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RESUMO

Objetivo: Identificar os fatores preditivos de limitagcdo funcional em pacientes submetidos a
cirurgia cardiaca.

Métodos: Estudo de coorte retrospectiva foi realizado para avaliar pacientes submetidos a
cirurgia cardiaca. Todos os pacientes foram submetidos a um protocolo de reabilitacéo
cardiovascular. Para a andlise do desfecho, os pacientes foram categorizados em dois
grupos conforme o desempenho no mesmo, visando a avalia¢do do desfecho: com limitacdo
funcional (grupo LF), onde os pacientes atingiram até a etapa 3 do protocolo institucional,
consistindo em apenas treino de marcha e exercicios de membros superiores e inferiores; e
sem limitacdo funcional (grupo sem LF), onde os pacientes atingiram além da etapa 4 do
protocolo institucional, na qual além do treino de marcha e exercicios de membros
superiores e inferiores, também engloba o treino de subida e descida de escadas.
Resultados: Foram coletados dados de 548 pacientes, destes, 190 pacientes (34,7%)
apresentaram limitacdo funcional. Através da andlise de teste de multicolinearidade, os
fatores associados a limitacéo funcional pés-operatéria foram: internacéo pelo sistema Unico
de saude (RP 2,14 Intervalo de confianca (IC) 95%, 1,73-2,65; p < 0,001); idade (RP 1,23
IC 95%, 1,15-1,31; p < 0,001); tempo de internagédo na unidade de terapia intensiva (RP
1,033 IC 95%, 1,01-1,05; p 0,005); histéria de infarto agudo do miocardio prévio (RP 1,40 IC
95%, 1,13-1,73; p 0,002); presenc¢a de comorbidades prévias (doenca renal crénica [RP 1,56
IC 95%, 1,15-2,10; p 0,004]; doenga cerebrovascular [RP 1,57 IC 95%, 1,19-2,07; p 0,001));
presenca de fraqueza muscular expiratéria (RP 1,54 IC 95%, 1,08-2,20; p 0,017) e
intercorréncia de parada cardiorrespiratdria durante a internacdo (RP 1,76 IC 95%, 1,40-
2,22; p <0,001).

Concluséo: A limitacdo funcional apés cirurgia cardiaca pdde ser prevista por fatores pré-
operatorios e pos-operatdrios. A funcionalidade pré-operatéria ndo parece ser fator
independente para a limitacdo funcional.

Palavras-chave: Cirurgia toracica; Periodo Perioperatério; Reabilitagdo cardiaca; Registros

Médicos; Desempenho Fisico Funcional.



ABSTRACT

Objective: To identify the predictive factors of functional limitation in patients undergoing
cardiac surgery.

Methods: Retrospective cohort study was performed for evaluating patients undergoing
cardiac surgery. All patients underwent a cardiovascular rehabilitation protocol. For the
outcome analysis, the patients were categorized as those with functional limitation (FL
group), patients who had worse performance and reached up to stage 3 of the institutional
protocol comprising only gait training and lower and upper limb exercises, and patients
without functional limitation (group without FL).

Results: Data were collected from 548 patients; of these, 190 patients (34.7%) had
functional limitations. By analyzing the multicollinearity test, the factors associated with
postoperative functional limitation were as follows: hospitalization by the public healthcare
system (OR: 2.14 95% confidence interval (Cl): 1.73-2.65; p < 0.001); age (OR 1.23 Cl 95%,
1.15-1.31; p < 0.001); length of hospitalization in the intensive care unit (OR 1.033 Cl 95%,
1.01-1.05; p = 0.005); history of previous acute myocardial infarction (OR 1.40 CI 95%, 1.13-
1.73; p = 0.002); presence of previous comorbidities (chronic kidney disease [OR 1.56 CI
95%, 1.15-2.10; p = 0.004]; cerebrovascular disease [OR 1.57 CI 95%, 1.19-2.07; p =
0.001]); presence of expiratory muscle weakness (OR 1.54 Cl 95%, 1.08-2.20; p = 0.01); and
intercurrence of cardiorespiratory arrest during hospitalization (OR 1.76 Cl 95%, 1.40-2.22;
p <0.001).

Conclusion: Note that functional limitation after cardiac surgery could be predicted via
preoperative and postoperative factors. Moreover, preoperative functionality does not seem
to be an independent factor for functional limitation.

Keywords: Thoracic surgery; Perioperative period; Cardiac rehabilitation; Medical records;

Functional physical performance.
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1 INTRODUCAO

As doencas cardiovasculares constituem a maior causa de mortalidade
em todo o mundo, segundo a Organizacao Mundial da Saude (OMS). Estima-se
17,7 milhdes de pessoas morrem devido a eventos cardiovasculares todos 0s
anos (OPAS/OMS, 2016). A maioria das doencas cardiovasculares estéo
associadas a fatores de risco, como obesidade, sedentarismo, hipertensao
arterial sistémica, tabagismo, diabetes e dislipidemia (LEVY, 1981) e podem ser
revertidas ou amenizadas com mudanca de estilo de vida (OPAS/OMS, 2016).

Porém, em muitos casos, quando ndo ha mais recursos eficientes para a
regressdo da doenca, uma intervencgao cirdrgica se faz necesséria para o seu
tratamento . As cirurgias cardiacas mais comumente realizadas sao as cirurgias
de revascularizacao do miocéardio (CRM), as correcdes de disfuncdes valvares e
cirurgias na aorta (DORDETTO et al, 2016; PIEGAS et al, 2009).

Por se tratar de cirurgias complexas e com um alto indice de
complicacfes, as quais podem estar diretamente relacionadas com o limitacédo
funcional no pés-operatdrio, a morbidade apos cirurgia cardiaca € um fator
crucial que deve ser levado em consideracéo (LAIZO et al, 2010). Portanto, uma
abrangente avaliacao pré-operatdria se faz necessaria para avaliar 0s riscos e
beneficios do procedimento cirargico (LIMA et al, 2004; SOCIEDADE
BRASILEIRA DE CARDIOLOGIA, 2017).

Com o aumento exponencial da expectativa de vida, cada vez mais
pacientes idosos e potencialmente mais frageis estdo sendo encaminhados para
realizacdo de cirurgia cardiaca. O processo cirargico nessa populacéo se torna
mais dificil, j& que a idade avangada muitas vezes vem acompanhada de outras
doencas associadas, além da doenca cardiaca de base. Portanto, esses
pacientes tendem a apresentar maior mortalidade, morbidade e tempo de
internacdo hospitalar prolongado no pés-operatorio (STAMMERS et al, 2015).

De maneira geral, quanto maior a idade do paciente com indicacdo de
cirurgia cardiaca, mais o nivel de fragilidade vai influenciar na avaliagdo dos
beneficios do procedimento, no seu resultado e na recuperacdo desse paciente
no pos-operatorio (MACK et al, 2017). Portanto, a cirurgia cardiaca requer um

trabalho de equipe interdisciplinar, onde o fisioterapeuta serd de grande
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importédncia no processo de reabilitacdo (SOCIEDADE BRASILEIRA DE
CARDIOLOGIA, 2006).

Nas ultimas décadas, tem se reconhecido a reabilitacdo cardiovascular
(RCV) como um importante instrumento no cuidado dos pacientes com doenca
cardiovascular (Herdy, 2014).

A reabilitacdo cardiovascular (RCV) pode ser dividida em quatro fases. A
fase 1, que foi abordada neste estudo, se refere ao periodo em que o paciente
se encontra hospitalizado. Nesta fase, 0 objetivo € aumentar a confianca,
prevenir complicagBes pos-operatoérias, diminuir o impacto psicoldgico, diminuir
os efeitos deletérios do imobilismo no leito e fazer com que o paciente retorne o
guanto antes as suas atividades de vida diaria (MARINHO et al, 2016).

Inimeros estudos trazem sugestdes de protocolos a serem utilizados na
RCV fase 1, cada protocolo com suas particularidades, porém ainda nao existe
consenso. Entretanto podemos observar que majoritariamente, os protocolos
progridem de movimentacdes passivas, nas primeiras horas de pds-operatorio,
onde o paciente ainda se encontra na unidade de terapia intensiva (UTI),
evoluindo para movimentacédo ativa, deambulacdo e na sua fase final, a
realizacdo do treino de escadas (WINKELMANN et al, 2014; ACHTTIEN et al,
2013; MORENO et al, 2011; HIRSCHHORN et al, 2012).

Mesmo com o avan¢o nos procedimentos cirdrgicos, diversos fatores,
como a anestesia geral, necessidade de circulacdo extracorpdérea, sangramento
aumentado e necessidade de transfusdo de hemoderivados podem interferir na
recuperacdo do paciente no poés-operatério (LIMA et al, 2004). Outrossim a
condicao clinica do paciente no pré-operatorio e a ocorréncia de complicacées
pés-operatorias podem interferir negativamente (LAIZO et al, 2010; LEE et al,
2010; SUNDERMANN et al, 2011; SUNDERMANN et al, 2011; SOARES et al,
2011).

Portanto, o conhecimento dessa relacdo pode trazer informacdes de
grande beneficio na busca da compreensao de quais os fatores interferem na
evolucao clinica e consequentemente na limitacdo funcional do paciente apos
uma cirurgia cardiaca.

Diante da importancia e relevancia do assunto, faz-se necessario novos

estudos acerca desse tema. Com isso este estudo visou estabelecer quais sé&o
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os fatores pré-operatorios, transoperatdrios e pds-operatorios preditivos de

limitac&o funcional apés cirurgia cardiaca.
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2 REVISAO DE LITERATURA — CONTEXTUALIZACAO

As doencas cardiovasculares sao disturbios que afetam o coragéo e os
vasos sanguineos, como a doenca arterial coronariana, doenga cerebrovascular,
doenca arterial oclusiva periférica, doenca cardiaca reumatica, cardiopatia
congénita, trombose venosa profunda e embolia pulmonar (OPAS/OMS 2016).

Por apresentarem um alto indice de morbimortalidade, varias estratégias
sdo recomendadas para o0 manejo das doencas cardiovasculares, como uma
menor exposicdo aos fatores comportamentais de risco, como sedentarismo,
dietas inadequadas, tabagismo e uso nocivo do alcool. Esses fatores de risco
podem manifestar-se nos individuos através da pressdo arterial elevada,
glicemia alta, hiperlipidemia, sobrepeso e obesidade, os quais podem levar ao
desenvolvimento de doencas como hipertensdo arterial sistémica (HAS),
diabetes mellitus (DM) e dislipidemia (OPAS/OMS 2016).

O manejo dessas doencas pode se dar através da mudanca de estilo de
vida associado ao tratamento medicamentoso. Porém em alguns casos uma
intervencao cirdrgica de alto custo se faz necessaria. As cirurgias cardiacas mais
comuns sao as revascularizagdes miocardicas, substituicdo da valvula cardiaca

e cirurgias da aorta (Brick et al., 2004).

2.1 TIPOS DE CIRURGIA CARDIACA

2.1.1 Cirurgia De Revascularizagdo Do Miocéardio

A Cirurgia de Revascularizacdo do Miocardio (CRM) é uma das cirurgias
mais frequentemente realizadas em todo o mundo, sendo que, nas ultimas
décadas obtiveram-se muitos avancos relacionados a técnica cirargica e melhor
compreensao da doenca arterial coronariana (DAC) (Brick, Souza et al. 2004).

Basicamente, a DAC caracteriza-se pela irrigagcdo sanguinea insuficiente
no coracdo por meio das artérias corondrias devido a obstrucdo do fluxo
sanguineo pelas placas ateroscleréticas (OPAS/OMS 2016).

Atualmente existem trés opcOes de tratamento para essa doenca:
tratamento clinico, intervencdo coronariana percutanea e a CRM

(Arsalan and Mack 2016). A escolha de tratamento € determinada por alguns
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fatores, como a idade do paciente, a localizacdo e grau de obstrucéo, a funcéo
ventricular esquerda e a existéncia de outras condi¢cdes clinicas pré-existentes
(Weatherby 2018).

A CRM tem como objetivo diminuir a mortalidade, aliviar sintomas de
isquemia do miocardio, prevenir infarto agudo do miocardio (IAM) e melhorar a
capacidade funcional dos pacientes portadores de DAC (Brick, Souza et al.
2004).

2.1.2 Cirurgia De Substituicdo Da Valvula Cardiaca

No Brasil, a doenca valvar representa boa parte das internacdes
hospitalares por doenga cardiovascular. Diferentemente de paises
desenvolvidos, a febre reumatica é responsavel por cerca de 70% dos casos
de valvulopatias em territorio brasileiro (Tarasoutchi, Montera et al. 2011).

As valvulopatias podem ser adquiridas ou congénitas, podendo causar
estenose valvar, com obstrucdo ao fluxo anterégrado, insuficiéncia valvar com
fluxo retrogrado, ou ambas (Quilici, 2009).

A valvulopatia mitral reumética mais comum €é a dupla disfuncdo né&o
balanceada (insuficiéncia e estenose em diferentes graus de evolugéo)
manifestada entre a segunda e a quinta década de vida. Caracteristicamente, a
insuficiéncia mitral (IM) diz respeito a lesdo aguda, por sua vez as estenoses
dizem respeito a lesdes cronicas, entretanto deve-se levar em consideracéo os
graus variados de acometimento (Tarasoutchi, Montera et al. 2011).

A valvulopatia aértica nos individuos jovens associa-se a febre reumatica
e a doenca congénita bicuspide, enquanto nos idosos associa-se a doenca
aortica senil calcificada, a qual esta relacionada aos fatores de risco para
aterosclerose (Summers, Andrasko-Bourgeois et al. 1998).

Independentemente da etiologia, conforme a evolucdo da doenca, em
alguns casos se faz necessario o tratamento da valvulopatia de forma invasiva,

através da cirurgia de substituicdo da valva acometida.
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2.1.3 Cirurgia De Correcdo De Aneurisma De Aorta

A aorta é considerada patologicamente dilatada quando seu diametro
excede o predito para aquela idade e superficie corporal. Quando este diametro
superar a 50% do previsto naguele segmento analisado, configura-se a definicao
de aneurisma (Albuquerque, Braile et al. 2009).

Quanto a localizacdo, os aneurismas podem apresentar-se em todo
seguimento adrtico: aorta ascendente - arco adrtico, aorta descendente - toraco-
abdominal e aorta abdominal infra-renal.

Na aorta ascendente, a dilatacdo progressiva pode levar a insuficiéncia
valvar adrtica (mesmo em valvulas anatomicamente normais), a disseccéo
aguda ou a ruptura espontanea, eventos que alteram, dramaticamente, a histéria
natural e a curva de sobrevida, sendo a magnitude do risco relacionada ao
didmetro e ao tipo de doenca estrutural da parede aértica (Buffolo 2007).

De maneira geral, o diametro de 6 centimetros é aceito como indicativo
de cirurgia em aneurismas assintomaticos, embora a presenca de sintomas ou
a gravidade da insuficiéncia aortica possam indicar intervencdo independente

das dimensodes da aorta (Davies, Goldstein et al. 2002).

2.2 FATORES PRE-OPERATORIOS

2.2.1 Fragilidade

Fragilidade é uma sindrome biolégica que reflete o estado de diminui¢édo
da reserva fisioldgica e vulnerabilidade a estressores (Bergman, Ferrucci et al.
2007).

Os estressores sao amplamente classificados como doenca aguda ou
cronica (por exemplo, infarto agudo do miocardio) ou iatrogénico (por exemplo,
cirurgia cardiaca). Quando expostos a tais estressores, pacientes frageis correm
risco de descompensacdo acentuada e muitas vezes desproporcional,
complicagbes, recuperagdo prolongada, limitagdo funcional e mortalidade
(Shamliyan, Talley et al. 2013).

A fragilidade tornou-se um tema de alta prioridade na medicina

cardiovascular devido ao envelhecimento e a natureza cada vez mais complexa
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dos pacientes. Portanto tem papel fundamental nas estimativas de risco e na
elaboracao de planos de tratamento individuais e personalizados, maximizando
a probabilidade de um resultado positivo (Afilalo, Alexander et al. 2014).

A fragilidade é mais comum em idosos e a maioria das pessoas frageis
apresentam pelo menos uma condi¢ao crénica. Entretanto, muitas pessoas com
doencas cronicas nao sao frageis, a fragilidade nédo é exclusiva dos idosos e
também nao esta presente em 100% deles (Lee, Heckman et al. 2015).

A fragilidade segundo o conceito de fen6tipo pode ser categorizada em
cinco dominios: 1) baixo nivel de atividade fisica; 2) fraqueza; 3) lentiddo; 4)

fadiga autorreferida; 5) emagrecimento (Fried, Tangen et al. 2001).

2.2.2 Baixo Nivel de Atividade Fisica

A capacidade funcional reflete a habilidade de realizar atividades de vida
diaria através dos esforcos integrados dos sistemas pulmonar, cardiovascular e
muscular esquelético. Sua avaliacdo é de grande importancia na investigacao do
impacto da doenca cardiovascular na vida do paciente e nos fornece informacgdes
importantes de diagnéstico e prognostico (Arena et al., 2007).

O padrao ouro para avaliacdo da capacidade funcional é o teste
cardiopulmonar de exercicio (Yazbek Jr, Carvalho, Sabbag, & Battistella, 1998).
Todavia, muitas vezes sua realizacdo se torna impraticavel, seja pela condicéo
clinica e fisica do paciente, ou pela indisponibilidade da realizacao do teste. Os
questionarios sdo uma ferramenta simples, barata e segura para avaliar a
condicao clinica ou funcional.

O Duke Activity Status Index (DASI), um questiondrio simples, que
contém 12 itens que avaliam atividades de vida diaria, as quais nos ddo uma
estimativa do equivalente metabdlico (MET). Este questionario tem sido
amplamente utilizado em pacientes com doencas cardiovasculares a fim de
avaliar a capacidade funcional (Afilalo, Alexander et al. 2014).

Quando questionado sobre atividades de vida diaria, o paciente responde
se consegue ou nao realizar determinada tarefa, o peso das respostas positivas
€ somado para se obter uma resposta total que varia entre zero e 58,2, em

seguida, esse resultado sera aplicado na formula 0.43 + 9,6, a qual gera um valor
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estimado de gasto metabdlico (Afilalo, Alexander et al. 2014). Quanto maior a

pontuacao, maior a capacidade funcional do individuo.

2.2.3 Fraqueza

A fraqueza muscular decorre, especialmente, da sarcopenia, da disfuncéo
imunoldgica e neuroenddcrina e da falta de exercicio (Rockwood et al., 2004).

O declinio na massa e composi¢do muscular associado ao acumulo de
deficiéncias subclinicas em varios sistemas organicos resultantes de doencas
cardiovasculares e / ou predisposices genéticas levam a diminuicdo da reserva
homeostética e resiliéncia aos estressores, fatores que estdo intimamente
ligados a sindrome da fragilidade (Afilalo et al., 2014).

A forca de preensdo palmar tem se mostrado um confiavel preditor de
resultados indesejaveis, como mortalidade, limitacdo funcional e complicacdes
pés-operatorias (Bohannon 2001).

A dinamometria manual avalia a forca de preensdo manual, fornecendo
uma estimativa da forca isométrica da extremidade superior. E considerada um
bom indicador, pois correlaciona-se eficazmente com a forca muscular de outros
grupos musculares, consequentemente tem sido relatada como bom indicador
da forca muscular global (Rantanen, ERA et al. 1994).

Dentre os diversos equipamentos encontrados hoje no mercado, o
dinamémetro hidraulico analdgico Jamar® ¢é largamente utilizado, sendo
considerado um equipamento padréo ouro (Fess 1992). A Sociedade Americana
de Terapeutas da Mao (ASHT) recomenda que os individuos testados estejam
sentados com ombros aduzidos, cotovelos flexionados a 90° e antebrago em

posicéo neutra.

2.2.4 Lentidao

A marcha é uma parte integral das atividades da vida diaria e sua
adequada funcionalidade depende de varios 0Orgaos, especificamente dos
sistemas neuroldgico, musculoesquelético e cardiovascular (Andrade,

Fernandes, Nébrega, Garcia, & Costa, 2012).
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O teste de velocidade da marcha tem demostrado importante predicéo
prognoéstica, excelente confiabilidade interexaminadores e facil aplicacao
(Van Kan, Rolland et al. 2009).

Em estudo prospectivo que avaliou a fragilidade antes da cirurgia cardiaca
observou-se que a velocidade lenta da marcha de cinco metros foi associada a
um aumento de 3 vezes na mortalidade ou morbidade importante pos-operatoria
(Afilalo, Eisenberg et al. 2010).

A distancia de cinco metros tem sido adotada em muitos estudos, pois
demostra um bom equilibrio entre permitir que 0s pacientes atinjam uma
velocidade constante de caminhada sem desencadear sintomas
cardiopulmonares, tornando o foco deste teste diferente do que um tipico teste

de estresse ou teste de caminhada de 6 minutos (Afilalo, Alexander et al. 2014).

2.2.5 Fadiga e Emagrecimento

A fadiga autorreferida pode ser avaliada através da afirmacdo de que em
trés ou mais dias da Ultima semana o paciente precisou fazer muito esforco para
realizar tarefas habituais. Este fato correlaciona-se ao estagio de exercicio
alcancado no teste cardiopulmonar de exercicio, como um indicador de VO2
méaximo (Willem Johan Kop, Appels, De Leon, & Bar, 1996), e é preditivo de
doencas cardiovasculares (Willem J Kop, Appels, de Leon Mendes, & Bér, 1994).

Com o envelhecimento ha uma progressiva e lenta perda de massa
muscular, forca e velocidade de contracdo, conferindo maior risco para quedas,
fraturas, incapacidade, dependéncia, hospitalizacdo recorrente e mortalidade.
Este processo de sarcopenia esta associada a alteracdes do metabolismo
muscular, enddocrinos e a fatores nutricionais, mitocondriais e genéticos (Silva,
Frisoli Junior, Pinheiro, & Szejnfeld, 2006).

A sarcopenia esta intimamente ligada ao emagrecimento, o qual pode ser
predito através dos niveis de albumina sérica e através da perda de peso ndo

intencional maior de 4,5 kg no ultimo ano. (Fried, Tangen et al. 2001).

2.2.6 Forca Muscular Respiratoria
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Mesmo nao englobando o fendtipo da fragilidade, a forga muscular
respiratoria tem sido amplamente estudada, buscando identificar a presenca de
fragueza muscular respiratoria, pois esta interfere na mecanica ventilatéria,
podendo dificultar a reabilitacdo dos pacientes ap0s cirurgia cardiaca (Stein,
Maia et al. 2009).

A manovacuometria consiste na mensuracao das pressdes inspiratérias
maximas (Plmax) e expiratdrias maximas (PEmax) por meio de um equipamento
classico e confiavel, denominado manovacuémetro (Montemezzo, Velloso et al.
2010) (Parreira, Franca et al. 2007).

A pressdo medida por esses testes reflete a pressdo desenvolvida pelos
musculos respiratorios associada a pressao passiva de recolhimento elastico do
sistema respiratério, bem como do volume pulmonar em que sao realizadas
as manobras (Green, Sieck et al. 2002). Dependem também da compreenséao
das manobras a serem executadas e da vontade do individuo em cooperar e
realizar movimentos e esfor¢os respiratérios realmente maximos (Montemezzo,
Velloso et al. 2010).

Em 1969, Black e Hyatt descreveram o método de avaliagdo da forca da
musculatura respiratéria para individuos saudaveis (Black and Hyatt 1969) e
desde entdo diversos estudos de diferentes lugares do mundo publicaram seus
achados sob forma de valores de referéncia. Ao que se refere a populacéo
brasileira, em 1999, Neder e colaboradores foram os primeiros a desenvolverem
equacdes preditivas, sexo e idade dependentes, através da avaliacdo de 100
individuos saudaveis de ambos os sexos, com idade de 20 a 80 anos, no estado
de S&o Paulo e estes valores ainda sdo amplamente utilizados
(Neder, Andreoni et al. 1999).

2.3 FATORES TRANSOPERATORIOS

Por se tratar de cirurgias de peito aberto, as cirurgias cardiacas em geral
envolvem a criacdo de uma incisdo cirdrgica no peito, abrindo o0 0sso esterno
para a exposi¢cado do coracéo e realizacdo dos reparos necessarios, chamada
de esternotomia (Weatherby 2018).
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A esternotomia causa dano tissular na pele, nos tecidos subcutaneos, no
0SSO0 € na cartilagem, o que, na maioria dos casos, gera dor nos pacientes, o que
pode interferir no desfecho pés-operatorio (Mazzeffi and Khelemsky 2011).

A circulagdo extracorpérea (CEC) é um procedimento muito utilizado, cuja
finalidade € propiciar um campo cirurgico limpo, preservar as caracteristicas
funcionais do coracdo e oferecer maior seguranca a equipe cirargica
(Torrati and Dantas 2012). Durante a utilizacdo da CEC e parada cardiaca -
cardioplegia, realizam-se as intervencdes necessarias diretamente no 6rgéo
alvo, o coracao (Brick, Souza et al. 2004).

Entretanto, a CEC causa a liberacdo de espécies reativas de oxigénio,
lesé@o de isquemia e reperfusdo, produz liberacéo de citocinas pro-inflamatorias
e ativacdo leucocitaria, o que por sua vez gera uma resposta inflamatéria
sistémica, influenciando diretamente no progndstico pds-operatorio
(Asimakopoulos 2001; Huffmyer & Groves, 2015). Complicacbes pulmonares
sdo comuns apos o uso de CEC, pelo aumento do liquido extravascular na
circulagdo pulmonar, o que origina o preenchimento alveolar por células
inflamatérias e que acarreta a inativacdo do surfactante pulmonar e o
colabamento de algumas éareas. Este quadro pode levar a modificacdo da
relacdo ventilacdo/perfusdo pulmonar; a diminuicdo da complacéncia e a
alteracdo do trabalho respiratério no periodo PO, dificultando o desmame e
aumentando o tempo de permanéncia em ventilagdo mecanica.

O tempo de CEC influencia diretamente no desfecho pés-operatério, um
tempo maior de 75 minutos esta associado a maior chance de 06bito no pos-
operatorio de cirurgia cardiaca (Anderson et al., 2011).

Apesar dos avancos no que se refere a CEC e nas técnicas cirrgicas, o0
sangramento excessivo no periodo intraoperatorio continua a ser um
complicador em cirurgia cardiaca, seja por distlurbio de coagulacdo ou por
hemostasia cirurgica inadequada.

ApoOs o inicio da CEC, a hemodiluicdo causa uma rapida reducéo para
aproximadamente metade na contagem de plaguetas, em relacéo aos niveis pré-
operatorios, ocorrendo entdo uma perda progressiva na fungdo plaquetéria
(Choli, Yoon et al. 2017), dentre outros inUmeros fatores que podem influenciar

no sangramento durante uma cirurgia cardiaca. Portanto, muitas vezes
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a transfusdo de hemocomponentes se faz necesséaria, porém traz consigo
algumas possiveis complicacdes.

As transfusdes tém sido associadas a altas taxas de mortalidade e
morbidades, como a ocorréncia de insuficiéncia renal, complicacGes
neurolégicas, infeccdo respiratoria e cardiaca, em pacientes transfundidos em
relacdo aos nédo transfundidos apoOs a cirurgia cardiaca (Hajjar, Vincent et al.
2010; Leal-Noval, Rincén-Ferrari et al. 2001; Engoren, Habib et al. 2002).

A incidéncia de disturbios da conducéo atrioventricular (AV) no pés-
operatorio de cirurgia cardiaca situa-se entre 10% e 15% (Merin, llan et al. 2009).
Dentre suas apresentacbes mais graves pode-se destacar o0 bloqueio
atrioventricular total (BAVT), e em algumas situacdes especificas podera ser
necessaria a implantacdo de um marca-passo cardiaco, o que pode aumentar a
morbidade pés-operatdria (Andrade, Avila Neto et al. 2000) (Merin, llan et al.
2009).

A parada cardiorrespiratoria (PCR) € um evento adverso grave, pode ser
atribuida a vérias causas e ocasionar diversos graus de complica¢gfes. Segundo
consenso dos Estados Unidos, a incidéncia de PCR ap0s cirurgia cardiaca € de
0,7% a 8% e apenas metade desses pacientes sobrevive até a alta hospitalar

(Dunning, Levine et al. 2017).

2.4 FATORES POS-OPERATORIOS

2.4.1 Fibrilacéo Atrial P6s-Operatéria

A fibrilacdo atrial pos-operatéria (FAPO) ainda € a complicacdo mais
comum no pos-operatorio de cirurgia cardiaca, com incidéncia estimada de 16%
a 30% (Villareal, Hariharan et al. 2004; Shen, Lall et al. 2011) e o0 seu pico de
ocorréncia acontece no segundo e terceiro dia do periodo pdés-operatério
(Maisel, Rawn et al. 2001).

Na maioria das vezes, mostra-se benigna, entretanto a FAPO aumenta a
predisposicdo do paciente a eventos tromboembdlicos, instabilidade
hemodindmica e aumenta até 3 vezes a chance de acidente vascular cerebral
(AVC), prolongando o tempo de internagdo hospitalar, consequentemente

gerando maiores custos ao sistema de saude (Mariscalco, Klersy et al. 2008).
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Embora alguns fatores, como idade avancada e comorbidades
associadas, ja sejam estabelecidos para o desenvolvimento da FAPO, os
mecanismos fisiopatolégicos ainda ndo sdo completamente elucidados
(Creswell, Schuessler et al. 1993), entretanto a resposta inflamatéria e o
estresse oxidativo tém sido associados a patogénese da fibrilacdo atrial
(Maesen, Nijs et al. 2012).

2.4.2 Complicacdes no Pos-Operatorio

Apesar dos avancos na cirurgia e cuidados perioperatérios, complicacées
pés-operatorias permanecem frequentes, levando a aumentos substanciais na
mortalidade, morbidade e custos hospitalares (LaPar, Crosby et al. 2013).

As complicacdes podem afetar multiplos sistemas e podem se apresentar
de varias maneiras, incluindo infeccbes de ferida operatdria, pneumonia,
fenbmenos tromboembdlicos, falha do enxerto, fibrilagdo atrial, hipertensao
pulmonar, derrame pericardico, AVC, lesdo renal, injuria gastrointestinal e
instabilidade hemodinamica (Montrief, Koyfman et al. 2018).

Segundo Laizo et al 2010, essas complicacdes podem estar relacionadas
a idade avancada, ao tempo de internacdo pré-operatdria, as comorbidades
preexistentes, aos habitos de vida inadequados, a condi¢do nutricional prévia
(desnutricdo ou obesidade), ao tipo de medicamento utilizado no pré-operatorio
e a fatores de risco inerentes ao procedimento anestésico-cirurgico (Laizo,
Delgado et al. 2010).

2.5 REABILITACAO CARDIOVASCULAR

Segundo definicao de 1964 da OMS, “reabilitacdo cardiaca é o somatorio
das atividades necessarias para garantir aos pacientes portadores de cardiopatia
as melhores condi¢des fisica, mental e social, de forma que eles consigam, pelo
seu proprio esforco, reconquistar uma posicdo normal na comunidade e levar

uma vida ativa e produtiva”.
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Nas ultimas décadas, tem se reconhecido a reabilitacdo cardiovascular
(RCV) como um importante instrumento no cuidado dos pacientes com doenca
cardiovascular (Herdy, Lopez-Jiménez et al. 2014).

A RCV deve ser focada em mudangas no estilo de vida com énfase na
atividade fisica programada, adocdo de habitos alimentares saudaveis,
cessacao do tabagismo e do uso de drogas em geral, aléem de estratégias para
reduzir o estresse (Herdy, Lopez-Jiménez et al. 2014).

Tradicionalmente, a RCV é dividida em fases temporais, sendo a fase 1
intra-hospitalar e as fases 2 a 4 ambulatoriais (Carvalho et al., 2020). A fase 1
tem como objetivos principais que o paciente tenha alta hospitalar com as
melhores condicdes fisicas e psicologicas possiveis, fornecendo informacdes
referentes ao estilo de vida saudavel, especialmente no que diz respeito ao
exercicio fisico. A fase 2 comeca imediatamente apds a alta hospitalar e tem
duracdo média de 3 meses. A fase 3 costuma ter duracdo de 3 a 6 meses e a
fase 4 tem duracédo prolongada. Em todas as fases objetiva-se progressao dos
beneficios da RCV ou, pelo menos, a manutencao dos ganhos obtidos (Carvalho
et al., 2020).

Quanto a pratica de atividade fisica, a RCV deve ser baseada em
exercicios aerdbicos e de fortalecimento muscular. Os exercicios aerobicos
podem ser realizados através do uso de esteiras e cicloergbmetros,
principalmente de membros inferiores. Os exercicios de fortalecimento muscular
podem ser realizados utilizando somente o peso corporal, o que representa um
esforco, em geral, suficiente nos pacientes mais debilitados ou também através
do uso de pesos livres, halteres, caneleiras com pesos variados, entre outros
(Carvalho et al., 2020).

O paciente submetido a RCV pode apresentar uma série de adaptagdes
fisiologicas relacionadas ao exercicio, como, por exemplo, modulacdo favoravel
do sistema nervoso autbnomo, com maior variabilidade de frequéncia cardiaca,
reducdo da frequéncia cardiaca basal e melhora da funcdo endotelial (Winzer,
Woitek, & Linke, 2018). Também podem ser observadas adaptacdes vasculares
nas artérias de condutancia (com diminui¢cdo da rigidez arterial e melhora da
funcéo endotelial), nas arteriolas (pela diminuicdo da razéo parede/luz do vaso)
e nos capilares, estimulando a angiogénese (Black, Stoéhr, Shave, & Esformes,
2016).
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Verificar quais sdo os fatores preditivos de limitacdo funcional apés

cirurgia cardiaca.

3.2 OBJETIVOS ESPECIFICOS

Verificar se as seguintes variaveis interferem na limitagdo funcional do
paciente no pos-operatorio de cirurgia cardiaca:
- Dados sociodemograficos e antropométricos: idade, sexo e indice de massa
corporal;
- Condicéo clinica pré-operatoria: doencas associadas, historico de cirurgia
cardiaca prévia, presenca de plano de saude, forca muscular respiratéria , baixo
nivel de atividade fisica, fraqueza muscular, lentiddo, fadiga auto referida e
desnutricao;
- Eventos transoperatorios: tipo de procedimento cirargico, tempo de CEC,
tempo de CLAMP, sangramento, necessidade de transfuséo de hemoderivados
e desenvolvimento de BAVT,;
- ComplicacBes poés-operatérias: tempo de internacdo na UTI, evolucdo com
PCR, desenvolvimento de FAPO, complicacdes cardiacas, complicacdes
pulmonares, complicacfes renais, complicacbes neurolégicas, complicacdes

infecciosas, complicacbes hematoldgicas e outras.
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Glossary

ACT
AMI
ASHT
AVB
BMI
CES
Cl
CKD
CRA
DASI
ECC
EPmax
FL
ICU
IPmax
ISCMPA
MET
MRS

OR

Aortic Clamping Time

Acute Myocardial Infarction
American Society of Hand Therapists
Total Atrioventricular Block

Body Mass Index

Center for Epidemiological Studies
Confidence Interval

Chronic Kidney Disease
Cardiorespiratory Arrest

Duke Activity Status Index
Extracorporeal Circulation

Maximum Expiratory Pressures
Functional Limitation

Intensive Care Unit

Maximum Inspiratory Pressures
Irmandade Santa Casa de Misericérdia of Porto Alegre
Metabolic Equivalents of Task
Myocardial Revascularization Surgery

Odds Ratio
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Summary

Objective: To identify the predictive factors of functional limitation in patients undergoing cardiac
surgery.

Methods: Retrospective cohort study was performed for evaluating patients undergoing cardiac
surgery. All patients underwent a cardiovascular rehabilitation protocol. For the outcome analysis, the
patients were categorized as those with functional limitation (FL group), patients who had worse
performance and reached up to stage 3 of the institutional protocol comprising only gait training and
lower and upper limb exercises, and patients without functional limitation (group without FL).
Results: Data were collected from 548 patients; of these, 190 patients (34.7%) had functional
limitations. By analyzing the multicollinearity test, the factors associated with postoperative functional
limitation were as follows: hospitalization by the public healthcare system (OR: 2.14 95% confidence
interval (Cl): 1.73-2.65; p < 0.001); age (OR 1.23 CI 95%, 1.15-1.31; p < 0.001); length of
hospitalization in the intensive care unit (OR 1.033 CI 95%, 1.01-1.05; p = 0.005); history of previous
acute myocardial infarction (OR 1.40 CI 95%, 1.13-1.73; p = 0.002); presence of previous
comorbidities (chronic kidney disease [OR 1.56 Cl 95%, 1.15-2.10; p = 0.004]; cerebrovascular
disease [OR 1.57 CI 95%, 1.19-2.07; p = 0.001]); presence of expiratory muscle weakness (OR 1.54
Cl 95%, 1.08-2.20; p = 0.01); and intercurrence of cardiorespiratory arrest during hospitalization (OR
1.76 Cl 95%, 1.40-2.22; p < 0.001).

Conclusion: Note that functional limitation after cardiac surgery could be predicted via preoperative
and postoperative factors. Moreover, preoperative functionality does not seem to be an independent

factor for functional limitation.

Keywords: Thoracic surgery; Perioperative period; Cardiac rehabilitation; Medical records;

Functional physical performance.
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Introduction

Because cardiovascular diseases are among the most prevalent diseases,! a surgical
procedure often necessary for their correction. However, because these are highly
complex procedures, complications in the perioperative period are frequent? 2 and may
increase mortality and morbidity in the postoperative period.> # Certain factors, such as
previous diseases,> © age,”” ® preoperative fragility,® renal dysfunction,” reduced
ventricular contractility,” requirement for prolonged extracorporeal circulation (ECC),*
12 hlood derivative transfusion,**'° and postoperative complications® % ¢ are known to
increase morbidity and postoperative mortality. However, a majority of these predictors
were segregated in the preoperative,®® transoperative'®'® or postoperative period,® 4 16
thus hindering an overview of all phases involving cardiac surgery. Thus, this study aims
to identify the preoperative, transoperative and postoperative predictive factors of

functional limitation in patients undergoing cardiac surgery.

Methods

Design and population under study

This is a retrospective cohort study. The sample comprised patients undergoing elective
cardiac surgery at the Hospital Sdo Francisco, belonging to the Irmandade Santa Casa de
Misericérdia of Porto Alegre (ISCMPA). It is a tertiary care university hospital
specialized for treating cardiovascular diseases. The data were retrospectively collected
through the database of the physiotherapy service and through the search in electronic
medical records of the hospital from January 2017 to December 2018 (24 months). The
sample was for convenience and included the data of all patients of both sexes over 18
years of age; they were admitted to the Sdo Francisco Hospital who underwent elective

cardiac surgery. Patients who died in the transoperative period and patients who did not
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have adequate filling of the collection form were excluded from the analysis. The project
was approved by the Research Ethics Committee of the Irmandade Santa Casa de

Misericérdia of Porto Alegre with the opinion number 3.222.604.

Physiotherapeutic care protocol

All patients underwent a cardiovascular rehabilitation protocol after cardiac surgery,
which began at the first physiotherapy session of the patient in the hospitalization unit
until discharge from the hospital. This institutional protocol occurs in six stages (Table
1). At each rehabilitation performed, if in good clinical conditions, the patient progresses

to the next step of the protocol.

Collected variables and collection instruments

An electronic medical record of preoperative history was examined for sample
characterization, associated diseases, and functional evaluation via frailty criteria. Frailty
was evaluated as per the phenotype concept” 8 via five domains. 1) Low level of physical
activity, assessed through the Duke Activity Status Index (DASI)*® where the higher the
score, the greater the functional capacity of the individual. The cutoff point used was the
value of four metabolic equivalents of task (METSs). 2) Peripheral muscle weakness,
assessed by measuring peripheral muscle strength verified through bilateral handgrip,
palmar type, using the Saehan SH5001 hand dynamometer, following the positioning
guidelines of the American Society of Hand Therapists (ASHT).?° The test was repeated
three times with an interval of 1 min between each attempt; the result was the mean value
of these three measurements. To analyze the predicted value adjusted for sex and body
mass index,'® we considered slowness, evaluated through the gait speed test, where the

individual walks at comfortable speed on a flat surface at a predetermined distance of 5
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m.1" A walking time of >6 s (<0.83 m/s) is related to a three-fold increase in mortality or
in severe morbidity after cardiac surgery;?! therefore, a time of 6 s was considered the
cutoff point in this study. We also considered self-reported fatigue, assessed through a
question adapted from the depression scale of the Center for Epidemiological Studies
(CES),?? which follows: “How many days in the last week did you feel like all you've
done was an effort?” The result was considered abnormal if the patient complained of
effort for more than three days.!’ Moreover, we considered slimming, assessed by serum
albumin levels and through an objective question, which follows: “Patient reports
unintentional weight loss (not due to diet or exercise) in the last year?” The result was
considered abnormal if the patient had a weight loss equal to or >4.5 kg in the last year
and if serum albumin were at levels equal to or <3.3 g/dl.}" ¥ Respiratory muscle
weakness was evaluated by inspiratory pressure measurements (IPMax) and maximum
expiratory pressures (EPmax) using a digital manovacuometer Globalmed MVD300. The
test was repeated three times, with an interval of 1 min between each attempt, and the
highest value was considered as long as there was no difference >10% between the two
highest values. For analyzing these results, absolute and percentage values predicted by
Neder equations® were considered. Transoperative data were collected from electronic
medical records: type of surgical procedure [myocardial revascularization surgery
(MRS), valve replacement, MRS associated with valve replacement and aortic aneurysm
correction], ECC time, aortic clamping time (ACT), requirement for blood derivative
transfusion, and development of total atrioventricular block (AVB). Finally, the
postoperative data collected were as follows: length of hospitalization in the intensive
care unit, evolution with cardiorespiratory arrest during hospitalization and development

of postoperative complications were as follows: 1) cardiac complications; 2) pulmonary
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complications; 3) renal complications; 4) neurological complications; 5) infectious

complications; 6) hematological complications; and 7) others.

Evaluation of the outcome

For data analysis, patients were divided into two groups. Those who were discharged
from hospital reaching up to Stage 3 of the physiotherapeutic protocol, group with
functional limitation (FL group) and those who reached beyond Step 4 of the institutional

care protocol, a group without functional limitation (group without FL).

Statistical analysis

The results were presented via descriptive statistics: frequency and percentage, mean and
standard deviation and median and interquartile interval as per the nature and distribution
of variables. The normality of data was confirmed using the Kolmogorov—Smirnov test.
Univariate analysis was performed using a Chi-square test for qualitative variables,
Student’s t test for quantitative variables with symmetrical distribution, and Mann-
Whitney U test for quantitative variables with asymmetric distribution. The variables with
p < 0.20 entered multivariate analysis, which was performed using a hierarchical model
composed initially of preoperative variables (level 1). The statistically significant
variables in this analysis were maintained in the model and entered the adjustment of the
next level, composed of transoperative variables (hierarchical level 2) and finally
postoperative variables were included. Poisson’s regression with robust variance was
used and a multicollinearity test of final regression model was performed to evaluate
statistically significant variables. For the control of subsequent levels, data on slowness,
self-reported fatigue, and low level of physical activity were maintained because they

demonstrate the patient’s functional status before cardiac surgery. The measurement of
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odds ratio (OR) with a 95% confidence interval (CI) was presented. The results with a
value of p < 0.05 were considered to be significant, and the analyses were performed

using SPSS 25.0.

Results

Out of a total of 718 cardiac surgeries performed during the study period, a total of 170
patients were excluded from the analysis (19.7%), 28 patients because of transoperative
death and 142 because of data loss. Data were collected from 548 patients undergoing
cardiac surgery. In total, 190 patients (34.7%) had functional limitation as per the
physiotherapeutic protocol of the institution. The mean age of the sample was 63.8
(£10.7) years. There was a predominance of male patients (n = 383, 69.9%) with a mean
body mass index (BMI) of 27.7 (£4.5) kilos/mz2. In the univariate analysis, the FL group
presented a mean age older and lower ejection fraction. The patients were mostly female;
they were hospitalized by the public healthcare system (Sistema Unico de Satde), had
more associated diseases and presented worse performance in the preoperative functional
evaluation, longer time of ECC, greater bleeding, requirement for blood derivative
transfusion, more postoperative complications, cardiorespiratory arrest (CRA), and
longer intensive care unit (ICU) hospitalization time (Table 2). The multivariate analysis
demonstrated that the following variables increased the risk for a worse functional
outcome: patients hospitalized by the public healthcare system, age, ICU hospitalization
time, history of previous acute myocardial infarction (AMI), chronic kidney disease
(CKD), cerebrovascular disease, expiratory muscle weakness and CRA intercurrence
during hospitalization. In the multicollinearity test (Figure 1), all significant variables in
the multivariate analysis remained significant; therefore, as expected, there was no effect

of multicollinearity between variables. The multicollinearity test demonstrated that
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several factors presented a higher risk of functional limitation. 1) Patients hospitalized by
the public healthcare system had a higher risk of functional limitation [odds ratio (OR)
2.14; 95% confidence interval (Cl), 1.73-2.65; p < 0.001]. 2) Age, with an increased risk
of 23% every 5 years of life (OR 1.23; 95% CI, 1.16-1.31; p < 0.001). 3) Time of ICU
hospitalization, with a risk increased by 3% every two days hospitalized in the ICU (OR
1.033; C1 95%, 1.01-1.06; p = 0.005). 4) As for comorbidities, patients with a history of
AMI presented a risk of 41% (OR 1.41 95% CI, 1.14-1.74; p = 0.002), CKD patients
presented a risk of 56% (OR 1.56 95% CI, 1.16-2.10; p = 0.004) and previous
cerebrovascular disease had a risk of 57% (OR 1.57 CI 95%, 1.19-2.07; p = 0.001). 5)
The presence of expiratory muscle weakness increased the risk of functional limitation
by 54% (OR 1.54; CI 95%, 1.08-2.20; p = 0.01). 6) CRA intercurrence during
hospitalization increased the risk by 76% for a worse functional outcome (OR 1.76 CI
95%, 1.40-2.22; p < 0.001) compared to those who did not have such complication. Time
of ECC (OR 1.08 CI 95%, 0.99-1.18; p = 0.076) and complications in the postoperative

(OR 1.10 CI 95%, 0.87-1.40; p = 0.415) were not statistically significant.

Discussion

This study demonstrated that patients hospitalized by the public healthcare system, age,
length of ICU hospitalization, history of AMI, CKD, previous cerebrovascular disease,
expiratory muscle weakness, and CRA intercurrence during hospitalization are
independent factors for functional limitation after cardiac surgery. Cardiac surgeries are
very frequent worldwide and multiple studies confirmed the factors related to
postoperative morbidity and mortality 6. However, there is a clear requirement for
studies on functional limitation because traditionally studies evaluating cardiac surgery

outcomes have focused on mortality. The frequency of mortality after cardiac surgery is
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very variable, ranging from 1.1% to 9.5%, depending on the type of the procedure
performed.?* Moreover, after cardiac surgery, it is known that functional limitation is
relatively common. In a prospective and multicenter cohort study, Jita et al.?> observed
that ~16% of all participants had functional limitation after cardiac surgery. Among the
few existing studies that evaluated the conditions associated with functional limitation in
the postoperative period of cardiac surgery, certain risk factors have already been
established such as age, 52" 28 length of hospitalization?® and previous comorbidities such
as renal insufficiency?®?’. These studies support our results and suggest that these factors
play important roles in functional limitation after cardiac surgery. However, to date, no
study has observed the relationship between the presence of AMI and cerebrovascular
disease prior to the surgical procedure, which shows us new results. Our study reveals
other new results, such as the association of hospitalization by the public healthcare
system with functional limitation in postoperative period of cardiac surgery. Our study
showed that patients admitted to the public healthcare system presented greater functional
limitation in postoperative period of cardiac surgery compared to patients with private
health insurance. According to Andersen et al.,*° the absence of a health insurance was
associated with higher morbidity and mortality in aortic surgeries, corroborated by the
results of Tumin et al.,®* which showed that the transition from a private health insurance
to a public healthcare system after heart transplantation was associated with worse long-
term outcomes directly interfering with survival after transplantation. In Brazil, the
demand for patients requiring cardiac surgery generally exceeds the availability of
hospital resources. According to data from the National Council of Medicine, the waiting
queue for elective surgical procedures in the Brazilian Unified Health System in 2017
exceeded 900,000 held back procedures.® This increased waiting time may be associated

with the deficient infrastructure of the public healthcare system, which may be directly
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linked to the patient’s clinical deterioration because of aggravation of the disease while
waiting for the surgical procedure and consequently be associated with a worse outcome.
Moreover, we should consider the difference in care demand between the two modalities,
i.e., presence and absence of health insurance, where patients assisted by private health
insurance probably receive greater preoperative and postoperative care because of the
demand and costs related to the hospital resources. Another discovery of this study is the
association of expiratory muscle weakness with functional limitation in postoperative
period of cardiac surgery, an association never observed before. It is known that the
expiratory muscle strength in the preoperative period of a cardiac surgery is directly
linked to cough strength and the ability to generate sufficient pulmonary volumes to
protect the airway and avoid postoperative pulmonary complications, which can directly
interfere with the postoperative outcome. In a study involving 117 patients undergoing
elective myocardial revascularization, Hulzebos et al.,3* observed that expiratory muscle
strength greater than or equal to 75% of the predicted value was a protective factor against
postoperative pulmonary complications. Therefore, the expiratory muscle weakness,
which can be easily assessed in the preoperative period, can provide important
informations about surgical prognosis. Although it was an expected result, the occurrence
of CRA in the hospitalization period had not yet been associated with functional limitation
in the postoperative period of cardiac surgery. The CRA is a serious adverse event and
can be attributed to various causes and can trigger varying degrees of complications. Note
that this result fits into transoperative and postoperative complication; unlike intentional
cardiac arrest, the cardioplegia was used to perform the surgical procedure. Unlike what
was expected, the functionality evaluated in the preoperative period through the frailty
phenotype had no influence on the outcome and only muscle weakness was associated

with the outcome studied. We do not know very well the cause of these results because
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the frailty syndrome has already been strongly related to higher postoperative morbidity
and mortality.® We believe that it may reflect the profile of the patient, eligible for elective
heart surgery, who has stable heart disease where the management of associated diseases
is optimized, thus avoiding exacerbations and complications. More severe patients, who
would probably have had worse functionality in the preoperative period may not have
entered the sample either because of the contraindication of the surgery or because of the
occurrence of death in the transoperative period. Therefore, expiratory muscle weakness
seems to be a side factor of the preoperative functional evaluation in relation to the
outcome of the study. The strengths of the study are as follows. 1) To date, no study has
associated functional limitation with detailed functional evaluation and other
preoperative, transoperative and postoperative factors with a well-defined and
standardized postoperative rehabilitation protocol. We believe we have provided the
clinical status of the patient undergoing cardiac surgery in the best possible manner.
Unlike previous studies that evaluated each of these periods in a segregated and/or less
detailed manner?52°, Therefore, our study reveals new discoveries. 2) The data on the
functional state of the patient was controlled in the preoperative period such as slowness,
self-reported fatigue and low level of physical activity, which gives us an insight into how
the patient’s functionality was in the preoperative period. Thus, the results reflect the
factors related to functional limitation caused by the stress of cardiac surgery itself. The
limitations of the study are as follows. 1) As this is a retrospective study, we observe the
potential and limitation of the retrospective review method of the medical records data,
which may be poorly completed. 2) Sample loss of 19.7%, this fact was primarily
attributed to the loss of data from the preoperative evaluation, which had recently been
implemented in the institution. 3) Statistical model used may not have been the most

adequate because the transoperative variables may have been underestimated, which were
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not associated with the outcome studied, unlike data from the literature. 4) Convenience
sample and the conduction of the study in a single private center; thus, the results may

not be generalizable.

Conclusions
Functional limitation may be predicted by preoperative and postoperative factors.
Preoperative functionality does not appear to be an independent factor for functional

limitation after cardiac surgery.

Central Message: Functional limitation after cardiac surgery could be predicted via

preoperative and postoperative factors.

Perspective Statement: Functional limitation after cardiac surgery is still a little
explored subject; therefore, there is a clear need for studies on this topic. We were able
to identify the predictor factors of functional limitation through both preoperative and

postoperative factors through extensive and complete evaluation and data collection.
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Table 1. Institutional protocol of physiotherapeutic care in surgical cardiac patients

Step 1 Exercises of ULs and LLs in sedestation, deambulation of 60 meters

Step 2 Exercises of ULs in sedestation and LLs in orthostasis, deambulation of 120 meters

Step 3 Exercises of ULs in sedestation and LLs in orthostasis, deambulation of 180 meters

Step 4 Exercises of ULs in sedestation and LLs in orthostasis, deambulation of 180 meters, ascent and descent of 1 flight of stairs

Step 5 Exercises of ULs in sedestation and LLs in orthostasis, mini squat, 180 meters deambulation, ascent and descent of 2
flights of stairs

Step 6 Exercises of ULs in sedestation and LLs in orthostasis, mini squat, deambulation of 240 meters, ascent and descent of 2

flights of stairs

ULs - upper limbs, LLs - lower limbs.
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Table 2. Univariate analysis of preoperative, transoperative and postoperative variables for risk of functional

limitation after cardiac surgery

Total FL Group Group without FL
n=548 n=190 n=358 p value
PREOPERATIVE VARIABLES
Characterization
Age — years (mean £ SD) 63.8 £10.7 67.8+8.5 61,7 £11.2 <.001*
BMI - kg/m2 (mean + SD) 27745 279452 27.7+43 515%
EF -% (mean + SD) 59.6 +13.2 57.9+14.3 60.6 £12.6 .026*
Female (n /%) 165 (30.1) 70 (36.8) 95 (36.5) 016+
Previous cardiac surgery (n /%) 46 (8.4) 20 (10.5) 26 (7.3) .250%
Public Healthcare System (n /%) 253 (46.2) 117 (61.5) 136 (37.9) <.001%
Associated diseases
DM (n /%) 216 (39.4) 77 (40.5) 139 (38.8) 768+
SAH (n /%) 441 (80.5) 163 (85.8) 278 (71.7) .030t
Dyslipidemia (n /%) 359 (65.5) 128 (67.4) 231 (64.5) 567t
Tabagism (n /%) 276 (50.4) 102 (53.7) 174 (48.6) 2971
COPD (n /%) 61 (11.1) 24 (12.6) 37 (10.3) 5027
CAD (n /%) 440 (80.3) 155 (81.6) 285 (79.6) 661t
previous 1AM (n /%) 161 (29.4) 76 (40.0) 85 (23.7) <.001F
Angina (n /%) 251 (45.8) 88 (46.3) 163 (45.5) .932%
Valvulopathy (n /%) 185 (33.8) 61(32.1) 124 (34.6) 6167
CKD (n /%) 40 (7.3) 25 (13.2) 15 (4.2) <0017
CHF (n /%) 88 (16.1) 33(17.4) 55 (15.4) 6271
PAOD (n /%) 55 (10.0) 26 (13.7) 29 (8.1) 0557
Hepatic insufficiency (n /%) 9(1.6) 4(2.1) 5(1.4) 7189
PAH (n /%) 103 (18.8) 39 (20.5) 64 (17.9) 5227
Cardiac arrhythmia (n /%) 57 (10.4) 25(13.2) 32(8.9) 16471
Permanent PP (n /%) 9(1.6) 3(1.6) 6(1.7) 1.0007
Cerebrovascular disorders (n /%) 44 (8.0) 24 (12.6) 20 (5.6) 0061
Neoplasia (n /%) 57 (10.4) 20 (10.5) 37 (10.3) 1.0007
Functional assessment
Low level of physical activity (n /%) 62 (11.3) 31(16.3) 31(8.7) 011
Peripheral muscle weakness (n /%) 187 (34.1) 70 (36.8) 117 (32,7) 3771
Slowness (n /%) 77 (14.1) 45 (23.8) 32(9.0) <.001t
Self-reported fatigue (n /%) 181 (33.2) 77 (40.7) 104 (29.1) 008
Slimming (n /%) 110 (20.1) 45 (23.7) 65 (18.2) 1547
Inspiratory muscle weakness (n /%) 68 (12.4) 34 (17.9) 34 (9.5) 007
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Expiratory muscle weakness (n /%) 18 (3.3) 14 (7.4) 4(1.1) <.001F
TRANSOPERATIVE VARIABLES
Type of surgery 890
MRS (n /%) 366 (66.8) 128 (67.4) 238 (66.5)
Valve replacement (n /%) 103 (18.8) 36 (18.9) 67 (18.7)
MRS + valve replacement (n /%6) 47 (8.6) 14 (7.4) 33(9.2)
Aortic aneurysm (n /%) 32 (5.8) 12 (6.3) 20 (5.6)
Transfusion of blood derivatives (n 119 (21.9) 58 (30.7) 61 (17.2) <.001F
%)
AVB (n /%) 35 (6.4) 11 (5.8) 24 (6.7) 816+
ECC — minutes (median/ 1Q) 82.0 (66.2-102) 84 (71.2-104) 80 (64-102) 021%
ACT- minutes (median/ 1Q) 66.0 (54-84) 66 (55-82) 66 (53-85) 37%
Bleeding - milliliters (median/ 1Q) 500 (400-700) 500 (400-750) 500 (400-650) .052%
POSTOPERATIVE VARIABLES
Complications PO (n /%) 310 (56.7) 151 (27.5) 159 (29.0) <.001t
Type of complication:
Infectious (n /%) 32 (10.3) 12(7.9) 20 (12.6)
Cardiac (n /%) 172 (55.5) 95 (62.9) 77 (48.4)
Pulmonary (n /%) 44 (14.2) 17 (11.3) 27 (17.0)
Neurological (n /%) 10 (3.2) 7 (4.6) 3(1.9)
Renal (n /%) 7(2.3) 42.7) 3(1.9)
Haematological (n /%) 15 (4.8) 5(3.3) 10 (6.2)
Other (n /%) 30(9.7) 11 (7.3) 19 (12.0)
CRA (n /%) 29 (5.2) 26 (13.8) 3(0.8) <0017
ICU hospitalization - days (median/ 2.0 (2-3) 2 (2-4) 2 (2-3) <.001%
IQ)

Data expressed as mean + standard deviation, median (interquartile range) and absolute numbers (percentage);

*Student's T test; T Chi-square test; I Mann—Whitney U test;

SD — standard deviation; BMI - body mass index; EF - ejection fraction; DM - diabetes mellitus; SAH - systemic arterial hypertension;
COPD - chronic obstructive pulmonary disease; CAD - coronary artery disease; AMI - acute myocardial infarction; CKD - chronic kidney
disease; CHF - congestive heart failure; PAOD - peripheral arterial obstructive disease; PAH - pulmonary arterial hypertension; PP —
permanent pacemaker; MRS - myocardial revascularization surgery; AVB - total atrioventricular block; ECC - extracorporeal circulation;

ACT- aortic clamping time; PO - postoperative; CRA - cardiorespiratory arrest; ICU — intensive care unit.
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Figure 1. Forest plot diagram of the multicollinearity analysis of preoperative, transoperative and postoperative risk

factors for functional limitation after cardiac surgery
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AMI - acute myocardial infarction; CKD - chronic kidney disease; ECC - extracorporeal circulation; CRA - cardiorespiratory arrest; PP -

postoperative period; ICU - intensive care unit.
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Figure S1 — Participants flow diagram

718 surgeries — 28 excluded due to transoperative death

690 data of eligible patients ——, 142 excluded due to data loss

548 data of included patients
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Characterization of the sample: Age, body mass index (BMI), ejection fraction value,
gender, history of previous cardiac surgery and hospitalization by the public healthcare

system.

Associated diseases: Diabetes mellitus (DM), systemic arterial hypertension (SAH),
dyslipidemia, tabagism, chronic obstructive pulmonary disease (COPD), coronary artery
disease (CAD), acute myocardial infarction (AMI), angina, valvulopathy, chronic kidney
disease (CKD), congestive heart failure (CHF), peripheral occlusive arterial disease
(POAD), hepatic insufficiency, pulmonary arterial hypertension (PAH), cardiac

arrhythmia, permanent pacemaker (PP), cerebrovascular diseases, and neoplasia.

Functional evaluation through frailty criteria

1) Low level of physical activity. Assessed through the Duke Activity Status Index
(DASI)L. It comprises a simple questionnaire containing 12 items that evaluate activities
of daily living, which gives us an estimate of the metabolic equivalent of task (MET).
This questionnaire has been extensively used in patients with cardiovascular diseases to
assess the level of physical activity. The higher the score, the greater the functional
capacity of the individual. The cut-off point used in this study was of four metabolic

equivalents of Task (METS), which characterizes a low functional capacity.

2) Peripheral muscle weakness. Assessed by measuring peripheral muscle strength
verified through bilateral hand grip, palmar type, using the Saehan SH5001 hand
dynamometer. Following the guidelines of the American Society of Hand Therapists
(ASHT)?, which recommend that tested individuals be seated with shoulder adduction,
elbows flexed at 90° and forearm in neutral position. The test was repeated three times

with an interval of 1 min between each attempt and consequently the mean value of these
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three measurements. For analyzing these results, the adjusted predicted value for sex and

body mass index was considered.®

3) Slowness. Assessed through the gait speed test, where the individual walks at a
comfortable speed, on a flat surface for a predetermined distance of 5 m.* Short distance
and comfortable rhythm are intentionally below the cardiopulmonary capabilities such
that the individual reaches a constant speed without reaching limits and consequent
cardiopulmonary symptomatology. A walking time of >6s (>0.83 m/s) is related to a
three-fold increase in mortality or severe morbidity in postoperative period of cardiac

surgery,® therefore, a time of 6 s was considered the ideal cut.

4) Self-reported fatigue. Assessed through a question adapted from the depression scale
of the Center for Epidemiological Studies (CES),® which follows: “How many days in the
last week did you feel like all you've done was an effort?” The result was considered out
of normal when it was equal to or greater than three days, which is equivalent to a

moderate to high frequency.*

5) Weight loss. Assessed by serum albumin levels and through an objective question,
which follows: “Patient reports unintentional weight loss (not due to diet or exercise) in
the last year?” The result was considered out of normality if the patient had a weight loss
equal to or >4.5 kg in the last year and if serum albumin were at levels equal to or <3.3 g

per deciliter.® 4

Respiratory muscle weakness. Although not encompassing the phenotype of fragility,
respiratory muscle strength has been extensively studied, seeking to identify the presence
of respiratory muscle weakness because it interferes with ventilatory mechanics and can
limit the rehabilitation of patients after cardiac surgery ’. Respiratory muscle strength

production capacity was validated through the measurement of inspiratory (IPMax) and
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maximum expiratory pressures (EPmax) using a digital manovacuometer Globalmed®
MVD300 8. The patient was positioned sitting in an armchair or chair with the trunk and
upper limbs supported. The test was repeated three times with an interval of 1 min
between each attempt, being considered the highest value because there was no difference
of >10% between the two highest values. For analyzing these results, absolute and

percentage values predicted by Neder equations were considered.®
Transoperatory data

Type of surgical procedure [myocardial revascularization surgery (MRS), valve
replacement, MRS associated with valve replacement and aortic aneurysm correction]

and extracorporeal circulation time (ECC), which was collected in minutes;
Aortic clamping time (ACT), which was collected in minutes;
Requirement for blood derivatives transfusion;

Total atrioventricular block (AVB).

Postoperative data

Time of hospitalization in the intensive care unit (ICU), evolution with cardiorespiratory
arrest (CRA) during hospitalization. The other postoperative complications were

categorized as per the following criteria:
1) Cardiac complications: acute myocardial infarction (AMI) and cardiogenic shock;

2) Pulmonary complications: acute respiratory distress syndrome (ARDS), acute
respiratory failure (ARF), atelectasis, phrenic nerve paralysis and pleural effusion that

caused repercussion of the ventilation;
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3) Renal complications: abrupt reduction (<48 h) of renal function, requirement for

dialysis at any time of the postoperative period;

4) Neurological complications: altered level of consciousness or coma occurring in

association with neurological injury during surgery and stroke (CVA);

5) Infectious complications: pulmonary, urinary, surgical site infections (sternal and

saphenous incisions) and infections of organs and spaces (mediastinitis and endocarditis);
6) Hematological complications: thrombotic events and bleeding;
7) Others.

Income: The outcome selection was based on the intensity and energy expenditure in the
activity of climbing up and down the stairs through the metabolic equivalent of the task
(MET), which segregates the step 3 of step 4 of the institutional protocol. The Duke
Activity Status Index (DASI) is a questionnaire that has been described as a gold standard
for the non-invasive evaluation of functional capacity because it correlates with peak
oxygen consumption and postoperative morbidity and mortality °. As per their scores,
the activity of climbing up and down the stairs expends 5.5 METS, which corresponds to
a moderate intensity activity while walking consumes only 2.75 METS, corresponding to
a light intensity activity “%. Thus, the cutoff point used to evaluate functional limitation
after cardiac surgery was the performance or not of the training of the stairs in the

institutional rehabilitation protocol until the day of discharge from hospital.
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Table S1. Hierarchical model of multivariate analysis of preoperative, transoperative and postoperative risk factors

for functional limitation after cardiac surgery

OR 95% ClI
Lower limit Upper limit p value
STEP 1 - PREOPERATIVE VARIABLES
Age (every 5 years) 1.252 1.174 1.337 <.001
EF 0.963 0.923 1.004 .079
Female 1.220 0.945 1.575 127
Public Healthcare System 2.057 1.622 2.609 <.001
SAH 0.955 0.678 1.345 793
Previous AMI 1.320 1.054 1.653 .016
CRD 1.887 1.401 2.543 <.001
PAOD 1.354 0.998 1.837 .051
Cerebrovascular disorders 1.677 1.243 2.263 .001
Slimming 1.129 0.878 1.451 .344
Inspiratory muscle weakness 1.009 0.749 0.953 953
Expiratory muscle weakness 1.567 1.091 2.250 .015
Low level of physical activity 0.892 0.655 1.214 467
Slowness 1.119 0.844 1.484 433
Self-reported fatigue 1.069 0.847 1.350 574
STEP 2 - TRANSOPERATIVE VARIABLES
Age (every 5 years) 1.250 1.172 1.332 <.001
Public Healthcare System 1.990 1.592 2.487 <.001
Previous AMI 1.430 1.142 1.790 .002
CRD 1.729 1.264 2.365 .001
Cerebrovascular disorders 1.540 1.127 2.105 .007
Expiratory muscle weakness 1.662 1.192 2.317 .003
Low level of physical activity 0.981 0.715 1.347 .906
Slowness 1.168 0.781 1.566 .299
Self-reported fatigue 1.150 0.911 1.451 .239
Blood derivatives transfusion 1.002 0.771 1.302 .988
ECC (every 30 minutes) 1.103 1.003 1.213 .044
Bleeding (every 60 milliliters) 1.012 0.992 1.033 .230
Low level of physical activity 0.981 0.715 1.347 .906
Slowness 1.168 0.781 1.566 .299
Self-reported fatigue 1.150 0.911 1.451 .239
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STAGE 3 - POSTOPERATIVE VARIABLES

Age (every 5 years) 1.233 1.156 1.315 <.001
Public Healthcare System 2.146 1.732 2.659 <.001
Previous AMI 1.407 1.139 1.739 .002
CRD 1.560 1.156 2.105 .004
Cerebrovascular disorders 1571 1.191 2.071 .001
Expiratory muscle weakness 1.542 1.081 2.200 .017
ECC (every 30 minutes) 1.082 0.992 1.180 .076
CRA 1.764 1.402 2.220 <.001
Complications PO 1.103 0.871 1.398 415
ICU hospitalization (every 2 days) 1.033 1.010 1.056 .005
Low level of physical activity 0.918 0.677 1.246 .584
Slowness 1.099 0.831 1.453 .509
Self-reported fatigue 1.098 0.883 1.364 .400

EF - ejection fraction; SAH - systemic arterial hypertension; AMI - acute myocardial infarction; CKD - chronic kidney disease; PAOD -
peripheral arterial obstructive disease; ECC - extracorporeal circulation; CRA - cardiorespiratory arrest; PO - postoperative period; ICU -

intensive therapy unit.
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6 CONCLUSAO GERAL

O objetivo principal proposto para este estudo foi atingido, ao final de
nosso estudo concluimos que diversos fatores, tanto pré-operatorios quanto pos-
operatorios podem levar a uma limitacdo funcional apds uma cirurgia cardiaca,
como a auséncia de um plano de saude, a idade, o tempo de internagédo na UTI,
historico de IAM, DRC, doenca cerebrovascular, presenca de fraqueza muscular
expiratéria e PCR durante a internacao, ja a funcionalidade pré-operatéria e 0os
fatores transoperatérios ndo parecem ser fatores independentes para a limitacao

funcional pés-operatorio.
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