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Lista de abreviaturas

AVC: acidente vascular cerebral

BCC: blogueador de canal de célcio

BRA: bloqueador do receptor de angiotensina
DAC: doenca arterial coronariana

DCV: doenca cardiovascular

DM: diabetes mellitus

EPR: espessura parietal relativa

HAS: hipertensdo arterial sistémica

HVE: hipertrofia ventricular esquerda

IAM: infarto agudo do miocérdio

IC: insuficiéncia cardiaca

IECA: inibidor da enzima conversora de angiotensina
IMVE: indice de massa ventricular esquerda
MVE: massa ventricular esquerda

PA: pressdo arterial

PAD: pressao arterial diastolica

PAS: pressdo arterial sistolica

TDE: tempo de desaceleracdo da onda E

VE: ventriculo esquerdo



Resumo

Esta € uma avaliacdo ecocardiografica de individuos pré-hipertensos e hipertensos
estagio 1, aninhada no ensaio clinico randomizado PREVER. Ecocardiogramas foram
realizados no inicio e apds 18 meses de tratamento (clortalidona/amilorida ou placebo
em pre-hipertensos, clortalidona/amilorida ou losartana em hipertensos estagio 1).
Comparando-se 0s ecocardiogramas basais de pré-hipertensos e hipertensos,
observou-se que pré-hipertensdo esta associada a alteragdes ecocardiograficas de dano
hipertensivo em oOrgao alvo semelhantes a hipertensdo estagio I, com exce¢do da
massa ventricular esquerda, que foi maior em mulheres hipertensas do que nas pré-
hipertensas. Em hipertensos estagio I, ap6s 18 meses de tratamento houve redugédo
significativa no volume do AE, na massa do VE e na espessura relativa. Ndo houve
reducdo significativa na massa do VE quando a reducdo da pressao arterial sistolica
foi menor que 6,2 mmHg. Observou-se reducdo na proporcdo de remodelamento
concéntrico do VE (60% para 41,8%) e aumento na proporcdo de geometria
ventricular esquerda normal (30,9% para 49%). Comparando-se as medicagOes anti-
hipertensivas em hipertensdo estagio I, a regressao na massa ventricular esquerda, a
reducdo no volume atrial esquerdo e as mudancas nos parametros de funcéo diastélica
ap6s 18 meses de tratamento foram semelhantes para clortalidona/amilorida e
losartana. Conclui-se que o0s parametros ecocardiograficos basais de dano
hipertensivo em 6rgdo alvo sdo semelhantes em pré-hipertensos e hipertensos estagio
I. Em individuos com hipertenséo estagio I, tratamento anti-hipertensivo por 18 meses
promove efeitos benéficos na massa ventricular esquerda, volume atrial esquerdo e
remodelamento concéntrico do VE, sem diferenga entre os grupos de tratamento.
Esses achados podem ter impacto nas consequéncias da cardiomiopatia hipertensiva,

especialmente na insuficiéncia cardiaca com fracdo de ejecdo preservada.



Introducgéo

Hipertensdo arterial sistémica - Definicdo e prevaléncia

Hipertensdo arterial sistémica (HAS) é o fator de risco maior mais frequente,
identificavel e reversivel para infarto agudo do miocardio (IAM), acidente vascular
cerebral (AVC), insuficiéncia cardiaca (IC), fibrilacdo atrial, sindromes adrticas
(aneurisma e disseccdo) e doenca arterial periférica [1]. O risco para esses eventos
cardiovasculares aumenta de forma constante a partir de 75 mmHg de presséo arterial
diastdlica (PAD) usual e de 115 mmHg de pressao arterial sistolica (PAS) usual,
dobrando a cada aumento de 10 mmHg no primeiro caso e de 20 mmHg no segundo
caso [2]. Pressdo arterial (PA) sustentadamente acima de 115/75 mmHg é responsavel
por 49% dos eventos decorrentes de doenca arterial coronariana (DAC), tais como
morte, IAM e revascularizagdo miocardica, e 62% dos eventos associados a doenca
cerebrovascular [3]. Meta-analise de estudos de coorte com mais de 934.000
participantes mostrou maior risco para DAC em pacientes pré-hipertensos, quando
comparados com 0s normotensos (risco relativo de 1,36; IC 95% 1,22-1,53), sendo a
associacdao mais forte nos participantes com pré-hipertensdo no limite superior (130-
139/ 85-89 mmHg, risco relativo de 1,53; IC 95% 1,19-1,97). [4]

A prevaléncia de HAS no Brasil foi estimada em uma série de estudos
populacionais representativos de cidades e de um estado, variando entre 22,3 e 44%
dos adultos com mais de 18 anos de idade [5]. As taxas de prevaléncia ndo tém se
modificado em estudos subsequentes no Rio Grande do Sul e somente 50,8% dos
individuos adultos hipertensos estdo cientes do diagnéstico, sendo que apenas 10,4%
estavam com a hipertensdo controlada em inquérito conduzido no Estado do Rio
Grande do Sul [6]. A prevaléncia de pré-hipertensdo é de aproximadamente 37%, [7]

e sabe-se que 4 entre 5 adultos pré-hipertensos entre 40 e 50 anos de idade evoluirdo
para hipertenséo arterial em um prazo de 10 anos [8].

HAS é definida como uma PA ambulatorial usual maior ou igual a 140/90
mmHg. Para uma melhor avaliacdo e acompanhamento dos pacientes com HAS, eles
sdo classificados nos seguintes estagios, baseado em duas ou mais aferigdes
ambulatoriais da PA [1]:



Classificacao PA sistélica (PAS) PA diastolica (PAD)
Normal <120 mmHg e <80 mmHg
Pré-hipertensdo 120-139 mmHg ou 80-89 mmHg
HAS estagio | 140-159 mmHg ou 90-99 mmHg
HAS estagio 1l >160 mmHg ou >100 mmHg

Tratamento anti-hipertensivo

De acordo com as diretrizes mais recentes [9], o tratamento medicamentoso
anti-hipertensivo deve ser iniciado se a PA de consultorio se mantiver, apesar de
mudancas de estilo de vida, persistentemente >140 mmHg e/ou >90 mmHg.

O beneficio do tratamento medicamentoso em pacientes com o diagndstico de
HAS foi demonstrado por inimeros ensaios em amplas margens de valores
presséricos, idade, género e condicdes clinicas [10-12], proporcionando uma reducgéo
do risco relativo de 50% na incidéncia de 1C, de 30-40% na incidéncia de AVC e de
20-25% na incidéncia de 1AM [13]

Diuréticos tiazidicos sdo as medicacdes anti-hipertensivas mais antigas e
efetivas [10], tendo sido considerados como primeira escolha de tratamento nas
diretrizes de HAS da Joint National Committee (JNC) de 1977 até 2013. Diretrizes
mais recentes [9] recomendam como anti-hipertensivos de primeira classe qualquer
um dos seguintes: diuréticos tiazidicos, inibidores da enzima conversora de
angiotensina (IECA), bloqueadores do receptor de angiotensina (BRA) e
blogueadores do canal de calcio (BCC). Essa mudanca nas diretrizes se deu apés a
publicacdo de duas meta-analises [13,14], onde se concluiu que a reducdo nos niveis
pressoricos seria 0 determinante para a reducao no risco cardiovascular, e ndo a droga
escolhida (considerando-se que o individuo ndo apresente indicagdo compulsoria para
um tipo de medicamento especifico).

Apesar das evidéncias de beneficio do tratamento anti-hipertensivo, ainda ha
algumas questdes a serem melhor esclarecidas. A maioria dos ECR nesse contexto
incluiu pacientes com HAS estagio 1, idade média de 65 anos e multiplos fatores de
risco CV, sendo o beneficio mais pronunciado em doenca moderada a severa. Os

efeitos nesses pacientes sdo extrapolados para pacientes hipertensos em estagio mais




leve (estagio I) ou pré-hipertensos, com 50 anos ou menos e sem fatores de risco
cardiovascular [15].

Recentemente foi realizado ensaio clinico randomizado multicéntrico
(PREVER-treatment study) [16], que avaliou o efeito da combinacdo
clortalidona/amilorida com losartana no manejo de hipertensos estagio | sem fatores
de risco cardiovasculares Os participantes elegiveis realizavam intervencdo néo-
medicamentosa sobre mudanca em estilo de vida durante trés meses; aqueles que
mantivessem uma PA inadequadamente controlada (PAS >140 mmHg ou PAD >90
mmHg) eram randomizados para clortalidona/amilorida 12,5/2,5 mg ou para losartana
50 mg. A cada 3 meses os participantes eram reavaliados, e caso necessario 0
tratamento era escalonado de acordo com o protocolo. Ap6s 18 meses de seguimento,
houve maior redugdo na PA com clortalidona/amilorida do que com losartana
(diferenca na PAS final de 2,3 mmHg, IC 95% 1,3 — 3,3); nesse estudo, nao foi
avaliado o efeito das medicacdes em desfechos cardiovasculares maiores.

Meta-andlise de 2015, que incluiu estudos em que 80% dos pacientes tinham
HAS estagio | sem doenca cardiovascular prévia, mostrou que o tratamento anti-
hipertensivo reduziu a PA em 3,6/2,4 mmHg, com reducdo de AVC e morte
cardiovascular em 4 anos de seguimento [17].

Outra lacuna do conhecimento € o alvo de PA a ser atingido com o tratamento.
O JNC 7 [1] recomendava uma PA alvo <140/90 mmHg para a maioria dos pacientes
hipertensos e <130/80 mmHg se presenca de diabetes mellitus (DM) ou DAC
estabelecida. O JNC 8 [9] propde PA alvo <140/90 mesmo em pacientes com DM e
insuficiéncia renal crénica. Em 2015, ECR mostrou que, em pacientes com PA média
de 139/78 mmHg (34% dos pacientes do estudo tinham PAS basal >145 mmHg) e
alto risco CV (mas sem DM), o tratamento intensivo com alvo de PAS <120 mmHg,
comparado com alvo de PAS <140 mmHg, reduziu em 3,2 anos mais eventos CV
fatais e ndo fatais, além de morte por qualquer causa [18]. Entretanto, ainda néo se
sabe o0 alvo pressorico do tratamento de pacientes com HAS estagio | sem alto risco
CV.

Para o0 manejo da pré-hipertensdo, diretrizes indicam medidas ndo
medicamentosas (mudanca de estilo de vida) [9]. Ainda ndo se sabe a eficacia
adicional de medicamentos as promovidas por recomendacdo de mudanca de estilo de
vida. Em pacientes com pré-hipertensdo, ha fortes evidéncias de que o tratamento

com farmacos anti-hipertensivos reduz acentuadamente a incidéncia de eventos
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cardiovasculares recorrentes em pacientes com diagnostico de DCV estabelecida [19],

e que 0 possa postergar o surgimento de HAS estagio | [20].

Avaliacdo de dano em 6rgao alvo secundério a HAS

Pressdo arterial persistentemente elevada tem como consequéncia a disfunc¢ao
em diversos sistemas. Essa disfuncdo pode ser assintomatica (dano em o6rgao alvo
subclinico), sendo representada pela presenca de hipertrofia ventricular esquerda,
disfuncdo diastdlica ventricular esquerda, dilatacdo atrial esquerda, espessamento
miointimal ou placa carotidea, taxa de filtracdo glomerular <60 ml/min/1,73 m?,
microalbumindria e indice tornozelo braquial <0,9. [21]

Acredita-se que a presenca de dano hipertensivo em 6rgéo alvo seja precursora
de doenca cardiovascular, e ndo apenas marcador de risco, sendo importante a sua
deteccdo para adequada estimativa do progndstico do paciente hipertenso e auxilio no
manejo clinico [9].

Apesar de o ecocardiograma ndo ser recomendado como avaliagdo inicial de
todos os pacientes hipertensos, € uma das modalidades de imagem mais comumente
utilizadas. Seu uso permitiu um melhor conhecimento de aspectos patofisiolgicos da
hipertensdo. E um exame sensivel e acessivel para detectar alteracdes cardiacas

anatdmicas e funcionais de dano hipertensivo em 6rgao alvo. [22]

Massa e geometria ventricular esquerda

Hipertrofia ventricular esquerda (HVE) é definida como aumento na massa do
ventriculo esquerdo (MVE), que pode ser secundaria ao aumento na espessura das
paredes, aumento na cavidade ventricular, ou ambos. A HVE é um achado comum em
pacientes com HAS. Sua apresentacdo usual € com aumento na espessura das paredes,
com ou sem aumento na cavidade ventricular [22] como consequéncia de aumento
cronico na pos-carga do ventriculo esquerdo (VE).

O eletrocardiograma é método barato e disponivel para o diagnostico de HVE;

no entanto, sua sensibilidade € baixa quando comparado com o ecocardiograma
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[23,24]. Em um relato do Treatment of Mild Hypertension Study (TOMHS), quase
nenhum dos 844 pacientes tinha critério eletrocardiografico de HVE, enquanto que
pelo ecocardiograma a HVE estava presente em 13% dos homens e 20% das mulheres
[25].

A estimativa da MVE pelo ecocardiograma pode ser feita a partir de diversas
férmulas validadas, as quais sdo variacdes de um mesmo principio matematico, onde
se calcula a diferenca entre o volume delimitado pelo epicardio e o volume da cAmara
ventricular esquerda multiplicado por uma densidade miocérdica estimada [26]. Uma
dessas formulas foi validada em achados de necropsia de 52 individuos [27], e foi a
escolha convencionada pela American Society of Echocardiography (ASE): MVE (g)
= 0,8 x [1,04 x (LVDD + PWT + IVST)® — (LVDD)*] + 0,6 , onde LVDD é o
diametro diastolico do VE, PWT é a espessura diastélica da parede posterior e VST é
espessura diastolica do septo interventricular [28].

A geometria ventricular esquerda é a relacdo entre a massa ventricular
esquerda e a espessura parietal relativa (EPR). Esta medida auxilia na categorizagao
do tipo de HVE. A EPR ¢ calculada através de medidas ecocardiogréficas da parede
posterior e do diametro diastélico do VE: EPR = (2 x PWT) / LVDD). Geometria
normal corresponde a MVE normal para a superficie corporal e uma EPR <0,42.
Remodelamento concéntrico, que é achado frequente em hipertensos, ocorre quando
ndo ha aumento absoluto na MVE, mas ha aumento relativo na espessura das paredes
do VE ou na relacdo espessura da parede-diametro da cavidade (MVE normal e EPR
>0,42). Pacientes com MVE aumentada podem apresentar hipertrofia concéntrica
(EPR >0,42) ou excéntrica (EPR <0,42) [28].

A estrutura cardiaca é diferente entre homens e mulheres, sendo as dimensdes
internas e a MVE 15-40% menores em mulheres, mesmo ap6s ajuste para superficie
corporal [29]. Além disso, as consequéncias de um aumento na pés-carga diferem
entre 0s sexos; Rohde et al. demonstraram que, em mulheres submetidas a uma
sobrecarga pressorica crénica, ha um grau de hipertrofia desproporcionalmente maior
em relagdo ao aumento de volume do VE [30]. Em individuos com hipertenséo
sistélica isolada, o risco de HVE foi de 2,58 (IC 95% 0,97-6,86) em homens e de 5,94
(IC 95% 3,06-11,53) em mulheres, as custas de dilatacdo do VE em homens e do
aumento da espessura da parede em mulheres [31]. Sugere-se que as mulheres possam

ter maior sensibilidade a sobrecarga de pressdo e/ou maior plasticidade da estrutura
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do VE [32]. Esses achados podem contribuir para o aumento da prevaléncia de
insuficiéncia cardiaca com fracdo de ejecdo preservada em mulheres [33].

Existe evidéncia que a MVE pode estar aumentada antes do desenvolvimento
da HAS [34]. Dados do Framingham Heart Study [35] mostram uma relacdo direta e
continua entre a MVE e o subsequente desenvolvimento de HAS no seguimento de 4
anos em pacientes com PA basal <140/90. Possiveis explicacfes para isso é o fato de
HAS e HVE terem alguns fatores associados semelhantes (angiotensina II,
norepinefrina, epinefrina, endotelina, aumento do tbnus simpéatico cardiaco e
periférico), e também que uma tendéncia a HVE seja um traco herdado que
predisponha ao desenvolvimento de HAS [36].

A presenca de HVE no ecocardiograma € preditora de eventos cardiacos
adversos (angina, IAM, IC, arritmias ventriculares), AVC e morte de causa
cardiovascular [37-43]. O aumento no risco CV é diretamente relacionado com o grau
de aumento na massa ventricular esquerda (MVE) [37,39-40], efeito independente da
pressdo arterial. Em estudo prospectivo, 1033 pacientes hipertensos com idade acima
de 50 anos e sem evento cardiovascular prévio foram seguidos por uma média de 3
anos. A taxa de eventos cardiovasculares maiores foi significativamente maior nos
pacientes com MVE aumentada: 3,2 versus 1,3 por 100 pacientes-ano com MVE
normal. Apds ajuste para outros fatores de risco, HVE associou-se de forma
independente com um aumento nos eventos cardiovasculares (risco relativo de 2,08);
para cada aumento de 39 g/m2 na MVE, houve aumento de 40% no risco de evento
cardiovascular maior [39]. As consequéncias clinicas da HVE também sédo diferentes
entre 0s sexos, com maior risco de morte cardiovascular em mulheres do que em
homens (HR 7,5 - IC 95% 1,6-33,8 e HR 1,3 - IC 95% 0,4-3,7, respectivamente) em
comparacdo com individuos sem HVE [44].

O padrdo de geometria ventricular esquerda acrescenta informacao
prognostica em pacientes hipertensos. Hipertrofia concéntrica e remodelamento
concéntrico sdo associados com aumento de eventos CV, mesmo ap0s ajuste para
outros fatores de risco (incluindo a MVE) e para o nivel de PA [45].

O risco cardiovascular associado a HVE pode ser reduzido com tratamento
anti-hipertensivo efetivo que leve a regressdo da mesma. A regressdao da HVE esta
associada com melhora no desempenho sistélico do VE [46] e em parametros de
fungdo diastdlica, como a melhora nos parametros de enchimento diastolico do VE
[47].
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Meta-analise [48] com 6001 pacientes hipertensos em uso de tratamento anti-
hipertensivo (diurético, betabloqueador, bloqueador de canal de célcio, IECA e BRA)
por pelo menos 2 meses mostrou que houve reducdo de 10,3% na MVE e de 11% no
IMVE em 6 meses. Houve diferenca significativa no grau de reducdo apenas entre
BRA e betabloqueador (BRA reduziu mais MVE: 12,5% versus 9,8%, p=0,01), sem
diferenca significativa entre as demais classes.

Entretanto a maioria dos estudos que avaliaram tratamento anti-hipertensivo e
melhora na massa e geometria ventricular esquerda foram realizados em hipertensos
estadgio Il. Ndo se sabe o comportamento evolutivo das alteragcdes estruturais do
ventriculo esquerdo com o tratamento anti-hipertensivo em HAS estagio | e em pré-

hipertensao.

Funcao diasto6lica ventricular esquerda

A diéstole é o periodo de enchimento do VE, e fungdo diastolica normal é
necessaria para o enchimento adequado das camaras sem que haja aumento da pressao
intraventricular. Ela apresenta 4 fases: relaxamento isovolumétrico (valvulas aortica e
mitral fechadas e a pressdo intraventricular reduzindo), enchimento ventricular rapido
(ap6s a abertura da valvula mitral), diastase e contracdo atrial. E um processo ativo,
que se inicia apés a contracdo do VE com o relaxamento das fibras miocardicas,
seguido de gqueda rapida da pressdo intraventricular, enchimento passivo do VE pela
diferenca de presséo entre AE e VE, e, por fim, contracdo atrial para o enchimento
final do VE [22]. Normalmente, a maior parte do enchimento ventricular esquerdo
ocorre durante a fase de enchimento ventricular rapido; com déficit de relaxamento do
VE, o enchimento fica mais dependente da funcéo sistdlica atrial esquerda.

O ecocardiograma com Doppler € a modalidade ndo-invasiva mais apropriada
para avaliacdo da funcdo diastdlica ventricular esquerda. A avaliagdo do fluxo
transmitral através do Doppler pulsado permite estimativa das velocidades das ondas
E (correspondente ao enchimento ventricular rapido) e da onda A (correspondente a
contracdo atrial). Além disso, estima-se o0 tempo de desaceleracdo da onda E, que € o
intervalo entre o pico do enchimento ventricular rapido e o final da onda E, quando se

inicia a diastase.
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O uso de Doppler tecidual permite aferir as velocidades da movimentacéo
miocardica. Para estimativa da movimentacdo global, a regido de interesse é colocada
nas bordas septal e lateral do anel mitral. Durante a sistole, o anel se desloca para o
apice do VE, e na didstole ele retorna para a base, podendo-se estimar as velocidades
desse deslocamento na diastole precoce (onda e¢’) e tardia (onda a’). [49]. A
velocidade da onda e’ ¢ inversamente proporcional ao tempo de relaxamento, € a
velocidade da onda E é proporcional a relacdo entre a pressdo atrial esquerda e o
tempo de relaxamento; com isso, a relagcdo E/e’ € pardmetro que serve para estimativa
da pressdo de enchimento atrial esquerda [22].

Disfuncdo diastolica € um dos achados mais precoces da doenca cardiaca
hipertensiva. Ela é classificada em graus leve, moderado e grave, e essa classificacdo
é utilizada para estimar a sua relevancia prognostica. A presenca de disfuncdo
diastdlica moderada ou grave esta associada de forma independente com aumento da
mortalidade (RR 1,58; IC 95% 1,20-2,08; e RR 1,84; IC 95% 1,29-2,62,
respectivamente, P<0,001 para ambos), mesmo em pacientes com funcdo sistélica
preservada [50]. O estdgio de disfuncdo diastdlica correlaciona-se melhor com piora
na capacidade de exercicio em pacientes sem isquemia miocardica do que a fracdo de
ejecdo ventricular esquerda em repouso [51].

O tratamento anti-hipertensivo em pacientes com HAS estagio I-1l ou com
fatores de risco CV associa-se com melhora nos parametros de funcdo diastélica,
independentemente do grau de reducdo da PA [47,52]. Ndo se sabe, no entanto, o
comportamento desses parametros em pacientes com HAS estagio | e pré-hipertenséo

submetidos a tratamento farmacolégico.

Volume atrial esquerdo

O atrio esquerdo (AE) apresenta trés papeis fisiologicos maiores que
influenciam no enchimento ventricular esquerdo: atua como bomba contratil
(entregando 15 a 30% do enchimento total do VE), como reservatério (recebendo o
retorno venoso pulmonar durante a sistole) e como conduto (para a passagem do
sangue armazenado no AE para o VE durante o enchimento ventricular rapido) [53].

A contribuicdo do AE para o enchimento ventricular esquerdo depende das
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caracteristicas da diastole do VE, sendo que a funcdo do AE é influenciada pelos
mesmos fatores que afetam a funcdo diastolica do ventriculo esquerdo [54]. A
dilatacdo atrial esquerda é uma complicacdo frequentemente evidenciada em
pacientes hipertensos; ela ocorre devido a uma sobrecarga pressérica secundaria a um
aumento na pés-carga do AE na presenca de disfuncéo diastolica do VE [55]. Durante
a diastole, o AE esta exposto as pressdes do VE que aumentam com a diminuicédo da
complacéncia ventricular esquerda; a presséo do AE aumenta para manter um
enchimento do VE adequado, aumentando a tensdo na parede do AE e levando a
dilatacdo e estiramento do miocardio atrial [56]. O aumento do volume do AE esta
associado a um maior risco de eventos cardiovasculares adversos [54], sendo também
marcador de gravidade e duracdo da disfuncdo diastdlica e da magnitude da elevacdo
da pressdo do AE [22,57].

Comparada com a medida de diametro anteroposterior, a medida do volume
atrial esquerdo é mais acurada para a estimativa do tamanho real do AE, visto que a
dilatacdo atrial esquerda frequentemente é assimétrica, podendo ocorrer também nos
eixos latero-medial e superior-inferior [58]. A afericdo do volume através do
ecocardiograma € validada, sendo necessarias imagens bidimensionais em dois planos
apicais ortogonais (2 e 4 camaras) para estimativa do mesmo através do método de
discos biplanar. O volume atrial esquerdo deve ser indexado para a superficie
corporal, sendo atualmente o limite superior de referéncia de 34 ml/m2 para ambos 0s
géneros [28].

O tamanho do AE tem associacdo independente com eventos
cardiovasculares. Cada aumento de 1 cm/m no diametro do AE ajustado para a altura
corresponde a um risco relativo de 3,98 para morte cardiovascular (IC 95% 1,09-
14,48, P=0,036) e de 2,44 para AVC (IC 95% 1,08-5,52, P=0,033) [59]. Um aumento
de 0,5 cm no didmetro do AE corresponde a um risco relativo de 1,39 para fibrilacdo
atrial (IC 95% 1,14-1,68, P=0,001) [60]. Categorizando-se o volume do AE indexado
para a superficie corporal (<28, 28-33, 34-39 e >39 ml/m?), observou-se um aumento
gradual no risco de eventos cardiovasculares (morte cardiovascular, fibrilacdo atrial,
AVC, IAM e revascularizagdo miocérdica) a cada incremento de categoria
(P<0,0001) [61].

Quando se comparam os diferentes métodos para afericdo do tamanho do AE,

observou-se que o desempenho para a predi¢do de eventos cardiovasculares foi maior
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para 0 volume do AE indexado para a superficie corporal (area sob a curva
ROC=0,71, versus 0,64 para area do AE e 0,59 para diametro do AE) [61].

Estudo transversal recente aninhado a ECR [62] comparou o volume atrial
esquerdo de pacientes com PAS >140 mmHg, PAS <140 mmHg e PAS <120 mmHg,
mostrando que o volume era progressivamente menor quanto mais baixa a PAS.
Ensaio clinico randomizado em hipertensos estagio I-11 mostrou reducéo no diametro
do AE de individuos com e sem dilatacdo atrial esquerda apds 2 anos de tratamento
anti-hipertensivo com hidroclorotiazida [63]. Entretanto, ainda ndo se sabe o efeito
evolutivo do tratamento anti-hipertensivo no volume atrial esquerdo de pacientes pré-

hipertensos e com HAS estagio I.
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Hipoteses

Ha diferenca nos parametros ecocardiograficos estruturais e funcionais de
dano hipertensivo em 6rgdo alvo de pacientes com pré-hipertensdo e hipertensdo

estagio .

O tratamento anti-hipertensivo por 18 meses em pacientes com pré-
hipertensdo e com HAS estagio | melhora parametros ecocardiograficos estruturais
(massa ventricular esquerda, geometria ventricular esquerda e volume atrial esquerdo)

e funcionais (funcdo diastolica) de dano hipertensivo em 6rgéo alvo.
O tipo de tratamento anti-hipertensivo influencia no grau de melhora das

alteraces ecocardiogréaficas estruturais e funcionais de dano hipertensivo em 6rgao

alvo nesses pacientes.
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Objetivos

Artigo 1
Obijetivo primério

- Comparar os parametros ecocardiograficos estruturais e funcionais de dano
hipertensivo em o0rgdo alvo (massa ventricular esquerda, geometria ventricular
esquerda, funcdo diastolica e tamanho do atrio esquerdo) basais de pacientes com pré-

hipertensdo e com hipertenséo arterial estagio I.

Artigo 2

Obijetivo primario

- Avaliar o efeito do tratamento anti-hipertensivo com clortalidona/amilorida ou
losartana na reducédo da massa ventricular esquerda estimada por ecocardiograma em
pacientes com hipertenséo arterial estagio I.

Obijetivos secundarios

- Avaliar o efeito do tratamento anti-hipertensivo com clortalidona/amilorida ou
losartana na prevaléncia de funcdo diastolica normal, de geometria ventricular
esquerda normal, e na reducdo do volume atrial esquerdo em pacientes com

hipertensdo arterial estagio I.

Artigo 3
Obijetivo primério

- Comparar o efeito de losartana com a associacdo de clortalidona e amilorida na
reducdo da massa ventricular esquerda e do volume atrial esquerdo e na melhora de

parametros de funcdo diastolica em pacientes com hipertensao arterial estagio I.
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Artigo 1

Cardiac consequences of prehypertension and stage | hypertension: a
comparative echocardiographic analysis of the baseline data of the PREVER

studies
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Abstract

Background: Prehypertension and stage | hypertension are associated with left
ventricular (LV) remodeling. In this study, we compared echocardiographic
parameters of preclinical hypertensive target organ damage in individuals with
prehypertension and stage | hypertension selected from the same population.
Methods: We compared baseline echocardiogram measurements of participants
included in the PREVER study with prehypertension (PREVER-prevention; n=106)
or stage | hypertension (PREVER treatment; n=128). Sex-specific differences in
echocardiographic parameters were also investigated.

Results: Mean systolic and diastolic BP were significantly higher in stage |
hypertension group (141.0/90.4 mmHg) than in prehypertension group (129.3/81.5
mmHg, P<0,001 for both). Mean age was 55 years-old (30 to 70), with an almost
equal number of men and women, 80% were white and 7% had diabetes. Most
parameters of LV mass, LA size and diastolic function were similar between
prehypertension and stage I hypertension groups. Hypertensive individuals had larger
LA diameter and posterior wall thickness, and lower lateral e’ velocities, even after
adjustment for age, sex and body mass index. Sex-specific analysis showed higher LV
mass in stage | hypertension compared to prehypertension only in women (141.1 +
34.1gvs. 126.1 £ 29.1 g, P<0,01).

Conclusions: In middle-aged individuals with low cardiovascular risk, differences in
echocardiographic parameters related to target organ damage are likely subtle
between prehypertension and stage I hypertension, although women with stage |
hypertension had significantly higher LV mass, which may indicate sex-specific

adaptive response to blood pressure in earlier stages of hypertension.
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SBP = systolic blood pressure
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Introduction

According to the Seventh Report of the Joint Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure (JNC 7),
prehypertension is defined as SBP ranging from 120 to 139 mmHg and/or DBP from
80 to 89 mmHg, without the use of any antihypertensive medication.* Prevalence of
prehypertension among adults is approximately 30%, and is markedly higher among
men than women (39 and 23%, respectively).?

Prehypertension independently elevates the risk of cardiovascular disease.®* In
addition, the presence of hypertensive target organ damage in patients with high blood
pressure increases the risk for cardiovascular disease.! Blood pressure in high-normal
range is associated with long-term consequences on left ventricular (LV) structure and
function.> Also, increased LV mass predicts progression of prehypertension to
hypertension, independently of baseline BP,%® with the probability of developing
hypertension in 4 years being increased by 39% for each 7.9 g/m? in LV mass index.?

Echocardiography is an important tool to evaluate hypertensive target organ
damage, providing a better estimate of patients’ cardiovascular risk and prognosis.”*
It is a sensitive and accessible imaging method which detects parameters that are
known to correlate independently with cardiovascular events, such as alterations in
LV mass, LV geometric pattern, left atrial (LA) size and LV diastolic function.®**

LV mass was similar in patients with masked hypertension and
prehypertension,™ and was higher in middle-aged individuals with prehypertension
and few cardiovascular risk factors than in individuals with optimal BP."® In young
adults with high prevalence of obesity and diabetes mellitus'” and in older population
of men and women,® prehypertension was associated with higher LV remodeling and

impaired diastolic function than in individuals with optimal BP. There are few studies
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comparing left ventricular parameters in individuals with prehypertension and
hypertension stage 1.1® Also, whether there are sex-specific differences in cardiac
remodeling in prehypertensive individuals not so well studied.

The purpose of this study is investigate the pattern of echocardiographic
parameters of preclinical hypertensive target organ damage (LV mass, LA size and
diastolic function) in low cardiovascular risk middle-aged men and women with

prehypertension, and compare it with individuals presenting stage | hypertension.

Methods
Study design

PREVER study is a multicenter randomized controlled trial (RCT), designed
to evaluate the management of prehypertension (PREVER-prevention) and stage I
hypertension (PREVER-treatment). Population, methods and results of the PREVER

study are described in detail elsewhere.'*?°

Participants were screened through
advertisings, campaigns of BP measuring in hospital, plazas and shopping malls in the
21 clinical centers distributed in 10 Brazilian states. They were invited to clinical and
BP assessment in the study clinics and allocated to the PREVER-prevention or
PREVER-treatment trial according their BP classification. The study was approved by
each study center institutional review board and written informed consent was
obtained from all participants.

We performed an echocardiographic investigation at a single center of
PREVER-treatment and PREVER-prevention studies. All participants from the

Hospital de Clinicas de Porto Alegre (HCPA) center were invited to participate of the

ancillary echocardiographic study, were transthoracic echocardiography was
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performed at baseline and after 18 months of treatment. Baseline exams were used for

the present analysis.

Population

All eligible participants of the PREVER study, aged 30-70 years, were
submitted to a pre-enrollment lifestyle intervention phase. Those whose BP remained
between 120-139/80-89 mmHg (PREVER-prevention study) or >140/90 mmHg
(PREVER-treatment study) after 3 months of lifestyle intervention were enrolled in
the RCT. Participants of PREVER-prevention study were randomly assigned to a
chlortalidone/amiloride 12.5/2.5 mg combination pill or to placebo, and the ones of
PREVER-treatment study were randomly assigned to a chlortalidone/amiloride
12.5/2.5 mg combination pill or to losartan 50 mg, with a follow-up of 18 months.
Exclusion criteria included, beyond the clinical trial criteria, baseline

echocardiographic examination with image quality unsuitable for reading.

Echocardiographic study

All echocardiographic examinations were performed using the same
equipment (Envisor C HD or HD 11, Philips, USA) with a standard multifrequency
sectorial transducer by two trained cardiologists blinded to clinical trial information
and treatment allocation. Images were acquired following a standardized protocol.
Cine loops and static images of 3 consecutive beats were recorded of standard 2D, M-
mode, Doppler and tissue Doppler echocardiographic views and were digitally
recorded for central reading.

Echocardiographic studies were blindly read by a single physician using a

dedicated workstation (Image Arena version 4 — TomTec, Germany). Measurements
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were performed in accordance with international society guidelines.”* LV mass was
calculated using the corrected American Society of Echocardiography method (LV
mass = 0.8 x [1.04 x (IVST + LVDD + PWT)? — LVDD?] + 0.6) and was indexed for
body surface area (LV mass index — LVMI). LV hypertrophy was considered if
LVMI was >115 g/m? for men and >95 g/m? for women. RWT was calculated as (2 x
PWT) / LVDD, and increased RWT was defined when >0.42, from which geometric
patterns (normal, concentric remodeling, concentric hypertrophy and eccentric
hypertrophy) were derived.?!

LV ejection fraction was calculated using Teichholz formula from the
parasternal long-axis view. LA volume was measured at ventricular systole, just
before mitral valve opening, and calculated from apical 4- and 2-chamber views using
biplane method of disks. LA diameter was measured at the end of LV systole,
between the leading edge of the posterior aortic wall and the leading edge of the
posterior wall of the LA. LV diastolic function was evaluated with transmitral pulsed
Doppler (peak E velocity, peak A velocity, E/A ratio and deceleration time) and
mitral annulus tissue Doppler velocity (early diastolic velocity — ¢’, late diastolic
velocity — a”). Normal diastolic function was defined as: medial e’ >7 cm/s, lateral e’
>10 cm/s and LA volume index <34 ml/m?, in the absence of pulmonary

hypertension.??

Statistical methods

Comparisons between groups were assessed by independent-samples t-tests
tests for continuous variables and Chi squared for categorical variables, and also
stratified by sex. Multivariate analysis was made for adjustment of echocardiographic

outcomes to age and body mass index. Intraobserver reproducibility was evaluated in
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20 randomly chosen studies using intraclass correlation coefficient, and varied
between 0.99 and 0.67, with the lower reproducibility for the posterior wall thickness
measurement. Data analysis was performed with PASW Statistics 18. Data are

expressed as mean = SD. P <0.05 was considered statistically significant.

Results

From the 1385 participants of the PREVER study, the 398 participants from
Hospital de Clinicas de Porto Alegre center were invited to participate of the
echocardiographic evaluation, 247 of them were willing to participate, and 234 of
these fulfilled inclusion criteria; there were 106 individuals with prehypertension and

128 with stage | hypertension (Figure 1).
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Figure 1. Study flow diagram
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Table 1. Sample clinical characteristics

Characteristic Pre-hypertension Hypertension P
(n=106) (n=128)

Sex (male) 50 (47.2) 71 (55.5) 0.24
Age (years) 55.6 8.9 544+78 0.29
Skin color (white) 83 (78.3) 105 (82.0) 0.51
Education (years) 115+38 11.2+39 0.58
BSA (m?) 1.83+£0.19 1.87£0.17 0.07
BMI (kg/m?) 27.6 £4.0 284 +4.4 0.14
SBP (mmHg) 129.3+5.1 141.0+7.0 <0.001
DBP (mmHg) 81.5+5.4 90.4+5.8 <0.001
Total cholesterol (mg/dl) 193.7+34.8 194.3+£35.3 0.90
HDL cholesterol (mg/dl) 49.6+12.6 49.8+13.1 0.90
LDL cholesterol (mg/dl) 1204+ 31.9 116.5+30.9 0.34
Creatinine (mg/dl) 0.83+0.18 0.84+£0.18 0.46
Diabetes 5(4.7) 12 (9.4) 0.21
Smoking* 49 (46.2) 68 (53.1) 0.36
Alcoholic beverage consumption* 100 (94.3) 111 (86.7) 0.08
Heart rate (bpm) 70+ 12 72+11 0.17

* Current or past

BMI, body mass index; BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood pressure

Data are expressed as mean £ SD or as number (percentage)

Distribution of clinical characteristics was similar between groups (Table 1), with the

exception of systolic and diastolic BP, which were higher in stage | hypertension

group (141.0 £7.0/90.4 £ 5.8 mmHg) than in prehypertension group (129.3 + 5.1/

81.5 £ 5.4 mmHg, P<0,001 for both). Mean age of the study sample was 55 years,

with an almost equal number of men and women, and most participants (80%) were

white.
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Table 2. Echocardiographic parameters of cardiac structure and function

Parameter Pre-hypertension Hypertension p* p**

(n=106) (n=128)
LAD (mm) 346142 36.5+4.2 0.001 0.002
LAV (ml) 475+115 50.2 £ 13.7 0.10 0.27
LAVI (ml/m?) 258+5.8 26.8+7.2 0.27 0.28
LVDD (mm) 43.6 45 45.1+438 0.01 0.08
LVSD (mm) 26.1+4.0 26.9+3.9 0.13 0.32
LVEF Teichholz (%) 70677 70674 0.99 0.92
LVM (g) 145.8 +34.5 156.6 £ 39.2 0.03 0.12
LVMI (g/m?) 79.3+154 83.0+17.0 0.08 0.15
IVST (mm) 102+14 100+1.2 0.29 0.08
PWT (mm) 96+1.2 100+1.1 0.01 0.04
RWT 0.44 £ 0.06 0.45 £ 0.06 0.80 0.76
LV stroke volume (ml) 72.3+20.0 74.3+16.0 0.42 0.99
Cardiac index (I/ m?) 26+1.0 2.8+0.6 0.08 0.08
Lateral ¢’ (cm/s) 14+3 13+3 0.05 0.01
Medial e’ (cm/s) 912 9+2 0.33 0.19
Lateral E/e’ ratio 6.1+£7.1 5715 0.61 0.33
Medial E/e’ ratio 81+2.1 84+22 0.35 0.24
Mitral E/A ratio 1.0+0.2 1.0+0.3 0.76 0.80
DTE (ms) 225 + 45 229 + 46 0.51 0.71
* Unadjusted

** Adjusted for sex, age and body mass index

LAD, left atrial diameter; LAV, left atrial volume; LAVI, left atrial volume index; LVDD, left ventricular diastolic
diameter; LVSD, left ventricular systolic diameter; LVEF, left ventricular ejection fraction; LVM, left ventricular
mass; LVMI, left ventricular mass index; [VST, interventricular septum thickness; PWT, posterior wall thickness;

RWT, relative wall thickness; LV, left ventricle; DTE, deceleration time of E wave.

Data are expressed as mean + SD or as number (percentage)

Comparison of echocardiographic parameters of cardiac structure and function

between groups is shown in Table 2. Most parameters of LV mass, LA size and

diastolic function were similar between prehypertension and stage | hypertension

groups. Participants with stage | hypertension had a significantly higher LA diameter,

LV diastolic diameter, LV mass, posterior wall thickness, and smaller lateral ¢’. The

proportion of individuals with normal LV diastolic function was similar between

prehypertension and hypertension (62.3% vs. 54.7%, P=0.24, respectively). After
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multivariate adjustment for age, sex and body mass index, only LA diameter,

posterior wall thickness and lateral e’ remained different between groups.
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Table 3. Echocardiographic parameters of cardiac structure and function by sex

Female Male
Prehypertension  Hypertension p* p** Prehypertension  Hypertension p* p**
(n=56) (n=57) (n=50) (n=71)
LAD (mm) 33.3+40 35.3+4.2 0.01 0.01 36.0£4.1 376+4.0 0.04 0.05
LAV (ml) 457+ 124 48.1+14.7 0.37 0.64 49.4+10.4 51.9+129 0.27 0.30
LAVI (ml/m?) 26.4+6.0 27.0+79 0.64  0.83 252+54 26.7+6.6 023 020
LVDD (mm) 42.0+4.7 43.5+4.6 0.08 0.15 454+ 3.4 464+ 4.6 021 0.29
LVSD (mm) 24.7+3.7 25.2+35 0.40 0.51 27.7+3.7 28.2+38 045 048
LVEF Teichholz 71.8+8.1 725+6.8 0.62 0.67 69.3+7.1 69.1+7.6 0.89  0.80
(%)
LVM (g) 126.1+29.1 1411+ 34.1 0.01 0.05 1679+ 255 169.0 £ 38.9 087 095
LVMI (g/m?) 73.4+15.6 79.2+16.0 0.05 0.04 86.0+12.3 86.1+17.2 097 093
IVST (mm) 9.6+1.3 9.7+1.1 0.81 0.89 103+1.2 108+1.1 0.01 0.01
PWT (mm) 9.0+1.0 96+1.0 0.002 0.001 10.2+0.9 10211 092  0.80
RWT 0.43+0.07 0.45+0.06 0.32 0.26 0.45 £ 0.05 0.44 £ 0.06 041 043
LV stroke volume 64.2 +13.4 69.8+154 0.06 0.13 81.5+224 77.8+15.6 036 0.26
(ml)
Lateral ¢’ (cr/s) 13+3 13+3 0.27 0.15 14+3 13+3 0.08 0.03
Medial ¢’ (cr/s) 9+2 8+2 0.12 0.06 9+2 9+2 089 097
Lateral E/e’ ratio 58+14 6.0+15 0.41 0.43 6.4+15 55+15 0.46 0.46
Medial E/e’ ratio 8.6+24 89+1.9 0.53 0.64 75+16 8.0+22 0.18 0.23
Mitral E/A ratio 1.0+£0.2 1.0+0.3 0.61 0.43 1.0+0.3 1.0+0.3 090 0.66
DTE (ms) 220+ 44 223+ 44 0.76 0.71 231+46 234+ 48 0.73  0.40
* Unadjusted

** Adjusted for age and body mass index

LAD, left atrial diameter; LAV, left atrial volume; LAVI, left atrial volume index; LVDD, left ventricular diastolic
diameter; LVSD, left ventricular systolic diameter; LVEF, left ventricular ejection fraction; LVM, left ventricular
mass; LVMI, left ventricular mass index; IVST, interventricular septum thickness; PWT, posterior wall thickness;
RWT, relative wall thickness; LV, left ventricle; DTE, deceleration time of E wave.

Data are expressed as mean + SD

We also performed a sex specific analysis (Table 3). LA diameter was larger in both
men and women with stage | hypertension. Only in women LV mass and LV mass
index were higher in stage | hypertension (141.1 + 34.1 g and 79.2 + 16.0 g/m?) than

in women with prehypertension (126.1 + 29.1 g and 73.4 + 15.6 g/m?, P=0.05 and
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0.04, respectively). After adjustment for age and body mass index, men with stage |
hypertension had a smaller lateral ¢’. Other parameters of LA size, relative wall
thickness and diastolic function were similar between prehypertensive and

hypertensive men and women.

35



Table 4. LV geometric patterns

LV geometric pattern Pre-hypertension Hypertension P
(n=106) (n=127)

Normal geometry 32 (30.2) 40 (31.5) 0.83

Concentric LV remodeling 67 (63.3) 75 (59.1) 0.51

Concentric LV hypertrophy 2(1.8) 7 (5.5) 0.14

Eccentric LV hypertrophy 5(4.7) 5(3.9) 0.76

LV, left ventricle.

Data are expressed as humber (percentage)

LV geometric patterns analysis (Table 4) showed a similar prevalence of normal

geometry, concentric LV remodeling, concentric LV hypertrophy and eccentric LV

hypertrophy between groups, with similar distribution in men and women (data not

shown). When dichotomized for the presence of normal or abnormal LV geometry,

the prevalence of abnormal LV geometry was also similar between groups (70% for

prehypertension, 68.5% for stage | hypertension, P=0.80).
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Discussion

The present study shows that most echocardiographic parameters of preclinical
hypertensive target organ damage are similar among individuals with prehypertension
and stage | hypertension. This finding suggests that there is few differences between
prehypertension and individuals already diagnosed with high blood pressure.

There are few studies comparing echocardiographic parameters in patients
with prehypertension and hypertension,*®*® but they investigated individuals in
different age and clinical conditions. The Strong Heart Study compared the cardiac
structure and function of American Indians (adolescents and young adults) with a
high prevalence of obesity and diabetes in different groups according to BP (optimal
BP, prehypertension and hypertension);*’ in this population, there was a progressive
increase in LV mass and a lower prevalence of normal LV geometry according to the
rise of BP, but the difference between groups was less evident when prehypertension
and hypertension were compared. In a sample of middle-aged individuals,*® there was
no difference in LV mass between prehypertension and stage | hypertension (215 g
and 218 g, respectively, P=0.94), even with higher differences of systolic BP between
prehypertensive (122 mmHg) and hypertensive individuals (151 mmHg). The ARIC
study'® compared echocardiographic abnormalities in elderly participants with
optimal, prehypertensive and hypertensive stages, and they were progressively more
frequent from optimal BP to true hypertension. Our findings concerning the
comparison between prehypertension and hypertension extend the ARIC observation
to younger individuals. Although alterations in BP have a pathophysiological
continuum, there is evidence that an increase in LV may be a predictor of

hypertension, and not only a consequence of it.2
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Interestingly, we found that LV mass was higher in stage | hypertension
compared to prehypertension only in women. A difference of 12 mmHg in SBP and 9
mmHg in DPB between groups had impact on LV mass in women, and as far as we
now this is the first time that this is shown in this population. Cardiac structure is
known to be different between men and women, since left ventricular chamber size
and mass are 15-40% lower in women even after adjustment for body size.?*
Moreover, the consequences of pressure overload and systolic hypertension differs
between sexes. Rohde et al. reported that women responded to chronic pressure
overload with a disproportional greater degree of hypertrophy relative to volume.? In
individuals with isolated hypertension, the relative odds of LV hypertrophy were 2.58
(95% C10.97-6.86) in men and 5.94 (3.06-11.53) in women, with an increase in LV
mass at the expense of LV dilation in men and of increment in wall thickness in
women.?® There is also evidence that women may have a greater sensitivity to
pressure overload and/or greater left ventricular structural plasticity in specific
populations,®” and it seems like even small BP differences may have a similar effect.
The clinical consequences of LV hypertrophy are also different between sexes, with a
higher risk of cardiovascular death in women than in men (HR 7.5 - 95% CI 1.6-33.8
and HR 1.3 - 95% CI 0.4-3.7, respectively) compared with individuals without LV
hypertrophy.?® This also leads to question whether prehypertension and hypertension
have a different phenotypic presentation of target organ damage according to sex, and
may contribute to the increased prevalence of heart failure with preserved ejection
fraction (HFpEF) in women.”®

In our study, LA volume and LA volume index were similar between groups,
although hypertensive individuals had a significantly higher LA diameter than

prehypertensive peers. Most previous studies do not present data of LA size when
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comparing these stages of hypertension; however, it is known that LA volume is more
accurate to estimate real LA size, with a higher performance for the prediction of
cardiovascular events.?® Parameters of diastolic function were similar between groups,
with the exception of lateral e’ velocity, that was lower in hypertensive individuals
had a lower (13 vs. 14 cm/s, P=0.05); however, E/e’ ratio and other. This may suggest
that structural changes precedes detectable diastolic function Doppler parameters
changes, and is in accordance with recent guidelines for diastolic function evaluation,
that proposes a more specific and conservative approach to call the presence of mild
diastolic dysfunction.?

In general, as recommended in JNC7, individuals with prehypertension should
be treated with non-pharmacological therapies such as weight reduction, increased
physical activity, sodium restriction and avoidance of alcohol excess.! However, there
is crescent evidence of benefits of pharmacological treatment of prehypertension. In
the PREVER-prevention study, the incidence of hypertension was significantly lower
in the chlorthalidone/amiloride group compared to placebo. There was an interaction
of treatment with sex, with an apparent greater benefit of chlorthalidone/amiloride
treatment in women compared to men.*® Since women are likely more sensitive to
high blood pressure cardiac adaptive changes, a more accurate stratification in this
population may translate into strategies for HF prevention.

Some limitations of our study should be noted. First, we did not have
participants with optimal BP. Nonetheless, previous studies have shown that
prehypertension is associated with higher frequency of echocardiographic
abnormalities than with optimal BP.*® The characteristics of our population, mostly of
middle-aged Caucasian individuals with few cardiovascular risk factors, should be

taken into account to extend our findings to other populations.
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In summary, in middle-aged individuals with low cardiovascular risk,
differences in echocardiographic parameters related to preclinical target organ
damage are likely subtle between prehypertension and stage | hypertension, although
women with stage | hypertension had significantly higher LV mass, which may
indicate sex-specific adaptive response to blood pressure in earlier stages of
hypertension. These sex differences in LV remodeling should be explored in further

studies.
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Abstract

Background: Antihypertensive treatment improves echocardiographic parameters of
hypertensive target organ damage in stage Il hypertension, but less is known about the
effects in stage | hypertension.

Methods: In a cohort study nested in the randomized double-blind trial PREVER-
treatment, two-dimensional echocardiograms were performed in 110 individuals with
stage | hypertension at baseline and after 18 months of randomized treatment with
chlortalidone/amiloride or losartan.

Results: At baseline, 66 (60%) participants had concentric remodeling. After
antihypertensive treatment, systolic and diastolic blood pressure (BP) were reduced
from 141 +7/90 £ 6 to 130 + 9/ 83 + 7 mmHg (P=0.009). There was a significant
reduction in left ventricular (LV) mass index (82.7 + 17.1to 79.2 £ 17.5 g/m?) and
relative wall thickness (0.45 + 0.06 to 0.42 + 0.05), increasing the proportion of
participants classified as normal LV geometry (31% to 49%, P=0.006). Left atrial
(LA) volume index reduced (26.8 =+ 7.3 to 24.9 + 6.5 ml/m?2; P=0.001), and mitral E-
wave deceleration time increased (230 + 46 to 247 + 67 ms; P=0.005), but no change
in other parameters of diastolic function was found. This LV mass reduction was
significant in the two tertiles with largest systolic BP reduction (> 6.2 mmHg).
Conclusions: Treatment of patients with stage | hypertension for 18 months promotes
favorable effects over LV mass, LV concentric remodeling and left atrial volume.
These effects will probably translate in the reduction of the long term clinical
consequences of hypertensive cardiomyopathy, particularly of heart failure with

preserved ejection fraction.
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Highlights

e Echocardiography can detect manifestations related to target organ damage
already present in early stages of systemic hypertension.

e Antihypertensive treatment reduces target organ damage in stage Il
hypertension, but less is known in stage | hypertension.

e Inarandomized clinical trial either chlortalidone/amiloride or losartan
reduced blood pressure in less severe stage | hypertension.

e At the end of study, there was improvement in LV mass, relative wall
thickness and LA volume.

e These structural changes preceded those related to diastolic function
parameters.

e Early intervention may favorably affect determinants of hypertensive

cardiomyopathy, which might help to prevent its long-term consequences.



Introduction

Echocardiography is an important tool to evaluate target organ damage in
systemic hypertension, which is essential to estimate cardiovascular risk.™ 2 It can
detect parameters that are known to correlate independently with cardiovascular
events, such as alterations in left ventricular (LV) mass, LV geometric pattern, left
atrial (LA) size and LV diastolic function.® Left ventricular hypertrophy (LVH) is a
frequent finding among patients with hypertension, affecting 12% of patients with a
systolic blood pressure (SBP) of 140-159 mmHg and 20% with SBP over 160
mmHg.” An increase of 39 g/m? in LVM is associated with a 40% rise on incidence of
major cardiovascular events, independently of traditional risk factors.® LV geometry,
based on LV mass indexed for body surface area and relative wall thickness (RWT),
helps categorize LVH patterns, which have distinct prognostic information.® LVH is
associated with diastolic dysfunction,’® and LA size is a marker of severity and
duration of diastolic dysfunction, with an independent association with cardiovascular
outcomes.*

Antihypertensive treatment reduces cardiovascular events.'? Improvement in
echocardiographic parameters of hypertensive target organ damage is seen with BP
reduction treatment in patients with stage 11 hypertension.**** However this is not so
well studied in less severe stage | hypertension.'® Meta-analysis have suggested that
intensive antihypertensive treatment in patients with prehypertension and
hypertension stage | reduces cardiovascular events,*® which has been confirmed in
the recent SPRINT trial.>” It is not clear whether these benefits are associated with
cardiac adaptation mechanisms evaluated by echocardiographic examination.

The aim of the present study is to evaluate the effect of antihypertensive

treatment with either chlorthalidone/amiloride or losartan for 18 months in patients
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with stage | hypertension on left ventricular mass estimated by echocardiography.
Secondary objectives are to assess the effect of this treatment on left atrial volume
and diastolic parameters, and the prevalence of normal diastolic function and normal
left ventricular geometry. For this, we conducted an echocardiographic cohort study

nested in the PREVER-treatment study.

Methods
Study design

This study correspond to an ancillary echocardiographic investigation
performed at a single center of the PREVER-treatment study, a multicenter
randomized double-blind controlled trial (RCT) of chlortalidone along with amiloride
versus losartan for the management of stage I hypertension. Population, methods and
results of the PREVER-treatment study are described in detail elsewhere.'® This study
was approved by the local institutional review board and written informed consent

was obtained from all participants.

Population

All participants from the Hospital de Clinicas de Porto Alegre (HCPA) center
of the PREVER-treatment study were invited to participate of the ancillary
echocardiographic study, were transthoracic echocardiography was performed at
baseline and after 18 months of treatment. Exclusion criteria included, beyond the
clinical trial criteria, the completion of only one echocardiographic examination or

image quality unsuitable for reading.
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Interventions

In summary, all eligible participants of the PREVER-treatment study were
submitted to a pre-enrollment lifestyle intervention phase. Those whose BP remained
inadequately controlled (SBP >140 mmHg or DBP >90 mmHg) after 3 months of
lifestyle intervention were enrolled in the RCT. Participants were randomly assigned
ina 1:1 ratio to a chlortalidone/amiloride combination pill or to losartan. The initial
doses of the two study drugs were 12.5/2.5 mg for the chlortalidone/amiloride
combination pill and 50 mg for losartan. Every 3 months there was a reassessment
and if necessary treatment was scaled according to the protocol. The final visit

occurred after 18 months of follow-up.

Echocardiographic study

All echocardiographic examinations were performed using the same
equipment (Envisor C HD or HD 11, Philips, USA) with a standard multifrequency
sectorial transducer by two trained cardiologists blinded to clinical trial information
and treatment allocation. Images were acquired following a standardized protocol.
Cine loops and static images of 3 consecutive beats were recorded of standard 2D, M-
mode, Doppler and tissue Doppler echocardiographic views and were digitally
recorded for central reading.

Echocardiographic studies were blindly read by a single physician using a
dedicated workstation (Image Arena version 4, TomTec, Germany). Measurements
were performed in accordance with international society guidelines.'® LV mass was
calculated using ASE convention (LV mass = 0.8 x [1.04 x (IVST + LVDD + PWT)?
— LVDD?] + 0.6) and was indexed for body surface area (LV mass index - LVMI).

LV hypertrophy was considered if LVMI was >115 g/m? for men and >95 g/m? for
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women. RWT was calculated as (2 x PWT) / LVDD, and increased RWT was defined
when >0.42, from which geometric patterns (normal, concentric remodeling,
concentric hypertrophy and eccentric hypertrophy) were derived.*

LV ejection fraction was calculated using Teichholz formula from the
parasternal long-axis view. LA volume was measured at ventricular systole, just
before mitral valve opening, and calculated from apical 4- and 2-chamber views using
biplane method of disks. LA diameter was measured at the end of LV systole,
between the leading edge of the posterior aortic wall and the leading edge of the
posterior wall of the LA. LV diastolic function was evaluated with transmitral pulsed
Doppler (peak E velocity, peak A velocity, E/A ratio and deceleration time) and
mitral annulus tissue Doppler velocity (early diastolic velocity — ¢’, late diastolic
velocity — a”). Normal diastolic function was defined as: medial e’ >7 cm/s, lateral e’
>10 cm/s and LA volume index <34 ml/m?, in the absence of pulmonary

hypertension.?

Statistical methods

Comparisons between initial and final echocardiographic measurements were
assessed by paired-samples t-test for continuous variables and Chi squared for
categorical variables. One-way anova was used to compare variation of
echocardiographic parameters with tertiles of blood pressure variation, and post-hoc
analysis for group differences was made using Bonferroni method. Intraobserver
reproducibility was evaluated in 20 studies randomly chosen using intraclass
correlation coeficient, and varied between 0.99 and 0.67, with the lower

reproducibility for the posterior wall thickness measurement. Data analysis was
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performed with PASW Statistics 18. Data are expressed as mean + SD. P < 0.05 was

considered statistically significant.

Results

From the 655 participants of the PREVER-treatment study, 305 belonged to
statewide centers coordinated by the Hospital de Clinicas de Porto Alegre center. The
230 participants from Hospital de Clinicas de Porto Alegre center were invited to
participate of the echocardiographic evaluation, 133 participants were willing to

participate, and 110 of these fulfilled inclusion criteria (Figure 1).
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Figure 1. Study flow diagram

Participants of PREVER-
treatment study
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(n=350)
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Participants from HCPA center
(n=230)
> Unwilling to participate in the sub
study
(n=97)
4
Participants of echocardiographic
study
(n=133)
Had only one echocardiogram
> (n=13)
Had inadequate or incomplete
echocardiographic imaging
v (n=10)
Included for final analysis
(n=110)
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Table 1. Baseline characteristics of participants

Characteristic PREVER RS* PREVER Echo** P
(n=305) (n=110)

Sex (male) 159 (52.1) 62 (56.4) 0.44
Age (years) 542+86 548+7.9 0.52
Skin color (white) 234 (76.7) 88 (80) 0.48
Education (years) 115+4.0 10.8+3.6 0.11
BSA (m?) 1.86 +0.19 1.87+0.16 0.62
BMI (kg/m?) 28.7+46 285+43 0.69
SBP (mmHg) 141.9+6.8 140.8+7.3 0.15
DBP (mmHg) 90.0+5.8 90.4+5.7 0.53
Total cholesterol (mg/dl) 196.4 +41.3 1952+ 344 0.78
HDL cholesterol (mg/dl) 48.5+12.1 492+124 0.60
LDL cholesterol (mg/dl) 118.0 £37.5 116.8 + 28.7 0.76
Creatinine (mg/dl) 0.81+0.18 0.85+0.18 0.05
Diabetes 39 (12.8) 10 (9.1) 0.30
Previous use of ACEi 86 (28.2) 27 (24.5) 0.45
Previous use of ARB 54 (17.7) 20 (18.2) 0.91
Previous use of diuretic 28 (9.2) 16 (14.5) 0.12
Previous use of CCB 8 (2.6) 4 (3.6) 0.59
Smoking*** 155 (50.8) 60 (54.5) 0.51
Alcoholic beverage consumption*** 265 (86.9) 94 (85.5) 0.71
Heart rate (bpm) 73+11 73+12 1.00

* Participants from the Rio Grande do Sul (RS) state
** Participants from Hospital de Clinicas de Porto Alegre center, who completed echocardiographic evaluation

*** Current or past

BMI, body mass index; BSA, body surface area; SBP, systolic blood pressure; DBP, diastolic blood pressure;

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blockers; CCB, calcium channel
blocker
Data are expressed as mean + SD or as number (percentage)

Baseline characteristics of participants of the echocardiographic study are shown in
Table 1. Mean age was 55 + 8 years, 56.4% were male and 9% had diabetes. Mean
systolic blood pressure (SBP) was 140.8 = 7.3 mmHg and diastolic blood pressure

(DBP) was 90.4 £ 5.7 mmHg. Clinical characteristics of echocardiographic study

participants did not differ from all Rio Grande do Sul state participants.
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Table 2. Baseline and final echocardiographic parameters

Parameter Baseline 18-Month Follow-Up P
(n=110) (n=110)

LAD (mm) 36.4+43 36.1+£4.0 0.27
LAV (ml) 50.1+14.0 46.4+12.6 0.001
LAVI (ml/m?) 26.8+7.3 249+ 6.5 0.001
LVDD (mm) 449+ 4.7 456 £4.4 0.03
LVSD (mm) 26.8+4.1 27.3+38 0.21
LVEF Teichholz (%) 70.3+7.7 70.6 £6.7 0.72
LVM (g) 155.6 + 38.1 148.8 + 38.2 0.006
LVMI (g/m?) 82.7+17.1 79.2+175 0.005
IVST (mm) 10.0+1.1 95+1.29 <0.001
PWT (mm) 9.9+1.1 9.4+1.05 <0.001
RWT 0.45 £ 0.06 0.42 £ 0.05 <0.001
(IVST+PWT)/LVDD 0.45+0.06 0.42+£0.04 <0.001
LV cardiac output (I/min) 53+14 52+1.7 0.50
LV stroke volume (ml) 74.8+£16.0 72.7+143 0.15
Lateral e’ (cm/s) 13+3 12+3 0.70
Medial e (cm/s) 9+2 9+2 0.41
Lateral E/e’ ratio 57+15 6.0+1.7 0.08
Medial E/e’ ratio 84122 85125 0.62
Mitral E/A ratio 0.97+0.3 0.98+0.3 0.72
DTE (ms) 230+ 46 247 + 67 0.005
Normal LV diastolic function 67 (61) 75 (68) 0.26

LAD, left atrium diameter; LAV, left atrial volume; LAVI, left atrial volume index; LVVDD, left ventricular
diastolic diameter; LVSD, left ventricular systolic diameter; LVEF, left ventricular ejection fraction; LVM, left
ventricular mass; LVMI, left ventricular mass index; IVST, interventricular septum thickness; PWT, posterior wall
thickness; RWT, relative wall thickness; LV, left ventricle; DTE, deceleration time of E wave.

Data are expressed as mean £ SD or as number (percentage)

After 18 months of antihypertensive treatment, mean SBP was 129.7 £ 9.4 mmHg
(mean reduction of 11.1 mmHg = 10.4 mmHg, p=0.009) and DBP was 83.0 £ 6.9
mmHg (mean reduction of 7.4 mmHg + 6.2 mmHg, p<0.001). At the final evaluation,
there was a significant reduction in left atrial volume, left ventricular mass,
interventricular septum thickness, posterior wall thickness and relative wall thickness
(Table 2). Alternative evaluation of relative wall thickness, using the formula [(IVST
+ PWT)/LVDD], also showed significant reduction at the 18-month follow-up (0.45 +

0.06 to 0.42 £ 0.04, P<0.001). No significant modifications in parameters of diastolic
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function were found, with the exception of an increase in deceleration time of E-

wave.
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Table 3. Baseline and final LV geometric patterns

LV geometric pattern Baseline 18-Month Follow-Up P
(n=110) (n=110)

Normal geometry 34 (30.9) 54 (49.0) 0.006

Concentric LV remodeling 66 (60.0) 46 (42) 0.007

Concentric LV hypertrophy 6 (5.5) 6 (5.5) 1.00

Eccentric LV hypertrophy 4 (3.6) 4 (3.6) 1.00

LV, left ventricle.
Data are expressed as number (percentage)

LV geometric patterns analysis (Table 3) showed that, at baseline, 60% of participants

had concentric LV remodeling, which reduced to 42% at the end of the study

(P=0.007). This corresponded to a significant increase in the proportion of

participants with normal LV geometry from 31% to 49% (P=0.006).
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Table 4. Variation of echocardiographic parameters by tertiles of systolic blood pressure
reduction at the end of study

Variation of parameter Tertile 1 Tertile 2 Tertile 3 P
(< 6.2 mmHg) (6.2 to 13 mmHg) (> 13 mmHg)
n=35 n=33 n=34

LAV (ml) -2.9 (10.7) -5.4 (10.7) -2.1 (11.0) 0.44
LAVI (ml/m?) -1.5 (5.6) -2.9 (5.7) -1.2 (5.8) 0.44
LVM (g) 2.28 (31.1)* -12.5(23.1) -9.3(19.2) 0.04
LVMI (g/m?) 1.26 (16.3)* -6.5 (12.2) -5.0 (10.2) 0.04
IVST (mm) -0.1 (1.3)* -0.8 (1.3 -0.7 (1.0) 0.04
PWT (mm) -0.2 (1.1) -0.7 (1.0) -0.7 (1.0) 0.16
RWT -0.03 (0.07) -0.04 (0.07) -0.04 (0.06) 0.66
Lateral e’ (cm/s) -0.21 (3) -0.09 (2) -0.06 (4) 0.98
Medial e (cm/s) 0.3(3) -0.1(2) -0.2 (3) 0.80
Lateral E/e’ ratio 0.007 (1.5) 0.23(1.2) 0.39 (1.7) 0.61
Medial E/e’ ratio -0.02 (2.53) 0.26 (1.79) 0.25 (2.85) 0.87
Mitral E/A ratio -0.02 (0.2) -0.03 (0.2) -0.0009 (0.2) 0.79
DTE (ms) 21.7 (73.2) 21.6 (63.0) 21.0 (54.0) 0.99

*Ad-hoc comparison (Bonferroni): P <0,05 between tertile 1 vs tertiles 2 and 3.

SBP, systolic blood pressure; LAV, left atrial volume; LAVI, left atrial volume index; LVM, left ventricular mass;
LVMI, left ventricular mass index; IVVST, interventricular septum thickness; PWT, posterior wall thickness; RWT,
relative wall thickness; DTE, deceleration time of E wave.

Data are expressed as mean (SD)

There was a significant variation of LV mass, LV mass index and interventricular
septum thickness according to tertiles of variation of SBP (Table 4), with a significant
difference between between tertile 1 vs tertiles 2 and 3 for these 3 echocardiographic
parameters, showing that there was no significant reduction in LV mass when SBP
reduction was smaller than 6.2 mmHg. No significant change in echocardiographic
parameters was seen when participants were stratified by the magnitude of diastolic

blood pressure reduction (Table 5).
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Table 5. Variation of echocardiographic parameters by tertiles of diastolic blood

pressure reduction at the end of study

Variation of parameter Tertile 1 Tertile 2 Tertile 3 P
(<5 mmHg) (5 to 8.3 mmHg) (> 8.3 mmHg)
n=33 n=35 n=34

LAV (ml) -4.0 (12.1) -2.2 (10.7) -4.1 (9.6) 0.72
LAVI (ml/m?) -2.1(6.3) -1.1(5.6) -2.3(5.4) 0.65
LVM (g) -7.1(30.3) -5.2 (27.5) -6.9 (18.2) 0.94
LVMI (g/m?) -3.4 (15.9) -2.8 (14.5) -3.7 (9.8) 0.96
IVST (mm) -0.6 (1.2) -0.4 (1.4) -0.7 (1.1) 0.64
PWT (mm) -0.6 (1.0 -0.5 (1.0) -0.4 (1.1) 0.82
RWT -0.04 (0.06) -0.03 (0.07) -0.03 (0.07) 0.86
Lateral e’ (cm/s) -0.001 (0.03) -0.001 (0.03) -0.004 (0.03) 0.78
Medial e (cm/s) 0.002 (0.02) 0.003 (0.02) -0.002 (0.03) 0.70
Lateral E/e’ ratio 0.15(1.6) 0.27 (1.3) 0.19 (1.6) 0.95
Medial E/e’ ratio -0.1 (1.53) 0.42 (2.6) 0.11(2.9) 0.69
Mitral E/A ratio -0.02 (0.1) -0.004 (0.2) -0.03 (0.2) 0.83
DTE (ms) 22.1(72.3) 12.8 (59.3) 30.2 (59.1) 0.53

DBP, diastolic blood pressure; LAV, left atrial volume; LAVI, left atrial volume index; LVM, left ventricular
mass; LVMI, left ventricular mass index; IVST, interventricular septum thickness; PWT, posterior wall thickness;
RWT, relative wall thickness; DTE, deceleration time of E wave.

Data are expressed as mean (SD)
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Discussion

We demonstrated that antihypertensive treatment for 18 months in stage |
hypertension reduced left ventricular mass and left atrial volume and increased the
prevalence of a normal left ventricular geometry due to concentric LV remodeling
prevalence reduction.

One of the largest randomized studies comparing the effect of different
antihypertensive medications on LVM in stage | hypertension %* showed a reduction
of 34 g with chlortalidone in 48 months. Our study showed a mean reduction of 6.8 ¢
in 18 months (5.3 g with chlortalidone/amiloride and 8.5 g with losartan). Our results
are of similar magnitude, assuming a linear and constant decrease in left ventricular
mass dependent on continued treatment. Moreover, this effect could be detected
relatively early after the introduction of antihypertensive treatment.

When stratified for systolic blood pressure reduction tertiles, we observed that
there was no significant decrease in LV mass when the SBP reduction is modest. No
effect of diastolic blood pressure reduction on LV mass was found. In the LIFE trial %
systolic — but not diastolic — blood pressure reduction was correlated with decrease in
LVM in patients with stage Il and 111 hypertension. Our findings suggest that also in
stage I hypertension the reduction of SBP correlates with LVM reduction.

An important finding is the increase in the prevalence of normal geometry,
concurrent with a decrease of concentric LV remodeling, after 18 months of
antihypertensive treatment. This is already known in stage II hypertension,?” where
the presence of concentric LV geometry is associated cardiovascular events
independently of LV hypertrophy, with a relative risk of 2.99 (1.16-7.71).°

The prevalence of concentric LV hypertrophy on baseline in our study was

lower than TOMHS (9.1% versus 15.0%).%* We used ASE convention for LVM
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calculation and current guidelines for LVH cut-offs (115 g/m? in men and 95 g/m? in
women), instead of Penn convention for LVM calculation and respective cut-offs
(134g/m* and 110g/m?) used in TOMHS study. LVM calculations derived from both
formulas may differ more than 20%,?* explaining the differences found in both studies
with stage | hypertension.

No difference in parameters of diastolic function by transmitral Doppler and
tissue Doppler of the mitral annulus between baseline and after 18 months of
treatment was found. This may suggest that structural changes precedes detectable
diastolic function parameters changes in early hypertension stages, and is in
accordance with recent guidelines for diastolic function evaluation, that proposes a
more specific and conservative approach to call the presence of mild diastolic
dysfunction.?

On the other hand, we found a decrease on left atrial volume and left atrial
volume index, even though the great majority of our patients did not have LA
enlargement on baseline. It complements a cohort study in stage I and Il
hypertension,?* that found a reduction in LA volume after 1 year of treatment with
telmisartan in patients with LV hypertrophy and a larger LA volume on baseline. Our
study demonstrated that antihypertensive treatment also showed benefit in reducing
LA volume in milder hypertensive individuals.

As potential limitations, echocardiographic data is originated from a single
study center that, albeit having similar demographic characteristics of those who
didn’t participate in the substudy, may not be representative of other investigation
centers. Also, sample size was calculated for the original RCT, and was
underpowered to detect smaller echocardiographic differences. However, our results

are noteworthy, considering the expected low burden of target organ damage in this
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population, and the relatively small absolute magnitude of the intervention, for only

18 months.

Conclusions

In conclusion, antihypertensive treatment for 18 months has impact on
echocardiographic indicators of hypertensive target organ damage, which are already
present in a high proportion of patients with stage | hypertension. Reduction of left
ventricular mass and left atrial volume, and decrease in prevalence of concentric LV
remodeling are in accordance with other evidences of benefits from an intensive
blood pressure control in more severe hypertension. If maintained along the years, the
beneficial effects over echocardiographic parameters will probably translate in
reduction of clinical consequences of hypertensive cardiomyopathy, particularly of

heart failure with preserved ejection fraction.
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Legends for figures and tables

Table 1. Baseline characteristics of participants

* Participants from Rio Grande do Sul (RS) state

** Participants from Hospital de Clinicas de Porto Alegre center, who completed
echocardiographic evaluation

*** Current or past

BMI, body mass index; BSA, body surface area; SBP, systolic blood pressure; DBP,
diastolic blood pressure; ACEi, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blockers; CCB, calcium channel blocker

Data are expressed as mean £ SD or as number (percentage)

Table 2. Baseline and final echocardiographic parameters

LAD, left atrium diameter; LAV, left atrial volume; LAVI, left atrial volume index;
LVDD, left ventricular diastolic diameter; LVSD, left ventricular systolic diameter;
LVEF, left ventricular ejection fraction; LVM, left ventricular mass; LVMI, left
ventricular mass index; IVST, interventricular septum thickness; PWT, posterior wall
thickness; RWT, relative wall thickness; RWT-S/PW, relative wall thickness
calculated from the formula [(IVST + PWT)/LVDD]; LV, left ventricle; DTE,
deceleration time of E wave.

Data are expressed as mean + SD or as number (percentage)

Table 3. Baseline and final LV geometric patterns

LV, left ventricle.

Data are expressed as number (percentage)
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Table 4. Variation of echocardiographic parameters by tertiles of systolic blood pressure
reduction at the end of study
SBP, systolic blood pressure; LAV, left atrial volume; LAVI, left atrial volume index;
LVM, left ventricular mass; LVMI, left ventricular mass index; IVST, interventricular
septum thickness; PWT, posterior wall thickness; RWT, relative wall thickness; DTE,
deceleration time of E wave.

Data are expressed as mean (SD)

Table 5. Variation of echocardiographic parameters by tertiles of diastolic blood
pressure reduction at the end of study

DBP, diastolic blood pressure; LAV, left atrial volume; LAVI, left atrial volume
index; LVM, left ventricular mass; LVMI, left ventricular mass index; IVST,
interventricular septum thickness; PWT, posterior wall thickness; RWT, relative wall
thickness; DTE, deceleration time of E wave.

Data are expressed as mean (SD)
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Abstract

Background: Blood pressure (BP) lowering therapy improves echocardiographic
parameters of hypertensive target organ damage in stage Il hypertension, but the
degree of benefit may be different among medications. Whether these effects are
similar in stage | hypertension is less studied.

Methods: We studied 110 participants of the randomized double-blind trial PREVER-
treatment. Individuals with stage | hypertension were randomized for treatment with
chlortalidone/amiloride or losartan, and two-dimensional echocardiograms were
performed at baseline and after 18 months of antihypertensive treatment.

Results: There was no difference between treatment groups in final BP, although
losartan group needed more additional drugs. We observed a significant reduction in
interventricular septum thickness (IVST, 10.0 £ 1.2 t0 9.7 £ 1.3, p=0.03), posterior
wall thickness (PWT, 10.1 £ 1.1 t0 9.5 £ 1.1, p<0.001) and relative wall thickness
(RWT 0.45 £ 0.06 to 0.42 + 0.05, p<0.001) in chlortalidone/amiloride group, and a
significant reduction in LA volume index (28.2 + 7.8 to 25.7 £ 5.9, p=0.001), LVM
index (81.8 + 17.0 to 77.3 + 15.8, p=0.02), IVST (10.0 + 1.1 t0 9.4 + 1.2, p<0.001),
PWT (9.8 +£1.1t09.4 + 1.0, p=0.002) and RWT (0.44 + 0.06 to 0.41 + 0.05, p=0.006)
in losartan group. There was no significant difference in echocardiographic outcomes
between treatment groups; after adjustment important covariates, there was a
significant greater reduction only in IVST with losartan (p=0.009).

Conclusions: Antihypertensive treatment for 18 months with chlortalidone/amiloride
or losartan improves some echocardiographic parameters of hypertensive target organ
damage in stage | hypertension, with no difference between diuretics or ARB as first-

line drugs.
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Introduction

Hypertension is a major risk factor for heart failure (HF)."? Presence of target
organ damage by echocardiography helps to identify hypertensive individuals at
higher risk of major cardiovascular events.® Increased left ventricular mass (LVM)
and LV concentric remodeling are independently associated with cardiovascular
events.*® Diastolic function evaluation has an important role in diagnosing HF with
preserved ejection fraction (HPpEF).? Doppler echocardiography and left atrial (LA)
size help to define severity and/or duration of LV diastolic dysfunction.’

Blood pressure (BP) lowering therapy improves diastolic function and reduces
LVM, LA size, especially in stage Il hypertension, but the degree of benefit may be
different among medications.'®** Whether there are differences in echocardiographic
parameters with different antihypertensive drug classes in stage | hypertension is less
studied.

The present study was undertaken to compare the effects of chlortalidone-
amiloride versus losartan administered in a randomized clinical trial (RCT) on
echocardiographic parameters of hypertensive target organ damage in stage |

hypertension.

Methods
We performed an echocardiographic investigation at a single center of the
PREVER-treatment study, a multicenter double-blind RCT of chlortalidone along
with amiloride versus losartan for the management of stage | hypertension.
Population, methods and results of the PREVER-treatment study are described
in detail elsewhere.'? In summary, all eligible participants of the PREVER-treatment

study were submitted to a pre-enrollment lifestyle intervention phase; if BP remained
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inadequately controlled (SBP >140 mmHg or DBP >90 mmHg) after 3 months of
lifestyle intervention, they were enrolled in the RCT. Participants were randomly
assigned in a 1:1 ratio to a chlortalidone/amiloride 12.5/2.5 mg combination pill or to
losartan 50 mg. Every 3 months there was a reassessment and, if necessary, treatment
was scaled according to the protocol. The final visit occurred after 18 months of
follow-up.

Transthoracic echocardiography was obtained at baseline and after 18 months
of treatment. All examinations were performed using the same equipment by two
trained cardiologists (CB, MF) blinded to treatment allocation, following a
standardized protocol. Digital images were read by a single cardiologist (CB), using a
dedicated workstation. Measurements were performed in accordance with
international society guidelines.****

Comparisons between initial and final echocardiographic measurements in
each treatment group were assessed by paired-samples t-tests. Comparisons between
treatment groups were assessed by independent-samples t-tests. Echocardiographic
outcomes were adjusted for mean blood pressure variation, corresponding baseline
echocardiographic parameter and time between randomization and echocardiographic
exam. Intraobserver reproducibility was evaluated in 20 randomly chosen studies

using intraclass correlation coefficient, and varied between 0.99 and 0.67, with the

lower reproducibility for the posterior wall thickness measurement.

Results
From the 655 participants of the PREVER-treatment study, 230 participants
from Hospital de Clinicas de Porto Alegre center were invited to participate of the

echocardiographic evaluation, and 110 performed echocardiograms at baseline and
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after 18 months of follow-up. Participants presented similar demographic
characteristics compared to those who did not.

Baseline clinical and echocardiographic characteristics of
chlortalidone/amiloride or losartan groups are shown in Table 1. Systolic blood
pressure (SPB) was higher in chlortalidone/amiloride group, and LA volume index
(LAVI) was higher in losartan group. All other baseline characteristics were similar
between treatment groups.

There was no difference between treatment groups in final SBP
(chlortalidone/amiloride 129.8 £ 10.0 mmHg; losartan 129.7 £ 8.7 mmHg, p=0.94)
and DBP (chlortalidone/amiloride 83.7 £ 7.0 mmHg; losartan 82.1 £ 6.8 mmHg,
p=0.23), although losartan group needed more additional drugs.*?

It was observed a significant reduction in interventricular septum thickness
(IVST), posterior wall thickness (PWT) and relative wall thickness (RWT), and a
significant rise on E-wave deceleration time (DTE) in chlortalidone/amiloride group
between baseline and after 18 months of follow-up. In losartan group, there was a
significant reduction in LA volume index (LAVI), LVM, LVM index (LVMI), IVST,
PWT and RWT. There was no significant difference in echocardiographic outcomes
between treatment groups (Table 2). After adjustment for mean blood pressure
variation, corresponding baseline echocardiographic parameter and time between
randomization and echocardiographic exam, there was a significant greater reduction

only in IVST with losartan.
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Discussion

This study shows that, in stage | hypertension, LV mass regression, reduction
of LA size and changes in parameters of diastolic function were similar with
antihypertensive treatment for 18 months with chlortalidone/amiloride or losartan.

Two large studies directly compared different antihypertensive drug classes.
TOMHS study, in the pre angiotensin receptor antagonist (ARB) era, evaluated 844
patients with stage | hypertension randomized for non-farmacological treatment and
chlortalidone, acebutolol, anlodipine, enalapril, doxazosina or placebo.™ Only
chlortalidone showed an increased regression of LVVH compared to placebo in 12
months (-34.8g vs -18.2g; P=0.04), with no difference observed in 48 months. It is
important to note that, during follow-up, 33% of patients on the placebo group were
prescribed active medication.

LIFE substudy evaluated 960 patients with a higher SBP (160-200 mmHgQ)

randomized for losartan or atenolol.*®

After 5 years, LVM was more reduced with
losartan than with atenolol (-21.7g vs -17.7g; P=0.01), although BP reduction was
similar. In this study, LVM reduction was also more pronounced during the first 12
months of treatment. It should be noticed that 63% of patients on losartan group were
also using hydrochlorotiazide.

As far as we know, only one study®’ directly compared diuretic
(hydrochlorotiazide) and ARB (telmisartan) in 69 patients with DBP of 90-114
mmHg, showing a higher reduction of LVM estimated by three-dimensional
echocardiography with telmisartan (16 g versus 4 g in 12 months). It is noteworthy
that ARB was used on maximum dose and diuretic on low dose.

The results of our study are in line with the findings of a recent meta-

analysis™* summarizing randomized comparative studies of antihypertensive treatment
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on regression of LV mass in patients with stage Il hypertension. There was less LV
mass regression with beta-blockers, while diuretics, calcium channel blockers,
angiotensin-converting enzyme inhibitors, and ARB showed no significant
differences as drug classes. We showed that, in stage | hypertension, there was no
difference on LV mass regression after 18 months between diuretics or ARB as first-
line drugs.

Potential limitations of our study are the small sample size, in a population
with a relatively low burden of hypertensive organ damage, which reduced the odds
of finding an existing benefit, and the follow-up of only 18 months.

In conclusion, antihypertensive treatment for 18 months with
chlortalidone/amiloride or losartan improves some echocardiographic parameters of
hypertensive target organ damage, with no significant difference between treatment

groups.
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Table 1. Baseline characteristics of participants by treatment group

Chlortalidone/amiloride Losartan
(n=56) (n=54)
Demographic characteristics
Sex (male) 34 (60.7) 28 (51.9)
Age (years) 555+ 7.6 54.1+8.3
BMI (kg/m?) 285+44 28.5+4.3
SBP (mmHg) 142.2 +8.2 139.4 + 6.0*
DBP (mmHg) 90.6+5.9 90.2+5.6
Previous use of antihypertensive drug 40 (71.4) 35 (65.0)
Echocardiographic parameters
LAD (mm) 36.4+4.4 36.5+4.3
LAVI (ml/m?) 25.4+6.5 28.2+7.8*
LVDD (mm) 451+5.0 446+45
LVEF Teichholz (%) 69.1+7,6 71677
LVM (g) 158.6 + 40.5 152.6 +35.4
LVMI (g/m?) 83.6+17.2 81.8+17.0
IVST (mm) 10.0£1,2 101+1.1
PWT (mm) 101+1,1 99+1.1
RWT 0.45+ 0,06 0.44 +0.06
Lateral ¢’ (cm/s) 125+3.1 128+3.1
Medial e’ (cm/s) 86+24 8.6+20
Medial E/e’ ratio 81121 8.8+£23
Mitral E/A ratio 09+0,2 1.0+£0.3
DTE (ms) 229.2 +47.4 230.0+45.4
*P <0.05

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LAD, left atrial

diameter; LAVI, left atrial volume index; LVDD, left ventricular diastolic diameter; LVEF, left

ventricular ejection fraction; LVM, left ventricular mass; LVMI, left ventricular mass index; IVST,

interventricular septum thickness; PWT, posterior wall thickness; RWT, relative wall thickness; DTE,

deceleration time of E wave.

Data are expressed as mean = SD or number (%)
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Table 2. Adjusted differences in echocardiographic parameters between
chlortalidone/amiloride and losartan treatment groups

Variable Drug Baseline 18-Month Change from P Between P Between P
Follow-Up baseline group group
change* change**

LAVI (ml/m?  CIA 254 +6.5 241+6.9 -14+6.2 0.12 1.24 0.28 0.26 0.83
Losartan 282738 25.7+59 -26+52 0.001

LVM (g) CIA 158.6 £40.5 153.3+429 -53+239 0.10 3.20 0.50 8.40 0.09
Losartan  152.6+354  144.2+324 -8.5+26.5 0.02

LVMI (g/m?)  CIA 83.6+17.2 80.9+£19.0 -2.7+16.6 0.11 1.78 0.48 3.84 0.14
Losartan  81.8+17.0 77.3+1538 -45+14.0 0.02

IVST (mm) CIA 100+1.2 9.7+13 -03+1.2 0.03 0.34 0.13 0.60 0.009
Losartan 100+1.1 94+12 -0.7+11 <0.001

PWT (mm) CIA 101+1.1 95+11 -0.6+3.3 <0.001 -0.13 0.47 0.16 0.38
Losartan 98+11 94+10 -046+1.1 0.002

RWT CIA 0.45 + 0.06 0.42 £0.05 -0.04 £ 0.06 <0.001 -0.009 0.47 0.007 0.53
Losartan  0.44 +0.06 0.41 £0.05 -0.03 +0.07 0.006

Medial E/e’ CIA 81+21 85+26 0.42 +£2.52 0.23 0.61 0.21 0.22 0.65

ratio Losartan ~ 8.8%2.3 8.6+23 -0.19+2.39 0.57

DTE (ms) CIA 229.2+474  252.2+67.2 23.0+63.0 0.01 11.0 0.37 13.33 0.34

Losartan 230.0+454  243.8+66.9 120+ 64.2 0.19

* Crude

** Analysis of covariance adjusted for mean blood pressure variation, corresponding baseline
echocardiographic parameter and time between randomization and echocardiographic exam.

C/A, chlortalidone/amiloride; LAVI, left atrial volume index; LVM, left ventricular mass; LVMI, left
ventricular mass index; IVST, interventricular septum thickness; PWT, posterior wall thickness; RWT,
relative wall thickness; DTE, deceleration time of E wave.

Data are expressed as mean + SD
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Conclusoes

Comparando-se ecocardiogramas basais de individuos pré-hipertensos e
hipertensos estagio I, que apresentaram uma diferenca média de 12 mmHg na PAS ¢ 9
mmHg na PAD, ndo houve diferenca na maioria dos parametros de massa do VE, do
tamanho do AE e de funcdo diastolica entre os grupos; ajustando-se para sexo, idade e
indice de massa corporal, apenas o didmetro do AE, a espessura da parede posterior e
a velocidade da onda e’ lateral foram diferentes entre os grupos. Em andlise
estratificada por sexo, observou-se uma maior massa do VE em hipertensao estagio |
do que em pré-hipertensao somente nas mulheres. Esses resultados estdo de acordo
com a literatura, onde mulheres respondem a sobrecarga pressorica com maior grau
de espessamento das paredes do que os homens, que apresentam maior dilatacdo do
VE, mesmo com diferencas modestas de PA.

No segundo artigo, evidenciou-se que o tratamento anti-hipertensivo por 18
meses em hipertensdo estagio I reduz massa ventricular esquerda e volume do atrio
esquerdo, assim como aumenta a prevaléncia de geometria ventricular esquerda
normal, concomitante a redu¢do remodelamento concéntrico.

Um dos maiores estudos randomizados comparando o efeito de diferentes
medicamentos anti-hipertensivos em hipertensao estagio I [64] mostrou uma reducao
na MVE de 34 g com clortalidona em 48 meses. Nosso estudo mostrou uma reducao
média de 6,8 g em 18 meses (5,3 g com clortalidona/amilorida e 8,5 g com losartana).
Nossos resultados podem ser considerados da mesma ordem de grandeza, assumindo
um efeito linear e constante diminuicdo da MVE dependente de um tratamento
continuado.

Quando estratificado por tercis de redugdo da PAS, ndo houve diminui¢ao
significativa da MVE quando a redu¢do da PAS foi modesta, e ndo houve efeito da
reducdo da PAD na MVE. Um estudo derivado do LIFE-trial [65] observou que a
redugdo na PAS (mas nao da PAD) correlacionou-se com a diminuigdo da MVE em
pacientes com hipertensdo estagios II e III. Nossos resultados sugerem que a redugao
de PAS na hipertensao estagio I também esta correlacionada com a melhora na MVE.

Comparando os padrdes de geometria do VE no inicio e apos 18 meses de
tratamento anti-hipertensivo, houve aumento na prevaléncia de geometria normal e
uma reducdo na de remodelamento concéntrico do VE. Este achado parece ser

importante, ja que a presenga de remodelamento concéntrico do VE aumenta
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aproximadamente 3 vezes o risco de eventos cardiovasculares em hipertensao estagios
T e III [65,66].

Nao foi possivel identificar modificagdes relevantes nos pardmetros de funcao
diastolica avaliados por Doppler, usualmente empregados na pratica clinica.
Entretanto, verificou-se uma diminui¢do no volume do AE, mesmo naqueles com
atrio de tamanho normal. Esse achado complementa o de um estudo de coorte em
hipertensao estagio I e Il [56], que evidenciou uma reducao no volume atrial esquerdo
apds 1 ano de tratamento com telmisartan em pacientes com HVE e dilatagao do AE
na linha de base.

As andlises do nosso terceiro artigo demostraram que, em hipertensao estagio
I, a melhora em pardmetros ecocardiograficos de dano hipertensivo em 6rgao alvo
(MVE, tamanho do AE e parametros de fun¢do diastdlica) foi semelhantes entre os
medicamentos avaliados (clortalidona/amilorida e losartana). Embora nosso estudo
ndo tenha tido poder para essa comparagdo, esse achado estd de acordo com a mais
recente de regressdo da massa ventricular esquerda, comparando diuréticos,
betabloqueadores, bloqueadores dos canais de calcio, inibidores da enzima conversora
da angiotensina, e bloqueadores dos receptores da angiotensina (BRA), que mostrou
que a regressdo da massa do VE foi menos pronunciada com betabloqueadores que
com BRA, mas nenhuma diferenca significativa foi detectada entre as outras classes
de drogas [48].

Conclui-se que os parametros ecocardiograficos basais de dano hipertensivo
em 6rgdo alvo sdo semelhantes em pré-hipertensos e hipertensos estagio I, com
excecao da massa do VE, que apresentou um aumento significativo em mulheres com
hipertensdo estagio | comparado com mulheres pré-hipertensas. Diferencas no
remodelamento do VE relacionadas ao sexo, além de outros parametros clinicos,
podem ajudar a implementacgéo de diferentes estratégias de tratamento especialmente
em mulheres com pré-hipertensdo. Além disso, conclui-se que o tratamento anti-
hipertensivo por 18 meses tem impacto sobre os pardmetros ecocardiograficos de
dano hipertensivo em o6rgdo alvo em pacientes com hipertensdo estagio I, sem
diferenca significativa entre as medicagdes utilizadas. A redugcdo da MVE, do volume
do AE e da prevaléncia de remodelamento concéntrico do VE esta em conformidade
com outras evidéncias de beneficios a partir de um controle intensivo da PA. Se
mantido ao longo dos anos, os efeitos benéficos sobre os parametros

ecocardiograficos provavelmente se traduzirdo numa reducdo de consequéncias
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clinicas da cardiopatia hipertensiva, especialmente da insuficiéncia cardiaca com

fragdo de ejecao preservada.
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Anexos

ANEXO 1 - PROTOCOLO DE AQUISICAQ DE IMAGENS*

*Material do estudo PREVER, desenvolvido com base no protocolo do estudo ELSA-

Brasil

1. Informac0es basicas do exame para os participantes
Estas informacGes basicas poderdo ser utilizadas para informacao e esclarecimentos
de davidas dos participantes
Ecocardiografia

Do ultrassom
Ecocardiografia € um exame que emprega ultrassom para examinar o coracdo. O
aparelho emite um feixe de ultrassom(como se fosse um som tdo alto que ndo
podemos ouvir) que ao refletir nas estruturas do corpo, produz um “eco” de forma a
permitir que o aparelho transforme em imagens em movimento.

Dos riscos
N&o h& nenhum relato de que o tipo de ultrassom utilizado nos aparelhos de exame
cause mal a saude. Os potenciais desconfortos sdo ter que permanecer
aproximadamente 30 minutos em uma posicao parada na maca com o peito
descoberto o uso de gel e o contato do transdutor com o torax.

Para que serve
A ecocardiografia permite examinar o coragdo em movimento, permitindo identificar
doencas préprias do coracdo e das valvulas, assim como as alterac@es do seu
funcionamento decorrentes de outras doencas como angina, pressao alta e diabetes.

O que sera medido
No dia-a-dia, os cardiologistas geralmente solicitam este exame quando suspeitam de
alguma alteracdo do tamanho ou do funcionamento do coragdo ou para avaliar a
gravidade delas. Neste estudo a ecocardiografia esta sendo realizada principalmente
para realizar medidas do coracao durante o estudo e ndo serdo utilizadas para
modificar seu tratamento. Caso seja encontrada alguma alteracdo grave, o Sr(a) sera

comunicado e orientado pela equipe do estudo PREVER.

96



2. Estrutura fisica no centro de aquisicéo
Area fisica
Uma sala com as condicGes adequadas de tamanho, iluminagéo e climatizacéo, para
a aquisicao. Este local deve estar disponivel para a ecocardiografia durante o periodo
dos exames.
Equipamentos e Material de consumo
- Ultrassom (utilizar o mesmo aparelho nos dois exames de cada paciente)
- Maca
- Gel ultrassonico
- Toalha de papel
- Eletrodo descartavel (igual do ECG) ou clip reutilizavel

3. Configuracao basica do Preset dos equipamentos

* Transdutor ecocardio adulto Setorial 2-4MHz

* Uso da Segunda Harménica

* Ganho geral discretamente maior que o padréo usual

* Demais parametros aproximados ao preset PREVER (Envisor)

4. Preparo dos participantes e do equipamento

Os participantes encaminhados para a sala do ultrassom, ap6s a confirmacéo da
identificacdo do estudo seguirdo os seguintes procedimentos:

O ecocardiografista deve:

a. Identificar o participante na ficha de aquisicdo: nome, nimero do paciente no
PREVER, data de nascimento, sexo, telefone de contato, fase de tratamento no
PREVER, data do exame, horério, examinador e aparelho utilizado.

b. Descobrir o térax do participante (avental de exame de acordo com a rotina de cada
centro), deitar na mesa de exames em decubito lateral esquerdo com 0 MSE embaixo
da cabeca e 0 MSD estendido ao lado do corpo.

c. Colocar os clips nos membros ou eletrodos descartaveis no ombro direito, flanco
direito e flanco esquerdo, checando a qualidade do sinal.

d. No Equipamento de ultrassom, seguir a rotina de identificagcdo de acordo com o

equipamento, observando as seguintes informagdes nos respectivos campos:
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Identificacdo
a. Patient
b. New
e MRN/ID do paciente = N° PREVER
e Last/sobrenome = nome completo
e First/nome = Centro = Exame (sem espago) — Exemplos:
RSEX1/SPEX1/CEEX1
e Birth date = data de nascimento do paciente
e Gender = sexo
e Performed by = sigla do nome do examinador (por exemplo,
CB)
e. Iniciar Rotina de Aquisicdo de Imagens (Item 5 e Anexos | a 1V)

5. Rotina de Aquisicdo de Imagens

Instrucdes Gerais

a. A aquisicdo das imagens deve seguir a rotina abaixo, identificando adequadamente
as janelas ecocardiogréficas e estruturas relevantes descritas nos Anexos la lll e 0
preenchimento do Formuléario de Aquisi¢ao

b. Cada seqiiéncia de filmagem dindmica (cineloop) sera salva em loopings digitais de
3 batimentos.

ATENCAO: Chegar se 0 equipamento grava os batimentos anteriores ou posteriores
apos pressionar o botdo de aquisicao, certificando-se da aquisicéo de 3 batimentos

completos

Nos participantes com ritmo muito irregular pode-se optar pela gravagéo de loopings

de 3 segundos.

c. As imagens estaticas (M e espectral) deverdo utilizar o modo de visualizagdo de
tela inteira com icone pequeno do bidimensional. A velocidade de varredura ajustada
para que SEMPRE sejam incluidos 3 ciclos cardiacos completos na tela.

d. Ocasionalmente durante o exame, imagens representativas de melhor qualidade séo
obtidas fora do momento previsto na rotina de aquisicdo. Nestes casos, estas imagens

podem ser adicionalmente salvas ao exame, além daquelas padronizadas.

Quando em duvida sobre a imagem, ou para ressaltar achados especificos, o

operador pode identificar na tela e salvando uma imagem.
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e. Verificar durante a aquisicdo, simulando a realiza¢do das medidas, se necessario, se
as imagens obtidas em cada aquisi¢ao permitirdo a mensuracdo das medidas no centro
de leitura (ANEXO I11).

f. ANTES de avisar o término do exame ao paciente, o operador revisa as imagens
obtidas (total de imagens e qualidade) (ITENS 6 e 7 ABAIXO), repetindo as
necessarias e deletando as que julgar inadequadas:

g. Neste momento, o operador revisa 0s achados e preenche o Formulario de
Aquisicédo de Imagens Ecocardiografia

h. Ap6s terminar o exame, retirar os eletrodos descartaveis limpar o transdutor, clips e
paciente com toalha de papel macio.

i. Caso detecte algum sinal de alerta, devera avisar o Coordenador do centro local do
Estudo PREVER e comunicar ao paciente que 0 mesmo deve entrar em contato com

0s pesquisadores.

6) Controle de qualidade da aquisicéo
O controle de qualidade inicial sera realizado pela pré-leitura do exame pelo
ecocardiografista e o preenchimento do Formulério de Aquisicdo de Exame, com a
finalidade de se obter imagens interpretaveis para as medidas de cada aquisicao.
Um guia para verificar quais as variaveis ecocardiograficas que serdo
medidas em cada aquisi¢éo estdo marcadas em negrito no Anexo Il (Janelas de
Aquisicdo e Medidas Ecocardiograficas).
A qualidade global das imagens para cada janela sera classificada em quatro
categorias de acordo com a tabela abaixo (reproduzido no anexo Ill) e preenchido

junto com o Formulério de Aquisicdo de Exame (Anexo IV):

Avaliacao da qualidade das imagens

Quali | Imagem adequada, permite a avaliacdo sem discordancia

Quali | Imagem avaliavel e que permite o diagnostico subjetivo adequado, porém,
com qualidade subdtima (pode suscitar discordancia entre leitores por janela

inadequada, condicdo clinica, angulacéo, bordas, cor, duragdo do looping,...)

Quali | Imagem parcialmente avaliavel. Pode suscitar dividas tanto no diagnéstico

subjetivo como na acuracia das medidas objetivas
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Quali | Ndo foi possivel obter uma imagem com qualidade necessaria para leitura.

Procedimentos adicionais de qualidade e reprodutibilidade poderéo ser

implementados e gerenciados pelo centro de leitura:

- Mensuracdo das medidas béasicas durante a aquisi¢ao de imagens em um

subgrupo de exames em cada centro.

- Repeticdo de um subgrupo de exames em cada centro.

- Monitorizacdo da qualidade de aquisicdo de imagens pelos centros

- Releitura cega dos exames para avaliacdo da reprodutibilidade da leitura

7. Pré-leitura e Formulério de Aquisicdo de Exame

A preé-leitura sera realizada pelo ecocardiografista avaliando as imagens

obtidas ao final do exame e serda utilizada para o preenchimento do Formulario de

Aquisicdo preenchendo e verificando as seguintes informacdes:

1.
2.
3.

Identificacdo do participante e do exame

avaliacdo da qualidade da imagens

descricdo de limitacBes ou achados técnicos, ecocardiograficos ou
clinicos potencialmente relevantes para a leitura do exame

deteccdo e descricdo de Sinais de Alerta

8. Variaveis medidas no Centro de Leitura

A descrigdo e detalhamento deste item estdo descrita em Manual Especifico:
PREVER ECO Manual de Leitura

A avaliacdo das variaveis qualitativas e as medidas objetivas serdo realizadas

no centro de leitura.

A padronizagdo para cada uma delas seguira as recomendagfes descritas nas

diretrizes das sociedades americana e européia de ecocardiografia (referéncias basicas

na bibliografia) e detalhadas no Manual de Leitura. As janelas de aquisi¢do de cada

uma delas estéo especificadas de acordo com a tabela abaixo e o Anexo II.
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Variaveis Ecocardiograficas de Interesse

Geometria do ventriculo esquerdo

Diametros (sistole e diastole)

Espessuras Parietais (sistole e diastole)

Funcdo sistélica

Fracao de Ejecdo (Teicholz) e midwall fractional shortening
Velocidade sistdlica do anel mitral

Débito Cardiaco (Doppler Via de Saida do VE)

Funcdo diastolica

Pico das ondas E e A, Tempo de desaceleracdo da onda E
Doppler tecidualEm / Am / Sm (lateral, septal e tricispide)
Tamanho do étrio (Modo M e volume 4C)

Disfuncao segmentar

Avaliacdo qualitativa da contratilidade regional
Aterosclerose

Degeneracéo fibrocalcica adrtica e mitral (Qualit)

Lesdes orovalvulares

Insuficiéncias e estenoses (Qualit)

Avaliacdo Quantitativa — Janelas utilizadas para as medidas

Janela Primaria Alternativa

Diametro Raiz Ao Bi PL M

Diametro AE Bi PL M

Volume AE (SistoleVE) | 4C 4C +2C

Didmetro VSVE Bi PL Zoom 4C

VE Diéstole Bi PL M - 4C £ 2C Simpson
VE Sistole Bi PL M - 4C £2C Simpson
VD Diéstole Bi PL M

Mitral - E/TD/A

Doppler Mitral 4C

Doppler VSVE VTI Bi 5C Bi3C
Tecidual Lat E/A/S Doppler 4C
Tecidual Sep E/A/S Doppler 4C
Tecidual Tricuspide Doppler 4C
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9. Rotina de Arquivamento das Imagens
a. Exportar as imagens para CD (compactacdo JPEG 80/80)
b. Verificar a integridade dos exames antes do envio
C. Identificar o CD da seguinte forma:
Estudo PREVER — Centro:
Data de aquisicao dos exames:._ /[

NUmero de exames gravados no CD.

10. Rotinas Sugeridas de Controle Local

* Adequar as rotinas padronizadas de cada centro, incluindo:

- Exames realizados e auséncias

- Identificacdo correta dos participantes no sistema

- Rotinas de envio de dados, periodicidade da gravacdo e armazenamento no
equipamento de ultrassom,

- Espaco de memoria disponivel em disco rigido

- Formularios de Aquisicdo em Papel (conferir preenchimento, arquivamento e envio
para o centro de leitura)

- Limpeza do equipamento e transdutores

- Manter gravacdo do CD com backup/presets de configuracao do equipamento

- Verificagdo do estoque do material de consumo e midias

Anexo |. ROTEIRO COMPLETO DE AQUISIQAO DE IMAGENS
PARAESTERNAL LONGITUDINAL
Ventriculo Esquerdo
Bidimensional
e Imagem alinhada ao eixo longitudinal (VE — Sep/VAo/VM/PP — AE)
e Profundidade de campo ~ 1 cm do pericéardio parietal/ Atrio
e Delimitacao do endocardio Sep/PP na diéstole e sistole (Se necessério testar
realizacdo das medidas do VE)
* Salvar Looping VE
* Salvar Looping adicional se AE e Ao ndo alinhados na mesma imagem

Bidimensional — VSVE
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e Imagem alinhada ao eixo longitudinal (VE — Sep/VA0o/VM/PP — AE)
e Profundidade de campo ~ 1 cm abaixo da via de saida do VE
o Delimitacdo da via de saida e porcdo inicial da aorta.
e Salvar Looping
* Salvar Looping adicional se raiz da aorta ndo alinhada na imagem anterior
Color Bidimensional
* Salvar Looping Paraesternal Longitudinal com color
Modo M
Utilizar os mesmos critérios de enquadramento do Bi, prestar atencdo no alinhamento
transversal do VE (pode utilizar a janela transversal).
* AO/AE - Salvar estatica com 3 batimentos mensuraveis na tela
* VE (FE)- Salvar estatica com 3 batimentos mensuraveis na tela

PARAESTERNAL TRANSVERSAL
Bidimensional
* Salvar Looping Apical (insercéo dos papilares)
* Salvar Looping médio do VE (Abaixo V. Mitral)
* Salvar Looping Base do VE (Plano da Véalvula Mitral)

- otimizar imagens para avaliacdo segmentar e calcif anel mitral.
* Salvar Looping Valvula Adrtica — VSVD/Pulmonar

- otimizar Vélvula aértica e VSVD

* Salvar Looping com Color Valvula Aértica — VSVD/Pulmonar

- otimizar presenca de insuficiéncias

APICAL
Quatro Camaras Bidimensional
- Alinhamento central do septo interventricular
- Profundidade do campo incluindo os atrios
- 4 cdmaras com atrios inteiros
- Identificacdo do endocardio
* Salvar looping sem color
* Salvar looping com color
* Salvar looping com color Cinco Camaras

Duas Camaras Bidimensional
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- Alinhamento do eixo longitudinal
- Auséncia de cavidades direitas na imagem, apice “estatico”
- Identificacdo do endocérdio (inferior e anterior) e do atrio esquerdo
- Utilizado para célculo da funcg&o sistolica e do atrio esquerdo
*Salvar Looping (3 batimentos) sem color
*Salvar Looping com color
Doppler Apical
Fluxo transmitral
* Salvar pulsado
- nivel da borda da valvula mitral aberta
* Salvar continuo do maior sinal (identificar insuficiéncias)
Fluxo VSVE
* Salvar pulsado (identificar fluxo laminar)
Fluxo Aortico
* Salvar continuo do maior sinal (identificar insuficiéncia e estenose)

Fluxo transtrictpide

* Salvar continuo do maior sinal (pode usar outras janelas se espectro melhor)

Doppler Tecidual - Apical quatro camaras
- alinhamento vertical com a parede avaliada (centralizar se possivel)

- amostra volume no miocérdio, logo acima do anel
- identificar e otimizar ganhoE/Ae S

Anel mitral lateral

* Salvar Doppler espectral

Anel mitral septal

* Salvar Doppler espectral

Anel tricuspide

* Salvar Doppler espectral

SUBCOSTAL
Bidimensional

- Identificacdo da veia cava inferior
* Salvar looping sem color
SUPRAESTERNAL

Bidimensional e Doppler
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- Identificacdo do arco adrtico e Ao desc proximal

* Salvar looping

Espectral Fluxo Ao descendente

* Salvar pulsado

IMAGENS COMPLEMENTARES

Obter e salvar as aquisicOes julgadas relevantes para demonstrar ou esclarecer

achados ecocardiogréaficos identificados durante o exame

ANEXO Il — Planilha Completa de Aquisicao de Imagens e Medidas

Ecocardiograficas

Janela Paraesternal Longitudinal

Medidas de Interesse

Estrutura Modo Alinhamento ) Aquisigéo
(Centro de Leitura)
Identificar: septo, | Medidas do VE
VAo, VMI, PP, (Fracdo de Ejecdo e
Bi AE; massa VE — Medida | Loop (3
Profundidade: 1 Primaria); bat.)
cm do pericardio | Calcificacdo valvula
parietal adrtica e mitral;
Delimitar septo e | Insuficiéncias e Loop (3
Bi + color | PP nasistole e na | anormalidades do bat.)
Ventriculo didstole; fluxo
Esquerdo Espessura do Loop (3
Pericardio anterior bat.)
- Didmetros via de
Bi Profundidade: via | saida
(Epicardio) | de saida do VE - Didmetros Aorta:
Raiz- e Seio Valsalva
- Didmetros Ao Sino
Tubular (Sist e Diast)
Modo M Extremidade da VD, Fracgdo de Ejecéo | Estéatica (3
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valvula mitral na | e Massa VE (Medida | bat)
diastole secundaria)
Identificar: raiz da
Aorta e aorta, atrio Raiz da aorta (Sist e .
Atrio Modo M esquerdo Diastole) Estatica (3
Esquerdo Profundidade: 1 Atrio esquerdo Pet)
cm do AE
Janela Paraesternal Transversal
Estrutura Modo Alinhamento Medidas de Interesse | Aquisigdo
Mdsculos Papilares Loop (3
do VE bat.)
_ Diametro AP = Contratilidade
o Diametro Lateral segmentar
Profundidade todo o
VE
Ventriculo Bi Plano da valvula Contratilidade Loop (3
Esquerdo mitral segmentar bat.)
Degeneracao
Vasos da Base e fibrocalcica adrtica
8i Valvula adrtica Tamanho do &trio Loop (3
Profundidade até esquerdo bat.)
parede post. AE Tronco pulmonar e
VSVD
Janela Apical
Estrutura Modo Alinhamento Medidas de Interesse Aquisicéo
(Centro de Leitura)
Alinhamento eixo Area do atrioesq. | Loop (3
longitudinal (Medida Priméria) | bat.)
Quatro ) ] .
Camaras Bi Septo Vertical, Contratilidade do VE
identificar ponta e Volumes do VE —
atrios (Medida Secundaria)
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Profundidade: Veias
Pulmonares

Delimitar endocardio

Morfologia do VD
Degeneracao

fibrocélcica mitral

e Area do AE Insuficiéncias e Loop (3
Bi + color anormalidades do bat.)
fluxo
Alinhamento do eixo | Volume do atrio Loop (3
longitudinal esqg. (Medida bat.)
Bi Auséncia de VD na Secund.)
i
imagem Contratilidade do VE
Duas o
Identificacdo do Volumes do VE —
Camaras T ) .
endocardio (inferior e | (Medida Secundaria)
anterior) e do atrio Insuficiéncias e Loop (3
Bi £ color | esquerdo anormalidades do bat.)
fluxo
OndasE-A- Estéatica (3
_ Amostra Volume nas
Mitral o Tempo de bat)
Doppler cuspides abertas
Desaceleracao
Pulsado i i
Amostra Vol. Via Estéatica (3
VSVE (5 C) ] _ VTI - VSVE
Saida-Fluxo Laminar bat)
Mitral Melhor envelope jato | Insuficiéncia mitral | Estatica (3
Doppler de regurgitacdo bat)
Continuo | Adrtica Melhor envelope jato | Insuficiéncia e Estatica (3
de regurgitacéo estenose adrtica bat)
Melhor envelope (se existentes)
ejetivo valvular
Trictspide | Melhor envelope jato | Insuficiéncia Estatica (3
de regurgitacéo tricuspide bat)
Doppler | Anel Mitral | Alinhamento vertical | Ondas E’, A’ e S da | Estética (3
Tecidual | Lateral da parede lateral parede lateral bat)

Amostra vol. no
miocardio junto ao

anel mitral
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Anel Mitral | Alinhamento vertical | Ondas E’, A’ e S da | Estatica (3
Septal do septo parede bat)
Amostra vol. no septal/medial
miocardio junto ao
anel mitral
Anel Alinhamento vertical | Ondas E’, A’ e S da | Estatica (3
TricUspide | do septo parede livre do bat)
lateral Amostra vol. no ventriculo direito

miocardio junto ao

anel tricispide
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ANEXO 2 - PLANILHA RESUMIDA DE AQUISICAO

Looping | Estética

Paraesternal Longitudinal
M AE/Ao X
M VE X
Bi PB

Bi Com Color

VVSVE/VA0/Ao/VVM Folheto ant
Paraesternal Transversal
Papilares (Ap)

Valv Mitral (Med)

VE (Basal)

VAo / VSVD (Basal) com color
Apical

Bi Sem Color (4 Camaras - AE)

Bi Sem Color (2 Camaras - AE)

Bi Com Color (4 Camaras)

Bi Com Color (2 Camaras)

Bi Com Color (3ou5 Cam - VSVE)
Bi Zoom VE PB Simpson 4 C

Bi Zoom VE PB Simpson 2 C
Doppler Apical

Dop Puls. Mitral 4C

Dop Cont. Mitral 4C ou 2C

Dop Puls VSVE 5C

Dop Cont VAo 5C

Dop Cont. Tric 4C

Doppler Tecidual (botéo 4)

Mitral Lateral

Mitral Septal

Tricuspide Lateral

Subcostal

Veia cava inferior X
Supraesternal
Raiz aorta X
Doppler pulsado aorta descendente X

XXX

X X[ X[ X

X XXX X[ X[ X

XX X[ X[ X

XXX
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ANEXO 3 - FICHA DE AQUISICAO - ECOCARDIOGRAMA

NOME:
N° DO PACIENTE NO PREVER (MR):
DATA DE NASCIMENTO:

SEXO: ( )F ()M

TELEFONE:

ECOCARDIOGRAMA

Exame 1[inicial] ( ) Exame 2[Final] ( )
COD EXAME (NOME = CENTROEX):
DATA DO EXAME:

HORARIO:

EXAMINADOR:

APARELHO: ( )HD11 ( )ENVISOR ( )VIVID7

CONTROLE LOCAL:

Gravagdo em CD / / Responsavel:
Arquivo/Backup / / Responsavel:
Envio Centro Leit / / Responsavel:

QUALIDADE DAS IMAGENS

Quali
Bi—Paraest. Longit | 1 | 2 [ 3| 4 | NA
Modo M — VE 112|3|4]|NA
Bi - Apical 112|3|4]|NA

1: adequada / 2: avaliavel / 3: parcialmente avaliavel / 4: ndo foi possivel obter imagem com qualidade

necessaria para leitura

COMENTARIOS GERAIS (Avisos / Qualidade / Condigdes / Limitagdes)

ALTERACOES ECOCARDIOGRAFICAS (Seguir rotina do Checklist)

Presenca de Sinais de Alerta Ecocardiografico? Sim|_| N&o|_|

| Dissecgdo adrtica / Aneurisma (> 5,0cm)

| Disfuncdo sistdlica moderada/grave (FE <45%)

| Dilatac&o ventricular Esquerda (> 6,5cm)

| Acinesia segmentar ('3 ou mais segmentos) / IAM prévio

| Trombos / Massas intracavitarios

| Derrame Pericardico volumoso

| Valvulopatia Mod./Grave: EAo|_| 1Aol_| EMiI|_| IMi|_| ITr_|

| Hipertensdo Pulmonar Moderada/Grave (VD-AD > 40mmHg)

| Malformacéo congénita complexa OU com repercussdo hemodinadmica
| Outros / Descrigao:

Alteracao ja conhecida e/ou tratada pelo participante? Sim |__| Nao|_|

Refere algum sintoma significativo relacionado? Sim| | Ndo| |

110



ANEXO 4 - PROTOCOLO DE LEITURA DE IMAGENS*

*Material do estudo PREVER, desenvolvido com base no protocolo do estudo ELSA-
Brasil

1. Preparacéo para Leitura: rotina com workstation

Image Arena

Importar (Import)

Procurar (Browse)

Abrir o DICOMDIR

Importar (Import)

Lista de estudos

Filtro: EX

Abrir exame

Revisar sequéncia de exames

Single screen 1

Abas da direita para realizar as medidas

Apds medidas: relatorios e medi¢cdes — registro de resultados (findings record, clicar
com botao direito) — exportar como — CSV (Excel) — cuidar que ndo pode exportar
com o Excel aberto — nome do arquivo = nimero do paciente no PREVER

2. Padronizacdo de Leitura

2.1. Revisdo do Arquivo
Revisar todas as imagens, identificar se faltam imagens, presenca de imagens
adicionais relevantes e julgamento inicial sobre a qualidade do exame

2.2 Avaliacédo de qualidade do exame

Fazer o julgamento das imagens nas janelas abaixo, usando os critérios da
tabela.

OBS: Reavaliar a qualidade caso a avaliacao inicial seja modificada durante a
medida quantitativa.

Fatores empregados na avaliagdo da Qualidade das imagens

Longitudinal :  Enquadramento da imagem

Alinhamento do VE

Ganho geral e TGC (Quickscan)

Delimitacédo das paredes
Modo M (VE):  Alinhamento com o eixo perpendicular do VE

Profundidade de campo adequada

Nivel de corte na cordoalha

Ganho geral permite discernir adequadamente os bordos e cavidades

Identificacdo das paredes em todo o ciclo (3 batimentos)
4 Camaras Profundidade de campo Alinhamento do septo com o eixo
perpendicular do VE

Profundidade de campo adequada

Identificacdo da ponta do VE e do AE durante todo o ciclo

111



Ganho geral permite discernir adequadamente os bordos e cavidades

Critérios de Classificacéo

Avaliacao qualitativa das imagens

Quali | Imagem adequada, permite a avaliacdo sem discordancia de todas as

1 medidas

Quali | Imagem avalidvel e que permite o diagndstico subjetivo adequado, porém,
2 com qualidade sub6tima

Quali | Imagem parcialmente avalidvel, pode suscitar duvidas no diagnostico

3 subjetivo e na acuracia das medidas objetivas

Quali | Né&o foi possivel obter uma imagem com qualidade necessaria para leitura.

Identificar a presenca dos sinais de Alerta descritos

Presenca de Sinais de Alerta Ecocardiografico? Sim|_| N&o|_|
|__| Dissecc¢éo aortica / Aneurisma (> 5,0cm)

|__| Disfuncdo sistolica moderada/grave (FE <45%)

|__| Dilatagdo ventricular Esquerda (> 6,5cm)

|__| Acinesia segmentar ( 3 ou mais segmentos) / |AM prévio

|__| Trombos / Massas intracavitarios

|__| Derrame Pericérdico volumoso

|__| Valvulopatia Mod./Grave: EAo|_| 1Ao|_| EMiI|_| IMi|_| ITr_|

|__| Hipertensdo Pulmonar Moderada/Grave (VD-AD > 40mmHg)

|__| Malformacédo congénita complexa OU com repercussdo hemodindmica
|__| Outros / Descrigo:

Alteracao ja conhecida e/ou tratada pelo participante? Sim |__| Nao|_|
Refere algum sintoma significativo relacionado? Sim| | Néo| |

2.3. Mensuracao
Condic0es para realizacdo das medidas:

Realizar medidas em 3 batimentos consecutivos.
N&o realizar medidas se somente 1 batimento disponivel.
Em 2 batimentos, medir somente se imagem for consistente durante a
gravacao.

e Se alinhamento ou identificagdo das bordas n&o for adequada, ndo realizar
a referida medida.

PARAESTERNAL LONGITUDINAL
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1. Bidimencional

a) Aorta e AE

- Medir em AV/LA (2D): Ao diast e AE sist

- Ir para inicio do Loop
Aorta: Na Onda R. Medir Ao (seio de Valsalva proximal) Lead to lead edge
(da interface interna da Aorta)
Atrio Esquerdo: Sistole (frame antes da valvula abrir- perpendicular ao eixo
do VE - fora do AAE, ndo medir se coberto pela aorta - checar no transversal)

b) VSVE
- Medir em Aortic Valve LVOT Diam
- Ir para inicio do Loop
VSVE: Médio sistdlico (Abertura méxima VAO0)

c) Ventriculos
- Medir VD, S, VED, PP e VES em LV Teichholz (2D)
- Qualidade:
* N&o medir se VE obliquo ou néo identificar interfaces
* Cuidar para ndo incluir papilares, trabéculas e derrame posterior
- Diastole (Onda R)
Ventriculo Direito:
Diametro transversal na linha de medida do VE (inner to lead — incluindo
trabéculas do VD)
Septo/ VED / PP
Medir lead to lead — ndo incluir pseudotenddes
- Sistole (menor didmetro do VE)
Manter posicionamento transversal na mesma topografia da medida da
diastole.
Septo / VES / PP (para posteriormente fazer o MWFS — Giovanni De
Simone)

2. Modo M
a) Aorta e AE
- Medir em AV/LA: Ao e AE syst
Ao (onda R) borda interna da parede da aorta
AE (maior diametro)

b) Ventriculos
- Medir VD, S, VED, PP e VES em LV Teichholz (M)

QUATRO CAMARAS

Usado prioritariamente para o volume do AE — critério que deve ser utilizado
para a avaliacdo de qualidade.

Qualidade: atrio completo, ndao obliquo, parede lateral visivel, “teto
horizontal” e sem VSVE

1. Doppler adrtico continuo
S6 medir gradiente se VMax > 2, avaliar se ndo ha IAo importante
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2. Doppler pulsado VSVE
Em Aortic Valve — LVOT VTI
Batimentos consecutivos
Medir RR (FC)
Medir espectro — VTI (sem incluir contracéo atrial — onda pequena antes do fluxo
principal)
Para calcular o DC

3. Doppler tricuspide continuo
S6 medir se IT importante

4. Volume do atrio esquerdo

Diastdlico (diastole atrial): em Simpson A4C — EDV4: medir no ultimo frame
antes da abertura da mitral

Sistdlico (sistole atrial): em Simpson A4C — ESV4: medir no menor volume do
AE

Inicia no septo (Crux do plano valvar sem incluir VP ou AAE), até plano
valvar lateral

Alinhar o maior eixo longitudinal

N&o incluir veias pulmonares nem AAE

5.VD
Medida do VD basal na janela apical
Medir em RVDd base (RVD1)

6. Doppler pulsado mitral
Em MV E pt/ MV A pt / PHT (tempo desaceleracéo)
Medir RR (FC) — embaixo tem HR (editar)
Onda E: Ajustar o ganho SN (face externa do espectro modal)
TD (medir até a linha de base — ou slope se fusdo com A)
Onda A =onda E

7. Doppler tecidual
Checar alinhamento longitudinal
Ajustar o ganho para isolar as ondas reais
Onda S (ndo medir TCIV — medir pico da onda S)
Onda E (meio da diastole apés o fim da S)
Onda A (imediatamente apds a onda P)

Medir septal: em DTI Ea/ DTl Aa/ DTI Sa

Medir lateral: em DTl Ea/ DTl Aa/ DTI Sa

Medir tricispide: em Pulmonary Vein — PVsl Vel = Ea/PVs2 Vel = Aa/ PVd
Vel = Sa
7. Revisar TODO o EXAME para a avaliacdo da qualidade.

2.4 Preenchimento de formulario qualitativo e pontos de corte

Estrutura Avaliacao | Sem Avaliagéo

Ventr
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Esquerdo
Tamanho Normal Limitrofe/Leve Dilatado NA /Jl/
<5,8cm 5,8-6,5cm >6,5cm NM
Septal
Espessura Normal Limit/Leve Assim. Marcada NA /Jl/
P <=1,0 1,1-1,3 Rel (> 1,4cm) NM
S/PP>1,3
Funcio Global Preservada Leve Moderada Grave NA /J1/
¢ >=549%¢ 53-45% 44-31% <=30% NM
Diastole* e - NA/Jl/
(Algoritmo 1) Normal Déficit PseudoN Restritivo NM
Funcéo
3ouzt NA/JI/
Sengntar Normal 1 ou 2 segmentos Segmentos NM
Ventr. Normal > :?I(:a(;[m) NA/JI/
Direito <=2,9cm >2/3 4C NM
Normal ., .
Atrio <=4,0 Limitrofe/ Leve Dilat NA /Il /
Esquerdo A<20cm 4,1-4,5cm >4,5cm NM
A4c=20-25cm A>25cm
Normal . .
C Limitrofe/Leve Dilatado NA /Jl/
Atrio Direito | A<z0cm Adc=20-25¢m A>25cm NM
. Dilatada
Aorta (Diam) '\l‘f;“;" '-:')’”;'_tzoge >4,0 Nﬁ“/\/f' /
- e *Alerta>4,5
Vélvula
Aortica
Insuficiéncia . NA /J1/
Algoritmo 2 Norm/Min Leve Mod Grave NM
Estenose Nenhuma Leve 3“6'3?0 Grave NA /J1/
2,6-2,9m/s o >4.0ms/s NM
m/s
Vélvula
Mitral
Insuficiéncia* . NA /Jl/
Algoritmo 2 Norm/Min Leve Mod Grave NM
Estenose Nenhuma Leve Grg/(lj?\j 5. Grave NA /Jl/
GradM<5,0 10 GradM >10 NM
Insuf.
Tricuspide | Norm/Min Leve Mod Grave NA I
g NM
Algoritmo 2
Outros
Mobil. Aum | Aneurisma
_ Septo_ Normal Mov < Mov > FOP/CIA NA /Jl/
interatrial Fluxo color NM
1,0cm 1,0cm
Hipertens&do Normal Leve Mod | Grave | NA/JI/
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Pulmonar VD-AD 25- | VD-AD 40-50 VD- NM
Algoritmo 2 40 AD
>50

*Descrever segmentos em Achados Adicionais

NA: Ndo avaliado; JI: Janela Inadequada; NM N&o Mensuravel

Algoritmo

Insuficiéncia aortica:

Espessura do jato (em relacédo a via de saida do VE)

Leve — menor que 25% ou vena contracta <03mm

Moderada — entre 25-65%

Grave — maior que 65% ou vena contracta > 06mm

OBS: se dilatacao de cavidades — ndo atribuiveis a outras causas, a valvulopatia é, no
minimo, moderada.

Insuficiéncia mitral:

Caracteristica do jato (em relagdo a area do atrio esquerdo)

Leve — menor que 20% ou vena contracta <03mm

Moderada — entre 20-40%

Grave — maior que 40% ou vena contracta > 07mm

OBS: se dilatacao de cavidades, a valvulopatia €, no minimo, moderada.

Insuficiéncia tricuspide:

Caracteristica do jato (em relacdo a area do atrio esquerdo)

Leve — menor que 20%

Moderada — entre 20-40%

Grave — maior que 40%

OBS: se dilatacdo de cavidades, a valvulopatia €, no minimo, moderada.

Hipertensdo Pulmonar:

Gradiente VD-AD

Leve entre 25 e 40

Mod 40mmhg e 50mmHog.

Grave >50mmHg

OBS: se dilatacéo de cavidades direitas ou septo retificado €, no minimo, moderada.
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