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RESUMO
Importancia: a classe funcional da New York Heart Association (NYHA) desempenha
um papel central na avaliacdo da insuficiéncia cardiaca (IC), entretanto ela pode
apresentar uma confiabilidade limitada na avaliacdo das formas leves da sindrome.
Objetivo: Comparar medidas objetivas da avaliacdo funcional da IC entre os pacientes

classificados como NYHA | e II.

Desenho: Estudo observacional transversal e longitudinal, aninhado em um ensaio

clinico randomizado. Realizado em 11 centros de IC no Brasil.

Participantes: pacientes ambulatoriais com IC estavel com fracdo de ejecdo do
ventriculo esquerdo reduzida (FEVE <45%) e congestdo clinica minima, incluidos no
estudo ReBIC-1.

Exposicdo (s): Classe funcional da NYHA.

Principais resultados e medidas: classe funcional da NYHA, teste de caminhada dos 6
minutos (TC6), niveis de peptideo natriurético (NT-ProBNP), auto-percepc¢éo do paciente
usando um escore visual analégico (EVA) de dispnéia, e alteracdes sequenciais no (EVA)
em dois momentos.

Resultados: Analisamos 188 pacientes ambulatoriais com IC (idade média de 59 (x 13)
anos e FEVE de 32 (+ 8%), em classe | da NYHA (65%) e Il (35%). Observamos uma
diferenca absoluta de 10 pontos nos escores EVA de dispneia avaliados entre os pacientes
daclasse | e Il da NYHA 16 [4,3-30] versus 26 [11-49]; valor de p = 0,0015, (Wilcoxon
rank sum test) mas com uma sobreposicao entre os pacientes (sobreposicdo de densidade
= 64%). Os niveis de log NT-proBNP foram de 6,38 + 1,26 pg / mL e 6,76 + 1,07 pg /
mL nos pacientes da classe | e Il da NYHA, respectivamente (valor de p = 0,038;
sobreposicao de densidade = 86%). A distancia média no TC6 foi de 390-112 metros e

354-105 metros nos pacientes da classe | e Il da NYHA, respectivamente (valor de p =
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0,038, sobreposicdo de densidade de 76%). Na andlise longitudinal, pacientes com IC
com melhora, estabilidade ou piora da classe funcional ndo apresentaram uma
significativa variacdo na EAV na auto-avaliagcdo da dispnéia (alteracdo mediana na EVA

= 0 para os trés grupos, valor de p = 0,21).

Conclustes e Relevancia: Houveram diferencas significativas de pequena magnitude
entre os varios marcadores de avaliacdo funcional de acordo com a classe da NYHA,
entretanto a maioria dos pacientes classificados como classe I e 11 da NYHA tinham uma
percepcdo semelhante de suas limitacGes, capacidades fisicas e niveis de peptideos
natriuréticos. As decisdes clinicas baseadas exclusivamente na classificacdo da NYHA,

conforme sugerido pelas diretrizes internacionais, devem ser vistas com cautela.

ClinicalTrials.gov Identificador: NCT02689180 Palavras-chave: insuficiéncia cardiaca,

dispnéia, classe funcional



ABSTRACT
Importance: New York Heart Association (NYHA) functional class plays a central role
in heart failure (HF) assessment but might have limited reliability in the evaluation of
mild forms of the syndrome.
Objective: To compare objective measures of HF functionality between patients
classified as NYHA | and I1.
Design: Observational cross sectional and longitudinal study, nested in a randomized
clinical trial.
Setting: 11 HF clinics in Brazil.
Participants: Stable HF outpatients with reduced left ventricular ejection fraction
(LVEF<45%) and minimal clinical congestion, included in the ReBIC-1 trial.
Exposure(s): NYHA functional class.
Main Outcome(s) and Measure(s): NYHA class, 6-minute walk test (6MWT),
Nterminal pro-brain natriuretic peptide (NT-ProBNP) levels, patient’s self-perception of
dyspnea using a visual analogue score (VAS), and temporal changes in dyspnea VAS
overtime.
Results: We analyzed 188 HF outpatients (mean age of 59(+13) years and LVEF of
32(£8%)), on NYHA class | (65%) and 1l (35%) at baseline. We observed an absolute 10
points difference in the self-assessed dyspnea VAS scores between NYHA class | and 11
patients (16 [4.3-30] versus 26 [11-49]; p value = 0.0015, Wilcoxon rank sum test), but
overlap between individual patients was substantial (density overlap = 64%). Log NT-
proBNP levels were 6.38+1.26 pg/mL and 6.76+1.07 pg/mL in NYHA class | and 11
patients, respectively (p value = 0.038; density overlap = 86%). Mean distance in the

6MWT was 390+112 meters and 354+105 meters in NYHA class | and Il patients,



respectively (p value = 0.038, density overlap of 76%). In longitudinal analysis, HF
patients with improvement, stability or worsening of functional class had no significant
variation on self-assessed dyspnea VAS (median change in VAS = 0 for the three groups,
p value = 0.21).

Conclusions and Relevance: There were significant differences of small magnitude
among several markers of physical functionality according to NYHA class, but the
majority of patients labeled as NYHA class | and 11 had similar self-perception of their
limitation, objective physical capabilities and levels of natriuretic peptides. Clinical
decisions based solely on NYHA classification, as suggested by international guidelines,
should be viewed with caution.

ClinicalTrials.gov Identifier: NCT02689180 Keywords: heart failure, dyspnea,

functional class



REVISAO DA LITERATURA

A insuficiéncia cardiaca (IC) é uma sindrome clinica complexa que resulta de
qualquer disturbio cardiovascular estrutural ou funcional, causando uma perfusdo
sistémica inadequada para atender as demandas metabolicas do organismo (1). Ela é uma
condigdo clinica endémica em todo o mundo, de alto custo, incapacitante e com
mortalidade elevada, representando um grave problema de satde publica (2)(3). Dados
da American Heart Association (AHA) de 2019 estimam que atualmente existam 6,2
milhdes de americanos acima dos 20 anos com o diagnostico desta patologia. Isto
representa um aumento em relacdo aos dados anteriores de 2009-2012 que estimavam
uma prevaléncia de 5,7 milhdes de individuos com IC nos EUA. Neste contexto, projeta-
se que a prevaléncia desta patologia ira aumentar 46% de 2012 até 2030, resultando num
total de 8 milhdes de pessoas acima dos 18 anos com IC. Adicionalmente, a porcentagem
total desta doenca também ird aumentar de 2,42% em 2012 para 2,97% em 2030. Este
aumento previsto para os proximos anos esta relacionado ao desenvolvimento tardio desta
patologia e ao envelhecimento da populagdo mundial, mostrando a importancia da
avaliacdo e do tratamento precoces (4).

As principais manifestagdes da IC sdo a fadiga e a dispneia, que podem limitar a
tolerdncia ao exercicio, e a retencdo de fluidos, que leva a congestdo pulmonar e
esplancnica e ao edema periférico. Alguns pacientes podem apresentar intolerancia ao
exercicio e pouca evidéncia de congestdo, enquanto outros apresentam edema, dispneia e
fadiga. Devido as apresentacBes clinicas diversas, ndo existe um teste Unico para
diagnosticar a IC, e isto implica em uma ampla anamnese e um exame fisico adequado
(5).

A sindrome clinica da IC pode resultar de alteracbes no pericardio, miocardio,

endocardio, valvulas cardiacas, grandes vasos ou anormalidades metabdlicas. Muitos
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pacientes podem apresentar os sintomas de IC devido a fungéo prejudicada do ventriculo
esquerdo (VE). Deve ser enfatizado que a IC nédo é sindnimo de cardiomiopatia ou de
disfuncdo de VE, estes dois termos descrevem possiveis causas do desenvolvimento desta
patologia. A IC pode estar associada com uma grande variagdo da funcgéo ventricular,
desde pacientes com VE de tamanho normal e fracdo de ejecdo preservada, até pacientes
com severa dilatacdo de VE e/ou reducdo da fracdo de ejecdo. Em muitos pacientes as
alteracGes na funcdo sistdlica e diastolica coexistem, a despeito da fracdo de ejecdo do
paciente (6).

Devido a ampla apresentacdo clinica dos pacientes com IC e do aumento da
prevaléncia desta patologia em funcdo do envelhecimento da populacdo e do aumento da
expectativa de vida dos pacientes com cardiopatia, torna-se imperativo a deteccao precoce
desta patologia e da adoc¢édo de medidas preventivas. Existe um alto risco de desenvolver
IC nos pacientes com hipertensdo, diabetes, obesidade e doenca arterial coronariana,
tornando estas patologias areas prioritarias de prevencao (1)(7). Apesar dos avangos
obtidos nas ultimas décadas no tratamento destes pacientes, a mortalidade ainda
permanece alta (8). Em adicdo, a melhora no tratamento da hipertenséo arterial sistémica,
das doengas valvares e da doenca arterial coronariana tem prolongado a sobrevida dos
pacientes, levando ao desenvolvimento tardio da IC (9).

Dados da incidéncia e da prevaléncia desta patologia ja sdo conhecidos desde o
estudo de Framingham, o qual mostrou uma incidéncia anual em homens de 2/1000 entre
35 e 64 anos com um aumento de 12/1000 entre 65 e 94 anos. Devido ao balango entre o
aumento do risco com a idade e a reducgdo na expectativa de vida com o passar dos anos,
o risco de desenvolver IC é de aproximadamente 20% em todas as idades acima dos 40

anos (7)(10). Dessa forma, a deteccdo precoce e o tratamento das condigOes
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predisponentes sdo de fundamental importadncia nos individuos suscetiveis ao
desenvolvimento desta patologia.

As recomendac@es para o inicio e manejo dos pacientes com IC variam conforme
a sintomatologia e a disfungdo do ventriculo esquerdo, demonstrando a importancia da
adequada classificacdo destes pacientes e da precocidade do tratamento(1)(6).

A classificagdo funcional da New York Heart Association (NYHA) fornece
informacdes sobre a presenca e a severidade da IC, focando na capacidade do paciente
realizar exercicios fisicos e na sintomatologia clinica da doenca (11)(12). A classificagdo
da NYHA foi originalmente descrita em 1928 e desde entdo vem sendo continuamente
atualizada, com sua Ultima revisdo tendo ocorrido em 1994 (12). Ela tem sido um
instrumento de classificagdo com validade amplamente estabelecida, sendo utilizada em
diversos estudos de IC desde o momento da arrolamento de pacientes como um critério
de inclusdo, além de pautar condutas clinicas em inumeras diretrizes nacionais e
internacionais (13). Desta forma, a classificagcdo da NYHA tem sido amplamente utilizada
por vérias geracOes de médicos da comunidade, internistas e cardiologistas no mundo
todo. A classificagdo da NYHA avalia o efeito sintoméatico da doencga cardiaca,
permitindo estratificar o grau de limitacdo imposto por ela para atividades cotidianas,
calibrando assim a severidade dos sintomas nos pacientes com doenca cardiaca estrutural
(2) (12)(14).

Esta classificacdo tem sido categorizada com base na intensidade dos sintomas
aferidos na histdria clinica e de acordo com a sintomatologia apresentada durante o
esforco. Ela tem como sintomas principais a fadiga e dispneia, que ocasionam diminuigéo
da capacidade funcional, dificultando a execucdo das atividades diarias e reduzindo a

qualidade de vida(12)(15)
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Segundo a NYHA, os individuos com IC sdo alocados em quatro categorias
(2)(11)(12):

Classificacdo da New York Heart Association

Classe I  auséncia de sintomas durante atividades cotidianas, com limitacao para
esforgos semelhante & esperada em individuos saudaveis

Classe 11 sintomas desencadeados por atividades cotidianas

Classe sintomas desencadeados em atividades menos intensas que as cotidianas

i

Classe IV  sintomas em repouso

The Criteria Commitee of the New York Heart Association. 9th ed. Boston: Little Brown,
1994

Além do valor prognéstico da definicdo da classe funcional, essa classificacdo é
atil para avaliar qualidade de vida, resposta terapéutica e para determinar o melhor
momento para iniciar diversas intervencdes. Apesar do seu uso ja bem estabelecido, um
aspecto importante da determinacdo da classe funcional da NYHA é o seu carater
subjetivo e a possibilidade de estar sujeita ao viés de diferentes interpretacées (1)(2).

A determinacdo da classe funcional de cada paciente depende da interpretacédo
médica no momento da avaliacao clinica. Esta subjetividade foi observada e demonstrada
por Goldman et al em um estudo prospectivo que avaliou a reprodutibilidade e a validade
da NYHA. Neste estudo os autores encontraram uma reprodutibilidade de apenas 56% na
avaliacdo da NYHA realizada por dois medicos na avaliacdo clinica de um mesmo
paciente (16).

Além de ser uma classificacdo claramente subjetiva, ela também pode ser

modificada em curtos periodos de tempo. Embora a reprodutibilidade e a validade possam
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ser problemaéticas, a classificacdo funcional da NYHA é um preditor independente de
morbi-mortalidade nos pacientes com IC (16)(17). De acordo com Yap et al, em uma
revisdo sistematica publicada em 2015, foi constatado que além de ser uma classificagdo
amplamente utilizada na prética clinica e na pesquisa, a NYHA também é um importante
determinante de elegibilidade de pacientes para diferentes tratamentos e para a avaliagéo
da resposta terapéutica e da progressdo da doenca (13). Além das utilizagdes descritas
acima, a NYHA também auxilia na determinacdo do momento mais adequado para iniciar
novas intervengdes. Por exemplo, 0 uso rotineiro e ja bem estabelecido desta
classificacdo é uma ferramenta utilizada pelas diretrizes internacionais para indicar o
momento mais adequado para 0 uso de terapias adicionais em pacientes com IC, como a
introducdo de novos farmacos, o implante de desfibriladores e de ressincronizadores (18).
Neste cenario, a adequada classificacdo e a diferenciacdo dos pacientes assintomaticos
(classe I da NYHA) dos pacientes sintomaticos sera fundamental nesta tomada de deciséo.

Devido a importancia de aprimorar a avaliacdo clinica do paciente foram
desenvolvidos outros métodos para otimizar este julgamento. Segundo Flynn et al (19)
poucos estudos na literatura avaliaram as relagGes entre a avaliacao clinica realizada pelo
médico e avalia¢do do paciente com IC. Neste estudo publicado em 2010, foram avaliadas
as diferencas entre os desfechos descritos pelos pacientes (incluindo um questionario de
qualidade de vida e uma escala visual de dispneia) e os desfechos clinicos (classe da
NYHA, teste da caminhada dos 6 minutos e o consumo maximo de oxigénio [VO2zmax]).
Os desfechos reportados pelos pacientes mostraram uma correlagdo moderada entre eles.
Enquanto o questionario de qualidade de vida demonstrou uma forte correlacdo com a
capacidade fisica, nenhum dos desfechos avaliados pelo paciente mostrou uma forte
correlagdo com 0 VO2zmax e 0 teste da caminhada dos 6 minutos. Com este intuito, diversos

métodos tem sido utilizados para quantificar o status clinico dos pacientes com IC. Entre
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eles podemos utilizar questionarios de qualidade de vida, testes de caminhada, a classe
funcional da NYHA e biomarcadores (20).

Um dos testes amplamente utilizados na pratica médica é o teste da caminhada
dos 6 minutos (TC6M). Este teste é de facil aplicagdo e ndo necessita de treinamento
técnico avangado para a sua obtencdo. Ele mede a distancia que o paciente consegue
caminhar o mais rapido possivel em uma superficie plana e dura em um periodo de 6
minutos. O TC6M propicia uma avaliagdo global de todos os sistemas do organismo
envolvidos no exercicio fisico, incluindo o sistema pulmonar, cardiovascular, circulacdo
sistémica, circulacdo periférica e neuromuscular (21). Muitos pacientes ndo atingem a
capacidade funcional maxima durante o teste, podendo optar pela intensidade da
caminhada, inclusive com pausas de descanso durante o teste. Entretanto, como muitas
atividades diarias sdo realizadas com niveis subméaximos da capacidade funcional, este
teste pode refletir com melhor exatiddo o nivel de cada paciente nas suas tarefas do
cotidiano. Além da avaliacdo inicial no momento do diagndstico da IC, este teste é de
fundamental importancia na mensuragdo da resposta as intervengdes medicas realizadas.
O TC6M também é utilizado como uma medida do status funcional do paciente, assim
como um preditor de morbi-mortalidade (21)(22)(23). Dados da literatura mostram que a
subjetividade das diversas classes funcionais da NYHA guando comparada a uma medida
mais objetiva, como o TC6M, apresentam resultados divergentes, demonstrando uma
significativa heterogenidade entre os diferentes estudos. Apesar das diferencgas
encontradas na literatura, o decréscimo na classe funcional da NYHA parece ter uma
melhor correlagdo com o TC6M entre as classes Il e 111 e entre as classes 111 e IV (13).
Yap et al (13) ndo encontraram diferencas entre as classes | e Il da NYHA e o TC6M. A
subjetividade da NYHA demonstra uma maior habilidade desta classificagdo em

diferenciar os pacientes com sintomas leves e severos do que os pacientes com sintomas
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leves a moderados. Este achado corrobora as limitag@es intrinsecas da classificagdo da
NYHA e a necessidade da avaliacdo da com outros testes disponiveis, como 0 TC6M.
(13)(22)(24). Em outro estudo, publicado em 2014, Lee Ingle et al demonstraram que o
teste da caminhada dos 6 minutos é um preditor independente de mortalidade no
acompanhamento de 5 anos de pacientes com IC. Este estudo demonstrou o poder similar
ou até superior da utilizacdo do TC6M neste grupo de pacientes em comparagdo com
outras variaveis fisicas e bioquimicas comumente utilizadas na pratica médica (23).
Outros dados da literatura demonstram a confiabilidade e a validade do TC6M nos
pacientes com IC, como em estudo recentemente publicado que avaliou 337 pacientes
com IC, com fracdo de ejecdo média de 35%, no qual o TC6M foi conduzido em dois dias
consecutivos. Os pacientes com 0s menores valores no TC6M apresentaram uma classe
funcional da NYHA mais alta, portanto com doenga mais severa. Neste cenario, 0 TC6M
mostrou-se confiavel e valido e com uma importante aplicacdo clinica nos pacientes com
IC (22).

Outros marcadores utilizados na pratica clinica dos pacientes com IC sdo
relacionados com a dosagem dos peptideos natriuréticos, em especial do Brain
Natriuretic Peptide (BNP) e sua por¢do amino-terminal (NT-proBNP). Em individuos
saudaveis a producdo de BNP é minima, auxiliando assim no diagndstico diferencial de
pacientes com dispneia (18). A dosagem desses peptideos natriuréticos pode ser Gtil em
casos de davidas diagndsticas em pacientes com queixa de dispneia, podendo servir como
exame de triagem na emergéncia ou no atendimento ambulatorial (25). Além do valor no
diagnostico da IC, os peptideos natriuréticos apresentam importante valor progndstico,
agregando informacdo ao exame clinico e aos exames de rotina. Niveis de BNP e de NT-
proBNP mostraram-se elevados na presenca de disfungdo ventricular e correlacionaram-

se com a classe funcional da NYHA (5). Além da importancia no diagnostico da IC,
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podemos utilizar estes marcadores durante o ajuste medicamentoso. Durante a otimizagéo
do ajuste dos medicamentos e da melhora clinica do paciente, espera-se uma redugéo dos
valores dos peptideos natriuréticos. A auséncia desta reducdo ou o aumento dos valores
indicam progndstico reservado. Este monitoramento pode ser (til, quando h& ddvidas na
resposta ao tratamento baseada nos parametros clinicos(25)(26)(27). Dados da literatura
demonstram uma relacdo direta entre a progressdo da classe funcional da NYHA e os

niveis de NT-proBNP.

Table 2. — The association between
NYHA class and NT-proBN P

NYHA N Mean * SD P
(func. capacity)

| 14 121.47 + 39.40

11 15 1000.45 = 733.94

11 19 2110.57 £ 1325.36 < (0.001
IV 16 6471.19 + 3642.56

Controls 36 82.90 = 33.67

Acta Cardiol 2005; 60(6):
631-638.

Este achado mostra a importancia da correlacdo dos peptideos natriuréticos com
a classe da NYHA no diagndstico desta patologia e na tomada das decisdes terapéuticas
(28).

Segundo Willians et al (29) a avaliacdo combinada dos niveis de BNP com a
classe funcional da NYHA demonstrou com mais precisdo a capacidade aerobica do
exercicio e indiretamente a reserva funcional cardiaca. Neste estudo realizado em 2005,
foi demonstrado o papel relevante destes marcadores no cenério atual da insuficiéncia

cardiaca (29). Nos ultimos anos, diversos estudos demonstraram o papel do BNP na
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classificacdo da severidade da IC. Estudos prévios mostraram que os niveis de BNP
aumentam com a idade, insuficiéncia renal, infarto agudo do miocérdio, doenca pulmonar
obstrutiva cronica, cirrose, hipertrofia de ventriculo esquerdo, fibrilacdo atrial, doencga
valvular cardiaca e doencas da tiredide. Em um estudo publicado em 2005 os pacientes
com classe | da NYHA, nos quais o tratamento precoce mostra beneficio e retarda a
progressdo da doenca, os niveis de NT-proBNP foram significantemente maiores em
comparagdo com o grupo controle, auxiliando no diagnostico precoce desta patologia
(28). Uma outra publicacdo que avaliou a correlacdo entre os niveis de BNP e o teste da
caminhada dos 6 minutos mostrou que os niveis de BNP estdo mais relacionados com a
funcao cardiaca, enquanto o TC6M reflete a capacidade funcional e a qualidade de vida,
portanto, refletem pardmetros diferentes da IC. Neste estudo ndo houve correlacdo entre
os niveis de BNP e o TC6M no momento da alta hospitalar ap6s internacdo por IC. A
melhora no TC6M provavelmente necessita de mais tempo do que a normalizacdo dos
niveis de BNP, o que pode explicar esta dissocia¢do entre os dois pardmetros (30). Em
outro estudo prospectivo, uma coorte realizada com 476 pacientes com IC foram
comparados 7 parametros, entre eles a classe funcional da NYHA, o questionario de
Kansas, 0 TC6M e o BNP. Este estudo avaliou a habilidade da utilizacdo de vérios
pardmetros em detectar modificagbes no status clinico dos pacientes com IC em um
mesmo momento. Segundo Spertus et al, somente as mudangas encontradas no
questionario de Kansas, no TC6M e na classificagdo da NYHA foram consistentes com a
magnitude e com a dire¢cdo da mudanca clinica. Este estudo sugere que as mudangas
clinicas nos pacientes com IC podem néo ser detectadas por alguns parametros, durante
o intervalo de 6 semanas. Enquanto mudancas significativas no status clinico foram
detectadas pelo TC6M e pela NYHA, pequenas altera¢des clinicas ndo foram suficientes

para gerar mudangas nestes parametros. Neste estudo a variacdo dos niveis de BNP ndo
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se correlacionou com as mudangas na condicdo clinica dos pacientes no periodo
analisado, achado que pode ser explicado pelo curto tempo do estudo (20).

Todas as medidas descritas até aqui para avaliacdo de pacientes com IC (classe da
NYHA, TC6M e peptideos natriuréticos) desconsideram as percepc¢des subjetivas dos
proprios pacientes sobre o impacto da doenca sobre a sua funcionalidade, uma vez que
derivam de observacgdes diretas do profissional da saide ou de exames laboratoriais.
Escalas analogas visuais sdo instrumentos amplamente utilizados por pesquisadores para
suplantar esta importante limitacdo. Este tipo escala ¢ uma medida de avaliagdo descrita
pelo paciente que pode ser utilizada em diversas patologias (30)(31) incluindo a IC (19)
possibilitando uma descricdo genérica de sua condicdo clinica. Pode ser descrita como
um “termOometro” no qual os pacientes respondem qual o seu status clinico em um
determinando momento, com respostas de O (pior/melhor status clinico) até 100
(pior/melhor status clinico). Segundo Flynn et al (19), as medidas clinicas descritas pelos
pacientes sdo cada vez mais utilizadas para avaliar a eficacia dos novos tratamentos, em
consonancia com o conceito moderno de cuidado centrado no paciente (patient-centered
care). Dessa forma, se torna fundamental avaliarmos as relacGes e correlagdes entre as
medidas clinicas tradicionalmente existentes e as percepc¢des do préprio paciente em
relacdo a sua saude e bem-estar. Neste estudo, foram utilizados dados coletados a partir
do ensaio clinico HF-ACTION (32), um protocolo multicéntrico, randomizado,
controlado em 2331 pacientes com IC classe 11-1V com disfuncéo de ventriculo esquerdo
(FE menor ou igual 35%), desenhado para avaliar a seguranca e a eficicia do exercicio
aerodbico versus tratamento padrdo. Os dados basais deste estudo incluiram medidas de
qualidade de vida e status clinico que foram posteriormente descritas e publicadas em
2010. Nesta sub-andlise, foram analisados a relacdo entre as medidas reportadas pelo

paciente (escala visual analdgica e questionario de Kansas) e as medidas clinicas (TC6M
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e NYHA). As diferencas encontradas entre as medidas descritas pelo paciente foram
associadas com diferencas nas medidas de desfecho clinico. A escala visual analdgica
mostrou uma menor correlacdo com a capacidade de exercicio em compara¢do com 0
questionario de Kansas. Estas correlacdes foram consistentes com os diferentes grupos
de pacientes com IC. Enquanto o pequeno tamanho das correlacfes se traduz em uma
maior incerteza destes achados, podemos utilizar estes dados considerando uma diferenga
de 5 pontos no questionario de Kansas e uma diferenca de 3 pontos na EVA para que
sejam clinicamente significativos (19). Em outro estudo que avaliou a correlagdo da
melhora clinica da dispneia através da EVA, mostrou uma pequena correlacdo desta
avaliacdo com a perda de peso e 0s niveis de NT-proBNP em 72 horas. Os investigadores
concluiram que os instrumentos disponiveis para mensurar o nivel de dispneia ainda
apresentam uma baixa sensibilidade e pouca validade, demonstrando a lacuna existente
na avaliacdo clinica da dispneia e dos niveis de congestdo. O entendimento da
fisiopatologia da dispneia é fundamental na classificagdo dos pacientes com IC e no
manejo terapéutico, auxiliando no desenvolvimento de novos medicamentos neste
cenario (33).

Com o intuito de determinar os melhores preditores de dispneia, Pang et al
avaliaram a utilizagdo de 3 escalas de dispneia comumente utilizadas na prética clinica: a
escala de Likert de 5 pontos absolutos, a escala visual analdgica e a escala de Likert com
7 pontos absolutos. Nesta coorte realizada com 776 pacientes arrolados em 17 paises
foram aplicadas 3 escalas distintas de dispneia e posteriormente analisadas. Para cada
escala foram demonstrados diferentes fatores associados com a dispneia, sugerindo que
cada escala pode capturar diferentes aspectos dos sintomas relatados pelos pacientes e
gue o uso combinado de diferentes escalas simultaneas pode contribuir para uma melhor

avaliacdo clinica. Outro aspecto relevante € 0o momento da avaliagdo da dispneia. Estudos
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publicados mostram que o0s pacientes que ndo apresentam uma melhora nas escalas de
dispneia no inicio do tratamento tendem apresentar piores desfechos clinicos em 30 dias

(31)(34).
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JUSTIFICATIVA DE PESQUISA

Estas diferengas encontradas nas correlagfes entre as medidas clinicas,
laboratoriais, medidas reportadas pelos pacientes e pelos médicos sdo de fundamental
importancia no contexto da IC. Existem poucos estudos na literatura que avaliaram todas
estas medidas em um mesmo momento. Apesar do uso frequente da NYHA como critério
de inclusdo em um grande nimero de artigos, conforme descrito por Raphael, Briscoe,
Davies, et al podemos constatar uma grande variabilidade na aplicagdo da NYHA na
pratica clinica. Neste estudo que avaliou as respostas de 30 cardiologistas de como
avaliam os seus pacientes com IC, foram constatados que apesar do uso frequente da
NYHA, este método ndo descreveu um critério consistente. Dados da literatura mostram
que 99% dos estudos que utilizaram a NYHA ndo demonstraram os métodos de atribuicédo
da classe funcional de cada paciente. Neste estudo foi demonstrada uma variabilidade de
54% entre dois cardiologistas que avaliaram esta série de pacientes. Na atribuicdo da
classe funcional da NYHA 70% dos cardiologistas demonstraram que questionam
rotineiramente os pacientes sobre a distancia de caminhada (35). Portanto, devido a
subjetividade de aplicacdo da NYHA e aos poucos estudos na literatura que tenham
avaliado simultaneamente as medidas clinicas, laboratoriais e as medidas relatadas pelo
paciente torna-se necessario uma melhor avaliacdo destes critérios. Com o intuito de
responder a estes questionamentos foram utilizados dados do estudo REBIC-1 (36)(37),
um ensaio clinico randomizado, multicéntrico, duplo-cego que avaliou a seguranca e a
tolerabilidade da retirada do diurético em pacientes estaveis com IC cronica. Utilizando
0 banco de dados do REBIC-1 foram avaliadas e descritas as correlagOes entre a classe
funcional da NYHA e os seguintes parametros: o teste da caminhada dos 6 minutos, a
escala visual analdgica de dispneia e a dosagem do NT-proBNP. Baseado na utiliza¢éo ja

bem estabelecida da NYHA e no uso frequente desta classe funcional na pratica médica
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diéria, este estudo realizado na populacédo brasileira, avaliou a utilizacdo de parametros

determinantes no diagnostico e no tratamento da IC.

OBJETIVO GERAL
Comparar medidas objetivas de avaliagdo funcional na IC entre os pacientes

classificados como NYHA | e Il.

OBJETIVOS ESPECIFICOS

Avaliar a correlacdo entre a classe funcional da NYHA e trés medidas objetivas,

o0 teste do NT proBNP, a escala visual analdgica de dispneia e o teste da caminhada dos

6 minutos em pacientes com IC classes | e I1.
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ABSTRACT

Importance: New York Heart Association (NYHA) functional class plays a central role
in heart failure (HF) assessment but might have limited reliability in the evaluation of

mild presentations of the syndrome.

Objective: To compare objective measures of HF functional assessment between patients
classified as NYHA | and I1.

Design: Observational cross sectional and longitudinal study, nested in a randomized

clinical trial.
Setting: 11 HF clinics in Brazil.

Participants: Stable HF outpatients with reduced left ventricular ejection fraction

(LVEF<45%) and minimal clinical congestion, enrolled in the ReBIC-1 trial.
Exposure(s): NYHA functional class.

Main Outcome(s) and Measure(s): NYHA class, 6-minute walk test (6MWT), N-
terminal pro-brain natriuretic peptide (NT-ProBNP) levels, patient’s self-perception of
dyspnea using a visual analogue score (VAS), and temporal changes in dyspnea VAS

overtime.

Results: We analyzed 188 HF outpatients (mean age of 59[+£13] years and LVEF of
32[+£8%], on NYHA class | (65%) and 11 (35%) at baseline. Patients classified in NHYA
class | had an absolute 10 points difference in the self-assessed dyspnea VAS scores
compared with NYHA class Il patients (16 [4.3-30] versus 26 [11-49]; p value = 0.0015,
Wilcoxon rank sum test), although overlap between individual patients was substantial
(density overlap = 64%). Log NT-proBNP levels were 6.38+1.26 pg/mL and 6.76+1.07
pa/mL in NYHA class | and Il patients, respectively (p value = 0.038; density overlap =
86%). Mean distance in the 6MWT was 390+112 meters and 354+105 meters in NYHA
class | and Il patients, respectively (p value = 0.038, density overlap of 76%). In
longitudinal analysis, HF patients with improvement, stability or worsening of functional
class had no significant variation on self-assessed dyspnea VAS (median change in VAS

= 0 for the 3 groups, p value = 0.21).
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Conclusions and Relevance: There were significant differences of small magnitude
among several markers of functional capacity according to NYHA class, but the majority
of patients considered as NYHA class | and Il had similar self-perception of their
limitation, objective physical capabilities and levels of natriuretic peptides. Clinical
decisions based solely on NYHA classification, as suggested by clinical trials and
guidelines, should be viewed with caution.

ClinicalTrials.gov Identifier: NCT02689180

Keywords: heart failure, dyspnea, functional class
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INTRODUCTION

Heart failure (HF) is a prevalent and morbid syndrome with a heterogeneous
clinical presentation (1). The comprehensive evaluation of HF patients may be a
challenging task that involves assessing both heart structure and functional status
(2)(3)(4). Traditionally, the initial assessment of physical capacity is accomplished using
the time-honored New York Heart Association (NYHA) classification (2)(3)(4), that
describes the severity of HF, focusing on the patients’ aptitude to perform physical
activities (5)(6). This classification, originally described in 1928, has been revised and
updated several times (7), and gained worldwide recognition with the general acceptance
that it retains an adequate internal validity and reliability. Nowadays, NYHA functional
class is a key inclusion criterion in HF trials (8)(9)(10) and a central feature of
international clinical guidelines, helping to define HF prognosis and timing for
implementing therapeutic interventions (2)(3)(4). In particular, defining a HF patient as

asymptomatic (or in NYHA class 1) might considerably modify treatment options.

An important but rather neglected aspect of NYHA functional class assessment is
its subjectivity, which may lead to substantial bias/error of interpretation (11)(12).
Functional evaluation is performed by a health care professional at a specific time point,
can be modified in relatively short intervals, depends on how the patient perceives his
symptoms and how much is he/she willing to tell his/her physician, and, ultimately, also
depends on the physicians’ perception of the patients’ limitations. As such, it is not
surprising that some studies report unsatisfactory inter- and intra-observer reproducibility
in NYHA evaluation (13)(14). Other investigators have determined the correlation
between NYHA class and clinical parameters that might be related to functional status,

such as objectives measures of physical performance or biomarkers of body congestion.
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Interestingly, neither markers could consistently predict NYHA functional class

(15)(16)(17).

Despite being a cornerstone for HF assessment, there is scarce contemporary data
evaluating the complex interplay between NYHA class and objective and subjective
aspects of physical functionality. In particular, few reports have considered the patients’
own perception of his/her physical limitations. Visual analogue scales (VAS) are simple
but reliable tools to address this important aspect of functional status (18). In the present
report, we analyzed data from the ReBIC-1 trial (19), to characterize differences and
associations between NYHA class, the 6-minute walk test (6MWT), N-terminal pro-brain
natriuretic peptide (NT-ProBNP) levels and, importantly, the patient’s perception of

dyspnea using a self-assessed dyspnea VAS.

METHODS

Patient Population. We analyzed HF patients enrolled in the ReBIC-1 trial ("Rede
Brasileira de Estudos em Insuficiéncia Cardiaca"), a randomized, double blind, placebo-
controlled trial that evaluated the safety and tolerability of discontinuation of furosemide
in apparently euvolemic (without evidence of clinical congestion) outpatients with
chronic stable HF. The detailed protocol and final results have been previously published
(19)(20). In brief, 188 HF outpatients were enrolled between November 2013 and
September 2018 at 11 Brazilian clinical sites and randomized to furosemide withdrawal
(n=95) or maintenance (n=93). Adult HF patients were enrolled in the original study if
they fulfilled the following criteria: NYHA functional class | or I1; left ventricular ejection
fraction (LVEF) < 45% assessed by transthoracic two-dimensional echocardiography

performed within 12 months before the screening visit; no HF related hospitalizations or
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visits to the emergency room within 6 months before the screening visit; treatment with
a stable dose of furosemide (40 or 80 mg per day) for at least 6 months before the
screening visit; serum potassium <5 mmol/L; optimal HF treatment with angiotensin
converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB) and f-
blockers, unless contraindicated or not tolerated. Main finding from the ReBIC-1 trial
demonstrated that withdrawing furosemide did not lead to either increased self-perception
of dyspnea or increased need of furosemide reuse. Further characterization of the patient

population enrolled have been previously described (19).

Study Logistics. During the trial, patients were evaluated by research personnel at
baseline (V1) and during follow-up visits at 15 (V2), 45 (V3) and 90 (\VV4) days after the
randomization. At baseline and at the final visit all patients underwent assessment of (a)
NYHA functional class, (b) a clinical congestion score (CCS) (21)(22), (c) dyspnea
perception, (d) a standard 6MWT; and (e) NT-proBNP levels using total heparinized
venous blood and a point-of-care equipment (COBAS h 232, measuring range 60-9000
pg/mL; F. Hoffmann-La Roche Ltd, Basel, Swiss). Dyspnea was self-assessed by patients
using a VAS. Patients were asked to mark their level of dyspnea on a horizontal line based
on their sensation of shortness of breath during the last week. The VAS was scored from
0 to 100, and independently and blindly re-assessed by the coordination center for all

enrolled patients at all time points.

Statistical Analysis. Data are expressed as mean (+ standard deviation), median (25" —
75" percentiles) or absolute number (percentage). As one of the main inclusion criteria
for the ReBIC-1 trial was clinical stability, baseline data are limited to NYHA functional
class I and I1. All HF patients that were labeled as NYHA class 111 during the trial follow-

up were analyzed separately and compared to baseline data, using the Kruskal Wallis test.
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NT-proBNP levels were normalized with logarithmic transformation. Dyspnea VAS did
not depict a normal distribution after logarithmic transformation and was analyzed using
non-parametric statistical tests. For comparisons of NYHA functional classes with other
measures, the unpaired t-test was used for normally distributed variables (6MWT and a
logarithmic NT-proBNP) and Wilcoxon rank-sum test for non-normally distributed
variables (VAS). For temporal variations in NYHA class and dyspnea VAS, we analyzed
comparisons between different visits during the trial (V1 versus V2, V2 versus V3, and
V3 versus V4) for all patients. Variation of dyspnea VAS had a normal distribution and
was analyzed using analysis of variance. P values < 0.05 were considered statistically
significant. All analyses were performed using R and STATA software (version 16,

StataCorp, College Station, Texas, USA).

RESULTS

Patient Characteristics. Detailed clinical characteristics of the patient population of the
ReBIC-1 trial have been previously published (20). Table 1 describes main clinical
characteristics of the 188 HF patients that were enrolled, stratified according to NYHA
class at baseline. In brief, mean age was 59(+13) years, most patients were men, and
functional class distribution at baseline was 65% and 35% for NYHA class | and II,
respectively (Table 1). Mean LVEF was 32(+8%), ranging from 18 to 45%. Baseline drug
therapy was stable and optimized for most patients. Mean and median baseline self-
assessed dyspnea VAS were 22.8 (x19) and 20 (14-40), respectively, ranging from 0 to
73. Mean and median baseline NT-proBNP levels were 1299 (x1663) pg/mL and 646

(181-911) pg/mL, respectively, ranging from 25 to 9000 pg/mL. Mean and median
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baseline 6MWT distance were 377 (x110) pg/mL and 380 (316-452) pg/mL, respectively,
ranging from 48 to 710 pg/mL.

NYHA class vs. self-assessed dyspnea VAS. Figure 1A and 1B show the relationship
between self-assessed dyspnea VAS scores versus baseline NYHA functional class. We
observed an absolute 10 points difference between NYHA class | and class Il patients (16
[4.3-30] versus 26 [11-49]; p value = 0.0015, Wilcoxon rank sum test). Overlap between
individual patients was substantial (64%), as depicted in the density analysis stratified by
NYHA functional class (Figure 1B).

NYHA class vs. NT-proBNP levels and 6MWT. Figure 2 and Figure 3 illustrate the
relationship between levels of NT-proBNP and distance in the 6MWT, respectively,
versus baseline NYHA functional class. Log NT-proBNP levels were 6.38 + 1.26 pg/mL
in NYHA class | patients and 6.76 + 1.07 pg/mL in NYHA class Il patients (p value =
0.038). Figure 2A illustrates NT-proBNP levels in a logarithmic scale in both groups,
while panel B demonstrates a remarkable 86% probability of overlap between patients.
Mean distance walked in the 6MWT was 390 + 112 meters in NYHA class | patients and
354 + 105 meters in NYHA class Il patients (p value = 0.038, Figure 3A) and probability

of overlap was 76% between patients.

NYHA class and specific cut-offs. Table 2 describes NYHA functional class according
to specific cut-offs (median values) of dyspnea self-assessment (VAS score < 20 points),
NT-proBNP levels (< 650 pg/mL) and exercise capacity assessed by the 6MWT (distance
>380 meters). Approximately 50% of patients classified as NYHA class | had dyspnea
VAS scores above 20 points or 6MWT distance of less than 380 meters. In addition, only
approximately 30% of the NYHA class | patients had 2 of the 3 markers (low NT-

proBNP, low VAS score and “normal” 6MWT) and only 15% had all 3 simultaneously.
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Overall matrix of correlation of dyspnea VAS scores, 6MWT distance and NTPpro-BNP
is illustrated in Supplementary Figure 1.

Variation of NYHA Class. To better address the reliability of NYHA class assessment,
we analyzed whether temporal improvement, stability or worsening of functional class
would translate in respective changes in self-assessment of dyspnea VAS (Figure 4A).
We did not observe such relationship, as median delta dyspnea VAS was close to zero for
all categories of temporal variation in NYHA class (p value from ANOVA =0.21). Figure
4B displays regression lines correlation of the first and second dyspnea VAS according
to improvement, stability and worsening in functional class. In the central panel we can
observe that whenever the first self-assessment of dyspnea was greater than 40 points in
the VAS, there was a tendency towards improvement in dyspnea VAS in the second
evaluation, despite the fact that the NYHA functional class was unchanged. In addition,
neither improvement (left panel) nor worsening (right panel) of NYHA classes translated
in the expected changes in dyspnea VAS. Supplementary Figure 2 and 3 illustrate

temporal variation of functional class related to 6MWT and NT-proBNP levels.

Variation on Dyspnea VAS. In analysis stratified for the temporal variation of dyspnea
VAS (< -10 points, between -9 and 9, and > 10 points; Figure 5), we also did not observe
major reciprocal changes in NHY A functional class. There was a statistically significant
(P<0.01) minor increase in percentage of patients that improved NYHA functional class
in those that perceived less dyspnea (green bar in left panel, Figure 5) and a minor increase
in the percentage of patients that worsened NYHA functional class in those that perceived

more dyspnea overtime (red bar in right panel, Figure 5).
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Dyspnea VAS in NYHA Class I11. During the trial, patients were labeled as NYHA class
I11 only 8 times. Mean dyspnea VAS score in these patients was 46.6 + 21(Kruskal Wallis

p value < 0.001 versus other NYHA classes).

NYHA class and reuse of diuretics. After allocation to maintain or withdraw chronic
furosemide administration, reuse of furosemide was a primary outcome of the ReBIC-1
trial. Baseline NYHA was not a significant predictor of reuse of furosemide during

follow-up (risk ratio 1.52, 95% confidence interval 0.86 to 2.66; p value = 0.14).

DISCUSSION

NYHA functional class plays a central role in the clinical and prognostic
assessment of HF in modern practice (8) (9) (10). In the present analysis, we evaluated
data from a contemporary clinical trial (19) (20) to characterize cross-sectional and
longitudinal differences among clinical measures that are related to functional status in
HF, focusing in how patients perceive their physical limitations and symptoms in mild
forms of HF. Although we observed significant differences among several markers of
physical capacity according to NYHA class, the overall overlap of data was substantial.
We also did not observe reciprocal changes in the perception of dyspnea whenever
changes in NYHA functional class occurred overtime. Observations from the current
analysis might help to clarify our understanding on the actual clinical reliability of the
NYHA classification, as most patients classified by their physicians in classes | and Il
might indeed have similar perceptions of their own limitation, objective physical

capabilities and levels of natriuretic peptides.
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Previous studies addressed in part the reliability of NYHA classification with
inconsistent results. In 1981, Goldman et al found a reproducibility of 56% in NYHA
functional assessment comparing the evaluation from 2 consecutive physicians. The
internal validity was only 51% based on the relationship between clinical functional class
and exercise test parameters, demonstrating the subjective nature of NYHA classification
and the need for other tools to adequately assess HF functional status (15). In another
study involving 190 HF patients, NYHA functional classification was an independent
predictor of overall mortality, although its prognostic role was considerably attenuated
when exercise test variables were included in the modeling. In addition, a more detailed
grading of NYHA class was provided by subdividing NYHA class Il into mild and
moderate limitation of physical activity (16). Notably, some reports also suggest that there
Is not a linear behavior among different strata of NYHA classes. For instance, Yap et al
found that the distance in the 6GMWT discriminated changes in NYHA functional class in
patients with moderate to severe HF (between classes Il to 1V), but not in mild forms of
the syndrome (between classes | and 1) (23). In this scenario, the 6MWT provides
objective, reliable and valid data with clinically useful application in HF (24). Several
reports have demonstrated that the 6MWT is a strong and independent predictor of long-
term mortality in HF patients (25, 26). Taken together, these findings corroborate the
intrinsic limitations of NYHA classification and the need for additional clinical
parameters to adequately evaluate HF patients.

The relationship between functional class and natriuretic peptides levels have also
been addressed previously (27). The combined assessment of NT-proBNP levels with
NYHA functional class showed an excellent ability to predict peak oxygen consumption
(area under receiver-operating-characteristic curve = 0.91), demonstrating more

accurately the aerobic exercise capacity and indirectly the cardiac functional reserve (28).
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A retrospective analysis of the “ Diuretic Optimization Strategy Evaluation
in Acute Heart Failure (DOSE-AHF)” trial assessed the relationship among
markers of decongestion (weight loss, net fluid loss, and percent reduction in serum NT-
proBNP level) and relief of symptoms as defined by the dyspnea VAS, 72 hours after
randomization to different furosemide strategies. Interestingly, all markers were poorly
correlated with dyspnea relief, although they were associated with improved clinical
outcomes at 60 days. The DOSE-AHF investigators concluded that the instruments
available to measure dyspnea level still have low sensitivity and poor validity,

demonstrating the gap in the clinical assessment of dyspnea and congestion (30).

It is unquestionable that NYHA classification is a powerful prognostic predictor
in HF, easily obtained from clinical history, capable of differentiating extremes of
functional capacity (13)(31). Our results, however, reinforce the concept that it might be
limited to discriminate more subtle changes or variations in functional status. We have
demonstrated statistically significant differences of small magnitude in the self-assessed
dyspnea VAS, 6MWT distance and levels of NT-proBNP between NYHA class | and
class Il. Interpretation of these results deserve careful consideration, as the majority of
HF patients had substantial overlap in essential features related to their overall clinical
status. In addition, improvement or deterioration in NYHA functional class did not
capture reliable reciprocal changes in the perception of dyspnea. Potential explanations
for these findings deserve further investigation but might be intrinsically related to both
patients’ and physicians’ own perceptions of HF symptoms, and their willingness to
inform and understand. All these facets might also be considerably influenced by
cognitive, social, cultural, emotional and environmental aspects of the patient-physician
relationship (13)(15). Conceptually, NYHA class | patients are those considered with

total absence of symptoms during daily activities, with similar physical limitation as
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expected in healthy individuals. As such, it would not be expected for them to perceive
substantial dyspnea in a VAS, although we have demonstrated that close to 50% of
NYHA class | patients scored over 20 points. In addition, only 15% of them had at the
same time low dyspnea VAS scores, low natriuretic peptide levels and an adequate
functional capacity assessed in the 6MWT. In daily practice, we have to face the clinical
dilemma whether a particular patient is really in NYHA functional class | or is he/she
avoiding telling his physician about worsening of symptoms because of fear from the
therapeutic and prognostic implications of such deterioration? On the other hand, is a
particular patient really in NYHA functional class I or is his doctor unconsciously wishing
for a better evolution? The clinical implications of such definitions should not be
minimized. HF patients in NYHA functional class | might not be eligible for several drug
and device therapies based on current recommendations from most international HF
guidelines (2-4). Specifically, they would not be considered for several disease-modifying
therapies such as aldosterone antagonism, angiotensin receptor neprilysin inhibition,
implantable cardioverter defibrillators and cardiac resynchronization therapy. As such, it
is conceivable that a substantial sub-group of patients labeled as asymptomatic by current
practice might truly have a different prognostic behavior and be denied of important

therapeutic options.

Some aspects of our study design deserve consideration. Although the clinical
definition of NYHA functional class uses somewhat simple and standardized criteria, it
has never been formally and adequately validated in different languages and cultures. Our
findings are compatible with previous studies that demonstrated the inconsistency of this
classification (11) (12). Another potential concern is the small sample size of HF patients
that were evaluated and the relatively short-term follow-up (90 days). Accordingly, larger

studies with longer follow-up are needed to corroborate the present results. Third, the
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study population enrolled in the ReBIC-1 trial involved stable outpatients with mild forms
of HF (only patients with NYHA class | and Il). Therefore, findings from the current

analysis should not be extrapolated to other populations with more severe HF symptoms.

Our study compared the ability of various clinical measures in differentiating
NYHA class | and 1l HF patients. Our results suggest that the instruments available to
address functionality have limited internal validity, demonstrating an important gap in the
clinical assessment of functional status, dyspnea and congestion levels. Self-assessment
of dyspnea might be a valuable tool to address the patients’ own perceptions on how HF
is affecting their health-related quality of life and well-being, and many times will not
correspond to the expected findings based on NYHA classification. One should be
cautious when facing HF patients labeled as NYHA class | and 11, and establishing clinical
decisions solely based on this simple but limited assessment, as it might have different

meanings and implications.
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FIGURE LEGENDS

Figure 1. Violin plots (A) and density histograms (B) with individual data on visual
analogue scores (VAS) of dyspnea in NYHA functional class | and 11 (p value = 0.001)
Middle horizontal lines represent median values and upper and lower lines represent the
75" and 25" percentiles, respectively.

Figure 2. Violin plots (A) and density histograms (B) with individual data on N-terminal
pro-brain natriuretic peptide (NT-proBNP) in NYHA functional class | and Il (p value =
0.038). Middle horizontal lines represent median values and upper and lower lines
represent the 75" and 25" percentiles, respectively.

Figure 3. Violin plots (A) and density histograms (B) with individual data on 6-minute
walk test (6MWT) distance in NYHA functional class | and Il (p value = 0.038). Middle
horizontal lines represent median values and upper and lower lines represent the 75" and
25" percentiles, respectively.

Figure 4. Violin plots (A) of the variation of visual analogue scores (VAS) of dyspnea
according to improvement (-1), stability (0) or worsening (+1) in NYHA functional class
(p value = 0.21). Middle horizontal lines represent median values and upper and lower
lines represent the 75" and 25" percentiles, respectively. Panel B plots the first and the
second VAS scores according to improvement (-1), stability (0) or worsening (+1) in
NYHA functional class. Regression lines and 95% confidence intervals are also depicted.
Figure 5. Bar graph illustrating variations in self-assessed dyspnea categorized as
improvement (< — 10 points), stability (from — 9 to 9 points) and worsening (> 10 points)

and respective variations in NYHA functional class (p = 0.001).
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SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure 1. Matrix of correlation of dyspnea visual analogue (VAS)
scores, 6-minute walk test (6MWT) and N-terminal pro-brain natriuretic peptide (NT-
proBNP).

Supplementary Figure 2. Violin plots (A) of the variation of 6-minute walk test
(6MWT) distance according to improvement (-1), stability (0) or worsening (+1) in
NYHA functional class. Middle horizontal lines represent median values and upper and
lower lines represent the 75" and 25" percentiles, respectively. Panel B plots the first
and the second 6MWT results according to improvement (-1), stability (0) or worsening
(+1) in NYHA functional class. Regression lines and 95% confidence intervals are also
depicted.

Supplementary Figure 3. Violin plots (A) of the variation of N-terminal pro-brain
natriuretic peptide (NT-proBNP) levels according to improvement (-1), stability (0) or
worsening (+1) in NYHA functional class. Middle horizontal lines represent median
values and upper and lower lines represent the 75" and 25" percentiles, respectively.
Panel B plots the first and the second 6MWT results according to improvement (-1),
stability (0) or worsening (+1) in NYHA functional class. Regression lines and 95%

confidence intervals are also depicted.
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Table 1. Clinical Characteristics of the Population

Clinical Characteristics All NYHA Class| | NYHA Class Il
Patients, n (%) 188 (100) 122 (65) 66 (35)
Age, yr 59+13 58.6 £12.2 594 +14.1
Female gender, n (%) 48 (25.5) 30 (24.8) 18 (27.3)
Hypertension, n (%) 116 (61.7) 72 (59.5) 44 (66.7)
Diabetes, n (%) 52 (27.7) 34 (28.1) 18 (27.3)
Atrial Fibrillation, n (%) 24 (12.8) 18 (14.9) 6(9.1)
Ischemic etiology, n (%) 63 (33.5) 40 (33.1) 23 (34.8)
Hypertensive etiology, n (%) 34 (36) 24 (19.8) 13 (19.7)
Systolic blood pressure, mm Hg 122.4+21.3 121.8 +20.9 123.3+22.3
Creatinine, mg/dL 11+04 11+03 12+05
Potassium, mEq/L 4605 4605 46+04
CCS, points 2 (2-3) 2(1-2) 3 (2-4)
LVEF (%) 32+8 32477 31.1+7.6
Dyspnea VAS score, mm 20 (5-37) 16 (4-30) 26 (11-49)

NT-proBNP, pg/ml ¥

646 (181-911)

627(251-1410)

774(419-1727)

6MWT, meters +

377110

389.7+112.4

3525 +104.2

*Continuous data are displayed as median (IQR). CCS — Clinical congestion score; LVEF — left

ventricular ejection fraction; NYHA — New York Hear Association; VAS — visual analogue scale and NT-

proBNP — N-terminal pro-brain natriuretic peptide. ¥ P < 0.05
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Table 2. NYHA functional class and cut-offs of congestion, exercise capacity and

dyspnea self-assessment.

Parameter All NYHA Class | NYHA Class Il

N =188 N =122 N =66

Dyspnea VAS < 20 points 86 (46) 63 (52) 23 (35)

6MWT distance > 360 meters 92 (49) 64 (52) 28 (42)

NT-proBNP < 650 pg/ml 89 (47) 67 (55) 22 (33)

Dyspnea VAS < 20 points & 47 (25) 38 (31) 9 (14)

6MWT distance > 360 meters

Dyspnea VAS < 20 points & 43 (23) 33 (27) 10 (15)

NT-proBNP < 650 pg/ml

6MWT distance > 360 meters & 47 (27) 35 (29) 12 (18)

NT-proBNP < 650 pg/ml

All 3 together 21 (11) 18 (15) 3(5)

Cut-offs were defined by the median of each variable. 6MWT — 6-minute walk test; VAS — visual

analogue scale; NT-proBNP — N-terminal pro-brain natriuretic peptide
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Figure 2A
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Figure 3A

800

P D
o o
o o

6 Minute Walk Test (meters)
[~
o
o

NYHA Class

Figure 3B

0.004 4

0.003 1

NYHA Class

P

0.002 1

Density

0.001 1 76% Overlap

0.000 -

200 400 600

6 Minute Walk Test (meters)

55



Figure 4A
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Figure 5.
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Supplementary Figure 1
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Supplementary Figure 2
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Supplementary Figure 3
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CONCLUSOES E CONSIDERACOES FINAIS

Nosso estudo comparou a habilidade entre diversas medidas clinicas em
classificar os pacientes em classes | e 11 da NYHA. Nossos resultados sugerem que 0sS
instrumentos disponiveis para avaliar a classe funcional dos pacientes tém uma validade
interna limitada, demonstrando a lacuna existente entre a avaliacdo clinica, 0s niveis de
dispneia e de congestdo. A auto avaliacdo do nivel de dispneia, através de uma escala
visual, parece ser uma ferramenta importante para abordar a prépria percepcdo do
paciente sobre como a IC est4 afetando sua qualidade de vida e bem-estar relacionados a
salde, e em muitos momentos esta avaliacdo ndo ir4 corresponder aos achados da
classificacdo da NYHA. Este estudo demonstrou que devemos ser cautelosos na
classificacdo dos pacientes em classe | e 11 da NYHA. Esta escolha baseada unicamente
nesta simples, porém limitada avaliacdo clinica, implica em muitos significados e

decisoes.
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