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RESUMO

A tese constou de dois estudos descritos a seguir. O estudo |, intitulado: “Programa
de exercicios de curto periodo promove melhor recuperacdo da andlise linear e ndo
linear da frequéncia cardiaca no pds-operatorio de cirurgia de revascularizacdo do
miocardio sem circulacdo extracorporea- estudo clinico prospectivo.” teve, como
objetivo, investigar as alteracdes da variabilidade da frequéncia cardiaca (VFC) ap0s
a cirurgia de revascularizacdo do miocardio (CRM) com e sem 0 uso da circulacdo
extracorpérea (CEC) e o comportamento do sistema nervoso autonémico cardiaco
(SNACc), de pacientes submetidos as diferentes técnicas, frente a um programa de
reabilitacdo hospitalar no periodo pds-operatorio. A funcdo do SNAc foi avaliada
através da VFC em pacientes submetidos a cirurgia com (n = 30) e sem CEC (n =
14) e foi obtida no periodo pré-operatorio, no primeiro dia de pés-operatério (1° PO)
e no momento da pré-alta hospitalar. Ambos os grupos apresentaram reducdo da
VFC apoés a cirurgia. O programa de reabilitacdo promoveu melhora nos indices
lineares e néo lineares de VFC no momento da pré-alta hospitalar, para ambos os
grupos, em comparacdo com o 1° PO. Porém, os pacientes submetidos a cirurgia
sem CEC apresentaram maiores valores de VFC na pré-alta hospitalar, com melhor
recuperacdo da funcdo do SNAc. Nossos dados sugerem que o programa de
reabilitacdo hospitalar de curto periodo aplicado a pacientes submetidos a CRM sem
CEC promoveu maiores adaptacbes do SNAc, em comparacdo aos pacientes
submetidos a outra técnica operatoria. O segundo estudo, também desenvolvido em
pacientes submetidos a CRM, foi intitulado “Impacto do exercicio fisico associado a
aplicacdo de CPAP no pos-operatorio de cirurgia de revascularizagdo do miocardio-
estudo randomizado e controlado.” teve, como objetivo, avaliar o impacto da pressao

positiva continua nas vias aéreas (CPAP) durante o primeiro dia de deambulag&o no



pos-operatorio de CRM, sobre o padréo respiratorio (PR), a tolerancia ao exercicio,
sensacdo de dispneia e saturacdo periférica de oxigénio (SpO.). Vinte e sete
pacientes foram randomizados para o grupo controle- GC (deambulacdo em
respiracdo espontanea) (n=14) ou para o grupo CPAP- GCP (deambulacdo com
associacdo de CPAP entre 10-12 cmH,0) (n=13). Os desfechos incluiram variaveis
de PR, avaliadas pela pletismografia respiratoria por indutancia (sistema Lifeshirt),
tempo de deambulacdo, sensacdo de dispneia e SpO,. O GCP apresentou maior
tolerancia ao exercicio, melhor coordenacao téraco-abdominal durante o repouso e
exercicio e maiores valores de SpO, ao final da deambulacdo, com menor sensacao
de dispneia, comparado ao GC. Desta forma, concluimos que a CPAP foi capaz de
impactar positivamente o PR e a capacidade de exercicio dos pacientes no poés-
operatorio de CRM. Tais resultados podem constituir uma abordagem viavel para a
reabilitacéo precoce e eficaz.

Palavras-chave: cirurgia de revascularizacdo do miocardio, programa de
reabilitacdo hospitalar, circulacdo extracorpérea, pressao positiva continua nas vias

aéreas.



ABSTRACT

The thesis consisted of two studies described below. The study I, entitled: " Short-
term exercise-based program promotes better recovery of linear and non-linear
analysis of heart rate after off-pump coronary artery bypass surgery- a prospective
clinical trial.” aimed to investigate changes in heart rate variability (HRV) after
coronary artery bypass grafting (CABG) with and without the use of cardiopulmonary
bypass (CPB) and the behavior of the cardiac autonomic nervous system (CANS) in
patients submitted to the different technigues and to an inpatient rehabilitation
program in the postoperative period. The cANS was evaluated by HRV indices in
patients undergoing surgery with (n = 30) and without CPB (n = 14) and was
obtained in the preoperative period, on the first day of postoperative period (1°PO)
and on pre-discharge day. Both groups showed HRV reduction after surgery. The
rehabilitation program promoted improvement of linear and nonlinear HRV indices at
pre-discharge day for both groups, compared to the 1°PO. However, patients
undergoing off-pump surgery presented higher HRV indices in the pre-discharge day,
with better recovery of cANS function. Our data suggest that inpatient rehabilitation
program applied to patients undergoing CABG without CPB promoted greater cCANS
adaptations, compared to patients undergoing other operative technique. The second
study, also conducted in patients undergoing CABG, was entitled "Impact of physical
exercise associated to CPAP application after coronary artery bypass grafting
surgery- a randomized controlled trial." aimed to evaluate the impact of continuous
positive airway pressure (CPAP) on exercise tolerance, breathing pattern (BP),
dyspnea sensation and peripheral oxygen saturation (SpO,) during the first day of
ambulation in post-CABG. Twenty-seven patients were randomized to the control

group-CG (ambulation in spontaneous breathing) (n = 14) or to CPAP group-CPG



(ambulation associated to CPAP between 10-12 cmH20) (n = 13). The outcomes
included BP variables, assessed by respiratory inductive plethysmography (Lifeshirt
system), exercise tolerance limit, dyspnea sensation and SpO,. The CPG showed
greater exercise tolerance, better thoracoabdominal coordination during rest and
exercise, higher SpO, values at the end of ambulation and less dyspnea sensation
compared to CG. Thus, we conclude that CPAP was able to positively impact the BP
and exercise capacity of patients in post-CABG. These results may provide a feasible
and effective approach for early rehabilitation.

Key words: coronary artery bypass grafting surgery, inpatient rehabilitaton program,

cardiopulmonary bypass, continuous positive airway pressure.
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CONTEXTUALIZACAO

A doenca isquémica do coracdo € um problema de crescente prevaléncia,
sendo que previsbes para as proximas décadas apontam a triplicacdo da
mortalidade por doenca arterial coronariana (DAC) na América Latina.> Como
consequéncia dessa alta prevaléncia e do desenvolvimento tecnolOgico, varias
alternativas para o tratamento da DAC tem sido propostas. Entretanto, a cirurgia de
revascularizacdo do miocardio (CRM) permanece como tratamento de maior
efetividade em comparacdo com outras terapias, notadamente em pacientes de alto
risco e gravidade.?®

A CRM realizada com o auxilio da circulacdo extracorpérea (CEC) tem
permitido a manutencédo das condicfes vitais dos pacientes durante o procedimento
cirdrgico, possibilitando aos cirurgides a revascularizacdo de multiplas artérias com
alto controle e precisdo.* Entretanto, pode estar associada a maior incidéncia de
eventos cardiacos e cerebrovasculares, comprometimento da funcdo pulmonar,
complicacdes pulmonares e mortalidade, comparada & cirurgia sem CEC.>®

Adicionalmente, os proprios fatores de risco intrinsecos a cirurgia,
independentemente da técnica aplicada, tais como manipulacdo torécica,
esternotomia mediana, anestesia geral, e insercdo de drenos, dentre outros, sao
responsaveis por acarretar disfuncdo pulmonar no periodo pdés-operatério,®*°
contribuindo para o desenvolvimento de complica¢des pulmonares.

Conforme achados prévios,**?

prejuizos no controle autonémico da
frequéncia cardiaca (FC) também estdo presentes no periodo pés-operatério de
CRM, prejuizos estes que tem como origem os diversos fatores intrinsecos

supracitados. Independentemente da técnica cirtrgica aplicada (com e sem CEC), o

desequilibrio do sistema nervoso autondmico cardiaco (SNAc), observado por
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aumento da modulagdo simpdtica, reducdo da modulacdo vagal ou alteracdo da
dindmica da FC, pode estar associado a instabilidade cardiovascular e aumento da
ocorréncia de eventos miocardicos isquémicos, com possivel ocorréncia de arritmia
ventricular e morte subita.***®

Uma das ferramentas de acesso a atividade do SNAc é a variabilidade da
frequéncia cardiaca (VFC), método simples e aplicado de forma néo invasiva para a
avaliacdo do balanco simpato-vagal.”®> No contexto do periodo pés-opertdrio de
CRM, varios autores demonstraram marcante atenuacao dos indices representativos
da modulacdo simpética e parassimpatica cardiaca no dominio do tempo e
frequéncia, bem como reducdo da complexidade da dinadmica e quebra do
comportamento fractal da FC.*41"18

Tem sido relatada reduzida VFC logo apés a CRM*, a qual pode retornar
somente apos 2 meses. Corroborando com estes achados, Soares e
colaboradores'’ observaram reducéo da VFC apds a CRM e seu retorno aos valores
pré-cirargicos entre 30 e 60 dias apods a cirurgia. Um recente e interessante estudo
conduzido por Lakusic e colaboradores®® demonstrou a associacéo entre reduzida
VFC e maiores taxas de mortalidade no p6s-operatério de CRM.

Neste sentido, diversas estratégias reabilitadoras tém sido aplicadas a estes
pacientes, com 0 objetivo de minimizar as alteracdes provocadas na funcao
pulmonar e autondmica cardiaca. A fisioterapia hospitalar precoce nos pacientes
submetidos a CRM com a inclusé@o de programas de exercicios fisicos e reabilitacao

pulmonar?*#

tem comprovadamente agregado grandes beneficios e adaptacdes
favoraveis neste periodo, com melhores respostas hemodindmicas, metabolicas,

vasculares, respiratorias e psicolégicas.?*
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Com o objetivo de avaliar a influéncia de um programa de reabilitacdo
cardiorrespiratoria precoce na modulacdo do SNAc, trabalhos recentes de nosso
grupo comprovaram o importante beneficio dos exercicios fisicos; todos aplicados
em pacientes submetidos & CRM com CEC.?>? Entretanto, ha escassez de estudos
na literatura a respeito dos efeitos de um programa de reabilitacdo
cardiorrespiratoria precoce na modulacdo do SNAc em pacientes submetidos a
cirurgia sem CEC. Considerando-se que a cirurgia sem CEC resulta em alteracdes
da VFC?, e que estas poderiam ser diferentes das apresentadas por pacientes
submetidos a CRM com CEC, optamos por realizar o primeiro estudo, intitulado
“Programa de exercicios de curto periodo promove melhor recuperacdo da andlise
linear e ndo linear da frequéncia cardiaca no pds-operatério de cirurgia de
revascularizacdo do miocéardio sem circulagcao extracorpdrea”, que foi submetido a
avaliacdo do corpo editorial do periédico cientifico Journal of Cardiopulmonary
Rehabilitation and Prevention (ANEXO A). O objetivo do nosso estudo foi comparar
a influéncia das cirurgias com e sem CEC na modulagdo do SNAc e o
comportamento da VFC frente a um programa de reabilitacdo de curto periodo
baseado em exercicio fisico.

Outros fatores comumente observados e que devem ser considerados no
periodo poés-operatério de CRM sdo a disfuncdo respiratéria e reduzida
complacéncia pulmonar. Estas alteracdes, intrinsecas ao procedimento cirlrgico e
observadas no periodo pds-operatério, quando associadas a hipoxemia e
hipersecrecdo, podem dificultar o processo de reabilitagdo cardiorrespiratoria
precoce, contribuindo para maior imobilizacdo no leito. Esta, por sua vez, pode
resultar em maiores taxas de complicacbes respiratdrias e outras consequéncias

adversas.??°
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Neste sentido, diversas estratégias de reabilitacdo s&do aplicadas aos
pacientes submetidos a CRM, a fim de minimizar as alteracbes da funcao

respiratéria, sendo a ventilagdo n&o invasiva (VNI)*%3?

um adjunto importante para
melhora das trocas gasosas, reducao do trabalho respiratorio e da necessidade de
reintubacéo em pacientes submetidos a CRM.

Diversos estudos ja relataram o efeito positivo da VNI no contexto da
reabilitacdo hospitalar ap6s a CRM, demonstrando melhora da capacidade residual
funcional, da oxigenacdo, do padrdo respiratério, da incidéncia de atelectasia e
controle autondémico cardiaco.®*** Entretanto, a VNI nesta populacdo tem sido
administrada na condicdo de repouso, sem nenhum enfoque, até 0 momento, de sua
aplicacao durante o exercicio fisico.

O uso da VNI como estratégia terapéutica durante o exercicio fisico tem sido
associado a reducdo da sobrecarga imposta aos musculos respiratorios e maior
aporte de fluxo sanguineo para a musculatura periférica, aumentando a tolerancia ao
exercicio em pacientes com doencas cardiorrespiratérias cronicas.*>*’ Entretanto,
h& escassez de evidéncias sobre a exata utilizacdo deste adjunto fisioterapico como
suporte ventilatorio hospitalar durante o exercicio fisico para pacientes no pos-
operatoério de CRM.

Considerando-se as alteracbes pulmonares presentes, o uso da VNI durante
o exercicio fisico no periodo de internacdo hospitalar poderia promover alivio
ventilatério intermitente, melhorar as trocas gasosas, reduzir a dispneia e a
fatigabilidade muscular durante o protocolo de reabilitacdo precoce, melhorando a
tolerancia aos esforgcos. Desta forma, optamos por conduzir o segundo estudo,
intitulado “Impacto do exercicio fisico associado a aplicacdo de CPAP no pés-

operatorio de cirurgia de revascularizacdo do miocardio.” (ANEXO B), que foi
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submetido a avaliacdo do corpo editorial do periddico cientifico Clinical
Rehabilitation. O objetivo do nosso estudo foi testar a hipétese de que a VNI
aplicada durante o primeiro dia de deambulacdo no pés-operatério de CRM poderia
influenciar o padréo respiratorio, promover maior tolerancia ao exercicio, associada

a reducéo de dispneia e melhora da saturacéo periférica de oxigénio.
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ESTUDO |

Programa de exercicios de curto periodo promove melhor
recuperacao da analise linear e ndo linear da frequéncia
cardiaca no poés-operatorio de cirurgia de revascularizacao
do miocardio sem circulacao extracorpodrea- estudo clinico

prospectivo.

Manuscrito submetido ao periédico internacional Journal of Cardiopulmonary
Rehabilitation and Prevention 2013.

Versdo em portugués com inclusdo de ilustracfes e correcdes propostas pela banca examinadora.
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RESUMO

Proposta: A cirurgia convencional de revascularizagdo do miocardio, com auxilio da
circulacao extracorporea (CEC) e a cirurgia sem CEC podem resultar em desfechos
diferentes para os pacientes, incluindo o grau de desequilibrio do sistema nervoso
autonémico cardiaco (SNAc). Efeitos benéficos da reabilitacdo hospitalar sobre a
variabilidade da frequéncia cardiaca (VFC) no pds-operatério de revascularizacao
com CEC ja foram demonstrados. Porém, ha caréncia de estudos sobre o impacto
de um programa de exercicios de curto periodo no comportamento da VFC apoés a
cirurgia sem CEC. O objetivo deste estudo foi comparar a influéncia das cirurgias
com e sem CEC no padrédo da VFC e seu comportamento frente a um programa de
curto periodo baseado em exercicios fisicos no periodo pds-operatorio. Métodos: A
funcdo do SNAc foi avaliada através da VFC em pacientes submetidos a cirurgia
com (n = 30) e sem CEC (n = 14) e foi obtida no periodo pré-operatdrio, no primeiro
dia pés-operatorio (1° PO) e no momento da pré-alta hospitalar (AH). Todos os
pacientes participaram de um programa de reabilitacdo hospitalar precoce, com
exercicios progressivos de movimentos ativo-assistidos no 1° PO até a subida e
descida de lances de escada. Resultados: Ambos os grupos apresentaram reducao
semelhante da VFC apds a cirurgia. O programa de reabilitacdo promoveu melhora
nos indices lineares e nédo lineares de VFC na AH, para ambos 0s grupos, em
comparacao com o 1° PO. Porém, os pacientes submetidos a cirurgia sem CEC
apresentaram maiores valores de VFC na AH, com melhor recuperagcao da funcao
do SNAc. Conclusfes: Nossos dados sugerem que o programa de reabilitacdo
hospitalar de curto periodo aplicado a pacientes submetidos a cirurgia sem CEC
promoveu maiores adaptacbes do SNAc, em comparacdo com pacientes

submetidos a outra técnica operatoria.
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INTRODUCAO

A cirurgia de revascularizacdo do miocardio (CRM) permanece como
tratamento de maior eficacia para a doenca arterial coronariana, em comparagao
com outras terapias.'? Ambas as técnicas utilizadas, com e sem circulacdo
extracorpérea (CEC), parecem ter diferentes resultados benéficos de acordo com as

caracteristicas do paciente’?®*

, apresentando também diferentes taxas de eventos
adversos.

A cirurgia convencional, com o auxilio da CEC, pode estar associada a maior
indice de eventos cardiacos, cerebrovasculares e mortalidade, quando comparada a
cirurgia sem CEC.*® Entretanto, enquanto a ndo utilizacdo da CEC parece resultar
em melhores desfechos para pacientes idosos e aqueles com comorbidades
associadas, como doenca renal cronica®®, a perviedade dos enxertos, a eficacia da
cirurgia e a taxa de revascularizages completas tém sido questionadas.'***

Independente da técnica utilizada, ha uma conhecida disfuncdo do sistema
nervoso autonémico cardiaco (SNAc) no periodo pés-operatério (PO), que pode ser
refletida pela diminuicdo da variabilidade da frequéncia cardiaca (VFC).'** Esta é
uma importante e Util ferramenta n&o invasiva para avaliar a atividade autonémica e
sua influéncia sobre o sistema cardiovascular.***°

Um estudo recente’® demonstrou que pacientes submetidos &
revascularizacao cirdrgica do miocardio, que apresentaram menor VFC no PO,
tiveram maior taxa de mortalidade, comparados aos que apresentaram valores
normais de VFC. Sabe-se que a regulacdo autonbmica alterada ap0s a cirurgia
cardiaca pode contribuir para o aparecimento de arritmias e para o aumento do risco

de morte stbita.t’*°
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Estratégias tém sido aplicadas na reabilitacdo hospitalar com o objetivo de
minimizar os danos e alteracdes pds-operatérias® e aumentar a capacidade

2223 racentemente demonstrou a influéncia

funcional dos pacientes.?* Nosso grupo
benéfica de um programa de reabilitacdo hospitalar (PRH) de curto periodo sobre a
VFC de pacientes submetidos a cirurgia com CEC. No entanto, ha escassez de
evidéncias sobre os efeitos de um programa de curto periodo, baseado em
exercicios fisicos, sobre o comportamento da VFC ap0s a cirurgia sem 0 uso da
CEC.

O objetivo deste estudo, portanto, foi investigar as alterac6es da VFC apés as
duas técnicas operatérias e o comportamento do SNAc frente a um PRH no periodo
PO. Os principais guestionamentos do nosso estudo sdo: Qual a influéncia de
ambas as técnicas operatdrias na VFC? O impacto de um PRH nas adaptacdes do
SNACc difere para os pacientes de acordo com a técnica operatoria utilizada? Nossa
hip6tese é que o programa hospitalar de curto periodo poderia promover beneficios

autondmicos cardiacos diferentes para ambos 0s grupos, considerando-se as

possiveis influéncias do uso da CEC.

METODOS

Desenho do Estudo e Participantes

Este estudo é um ensaio prospectivo, ndo randomizado, cego para 0S
avaliadores, conduzido na Unidade Coronariana e Enfermaria Cardiovascular do
Hospital Irmandade da Santa Casa de Misericordia de Araraquara. Pacientes de
ambos o0s géneros, com diagnostico clinico de doenca arterial coronariana, que
foram submetidos a CRM com ou sem CEC, esternotomia mediana e interposicéo de

enxertos de veia safena magna, artéria toracica interna ou artéria radial foram
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incluidos neste estudo. Os critérios de exclusdo englobaram: cirurgia de urgéncia ou
procedimento associado, cirurgia cardiaca prévia, infarto do miocardio recente
(menos de seis meses), uso de marcapasso, angina instavel, distarbios crénicos no
ritmo cardiaco, arritmias agudas significativas (arritmias ventriculares malignas,
extrassistoles ventriculares complexas, taquicardia supraventricular ou sinusal maior
que 120 batimentos por minuto), doenca cardiaca valvar, doenca pulmonar
obstrutiva crbnica, outras doencas severas ndo cardiacas ou incapacidade de
realizar o PRH de acordo com o protocolo proposto. Os pacientes foram alocados
em dois grupos de acordo com o uso da CEC.

Todos os pacientes foram informados a respeito dos procedimentos do estudo
e um termo de consentimento livre e esclarecido foi assinado antes da participacao
(APENDICE A). O protocolo de estudo foi aprovado pelo Comité de Etica em
Pesquisa com Seres Humanos da Universidade Federal de Sao Carlos (197/2005)

(ANEXO C).

Procedimento cirlrgico

As cirurgias foram realizadas por meio de esternotomia mediana e as
anastomoses confeccionadas com artéria toracica interna, artéria radial e veia
safena magna. A anestesia foi induzida com sufentanil, midazolam, pancuronium e
isoflurano e a CEC conduzida com o uso de oxigenadores de membrana em
hipotermia moderada (32-34°C) e em modo de perfusdo nio pulsatil. Cardioplegia
normotérmica (37°C) foi realizada de forma anterégrada. Para o procedimento
realizado sem o auxilio da CEC, a area de anastomose foi exposta e estabilizada por

equipamento especifico (Octopus, Medtronic, Inc., Minneapolis, MN). Uma inciséo foi
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realizada na pleura parietal e um dreno tubular foi inserido na regidao subxifoide

guando da utilizacdo da artéria toracica interna como enxerto.

Procedimentos Experimentais

No periodo pré-operatorio (Pre), os pacientes foram submetidos a avaliacao
clinica e caracteristicas como sexo, idade, peso, altura, indice de massa corporea,
fatores de risco cardiaco e outros historicos médicos relevantes foram
documentados. Testes espirométricos foram realizados por meio de um espirbmetro
portétil (Vitalograph Hand-Held 2120, Ennis, Ireland) por um mesmo avaliador para
investigacdo da presenca de doenca pulmonar obstrutiva crbnica e 0s pacientes
receberam informacdes sobre a cirurgia e reabilitacdo hospitalar. No PO, todos os
pacientes foram envolvidos no programa proposto.

A frequéncia cardiaca (FC) e intervalos R-R (iR-R) foram registrados
continuamente com um sistema de telemetria Polar S810i (Polar ®, Kempele,
Finlandia)** em posicado de repouso supino no Pre, no primeiro dia apds a cirurgia (1°
PO) e na pré-alta hospitalar (AH). A coleta de dados foi realizada no periodo da
tarde, durante 10 minutos, em ambiente silencioso, e os pacientes foram instruidos a

evitar bebidas/alimentos cafeinados no dia das avaliagdes.

Programa de reabilitacdo hospitalar

Todos os pacientes participaram de um programa hospitalar supervisionado
de mobilizacdo precoce, uma vez ao dia, previamente descrito?®, seguro aos
pacientes, como detalhado na tabela 1 e ilustrado na figura 1. O programa teve inicio
no 1° PO com continuidade até a alta hospitalar. A estimativa do gasto energético

durante o programa foi inicialmente fixada em dois equivalentes metabdlicos (METS)



35

evoluindo para quatro METs.?>%?° A intensidade do exercicio foi monitorada pela
FC (sistema de telemetria Polar S810i) e limitada a 20 bpm acima do valor basal de
repouso.?’ O programa também englobou exercicios respiratérios (exercicios de
respiracdo profunda a partir da capacidade residual funcional até a capacidade
pulmonar total e manobras de higiene brénquica, seguidos por tosse ou huffs (com o
apoio no local da incisédo cirdrgica)), realizados 1 vez ao dia, em todos os dias da
reabilitacdo. Os pacientes foram orientados a repetirem estes exercicios

respiratorios e a tossir mesmo na auséncia do fisioterapeuta.
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Tabela 1. Programa fisioterapico hospitalar supervisionado de curto periodo.

ETAPA

Descri¢cdo do protocolo de exercicios fisioterapicos

1° PO

2°PO

3° PO

4° PO

5° PO

Exercicios ativo-assistidos das extremidades superiores e inferiores (tornozelos

e punhos, flexdo-extenséo, 5 séries de 10 repeti¢cdes); leito inclinado a 45°.

Exercicios ativo-assistidos de membros superiores e inferiores em posicao
sentada (90°) - flexdo-extensdo de ombros, cotovelos, punhos, joelhos e
tornozelos; aducdo e abducao de quadris (2 séries de 15 repeticdes para cada)

e posicao ortostatica ou marcha estacionaria (5 minutos), conforme tolerado.

Exercicios ativos de membros superiores e inferiores (conforme etapa 2, porém
em 3 séries de 15 repeticdes para cada) na posicdo sentada e deambulacédo no

corredor do hospital (5 minutos).

Exercicios similares a etapa 3; deambulag¢éo no corredor do hospital (10 min).

Exercicios similares a etapa 3 na posi¢cdo ortostatica, deambulagédo (10 min) e

subida e descida de 4 degraus de uma escada.

PO= pds-operatorio.
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Figura 1: llustracdo da realizagdo de parte do programa fisioterapico hospitalar
de exercicios fisicos propostos no 1° (A), 3° (B) e 5° (C e D) dias apés o
procedimento cirargico de revascularizagdo do miocéardio.

Andlise da VFC

A FC e os IR-R, depois de coletados, foram transferidos a um
microcomputador para o0 processamento. O registro do sinal foi verificado
manualmente. Somente segmentos com mais de 90% de sinais puros de batimentos

foram incluidos na analise final. Foram selecionados trechos estaveis, contendo 300
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pontos sequenciais e os dados foram analisados por um software de andlise
especifico (Kubios, MATLAB, vers&o beta 2, Kuopio, Finlandia)**.

Um modelo estatistico linear foi utilizado. As seguintes variaveis no dominio
do tempo foram consideradas: média dos iR-R, desvio padrdo de todos os iR-R
(SDNN) em ms, que reflete todos os componentes ciclicos responsaveis pela
variabilidade durante o periodo de registro e € uma estimativa da VFC total; raiz
quadrada da média dos quadrados das diferencas entre os iR-R sucessivos
(rMSSD), em ms, representativo da modulacdo parassimpatica, e formas
geométricas como o indice triangular (RR tri), em ms, representativo da VFC
total.14'28’29

Na analise no dominio da frequéncia, os componentes da poténcia espectral
foram analisados, utilizando-se a Transformada Répida de Fourier, em bandas de:
baixa frequéncia (BF: 0,04-0,15 Hz), representativa da modulacdo autondémica
simpética e parassimpatica, com predominio simpatico; alta frequéncia (AF: 0,15-0,4
Hz), representativa da modulacdo parassimpatica, ambas em unidades
normalizadas e razdo BF/AF, representativa do balanco simpato-vagal.***

As propriedades néo lineares da VFC foram analisadas utilizando-se o Plot de
Poincaré, caracteristico da funcéo cardiaca, que é baseado em uma distribuicdo de
pontos e definido como variabilidade de curto (SD1) e de longo periodo (SD2). SD1
corresponde ao desvio padrdo dos pontos perpendicular a linha de identidade do
grafico e é representativo da modulagdo autondmica parassimpatica. SD2
corresponde ao desvio padrao dos pontos ao longo da linha de identidade do grafico

e é representativo da VCF total.?®3*
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Medidas de Desfechos

Os pacientes do estudo realizaram as avaliagbes antes e apdés a CRM. As
medidas de desfechos primarios foram os indices ndo lineares SD1 e SD2 nas
analises intergrupos na AH. Esses indices podem caracterizar diretamente a
complexidade, irregularidade e imprevisibilidade das propriedades de sistemas
biolodgicos e complementar as medidas convencionais de VFC, as quais podem ser
menos sensiveis para alteracbes autondmicas.?® As medidas de desfechos
secundarios foram representadas pelas variaveis no dominio do tempo, nas andlises

intragrupos entre 1° PO e AH.

Anélise Estatistica

Para analise da distribuicdo de normalidade dos dados, foi utilizado o teste de
Shapiro-Wilk. Os resultados foram expressos em média e desvio padréo. Utilizamos
teste t Student pareado ou Wilcoxon para analise intragrupo e teste t Student nédo
pareado ou Mann-Whitney para comparacdo intergrupos, conforme apropriado.
Teste exato de Fisher para as variaveis categoricas também foi utilizado. Um valor
de P inferior a 0,05 foi considerado estatisticamente significativo. As analises foram
realizadas utilizando-se o software Statistica 5.5 (StatSoft, Inc., Tulsa, EUA). O
tamanho amostral foi estimado a partir de um estudo anterior?®, considerando-se 5%
como erro do tipo 1 e poder amostral de 80% e sugeriu o0 recrutamento de 10
pacientes em cada grupo para a deteccao de importante diferenca na variavel SD1

no momento da AH.
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RESULTADOS

Durante o periodo de 2006 a 2008, 114 pacientes foram avaliados para
participacdo. Destes, 27 ndo atenderam aos critérios de inclusdo, quatro nao
consentiram em patrticipar e dois pacientes tiveram outras cirurgias associadas. Dos
81 pacientes recrutados, sete tiveram a cirurgia cancelada, 55 foram submetidos a
cirurgia com CEC (grupo CEC- GCCEC) e 19 realizaram a cirurgia sem CEC (grupo
sem CEC- GSCEC). Do GCCEC, sete se recusaram a continuar o protocolo, seis
apresentaram complicacbes pds-operatérias, um foi submetido a cirurgia
concomitante e 11 foram excluidos da analise final por ma qualidade do registro da
FC e dos iR-R. Do GSCEC, um se recusou a continuar, dois tiveram complicacdes
pos-operatorias e dois foram excluidos da analise final por ma qualidade do registro
da FC e dos iR-R. No fluxograma (figura 2) a seguir estdo detalhados o numero de

pacientes avaliados, a perda amostral, e o numero final de participantes da amostra.
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Avaliados para inclusdo (n=114)
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.
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Analisados (n=30)

Analisados (n=14)

Figura 2: Fluxograma de participacdo dos pacientes neste estudo.

As caracteristicas basais e operatérias estdo apresentadas na tabela 2. Nao
foram observadas diferencas entre os grupos em relacdo aos dados demograficos,
espirométricos, perfil de fatores de risco cardiovascular e tratamento farmacol6gico
no pré-operatorio. O niumero de pacientes com obstrucdo uniarterial superior a 70%
foi maior no GSCEC, enquanto que o numero de pacientes com lesao triarterial e
multiarterial foi menor, comparado ao GCCEC. O numero de enxertos
confeccionados, a duracdo da cirurgia e a quantidade de dias de internagdo no PO

foram menores para o GSCEC.
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GCCEC GSCEC P
(n=30) (n=14)
Idade (anos) 58,318,2 60,1+7,9 0,48
Sexo masculino 23 7 0,09
Altura (m) 1,65+0,07 1,62+0,1 0,27
Peso (kg) 74,5+£13,7 72,719,6 0,66
IMC (kg/m?) 27,2451 27,5+2,8 0,82
Funcéo Pulmonar
VEF; (%) 92,1+19,6 87,8+15,5 0,56
VEF,/ CVF 0,83+0,08 0,82+0,04 0,69
FEVE, n (%)

<35 - - -

35-54 14 (46,6) 4 (28,5) 0,33

255 16 (53,3) 10 (71,4) 0,33
1 artéria comprometida, n (%) 2 (6,7) 7 (50,0) <0,01
2 artérias comprometidas, n (%) 13 (43,3) 6 (42,9) 1,00
2 3 artérias comprometidas, n (%) 15 (50,0) 1(7,1) <0,01
Diabetes mellitus, n (%) 10 (33,3) 5 (35,7) 1,00
Hipertenséo, n (%) 24 (80,0) 11 (78,6) 1,00
Dislipidemia, n (%) 17 (56,6) 6 (42,9) 0,52
Obesidade (30<IMC<35 kg/m?), n (%) 9 (30,0) 3(21,4) 0,72
Fumo, n (%)

Atual 6 (20,0) - 0,15

Prévio 18 (60,0) 9 (64,3) 1,00

Nunca 6 (20,0) 5 (35,7) 0,28
Tratamento farmacol6gico
(preoperatorio, %)

Beta-bloqueadores 26 (86,6) 14 (100) 0,28

Inibidores de ECA 16 (53,3) 7 (50,0) 1,00

Diuréticos 3 (10,0) - 0,54

Antagonistas de célcio - -

Amiodarona 2 (6,0) - 1,00
CEC (min) 66,7+22,0 - -
Anoxia (min) 35,6+13,6 - -
Duracgao da cirurgia (min) 197,4+56,0 145,4+57,7 <0,01
Enxertos (n) 2,4+0,7 1,5+0,5 <0,01
ATIE/VS/AR enxertos (n) 24/28/1 13/6/0 0,40/<0,01/1,00
Dias p6s-operatorios 4,8+0,6 4,3+0,5 0,02

GCCEC= grupo com CEC; GSCEC= grupo sem CEC; IMC= indice de massa corpérea; VEF;= volume
expiratorio forcado no primeiro segundo; CVF= capacidade vital forcada; FEVE= fracdo de ejecdo de
ventriculo esquerdo; ECA= enzima conversora de angiotensina; CEC= circulagdo extracorporea; ATIE=
artéria toracica interna esquerda; VS= veia safena magna; AR= artéria radial; doenca arterial= leséo
obstrutiva maior que 70%. Valores em média e desvio padrdao e nimero (porcentagem). Teste t Student

ndo pareado e teste exato de Fisher.
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Comparando-se a VFC entre 0s grupos no periodo pré-operatorio,
observamos que os indices lineares e nédo lineares nao diferiram estatisticamente.
Em relacdo ao efeito da CRM no SNAc, ambos os grupos apresentaram reducao
significativa dos indices relacionados a atividade vagal (rMSSD e SD1), VFC total
(SDNN, RRtri, e SD2) e média dos iR-R, além de aumento dos valores de FC.
Comparando-se 0s parametros entre 0s grupos no 1° PO, podemos observar que o
GSCEC apresentou maiores valores da média dos iR-R e menores valores de FC

(tabela 3).
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Tabela 3: Perfil pré-operatorio e efeitos da cirurgia nos indices de variabilidade da
frequéncia cardiaca.

GCCEC (n=30) GSCEC (n=14)
Pre 1°PO P Pre 1°PO P

VFC linear

Média iR-R 959+174 689+108 <0,0001 | 1013+161 771+103* 0,0001

SDNN (ms) 26114 11455 <0,0001 | 29+17 12+4,5  0,0020

Média FC 64+11 89+12 <0,0001 | 61+11 79+11* 0,0002

rMSSD (ms) 18495 7,5#3,8 <0,0001 | 23%10 8,7+3,3 0,0001

RRtri 7,1+3,2 3,2+1,2 <0,0001| 7,944,0 3,7£1,2 0,0016

BF (un) 58+21 50425 NS 49+23 41+18 NS

AF (un) 42+21 50+25 NS 51+23 59+18 NS

BF/AF 2,120 2,242,9 NS 1,4+1,3 0,8+0,6 NS
VFC néo linear

SD1 (ms) 13+6,7 5,5+4,5 <0,0001| 16+7,2 6,2+2,4  0,0001

SD2 (ms) 34+19 14+6,8 <0,0001 | 37+24 15+6,4  0,0040

GCCEC= grupo com CEC; GSCEC= grupo sem CEC; VFC= variabilidade da frequéncia cardiaca;
1°PO= primeiro pos-operatério; iR-R= intervalos R-R; FC= frequéncia cardiaca; SDNN= desvio
padréo de todos os iR-R; rMSSD= raiz quadrada da média dos quadrados das diferencgas entre os
iR-R sucessivos; RRtri = indice triangular; BF= baixa frequéncia; AF= alta frequéncia; SD1= desvio
padrdo dos pontos perpendicular a linha de identidade do grafico; SD2= desvio padrdo dos pontos
ao longo da linha de identidade do gréfico. Valores em média e desvio padrdo. Teste t Student
pareado ou Wilcoxon para analise intragrupo. Teste t Student ndo pareado ou Mann-Whitney para
comparacao intergrupos. NS= néo significativo. * significancia estatistica intergrupos. Valores de P
para analise intragrupo. Nenhuma diferenca foi encontrada entre os grupos no periodo pré-
operatério.

A intervencéo fisioterapica promoveu adaptacdes autondmicas benéficas para
ambos 0s grupos, que apresentaram aumento das variaveis relacionadas a
modulacdo parassimpatica (rMSSD e SD1) no momento da AH. O GSCEC
apresentou maiores valores da varidvel SDNN na AH, comparado ao 1° PO (figura
3). Além disso, 0 GCCEC apresentou menores valores de FC (89+12 versus 81+10

bpm, P=0,0010) e maiores valores da média dos iR-R (689+108 versus 751+97 ms,

P=0,0013) na AH, comparado ao 1° PO.
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Na andlise intergrupos na AH, o GSCEC demonstrou melhor recuperacao da
modulacdo parassimpatica, com maiores valores de rMSSD e SD1. Os indices
SDNN (figura 3) e RRtri (5,6+4,2 versus 3,6+1,2, P=0,02) foram também superiores

para o GSCEC, em comparacédo ao GCCEC.
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Figura 3: Influéncia do programa de reabilitacdo hospitalar nos
parametros de variabilidade da frequéncia cardiaca. GSCEC= grupo sem
CEC; GCCEC= grupo com CEC; 1PO= primeiro dia de pds-operatorio;
AH= alta hospitalar; rMSSD= raiz quadrada da média dos quadrados das
diferencas entre os iR-R sucessivos; SD1= desvio padrdo dos pontos
perpendicular a linha de identidade do gréafico;, SDNN= desvio padrédo de
todos os iR-R. Valores expressos em média e desvio padrdo. Teste t
Student pareado ou Wilcoxon para andlise intragrupo e teste t Student
nao pareado ou Mann-Whitney para analise intergrupos. * SignificAncia
estatistica intragrupo. * significancia estatistica intergrupos.
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DISCUSSAO

Resumo dos achados e importancia do estudo

Os principais resultados deste estudo demonstraram que 0S pacientes
submetidos a CRM sem CEC e a um PRH de curto periodo apresentaram melhores
adaptacdes da funcdo autondmica cardiaca, comparado aos pacientes que
realizaram a cirurgia com CEC. Para o nosso conhecimento, este é o primeiro
estudo a avaliar as diferentes adaptacfes autondmicas cardiacas ap0s um protocolo
hospitalar de exercicios fisicos em pacientes submetidos as diferentes técnicas
operatorias de revascularizacdo do miocardio. Considerando que 0s danos na
funcdo autonémica cardiaca e VFC reduzida podem ser um marcador de risco

16,32

independente de morbidade e mortalidade prematura™°“, o programa de reabilitacdo

precoce associado a cirurgia sem CEC resultou em maiores beneficios para VFC.

A influéncia das caracteristicas basais e das técnicas de revascularizacao nos
parametros de VFC
No periodo pré-operatério, 0os pacientes ndo apresentaram diferencas das
caracteristicas basais em relacdo aos valores antropométricos, dados
espirométricos, fracado de ejecao do ventriculo esquerdo, perfil de fatores de risco e
uso de medica¢cBes. Como esperado para este desenho experimental, 0 nimero de
pacientes com doenca uniarterial foi maior no GSCEC, enquanto que, no GCCEC,
0S pacientes apresentaram maior numero de doencas triarterial ou multiarterial.
Os parametros da VFC néo diferiram no periodo pré-operatério, o que pode
ser explicado pelo grau de obstrugéo da doenca arterial coronariana em si. Todos 0s

pacientes apresentaram, pelo menos, uma artéria coronaria com obstru¢do maior do
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que 50%, o que ja tem sido comprovado influenciar a complexidade da VFC, com

maior modulacdo autondmica simpatica e menor modulagédo parassimpatica.>*3*

Ja tem sido documentada reducdo da VFC apés cirurgia cardiaca.®’
Considerando-se que ambas as técnicas (com e sem CEC) podem resultar em
desfechos clinicos diferentes, como mortalidade intra-hospitalar, morbidade, nimero
de eventos cardiacos, acidente vascular cerebral e perviedade dos enxertos,**3%
40 poderiamos supor que a modulacdo autondémica cardiaca sofreria influéncia de
acordo com a técnica cirurgica. No entanto, poucos estudos compararam a alteracdo
da VFC apés ambas as técnicas utilizadas.'” Desta forma, optamos por avaliar a
influéncia das cirurgias com e sem CEC na modulacédo autonémica cardiaca.

Na analise realizada no 1° dia apdés a cirurgia, nés observamos
comprometimento semelhante da VFC para ambos os grupos, com declinio dos
indices tradicionais lineares e néo lineares, indicando reducdo da complexidade da
funcdo cardiaca em comparacdo com o periodo pré-operatorio. Como diferencas,
observamos apenas maiores valores de média dos iR-R e menores valores de FC
para o0 GSCEC, comparado ao GCCEC, sem alteracdes da VFC.

De acordo com os resultados do presente estudo, Kalisnik e colaboradores*?
demonstraram grande prejuizo da funcdo cardiaca, com declinio dos indices de VFC
na cirurgia sem CEC, mesmo apés quatro semanas, o que pode estar relacionado a
excessiva ativacdo adrenérgica. Em outro estudo’, avaliando-se os indices de VFC
no periodo pré-operatorio, 4° PO, 7° PO e 28 dias ap0s a cirurgia, os autores
demonstraram reducéo significativa similar dos parametros de VFC em pacientes
submetidos a cirurgia com e sem CEC até o 7° PO. A partir deste dia, 0os pacientes

submetidos a cirurgia sem CEC apresentaram modulacdo autondmica cardiaca

melhor preservada.
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E bem conhecido que o uso da CEC e seus fatores intrinsecos, como
clampeamento aértico, parada cardioplégica e magnitude da reacdo inflamatoria
podem influenciar negativamente os resultados clinicos, principalmente devido ao

aumento do shunt, danos de oxigenacdo e disfuncdo pulmonar,*

0 que poderia
impactar de forma diferenciada a funcdo autonémica cardiaca dos pacientes e 0s
desfechos de nosso estudo. No entanto, a auséncia de diferencas nos indices de

VFC entre os grupos no 1° dia ap0s a cirurgia permitiu que nossos pacientes

iniciassem a reabilitacdo hospitalar em condicdes autonémicas semelhantes.

Efeitos do programa de reabilitacdo hospitalar sobre os diferentes grupos

A reabilitacdo cardiorrespiratéria em pacientes hospitalizados tem sido
reconhecida como fator primordial para melhor recuperacdo e prevencdo de
complicacbes futuras. A mobilizacdo precoce e exercicio fisico em si séo
responsaveis pela melhora da funcionalidade clinica, como demonstrado por
Hirschhorn e colaboradores®, que observaram a superioridade da deambulacéo
precoce no pés-operatorio de CRM comparada a intervencado padrdo na melhora da
capacidade funcional.

Estratégias de reabilitacdo que minimizem a disfuncdo autonémica no periodo
pés-operatério de cirurgia cardiaca, associadas a outras terapias com efeitos
favoraveis bem documentados sobre a VFC, como medicamentos, devem ser
implementadas. A importancia destas estratégias une-se ao fato de que pacientes
com VFC reduzida ap0s a cirurgia apresentam maiores indices de mortalidade em
longo prazo.*®

22,23

Neste contexto, estudos anteriores do nNnosso grupo ja demonstraram a

influéncia benéfica de um PRH sobre os indices de VFC em pacientes submetidos a
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CRM. No entanto, estes trabalhos foram realizados apés cirurgias cardiacas com
CEC. Por esta razdo, nés conduzimos o presente estudo com o objetivo de
investigar se um PRH poderia promover beneficios diferenciados aos grupos
estudados.

Nossos resultados demonstraram uma melhora da modulacdo autonémica
cardiaca para ambos o0s grupos, com aumento dos indices relativos a modulacéo
parassimpatica e VFC total (rMSSD, SD1 para ambos os grupos e SDNN para
GSCEC). No entanto, no momento da pré-alta hospitalar, o GSCEC apresentou
funcdo autondmica melhor preservada, em comparacdo com GCCEC, com indices
vagais (SD1 e RMSSD) e de VFC total (SDNN e RRtri) mais elevados. Estes
resultados refletem melhor funcdo cardiaca autonémica, que esta relacionada a um
sistema cardiovascular mais saudavel. O aumento do controle cardiaco vagal é o
resultado mais vantajoso de um programa de exercicio fisico sobre a atividade
autondmica, incluindo adaptacfes de vias neurais periféricas e centrais, modulacao
da homeostase vascular pelo 6xido nitrico e efeitos de inibicdo da angiotensina.***

A CEC pode estar associada a consequéncias adversas e tem sido
reconhecida como a causa principal de uma resposta inflamatéria extensa, maior
impacto sobre a fungéo pulmonar, com maior injlria e isquemia miocardica.® Estes
desfechos pdés-operatorios poderiam influenciar nossos resultados de VFC, o que
nao nos permitiria afirmar se a auséncia ou presenca da CEC alterou de forma
significativa a VFC ao longo do tempo. Entretanto, alguns pesquisadores ja
observaram que o trauma cirirgico em si € responsavel por efeitos biolégicos como
resposta inflamatéria sistémica em ambas as técnicas.*®

O tratamento farmacoldgico presente antes da cirurgia para ambos 0S grupos

foi reintroduzido no periodo pdés-operatorio e os medicamentos que poderiam
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influenciar os resultados da VFC foram similares para os pacientes nos dias
avaliados. Além disso, os grupos tinham protocolos de analgesia semelhantes no
PO, administrados de forma continua para todos os pacientes.

O maior impacto na funcédo pulmonar da cirurgia com CEC também poderia
ser um viés para 0s nossos resultados, uma vez que a frequéncia respiratéria exerce
influéncia importante na andlise da VFC'. Embora sem nenhuma frequéncia
respiratoria estipulada aos pacientes durante a coleta dos dados, em uma sub-
analise, no entanto, ndo encontramos diferencas significativas entre os grupos no 1°
PO e na AH. Ambos os grupos, além disso, tiveram um numero semelhante de
drenagem pleural, posicionado sempre na regido subxiféide. Estudos recentes®’
demonstraram que a pleurotomia desempenha um papel importante na disfuncéo
pulmonar, em comparacdo com pleura intacta e a localizacdo do dreno pleural pode
também interferir nestes desfechos.?**®

Deste modo, o presente estudo confirmou que o PRH aplicado pode gerar
beneficios autonémicos cardiacos diferentes para pacientes submetidos a CRM com
e sem CEC. Neste contexto, especulamos que maiores intensidades e/ou volume de

exercicio proposto aos pacientes submetidos a CRM com CEC poderiam ser mais

apropriadas. Este aspecto merece maiores investigacdes em estudos futuros.

Limitacdes

Este estudo teve um desenho ndo randomizado e o grupo com CEC foi
composto de pacientes de maior gravidade e quantidade de artérias comprometidas,
com maior duracdo de cirurgia e dias de internacdo hospitalar. Porém, acreditamos
gue os principais desfechos de nosso estudo ndo sofreram influéncia destes fatores,

uma vez que os parametros de VFC nao diferiram entre 0s grupos antes e logo apos
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o procedimento cirargico. Analises adicionais, entretanto, devem ser realizadas para

avaliacao do efeito do programa de reabilitacdo e do grupo sobre os indices de VFC.

CONCLUSOES

Nossos dados sugerem que pacientes submetidos a cirurgia sem CEC
apresentam melhores adaptagcbes do SNAc, em comparacdo com 0S pacientes

submetidos a outra técnica operatéria, frente a um PRH de curto periodo.
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Impacto do exercicio fisico associado a aplicacao de CPAP
no pos-operatdrio de cirurgia de revascularizagcao do

miocardio- estudo randomizado e controlado.
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RESUMO

Proposta: A cirurgia de revascularizagdo do miocardio (CRM) resulta em
importantes alteracdes da fung¢édo pulmonar e reducdo da capacidade de exercicio. A
pressao positiva continua nas vias aéreas (CPAP) tem sido usada como um suporte
eficaz para reduzir os efeitos negativos da CRM. Adicionalmente, a assisténcia
ventilatéria ndo invasiva tem se revelado um bom recurso adjunto ao exercicio fisico
em doengas cronicas. No entanto, ndo se sabe se a CPAP pode impactar
positivamente o exercicio realizado em pacientes no pés-CRM. O objetivo deste
estudo foi avaliar os efeitos agudos da CPAP durante o primeiro dia de deambulacao
de um programa de reabilitacdo hospitalar (PRH) sobre o padrao respiratério (PR), a
tolerancia ao exercicio, sensacao de dispneia e oxigenacao no pos-CRM. Métodos:
Vinte e sete pacientes foram randomizados para o GC (deambulagdo em respiracéo
espontanea) (n=14) ou para o GCP (deambulagdo com associacdo de CPAP entre
10-12 cmH,0) (n=13). Os desfechos incluiram varidveis de PR, avaliadas pela
pletismografia respiratéria por indutancia (sistema Lifeshirt), tempo de deambulacao,
sensacao de dispneia e saturacdo periférica de oxigénio (SpO,). Resultados: O
GCP apresentou maior tolerdncia ao exercicio, melhor coordenacdo téraco-
abdominal durante o repouso e exercicio e maiores valores de SpO, ao final da
deambulacéo, com menor sensacao de dispneia, comparado ao GC. Conclusdes: A
CPAP foi capaz de impactar positivamente o PR e a capacidade de exercicio dos
pacientes no poés-operatério de CRM. Tais resultados podem constituir uma

abordagem viavel e eficaz para a reabilitagdo destes pacientes.
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INTRODUCAO

A cirurgia de revascularizacdo do miocérdio (CRM) € uma cirurgia bem
estabelecida e um tratamento eficaz para reduzir os sintomas e a mortalidade de
pacientes com doenca arterial coronariana, principalmente em pacientes de alto
risco e com perfil de doenca coronéria complexa.™ Entretanto, os fatores de risco
intrinsecos a cirurgia, como manipulacdo toracica, esternotomia mediana, circulagéo
extracorpérea, anestesia geral e insercdo do dreno pleural sdo responsaveis pela
imposicdo de um padrdo restritivo a estes pacientes, com prejuizo da dindmica
ventilatéria e reducéo da funcdo pulmonar.>”’

Estes desfechos, associados a disfuncdo diafragmética, padrdo respiratério
superficial, hipoventilagdo alveolar, hipoxemia e hipersecrecdo podem dificultar a
reabilitacdo cardiopulmonar precoce, especialmente a deambulagdo, contribuindo
para a imobilizagdo no leito, redugcédo da capacidade funcional, maiores taxas de
complicacdes respiratérias e outras consequéncias adversas.®®

Desse modo, diversas estratégias de reabilitacdo sédo aplicadas aos pacientes
submetidos & CRM, a fim de minimizar as alteraces da funcéo respiratéria.”***? A
ventilacdo ndo invasiva (VNI) tem sido estabelecida como importante adjunto a
fisioterapia, para melhora das trocas gasosas, reducao do trabalho respiratorio, da
necessidade de intubacdo, do tempo de internacdo e a mortalidade em diversas
condicées clinicas.***°

Diversos estudos ja relataram o efeito positivo da VNI no contexto da
reabilitacdo cardiorrespiratoria hospitalar apés a CRM, demonstrando melhora da

capacidade residual funcional, da oxigenacéo, do padrdo respiratério, da incidéncia

de atelectasia e controle autondmico cardiaco.”!*’ Entretanto, a VNI nesta
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populacdo tem sido administrada na condicdo de repouso, sem nenhum enfoque,
até o momento, de sua aplicacdo durante o exercicio fisico.

Em pacientes com doencas cardiorrespiratorias crénicas (insuficiéncia
cardiaca cronica e doenca pulmonar obstrutiva), o uso da VNI como estratégia
terapéutica durante o exercicio fisico tem sido associado a reducédo da sobrecarga
imposta aos musculos respiratérios e maior aporte de fluxo sanguineo para a
musculatura periférica, aumentando a tolerancia ao exercicio fisico.*®**? Contudo, ha
escassez de evidéncias sobre a exata utilizacdo deste adjunto fisioterapico como
suporte ventilatério hospitalar durante o exercicio fisico para pacientes no pos-
operatorio de CRM.

Neste contexto, considerando-se as alteracbes pulmonares previamente
citadas, o uso da VNI durante o exercicio fisico poderia promover alivio ventilatorio
intermitente, melhorar as trocas gasosas, reduzir a dispneia e a fatigabilidade
muscular durante o protocolo de reabilitacdo precoce, melhorando a tolerancia aos
esforcos.

Portanto, o objetivo do nosso estudo randomizado foi testar a hipétese de que
a VNI aplicada durante o primeiro dia de deambulacdo no pés-operatério de CRM
poderia influenciar o padrdo respiratério (PR), promover maior tolerancia ao

exercicio, reducdo de dispneia e melhora da saturagéo periférica de oxigénio (SpOy,).

METODOS

O presente trabalho € um estudo uni-cego, transversal, randomizado e
controlado, realizado na Unidade Coronariana e Enfermaria Cardiovascular da Santa
Casa de Misericordia de Araraquara. O desenho metodoldgico realizado foi baseado

nas determinacdes e normas do CONSORT Statement.”
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Participantes

Pacientes de ambos os géneros, com diagnostico clinico de doenca arterial
coronariana, que foram submetidos a CRM com circulacdo extracorpdrea (CEC),
esternotomia mediana e interposicdo de enxertos de veia safena magna, artéria
toracica interna ou artéria radial foram incluidos neste estudo. Os critérios de
exclusdo englobaram: cirurgia de urgéncia ou procedimento associado, cirurgia
cardiaca prévia, uso de baldo intra-aodrtico, infarto do miocardio recente (menos de
seis meses), uso de marcapasso, angina instavel, distarbios crénicos no ritmo
cardiaco, arritmias significativas (arritmias ventriculares malignas, extrassistoles
ventriculares complexas, taquicardia supraventricular ou sinusal maior que 120
batimentos por minuto), doenca cardiaca valvar, doenca pulmonar obstrutiva
cronica, neuropatia diabética, dificuldade de compreensdo e/ou de aderéncia aos
procedimentos do estudo, outras doencas severas ndo cardiacas ou incapacidade
de executar o exercicio de acordo com protocolo proposto.

Todos os pacientes foram informados a respeito do proposito e dos
procedimentos deste estudo e um termo de consentimento livre e esclarecido foi
assinado antes da participacdo (APENDICE B). O protocolo de estudo estava de
acordo com os principios éticos da Declaracdo de Helsinki e foi aprovado pelo
Comité de Etica em Pesquisa com Seres Humanos da Universidade Federal de S&o

Carlos (109/2010) (ANEXO D).

Procedimento cirlrgico

As cirurgias foram realizadas por meio de esternotomia mediana e as
anastomoses confeccionadas com artéria toracica interna esquerda, artéria radial e

veia safena magna. A anestesia foi induzida com sufentanil, midazolam,
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pancuronium e isoflurano e a CEC conduzida com o uso de oxigenadores de
membrana em normotermia (37° C) e em modo de perfusdo nao pulsatil.
Cardioplegia hipotérmica foi realizada de forma anterograda. Uma incisdo foi
realizada na pleura parietal e um dreno tubular foi inserido na regidao subxifoide

guando da utilizacdo da artéria toracica interna esquerda como enxerto.

Procedimentos experimentais e programa de reabilitacdo hospitalar

No periodo pré-operatorio, os pacientes foram submetidos a avaliacao clinica
antes de sua inclusdo no estudo e foram registradas variaveis como idade, sexo,
massa corporea, estatura, indice de massa corpérea, fatores de comorbidade e
outros aspectos clinicos relevantes. Adicionalmente, testes espirométricos foram
realizados por meio de um espirdbmetro portatil (SpiroPro, Jaeger, Germany). Os
individuos completaram pelo menos trés manobras expiratérias forcadas aceitaveis
e reprodutiveis de acordo com os critérios da Sociedade Brasileira de Pneumologia
e Tisiologia.?* Foram também fornecidas orientacdes sobre a cirurgia e o programa
de reabilitacdo hospitalar (PRH) a ser realizado.

Ainda no periodo pré-operatorio, os pacientes foram randomizados em blocos
de quatro por meio de envelopes opacos, embaralhados e codificados para duas
diferentes intervencdes aplicadas apos a cirurgia: PRH com exercicios progressivos
associados ou ndo a aplicagdo de pressao positiva continua nas vias aéreas
(CPAP), compondo o grupo CPAP (GCP) e o grupo controle (GC), respectivamente.

Este programa consistiu de mobilizacdo precoce supervisionada duas vezes
ao dia, a partir do primeiro dia poés-operatério (1°PO) até a alta hospitalar. O
programa englobou exercicios respiratorios (exercicios de respiracao profunda a

partir da capacidade residual funcional até a capacidade pulmonar total e manobras
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de higiene bronquica, seguidos por tosse ou huffs (com o apoio no local da inciséo
cirdrgica)) e exercicios fisicos, que progrediam desde movimentos de extremidades
no 1°PO ao exercicio de caminhada pelo corredor do hospital no terceiro dia pés-
cirurgia (tabela 1). Ao longo dos dias, a intensidade do exercicio variou

progressivamente®’

e a frequéncia cardiaca foi monitorizada por meio de um
sistema de telemetria Polar S810i (Polar Electro Oy, Kempele, Finlandia) conforme
descrito previamente.?’ A intensidade da deambulac&o foi controlada pela frequéncia
cardiaca, sendo mantida em torno de 20 bpm acima dos valores basais.

Para os pacientes randomizados ao GC, todos os exercicios fisicos do PRH
foram realizados em respiracdo espontanea e para o GCP, niveis entre 10 e 12
cmH,O de pressao positiva, de acordo com a tolerancia, foram associados. A VNI
com pressao positiva foi ofertada ao paciente por um aparelho de CPAP (S8 Elite,
Resmed, Bella Vista, Australia), apés um tempo de adaptacédo (aproximadamente
cinco minutos), e administrada por meio de uma mascara nasal (ComfortClassic ,
Respironics) ou facial (FlexiFit ™ 431). Durante o protocolo, os pacientes foram
avaliados em relacdo a ocorréncia de eventos adversos, como complicacfes pos-
operatérias que impossibilitassem a progressdo no programa, e cada paciente era
cego a intervencdo dos outros participantes do estudo. Todos o0s pacientes

receberam o mesmo protocolo de analgesia administrados durante o periodo pés-

operatorio.
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Tabela 1. Programa de reabilitacdo hospitalar supervisionado de curto periodo.

ETAPA Descricdo do protocolo de exercicios fisioterapicos

1° PO Exercicios ativo-assistidos das extremidades superiores e inferiores (tornozelos

e punhos, flexdo-extenséo, 5 séries de 10 repeti¢cdes); leito inclinado a 45°.

2°PO Exercicios ativo-assistidos de membros superiores e inferiores em posicao
sentada (90°) - flexdo-extensdo de ombros, cotovelos, punhos, joelhos e
tornozelos; aducdo e abducao de quadris (2 séries de 15 repeticdes para cada)

e posicao ortostatica ou marcha estacionaria (5 minutos), conforme tolerado.

3°PO Exercicios ativos de membros superiores e inferiores (conforme etapa 2, porém
em 3 séries de 15 repeticdes para cada) na posicdo sentada e deambulacédo no

corredor do hospital (5 minutos).

4°PO  Exercicios similares a etapa 3; deambulac&o no corredor do hospital (10 min).

5°PO  Exercicios similares a etapa 3 na posicdo ortostética, deambulagédo (10 min) e

subida e descida de 4 degraus de uma escada.

PO= pds-operatorio.

Primeiro dia de deambulacdo e medidas

Para este estudo, consideramos o primeiro dia de deambulac¢do do protocolo
(3° PO), sendo seu tempo maximo definido como 5 minutos para ambos 0S grupos.
Durante o exercicio, 0os pacientes foram avaliados em relacdo ao PR, tempo de
deambulacéo realizada, SpO,, sensacdo de dispneia e dores em membros
inferiores. O GC realizou o0 exercicio em respiracdo espontanea ar ambiente,

enquanto que para o GCP, foi aplicado CPAP entre 10-12 cmH,O. Um sistema de
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bateria foi confeccionado para a deambulacdo (figura 1) e esta bateria era
acomodada em uma mochila transportada sempre por uma mesma fisioterapeuta da

equipe, que acompanhava o paciente durante todo o exercicio em questao (figura 2).
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Figura 1. llustracdo do modulo de bateria confeccionado para o
projeto (A e B) e em funcionamento com o CPAP S8 Elite (C).

Figura 2. llustracdo do exercicio de deambulagdo, com monitorizacdo
concomitante da frequéncia cardiaca, do padrao respiratério e da saturacao
periférica de oxigénio.

Os sinais do PR foram continuamente mensurados em repouso (antes do

exercicio, aproximadamente por 5 minutos) e durante a deambulacdo por meio da
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pletismografia respiratdria por indutancia LifeShirt System (Vivometrics Inc., Ventura,
CA), um monitor ambulatorial de medidas néo invasivas do padrao respiratorio, com
capacidade de registro de até 24 horas. Este aparelho é baseado na autoindutancia
de duas bobinas, posicionadas sob a forma de duas cintas elasticas, em torno da

caixa toracica e do abdome, incorporadas a um colete sem mangas (figura 3).22?°

Figura 3. llustracdo do sistema de monitorizacdo continua do
padréo respiratorio- Pletismografia respiratoria por indutancia.

Os dados foram registrados em um aparelho portétil, armazenados em um

cartdo de memoria inserido no gravador LifeShirt e, em seguida, transferidos para
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um computador, onde foram analisados por meio do software VivolLogic
(Vivometrics, Ventura CA, EUA). Para a calibracdo volumétrica da pletismografia, os
pacientes foram orientados a inspirar e expirar por sete vezes consecutivas em um
saco de plastico de 800 ml conectado a um tubo com bocal. Suas narinas
permaneciam ocluidas com um clip nasal, de forma que eles enchiam e esvaziavam
completamente o saco em cada ciclo respiratorio. Esse procedimento foi realizado
na postura sentada e ortostatica depois de apropriadas pausas, duas vezes em cada
postura, de acordo com calibracdo previamente descrita.*® A figura 4 ilustra a tela de
captacao da pletismografia durante a deambulacdo de pacientes representativos de

cada grupo.
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Figura 4. llustracdo da tela de captagdo da pletismografia respiratéria por indutédncia durante periodo de deambulacdo de um
paciente do grupo CPAP (A) e grupo Controle (B). Vt= volume corrente; RC= Compartimento toracico; AB= Compartimento
abdominal; Br/M= frequéncia respiratéria. Nota-se padrdo ventilatério com maior estabilidade para o paciente do grupo CPAP
(volume corrente e frequéncia respiratéria), além de melhor coordenacao téraco-abdominal.
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O exercicio de deambulacédo de intensidade constante foi estipulado para ser
realizado em um tempo maximo de 5 minutos, sendo que a interrupcdo poderia
acontecer em menor tempo de acordo com a tolerancia (Tlim). Os individuos foram
avaliados e questionados, antes do inicio dos registros, sobre a ocorréncia de
possiveis eventos (febre, dor, dispneia, sincope e mal estar geral) que pudessem
contraindicar a caminhada e, ainda, examinados (temperatura, pressao arterial,
frequéncia cardiaca e respiratoria) para certificar-se de que as condi¢cbes basais
estavam dentro dos limites de normalidade.

Os pacientes foram instruidos a quantificar a sensacéo subjetiva de dispneia
e dor em membros inferiores ao final do exercicio, através da escala de Borg
modificada CR-10.3' A SpO, foi mensurada antes e ao final do exercicio por um
oximetro de pulso (PM100C, New Tech, Guangdong, China). Os pacientes também
foram solicitados a quantificar sua dor por meio de uma escala verbal de 4 pontos

(VRS-4).%

Andlise do padrdo respiratorio

Para a conversdo do sinal da pletismografia para valores volumétricos
absolutos em ml, foi realizada uma calibragdo quantitativa (calibracdo do tipo “fixed
volume least squares”) antes da andlise das variaveis respiratérias. Para comparar
nameros iguais de cada individuo nas duas situacdes, a analise respiracdo-a-
respiracao foi realizada durante 30 ciclos (que foi escolhido no trecho final da coleta,
de acordo com a estabilidade do sinal), que foram convertidos em valores médios
para posteriores comparacdes estatisticas.

A andlise do PR foi realizada usando-se as seguintes variaveis: frequéncia

respiratoria (FR), volume corrente (VC), ventilacdo (Vg), tempo inspiratorio (Ti),
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tempo expiratério (Te), tempo de respiracao total (Tt), porcentagem de contribuicédo
inspiratoria (%RCi) e expiratoria (%RCe) do torax para o volume corrente. Estas
duas udltimas variaveis mensuram a coordenacao téraco-abdominal e sdo obtidas
através da relacdo do volume inspirado ou expirado relativo ao compartimento
toracico pelo volume corrente total (relativo a soma do compartimento abdominal e

torécico), no pico da inspiracdo ou expiracéo.*?

Medidas de Desfechos

As medidas de desfechos primarios para este estudo foram o Tlim para a
deambulacdo, os niveis de dispneia e SpO, ap0s o exercicio. As medidas de

desfechos secundarios foram representadas pelas variaveis do PR.

Analise estatistica

As analises foram realizadas utilizando-se o software Statistica 5.5 (StatSoft
Inc., Tulsa, EUA) e a normalidade na distribuicdo dos dados foi verificada pelo teste
de Shapiro-Wilk. Teste t Student ndo pareado, para variaveis continuas e teste exato
de Fisher para varidveis categoricas foram aplicados, quando apropriado, para
comparacao das caracteristicas demogréaficas e clinicas dos grupos. Ambos 0s
grupos foram comparados na condicdo basal, no periodo pré-operatério, para
confirmagdo de uma randomizagdo bem sucedida. Além disso, utilizamos teste t
Student pareado ou Wilcoxon para analise intragrupo e teste t Student ndo pareado
ou Mann-Whitney para comparacao intergrupos, quando apropriado, para 0s outros
desfechos do estudo. Um valor de P<0,05 foi considerado estatisticamente
significativo para todos os testes. Nossos dados demonstraram um poder amostral

de 88%, analisando-se o tempo de deambulagao realizada entre os grupos.
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RESULTADOS

Caracteristicas dos pacientes

De setembro de 2010 a agosto de 2012, 140 pacientes com doenca arterial
coronariana foram avaliados para a participacdo no estudo. Destes, 86 pacientes
foram excluidos por néo satisfazerem os critérios de inclusdo ou recusarem-se a
participar, e 54 foram randomizados para GC ou GCP. Para os 27 pacientes
alocados no GC, dois foram submetidos a CRM sem CEC, um morreu durante a
cirurgia, quatro tiveram complicacdes na cirurgia, trés desistiram da intervencao, dois
tiveram outros procedimentos associados e um foi excluido da analise por ma
qualidade do sinal. Assim, 14 pacientes finalizaram o estudo no GC. Dentre os 27
alocados para o GCP, um foi submetido a CRM sem CEC, quatro tiveram
complicacBes da cirurgia, quatro morreram durante a cirurgia ou no pos-operatorio
imediato, um desistiu da intervencdo, dois foram submetidos a procedimentos
associados a cirurgia e um teve a cirurgia cancelada. Desta forma, 13 pacientes

compuseram o GCP. Na figura 5 demonstramos o fluxograma do estudo.
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Avaliados para inclusdo (n=140)

\ 4

Excluidos (n=86)

e Nao preencheram os critérios (n=56)
e Recusaram-se a participar (n=9)

e  Qutras razées (n=21)

Randomizados (n=54)

v

v

Alocados para o Grupo Controle (n=27)
e Receberam ainterveng¢do (n=15)
e Nao receberam a intervencgao:
- Cirurgia sem CEC (n=2)
- Complicagdes cirurgicas (n=4)
- Morte (n=1)
- Desistiram das intervengdes (n=3)
- Procedimentos associados (n=2)

Alocados para o Grupo CPAP (n=27)
e Receberam aintervenc¢do (n=14)
e N3o receberam a intervengao:
- Cirurgia sem CEC (n=1)
- Complicagdes cirurgicas (n=4)
- Morte (n=4)
- Desistiram das intervencdes (n=1)
- Procedimentos associados (n=2)
- Cirurgia cancelada (n=1)

Analisados (n=14)
e Excluidos da analise:
- Ma qualidade do sinal (n=1)

Analisados (n=13)
e Excluidos da analise:
- Ma qualidade do sinal (n=1)

Figura 5: Fluxograma de participacdo dos pacientes neste estudo.



77

Os dados basais de ambos os grupos, assim como o perfil de fator de risco
cardiovascular, os dados espirométricos, o tratamento farmacolégico antes da
cirurgia e as caracteristicas da cirurgia estdo apresentados na tabela 2. Nenhuma
diferenca foi observada entre os grupos em relacdo aos dados clinicos e
demograficos. As caracteristicas cirdrgicas foram comparaveis entre os dois grupos.
Os sinais vitais (pressao arterial, frequéncia respiratoria e temperatura corporal)
mantiveram-se dentro da faixa de normalidade em ambos o0s grupos durante o dia
do protocolo. De acordo com a escala VRS-4, a dor estava presente no pos-
operatorio, porém nao diferiu entre os grupos no primeiro dia de deambulacdo (GC=

1[1-1,75] x GCP= 1[1-2]), valores expressos em mediana [intervalo interquartilico].



Tabela 2: Dados clinicos pré e perioperatoérios.
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GC GCP P
(n=14) (n=13)
Idade (anos) 57,415,9 58,3+8,6 0,75
Sexo masculino 10 5 0,12
Altura (m) 1,60,1 1,610,1 0,16
Peso (kg) 70,1+9,6 67,8+11,8 0,58
IMC (kg/m?) 26+2,6 26,8+4,4 0,52
Funcao Pulmonar
VEF; (%) 95,748,3 98,219 0,36
VEF,/ CVF 0,92+0,17 0,99+0,16 0,42
FEVE (n)
<35 - - -
35-54 3 2 1,00
255 11 11 1,00
Historia médica
Historia de fumo (n) 11 7 0,23
Diabetes mellitus (n) 7 6 1,00
Hipertensao (n) 11 11 1,00
Tratamento farmacolégico
(preoperatério, n)
Beta-bloqueadores 14 11 0,22
Inibidores de ECA 11 7 0,23
Diuréticos 3 3 1,00
Antagonistas de calcio 1 1,00
Anti-arritmicos - 2 0,22
CEC (min) 48,3+18,1 56,9+17,7 0,22
Andxia (min) 29,5+11 33+10,7 0,40
Duracgéao da cirurgia (min) 229+30,7 220+37,2 0,52
Numero de enxertos (n) 2,1+0,6 2,510,8 0,15
ATIE/VS/AR enxertos (n) 14/7/6 11/10/5 0,22/0,23/1,00

Dados expressos em média + desvio padrdo, valores absolutos e porcentagem. GC= grupo controle; GCP= grupo CPAP; IMC=
indice de massa corpérea; VEF;= volume expiratério forgado no primeiro segundo; CVF= capacidade vital forgcada; FEVE= fragdo
de ejecdo do ventriculo esquerdo; ECA= enzima conversora de angiotensina; CEC= circulagdo extracorpérea; ATIE= artéria
toracica interna esquerda; VS= veia safena magna; AR= artéria radial. Teste t Student ndo pareado ou Teste exato de Fisher.
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Limite de tolerdncia e comportamento da saturacao periférica de oxigénio

O Tlim revelou maiores valores para o GCP (figura 6). Adicionalmente,

comparando-se a SpO, para ambos o0s grupos, podemos observar maiores valores

para o GCP ao final da deambulacao (figura 7).
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Figura 6: Limite de tolerdncia ao exercicio. GC= grupo
controle; GCP= grupo CPAP. * Diferenca estatistica na analise
intergrupos. Dados expressos em média e desvio padrao.
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Figura 7: Saturacdo periférica de oxigénio. GC= grupo controle; GCP= grupo
CPAP. Teste t Student pareado e ndo pareado. * Diferenca estatistica na
analise intergrupos. Dados expressos em média e desvio padréo.

Padrao Respiratdrio no Primeiro Dia de Deambulacao

Na tabela 3 e na figura 8, podemos observar o PR dos pacientes em repouso
(antes da deambulacao) e durante o exercicio. A andlise intragrupo revelou aumento
similar de frequéncia respiratoria e diminuicdo dos tempos respiratérios para ambos
0S grupos durante o exercicio, comparado a condicdo de repouso. Os niveis de
dispneia foram maiores no GC ao final do exercicio. Interessantemente, o GCP
apresentou valores mais elevados de Ve e menores valores de RCi% e %RCe em
repouso e durante o exercicio, com maiores valores de VC durante a deambulacao,

comparado ao GC (figura 8).



Tabela 3: Variaveis da pletismografia respiratéria por indutancia, durante
repouso e deambulacao e valores de dispneia e dor em membros inferiores.

GC (n=14) GCP (n=13)
Repouso Deambulacao Repouso Deambulacao

FR (rpm) 24,0+2,6 30,0+3,3* 24,9+1,2 30,2+3,0*
Ti (s) 1,00,1 0,9+0,1* 1,0+0,2 0,9+0,1*
Te (s) 1,5+0,2 1,2+0,2* 1,4+0,1 1,1+0,1*
Tt (s) 2,5+0,2 2,1+0,2* 2,4+0,2 2,0+0,2*
Dispneia - 3(3-4) - 2 (2-3)"
Dor MMII - 1(1-2) - 1(1-1)

Dados expressos em médiatdesvio padrdo e mediana (intervalo interquartilico). FR: frequéncia
respiratéria; Ti: tempo inspiratério; Te: tempo expiratorio; Tt: tempo total. MMII= membros
inferiores. Teste t Student pareado ou Wilcoxon para analise intragrupo e teste t Student nédo
pareado ou Mann-Whitney para comparacdo intergrupos. *Diferenca estatistica na andlise
intragrupo. # Diferenca estatistica na analise intergrupos.
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Figura 8: Padréo respiratério durante deambulacdo. GC= grupo controle; GCP= grupo CPAP; VC= volume corrente; V=
ventilacdo; %RCi= porcentagem de contribuicdo inspiratoria do torax para o volume corrente; %RCe= porcentagem de
contribuicdo expiratéria do térax para o volume corrente. Teste t Student pareado ou Wilcoxon para analise intragrupo e
teste t Student ndo pareado ou Mann-Whitney para comparacgao intergrupos, conforme apropriado. * Diferenca estatistica
na andlise intragrupo. * Diferenca estatistica na andlise intergrupos. Dados expressos em média e desvio padréo.
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DISCUSSAO

Os resultados do presente estudo evidenciam o efeito beneficio da CPAP
como recurso adjunto ao exercicio fisico durante o PRH no pds-operatorio de CRM.
Desta forma, a utilizacdo da VNI pode representar uma abordagem viavel e eficaz
para a reabilitacdo cardiorrespiratéria precoce, impactando positivamente o PR e a
tolerancia ao exercicio fisico, com associada melhora da SpO,. Para nosso
conhecimento, este € o primeiro estudo randomizado controlado que avaliou os
efeitos da CPAP no primeiro dia de deambula¢éo no periodo pds-cirurgia cardiaca.

As alteracOes e disfuncdes pulmonares resultantes da CRM ja estdo bem
documentadas na literatura, estando relacionada a fatores peri e pos-operatérios,
como a anestesia geral, CEC, esternotomia mediana, inser¢cdo de dreno pleural e
dor, entre outras causas.’** Estes fatores, associados & diminuicdo do ténus
diafragmatico, prejuizo da estabilidade toracica e reducdo da complacéncia
pulmonar podem resultar em desfechos clinicos desfavoraveis, como maior
incidéncia de atelectasia, derrame pleural, congestdo pulmonar, com consequente
aumento do trabalho respiratorio.

Neste contexto, diversas estratégias reabilitadoras tém sido aplicadas para
estes pacientes no poés-cirurgia cardiaca, com o objetivo de minimizar estas
disfuncdes e reduzir as possiveis complicagdes. A VNI, desta forma, surge como
adjunto de grande importancia para melhora das trocas gasosas, diminuicdo do
shunt pulmonar e prevencdo de atelectasias, uma das principais causas da
deterioracéo da funcdo pulmonar e da oxigenac&o.®” Loeckinger e colaboradores®
observaram melhora das trocas gasosas em pacientes durante a cirurgia cardiaca,

submetidos a aplicacdo de CPAP. Em um estudo recente de nosso grupo,
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observamos a melhora aguda do PR e da funcdo autondmica cardiaca durante
aplicacdo de CPAP em niveis de 8 e 12 cmH,0 na situacédo de repouso.*?

J4 é amplamente conhecido que a retirada destes pacientes do leito e a
mobilizacdo precoce devem ser o enfoque da reabilitacdo hospitalar, sendo
relacionada com maior funcionalidade clinica. Hirschhorn e colaboradores®
demonstraram melhor capacidade funcional para pacientes que deambularam de
forma precoce, comparados aos pacientes submetidos a intervencdo padrdo, com
caminhada mais tardiamente. Paralelamente, nosso grupo recentemente
demonstrou®® o efeito benéfico do exercicio fisico hospitalar precoce na modulacdo
autonémica cardiaca de pacientes submetidos a CRM, mesmo com uma unica
sessao diaria.

Porém, a disfuncdo pulmonar e as alteracbes presentes no periodo pos-
operatorio, como diminuicdo da complacéncia pulmonar, hipoxemia e hipersecrecao,
podem dificultar a reabilitacdo cardiopulmonar precoce, o ortostatismo e o exercicio
de deambulagédo, contribuindo para a imobilizacdo no leito. Neste sentido, nosso
estudo objetivou avaliar a CPAP como estratégia adjunta a realizacdo de exercicio
fisico no poOs-operatério de cirurgia cardiaca. Adicionalmente, nés consideramos
oportuno utilizar a CPAP durante o protocolo de exercicios, avaliando os efeitos
agudos no primeiro dia de caminhada do protocolo, uma vez que estes pacientes
ainda apresentam hipoxemia ligeira frente a um consumo aumentado durante tal
atividade.

Portanto, baseado nos estudos a respeito dos efeitos benéficos da VNI
durante o exercicio fisico em outras populacdes,** conduzimos o presente estudo
testando o impacto positivo da CPAP durante a deambulagéo. Borghi-Silva e

colaboradores®® demonstraram alivio muscular ventilatério proporcionado pela VNI
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associado com a redistribuicdo de fluxo sanguineo para a musculatura apendicular,
contribuindo assim para melhora da tolerancia e do desempenho ao exercicio de
pacientes com insuficiéncia cardiaca cronica. Neste sentido, pareceu-nos licito supor
qgue o auxilio ventilatério produzido pela VNI durante o exercicio poderia contribuir
com o desempenho funcional dos pacientes no pés-CRM. No presente estudo,
observamos que o uso da CPAP resultou em maior tolerancia ao exercicio fisico,
visto que os pacientes que utilizaram a VNI toleraram maior tempo de deambulacéo
dentro do limite maximo estabelecido. Além disso, apresentaram-se com menor
dispneia e melhor SpO,, quando comparado aos pacientes que realizaram a
deambulacdo em respiracdo espontanea.

Alguns autores***

sugerem que, durante a mobilizacdo precoce no poés-
operatorio de cirurgia cardiaca, o aumento do consumo de oxigénio compensado por
sua maior extracdo traduz-se em marcada diminuicdo da saturacdo venosa mista
(Svoy) a valores clinicamente utilizados como marcadores de hipoxia tecidual e
possiveis consequéncias adversas.* Desta forma, a utilizacdo de pressdo positiva
durante o exercicio poderia contribuir para maior ventilagdo alveolar e maior oferta
de oxigénio, minimizando os efeitos adversos acima citados. Porém, em nosso
estudo, o impacto da CPAP na Svo, e sua relacdo com a tolerancia ao exercicio
fisico ndo p6de ser avaliado.

A disfuncéo diafragmatica, associada as alteracdes da mecénica respiratoria
e reduzida complacéncia pulmonar, pode estar associada ao maior trabalho
ventilatério presente nestes pacientes p6s-CRM.** Neste sentido, o uso da VNI
poderia melhorar as trocas gasosas e proporcionar alivio muscular respiratorio,

melhorando as condicbes de realizacdo do exercicio fisico, o que explicaria 0s

nossos resultados de maior tolerancia a deambulacdo observada em nossos
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pacientes do GCP, com menor sensacdo de dispneia e maior valores de SpO, ao
final do exercicio. Tais resultados podem impactar na seguranca durante o protocolo
de exercicio com o uso da CPAP, uma vez que arritmias podem ser induzidas na
presenca de hipoxemia nestes pacientes.*

Como medidas do PR, fizemos uso de um dispositivo ndo-invasivo (Sistema
LifeShirt), ja validado e com uma importante utilidade clinica.?®>?*% Nés
demonstramos que o GCP, no primeiro dia de deambulacdo, apresentou-se com
melhor ventilagdo e maior sincronismo toéraco-abdominal (menores valores de RCi%
e %RCe) na condicdo basal (repouso antes do exercicio), comparado ao GC, e esse
padrao foi mantido durante a caminhada. Esses resultados provavelmente refletem
um efeito adicional cumulativo da utilizacdo da CPAP durante o PRH, uma vez que
todos os pacientes ja estavam participando de nosso programa de reabilitacéo.

Considerando-se os resultados obtidos pelos indices %RCi e % RCe, os
quais refletem a coordenacdo téraco-abdominal, temos que sua redugdo esta
associada a um melhor comportamento do PR, refletindo indiretamente melhora do
padrdo diafragmatico.*®*’ Em um estudo recente,'? nés demonstramos a alteracdo
no PR apods a cirurgia, revelada por um aumento da assincronia toraco-abdominal.
Desta forma, a CPAP como estratégia adjuvante a reabilitacdo precoce promoveu
beneficios no padrédo ventilatorio dos pacientes no pds-operatério de CRM, tanto em
repouso quanto na condicdo de exercicio, diminuindo a contribuicdo dos musculos

respiratérios da caixa toracica para o volume corrente, o que tem sido associado a

maior trabalho respiratério imposto.*®
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Limitacdes do Estudo

Uma limitacdo do presente estudo foi a impossibilidade de obtencdo de
gasometria arterial e venosa antes e durante o exercicio fisico. Sabe-se que a
mobilizacdo precoce dos pacientes no pos-operatorio esta relacionada a marcante

reducdo da saturacdo venosa mista*®**

, sendo estes valores importantes para
comprovacdo da CPAP como coadjuvante ao exercicio. No entanto, estas analises
poderiam ser dificeis de ser realizadas, principalmente durante o exercicio, além de
onerosas e dolorosas para o paciente.

Além disso, outros testes de capacidade funcional poderiam ter sido
aplicados, como por exemplo, o teste de caminhada de seis minutos (TC6),
amplamente difundido. Estudos prévios sugeriram que o TC6 se trata de um teste de
esforco submaximo que pode avaliar de forma simples a tolerancia ao exercicio e a
capacidade funcional apds programas de exercicios fisicos. Porém, o TC6 avalia a
distancia percorrida ao final do protocolo, sendo sua intensidade, embora
submaxima, variavel ao longo do tempo. Por isso, consideramos util aplicar uma
avaliacdo durante o protocolo estabelecido, dentro de um limite maximo de tempo,
que nado permitisse reducdo da intensidade ou mesmo parar durante o exercicio.
Desta forma, mantivemos a deambulagéo dentro dos mesmos limites de intensidade

para todos os individuos (em torno de 20 bpm do repouso), avaliando assim o tempo

de tolerancia em uma intensidade mantida.

CONCLUSOES
Em concluséo, os resultados do presente estudo demonstram que a CPAP

pode impactar positivamente o PR, a funcdo ventilatéria, a oxigenacdo e a
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capacidade de exercicio quando associado a PRH apés CRM, o que constitui uma

abordagem viavel e eficaz para a reabilitacdo destes pacientes.
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CONSIDERACOES FINAIS E DESDOBRAMENTOS FUTUROS

O presente estudo trouxe importantes consideracdes e esclarecimentos a
respeito das adaptacbes do SNAc frente a um PRH em pacientes submetidos a
CRM com e sem CEC. Poucos estudos avaliaram, até o0 momento, o efeito da CRM
sem CEC sobre a modulacdo autondmica cardiaca, sendo ja comprovada sua
alteracdo e prejuizo ap0s o procedimento. Entretanto, ha escassez de estudos
comprovando a magnitude das alteracdes da VFC pdés-CRM sem CEC e se estas
alteracdes sao similares ou nao as apresentadas pelos pacientes submetidos a outra
técnica cirargica. Portanto, conduzimos o estudo | para elucidar estas questbes, e
comprovamos que pacientes submetidos as diferentes técnicas operatorias
apresentam grau semelhante de comprometimento da funcao autonémica cardiaca.

Adicionalmente, demonstramos que pacientes submetidos a cirurgia sem
CEC apresentaram melhores adaptacbes do SNAc, em comparagdo com 0S
pacientes submetidos a outra técnica operatoéria, frente a um PRH de curto periodo,
0 que nos leva a questionar a intensidade e/ou volume dos exercicios fisicos
aplicados aos diferenciados grupos. Além disso, analises futuras devem ser
realizadas para avaliacdo do efeito do programa de reabilitacdo e de cada grupo
sobre os indices de VFC, uma vez que nao foi possivel dimensionarmos o impacto
da CEC sobre a atividade autondmica ao longo do tempo de internacdo hospitalar.

O estudo Il conduzido nesta tese demonstrou o efeito benéfico da CPAP
como recurso coadjuvante durante a realizacdo do exercicio, fato até o momento
comprovado para doengas cardiorrespiratorias cronicas, com auséncia de estudos
para populacdo pos-CRM. Os pacientes apresentados neste estudo completaram o
PRH proposto. Desta forma, um estudo ja esta sendo elaborado para demonstracéo

das adaptacdes das variaveis apresentadas apos a realizacdo do protocolo. Outros
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resultados, como medidas adicionais de VFC e desfechos clinicos, também fazem

parte deste estudo.
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APENDICES E ANEXOS
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APENDICE A- Termo de Consentimento- Estudo |

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO DE PARTICIPAGAO NO PROJETO DE
PESQUISA: “ESTUDO DA MODULAGAO AUTONOMICA CARDIACA EM PACIENTES SUBMETIDOS
A CIRURGIA DE REVASCULARIZAGAO DO MIOCARDIO E PROGRAMA DE FISIOTERAPIA: FASE |
DA REABILITACAO CARDIOVASCULAR”

Responsaveis: orientadora :Prfa.Dr2. Audrey Borghi Silva e orientanda: Renata
Gongalves Mendes

Eu,

, a
nos de idade, portador do RG
n° residente a Rua
(Av)

ne: Bairro: Cidade:
Estado:

voluntariamente concordo em participar do projeto de pesquisa acima
mencionado que sera realizado durante a minha internagdo para cirurgia
cardiaca. A pesquisa tem por finalidade avaliar a resposta do coracdo a um
programa de fisioterapia com exercicios gradativos e aerébios em pacientes de 40
a 70 anos que realizaram cirurgia cardiaca.

Antes do inicio do programa de exercicios, serei submetido a avaliagéo clinica
cardiolégica e fisioterapéutica, constando de anamnese, exames fisicos e
laboratoriais com objetivo de detectar qualquer manifestacédo clinica que contra-
indigue minha participacdo na pesquisa, bem como determinar a minha
progressao no protocolo de exercicios proposto.

ApoOs avaliacao clinica, serei submetido a uma série de testes funcionais (sem
a utilizacdo de drogas medicamentosas ou de procedimentos invasivos) a saber:
captacado da frequéncia cardiaca e intervalos R-R nas posices supina e sentada,
no repouso, durante a manobra para acentuar a arritmia sinusal respiratoria e
durante o protocolo de exercicios; mensuracdo das pressfes respiratérias
méaximas (PIMax e PEMax); mensuracdo dos fluxos, capacidades e volumes
pulmonares e movimentos téraco-abdominais. Serei submetido a um protocolo de
exercicios gradativos e aeroébios, diariamente, durante a minha internacdo. De
acordo com a minha resposta cardiovascular ao exercicio irei progredir no nivel
de exercicios dos protocolos dia-a-dia até a minha alta hospitalar.

Antes do inicio dos testes e tratamento serei instruido sobre os sinais e
sintomas que devem me alertar e parar a sequéncia destes como: tontura,
turvacdo visual, nauseas, dor, cansaco, fadiga. Durante toda a execucdo do
protocolo serei acompanhado por uma equipe de fisioterapeutas aptos a
aplicacdo do programa de exercicios.

Os beneficios que terei com tais procedimentos incluem a minha melhor
readaptacdo as atividades de vida diaria ap0s a cirurgia e, conseqientemente,
melhora em minha qualidade de vida, bem como, a orientagbes sobre os niveis de
atividade fisica que poderei realizar apds a alta hospitalar.
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As informacdes obtidas durante as avaliacbes, os exames laboratoriais e
execugao do protocolo serdo mantidas em sigilo e ndo poder&o ser consultadas
por pessoas leigas sem minha expressa autorizacdo por escrito. Estas
informacdes poderdo ser utilizadas para fins estatisticos ou cientificos, sempre
resguardando minha privacidade. Ainda autorizo a divulgacdo de minha imagem
para fins de divulgacao cientifica.

Eu li e entendi as informacdes precedentes. Além disso, todas as duvidas que
me ocorreram ja foram sanadas, e quaisquer outras que surgirem no decorrer do
trabalho serdo questionadas aos pesquisadores.

Estou ciente da importancia do protocolo que serei submetido e procurarei
seguir com o programa, salvo algum problema que possa surgir que me
impossibilite de participar. No entanto, tenho a liberdade de abandonar o
programa a qualquer momento, como também de retirar este termo de
consentimento por mim assinado, caso seja de minha vontade.

Araraquara, de de

Assinatura do voluntario Prfa, Dr2, Audrey Borghi Silva Renata Gongalves Mendes

Telefone do Laboratério: (16) 3351-8705



101

APENDICE B- Termo de Consentimento- Estudo

Termo de Consentimento Livre e Esclarecido

Vocé esta sendo convidado a participar da pesquisa: “Impacto do exercicio
fisico associado a aplicacdo de CPAP no pos-operatorio de cirurgia de
revascularizacdo do miocardio”, tendo sido selecionado por meio de contato com a
equipe de cardiologia do Hospital Irmandade da Santa Casa de Misericérdia de
Araraquara e sua participacao ndo é obrigatoria.

Os objetivos deste estudo sao analisar o impacto de um programa de
reabilitacdo cardiorrespiratéria realizado no hospital (protocolo de exercicios fisicos e
respiratorios progressivos), associado a aplicacdo de ventilagdo mecéanica nao
invasiva, que é um equipamento que envia ar aos pulmdes, sobre o sistema
cardiorrespiratério em pacientes submetidos a cirurgia de revascularizacdo do
miocardio.

Sua participacdo nesta pesquisa consistira em ser submetido a avaliacao
clinica cardioldgica e fisioterapica, constando de avaliacdo inicial, exames fisicos e
cardiopulmonares (espirometria, teste de forca dos musculos usados na respiracao,
eletrocardiografia e padréo da respiragdo) antes de sua cirurgia, com o objetivo de
avaliar sua condicao cardiorrespiratéria, bem como de orientar os exercicios que
serdo realizados depois de sua cirurgia. No periodo apds sua cirurgia, Vvocé sera
submetido as mesmas analises realizadas anteriormente (espirometria, teste de
forca dos muasculos usados na respiracédo, eletrocardiografia e padréo da respiracao)
durante as posturas supina e sentada e durante a aplicacdo de um programa de
fisioterapia (sem a utilizacdo de medicamentos ou de procedimentos invasivos).
Vocé sera sorteado a participar de apenas um dos programas a seguir: 1)
fisioterapia apenas com a realizacdo de exercicios fisicos e exercicios de respiracao;
2) fisioterapia com a realizacdo de exercicios fisicos e exercicios de respiracao e
aplicacdo da ventilacdo mecéanica ndo invasiva (equipamento que envia ar aos
pulmdes). Durante a fisioterapia, serdo registradas variaveis cardiorrespiratorias e
subjetivas frente ao esforco realizado.

O plano de estudo, bem como os procedimentos a serem executados durante
a pesquisa, ndo evidenciam desconfortos ou prejuizos a vocé. Vocé serd submetido
a exercicios e estara sujeito a riscos ligados a sua execu¢do, como: tontura, visao
embaralhada, nauseas, dor, cansaco e respostas inadequadas de pressao arterial e
freqUuéncia cardiaca. Porém, estes riscos serdo minimizados, uma vez que, para
aumentar sua seguranca, serdo tomadas precaucbes para evitar complicacdes
cardiovasculares, assim como a presenca de sinais e sintomas. Vocé sera orientado
a comunicar aos avaliadores (fisioterapeutas) sobre os sintomas acima mencionados
gue venha a apresentar, para que providéncias adequadas sejam tomadas, bem
como a fisioterapia seja interrompida caso necessario. Na presenca de qualquer
intercorréncia, Vvocé serd encaminhado para acompanhamento médico
especializado. A sua frequéncia cardiaca e pressédo arterial serdo monitoradas
durante todo protocolo, e no caso dessas variaveis apresentarem respostas
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inadequadas, as atividades serdo imediatamente suspensas. Este projeto de
pesquisa sera desenvolvido durante sua internacdo hospitalar e vocé serd avaliado
diariamente pelo cardiologista responsavel da unidade coronariana e enfermaria da
cardiologia. Além disso, vocé sera submetidos a exames para acompanhamento de
sua evolucado clinica como: gasometria arterial, exames laboratoriais (hemograma,
bioquimica, eletrdlitos), raios-X de torax e eletrocardiograma. Vocé sera avaliado
também pela fisioterapia diariamente de modo a definir a sua progressdo ou nao no
programa. Todos estes fatores minimizam seus possiveis riscos durante a
participacdo no estudo. Em relacdo aos beneficios do referido projeto, vocé seré
submetido a reabilitacdo cardiorrespiratoria precoce para recuperacdo e melhora de
sua capacidade funcional, possibilitando melhores condi¢cbes para sua alta do
hospital.

O projeto de pesquisa acima mencionado sera realizado no Hospital pela
fisioterapeuta responséavel pela pesquisa.

Todos o0s esclarecimentos necessarios, antes e durante a execucao dos
procedimentos, sdo oferecidos e garantidos pela fisioterapeuta responsavel pela
pesquisa, independentemente do grupo de estudo em que vocé sera alocado. A
qualquer momento, vocé pode desistir de participar e retirar 0 seu consentimento.
Sua recusa nao trara nenhum prejuizo em sua relacdo com o pesquisador ou com a
instituicao.

As informac0fes obtidas nessa pesquisa serdo confidenciais e asseguramos 0
sigilo sobre sua participacdo. Os dados néo serédo divulgados de forma a possibilitar
sua identificacdo. Todas as informacdes obtidas durante as avaliacfes e execucao
do protocolo ndo poderdo ser consultadas por pessoas ndo envolvidas nesta
pesquisa sem sua expressa autorizacao por escrito, mas poderdo ser utilizadas para
fins estatisticos ou cientificos, sempre resguardando a sua privacidade.

Esta pesquisa ndo prevé nenhuma remuneragao ou ressarcimento de gastos
aos sujeitos da pesquisa.

Vocé recebera uma cépia deste termo onde consta o telefone e o endereco
do pesquisador principal, podendo tirar suas duvidas sobre o projeto ou sua
participacdo, agora ou a qualquer momento.

Camila Bianca Falasco Pantoni
End: Rodovia Washington Luis, Km 235, CEP: 13565-905

Telefone: (16) 3351-8705/ (16) 9261-6196

Declaro que entendi os objetivos, riscos e beneficios da minha participagao
na pesquisa e concordo em participar.
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O pesquisador me informou que o projeto foi aprovado pelo Comité de Etica
em Pesquisa em Seres Humanos da UFSCar que funciona na Pro-Reitoria de
Pesquisa da Universidade Federal de S&o Carlos, localizada na Rodovia
Washington Luiz, Km 235 — Caixa Postal 676 — CEP: 13565-905 — Sao Carlos —SP —
Brasil. Fone: (16) 3351-8110. Endereco eletrénico: cephumanos@power.ufscar.br

Araraquara, de 20

Assinatura do sujeito da pesquisa


mailto:cephumanos@power.ufscar.br
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ANEXO A

Carta de submisséo do estudo | ao periédico internacional

JCRP Submission Confirmation for Short-term exercise-based program promotes
better recovery of linear and non-linear analysis of heart rate after off-pump
coronary artery bypass surgery

1 mensagem

JCRP <jcrp@smithbucklin.com> 13 de janeiro de 2013 13:11
Para: Camila Bianca Falasco Pantoni <camilapantoni@gmail.com>
Jan 13, 2013
Dear Mrs. Pantoni,
Your submission entitled "Short-term exercise-based program promotes better recovery of linear and non-
linear analysis of heart rate after off-pump coronary artery bypass surgery" has been received by the
journal editorial office.

You will be able to check on the progress of your paper by logging on to Editorial Manager as an author.

http://jcrp.edmgr.com/

Your username is: camilapantoni
Your password is:

Your manuscript will be given a reference number once an Editor has been assigned.
Thank you for submitting your work to this journal.
Kind Regards,

Journal of Cardioplumonary Rehabilitation and Prevention


http://jcrp.edmgr.com/
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ANEXO B

Carta de submisséao do estudo Il ao periédico internacional
Clinical Rehabilitation - Manuscript ID CRE-2013-2848 successfully submitted

1 mensagem

derick.wade@ntlworld.com <derick.wade@ntlworld.com> 27 de fevereiro de 2013 21:26

Para: camilapantoni@gmail.com, lucianadt@gmail.com, mendesrg@hotmail.com, flarcaruso@gmail.com,
daniel.mezzalira@gmail.com, ctcv@uol.com.br, mcatai@ufscar.br, audrey@ufscar.br

27-Feb-2013

Dear Miss Pantoni,

Thank you for submitting your manuscript entitled "Impact of physical exercise associated to CPAP
application after coronary artery bypass grafting surgery". It has been successfully submitted online to
Clinical Rehabilitation. Your manuscript ID is CRE-2013-2848.

The next step is for the Editor to read the paper which is likely to be within the next 7 days, although it can
be longer. The attached document outlines the editorial process so that you know what to expect.

Please mention the above manuscript ID in all future correspondence or when calling the office for
questions. If there are any changes in your street address or e-mail address, please log in to Manuscript
Central at http://mc.manuscriptcentral.com/clinrehab and edit your user information as appropriate.

You can also view the status of your manuscript at any time by checking your Author Center after logging
in to http://mc.manuscriptcentral.com/clinrehab .

Thank you for submitting your manuscript to Clinical Rehabilitation. Feedback on how easy or difficult you
found submission, and suggestions for improvement would be most welcome.

Yours Sincerely,

Derick Wade, Editor Clinical Rehabilitation
Oxford Centre for Enablement,

Windmill Road,
Oxford OX3 7LD
UK

Tel: +44-(0)1865-737306
Fax: +44-(0)1865-737309
email: clinical.rehabilitation@sagepub.co.uk

* Editorial-processes-10-10-05.doc

4 53K


mailto:audrey@ufscar.br
http://mc.manuscriptcentral.com/clinrehab
http://mc.manuscriptcentral.com/clinrehab
tel:%2B44-%280%291865-737306
tel:%2B44-%280%291865-737309
mailto:clinical.rehabilitation@sagepub.co.uk
https://mail.google.com/mail/?ui=2&ik=059b16ae56&view=att&th=13d1e31a99473c39&attid=0.1&disp=attd&safe=1&zw
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ANEXO C

Parecer do Comité de Etica em Pesquisa Estudo |

; UNIVERSIDADE FEDERAL DE SAQ GARLOS
o PRO-REITORIA DE POS-GRADUAGAO E PESQUISA
- Via Washington Luis, km. 235 - Caixa Postal 676
s s o1 Fones: (016) 3351.8109/ 3351 8110
Faw (016) 3381.3178

CEP 13560-970 - S30 Carlos - SP - Brasil
propg@power ufscarbr - wiww, ufscar by

CAAE 0095.0.135.000-05

=

Reabiitacs ™
Classificacio: Grupo 11
Pesquisadores (as): Ausirev Borohl Silva

Parecer N° 197/2005

1. Normas a sereém seguidas .
= O sujeito da pesquisa tem a liberdade de recusar-se a participar au de retirar seu consentiments em
qualquer fase da pesquisa, sem penaiizaels sigums & sem prejulzo ao seu culdado {Res. CNS 19696 -
Item IV.1.f) & dave receber uma cdpia do Termo de Consentimento Livre ¢ Esclarecido, na integra, por
¢le assinado (Ttem Iv.2.d).

+ O pesquisador dave desenvelver a pesquisa conforme delineada ne protocols aprovado e descontinuar
© e5tuGo somente apos andlise das razdes da descontinuidada pelo CEP que o aprovou (Res, CNS [tem
HI.3.2), aguardands 284 parecer, exceto quando perceber risco ou dano nBo previsto ao sujelto
participante ou quando constatar a superigridads @2 regime oferecido & um dos grupos da pesquiza
(Ttem V.3) que requeiram acdo imediata.

= Q CEF deve serinformada de todos o ofaitos advareas & fakss rélevantes

que altzrem o curso normal do estudo (Res. CHS ftemn V.4). £ papel do pesquisador assegurar medidas
imediates adequadas frente @ evento adverso grave oeorrida (mesmo que tenha sido em outro centro) e
enviar notificaglo ao CEP e & Agéncia Nacional de Vigildncia Sanitdria = ANVISA - junts ¢om seu
pesicionamenta, .

+ Eventusic modificagbas ou emendas 38 protocolo devern ser apresentadas ao CEP de forma clara e
sucinta, identificando @ parte do protocolo a ser modificada e suas Justificativas. Em ¢aso de projetos do
Grupo I qu II apresentados anteriormente & ANVISA, o pesquisador ou patrocinador deve envii-lag
também 3 mesma, junte com o parecer aprovatorio do CEP, para ceram juntadas 85 protocolo infdal
(Res. 251/97, item II1.2.a).

* Relatdrigs parciais & final devem ser apresentados 2o CEP, inigiaimente em ___/ / e 20
término do estudo.

2, Avaliagio do projets

O Comit€ de Elica em Pesquiss em Seres Humanos da Universidade Federal de
$8o Carlos (CEP/UFSCar) analisou o projeto de pesquisa acima identificado e considerando os parecerss
do relator e do revisor DELIBERQU: A pesauisa serd realizada na UCO @ enfermaris els Sants Cass de
Misericérdia de Araraquara. Termo de Consentiments & adequsds & ResolucSo 196/96.

3. Conclusio:

$ac Carlos, 9 de novembro de 2005.

{ h f (! “J
Profa. Dr3, Marcia Niitu

Coordenadora do- CEP/U
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ANEXO D

Parecer do Comité de Etica em Pesquisa Estudo ||



J UNIVERSIDADE FEDERAL DE SAO CARLOS
- & PRO-REITORIA DE PESQUISA
‘.3" Comité de Etica em Pesquisa em Seres Humanos
qu'I."* Via Washington Luis, km. 235 - Caixa Postal 676
' Fones: (016) 3351.8109/ 3351.8110
o Fax: (016) 3361.3176
CEP 13560-970 - Sao Carlos - SP - Brasil
ro wer.ufscar.or - http://www.propg.ufscar.br/
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CAAE 0191.0.135.000-09

Titulo do Projeto: IMPACTO DO _EXERCICIO FiSICO ASSQOCIADO A APLICACAOQ DE CPAP NO POS-
OPERATORIO DE CIRURGIA DE REVASCULARIZACAQ DO MIOCARDI

Classificacao: Grupo III

Procedéncia: Departamento de Fisioterapia

Pesquisadores (as): Camila Bianca Falasco Pantoni, Audrey Borahi e Silva (orientadora)

Processo n®.: 23112.005090/2009-01

Parecer N°. 109/2010

1. Normas a serem seguidas
* O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu consentimento em
qualquer fase da pesquisa, sem penaliza¢do alguma e sem prejuizo ac seu cuidado (Res. CNS 196/96 —
Item IV.1.f) e deve receber uma copia do Termo de Consentimento Livre e Esclarecido, na integra, por
ele assinado (Item IV.2.d).
» O pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e descontinuar
o estudo somente apés analise das razdes da descontinuidade pelo CEP que o aprovou (Res. CNS Item
[11.3.z), aguardando seu parecer, exceto quando perceber risco ou dano ndo previsto ao sujeito
participante ou quando constatar a superioridade de regime oferecide a um dos grupos da pesquisa
(Item V.3) que requeiram agdo imediata.
» O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o curso normal
do estudo (Res. CNS Item V.4). E papel do pesquisador assegurar medidas imediatas adequadas frente
a evento adverso grave ocorrido (mesmo que tenha sido em outro centro) e enviar notificacdo ao CEP e
a Agéncia Nacional de Vigilancia Sanitdria — ANVISA - junto com seu posicionamento.
* Eventuais modificagbes ou emendas ao protocolo devem ser apresentadas ao CEP de forma clara e
sucinta, identificando a parte do protocolo a ser modificada e suas justificativas. Em caso de projetos do
Grupo I ou II apresentados anteriormente a ANVISA, o pesquisador ou patrocinador deve envia-las
também a mesma, junto com o parecer aprobatério do CEP, para serem juntadas ao protocolo inicial
(Res. 251/97, item I11.2.e).
« Relatorios parciais e final devem ser apresentados ao CEP, inicialmente em ___/ / e ao
término do estudo.

2. Avaliagao do projeto

O Comité de Etica em Pesquisa em Seres Humanos da Universidade Federal de
Sdo Carlos (CEP/UFSCar) analisou o projeto de pesquisa acima identificado e considerando os pareceres
do relator e do revisor DELIBEROU:

A proposta de estudo apresentada atende as exigéncias éticas e cientificas
fundamentais previstas na Resolucdo 196/96, do Conselho Nacional de Sadde.

3. Conclusédo:
Projeto aprovado

Sdo Carlos, 15 de abril de 2010.

Wi
e
Profa. Dra. Eristind Paiva de Sousa

Coordenadora do CEP/UFSCar

Impresso em 15/4/2010 | 1:.42:49 Parccer 10972010 - Pagina 1 de |
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ANEXO E

Artigos reabilitacdo hospitalar publicados no doutorado
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Effects of different levels of positive airway
pressure on breathing pattern and heart rate
variability after coronary artery bypass
grafting surgery

C.B.F. Pantoni?, L. Di Thommazo!, R.G. Mendes', A.M. Catai’, S. Luzzi?,
O. Amaral Neto? and A. Borghi-Silva'

ILaboratério de Fisioterapia Cardiopulmonar e Nucleo de Pesquisa em Exercicio Fisico,
Departamento de Fisioterapia, Universidade Federal de Séao Carlos, Sdo Carlos, SP, Brasil
2|rmandade da Santa Casa de Misericérdia de Araraquara, Araraquara, SP, Brasil

Abstract

The application of continuous positive airway pressure (CPAP) produces important hemodynamic alterations, which can influ-
ence breathing pattern (BP) and heart rate variability (HRV). The aim of this study was to evaluate the effects of different levels
of CPAP on postoperative BP and HRV after coronary artery bypass grafting (CABG) surgery and the impact of CABG surgery
on these variables. Eighteen patients undergoing CABG were evaluated postoperatively during spontaneous breathing (SB)
and application of four levels of CPAP applied in random order: sham (3 cmH20), 5 cmH>0, 8 cmH20, and 12 cmH>0. HRV
was analyzed in time and frequency domains and by nonlinear methods and BP was analyzed in different variables (breathing
frequency, inspiratory tidal volume, inspiratory and expiratory time, total breath time, fractional inspiratory time, percent rib cage
inspiratory contribution to tidal volume, phase relation during inspiration, phase relation during expiration). There was significant
postoperative impairment in HRV and BP after CABG surgery compared to the preoperative period and improvement of DFAa1,
DFAa2 and SD2 indexes, and ventilatory variables during postoperative CPAP application, with a greater effect when 8 and
12 cmH>0 were applied. A positive correlation (P < 0.05 and r = 0.64; Spearman) was found between DFAa1 and inspiratory
time to the delta of 12 cmH20 and SB of HRV and respiratory values. Acute application of CPAP was able to alter cardiac
autonomic nervous system control and BP of patients undergoing CABG surgery and 8 and 12 cmH»O of CPAP provided the
best performance of pulmonary and cardiac autonomic functions.

Key words: Continuous positive airway pressure; Cardiovascular system; Autonomic nervous system; Ventilation;
Coronary artery bypass

Introduction

Coronary artery bypass grafting (CABG) surgery is a  to these patients in order to minimize the alterations of

well established and an effective treatment to reduce the
symptoms and mortality of patients with coronary artery
disease. The surgical procedure and the risk factors in-
volved, such as the median sternotomy, cardiopulmonary
bypass (CPB) and thoracic manipulation, are believed to be
responsible for several changes in cardiorespiratory function
after CABG surgery (1) with damage to cardiac autonomic
function indicated by heart rate variability (HRV) (2,3) and
changes in pulmonary function (4,5).

Several rehabilitation strategies have been applied

respiratory function (4,6). Although there is no consensus
in the literature about the best physiotherapy respiratory
intervention in patients undergoing CABG surgery (7), it
seems that the application of noninvasive positive pressure
ventilation improves lung function compared to conventional
respiratory therapy (4,8).

Noninvasive positive pressure has been demonstrated
to be animportant adjunct toimprove gas exchanges (8), re-
duce breathing work, the need of intubation (9), hospital stay
(7), and mortality in several clinical conditions. Loeckinger

Correspondence: A. Borghi-Silva, Laboratério de Fisioterapia Cardiopulmonar, Nucleo de Pesquisas em Exercicio Fisico, UFSCar,
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CPAP after coronary artery bypass grafting surgery

et al. (10) observed an improvement of gas exchanges in
patients who received continuous positive airway pressure
(CPAP) application after cardiac surgery.

However, the application of positive airway pressure
produces mechanical effects on the cardiovascular system
with changes in hemodynamics and in the cardiac autonomic
nervous system (11). We have not identified studies about the
influence of short-term application of CPAP on the breathing pat-
tern (BP) and HRV of patients undergoing CABG surgery.

Therefore, the aim of this study was to evaluate the
effects of different levels of CPAP application on BP and
HRYV during the postoperative (PO) period of CABG surgery,
as well as the impact of CABG surgery on these variables.
We tested the hypothesis that higher levels of CPAP may
positively influence BP and HRV.

Material and Methods

Design and study population

The study was a prospective, randomized, controlled, and
double-blind trial. A total of 66 patients were screened, and 18
patients of both genders, with a clinical diagnosis of coronary
artery disease who underwent elective CABG with CPB, me-
dian sternotomy incision and interposition of a saphenous vein,
internal mammary artery or radial artery grafts were included
in the study. Patients undergoing urgency surgery or CABG
concomitant with valve or other cardiac surgery and using
intra-aortic balloon and invasive ventilation for more than 24
h, with pacemakers or presenting previous cardiac surgery,
recent acute myocardial infarction (less than 6 months), un-
stable angina, chronic heart rhythm disturbances, significant
arrhythmia, valvular heart disease, chronic obstructive pulmo-
nary disease, diabetic neuropathy, poor cognition, and other
severe non-cardiac diseases were excluded from the study.
The study protocol was approved by the Federal University of
S&o Carlos Ethics Committee (200/2007) and written informed
consent was obtained from all patients.

Experimental procedures

During the preoperative period, patients underwent clini-
cal cardiac assessment before their inclusion in the study.
The physiotherapist’s evaluation consisted of anamnesis
and physical examination, including data about previous
diseases and the present illness, lifestyle and eating hab-
its. In addition, patients were instructed about the surgical
procedures, tracheal intubation and the importance of
physiotherapy for their postoperative recovery.

After the initial evaluation, all patients that fulfilled the inclu-
sion criteria underwent the interventions and measurements
of the study, on the day before the surgery and on the second
PO day, after the mediastinum tube had been removed and
the patient had been in spontaneous breathing (SB). The
protocol was carried out only during the afternoon to exclude
the influence of circadian rhythm alterations on HRV. CPAP
application during the preoperative period aimed to familiarize
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the patients for the PO intervention. Spirometric tests were
performed during the preoperative period in order to exclude
patients with chronic obstructive pulmonary disease. Surgical
and hospital data were recorded postoperatively.

Study protocol and measurements

Data were collected with the patient in the seated posi-
tion during SB and with ventilatory assistance using CPAP
ventilation (Breas PV100, Sweden) without supplemental
oxygen, with a 21% oxygen fraction (environmental air),
according to the following conditions: a) SB, b) 3 cmH20
(sham) (12), c) CPAP = 5 cmH,0, d) CPAP = 8 cmH20,
and e) CPAP = 12 cmH>0.

Data were first collected during the SB condition. Next,
the patient was submitted to the four different levels of
CPAP applied in a random order, each for approximately
20 min, after a sufficient time to adapt the patient to each
selected level. Arestinterval of 30 min was allowed between
applications. The experiment was performed by two inves-
tigators. One of them was aware of the CPAP intervention,
while the other, responsible for data analysis, just collected
the physiological data and did not know about the levels
applied. Patients were unaware of the pressure levels to
which they were submitted.

HRV and BP were recorded during each condition. The
heart rate (HR) and R-R intervals (R-Ri) were recorded
continuously using a Polar S810i telemetry system (Polar®,
Finland). BP was assessed by respiratory inductive plethys-
mography (LifeShirt System, Vivometrics Inc., USA) and
was monitored using the thoracic and abdominal inductance
plethysmography bands integrated in the LifeShirt garment
located at the levels of the nipples and umbilicus, respec-
tively. Data were recorded with a portable device, stored on
a flash memory card inserted in the LifeShirt recorder and
then downloaded to a computer into the VivoLogic analysis
software (Vivometrics) accompanying the LifeShirt in order
to analyze the respiratory data. An 800-mL specific bag was
used for the volumetric adjustment procedure (13).

Atthe end of each CPAP application, a modified Borg scale
(0-10) was applied in order to monitor subjective responses
regarding dyspnea and pain, and systolic and diastolic blood
pressures were registered indirectly with a manual aneroid
sphygmomanometer (Becton Dickinson, Brazil) and a stetho-
scope (3M Litmann, USA) for patient monitoring.

Analysis of breathing pattern and heart rate
variability

All artifacts were reviewed by visual inspection on a
computer monitor. Only segments with more than 90% pure
signal beats were included in the final analysis. The most
stable sections containing at least 256 points of sample
frequency were chosen for HRV analysis, as recommended
(14). The data were entered into the Kubios HRV Analysis
software (MATLAB, version 2 beta, Kuopio, Finland).

HRV was analyzed by mathematical and linear sta-
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tistical models in the time and frequency domains, and
by nonlinear models. In the time domain, the mean R-R,
standard deviation of all R-Ri (SDNN) in ms, which reflects
all the cyclic components responsible for variability during
the recording period and is an estimate of overall HRV,
and root mean square of the squares of the differences
between successive R-Ri (rMSSD), in ms, representative
of parasympathetic activity (14) were analyzed.

In the frequency domain analysis, the components of
the power spectrum were analyzed using the Fast Fourier
Transform in the following components: low frequency (LF;
0.04-0.15 Hz), representative of sympathetic activity; high
frequency (HF; 0.15-0.4 Hz), representative of parasym-
pathetic activity; both in normalized units, and LF/HF ratio,
representative of sympathoadrenal vagal balance (14,15).

In nonlinear analysis, we used Poincaré plot measure
indexes SD1 and SD2 (the standard deviation of the Poin-
caré plot perpendicular and along the line of identity, respec-
tively), representative of parasympathetic autonomic activity
and total HRV (16), respectively. Detrended fluctuations
analysis (DFA) was also carried out using DFAa1 (short-
term correlation properties of R-Ri) and DFAa2 (long-term
correlation properties of R-Ri) indexes. This technique of
analysis, previously developed and described by Peng et
al. (17), quantifies the presence or absence of fractal-like
correlation properties in biological time series and has been
used to evaluate the risk of mortality in various groups, be-
ing a good predictor of benign and malignant arrhythmias,
sudden cardiac death and total mortality in patients with
reduced left ventricle ejection fraction, with acute myocardial
infarction and with other cardiovascular diseases (18-21).

For BP analysis, we used the following variables: breath-
ing frequency (BF), inspiratory tidal volume (ViVol), inspira-
tory time (Ti), expiratory time (Te), total breath time (Tt),
fractional inspiratory time (Ti/Tt), percentrib cage inspiratory
contribution to tidal volume (%RCi), phase relation during
inspiration (PhRIB) and expiration (PhREB). The PhRIB and
PhREB indexes determine the degree of thoracoabdominal
synchrony and refer to the phase relation during inspiration
and expiration, respectively. These indexes represent the
percentage of time during a respiratory cycle in which the
movements of the rib cage and abdomen are in opposite
directions, indicating the delay of the movement of the rib
cage over the abdomen at the beginning of inspiration
(PhRIB) and expiration (PhREB) (22). To obtain the respi-
ratory inductive plethysmographic sum signal for absolute
volume in mL, a quantitative calibration was carried out (fixed
volume least squares calibration) before the analysis of the
respiratory variables, which provided a breath-by-breath
calculation of the breathing pattern variables. A total of 30
points of this breath-by-breath calculation for each patient
were chosen for analysis.

Statistical analysis
Statistical analysis was performed using the GraphPad
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InStat for Windows software, Version 3.0. Normal distribu-
tion of the data was evaluated using the Shapiro-Wilk test
and, according to the characteristics and normality of the
values, parametric or non-parametric tests were applied.
Repeated measures ANOVAwith the Tukey post hoc test or
the Friedman test with the Dunn post hoc test were used for
analysis of all conditions studied (PO). Spearman correlation
was used to evaluate the relationship between delta of 12
cmH>0 and SB of HRV indexes and respiratory variables
in the 2nd PO period. The paired t-test or Wilcoxon test
was used for the comparison between preoperative and
2nd PO (spontaneous breathing). The level of significance
was set at P < 0.05 in all analyses.

Results

Population characteristics

Of all patients with CABG surgery prescription, only 18
were included in the final sample (2nd PO day). Table 1 shows
baseline characteristics and surgical and hospital data.

Table 1. Baseline, surgical and hospital data of the 18 patients
studied.

Age (years) 58.6 £ 8.9
Male gender (%) 13 (72.2)
Weight (kg) 69.5+10.7
Height (m) 1.61+0.1
BMI (kg/m2) 26.7+3.8
Medical history (%)
Smoking 14 (77.8)
Arterial hypertension (medicated) 14 (77.8)
Diabetes mellitus 11 (61.1)
Dyslipidemia 13(72.2)
Pharmacological treatment (preoperative, %)
Beta-blockers 15 (83.3)
ACE inhibitor 4(22.2)
Diuretics 7 (38.9)
Peri- and postoperative data
CPBT (min) 81.8+25.6
ACCT (min) 452 +13.5
Duration of surgery (min) 181.1£66.2
Mechanical ventilation (h) 9.5+6.8
Coronary artery grafts (number) 24+1.0
LIMA/SV/RA grafts (number) 16/13/1
ICU stay (days) 24+11
Total hospital stay (days) 11.5+4.6
Hospital stay before surgery (days) 6.4+43

Data are reported as means + SD, absolute values and percent-
age. BMI = body mass index; ACE = angiotensin-converting
enzyme; CPBT = cardiopulmonary bypass time; ACCT = aortic
cross-clamping time; LIMA = left internal mammary artery; SV =
saphenous vein; RA = radial artery; ICU = intensive care unit.
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Heart rate variability and breathing pattern
responses after CABG surgery
Table 2 shows the HRV of patients before and after

Table 2. Heart rate variability variables in the preoperative and
postoperative periods during spontaneous breathing.

Preoperative  Postoperative
(N=17) (N=17)
R-Ri mean (ms) 900.8 £ 163.4 658.3 £ 120.2*
SDNN (ms) 18+5.8 9.6 £5.2*
HR mean (bpm) 69 + 14.2 93.9 + 16*
rMSSD (ms) 19.5+5.9 7.1+26*
LF (nu) 49.6 £22.2 37.8+27.7
HF (nu) 50.3+22.3 62.1+27.6
LF/HF 1.1+0.6 0.8+0.7
SD1 (ms) 13.9+43 54 +1.7¢
SD2 (ms) 34.7+84 15+ 6.9*
DFAa1 1.1+£0.3 0.8 £0.4*
DFAa2 0.9+0.1 1+0.2

Data are reported as means + SD. R-Ri = R-R intervals; SDNN
= standard deviation of all R-Ri; HR = heart rate; rMSSD = root
mean square of the squares of the differences between succes-
sive R-Ri; LF = low frequency, in normalized units (nu); HF = high
frequency; LF/HF = low/high frequency ratio; SD1 = the standard
deviation of the Poincaré plot perpendicular to the line of iden-
tity; SD2 = the standard deviation of the Poincaré plot along the
line of identity; DFAa1= short-term correlation properties of R-Ri;
DFAa2 = long-term correlation properties of R-Ri. *P < 0.05 com-
pared to preoperative group (Student paired t-test).

Table 3. Respiratory inductive plethysmographic variables in
the preoperative and postoperative periods during spontaneous
breathing.

Preoperative Postoperative
(N=17) (N=17)

BF (breaths/min) 18.8 (15-22) 24.2 (19-30)*
ViVol (mL) 500 (350-900) 620 (500-800)
Ti (s) 1.2 (1.0-1.4) 0.9 (0.7-1.1)
Te (s) 1.9 (1.6-2.6) 1.4 (1.2-1.9)
Tt (s) 3.2(2.7-4.0) 2.4 (2.0-3.0)
Ti/Tt 0.4 (0.34-0.44) 0.4 (0.34-0.41)
%RCi 82 (72.3-89.9) 87.3(69.7-97.0)
PhRIB (%) 5.0 (1.6-10.5)  11.1(2.7-20.9)
PhREB (%) 26(0.9-9.5) 10.7 (2.7-28.2)

Data are reported as median (first quartile-third quartile). BF =
breathing frequency; ViVol = inspiratory tidal volume; Ti = in-
spiratory time; Te = expiratory time; Tt = total breath time; Ti/
Tt = fractional inspiratory time; %RCi = percent rib cage inspira-
tory contribution to tidal volume; PhRIB = phase relation during
inspiration; PhREB = phase relation during expiration. *P < 0.05
compared to preoperative group (Wilcoxon test).
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CABG surgery. There was a reduction of mean R-Ri and
SDNN, rMSSD, SD1, SD2, and DFAa1 indexes, with an
increase of mean HR in CABG PO compared to the preop-
erative period. Table 3 presents the patients’ BP responses
before and after CABG surgery. There was an increase of
BF and PhRIB, PhREB indexes, as well as a reduction of
Ti, Te and Tt in CABG PO, compared to the preoperative
period. These analyses were carried out with 17 patients
in the final sample for data pairing since one patient’s data
during SB in the preoperative period presented poor quality
of the stretch signal, being unsuitable for processing and
analysis.

Heart rate variability responses during CPAP
application

CPAP application on the 2nd PO day provoked sig-
nificant alterations of DFAa1, DFAa2 and SD2 (Figure 1).
There was an increase of DFAa1 during application of 12
cmH>0O compared to 5 cmH20 and an increase of DFAa2
index during 12 cmH»O compared to the sham condition
and 5 cmH»0. Regarding the SD2 index, we observed an
increase when the higher CPAP levels were applied (12
and 8 cmH»0), compared to SB and the lower CPAP level
(5 cmH20). There was a decrease of SD2 during 5 cmH20
compared to the sham condition.

Breathing pattern responses during CPAP
application

Table 4 presents the ventilatory variables during SB
and different levels of positive airway pressure applica-
tion. There was BF reduction and an increase of Ti, Te
and Tt during the sham condition and at all levels applied
compared to SB. ViVol values were increased during 5,
8, and 12 cmH2O compared to sham ventilation and SB.
There was a decrease of %RCi during all levels of CPAP
application and during the sham condition compared to SB,
and a decrease of its values during 8 cmH>0 compared
to the sham condition. However, 12 cmH>0 provoked an
increase of %RCi compared to 8 cmH,0. The PhRIB index
was increased during 12 cmH»O compared to SB and 8
cmH50. Peripheral oxygen saturation presented higher val-
ues during all levels applied (5, 8 and 12 cmH>0) compared
to the SB condition. Figure 2 shows correlations between
ventilatory variables and HRV values of delta between 12
cmH»0O and SB condition. There was a positive correlation
between DFAa1 index and Ti.

Discussion

The main finding of our study was that patients under-
going CABG surgery presented important damage in HRV
and BP. To our knowledge, this is the first study to compare
the effects of different levels of CPAP on respiratory pattern
(evaluated by respiratory inductive plethysmography) and
autonomic nervous control of heart rate in patients submitted
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Figure 1. Postoperative heart rate variability responses
after coronary artery bypass grafting surgery during
positive airway pressure application. SB = spontaneous
breathing; Sham = application of 3 cmH20; 5 = appli-
cation of 5 cmH»0; 8 = application of 8 cmH,0; 12 =
application of 12 cmH20O; DFAa1 = detrended fluctua-
tions analysis index (short-term correlation properties
of R-R intervals (R-Ri)); DFAa2 = long-term correlation
properties of R-Ri; SD2 = the standard deviation of the
Poincaré plot along the line of identity. Data for groups
containing 18 patients each were compared by repeated
measures ANOVA with the Tukey post hoc test.
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Table 4. Respiratory inductive plethysmographic variables during the postoperative period.

SB

Sham

5 cmH,0

8 cmH,O

12 cmH,O

BF (breaths/min)
ViVol (mL)

Ti (s)

Te (s)

Tt (s)

Ti/Tt

%RCi

PhRIB (%)
PhREB (%)
SpO2 (%)

24.3 (19-24)
518.5 (435-641)
0.94 (0.76-1.12)
1.4 (1.2-1.8)
2.4 (2-3)

0.38 (0.34-0.41)
91.5 (70-96)
10.3 (2-19)

9.8 (3-27)

88 (85-93)

22.9 (19-26)*
558 (470-659)
1.00 (0.86-1.22)*
1.5 (1.2-1.9)*
2.6 (2-3)*

0.39 (0.35-0.43)
89.8 (68-95)*
12.1 (3-23)

11.8 (2-22)

88 (87-94)

22.9 (20-25)**
569.5 (489-668)**
1.00 (0.88-1.16)**
1.5 (1.3-1.8)™*

2.6 (2-3)™*

0.39 (0.35-0.43)
89.6 (68-96)**
13.9 (3-22)

11.4 (4-23)

90 (85-93)**

22.9 (19-27)*
573 (516-658)*€
0.98 (0.86-1.19)*
1.5 (1.3-1.8)*
2.5 (2-3)*

0.39 (0.35-0.42)
87.6 (69-96)*€
11.6 (2-21)

10.5 (3-19)

89 (83-94)*

23.4 (19-26)**
592 (529-680)**€
1.00 (0.84-1.18)**
1.5 (1.3-1.8)**
2.5 (2-3)**

0.39 (0.34-0.42)
88.2 (63-96)*+>
12.5 (2-27)**
11.2 (3-26)

90 (86-93)**

Data are reported as median (first quartile-third quartile) for 18 patients. All patients were submitted to SB, sham and 5, 8 and 12 cm-
H>0 CPAP. SB = spontaneous breathing; sham = 3 cmH2O; BF = breathing frequency; ViVol = inspiratory tidal volume; Ti = inspiratory
time; Te = expiratory time; Tt = total breath time; Ti/Tt = fractional inspiratory time; %RCi = percent rib cage inspiratory contribution to
tidal volume; PhRIB = phase relation during inspiration; PhAREB = phase relation during expiration; SpO, = peripheral oxygen satura-
tion. P < 0.05: *sham vs SB; **5 cmH»0 vs SB; *8 cmH»0 vs SB; **12 cmH50 vs SB; ¥5 cmH»0 vs sham; €8 cmH20 vs sham; £12
cmH>0 vs sham; 12 cmH»0 vs 8 cmH»0 (Friedman test with Dunn post hoc test).
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Figure 2. Correlation between detrended fluctuations analysis
(DFAa1) index (short-term correlation properties of R-R inter-
vals (R-Ri)) and Ti (inspiratory time). Delta between 12 cmH20
and spontaneous breathing (SB) of the ventilatory variables and
heart rate variability values. Spearman correlation.

to bypass grafting surgery. These results are important since
short-term interventions are commonly used in respiratory
therapy in these patients during hospitalization. We found
that higher levels of positive pressure (8 and 12 cmH>0)
applied by CPAP were able to positively modify the cardiac
autonomic function and BP of these patients.

Important deleterious alterations of pulmonary function
have been described after CABG (4). In agreement with
our study, Kristjansdoéttir et al. (23) observed that CABG
resulted in rib cage movements and BP worsening, as pre-
viously observed with an instrument measuring respiratory
movements. Atelectasis has been reported to occur after
the onset of general anesthesia and the cardiopulmonary
bypass may markedly contribute to an inflammatory reac-
tion in the lungs and postoperative atelectasis (24-27).
This atelectasis, if persistent, may lead to postoperative
pulmonary complications, including hypoxemia, increased
shunt fraction and work of breathing (28).

In this context, CPAP is important by producing airway
dilation, improving arterial oxygenation, gas exchanges
and indirectly the BP with a reduction of respiratory rate
and an increase in tidal volume (8-10,29) in the first days
after cardiac surgery. In the present study, we observed
that CPAP decreased respiratory breathing and increased
expiratory, inspiratory and total times, as well as peripheral
oxygen saturation. Importantly as a novel result, our study
showed that CPAP was able to reduce %RCi during all
levels of positive pressure applied, contributing to a better
respiratory synchronism, especially at the higher levels ap-
plied. Celebi et al. (30) observed a lower atelectasis score
in recruitment maneuvers with application of high levels of
CPAP (40 cmH>0) and positive end-expiratory pressure
(PEEP) (20 cmH20) during a short period of time with
subsequent decremental levels, when compared to those
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achieved in patients receiving about 5 cmH>0 PEEP. This
could be explained, according to the authors, by the levels
applied since a PEEP level of 5 cmH20 is unable to open
the lung after surgery.

Regarding cardiac autonomic activity, it has been re-
ported that CABG surgery produces significant alterations in
cardiac autonomic function with reduction of HRV (31). Itis
known that the aging process is related to HRV (32) reduc-
tion, and altered autonomic regulation after cardiac surgery
can precipitate the appearance of cardiac arrhythmias and
increase the risk of sudden death. Some investigators have
observed HRV reduction after myocardial revascularization
surgery, which can return to preoperative values within 2
months (3,33).

In our study, we also observed deleterious changes in
HRV after CABG with a decrease of linear (in the time do-
main) and nonlinear indexes, Poincaré plot, and DFA. These
modifications after CABG can be related to the acute effects
of surgery, with injuries to the autonomic nerve fibers or to
the sinus node, and to the effects of anesthesia, surgical
stress, pain, myocardial ischemia, and medications, as well
as the effects of extracorporeal circulation, which is not a
benign intervention and is associated with large numbers
of adverse consequences (1,34).

Despite the important changes provoked by surgery, we
observed that CPAP was able to positively modify HRV at
the higher levels studied (8 and 12 cmH20), as observed
by nonlinear indexes that may directly characterize the
complexity, irregularity and predictability of the properties of
biological systems and complement conventional measures
of variability (35).

The effects of different levels of CPAP on the activity
of the autonomic cardiovascular system have been poorly
explored in the literature; nevertheless, it is known that
higher levels can produce acute deleterious effects on
hemodynamic properties (36). Important hemodynamic
alterations have been reported to occur when high levels
of CPAP (>15 cmH>0) are applied to healthy subjects (12).
In contrast, we used lower values when compared to the
cited studies.

We observed in our study that moderate values of CPAP
(8 and 12 cmH20) acutely increased HRV, as evaluated by
nonlinear indexes in patients during the 2nd PO of CABG.
Anincrease in SD2 index suggests a total HRV improvement
(16). The decrease of DFA indexes may be associated with
greater likelihood of cardiac events and mortality. Ksela et
al. (37) observed a greater decline of nonlinear indexes
(DFA) in patients who developed cardiac arrhythmias in the
postoperative period compared with those who maintained
stable sinus rhythm.

Our study focused on the acute effects of CPAP and pos-
sibly there was only an acute cardiovascular stress, which
could have decreased HRV due to a sympathetic response
to a reduction of cardiac output. However, our results may
be due to the levels of positive airway pressure applied
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since it has been shown that moderate CPAP levels (10
cmH20) inhibit cardiac sympathetic nervous activity in heart
failure patients (38). Moreover, it has been demonstrated
that immediately after cardiac surgery patients present an
imbalance of vagal and sympathetic regulation, with vagal
activity suppression (3,31). In this condition, CPAP applica-
tion may have improved the activity of the parasympathetic
nervous system, reflecting an increase of HRV.

Regarding the correlations between the delta of the
ventilatory variables and HRV, we observed that the greater
variation in inspiratory time, the greater the influence on
cardiac autonomic control, suggesting that BP can positively
modulate HRV with higher levels of CPAP application.

In this way, although it is impossible for us to extend
the present results to long-term CPAP application and
to speculate about the effects on cardiac events, we did
observe a real acute improvement of HRV and a reduc-
tion of indexes associated with cardiac events in patients
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Abstract

Objective. Coronary artery bypass grafting (CABG) is accompanied by severe impairment of cardiac autonomous regulation
(CAR). This study aimed to determine whether a short-term physiotherapy exercise protocol post-CABG, during inpatient
cardiac rehabilitation (CR), might improve CAR.

Design.  Seventy-four patients eligible for CABG were recruited and randomised into physiotherapy exercise group (EG) or
physiotherapy usual care group (UCG). EG patients underwent a short-term supervised inpatient physiotherapy exercise
protocol consisting of an early mobilisation with progressive exercises plus usual care (respiratory exercises). UCG only
received respiratory exercises. Forty-seven patients (24 EG and 23 UGC) completed the study. Outcome measures of CAR
included linear and non-linear measures of heart rate variability (HRV) assessed before discharge.

Results. By hospital discharge, EG presented significantly higher parasympathetic HRV values [rMSSD, high frequency
(HF), SD1)], global power (STD RR, SD2), non-linear HRV indexes [detrended fluctuation analysis (DFA)o1, DFAx2,
approximate entropy (ApEn)] and mean RR compared to UCG (p < 0.05). Conversely, higher values of mean HR, low
frequency (LF) (sympathetic activity) and the LF/HF (global sympatho-vagal balance) were found in the UCG.
Conclusions. A short-term supervised physiotherapy exercise protocol during inpatient CR improves CAR at the time of
discharge. Thus, exercise-based inpatient CR might be an effective non-pharmacological tool to improve autonomic cardiac
tone in patient’s post-CABG.

Keywords: Coronary care, cardiac surgery, physiotherapy, exercise

Introduction

Coronary artery bypass grafting (CABG) is an
effective and established treatment for reducing the
symptoms and mortality associated with coronary
artery disease (CAD) [1]. The procedures involved in
CABG, such as cardiopulmonary bypass, manipula-
tion of the thoracic contents [2] and post-procedure
bed-rest [3] are believed to be contributors to
deleterious alterations in cardiac autonomic function.

Severe impairment of cardiac autonomous regula-
tion (CAR) assessed by heart rate variability (HRV)
has been observed post-CABG [3-6]. Lower HRV
reflects an intrinsic impairment in the regulation
of the heart’s sinoatrial node rhythm, leading the
subject to be less able to tolerate a perturbation in
physiologic homeostasis, such as an ischaemic event
or more routine disturbances in cardiac electrophy-
siology [7]. Previous research has demonstrated the
imbalance in HRV has been shown to increase the
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propensity for haemodynamic instability, arrhyth-
mias and sudden death [8].

Preliminary evidence suggests that HRV indexes
may remain reduced for several months or years
after CABG before returning to pre-operative levels
[3,9,10]. Accordingly, strategies resulting in favour-
able modulation of cardiac autonomic tone as soon as
possible after surgery could be clinically important in
these patients. In this context, cardiac rehabilitation
(CR) involves multifaceted interventions designed to
optimise the cardiac patient’s treatment [11].

Cardiopulmonary physiotherapy during Phase 1 or
inpatient CR in the post-CABG traditionally em-
phasises usual care focusing in a variety of respiratory
interventions [12] and early mobilisation [13] to
minimise the incidence of post-operative pulmonary
complications, reduce the length of hospital stay
[13], facilitate the restoration of functional capacity
and to prepare the patients for the transition to
outpatient CR [14]. However, we failed to find any
studies investigating effects of inpatient CR on
cardiac autonomic function after CABG.

Some studies have shown that long-term out-
patient exercise-based CR positively affects cardiac
autonomic parameters [15-18] decreasing the in-
cidence of cardiac events or sudden death [19]. In
contrast, it is uncertain whether short-term phy-
siotherapy exercise protocol applied post-CABG, on
inpatient CR, has a substantial beneficial impact on
cardiac autonomic function. Consequently, we for-
mulated the hypothesis that a short-term inpatient
exercise-based protocol is beneficial in improving
cardiac autonomic function in patients undergoing
CABG.

Patients and methods

The study design was approved by the local Ethics
Committee (197/2005) and written informed con-
sent was obtained from each patient before parti-
cipation. In our institution, while usual care with
respiratory exercises was routinely prescribed
after CABG, no exercise protocol was systematically
applied to these patients. We therefore had the
opportunity to conduct a randomised trial to evalu-
ate inpatient outcomes of a physiotherapy exercise
protocol in patients after CABG.

Patients and study design

Forty-seven patients undergoing elective CABG
surgery with cardiopulmonary bypass were analysed
in this study. The anaesthesia and surgical manage-
ment were standardised for all patients. The inclu-
sion criteria were diagnosed CAD and clinical
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indication for CABG. Exclusion criteria were emer-
gent or concomitant surgery, previous cardiac
surgery, recent myocardial infarction (6 months),
implanted pacemaker, unstable angina, chronic
disturbances in heart rhythm, significant acute
arrhythmias (atrial flutter, atrial fibrillation, multiple
ventricular or atrial ectopy, second- or third- degree
atrioventricular block), valvular heart disease,
chronic obstructive pulmonary disease, diabetic
neuropathy, severe non-cardiac diseases or the
inability to perform exercise according to our
protocol. Patients were either randomised by coded,
opaque, shuffled envelopes to a physiotherapy
exercise group (EG, n=24) or physiotherapy usual
care group (UCG, n=23).

Procedure and measurements

Pre-operatively, the anthropometrics and clinical
characteristics were documented. Additionally, edu-
cation about the effects of surgery on cardiorespira-
tory function and post-operative routines were
provided. Post-operatively, surgical and hospital
data were recorded. The measurements detailed in
the following sections were taken before and after
completion of the EG and UCG physiotherapy
protocols.

Heart rate and R-R intervals. The HR and RR were
registered continuously in the awake patient, 10 min
in the sitting position, using a Polar S810i telemetry
system (Polar, Kempele) [20]. Measurements were
performed in the afternoon, first in the pre-operative
day for autonomic basal function characterisation
and 1 day before hospital discharge (pre-discharge)
for all patients. Each patient rested for 10 min to
ensure the stabilisation of HR before recording. Care
was taken to guarantee a data collection free of
external interferences as nursing team procedures
and patient’s movements.

Vital signs and pain. For daily patient monitoring;
systolic and diastolic blood pressures, body tempera-
ture and respiratory rate were measured.

Short-term supervised inpatient physiotherapy exercise
protocol

In the EG, patients participated in a once-daily
supervised post-operative exercise protocol of early
mobilisation (Table I), based on a previous protocol
[21], commencing on the first post-operative day
(PO1) until discharge. Briefly, this protocol con-
sisted of progressive exercises, ROM active-assistive
movements to climbing flights of stairs. Estimated
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Table I. Short-term supervised inpatient physiotherapy.

Steps Physiotherapy exercise protocol description

1 Active-assistive exercises of the lower/upper extremities — ankles and wrists, five sets of 10 repetitions; bed inclined at 45°.
Active-assistive exercises of upper and lower limbs in sitting position (90°) — flexion-extension of the bilateral shoulder, elbow,
wrist, knee and ankle; adduction—abduction of the hips (two sets of 15 for each) and orthostatic position/walking on spot

(5 min) as tolerated.

3 Active exercises, as in step 2, but in three sets of 15 in the sitting position and ambulation within the inpatient ward (5 min)
4 Exercises similar in step 3 in sitting position; ambulation within the inpatient ward (10 min).
5 Exercises similar in step 3 in orthostatic position, ambulation (10 min) and flight of stairs (four steps).

Each step corresponds to 1 day of post-operative intervention.

energy expenditure during this programme was
initially set at ~2 METSs and progressed to 4 METs.
Exercise intensity was gauged by HR with an upper
threshold set at standing resting HR + 20 bpm [22],
monitored by a Polar S810i telemetry system. The
patients in the UCG received only verbal encourage-
ment for early mobilisation.

Physiotherapy usual care

Physiotherapy usual care consisted of voluntary
deep-breathing exercises from functional residual
capacity to total lung capacity (40 deep breaths in
four sets of 10, each breath included a 5 s hold at end
inspiration) followed by coughs or huffs (with wound
support) supervised once daily. Patients were in-
structed to perform these breathing and coughing
exercises independently every waking hour. The
physiotherapist used additional techniques such as
positioning and chest wall vibrations if breathing and
coughing exercises alone were not effective. These
respiratory exercises were performed for both groups
starting on PO1.

All physiotherapy interventions were undertaken
by one of three members of physiotherapy staff,
specifically trained in the treatment methods used
in the study and the nurses and doctors were asked
to avoid discussing issues of physiotherapy with
patients, and to refer any questions regarding the
study or physiotherapy treatments to the research
team.

Heart rate variability analysis. All ectopic HR beats
or artefacts were reviewed by visual inspection on
the computer display and the RR that differed by
+ 20 bpm from the mean of the analysed period were
manually deleted. Only segments with >90% pure
sinus beats were included in final analysis. The data
were entered into Kubios HRV Analysis software
(MATLAB, version 2 beta, Kuopio, Finland).

HRYV was analysed with linear statistical measures
in time-and frequency-domain. Mean of HR and
RR, standard deviation of all RR (STD RR), and
square root of the mean squared differences of

successive RR (rMSSD) were computed as time
domain measures. Frequency-domain HRV was
computed by fast Fourier transform as low — LF
and high frequency power — HF in normalised units
and the LF/HF ratio [7].

In addition, non-linear statistical measures were
calculated by detrended fluctuation analysis (DFA)
as short-term fractal scaling exponent (<11 beats per
box, DFA«l), and long-term (>11 beats per box,
DFAx2) in the RR series data. Poincaré plot
(standard deviation of Poincaré plot perpendicular
and along to the line-of-identity: SD1 and SD2,
respectively) and approximate entropy (ApEn)
[7,23,24].

Statistical analysis. Statistical analysis was performed
with Statistica 5.5 StatSoft, Inc software). All data
were tested for normality by using the Shapiro-Wilks
test. Unpaired Student’s z-test or Mann—Whitney
U-test was used for continuous data as appropriate
and Fisher’s exact test for categorical data when
comparing variables between two groups. The
probability of a Type I error was established at
0.05. Employing data from a pilot study, the sample
size was determined using a 5% significance level,
a power >80%, and an expected mean difference
between EG and UCG groups for mean HR
of ~10 bpm and a variability of 12 bpm. The
estimated sample size was determined to be ~22
subjects per group. (StatCalc 6.0.1 2009).

Results

Over a 2-year period of all patients assessed for
eligibility, 33 were excluded, 31 did not meet the
inclusion criteria and 2 declined to participate. Seven
patients died during surgery, one surgery was
cancelled and three surgeries were performed with-
out CPB and two patients refused to continue in the
study. Also 14 subjects had poor-quality HR signals
and were excluded. Among the remaining patients,
24 patients randomised to the EG and 23 to UCG
were included in the final analysis. Figure 1 details
the flowchart of patient participation.
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Figure 1. Flowchart of patients through the study period.

The baseline, pre- and post-operative data are
summarised in Table II and show that after
randomisation, the two groups had similar charac-
teristics regarding gender, age, weight, height and
BMI. The presence of smoking history was equally
distributed. Surgical procedure data were compar-
able between groups, demonstrated by similar CPB
time, aortic cross clamping time, total surgery time,
number of grafts anastomoses and mechanical
ventilation. In addition, the time of intensive care
unit, hospital stay after surgery and pre-operative
pharmacological management were also similar.
Table III shows that after randomisation, there were
no significant differences in HRV parameters mea-
sured at baseline between the physiotherapy EG and
physiotherapy UCG.

No clinically relevant adverse events occurred
throughout the study in all patients. The vital signs
remained within the range of normality in both
groups. Moreover, the EG and UCG were also similar
to post-operative (pre-discharge) frequency, dosages
and number of patients receiving the medications,
which were, respectively 18 vs. 20 to f-blockers
(»=0.11), 9 vs. 11 to ACE inhibitors (p = 0.49) and 5
vs. 6 to calcium antagonists (p = 0.20).

Heart rate variability outcomes

Post-operatively, HRV data demonstrated that there
were significant differences between the EG and

UCG s.The parasympathetic HRV measurements in
the time and frequency domain and non-linear
Poincaré plot (fMSSD, HF, SD1) were significantly
higher in the EG, as shown in Figures 2 and 3 and
Table IV, respectively. The index reflecting global
power over time (STD RR -Figure 2) and non-
linearity (SD2 —Table IV) also demonstrated with
higher values in the EG.

Mean RR was significantly lower in the UCG
group, which consequently reflected higher mean
HR compared to EG patients (Figure 2). Moreover,
in the frequency-domain HRV analysis, the UCG
group demonstrated higher LF values, generally
considered to be a consequence of sympathetic
activity and a higher LF/HF ratio which reflects a
global sympatho-vagal balance favouring sympathetic
tone (Figure 3). Additionally, other non-linear HRV
indexes analysed by detrend fluctuations (DFA«l
and DFA«2) and complexity of HR dynamics
(ApEn) were significantly lower in the UCG group
(Table IV).

Discussion

The present study was conducted during the
inpatient phase post-CABG to investigate the
effect of short-term supervised inpatient physio-
therapy exercise upon cardiac autonomic nervous
function. The results of this study demonstrate
that an exercise-based rehabilitation programme
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Table II. Baseline demographic, clinical and surgical character-
istics of patients randomised to physiotherapy exercise group or
physiotherapy usual care group.

Table III. Baseline linear and non-linear heart rate variability
parameters of patients randomized to physiotherapy exercise group
or physiotherapy usual care group.

Exercise group Usual care Exercise group Usual care
(n=24) group n=23) p (n=24) group (n=23) P
Age, years 60 + 8 58+ 9 0.41 Time domain
Male gender, 16 (66) 20 (87) 0.16 Mean RR (ms) 912.4 + 102.7 877.0 + 140.8  0.35
number (%) STD RR (ms) 171+ 7.3 17.4 + 8.0 0.88
Weight, kg 74 + 13 75 + 11 0.76 Mean HR (1/min) 64.9 + 9.4 69.0 + 10.8 0.18
Height, m 1.65 + 0.07 1.66 + 0.08 0.74 rMSSD (ms) 16.2 + 6.6 145+ 7.7 0.18
Body mass 27 +5.0 27 + 3.8 0.82 Frequency domain
index, kg/m> LF (nu) 56.8 + 22.1 63.6 + 18.3 0.26
Smoking history, 17 (71) 21 (91) 0.13 HF (nu) 43.2 4+ 22.1 378+ 174  0.36
number (%) LF/HF ratio 22+ 2.1 23+ 1.6 0.50
CPBT, min 65 + 21 75 + 17 0.09 Non-linear HRV
ACCT, min 36 + 15 41 + 12 0.25 SD1 (ms) 11.6 + 4.7 10.0 + 5.6 0.14
Time of surgery, min 195 + 64 180 + 61 0.45 SD2 (ms) 31.6 + 13.8 354+ 16.8 0.40
Mechanical 9.44 + 3.7 85+5.0 0.48 DFA «l 1.2+0.2 1.3+ 0.2 0.23
ventilation, h DFA o2 1.0+ 0.1 1.1 +0.2 0.11
Coronary artery 2.4+ 0.7 2.5+ 0.9 0.74 ApEn 1.0 + 0.08 1.1 +0.1 0.26
grafts, number
ICU stay, days 22+0.6 23+1.0  0.65 Data are presented as mean+SD.
Hospital stay after 4.94 0.5 4.8+ 1.7 0.87 RR, R-R intervals; STD RR, standard deviation of all RR; HR,
surgery, days heart rate; rMSSD, square root of the mean squared differences of
Pharmacological successive RR; LF, low frequency power; HF, high frequency
treatment power; SD, standard deviation; DFA, detrended fluctuation
p-blockers, number 18 17 0.93 analysis; ApEn, approximate entropy; nu, normalised units.
ACE inhibitors, 8 4 0.32
number
Calciux:)l antagonists, 1 0 1.0 Mean RR STD RR
numober
900 P<0.01 12 pe0.05
Data are presented as mean+SD, or number (percentage) of 800 1
subjects. 10
CPBT, cardiopulmonary bypass time; ACCT, aortic cross 700 9
clamping time; ICU, intensive care unit; ACE, angiotensin- 8
converting enzyme inhibitor. ¢ &0 g 7
6
500 5
. . . . . . 4
significantly improved cardiac autonomic function 400 )
assessed by HRYV in patients after CABG at the time 200 )
of hospital discharge. B
The benefits of CR for patients who have under- Mean HR MSSD
gone CABG have been known for many years. 110 18 4 p<0.05
Inpatient CR is centered on prevention of complica- 105 polt 16 4
tions, preparation for hospital discharge and to 100 1 mn
motivate the patient to participate in outpatient 95 1 .
(Phase 2) CR programmes [12—-14]. However, we 80 1 Y
. .. . £ i
were not aware of any investigation evaluating the g 851 E10
effects of inpatient physiotherapy exercise on cardiac 80 1 8
autonomic nervous system soon after CABG. The 75 64
results of this investigation support the addition of 7 "
improved autonomic regulation to the other proven & 5
60 - J

benefits of phase 1 CR.

The cardiac autonomous neural system is related
to the functional properties of the heart and the HRV
reflects the sympathetic and parasympathetic influ-
ences on the heart and intrinsic rhythm [7]. As
patients after CABG are prone to autonomic
impairment in the early PO period [4,6,9], imple-
mentation of strategies shown to be effective in

Figure 2. Post-operative time domain heart rate variability
outcomes in physiotherapy exercise group (black bars) and
physiotherapy usual care group (white bars).

ameliorating this negative adaptation during the
inpatient phase, such as exercise-based CR, is
certainly warranted.
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Figure 3. Pre- and post-operative frequency domain heart rate
variability parameters in physiotherapy exercise group (closed
square) and physiotherapy usual care group (opened square).

In our study, we found significantly higher
rMSSD, HF and SD1 indexes, all representing
parasympathetic activity, in patients undertaking
exercise-based rehabilitation soon after CABG com-
pared with usual care. There is evidence that
increased parasympathetic tone protects the heart
against arrhythmias induced by cardiac electrophy-
siological imbalance [19]. Moreover, lower LF and
LF/HF values in the EG also reflects a positive
exercise effect since sympathetic nervous activity
contributes importantly to low-frequency HRV and
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Table IV. Post-operative non-linear heart rate variability outcomes
in physiotherapy exercise group and physiotherapy usual care
group.

Exercise group Usual care group

(n=24) (n=23) P
SD1 (ms) 7.53 +4.53 5.39 4+ 3.55% 0.009
SD2 (ms) 15.73 + 6.96 11.29 + 7.19* 0.01
DFA ol 0.92 + 0.28 0.76 + 0.33% 0.04
DFA o2 1.124+0.14 1.03 + 0.19* 0.04
ApEn 1.08 + 0.08 1.02 4+ 0.09* 0.02

Data are presented as mean + SD.

SD, standard deviation; DFA, detrended fluctuation analysis;
ApEn, approximate entropy.

*Significant inter-group differences.

is related to cardiac electrical instability, platelet
aggregability, coronary vasoconstriction and higher
wall stress [25,26]. Lastly, improvements in global
measures of parasympathetic tone (STD RR, SD2),
have been linked to a reduction in cardiovascular
risk [15]. We can therefore assert that our exercise
protocol resulted in beneficial physiologic and
potentially clinical effects in patients undergoing
CABG.

Another finding reflective of improved vagal tone
was the augmented mean RR in the EG after CR,
reflecting a lower HR value, which is consistent with
prior investigations [27]. A potential issue is that
reduced HR is associated with lower ventricular
contractility resulting in reduced myocardial oxygen
demand and may be advantageous in the context of
CAD [26].

Further endorsing the benefits of our programme
of exercises is the non-linear dynamics of HR and
lower values of ApEn, reflecting higher regularity and
predictability of HR dynamics[6], in the UCG group
which may be physiologically deleterious and associ-
ate with prolonged ICU stay and ischaemia [6,28].
We also observed reduced short-term and long-term
fractal scaling exponent (DFAxl and «2), in those
patients not receiving exercise and suggests more
random and less fractal-like HR predicting myocar-
dial ischaemic episodes and worse outcomes.

Previous studies have shown that exercise-based
CR can modify favourably the HRV in patients post-
CABG [15,16,29]. However, all were conducted in
long-term outpatient CR and to our knowledge this
is the first randomised controlled study to confirm an
improvement of CAR after short-term inpatient CR
in the immediate post-CABG.

The positive effect of physical exercise on cardiac
autonomic activity is an adaptation to demand
needed during exercise and the mechanisms involve
adaptations in peripheral and central neural path-
ways [29] as suppression of the inhibitory effects of
angiotensin II or facilitatory effect of nitric oxide
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(NO) in the nucleus of the tractus solitarius that
increases central and peripheral vagal neuronal
activity [27].

Some authors [6,25] observed HRV attenuation
and no significant improvement in early post-CABG
patients that did not receive a exercise intervention.
This finding is thought to be also brought about by
long-term bed-rest [3]. We thus believe that early
mobilisation after CABG is safe and beneficial with
respect to autonomic modulation. In addition,
pharmacological therapy including f-blockers, ACE
inhibitors and calcium antagonists can interfere with
autonomic markers [30]. Nevertheless, the pre-
operative drug distribution was similar in both
groups, with the same drugs reintroduced soon after
surgery in comparable frequency and dosage be-
tween groups and do not explain our findings.

Possible limitations of the present investigation
deserve comment. The generalisation of the re-
ported effects to patients that have not undergone
CABG is not possible. Secondly, the left ventricular
function of the patients was not considered and is
uncertain if there is discrepancy in gains after CR
with different cardiac basal states. Moreover, the
non-real-time signal HR acquisition view precluded
the use of HR data from several patients (HR signs
of 14 patients were excluded) by presence of large
amounts of artifacts identified later. Lastly, the
intervention group received both usual care and the
exercise protocol, thus we cannot affirm if the
respiratory exercises conferred further cardiac auto-
nomic benefits besides provided by the exercise
protocol.

Thus, future studies should address the effects of
individual rehabilitation interventions on clinical and
physiologic outcomes, which was not possible in the
present investigation. Moreover, study is needed to
delineate the dose-response relationship between
exercise and autonomic function to determine if
different dosages of exercise in this phase post-
CABG would result in similar results.

In conclusion, our data shows that a short-term
supervised inpatient physiotherapy exercise protocol
in the inpatient CABG setting significantly improves
autonomic cardiac function at hospital discharge.
Thus, exercise-based CR might be an effective non-
pharmacological tool to improve autonomic tone of
the heart in patient’s post-CABG.
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Objective: Cardiac rehabilitation is associated with cardiac
autonomic and physiological benefits. However, it is unclear
whether baseline left ventricular function (LVF) impacts on
training-induced cardiac autonomic adaptations. The aim of
this study was to assess the cardiac autonomic adaptations
in patients with varying left ventricular function profiles un-
dergoing coronary artery bypass grafting and cardiac reha-
bilitation.

Design: Assessor-blinded prospective trial.

Patients: Forty-four patients undergoing coronary artery
bypass grafting, divided into normal LVFN (>55%, n=23)
or reduced LVFR (35-54%, n=21) were evaluated.

Method: Cardiac autonomic function was evaluated by heart
rate variability indexes obtained both pre- and post-cardiac
rehabilitation. All patients participated in a short-term (ap-
proximately S days) supervised inpatient physiotherapy pro-
gram.

Results: There were differences in heart rate variability in-
dexes, correlation dimension and SD2 according to time and
group (e.g. interaction time (effect of cardiac rehabilitation)
vs group (LVFN vs LVFR), p=0.04). Simple main effects
analysis showed that the LVFR group benefited to a greater
degree from cardiac rehabilitation compared with the LVFN
group. Heart rate variability indexes increased significantly
in the former group compared with the latter.

Conclusion: Among post-coronary artery bypass grafting
patients engaged in short-term inpatient rehabilitation,
those with reduced left ventricular function are most likely
to have better cardiac autonomic adaptations to exercise-
based rehabilitation.

Key words: coronary artery bypass grafting; physiotherapy; ex-
ercise therapy; autonomic nervous system; heart rate control.
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INTRODUCTION

Heart rate variability (HRV) is the most frequently used
non-invasive method for assessing autonomic activity and its
influence on the cardiovascular system. Thus, HRV is valu-
able in providing information on the heart’s ability to respond
to normal regulatory impulses that affect its thythm (1). It is
well known that after cardiac procedures such as cardiac valve
surgery and coronary artery bypass grafting (CABG), HRV
becomes significantly decreased (2, 3).

Decreased HRV is associated with abnormal and insufficient
adaptability of the autonomic nervous system and has been
shown to be a predictor of hemodynamic instability and mortal-
ity (1). In this context, compromised cardiac autonomic (CA)
regulation may result in increased arrhythmia susceptibility
and subsequent risk of cardiovascular death, more myocardial
ischemic episodes and worsening clinical course after CABG
with more inotropic support and longer periods in the intensive
care unit (4-6).

For these reasons, many investigators have focused on
strategies positively impacting the CA system in patients
undergoing cardiac surgery, one of which is exercise-based
cardiac rehabilitation (CR) (7, 8). In previous studies, long-
term outpatient CR was associated with favorable alterations
in HRV potentially resulting from adaptations in peripheral
and central neural pathways (9).

Recently, however, our group has demonstrated that a short-
term inpatient CR program results in early CA benefits in post-
CABG patients (10). However, the influence of key baseline
characteristics on the impact of CA alterations following CR,
such as left ventricular function (LVF), was not considered.

A previous study (11) assessing physical performance re-
ported that patients with poor LVF are most likely to respond
favorably to inpatient CR. In addition, it is known that these
patients are more likely to demonstrate impaired CA function,
characterized by lower values of HRV (12). In this context,
little information exists on how normal vs reduced LVF affects
CA adaptations after inpatient CR in post-CABG patients.

The aim of this study was to assess the CA adaptations in
patients with normal and reduced LVF undergoing CABG and

© 2011 The Authors. doi: 10.2340/16501977-0843
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subsequently a short-term CR program. Hence, our primary
research question was: Is an inpatient exercise-based program
after CABG more effective in patients with reduced LVF com-
pared with those with normal LVF with respect to improving
CA activity? The hypothesis of this study was that patients
with reduced LVF are likely to derive the greatest benefit in
CA activity following CR.

METHODS
Design

An assessor-blinded prospective trial was conducted within the Coro-
nary Care Unit and Cardiovascular Ward of Santa Casa Araraquara
Hospital following approval by the Human Research Ethics Committee
(197/2005). Patients awaiting first-time CABG were invited to partici-
pate in the study, and enrolled after giving written informed consent.
Participants were divided into groups according to left ventricular ejec-
tion fraction (LVEF) assessed by echocardiography (Teichholz method).
Grouping consisted of: (i) LVF normal group (LVEN group) composed
of patients with a LVEF >55%; or (if) LVF reduced group (LVFR group)
composed of patients with a LVEF between 35-54% regarded as mild
to moderate dysfunction secondary to ischemic etiology (13). The study
was registered with ClinicalTrials.gov (ACTRN12610000559011).

Pre-operatively, the patient’s age, gender, weight, height, body
mass index (BMI), cardiac risk factors and other relevant medical
history were documented. Additionally, a pulmonary function test
was performed to investigate the presence of chronic obstructive
pulmonary disease (COPD) and education about the effects of surgery
on cardiorespiratory function, post-operative routines and the CR
program were provided. Post-operatively, surgical and hospital data
were recorded and all patients were engaged in CR supervised by 1 of
3 members of the physiotherapy staff, who were specifically trained
to participate in this investigation.

The outcome measures of heart rate (HR) intervals between two
consecutive cardiac beats (RR intervals) were collected both pre- and
post-operatively. For this study, post-operative assessments were
conducted on the first post-operative day, prior to initiation of CR,
and follow-up assessments were performed after completion of CR,
on the day of hospital discharge.

Participants

A total of 44 patients undergoing elective CABG surgery with cardio-
pulmonary bypass and with normal (n=23) or reduced (n=21) LVF were
included in this study. Exclusion criteria were emergent or concomitant
surgery, recent myocardial infarction (less than 6 months), implanted
pacemaker, unstable angina, chronic disturbances in heart rhythm, signifi-
cant acute arrhythmias, valvular heart disease, COPD, severe non-cardiac
diseases, and the inability to perform CR according to our protocol.

Table 1. Short-term supervised inpatient physiotherapy protocol

Intervention

Short-term supervised inpatient physiotherapy exercise protocol. All
patients participated in a once-daily supervised postoperative exercise
protocol of early mobilization, which has been described previously (10)
and detailed in Table I. The program was initiated on first post-operative
day and continued until discharge. Estimated energy expenditure during
this program was initially set at approximately 2 metabolic equivalents
(METs) and progressed to 4 METs (14, 15). The HR during exercise was
monitored and not allowed to exceed 20 bpm above the resting value,
the HR monitoring system utilized was a Polar S810i telemetry system
(Polar Electro Oy, Kempele, Finland), as described previously (15).

The patients performed voluntary deep-breathing exercises from func-
tional residual capacity to total lung capacity (40 deep breaths in 4 sets of
10, each breath included a 5 s hold at the end of inspiration) followed by
coughs or huffs (with wound support) supervised once daily, for approxi-
mately 15 min. Patients were also instructed to perform these breathing
and coughing exercises independently every waking hour.

For daily patients monitoring, systolic (SBP) and diastolic blood
pressures (DBP) were obtained indirectly, axillary body temperature
was measured and the respiratory rate also was measured using
VivoMetrics’ LifeShirt System (VivoMetrics Inc, Ventura, USA). The
patients were also asked to quantify their pain according to a 4-point
verbal rating scale (VRS-4) (16).

Outcome measures

Primary outcome. The primary outcome measures were non-linear
HRYV indexes (approximate entropy, correlation dimension and SD2)
after a short-term (approximately 5 days) inpatient supervised physi-
otherapy protocol. Previous studies have shown that these non-linear
measures can detect abnormalities in CA regulation that may not be
detected with traditional measures (17, 18).

Secondary outcome. As a secondary outcome measure we analysed
HRYV indexes in traditional time domain measures (mean of RR inter-
vals (RR), square root of the mean squared differences of successive
RR (rMSSD), standard deviation of RR (STD RR), baseline width of
the RR histogram (TINN) and integral of the RR histogram divided
by the height of the histogram (RR tri) index).

HR and RR interval (RRi) recording. The HR and RRi were recorded
offline and continuously using a Polar S810i telemetry system for
further analysis of HRV, at 3 time-points: (i) pre-operative (T0) for
autonomic basal function characterization; (i) first post-operative day
(T1); and (iii) discharge (T2). At these time-points, TO, T1 and T2, the
recording of HR and RRi were performed for 10 min in the afternoon in
the sitting position at rest. Care was taken to avoid any manipulations
in the patients during recording and no patient consumed caffeinated
drinks/foods or smoked on the morning of assessments or during the
procedure. Each patient rested for 10 min before the initiation of data
collection to ensure the stabilization of HR.

Step® Physiotherapy exercise protocol description

Step 1

Active-assistive exercises of the lower/upper extremities — ankles and wrists, 5 sets of 10 repetitions; bed inclined at 45°. (Estimated
energy cost=2 METs, approximate time spent=15 min).

Step 2 Active-assistive exercises of upper and lower limbs in sitting position (90°) — flexion-extension of the bilateral shoulder, elbow,
wrist, knee and ankle; adduction-abduction of the hips (2 sets of 15 for each) and orthostatic position/walking on spot (5 min) as
tolerated. (Estimated energy cost=2-4 METs, approximate time spent=40 min).

Step 3 Active exercises, as in step 2, but in 3 sets of 15 in the sitting position and ambulation within the inpatient ward (5 min). (Estimated
energy cost=3-4 METs, approximate time spent=>50 min).

Step 4 Exercises similar in step 3 in sitting position; ambulation within the inpatient ward (10 min). (Estimated energy cost=3-4 METs,
approximate time spent=>55 min).

Step 5

METs, approximate time spent=60 min).

Exercises similar in step 3 in orthostatic position, ambulation (10 min) and flight of stairs (four steps). (Estimated energy cost=3—4

2Each step corresponds to one day of postoperative intervention.
MET: metabolic equivalent.
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HRV analysis. The HR data were transferred to the microcomputer
and the RRi series were reviewed by visual inspection. Only segments
with >90.0% pure sinus beats were included in final analysis. The data
were entered into Kubios HRV analysis software (MATLAB, version
2 beta, Kuopio, Finland) and HRV analysis proceeded with one series
of 300 sequential RRi.

The non-linear properties of HRV were analysed using measures such
as approximate entropy (ApEn) (19), correlation dimension (CD) (20)
and Poincaré plot (21). ApEn quantifies the regularity of time series
data and is represented as a simple index for the overall complexity and
predictability of each time series. Large values of ApEn indicate high
irregularity and smaller values of ApEn indicate a more regular signal.
Thus, the highest ApEn value reflects better health and function (19).

The CD index represents a measure of the dimensionality of the
space occupied by state vectors or the number of the degrees of freedom
of a time series, also referred to as fractal dimension. A higher CD
reflects more degrees of freedom of the cardiac pacemaker and, there-
fore, the greater the range of possible adaptive responses to internal or
external stimuli in an ever-changing environment (20).

The non-linear analysis of the Poincaré plot of RRi was applied
and the following two descriptors of the Poincaré plot were used in
the study: SD1 — the standard deviation measuring the dispersion of
points in the plot perpendicular to the line-of-identity. This parameter
is usually interpreted as a measure of short-term HRV, which is caused
mainly by respiratory sinus arrhythmia (parasympathetic modulation);
and SD2 — the standard deviation measuring the dispersion of points
along the identity line, which is interpreted as a measure of both short-
and long-term HRV (overall HRV) (21).

Linear traditional measures in the time domain HRV analysis were
evaluated by calculating the following, widely accepted, parameters:
mean of RR and its standard deviation (STD RR) also called SDNN
in ms, square root of the mean squared differences of successive RRi
(rMSSD) in ms, and geometrical forms as the integral of the RRi
histogram divided by the height of the histogram (RR tri index) and
the baseline width of the RRi histogram (TINN) in ms (1).

To summarize, STD RR represents a global index of HRV (overall
HRV) and reflects all the cyclic components responsible for variability
in the recording period, rMSSD reflect alterations in autonomic tone
that are predominantly vagally mediated and the geometrical HRV
indexes are an estimate of the overall HRV (22). This multivariate
approach allows for a comprehensive assessment of CA function.

Data statistical analysis

Sample size calculation, based on a previous study (23), suggested
that recruitment of 12 patients in each group would provide sufficient
statistical power (80.0%) to detect a clinically important difference
in the ApEn. Differences between the two groups (pre-operative and
first post-operative data) were assessed by the unpaired Student’s #-test
for continuous variables and by the Fisher’s exact test for categorical
variables. The effect of time (first post-operative day (T1) compared
with discharge day (T2), i.e. effect of CR); group (LVF normal com-
pared with LVF reduced) and the interaction between time and group
effects were evaluated by two-way analysis of variance (ANOVA) for
repeated measures. When an interaction was found, the simple main
effects were analysed (difference between changes (post-CR — pre-
CR) for each group by unpaired Student’s 7-test) and Cohen’s d effect
sizes were calculated for these mean differences. Data are reported
as mean+ SD, unless otherwise specified. A p-value <0.05 was used
to define statistical significance for all tests. Statistical analyses were
carried out with software Statistica 5.5 (StatSoft Inc., Tulsa, USA)
and SPSS 10.0 (Chicago, IL, USA).

RESULTS

Flow of participants through the trial and characteristics

A total of 108 patients were evaluated over a 2-year period
for possible enrollment. Twenty-three patients were excluded
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secondary to not meeting the inclusion criteria and 2 declined
to participate. The remaining 83 patients enrolled, and from this
cohort, 6 patients died, 8 did not undergo surgery, 13 underwent
surgery without cardiopulmonary bypass, 3 discontinued the
intervention, 2 presented with medical complications and 7 had
poor-quality HR signals. Finally, 23 patients were assigned to
the LVFN and 21 patients to the LVFR group for analyses. The
flow of participants through the trial is shown in Fig. 1.

The basic clinical, operative and HRV data during the pre-
operative (TO) assessment for the studied cohort are summa-
rized in Table II. With the exception of LVEF, no differences
were observed between groups initially with respect to clinical
or demographic data, including age, height, gender and BMI.
Six patients in the LVFN group and 5 in the LVFR group pre-
sented with a BMI >30 kg/m?, but none of the subjects were
>35 kg/m? Furthermore, the cardiovascular risk factor profile
was similar between the two groups (i.e. smoking, arterial hy-
pertension, diabetes mellitus and dyslipidemia history). Lastly,
the groups had similar pharmacological treatment profiles.

The surgical procedure data were comparable between
groups, demonstrated by similar cardiopulmonary bypass time,
aortic cross-clamping time, total surgery time and number of
graft anastomoses. In addition, the time of hospital stay after
surgery was similar between groups.

With respect to baseline HRV (TO0), patients in the LVFN
group presented with significantly greater values of time
domain measures (rMSSD, STD RR, RR tri index, TINN) as
well as SD1, a non-linear HRV index (p <0.05) compared with
the LVFR group.

Compliance with trial methodology

All patients included in the analysis (44 patients) participated
in a once-daily supervised post-operative exercise protocol,
starting at the first post-operative day until discharge (ap-
proximately 5 days). However, 3 patients refused to continue
the protocol, primarily because participants reported unwill-
ingness to undertake physical exercise at that moment. Thus
patients who did not undergo one phase of CR were excluded
from final analysis.

No clinically relevant adverse events occurred throughout
the study. Vital signs (blood pressure, respiratory rate and
body temperature) remained within the range of normality in
both preserved and depressed LVF patients. According to the
VRS-4 scale, pain was present post-operatively, but did not
differ between the first post-operative day and discharge either
within or between groups (first post-operative day VRS-4=2
(SD 0.4) and 1.9 (SD 0.7) and discharge VRS-4=1.6 (SD 0.5)
and 1.6 (SD 0.7) to LVFN vs LVFR, respectively).

As demonstrated in Table II, the pharmacological treatment
profile was also similar between groups throughout the study.

Heart rate variability

On the first post-operative day, i.e. after the surgery and be-
fore CR, the non-linear and linear HRV indexes did not dif-
fer significantly (p>0.05) between LVFN and LVFR groups
(data not shown). Both groups participated in the inpatient CR
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Assessed for eligibility (n=108) ‘

Excluded
COPD (n =19)

Enrollment Did not consented (n=2)
(n=83) Concomitant surgery (n=1)

Recent myocardial infarction (n=3)

Allocated to left ventricular normal Allocated to left ventricular reduced
group (LVFN) group (LVFR)
(n=48) (n=35)
Withdraw Withdraw
Surgery cancelled (n =5) Surgery cancelled (n =3)
Surgery without CPB (n =8) Surgery without CPB (n =5)
Refuse to continue (n =2) Refuse to continue (n =1)
Medical complications (n =2) Death (n =2)
Death (n =4)
* Inpatient #
. physiotherapy
Excluded_from aﬁalysw by poor- exercise protocol Excluded from analysis by poor-quality
quality HR signal (n=4) HR signal (n=3)
Analyzed (n=23) Analyzed (n=21)

Fig. 1. Patient’s participation.

Table 1. Basic clinical, operative and pre-operative heart rate variability data

LVFN group, n=23 LVEFR group, n=21 p-value
Age, years, mean (SD) 60 (9.5) 56 (7.8) 0.22
Male, n % 17 (73.9) 16 (76.2) 1.00
Weight, kg, mean (SD) 75 (13) 73 (14) 0.59
Height, m, mean (SD) 1.6 (0.08) 1.6 (0.06) 0.91
Body mass index, kg/m?, mean (SD) 27 (4.0) 27 (5.0) 0.66
Left ventricular ejection fraction, % 61.7 (5.7) 43.8 (4.7) 0.0001
Risk factors, n %
Smoking history 17 (73.9) 19 (90.5) 0.45
Arterial hypertension 18 (78.3) 15(71.4) 0.73
Diabetes mellitus 7 (30.4) 11 (52.4) 0.22
Dyslipidemia 11 (47.8) 12 (57.1) 0.56
Pharmacological treatment, n (%)
B-blockers 15 (65.2) 15(71.4) 0.75
ACE inhibitors 10 (43.5) 8(38.1) 0.76
Calcium antagonists 1(4.3) - 1.00
Per- and post-operative data
CPB time, min, mean (SD) 68 (21) 69 (22) 0.70
ACCT, min, mean (SD) 37 (14) 36 (12) 0.79
Operation duration, min, mean (SD) 182 (60) 215 (69) 0.11
Distal anastomoses, 1 (%) 2.6 (0.6) 2.5(0.6) 0.82
Post-operative hospital stay, days, mean (SD) 5.1(1.1) 4.6 (0.9) 0.23
Non-linear heart rate variability, mean (SD)
Approximate entropy 1.1 (0.07) 1.0 (0.08) 0.08
Correlation dimension 0.81 (1.0) 0.40 (0.46) 0.06
SD1, ms 15 (5.6) 9.9 (5.2) 0.008
SD2, ms 37(19) 29 (15) 0.17
Linear heart rate variability, mean (SD)
Mean RR, ms 963 (134) 911 (157) 0.26
STD RR, ms 20 (5.5) 15(7.5) 0.01
rMSSD, ms 20(8.2) 15(8.2) 0.04
RR tri index 5.7(1.8) 4.4(1.9) 0.03
TINN, ms 92 (29) 68 (34) 0.02

LVEN: left ventricular function normal; LVFR: left ventricular function reduced; ACE: angiotensin converting enzyme; CPB: cardiopulmonary
bypass; ACCT: aortic cross-clamping time; HRV: heart rate variability; SD: standard deviation; STD RR: standard deviation of RR; rMSSD: square
root of the mean squared differences of successive RR; RR tri: integral of the RR histogram divided by the height of the histogram; RR: RR intervals
(intervals between two consecutive cardiac beats); TINN: baseline width of the RR histogram.
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Fig. 2. Changes in heart rate variability parameters between left ventricular function normal (LVFN) and reduced (LVFR) group. (A) Correlation
dimension. (B): SD2. LVEN (grey bars); LVFR (black bars). Changes were calculated as (post-rehabilitation (discharge) — pre-rehabilitation (first

post-operative)). Error bars refer to standard deviation.

exercise-based program for the same duration (5.1 days (SD
1.1) for LFVN vs 4.6 days (SD 0.9) for LFVR).

A two-way ANOVA was conducted to examine the effect of
time (effect of CR) and group (LVFN vs LVFR) on HRV data
(Table III). There were statistical differences in non-linear
HRV indexes, CD and SD2 according to time and group ((e.g.
interaction time (effect of CR) vs group (LVFN vs LVFR)),
p=0.04. Thus, these results describe the simultaneous influence
of ventricular function and CR held the first day after surgery
until discharge on non-linear HRV indexes. There was also
a significant time effect on mean RR (»p=0.03) and rtMSSD
(p=0.02) indexes.

A simple main effects analysis showed that the LFVR
patients had significantly greater improvements in CD and
SD2 (p<0.05) compared with LFVN patients after attending
a short-term supervised inpatient CR program, which is illus-
trated in Fig. 2. In addition, the mean effect size (Cohen’s d)
was d=0.71 (95% confidence interval (CI)=-17.6 to —0.86)

for SD2 and d=0.92 (95% CI=-0.47 to —0.07), for CD, a
significant medium to large effect, respectively.

DISCUSSION

Summary of findings

The main finding of the study is that post-CABG patients
undergoing an inpatient CR exercise-based program with re-
duced LVF demonstrated greater beneficial CA adaptation, as
shown by greater non-linear HRV parameters (SD2 and CD)
on discharge, when contrasted with patients with normal LVF
undergoing the same CR intervention.

Importance of this study

This is the first study, to our knowledge, to assess the CA
adaptations in patients with varying LVF profiles undergoing
CABG and an inpatient CR exercise-based program. Previous

Table I11. Non-linear and linear heart rate variability data, during resting supine condition for both groups

LVEN group LVEFR group p-value
T1 T2 T1 T2
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Time Group Interaction
Non-linear HRV
Approximate entropy 1.1(0.2) 1.1 (0.1) 1.0 (0.1) 1.1 (0.1) 0.09 0.37 0.14
Correlation dimension 0.2 (0.3) 0.04 (0.1) 0.1(0.1) 0.2 (0.3) 0.57 0.51 0.04**
SDI1, ms 5.9(3.6) 7.4 (4.0) 7.4 (5.6) 9.5(6.3) 0.14 0.21 0.85
SD2, ms 20.6 (14.0) 14.4 (5.0) 15.9 (6.2) 19.8 (12.3) 0.82 0.75 0.04%**
Linear HRV
Mean RR, ms 716.3 (87.5) 753.9 (75.1) 689.1 (103.4) 739.8 (110.6) 0.02* 0.47 0.53
STD RR, ms 9.7 (6.1) 7.7(2.7) 9.4 (4.9) 11.6 (6.2) 0.96 0.16 0.27
rMSSD, ms 8.3(5.1) 9.7 (5.7) 9.4 (6.7) 12.8 (8.8) 0.03* 0.24 0.64
RR tri index 2.9(1.3) 2.6 (0.9) 2.9(1.2) 3.5(1.7) 0.75 0.08 0.08
TINN, ms 46.2 (22.8) 38.4 (14.7) 43.1 (21.1) 50.8 (25.9) 0.81 0.25 0.19

LVFN: left ventricular function normal; LVFR: left ventricular function reduced; T1: pre-cardiac rehabilitation (first post-operative day); T2: post-
cardiac rehabilitation (discharge day); HRV: heart rate variability; SD: standard deviation; RR: RR intervals; STD RR: standard deviation of RR;
rMSSD: square root of the mean squared differences of successive RR; RR tri: integral of the RR histogram divided by the height of the histogram;
TINN: baseline width of the RR histogram. Analysis of variance2-way: *significant time effect (T1 vs T2); **significant interaction between group

and time effects.
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investigators (11, 24) have reported that benefits from exercise
training and CR appeared greatest in patients with LV dysfunc-
tion; however, the majority of these studies involved outpatient
CR as the intervention.

Although one study (11) has evaluated the effects of physical
training in patients with poor LVF soon after cardiac surgery,
the main outcome involved was the 6-min walk test distance
and not changes in CA characteristics. Thus, a novel aspect of
this study was that there is a simultaneous influence of ventricu-
lar function and CR (first day after surgery until discharge) on
CA adaptation, verified by the significant interaction between
time and group.

Therefore, inpatient exercise-based CR should be particu-
larly considered for post-CABG patients with poor LVF to
promote beneficial CA adaptations, among other things. This
is an important consideration, since electrical instability may
occur after CABG, increasing the risk for adverse events.

Effect of intervention between left ventricular funcion normal
and left ventricular ejection fraction groups

There is strong evidence to support the use of exercise-based
CR in patients with reduced LVF, as well as those with normal
LVF who have undergone bypass surgery (25).

Our group (10), as well as others (26), reported a significant
improvement in CA function at hospital discharge following a
progressive inpatient exercise protocol in patients post-CABG
and post-acute myocardial infarction, respectively. Thus, these
studies were able to demonstrate that, even in a short period,
exercise-based CR might be an effective tool for improving
CA tone.

However, if patients with reduced LVF could attain a greater
benefit from this type of rehabilitation program required further
investigation. In this context, the present study was conducted
considering the inherent differences in LVF. We demonstrated
a more beneficial CA adaptation in patients with reduced LVF,
evidenced by greater improvements in HRV parameters after
CR compared with patients with normal LVF who received
the same treatment.

Since the design and focus of the present study is unprece-
dented we had difficulties in directly comparing our findings
against any existing studies. Notwithstanding, several reports
also confirm that exercise training can modulate cardiovascular
autonomic tone, shifting it toward a lower sympathetic tone
and a higher vagal tone in healthy subjects and patients with
cardiovascular disorders (7, 27, 28). However, most studies
conducted long-term CR on outpatients without controlling
for LVF.

Cardiac neural regulation was analysed by association be-
tween traditional time domain measures, as well as non-linear
measures of HRV. In this study, we found non-linear indexes
(SD2 and CD) were influenced by the time and group interaction
((e.g. interaction time (effect of CR) vs group (LVFN vs LVFR));
with significantly higher SD2 and CD values being obtained in
patients undertaking inpatient CR with reduced LVF.

In addition, the mean effect sizes (Cohen’s d) found were
d=0.71 and 0.92 for SD2 and CD, respectively, which is charac-
terized as a significant medium to large effect. According to Wolf

(29) a Cohen’s d>0.50 is clinically significant, indicating the
findings of the current study are of substantial clinical impact.

The SD2 measure has been shown to be related to the linear
SDNN (STDRR) index, a global measure of HRV (1). In this
context, other authors demonstrated that improvements in glo-
bal measures, such as SDNN, have been linked to a reduction
in cardiovascular risk (30).

Another consideration of the non-linear HRV findings in
the current study was the higher values of CD in patients with
reduced LVF. A decrease in CD has been found during stress-
ful conditions (20), hypertension and obstructive sleep apnea
(31), and marks an impairment of autonomic nervous system
control of heart rate.

Therefore, non-linear HRV indexes have been used to esti-
mate the complexity of heart rate dynamics, since the heart rate
exhibits chaotic properties and in general, reduced complexity
in heart rate dynamics may represent a lower adaptability of the
cardiac pacemaker and functional restriction of the participat-
ing cardiovascular elements (20).

In the context of cardiac surgery, the reduced complexity in
heart rate has been shown to be associated with post-operative
complications after vascular surgery, such as myocardial inf-
arction, unstable angina, congestive heart failure and prolonged
inotropic support (32, 33). Thus, the findings of the current
study indicate subjects with reduced LVF, who are perhaps at
great risk for autonomic-related events, may benefit substan-
tially from the early initiation of an inpatient CR program.

In addition, the linear indexes, mean RR and rMSSD
demonstrated a significant time effect, suggesting that these
indices changed during hospitalization in patients undergoing
CABG and CR. However, no time vs group interaction was
found. rMSSD is a time-domain index of HRV and has para-
sympathetic modulation as the major mechanism (1, 28), thus
representing beneficial adaptations in these linear measures
for both groups independently.

In this study, as also observed in a previous investigation
(31), non-linear measures of HRV appear to be more sensi-
tive in detecting the difference in the autonomic adaptations
between patients with normal and reduced LVF undergoing
CABG after rehabilitation compared with linear measures.

In this context, although the patients with reduced LVF showed
better results, it is important to note that previous studies (28, 34)
observed acute HRV impairment post-CABG, irrespective of
LVF. This impairment has been related to long-term bed-rest (23).
Therefore, early mobilization and exercise training on an inpatient
basis may be broadly warranted after CABG, both in patients with
reduced LVF as those with preserved cardiac function.

Interestingly, one study (35) has shown that respiratory
training could have a conditioning effect on cardiac vagal tone.
The beneficial influence was postulated to be due to ventila-
tion levels reached during this type of training being similar to
those achieved in mild whole body exercise. In our study, the
improvement of vagal control on heart rate in the reduced LVF
group could also have been affected by respiratory exercises.
However, it was not possible to quantify and distinguish this
influence from the other components of the training program
and further research is required.
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Impaired cardiac function is associated with enhanced ac-
tivity of the sympathetic nervous system and parasympathetic
nervous system suppression is an attempt to preserve cardiac
function (23). In addition, studies have demonstrated that
patients with poorer clinical status at baseline are likely to
derive more benefit from interventions (8, 11, 36). For exam-
ple, Tygesen et al. (8), showed a greater improvement in HRV
after exercise training in post-CABG patients compared with a
post-myocardial infarction cohort. The authors attributed this
finding to lower basal HRV in the former group and thus the
greatest potential for improvement.

Another important aspect in this study was the prevalence of a
clinical diagnosis of diabetes in both groups (30.4% in LVFR vs
54.4% in LVFN group, with a difference of 22% between groups,
p>0.05), although no patient presented diabetic neuropathy.
Diabetes is common in patients undergoing CABG and leads to
impaired HRV (37). However, in an analysis of these subgroups,
we observed that this finding did not influence our results.

In our study, although the reduced LVF group presented with
lower HRV at baseline, the beneficial adaptation was superior
in several HRV indexes, a finding consistent with previous
investigations. Moreover, some HRV indexes (CD, SD2)
worsened (mean values) in the LVFN group, and improved in
the LVFR group, which may have reinforced the differences
found between the groups.

Limitations

The generalization of our findings may be restricted second-
ary to the characteristics of patient recruitment. Specifically,
patients with severely reduced LVF (LVEF <30%) were not
included in the current study because they represented a mi-
nority of the cases for CABG in the hospital where the study
was conducted. Therefore, we cannot determine if the same
beneficial effects on inpatient exercise training on HRV occur
in patients with particularly poor LVF.

Another important limitation of this study was the absence
of a control group (without physical treatment). However, in
a previous randomized controlled trial (10), we demonstrated
the efficacy of a short-term supervised inpatient physiotherapy
exercise program in improving HRV indexes in CABG patients.
While, our previous findings support the beneficial impact of
inpatient CR on HRV in the present study, future research in
this area should be conducted utilizing a randomized control-
led design.

Clinical implications

Autonomic imbalance is known to adversely affect clinical
outcome in patients with cardiac disease. The results of the
current study support the use of early CR in order to, among
other things, improve CA function. While outpatient CR is well
established, less focus is given to the importance of the inpa-
tient phase of rehabilitation. Our findings warrant a stronger
consideration for the implementation of structured exercise
programs in the inpatient setting.

In the framework of cardiac autonomic function, the findings
of our research provide evidence that after CABG, patients with
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depressed LVF are precisely those who experienced signifi-
cantly more marked benefits at the end of short-term inpatient
rehabilitation without taking additional risks. Notwithstanding,
our study does not elucidate the mechanism by which the dif-
ferent adaptations occur after rehabilitation.

In conclusion, our data show that, among patients undergo-
ing CABG and engaged in a short-term inpatient rehabilitation
program, those with reduced LVF are most likely to have better
cardiac autonomic adaptations to exercise-based rehabilitation
without encountering additional risks.
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