabela 6).

A regidao enfartada, o numero de lesdes diagnosticadas na coronariografia, as
medicacdes instituidas na fase aguda e o tipo de tratamento adotado no pés-infarto,

nao influenciaram na evolugao dos pacientes.

Analise Multivariada

Demonstrou-se pela andlise multivariada (Tabela 7) que entre todos os
elementos fornecidos pela ECGD, as unicas varidveis que se comportaram como
preditores independentes relacionados aos eventos combinados foram presenca de
isquemia silenciosa e de ESV > 10/hora.

Quando estas duas variaveis obtidas pela ECGD, sao analisadas em associagao
com a unica variavel clinica significativa dislipidemia, utilizando-se a técnica de
regressao logistica, observa-se que enquanto isquemia silenciosa apresenta uma odds-
ratio=7,04 e ESV > 10/hora uma odds-ratio=5,82 o conjunto das trés variaveis eleva a
odds-ratio para 9,09 (p=0,00009) com sensibilidade de 48% e especificidade de 91%,
valor preditivo positivo de 63% e valor preditivo negativo de 85% (Tabela 7).

Na Figura 9 pode-se constatar que 38% dos pacientes mostrava apenas uma
variavel, 8% duas e 1%, trés variaveis. Entretanto, a maioria (71%) dos eventos ocorreu

nos pacientes portadores de 2 ou 3 fatores (Figura 10).
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Antecedente de

Parametro Dislipidemia N P
Idade > 66 anos 8% 13
0,17
ldade < 66 anos 25% 80
Parametro Antecedente de N
Dislipidemia P
Idade > 64 anos 5% 20
0,03
Idade < 64 anos 27% 73

Tabela 6 - Associagao entre idade e dislipidemia
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Variavel Estimativa Odd_s p de Ward
Ratio
Dislipidemia 1,77 5,89 0,004
ESV (= 10/hora) 1,76 5,82 0,007
Isquemia 195 | 7.04 0,01
Silenciosa
Constante -3,00 0,00 0,00

Paréametro Valor
Chi?(3) 21,25
P 0,00009
Odds-Ratio 9,09
Sensibilidade 48%
Especificidade | 91%
\Iéalc.)r. Preditivo 63%

ositivo
Valor Preditivo 85%

Negativo

Método de Estimagao: Quasi-Newton

Tabela 7 - Regressao Logistica para a ocorréncia do evento
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A presenga de isquemia silenciosa nédo se mostrou associada a nenhum dos
indices de VFC avaliados, tanto no dominio do tempo quanto pelo método do mapa de
retorno tridimensional (Tabela 8) nem tampouco se observou qualquer correlagao entre

estes indices e a carga isquémica (Tabela 9).



Variir]a(zjﬁszg: da Auséncia de Isquemia | Presenca de Isquemia Teste Mann-
Féiig?anccza M DP N M DP N Whitney U (p)

RRMED 807,7 | 126,69 | 76 7494 | 116,66 | 13 0,13

SDNN 92,7 | 34,26 76 96,5 | 46,78 13 0,92

PNN50 5,3 7,50 76 3,1 3,13 13 0,81

RMSSD 239 | 11,54 76 21,3 | 7,03 13 0,83

SDNNI 39,1 | 17,19 76 36,1 | 17,79 13 0,59

SDANNI 80,1 | 29,02 76 87,7 | 46,21 13 0,73

P1 60,2 | 11,28 76 54,9 | 8,61 13 0,17

P2 45,6 | 12,61 76 46,8 | 17,56 13 0,95

P3 78,0 | 28,47 76 75,8 | 21,88 13 0,93

MN 239,1 | 166,35 | 76 214,3 | 137,91 13 0,62
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Tabela 8 — Analise da associagdo entre os indices de variabilidade da frequéncia

cardiaca e isquemia silenciosa



Vianrcijail(t;)(ialis dgze Correlacéo (Spearman) c/ Carga Isquémica
oagredinon | g P :
RRMED -0,15 0,17 89
SDNN 0,01 0,91 89
PNN50 -0,02 0,85 89
RMSSD -0,01 0,89 89
SDNNI -0,05 0,62 89
SDANNI 0,04 0,73 89
P1 -0,14 0,19 89
P2 -0,001 0,99 89
P3 0,01 0,90 89
MN -0,05 0,67 N
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Tabela 9 — Correlacdo entre os indices de variabilidade da frequéncia cardiaca e a

carga isquémica
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DISCUSSAO:

A estratificacao de risco pés-IAM é um processo dificil e complexo por envolver
um numero consideravel de variaveis representadas por fatores clinicos tais como:
idade, sexo, localizacao e extensédo do IAM, presenca de onda Q, insuficiéncia cardiaca
aguda, isquemia recorrente, arritmias e condigdes médicas concomitantes como
diabetes e insuficiéncia renal. Além desses, existem os parametros obtidos da
investigacdo laboratorial como anatomia das coronarias, capacidade funcional do VE,
presenca de isquemia na cintilografia e registro de potencias tardios na
eletrocardiografia de alta resolucdo. Acrescentem-se ainda os diferentes tipos de
abordagem terapéutica, medicamentosa ou intervencionista, tudo isso contribuindo para
formar um conjunto heterogéneo que dificulta a avaliagdo do papel de cada um desses
fatores isoladamente na estratificacdo de risco. Como consequéncia, observa-se, de
inicio, a dificuldade em classificar determinada populagdo quanto ao grau de risco de
mortalidade e que os estudos que incluem indistintamente pacientes de todas as faixas
de risco podem conter equivocos capazes de levar a resultados controversos.

No presente estudo, optamos por avaliar exclusivamente uma populagcédo de
baixo risco, uma vez que existe consenso de que a estratificacdo de pacientes de alto
risco deve ser feita inicialmente com o conhecimento da anatomia coronariana (62,63).
Além disso, quando pacientes de alto risco sao incluidos em estudos de avaliacéo
prognostica, os resultados obtidos sdo intensamente influenciados justamente por estes
pacientes. Portanto, neste estudo tentamos avaliar o papel da ECGD no contexto em

que este método pode ter utilidade clinica. Assim, o registro de isquemia silenciosa ou
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de ESV > 10/hora, foi capaz de identificar pacientes com maior risco para ocorréncia de
eventos, 0 que esta de acordo com as publicacbes sobre o tema (10,13-32). Ao
contrario dos achados de outros estudos, no entanto, a diminuicdo da VFC nos
pacientes do presente estudo, ndo se mostrou preditor independente para eventos
fatais ou ndo-fatais.

No primeiro grande estudo clinico usando a VFC para estratificagcdo de risco,
Kleiger et al. (42) em 1987 analisaram retrospectivamente os dados de 808 pacientes
sobreviventes de IAM participantes do estudo Multicenter Post-Infarction Program e
constataram uma associagao significativa entre a baixa variabilidade da frequéncia
cardiaca e o aumento do risco de mortalidade (5,3 vezes maior) em seguimento de 31
meses. Como o indice usado nesse estudo, o desvio padrao dos intervalos RR nas 24
horas (SDNN), é considerado um indice relativamente inespecifico da fungéo
autondbmica, o mesmo banco de dados foi re-analisado posteriormente usando-se
indices mais sofisticados tanto no dominio da frequéncia (44), quanto no dominio do
tempo (64). Esses estudos confirmaram e reforcaram o valor da VFC na estratificacao
de risco de mortalidade pos-IAM. Outros autores utilizando diferentes métodos de
avaliacéo da VFC também obtiveram resultados semelhantes (49,53,54).

Como ressaltado por Zuanetti et al. (65), em todos esses estudos, a VFC estava
fortemente relacionada a fungao ventricular, representada pela medida da FEVE e o
impacto relativo desses fatores na avaliagdo do progndstico dos pacientes tem sido
muito variavel, dependendo das caracteristicas da populagdo, dos pontos de corte
usados tanto para a FEVE quanto para os indices de VFC, além de outras variaveis

incluidas nos modelos multivariados. Por exemplo, no estudo de Kleiger et al. (42) que
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incluiu pacientes de classe Ill e IV da NYHA, a FE<30% mostrou ser algo mais potente
na previsdo de mortalidade do que o indice SDNN na analise multivariada, enquanto
que no estudo de Farrell et al. (8), os pacientes com a FE<40% foram excluidos do
modelo multivariado para eventos totais e também para eventos arritmicos. Na
publicagdo de Zuanetti et al. (65) o ponto de corte do valor de SDNN usado para
separar os grupos de baixa e alta mortalidade foi 70 ms (mais alto que os 50 ms
adotado por Kleiger). Usando um ponto de corte de 50 ms, a populagao tida como de
risco foi reduzida de 23,7% para 7,8% do total de pacientes sem, contudo modificar o
poder progndstico (odds ratio 7,8 para 50 ms versus 8,0 para 70 ms). As caracteristicas
da populagdo analisada (como inclusdo de pacientes com idade avangada e o uso
generalizado de tromboliticos) podem ter sobressaido essas discretas diferengas. Além
do que, como os dados foram obtidos por analise retrospectiva com a escolha do
melhor ponto de corte apds a ocorréncia do evento, isso pode ter produzido alguma
influéncia nos resultados (65).

Considerado como o mais importante estudo clinico para avaliar as influéncias
prognésticas do SNA no pés-IAM (66), o estudo ATRAMI (Autonomic Tone and
Reflexes After Myocardial Infarction) (46) envolveu 1,284 pacientes pdos-IAM e utilizou
como marcadores autondmicos a sensibilidade barorreflexa e a VFC avaliada no
dominio do tempo. Observa-se neste estudo, um maior rigor nos critérios de selegao
dos pacientes, provavelmente com a finalidade de ter uma populagdo mais homogénea
e que pudesse realmente ser considerada de baixo risco e assim, menos sujeita a
vieses nos resultados. Embora seus autores tenham confirmado o forte e independente

valor preditivo de ambos os métodos, algumas questdes relacionadas as caracteristicas
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clinicas da populagdo merecem ser abordadas, pois mostram que o rigor na selegao
dos pacientes pode néao ter sido suficiente para classificar a populagdao como de baixo
risco: 7% dos pacientes do ATRAMI tinham antecedente de |IAM prévio e sabe-se
atualmente que este fator aumenta consideravelmente o risco de mortalidade (65,67).
Também na sua selecdo, o estudo ndo levou em consideracdo as complicacdes
hemodindmicas ocorridas na evolugdo aguda do IM ao determinar como critério para
exclusdo a presenca de insuficiéncia cardiaca apenas no momento da alta da unidade
coronariana. Além do mais, em relacdo ao tratamento medicamentoso constata-se que
apenas 20% dos pacientes do ATRAMI estavam recebendo betabloqueador, percentual
este pequeno quando ja estd bem estabelecido que os betabloqueadores reduzem
significativamente a mortalidade no IM, provavelmente pela inibigdo do efeito deletério
do tono adrenérgico aumentado (68-71). Assim, permanece a duvida se a diminuigdo
da atividade vagal constatada pelos marcadores autondmicos continuaria como preditor
de mortalidade se os pacientes tivessem sido tratados rotineiramente com
betabloqueadores. O mesmo raciocinio poderia também ser aplicado para a baixa
utilizacédo (14% dos pacientes) dos inibidores da enzima conversora da angiotensina, ja
que existem evidéncias de que a depressao vagal pode estar relacionada a ativagao
neuro-humoral e consequente alteragao na remodelacgao ventricular (72-74).

Embora o estudo ATRAMI (46) tenha confirmado os resultados de diversas
pesquisas anteriores quanto ao valor da VFC na estratificacdo de risco pés-IAM, no
mesmo ano da sua publicagcédo (1998), Lanza et al. (67) relataram um estudo sobre o
papel da VFC no progndstico de 239 pacientes acometidos de IAM recente com

resultados surpreendentemente discordantes daqueles publicados anteriormente. Neste
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estudo, nenhum dos indices da VFC no dominio do tempo mostrou diferenca
significativa entre os pacientes com ou sem mortalidade cardiaca, apenas o
componente de baixa frequéncia da analise espectral esteve significativamente
relacionado a mortalidade cardiaca. Somente numa segunda analise, utilizando valores
abaixo do ponto-de-corte considerado 6timo € que foi possivel identificar pacientes de
maior risco relativo. Entretanto, na analise multivariada nenhum dos indices de VFC foi
preditor independente de morte cardiaca. A fragado de ejecao do VE <40% foi o mais
poderoso preditor de mortalidade total (p<0,0001) seguido de ESV > 10/h (p<0,0004).

E dificil afirmar-se quais das caracteristicas das populacdes estudadas no
ATRAMI (46) e na investigacdo de Lanza et al. (67) poderiam justificar resultados tao
discordantes, mas provavelmente a heterogeneidade dessas amostragens, quanto aos
aspectos clinicos-terapéuticos, deve ser responsavel por tais contradigoes.

Em nosso estudo, os pacientes mais idosos (acima de 65 anos) apresentaram
melhor evolugdo, embora com valor de significancia limitrofe. Este resultado, contraria
os estudos que identificaram a idade como um dos mais importantes fatores na
estratificacdo de risco pés-IAM (65, 75-78) entretanto, observou-se aqui uma
associacdo entre idade e dislipidemia, sendo esta condicdo mais frequente nos
individuos com idade inferior a 64 anos (Tabela 9), tratando-se provavelmente de um
viés do estudo por constituir-se de amostragem nao-aleatéria. Outra explicagdo para
isto poderia estar relacionada ao rigor nos critérios de selegdo dos pacientes, ja que o
surgimento de qualquer complicagdo clinica durante a fase aguda do enfarte era
condigdo de exclusdo do estudo. Assim, os pacientes idosos com evolugdo aguda tao

favoravel provavelmente compdem um grupo de pacientes protegidos pela selegéo
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natural e com doenga coronaria de menor gravidade. Acrescente-se ainda que neste
estudo nao foi feita qualquer discriminagao quanto ao tipo de tratamento em fungao da
idade do paciente enquanto observa-se que em muitas pesquisas abordando o
tratamento do IM, os idosos sdao menos freqientemente tratados com terapias cujos
efeitos benéficos ja foram bem demonstrados na evolugédo do IAM. Embora haja uma
tendéncia de mudancga, isto tem acontecido principalmente em relagdo ao uso de
betabloqueadores e também de tromboliticos (57, 65, 79).

Outra possivel explicacdo para este achado é de natureza social: como a maior
parte dos pacientes € do sexo masculino e 40,1% destes sdo procedentes de zona
rural, observa-se freqlientemente o retorno precoce dos mais jovens as suas atividades
laboriosas, antes de completada a sua avaliagdo funcional, em detrimento das
recomendagdes médicas.

De acordo com Hohnloser & Gersh (2), vale ressaltar que embora a estratificagdo
de risco em sobreviventes de |IAM seja principalmente baseada em elementos de
avaliagcao tradicionais que refletem a presenca de disfungdo ventricular esquerda,
estabilidade elétrica, isquemia e co-morbidades, ndo podemos nos descuidar da
avaliagao do pacientes como um todo, incluindo sua idade e condi¢des psicoldgica e
sécio-econdmica. Embora os fatores psico-sociais tais como educagao, rendimentos
financeiros, isolamento, estresse e depressao sejam de dificil quantificagcdo, existem
evidéncias da associagdo entre eles e o aumento da mortalidade pdos-IAM,
provavelmente provocado por alteragdes autondmicas do coragdo, manifestadas por

aumento da atividade simpatica ou pela depressao da atividade parassimpatica (80-82).
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Pode ser considerada uma limitagdo desta pesquisa, o numero relativamente
pequeno de pacientes da amostragem, que pode ter sido insuficiente para detectar uma
associacao entre VFC e eventos fatais e nao fatais, numa analise multivariada.
Entretanto, o alto valor preditivo dado pela presenca de isquemia silenciosa e de
arritmias ventriculares, sugere que estas variaveis prognosticas sao provavelmente
mais uteis em prever a evolugdo clinica de pacientes sobreviventes do primeiro IAM
nao-complicado e com perfil clinico de baixo risco.

Conclustes — A ECGD é um método util na avaliagao de pacientes acometidos
de IAM de baixo risco. A presenca de arritmias ventriculares frequentes ou de isquemia
silenciosa no exame desses pacientes esta relacionada a um progndstico desfavoravel,
principalmente naqueles com antecedente de dislipidemia. O estudo da VFC nao
mostrou utilidade na estratificacdo de risco desse grupo, sugerindo a necessidade de
pesquisas envolvendo um maior numero de pacientes com caracteristicas clinicas

similares.
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ABSTRACT

Introduction and objectives — The noninvasive methods used in post-acute myocardial
infarction (AMI) risk stratification have been shown to have a low predictive value when
studied in isolation. The possibility that ambulatory electrocardiographic monitoring
(AEM) may provide data on silent ischemia (Sl), ventricular arrhythmias (VA) and
autonomic modulation of the heart through the study of heart rate variability (HRV) led
the present author to use this method in AMI patients with the aim of assessing whether
these three variables could be related to the presence of unfavorable events in the
medium-term follow-up.

Methods — Ninety-one patients with a first, uncomplicated AMI were selected and
submitted to AEM for two consecutive days prior to discharge from the hospital. The
parameters studied in the examination were as follows: presence of Sl, identification and
quantification of VA and determination of the HRV indices by the time domain and three-
dimensional return map methods. The following were regarded as outcomes: new AMI,
unstable angina, sustained ventricular tachycardia and death.

Results — In the mean follow-up of 27.7 months (SD=15.45), 23 (25%) of the patients
presented events, nine of which were fatal. Events occurred most frequently in the
patients who presented ventricular premature beats >10/h (p=0.01) and also in those
with Sl (p=0.02). In the multifactorial analysis the presence of hyperlipidemia raised the
positive predictive value of these variables. None of the HRV indices was significantly

correlated with the occurrence of events.
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Conclusions — In low-risk post-AMI patients the presence of frequent ventricular
arrhythmias or silent ischemia is associated with an unfavorable prognosis. The study of
HRYV was not shown to be useful in the risk stratification of these patients.

Keywords — Ambulatory electrocardiographic monitoring; Silent ischemia; Ventricular

arrhythmia; Heart rate variability
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INTRODUCTION

Ischemic heart disease represents the major cause of mortality in the world
today. Over the past three decades the efforts devoted to the treatment of this disease
have led to the emergence of new forms of treatment, producing a significant fall in
morbidity and mortality. However, the results still leave much to be desired, given the
annual death rate of around 3%-5% (1), following acute myocardial infarction (AMI) after
discharge from hospital. Since the first twelve months after AMI represent the period of
greatest risk of sudden death and cardiovascular events (2), an accurate stratification of
risk prior to discharge has long been recognized as a crucial step in optimizing the
management of these patients, both in terms of individual results and in terms of the
cost-benefit ratio of diagnostic and therapeutic measures. Thus the search for simple,
noninvasive tests for identifying those patients with the greatest risk of an unfavorable
outcome following AMI remains an issue of ongoing interest.

For the survivors of AMI compounded by congestive heart failure, recurrent
ischemia or arrhythmias there is little controversy concerning the role of an aggressive
therapeutic strategy including even the implantable cardioversor-defibrillator (3-5).
Nonetheless no consensus exists on the optimal and most cost-effective assessment
prior to discharge of asymptomatic patients whose clinical course has been uneventful.
The challenge, then, is to identify risk factors for fatal and nonfatal events among the
majority of patients at relatively low risk following AMI nowadays, when the prognosis is

considerably better then when reperfusion treatments were not yet available (2).
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The following noninvasive methods have been used for post-AMI risk
stratification: determination of the left ventricular ejection fraction by echocardiography
or ventriculography, screening of late potentials by signal-averaged electrocardiogram
and ambulatory electrocardiographic monitoring (AEM). The latter permits the detection
and quantification of ventricular arrhythmias and silent ischemia, in addition to
autonomic assessment through the analysis of heart rate variability (HRV). However,
when studied in isolation, these methods have displayed a low positive predictive value
(6-12). The possibility of obtaining information on different parameters of cardiac
function (arrhythmias, ischemia and autonomic activity) using a single examination has
made AEM an attractive aid in the diagnosis and risk stratification of the main diseases
of the heart.

The presence of ventricular premature beats (VPB), whether frequent (>10/h),
complex or presenting in the form of nonsustained tachycardia, detected on the AEM of
post-AMI patients is related to a worse prognosis than in those without such
arrhythmias, especially when associated with left ventricular dysfunction (13-19). Since
both conditions are independent risk factors for sudden death, patients in this situation
are regarded as the ones with the worst outcomes in long-term follow-up of survival (14,
20, 21).

Studies carried out since the 1980s have indicated that the presence of silent
ischemia on the AEM of individuals with unstable angina pectoris or AMI significantly
increased the risk of a new coronary event or even sudden death (22-33). In the largest
of these studies Gill JB et al. (10) evaluated 406 patients with 48-h AEM recordings. The

examinations, performed between the fifth and seventh days after the AMI, evidenced a
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prevalence of ischemic changes in 23.4% of them and during follow-up an annual death
rate of 11.6% was found in the patients with evidence of myocardial ischemia versus
3.9% in those without ischemia (p=0.009).

The knowledge that beat-to-beat HRV might reflect the autonomic modulation of
the heart (34-40) led to the realization that post-AMI patients with a reduced HRV had a
greater risk of mortality than those with an unchanged HRV (41-46). Other methods of
analyzing HRV have been developed with the aim of producing more reliable results
and further information on the autonomic regulation of the heart (47-54). Moraes et al.
(55) developed a three-dimensional return map on which each RR interval is plotted
versus the difference of the adjacent intervals and versus the total number of intervals,
the resultant three-dimensional images then being quantified by a set of indices. These
authors thus demonstrated that the analysis of HRV using such indices reflects both
vagal and sympathetic modulation, presenting a good reproducibility and a good
correlation with the HRV indices in the time domain in healthy subjects and in those with
diabetes mellitus. In post-AMI patients, however, such data is to date nonexistent.

Reduced HRYV in survivors of AMI represents a powerful predictor of mortality and
arrhythmic complications, besides being unrelated to other, well-established factors for
risk stratification such as depressed left ventricular fraction, increased ventricular ectopic
activity and the presence of late potentials. For the prediction of general mortality the
value of HRV is similar to that of the left ventricular ejection fraction, which in general
terms reflects the contractile condition of the heart, regarded as one of the principal
prognostic factors since the early studies of Killip (56, 57). Nonetheless, HRV is better

than the ejection fraction at predicting arrhythmic events (sudden death and venticular
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tachycardia) (58, 59). The predictive value of HRV in isolation is modest, but in
combination with other methods it can substantially increase its accuracy for cardiac
mortality and arrhythmic events. The increased positive predictive accuracy has been
reported for the combination of HRV with mean heart rate, left ventricular ejection
fraction, frequency of venticular arrhythmias, presence or absence of late potentials and
elements of clinical evaluation. Nevertheless it has not yet been possible to clearly
establish which are the most convenient and feasible factors to be combined with HRV
in multifactorial risk stratification (60).

The use of AEM for post-AMI risk stratification appears to be a readily available,
low-cost resource that stands out among the other methods as it provides data
considered to have a strong predictive power through the assessment of HRV, the
recording of arrhythmias and the detection of silent ischemia. The combined use of
these three variables in a single group of patients has not, inexplicably, been
investigated.

The present study is characterized by the use of of three resources derived from
AEM in uncomplicated post-AMI patients deemed to be at low risk for the development

of serious events in their medium-term clinical course.
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METHODS

From July 1997 to January 2001, 24-hour AEM was perfomed for two
consecutive days in 97 in-patients at Oswaldo Cruz University Hospital in Recife, State
of Pernambuco, Brazil, who had suffered their first AMI confirmed by enzyme laboratory
tests and ECG, and whose clinical course in the hospital had been uneventful.

The monitoring was carried out prior to discharge between the seventh and
twentieth days following the AMI, with the patients being able to walk normally.

The exclusion criteria were as follows: age over 75 years, any complication
arising during the course of the infarction, such as clinical manifestations of heart failure,
angina, or low heart output, atrial fibrillation, electrical conduction disorders such as
atrial ventricular or interventicular blocks and Wolff-Parkinson-White syndrome, in
addition to the use of any antiarrhythmic medication or pacemaker. Sufferers from valve
diseases, cardiomyopathy and insulin-dependent diabetes were also excluded. Patients
on beta-blockers had the medication suspended for a minimum period equivalent to four
half-lives of the drugs in question.

Information from the ECG on the location of the AMI, medication used in the
acute phase, and the number of arteries with more than 70% of obstruction on coronary
angiography was collected for analysis of the influence of these variables on the results.

The treatment of these patients was given in accordance with the normal routine
of the department with no interference on the part of the researcher. Events regarded

as outcomes were a new AMI, unstable angina and sustained ventricular tachycardia
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and death. The research protocol was approved by the Ethics Committee of the

institution and all the patients signed an informed consent form.

Ambulatory electrocardiographic monitoring (AEM)

The examinations were recorded using Dynamis 3000 cassete recorders with
three analogic channels and one digital channel for correction of the time with the
electrodes positioned on the leads CM1, CM5 and modified D2. The analysis was
perfomed by two observers using the semi-automatic DMI — Burdick Altair V 6.0. For the
interpretation of the changes in the ST segment, a third observer reviewed the
examinations. Recordings of less than 20 hours or that presented more than 2% of
artefact in each day’s total recording time were excluded.

A depression of the ST segment greater than 1 mm measured 80 ms from point |
with a minimum duration of one second and separated from another episode by at least
one minute was considered as the criterion for silent myocardial ischemia in the
absence of symptoms. The total duration of the ischemic episodes was calculated from
the channel presenting the largest values in minutes/24 h.

Ventricular arrhythmias were considered frequent when they occurred 10 times or
more per hour and complex when they presented in couplets, runs or sequences lasting

less than 30 seconds.

Heart Rate Variability
HRV was analyzed by the time domain method and by a non-linear approach by

means of the three-dimensional return map (3-DRM). The analysis of HRV in the time
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domain was carried out in acordance with internationally accepted criteria (61) using the
following indices: mean RR interval (RRMED), standard deviation of all normal RR
intervals (SDNN); standard deviation of the average of RR intervals calculated in all 5-
min segments (SDANN); the square root of the mean of the sum of the squares of
differences between adjacent RR intervals (RMSSD), standard deviations of the
average of the normal RR intervals calculated in 5-min segments (SDANNI) and number
of pairs of adjacent RR intervals differing by more than 50 ms divided by the total
number of all RR intervals (PNNS50).

The 3-DRMs were constructed by plotting RR intervals versus the difference
between adjacent RR versus the number of counts. All normal RR intervals that
occurred during the time period were plotted on the x-axis against the difference
between adjacent RR intervals on the y-axis, with a grid resolution of 7.2 ms. Whenever
superimposition of points occurred, the number of superimposed points was expressed
on the z-axis, normalised by the maximum density. Four derived indices (P1, P2, P3,

MN) were developed to quantify the three-dimensional images (55).

Statistical analysis

The limits most frequently used in the literature were adopted for defining
ventricular arrhythmias and HRV. In the former, single ventricular extrasystoles with a
frequency equal to or greater than 10/h or complex ones of any frequency were
considered. In the latter, the SDNN index was used as the reference of choice as it is
regarded as the most representative of autonomic modulation, even though all the other

HRYV indices obtained by the time domain and 3DMR methods were also assessed.
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Three cutoff points were used for the SNDD index: under 50 ms, 50-100 ms and
over 100 ms. This index was also analyzed using the 70 ms cutoff point, as well as in
accordance with its distribution in terciles. Since they do not present a normal
distribution, the time domain indices were subjected to logarithmic transformation in
order that they could be correlated with one another by means of parametric methods
(Pearson r), thereby permitting comparisons with the literature in which this type of
analysis was performed.

The reproducibility of the indices of HRV, ventricular arrhythmias and silent
ischemia was assessed using nonparametric techniques of intraclass correlation
(Spearman R) and the paired hypotheses test (Wilcoxon Signed-Rank).

Despite the high reproducibility observed in most indices, the measurements
made on the first day of the examination were used as they present a better correlation
with the events investigated.

In order to assess the reproducibility of the HVR, ventricular arrhythmias and
silent ischemia indices nonparametrically the intraclass correlation (Spearman R)
hypotheses test (Wilcoxon) were used. The correlation between the 3DMR and HRV
indices in the time domain was calculated by Pearson's correlation coefficient.

The relationships between the HRV indices, the presence of silent ischemia and
the ischemic burden were measured by means of nonparametric indices, particularly the
Mann-Whitney U test of hypotheses and Spearman's correlation coefficient.

The canonical correlation analysis was made to test the differences between

proportions.
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The Kaplan-Meier technique was used to analyze the timing of outcome events
during follow-up and their differences were compared using Cox's F test (comparison
between two curves) and the chi-squared test (comparison between three or more
curves). The data was considered censored from the date of the event or final
assessment in the case of the patients who did not present events.

Multivariate analysis was performed by the logistical regression method using
the Quasi-Newton method of estimation. Only variables with a statistically significant
contribution to prediction were included in the multivariate model.

In all cases a statistical significance level of p<0.05 (more specifically, «<0.05 and

<0.80) were adopted.
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RESULTS
Profile of the population studied

Of the 97 patients recruited for the study, four were excluded on the basis of
technical criteria related to the recordings of the AEM examinations and two because
they failed to return for control. Thus there remained 91 patients, regarded as being at
low risk of mortality by the inclusion criteria adopted, with a prevalence of males (69%)
and a mean age of 55.6 yr (range 34 to 74 yr, SD=8.85). The general characteristics of
the group are shown in Table 1, where a substantial proportion (38.5%) of patients from
rural areas can also be observed.

As regards the patients' personal history, the majority were hypertensives (62%)
and smokers (58%), 19% were diabetics and 23.% suffered from hyperlipidemia. The
ECG taken at admission showed infaction located inferiorly in 52% of the patients and
anteriorly in 48.%. Coronary angiography was performed on 67 patients, in two of whom
there were no significant obstructive lesions (>70% of the lumen of the vessel). The
mean number of vessels affected by this degree of obstruction was 1.7 (SD=0.87).

Chemical thrombolysis was used in 58% (N=88) of the patients. Although beta-
blockers was discontinued in all patients in order to perform the AEM, 95% had used
such medication in the acute phase of AMI and resumed its use immediately after the
examination. Angiotensin-converting enzyme (ACE) inhibitors were used by 85% of the

patients.
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Findings of the ambulatory electrocardiographic monitoring

A summary of the main data obtained from the AEM is shown in Table 2. VPB at
a rate equal to or greater than 10/h was detected in 17 (19%) of the examinations
(N=89), while couplets, runs and nonsustained episodes of ventricular tachycardia
were present in 20 (22%).

Changes consistent with silent myocardial ischemia were found in 15% of the
patients who presented a ischemic burden over the 24 hours, ranging from 5.7 to 729.4
min with a mean of 51 min (SD=150.71).

The HRV study in the time domain showed that 8% of the patients presented an
SDNN equal to or less than 50 ms, while 59% showed values between 50 and 100 ms
and 33% indices greater than 100 ms. The other HRV indices in the time domain, as
well as those obtained by 3-DRM were shown to be well correlated with one another
(Table 3).

The reproducibility of the AEM results was analyzed in 85 patients whose
recordings of the two consecutive 24-hr examinations presented a satisfactory technical
quality for such an evaluation. The ventricular arrhythmias displayed a good
reproducibility (Spearman R=0.89; p=0.30 for VPB>10/h and 0.98; p=0.70 for complex
VPB), as did the HRV indices (Spearman R=0.91; p=0.80 for SDNN), while the silent
ischemia measured by the total ischemic burden showed a low reproducibility
(Spearman R=0.46; p=0.03) as can be seen in Table 4 and Figure 1.

When an assessment was made as to whether the HRV indices in the time
domain correlated with those obtained from the three-dimensional return map, a high

degree of correlation was found between them (Table 3).
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Clinical course of the patients

The mean length of follow-up was 27.7 months (minimum, 1 month, maximum, 60
months, SD=15.45). During this period 23 (25%) patients presented one of the events
regarded as outcomes - unstable angina, a new infarct and death. Of the nine deaths
recorded, two had noncardiac causes (Figures 2 and 3).

As may be seen in Table 5, where the variables that presented statistical
significance are highlighted, the events occurred more frequently among the patients
who presented VPB>10/h than among those with fewer than 10/h (47% vs 19%;
p=0.01). The Kaplan-Meier curves of eventless survival constructed with these variables
represent clear evidence of these differences (Figures 4 and 5).

None of the HRV indices were significantly related to the occurrence of events
during the patients' clinical course (Figure 6).

Among the clinical variables a history of hyperlipidemia was seen to be strongly
associated with the incidence of events (p=0.001), while the age variable showed a
borderline level of significance (p=0.05) with an absence of events in patients over 65
years of age (Figures 7 and 8). The regression model, however, revealed that age was
not responsible for this fact per se, which was dependent upon an association with the
hyperlipidemia factor (Table 6).

The region of the infarct, the number of lesions diagnosed on coronary
angiography, the medications initiated in the acute phase and the type of treatment

adopted after the infarct did not influence the subsequent clinical course of the patients.
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Multivariate analysis

It was demonstrated by means of multivariate analysis (Table 7) that among all
the elements afforded by AEM the only variables that functioned as independent
predictors related to the combined events were the presence of silent ischemia and VPB
> 10/h.

When the two variables obtained from AEM are analyzed in association with the
only significant clinical variable - hyperlipidemia - using the technique of logistic
regression, it is observed that, whereas, silent ischemia presents an OR= 7.04 and
VPB>10/h an OR=5.82, the set of three variables raises the OR to 9.09 (p=0.00009)
with a sensitivity of 48% and a specificity of 91%, a positive predictive value of 63% and
a negative predictive value of 85% (Table 7).

In Figure 9 it can be seen that 38% of the patients showed only one variable,
10% two variables and 2% three variables. Nonetheless the majority of the events
occurred in the patients with either two or three variables (Figure 10).

The presence of silent ischemia was not shown to be associated with any of the
indices of HRV evaluated, whether in the time domain or by the three-dimensional return
map method (Table 8), nor was any correlation observed between these indices and the

ischemic burden (Table 9).
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DISCUSSION

Post-AMI risk stratification is a difficult, complex process as it involves a
considerable number of variables represented by clinical factors such as age, gender,
site and extent of the AMI and the presence of Q wave, acute heart failure, recurrent
ischemia, arrhythmias and concurrent clinical conditions such as diabetes and kidney
failure. Aside from the above, there are the parameters obtained from laboratory
investigations, such as anatomy of the coronaries, functional capacity of the LV,
presence of ischemia on scintography and the recording of late potentials on high
resolution electrocardiography. To this must be added the different kinds of approach to
therapy, whether through the use of drugs or surgery, all of which contributes to create a
heterogeneous complex whole that makes it difficult to assess the role of each of these
factors in isolation in risk stratification. As a result, one observes, at the outset, the
difficulty in classifying a given population as to the degree of risk of mortality and the fact
that the studies that indiscriminately include patients from all risk bands may contain
errors that could lead to controversial results.

In the present study it was decided to assess an exclusively low-risk population,
as there is a consensus that the stratification of high-risk patients should be done initially
with knowledge of their coronary anatomy (62, 63). In addition, when high-risk patients
are included in studies of prognostic assessment, the results obtained are strongly
influenced precisely by such patients. Thus in this study an attempt is made to assess
the role of AEM in the setting in which this method can be clinically helpful. The
recording of SI or VPB>10/h made it possible to identify patients at greater risk for the

occurrence of events, which is in agreement with the publications on this subject (10,13-
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32). Unlike the findings of other studies, however, reduced HRV in the patients of the
present study did not prove to be an independent predictor of fatal or nonfatal events.

In the first major clinical study using HRYV for risk stratification Kleiger et al. (42) in
1987 retrospectively analyzed the data from 808 survivors of AMI from the study of the
Multicenter Post-Infarction Program and found a significant association between a
reduced HRV and an increased risk of mortality (5.3 times greater) in a 31-month follow-
up. As the index used in the present study, namely the standard deviation of the RR
intervals over 24 hours (SDNN), is considered to be a relatively unspecific index of
autonomic function, the same data base was subsequently reanalyzed using more
sophisticated indices, both in the frequency domain (44) and in the time domain (64).
These studies confirmed and reinforced the value of HRV in the stratification of risk of
mortality after AMI. Further, other authors using methods of assessment other than HRV
have obtained similar results (49, 53, 54).

As emphasized by Zuanetti et al. (65), in all these studies HRV was strongly
associated with ventricular function, represented by the measurement of the left
ventricular ejection fraction (LVEF), and the relative impact of these factors in the
assessment of the prognosis of patients has been extremely variable, depending upon
the characteristics of the population and the cutoff points used both for LVEF and for the
HRYV indices, in addition to other variables included in the multivariate models. For
example, in the study of Kleiger et al. (42), which included patients from NYHA Classes
[l and IV, an EF<30% proved to be a rather more powerful predictor of mortality than
the SDNN index in the multivariate analysis, while in that of Farrell et al. (8) the patients

with an EF<40% were excluded from the multivariate model for total events and also for
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arrhythmic events. In Zuanetti's study (65) the SNDD cutoff point used to separate the
low- and high-risk mortality groups was 70 ms (higher than the 50 ms adopted by
Kleiger). Through the use of a cutoff point of 50 ms, the population regarded as being at
low risk was reduced from 23.7% to 7.8% of the total patient population, but without
modifying the prognostic power (OR=7.8 for 50 ms vs 8.0 for 70 ms). The characteristics
of the population analyzed (such as the inclusion of elderly patients and the widespread
use of thrombolytic medication) may have highlighted these discrete differences.
Furthermore, the fact that the data were obtained by a retrospective analysis, with the
choice of the optimum cutoff point made after the occurrence of the event, may have
had some influence on the results (65).

Regarded as the most important clinical study for assessing the prognostic
influence of SNA in post-AMI (66), the Autonomic Tone and Reflexes After Myocardial
Study (ATRAMI) (46) comprised 1.284 post-AMI patients and used baroreflex sensitivity
and HRV measured in the time domain as autonomic markers. A greater rigor in the
selection criteria of patients may be observed in this study, the likely purpose of such
rigor being a more homogeneous population that could really be regarded as being at
low risk with the results thus being less subject to bias. Although its authors have
confirmed the strong predictive value of both methods, a number of questions relating to
the clinical features of the population merit consideration, for they show that the rigor in
the selection of patients may not have been sufficient to classify the population as being
a low-risk one: 7% of the ATRAMI patients had a history of previous AMI and it is now
known that this factor substantially increased the risk of mortality (65, 67). In addition, in

its selection of patients the study did not take into account the hemodynamic
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complications that occurred in the acute phase of the Ml when determining the presence
of heart failure only at the time of discharge from the coronary unit as a criterion for
exclusion. Moreover, in relation to drug treatment, it is found that only 20% of the
ATRAMI patients were receiving a beta-blocker, which is a small percentage when it is
well established that beta-blockers significantly reduce mortality in MI, probably by
inhibiting the the deleterious effect of the increased adrenergic tone (68-71). Thus there
remains the doubt as to whether the diminished vagal activity found by the autonomic
markers would continue to be a predictor of mortality if the patients had been routinely
treated with beta-blockers. The same reasoning could be applied to the low use (14% of
the patients) of ACE inhibitors, since there is evidence that vagal depression may be
related to neurohumoral activation and the resultant change in ventricular remodeling
(72-74).

Although the ATRAMI study (1998) confirmed the results of a number of previous
studies regarding the value of HRV in risk stratification after AMI, Lanza et al. (67) in the
same year reported a study on the role of HVR in the prognosis of 239 patients with a
recent AMI, the results of which were surprisingly at variance with those previously
published. In Lanza's study none of the HVR indices in the time domain showed any
significant differences between the patients with and those without cardiac mortality,
only the low-frequency component of the spectrum analysis being significantly
associated with the latter. Only on a second analysis, using values below the cutoff point
considered the optimum one, was it possible to identify patients at a relatively greater

risk. In the multivariate analysis, however, none of the HVR indices was an independent
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predictor of cardiac death. A left ventricular EF<40% was the most powerful predictor of
total mortality (p<0.0001), followed by VPB>10/h (p<0.0004).

It is difficult to state which of the characteristics of the populations studied in
ATRAMI (46) and in the investigation of Lanza et al. (67) could justify such divergent
results, but the heterogeneity of these samples, in relation to the clinical and therapeutic
aspects, probably accounts for such contradictions.

In the present study the oldest patients (over 65 yr) presented a better clinical
course, albeit with a borderline level of significance. This outcome appears to run
counter to those of the studies that have identified age as one of the most important
factors in risk stratification after AMI (65, 75-78); however, this study found an
association between age and hyperlipidemia, the latter condition being more common in
individuals under the age of 64 years (Table 9), probably representing a bias in the
study owing to the fact that it comprised a nonrandom sample. Another explanation for
this might be related to the rigor used in the patient selection criteria, since the
appearance of any clinical complication during the acute phase of the infarct was
sufficient to exclude the patient from the study. Thus the elderly patients with such a
favorable acute clinical course probably constitute a group of patients protected by
natural selection suffering from a less serious form of coronary disease. Further, it
should be added that in this study no discrimination was made in relation to the type of
treatment given as a result of the patient's age, whereas in many research studies
dealing with the treatment of MI the elderly are treated less frequently with therapies

whose beneficial effects have already been demonstrated in the course of their AMI.
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Although this is now tending to change, it has happened mainly in relation to the use of
beta-blockers and also thrombolytic medication (57, 65, 79).

Another possible explanation for this finding is of a social nature: as the maijority
of the patients are males and 38.5% of them are from rural areas, the youngest ones are
frequently found to have made an early return to their routine labor activities, contrary to
medical recommendations, before their functional assessment has been completed.

According to Hohnloser & Gersh (2), it should be emphasized that, although risk
stratification in survivors of AMI is based mainly on traditional elements of assessment
that reflect the presence of left ventricular dysfunction, electrical stability, ischemia and
concomitant morbidity, we cannot neglect the assessment of the patient as a whole,
including his or her age, psychological condition and socioeconomic status. Despite the
fact that psychosocial factors such as education, income, isolation, stress and
depression are difficult to quantify, there is evidence that an association exists between
these factors and increased mortality after AMI, probably produced by autonomic
changes in the heart, manifested in the increase in sympathetic activity or depression of
parasympathetic activity (80-82).

The relatively small number of patients in the sample might be regarded as a
limitation of the present study as the number may have been insufficient for detecting an
association between HRV and lethal and nonlethal events in a multivariate analysis.
Nevertheless, the high predictive value afforded by the presence of silent ischemia and
ventricular arrhythmias suggests that these prognostic variables are probably more

useful in predicting the outcome of survivors of a first AMI with a low-risk profile.
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Conclusions

Ambulatory electrocardiographic monitoring is a useful method of assessing
patients with low-risk acute myocardial infarction. The presence of frequent ventricular
arrhythmias or silent ischemia on the examination of these patients is associated with an
unfavorable prognosis, particularly in those with a history of hyperlipidemia. The study of
heart rate variability did not prove helpful in the risk stratification of this group, which
indicates the need for further investigations involving a greater number of patients with

similar clinical features.
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Number of patients

91

Age (mean) 55.6 years (SD = 8.85)
Sex
Male 63 (69%)
Female 28 (31%)
Origin
Urban area 56 (61.5%)
Rural area 35 (38.5%)

Personal history
Smoking
Hypertension
Diabetes

Hyperlipidemia

52 (58%)
54 (62%)
17 (19%)
21 (23%)

Site of infarct
Anterior

Inferior

44 (48.4%)
47 (51.6%)

Number of involved arteries (stenosis >70%)

1 31 (46%)

2 22 (33%)

3 or more 12 (18%)
Treatment in the acute phase

Thrombolysis 53 (58%)

ACE inhibitor 77 (85%)

Beta-blocker

86 (94.6%)

Table 1 — General characteristics of the population studied.
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VPB (> 10/h)

VPB couplets, runs and NVT

Silent ischemia
Ischemic burden (min/24h)

SDNN <50 ms
SDNN > 50 ms <100 ms
SDNN > 100 ms

17 (18.7%)

20 (22%)

5,7-729,4 (SD =150.71)
Mean = 51

7 (8%)
53 (59%)
29 (33%)

N =389

Table 2 — Main findings of ambulatory electrocardiography monitoring.
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RRMed | SDNN | PNN50 | RMSSD | SDNNI | SDANNI| P1 P2 | P3 | MN
RRMed 1.00 | 0.64 | 0.60 0.66 0.72 0.56 |0.63|0.66 | 0.47 | 0.69
SDNN 0.64 | 1.00 | 0.69 0.71 0.89 0.97 |0.49|0.97 |0.59|0.85
PNN50 0.60 | 0.69 1.00 0.94 0.81 0.57 |0.61|0.66 | 0.94 | 0.91
RMSSD 0.66 | 0.71 0.94 1.00 0.83 0.59 |0.67|0.69 |0.94|0.95
SDNNI 0.72 | 0.89 | 0.81 0.83 1.00 0.77 |0.62|0.89|0.72 | 0.91
SDANNI 0.56 | 0.97 | 0.57 0.59 0.77 1.00 | 0.42|0.94|0.45|0.75
P1 0.63 | 049 | 0.61 0.67 0.62 042 |1.00|0.50 |0.52]0.75
P2 0.66 | 0.97 | 0.66 0.69 0.89 0.94 |0.50|1.00|0.55]|0.84
P3 047 | 059 | 0.94 0.94 0.72 045 |0.52|0.55|1.00|0.87
MN 0.69 | 0.85 | 0.91 0.95 0.91 0.75 |0.75|0.84 | 0.87 | 1.00

Table 3 - Correlation between the indices after conversion of the measurements into

logarithms (Pearson n).
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1% day 2" day Wi , 15! day vs. 2™
Variable N ”c,ig;(fn S Variable | day (Spearman

M SD M SD R)
RRMED | 797.7|128.09| 803.3| 138.08(83| 0.31 RRMED 0.93
SDNN 92.5| 36.46| 92.9| 37.21/83| 0.80 SDNN 0.91
PNN50 50| 7.24| 52| 7.50/83 0.38 PNN50 0.92
RMSSD | 23.6| 11.23| 23.9| 11.78(83| 0.69 RMSSD 0.94
SDNNI 38.5| 17.59| 39.4| 18.08/83| 0.09 SDNNI 0.98
SDANNI | 80.4| 31.94| 80.4| 31.29(83| 0.87 SDANNI 0.86
P1 59.4| 11.10| 60.6| 10.05/83| 0.24 P1 0.84
P2 45.4| 13.52| 459| 13.14(83| 0.28 P2 0.90
P3 77.8| 28.09| 78.0| 29.70/83| 0.67 P3 0.89
MN 235.4|165.66 | 244.8| 176.27|83|  0.26 MN 0.94
SONEMIC | 51.0 |150.71| 19.1 | 67.89 (82| 0.03 | | SONeM 0.46
\z/foB/h 251.3|721.14|212.0 | 624.31 (82| 0.30 \Z/fOB/h 0.89
Sgg‘p'ex 29 | 12.87 | 4.3 | 23.46 |82| 0.70 S‘F’,gp'ex 0.98

Table 4 — Analysis of the reproducibility of the variables.
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Figure 1 — Reproducibility of the ischemic burden.
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Figure 3 — Distribution of the patients according to outcome.
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Variable Cox’s F test p Variable Cox’s F test p
RRMED |F(24, 18) = 1.312070 [0.28 | |Sex F(30, 16) = 1.201446 |0.36
SDNN F(20, 22) = 1.030536 |0.47 | |Age F(16, 30) = 2.018370 |0.05
PNN50 |F(18, 24) = 1.404473 |0.22 | |Diabetes F(38, 8) =1.194395 |0.42
RMSSD |F(22, 20) =1.006124 [0.50 | |Smoking F(28, 18) = 1.079844 |0.44
SDNNI |F(22,20) = 1.043647 |0.46 | |Trombolysis |F(28, 16) = 1.294485 |0.30
SDANNI |F(22, 20) =1.131793 |0.39 | |Hyperlipidemia |F(24, 22) = 3.913683 |0.001
P1 F(20, 22) = 1.231018 |{0.32 | |Hypertension |F(30, 14) = 1.344602 |0.28
P2 F(20, 22) = 1.106120 |0.41 | |Clinical F(10, 32) = 1.548191 [0.17
treatment
CATH
P3 F(20, 22) = 1.240370 |0.31 involved F(18, 16) = 1.064640 [0.45
arteries
MN F(20, 22) = 1.125970 |{0.39 | |Site of AMI F(30, 16) = 1.486182 |0.20
Ischemia | F( 30, 12) = 3.002987 | 0.02
PVC _
~10/h F(26,16) = 3.057427 |0.01
Complex _
PVC F( 26, 14) = 1.828414|0.12

Table 5 — Influence of the various factors on eventfree survival.
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Figure 4 — VPB >10/h and eventfree survival (Kaplan-Meier curves)
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Figure 5 — Ischemia and eventfree survival (Kaplan-Meier curves).
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Figure 6 - SDNN cutoff points and eventfree survival (Kaplan-Meier curves).
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Figure 7 — Age and eventfree survival (Kaplan-Meier curves).
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Proportion with

Parameters hyperlipidemia N P
Age > 66 yr 8% 13

0.17
Age <66 yr 25% 80
Parameters Propor'tlc')n W'.th N p

hyperlipidemia

Age > 64 yr 5% 20

0.03
Age <64 yr 27% 73

Table 6 - Association between age and hyperlipidemia.
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Variable Estimate gggg Ward’s p
Hyperlipidemia 1.77 5.89 0.004
VPB (> 10/h) 1.76 5.82 0.007
Silent ischemia 1.95 7.04 0.01
Constant -3.00 0.00 0.00

Parameter Value
Chi*(3) 21.25
P 0.00009
Odds Ratio 9.09
Sensibility 48%
Specificity 91%
Positive
predictive 63%
value
Negative
predictive 85%
value

Method of estimation: Quasi-Newton

Table 7 — Logistic regression for occurrence of event.
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Figure 9 — Distribution of the occurrence of the variables of the model.
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Figure 10 — Occurrence of events according to the presence of the variables:

hyperlipidemia, VPB > 10/h and ischemia.
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Absence of ischemia

Presence of ischemia

Mann-Whitney

HRYV indices " . N " . N U (p) test
RRMED 807.7 | 126.69 | 76 749.4 | 11666 | 13 0.13
SDNN 92.7 | 34.26 76 96.5 | 46.78 13 0.92
PNN50 5.3 7.50 76 3.1 3.13 13 0.81
RMSSD 239 | 11.54 76 21.3 | 7.03 13 0.83
SDANN 39.1 | 17.19 76 36.1 | 17.79 13 0.59
SDANNI 80.1 | 29.02 76 87.7 | 46.21 13 0.73
P1 60.2 | 11.28 76 549 | 8.61 13 0.17
P2 456 | 12.61 76 46.8 | 17.56 13 0.95
P3 78.0 | 28.47 76 75.8 | 21.88 13 0.93
MN 239.1 [ 166.35| 76 214.3 | 137.91 13 0.62

Table 8 — Analysis of the association between the HRV indices and silent ischemia.



Ischemic burden - correlation (Spearman)
HRYV indices

R P N
RRMED -0.15 0.17 89
SDNN 0.01 0.91 89
PNN50 -0.02 0.85 89
RMSSD -0.01 0.89 89
SDNNI -0.05 0.62 89
SDANNI 0.04 0.73 89
P1 -0.14 0.19 89
P2 -0.001 0.99 89
P3 0.01 0.90 89
MN -0.05 0.67 N

Table 9 — Correlation between the HRV indices and the ischemic burden.
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ANEXO 2

CONSENTIMENTO INFORMADO
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CONSENTIMENTO INFORMADO

Titulo da Pesquisa:

ESTUDO DA RELAGAO ENTRE VARIABILIDADE DA FREQUENCIA CARDIACA,
ISQUEMIA SILENCIOSA E ARRITMIAS VENTRICULARES NA ESTRATIFICACAO
DE RISCO POS-INFARTO DO MIOCARDIO DE BAIXO RISCO

Objetivos Principal:

Avaliar a atividade do sistema nervoso autbnomo através da Eletrocardiografia Dindmica e
verificar sua relagdo com a presenca de isquemia silenciosa e a influéncia desses fatores na
evolugao poés-enfarte do miocardio.

Metodologia

A pesquisa sera realizada em pacientes acometidos do primeiro enfarte agudo do miocardio,
com evolugao sem complicagdes. O exame — Eletrocardiografia Dindmica de 48 horas —
consiste na colocagao de 4 eletrodos descartaveis sobre a pele da regido toracica e ligados por
fios eletrodos ao gravador portatil que o paciente devera carregar preso por um cinturdo de
couro. Tal aparelho ndo o impede de executar suas atividades habituais e 0 exame devera ser
feito com o paciente internado, fora da fase aguda, entre 0 7° e 0 21° dia apds o enfarte.
Riscos

Os procedimentos realizados serao de carater ndo invasivo, ndo causando riscos para os
pacientes. Ao realizar 0 exame, 0s pacientes ja estardao fora da fase aguda, ainda internados
mas ja em condi¢cdes normais de deambulagéo.

A pesquisa ndo tem qualquer relagdo com o tipo de tratamento ou os medicamentos
adotados para os pacientes os quais deverao ficar a critério do corpo clinico responsavel, nao
sofrendo qualquer interferéncia do pesquisador. Aqueles que tiverem as medicacdes
temporariamente suspensas, s6 o fardo apds rigorosa avaliacdo clinica e quando considerado
seguro pelo médico-assistente.

Beneficios

O estudo ira contribuir para uma melhor estratificagdo do risco para morte cardiaca e novos
eventos coronarios, em pacientes que sofreram enfarte do miocardio. visando medidas
preventivas que possam ser adotadas o mais precocemente possivel.

Individualmente, os participantes terdo acesso aos resultados do exame realizado.

O acompanhamento clinico dos pacientes sera realizado durante todo o periodo do estudo.

Desta forma, eu: . RG
n° , abaixo assinado, declaro que apds convenientemente esclarecido pelo
pesquisador e ter entendido o que me foi explicado, consinto de livre e espontanea vontade em
participar deste estudo clinico. Esclareci todas as minhas duvidas com a Dr. Dario C. Sobral
Filho (CRM.5789), médico responsavel pela pesquisa.

Paciente — data. Pesquisador — data

Testemunha - RG
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