UNIVERSIDADE DE SAO PAULO
FACULDADE DE MEDICINA

MARIA ANTONIETA ALBANEZ ALBUQUERQUE DE MEDEIROS LOPES

Correlacédo Multimodal de Imagem e Biomarcadores na Estenose Adrtica de Baixo

Fluxo e Baixo Gradiente e Fracdo de Ejecdo Reduzida

Sao Paulo
2024




MARIA ANTONIETA ALBANEZ ALBUQUERQUE DE MEDEIROS LOPES

Correlacdo Multimodal de Imagem e Biomarcadores na Estenose Adrtica de

Baixo Fluxo e Baixo Gradiente e Frac&o de Ejecdo Reduzida

Versao Original

Tese apresentada a Faculdade de
Medicina da Universidade de S&o Paulo
para obtencdo do titulo de Doutora em
Ciéncias.

Programa de Cardiologia
Orientador: Dr. Vitor Emer Egypto Rosa

Coorientador: Dr. Carlos Augusto Homem
de Magalhdes Campos

Sao Paulo
2024



Autorizo a reproducéao e divulgacao total ou parcial deste trabalho, por qualquer meio
convencional ou eletronico, para fins de estudo e pesquisa, desde que citada a fonte.

Catalogacéo da Publicacéo
Ficha elaborada pelo Sistema de Geracéo Automatica a partir de dados fornecidos pelo(a) autor(a)
Bibliotecaria da FSP/USP: Maria do Carmo Alvarez - CRB-8/4359

Lopes, Maria Antonieta Albanez Albuguerque de Medeiros
Correlagdo Multimodal de Imagem e Biomarcadores na
Estenose RAdrtica de Baixo Fluxo e Baixo Gradiente e Fracgdo
de Ejegdo Reduzida / Maria Antonieta Albanez Albugquerque de
Medeiros Lopes; orientadora Dr. Vitor Emer Egypto Rosa;
coorientadora Dr. Carlos Augusto Homem de Magalhdes

Campos. -- Sdo Paulo, 2024.
81 p.
Tese (Doutorado) -- Faculdade de Saide Piblica da

Universidade de S3o Paulo, 2024.

1. Estenose adrtica baixo fluxo baixo gradiente. 2.
Biomarcadores. 3. BNP. 4. Troponina. 5. Ressonancia
magnética cardiaca. I. Rosa, Dr. Vitor Emer Egypto ,
orient. II. Campos, Dr. Carlos Augusto Homem de Magalhdes
, coorient. III. Titulo.




Nome: LOPES, Maria Antonieta Albanez Albuquerque de Medeiros

Titulo: Correlagdo multimodal de imagem e biomarcadores na estenose adrtica de

baixo fluxo e baixo gradiente e fracao de ejecéo reduzida

Aprovado em:

Prof. Dr.
Instituicéo:

Julgamento:

Profa. Dra.
Instituicao:

Julgamento:

Prof. Dr.
Instituicao:

Julgamento:

Tese apresentada a Faculdade de Medicina da
Universidade de S&o Paulo para obtencéo do titulo de
Doutora em Ciéncias.

Banca Examinadora




Dedico a minha familia, a minha méae, a meu pai, a meus

irmaos, as minhas cunhadas, a meus sogros e a meu marido, que apoiam
incondicionalmente o meu crescimento profissional, e me inspiram na vida e na
Medicina.

A meus filhos, Elisa e Joaquim, que nasceram durante o

doutorado e que me fortalecem diariamente.



AGRADECIMENTOS

Ao Dr. Vitor Emer E. Rosa e Dr. Carlos M. Campos, orientador e coorientador,
respectivamente, que me alfabetizaram na pesquisa clinica e que me inspiram a ser
cada dia melhor. Esse tempo de residéncia e doutorado, no total de quase 10 anos
juntos, sendo criados um respeito e uma amizade imensuraveis, aos quais serei

eternamente grata por toda a contribuigdo na minha formacéao.

A equipe de Valvopatia do InCor-FMUSP, sob chefia de Dr. Flavio Tarasoutchi,
e a cada um que forneceu toda sapiéncia e contribuiu para as publicacées. Agradeco
a Dra. Fernanda Castiglioni Tessari por termos publicados juntas um dos artigos

originais.

A equipe de Hemodinamica do InCor-FMUSP, por toda a contribuicdo para a

minha formacéo e no meu doutorado.

Agradeco a equipe de Ressonancia do InCor-FMUSP, especialmente ao Dr.

Carlos Rochitte e a Dra. Tamara Morais.

Agradeco a equipe de Ecocardiografia do InCor-FMUSP, Dr. Wilson Mathias,

Dr. Marcelo Vieira, Dra. Juliana e equipe.
Agradeco a Paty por toda ajuda durante as submissdes e estruturacao da tese.

A Universidade de S&o Paulo (USP), em nome de Dra. Ludhmila Hajjar, pelas

aulas e oportunidades que me proporcionou.

A todos os pacientes incluidos no protocolo de pesquisa pois, sem eles,

nenhum trabalho seria realizado.

Agradeco aos “Albanezes” e “Lopes” por estarem sempre por perto na minha

vida, contribuindo na minha formacéao.

Agradeco a minha mée, Fatima, que € mae, avd e colega de profissédo, e

consegue dar conta de tudo para eu poder seguir minha formacao.



Agradeco a meu pai e irméao, Heitores, que sdo, além de tudo, meus socios e
que estdo sempre me dando suporte para eu seguir crescendo, junto com minha
cunhada, Carol, “dinda” de Elisa. Agradego a minha irma, Marina, “Dad&” de Elisa,
que esta sempre por perto, me apoiando e me ajudando como pessoa e

profissionalmente.

Agradeco a meu marido, Arthur, que € um supermarido e pai, que esta sempre

me apoiando e me fazendo crescer como pessoa e profissionalmente.

Agradeco a minha av0, Prazeres, em memoria, por ser a pessoa mais forte e

guerreira que ja conheci.

Agradeco a todos meus chefes de residéncia do HC-UFPE e INCOR-FMUSP

por me ensinarem Medicina com dedicacao.

Agradeco a todos meus amigos por sempre me apoiarem e sempre entenderem

quando me ausento.

Agradeco aos meus filhos, Elisa e Joaquim, por serem minha maior fonte de

amor e forca diaria para continuar nessa jornada.



“Ha verdadeiramente duas coisas diferentes: saber e crer que se sabe. A ciéncia
consiste em saber; em crer que se sabe reside a ignorancia.”

HipoOcrates



NORMALIZAGAO ADOTADA

Esta tese esta de acordo com as seguintes normas, em vigor no momento desta
publicacéo:

Referéncias: adaptado de International Committee of Medical Journals Editors
(Vancouver).

Universidade de Sdo Paulo. Diretrizes para apresentacao de dissertacdes e teses da
USP: parte IV (Vancouver) / Sistema Integrado de Bibliotecas da USP; Vania Martins
Bueno de Oliveira Funaro, coordenadora; Maria Claudia Pestana; Maria Cristina
Cavarette Dziabas; Eliana Maria Garcia; Maria Fatima dos Santos, Maria Marta
Nascimento; Suely Campos Cardoso. 3a ed. ed. amp. mod. Sdo Paulo: SIBI/USP.
2016. (Caderno de estudos).

Abreviaturas dos titulos dos periédicos de acordo com List of Journals Indexed in Index
Medicus.



RESUMO

Lopes MAAAM. Correlacdo Multimodal de Imagem e Biomarcadores na Estenose
Adrtica de Baixo Fluxo e Baixo Gradiente e Fracdo de Ejecdo Reduzida [tese]. S&o
Paulo: Faculdade de Medicina, Universidade de Sao Paulo; 2023.

Objetivos: O objetivo do presente estudo foi avaliar achados de imagem multimodal
de acordo com biomarcadores sistémicos, troponina | de alta sensibilidade (hsTnl) e
niveis de peptideo natriurético tipo B (BNP), na estenose adrtica de baixo fluxo e baixo
gradiente (EAoGradb), além de avaliar preditores de risco em pacientes submetidos
a intervencao valvar. Métodos: Estudo prospectivo com pacientes EAoGradb que
realizaram hsTnl, BNP, angiografia corondria, ressonancia magnética cardiaca (RMC)
com mapeamento T1, ecocardiograma e ecocardiograma sob estresse com
dobutamina (EcoS). Os pacientes foram divididos em 3 grupos de acordo com 0s
niveis de BNP e hsTnl: Grupo 1 (n = 17) quando BNP e os niveis de hsTnl estavam
abaixo da mediana [BNP < 1,98 vezes o limite superior de referéncia (URL) e hsTnl <
2,8 vezes URL]; Grupo 2 (n = 14) quando BNP ou hsTnl foram maiores que a mediana;
e Grupo 3 (n = 18) quando ambos hsTnl e BNP estavam acima da mediana.
Posteriormente, também foram avaliados 41 desses pacientes e divididos em 2
grupos: aqueles com gradiente entre o ventriculo esquerdo e a aorta menor ou igual
a 25 mmHg ou maior que 25 mmHg, sendo avaliadas as taxas de mortalidade por
todas as causas, e intraprocedimento, 30 dias e 1 ano. Resultados: Dos 49 pacientes
incluidos nos 3 grupos, as caracteristicas clinicas foram semelhantes entre os grupos.
Os pacientes do grupo 3 tiveram menor impedancia valvuloarterial (p = 0,03) e menor
fracdo de ejecdo do ventriculo esquerdo por meio do ecocardiograma (p = 0,02). A
ressonancia magnética cardiaca (RMC) identificou aumento progressivo dos
ventriculos direito e esquerdo do Grupo 1 para o Grupo 3, e piora da fracdo de ejecao
do ventriculo esquerdo (FEVE) (40 [31-47] vs. 32 [29—-41] vs. 26 [19-33] %; p < 0,01)
e da fracdo de ejecdo do ventriculo direito (FEVD) (62 [53—69] vs. 51 [35-63] vs. 30
[24-46]%; p < 0,01). Além disso, foi demonstrado um aumento acentuado do Grupo 1
para o Grupo 3 na fibrose miocardica avaliada pelo volume extracelular (ECV) (28,4
[24,8-30,7] vs. 28,2 [26,9-34,5] vs. 31,8 [28,9-35,5]%; p = 0,03) e ECV indexado
(iECV) (28,7 [21,2-39,1] vs. 28,8 [25,4-39,9] vs. 44,2 [36,4— 51,2] ml/m?
respectivamente; p < 0,01). Na analise dos resultados dos pacientes divididos pelos
gradientes do ventriculo esquerdo e aorta (menor ou igual a 25 mmHg vs. maior que
25 mmHg), foi observada, na RMC, que a massa de realce tardio com gadolinio foi
menor no grupo com gradiente transadrtico médio >25 mmHg (2,0 [0,0-8,9] vs. 8,5
[2,3— 15,0] gramas; p = 0,034), e o ECV do miocardio e o ECV indexado foram
semelhantes entre os grupos. As taxas de mortalidade em 30 dias e 1 ano foram de
14,6% e 43,8%, respectivamente. A mediana de seguimento foi de 4,1 (0,3-5,1) anos.
Por andlise multivariada ajustada para reserva contratil (RC), apenas o gradiente
transaortico médio foi um preditor independente de mortalidade (taxa de risco: 0,923,
intervalo de confianca de 95%: 0,864-0,986, p = 0,019). O gradiente transadrtico
médio < 25 mmHg foi associado a maior mortalidade por todas as causas taxas (log-
rank p = 0,038), enquanto ndo houve diferenca na mortalidade em relacdo a reserva
contratil (log-rank p = 0,114). Conclusdes: Niveis mais elevados de BNP e hsTnl em
pacientes EAoGradb estdo associados a piores parametros multimodais de
remodelacdo cardiaca e fibrose. Além disso, o gradiente médio entre o ventriculo
esquerdo e aorta foi o Unico preditor independente de mortalidade nesse subgrupo de



pacientes, especialmente se o gradiente entre o ventriculo esquerdo e a aorta fosse
menor ou igual a 25 mmHg.

Palavras-chave: Estenose adrtica baixo fluxo baixo gradiente. Biomarcadores. BNP.
Troponina. Ressonancia magnética cardiaca.



ABSTRACT

Lopes MAAAM. Multimodality Imaging Methods in Biomarkers in Classical Low- Flow
Low- Gradient Aortic Stenosis [tese]. Sdo Paulo: “Faculdade de Medicina,
Universidade de S&o Paulo”; 2023.

Objectives: The aim of the present study was to evaluate multimodal imaging findings
according to systemic biomarkers, high-sensitivity troponin | (hsTnl) and type B
natriuretic peptide (BNP) levels, in low flow, low gradient aortic stenosis (LFLG-AS), in
addition to assessing risk predictors in patients undergoing valve intervention.
Methods: Prospective study with LFLG-AS patients submitted to hsTnl, BNP, coronary
angiography, cardiac magnetic resonance (CMR) with T1 mapping, echocardiography
and dobutamine stress echocardiography. Patients were divided into 3 groups
according to BNP and hsTnl levels: Group 1 (n = 17) when BNP and hsTnl levels were
below the median [BNP < 1.98 times the upper reference limit (URL) and hsTnl < 2.8
times URL]; Group 2 (n = 14) when BNP or hsTnl were greater than the median; and
Group 3 (n = 18) when both hsTnl and BNP were above the median. Subsequently,
41 of these patients were also evaluated and divided into 2 groups: those with a mean
transaortic gradient less than or equal to 25 mmHg vs. greater than 25 mmHg, with
assessment of mortality rates from all causes, intraprocedural, 30-day and 1-year.
Results: Regarding the 49 patients included in 3 groups, clinical features (including
risk scores) were similar between groups. Patients in group 3 had lower valvular-
arterial impedance (P = 0.03) and lower left ventricular ejection fraction (P = 0.02) on
echocardiography. CMR imaging identified progressive enlargement of right and left
ventricles from Group 1 to Group 3, and worsening of left ventricular ejection fraction
(LVEF) (40 [31-47] vs. 32 [29-41] vs. 26 [19-33]%; p<0.01) and right ventricular
ejection fraction (RVEF) (62 [53-69] vs. 51 [35-63] vs. 30 [24—46] %; p < 0.01). In
addition, a marked increase in myocardial fibrosis assessed by extracellular volume
(ECV) was demonstrated (28.4 [24.8—30.7] vs. 28.2 [26.9-34.5] vs. 31.8 [28.9-35.5]%;
p =0.03) and indexed ECV (IECV) (28.7 [21.2-39.1] vs. 28.8 [25.4-39.9] vs. 44.2
[36.4-51.2] ml/m?, respectively; p < 0.01) from Group 1 to Group 3. In the analysis of
the results regarding left ventricular and aorta gradients (less than or equal to 25 mmHg
vs. greater than 25 mmHg) it was observed on CMR that the late gadolinium
enhancement mass was smaller in the group with mean transaortic gradient >25
mmHg (2.0 [0.0-8.9] vs. 8.5 [2.3-15.0] grams; p = 0.034), and myocardial ECV and
indexed ECV were similar between groups. The 30-day and 1-year mortality rates were
14.6% and 43.8%, respectively. The median follow-up was 4.1 (0.3-5.1) years. By
multivariate analysis adjusted for flow reserve, only mean transaortic gradient was an
independent predictor of mortality (hazard ratio: 0.923, 95% confidence interval:
0.864-0.986, p=0.019). The mean transaortic gradient < 25 mmHg was associated
with higher all-cause mortality rates (log-rank p = 0.038), while there was no difference
in mortality regarding flow reserve (log-rank p=0.114). Conclusions: Higher levels of
BNP and hsTnl in LFLG-AS patients are associated with worse multimodal parameters
of cardiac remodeling and fibrosis. Furthermore, the mean gradient between left
ventricle and aorta was the only independent predictor of mortality in this subgroup of
patients, especially if the mean transaortic gradient was less than or equal to 25 mmHg.

Keywords: Low flow low gradient aortic stenosis. Biomarkers. BNP. Troponin. Cardiac
magnetic resonance.
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1 INTRODUCAO
1.1 ESTADO ATUAL DO CONHECIMENTO

A estenose aodrtica (EA0) apresenta prevaléncia crescente na atualidade em
razdo do aumento da expectativa de vida e do consequente envelhecimento da
populacdo. Atualmente, a causa mais comum de EAo é a calcificacdo adrtica, que
acomete, principalmente, pacientes idosos® 2. Paises subdesenvolvidos ainda tém
como etiologia mais prevalente a doenca reumatica e a endocardite infecciosa®. No
Brasil, devido a sua piramide etaria transicional, tipica de paises em
desenvolvimento, encontramos um pico bimodal de prevaléncia de EAo, ou seja,
encontramos pacientes de todas as etiologias nas diferentes faixas etarias®. A EAo
importante é definida ecocardiograficamente com area valvar aortica (AVA) < 1,0 cm?
e/ou AVA indexada < 0,6 cm?/m? na presencga de gradiente médio entre o ventriculo
esquerdo e aorta 2 40 mmHg e/ou velocidade maxima do jato adrtico = 4,0 m/s®.
Sabe-se que o tempo de sobrevida esperado para portadores de EAo importante
associado a insuficiéncia cardiaca é cerca de dois anos®).

A EAo0 “low flow low gradient” ou EAo com baixo fluxo, baixo gradiente e fracao
de ejecdo reduzida (EAoGradb) € o termo utilizado para identificar os casos que
apresentam area valvar < 1,0cm? associados a gradiente transvalvar aodrtico baixo (<
40mmHg) e disfuncéo ventricular esquerda (fracao de ejecédo do ventriculo esquerdo
[FEVE] < 50%). Esta apresentacéo, definida como estagio D2 na evolucdo da EAo
pela American College of Cardiology/American Heart Association (ACC/AHA) (Figura
1)®), ocorre em cerca de 5 a 10% dos pacientes com EAo e € um dos maiores
desafios diagndsticos em pacientes com doencas valvares(” 8. Esta situacdo decorre
da dificuldade em diferenciar os pacientes que apresentam EAo verdadeiramente-
importante, em que a disfuncdo ventricular decorre de desajuste de poOs-carga
(afterload mismatch) excessivo e o ventriculo ndo consegue gerar um gradiente
sistélico, daqueles com EAo pseudo-importante, ou seja, a EAo € moderada e o fator
predominante € a doenca do miocardio, sendo a gravidade da EAo superestimada

devido a abertura incompleta da valvula®).
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Figura 1 — Classificacao da estenose aértica pela American College of
Cardiology/American Heart Association (ACC/AHA)

~ American
Heart
Association.

| Risco de Estenose adrtica |

‘ Estenose adrtica moderada ‘

Estenose adrtica importante com fragdo de
ejecdo (FE) maior que 50%

Estenose adrtica importante
assintomatica

Estenose adrtica importante com fragdo de
ejecdo (FE) menor que 50%

Estenose aértica importante ‘ AVA<1cm?e gradiente > 40 ‘

sintomatica

‘ AVA < 1 cm?, gradiente < 40 e FE < 50% ‘

AVA £ 1 cm?, gradiente <40 e FE > 50% e
indice de volume sistdlico < 35 ml/m?

Estagios de classificacdo da estenose adrtica, sendo A pacientes que tém fatores de risco para ter
estenose aortica (valva adrtica biclspide, esclerose valvar aértica); o estagio B engloba pacientes com
estenose adrtica progressiva (moderada); o estagio C se divide em 2, sendo C1 pacientes com
estenose aértica importante assintomatica e C2 aqueles estenose aértica importante assintomatica e
disfuncao do ventriculo esquerdo. Ja o estagio 3 se divide em 3 grupos, sendo D1 pacientes com
estenose adrtica importante sintomatica; D2, pacientes com estenose adrtica importante com baixo-
fluxo e baixo-gradiente e fracdo de ejecdo reduzida e D3, pacientes com estenose adrtica importante
de baixo-gradiente e fracdo de ejecdo normal sintométicos. AVA, &rea valvar aédrtica; EAo, estenose
aortica; FE, fracdo de ejecdo.

Fonte: Adaptado de ACC/AHA®

O unico tratamento realmente efetivo, capaz de promover aumento de anos de
vida e alivio dos sintomas do paciente com EAoGradb, é a intervencgéo valvar0, Esta
intervencdo, seja por via cirdrgica ou percutanea, reduz a barreira imposta ao
ventriculo esquerdo, podendo melhorar ou até, em certos casos, normalizar a funcao
ventricular®®-12), Além de idade avancada, a sintomatologia (classe funcional pela New
York Heart Association), coexisténcia com doenca arterial coronaria e disfuncéo
ventricular sistélica sdo os principais fatores progndsticos tanto antes quanto apos a
intervencdo nos pacientes com EAo importante®. O registro TOPAS-TAVI também
mostrou, como fatores independentes de mortalidade apds o implante transcateter
percutaneo aortico (TAVR), a presenca de anemia e doenca pulmonar obstrutiva
cronica®. Dessa maneira, 0os pacientes com gradiente baixo apresentam pior
prognaéstico e morbimortalidade perioperatoria maior quando comparados aos casos

de EAo com gradiente elevado (> 40mmHg)®4.



1 Introducao 19

1.2 EXAMES DE IMAGEM: DIAGNOSTICO E PROGNOSTICO

O ecocardiograma transtoracico com Doppler é a ferramenta diagnéstica
habitual para a avaliacdo inicial de EAo0{®. Além de prover parametros
hemodinamicos e funcionais relacionados ao grau de estenose, o exame também
permite determinagéo da calcificagdo valvar. A gravidade da EAo pode ser avaliada
pelo gradiente de presséao transvalvar e pela area do orificio de fluxo adrtico (AVA)16-
18) Entretanto, nesse subgrupo de pacientes com discordancia entre a AVA e o
gradiente transvalvar médio, o exame padrdo-ouro para definicdo da gravidade
anatdmica é o ecocardiograma com estresse com dobutamina (EcoS)*%-23),

Com baixas doses do farmaco (até 20 ug/kg/min), avaliamos, inicialmente, a
presenca de reserva contratil (RC), definida como um aumento de 20% no volume
ejetado (stroke volume) e/ou aumento de 10 mmHg do gradiente médio transaortico
apos 20 mcg/kg/min ou a dose maxima tolerada de dobutamina. Aqueles com RC
que tém aumento da AVA e manutencao do gradiente médio sdo definidos como EAo
pseudo-importante, enquanto aqueles que apresentam redu¢cdo ou manutencéo da
AVA e aumento do gradiente médio sdo definidos como EAo verdadeiramente
importante®). Entretanto, aproximadamente, 1/3 dos pacientes tém diagnostico
inconclusivo nesse teste pela incapacidade de responder a dobutamina e aumentar
a contratilidade ventricular. Tais pacientes sao descritos como sem RC e a realizagcao
de escore de calcio valvar com tomografia computadorizada é impreterivel para

diagnéstico (Figura 2)@ 4.
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Figura 2 — Avaliacdo de estenose adrtica verdadeiramente importante versus
estenose adrtica pseudo-importante

Ecocardiograma de Stress com

Dobutamina

Reserva Contratil \
Sim Aumento do Volume sistélico > N3o
/\ 20 % e/ou Gradiente > 10 mmHg l
AVA s
Aumenta AVA Reduz ou lgual Teste ineficaz para definigdo da
\L l gravidade anatémica
EAo moderada y

l EAo importante Escore de calcio valvar
\ / Masculino > 2000 AU
Feminino > 1300 AU

Intervengdo Valvar

Seguimento

Fluxograma demonstrando a avaliacdo de pacientes com estenose adrtica baixo fluxo baixo gradiente
e fracdo de ejecdo reduzida. Para ajudar na diferenciacdo entre estenose adrtica moderada (pseudo-
importante) e verdadeiramente importante, utilizamos a infuséo de dobutamina e avaliamos inicialmente
0 volume sistolico ejetado e gradiente transadrtico médio. Se houver elevagdo do volume ejetado em
20% ou do gradiente médio em 10 mmHg, estamos diante de um paciente que respondeu bem a
medicacdo inotrépica e chamamos isso de reserva contratil positiva. Em seguida, avaliaremos se a
area valvar aumenta, sendo esses pacientes classificados como estenose adrtica modera e disfungao
de ventriculo esquerdo por outro motivo, ou se a area valvar adrtica se mantém ou diminui, sendo
classificado com estenose adrtica importante, com baixo fluxo, baixo gradiente e com reserva, estagio
D2; se estenose moderada, trata-se de estagio B concomitante a outra miocardiopatia. No entanto,
alguns pacientes nédo respondem a infusdo de dobutamina e sédo considerados sem reserva contratil.
Nesse caso, o exame foi ineficaz, devendo usar o escore de célcio da valva adrtica pela tomografia e,
se encontramos valores elevados (maior que 2000UA para homens e 1300UA para mulheres), estamos
diante de uma estenose verdadeiramente importante, estagio D2, mas sem reserva contratil. AVA, area
valvar adrtica; EAo, estenose adrtica.

Fonte: Adaptado da Diretriz Brasileira de Valvopatia, 2020,

Dessa maneira, a confirmacao da gravidade anatdmica da EAoGradb por meio
do EcoS nem sempre é possivel. Ou seja, muitas vezes, outros metodos
complementares sdo necessarios para melhorar a acuracia diagndstica. Além disso,
evidéncias atuais demonstram que a presenca de RC no EcoS tem valor prognéstico
discutivel e tal exame deve apenas ser utilizado para avaliacdo da gravidade
anatdémica valvar(> 26),

Adicionalmente, avancos tecnoldgicos como o ecocardiograma tridimensional
(3D) tem demonstrado ser promissor em relagdo ao método convencional na
avaliacdo de pacientes com doenca valvar em diversos aspectos: 1) melhora na

mensuracao de volumes e fungdes cavitarias; 2) avaliacdo anatémica mais acurada;
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e 3) melhor avaliacdo da gravidade de algumas valvopatias®”). Essa modalidade
diminuiu as variacbes inter-avaliadores com melhor acuracia do método.
Metodologias automatizadas foram apresentadas para extrair a morfologia da AVA
em varias fases cardiacas®®. Cortes multiplanares obtidos com transdutor 3D,
analisados por técnicas derivadas do Doppler tecidual (Strain e Tissue-Tracking) e
pelo Strain Bidimensional (speckle tracking), permitem avaliacdo da contratilidade
segmentar, utilizando-se com quantificacdo do pico sistdlico de cada segmento
miocardico do ventriculo esquerdo. A importancia do strain esta ainda mais
relacionada ao prognostico do paciente, sendo um fator adicional na indicacdo de
intervencao®?),

A ressonancia magnética cardiaca (RMC) é o método padrao-ouro para medir
a espessura da parede do ventriculo esquerdo (VE), massa, volumes e fracdo de
ejecao. Além disso, é capaz de detectar alteracdes estruturais no miocardio do VE,
incluindo avaliac&o da fibrose cicatricial com a técnica do realce tardio com gadolinio
e intersticial com Mapeamento T1G%, Em relagdo a RMC, foi observada um pior
prognostico em pacientes com presenca de fibrose focal e remodelamento
inapropriado (hipertrofia concéntrica) do VE associados a EAo importante®). Sabe-
se que a fibrose miocardica interfere com o processo difusional, dificulta o aporte de
oxigénio e de nutrientes a molécula por reducdo do leito vascular, com piora da
capacidade contratil das fibras miocardicas remanescentes. Assim, pode impedir seu
deslizamento e diminuir a complacéncia miocéardica, comprometendo a funcao
diastolica. Compreende-se, entdo, que o componente fibrético da remodelacéo
ventricular, devido ao aumento do contingente de fibroblastos do intersticio
miocardico, contribuiria para piora da fungdo ventricular®?, Em um estudo com 166
pacientes com EAo importante e 37 voluntarios saudaveis, os pacientes com EAo
tiveram um aumento difuso da fibrose do miocardio, com o indice de volume de
distribuicdo extracelular do contraste (IECV) fornecendo a melhor discriminagéo
comparado aos casos- controle®?, Além disso, o estudo publicado por Rosa VE et
al. 2 demonstrou que pacientes com EAoGradb apresentaram, aproximadamente,
2 vezes mais fibrose pelo volume de distribuicdo extracelular do contraste (ECV) e
IECV que os pacientes com gradiente alto@s 26), E importante ressaltar que a fibrose
difusa pode regredir apos alivio da sobrecarga de pressao na intervencgao valvar da

valva aortica®d,



1 Introducao 22

1.3 BIOMARCADORES SERICOS

Diante da dificuldade de avaliagdo isolada por métodos de imagem,
marcadores séricos vém sendo utilizados para melhorar a estratificacio de risco. Em
2002, Nunes JP et al.®® demonstraram a correlagdo entre os niveis de troponina
elevados com grau de hipertrofia do ventriculo esquerdo e aumento da presséo
sistdlica pulmonar em pacientes com EAo comparada com populacdo controle
(pacientes sem doenca cardiovascular estabelecida). Outro estudo que correlacionou
biomarcadores e progndéstico, em pacientes com EAo importante submetidos a
cirurgia de troca valvar ou mantidos de forma conservadora, demonstrou que a
combinacdo de BNP, troponina ultrassensivel (Tnl-Ultr) e proteina C reativa (PCR)
em pacientes com EAo importante em tratamento clinico teve valor prognostico e
correlacdo com mortalidade®. Dahou et al® avaliaram o impacto prognostico da
troponina e BNP combinados em 65 pacientes com EAoGradb e 33 pacientes com
EA paradoxal. Foi demonstrado que a elevagao dos biomarcadores (BNP = 550 pg/ml
e troponina T cardiaca de alta sensibilidade = 15 ng/l) teve impacto progndstico. Além
disso, BNP sozinho foi correlacionado com parametros de funcéo do VE e troponina
correlacionada com parametros de geometria e funcdo do VE. Outro estudo bastante
relevante no subgrupo de pacientes € o subestudo do TOPAS que evidenciou o
aumento do BNP associado a relacao inversa com a AVA, fluxo transvalvar e volume
sistolico, e relacdo direta com resisténcia valvar, além de demonstrar nesse estudo

ser um fator preditor de todas as causas de mortalidade (),

1.4 INTERVENCAO NA ESTENOSE AORTICA DE BAIXO FLUXO E BAIXO
GRADIENTE

A decisao de intervencdo na EAoGradb deve ser individualizada considerando
elementos como comorbidades associadas, grau de calcificacdo valvular, extenséo
da doenca coronaria e possibilidade de revascularizagéo. Habitualmente, a relacéo
entre risco e beneficio na intervencdo desse subgrupo de pacientes € favoravel
devido a melhora dos sintomas e & menor mortalidade no longo prazo®”). Ha uma
escassez de informacbes sobre o prognostico atual de pacientes com EAoGradb
submetidos a cirurgia e a falta de uma ferramenta de avaliacdo de risco cirirgico

nesse subgrupo de pacientes com EAo. A TAVR é uma opcéo excelente, sendo
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menos invasivo, associado a bons desfechos em EAoGradb, porém ainda apresenta
uma alta mortalidade em 2 anos. Existem poucos estudos prospectivos comparando
TAVR e cirurgia nesse subgrupo de paciente®©®),

Outro fato importante a ser mencionado € sobre a RC. Durante muitos anos, a
EAoGradb ficou dividida de acordo com a presenca ou auséncia de RC no EcoS. Rosa
VE et al. ® demonstraram, em um estudo com RMC, que os pacientes sem RC nao
apresentam mais LGE, ECV ou iECV quando comparados aqueles com RC, sugerindo
que a RC n&o deva ser relacionada a fibrose focal ou difusa®®. Também corroborando
com tais achados, o registro TOPAS-TAVI demonstrou que a recuperacdo da FEVE
nesse grupo de pacientes ndo € influenciada pela presenca ou auséncia de RC(12),
Dessa maneira, a RC aparenta influenciar apenas no diagnostico da gravidade
anatomica em pacientes com EAoGradb, n&o contraindicando a intervencéo valvar.

Diante do exposto, o objetivo deste estudo € avaliar a correlacdo de
biomarcadores (BNP e Tnl-Ultr) com altera¢cBes estruturais cardiacas identificadas por
exames de imagem (RMC e o ecocardiograma 3D com strain) em portadores de
EAoGradb. Além disso, avaliaremos os fatores de pior progndstico nos pacientes

desse subgrupo que foram submetidos a troca valvar aortica.
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2 OBJETIVOS
2.1 OBJETIVO PRIMARIO

O objetivo deste trabalho serd o de correlacionar biomarcadores (Tnl-Ultr e
BNP) com a avaliacdo multimodal de exames de imagens (ecocardiograma
tridimensional e a ressonancia magnética cardiaca com mapa T1) em pacientes com
EAoGradb.

2.2 OBJETIVOS SECUNDARIOS

Avaliagéo de preditores de prognostico tardio:
 Obito por todas as causas;

¢ Reintervencao;

e Implante de marca-passo;

¢ Infarto agudo do miocardio;

e Acidente vascular cerebral;

¢ Insuficiéncia Renal Aguda.
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3 METODOS

Estudo retrospectivo com 49 pacientes com EAoGradb definida pelo
ecodopplercardiograma como AVA < 1,0cm2 associada a baixo gradiente transaodrtico
meédio (< 40mmHg) e a fracdo de ejecdo do ventriculo esquerdo reduzida (FEVE <
50%)“0), Foram selecionados individuos que se encontraram em acompanhamento
no Ambulatério da Unidade Clinica de Valvopatias (Instituto do Coracdo do Hospital
das Clinicas da Faculdade de Medicina da Universidade de S&o Paulo, InCor HC
FMUSP) no periodo de abril de 2013 a abril de 2015.
Todos os pacientes foram submetidos a avaliacao clinica e laboratorial, além
dos trés métodos diagndésticos: ecocardiograma 3D, RMC com mapa T1 e EcoS,
sendo esse Ultimo o padrao-ouro para definir a presenca de RC e o diagnéstico da
gravidade anatémica.
Dados clinicos descritos incluiram idade, sexo, superficie corporea, sintomas,
uso de medicacdes, além de diagndsticos documentados de fatores de risco
cardiovascular, como hipertensao arterial, diabetes, fibrilacdo atrial e doenca arterial
coronaria.
Nos pacientes com EAo sem RC, foi necessaria a realizacdo do escore de
calcio valvar pela tomografia computadorizada de térax (= 1300 AU no sexo feminino
e = 2000 AU no sexo masculino definem EAo importante)® 40,
Todos os pacientes com EAoGradb foram submetidos a EcoS,
ecocardiograma transtoracico bidimensional e 3D, RMC com realce tardio de
gadolinio e mapeamento Tl e exames laboratoriais, incluindo Tnl-Ultra (ADVIA
Centaur Tnl-Ultra; Siemens Healthcare Diagnostics, Tarrytown, NY; valor de
referéncia: 0,015 ng/ml) e peptideo natriurético tipo B (BNP) (ADVIA Centaur,;
Siemens Medical Solutions Diagnostic, Los Angeles, CA, valor de referéncia: 200
pg/ml). Os pacientes foram divididos em 3 grupos de acordo com os niveis de BNP
e/ou Tnl-Ultra:
a) Grupo 1 (grupo Biomarcadores Baixos): Pacientes com BNP e Tnl-Ultra
abaixo do valor mediano (BNP < 395 pg/ml [1,98 vez o valor de referéncia]
e Tnl-Ultra < 0,042 ng/ml [2,8 vezes o valor de referéncial);

b) Grupo 2 (grupo Biomarcadores Intermediarios): Pacientes com BNP ou
Tnl-Ultra maior ou igual ao valor mediano (BNP = 395pg/ml [= 1,98 vezes]
ou Tnl-Ultra = 0,042 ng/ml [= 2,8 vezes]);
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c) Grupo 3 (grupo Biomarcadores Altos): Pacientes com BNP e Tnl-Ultra
maior ou igual ao valor mediano (BNP = 395 pg/ml [= 1,98 vezes] e Tnl-
Ultra 2 0,042 ng/ml [2 2,8 vezes]).

Os pacientes que apresentaram confirmacgdo diagndstica de EAo importante
com condi¢cdes satisfatérias para cirurgia foram encaminhados para tratamento
cirdrgico convencional pela equipe assistencial ambulatorial. Na presenca de
contraindicacdo ao procedimento, foi analisada a possibilidade de tratamento
percutaneo, caso contrario, indicado tratamento clinico. Uma vez identificados os
pacientes com indicacdo de tratamento cirargico da valva adrtica, estes seguiram a
rotina de pré-operatorio da equipe de Valvopatias do InCor HC FMUSP. Tais
pacientes foram submetidos a cineangiocoronariografia e a presenca de doenca
arterial coronéria foi definida pela presenca de estenose luminal maior que 70% nas
artérias epicardicas principais. A escolha do tipo de protese a ser implantada foi
individualizada, respeitando a escolha do paciente.

Para andlise de desfechos secundarios, os pacientes foram divididos em
grupos de acordo com o valor da mediana do gradiente transaodrtico médio (<25 e
>25 mmHg) e analisadas as taxas de mortalidade por todas as causas,
intraprocedimento, em 30 dias e em 1 ano.

Esse estudo é uma subanalise de estudo ja previamente aprovado pelo
Comité de FEtica em Pesquisa (CAPPesq, SDC 3858/12/114; CAAE
10216613.4.0000.0068). Nao foram realizadas coletas laboratoriais nem realizados
procedimentos adicionais no presente estudo. Previamente, foi realizada uma
avaliacdo sobre a contribuicdo da ressonancia magnética cardiaca e do
ecocardiograma tridimensional para avaliacio da RC em pacientes com EAO0
importante com gradiente baixo e fracdo de ejecdo reduzida @ .

3.1 CRITERIOS DE INCLUSAO

Presenca de EAoGradb, definida como AVA < 1,0 cm? ou < 0,6 cm?m? se
indexada pela superficie corpérea, com baixo gradiente transaértico (gradiente médio
< 40 mmHg), e FEVE < 50%, em classe funcional de | a IV pela New York Heart
Association (NYHA).
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3.2 CRITERIOS DE EXCLUSAO

Foram excluidos pacientes com outra valvopatia priméria anatomicamente
importante concomitante (como doenca valvar mitral primaria importante e
insuficiéncia adrtica importante); pacientes submetidos a cirurgia valvar prévia;
portadores de marca-passo definitivo com contraindicacdo a realizacdo da RMC;
miocardiopatia ndo isquémica; e aqueles com EAo pseudo-importante apdés a
realizacdo do EcoS. Também foram excluidos das analises aqueles que ndo puderam

realizar todos os exames do protocolo apds a incluséo.

3.3 AVALIACAO ECOCARDIOGRAFICA

A andlise ecocardiogréafica foi conduzida pelo mesmo examinador, sendo
realizada no periodo pré-operatorio e apds 6 a 8 meses da intervencao. O exame foi
realizado com o paciente em decubito lateral esquerdo e utilizado equipamento
comercialmente  disponivel, apresentando transdutor setorial eletrénico
multifrequencial, com recurso de Doppler pulsado, Doppler continuo, Doppler
tecidual e mapeamento de fluxo em cores. Os exames foram realizados de acordo
com as recomendacdes da Sociedade Americana de Ecocardiografia®-*4). Foram
obtidas, pelo menos, trés medidas de cada variavel, sendo utilizada a média dos
valores de cada uma.

As variaveis ecocardiograficas avaliadas foram:

1) Espessura do septo e da parede posterior do ventriculo esquerdo no final
da diastole, para calculo do indice de massa ventricular esquerda (de
acordo com formulacéo de Devereux);

2) Funcao sistolica ventricular esquerda, por meio do célculo da FEVE de
acordo com a regra de Simpson (medida bidimensional);

3) AVA, pela equacéo de continuidade;

4) Funcéo diastolica ventricular esquerda.

O EcoS farmacoldgico incluiu a analise ecocardiografica em repouso
completa, além monitorizacdo dos batimentos cardiacos, saturagdo de oxigénio e
eletrocardiograma, segundo os protocolos internacionais®®. A infusdo de
dobutamina foi iniciada na dose de 5 pg/kg/min, sendo acrescentados outros 5

Mg/kg/min a cada 3 minutos até alcancar a dose total de até 20 pg/kg/min, ou a dose



3 Métodos 30

maxima tolerada pelo paciente®®. A RC foi definida como um aumento de 20% no
volume ejetado (stroke volume) ou aumento no gradiente médio (= 10 mmHg) apos
a dose maxima do farmaco tolerada. Nos pacientes com RC, a presenca de AVA <
1,0 cm? definiu 0 mesmo com EAo verdadeiramente importante. Nos casos de AVA
> 1,0 cm2 com aumento de pelo menos 0,3 cm?, a EAo foi considerada EAo pseudo-
importante e estes pacientes foram excluidos das analises. Naqueles em que nao
houve aumento no volume de ejecdo em, pelo menos, 20% ou no gradiente médio
em mais de 10 mmHg, a gravidade da EAo n&o pode ser estabelecida e o paciente
teve o diagndstico de EAo sem RC @4, Pacientes em uso de betabloqueadores e/ou
digitalicos tiveram essas medicacfes suspensas ou reduzidas a minima dose
toleravel. O diametro da via de saida do ventriculo esquerdo foi considerado
constante nos diferentes estados de fluxo e os valores basais foram utilizados para
o calculo do volume ejetado. Em pacientes com fibrilac&o atrial, todos os parametros
relacionados a RC foram medidos em uma média de 10 batimentos cardiacos
consecutivos®4 47),

Os critérios de interrup¢ao da administracéo do farmaco foram:

a) angina progressiva,

b) depressdo maior que 2 mm do segmento ST no eletrocardiograma de

controle;

c) aparecimento de alteracao da contratilidade segmentar ao ecocardiograma,;

d) arritmia importante;

e) efeitos colaterais intoleraveis;

f) nivel de 85% da frequéncia cardiaca maxima; ou

g) infusdo da dose maxima do farmaco.

A analise ecocardiografica 3D foi conduzida pelo mesmo examinador, o qual
nao teve acesso ao resultado do EcoS. A avaliacéo foi realizada com o paciente em
decubito lateral esquerdo, com equipamento comercialmente disponivel (Epic,
Philips Ultrasound, Andover, MA, USA com transdutor de 5-MHz). Foram analisados:

a) Ventriculo esquerdo:

a.i) Volume diastdlico final do ventriculo esquerdo,

a.ii) Volume sistdlico final do ventriculo esquerdo,

a.iii) FEVE,

a.iv) indice de volume diastolico 3D do ventriculo esquerdo,

a.v) indice do volume sistolico 3D do ventriculo esquerdo,
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a.vi) Massa 3D,
a.vii) indice de massa 3D,
a.viii)lmpedancia valvuloarterial.

b) Valva Adrtica:

b.i) AVA/Grau de gravidade da estenose por planimetria 3D,
b.ii) Caracterizacdo da valva aortica.

Avaliacdo da contratilidade segmentar foi realizada utilizando-se cortes
multiplanares obtidos com transdutor 3D, analisados por técnicas derivadas do
Doppler tecidual (Strain e Tissue-Tracking) e pelo Strain Bidimensional (speckle
tracking) com quantificacdo do pico sistolico de cada segmento miocardico do

ventriculo esquerdo.

3.4 AVALIACAO PELA RESSONANCIA MAGNETICA CARDIACA

A RMC com a técnica do Mapa T1 foi realizada em aparelho Phillips 1,5 Tesla
(Achieva, Philips, Best, The Netherlands), com bobina cardiovascular, no periodo
pré-operatorio. Inicialmente, foram realizadas as aquisicdes habituais com steady
state free precession, formando a imagem em cine, durante um periodo de apneia e
as andlises foram realizadas com o software CVi42 (Circle CVi, Calgary, Canada).
As dimensdes do ventriculo esquerdo, massa miocardica (indexada pela area de
superficie corpérea), indices de volumes do ventriculo esquerdo e FEVE foram
aferidas a partir de cortes do eixo curto nos momentos de volume sistélico final e
volume diastélico final. A imagem de realce tardio foi realizada 20 minutos apés a
infusdo de bolus de gadolinio-DTPA na dose de 0,1 mmol/kg com a utilizacdo de
bomba injetora, por meio de acesso venoso periférico. As sequéncias de pulsos
foram sincronizadas ao eletrocardiograma, visando a aumentar as taxas de sinal-
ruido e melhorar a qualidade das imagens.

As medidas de T1 foram realizadas antes da injecao de contraste e 5, 10, 15,
20 e 30 minutos apos injecao do contraste paramagneético, utilizando protocolo de
sequéncia de inversdo Look Locker modificada (da sigla, em Inglés, MOLLI)
sincronizada ao eletrocardiograma, previamente descrita®. Como alguns pacientes
apresentavam areas de realce tardio, realizamos analises incluindo e excluindo todas
as areas de fibrose focal. Delineacdes endocardicas e epicardicas foram tracadas

manualmente em todas as imagens dos 3 segmentos no eixo curto. Na primeira
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analise, calculamos o valor do T1 em cada segmento, o0 que resultou um T1 global
do miocardio (pré e pos-gadolinio). Na segunda analise, utilizamos regides de
interesse em areas sem realce tardio e o T1 do miocérdio foi calculado excluindo as
areas de fibrose focal. Em ambas as andlises, colocamos uma regido de interesse
na cavidade cardiaca para o célculo do T1 do sangue. Em pacientes com fibrilacéo
atrial, as aquisicbes de imagem do mapa T1 foram repetidas e uma média dos
valores do T1 foi calculada nas sequéncias pré e pds-gadolineo®?. Além disso, todos
pacientes apresentavam frequéncia cardiaca controlada (entre 60 e 90 bpm) no
momento da realizacao do exame.

A partir da afericdo dos respectivos T1, foi calculada a fracdo de volume
extracelular (ECV). O ECV representa a parcela de tecido extracelular e, portanto,
de fibrose miocardica difusa. Esta variavel € dada em forma de porcentagem de area.
O ECYV foi calculado a partir das medidas do mapa T1 do sangue e miocardio do pré
e pos-injecdo do gadolinio, e ajustado pelo hematdcrito do paciente (coletado no
mesmo dia do exame), com a férmula que segue: ECV = (1-hematdcrito) x
AR1mioc/AR1sangue (onde AR1 é [1/T1 pré-contraste — 1/T1 pOs-contraste]). J& o
IECV, variadvel que representa a carga total de fibrose do ventriculo esquerdo, foi
calculado por meio da formula: IECV = ECV (%) x volume miocardico diastolico final
diastdlico do ventriculo esquerdo indexado pela superficie corporal®9).

Os seguintes itens também foram avaliados:

1) dimensdes, analise segmentar e fungéo de ventriculo esquerdo;

2) grau e caracterizacao de fibrose miocardica;

3) AVA, gradiente transvalvar aortico, fluxo aoértico, fluxo regurgitante adrtico

e fracéo regurgitante aortica;

4) investigagdo de comprometimento de demais valvas.

A aquisicdo e as andlises das imagens de ressonancia magnética foram
realizadas pela equipe médica especializada em ressonéancia cardiovascular do
InCor HC FMUSP, estando esses “cegos” em relagdo aos dados clinicos dos

pacientes.

3.5 AVALIACAO LABORATORIAL

Todos os pacientes foram submetidos a coleta dos seguintes exames:

hemograma completo, funcéo renal, dosagem de eletrélitos, coagulograma, BNP
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(ADVIA Centaur®, Siemens Medical Solutions Diagnostic, Los Angeles, CA, USA),

PCR e troponina | (ADVIA Centaur® Tnl-Ultra, Siemens Healthcare Diagnostics,
Tarrytown, NY, USA).
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4 ANALISE ESTATISTICA

As variaveis continuas foram apresentadas como média + desvio padrdo ou
mediana (intervalo interquartil) e o teste de Shapiro-Wilk foi utilizado para testar a
normalidade das variaveis. As variaveis categoéricas foram apresentadas como
porcentagens. A transformacéao logaritmica foi aplicada para normalizar a distribuicéo
de dados. Aplicou-se o teste de Mann-Whitney U-test, Kruskall-Wallis ou ANOVA para
varidveis continuas; e o teste qui-quadrado e o exato de Fisher para variaveis
categoricas, conforme apropriado. A analise post hoc foi realizada com o teste de
Tukey. Coeficientes de correlacdo de Spearman foram usados para avaliar a
correlacdo dos dados. A curva ROC foi aplicada para BNP e Tnl-Ultra para discriminar
o aumento de ECV, IECV, indice de volume sistélico final de ventriculo esquerdo
(IVSFVE), indice de volume diastdlico final de ventriculo esquerdo (iVFDVE), indice
de volume sistolico final de ventriculo direito (iVFSVD), indice de volume diastélico
final do ventriculo (iVFDVD), fracdo de ejecao do ventriculo direito (FEVD) e fracdo de
ejecdo do ventriculo esquerdo (FEVE), utilizando valores de corte estabelecidos na
literatura (ECV > 28%; IECV > 22,5 ml/m?; iVSFVE > 29 ml/m? para mulheres e > 36
ml/m2 para homens; iVDFVE > 74 ml/m2 para mulheres e > 85 ml/m2 para homens;
iIVSFVD > 33 ml/m2 para mulheres e > 43 ml/m2 para homens; iVDFVD > 77 ml/m2
para mulheres e > 93 ml/m2 para homens; FEVD < 55%; e FEVE < 55% 6 21.22) Qs
pacientes também foram divididos em grupos de acordo com a mediana gradiente
transadrtico médio: <25 ou >25 mmHg. Para obter dois grupos com numero
equilibrado de pacientes, esse ponto de corte foi determinado a partir do valor
mediano do gradiente transaortico médio. A avaliagdo de preditores de mortalidade
foi realizada utilizando-se o teste de Regressdo de Cox, sendo que variaveis com
p<0,10 na analise univariada foram incluidas na analise multivariada. Todos os testes
foram 2 caudais, e um P <0,05 foi usado para indicar estatistica Todas as analises

foram realizadas no pacote estatistico SPSS, versao 23 (IBM, Armonk, NY).



5 RESULTADOS




5 Resultados 37

5 RESULTADOS
5.1 ARTIGO 1

Lopes MAAAM, Campos CM, Rosa VEE, Sampaio RO, Morais TC, de Brito
Janior FS, Vieira MLC, Mathias W Jr, Fernandes JRC, de Santis A, Santos LM,
Rochitte CE, Capodanno D, Tamburino C, Abizaid A, Tarasoutchi F. Multimodality
iImaging methods and systemic biomarkers in classical low-flow low-gradient
aortic stenosis: Key findings for risk stratification. Front Cardiovasc Med. 2023
Apr 27;10:1149613. doi: 10.3389/fcvm.2023.1149613. PMID: 37180790; PMCID:
PMC10174252. (Anexo A)

Nesse artigo, de acordo com o objetivo principal desta tese, foram analisados
49 pacientes com EAoGradb divididos em 3 grupos em relacdo ao nivel de BNP e
troponina | ultrassensivel (hsTnl): Grupo 1 (n=17) quando BNP e os niveis de hsTnl
estavam abaixo da mediana (BNP<1,98 vezes o limite superior de referéncia [URL] e
hsTnl<2,8 vezes o URL); Grupo 2 (n=14) quando BNP ou hsTnl foram maiores que
mediana; e Grupo 3 (n=18) quando tanto o hsTnl quanto ao BNP foram maiores que
a mediana. A RMC identificou um aumento progressivo dos ventriculos direito e
esquerdo do Grupo 1 para o Grupo 3, além de piora progressiva da FEVE. Também
foi evidenciado um aumento acentuado na fibrose miocéardica avaliada pelo ECV e
IECV do Grupo 1 para o Grupo 3. Nao houve associacao da progressao dos grupos

com os parametros de RC do VE.
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Figura 3 — Artigol: Multimodality imaging methods and systemic biomarkers in
classical low-flow low-gradient aortic stenosis: Key findings for risk stratification
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Multimodality imaging methods
and systemic biomarkers in
classical low-flow low-gradient
aortic stenosis: Key findings for
risk stratification

Maria Antonieta Albanez A. de M. Lopes"’, Carlos M. Campos"’,
Vitor Emer Egypto Rosa™®, Roney O. Sampaio', Thamara C. Morais',
Fabio Sandoli de Brito Junior', Marcelo L. C. Vieira',

Wilson Mathias Jr', Joao Ricardo Cordeiro Fernandes',

Antonio de Santis’, Luciano de Moura Santos', Carlos E. Rochitte',
Davide Capodanno®, Corrado Tamburino®, Alexandre Abizaid'
and Flavio Tarasoutchi’

lospital das Clinicas HCFMU! de de Medicina, Unversidade de

ospital Portugt PE, Brazil “insituto

y. Polictinico-Vittono Emanuele

Objectives: The aim of the present study is to assess multimodality imaging findings
according to systemic biomarkers, high-sensitivity troponin | (hsTnl} and B-type
natriuretic peptide (BNP) levels, in low-flow, low-gradient aortic stenosis (LFLG-AS).
Background: Elevated levels of BNP and hsTnl have been related with poor
prognosis in patients with LFLG-AS.

Methods: Prospective study with LFLG-AS patients that underwent hsTnl, BNP,
coronary angiography, cardiac magnetic resonance (CMR) with T1 mapping,
echocardiogram and dobutamine stress echocardiogram. Patients were divided
into 3 groups according to BNP and hsTnl levels: Group 1 (n =17} when BNP and
hsTnl levels were below median [BNP <198 fold upper reference limit (URL) and
hsTnl <18 fold URL]; Group 2 (n=14) when BNP or hsTnl were higher than
median; and Group 3 (n = 18) when both hsTnl and BNP were higher than median.
Results: 49 patients included in 3 groups. Clinical characteristics {including risk
scores) were similar among groups. Group 3 patients had lower valvuloarterial
impedance (P=0.03) and lower left ventricular ejection fraction (P=0.02) by
echocardiogram. CMR identified a progressive increase of right and left ventricular
chamber from Group 1 to Group 3, and worsening of left ventricular ejection
fraction (EF) (40 [31-47] vs. 32 [29-41] vs. 26 [19-33]% p<0.01) and right
ventricular EF (62 [53-69] vs. 51 [35-63] vs. 30 [24-46]%: p<0.01). Besides, there
was a marked increase in myocardial fibrosis assessed by extracellular volume
fraction (ECV) (28.4 [24.8-30.7] vs. 28.2 [26.9-34.5] vs. 31.8 [28.9-355]%; p=
0.03) and indexed ECV (iECV) (28.7 [21.2-39.1] vs. 28.8 [25.4-39.9| vs. 44.2 [36.4-
51.2] ml/m?, respectively; p <0.01) from Group 1 to Group 3.

Conclusions: Higher levels of BNP and hsTnl in LFLG-AS patients are associated with
worse multi-modality evidence of cardiac remodeling and fibrosis.

KEYWORDS

multimodality imaging, low-flow low-gradient aortic stenosis, B-type natriuretic peptide,
high-sensitivity troponin |, biomarkers
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Introduction

Low-flow, low-gradient aortic stenosis (LFLG-AS) with reduced
ejection fraction is the term used to identify patients with aortic valve
area (AVA) < 1.0 em® associated with low mean transaortic gradient
(<40 mmHg) and reduced left ventricular ejection fraction (LVEF <
50%) (1). This entity is described in up to 10% of the aortic stenosis
population (1, 2). Tt has been shown that classical LFLG-AS patients
have poor outcomes with conservative management but are also
considered being at high risk of events for both transcatheter and
surgical aortic valve replacement (3).

Imaging methods have fundamental role in the diagnosis and
management of valvular heart disease. Cardiac magnetic
resonance (CMR) can provide detailed information about the
myocardial disease. CMR assesses the impact of high afterload
pressures on myocardial function and can quantify extracellular
volume expansion (ECV) using T1 mapping (4).

Circulating biomarkers are commonly used in clinical decision
making for diagnosing, risk stratification and management of
various cardiovascular diseases (5). Several studies have showed
strong relationships between the B-type natriuretic peptide (BNP)
level and symptom development, left ventricular (LV)
hypertrophy, LV function, severity of aortic stenosis and mortality
(6). Although high-sensitivity troponin I (hsTnl) plasma levels are

R d y SO |

not mentioned in current g rec ions, ¢
measure of BNP and hsTnl have been recognized as predictors of
adverse outcomes in LFLG-AS patients (7-9).

Although both biomarkers and imaging methods have shown

prognostic implications, literature remains scarce on the relationship

10.3389/fcvm.2023.1149613

between them in LFLG-AS patients. Therefore, the aim of the
\ %3 'S mu][l Aali v

7

present study was to assess the relati
imaging methods and cardiac biomarkers (BNP and hsTnli) to help
clarify the diagnosis and prognosis of patients with LFLG-AS.

Methods
Study population

Patients with symptomatic LFLG-AS defined as mean gradient
<40 mmHg and indexed AVA < 0.6 cm*/m”®, with reduced LVEF
(< 50%) were enrolled (n = 49; Figure 1). Exclusion criteria were:
(I) previous valve surgery, (II) severe aortic regurgitation, (IIT)
CMR incompatible devices or contraindications to gadolinium,
(IV) severe primary mitral valve discase, (V) nonischemic
cardiomyopathies, or (VI) diagnosis of pseudo-severe aortic
tenosis on dob ine stress echocardiogram. The study
protocol was reviewed and approved by the local institutional
ethics committee. All patients provided written informed consent.

Study protocol

All of the patients with LFLG-AS underwent dobutamine stress
echocardiogram, transthoracic echocardiography, T1 mapping and
late gadolinium enhancement (LGE) CMR, and laboratory tests,
including hsTnl (ADVIA Centaur Tnl-Ultra; Siemens Healthcare
Diagnostics, Tarrytown, NY; reference value: 0.015 ng/ml) and

LFLG-AS
(N=53)

DSE

excluded ;

Pseudo-Severe AS
(N=4)

FR+
(N=42)

FR-
(N=7)

FIGURE &

a1t Selection of the study population. AS

»se5, DSE, dobuiamine stress

echocardiograpny: FR. tiow reserve; and LFLG, tow-flow,

Frontiers in Cardiovascular Medicine

02

frontiersin.org



5 Resultados

40

Lopes et al 10.3389/fcvm.2023.1149613

BNP (ADVIA Centaur; Siemens Medical Solutions Diagnostic, Los Echocardiography

Angeles, CA, reference value: 200 pg/ml). Patients were divided in

3 groups according to BNP and hsTnl levels: All transthoracic Doppler-echocardiographic  exams were

- Group 1 (low biomarkers group): Patients with both BNP and ~ analyzed in a central echocardiography laboratory at our
hsTnI below the median value (BNP < 395 pg/ml [< 198 folds  Institution, All echocardiographic parameters measured using the
upper reference value] and hsTnl < 0.042 ng/ml [<2.8 folds]); methods  recommended by the American  Society of

- Group 2 (intermediate biomarkers group): Patients with either Echocardiography (10, 11}. Dobutamine stress echocardiogram

BNP or hsTnl higher or equal than the median value (BNP>  was performed as previously described using a commercially
395 pg/ml [>1.98 folds upper reference value] or hsTnl> available ultrasound system (Vivid 9; GE Healthcare, Milwaukee,

0.042 ng/ml [>2.8 folds upper reference value|}; WI) (12). Briefly, the dobutamine infusion protocol consisted of
Group 3 (high biomarkers group): Patients with both BNP and ~ 5-min increments of 2.5 to 5pglkg per minute up to a
hsTnl higher or equal than the median value (BNP > 395 pg/m| ~ maximum dosage of 20 pg/kg per minute. A minimum of 3
[>1.98 folds upper reference value] and hsTnl> 0,042 ng/ml  consecutive cycles were recorded. In patients with flow reserve

[=2.8 folds upper reference value]). (defined as the percentage increase in stroke volume index
>20%), the presence of true-severe aortic stenosis was defined by
Coronary angiography a mean transaortic gradient = 40 mmHg with an AVA <1.0 cm’

during dobutamine stress (12). In patients without flow reserve,

All patients underwent coronary angiography, and coronary ~ 30rtic valve calcium score on computed tomography was used to
artery disease was defined as the presence of >50% luminal confirm aortic stenosis severity (=1,300 AU in women and
stenosis on major epicardial coronary arteries. 22000AU in men) (12-14). All flow reserve echocardiographic

Pre-contrast T1 map Post-contrast T1 map ECY map LGE

YGy £ o

Post-contrast T1 map
F’ ' - ‘

{ Gi
|

Y

Post-contrast T1 map

caleulation using the T1 mag cardiovascular magnetic re

B! were

st T1 mag

361 in Inferior and Infe

(G) and LGE In Inferior ventriculas Inse

$5.5% (Kl and subendocardial LGE In Inferolaterz
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P were d in a mean of 10 consecutive heart beats
in patients with atrial fibrillation (11). Valvularterial impedance
was calculated using the following formula: (systolic arterial
p ¢+ mean t tic gradient)/strol lume index. Left
ventricular global longitudinal strain was measured by speckle
tracking with dedicated commercial software (EchoPAC V
110.0.x; GE Healthcare, Milwaukee, WI) as previously reported

10.3389/fcvm.2023.1149613

performed by 2 investigators in a central CMR core laboratory at
our Institution, blinded to clinical and echocardiographic
parameters, as previously described (12). LGE images were acquired
using a phase-sensitive inversion recovery sequence and the
inversion time was individually determined to null the normal
myocardial signal. LGE quantification was obtained with
g technique by 3 standard deviations above
myocardi Tl

sthrechaldi

(15). Global longitudinal strain data were exp d in absol
value (|%|) and were defined as the mean of longitudinal strain
of the 2-chamber, 3-chamber, and 4-chamber apical view.

CMR protocol

All patients underwent CMR using a clinical 1.5-T CMR scanner
(Achieva; Philips, Best, the Netherlands), and the analyses were

TABLE 1 Baseline clinical and laboratory data of the study population.

up 1 Low biomarkers = Grou

¥ apping MOLLI images were acquired pre and
15 min after gadolinium injection in 3 short-axis images (basal,
mid-ventricular, and apical levels). T1 mapping analysis were
performed including and excluding areas of LGE. Endocardial and
epicardial delineations, including LGE areas, were manually traced
in all 3 short-axis images, for global myocardial T1 calculation
(pre- and post-gadolinium images). Subendocardial and transmural
LGE areas were manually excluded using a region of interest (ROI)
delimitation tool, for non-enhanced myocardium T1 calculation

Group 3 High Biomarke

(n=17) (n=18)

Age, years 66,652 6.6 7107 296 654485 016
Body surface area, m* 182+0.16 177 £0.12 182017 042
Female gender 6(35.3) 3(214) 20111) 022
Diabetes Mellitus 7 (41.2) 6 (42.9) 5(27.8) 0.61
Hypertension 14 (82.4) 10 (71.4) 10 {55.6) 022
Atrial fibridlation 4 (235) 3(214) 5(27.8) 091
NYHA 11V 7(143) 9 (184) 12 {245) 0.26
Angina 2(118) 6 (42.9) 4(222) 0.36
Coronary artery discase 6 (35.3) 5 (357) 7 (389) 0.97

One vessel 2(118) 2(14.3) 0 (0} 0.39

Two vessels 1(59) 2(143) 2(110) 0.39

Three vessels 3(17.6) 1(7.1) 5 (37.8) 0.39
Previous CABG 3(17.6) 1(7.1) 3(167) 0.66
EuroSCORE 11, % 282+25 336+18 403433 0.31
STS, % 287+21 376+2) 316219 0.26
Medications
ACE inhibitor or ARB 16 (94.1) 10 (71.4) 9 {50) <001
Beta blockers 12 (70.6) 4 (28.6) 10 (55.6) 0.06
Antiplatelets 13 (76.5) 10 (71.4) § (444) ol
Diuretics 14 (82.4) 12 (85.7) 17 (94.4) 050
Statins 16 (94.1) 9 (64.3) 11 {61.1) 003
Digital 2(11.8) 3(214) 4(222) 068
Oral anticoagulation 14(23.5) 2(14.3) 6(33.3) 045
Electrocardiogram
Left Bundle Branch Block | 5 (29.4) | 5 (35.7) [ 3 (167) | om
Right Bundle Branch Block | 0@ | 2(143) | 1{56) | o
Laboratory data
Hematocrit, % 39.44103 H.6£50 416266 0.70
C reactive protein, pg/ml 3.16 (1.14-3.12) 954 (243-1147) 13.04 (1.41-14.02) 012
«GFR, mi/min 6771227 4702170 507 £225 [
CKD (eGFR <60 ml/min) 3(17.6) 6(12.9) 9 (50) 012
High-sensitivity tropenin 1, ng/ml 001 (D.0085-0.02) 0.12 (0.03-0.17) 016 (0.05-0.16) <0.01™
Beype natetuetic peptde, py/ml 14887 (66-200) 49835 (10925-6795) 124594 (58375-1,608) oo

Values are mean # standard deviation, median linterquartile range), or n {%). ACE indicates angiotensin-converting enzyme, ARB, angiotensin receptor blocker, CABG,
coronary artery bypass gralt, CKD, chronic kidney disease, eGFR, estimated glomerular Riration rate.

*Overall P value among groups. group 1, group 2 and group 3.
'Significant difference (P < 0.05) between group 1 vs. group 2.
'Signifi i (P<0.05) by group 1 vs. greup 3.
*Signifi i (P<0.05) group 2 vs. group 3.
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(pre- and post-gadolinium images). An additional ROI was placed at
the center of the LV cavity, for blood pool T1 calculation. In pauents

10.3389/fcvm.2023.1149613

performed with Tukey test. Spearman correlation coefficients

were used to evaluate data correlation. ROC curve was

with atrial fibrillation, T1 mapping image acquisition was
and an average of T1 values was calculated in both pre- and post-
gadalini es. Besides, all these patients had controlled

heart rate (60- 90bpm) at the time of CMR (16).The extracellular
volume fraction (ECV) (for global and for non-enhanced
myocardium) was calculated using a correction for blood
hematocrit (collected on the same day of CMR acquisition), as
follows: ECV = (I~hematocrit) * (ARI  myocardium/AR1blood
pool). Where ARI = (1/T1post-gadolinium — 1/T 1pre-gadolinium)
We also calculated the indexed ECV (iECV) of non-enhanced
myocardium using the following formula: ECV x indexed LV end-
diastolic myocardial volume, as previously described (4) (Figure 2).

Statistical analysis

Continuous variables were presented as mean + standard
deviation or median (interquartile range) and Shapiro-Wilk
test was used to test the normality of variables. Categorical
variables were presented as percentages. Log transformation
was applied to normalize data distribution. Kruskall-Wallis,
or ANOVA test was applied for continuous variables, and
chi-square test
categorical variables, as appropriate. The post hoc analysis was

and Fisher exact test was applied for

pplied for BNP and hsTnl to discriminate increase in ECV,
iECV, left ventricle end-systolic volume index (LVESVi), left
ventricle end-diastolic volume index (LVEDVi), right ventricle
end-systolic volume index (RVESVi), right ventricle end-
diastolic volume index (RVEDVi), right ventricle ejection
fraction (RVEF), and left ventricle ejection fraction (LVEF),
using cutoff values established in the literature (ECV >28%
(17); iECV >22.5 ml/m®; LVESVi> 29 ml/m® for women and
236 ml/m®  for men; LVEDVi274ml/m® for
and =85 ml/m* for men; RVESVi> 33 ml/m® for women and
243 ml/m® for men; RVEDVi277 ml/m* for women and
293 ml/m® for men; RVEF<55%; and LVEF<55% (4, 18).
All tests were 2 tailed, and a P<0.05 was used to indicate

women

statistical significance. All analyses were conducted using the
statistical package SPSS, version 23 (IBM, Armonk, NY).

Results
Baseline patients data
The main clinical and laboratory data are shown in

Table 1. Among the 49 patients included in the present
study, the mean age was 67.4 2 8.4 years, 38 patients (77%)

4000 @Group 1
r=0.«(1)§| @ Group 2
5 p<0! OGroup 3
3500+
3000+
<]
E 2500+
-3 °
o
= [}
2 2000
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1500+ o © o
o
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® o
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FIGURE 3
etic peg I (ns-Tnl), Groups wese divided according to b Groupl
v Group 2 patients (blue dotsl with BNP or hs-Tnl above median 15 lyeliow
arman correlation coefficlent
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were male, 34 (69%) had hypertension, 18 (37%) had diabetes,
and 18 (37%) had coronary artery disease. The mean STS
score was 3.24 £2,08% and the mean EuroSCORE Il was
3.39 £ 2.66%.

Seventeen patients were in the low biomarkers group (Group
1), 14 in the intermediate (Group 2} and 18 in the high
biomarkers group (Group 3). Overall, the baseline clinical
characteristics among groups are in Table 1. The baseline
characteristics are similar among 3 groups. One exception is the

s gans P

use of angiotensin-converting enzyme

10.3389/fcvm.2023.1149613

Baseline echocardiography and
echocardiographic stress data

Table 2 depicts echocardiographic findings at baseline. Overall,
the median LVEF was 34% [28-41], the median AVA was 0.88
[0.70-0.96] cm®, and the mean transaortic gradient was
25+7 mmHg. At baseline echocardiogram, we found LVEF (37.0
[32.5-43.5] vs. 35.5 [28.0-40.8] vs. 28.0 [22.0-37.5]%, respectively:
p=0.02), lower in group 3 compared to group 1 (p=0.01 for post

receptor  blocker and statin.  Also, estimated glomerular
filtration rate was also different between groups (67.7 +22.7 vs.
47.0417.0 vs. 50.7 £22.5 ml/min, respectively; p=0.01} with
significant difference between groups 1 and 2 (p=0.02 for post
hoc test). As shown in Figure 3, hsTnl and BNP had positive
correlation  (r=0.450, p<0.01). Baseline characteristics
according isolated BNP and hsTnl tertiles are shown in
Supplementary Tables S1, §2, respectively.

hoc analysis), and valvuloarterial impedance (5.2 [4.8-5.5] vs. 5.7
[50-66] vs. 4.8 [4.4-53] mmHg/ml/m?, respectively; p=0.03),
with significant difference between groups 2 and 3 (p=0.02 for
post hoc analysis), Interestingly, there were no significant difference
regarding the presence of flow reserve between the groups (76.5%
vs.  1000% vs. 882%, respectively; p=0.07). Baseline
echocardiography and echocardiographic stress data according
isolated BNP and hsTnl tertiles are shown in Supplementary
Tables S3, S4, respectively. Among patients with no FR, the

TABLE 2 Baseline echocardiography and dobutamine stress echocardiography data.

Baseline Echocardiography

Aortic root, mm 33.0 (29.0-37.0) 315 (30.0-34.25) 320 (30.0-355) 0.92
Left atrium, mm 50158 460255 | 500168 0.06
Interventricular septum, mm 10419 112229 | 1.1+17 0.98
Posterior wall, mm 100 (940-11.0) 110 {9.75-12.0) 100 (9.5-11.0) 055
LVEDV. mm 56,82 45,60 58422710 60.6647.60 0.26
LVESY, mm 44824650 45.71 26,50 49.88 £ 8.50 0.13
LVEF, % 37.0 (32.5-435) 35.5 (28.0-40.8) | 28.0 (22.0-37 5) 002"
LV mass, g 136902630 14878+ 2840 16772+ 6590 014
Stroke volume index. ml/m* 335 (31.0-448) 315 (2748-39.3) 370 (290-429) 0.50
Aortic valye area, cm® 0.87 (0.80-1.00) .81 {0.65-0.95) 0.82 (0.70-0.95) 037
Aortic valve area index, cm’/m 048 +0.10 0,45+ 0.00 .44+ 000 051
Peak transaortic gradient, mmHg 41.76 = 13,60 459241230 42661310 0.66
Mean transaortic gradient, mmilg 24294850 27.14 £ 650 2500 £ 8.00 0.60
Moderate/severe functional mitral 6.0 (35.3) 50 (35.7) 6.0 (333) 0.98
Moxderate/severe functional tricuspid 30 (17.6) 200143 200001 085
Tegurgitation,

Systolic pulmonary artery pressure, 4142120 460110 | 4382 99 0.70
mmHg

Valvul al imped: g/ml 5.2 (4.8-55) 57 (5.0-6.6) 48 (44-53) 0.03*
m |

Global longitudinal strain, [=|% 1029 £ 240 1043 £320 898 £220 025
Dobutamine Stress Echocardiography

Basal aortic valve area, cm’ 0.90 (0.78-1.05) 030 {0.75-0.89) 0.90 (0.60-1.00) 021
Peak stress aorlic valve area, cm® 0.98 (0.79-1.40) 186 {0.80-1.00) 0.84 (0.67-1.00) 039
Basal mean transaortic gradient, mmHg 2569810 2831 £ 860 | 2600 + 8.5 068
Peak stress mean gradient, mmHg 373721150 38772970 44.00 1+ 21.60 063
Basal stroke volume index, mlfm* 34811 6.60 3067 = 9.40 | 35.02221.40 0.77
Peak stress stroke volume index, ml/m* 4147 47,10 4036+ 15.10 | 36,63 +7.80 .56
Presence of flow reserve 13 (76.5) 14 (100.0) 15 (88.2) 007

Vatues are mean 3 standard deviation, median (interguartile range), or n (%1 LV means left ventricular, LVEDV, left ventricular end-diastoic volume, LVEF, left ventricular

egection fraction; and LVESY, left ventricular end-systolic volume.
*Overall £ value among groups: group 1, group 2 and group 3.
'Significant aifference (P < 0.05) between group 1 vs. group 3.
‘Significant difference (P < 0.05) between group 2 vs. group 3.
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severity of AS was d by computed graphy in all p
and the median valve calcium score was 1,885 (1,291-5,875) AU.

Cardiac magnetic resonance imaging

The CMR at baseline demonstrated various differences
according to biomarkers levels groups (Table 3, Figures 4, 5).
There was an increase in right and LV (systolic and diastolic)
volumes from Group 1 to Group 3 (Figures S5A-D).
Consequently, there was a deterioration of ejection fraction of
both right and LV as biomarkers pattern worsened (Figures 4C,
D). There were also differences in the groups regarding iECV
(28.7 [21.2-39.1] vs. 28.8 [25.4-39.9] vs. 44.2 [36.4-51.2] ml/m?,
respectively; overall p<0.01; with post hoc p<0.01 between
groups 1 and 3 and post hoc p=0.04 between groups 2 and 3)
(Figure 4A} and ECV including delayed-enhancement images
(284 [24.8-30.7] vs. 282 [26.9-34.5] vs. 31.8 [28.9-355]%,
respectively; overall p=003; with post hoc p=0.02 between
groups 1 and 3) (Figure 4B). Baseline CMR imaging data
according isolated BNP and hsTnl tertiles are shown in
Supplementary Tables S5, S6, respectively.

Accuracy of BNP and hsTnl in the
assessment of cardiac repercussion
Both isolated BNP and hsTnl demonstrated excellent accuracy

capacity to detect increase in iECV, LVESVi and LVEF
(Figures 6B,C,H, respectively), and moderate capacity to detect

TABLE 3 Baseline cardiac magnetic resonance data,

Group 1 Low biomarkers

(n=17)

Group 2 Intermediate
biomarkers (n=14) (n=18) value”

10.3389/fcvm.2023.1149613

increase in ECV, LVEDVi and RVEF (Figures 6A,D,G,
respectively). BNP also had excellent discriminative capacity to
detect increase in RVESVi and RVEDVi, however, hsTnl had
only moderate capacity (Figures 6EF, respectively).

Discussion

The main findings of the present study can be summarized
as follows: (1) In LFLG-AS patients, group classification
according to BNP and hsTnl levels was associated with
progressive worsening of imaging parameters of bi-ventricular
remodeling and LV fibrosis by CMR; (2) the elevation of BNP
and hsTnl was also associated with worse echocardiographic
LVEF despite reduction on valvuloarterial impedance; (3) both
BNP and hsTnl demonstrated good discriminative capacity to
detect increase in LV parameters of function and fibrosis; (4)
higher levels of BNP and hsTnl were not associated with flow
reserve parameters.

Patients with LFLG-AS correspond to 5%-10% of patients with
AS (1). They also represent a more challenging subgroup of AS
patients both from a diagnostic and prog point of view.
Previous series have shown high surgical mortality with an even
worse prognosis with conservative therapy (19-22). Transcatheter
aortic valve replacement (TAVR) is an attractive alternative due
to its less invasive profile. It is associated with good short-term
outcomes in LFLG-AS patients, however with a high 2-year
mortality (23). There is a lack of prospective studies comparing
surgical and TAVR in  LFLG-AS, hindering prognostic
stratification and risk assessment.

Group 3 High blomarkers P

RVEDV index, ml/im* 588 (48.2-65.6) 59.0 (50.6-82.5) 810 (59.3-100.8) 003"
RVESV index, ml/m” 247 (14.5-31.0} 32,0 (20,5-38.8) 481 (346-738) <001
RV ejection fraction, % 6201 {53.0-69.0) 51.0 (35.2-63.0) 303 (24.0-16.3) <0.01"
LVEDV index, ml/m* 8.7 {77.0-139.4) 103.0 (87.0-136.7} 1323 {116.3- 167.1) oo™
LVESY index, miim’ 650 (430-807) 740 (57.1-93.5) 990 (783-131.0) oot
LVEF, % 4040 {31 5-47.0) 320 (29.0-41.5) 26.2 (19.1-33.0) <0.01"
Aortic valve area, cm® 0.84+0.23 0.79+022 0.89 + (.40 .68
Positive transmural delayed- 6.00 (35.30) 1.00 (7.70) 9.00 {56.30) ooz’
enhancement (mages
Positive mesocardial delayed- 100 {5.90) 500 (38.50) 5.00 {31.30) 0.06
enhancement images
LV mass, g 187.70 £ 5243 20146+ 41 58 211,55 = 60.76 0.4
Late gadolinium enhancement mass, g | 1005+ 13404 830 %1145 nsLEe 052
ECV including delayed-enhancement 284 {24.8-30.7) 28.2 (26.9-315) 318 {289-355) 0.03"
[oaset . — S A==
ECV without defayed-enhancement 268 (262-29.3} 287 (262-32) 304 (282-337) 0.06
images, %
iECV, mlim* 287 (212-39.1} 28.8 (25.4-39.9) 442 (364-51.2) <001

Values are mean + standard deviation, median linterquartile range), or n (%), ECV indicates extracellular volume; iECV, indexed extracellular volume, LGE, late gadoknum

. LV, feft ventricul.

*Overall P value among groups: group 1. group 2 and group 3
'Significant difference (P < 0,05) between group 1 vs, group 3.
bt

g difference (P<0.05)

Frontiers in Cardiovascular Medicine

group 2 vs, group 3.

end-diastolic volume, LVEF. left ventricular gjection fraction; LVESV. lelt ventricular end-systolic volume; RV, right
ventricular; RVEDV, right ventricular end-diastolic volume, and RVESV, right ventricular end-systalic volume,
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CMR is a novel tool in the prognostic assessment of AS
patients. Focal fibrosis demonstrated by LGE has been shown to
be a powerful mortality predictor (4, 24, 25). Besides, ECV and
iECV are validated parameters to estimate diffuse histological
fibrosis, and their association with LGE can also predict
development of LV decompensation (4, 26). Compared to high-
gradient AS, LFLG-AS have significantly higher ECV, iECV and
LGE mass (12). Furthermore, CMR predicts mortality in
LFLG-AS patients according to the number of impaired LV
components as follows: presence of LGE, worsening of LV
global longitudinal strain (>—11%), and increased ECV (>28%)
(17). The greater the number of impaired components, the
worse the outcomes, demonstrating the importance of
LV functional and structural assessment in patients with
LFLG-AS (17).

In this context, isolated troponin and BNP proved to be LV
remodeling markers and mortality predictors, both in high-
gradient AS and LFLG-AS (27-30). This predictive ability is an
important issue, as assessment with biomarkers is easier and less

Frontiers In Cardiovascular Medicine

expensive than by CMR. Thus, studies comparing both
methodologies are increasingly necessary. However, data on
combined LFLG-AS of trop a marker of
myocyte cell death, and BNP, a hormone released because of
increased intracavitary cardiac pressure, are lacking. Dahou et al.,
in a recent study, evaluated the prognostic impact of combined
troponin and BNP in 65 LFLG-AS patients and 33 paradoxical
AS patients. It was demonstrated that the elevation of biomarkers
had a prognostic impact. Furthermore, BNP alone was correlated
with parameters of LV function and troponin correlated with
parameters of LV geometry and function. Besides, this was an
echocardiographic study that used predefined parameters of
normality of biomarkers (BNP 2 550 pg/ml and high-sensitivity
cardiac troponin T > 15 ng/l) (30).

The present study is the first to evaluate the classification
according to BNP and hsTnl levels as surrogated markers of

progressive worsening of imaging parameters of bi-ventricular
remodeling and LV fibrosis by CMR and echocardiography in a
LFLG-AS cohort. As troponin assays may differ between centers,
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we chose to use folds of increase to define raises in these
biomarkers (BNP above ~2 folds and hsTnl above~3 folds of
reference values). Interestingly, Group 3 patients (increased BNP
and hsTnl) had lower valvuloarterial impedance values and this
finding can be explained by the reduction in ventricular function
with a consequent tendency to reduce the mean transaortic
gradient compared to the other groups.

As CMR is the gold standard for cardiac cavity and function
measurements, the proposed group definition demonstrated that
the progression of the groups was associated with worsening of
parameters of cavity measurement and function by CMR,
including interstitial fibrosis (31). ECV and iECV progression
according to the groups reaffirms that the use of biomarkers
correlates with marked cardiac prognostic changes, and the
group definition can be used as a surrogate of structural heart
discase. Indeed, isolated BNP and hsTnl had adequate capacity
to detect increase in ECV and iECV, and reduced LVEF and
RVEF. Therefore, as expected, the association of both elevated
biomarkers defines a group with increased cardiac chambers and
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diffuse fibrosis, and possibly worse prognosis. Besides, T1
mapping CMR has an important role in the evaluation of
differential diagnoses of cardiomyopathy, as cardiac amyloidosis.
Thus, the patients included in the present study had a median
ECV value of =30%, different of the 46.9% cutoff value used to
rule out cardiac amyloidosis in Martinez-Naharro et al. study
(32). These results confirm that, in our cohort, cardiac
amyloidosis did not justify LFLG-AS phenotype. Also, despite
similar echocardiographic pulmonary artery systolic pressure
between the groups, such findings renforce the hypothesis that
RV dysfunction was a consequence of the AS excessive afterload
mismatch, and not as a result of another cardiac disease.

Other important fact to mention is about flow reserve. LFLG-
AS traditionally has been further divided according to the presence
or absence of flow reserve on dobutamine stress echocardiography.
Earlier scries described poor prognosis in patients without flow
reserve, suggesting that the absence of flow reserve was related to
a more damaged LV (19-22). However, recent studies contradict
these findings, demonstrating that such patients without flow
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reserve do not have more diffuse fibrosis compared to those with
flow reserve, in addition to showing similar recovery of LVEF
after valve intervention (12, 33). In agr with such studi

there was no difference according to the group definition
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regarding the absence of flow Flow reserve
characterization increasingly appears to be related only with AS

severity confirmation and not for prognostic information.

reserve,

Limitations

This is an observational single-center study, with a relatively
small number of patients, albeit large for this clinical entity. The
effect of interventions in these patients, serial changes in
biomarkers and imaging could not be tested. Besides, cutoff
values were defined according to the median biomarkers values
found in our population. However, despite small sample size,
there were no differences in the groups regarding comorbidities
and coronary artery disease, and this classification demonstrated
good discriminative capacity to detect increase in LV parameters
of function and fibrosis, and the use of folds of increase can help
with external validation. However, there were differences between
groups regarding the use of angiotensin-converting enzyme and
angiotensin receptor blocker. Despite being a confounding factor,
this limitation can be explained by the fact that Group 3 patients
had lower bi-ventricular ejection fraction values and, with the
presence of a fix afterload generated by severe AS, they had
lower tolerance to use of vasodilator drugs. Besides, although
there is no evidence of prognostic improvement with guideline
directed medical therapy in patients with severe AS and
ventricular dysfunction, all patients were on these drugs, at
while interventional
treatment. Another limitation is that BNP and hsTnl are not
specific to AS. Also, atrial fibrillation may jeopardize TI-

pping ts. Nevertheless, incidence of atrial
fibrillation was similar between the group and we carefully
repeated and averaged T1-mapping measurements, in addition to
performing adequate heart rate control, in order to decrease the
deleterious  effects of atrial fibrillation on these data (16).
Although this was a prospective cohort with multimodality
evaluation, future studies with a larger number of patients are
still warranted to further evaluate the impact of biomarkers in
cardiac remodeling in LFLG-AS patients.

maximum  tolerated  doses, awaiting

Conclusions

In LFLG-AS patients, group classification according to BNP
and hsTnl levels was associated with progressive worsening of
imaging p of bi-v deling and LV fibrosis
by CMR, and worse echocardiographic LVEF despite reduction
on valvuloarterial impedance. Besides, higher levels of BNP and
hsTnl were not associated with flow reserve parameters.
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Nesse estudo relacionado ao desfecho secundario da tese, avaliamos 41
pacientes com EAoGradb. Estes foram divididos em 2 grupos em relacao ao gradiente
transvalvar adrtico ecocardiografico basal (repouso): < 25 mmHg (n=20) e >25 mmHg
(n=21). Os principais achados foram que o gradiente transaortico médio foi o Unico
preditor independente de mortalidade em um seguimento mediano de 4 anos. Além
disso, a RC do VE néao foi preditora de eventos. Esses achados corroboram que a RC
deve ser utilizada apenas na avaliacdo diagnostica dos pacientes com EAoGradb, e

ndo prognostica.
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Introduction: Classical low-flow, low-gradient aortic stenosis (LFLG-AS) is an
advanced stage of aortic stenosis, which has a poor prognosis with medical treatment
and a high operative mortality after surgical aortic valve replacement (SAVR). There is
currently a paucity of information regarding the current prognosis of classical
LFLG-AS patients undergoing SAVR and the lack of a reliable risk assessment tool for
this particular subset of AS patients. The present study aims to assess mortality
predictors in a population of classical LFLG-AS patients undergoing SAVR.

Methods: This is a prospective study including 41 consecutive classical LFLG-AS patients
{aorticvalve area <1.0 cm?, mean transaortic gradient <40 mmHg, leftventricular ejection
fraction <50%). All patients underwent dobutamine stress echocardiography (DSE), 3D
echocardiography, and T1 mapping cardiac magnetic resonance (CMR). Patients with
pseudo-severe aortic stenosis were excluded. Patients were divided into groups
according to the median value of the mean transaortic gradient (<25 and >25 mmHg).
All-cause, intraprocedural, 30-day, and 1-year mortality rates were evaluated.

Results: All of the patients had degenerative aortic stenosis, with a median age of 66 (60—
73) years; most of the patients were men (83%). The median EuroSCORE Il was 2.19%
{15%-4.78%), and the median STS was 2.19% (1.6%-3.99%). On DSE, 73.2% had flow
reserve (FR), i.e., an increase in stroke volume >20% during DSE, with no significant
differences between groups. On CMR, late gadolinium enhancement mass was lower
in the group with mean transaortic gradient >25 mmHg [2.0 (0.0-89) g vs. 85 (2.3-
15.0) g; p = 0.034), and myocardium extracellular volume (ECV) and indexed ECV were
similar between groups. The 30-day and 1-year mortality rates were 14.6% and 43.8%,
respectively. The median follow-up was 4.1 (0.3-5.1) years. By multivariate analysis
adjusted for FR, only the mean transaortic gradient was an independent predictor of
mortality (hazard ratio: 0.923, 95% confidence interval: 0.864-0.986, p=0.019). A
mean transaortic gradient <25 mmHg was associated with higher all-cause mortality
rates (log-rank p = 0.038), while there was no difference in mortality regarding FR
status {log-rank p = 0.114).
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Conclusions: In patients with classical LFLG-AS undergoing SAVR, the mean transaortic gradient
was the only independent mortality predictor in patients with LFLG-AS, especially if <25 mmHag.
The absence of left ventricular FR had no prognostic impact on long-term outcomes

KEYWORDS

aortic stenosis, risk prediction, valve surgery, echocardiography, cardiac magnetic resonance

Introduction

Classical low-flow and low-gradient aortic stenosis (LFLG-AS) is
a challenging clinical entity that has garnered increased recognition
in recent years. It is characterized by a mismatch between a reduced
aortic valve area (AVA) and a nonsevere transaortic mean gradient
in patients with reduced left ventricular ejection fraction (LVEF).
Recent studies report that classical LFLG-AS accounts for 5%-10%
of patients with severe aortic stenosis (AS) (1, 2

blished

Patients were divided into groups according to the mean
transaortic gradient €25 or >25 mmHg. In order to obtain two
groups with a balanced number of patients, this cutoff was
determined from the median value of the mean transaortic
gradient. All-cause mortality, intraprocedural mortality, 30-day
mortality, 1-year mortality, stroke, myocardial infarction, pacemaker
implantation, pericardial effusion, postprocedural atrial fibrillation,
and reintervention were evaluated Written informed consent was
provided from all the patients, and the study protocol was reviewed

Although aortic valve replacement (AVR) is a well-
management  strategy  for  classical LFLG-AS, studies on
interventional risk prediction are largely noncontemporary and have
primarily focused on transcatheter AVR (TAVR) (3-8). For instance,
once considered a survival marker, left ventricular flow reserve (FR)
has recently come under scrutiny for its prognostic relevance (2, 3, 7).
Furthermore, earlier studies have ined a heter
population of low-gradient AS, and their findings may not be
entirely generalizable to classical LFLG-AS patients (5, 6, 9).

Therefore, there is currently a paucity of information regarding
the current prognosis of classical LFLG-AS patients undergoing
surgical AVR (SAVR) and the lack of a reliable risk assessment
tool for this particular subset of AS patients. The present study
aims to assess mortality predictors in a population of classical
LFLG-AS patients undergoing SAVR.

£

Methods
Study population and protocol

This study included a prospective cohort comprising 41
consecutive patients with classical LFLG-AS (ie., AVA <1.0 cm’,
mean transaortic gradient <40 mmHg, and LVEF <50%) and
SAVR indication. Exclusion criteria were (I} severe primary
mitral or aortic regurgitation, (II) moderate-to-severe mitral
stenosis, (IT) cardiac magnetic resonance (CMR)-incompatible
devices or contraindications to gadolinium-enhanced CMR, (IV)
previous valve surgery, (V) nonischemic cardiomyopathies, and/
or (VI) diagnosis of pseudo-severe AS on dobutamine stress
echocardiography (DSE) (n=4) (Figure 1), A dedicated
electronic case report form was designed to collect baseline
characteristics, procedure details, and clinical follow-up data. All
patients underwent DSE, 2D and 3D
echocardiography, CMR with T1 mapping and late gadolinium
enhancement (LGE) evaluation, and laboratory examination,
Coronary angiography was performed in each patient, and

y artery di was considered in the presence of >50%
luminal stenosis on the major epicardial coronary artery,

transthoracic

Frontiers In Cardiovascular Medicine 02

and approved by the local institutional ethics committee.

Echocardiography

All transthoracic echocardiographs were analyzed in a central
echocardiography laboratory. DSE was performed as prevxously
described (2, 10) using a ially available ul d system
(Vivid 9; GE Healthcare, Milwaukee, WI, United States), as rest 2D
echocardiography. The presence of FR was defined as an increase in
stroke volume >20% during DSE. True-severe AS was defined by the
presence of a mean transaortic gradient >40 mmHg with an AVA
<10 cm’ during DSE, and pseudo-severe AS was defined by a mean
transaortic gradient <40 mmHg and an AVA >1.0 cm”. In the absence
of FR, AS severity was confirmed by the computed tomography aortic
valve calcium score and considered severe if 21,300 AU in women
and 22,000 AU in men (11, 12), Echocardiographi s were

d using the methods recommended by the Amencan Society
of Echocardiography (13). Left ventricular global longitudinal strain
was measured by speckle tracking with dedicated commercial software
(EchoPAC V 110.0.x; GE Healthcare, Milwaukee, W1, United States),
as previously reported (14). Three-dimensional echocardiography was
performed using a cially available ultr d system (EPIQ
Ultrasound, with a 5 MHz fucer; Philips, Andover, MA, United

FIGURE 1
Study flowecha

Al patients withaut

hy underwent an

LG low-flow, low-gradient
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States), and the parameters were analyzed according to dard
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recommendations (15).

CMR protocol

All CMR exams were performed using a clinical 1.5-T CMR
scanner (Achieva; Philips, Best, the Netherlands), and the analyses
were performed by two experienced investigators in a central CMR
core lab y at our The analyses were performed
using CVi42 (Circle CVi; Calgary, Canada) software, and images
were acquired and coupled to the electrocardiograph during
breath-hold. LGE imaging for myocardial fibrosis was performed
10 min after a bolus (0.2 mmol/kg body weight) of gadolinium-
based contrast. Native T1 mapping and T1 postcontrast mapping
were calculated before and 15-20min  after the intravenous
injection of 0.2 mmol/kg gadolinium-based contrast, respectively,
using the modified look-locker inversion-recovery sequence,
performed in expiratory apnea, into three segments of the left
ventricle short axis (base, mid, and apex). The T1 value was
calculated as a global myocardial T1 (pre- and postgadolinium)
value and excluded subendocardial and tr | fibrosis areas
(segments with mid-wall LGE were included). Atrial fibrillation
patients had controlled heart rates (60-90 bpm) during the exam,
and T1 mapping image acquisition was repealed, taking into
account the average of T1 values in both pre- and postgadolinium
sequences, The extracellular volume (ECV) was calculated using
the  following ECV,, = (1 = hematocrit) x ARL,,,,./
ARlpjo0q Where AR1 = (1/T1 precontrast — 1/T1 postcontrast) (16).
To calculate the indexed ECV (iECV), the following formula was
used: ECV  (excluding areas of focal fibrosis) x indexed left
ventricular end-diastolic myocardial volume (17).

formula:

Data analysis

Continuous variables were presented as median (25th-75th
percentile). Categorical variables were presented as percentages. The
Mann-Whitney U-test was applied for continuous variables, and the
Fisher exact test or ¥° test was applied for categorical variables, as
appropriate. Cox regression analysis was used to evaluate the
predictors of all-cause mortality. Variables with a p<005 in
univariate analyses were d in the multivaniable model and
adjusted for FR. Survival curves were estimated using the Kaplan
Meier method and « patient groups with the log-
rank test. All tests were two-tailed, and a p > 0.05 was used to indicate
statistical significance. All analyses were conducted using statistical
package SPSS, version 20 (IBM, Armonk, NY, United States).

1h

Results

Patient characteristics

were lled. The median age was 66 (60.0-73.5) years, with a
male predominance (82.9%). Functional class IIT or TV by NYHA
classification was present in 51.2%, 26.8% had angina, and only
3% had syncope. There was a high prevalence of comorbidities
such as hypertension (68.3%), diabetes (39%), chronic kidney
disease (39%), and atrial fibrillation (26.8%), and 36.6% had
concomitant coronary artery disease. Almost one-third of the
patients had left bundle branch block (29.3%) on the baseline
electrocardiogram. The median EuroSCORE 11 was 2.19% (1.5%-
4.78%), and the median STS was 2.19% (1.6%-3.99%). Patients
were compared regarding the two-di | echocardiographic
mean transaortic  gradient. Twenty pati had a mean
transaortic gradient <25 mmHg, and 21 patients had a mean
transaortic gradient >25 mmHg There were no differences in
clinical and laboratory data regarding group definition (Table 1),

Echocardiography data

Baseline transthoracic and DSE data are summarized in
Table 2. There were no differences between the groups regarding
two- and three-dimensional echocardiography in terms of
morphological and functional characteristics, except that patients
in the mean transaortic gradient >25mmHg group had, as
expected, a higher mean transaortic gradient [33 (30-36) vs. 21
(19-23) mmHg; p < 0.001], peak transaortic gradient [53 (49-61)
vs. 36 (30-39) mmHg; p<0.001], and peak aortic valve velocity
[3.64 (3.5-3.9) vs. 2.99 (2.70-3.11) m/s; p<0.001]. The median
stroke volume index was 34 (30-40) ml/m®, the global
longitudinal  strain  was  10% (8.7%-12%) [-], and the
valvuloarterial impedance was 5.2 {4.7-5.7) mmHg/ml/m®, with
no difference between groups. Regarding three-dimensional
echocardiography, data between groups were also similar, with a
median LVEF of 31 (24-39)%, AVA of 0.83 (0.66-0.90) cm’, and
AVA index of 0.43 (0.37-0.47) cm*/m”.

On DSE, FR was present in most of the patients (73.2%), with
no significant dilferences between the groups. Peak stress
parameters did not differ significantly between the groups, except
for the peak stress mean transaortic gradient, which was higher
in the mean transaortic gradient €25 mmHg group [42 (33-49)
vs. 32 (22-45) mmHg; p=0.030]. In contrast to the 2D

x3

echocardiography evaluation, the stroke volume index
was higher in the mean transaortic gradient >25 mmHg group
[32.2 (27.0-45.7) vs. 25.5 (20.2-31.2) ml/m’, p = 0.012]. However,
this difference was no longer observed after dobutamine infusion

[39 (35-45) vs. 30.6 (28.0-38.7) ml/m?, p=0.063].

CMR data

CMR data are shown in Table 3 and were similar between
the groups, except for LGE mass, which was lower in the
mean transaortic gradient >25 mmHg group (2.0 (0.0-8.9) vs.
8.5 (23-15.0)g p=0.034]. Delayed-enhancement images

Clinical characteristics and laboratory data are ized in
Table 1. A total of 41 patients with severe degenerative LFLG-AS

Frontiers In Cardiovascular Medicine

howed a tr ral pattern in 29.3% and a mesocardial
pattern in 26.8%. Interstitial fibrosis analyses were also similar
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TABLE 1 Basellne clinical and laboratory data of the study population.
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Clinical data
Age, years 66 (60.0-73.5) 69 (61.7-737) 65 (57.5-735) 0.290
Body surface arca, m* 1.80 (1.71-192) 1.79 (1.72-1.92} 1.81 (1.67-1.95) w7
Male sex 34 (82.9) 18 (90.0) 16 (76.2) 0410
Diabetes 16 (39.0) 9 (45.0) 71(33.3) 0.656
Hypertension 28 (68.3) 14 (70.0) 14 (66.7) 1.000
Atrsal fibrillation 11 (26.8) 7 (35.0) 4 (19.0) 0421
Coronary artery disease 15 (36.6) 10 (50.0) 5(23.8) 0.157

One vessel 3(73) 1(5.0) 2(95)

Two vessels 5 (12.2) 2 (9.5) 3(15.0)

Three vessels T07.1) 1(4.8) 6 (30.0)
Previous CABG 6 (14.6) 4 (20.0) 2 (9.5} 0410
EuroSCORE 11, % 2.19 (1.50-4.78) 3.32 (1.72-5.25)} 1.79 (1.13-3.90) 0.101
STS, % 2.19 (1.60-3.99) 3.14 {1.68-3.83) 1.50 (1.40-4.44) 0351
Symptoms
NYHA v 21 (51.2) 11 (35.0) 10 (47.6) 0.873
Angina 11 (26.8) 6 (28.6) 5 (25.0) 1.000
Syncope 3(73) 1(5.0) 2(95) 1.000
Medications
ACE imhibitors or ARB 29 (70.7) 14 (70.0) 15 (71.4) 1.000
Beta blockers 21 (51.2) 12 (60.0) 9 (42.9) 0432
Antiplatelets 23 (56.1) 12 (60.0) 11 (524) 0.860
Diurctics 35 (85.4) 15 (75.0) 20 (95.2) 0,093
Statins 29 (70.7) 12 (60.0) 17 (81.0) 0.258
Digoxin 9 (22.0) 5(25.0) 4 (19.0) 0.719
Oral anticoagulation 11 (26.8) 7(350) 4 (19.0) 0424
ECG
Left bundle branch block 12 (29.3) 6 (30.0) 6 (28.6) 1.000
Right bundle branch block 2(49) - 2(95) 0.488
Hemoglabin, mg/dl 135 (127-143) 13.3 (12.5-14.3) 137 (12.7-14.6) 0.309
Hematocrit, % 41 (39-44) 40 (38-43) 41 (39-45) 0.160
«GFR, ml/min 55 (46-64) 48 (36-61) 59 (45-72) 0.130
CKD (eGFR < 60 ml/min) 16 (39.0) 11 (55.0) 5(23.8) 0.084
“Troponin 1. ng/ml 1.043 (D.025-0.102) 0043 (0.020-0102) 0.045 (0026-0.105) 0.758
B-type natriuretic peptide, pg/ml 378 (138-659) 259 (138-630) 469 (131-710) 0.739
5 mg/dl 29 (1.5-6.8) _26(15-6.1) 0 0771

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft, CKD, chronic kidney disease, ECG, electrocardiogram; eGFR,

estimated glomerular filtration rate. NYHA, New York Meart Association
Values are median (25th-75th percentile) or n [%).
Bokd values denote statistical significance.

between groups: overall ECVs including and excluding positive
delayed-enhancement were 28.9% (26.8%-33.2%) and 28.7%
(26.3%-31.9%), respectively, and iECV was 349 (24.9-
40.8) ml/m’,

Procedural data and outcomes

Procedural data and postprocedural outcomes are summarized
in Table 4. The occurrence of postprocedural complications was
luated and compared b the groups, with no statistical
difference. Infection was the most frequent complication,
followed by atrial fibrillation (43.9% and 19.5%, respectively). A
ker was i

definitive pac planted in three (7.3%) patients;

Frontlers In Cardiovascular Medicine

stroke and pericardial effusion both occurred in only one (2.4%)
patient. Concomitant coronary artery bypass graft was performed
in three patients from each group, with no statistical difference
between groups. There was no ascending aortic procedure nor
mitral valve intervention. Cardiopulmonary bypass time was the
only variable with a difference between the groups and was lower
in the patients with mean transaortic gradient >25 mmHg [60
(52-73) vs. 77 (60-100) min; p=0.023]. Both 30-day and 1-year
mortality rates were also similar, and there was no
intraprocedural mortality.

All-cause mortality was evaluated with a median follow-up of
4.1 {03-5.1) years. In the univariate analysis of predictors of
all-cause mortality (Table 5 and Supplementary Table S1), three
variables were associated with the outcome: STS [hazard ratio

04 frontiersin.org



5 Resultados

55

Tessar et al.

10.3389/fcvm.2023.1197408

TABLE 2 Baseline two- and three-dimensional echocardlography and dob stress echy diography data.
Baseline 2D echocardiography
LVEF, % 35 (28-43) 34 (26-41) 38 (28-43) 0.461
LVEDD, mm 58 (35-63) 57 (53-64) 58 (55-63) 0.824
LVESD, mm 46 (40-52) 47 (38-52) 46 (40-52) 0,989
LVEDY, ml 190 (171-243) 184 (156-243) 207 {178-245) 0.289
LVESV, ml 128 (102-163) 135 (102-169) 124 (102-163) 0.968
LV mass, g/m” 142 (128-170) 138 (129-160) 146 (119-132) 0321
Mean transaortic gradient, mmHg 26 (21-33) 21 (19-23) 33 (30-36) <0.001
Peak transaortic gradient, mmHg 41 (36-53) 36 (30-39) 53 (19-61) <0.001
Peak aortic valve velocity, mis 32 (299-364) 299 (270-3.11) 364 (35-39) <0.001
PASP, mmHg 43 (34-50) 44 (32-51) 43 (35-50) 0.799
Aortic diameter, cm 33 (30-35.75) 33 {30-36.75) 32 (30-35) 0.989
Left atrium diameter. cm 48 (42.5-50) 48 (43.25-49.75) 46 {41-51) 0.927
Septum, cm 11 {9-13) 115 (9-13) 11 {(95-125) 0.906
Posterlor wall, cm 10 (95-12.0) 050017 10 (10-12) 0661
Aortic valve area, cm” 085 (0.66-0.55) 088 (DSD-0.95) {182 {0.62-0.96) 0.758
Aortic valve area index, cm’/m’ 0.47 (0.36-0.51) 047 (038-0.52) 0.46 {0.34-0.50} 0.383
Stroke volume index. mbim® 34 (30-40) 35 (31-42) 33 (30-40) 0.501
Valvuloarterial impedance, mmHg/ml/m’ 52 (47-57) 5.0 (46-586) 53 (48-5%) 0512
Global longitudinal strain ([-] %) 10 (8.7-12) 10 (9-12) 10 (68-12) 0.620
Moderate/ functional mitral 13 (31.7) 6 {30.0) 7(333) 1.000
Mod, functional pid 5 {122} 3 {150} 2(95) 0.663
Segmental dysfunction 9 {220} 5 {25.0) 4(190) 0.719
Daastolic dysfunction 0,502
Grade 1 8 {29.6) 5 {33.3) 3 (25.0)
Grade 2 11 (40.7) 6 (40.0) 5(417)
Grade 3 4{148) 3 {20.0) 1(83)
Baseline 3D echocardiography
LVEE, % 31 (24-39) 31 (24-38) 35 (24-39) 0718
LVEDY, ml 173 (150-212) 159 (148-206) 185 (166-218) 0.183
LVESV, ml 115 (87-145) 111 (34-138) 123 (90-155) 0445
Aortic valve area, cm® 0.83 (0.66-0.90) 0.85 (0.70-0.91) 0.70 (0.61-0.90} 0327
Aottic valve area index, cm’fm’ 0.43 (0.37-0.47) 046 (0.41-0.49) 0.41 {0.36-D.45) 0.131
Flow reserve 30 (73.2) 14 (70.0) 16 (76.2) 0.925
Basal aortic valve area, cm® 0.80 (0.72-0.96) 0.84 (0.69-0.98) 0.80 (0.73-0.95) 1.000
Peak stress sortic valve area, cm’ 0.85 (0.70-0.97) 0.89 (0.63-1.00) .80 (0.71-0.90} 0.443
Basal mean transsortic gradient, mmHg 29 (22-32) 22 (18-30) 31 (27-34) 0002
Peak stress mean transaartic gradient, mmHg 35 (29-47) 32 (22-45) 42 (33-49) 0.030
Basal stroke volume index, ml/im® 29.7 (24.6-37.7) 255 (20.2-31.2) 322 {27.0-45.7) 0.012
Peak stress stroke volume index, mlim* 36.5 (29.4-42.0) 30.6 (28.0-38.7) 39 (35-45) 0.063
Basal indexed flow rate, ml/m’ s 101 (85-126) 94 (73-121) 118 (85-145) 0.190
Peak indexed tlow rate, mlim® s 137 (106-162) 106 (95-139) 143 {126-164) 0.037

DSE. dobutamine stress echocardiography: Gm, mean transaartic gragient, LV, left ventricudar, LVEDD, left ventricular end - diastalic diameter; LVESD, left ventncular end-
systolic dameter, LVEDV, left ventricular end - diastolic volume. LVEF, left ventricular ejection fraction, LVESY. left ventricutar end-systolic volume: PASP, pudmonary arterial

systolic prassure.
Values are median (25th-75th percentile) or n (%),
Botd values denote statistical significance.

(HR}): 1.253, 95% confidence interval (CI): 1.019-1.541, p=0.032],
2D echocardiographic mean transaortic gradient (HR: 0.932, 95%
CL: 0.882-0.984, p=0.011), and C-reactive protein (HR: 1.033,
95% CI: 1.008-1.059, p=0.011). However, in the multivariate
analysis adjusted for FR, only 2D echocardiographic mean
transzortic gradient was an independent predictor of mortality
(HR: 0.908, 95% CI: 0.837-0.984, p=0.019). As demonstrated in
Figure 2, patients with transaortic mean gradient >25 mmHg
had a lower rate of all-cause mortality during the follow-up

Frontiers in Cardiovascular Medicine 05

(log-rank p=10.038), while the presence of FR (Figure 3) had no
impact on mortality (log-rank p = 0.239).

Discussion

The main findings of the present study, including patients with
classical LFLG-AS undergoing SAVR, can be summarized as follows:
(1) the rest transaortic mean gradient was the only independent
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TABLE 3 Cardiac magnetic resonance data.

Variable Total (n=41) Mean transaortic Mean transaortic p-value
gradient <25 (n=20) gradient >25 (n=21)
RVEDV index, ml/m* 602 (543-855) 635 (52.3-90.5) 59.4 {56.5-75.0) 0.629
RVESV index, mlim* 324 (20.5-44.6) 31 (18.7-49.2) 324 {22.3-119) 0.764
RV ¢jection fraction, % 47 {30-63) 56 (30-66) 45 (31-58) 0.206
LVEDV index, ml/m’ 115 {87-137) 1) (87-138) ) 120 (87-137) 0.958
LVESV index, mi/m* 78 {56-98) 79 (49-101) 78 (57-98) 0,579
LVEF, % 32 (25—42 34 (23—46]# 31 (2.8—43L 0.865
Aortic valve area, cm’ 08 (0.6-09) 08 (0.7-09) 07 06-09) 0235
Peak transaortic gradient, mmHg 36 {28-63) 33 (25-50) 40 (34-81) 0134
Mean transaortic gradient, mmHg 9 (5-13) 8 (5-11) 11 (6-17) 0.174
Positive dial delayed-enhanc images 11 (26.8) 6 (30) 5(238) 0.925
Positive transmural defayed-enhancement |magé 12 (29.3) 7135 0)_ 5(23 8)— 0657
LV mass, g 199 (168-247) 200 (151-255) 199 (174-231) 0,527
LGE mass, g 19 (0.0-12.7) 85 (23-15.0) | 2.0 (0.0-8.9) 0.034
ECV including positive delayed-ent images, % 289 (268-332) 29.6 (26.9-33.8) 28.7 (26.5-32.0) 0.341
ECV excluding positive delayed-enh images, % 287 (263-319) 289 (26.7-33.0) 27.1 258-30.0) 0,291
iECV, mlim* 349 (249-40.8) 371 (269-415) 341 {24.8-38.7) 0404

ECV, extracellular volume, Gm, mean transaortic gradient; IECV, Indexed extracellular volume; LGE, late gadolnum enhancemant; LV, left ventricutar, LVEDV, left
ventricular end-diastolic volume: LVEF. left ventricular gjection fraction; LVESY, left ventricular end-systolic volume; RV, right ventricular, RVEDY, right ventricular end-
diastolic volume; RVESVY, nght ventricular end-systolic volume,

Vatues are median (25th-75th percentile) or n [%).

TABLE 4 Procedure data and post-procedure outcomes,

Variable Total (n=41) Mean transaortic Mean transaortic p-value

gradient <25 (n= 20} gradient >25 (n=21)

Cardiopulmonary bypass time, min 69 (55-92) 77 (60-100) 60 (52-73) 0.023
Cross-clamp time, min 5L (40-68) 6 (42-83) 44 (39-60) 0.099
Concomitant CABG 6 (14.6) 31500 3(143) 1.000
30-day mortality 6 (14.6) 2 (10.0) 4(19.0) 0.663
1-year mortality 14 (438) 9 (45.0) 5 (41.7) 1.000
Stroke 1(24) 1(50) — 0488
Definitive pacemaker 3(7.3) 1(50) 2{95) 1.000
Pericardial cffusion 1(24) — 1{48) 1.000
Infection 18 (43.9) 10 (50.0) 8 (38.1) 0.536
Atrial fibnillation $(19.5) 5 (2500 3(143) 0,454
Reintervention 2(49) - 2(95) 0.488

CABG, coronary artery bypass graft.
Values are median (25th~75th percentile) or n (%),
Botd values denote statistical significance.

TABLE 5 Univariate and multivariate analyses of predictors of all-cause mortality adjusted for flow reserve.

Univariate analysis p-value | HR Multivariate analysis p-value
95.0% Ci 95.0% Cl
Lower limit  Upper limit Lower limit = Upper limit
STS, % 1253 1019 | 1541 0432 1157 | 0.927 1444 0.197
2D echocardiographic mean transaortic gradient, mmHg | 0932 0882 0984 0011 0908 01,837 0.984 0.01%
C-reactive protein, mg/d] 1033 1.008 1059 0011 | 1026 | 1.000 1.053 0.050
Flow reserve 1594 0.759 | 5.866 0129 | 3.103 0.728 13217 0.126

Cl, confidence interval: HR, hazard ratio

predictor of mortality; and (2) the absence of left ventricular FR wasnot  This entity is related to poor clinical outcomes, and conservative
associated with worse outcomes in a median of 4-year follow-up. treatment has been associated with mortality rates as high as

Classical LFLG-AS affects only 5%-10% of the population with ~ 60% in 2 years (8, 18). However, despite an increased risk for
AS and represents an advanced stage of the disease, as the impaired  adverse outcomes even with surgical or transcatheter AVR,
left ventricle is unable to generate a rest high transaortic gradient.  robust data show that aortic intervention is still beneficial
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could have larger amounts of fibrosis and therefore an increased
operative risk (2). Second, the TOPAS-TAVT registry demonstrated
that the absence of FR was neither associated with higher mortality
rates nor with lower LVEF recovery after TAVR (7). This is in line
with Buchanan et al. (3), who showed that FR did not predict all-
cause mortality at 30 days or I year after TAVR, and Sato et al, (20),
who also demonstrated that FR was not a predictor of better
survival (3, 20). However, Sato et al. {20) were the only ones who
evaluated SAVR patients, but still, the analysis did not differentiate
those who underwent TAVR procedures (20). Thus, the results of
these studies may not necessarily extend to patients undergoing
SAVR exclusively, as those included in the present study.

The multicentric TOPAS registry evaluated predictors of poor
outcomes In patients with low-gradient AS undergoing SAVR,
TAVR, or a medical approach (5, 7, 9). The TOPAS-TAVI registry
demonstrated that lower hemoglobin levels, chronic obstructive
pulmonary  disease, and d Lo-severe idual  aortic
regurgitation were predictors of poor outcomes in a 2-year follow-up
after TAVR (7). Another substudy demonstrated a prognostic value
of both brain natriuretic peptide (BNP) and high-sensitivity troponin
T levels in patients with classical and paradoxical LFLG-AS.
Moreover, when occurring simultancously, values =550 pg/ml and
>15ng/L, respectively, were independent predictors of 2-year
mortality, with higher mortality compared to the elevation of none or
only one biomarker (5). A third study on patients undergoing CMR
d d that d ventricular global longitudinal strain (<
—11%), higher ECV (>28%) and LGE presence were predictors of
worse outcomes, with a cumulative effect on survival analysis curves
(9). However, in these last two studies, the pooled data included not
only classical LFLG-AS but also paradoxical AS and normal-flow
low-gradient AS (5, 9). It is important to note that AS subtypes have
different pathophysiologies since classical LFLG-AS is similar to heart
failure with reduced ejection fraction, while the paradoxical AS has
similar characteristics to heart failure with preserved ejection fraction.
Thus, it 1s possible that mortality predictors may be different for such
pathologies, and they should be studied separately.

Studies including only classical LFLG-AS patients undergoing
SAVR arc scarce and nong porary, revealing high surgical
mortality but even worse outcomes with conservative medical
treatment (4, 6, 8, 10, 18). Such data corroborate the indication of
intervention in patients with classical LFLG-AS and the need for new
risk prediction strategies. In line with previous studies, we

d d that a lower transaortic mean gradient was associated

compared to the traditional approach (9, 19-21), Thus, it is
imperative to recognize the patients with classical LFLG-AS who
will benefit from SAVR, and studies on this topic are scarce.

The absence of FR on DSE has been described for a long time as a
predictor of higher mortality in patients undergoing SAVR, with an
operative mortality rate of about 30% vs. 5%-7% in the presence of
FR (8). However, several recent studies have tried to refute such a
theory. First, a prospective study including patients with classical
LFLG-AS evaluated by CMR d d that the absence of FR is
not related to the amount of diffuse interstitial fibrosis assessed by
ECV and iECV, refuting the previous idea that patients without FR

Frontiers In Cardiovascular Medicine

with worse outcomes, especially if €25 mmHg (6, 8). It is noteworthy
that, despite there being no difference in LVEF between groups, these
patients with lower gradients also presented lower cardiac output at
rest and a trend to lower cardiac output at stress, as demonstrated by
the basal and peak stroke volume index on DSE, which could indicate
a more advanced stage of the disease and, hence, a poor prognosis.
The median value of the mean transaortic gradient (€25 mmHg)
was arbitrarily chosen as the cutoff to divide the population into two
groups to obtain two groups with a comparabl ber of pati
Baseline characteristics were similar between them, except for LGE
mass, which was higher among patients with a mean transaortic
gradient <25 mmHg, Interestingly, different from the present study,
LGE was also one of the mortality predictors described by Fukui et al.

¥
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(9), and this discrepancy could be explained by the higher LGE
prevalence demonstrated by that study (67% vs. 53.7% in the present
study). In addition, the different populations included in their study
(i, paradoxical LFLG and normal-flow low-gradient AS, besid
classical LFLG-AS) may also impact the results (9). Patients with a
mean transaortic gradient of <25 mmHg had longer cardiopulmonary
bypass time. However, no surgical technical issues could account for
this observation, as the rates of coronary artery bypass graft
procedures were similar between the groups, and patients did not
undergo any other concomi interventi M ver, although
longer cardiopulmonary bypass time may influence prognosis and
introduce potential bias in the present study, it was not deemed
significant as a predictor of mortality in the analysis.

Due to its less invasive nature, TAVR appears Lo have a higher
survival benefit than SAVR (19). The present study demonstrated that
classical LFLG-AS patients undergoing SAVR had a higher 30-day
mortality rate (14.6%) than that predicted by EuroSCORE 11 [2.19%
(1.509%-478%)] and the STS score [219% (1.60%-3.99%)].
Meanwhile, the TOPAS registry demonstrated a different scenario in
those patients undergoing TAVR, with a 30-day mortality rate of 3.8%,
which was lower than the mortality risk predicted by the STS score
and EuroSCORE 11 [7.7% (5.3%-12.0%) and 105% (5.5%-17.3%),
respectively] (7). However, currently available surgical risk scores may
not adequately assess the op risk, and further studies are needed
to obtain better prediction tools for this specific high-risk population.

Study limitations

This is a single-center study with a heterogencous population
and a relatively small number of patients, although large for this
entity. The small number of events may have impacted the
mortality prediction, despite being enough to fit the developed
model (22). In this cohort, different from the former studies, only
patients with classical LFLG-AS undergoing SAVR were included,
M , further domized studies are needed to compare
treatment strategies in classical LGLF-AS patients (TAVR vs, SAVR),

Conclusion

In patients with classical LFLG-AS undergoing SAVR, the
echocardiographic rest transaortic mean gradient was the only
independent predictor of mortality. In addition, the absence of
left ventricular FR was not associated with worse outcomes,
confirming the diagnostic rather than the prognostic value of FR,
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Pacientes com EAoGradb fazem parte de um subgrupo de pacientes com EAo
bastante complexos e que merecem uma atengdo especial tanto em relagcdo ao
diagnéstico como prognostico. No primeiro dos presentes estudos, avaliamos
pacientes EAoGradb, dividindo-os em grupos de acordo com os niveis de BNP e hsTnl
e comparando-0s com a progressao de alteracdes em exames de imagem multimodal.
Foram analisados 49 pacientes incluidos em 3 grupos em relacéo ao nivel de BNP e
troponina | ultrassensivel (hsTnl): Grupo 1 (n=17) quando BNP e os niveis de hsTnl
estavam abaixo da mediana (BNP<1,98 vezes o limite superior de referéncia [URL] e
hsTnl<2,8 vezes o URL); Grupo 2 (n=14) quando BNP ou hsTnl foram maiores que
mediana; e Grupo 3 (n=18) quando tanto o hsTnl quanto ao BNP foram maiores que
a mediana. A progressao dos grupos foi associada com piora dos parametros de
imagem de remodelamento e fibrose do ventriculo esquerdo pela RMC. A elevacao
do BNP e hsTnl também foi associada a pior FEVE pelo ecocardiograma. Ambos BNP
e hsTnl demonstraram boa capacidade discriminativa para detectar aumento nos
parametros de funcéo e fibrose do ventriculo esquerdo. A progressédo de ECV e iIECV
de acordo com os grupos reafirma que o uso de biomarcadores se correlaciona com
alteracdes prognadsticas cardiacas marcantes, e a definicdo de grupo pode ser usada
como um substituto em relacdo a doenca estrutural.

O segundo estudo demonstrou que o gradiente transadrtico médio,
principalmente se < 25 mmHg, foi o Unico preditor de mortalidade apds intervencao
em uma coorte de pacientes com EAoGradb submetidos a cirurgia de troca valvar
aortica em um seguimento com mediana de 4 anos. Apesar de ndo haver diferenca
na FEVE entre os grupos (gradiente médio < 25 mmHg versus > 25 mmHg), o grupo
com menor gradiente médio também apresentou menor débito cardiaco em repouso
e uma tendéncia a menor débito cardiaco no estresse, como demonstrado pelo indice
de volume sistélico basal e de pico no EcoS, podendo indicar um estagio mais
avancado da doenca e, portanto, um mau prognostico. Importante ressaltar que
estudos incluindo apenas pacientes com EAoGradb classico submetidos a cirurgia de
troca valvar sdo escassos e ndo contemporaneos, revelando elevada mortalidade,
mas resultados ainda piores ocorreram com tratamento médico conservador®9).

A taxa de mortalidade de 30 dias, em nosso estudo, foi de 14,6%, maior do que
a prevista pelo EuroSCORE Il (2,19 [1,50-4,78]%) e STS (2,19 [1,60-3,99]%). No
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entanto, os escores de risco cirargico atualmente disponiveis podem nao avaliar
adequadamente o0 risco operatorio nesse cenario, e mais estudos sdo necessarios
para obter melhores ferramentas de previsao para esta populacdo especifica de alto
risco. O registro TOPAS demonstrou um cenario diferente naqueles pacientes
submetidos a TAVR, com taxa de mortalidade em 30 dias de 3,8%, menor do que o
risco de mortalidade previsto pelo escore STS e EuroSCORE 1l (7,7 [5,3-12,0]% e
10,5 [5,5-17,3]%, respectivamente)®?. Assim, devido a sua natureza menos invasiva,
o TAVR parece ter maior beneficio de sobrevivéncia do que cirdrgico®b.

Outro fato importante a ser mencionado é sobre a RC. EAoGradb,
tradicionalmente, tem sido dividido de acordo com a presenca ou auséncia de RC no
EcoS. Estudos da primeira década dos anos 2000 descreviam um pior prognéstico em
pacientes sem RC, sugerindo que a auséncia de RC estava relacionada a um VE mais
danificado(®°: 46.52.53)  Al|ém da evolug&o das técnicas cirlirgicas, estudos recentes néo
corroboram tais achados. Rosa VE et al. ?® demonstraram, em um estudo com RMC,
que os pacientes sem RC nao apresentam mais LGE, ECV ou iECV quando
comparados aqueles com RC, sugerindo que a RC ndo deva ser relacionada a fibrose
focal ou difusa @9, Confirmando tais achados, o registro TOPAS-TAVI demonstrou
gue a recuperacdo da FEVE nesse grupo de pacientes ndo é influenciada pela
presenca ou auséncia de RC*?, Assim, de acordo com tais achados, nosso primeiro
estudo evidenciou que a RC néo se correlacionou com a progressédo dos grupos de
acordo com os niveis de BNP e hsTnl, enquanto no segundo estudo a RC nao foi
preditora de mortalidade ap6s a intervencéo valvar cirdrgica. Desta forma, a RC, cada
vez mais, parece estar relacionada apenas com confirmacao da gravidade EAo e néo

como marcador prognastico.
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7 CONCLUSOES

Niveis mais elevados de BNP e hsTnl em pacientes EAoGradb estédo
associados a remodelamento cardiaco e fibrose. Além disso, o gradiente transaortico
meédio foi o Unico preditor independente de mortalidade nesse subgrupo de pacientes,

especialmente se o gradiente transadrtico médio fosse menor ou igual a 25 mmHg.
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ANEXO A — Tabelas suplementares referente ao Artigo 1

Supplemental Table 1: Baseline Clinical and Laboratory Data of the Study Population
According BNP Tertiles

Low BNP Intermediate BNP High BNP

(n=16) (n=17) (n=16) P value®
Clinical Data
Age, years 66.9+7.0 66.5+ 9.6 69.1+8.9 0.66
Body surface area, m? 1.81+0.15 1.80+0.17 181+0.14 1.00
Female gender 6 (37.5) 3(17.6) 2 (12.5) 0.21
Diabetes Mellitus 8 (50) 5(29.4) 5(31.3) 0.40
Hypertension 13 (81.3) 13 (76.5) 8 (50) 0.12
Atrial fibrillation 4 (25) 5(29.4) 3(18.8) 0.77
Angina 5(31.3) 4 (23.5) 3(18.8) 0.71
Previous CABG 3(18.8) 1(5.9) 3(18.8) 0.43
EuroSCORE 11, % 295+241 2.71+1.77 4.63+3.40 0.11
STS, % 3.08+1.93 2.89+2.10 3.81+2.27 0.47
Medications
ACE inhibitor or ARB 14 (87.5) 13 (76.5) 12 (50) 0.05
Beta blockers 9 (56.3) 7(41.2) 10 (62.5) 0.45
Antiplatelets 12 (75) 9 (52.9) 10 (62.5) 0.42
Diuretics 14 (87.5) 14 (82.4) 15 (93.8) 0.60
Statins 15 (93.8) 10 (58.8) 11 (68.8) 0.04
Digital 3(18.8) 4 (23.5) 2 (12.5) 0.71
Oral anticoagulation 4 (25) 5(29.4) 3(18.8) 0.77
Electrocardiogram
Left Bundle Branch Block 5(31.3) 5(29.4) 3(18.8) 0.68
Right Bundle Branch Block 0(0) 1(5.9 2 (12.5) 0.23
Laboratory data
Hematocrit, % 414+11 406+3.3 41.2+1.2 0.89
C reactive protein, pg/mi 3.31+3.44 9.26 + 16.58 13.62 + 18.63 0.14
CKD (eGFR <60 mL/min) 6 (37.5) 3(17.6) 9 (56.3) 0.07
High-sensitivity troponin I, ng/ml  0.05 + 0.02 0.12+0.04 0.15+0.08 0.26

B-type natriuretic peptide, pg/ml  107.5 (4-177) 408.5 (191-610) 1319 (645-2741)  <0.017i§

Values are meanzstandard deviation, median (interquartile range), or n (%). ACE indicates angiotensin-
converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; CKD,
chronic kidney disease; eGFR, estimated glomerular filtration rate.

*Overall P value among groups: group 1, group 2 and group 3.

TSignificant difference (P<0.05) between group 1 vs group 2.

ISignificant difference (P<0.05) between group 1 vs group 3.

§Significant difference (P<0.05) between group 2 vs group 3.
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Supplemental Table 2: Baseline Clinical and Laboratory Data of the Study Population

According to Troponin | Tertiles

Low Intermediate High
Troponin | Troponin | Troponin | P value*
(n=16) (n=17) (n=16)
Clinical Data
Age, years 67.19 £ 7.83 69.41 +10.01 65.69 + 7.28 0.45
Body surface area, m? 1.82+0.17 1.84+0.13 1.76 +0.16 0.29
Female gender 5(31.3) 2 (11.8) 4 (25) 0.37
Diabetes Mellitus 7 (43.8) 6 (35.3) 5(31.3) 0.76
Hypertension 13 (81.3) 10 (58.8) 11 (68.8) 0.37
Atrial fibrillation 3(18.8) 6 (35.3) 3(18.8) 0.45
Angina 2 (12.5) 2(11.8) 8 (50) 0.02
Previous CABG 2 (12.5) 3(17.6) 2 (12.5) 0.89
EuroSCORE 11, % 24+17 41+36 38+23 0.17
STS, % 27+18 35+25 3.6+1.9 0.41
Medications
ACE inhibitor or ARB 15 (93.8) 10 (58.8) 10 (62.5) 0.03
Beta blockers 13 (81.3) 6 (35.3) 7(43.8) 0.02
Antiplatelets 11 (68.8) 12 (70.6) 8 (50) 0.40
Diuretics 13 (81.3) 16 (94.1) 14 (87.5) 0.52
Statins 14 (87.5) 11 (64.7) 11 (68.8) 0.26
Digital 2 (12.5) 3 (17.6) 4 (25) 0.66
Oral anticoagulation 3(18.8) 5 (29.4) 4 (25) 0.77
Electrocardiogram
Left Bundle Branch Block 6 (37.5) 1(5.9) 6 (37.5) 0.03
Right Bundle Branch Block 1(6.3) 2 (11.8) 0 (0) 0.25
Laboratory data
Hematocrit, % 39.6 £ 10.7 420+55 41.7+53 0.77
C reactive protein, pg/mi 6.4+11.3 9.8+14.0 9.8+189 0.77
CKD (eGFR <60 mL/min) 2 (12.5) 8 (47.1) 8 (50) 0.05
High-sensitivity troponin I, ng/ml  0.015 (0.01-0.03) 0.04 (0.03-0.08)  0.17 (0.08-0.51)  <0.01t%§
B-type natriuretic peptide, pg/ml 160 (4-854) 541 (66-2741) 580 (100-3583) 0.03t%

Values are meanzstandard deviation, median (interquartile range), or n (%). ACE indicates angiotensin-
converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; CKD,
chronic kidney disease; eGFR, estimated glomerular filtration rate.
*Overall P value among groups: group 1, group 2 and group 3.
1Significant difference (P<0.05) between group 1 vs group 2.
ISignificant difference (P<0.05) between group 1 vs group 3.
§Significant difference (P<0.05) between group 2 vs group 3.
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Supplemental

Echocardiography Data According BNP Tertiles

Table 3: Baseline Echocardiography and Dobutamine Stress

Intermediate

Lc(’r‘:"leg'P BNP Hi(gnilBG';'P P Value*
(n=17)

Baseline Echocardiography

Aortic root, mm 32+34 32.8+£5.3 33.1£55 0.81
Left atrium, mm 41 (38-57) 445 (42-47) 49.0 (39-57)  0.04%
Interventricular septum, mm 11.3+2.1 11.2+23 109+24 0.84
Posterior wall, mm 108+ 14 10.5+1.7 99+1.9 0.32
LVEDV, mm 57.8+6.3 58.1+6.4 60.2+ 8.1 0.58
LVESV, mm 45.7+5.5 459+7.6 49.2+9.5 0.37
LVEF, % 38 (26-35) 35 (20-47) 28 (19-45) 0.021
LV mass, g 146.6 £+ 27.2 153.9+51.7 154.3+57.5 0.87
Stroke volume index, ml/m? 36.0+10.3 36.0+94 354+81 0.98
Aortic valve area, cm? 0.88+0.2 0.78+ 0.2 0.85+0.2 0.23
Aortic valve area index, cm?/m 049+0.1 043+0.1 0.46+0.1 0.22
Peak transaortic gradient, mmHg 424+ 145 439+ 114 43.4+13.6 0.95
Mean transaortic gradient, mmHg 249+85 26.2+7.9 250+7.38 0.88
mgﬂfgrﬁ;eti/ztnavere functional mitral 5 (31.3) 6 (35.3) 6 (37.5) 0.72
?g;ﬂcraéﬁgati/;ﬁvere functional tricuspid 2 (12.5) 3 (17.6) 2 (12.5) 0.89
Systolic pulmonary artery pressure, mmHg 42 +10.7 434+ 135 45.4+10.0 0.78
Valvuloarterial impedance, mmHg/ml/mz 54+0.8 54+1.0 4.8+0.9 0.15
Global longitudinal strain, [-]% 106+£3.1 10.2+25 87+22 0.14
Dobutamine Stress Echocardiography

Basal aortic valve area, cm? 0.88+0.2 0.86+0.2 0.81+0.2 0.60
Peak stress aortic valve area, cm? 0.98+0.2 0.85+0.3 0.88+0.2 0.32
Basal mean transaortic gradient, mmHg 27+9.9 26.3+8.9 26.2+6.8 0.96
Peak stress mean gradient, mmHg 38.4+10.2 40.2+18.1 428+191 0.85
Basal stroke volume index, ml/m?2 35.2+8.6 294+72 3571220 0.58
Peak stress stroke volume index, ml/m2 39.6+9.4 435+11.2 358+84 0.29
Presence of flow reserve 12 (75) 14 (82.4) 9 (56.3) 0.24

Values are meanzstandard deviation, median (interquartile range), or n (%). LV means left ventricular;
LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; and LVESV, left

ventricular end-systolic volume.

*Overall P value among groups: group 1, group 2 and group 3.
tSignificant difference (P<0.05) between group 1 vs group 2.
FSignificant difference (P<0.05) between group 1 vs group 3.
§Significant difference (P<0.05) between group 2 vs group 3.
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Supplemental

Echocardiography Data According Troponin | Tertiles

Table 4: Baseline Echocardiography and Dobutamine Stress

Low Intermediate High
Troponin | Troponin | Troponin| P Value*
(n=16) (n=17) (n=16)

Baseline Echocardiography

Aortic root, mm 31.8+5.2 33.3+5.2 329+39 0.68
Left atrium, mm 449+5.4 495+5.5 46.9+7.9 0.12
Interventricular septum, mm 10.6 +2.1 11.8+2.3 11.1+2.0 0.29
Posterior wall, mm 10.1+1.8 109+1.9 10.1+1.3 0.25
LVEDV, mm 57.6+5.8 58.2+7.0 60.3 £ 8.6 0.51
LVESV, mm 456 +5.6 457 + 8.7 49.4 +8.2 0.56
LVEF, % 36+6.9 33.4+8.6 32.7+8.6 0.28
LV mass, g 132.8+23.6 160.5+52.2 161.1+53.9 0.14
Stroke volume index, ml/m2 36.7+95 37.2+6.4 33.2+11.2 0.43
Aortic valve area, cm? 0.87+0.2 0.86+£0.2 0.78+0.1 0.35
Aortic valve area index, cm?/m 0.48+0.1 0.46+0.1 0.44+0.1 0.53
Peak transaortic gradient, mmHg 41.8+13.8 43.0+ 139 451+115 0.78
Mean transaortic gradient, mmHg 241+22 26.3+21 257+1.6 0.72
?g;ﬂcraéﬁgati/;ﬁvere functional mitral 6 (37.5) 4 (23.5) 7 (43.8) 0.46
mgﬂfgrﬁ;eti/ztna?/ere functional tricuspid 3 (18.8) 0(0) 4 (25) 0.03
Systolic pulmonary artery pressure, mmHg 40.9+12.3 40.8+ 8.6 48.3 + 10.7 0.19
Valvuloarterial impedance, mmHg/ml/m2 5.15 (4.2-6.2) 5.00 (2.2-6.4) 5.3 (4.4-7.8) 0.05
Global longitudinal strain, [-]1% 100+19 10.2+2.7 94+35 0.71
Dobutamine Stress Echocardiography

Basal aortic valve area, cm? 0.88+0.2 0.85+0.2 0.83+0.2 0.76
Peak stress aortic valve area, cm? 1.00+£0.3 0.88+0.2 0.84+0.2 0.27
Basal mean transaortic gradient, mmHg 259+83 27.2+7.2 26.3+10.2 0.91
Peak stress mean gradient, mmHg 37.4+9.8 419+15.0 40.5+195 0.88
Basal stroke volume index, ml/m2 334+7.8 31.0+108 36.5+21.8 0.67
Peak stress stroke volume index, ml/mz 40.1+7.8 39.2+84 385+128 0.96
Presence of flow reserve 11 (68.8) 13 (76.5) 11 (68.8) 0.85

Values are meantstandard deviation, median (interquartile range), or n (%). LV means left ventricular;
LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; and LVESV, left

ventricular end-systolic volume.

*Overall P value among groups: group 1, group 2 and group 3.

TSignificant difference (P<0.05) between group 1 vs group 2.
FSignificant difference (P<0.05) between group 1 vs group 3.
§Significant difference (P<0.05) between group 2 vs group 3.
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Supplemental Table 5: Baseline Cardiac Magnetic Resonance Data According BNP
Tertiles

Intermediate

L‘()r‘:‘;fgp BNP H'(?l:fgp P Value*
(n=17)

RVEDV index, mL/m? 58.9 (37-76) 59.4 (30-111) 92 (39-204)  0.04%
RVESV index, mL/m? 225(12-34)  31(11-79)  65(11-177)  <0.01%
RV ejection fraction, % 61 (41-75) 57 (27-68) 29 (16-71) <0.01%
LVEDV index, mL/m? 102 (65-158) 131 (70-169) 125 (84-188)  0.02%+
LVESV index, mL/m? 63(26-106) 80 (48-131) 88 (54-162)  <0.01%
LVEF, % 40 (26-64)  30(18-45)  28(12-49)  <0.01%
Aortic valve area, cm? 0.80+£006 090+007 087+012 054
';ﬁ;';g;e transmural delayed-enhancement 036+0.13  033+013  042+015 061

Positive mesocardial delayed-enhancement 044+ 0.10 033+ 013 0.25 + 0.13 032

images

LV mass, ¢ 177 + 11 204 (16) 216 (15) 0.10
Late gadolinium enhancement mass, g 11.2+33 9.3+3.2 8.9+23 0.79
(IJEA)CV including delayed-enhancement images, 29.5+ 15 303+12 315+16 0.19
(I)E/OCV without delayed-enhancement images, 29.0 414 301 +11 308+ 18 0.50
IECV, ml/m? 28.5 (17-42) 38.8(21.6-51.2) 38'56(?5?'0' 0.017%

Values are meanzstandard deviation, median (interquartile range), or n (%). ECV indicates extracellular
volume; iECV, indexed extracellular volume; LGE, late gadolinium enhancement; LV, left ventricular;
LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left
ventricular end-systolic volume; RV, right ventricular; RVEDV, right ventricular end-diastolic volume;
and RVESYV, right ventricular end-systolic volume.

*Overall P value among groups: group 1, group 2 and group 3.

tSignificant difference (P<0.05) between group 1 vs group 2.

ISignificant difference (P<0.05) between group 1 vs group 3.

§Significant difference (P<0.05) between group 2 vs group 3.
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Supplemental Table 6: Baseline Cardiac Magnetic Resonance Data According

Troponin | Tertiles

Low Intermediate High
Troponinl  Troponinl  Troponinl P Value *
(n=16) (n=17) (n=16)
RVEDV index, mL/m? 58.1+16.8 719+235 79.1+431 0.15
RVESV index, mL/m? 245+145  421+237  49.7+420 0.06
RV ejection fraction, % 64 (28-75) 45 (17-71) 40 (16-67) 0.017%
LVEDV index, mL/m?2 99 (65-161) 123 (91-188) 137 (78-184) 0.03%
LVESV index, mL/m? 61 (26-120) 80 (54-162) 92 (39-162) 0.03%
LVEF, % 40 (25-64) 33 (14-49) 29 (12-50) 0.03%
Aortic valve area, cm?2 0.80+0.2 0.96+0.3 0.77+03 0.17
Frﬁzgg;e transmural delayed-enhancement 0274046 035+049 043+051 067
';g;';gge mesocardial delayed-enhancement 007+025 029+047 036+050  0.16
LV mass, g 184.4+54.7 199.4+50.2 217.2+51.8 0.25
Late gadolinium enhancement mass, g 796+22 11.10+13.3 11.82+11.0 0.66
ECV including delayed-enhancement images, % 28.7 +5.9 31.0+64 31.9+6.7 0.28
ECV without delayed-enhancement images, % 28.5+6.0 30.1+54 305+34 0.56
IECV, ml/m? 27.4 (17-42)  38.6 (26-57) 40.4 (25-54) 0.01%

Values are meanzstandard deviation, median (interquartile range), or n (%). ECV indicates extracellular
volume; iECV, indexed extracellular volume; LGE, late gadolinium enhancement; LV, left ventricular;
LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left
ventricular end-systolic volume; RV, right ventricular; RVEDV, right ventricular end-diastolic volume;

and RVESYV, right ventricular end-systolic volume.
*Overall P value among groups: group 1, group 2 and group 3.

1Significant difference (P<0.05) between group 1 vs group 2.
ISignificant difference (P<0.05) between group 1 vs group 3.
§Significant difference (P<0.05) between group 2 vs group 3.
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ANEXO B — Tabelas suplementares referente ao Artigo 2

Supplemental Table 1: Univariated analysis of predictors of all-cause mortality

continua
HR 95',0% ¢ —— P value
Lower limit Upper limit

Clinical data
Age, years 1.020 0.962 1.541 0.511
Body surface area, m? 2.054 0.107 39.574 0.633
Female sex 1.210 0.404 3.628 0.734
Diabetes 1.321 0.546 3.193 0.537
Hypertension 3.135 0.915 10.737 0.069
Atrial fibrillation 1.723 0.686 4.332 0.247
Coronary artery disease 1.938 0.794 4.728 0.146

One vessel 0.000 0.000 0.982

Two vessels 2.125 0.588 7.676 0.250

Three vessels 3.726 1.312 10.581 0.014
Previous CABG 1.101 0.322 3.766 0.878
EuroSCORE II, % 1.054 0.907 1.223 0.494
STS, % 1.253 1.019 1.541 0.032
Symptoms
NYHA [lI/IV 0.787 0.325 1.903 0.595
Angina 0.627 0.209 1.876 0.403
Syncope 0.043 0.000 31.360 0.349
ECG
Left bundle branch block 1.255 0.500 3.151 0.629
Right bundle branch block 0.044 0.000 90.108 0.422
Laboratory data
Hemoglobin, mg/dI 0.793 0.571 1.101 0.166
Hematocrit, % 0.910 0.814 1.018 0.101
eGFR, mL/min 0.990 0.968 1.014 0.411
CKD (eGFR < 60 mL/min)
Troponin |, ng/mL 6.532 0.419 101.902 0.181
B-type natriuretic peptide, pg/mL 1.001 1.000 1.001 0.133
C-reactive protein, mg/dL 1.033 1.008 1.059 0.011
Baseline 2D echocardiography
LVEF, % 0.987 0.936 1.040 0.617
LVEDD, mm 0.997 0.935 1.063 0.920
LVESD, mm 1.014 0.956 1.075 0.648
LVEDV, mL 0.997 0.987 1.006 0.469
LVESV, mL 1.000 0.989 1.011 0.996
LV mass, g/m? 0.995 0.984 1.005 0.327
Mean transaortic gradient, mmHg 0.932 0.882 0.984 0.011
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continuacao

Supplemental Table 1: Univariated analysis of predictors of all-cause mortality

95.0% ClI
HR — —— P value
Lower limit Upper limit

Baseline 2D echocardiography
PASP, mmHg 1.008 0.963 1.055 0.733
Septum, cm 1.038 0.862 1.249 0.695
Posterior wall, cm 1.012 0.784 1.305 0.930
Aortic valve area, cm? 1.623 0.124 21.300 0.712
Aortic valve area index, cm?/m? 1.292 0.009 176.471 0.919
Stroke volume index, mL/m2 1.003 0.951 1.057 0.916
Valvuloarterial impedance, mmHg/mL/m? 0.775 0.480 1.251 0.296
Global longitudinal strain ([-] %) 1.033 0.894 1.195 0.657
Moderate/severe functional mitral regurgitation 0.702 0.255 1.934 0.494
Moderate/severe functional tricuspid regurgitation 2.594 0.855 7.869 0.092
Diastolic dysfunction

Grade 1 0.819 0.149 4.505 0.819

Grade 2 0.988 0.199 4911 0.989

Grade 3 0.866 0.121 6.168 0.885
Baseline 3D echocardiography
LVEF, % 0.986 0.936 1.039 0.603
LVEDV, mL 0.995 0.985 1.006 0.374
LVESV, mL 0.999 0.987 1.011 0.863
Aortic valve area, cm? 2.202 0.131 37.046 0.584
Aortic valve area index, cm?/m? 1.845 0.008 447.236 0.827
Dobutamine stress echocardiography
Flow reserve 2.594 0.759 8.866 0.129
Basal aortic valve area, cm? 0.147 0.010 2.176 0.163
Peak stress aortic valve area, cm? 0.548 0.035 8.657 0.669
Basal mean transaortic gradient, mmHg 0.955 0.902 1.012 0.117
Peak stress mean transaortic gradient, mmHg 1.005 0.970 1.041 0.778
Basal stroke volume index, mL/m? 1.008 0.964 1.054 0.735
Peak stress stroke volume index, mL/m? 0.999 0.935 1.069 0.988
Basal indexed flow rate, mL/m2 -s 1.001 0.983 1.020 0.893
Peak indexed flow rate, mL/m2 -s 1.007 0.990 1.025 0.407
Cardiac Magnetic Resonance
RVEDV index, mL/m? 1.002 0.989 1.015 0.742
RVESYV index, mL/m2 1.000 0.987 1.014 0.968
RV ejection fraction, % 0.996 0.971 1.021 0.734
LVEDV index, mL/m? 1.006 0.992 1.020 0.400
LVESYV index, mL/m? 1.009 0.995 1.023 0.208
LVEF, % 0.985 0.946 1.026 0.472
Positive mesocardial delayed-enhancement images 1.675 0.668 4.202 0.272
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Supplemental Table 1: Univariated analysis of predictors of all-cause mortality

concluséo
95.0% CI
HR — —— P value
Lower limit Upper limit

Cardiac Magnetic Resonance
Positive transmural delayed-enhancement images 1.068 0.410 2.784 0.893
LV mass, g 0.998 0.989 1.007 0.683
LGE mass, g 1.030 0.986 1.075 0.183
i%\;g:l;fmg positive delayed-enhancement 1023 0.936 1117 0.621
:fn%\é:;c;;dmg positive delayed-enhancement 1030 0.945 1123 0.499
iIECV, mL/m? 1.021 0.981 1.064 0.303
Procedure data
Cardiopulmonary bypass time, min 1.008 0.995 1.022 0.220
Cross-clamp time, min 0.998 0.981 1.015 0.808

Cl = confidence interval; HR = hazard ratio; other abbreviations as in Table 1, 2 and 3.



