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RESUMO

Introdugédo: A insuficiéncia cardiaca congestiva (ICC) descompensada pode ser
definida como a evidéncia de sinais e sintomas de insuficiéncia cardiaca (IC) ao
repouso e representa estado de ativagcao neuro-hormonal intensa, secundaria ao
déficit de perfusdo renal. Regurgitagdes valvares funcional mitral e tricuspide séo
causas reversiveis de diminuicdo de fluxo sanguineo sistémico eficaz. O impacto
de tais regurgitacdes sobre o débito cardiaco, sobre o conteudo de fluido toracico,
sobre as dimensdes de camaras cardiacas e sobre a funcdo do aparato valvular
pode ser monitorado de forma nao-invasiva, antes e apdés a otimizagdo do
tratamento clinico. Objetivo: Avaliar o papel das regurgitagdes valvares funcional
mitral e tricuspide como causas reversiveis de reducao do débito cardiaco em ICC
descompensada, e que acompanham a disfungao ventricular sistdlica em
miocardiopatias isquémica e nado-isquémica. Métodos: catorze pacientes do sexo
masculino (66 + 8 anos de idade), fragdo de ejecédo (24 + 5%) secundaria as
miocardiopatias isquémica (71%) e nao-isquémica (29%), apresentaram ICC
descompensada com evidéncia clinica de regurgitacbes valvares mitral e
tricuspide, foram avaliados por Bioimpedancia cardiaca e ecocardiografia antes e
uma semana apos otimizagao de tratamento clinico. Resultados: o tratamento
farmacolégico de ICC descompensada foi acompanhado de redugédo de peso
corpéreo de 82,9 a 76 kg (P<0,01), elevagao no indice cardiaco (de 2,1 para
2,6 L/min/m?, P<0,01), reducdo na pressao sistdlica da artéria pulmonar (de 58
para 35 mm Hg; P<0,001), conteudo de fluido toracico (de 39 para 32 kOhm,;
P<0,001) e resisténcia vascular sistémica (de 1633 para 1209 dinas/seg/cm>;
P<0.001). A melhora dessas regurgitagdes incluiu redugdo nas dimensdes das
camaras atriais esquerda e direita (de 27 para 24 cm? e de 26 para 23 cm?,
respectivamente; (P<0,001), diminuicdo das regurgitagdes mitral e tricuspide
detectadas pelo Doppler colorido (P < 0,01), do volume regurgitante mitral (de 105
para 65 ml; P<0,001), e do tamanho efetivo do orificio regurgitante mitral (de 0,8
para 0,6 cm?; P<0,01). Conclusdes: Na ICC descompensada, as regurgitacdes
funcionais mitral e tricuspide contribuem para redugcdo do débito cardiaco,
aumento do conteudo fluido toracico e da resisténcia vascular sistémica,
simultaneamente ao aumento de camaras atriais e do orificio valvar, os quais
podem ser melhorados com tratamento clinico. A bioimpedancia cardiaca e a
ecocardiografia fornecem avaliagdo seriada nao-invasiva de parametros
hemodindmicos e fungao valvar nestes pacientes.
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1.1 Epidemiologia

A insuficiéncia Cardiaca (IC) é um grande problema de saude publica
mundial, com prevaléncia e incidéncia crescentes, principalmente na populagao

idosa.!""?

No Brasil, estudos epidemioldgicos envolvendo a incidéncia de IC,
podem estimar que até 6,4 milhdes de brasileiros sofram dessa enfermidade.
Segundo dados obtidos do SUS (Sistema Unico de Saude) do MS (Ministério da
Saude), foram realizadas, no ano de 2000, 398 mil internagdes por IC, com
ocorréncia de 26 mil dbitos ). Em nosso pais, as altas hospitalares com
diagnostico final de IC cresceram de 377.000, em 1979, para 999.000, em 2000,
totalizando incremento absoluto de 164%. As admissdes hospitalares por IC
representaram aproximadamente 4% de todas as hospitalizagdes e 31% das
internacdes causadas por distirbios do aparelho circulatério no ano de 2004
Os dados disponiveis pelo DATASUS permitem fazer analise apenas para
edema agudo de pulmao, que em 2002 teve 21.553 internagdes, com taxa de
Obito (numero de internagdes sobre o numero de 6bitos) de 17,30; em 2007,
foram 20.405 casos com aumento da taxa de 6bito para 19,2.%%

Em 2007, nos Estados Unidos da América (EUA), aproximadamente
7 milhdes de pacientes apresentaram IC, resultando em mais de 1 milhdo de
hospitalizagdes por ano por descompensacgao cardiaca. Sua incidéncia chega a
ultrapassar mais de 550.000 novos casos por ano, € esse diagndstico é a
primeira causa de hospitalizagcdo no idoso (acima de 65 anos), com
mortalidade anual geral de 285.000 obitos. Apos o estabelecimento de seu
diagnostico, a taxa de mortalidade em cinco anos atinge 50%, com sobrevida
média de 1,7 anos para homens e 3,2 anos para mulheres. As estimativas para
o0 ano de 2030 projetam 15 milhdes de pessoas com o diagnédstico de

insuficiéncia cardiaca naquele pais®.

As admissdes hospitalares por IC descompensada estdo associadas
a prognostico desfavoravel em termos de morbi-mortalidade e a custo anual de
aproximadamente U$ 40 bilhdes de doélares. Além disso, cerca de 50% de todos
os pacientes hospitalizados por tal insuficiéncia sao readmitidos nos seis meses
seguintes, nao obstante tratamento clinico otimizado (6-9),
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1.2 Definigoes

A IC pode ser definida como sindrome ou conjunto de sinais e sintomas
de congestdo venosa passiva e hipoperfusdo tecidual, que se iniciam apos evento
de dano ou lesao ventricular, resultando em disfungdes sistélica e/ou diastdlica e
que se perpetuam através de ativagdo neuro-hormonal progressiva e persistente
do sistema Renina Angiotensina Aldosterona (RAA), sistema nervoso simpatico e
endotelina entre outros. A ativacao do sistema RAA decorre da reducdo de

perfusdo renal e promove retengdes hidrica e salina.'>'"

No entanto, os episédios de descompensacdo da IC apresentam
dificuldade de definicdo em termos de nomenclatura e classificacdo. Esta
dificuldade resulta na falta de consenso para padronizagdo de tratamento,
contribuindo para resultados pouco satisfatorios no que tange ao seu manuseio,

com altas taxas de morbidade e mortalidade.“®

Recentemente, nova nomenclatura foi proposta para a
descompensacdo da IC: sindromes agudas de IC ('?. Esta terminologia decorre
do fato de envolver populagdo heterogénea de pacientes, a qual compreende
varios perfis de apresentacao clinica, dentro de fisiopatologia extremamente
complexa da descompensagédo aguda. Estas sindromes podem genericamente
ser definidas como rapida piora de sinais e sintomas de IC, que resultam em
hospitalizagdo ou procura por assisténcia médica nao planejada e exigindo
tratamento médico de urgéncia. A grande maioria dos casos (70%) decorre de
exacerbacao de IC cronica previamente estabelecida. Cerca de 25% dos casos
representam o primeiro evento de IC (novo diagndstico), em geral decorrendo de
sindromes coronarianas agudas (infarto do miocardio) ou primeiro episédio de
edema agudo de pulmao hipertensivo. Os casos restantes (5%) configuram
apresentacoes de IC refrataria e/ou terminal, envolvendo pacientes com
disfuncéo ventricular grave e fracdo de ejecdo do ventriculo esquerdo (FEVE)
menor do que 20%, e que chegam aos servigos de emergéncia com quadro

clinico de hipotenséo e/ou baixo débito cardiaco.®'?
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1.3 Fisiopatologia da IC descompensada

De acordo com Weber et al.('?)

, pacientes com essa afec¢ao podem
estar compensados e apresentarem apenas dispnéia aos esforcos e fadiga
quando submetidos a extremos de trabalho muscular, e ndo possuirem sinais de
expansao do espaco intravascular ou do volume extravascular. Porém quando
estes pacientes apresentam tais sintomas ao repouso e/ou durante leve esforgo
fisico, eles configuram um estado de descompensagao da IC. Nos pacientes
compensados, a relacao de sodio / potassio urinario € maior do que 1,0, devido a
liberacdo de peptideos natriuréticos, secundaria a distensdo de atrios e
ventriculos. Na descompensagao observamos moderada a intensa redugdo de
perfusdo renal, resultando em aumento da atividade de renina plasmatica, e
subsequente aumento na producdo de angiotensina Il e aldosterona,
sobrepujando a agao dos peptideos natriuréticos. A retengao urinaria de sodio
torna-se quase total e a taxa sddio / potassio resulta em valor menor do que 1,

com aumento dos volumes intra e extravascular.

Estudos recentes também propdem uma série de alteracdes
cardiocirculatérias e neuro-hormonais que contribuem para a descompensacao
aguda desses pacientes. Estas alteragdes incluem congestao venosa sistémica
e pulmonar, alteragbes hemodinamicas de descontrole da pressao arterial,
sindrome cardiorenal, liberacdo de marcadores de necrose miocardica
(troponina), presenca de comorbidades clinicas e perpetuagdo da ativagao

neuro-hormonal.!'?"®

1.4 Regurgitagao valvar funcional

As alteragdes anatdbmicas e morfoldgicas ventriculares de pacientes

com IC representam parte do processo de remodelamento miocardico.

Este processo é geralmente aceito como fator determinante no curso
clinico da IC. O remodelamento pode ser definido como a expressdo genémica

que resulta em alteragbes moleculares, celulares e intersticiais que se
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manifestam clinicamente por mudangas no tamanho, forma e funcéo cardiacas,
secundarias ao processo de lesdo miocardica e/ou sobrecarga (volume e/ou
pressdo). O remodelamento recebe influéncia principalmente da ativacao
neuro-hormonal persistente, estado hemodindmico e de outros fatores ainda

sob investigagao.('1%)

Uma consequéncia estrutural deletéria deste processo de
remodelamento é o desenvolvimento de insuficiéncia mitral (IM) funcional. A
dilatagdo cardiaca resulta em nova morfologia (esférica) do ventriculo
esquerdo (VE). Em consequéncia disso, as relagbes geométricas entre os
musculos papilares e folhetos valvares se alteram, causando restricdo de
abertura, aumento de tensao dos folhetos (“tethering”) e distor¢cdo do aparato
sub-valvar mitral. A dilatagdo do anel valvar decorre do aumento de tamanho
do atrio e ventriculo esquerdos, ou como resultado de anormalidades de
contratilidade segmentar, secundarias a infarto do miocardio. A IM causa
sobrecarga de volume ao VE, perpetuagdo do processo de remodelamento
ventricular, piora dos sintomas e progressao da doenga com impacto adverso

no prognéstico.!'®'")

Portanto, a IM funcional é a incompeténcia valvar mitral na auséncia
de lesbes organicas intrinsecas ao seu aparato. A ecocardiografia € capaz de
grandes contribuicbes no diagnéstico e avaliagdo de pacientes com
miocardiopatia. Avaliacbes anatObmicas e hemodindmicas cuidadosas dos
mecanismos da IM sao possiveis com o emprego do Doppler espectral, Doppler
colorido, eco-tridimensional e ecocardiografia transesofagica, fornecendo

analises qualitativas (semiquantitativa) e quantitativas da IM.('®9),

Diretrizes nacionais e internacionais '®?? recomendam a avaliagéo
de gravidade e repercusséo da regurgitagao valvar mitral, por meio de estudo

de varios parametros ecocardiograficos, os quais incluem:

Parametros estruturais: tamanho das cavidades atrial e ventricular

esquerda e aparelho subvalvar mitral.

Doppler de fluxo colorido: as caracteristicas da regurgitacdo mitral,
vista por este método de imagem, originam-se da alta energia de transferéncia

do volume de sangue para dentro da cavidade atrial esquerda, produzindo o
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jato de IM. A analise visual com o Doppler de fluxo colorido € considerada

parametro qualitativo ou semi-quantitativo.

Parametros quantitativos de regurgitacao mitral: utilizando-se
métodos volumétricos podem ser analisadas medidas quantitativas, como
volume regurgitante, fragdo regurgitante e orificio regurgitante efetivo. Estes
parametros sao considerados os mais precisos devido a sua correlagcdo com

medidas invasivas.

As regurgitagcbes funcionais mitral e tricuspide contribuem para
redugcao no fluxo sanguineo sistémico (inclusive renal) em pacientes com
miocardiopatia isquémica e nao-isquémica e onde o débito cardiaco ja é
comprometido por disfungdo ventricular sistdlica. Ambas sdo achados comuns
em pacientes com IC, independentemente de hospitalizagcédo, e sdo associados
a prognostico desfavoravel de reducéo de sobrevida. ?*2®) Além disso, ambas
as regurgitacdes mitral e tricuspide diminuem o débito cardiaco em resposta ao
exercicio e consequentemente comprometem a capacidade aerdbica e classe
funcional.?’?%) A monitoracdo de pacientes com disfungdo ventricular sistolica
com relacédo ao aparecimento e/ou piora da regurgitagao valvar €&, portanto, de

importancia consideravel.

O conhecimento apropriado dos mecanismos da IM pode ajudar na
decisao de intervencgdes terapéuticas desses pacientes. O tratamento clinico reduz
as forcas de tensao (“tethering”) e também aumenta as pressdes transmitrais. A

30,31)

correcao cirurgica ( pode modificar as relagbes geométricas das camaras

esquerdas, e a terapia de ressincronizagao cardiaca eletromecanica pode melhorar

os tempos de sincronia de ativagdo mecanica dos musculos papilares.®#34

A insuficiéncia tricuspide é achado comum em pacientes com
regurgitagcdo valvar mitral grave. A gravidade dessa condicdo frequente
aumenta na presencga de hipertensado pulmonar e/ou disfungdes ventriculares
esquerda e direita. A regurgitagado tricuspide funcional € secundaria a dilatagao
do anel valvar e as alteragdes na geometria de musculos papilares e cordas

secundarias & dilatagdo ventricular direita. (>

A monitoragdo hemodindmica invasiva demonstrou sua utilidade na

otimizacado de tratamento clinico em pacientes com IC sintomatica avancada e
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regurgitacdo funcional mitral, cuja reversibilidade inclui uma redugdo no

tamanho do orificio mitral®" 4%,

Novos métodos nao-invasivos de avaliagao
hemodinamica tém sido desenvolvidos. Dentre essas novas modalidades, a
bioimpedancia cardiaca tem sido descrita como estratégia confiavel de
monitoragdo hemodindmica seriada nao-invasiva e alternativa a cateterizacao

de artéria pulmonar. 448

1.5 Bioimpedancia cardiaca

Definigoes

A bioimpedancia é técnica ndo-invasiva que é aferida em decorréncia
de mudangas na condutancia instantanea de uma pequena corrente elétrica
transferida através do organismo. De forma sucinta, o elemento basico para
mensuracao de resisténcia elétrica no organismo é o aparelho potenciémetro e
dois eletrodos bipolares que sao aplicados em qualquer regidao do corpo. A
estimulagdo continua de corrente elétrica € transmitida através do toérax,
enquanto sensores medem as mudancas de impedancia elétrica na cavidade
toracica, de acordo com o volume sanguineo que aumenta e diminui, durante a
sistole e diastole cardiacas, respectivamente. Utilizando-se varios algoritmos
diferentes e corrigidos para varias constantes de composicao corporal, esta
técnica ndo-invasiva permite o calculo de parametros n&o-invasivos como fluxo
(volume sistolico e débito cardiaco), pos-carga (resisténcia vascular sistémica),
contratilidade (indices de velocidade e aceleragcdo), e estado de volemia

(44,49-51)

(conteudo de fluido toracico). Muitos estudos de validacdo tém sido

realizados comparando a bioimpedancia com a determinag¢do de débito cardiaco

por termodiluigdo ou método de Fick.®**")

Histérico
Na década de 1960, o programa de pesquisadores da “National

Aeronautical and Space Administration” (NASA) e William Kubicek

desenvolveram o primeiro método pratico de impedancia cardiaca, utilizando
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bioimpedancia toracica elétrica para estudar os efeitos de gravidade zero na
monitorizacdo hemodinamica cardiaca (volume sistdlico e débito cardiaco)

durante o v6o ao espago extraterrestre de astronautas americanos.®"*®)

No Brasil, a bioimpedancia foi objeto de varios estudos pelo grupo do
Dr. Jodo A. Mattar, durante as décadas de 1980 e 1990.°%%" Mattar e seus
colaboradores aplicaram a bioimpedancia como alternativa de avaliagao
hemodindmica nao-invasiva em doentes criticos em unidade de terapia
intensiva. Estes estudos contribuiram para validagdgo do meétodo quando
comparado a termodiluicdo®®®?; forneceram informacdes quanto & fungéo
ventricular®” e abriram perspectivas para novas pesquisas e avancos na area

de terapia intensiva.®?

Progressos e avangos tecnoldgicos tém permitido o desenvolvimento

e aprimoramento da bioimpedancia cardiaca.

O conjunto de informagbes funcionais em associagdo a facilidade
técnica de utilizacdo e monitorizagdo continua, sugere que a bioimpedancia
cardiaca seja potencialmente uma valiosa ferramenta na avaliacdo e tratamento
de emergéncia de pacientes com suspeita ou confirmacé&o de descompensacgéo
aguda de IC. Um sistema computadorizado de processamento tem fornecido
analises de sinal mais potente e detalhada e consequentemente informacdes
mais confiaveis. Uma recente metanalise de cerca de 200 estudos, encontrou
um coeficiente de correlacdo de 0,81 para a determinacao de volume sistdlico e
débito cardiaco pela bioimpedancia, quando comparados a métodos
tradicionais.®® O grupo de pacientes que teve o diagndstico de IC ainda recebeu
uma meédia de correlacédo levemente superior de 0,83 (0,63 — 0,99). Além disso,
as avaliagdes de bioimpedancia cardiaca sdao menos variaveis e mais
reproduziveis do que outras técnicas, e, portanto resultam em maior precisao

para uso clinico pratico.

Volume sistélico e débito cardiaco

O volume sistélico é determinado a partir das mudancas em

condutancia elétrica da corrente de energia de fluxo sanguineo toracico ao
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longo da artéria aorta. A precisao desse parametro tem sido aperfeigoada com
a utilizagdo de informacdes de peso e estatura do paciente, e quando
associada a frequéncia cardiaca, esta medida pode fornecer estimativas de
débito cardiaco continuo e outros parametros, como resisténcia periférica total

e complacéncia aortica.®®

Estimativa de volume central de fluido (liquido)

O estado de volemia central pode ser de dificil avaliacdo em pacientes
com IC aguda. A maioria dos métodos classicos para mensuragao dos volumes
sanguineo e extracelular € invasiva ou de dificil avaliagdo. Medidas de impedancia
da caixa toracica e do conteudo de fluido toracico estao fortemente correlacionadas
aos volumes intravasculares toracicos e, portanto, capazes de fornecer, de forma
continua e ndo-invasiva, a volemia central de pacientes com 1C.¥

Bioimpedancia na pratica clinica geral

Esta técnica tem sido objeto de investigacdo em muitos trabalhos e
estudos clinicos em varias areas da medicina. Estes estudos fornecem suporte
da literatura para validacdo do método e uma ampla gama de possiveis
aplicagdes clinicas.

Suas principais aplicagdes clinicas incluem estudos de precisdo do
método®5?), reprodutibilidade® 8% avaliacdes diagndstica e prognostica e

auxilio no tratamento de pacientes com [C(°6:6%6)

pacientes com dispnéia®'®® avaliagdo hemodinamica em pacientes com

(84,85)

, avaliacdo emergencial de

hipertensdo arterial sistémica , avaliagdo hemodinédmica em pacientes com

implante de marcapasso cardiaco®®®"

(80,90

, estudos em unidades de terapia

53,89,90)

intensiva ) e trabalhos especificos de avaliagao da tecnologia envolvida.!

Bioimpedancia na ICC

O papel da bioimpedancia na avaliacdo de pacientes com IC
descompensada esta atualmente sob investigacdo continua e intensa.
Informagdes sugerem que o débito cardiaco medido pela bioimpedancia tenha
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valor prognoéstico e possa ser utilizado para estratificacdo de risco e inicio de
terapéutica clinica em pacientes com IC descompensada. Avangos tecnoldgicos
recentes na bioimpedancia tém melhorado a precisdo da determinagao do débito

cardiaco, de acordo com Yancy.®>%°

Atualmente, dispomos de trés grandes aplicagdes clinicas dessa
técnica no tratamento da IC:

Avaliacao e diagnéstico:

Pela da obtencdo de parédmetros hemodinamicos, estabelecimento de
tendéncias para mensuracédo da gravidade da descompensagao aguda,
determinacao da confiabilidade dos sintomas e auxilio na diferenciacao
entre as disfuncdes sistdlica e diastdlica;

Avaliagao prognéstica:

Por meio de avaliagdbes em servicos de emergéncia na tentativa de
prever duracdo da permanéncia hospitalar e custos, correlagédo entre
melhora hemodinamica e classe funcional (Classificacdo da NYHA) e
indicadores de qualidade de vida e estabelecimento de valores
anormais com indices de morbidade e mortalidade;

Tratamento:

— Determinagdo de estabilidade para inicio e ajuste de
medicamentos, tais como agentes inibidores da enzima conversora
de angiotensina e beta-bloqueadores;

— Auxilio na selegcédo e dose dos medicamentos;
— Mensuragéao de resposta clinica aos ajustes do tratamento;

— Determinacédo e selecdo de terapia vasoativa endovenosa intra-
hospitalar (nitroglicerina, dobutamina etc.)

— Determinagcao de parametros eletromecanicos para pacientes com
marcapasso sequencial atrioventricular;

— Detecgdo de mudangas hemodinamicas devido a compensagao

clinica, medicagéo, e ades&o a dieta.®"*
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Outra razdo para a realizagdo de estudos com a bioimpedancia
cardiaca em pacientes com IC descompensada decorre das observagcdes do
recente estudo ESCAPE Trial®”. Este estudo avaliou o impacto da utilizagéo
do cateter de artéria pulmonar (catéter de Swan-Ganz) em pacientes com IC
descompensada. A adicao do catéter ao tratamento e manuseio dos pacientes
com IC descompensada nao teve efeito sobre a mortalidade total ou
hospitalizagdo. Os autores recomendam estudos futuros com analises nao-
invasivas, com estratégias especificas de tratamento para avaliagdo de

tratamento clinico e impacto de sobrevida nesse grupo de pacientes.(67)

1.6 Ecocardiografia na IC

A ecocardiografia vem sendo reconhecida como a técnica principal

para abordagem diagndstica inicial de anormalidades cardiacas estruturais."®

O uso do ecocardiograma também tem papel fundamental na avaliagao
e monitorizacdo de pacientes com descompensacgado aguda da IC, gracas a sua
capacidade de fornecer informagdes diagndstica e progndstica relevantes quanto
a funcao ventricular (direita e/ou esquerda), presenca e gravidade de regurgitagéo
valvar e analise nao-invasiva das pressdes de enchimento. Técnicas de Doppler
tém surgido como modalidades de avaliacdo ecocardiografica no que tange ao
estado hemodindmico de pacientes com essa enfermidade. Variaveis
hemodindmicas que podem ser obtidas de forma n&o-invasiva pelo
ecocardiograma incluem: débito cardiaco, pressao capilar pulmonar, pressao de
artéria pulmonar e resisténcia vascular pulmonar. Varios estudos tém validado as
técnicas nao-invasivas de Doppler como capazes de fornecer e reproduzir com
precisdo as variaveis de volume sistolico, débito cardiaco, pressdo capilar
pulmonar e pressao de atrio direito. A avaliagdo ecocardiografica da fungao
ventricular pode ser util na estratificacdo de risco de pacientes com sindromes
agudas de insuficiéncia cardiaca, bem como em avaliagao prospectiva do uso do

Doppler na analise hemodinamica destes pacientes.“?)
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1.7 Objetivos

Avaliar o papel da regurgitacdo valvar mitral e tricuspide funcional
como causas reversiveis de reduc¢ao do débito cardiaco em insuficiéncia cardiaca
congestiva (ICC) descompensada e que acompanham a disfungédo ventricular

sistolica em pacientes portadores de miocardiopatias isquémica e nao-isquémica.




2 PACIENTES E METODOS
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2.1 Pacientes

Nosso estudo concentrou analises em pacientes do grupo mais
frequente, ou seja, aqueles que se apresentaram com exacerbacao e piora de

sinais e sintomas de IC crbnica ja previamente estabelecida.

Os critérios de inclusao foram:

» |CC descompensada; Miocardiopatia dilatada; Disfungao Sistdlica (Baixa
FEVE < 40%) presenga de regurgitagcdo mitral e tricuspide; e “janela”
ecocardiografica favoravel.

O Quadro 1 resume todos os aspectos demograficos da populagéo

estudada.

Quadro 1 — Aspectos demograficos

Pacientes: 14 pacientes Sexo: masculino (100%)
Idade: 66 + 8 anos (54 a 76 anos)

Etiologia: miocardiopatia isquémica (10/14 - 71%) ou miocardiopatia dilatada nao-
isquémica (4/14 - 29%) FEVE: 24 + 5%, ao Modo-M.

Quadro Clinico: Ortopnéia, congestdao pulmonar, e/ou edema de mm ii (100%)
Regurgitagado mitral e/ou tricuspide (100%)

Medicagoes: |-ECA (78%), Diuréticos de alga (50%), Espironolactona (29%),
Digoxina (43%),Beta-bloqueadores (71%).

Comorbidades clinicas: Diabetes mellitus (57%), Hipertensao arterial sistémica
(64%), Doenca vascular periférica (29%), IRC (Cr > 1,5 mg/dL)(29%), Fibrilagao
atrial (29%)

Exame Fisico: Estase jugular (78%); Galope ventricular (terceira bulha, B3) (92%);
Sopros audiveis de IM (63%); Sopros de IT (50%); Hepatomegalia (78%);
Pulsatilidade hepatica dolorosa (50%) e edema mmii (85%).

Trés pacientes (3/14 — 29%) apresentaram fibrilagdo atrial, com
controle de frequéncia ventricular (<90 bpm) na ocasido do recrutamento e que

se manteve inalterada ao longo do estudo.
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Neste estudo, 12 pacientes (12/14 — 85%) tinham apresentado IC

compensada no passado. Os achados radiolégicos incluiram cardiomegalia e

congestao pulmonar em todos e derrame pleural em 7 (7/14 — 50%)

Critérios de exclusao do estudo

— Infarto agudo do miocardio ou cirurgia cardiotoracica recente;

— Sindromes coronarianas agudas;

— Hipertensao nao controlada;

— Disfuncdo ventricular diastélica primaria sem evidéncia de

disfungao sistdlica;

— Doencga cardiaca valvar primaria;

— Miocardiopatia hipertrofica ou restritiva, taquiarritmias ou bradiarritmias;

— Insuficiéncia renal grave (dosagem de creatinina sérica >2,5

mg/dL), hipoalbuminemia, (albumina sérica <2,5 mg/dL);

— Evidéncia laboratorial de intoxicagado exdgena,;

— Infecgao sistémica, sepse grave;

— Hipoxemia em DPOC (com saturacdo arterial periférica de

oxigénio < 90%);

— Exacerbagao de doenca crbnica de vias aéreas, anemia, doenca

tireoidiana ativa;

— Obesidade moérbida;

— Pacientes com imagem ecocardiografica inadequada a analise, ou

impossibilitados de fornecer consentimento informado.

2.2 Método

Foram recrutados pacientes com disfungdo ventricular sistélica
estabelecida e que apresentavam IC descompensada e evidéncia clinica de
regurgitagcées funcionais mitral e tricuspide, ndo obstante o tratamento clinico
ambulatorial otimizado. Todos foram submetidos a avaliagdo nao-invasiva de
débito cardiaco, afericdo da resisténcia vascular sistémica e do conteudo de
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fluido toracico, através da bioimpedancia cardiaca, bem como a avaliacdo da
regurgitacao valvar pela ecocardiografia bidimensional antes do inicio de
tratamento da descompensacdo cardiaca, em ambiente intra-hospitalar ou
ambulatorial. Apdés uma semana e com a restauragdo do estado de IC
compensada (auséncia de sinais e sintomas ao repouso), os pacientes foram
reavaliados.

Os elementos comuns de praticamente todos os sistemas de
impedancia incluem a emissdo de corrente elétrica através de eletrodos
cutaneos, recepcao de corrente de retorno via eletrodos sensitivos e o calculo
de impedancia e fluxo via algoritmo matematico.

Quatro pares de eletrodos e um conjunto de derivagbes
eletrocardiograficas medem os parametros hemodindmicos. Cada par de
eletrodos possui funcdo de sensor e transmissor de corrente elétrica. Dois
pares sao colocados em areas especificas diretamente opostas nas faces
laterais do pescocgo, correspondentes as artérias carétidas, e outros dois pares
ficam localizados lateralmente em nivel do processo esternal-xiféide
correspondente a artéria aorta em seguimento téraco-abdominal (Figuras 1 e
2). Os eletrodos definem os limites superior e inferior do térax e a distancia
entre eles, é medida para obtencdo do comprimento toracico.®"

Uma corrente elétrica de baixa amplitude e alta frequéncia é emitida
pelos eletrodos transmissores toracicos, e os eletrodos sensores medem a
impedancia associada com o fluxo sanguineo pulsatil na aorta durante o ciclo
cardiaco. Pela medida da impedancia, gerada pelo fluxo pulsatil e pelos

intervalos de tempo entre as mudancas, pode-se calcular o volume sistdlico.®?
As mudangas da impedancia sédo registradas a partir de seu valor

basal (Zo) — resisténcia toracica total ao fluxo de corrente sanguinea, a qual
reflete predominantemente o volume total de fluido toracico. A magnitude e
frequéncia de mudanca da impedancia sio reflexdes diretas da contratilidade
ventricular. Esta mudanga na impedancia relacionada ao tempo (dZ/dT) gera
uma curva de onda que é similar a curva de fluxo adrtico. Pontos especificos
da onda de impedancia s&o correlacionados com seguimentos do
eletrocardiograma, durante registro simultaneo, possibilitando analise de cada

ciclo cardiaco (Figura 3)."
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Por meio de calculos matematicos o volume sistdlico pode ser

calculado pela seguinte formula:

=B e (dz/dt),,, VET Volume sistélico

a

Onde: p = resistividade sanguinea, L = comprimento toracico — distancia entre os eletrodos, VET =
tempo de ejecao ventricular, (dZ / dt) nax = valor absoluto maximo da primeira derivada durante
sistole e Z 4 = impedancia toracica basal. VET obtido a partir das curvas dZ/dT e de tempo.

FIGURA 1. Eletrodos medem os pardmetros hemodinamicos, dispostos em 4 pares,
distribuidos nas faces laterais do pescoco e regido téraco-abdominal.®?
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FIGURA 2. Paciente em posicdo supina com monitoracdo pela Bioimpedancia e
quatro pares de sensores (S) distribuidos aos pares em regides cervicais e téraco-
abdominal. Aparelho de Bioimpedancia & beira do leito com monitor e impressora.®"
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Legenda: B — Abertura da valvula adrtica X — Fechamento da valvula adrtica, Y — fechamento da valvula
pulmonar, O — abertura da valvula mitral / enchimento ventricular rapido B-X — Tempo de ejecdo ventricular
(VET), C — Deflexdo maxima dZ/dt B-C rampa - indice de aceleragdo de contratilidade, A — Sistole Atrial Q —
Inicio da despolarizagao ventricular.

FIGURA 3. Variagao das pressdes ventricular, aértica e atrial, fluxo aértico, mudancas
de impedancia toracica e primeira derivada de impedancia (dZ/dt) em fungao de
tempo (t). ECG e fonocardiograma registrados simultaneamente sdo mostrados. A
curva revela a fungdo e os eventos do ciclo cardiaco (Mathews L) ©"
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Os principais parametros hemodindmicos mensurados pela

bioimpedancia cardiaca podem ser incluidos em quatro categorias:
1) Fluxo
— Volume sistélico e volume sistolico indexado
— Deébito e indice cardiaco
Il) Resisténcia

— Resisténcia vascular sistémica e resisténcia vascular sistémica

indexada
Ill) Contratilidade

— Tempo sistolico

Periodo pré-ejecéo

Tempo de ejecao do VE
— Indice de velocidade e aceleracéo
IV) Fluido (liquido)

— Conteudo de fluido toracico

2.3 Protocolo do estudo

O protocolo do estudo foi aprovado pelo IRB (Institutional Review
Board) do Veterans Affairs Medical Center (VAMC), Memphis, Tenessee, EUA.

Todos os pacientes forneceram consentimento informado por escrito.

Os pacientes foram avaliados por médico investigador, que confirmou o
diagnostico de IC descompensada baseado na historia, exame fisico e radiografia
de torax. Peso e altura foram obtidos. A biocimpedancia cardiaca foi realizada,
seguida pela realizacdo do ecocardiograma transtoracico. Doze pacientes foram
hospitalizados e admitidos no servico da divisdo de Cardiologia do hospital
Memphis VAMC e dois recusaram ser internados, mas concordaram com o

tratamento clinico otimizado em ambiente ambulatorial.
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A reavaliagdo de todos os 14 pacientes com bioimpedancia e
ecocardiograma foi realizada dentro de uma semana, quando a compensagao
clinica foi alcangada, baseada na auséncia de sintomas, resolugdo de sinais
congestivos e restabelecimento do peso corporal prévio a descompensacgao.
Os pacientes receberam alta hospitalar e tiveram seguimento no ambulatério

clinico de IC do mesmo hospital. (Diagrama abaixo)

IC descompensada
14 pacientes

Bioimpedancia Ecocardiografia |
cardiaca |

Apos sete dias de compensacao clinica:

IC compensada
14 pacientes

Bioimpedancia Ecocardiografia Il
cardiaca Il

Investigadores do estudo monitoraram cada paciente com relagéo a

sinais e sintomas de IC durante tratamento intra-hospitalar ou ambulatorial.
Modificagbes no tratamento clinico foram individualizados com objetivo de
obter compensacgédo da IC. O tratamento clinico incluiu otimizagcdo de dose
prévia de agentes inibidores da enzima de conversdo (IECA) em todos os
pacientes; furosemida endovenosa seguida de doses orais em 12 pacientes
(12/14 — 85%); rapidos cursos (48 horas) de dobutamina em seis pacientes
(6/14 — 43%); introdugcdo de espironolactona em 13 pacientes (13/14 — 92%);
otimizagdo de doses de digoxina em 12 pacientes (12/14 — 85%), e redugéo ou
suspensao de agentes beta-bloqueadores em 10 pacientes (10/14 — 71%) que

recebiam tal medicamento no inicio do estudo.
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2.4 Bioimpedancia cardiaca

Monitor tipo Bio Z ICG (Cardiodynamics, San Diego, CA) foi utilizado.
Sensores e eletrodos foram colocados nas faces laterais do pescog¢o dos
pacientes, e dois sensores toracicos foram aplicados na linha axilar média no
nivel do apéndice xiféide, correspondendo a aorta abdominal e em
concordancia com recomendacdes prévias®®. As mensuracées foram
realizadas em posi¢cédo supina com 30 a 45 graus de inclinagdo de acordo com
o conforto e toleréncia individuais. Trés afericbes seriadas ao longo de 15
minutos foram coletadas e incluiram frequéncia cardiaca, pressdes arteriais
sistolica e diastolica por esfigmomanometria e press&o arterial média (mm Hg),
débito cardiaco (L/min) e indice cardiaco (L/min/m?), resisténcia vascular

sistémica (dinas/seg/cm®) e contetdo de fluido toracico (kOhm).

2.5 Ecocardiograma transtoracico bidimensional e Doppler

Nosso estudo utilizou uma analise combinada de parametros
estruturais, Doppler colorido e analises quantitativas, além de obter os jatos de

regurgitacao tricuspide, e calcular a pressao estimada de artéria pulmonar.

Os pacientes foram submetidos a exame ecocardiografico transtoracico
com anadlise de Doppler continuo pulsatii e mapeamento de fluxo colorido
(Doppler em cores), utilizando multiplas projegcdes ecocardiograficas e sistema de
aquisicdo da empresa Hewlett-Packard 5500 com transdutor 2,5 MHz (Hewlett-

Packard, Palo Alto, CA, EUA) de acordo com recomendacgdes da Sociedade

Americana de Ecocardiografia’®. A interpretacdo dos exames foi realizada por
investigadores do estudo “cegos” a condicado clinica dos pacientes. O exame
incluiu quantificagcao da fragcao de ejegao por ecocardiografia ao Modo-M, calculos
das dimensdes de camaras atriais esquerda e direita por areas de planimetria,
utiizando-se as projegbes apical de duas e quatro camaras; avaliagao

semiquantitativa das regurgitagbes mitral e tricuspide por Doppler colorido
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(0 = sem regurgitacdo, 1 = minima, 2 = leve, 3 = moderada, 4 = importante);
avaliacdo quantitativa da regurgitagdo mitral com determinagcdo de volume
regurgitante, fragdo regurgitante e orificio regurgitante efetivo e dimensdes do

1869.71) Tracados de Doppler foram obtidos

ventriculo esquerdo pelo Modo — M
do trato de saida do ventriculo esquerdo na projecao apical de quatro camaras
ou projecdes de eixo-longo e do fluxo de entrada pela valvula mitral, utilizando-
se a projecao apical de quatro camaras. O exame Doppler também incluiu
aferigdo da velocidade de regurgitacéo tricuspide e calculo da presséo sistolica

da artéria pulmonar.

2.6 Analise estatistica

Foram realizadas analises descritiva e comparativa dos dados coletados.

Mudangas nos parametros hemodindmicos e ecocardiograficos
foram avaliadas pelo teste de “Wilcoxon signed-ranks” para comparagao de

valores em diferentes tempos.

Os resultados foram expressos como mediana + desvio-padréo e

foram considerados significantes com valores de P < 0,01.




3 RESULTADOS
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3.1 Avaliagao clinica

A histéria clinica, obtida na apresentacdo dos pacientes, incluiu
informacao de piora de dispnéia e ortopnéia em todos os 14 pacientes, aumento
de volume abdominal em sete pacientes (7/14 - 50%), e ganho de peso e de
aumento de edema de membros inferiores em 10 (10/14 - 71%) deles. O exame
fisico indicou a presenga de estase jugular em 11 pacientes (11/14 — 78%),
galope ventricular (terceira bulha, B3) em 13 (13/14 — 92%), sopros audiveis de
insuficiéncia mitral em nove e tricuspide em sete (7/14 — 50%). Hepatomegalia e
pulsatilidade hepatica dolorosa foram encontradas em 11 (11/14 — 78%) e em
sete pacientes (7/14 — 50%), respectivamente. Edema de membros inferiores foi

observado no exame fisico de 12 (12/14 — 85%) pacientes.

A compensacao clinica foi alcangada em todos os pacientes dentro
de uma semana de tratamento otimizado, baseada em auséncia de sintomas
de repouso, resolugao de sinais de congestdo e restabelecimento de peso
corporal basal. Considerando-se o grupo total, o peso corporal médio foi
reduzido de 82,9 kg para 76 Kg (p < 0,001).

Resposta hemodinamica por avaliagao nao-invasiva

As respostas hemodindmicas monitorizadas pela bioimpedancia
cardiaca antes e depois da otimizagao de tratamento clinico (uma semana apés
a admissao) incluiram aumento significante do indice cardiaco associado a
normalizag&o da resisténcia vascular sistémica e redu¢ado no conteudo de fluido
toracico. A pressao arterial média teve diminuicdo significante (p < 0,01), ao

passo que a frequéncia cardiaca nao se alterou (p = NS). (Tabela 1).
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Tabela 1. Hemodindmica pela bioimpedancia cardiaca

Variaveis ICC Descomp. ICC Comp. Valor P
PAM (mm Hg) 96 + 20 78 + 18 <0,01
FC (bpm) 88+ 15 79 + 11 NS
IC (L/min/m?) 2,1+0,5 2,6+0,3 <0,01
RVS (dinas/s/cm®) 1634 + 416 1210 £ 272 <0,001
CFT (Kohms) 39 + 11 32+6 <0,001

ICC Descomp = Insuficiéncia Cardiaca Descompensada; ICC Comp = Insuficiéncia Cardiaca Compensada; IC =
indice cardiaco; FC = frequéncia cardiaca; CFT = conteudo de fluido toracico; PAM = pressao arterial média;
RVS = resisténcia vascular sistémica.

Resposta ecocardiografica

A presenca de insuficiéncia mitral no momento da admissdo foi
detectada por ecocardiografia Doppler em cores em todos os 14 pacientes (14/14
— 100%) e foi quantificada como de grau moderado (grau 3) em 71% (10/14 —
71%) ou leve (grau 2) nos demais pacientes. Apdés compensagao clinica, a IM
permanecia em todos os pacientes, porém com grau de gravidade reduzido:
leve em 71% (10/14) e minima (grau 1) nos quatro pacientes restantes (4/14 —
29%). A presencga e gravidade da insuficiéncia tricuspide (IT) na apresentagéo
dos pacientes foram registradas como: moderada em 29% (4/14), leve em 42%
(6/14), minima em 21% (3/14) e ausente em um paciente (1/17 — 7%). Apos
compensacao clinica, nao foi detectada IT em 29% (4/14) e permaneceu como
minima em 35% (5/14), leve em 21% (3/14), ou moderada em dois pacientes
(2/14 — 15%). Considerando-se os dados totais, a gravidade de IT foi reduzida

de leve a minima (p < 0,01) (Tabela 2).

Apds uma semana de otimizacao clinica, pudemos observar melhora
ecocardiografica na geometria das camaras atriais, na fungdo ventricular
sistdlica e na gravidade da regurgitagdo valvar. Estes achados incluiram
reducdes nas areas de atrio direito e esquerdo; pequeno, porém significante
aumento na fracdo de encurtamento e de ejec&do ventricular; e ao exame com
Doppler, redugdes significantes na velocidade do jato de IT, volume de
regurgitacao mitral e fragdo regurgitante acompanhados por redugao no orificio

regurgitante efetivo e tamanho do anel mitral. A dimensdo da camara
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ventricular ao fim da diastole foi levemente, mas n&o significantemente
reduzida ao fim da primeira semana de compensacgao, e pudemos observar

uma reducgao significante na dimens&o ao fim da sistole.

Tabela 2. Dados ecocardiograficos

Variaveis ICC Descompensada ICC Compensada P-valor
Grau IM 3+0,5 2+04 < 0,001
Grau IT 2+0,9 1+1,0 < 0,01
Area AE (cm?) 27 +7 24 +5 < 0,001
Area AD (cm?) 26+5 23+5 < 0,001
Fr.Encurtam (%) 12+3 14 + 4 0,01
FEVE (%) 22+ 6 25+ 6 0,01
Veloc IT (m/seg) 32+0,5 2,7+0,6 < 0,001
PSAP (mm Hg) 58 + 14 35+ 14 < 0,001
Vol. Regurg IM (mL) 104 + 59 64 + 36 < 0,001
Fr. Regurg IM (%) 72 +10 58 +12 < 0,001
ORE 0,8+04 0,6 +0,3 0,01
Anel Mitral (cm) 3,3+0,2 3,1+0,2 < 0,001
DDVE (mm) 66 + 12 65+ 11 NS
DSVE (mm) 55+ 11 54 +10 < 0,01

Grau IM = grau de regurgitacdo mitral pelo Doppler de fluxo em cores; Grau IT = grau de regurgitagao tricispide
pelo Doppler de fluxo a cores; AE = atrio esquerdo; AD = atrio direito; Fr = Encurtam, fragdo de encurtamento
sistélico do ventriculo esquerdo; FEVE = fragdo de ejegédo do ventriculo esquerdo; Veloc IT = velocidade do jato
de insuficiéncia tricispide; PSAP = pressao sistdlica de artéria pulmonar; Vol. Regurg IM = volume regurgitante
de insuficiéncia mitral; Fragdo Regurg IM = fragao regurgitante de insuficiéncia mitral; ORE = orificio regurgitante
efetivo; DDVE = dimenséo diastdlica final do VE; DSVE = dimenséo sistdlica final do VE.
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Nosso estudo teve como objetivo principal avaliar de forma n&o-invasiva
o papel das regurgitagcdes valvares funcionais mitral e tricispide como causas
reversiveis de reducdo do deébito cardiaco na IC congestiva descompensada e que
acompanham disfungdo ventricular sistélica em miocardiopatias isquémica e nao-
isquémica. Esta avaliacdo n&o-invasiva foi realizada pela aplicagdo combinada e

sequencial da ecocardiografia e da bioimpedancia cardiaca.

Por meio de exame clinico e de ecocardiografia detectamos a presenca
de IM e IT, em pacientes com disfungcdo ventricular sistélica secundaria a
miocardiopatia isquémica ou n&o isquémica que se apresentaram com sinais e
sintomas de IC ao repouso, definida como IC descompensada. Robbins et al.*®)
observaram que insuficiéncias mitral e tricispide sdo achados comuns em
pacientes intra e extra-hospitalares com disfuncédo sistélica, principalmente
naqueles hospitalizados por IC sintomatica, nos quais a gravidade de regurgitagcao
valvar foi mais importante. A regurgitagdo valvar mitral ou tricispide ou ambas

tém significancia prognéstica adversa.®*2°)

Nossos resultados mostraram reducgdo significante do tamanho
(areas) das cavidades cardiacas, area dos orificios efetivos e volumes
regurgitantes, jatos de regurgitagdes mitral e tricuspide pelo Doppler colorido
da pressao estimada de artéria pulmonar. Tais achados confirmam a eficiéncia
do tratamento clinico empregado e foram corroborados pela melhora clinica

(reducao de sintomas, peso) e hemodindmica dos pacientes.

Nosso trabalho confirma as observacdes dos estudos de Stevenson®®

e Hamilton“**" onde o tratamento clinico resultou em redugdo das dimensées
atriais e da regurgitagdo atrio-ventricular, as quais foram monitorizadas pela
ecocardiografia. Em ambos os estudos a melhora hemodinamica dos pacientes
com IC avangada também foi obtida e monitorizada, mas de forma invasiva pelo
emprego do cateter de artéria pulmonar. Nosso trabalho confirma também, mas
de forma nao-invasiva, a reducdo da regurgitagdo atrio-ventricular como

mecanismo importante na melhora hemodinamica desses pacientes.

Do ponto de vista clinico, observamos que o tratamento medicamentoso
otimizado foi acompanhado por redugbes dos volumes intra e extra-vascular,

refletidas pela melhora dos sinais e sintomas de IC, resultando na diminui¢do da
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gravidade das insuficiéncias mitral e tricispide. Pacientes com fibrilagao atrial que
tinham sido recrutados pelo estudo tiveram controle da frequéncia cardiaca do
inicio ao fim do estudo. Nenhum destes pacientes converteu para ritmo sinusal
durante o periodo de uma semana de observacdo. Varios parametros
hemodindmicos apresentaram melhora e incluiram: aumento no fluxo sistémico
efetivo, o qual é compativel com a natureza dindmica da regurgitacao valvar e seu
impacto negativo em débito cardiaco, perfusdo renal, e ativagdo neuro-hormonal,
reducido na pressao sistolica de artéria pulmonar, indicando queda na resisténcia
vascular pulmonar, associada a reducido do conteudo fluido toracico — um indice
de volume sanguineo intrapulmonar e fluido intratoracico e atenuagao da
resisténcia vascular sistémica. A redugdo na gravidade da insuficiéncia mitral tem
sido atribuida a respostas hemodinamicas favoraveis a captopril’®, nitroprussiato
de sodio?, vasodilatadores e diuréticos®®*?, e dobutamina”®’* em pacientes com

IC sintomatica mais avancada.

Como mencionado anteriormente, a reducao das insuficiéncias mitral
e tricuspide resultou na diminuicdo das dimensdes dos respectivos atrios,
como refletido pela diminui¢gdo das areas de AD e AE, associada com reversao
no tamanho do orificio regurgitante efetivo, compativel com a reversibilidade
parcial da regurgitagao valvar. A gravidade da insuficiéncia mitral foi reduzida,
mas nao eliminada. O aumento cronico do volume diastélico do VE e o
processo de alteragdo geométrica (remodelamento ventricular em forma de
esfera) sao fatores de contribuicdo para o mau alinhamento dos musculos

papilares e consequente regurgitagao valvar.(57®)

Do ponto de vista ecocardiografico podemos dizer que a redugao
das dimensdes atriais, e até uma melhora discreta na fracdo de encurtamento
e de ejecao do VE, apontam muito provavelmente uma tendéncia da eficacia
do tratamento clinico dos pacientes. Uma resposta definitiva exigiria um
numero maior de pacientes, em um estudo de grande porte, para se avaliar

importancia clinica e possivel impacto em progndstico.

A bioimpedéncia cardiaca foi utilizada em intervalos seriados como um
monitor do débito cardiaco e conteudo de fluido toracico em cada paciente com

ICC descompensada, antes e depois da compensacao clinica ser restaurada.
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O débito cardiaco medido de forma ndo-invasiva em pacientes com ICC ou
apos cirurgia cardiaca correlaciona-se com avaliagdes invasivas usando-se a
metodologia de termodiluicdo ou o principio de Adolph Fick.?***#75253) Na
presenca de insuficiéncia tricuspide, na qual a insuflacdo de cateter baseado
em termodiluicdo nao resulta em confiaveis medicdes do débito cardiaco, a
monitoragado por bioimpedancia cardiaca do sangue ejetado na aorta gerando
fluxo sistémico fornece um método alternativo. Em pacientes selecionados, a
bioimpedancia pode descartar a necessidade de monitoragao invasiva com o

cateter de artéria pulmonar.“#

Nosso estudo vem confirmar varias das atuais aplicagdes clinicas da

bioimpedancia em pacientes com IC, de acordo com as propostas de Yancy.(65)

Outra aplicacao potencial da bioimpedancia cardiaca, mas que nao
foi abordada em nosso estudo é a possibilidade de prever o momento de
descompensacgao cardiaca. Recentemente o estudo PREDICT" “Prospective
Evaluation and Ildentification of Cardiac Decompensation by ICG Test’ avaliou
a bioimpedancia quanto a possivel capacidade de prever deterioragcao clinica
de pacientes ambulatoriais com IC. Um perfil de alto risco para readmissao foi
caracterizado como um paciente com indice de volume sistdlico <35 ml/m? e
conteudo de fluido toracico >35 /kOhm. Este perfil teve um risco sete vezes
maior para um evento, do que pacientes de baixo risco com indice de volume
sistélico >35 ml/m? e contetido de volume toracico <35 /kOhm. O estudo sugere
que analises realizadas periodicamente em intervalos regulares em pacientes
com |IC estavel, podem identificar individuos com alto risco em curto prazo, de

80 Em nosso estudo,

readmissdo hospitalar por descompensacdo cardiaca
tanto o débito cardiaco quanto o conteudo de fluido toracico foram indices que

apresentaram melhora significante ao longo da compensacéo cardiaca.

Pelo que sabemos, ndo ha relato na literatura sobre o uso combinado
de bioimpedéncia cardiaca e ecocardiografia (bidimensional e Doppler) para
monitoracdo de respostas clinicas e hemodindmicas em pacientes com IC
descompensada acompanhada por regurgitacdes mitral e tricuspide. Nosso
estudo demonstrou utilidade complementar dessas duas técnicas, onde

mudancas seriadas de regurgitacdo valvar, fracao de ejegao, e pressao sistolica
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de artéria pulmonar estimada foram obtidas pela ecocardiografia, enquanto que
informacdes de débito cardiaco, resisténcia vascular sistémica e conteudo de
fluido toracico (medida indireta de congestdo pulmonar e efusdo pleural) foram
fornecidas pela bioimpedancia. Esta combinacédo de técnicas nao-invasivas pode
ser utilizada para medigcdes em série no mesmo paciente para obtencao de dados

objetivos, quantitativos e para se guiar decisdes de tratamento.

Em nosso trabalho a bioimpedancia teve papel importante na
confirmagdo e avaliagdo diagndstica, monitoragdo hemodinamica da
descompensagdo aguda dos pacientes, e foi capaz de mensurar a melhora

clinica e hemodinamica proporcionada pelo tratamento clinico medicamentoso.

4.1 Perspectiva futura — Momento atual da bioimpedaéncia

Com relagdo a utilidade em unidade de terapia intensiva, a
bioimpedancia permanece como modalidade alternativa de monitorizagao
hemodindmica de pacientes com IC aguda descompensada, devido a confiavel
habilidade de fornecer principalmente os valores de débito e indice cardiaco,
resisténcia vascular sistémica, conteudo de fluido toracico, e monitorizacao
continua e “on line”. Além disso, a medida do débito cardiaco pela bioimpedancia

é menos variavel e mais reproduzivel do que por termodiluicéo.®"

Dentro do atual panorama mundial epidémico da IC descompensada,
técnicas nao-invasivas de avaliagbes funcional, estrutural e hemodinamica
desses pacientes, como a ecocardiografia e a bioimpedancia, podem ser de
grande auxilio na avaliacao inicial nos setores de triagem e emergéncia de
centros médicos. Ao longo da internacdo hospitalar, tais métodos podem
constituir uma avaliagdo mais completa do individuo, auxiliar no seu tratamento
e fornecer-lhe informacdes progndsticas.

De acordo com a ultima diretriz nacional® de IC aguda, a
Bioimpedancia cardiaca pode ser considerada uma ferramenta potencial na
melhoria do diagnédstico e na definigdo do perfil hemodinédmico dos portadores de
insuficiéncia cardiaca, assim como guia de ajuste e acompanhamento da resposta
terapéutica destes pacientes. A diretriz sugere suas principais aplicagdes como:
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o Diagnostico diferencial de dispnéia: cardiaca x pulmonar;
¢ Definicdo do padrdo hemodinamico;
e Detecgao de congestéo ou baixo débito sub-clinicos.

Seguindo uma linha de raciocinio e pesquisa, aonde a bioimpedéancia
possa se tornar uma ferramenta para prevencédo ou atraso na necessidade de
readmissao hospitalar de pacientes com IC, o estudo internacional randomizado
e controlado “PREVENT Trial’'™® estd em andamento com um desenho de
utiizacdo da habilidade da bioimpedancia demonstrada no estudo
PREDICT/"™) Em seu andamento planeja utilizar o potencial preditor dos
parametros hemodinamicos fornecidos pela bioimpedancia para guiar decisdes

de terapéutica e reduzir hospitalizagdes em pacientes com IC.

4.2 Limitacoes

LimitagGes e contra-indicagoes da bioimpedancia cardiaca

Nao obstante as facilidades do uso clinico e da extensa literatura que
confirma as propriedades e aplicagbes da bioimpedancia, existem limitagdes

desta técnica.

Ruidos sonoros dentro do sistema de analise de dados resultardo em

problemas para afericao de volume sistdlico e outros parametros hemodinamicos.

Obesidade moérbida e reducédo de contato dos eletrodos com a pele do
paciente também podem causar dificuldades técnicas. A regurgitacao aodrtica grave,
devida ao fluxo bidirecional em regido toracica, pode causar estimativas elevadas
de débito cardiaco. Os extremos de frequéncia cardiaca (>140 ou <40 bpm) ou de
débito cardiaco (>8 ou <1 L/min) podem gerar resultados nao confiaveis.
Marcapassos ou ritmos cardiacos, onde seja dificil a identificacdo da morfologia

do complexo QRS, também s3o causas de limitacdo dessa técnica.®¥

Embora certo grau de habilidade e treinamento seja necessario para
interpretacédo de seus resultados, a bioimpedancia constitui tecnologia de mais
facil ensino do que a Ecocardiografia e/ou a termodiluicdo. Ela deve sempre

gerar analises de débito cardiaco no contexto de presenga ou auséncia de
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conteudo de fluido toracico (Z0). Valores elevados de Z0 na vigéncia de até um
débito cardiaco levemente diminuido sao indicativos de depressao da curva de
Starling. Independentemente dessas consideragdes, a monitoragdo do débito
cardiaco e do conteudo fluido Z0 pode ser importante até como tendéncias de
medi¢cdes e indicadores de resposta terapéutica. Em geral, é necessario um
periodo de curva de aprendizado para que médicos e outros profissionais de
saude familiarizem-se com os parametros da bioimpedancia e com seu

significado dentro do contexto clinico envolvido.®

Em nosso estudo tivemos inclusdo apenas de pacientes do sexo
masculino. Isto reflete a predominancia de pacientes homens no hospital VAMC,
onde o estudo foi conduzido. N&o se tratou de um viés intencional de sele¢ao por
parte dos investigadores. Nao temos razdes para suspeitar de que o
aparecimento e importancia das regurgitagbes funcionais mitral e tricuspide ou
suas atenuagbes pelas intervengdes terapéuticas farmacoldgicas, seriam
diferentes em mulheres com miocardiopatia isquémica ou nao isquémica. A
mesma consideragcao vale para a utilidade das tecnologias n&o invasivas na
monitorizagdo dos parametros aqui descritos. Vale ressaltar que nosso estudo
nao se estendeu por um periodo mais prolongado de tempo, no qual a
persisténcia da compensacao clinica pudesse ser examinada, e que o tratamento
clinico medicamentoso selecionado para restauragdo de compensacao clinica nao
foi uniforme em todos os pacientes, mas ao contrario, foi individualizado pelos

meédicos assistentes responsaveis.

Finalmente ndo validamos diretamente a bioimpedéancia cardiaca
como método de termodiluicdo em cada paciente ou num grupo separado de
pacientes. Isto em parte, foi relacionado a presenca de IT na populagdo em
estudo e na falta de confiabilidade do débito cardiaco por termodiluicdo nessas
condi¢cdes. Inumeras publicagcbes de laboratdrios capacitados e experientes
tém validado essa técnica nao invasiva. Além do mais, em nosso estudo,
medi¢des nado-invasivas seriadas de débito cardiaco foram realizadas, sendo
que cada paciente serviu como seu proprio controle nos momentos de
apresentagdo com descompensacgéao clinica e dentro de uma semana com o

aparecimento de IC compensada.
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Pelos resultados obtidos neste estudo pudemos concluir que na
Insuficiéncia Cardiaca descompensada as regurgitagdes funcionais mitral e
tricuspide contribuem para a reducado de débito cardiaco, para o aumento de
conteudo fluido toracico e da resisténcia vascular sistémica, simultaneamente ao
aumento dos atrios e do orificio valvar, os quais podem ser melhorados com
tratamento clinico. A bioimpedancia cardiaca e a ecocardiografia fornecem
avaliagao seriada nao-invasiva de parametros hemodindmicos e fungao valvar,
sendo uteis no tratamento e monitoracdo de pacientes com insuficiéncia cardiaca
descompensada, em populagdo de miocardiopatas e portadores de regurgitagéo

valvar funcional.
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Anexo 1 — Carta de aprovacédo do Comité de Etica em Pesquisa da UNIFESP.

UNIFESDP
i = 2 .
Unwversidade Federal de 530 Paulo Comité de Elica em Pesguisz
:=:=—:—-==I¥i LLL1L Escols Paulista de Medicing Hospial S50 Pavio

INTYERSIDADA ESDERAL DE SAO PALLD

Sao Paulo, 22 de maio de 2009.
CEP 0158/09

IImo(a). Sr(a).

Pesquisador(a) PAULO CESAR GOBERT DAMASCENO CAMPOS

Co-Investigadores: Antonio Carlos Carvalho (orientador)

Disciplina/Departamento: Cardiologia/Medicina da Universidade Federal de Sdo Paulo/Hospital Sdo Paulo
Patrocinador: Recursos Proprios.

PARECER DO COMITE DE ETICA INSTITUCIONAL

Ref. Projeto de pesquisa intitulado: “Regurgitacao valvar funcional em insuficiéncia cardiaca congestiva
descompensada: monitoragao nao-invasiva e resposta a terapéutica clinica”.

CARACTERISTICA PRINCIPAL DO ESTUDQ: Observacional.

RISCOS ADICIONAIS PARA O PACIENTE: Risco minimo, sem procedimento invasivo.

OBJETIVOS: Avaliar o papel das regurgitagdes valvares funcional mitral e tricispide como causas reversiveis de
reducao do débito cardiaco em insuficiéncia cardiaca congestiva descompensada, e que acompanham a disfuncao
ventricular sistdlica em miocardiopatias isquémica e nao-isquémica..

RESUMO: Foram avaliados 14 pacientes do sexo masculino, com fracdo de ejecdo secundaria as miocardiopatias
isquémica e nao isquémica, apresentando ICC descompensada com evidéncia clinica de regurgitagoes valvares
mitral e tricuspide, avaliados por bioimpedancia cardiaca e ecocardiografia antes e uma semana apos otimizacao de
tratamento clinico..

FUNDAMENTOS E RACIONAL: Regurgitagbes valvares funcional mitral e fricispide sdo causas reversiveis de
diminuicdo de fluxo sanguineo sistémico eficaz. O impacto de tais regurgitacdes sobre o débito cardiaco, sobre o
contetido de fluido toracico, sobre as dimensdes de camaras cardiacas e sobre a fungdo do aparato valvular, pode
ser monitorado de forma n&o-invasiva, antes e apos a otimizacao do tratamento clinico..

MATERIAL E METODO: Estudo conduzido no exterior, com aprovacéo do CEP local..

TCLE: Apresenta TCLE apresentado, com aprovacédo do CEP local..

DETALHAMENTO FINANCEIRO: Sem financiamento externo - R$ 500.00.

CRONOGRAMA: 6 meses.

OBJETIVO ACADEMICO: Doutorado.

ENTREGA DE RELATORIOS PARCIAIS AO CEP PREVISTOS PARA: 17/05/10 e 17/05/11.

O Comité de Etica em Pesquisa da Universidade Federal de Sdo Paulo/Hospital S0 Paulo ANALISOU e APROVOU

o projeto de pesquisa referenciado.

Rua Botucatu, 572 - 1° andar — conj. 14 - CEP 04023-062 - Sao Paulo / Brasil
Tel.: (011) 5571-1062 - 5539.7162
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UNIFESD
Unwersidade Federal de S50 Pauio Comilé de Elica em Pasquisa
ﬁi’i %::: Eacols Paulista de Madicing Hospial Sa Pauio

INTVERSIDADE FEDERAL DE 30 FAULO

1. Comunicar toda e qualquer alteragdo do projeto e termo de consentimento livre e esclarecido. Nestas
circunstancias a inclusdo de pacientes deve ser temporariamente interrompida até a resposta do Comité, apds
analise das mudancas propostas.

2. Comunicar imediatamente ao Comité qualquer evento adverso ocorrido durante o desenvolvimento do estudo.

3. Os dados individuais de todas as etapas da pesquisa devem ser mantidos em local seguro por 5 anos para

possivel auditoria dos érgdos competentes.

Atenciosamente,

e

Prof. Dr. José Osmar Medina Pestana
Coordenador do Comité de Etica em Pesquisa da
Universidade Federal de Sao Paulo/ Hospital Sao Paulo 0158/09

Rua Botucatu, 572 - 1° andar — conj. 14 - CEP 04023-062 - Sao Paulo / Brasil
Tel.: (011) 5571-1062 - 5539.7162




Anexos 40

Anexo 2 — Submissdo ao Comité de Etica do Institutional Review Board, do
Veterans Affairs Medical Center (VAMC), Memphis, Tenessee, EUA

REPORT OF SUBCOMMITTEE ON HUMAN swniisﬂ

Ths Rale of Funciional Valvular Incompetence in Decompensated Hear
Failure

Project/Program Title

Principal Investizator _Ivan 0'Cruz M.D.

VAMC Memgphis, TN Review Dare:  July 24, 2002
COMMITTEE FINDINGS
1. The information given in the Informed Consent under the Description of Research by ™ YES
Investigator is complete, accurate, and understandable to a research subject or surrogate [] NO
who possesses standard reading and comprehension skilts. (1 N/A
2. The informed consent is obtained by the principal investigator or a trained and super- B YES
vised designate under suilable circumnstances. [] NO
(] NA
3. Every cffort has been made to decrease risk to subject(s}? Dd YES
[ NO
4. The potential research benefits justify the risk to subject(s)? B YES
] NO
5. If subject is incompetent and surrogate consent Is obtained, have all of the tcllowing [] YES
conditions been met: a) the research can’t be done on competent subjects; b) there is no risk ] No
to the subject, or if risk exists the direct benefit to subject is subsiantally greater; c) If an K N/A
incompetent subject resist, hefshe will not have to participare; d) If there exists any question
about the subject’s compelency, the basis for decision on competency has been fully
described.
6. If the subject is paid, the payment is rcasonable and commensurate with: the subject’s (] YES
contribution. If yes, D NQ
Approved Payment{s): NA E N/A
7. Members of minority groups and women have been included in the study population ] YES
whenever possible and scientifically desirable. [T NO
8. Comments: Review Type: &4 Fult [] Expedited* [1 Exempt**
[ *Basis: Federal Register, Vol. 63, No. 216 (63 FR 60364-60367); Category 1
[**Basis: M-3, Part I, Chapter 9, Appendix 9A, Category 1
Consent: 0] Written [[]Verbal [ | Waived [ ]Surrogate
Risk Level: P Minimal [ ] Greater than Minimal [ ] Signéficantly Greater than Minimal
Continning Review Due: 7/23/2003
RECOMMENDATI!ION: E APPROVED || APPROVED/PENDING MODIFICATION

D TABELED/MODIFY [:l DISAPPROVED

SIGNATURE OF CHAIRAMAN DATE 3/% G
T QQ/M 722

+h

e 10-1 22-é EXISTING STOGK OF VAF 10-1223. .6 R VANG MEMPHSS, T
GG 188 JAN 1990, WILL NOT BE USED Rlav. 814
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Date

From:

Subj:

Tao:

Department of Memorandum

Veterans Affairs
August 21, 2002

Research/IRB Program Assistant {151)
Approval of Research Study

Ivan D'Cruz, M.D.

1. Your ressarch study entitled "The Role of Functional Vaivular Incompetence in Decompensated
Heart Failure" was approved by the R&D Committee on August 14, 2002, and the Institutionat Review
Board (IRB) on July 24, 2002, Provisos for approval, if any, imposed by the IRB and/or R&D Commitiee
at their respective meeting dates above have been met. The IRB approval is valid through July 23, 2003.
You may now initiate the study.

2. Asthe VA Principal Investigator {PI), you are responsible for conduct of the study at the VA,
including protecting the rights and weifare of all participants and supervising all persannal involved in the
study. In addition, you assume certain administrative and regulatory responsibilities. Among these
rasponsibilitiss are the following:

a. Hepoting:

(1) An annual scientific progress report will be required by the R&D Committee.

{2) A periodic continuing review report will be required by the IRB. The report date set by the |IRB
for this study is July 23, 2003. The Research Office will request these reports approximately one
month Defors they are due. Timely reporting is essential. There is no pravision in Federal law
for continuing to involve human subjects in a research study that has not been re-approved by
the IRB by the established date.

(3) All serious or unaxpacted adverse events {AEs) must be reported promptly to the IRB. Reter to

the attached form and policy.

An annual financial report will be required. Each October the Pl will be asked to provide the
expenditure of funds for this project during the previous year. This information will he required
regardiess of which institution administers the funds or whether the VA Responsible Investigator
is also the grant recipient.

(8} Various ad hoc reports may be required.

,\
~
ars

b. Obtaining and Documenting Informed Consent:

{1) Written, informed consent must be obtained from all subjects, unless specifically waived by the
IAB. Only the attached IRB-approved, date stamped informed consent document (VA Farm 10-
1086) may be used to consent VA subjects. Make additional copies as necessary.

{2) The consent furm must be signed by the subject, a wilness not associated with the study, the P,
and the person obtaining consent (if other than the P1). The process of obtaining consent must
be racorded in a CPRS Progress Note,

{3) The original, signed informad consent document must be filed in the patient's permanent medical
record in Medical Administration Service. Research informed cansents will also be scanned into
CPRS when that procedure is implemented by the Medical Center for ather procedures requiring
consent.

{4) If the IRB approved a verbal consent, the process of obtaining consent from patients must be
documented in a CPRS progress note.

¢. Becord Keeping:
{1) Alist of ail VA subjects enralled in the study rmust be maintained, including the last-feur social

security numbars of VA patients. This list will be required by the IRB with your periodic
continuing review report.

VA FORM
MAR 1989 2105
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e.

=>3.

4,

(2) A copy of all communications with the R&D Committee and IRB should be maintained.
(3) All records related to the study should be readily accessible for audit by internal and external
monitors.

Obtaining Institutional Approvals and Complying with Institutional Procedures:

(1) Any alteration to the study or informed consent document must be approved by the VA IRB prior
to initiating the change.

(2) Research study drugs must be dispensed by the VA Pharmacy either directly to subjects or, at
Pharmacy Service's discretion, through research study personnel (Pl or Research
Coordinator/Nurse). Study drugs should be ordered on a VA prescription form which includes
the protocol title. Research drugs dispensed by the Pharmacy must be accompanied by an
approved copy of VA Form 10-8012 (Investigational Drug Information Record) which is to be
filed in the patient's medical record. A copy of the approved VA Form 10-9012 is attached.

(3) All personnel must complete required training, particularly in the protection of human research
subjects.

Acknowledging VA Support:

(1) VA Central Office expects all VA staff to acknowledge their VA positions and VA support of their
research, including provision of space, staff time and access to patlents as well as financial
support, in both publications and presentations.

(2) The ACOS for R&D must approve submission of all manuscripts and presentations. Instructions
for requesting approval are attached.

(3) Any inventions or discovery resulting from the research must be disclosed to VA Central Office.

Sign and return the second (blue) copy of this memo as acknowledgement of and agreement to
accept the responsibilities of the Principal Investigator.

If you have any questions or need assistance, please contact the Research Office at 577-7267.

CINDY STEWARD

Attachments:

Continuing Review Form

Adverse Event Reporting Policy

Adverse Event Report Form

Acknowledgment of VA Support Policy

Request Approval for Publication or Presentation Form

Investigational Drug Information Record (VA Form 10-9012), if applicable
IRB Approval Form (VA Form 10-1223)

IRB-Approved Informed Consent Document

Acknowledgement of receipt and agreement to comply:
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Principal Investigator Date
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Gate:
From:
Sub;:

Te:

Department of Memorandum

Veterans Affairs

August 21, 2002

Research/IRB Program Assistant (151)

Approval of Resaarch Study

lvan ¥Cruz, M.D.

1. Your research study entitted “The Role of Functional Valvular Incompetence in Decompensated
Heart Failure" was approved by the R&D Committee on August 14, 2002, and the {nstitutional Review
Board {IRB) on July 24, 2002. Provisos for approval, if any, imposed by the IRB and/or R&D Comimittee

at their respective meeting dates above have been met. The IRB approval is valid through July 23, 2003.
You may now initiate the study.

" 2. Asthe VA Principal Investigator (P1), you are respansible for conduct of the study at the VA,

inciuging protecting the rights and weltare of all participants and supervising all personnel involved in the
study. In addition, you assume certain administrative and regulatory respensibilities. Among these
responsibilities are the following:

a. Reporting:

(1) An annual scientific progress repart will be required by the R&D Committee.

{2) A periodic continuing review report will be required by tha |IRB. The report date set by the IRB
for this study is July 23, 2003. The Research Office will request these reports approximately one
month before they are due. Timely reporting is essential. Thers is no provision in Federal law
for continuing to involve hurnan subjects in a research study that has not been re-approved by
the IRB by the established date.

(3) All serious or unexpsected adverse evants (AES) must be reparted promptly to the IRB. Refer to
the attached form and paolicy.

(4} An annual financial report will be required. Each October the Pl will be asked to provide the
expenditure of funds for this project during the previous year. This infarmation will be required
regardless of which institution administers the funds or whether the VA Responsibie Investigator
is also the grant recipient.

(5) Various ad fioc reports may be required. \

b. Obtalning and Documenting Informed Gonsent: :

(1) Written, informed consent must be obtained from all subjacts, unless specifically waived by the
IRB. Cnly the attachad |RB-approved, date stamped informed consent document (VA Form 10~
1086) may be used to consent VA subjects, Make additionai copies as necessary.

{2) The consent form must be signed by the subject, a witness not associated with the study, the Pi,
and the person obtaining consent (if other than the PI). The process of obtalning consent must
be recorded in a CPRS Progress Note,

{3} The original, signed informed censent documaent must be filed in the patiant's permanant medical
record in Medical Administration Service. Research informed consents will also be scanned into
CPRS when that procedure is implemented by the Medical Center for other procedures requiring
consent.

(4) I the IRB approved a verbal consent, the process of obtaining censent from patients must ba
documented in a CPRS progress note.

¢. Record Keeping:
(1) A list of all VA subjects enrolled in the study must be maintained, including the last-four social

sacurity numbars of VA patlents This list will be required by the IRB with your periodic
continuing review report.

VA FORM
MAR 1989 2105
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d.

e.

>3.

(2) A copy of all communications with the R&D Committee and IRB should be maintained.
(3) All records related to the study should be readily accessible for audli by internal and external
monitors.

Obtaining Institutional Approvals and Complying with Institutional Procedures:

(1) Any alteration to the study or informed consent document must be approved by tha VA IRB prior
to initiating the change.™

(2) Research study drugs. mus’& be dispensed by the VA Pharmacy either directly to subjects or, at
Pharmacy Service’s discretion, through research study personnel (Pl or Research
Coordinator/Nurse). Study drugs should be ordered on a VA prescription form which includes
the protocol title. Research drugs dispensed by the Pharmacy must be accompanied by an
approved copy of VA Form 10-9012 (Investigational Drug Information Record) which is to be
filed in the patient's medical record. A copy of the approved VA Form 10-9012 is attached.

(3) All personnel must complete required training, pamcularly in the protection of human research
subjects,

Acknowledging VA Support:
(1) VA Central Office expects all VA staff to acknowledge their VA positions and VA support of their

research, including provision of space, staff time ‘and access to patlents as well as financial
support, in both publications and presentations.

(2) The ACOS for R&D must approve submission of all manuscripts and presentations. Instructions
for requesting approval are attached.

(3) Any inventions or discovery resulting from the research must be disclosed to VA Central Office.

Sign and return the second (blue) copy of this memo as acknowledgement of and agreement to
accept the responsibilities of the Principal Investigator.

= If you have any questions or need assistance, please contact the Research Office at 577-7267.

Attachments

Continuing Review Form

Adverse Event Reporting Policy

Adverse Event Report Form ' .
Acknowledgment of VA Support Policy

Request Approval for Publication or Presentation Form

Investigational Drug Information Record (VA Form 10-9012), if applicable

IRB Approval Form (VA Form 10-1223)

IRB-Approved Informed Consent Document

Acknowledgement of receipt and agreement to comply:

%{__/\/ . — 4 -

Principal Investigator Date
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Anexo 3 - Termo de Consentimento Livre e Esclarecido do Institutional Review
Board, do Veterans Affairs Medical Center (VAMC), Memphis, Tenessee, EUA

% Department of Veterans Affairs VA RESEARCH CONSENT FORM

Subject Name: Bate:

“The Role of Valvular Incompetence(Mitral/Tricuspid] in patients with
Title of Study:  Decompensated Heart Failure”

Principal Investigator:  Iven D Cruz, M.D. VAMC: Memphis, TN

intreduction:

Taking part in this research study Is entirely voluntary, You may withdraw from the study at any time without
penalty or loss of any benzfit to which you are otherwise entitled. Before agreeing o participate in this research
study, it is important that you read and understand the foliowing explanation which describes the purposc,
procedures, treatments, visit requirements and risks associated with the study.

Purpose of the study and how long it will last:

This research study is designed to evaluate the changes that take place in the heart valves {leaky valves) and heart
function as a result of some enlargement and weakness of the heert pump (heart failure) during your hospiial stay
and /or during vour clinic appointments. As a person taking pat in the stucy, you will have two heart tests done
both to be performed on the same day. Those tests will be repeated in the future either during hospitalizarion or
on next clinic visit, After completion of gach test that takes about an hour vou will continue vour regular activities
&s inpatient or putpatient receiving continued medical care. The doctor responsible for the study will et vou
exactly when the test will needed to be repeated and vwhen vou will liave Jone vour part in the study. We expect o
dc all tests during 6 months.

Deseription of the study including procedures to he used:

Echocardiogram (s an ultrasaund test of the heart tiat allows us to 1ake pietures of the heart with sound waves. [t
consists of putting some special 'ellv on a probe, placing the probe on the ches:t area, and moving the probe over

¢ the chest,

The other test (Impedance machine) measures vour beart strength and the pressures inside vour hearr and vessels
through use of sensors (fabels aad wires) placed on the skin over vour neck and ches:. These sensors measurz
glectrical waves from the transmission of bloed flow, giving us the numbers of veur biood pressure and heart
function.

Description of any procedure that mav result in discomfort or inennyvenience:
The electrodes used For echo and ‘or machiae test mav cause miner skin irmaton.

Version | -07 10 72002
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Qa Department of Veterans Affairs VA RESEARCH CONSENT FORM

(Continuation Page _2 of 4 )

Subject Name: Date:

. “The Role of Vaivular Incompetence(Mitral/Tricuspid) in patignts with
Title of Study:  Decompensated Heart Failure”

Principal Investigator: _Ivan D' Cruz, M.D. VAMC: Memphis, TN
P — s

Expected risks of the study:
There are no risks associated with having these tests done.

Expected benefits of the studv:
The results of the tests will help the doctors to understand the function of your heart much better and gain
knowledge about congestive heart failure. You may not benefit personally from taking part in this study.

Alternate treatments available:
These are not a treatment. but tests of your heart. There is no other test available to answer these questions with
this level of safety and in a cost-effective way

New Findings:
Any significant new findings during the study, which may affect vour condition. well-being or willingness to
continue to participate in this study. will be provided to you by the study doctor.

Special Circunstances :

The VA medical facility shall provide necessary medical treatment to vou as a research subject injured as a result
of participation in a research project approved by the VA Research Commitiees. Neither the sponsor nor the VA
medical facility shall provide financial compensation for study related injury. including lost wages or other
ENXpenses.

Costs and pavments:

There will be no pavment for participating in this research study. You will not be responsibic for payvment or
treatment required by this research study unless vou are subject to a co-puvment. if indicated by @ meuns test in
accordance with federal regulations

(initials}

T A - 7 = -
SUBJECT'S INITIALS. | 1RS pprovel Date: _ JIAL) Expiration Date. AT s B
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VA RESEARCH CONSENT FORM

(Continuation Page 3 of 4 )

% < Department of Veterans Affairs

Subject Name: Date:

. "The Role of Vaivular Incompetence(Mitral/Tricuspid) in patients with
. Title of Study:  Decompensated Heart Failure”

Principal Investigator: ivan D' Cruz, M.D. VAMC: Msmphis, TN
A S L
Confidentiality :

You will not be identified personally in any reports from this studyv. Every effort will be made 10 keep your
personal medicai data confidential

Termination from studv: ¥our study doctor may end vour participation in this study without vour consent for
any reason which they feel is appropriate, including an adverse event, failure 10 follow instructions, fatiure to
keep your scheduled appointments, cancellation of the study by the Sponser, injury or medical conditien which
may place you at risk of further complications if you continue 10 pariicipate, or other administrative reasons.

You are free to withdraw your consent and discontinue your participation in this stzdy o7 any time without anv
! penalty and without atfecting vour tuture medical care,

Follew up evaluations may still be requested after vour withdrawal. You may be asked questions about vour
experience during the study and/or be asked 10 cooperate [n having whatever iests and examinations vour study
doctor considers necessary. However, vou do not have 1o compiv.

Use of Research results

. The mformatien pus together from evenbody s ccho znd machine test will hels us 1o bzarmn more abour vour heart,
| valves and why some of the changes happen. The results of the study may be published. using the information

| from the hart pictures and machine numbers results.

| Additienal Costs: No costs will be applied to vou during tlus research study

) T .\ et~ - e Pl - .
SUBJECTS INTIALS IKB Approval Dais /,-’:w-'/’z.-.: Exprahon Zate i e dan I C>
L —— . - j ! ; firitigis)
Mg 2
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I % Department of Veterans Affairs VA RESEARCH CONSENT FORM

{Coentinuation Page 4 of 4 )

Subject Name:  Date:

] “The Rale of Valvalar incompetence(Mitral/ Tricuspid) in patients with
Title of Study:  Decompensated Hezrt Failure”

Principal Investigator:  Ivan 0’ Cruz, M.D. VAMC:  Memphis, TN

""" e el i
RESEARCH SUBJECT’S RIGHTS: I have read or have had read to me all of the above.

Dr. Paunlo Campos has explained the study to me and answered al! of my questions. [ have
been told of the risks or discomforts and possible benefits of the study. I have been told of other choices of
treatment available to me.

!l understand that | do not have to take part in this study, and my refusal tc participate will involve
no penalty or loss of rights to which | am entitled. ! may withdraw from this study at any time
without penally or loss of VA or other benefits to which 1 am entitled.

The results of this study may be published, but my records will not be revealed unless required by law.

In case there are medical problems or questions. I have been told [ can call Dr. Paulo Campos_at_ (901}
323-3990 = 7361 during the day an at (901) 418-1920 pager after hours. [T any medical problems aceur in
connection with this study the VA will provids emergency care. If T have any questions about my rights as a
research subject, I have been told I can calt the Memphis VA [nstitutional Review Board Office ar (9013
377-7267.

I uncerstand my rights as a reszarch subject, and [ veluntariiv consent w0 participate in :his swdy. |
understand what the stucy is about and kow and why it is being done. [ will receive a signed copy of this
consent form.

Subject’s Signature Date

Signature of Sutject’s representative * subject’s Reprosentadves {prin)
(*Only required i subject not competen:)

Signature of Wirness == Witness print)
{**iviay NOT be an individual associatzd with the researzh sudy |

Signature of Prncipal investigator e

Signature of Persan Obtaining Consent Date
(it other than the Principal [nvestigazor)

T o =) -
IRS Approvai Date; (o LA Expiation Date: RS TS
d ‘iniEiE)
i MORE THAN ONE P25E 5 USED LaCh Aaie WAF 10°0I8% WUET B2 GONSECUTH ELY NLLBERED AND BIGNED
A FORM i

Jamiso 10-1088 SOBF FANG Margrig TH Raw 5TUSCGC [T
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Anexo 4 — Artigo publicado em maio de 2005 no The American Journal of Medical
Sciences. Am J Med Sci. 2005 May;329(5):217-21. PMID: 15894862 [PubMed -
indexed for MEDLINE]

Functional Valvular Incompetence in
Decompensated Heart Failure: Noninvasive
Monitoring and Response to Medical

Management

PAULO CESAR CAMPOS, MD; IVAN A. D'CRUZ, MD; LILLIE S. JOHNSON, RN;
AMIT MALHOTRA, MD; KODANGUDI B. RAMANATHAN, MD; KARL T. WEBER, MD

ABSTRACT: Objective: We hypothesized that functional
mitral and tricuspid valvular incompetence (MR and TR,
respectively) are reversible causes of reduced cardiac out-
put in decompensated heart failure (DF) that accompanies
systolic dysfunction in ischemic ar nonischemic cardiomy-
opathy. Background: DF, defined as signs and symptoms of
heart failure at rest, is rooted in a salt-avid state transduced
by neurchormonal activation secondary to impaired renal
perfusion. Functional MR and TR are reversible causes of
reduced systemic blood flow. Their impact on cardiac
output, thoracic fluid content, cardiac chamber dimen-
sions, and valvular apparatus function can be monitored
noninvasively, before and after optimized medlical man-
agement. Methods: Fourteen male subjects (66 * 8 years
old) with reduced ejection fraction (24 *+ 5% secondary to
ischemic (71%

) or nonischemic (29%) cardiomyopathy,
who developed DF with clinical evidence of mitral (MR)
and tricuspid (TR} valvular incompetence, were each as-
sessed by bioimpedance and echocardiography befare and
1 week after optimized medical management restored
compensated failure. Results: Pharmacologic elimination
of DF was accompanied by a recuction in bady weight (P

hronic cardiac failure is a major health prob-

lem of ever-increasing proportions, particu-
larly among the elderly.12 Featured are recurrent
bouts of the congestive heart failure that often
require hospitalization despite today’s standard of
care.®® The pathophysiologic origins to the intermit-
tent appearance of congestive heart failure, a clini-

This
ing for

THE AMERICAN JOURNAL OF THE MEDICAL SCIENCES

< 0.01). Hemodynamic improvements included a rise in
cardiac index (2.1 to 2.6 /min/m?; P < 0.01) and a
reduction in predicted pulmonary artery systolic pressure
(58 to 35 mm Hg; P < 0.001), thoracic fluid content (39 to
32 kOhm; P < 0.001), and systemic vascular resistance
{1633 to 1209 dynessec/cm®; P < 0.001]. Improvements
in functional MR and TR included reductions in left and
right atrial areas (27 to 24 cm? and 26 to 23 em?, respec-
tively; P < 0.001), colorflow grading of MR and TR
severity (P = 0.01), mitral regurgitant volume (105 to 65
ml; P < 0.001), and effective MR orifice size (0.8 to 0.6
cm?; P < 0.01). Conclusions: In DF, functional MR and TR
contribute to reduced cardiac output, increased thoracic
fluid content, and systemic vascular resistance, together
with enlarged atria and valvular orifice size, which can be
improved by medical management. Bioimpedance and
echocardiography provide for serial noninvasive assess-
ments of hemodynamic status and valvular function in
such cases.  KEY INDEXING TERMS: Decompensated
heart failure; Functional valvular incompetence; Bioim-
pedance cardiography; Echocardiography. [Am ] Med Sci
2005;329(5):217-221.]

cal syndrome with characteristic signs and symp-
toms that gradually arise from congested organs and
hypoperfused tissues, is rooted in a salt-avid state
mediated by effector hormones of the renin-angio-
tensin-aldosterone system and where such neuro-
hormonal activation appears in response to reduced
renal perfusion.®7 Functional mitral and tricuspid
valvular incompetence (MR and TR, respectively)
contribute to reductions in systemie (including re-
nal) blood flow in patients with ischemic and non-
1schemic cardiomyopathy and where cardiac output
1s already compromised by existing systolic dysfunc-
tion. Indeed, functional MR and TR are common
findings in both hospitalized and nonhospitalized
patients with heart failure® and are associated with
reduced survival.®-"' Furthermore, MR and TR each
impair the cardiac output response to exercise and

217
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Functional Mitral and Tricuspid Valvular Incompetence

thereby compromise aerobic capacity and functional
status.12-1 Monitoring patients with systolic dvsfune-
tion for the appearance and worsening of valvular
incompetence is therefore of considerable importance.

Invasive hemodynamic monitoring has proven use-
ful in optimizing medical management in patients
with advanced symptomatic heart failure and fune-
tional MR and whose reversibility includes a reduction
in mitral orifice size.15-20 Recently, bioimpedance car-
diography has been reported to provide a reliable
strategv for serial hemodynamic monitoring of pa-
tients with heart failure and thereby may serve as an
alternative to pulmonaryv arterv catheterization.21-25

Herein, we hyvpothesize that the appearance of
decompensated heart failure (DF), defined as con-
gestive heart failure at rest, 1s accompanied by a
reduction in cardiac output attendant with the
appearance of funetional MR and TR. Moreover,
this pathophysiologic scenario and its reversibility
could be monitored noninvasivelv by a combina-
tion of impedance and echocardiography con-
ducted in each patient before and after optimized
medical management. Accordingly, we enrolled
patients with known systolic dysfunction who pre-
sented with DF and clinical evidence of MR and
TR despite their existing outpatient medical regi-
men. Each underwent noninvasive assessment of
cardiac output, syvstemic vascular resistance, and
thoracic fluid content by bioimpedance cardiogra-
phy and examination of valvular incompetence by
two-dimensional echocardiography prior to in- or
outpatient management of their heart failure. One
week later and with a restoration of compensated
failure (absent signs and symptoms at rest), the
patlents were again evaluated.

Methods

Patient Population

Fourteen male patients aged 66 + 8 vears (range, 54-76) with
ischemic (T1%) or nonischemic dilated (29%) cardiomyopathy and
having documented systolic dysfunction with ejection fraction of

5% were enrolled. Each presented with signs and symptoms

of decompensation at rest (eg, orthopnea, pulmonary congestion,
and/or lower extremity edema), together with clinical evidence of
MR or TR, or both, despite their current medical regimen, which
included angiotensin-converting enzyme inhibitor (78%), loop di-
uretic (50%), spironolactone (29%), digoxin (43%), and beta-
blocker (71%). The cause of heart failure had been previously
established by echocardiography, coronary angiography, or ven-
tr Lcu]us..t 1]Jh‘\ Comorbid conditions included diabetes mellitus
of hypertension (64%), peripheral vascular dis-
o), and chronic renal mau[ﬁu:m\
E 5 mg/dL). Atrial fibrillation with rate control (<90 be ats/
miniwas present in three patients at the time of enrollment and
throughout the study. Normal sinus rhythm did not appear in
these patients during the course of this 1-week study. Twelve
patients were known to have compensated heart failure in the
past. Chest radiographic findings included cardiomegaly and
pulmonary congestion in all patients and bilateral pleural effu-
sion in seven.

Exclusion eriteria included recent (within 2 months) myoear-
dial infarction or cardiothoracic surgery, acute coronary syn-
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drome, uncontrolled hypertension, primary diastolic dysfunction,
primary valvular heart disease, hypertrophic or restrictive car-
diomyopathy, uncontrolled arrhythmias, marked renal insuffi-
cieney (serum creatinine =2.5 mg/dL), hypoalbuminemia (serum
.1]1]umm < 2.5 mg/dL), drug rdose, systemic infection, hypox-

; ial oxygen saturation =90 cerbation of chronic
¢ dizsease, anemia, active thyroid disease, technieally lim-
rdingraphy, or an inability to provide informed con-
zent. The study protocel was approved by the institutions
board of the Veterans Affairs Medical Center (VAMC), Memphis,
TN. All patients provided written informed consent.

Study Protocol

Patients were promptly evaluated by a physician investigator
'ho confirmed the diagnozis of DF based on history, physical
mination, and chest radiography. Height and body weight
e obtained. Application of bisimpedance cardiography was
performed, followed immediately by two-dimensional echocardio
graphic examination within 15 minutes. Twelve patients were
admitted to Cardiclogy Serviee at the Memphis VAMC. Twao
patients declined the hospitalization but agreed to outpatient
management with optimization of medical therapy.
sessment of all 14 patients with bioimpedance and two-
rdiography was performed al wesk 1 ¢
wchieved, based on absent symptoms, 1
tion of congestive signs, and reestablishment of bazeline bod;
weight. Patients were discharged and followed in the Heart
Failure Clinic at this VAMC.

Bioimpedance Cardiography

A BioZ ICG Monitor (CardioDynamics, San Diego, CA) was
utilized. Patches with sensor leads were placed on the lateral
surfaces of the neck, and two chest leads were placed over the
midaxillary line on a level with the xiphoid process corresponding
to the abdominal acrta and in accordance h manufacturer

guidelines. Patienls were placed in supine position at a 20- to
45-degree inclination according to patient comfort and tolerahil-

ity. Measurement lected in triplicate over 15 minutes in-
cluded heart rate, systolic and diastolic blood pressure by sphyg-
momanarmetry and mean arterial pressure (mm Hg), cardiac
output (1 Jminy and eardiac index (L/min/m? I, systemic vascular
resistance (dynes/sec/om®), and thoracic fluid content (kOhm).

Two-Dimensional and Doppler Echocardiography

All patients had a complete two-dimensio
with pulzed and continuous wave Doppler and
using multiple windows and a Hewlett-Packard
a 2.5 MHz transducer (Hewlett-Packard, Pa
pretation was performed by study investigators blinded
status of the patient. As previously reported25-28 ;
included quantification of ejection fraction by M-mode ec
ography; calculation of left and right atrial dimensions by
planimetered areas using two- and four-chamber vie i

rdiogram

velinival
s1me nt

quantitative assessment of mitral and tricuspid regurg m by
olor-flow Doppler (00 = none, 1 = trivial, 2 = mild, 3 = moderate,
4 = severe); quantitative MR assessment with determination of

regurgitant volume, regurgitant fraction and effective regurgi-
tant orifice; and left ventricular dimensions by M-mode echocar-
diography. Doppler tracings from left ventricular outflow tract
were obtained from either apical four-chamber or long axis views
and from mitral valve inflow using four-chamber view. Doppler
examination also included measurement of TR velocity and pre-
dicted pulmonary artery systolic pressure.

Statistical Analyvsis

Changes in hemodynamic and echocardiographic parameters
were assessed by the Wilcoxon signed-ranks test to compare
different time points. The its are expressed as median *
standard deviation and were considered significant at values of P
< (L.
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Results

Clinical Evaluation

At the time of presentation, historical information
provided by all patients included worsening dyspnea
and orthopnea, abdominal fullness in 50%, and re-
alization of weight gain and lower extremity edema
in 71%. Physical examination indicated the presence
of jugular venous distention in 11, ventricular gallop
sound in 13, and audible murmurs of MR in 9 and
TR in 7. Hepatomegaly and a pulsatile/tender liver
were found in 11 and 7 patients, respectively. Lower
extremity edema was found in 85%.

Study investigators monitored each patient for
signs and symptoms of heart failure during inpa-
tient or outpatient management. Modifications in
the medical regimen of each patient were individ-
ualized to eliminate DF. This included optimiza-
tion of existing desage of angiotensin-converting
enzvme inhibitors in all patients; intravenous fol-
lowed by maximized oral furosemide in 12; short-
term (48 hours) intravenous dobutamine in 6; in-
troduction of spironolactone in 13 patients;
maximized doses of digoxin in 12; and reduction or
discontinuation of beta-blocker in all 10 patients
recelving such an agent at study entry.

Compensation was achieved in all patients within
week 1 of optimized treatment, based on absent
resting svmptoms of heart failure, resolution of con-
gestive signs, and reestablishment of baseline body
welght. For the group, body weight fell from 82.9 to
76 kg (182 to 169 1b; P < 0.001).

Noninvasive Hemodynamic Responses

Hemodynamic responses (Table 1), monitored by
bioimpedance cardiography before and at week 1 of
optimized medical management, included a significant
improvement in cardiac index together with normal-
ization of systemic vascular resistance and reduction

in thoracie fluid content. Mean arterial pressure de-
clined significantly while heart rate was unchanged.

Echocardiographic Responses
The presence of MR at the time of presentation

was detected by color-flow Doppler echocardiogra-
phy in all 14 patients and was judged to be of either

Table 1. Hemodynamics by Bioimpedance Cardiography

Variables DF CF P-value
MAP imm Hg) 96 = 20 T8 £ 18 <0.01
HI (heats/min) 88+ 15 79+ 11 NS
CI {L/min/m?) 21+05 2.6 + 0.3 <0.01
SWR (dynes/zem®) 1634 = 416 1210 = 272 <0.001
TFC (kOhms) 30+ 11 32=+6 <0.001

CF, com ited heart failure; CI, cardiac index: DF, decomp
sated heart HE, heart rate; MAP, mean arterial pr
SVR, systemic vascular vesistance; TFC, thoracic fluid conten
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moderate (grade 3) severity in 71% or mild (grade 2)
severity in the remainder. After clinical compensa-
tion was restored, MR remained in all patients, but
its severity had declined: mild in 71% and trivial
(grade 1) in the remaining 4 patients. The presence
and severity of TR at presentation was the following:
moderate in 29%, mild in 42%, trivial in 21%, and
absent in 1. After compensation, TR was not de-
tected in 29% and remained present as trivial (35%),
mild (21%), or moderate in 2 patients. Overall, t.he
severity of TR was reduced from mild to trivial (P <
0.01) (Table 2).

At week 1 of optimized care, echocardiographic
improvements in atrial chamber architecture, ven-
tricular svstolic function, and wvalvular mcompe—
tence were found. These included reductions in left
and right atrial areas; a small but significant 1m-
provement in fractional shortening and ejection
fraction; and, by Doppler examination, significant
reductions in TR velocity, MR regurgitant volume,
and regurgitant fraction accompanied by reductions
in the effective regurgitant orifice and mitral valve
annulus size. Left ventricular chamber dimension at
end diastole was slightly but not significantly re-
duced at week 1 of compensation, and a significant
reduction in end systolic dimension was seen.

Discussion

Our study led to several major findings. First, we
found the presence of MR and TR, as detected by
clinical examination and echocardiography, in pa-
tients with systolic dysfunction secondary to either

Table 2. Echocardiography Data

Variables DF CF P-value
CF MR Grade 2+ 05 2+ 04 <0001
CF TR Grade 2+008 1+1.0 <(.01
LA area (em?) 27+ 7 24+ A <0.001
RA area (cm®) 26+ 5 23+ 5 <0.001
FS (%) 12+3 14+4 0.01
LVEF %) 22+ 6 25+ 6 0.01
TRV (m/sec) 3.2+045 2.7 £ 0.6 <0001
PASP (mm Hg) AH + 14 35+ 14 <0001
R Vo MR imL) 104 = 58 64 + 36 <0001
R Fx MR %) 2+ 10 AR+ 12 <0001
ERO (cm?) 05 =04 0.6 = 0.2 0.01
MV ann (em) 3302 2.1 %02 <0001
LVEDD (mm) 56+ 12 65 * 11 NS
LVESD (mm) 55+ 11 54 £ 10 <(.01

CF, compensated heart foailure: CF MR, color ,u‘}'o.'c' mitral regur-
on; CF TR, color flow tricuspid regurgit ‘, deconm-
tted heart failure; ERO, ive regury FS,
fractional shortening: LA, lefi airium: LVEDD, .*r,f" ventricle end-
diasiolic dimension (M-mode); LVEF, left ventricle efeciion frac-
tion; LVESD, ."c,f” ventricle end-systolic dime nn, mi-
tral valve sy PASP, 'w."rr.o: ry artery sys pressure; RA,
right atrivm; R Fx MR, regurgitant fraction of 1 Jnrm.’u-
tion; R Vo MR, regurgitant volume of mitral regurgitation; TRV,
tricuspid regurgitant velocity.
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Functional Mitral and Tricuspid Valvular Incompetence

1schemic or nonischemic cardiomyopathy and pre-
senting with signs and svmptoms of heart failure at
rest, defined as DF. Robbins et al® found echocardio-
graphic MR and TR to be common findings in both
inpatients and outpatients with left ventricular svs-
tolic dysfunction, particularly among patients hos-
pitalized with symptomatic failure, in whom the
severity of valvular incompetence was more marked.
Valvular incompetence has prognostic significance.
Individuals with MR or TR, or both, are at higher
risk, with survival inversely related to the severity
of their condition.?-11

Second, we found optimized medical management
with accompanyving reductions in intra- and ex-
travascular volumes, as reflected by improved signs
and symptoms of heart failure, to lead to reductions
in the severity of MR and TR. Patients with atrial
fibrillation who were enrolled into the study had
pharmacologically mediated rate contrel at study
entrv and termination. None of these patients con-
verted to normal sinus rhythm during the 1-week
period of observation. Several associated hemody-
namic improvements were seen. The latter included
a rise in svstemic blood flow, which is in keeping
with the dynamic nature of valvular incompetence
and its negative impact on cardiac output, renal
perfusion, and neurchormonal activation:; a reduc-
tion in pulmonary artery systolic pressure, indica-
tive of reduced pulmonary vascular resistance, and
pulmonary venous pressure, together with a reduc-
tion in thoracic fluid content, a measure of intrapul-
monary bleod and thoracic fluid volumes; and an
attenuation of elevated systemic vascular resis-
tance. A reduction in the degree of MR has been
attributed to salutarvy hemodynamic responses to
captopril,2® nitroprusside, 19 vasodilators and diuret-
1cs,'" and dobutamine®®-?! in patients with more
advanced symptomatic heart failure.

Third, the reduction in MR and TR led to a de-
compression of the respective atria, as reflected by
reductions in right and left atrial area, together
with reversal in mitral regurgitant orifice size in
keeping with the partial reversibility of valvular
incompetence. The severity of MR was reduced,
but it was not eliminated. Dilatation of left ven-
tricular diastolic volume and chamber spherical-
1zation are contributory to a misalignment of pap-
illary muscles.32.33

Finally, biscimpedance cardiography was used to
serially monitor cardiac output and thoracic fluid
content in each patient with DF, before and after
clinical compensation was restored. Cardiac output
measured by this noninvasive approach in patients
with heart failure or following cardiac surgerv cor-
relates with invasive assessments using either ther-
modilation methodology or the principle of Adolph
Fick.22-243435 [y the presence of TR, in which flota-
tion catheter-based thermodilution assessment of
cardiac output mav not be reliable, bioimpedance

220

cardiographic monitoring of blood ejected into the
aorta to derive systemic blood flow provides an al-
ternative approach. In selected patients, it may
eliminate the need for invasive monitoring by pul-
monary artery catheter.21

To our knowledge, the combined use of bioimped-
ance cardiography and echocardiography (two-di-
mensional and Doppler) to monitor clinical and he-
modynamic responses in patients with DF and
accompanying MR and TR has not been reported
before. Serial echocardiography monitors changes in
valvular regurgitation, ejection fraction, and esti-
mated pulmonary artery pressure, whereas bioim-
pedance cardiography provides information on car-
diaec output, systemic vascular resistance, and
thoracie fluid output (indirect measure of pulmonary
congestion and pleural effusion). This combination
of noninvasive techniques can be used seriallv in the
same patient to obtain ohjective, quantitative data
and to guide management decisions.

We acknowledge several limitations to our study.
First is the inclusion of only male patients. This
reflects the gender predominance of our VAMC,
where this study was conducted. It was not an in-
tentional selection bias on the part of the investiga-
tors. We have no reason to suspect the appearance
and importance of functional MR or TR or its atten-
uation by pharmacologic intervention would be any
different in women with ischemic or nonischemic
cardiomyopathy. The same would be true for the
utility of the noninvasive technologies in monitoring
parameters reported herein. Second, our study did
not cover a more extended period of time in which
the persistence of compensated failure could have
been examined. Third, the medical regimen selected
to restore compensated failure was not identical in
each patient, but instead was individualized by the
responsible physician. Finally, we did not directly
validate the bioimpedance determination of cardiac
output with thermodilution in each patient or in a
separate group of patients. This, in part, was related
to the presence of TR in our study population and
the unreliability of thermodilution cardiac output in
this setting. Numerous reports from skilled labora-
tories have validated this noninvasive methodology.
Moareover, in our study, serial noninvasive measure-
ments of cardiac output were carried out with each
patient serving as his own control upon presentation
with DF and within a week’s time with appearance
of compensated failure.
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Anexo 5 — Publicagao derivada a partir do trabalho original.

IMAGE SECTION Section Editor: Ivan D’Cruz, M.D.

Functional Mitral Regurgitation in
Decompensated Heart Failure: Combined

Bio-Impedance and 2D Echocardiography
Follow-Up Monitoring

Paulo C. Campos, M.D., and Ivan ICruz, M.D., FR.C.P.

VA Medical Center and University of Tennessee Health Science Center, Memphis, Tennessee
(ECHOCARDIOGRAPHY, Volume 21, May 2004)

mitral regurgitation, congestive heart failure, impedance cardiography, follow-up CHF monitoring

, . o It has long been known that functional mitral
Address for correspondence and reprint requests: Ivan A s s . .
I'Cruz, M.D.,, Cardiology Section, VAMC, 1030 Jefferson regurgltatlon (FMR)is a m{lrl_-:er of SE*VE*I:lt-}’ and
Avenue, Memphis, TN 38104. Fax: (901) 577-7430. a predictor of poor prognosis in heart failure.2

Figure 1. Eckocardiographic assessment. A. 3 + MR in decompensated heart failure. B. 2 + MR in compen-
sated keart foilure. C. Pletoric and dilated IVC in decompensated heart failure. D. IVC in compensated heart
failure shows decrease in caliber.
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Figure 2. Impedance cardiography (ICG). Four sensors (S) are attached to the patient, one on ecither side
of his neck and one eack on either side on the mid-axillary line at the level of the xiphisternum. The ICG
equipment, at the patient’s left, includes a monitor with keyboard above, and a printer below.

We present quantitative data obtained by a new
combined approach of noninvasive assessment
by bio-impedance and 2D echocardiography in
the management of a representative patient.
The patient was a 59-year-old man who
presented with progressive increasing exer-
tional dyspnea, orthopnea, and increasing fre-
quency of paroxysmal nocturnal dyspnea over a
2-month period. On admission he was in de-
compensated NYHA Class IV congestive heart
failure. His jugular venous pressure was ele-
vated. His lung exam revealed bilateral rales
up to 2/3 of lung fields. Cardiac auscultation re-
vealed fourth and third heart sounds and a soft
2/6 systolic murmur at the apex with radiation
to the axilla. Hepatomegaly and bilateral leg
edema were noted. The chest X ray showed pul-
monary edema and cardiomegaly. Echocardiog-
raphy (Fig. 1) demonstrated 4-chamber dilata-
tion, mitral regurgitation (MR) (grade 3+ out
of 4), tricuspid regurgitation (TR) (grade 2+,

338 ECHOCARDIOGRAPHY: A Jrnl. of CV Ultrasound & Allied Tech.

global diffuse hypokinesis with left ventric-
ular ejection fraction estimated to be about
20%—25%. Bio-impedance cardiography (ICG—
BioZ.com, Cardiodynamics, International Cor-
poration, San Diego, CA) was performed (Fig.
2), which provided the data shown in Table
I. He was placed on intensive intravenous in-
otropic, vasodilator, and diuretic therapy with
gradual clinical improvement. Subsequent car-
diac catheterization revealed normal coronaries
and dilated cardiomyopathy.

On hospital day 6 repeat 2D achocardiogram
(Table I) showed reduction in right and left
atrial dimensions, and reduction in the sever-
ity of MR and TR by color flow Doppler, as well
as by quantitative assessment of regurgitant
volume and regurgitant fraction. The left ven-
tricular ejection fraction improved slightly. The
patient was placed on vasodilators and diuret-
ics and eventually discharged from the hospi-
tal with marked reduction in symptoms. Later

Vol. 21, No. 4, 2004
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MONITORING CHF WITH ECHO BIO-IMPEDANCE

TABLE I

Noninvasive Assessment by Impedance Cardiography
(ICG) and 2D Doppler Echocardiography

Decompensated Compensated

Variables Heart Failure Heart Failure
Body weight (Ibs) 157 149
Blood pressure (mmHg) 125/93 (104) 118/74 (59)
Heart rate ibpm) 101 72
Cardiac output (L/min) 2.8 5.2
Cardiac index 1.6 2.7
L/min per m?
Systemic vascular 2,423 1,188
reslstance
(dynes. a. em®)
Thoracie fluid content 37.2 30.1
(Kohms), ICG
MR regurgitant a5 41
volume (ec)
MR regurgitant 67 32
fraction (%)
MR-ERO (cm?) 0.81 0.34
TR velocity (m/s) 3.2 2.6
Pulmonary artery 58 33
ayatolic pressure
(mmHg)
Left atrial area (em?) 30.2 24.1
Left ventricular ejection 19 24

fraction (%)

follow-up revealed the patient to be in stable
compensated NYHA Class IL

Comment

Bio-impedance relies on the proportional
change in the conduction of alternating current
applied across the thorax as a function of blood
volume in the heart and great vessels. Dispos-
able sensors transmit a small electrical signal
through the thorax. Impedance (resistance) to
the electrical signal is measured and displayed
as the ICG waveform. As volume and velocity
of blood in the aorta change with each heart-

Val. 21, No. 4, 2004

beat, digital technology processes the changes
in impedance providing hemodynamic parame-
ters, including heart rate, stroke volume, car-
diac output, cardiac index, systemic vascular
resistance, and indices of contractility and fluid
status.?-®

In this example, we show a combined ap-
proach by bio-impedance and 2D echocardiogra-
phy demonstrating clinical, hemodynamic, and
echocardiographic improvement in a patient
with funetional valvular incompetence present-
ing with advanced and decompensated HF.

While serial echocardiography monitors
changes in MR, ejection fraction, and TR
velocity (reflecting pulmonary artery peak
gystolic pressure), bio-impedance provides
data on cardiac output, cardiac index, SVR,
thoracic fluid content (reflecting pulmonary
congestion). A combination of echocardiog-
raphy and bio-impedance thus gives more
detailed objective noninvasive information of
the patient’s response to heart failure therapy
than had been previously possible.

Acknowledgments: We are indebted to the Memphis VA
Medical Center for the use of the clinical and imaging data.
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Abstract

Objective: We hypothesized that functional mitral and tricuspid valvular
incompetence (MR and TR, respectively) are reversible causes of reduced cardiac
output in decompensated heart failure (DF) that accompanies systolic dysfunction
in ischemic or nonischemic cardiomyopathy. Background: DF, defined as signs
and symptoms of heart failure at rest, is rooted in a salt-avid state transduced by
neurohormonal activation secondary to impaired renal perfusion. Functional MR
and TR are reversible causes of reduced systemic blood flow. Their impact on
cardiac output, thoracic fluid content, cardiac chamber dimensions, and valvular
apparatus function can be monitored noninvasively, before and after optimized
medical management. Methods: Fourteen male subjects (66 + 8 years old) with
reduced ejection fraction (24 + 5%) secondary to ischemic (71%) or nonischemic
(29%) cardiomyopathy, who developed DF with clinical evidence of mitral (MR)
and tricuspid (TR) valvular incompetence, were each assessed by bioimpedance
and echocardiography before and 1 week after optimized medical management
restored compensated failure. Results: Pharmacologic elimination of DF was
accompanied by a reduction in body weight (p<0.01). Hemodynamic
improvements included a rise in cardiac index (2.1 to 2.6 L/min/m?; p<0.01) and a
reduction in predicted pulmonary artery systolic pressure (58 to 35 mm Hg;
p<0.001), thoracic fluid content (39 to 32 kOhm; p<0.001), and systemic vascular
resistance (1633 to 1209 dynes/sec/cm®; p<0.001). Improvements in functional
MR and TR included reductions in left and right atrial areas (27 to 24 cm and 26 to
23 cm?, respectively; p<0.001), color-flow grading of MR and TR severity (p<0.01),
mitral regurgitant volume (105 to 65 mL; p<0.001), and effective MR orifice size
(0.8 to 0.6 cm?; p<0.01). Conclusions: In DF, functional MR and TR contribute to
reduced cardiac output, increased thoracic fluid content, and systemic vascular
resistance, together with enlarged atria and valvular orifice size, which can be
improved by medical management. Bioimpedance and echocardiography provide
for serial noninvasive assessments of hemodynamic status and valvular function in
such cases.

Key Indexing Terms: Decompensated heart failure; Functional valvular
incompetence; Bioimpedance cardiography; Echocardiography.
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