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aulas, foi tudo gracas a sua pessoa! Eu espero poder inspirar algo semelhante em meus alunos, ao
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RESUMO

Introducéo: Exercicios fisicos, componentes fundamentais dos programas de reabilitacéo
cardiovascular (PRC), sdo essenciais para controle e melhora de diversos aspectos fisicos,
sociais e mentais de individuos com doencas cardiovasculares. Contudo, sua pratica é
associada ao risco de surgimento de sinais e sintomas. Assim, a busca por métodos de
monitorizacdo e progndstico em tal populacao se torna primordial no &mbito clinico, e apesar
de diversos parametros cardiorrespiratorios e autondémicos serem amplamente utilizados para
tal propdsito, ainda existem lacunas quanto a sua capacidade de se correlacionarem e
predizerem sinais e sintomas durante o PRC. Objetivos: 1) Comparar a resposta
cardiorrespiratoria de repouso entre os pacientes em um PRC com diferentes padrdes de
incidéncia de sinais/sintomas e correlacionar parametros cardiorrespiratérios com sua
ocorréncia; 2) Analisar os efeitos induzidos por um PRC, ao longo de 8 meses, na dindmica
linear da FC e nos parametros cardiorrespiratorios, e se suas alteracGes influenciam no
surgimento de sinais/sintomas; 3) Correlacionar o comportamento da dindmica néo linear da
FC em repouso com o surgimento de sinais e sintomas durante os PRC, além de analisar se
apos um periodo de 8 meses houve modificacdo desta dinamica néo linear da FC e se isso
influenciou a ocorréncia de sinais e sintomas. Metodologia: Foram avaliados
aproximadamente 70 pacientes inseridos em um PRC, com diagndstico clinico de
insuficiéncia coronariana, outras doencas cardiacas ou fatores de risco para o
desenvolvimento de tais doencas. Estes pacientes realizaram avaliacbes em repouso da
modulacdo autonémica cardiaca, para obtencdo de indices ndo lineares e lineares, e de
parametros cardiorrespiratorios (frequéncia cardiaca [FC] e respiratoria, pressdo arterial,
saturacdo de oxigénio, parametros espirométricos e de manovacuometria). Em seguida, eles
foram acompanhados por 24 sessdes do programa, afim de serem obtidos possiveis sinais e
sintomas, como alteracbes na frequéncia de pulso, anormalidades pressoricas durante o
esforgo, dor muscular ou fadiga. Para os estudos 2 e 3 todas as avaliagbes/acompanhamento
foram novamente realizadas ap6s 8 meses. Resultados: Piores valores de parametros
cardiorrespiratorios foram correlacionados com a maior incidéncia de sinais/sintomas, sendo
que quanto menor os valores para CVF, VEF: e VEF{/CVF (Pre#l), e maior para FC de
repouso, maior foi o surgimento dos sinais/sintomas. Em analises dos dados apds 8 meses,
houve reducao expressiva na ocorréncia de sinais e sintomas, com uma tendéncia de melhora
nos parametros cardiacos e manutencdo dos pardmetros respiratorios e autonémicos da
dindmica linear e ndo linear da FC. Ainda, com excec¢éo de FEV1/FVC e Entropia de Shannon,
os deltas de variacdo das varidveis e dos sinais e sintomas ndo se correlacionaram.
Conclusdes: Pacientes com mais sinais e sintomas apresentaram menores valores em suas
variaveis cardiorrespiratorias, havendo correlagdo para CVF, VEF1, VEF1/CVF (Pre#1) e FC.
Ademais, ndo houve alteragdes significantes para variaveis cardiorrespiratorias e
autondmicas lineares e nédo lineares, indicando a manutencao de tais variaveis ao longo do
periodo de 8 meses no PRC, porém houve reducdo importante na ocorréncia dos
sinais/sintomas. Ainda, a variagcdo de FEV1/FVC e Entropia de Shannon se correlacionaram
com a variagdo no surgimento de sinas e sintomas.

Palavras-chave: Espirometria; Frequéncia Cardiaca; Musculos Respiratorios; Pressao
Arterial; Reabilitacdo Cardiaca; Sinais e Sintomas; Sistema Nervoso Auténomo.



ABSTRACT

Background: Physical exercises, fundamental components of cardiovascular rehabilitation
programs (CRP), are essential for controlling and improving several physical, social and
mental aspects of individuals with cardiovascular diseases. However, this practice is
associated with the risk of the occurrence of signs and symptoms. Thus, the search for
monitoring and prognostic methods in such population becomes primordial in the clinical
context, and despite the fact that several cardiorespiratory and autonomic parameters are
widely used for this purpose, there are still gaps regarding their ability to correlate and predict
signs and symptoms during a CRP. Aims: 1) To compare the cardiorespiratory response at
rest among patients in a CRP with different patterns of incidence of signs/symptoms and to
correlate cardiorespiratory parameters with their occurrence; 2) To analyze the effects
induced by a CRP, over 8 months, on the linear dynamics of HR and cardiorespiratory
parameters, and whether their alterations influence the occurrence of signs/symptoms; 3) To
correlate the behavior of the nonlinear dynamics of HR at rest with the occurrence of signs
and symptoms during the CRP, in addition to analyzing whether after a period of 8 months
there was a change in the nonlinear dynamics of HR and whether this influenced the
occurrence of signs and symptoms. Methodology: Approximately 70 patients enrolled in a
CRP, with a clinical diagnosis of coronary insufficiency, other heart diseases or risk factors
for the development of such diseases, were evaluated. These patients underwent cardiac
autonomic modulation assessments at rest to obtain non-linear and linear indices, and
cardiorespiratory parameters (heart rate [HR] and respiratory rate, blood pressure, oxygen
saturation, spirometric and manovacuometry parameters). Then, they were accompanied by
24 sessions of the program, in order to obtain possible signs and symptoms, such as changes
in pulse rate, pressure abnormalities during exertion, muscle pain or fatigue. For studies 2
and 3 all assessments/follow-up were performed again after 8 months. Results: Worse values
of cardiorespiratory parameters were correlated with a higher incidence of signs/symptoms,
and the lower the values for FVC, FEV1 and FEV1/FVC (Pre#1), and the higher for resting
HR, the greater the occurrence of signs/symptoms. In data analysis after 8 months, there was
a significant reduction in the occurrence of signs and symptoms, with a trend of improvement
in cardiac parameters and maintenance of respiratory and autonomic parameters of linear and
nonlinear HR dynamics. Still, with the exception of FEV1/FVC and Shannon's entropy, the
variation deltas of variables and signs and symptoms were not correlated. Conclusions:
Patients with more signs and symptoms had lower values in their cardiorespiratory variables,
with a correlation for FVC, FEV1, FEV1/FVC (Pre#1) and HR. Furthermore, there were no
significant changes for linear and nonlinear cardiorespiratory and autonomic variables,
indicating the maintenance of such variables throughout the 8-month period in the CRP, but
there was a significant reduction in the occurrence of signs/symptoms. Furthermore, the
variation of FEV1/FVC and Shannon's entropy correlated with the variation in the occurrence
of signs and symptoms.

Keywords: Autonomic Nervous System; Blood pressure; Cardiac Rehabilitation; Heart Rate;
Respiratory Muscles; Signs and Symptoms; Spirometry.
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APRESENTACAO

A tese sera apresentada em modelo alternativo e contempla a pesquisa intitulada:
Dinamica da frequéncia cardiaca e parametros cardiorrespiratorios sdo eficazes em
prever sinais e sintomas durante a reabilitacdo cardiovascular? Estudo de coorte
longitudinal, realizada no Laboratério de Fisiologia do Estresse da Faculdade de
Ciéncias e Tecnologia — FCT/UNESP.

Em concordancia com as normas bdo modelo alternativo do Programa de Pos-
graduacdo em Fisioterapia da Faculdade de Ciéncias e Tecnologia da Universidade
Estadual Paulista “Jalio de Mesquita Filho”, a presente tese esta dividida da seguinte
forma:

> Introducéo, contendo contextualizacdo do tema pesquisado;

» Artigo 1: Frequency of signs and symptoms in cardiovascular rehabilitation
programs and its relation with cardiorespiratory variables measured at rest: a
prospective follow-up study. Que esta submetido para andlise no periddico:
Disability and Rehabilitation;

> Artigo 2: Influence of a cardiovascular rehabilitation program on autonomic and
cardiorespiratory parameters and relationship with the occurrence of signs or
symptoms: a follow-up study. Que estd submetido para analise no periddico:
Journal of Cardiorespiratory Rehabilitation and Prevention;

» Artigo 3: Relacdo da dindmica néo linear da frequéncia cardiaca e a ocorréncia de
sinais e sintomas: follow-up em um programa de reabilitacdo cardiovascular. Que
sera submetido para analise no periddico: International Journal of Cardiology;

» Conclusbes, obtidas por meio da pesquisa realizada; e
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> Referéncias das fontes utilizadas na reda¢do da introducéo, cujo formato esta de
acordo com o recomendado pelo Comité Internacional de Editores de Jornais

Médicos (ICMJE — Internacional Committe of Medical Journal Editours).

Carolina Takahashi
Discente do curso de Pés-Graduagdo em Fisioterapia

Faculdade de Ciéncias e Tecnologia — FCT/UNESP

L G sl

Prof. Dr. Luiz Carlos Marques Vanderlei
Orientador

Departamento de Fisioterapia — FCT/UNESP
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As doencas cardiovasculares (DCV) séo consideradas a principal causa de
mortes no mundo! e representam uma reducdo na expectativa de vida em
aproximadamente 5,24 anos?. Essas doencas geram grande impacto na economia dos
paises’?, e grande parte do fardo econémico é proveniente dos eventos cardiovasculares
ndo fatais e suas consequéncias a longo prazo, ja que estes individuos deixam de produzir
efetivamente e passam a serem encargos para a economia, requerendo beneficios ou
aposentadorias®.

Tais consequéncias sdo geradas em funcdo das diversas alteracbes que sdo
usualmente observadas no organismo dos individuos com DCV, as quais promovem
repercussdes que afetam desde aspectos emocionais, levando & ansiedade e depressao®,
até aspectos fisicos, que levam a diminuicdes na qualidade de vida®, no nivel de atividade
fisicae na capacidade funcional’.

Dados como esses demonstram a importancia de se obter ferramentas que
auxiliem a reduzir o impacto destas doengas na vida do individuo e, nesse contexto, se
destaca a préatica regular de exercicios fisicos, a qual é capaz de promover uma agdo
protetora ao sistema cardiovascular. O exercicio fisico € responsavel por preservar a salide
dos vasos sanguineos e do coracdo por meio de acgBes antiaterosclerdticas,
antitromboticas, anti-isquémicas e antiarritmicas®®. Sua prética regular se equivale aos
efeitos das intervengdes medicamentosas, quando se considera a reducdo da mortalidade
de individuos com DCV™,

Em funcdo dos beneficios que o exercicio fisico € capaz de promover tanto aos
individuos saudaveis!! quanto aos com doengas cronicas ndo transmissiveis'?, os
programas de reabilitacdo cardiovascular (PRC) baseado em exercicios merecem

destague como uma ferramenta capaz de fornecer a préatica regular de exercicios fisicos
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individualizados e supervisionados por profissionais da salde, que podem impactar
positivamente a salide destes individuos®.

Definida como um tipo de intervencdo capaz de promover influéncias benéficas
as causas das DCV, melhorando as condigdes fisicas, sociais e mentais de seus
participantes,® a reabilitacdo cardiovascular é reconhecida como sendo classe | de
recomendacao e nivel de evidéncia A para o tratamento de varias DCV,

PRC promovem diversos efeitos benéficos em individuos com DCV*1€, porém
a prética de exercicios fisicos em um PRC est& associada com o risco de aparecimento de
sinais e sintomas!’~?! e fatores como temperatura®?*, carga de exercicio?*, parada subita
do esforgo?® e caracteristicas clinicas inerentes do paciente®?® podem aumentar o risco
de surgimento de sinais e sintomas durante a realizagio de exercicio. E observado que a
fase de resisténcia aerdbia, que € o periodo onde ocorre maior sobrecarga ao sistema
cardiorrespiratorio durante os PRC, corresponde ao periodo de maior risco para o
aparecimento de sinais e sintomas’?,

Vanderlei et al.}” relataram que mais de 50% dos participantes dos PRC
analisados apresentaram algum tipo de sinal ou sintoma durante a reabilitagcdo, sendo que
a incidéncia foi de um sinal ou sintoma para cada 25,59 horas trabalhadas, o0 que sugere
que a presenca de sinais e/ou sintomas durante os PRC sdo constantes e necessitam de
maior atencdo. Sinais e/ou sintomas como alteracdes de pulso, fadiga, dor muscular,
angina, tontura, respostas anormais da pressdo arterial (PA), nausea, taquipneia, palidez
e caimbras foram observadas®’.

E importante destacar que o aparecimento de sinais e sintomas nos PRC néo
ocorrem apenas com o0s pacientes de alto risco para o desenvolvimento de eventos

cardiovasculares, mas sim com toda a gama de pacientes que frequentam esses
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programas, incluindo aqueles que realizam o PRC para fins preventivos e os de baixo
risco, que usualmente representam a grande maioria dos pacientes atendidos nos PRC?’.

Entendemos que a identificagdo precoce e adequada de sinais e sintomas como
os relatados por Vanderlei et al.!’, com menor implicancia clinica, pode prevenir o
surgimento de eventos graves e com maiores repercussoes sistémicas como, por exemplo,
a ocorréncia de paradas cardiorrespiratorias. Considerando esse aspecto, Takahashi et
al.?® correlacionaram a ocorréncia de sinais e/ou sintomas com a modulagdo autondmica
cardiaca obtida em repouso e observaram que pacientes com menores valores de
modulacdo parassimpatica apresentaram episodios mais frequentes de sinais e/ou
sintomas durante um PRC, sugerindo que essa variavel clinica pode ser utilizada para
predizer o risco da ocorréncia de sinais e/ou sintomas nesses programas.

Na literatura, estudos envolvendo a temética de sinais e/ou sintomas nos PRC,
em geral, buscam analisar apenas a sua ocorréncia, e at¢ 0 momento ndo é de nosso
conhecimento nenhum outro estudo que buscou correlacionar a ocorréncia de sinais e/ou
sintomas durante esses programas com variaveis clinicas obtidas destes individuos, como
por exemplo frequéncia cardiaca (FC), PA, forca muscular respiratéria e funcdo
pulmonar.

Considerando esses aspectos, acreditamos que seja primordial investigar
possiveis variaveis que possam predizer a possibilidade de ocorrer sinais e/ou sintomas
durante as sessdes dos PRC, o que poderia melhor nortear as estratégias de monitorizacao
e prescri¢do de exercicios adotadas nesses programas.

E importante salientar ainda que durante a realizacio de exercicios fisicos
diversas alteragGes ocorrem nos sistemas cardiorrespiratorio e autonémico para suprir o

aumento na demanda metabdlica induzida pelo exercicio®®*°, e que tais alteracoes
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também propiciam o surgimento de sinais e/ou sintomas. Tais adaptacdes séo, pelo menos
em parte, influenciados pela agdo do sistema nervoso auténomo (SNA)?°.

Nesse sentido, parece pertinente investigar se outros aspectos do comportamento
do SNA em repouso, podem predizer a possibilidade de aparecimento de sinais e/ou
sintomas durante a realizacdo do PRC. Um dos principais recursos de avaliagdo do SNA
é a variabilidade da frequéncia cardiaca (VFC), uma ferramenta de fécil utilizacdo e baixo
custo, que é amplamente utilizada para analise de individuos saudaveis, doentes®%2 ou
atletas®®,

A dinamica da FC pode ser avaliada por métodos lineares e ndo lineares®. Os
métodos lineares apresentam correlagdes com o surgimento e agravamento de doengas no
individuo®+’, sendo considerados marcadores para analise do estado clinico do paciente.
Os métodos ndo lineares também possuem grande destaque, pois acredita-se que 0 SNA
possui uma dindmica ndo linear e que 0s mecanismos responsaveis pela regulacdo
cardiovascular atuem também de modo nZo linear entre si®®. Acredita-se que estes podem
fornecer resultados mais estaveis, além de revelar anormalidades que de outra forma
estariam ocultas®®.

Além do estudo de Takahashi et al.?® que utilizou a analise linear da VFC com
os indices obtidos nos dominios do tempo e frequéncia, outros estudos utilizando indices
lineares e ndo lineares da VFC apontam que eles também podem serem utilizados como
prenunciadores de risco cardiaco’®® e eventos cerebrovascular®!, sendo precisos e
confidveis para a estratificacdo de risco das populacdes analisadas. Além, disso, esses
indices apresentam capacidade significativa para predizer o surgimento de eventos
graves, como a morte stbita* e indices obtidos em repouso podem ser correlacionadas

com respostas especificas do individuo quando este realiza exercicio fisico*.
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Além da utilizacdo da modulacdo autonémica cardiaca para monitorizagdo de
eventos cardiovasculares, parametros cardiorrespiratérios sdo também amplamente
utilizadas com esse proposito* 4. A FC é apontada como um método de prognostico, ja
que a sua elevagdo em repouso esta associada com aumento da mortalidade**6. Ainda,
modificag¢6es do ritmo cardiaco sdo capazes de produzir sintomatologia, j& que respostas
anormais da FC pode levar a altera¢Ges da distribuicdo sanguinea pelo organismo com
diminuicdo da sua disponibilidade, podendo gerar sensagdes de angina, fadiga, tontura
e/ou sincopes®’.

A pressao arterial (PA) pode também ser considerada nesse contexto, pois a sua
elevacdo pode causar infarto agudo do miocérdio, doenca congestiva do coracao, doenca
coronaria, doenca vascular periférica e doencas cerebrais*®. Anormalidades pressoricas
(elevacOes ou reducdes acima do normal) também sdo capazes de produzir ineficiéncia
de trocas gasosas e de nutriente em todo o organismo, podendo causar sintomatologia
como tontura e desmaios*®, além de viséo turva e dores de cabeca®.

Outro relevante componente a ser considerado é o respiratdrio, ja que a avaliacdo
da funcdo pulmonar, pode também ser utilizada para correlacionar parametros
respiratérios com a incidéncia de complicacGes poOs-operatorias e com o nivel de
mortalidade®!°?, fornecer prognostico de doencas respiratorias e permitir a avaliagio de
limitagdes frente ao esforgo®. Além disso, reducdes nos valores de forga muscular
inspiratoria estdo associados com uma maior intolerancia ao exercicio em pacientes com
insuficiéncia cardiaca®, podendo ocasionar o surgimento de limitagGes para a pratica de
atividade fisica®.

As variaveis respiratorias podem ser relacionadas as respostas cardiovasculares
e concomitantemente a possivel sintomatologia desse sistema, ja que a presenca de

obstrugdes nas vias respiratorias ou baixos valores de forca muscular respiratoria podem
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levar ao declinio da eficiéncia das trocas gasosas realizadas pelo individuo, o que produz
reducdes nos niveis de oxigénio e nutrientes na circulacdo e elevam o gasto energético,
podendo gerar sintomas, como a fadiga muscular®®.

Apesar dos indices lineares da VFC, obtidos nos dominios do tempo e
frequéncia, se correlacionarem com a ocorréncia de sinais e/ou sintomas?® e serem
utilizados como marcadores do risco cardiovascular®’ e varidveis cardiorrespiratorias,
como pressdo arterial®® e frequéncia cardiaca®®, terem seus valores de repouso
correlacionados com respostas durante o exercicio, a busca na literatura pertinente ndo
encontrou estudos que analisaram as respostas dessas varidveis como ferramentas para
predizer o risco de surgimento de sinais e/ou sintomas em individuos que realizam um
PRC.

Tomando em conjunto estas informacbes, nos questionamos: indices ndo
lineares da VFC, associados aos indices lineares, e parametros cardiorrespiratorios podem
ser utilizados para predizer sinais e sintomas em individuos que frequentam PRC? Se sim,
quais as variaveis que melhor se correlacionam com a possibilidade de aparecimento de
sinais e sintomas nesses programas?; Ainda, ap6s um periodo prolongado de
acompanhamento, possiveis modificacGes nessas variaveis promoveriam alteracfes na
ocorréncia de sinas e/ou sintomas nesses individuos?

Informacdes desta natureza podem fornecer suporte para a préatica clinica dos
profissionais da saude que estejam envolvidos em PRC ou que atuem com exercicio fisico
em individuos com DCV ou fatores de risco para 0 seu surgimento. A possibilidade de
poder utilizar variaveis que sdo de facil acesso, para prever sinais e/ou sintomas em
pacientes durante a realizacdo de PRC ¢é relevante, pois pode contribuir para nortear as
estratégias de monitorizacgdo e prescricdo de exercicios, auxiliando o terapeuta a garantir

maior seguranca e eficacia aos PRC prescritos.
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Levando em consideracdo o exposto, essa tese foi elaborada com o objetivo de
correlacionar variaveis clinicas (parametros cardiorrespiratorios e dindmica da frequéncia
cardiaca) mensurados em repouso, com a ocorréncia de sinais e/ou sintomas em
participantes de um PRC; e avaliar se possiveis alteracfes nos parametros clinicos
induzidos pelo PRC podem exercer influéncia na ocorréncia de sinais e/ou sintomas. Para
cumprir o proposto foi realizado um estudo que proporcionou a elaboragéo de trés artigos,
cujos objetivos e conclusdes estdo descritas abaixo.

O primeiro artigo foi intitulado: “Frequency of signs and symptoms in
cardiovascular rehabilitation programs and its relation with cardiorespiratory
variables measured at rest: a prospective follow-up study”, o qual teve por objetivos
comparar a resposta cardiorrespiratéria de repouso entre os pacientes em PRC sem ou
com baixa ocorréncia de sinais e/ou sintomas (pacientes sem ocorréncia ou com até 2
sinais e/ou sintomas, exceto sintomas severos como angina) com aqueles com alta
ocorréncia de sinais e/ou sintomas (ocorréncia de trés ou mais sinais e/ou sintomas) ao
longo de 24 sessdes, e correlacionar os pardmetros cardiorrespiratdrios obtidas em
repouso com a ocorréncia de sinais e/ou sintomas.

Os resultados apontam que os participantes com maior ocorréncia de
sinais/sintomas apresentam piores valores nos parametros cardiorrespiratorios, e que as
variaveis CVF, VEF, VEF1/CVF (Pre#l) e FC apresentam correlac6es significantes com
o0 surgimento de sinais/sintomas, sendo que quanto menores os valores destas variaveis
maiores sdo as chances de ocorréncia de sinais/sintomas durante o0 PRC, com excecao
para FC, que apresentou o padréo oposto.

O segundo artigo intitulado: “Influence of a cardiovascular rehabilitation
program on autonomic and cardiorespiratory parameters and relationship with the

occurrence of signs or symptoms: a follow-up study” teve como objetivo analisar o0s
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efeitos induzidos por um PRC, ao longo de 8 meses, nos parametros autondmicos lineares
e cardiorrespiratérios, e se estas alteraces influenciam na ocorréncia de sinais e/ou
sintomas. Seus resultados indicam que houve diminuigcdo expressiva na ocorréncia de
sinais e/ou sintomas, e uma possivel tendéncia de melhora nos pardmetros cardiacos.
Assim, foi possivel observar que a participacdo em um PRC ao longo de 10 meses foi
capaz de auxiliar na estabilizacdo das respostas autonémicas e cardiorrespiratorias dos
pacientes analisados.

O terceiro artigo proposto intitulado “Relacdo da dinamica néo linear da
frequéncia cardiaca e a ocorréncia de sinais e sintomas: follow-up em um programa
de reabilitacdo cardiovascular” teve por objetivo correlacionar o comportamento da
dindmica néo linear da FC em repouso com o surgimento de sinais e sintomas durante 24
sessdes de um PRC, além de analisar se ap6s o periodo de 8 meses houve modificacao
das respostas néo lineares e da ocorréncia de sinais e sintomas. Neste estudo foi observado
que houve diminui¢do na ocorréncia de sinais e sintomas nos pacientes do PRC, e
manutencdo da resposta de dindmica néo linear da FC ao longo do periodo analisado. E
foi verificada a presenca de correlacéo negativa significante entre a Entropia de Shannon
e 0 surgimento de sinais e sintomas, porém auséncia de significancia para os demais
indices. Tal correlacdo indica que um individuo com menor complexidade da modulacéo
autondmica cardiaca esta mais propenso a apresentar um sinal ou sintoma durante o PRC.

A seguir serdo apresentados os artigos em sua integra, conforme normas para
apresentacdo da tese, as quais foram definidas pelo Conselho de Curso do Programa de

Pds-Graduacao em Fisioterapia da FCT/UNESP.
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ABSTRACT

Aims: To compare resting cardiorespiratory answer between the patients in a
cardiovascular rehabilitation program (CRP) with different patterns of signs/symptoms
incidence and correlate the measured cardiorespiratory variables at rest with the
occurrence of signs/symptoms. Material and methods: Were rated 70 patients, with a
clinical diagnosis of coronary insufficiency, other heart diseases or risk factors. Which
had their rest cardiorespiratory variables measured (heart rate, blood pressure, O2
saturation, respiratory rate, respiratory muscle strength and lung function) and were
followed up over 24 sessions of a CRP to the identification of signs/symptoms. To
compare the cardiorespiratory variables, the patients were grouped in: G1 (up to 2
signs/symptoms; n=24; 62,12+12,41 years) and G2 (=3 signs/symptoms; n=46;
67,52+10,50 years) and analyzed by ANCOVA. Pearson’s or Spearman’s correlations
tests were applied. Results: 508 signs/symptoms occurred, the most recurrent being
arrhythmias and muscle pain, the stage of aerobic resistance was the period of greatest
occurrence of the events. Lower values of diastolic blood pressure, FVC, and FEV:
(Pre#1 and %Pred) were obtained to G2 compared to G1, with a “medium” size effect.
Negative correlations were observed between the number of signs/symptoms with FVC,
FEV1 (Pre#l and %Pred), FEV1/FVC (Pre#l), and positive correlation with heart rate.
Conclusion: Patients with more signs/symptoms had worse values of cardiorespiratory
variables, also the variables FVC, FEV1, FEV1/FVC (Pre#l) and heart rate showed better

conditions to predict the possibility of signs/symptoms to occurs during a CRP.

Keywords: Cardiac Rehabilitation; Heart Rate; Respiratory Muscles; Signs and
Symptoms; Spirometry.

Translational Perspective: We suggest that patients with lower values of
cardiorespiratory variables tend to present higher occurrence of signs and symptoms,
especially for lower values in FVC, FEV31, and FEV1/FVC (Pre#l) at rest. Also, for
patients with higher values of resting HR, the greater are the chance of signs/symptoms

occurring during cardiovascular rehabilitation programs.
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INTRODUCTION

Cardiovascular rehabilitation programs (CRP) are essential for the treatment of
several cardiac diseases since these programs promote several benefits on body systems
and improve the life’s quality of their patients through the development of physical and
educational activities?. The main tool used to promote these benefits is the practice of
systematic and controlled exercises, however, the rise on the body's metabolic demand
induced by the practice of physical exercises predispose the individual to the risk of

occurrence of signs and symptoms®=>.

While some of these signs and symptoms can be initially considered of low
clinical complexity, like as abnormal blood pressure response, syncope, and arrhythmias,
the literature expose that they can be predictors of higher complex situations®. Therefore,
a wide range of signs and symptoms are related to potentially more dangerous situations

such as low cardiac output which lead to risk life situations like sudden cardiac death’.

Thereby, monitoring these patients closely during physical effort is essential for
the development of safe practice in the CRP. Cardiorespiratory variables are widely used
for the evaluation and monitoring of patients®8, they also are related to cardiovascular

prognosis>®12,

Cardiorespiratory variables obtained during rest such as heart rate (HR), blood
pressure (BP) and pulmonary function measures can be used to estimate the functioning
of the cardiorespiratory system*3-%°. Higher HR and BP values are associated with groups
with a higher risk of developing cardiovascular diseases or events>®, while for respiratory
variables such as muscle strength and forced expiratory volume in one second (FEV1),

low values indicate patients who have higher risk levels!®*?,

31



Thus, we believe that changes in these variables can influence directly the
occurrence of signs and symptoms. Since that several of them occur when the organism
suffers changes in their metabolic demand, bringing up decompensations in the

cardiovascular and respiratory physiologic answer®">.

In this context, assessing whether cardiorespiratory variables obtained at rest
may be correlated with the occurrence of signs/symptoms in CRP becomes relevant. This
brings the possibility of early detection in situations of lower risk to the patient and
prevents them from evolving into a worse and more complex clinical condition. Being
able to do that will help the therapists to ensure greater safety and efficacy for CRP

practice.

We hypothesize that individuals with a higher occurrence of signs and symptoms
have worse cardiorespiratory variables. In addition, such variables can present

correlations with the occurrence of signs and symptoms.

Therefore, these study aims are to compare the cardiorespiratory answer between
the patients with different patterns of signs/symptoms incidence and correlate the

measured cardiorespiratory variables at rest with the occurrence of signs/symptoms.

MATERIAL AND METHODS
Casuistic

This is a prospective follow-up cohort study, which analyzed patients with
diagnosed cardiovascular disease or with risk factors, regardless of gender, who
participate in a CRP for at least 3 months. For the calculation of the sample size, an
expected correlation of r=0.40 was considered, the alpha error of 5%, and power of 80%,

which indicated the need of at least 48 patients in the study.
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Patients who did not attend all stages of initial data collection or who abandoned
the program before completing 24 rehabilitation sessions and those who did not meet the
criteria for spirometry (three acceptable curves, two of which being reproducible and not
exceeding the maximum extrapolated volume of 150mL) were excluded from the study.

The patients were previously informed about the aims and procedures of this
study and, after agreeing, signed the Free and Informed Consent Form. All procedures
were approved by the Institution's Research Ethics Committee (CAAE:

66222017.6.0000.5402) and agreed with the Declaration of Helsinki ethical principles.

Experimental drawel

Initially, all patients had their medical records analyzed, from which data were
extracted to characterize the population and, subsequently, they performed assessments
to determine their cardiorespiratory variables at rest. Thereafter, the patients were
followed for a period of 24 sessions (approximately two months) during the CRP routine
to assess signs/symptoms.

The full protocol of this study is registered at ClinicalTrials platform, identified

by the record NCT03446742.

Volunteer’s characterization

Following the steps previously published by Takahashi et al (2020), the
following information was obtained: age, sex, main clinical diagnosis, time of
participation in the CRP, risk factors, comorbidities, and medications in use.

The main clinical diagnosis was used to classify the patients into 3 subgroups:
CHD - patients diagnosed with coronary heart disease; Prevention — patients with risk

factors for the development of cardiovascular disease; Others CVD — patients diagnosed
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with another cardiovascular disease (valvopathy, atrial fibrillation, congestive heart
failure, constrictive pericarditis, congenital heart disease, and arrhythmias).

The height was measured in orthostatic position using a stadiometer (Sanny, ES
2020, Brazil) and body mass on a digital scale (Balmak, Premium Bk — 200Fa, Brazil).

Afterward, the body mass index (BMI) was calculated.

Blood Pressure (BP) and Heart Rate (HR)

The BP check was performed indirectly, using a stethoscope (Littmann - Master
Cardiology 2161, USA) and an aneroid sphygmomanometer (Welch Allyn - Durashock
DS44, USA) positioned on the patient's left upper limb. The BP measurement was
performed at 3 different moments and the considered value was the average between these
measurements:®.

HR was measured using the Polar® V800" heart rate monitor (Polar Electro
QOY, Finland) and calculated by averaging the values obtained from the 5th to the 20th
minute of HR captured beat-by-beat by the instrument. In cases where this capture was
not possible, such as in the presence of atrial fibrillation or pacemaker, the HR value was

obtained by the oximeter (Rossmax Innotek Corp. - SB220, Taiwan).

Oxygen saturation (SatO2) and Respiratory rate

The SatO. monitoring was performed using a pulse oximeter (Rossmax Innotek
Corp. - SB220, Taiwan), which was attached to the right index finger of each volunteer.
The respiratory rate was measured individually by checking the number of breathing

cycles performed by the patient during one minute*®.

Maximum Expiratory Pressure (MEP) and Maximum Inspiratory Pressure (MIP)

MEP and MIP values were obtained by an analog manovacuometer (Murenas,
71001WTB CLL1.6, Brazil), calibrated in cmH2O. The device was connected to a plastic
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trachea and its end was attached to a rigid mouthpiece. Acceptable maneuvers were those
in which there were no air leaks and with sustained pressure for at least 1 second. The test
was accepted when the volunteer completed three acceptable measures, and the last value

obtained could not be higher than the others®®.

Spirometric variables

Spirometric variables were measured using a portable spirometer (MIR —
Medical International Research, Spirobank Il Advanced, Italy) the patient was settled in
a quiet environment, with the back and feet supported and using a nose clip. The execution
of the maneuvers, as well as the evaluation of the criteria and acceptance and
reproducibility of the acquired spirometric curves followed the recommendations of the
Il Brazilian Consensus on Spirometry?°.

From the volume-time curve, the peak expiratory flow (PEF), forced expiratory
volume in one second (FEV1), forced vital capacity (FVC) and the FEV1/FVC ratio were
obtained through the software MIR winspiroPro version 7.5.2. The variables were
expressed from the curve with better values (Pre#1) and the percentage achieved from the

predicted value (%Pred).

Cardiovascular Rehabilitation Protocol

The applied CRP was performed three times a week on alternate days, lasting
approximately 60 minutes, in an environment with a controlled temperature between 21
to 24° C and was composed of the following stages: initial rest (stage 1; 5 minutes), warm-
up stage (stage 2; 15 minutes), aerobic resistance stage (stage 3; 30 minutes) and
relaxation stage (stage 4; 10 minutes). Additional information about the CRP protocol is

available in the complete protocol of this study?.
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Patients performed individualized aerobic protocols, according to their HR
reserve values, defined by the Karvonen formula?® and the most appropriate training
ranges for each patient, following these criteria: 40 to 70% of the HR reserve for patients
with diagnosed cardiovascular, pulmonary, and metabolic diseases; 60 to 80% of the HR

reserve for patients with only risk factors?3.

Signs and symptoms identification

The signs/symptoms analyzed were those identified in the literature as the most
frequent during the performance of CRP3, where the symptoms: fatigue (unpleasant
physical sensation, described as general tiredness), muscle pain (sensation of discomfort
in the skeletal muscles) in peripheral limbs (through a Likert scale of 1-5), stable angina,
dizziness, cramps, and nausea were evaluated through a checklist at the end of each stage
of the session; and the signs observed through the whole session were: change in pulse
frequency (evaluated per arterial peripheral palpation), abnormal increases in systolic
and/or diastolic pressure during exercise (>200/120 mmHg)?*, tachypnea (above 20
breaths per minute, during the resting/recovery period)?®, and pallor.

The monitoring of signs/symptoms was carried out over 24 sessions by trained
professionals. In the aim to evaluate the occurrence, the sign or symptom was counted
per session, regardless of the number of times the same sign or symptom occurred. So,
during one session, he was counted only once.

To compare cardiorespiratory variables and physical characteristics, patients
were divided into two groups: G1 (the group without signs and symptoms or with up to 2
signs or symptoms — except for severe symptoms, such as angina which is highly
associated with future cardiac events?®) and G2 (the group with presence of >3 signs or
symptoms). This allocation was chosen because we observed that one or two

signs/symptoms sporadic and unimportant (like muscle cramps) could occur over the
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almost two months of follow-up, and that only the occurrence more insistent of
signs/symptoms (above 3 times, regardless of type) or those considered clinically most

important, like angina, could be relevant to the patient.

Statistical analysis

The normality of the data was verified by the Shapiro-Wilk test. The means of
the groups were compared using the Student's t-test for unpaired data or the Mann-
Whitney test. Chi-square or Fisher's exact test was used for categorical data. ANCOVA
was performed to adjust the variables for possible confounding factors (gender, age, BMI,
use of drugs to control BP or HR, and the presence of arterial hypertension or diabetes
mellitus). In addition, the effect size measures were obtained using the partial eta-squared
(small effect for values <0.05, medium effect for 0.06 to 0.13, and large effect for >0.14).

The relationship between the occurrence of signs and symptoms and the values
of cardiorespiratory variables was analyzed using Pearson's correlation when normality
was proven or by Spearman's correlation when wasn’t. Afterward, linear regression was
applied to the data. All results were discussed at the 5% level of significance. Data
analysis was performed using the Statistical Package for the Social Sciences — 25.0

version (SPSS Inc., Chicago, USA).

RESULTS

70 patients were selected for final analysis (31 women; 64.84+12.76 years).
They were subdivided into two groups, G1 and G2, based on the absence/presence of
signs/symptoms to compare physical characteristics and cardiorespiratory variables. The

patient’s allocation flowchart can be seen below (Figure 1).
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[ Enrollment J Assessed for eligibility (n=77)

Excluded (n=3)
> | ¢ Did not complete data collection(2)

¢ Exceeded extrapolated volume on
spirometry (1)

[ Allocation ] Allocated to intervention (n= 74)

Excluded (n=4)
» | ¢ Abandoned the CRP (4)

A J

[ Analysis ] Analyzed (n=70)

)

I l

Gl (n=24)

G2 (n= 46)

+ Patients without signs and
symptoms or with up to 2
signs/symptoms

¢ Patients with >3 signs and
symptoms

Figure 1. Allocation flowchart of patients

The physical and clinical characteristics of the patients are exposed in Table 1.
Where we can observe statistically significant differences, with lower values for G1
compared to G2, for: BMI, time of participation in the CRP, use of block calcium

channels drugs, presence of cardiac disorders, and other disorders.
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Table 1. Clinical and physical characteristics of the analyzed patients (n = 70)

Variable G1 (n=24) G2 (n=46) p-value
Age (years) 63.2 2(@3172;51—26‘;1.75) 686(76.25.27;; : (;75.%0) 0.067
Sex [% (n)] 45.8 (11) women 43.5 (20) women 0.852
Weight (kg) 73.316753.5%1—253557.57) 75.628&22.251?;2.97) 0.367
Height (m) 1.6&13 '?15.52(101?73) 1.61'?12.51;5%01%1) 0.189
BMI (kg/m?) 26.872(72411.373f1 29.66) 28.82?éé?oi fgi.GG) 0.035*
CRP time (years) 1 ?d?z?si—47§070) 9 (15.303 %1225) 0.017*
Clinical Diagnosis [% (n)]
CHD 58.33 (14) 65.22 (30) 0.610
Prevention 20.83 (5) 17.4 (8) 0.753
Others CVD 20.83 (5) 17.4 (8) 0.753
Risk factors [% (n)]
Arterial Hypertension 79.16 (19) 86.95 (40) 0.493
Family History 75 (18) 76.09 (35) 1
Hypercholesterolemia 54.16 (13) 69.56 (32) 0.293
Diabetes Mellitus 41.66 (10) 41.30 (19) 1
Hypertriglyceridemia 25 (6) 39.13 (18) 0.295
Smoking 0 (0) 10.87 (5) 0.157
Alcoholism 4.16 (1) 2.17 (1) 1
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Comorbidities [% (n)]

(Continuation)

Orthopedic Disorders 29.16 (8) 39.13 (17) 0.444
Cardiac Disorders 4.16 (1) 32.61 (15) 0.007*
Neurological Disorders 12.5(3) 13.04 (6) 1

Metabolic Disorders 8.33(2) 10.87 (5) 1

Respiratory Disorders 0 (0) 8.69 (4) 0.291
Other Disorders 12.5(3) 36.96 (17) 0.050*

Medicines used [% (n)]

Statin inhibitor 62.5 (15) 73.91 (34) 0.412
Beta-blocker 66.66 (16) 69.56 (32) 0.794
Platelet antiaggregant 58.33 (14) 80.43 (37) 0.087
ACE inhibitor 50 (12) 65.22 (30) 0.304
Hypoglycemic 33.33(8) 23.91 (11) 0.412
Diuretic 29.16 (7) 19.56 (9) 0.383
Vasodilators 16.66 (4) 23.91 (11) 0.554
E:ﬂgl'(‘éf‘ channel 8.33 (2) 32.61 (15) 0.038*
Antiarrhythmic 8.33(2) 10.87 (5) 1

Anti-ischemic 8.33(2) 2.17 (1) 0.269
Digitalis 4.16 (1) 13.04 (6) 0.409
Aldosterone antagonist 0 (0) 4.35 (2) 0.543

Data presented as the mean + standard deviation, followed by median (25th — 75th percentiles) or in
percentage (absolute number) and p-values. Subtitle: * = p<0.05. G1 = Group without signs and symptoms
or with up to 2 signs/symptoms; G2 = Group with >3 signs and symptoms; n = number of patients; kg =
kilogram; m = meters; BMI = body mass index; CRP = cardiovascular rehabilitation program; CHD =
coronary heart disease; CVD = cardiovascular disease; ACE = angiotensin Il converting enzyme.
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During the study, 1,680 hours of work were analyzed and 508 signs/symptoms
(signs — 262; symptoms — 246) were identified, thus equivalent to an occurrence of 1 sign
or symptom every 3.31 hours of work. Was registered 242 — change in pulse frequency
(47.64%); 102 — muscle pain (20.08%, mostly being classified as mild: likert 1 [79.4%]);
78 — fatigue (15.35%); 32 — dizziness (6.30%); 27 — stable angina (5.31%); 11 — abnormal
increase in SBP (2.16%); 7 — cramp (1.38%); 5 — abnormal increase in DBP (0.98%); 4 —
tachypnea (0.79%). There was no register of pallor, nausea, or serious adverse events,
such as cardiorespiratory arrest or sudden death.

Stage 3 (aerobic resistance stage) presented 43% of all signs/symptoms during
the analyzed period, followed by stage 4 with 18%, stage 1 with 16%, and the stage 2 was
the one that registered the lowest percentage of signs/symptoms with 11%. Stage 5
registered 12% of the signs/symptoms, this stage represented those signs/symptoms that
manifested throughout the whole CRP’s session. Figure 2 shows the distribution of signs

and symptoms according to the stage of the CRP in which it appeared.

Change in pulse frequency
Muscle pain

Fatigue

Dizziness

Angina

Cramps

1 abnormal SBP

1 abnormal DBP
Tachypnea

NN

0% 20% 40% 60% 80% 100%
mStage 1 m Stage 2 Stage 3 = Stage4  Stage5

Figure 2. Distribution of Signs/Symptoms by stages of the CRP session
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We observed that among the most prevalent signs/symptoms, which were
arrhythmias, muscle pain, and fatigue, all occurred predominantly during stage 3 (stage
of aerobic resistance).

Table 2 shows the values of the cardiorespiratory variables obtained at rest.
Lower values for DBP, FVC (Pre#l and %Pred), and FEV1 (Pre#1l and %Pred) were
obtained for G2 compared to G1 (p<0.05), with “medium” effect size for all.

G1 presented patients classified in spirometry with normal results (n = 21) and
with medium or moderate restriction (n = 3), whereas in G2 the patients obtained normal
classification (n = 30), medium or moderate restriction (n = 13), obstruction (n = 1),
obstruction with possible restriction (n = 1) and severe obstruction (n = 1).

When linear regression was applied (Table 3), significant negative correlations
were observed between the number of signs/symptoms with FVC (Pre#l and %Pred),
FEV1 (Pre#l and %Pred), and FEV1/FVC (Pre#l) and positive correlation between the

number of signs/symptoms and HR (p<0.05).

42



Table 2. Comparison of cardiorespiratory variables adjusted for sex, age, body mass index, presence of drugs to

control blood pressure and the presence of hypertension and diabetes mellitus (n=70)

G1 (n=24) G2 (n=46)
Variable Mean (SE) Mean (SE) F p-value  Etasquared Effect size
HR (bpm) 66.86 (2.38) 70.00 (1.68)  1.089 0.301 0.017 Small
SBP (mmHg) 11857 (2.27)  115.82(1.60) 0.923  0.340 0.014 Small
DBP (mmHg) 74.01(1.20)  69.57(0.85)  8.460  0.005* 0.118 Medium
SatO2 (%) 95.53 (0.39) 96.27 (0.28)  2.187 0.144 0.034 Small
RR (breaths/minute) ~ 19.31(0.99)  17.99(0.70)  1.097  0.299 0.017 Small
FVC Pret#l (1) 3.33(0.10) 2.95(0.07) 8366  0.005* 0.117 Medium
FVC %Pred (1) 93.34 (2.45) 85.97 (1.73)  5.654  0.020* 0.082 Medium
FEV: Pret#l (I) 2.66 (0.10) 2.30(0.07)  7.824  0.007* 0.110 Medium
FEV1 %Pred (1) 102.96 (4.00)  91.24(2.83) 5386  0.024* 0.079 Medium
FEV1/FVC Pre#l (%)  80.32(1.27)  78.11(0.90) 1.880  0.175 0.029 Small
FEV1/FVC %Pred (%) 102.86 (1.70)  99.20 (1.20)  2.895  0.094 0.044 Small
PEF Pre#1 (I/s) 6.96 (0.42) 6.45(0.30)  0.893  0.348 0.014 Small
PEF %Pred (I/s) 81.88 (4.10) 77.06 (2.90)  0.866 0.356 0.014 Small
MIP (cmH,0) 58.03 (4.68)  52.54(3.31) 0.860  0.357 0.013 Small
MEP (cmH:0) 63.02(5.64)  61.35(3.98)  0.055  0.815 0.001 Small

Data presented as the mean (standard error). Subtitle: * = p<0.05. G1 = Group without signs and symptoms or with up to 2
signs/symptoms; G2 = Group with >3 signs and symptoms; n = number of patients; HR = heart rate; bpm = beats per minute; SBP =
systolic blood pressure; mmHg = millimeters of mercury; DBP = diastolic blood pressure; SatO2 = partial oxygen saturation; % =
percentage; RR = respiratory rate; FVC = forced vital capacity; FEV: = forced expiratory volume in one second; PEF = peak
expiratory flow; Pre#1 = curve with better values; %Pred = predicted percentage; | = liters; I/s = liters per second; MIP = maximum
inspiratory pressure; MEP = maximum expiratory pressure; cmH20 = centimeters of water.
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Table 3. Correlation and linear regression between the number of signs and symptoms and

cardiorespiratory variables

Variable r p-value B 95%Cl p-value
HR (bpm) 0.187 0.121 0.161 0.016; 0.306 0.030*
SBP (mmHg) 0.049 0.687 0.058 -0.094; 0.210 0.448
DBP (mmHg) -0.161 0.183 -0.097 -0.371; 0.177 0.483
SatO2 (%) -0.040 0.740 -0.086 -0.989; 0.818 0.850
RR (breaths/minute) -0.073 0.547 -0.015 -0.399; 0.368 0.937
FVC Pret#l (1) -0.293 0.014* -3.087 -5.265; -0.909 0.006*
FVC %Pred (1) -0.373 0.001* -0.192 -0.306; -0.077 0.001*
FEV1 Pre#l (1) -0.338 0.004* -3.931 -6.425; -1.436 0.002*
FEV1 %Pred (1) -0.337 0.004* -0.108 -0.185; -0.032 0.006*
FEV1/FVC Pre#l (%) -0.195 0.105 -0.303 -0.569; -0.037 0.026*
FEV1/FVC %Pred (%) -0.131 0.278 -0.195 -0.411; 0.021 0.075
PEF Pre#1 (I/s) -0.091 0.451 -0.454 -1.241; 0.334 0.254
PEF %Pred (I/s) -0.203 0.092 -0.081 -0.164; 0.002 0.056
MIP (cmH20) -0.107 0.380 -0.037 -0.108; 0.033 0.298
MEP (cmH-0) -0.009 0.940 -0.014 -0.068; 0.040 0.600

Subtitle: * = p<0.05. HR = heart rate; bpm = beats per minute; SBP = systolic blood pressure; mmHg = millimeters
of mercury; DBP = diastolic blood pressure; SatO2 = partial oxygen saturation; % = percentage; RR = respiratory
rate; FVC = forced vital capacity; FEV: = forced expiratory volume in one second; PEF = peak expiratory flow;
Pre#1 = curve with better values; %Pred = predicted percentage; | = liters; I/s = liters per second; MIP = maximum
inspiratory pressure; MEP = maximum expiratory pressure; cmH20 = centimeters of water.
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DISCUSSION

In the present study, it was possible to establish significant negative correlations
of some spirometric variables (FVC [Pre#1 and %Pred] and FEV1 [Pre#1 and %Pred])
with the occurrence of signs/symptoms, where the strongest correlations occurring for
FVC (%Pred) and FEV1 (Pre#1). Still, the linear regression also showed positive and
negative significance, for the values of HR and FEV1/FVC (Pre#1), respectively. When
the adjusted means of both groups are compared, the group with the highest incidence of
signs/symptoms (G2) had lower values of all variables analyzed and had significance for
the variables DBP, FVC (Pre#l and %Pred), and FEV1 (Pre#1 and %Pred), however,
there was the exception for HR and SatO», which showed higher values.

The results indicate that patients with worse conditions in terms of
cardiorespiratory parameters tend to present a higher occurrence of signs and symptoms
during CRP. Being linked mainly to the decline of the lung function component. Thus,
patients who have lower lung function, higher resting HR or who have blood pressure
values below the normal range can be considered as individuals at greater risk during
CRP and need more attention during clinical practice.

The comparison between the group with a maximum of 2 signs/symptoms (G1)
and that with 3 or more signs/symptoms (G2) did not show significant differences for
most of the anthropometric variables, with the exception of BMI and the time
participation in the CRP, that were significantly lower for G1. Regarding the presence of
risk factors and comorbidities, considering the total values, G1 showed a lower
prevalence for all factors when compared to G2. As for medication, only the use of anti-
ischemic drugs was more prevalent in G1, and only the use of calcium channel blockers
showed a significant difference, being more prevalent in G2 (p<0.05).

Corroborating with the literature, the present study points out that the

signs/symptoms are recurrent during the performance of CRP and that the arrhythmias
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and muscle disorders (muscle pain and fatigue) are the ones with the greatest recurrence
during effort>1®, and that serious events, such as cardiorespiratory arrest or acute
myocardial infarction, occur to a lesser extent in CRP?’, with no occurrence in this study,
and we believe that this happened due to the safety components related to monitoring and
risk stratification provided in these environments.

Stage 3 (aerobic resistance stage) was the one with the highest occurrence of
signs/symptoms, totaling 43% of the occurrences. This is the stage with the highest
intensity of physical effort of the entire protocol, so there is a greater sympathetic
stimulation for the organism in order to meet the increased metabolic demand of the
tissues, which are in full activity during physical effort?®2°, That fact, at least in part,
justifies the increase in signs/symptoms, as described in several studies®?-32,

The comparison between the groups showed that HR and SatO> were higher in
G2 compared to G1, but without significance. However, even this small difference found,
especially in relation to HR, may suggest a worse cardiac condition in G2 patients, as had
already been exposed by several studies, higher HR values can be correlated with worse
prognosis and greater chance of complications®3-3,

For all other cardiac and respiratory variables, G1 showed higher values than
G2, with significance for DBP, FVC (Pre#1 and %Pred), and FEV1 (Pre#1 and %Pred).
Patients in G2 are older, have higher BMI, and have been in the CRP for a longer time,
in addition to having more signs/symptoms. These characteristics may be related to
reduced cardiorespiratory variables, due to the worse physical and clinical condition of
G2 patients.

The HR showed a positive correlation with the occurrence of signs/symptoms,
and for each sign/symptom that was identified, there was an increase of 0.161 in the

volunteer's HR value. This positive correlation suggests that patients with higher resting
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HR values have a higher risk of showing signs/symptoms during physical effort. Several
studies have already reported that a higher resting HR is a relevant risk predictor3333,
The SBP and DBP values did not show significant correlations with the
occurrence of signs/symptoms, however, it is worth noting that even though there is a
difference between groups for DBP, both of them presented mean values within the
normal range (<120/80) defined by the Guideline da American Heart Association®®,
Regarding respiratory variables, FVC, FEV1, and FEV1/FVC (Pre#1) showed
significant negative correlations with the occurrence of signs/symptoms, indicating that
the lower the value of these variables, the greater the occurrence of signs and symptoms
during the CRP sessions. Previous studies indicate that the reduction in pulmonary
function values is associated with a higher cardiovascular risk, either for events or for the
occurrence of mortality3®4°, thus, the results found here corroborate with the literature.
When comparing the classifications obtained by spirometry, it was possible to
identify that the patients allocated in G1 had predominantly normal results, with only 3
patients classified with a moderate restriction. In G2, there was a higher prevalence of
patients classified as having some type of restriction or obstruction (16 patients). This fact
may also have influenced the results obtained, since the presence of a greater disturbance
in lung function may have been associated with a worse clinical condition of the patient.
The respiratory variables were those with the highest B values, indicating that
they are the ones that best indicate the occurrence of signs/symptoms. Other studies also
point out that FVC and FEV1 are the most sensitive variables and, consequently, the most
used in determining the risk of patients with different pathologies* ..
Contrary to what was expected, the variables related to respiratory muscle
strength did not show any difference between the groups and had no correlation with the

signs/symptoms. The analysis of the mean values of both MIP and MEP indicates that
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these values are below the common for the Brazilian population of the same age group®®
and are related to low physical performance in several aspects of life**4®, which may have
influenced the results obtained.

The study presented as a methodological limitation the impossibility of
monitoring the HR and BP of the patients during stage 2 of the protocol. However, we
believe that this factor has not promoted important repercussions, since this stage of the
protocol aims at the gradual increase of HR and BP working with light intensity exercises.
Another limitation was the difference between the time of participation in CRP present
in our sample. While some patients were in their first’s months in the rehabilitation, others
were there more than 10 years. Nevertheless, how all patients had at least 3 months of
adaptation before their inclusion in the study, we believe that bigger impacts in the results
were minimized.

To our knowledge, this is the first study that seeks to verify the correlation
between cardiorespiratory variables at rest and the occurrence of signs/symptoms in CRP.
The results presented are highly relevant to clinical practice, since, with the possibility of
predicting the occurrence of signs/symptoms with less clinical complexity, such as those
evaluated in this study, we can avoid the occurrence of serious complications, such as
sudden death and cardiorespiratory arrest, increasing the safety in the routine of these
patients. Also, the results show that the most prevalent occurrence of signs and symptoms
and the ones which the professionals needs to have attention are related to rhythm disturbs
(change in pulse frequency) and skeletal muscle disorders (muscle pain and fatigue).

This study brings new horizons for future studies to be carried out in this area,
such as the creation of a cardiovascular risk stratification protocol that establishes cut-off
points for these variables for risk prediction. Or even, studies that seek to correlate

hemodynamic variables obtained during exercise to predict this risk.
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We conclude that CRP’s patients with a higher occurrence of signs/symptoms
have lower cardiorespiratory values, with the exception of HR and SatO». Furthermore,
the lower the values of the variables FVC, FEV1, and FEV1/FVC (Pre#1) at rest, and the
higher the value of resting HR, the greater are the chance of signs/symptoms occurring

during CRP.
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ABSTRACT

Aims: To analyze the effects induced by a cardiovascular rehabilitation program (CRP),
in autonomic and cardiorespiratory parameters, and whether changes in these parameters
influence the occurrence of signs/symptoms over 8 months. Material and Methods: 61
patients from a CRP were analyzed, and their cardiorespiratory parameters [heart rate;
blood pressure; partial oxygen saturation; respiratory frequency; forced vital capacity
(FVC); forced expiratory volume in the first second (FEV1); FEV1/FVC; peak expiratory
flow (PEF), spirometric parameters being expressed in Pre#l and %Pred; maximal
expiratory pressure (MIP) and maximal inspiratory pressure (MEP)] and resting
autonomic parameters [rMSSD; SDNN; pNN50; VLF; HF and LF (ms? and un); full
power; SD1; SD2; SD1/SD2;] before and after 8 months of CRP. After both assessments,
the patients were followed up for 24 sessions of the program, to obtain signs and/or
symptoms. The comparison between the differences (A) of the parameters was performed
by Repeated Measures ANOVA and Bonferroni's Post-hoc. The correlation between the
A of the number of signs/symptoms and the A of the cardiorespiratory and autonomic
parameters was analyzed using Spearman's correlation. Statistical significance was set at
5%. Results: After 8 months of participation in the CRP, there was a reduction in the
occurrence of signs and symptoms (6.26+0.91 vs. 3.01+0.49; p<0.0001). No significant
changes were observed in cardiorespiratory and autonomic parameters. Changes in the
occurrence of signs/symptoms showed no correlation with the cardiorespiratory and
autonomic parameters analyzed, with the exception of FEV1/FVC (%Pred). Conclusion:
After 8 months of participation in the CRP, there were no significant changes in the
autonomic and cardiorespiratory parameters, which indicates that the CRP was able to
perform maintenance in these analyzed systems. Furthermore, there was a significant
reduction in the occurrence of signs/symptoms. Except for the variable FEV1/FVC, no
correlation was observed between the A of variation of the other parameters and the A of

signs and symptoms.

Keywords: Autonomic Nervous System; Cardiac Rehabilitation; Heart Rate; Signs and

Symptoms; Spirometry.
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INTRODUCTION

A large portion of the world population is affected by cardiovascular diseases
(CVD), which are considered the main causes of death in the world, estimated at around
30% of global deaths®. In general, there are several risk factors associated with them,
which, in addition to promoting CVD, can be severe aggravating factors for this
population?.

However, a large part of individuals who have CVD and risk factors still don't
look for ways to reduce the impact that these conditions cause?. In this point can be
highlighted the importance of participating in cardiovascular rehabilitation programs
(CRP), which using programmed physical exercises and interventions focused on
changing lifestyle habits®, aim to improve the physical, mental and social conditions of
their participants*. Furthermore, long-term participation within these programs is capable
of generating continuous improvement in quality of life and, at least, maintenance of
cardiorespiratory fitness and functional capacity®.

Although the practice of physical exercises in these programs stimulate
improvement in parameters such as inflammation level, platelet adhesion, insulin
sensitivity, blood flow®, heart rate (HR) response and increased vagal activation’®, the
performance of physical exercise may be related to the occurrence of signs and symptoms
during program sessions®. Furthermore, clinical characteristics such as low
cardiorespiratory capacity, cardiac comorbidities'®'!, as well as imbalance in the
autonomic activity*2, may also be responsible for promoting an increase in the risk for the
occurrence of signs and/or symptoms.

Since some cardiovascular variables, such as HR and blood pressure (BP)*14,
have already been used as tools for risk prediction and monitoring of patients in CRP,
some questions have started, such as: 8 months of performing a CRP promotes changes

in the occurrence of signs/symptoms, in the autonomic and cardiorespiratory parameters?
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In the event of changes in parameters, do they correlate with changes in the occurrence
of signs/symptoms?

We hypothesized that changes in cardiorespiratory and autonomic parameters,
after performing a CRP for 8 months, influence the number of signs and symptoms that
individuals may present. This information can directly assist the clinical management of
patients and improve cost-effective therapeutic strategies in the monitoring of these
patients.

Thus, the study aims to compare the effects that performing a CRP generates on
linear, geometric indexes, and cardiorespiratory parameters over 8 months of follow-up,
and whether changes that occur in these parameters after this time influence the

subsequent occurrence of signs/symptoms during the rehabilitation sessions.

MATERIAL AND METHODS
Casuistic

This is an observational longitudinal cohort study, which included individuals
with diagnosed CVD or with risk factors, regardless of sex, who participated in a CRP.
The sample size calculation was based on the rMSSD index, a standard deviation of 17ms,
alpha risk of 5% and beta risk of 80% was considered, resulting in the need for 44
participants®®.

After initial screening, were not included in the study individuals who had
something that made it impossible or was contraindicated to capture the cardiac
autonomic variability through the heart rate monitor, such as atrial fibrillation and/or
cardiac pacemaker'®. Individuals with more than 5% error in tracing RR intervals
collected for autonomic assessment, the non-compliance of spirometry acceptability

criterial’ or those who did not complete any step of the protocol were excluded.
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The patients were previously informed about the aims and procedures of this
study and, after agreeing, signed the Free and Informed Consent Form. All procedures
were approved by the Institution's Research Ethics Committee (CAAE:

79213417.0.0000.5402) and agreed with the Declaration of Helsinki ethical principles.

Experimental drawel

Data were extracted from the patients' charts to characterize the population.
Shortly after, the patients perform assessments to determine their autonomic and
cardiorespiratory parameters at rest. Then, they were followed for a period of 24 sessions
during the CRP routine to assess signs and symptoms.

Subsequently, the patients remained in their normal CRP routines for 6 months
and, after this period, all assessments were performed again to obtain the autonomic and
cardiorespiratory parameters and were again monitored for 24 sessions of the program to
obtain the signs and symptoms (Figure 1). The complete research protocol to which this

study belongs is registered on the ClinicalTrials platform (NCT03446742).

1st Sequence of Assessments 2nd Sequence of Assessments
Cardiorespiratory parameters Cardiorespiratory parameters
Autonomic parameters Autonomic parameters
.
I Monthl J|  Month2 ] Month3 | Month4 | Months J  Month6 | Month7 || Month8 I Month9 | Month 10 I
l S SO OSSN, SO SO N | ,

] (]
I Normal cardiovascular I
rehabilitation program routine
Signs and Symptoms Identification Signs and Symptoms Identification

. u
----------------------

Monitoring for 24 sessions of the
cardiovascular rehabilitation program

Monitoring for 24 sessions of the
cardiovascular rehabilitation program

Figure 1. Protocol Sequence

Volunteer’s characterization

Age, sex, main clinical diagnosis, time of participation in the CRP, comorbidities,

risk factors [arterial hypertension (AH), family history, diabetes mellitus (DM),
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dyslipidemias (hypercholesterolemia and hypertriglyceridemia) excessive stress and
smoking] and medications in use, were used to characterize the sample. The clinical
diagnosis was classified as: CHD (coronary heart disease); PV (preventive work for the
development of CVD); Others CVD (other diagnosed cardiovascular disease).

Height and body mass were measured, respectively, using a stadiometer (Sanny,
ES 2020, Brazil) and a digital weight balance (Balmak, Premium Bk—200Fa, Brazil) and
from these, the body/mass index was calculated (BM1)*8.

All evaluations were performing in a room with controlled temperature between
21° and 24° C and humidity between 40% and 60%, between 2:00 pm and 6:00 pm, in

order to avoid variations in the circadian cycle.

Assessment of cardiorespiratory parameters

The BP was obtained indirectly, using a stethoscope (Littmann — Master
Cardiology 2161, USA) and aneroid sphygmomanometer (Welch Allyn — Durashock
DS44, USA), 3 measurements were taken and the mean of these was used. The HR was
measured using a Polar® heart rate monitor (Polar Electro — V800, Finland), and defined
as the mean of the values from the 5th to the 20th minute of tracing. If HR measurement
by heart rate monitor was not possible, its value was obtained using an oximeter (Rossmax
Innotek Corp. — SB220, Taiwan) which also provided partial oxygen saturation (SatO2)
values.

The respiratory rate (rr) was determined by the number of respiratory cycles
performed by the individual during one minute. Details on obtaining lung function using
spirometry [peak expiratory flow (PEF), forced expiratory volume in one second (FEV1),
forced vital capacity (FVC), and FEV1/FVC ratio — expressed as a percentage of predicted
value (%Pred) and values of the best curve (Pre#1)], and respiratory muscle strength,

through the maximum pressure values of manovacuometry [Maximum Expiratory
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Pressure (MEP) and Maximum Inspiratory Pressure (MIP)], are present in the published

protocol®.

Assessment of autonomic parameters

The assessment of autonomic modulation followed the standardization
procedures previously established in the literature®®. HR was recorded beat by beat using
a Polar® V800 heart rate monitor, with the patient in the supine position, at rest, awake,
breathing spontaneously for 30 minutes®.

For data analysis, 1000 consecutive RR intervals were used, which were
previously manually and digitally filtered to eliminate premature ectopic beats and
artifacts. HRV linear indexes were obtained using the software Kubios HRV Standard -
version 3.0.0 (Kubios, Biosignal Analysis and Medical Image Group, Department of
Physics, University of Kuopio, Finland).

Linear indexes obtained in the time domains (rMSSD, SDNN and pNN50) and
frequency [VLF (very low frequency spectral component; range from 0.003 to 0.04Hz),
LF (low frequency spectral component; range from 0 .04 to 0.15Hz), HF (high frequency
spectral component; range from 0.15 to 0.4Hz), expressed in square milliseconds (ms?)
or normalized units (un) and Total Power (range 0.003 to 0 .4Hz)]*.

Quantitative analysis of the Poincaré plot was performed to calculate the
geometric indexes: SD1 (represents the instantaneous record of beat-to-beat variability),

SD2 (represents HRV in long-term recordings); and the ratio of both (SD1/SD2)%.

Cardiovascular Rehabilitation Protocol

The CRP was performed three times a week on alternate days, lasting
approximately 60 minutes per session, in an environment with a controlled temperature
between 21° and 24°C and was composed of the steps: initial rest (stage 1; 5min), warm-
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up stage (stage 2; 15min), aerobic resistance stage (stage 3; 30min) and relaxation stage
(stage 4; 10min)®®. The entire session was considered stage 5 of the program session.
The training intensity was determined individually for each patient using the HR
reserve?! and the training intensity was set between 40% to 70% of the HR reserve for
patients diagnosed with CVD, pulmonary or metabolic, and 60% to 80% of the HR

reserve for patients with the exclusive presence of risk factors.

Signs and symptoms identification

In monitoring the occurrence of signs/symptoms, the most frequent in the PRC®
were considered, being for symptoms: fatigue, muscle pain, stable angina, dizziness,
cramps and nausea (assessed by checklist at the end of each stage of the session), and for
signs observed through the whole session: change in pulse frequency (evaluated per
arterial peripheral palpation), abnormal increases in systolic and/or diastolic pressure
during exercise (>200/120 mmHg), tachypnea and pallor.

The monitoring of signs/symptoms was performed over 24 sessions after the first
and second sequence of assessment of cardiorespiratory and autonomic parameters. All
patients had to complete the 24 training sessions after the two evaluation sequences. Signs
and/or symptoms were counted per session, regardless of the number of times the same

sign or symptom occurred during the day's treatment.

Statistical analysis

Data normality was verified by the Shapiro-Wilk test. The sample characterization
variables were presented as mean, standard deviation, median and interquartile range.

The sphericity of the data was verified by the Mauchly’s test, and when the

sphericity was violated, the Greenhouse-Geiser correction was applied. The comparison

between the different moments of the number of signs/symptoms and of the
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cardiorespiratory parameters [HR; BP; SatO2; rr; FVC, FEV1, FEV1/FVC and PEF
(Pre#1 and %Pred); MIP and MEP] and autonomic [rMSSD; SDNN; pNN50; VLF; HF
and LF (ms2 and un); Total Power; SD1; SD2; SD1/SD2] was performed by ANOVA and
differences between moments were performed by Bonferroni's Post-hoc. Effect size
measurements were obtained using eta-squared (small effect for values <0.05, medium
effect for 0.06 to 0.13, and large effect for >0.14)%2,

In the presence of individuals who did not have data after 8 months of follow-
up, due to withdrawal from participating in the CRP or impossibility to carry out the
assessments for personal reasons, an intention-to-treat analysis was applied to their
parameters. Where the values of its parameters were duplicated from the information
obtained in the first evaluation sequence, prior to the 8-month follow-up (values from 1st
evaluation = 2nd evaluation).

The calculation of the variation in the values of cardiorespiratory and autonomic
parameters and of signs and symptoms between the evaluation moments (initial
evaluation and after 8 months) was obtained using the A, which represents the difference
between the final moment subtracted from the initial moment. The relationship between
A of the number of signs/symptoms of patients and A of the evaluated parameters was
analyzed using Spearman's correlation.

The results were discussed at a 5% significance level and data analysis was
performed using the Statistical Package for the Social Sciences — version 25.0 (SPSS Inc.,

Chicago, USA).

RESULTS

To carry out the present study, 79 individuals were recruited, of these 5 patients
had contraindications for performing the autonomic assessment, so they were not

included in the sample. Of the remaining 74, nine patients were excluded from the study
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because they did not complete the initial assessment phase of the
cardiorespiratory/autonomic parameters, while during the assessments one patient did not
meet one of the basic requirements of spirometry (exceeded extrapolated volume during
the maneuvers) and three exceeded the 5% error tolerance in their RR intervals tracings.

Thus, 61 individuals were included and their signs/symptoms were monitored, of
these 10 patients did not complete the collection of parameters after 8 months
(abandonment from participating in the CRP or impossibility of carrying out the
evaluations due to external reasons), but they still composed the final sample through the
analysis of intention to treat its parameters (values from 1st evaluation = 2nd evaluation).

The sample had a mean age of 64.88+11.51 years, with characteristics of
overweight (BMI = 28.11+3.84) and 47% were women. There were participants who
participated in the program for less than 1 year and others for more than 10 years. It is
still possible to observe a high occurrence of risk factors in the population, with a higher
prevalence, mainly, of AH, family history mainly and hypercholesterolemia. More than

67% of patients had CHD as their main diagnosis. More details in Table 1.
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Table 1. Clinical and physical characteristics of patients (n = 61)

Variables
64,88+11,51
Age (years) 66 (58,00 — 72,50)
Gender [% (n)] 47,54 (29) women
| 75,60+£13,55
Weight (Kg) 74,40 (64,95 — 85,00)
| 1,63+0,09
Height (m) 1,65 (1,56 — 1,72)
! (i 28,11+3,84
27,91 (25,63 — 30,52)
6,06+6,09

CRP time (years)

Risk factors [% (n)]
Acrterial Hypertension
Family Historic

Hypercholesterolemia
Diabetes Mellitus
Excessive Stress
Hypertriglyceridemia
Smoking

Clinical Diagnosis [% (n)]
CHD
PV
Others CVD

Comorbidities [% (n)]

Orthopedic Disorders

5 (5,00 — 10,50)

83,60 (51)
73,77 (45)
65,57 (40)
40,98 (25)
39,34 (24)
34,42 (21)

6,55 (4)

67,21 (41)

19,67 (12)

13,11 (8)

36,06 (22)
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Heart Disorders
Neurological Disorders
Metabolic Disorders
Respiratory Disorders

Other Disorders

Medications in use [% (n)]
Platelet Antiaggregant
Statin
Beta-Blocker
ACE Inhibitor
Hypoglycemic
Calcium Channel Blocker
Diuretic
Vasodilators
Digitalis
Antiarrhythmic
Anti-Ischemic

Aldosterone Antagonist

19,67 (12)
14,75 (9)
9,83 (6)
6,55 (4)

26,22 (16)

72,13 (44)

68,85 (42)
67,21 (41)
60,65 (37)
29,50 (18)
24,59 (15)
22,95 (14)
22,95 (14)
8,19 (5)
6,56 (4)
4,92 (3)

3,28 (2)

(Continuation)

Data presented as the mean + standard deviation, followed by median (25th — 75th percentiles) or in
percentage (absolute number) and p-values. Subtitle: n = number of participants; % = percentage; Kg =
kilograms; m = meters; BMI = body mass index; CRP = cardiac rehabilitation program; CHD = coronary
heart disease; PV = preventive work for the development of CVD; Others CVD = other diagnosed

cardiovascular disease; ACE = Angiotensin-Converting Enzyme.
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During the 1,464 hours worked after the 1st assessment, there were 382 signs
and/or symptoms, resulting in a frequency of one sign or symptom for every 3.83 hours
of work. After the 2nd assessment, there was a reduction in the frequency of the
occurrence of signs/symptoms, totaling 184 signs and/or symptoms, representing the
occurrence of a sign or symptom every 7.95 hours of work.

The comparison between the initial parameters (1st assessment) and after 8
months (2nd assessment) showed significant reductions for the number of
signs/symptoms, SatO2, FVC (Pre#l and %Pred) and FEV1 (Pre#l), with large effect
size, with the exception of SatO2 and FVC (%Pred) which showed medium effect size

(Table 2 and 3).
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Table 2. Comparisons between signs/symptoms, cardiac and autonomic parameters after 8 months of

participation in a CRP (n = 61)

Mean Standard Error p-value Eta Squared Effect Size

Number of signs/symptoms

1%t Assessment 6,26 0,91
0,000* 0,241 Large
2" Assessment 3,01 0,49
HR (bpm)
15t Assessment 67,54 1,36
0,488 0,008 Small
2" Assessment 66,80 1,40
SBP (mmHg)
15t Assessment 116,12 1,48
0,329 0,016 Small
2nd Assessment 114,80 1,45
DBP (mmHg)
15t Assessment 70,60 0,84
0,495 0,008 Small
2" Assessment 69,94 0,98
rMSSD
1%t Assessment 19,14 1,60
0,519 0,007 Small
2nd Assessment 18,15 1,43
SDNN
15t Assessment 29,84 1,67
0,791 0,001 Small
2nd Assessment 30,29 1,69
PNN50
15t Assessment 4,70 1,20
0,271 0,020 Small
2" Assessment 3,27 0,88
VLF (ms?)
15t Assessment 521,14 81,20
0,597 0,005 Small
2" Assessment 565,95 85,11
LF (ms?)
15t Assessment 177,36 19,34
0,121 0,040 Small
2nd Assessment 218,72 29,03
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(Continuation)

LF (un)
15t Assessment 62,46 2,21
0,052 0,061 Medium
2" Assessment 66,08 1,92
HF (ms?)
1%t Assessment 146,08 29,09
0,293 0,018 Small
2" Assessment 114,47 21,04
HF (un)
1%t Assessment 37,37 2,21
0,051 0,062 Medium
2" Assessment 33,74 1,90
Total Power (ms?)
15t Assessment 845,13 113,45
0,640 0,004 Small
2" Assessment 899,77 114,79
SD1
15t Assessment 13,54 1,13
0,514 0,007 Small
2" Assessment 12,83 1,01
SD2
1%t Assessment 39,62 2,18
0,684 0,003 Small
2nd Assessment 40,53 2,27
SD1/SD2
15t Assessment 0,336 0,01
0,688 0,003 Small
2nd Assessment 0,327 0,02

Subtitle: * = p<0.05. HR = heart rate; bpm = beats per minute; SBP = systolic blood pressure; mmHg = millimeters of
mercury; DBP = diastolic blood pressure; rMSSD = root-mean square of differences between adjacent normal RR intervals,
expressed in milliseconds; SDNN = standard deviation of all normal RR intervals, expressed in milliseconds; pNN50 =
percentage of adjacent RR intervals with a difference of duration greater than 50ms; VLF = very low frequency; LF = low
frequency; HF = high frequency; ms2 = milliseconds squared; nu = normalized units; SD1 = dispersion of points
perpendicular to the line of identity; SD2 = dispersion of points along the line of identity; SD1/SD2 = ratio between the short
and long-term variations of the RR intervals.
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Table 3. Comparisons between respiratory parameters after 8 months of participation in a CRP (n=61)

Mean Standard Error p-value Eta Squared Effect Size
SatO: (%)
1%t Assessment 95,96 0,26
0,010* 0,106 Medium
2" Assessment 95,45 0,29
rr (ripm)
15t Assessment 17,98 0,57
0,388 0,012 Small
2" Assessment 17,60 0,53
FVC (Pre#1)
15t Assessment 3,11 0,10
0,002* 0,155 Large
2nd Assessment 3,01 0,10
FVC (Percentage of Predicted) (1)
15t Assessment 89,52 1,90
0,007* 0,117 Medium
2" Assessment 87,24 2,02
FEV: (Pre#l) (1)
15t Assessment 2,45 0,08
0,002* 0,149 Large
2" Assessment 2,38 0,08
FEV1 (Percentage of Predicted) (I)
15t Assessment 96,19 2,91
0,095 0,046 Small
2" Assessment 94,68 293
FEVW/FVC (Pre#l) (%)
15t Assessment 79,05 0,84
0,447 0,010 Small
2" Assessment 79,29 0,75
FEV1/FVC (Percentage of Predicted) (%)
15t Assessment 100,63 1,08
0,078 0,051 Small
2"d Assessment 101,42 0,98
PEF (Pre#1) (I/s)
15t Assessment 6,74 0,30
0,350 0,015 Small
2" Assessment 6,87 0,31
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(Continuation)
PEF (Percentage of Predicted) (l/s)

15t Assessment 80,59 2,72
0,136 0,037 Small
2" Assessment 83,00 271
MIP (cmH20)
1%t Assessment 57,21 3,19
0,922 0,000 Small
2" Assessment 57,45 3,49
MEP (cmH:0)
15t Assessment 62,95 4,37
0,739 0,002 Small
2" Assessment 61,96 4,35

Subtitle: * = p<0.05. SatO2 = partial oxygen saturation; % = percentage; rr = respiratory rate; ripm = respiratory incursions
per minute; FVC = forced vital capacity; FEV1 = forced expiratory volume in the first second; PEF = peak expiratory flow;
Pre#1 = curve with best values; | = liters; I/s = liters per second; MIP = maximum inspiratory pressure; MEP = maximum
expiratory pressure; cmH20 = centimeters of water.

No significant correlations were observed between the A of signs/symptoms and
the A of cardiorespiratory and autonomic parameters (Table 4). With the exception of the
FEV1/FVC variable (%Pred), which showed a negative correlation, with a beta value of -
0.266 (weak correlation), suggesting that the increase in the FEV1/FVC value reduces the

occurrence of signs/symptoms (Table 5).
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Table 4. Correlations between A of cardiac and autonomic parameters with A of the occurrence of signs and symptoms, after 8 months of CRP

A Total
A HR A SBP A DBP A A A VLF ALF ALF A HF A HF A
(bopm)  (mmHg) (mmHg) rMSSD A SDNN PNN50 (ms?) (ms?) (un) (ms?) (un) F&V\S/f)r A SD1 A SD2 SD1/SD2

ASigns 0049 0009 -0071 0112 008 -0038 0018 0117 0088 0124 0087 0118 0111 0086 —0,046

Syrréll[r)lfoms (0,705) (0,942) (0,589) (0,390) (0,508) (0,769) (0,893) (0,370) (0,502) (0,341) (0,507) (0,365) (0,394) (0,511) (0,725)
Values expressed in: correlation coefficient (p value). Subtitle: A = delta (difference between 2nd Assessment - 1st Assessment); HR = heart rate; bpm = beats per minute; SBP = systolic blood pressure;

mmHg = millimeters of mercury; DBP = diastolic blood pressure; rMSSD = root-mean square of differences between adjacent normal RR intervals, expressed in milliseconds; SDNN = standard
deviation of all normal RR intervals, expressed in milliseconds; pNN50 = percentage of adjacent RR intervals with a difference of duration greater than 50ms; VLF = very low frequency; LF = low
frequency; HF = high frequency; ms2 = milliseconds squared; nu = normalized units; SD1 = dispersion of points perpendicular to the line of identity; SD2 = dispersion of points along the line of identity;

SD1/SD2 = ratio between the short and long-term variations of the RR intervals.

Table 5. Correlations between A of respiratory parameters with A of the occurrence of signs and symptoms, after 8 months of CRP

A SatO; Arr AFVC AFVC A FEV; A FEV; A FEV,/FVC A FEV1/FVC A PEF A PEF A MIP A MEP
(%) (ripm) (Pre#l) (%Prev) (Pre#l) (%Prev) (Pre#l) (%Prev) (Pre#l) (%Prev) (cmH0) (cmH20)

A Signsand 0,244 0,002 0,031 0,082 —0,037 —-0,070 -0,161 - 0,266 0,148 0,004 —-0,185 0,008
Symptoms (0,058) (0,988) (0,813) (0,530) (0,778) (0,590) (0,214) (0,039)* (0,255) (0,978) (0,153) (0,952)

Values expressed in: correlation coefficient (p value). Subtitle: * = p<0.05. A = delta (difference between 2nd Assessment - 1st Assessment); SatO2 = partial oxygen saturation; % = percentage; rr =
respiratory rate; ripm = respiratory incursions per minute; FVC = forced vital capacity; FEV1 = forced expiratory volume in the first second; PEF = peak expiratory flow; Pre#1 = curve with best
values; | = liters; I/s = liters per second; MIP = maximum inspiratory pressure; MEP = maximum expiratory pressure; cmH20 = centimeters of water.
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DISCUSSION

The results of the present study showed that 8 months of participation in a CRP
promoted a reduction in the incidence of the occurrence of signs and symptoms. No
statistically significant differences were observed for HRV indexes and, although without
significance, it was possible to observe a trend towards a reduction in cardiac parameters
after this period. Regarding pulmonary function parameters, significant reductions were
observed for SatO2, FVC (Pre#1 and %Prev) and FEV1 (Pre#1). With the exception of
FEV1/FVC (%Prev), no significant correlations were observed between the A of
signs/symptoms and the A of the analyzed cardiorespiratory and autonomic parameters.

The study sample consisted mainly of individuals over 57 years of age, a high
percentage of associated risk factors and classified as overweight and obesity class 1%,
which, according to the literature, lead to a greater emergence of signs and/or
symptoms™2. These clinical characteristics can be explained due to the processes
associated with aging, accumulation of risk factors and life habits adopted by these
individuals®®?*, Generating reduced vascular health, increased expression of
inflammatory factors? and decreased activity levels during daily life?*.

The performance of the CRP for a period of 8 months promoted significant
reductions in the number of signs/symptoms that appeared and in the respiratory
parameters. The reduction in the number of signs/symptoms suggests that somehow the
performance of the CRP produced an improvement in the patient's clinical condition. This
corroborates with the literature, which shows that the long-term practice of CRP is
capable of promoting the maintenance of the functional capacity of its participants?®.
Thus, we believe that the physical exercise performed was able to prevent the clinical
decline of these participants who are mostly already in the maintenance phase of
treatment, being represented by the decrease in the occurrence of signs/symptoms. These

are then a good approach to monitoring patients who have been in the CRP longer.
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We observed that, unlike the signs and symptoms, the program performed did
not produce significant changes in cardiorespiratory and autonomic parameters, which
can be explained by the average time that these individuals performed the program
(6.06+6.09 years), being in the maintenance stage of phase 11l of the CRP.

This phase aims to expand and maintain the patient's functional capacity, in
addition to helping with risk factors control. Ensuring the physical, clinical and
psychological well-being of the individual?®. All activities carried out during this period
are essential to ensure the improvement or stabilization of the patient's condition, and our
study corroborated this issue since stabilization was observed in the cardiovascular and
autonomic aspects of patients. Furthermore, patients enrolled in CRP have a reduced risk
of mortality and hospitalizations, again indicating at least the stabilization of their clinical
condition when compared to their peers who do not undergo such a program?"28,

Our data show no changes in HRV indexes between the evaluated moments,
indicating that the physical activities performed was not able to generate significant
increases in the autonomic nervous system of our patients. However, we consider that the
maintenance of values indicates the stability of the patient's autonomic response over
time, which is a great clinical benefit obtained for this population. Since the decline in
HRV is linked to the worsening of the prognosis?. Likewise, the cardiac parameters
analyzed did not present significant differences, but in them it is possible to observe a
slight tendency to a decrease in the values of HR and BP.

The reduction in HR and BP values may represent an advantageous situation for
individuals, as they are associated with better clinical conditions®°3!. Apparently, the fact
that we did not observe beneficial changes in cardiorespiratory and autonomic parameters
may represent that the program was ineffective, however, considering the time these

patients have been on the program, we consider that its execution was sufficient to
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maintain the condition of the autonomic and cardiovascular system, which is essential for
these individuals. Since the absence of changes in these systems can also be considered a
positive thing in this population, because through these data we observed that the patients
did not experience a worsening of their clinical condition, which is an expected course
considering the natural progression of heart diseases®*%,

When analyzing the respiratory parameters, significant reductions occurred after
the realization of the program, which may be related to the lack of a specific component
for performing respiratory training in the evaluated program. Reductions in expiratory
flow and gas exchange can impact both at rest and during physical exercise®* and must be
considered in these programs.

The data did not present significant correlations between the difference (A) in
the occurrence of signs/symptoms and A of the analyzed parameters, with the exception
of A FEV1/FVC (%Pred) which showed a weak correlation with the signs/symptoms.
These results suggest that the small variations observed in the parameters evaluated over
the 8 months of the program were not able to influence variations in signs/symptoms,
indicating that other parameters may have been responsible for the reduction of signs and
symptoms. This opens up other possibilities for studies to understand this mechanism,
like the possibility of functional capacity or peripheral muscle strength being correlated
with this clinical improvement of the patients.

A factor that initially caused a limitation was the fact that some patients withdrew
from participating in the CRP and for personal reasons couldn’t to complete the final data
assessment. However, we chose to perform an intention-to-treat analysis to the data of
these patients, where the value of the 2nd assessment was considered the same as the 1st
assessment, thus removing this factor as a limitation. Another limitation found was the

impossibility of daily cardiac autonomic monitoring of these patients, due to the logistical
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impossibility of doing it, and was not possible to analyze the autonomic fluctuations
throughout the monitoring period.

The results presented, despite not confirming our initial hypothesis, are of great
clinical importance, as they demonstrate that the continuity of a CRP reduces signs and
symptoms. Even if it does not promote more significant changes in cardiorespiratory and
autonomic parameters, the very maintenance of its values represents an important clinical
gain for these individuals and reinforces the importance of the continuity of the programs.

We concluded that after 8 months of participation in the CRP, there was
stabilization in cardiorespiratory and autonomic parameters, which indicates that the CRP
was able to perform maintenance in these analyzed systems. And the occurrence of signs
and/or symptoms was reduced, which indicates a better clinical condition. In addition, the
reduction in signs and symptoms is not related to variations in cardiorespiratory and

autonomic parameters, except for the variable FEV1/FVC.
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RESUMO

Objetivo: Correlacionar o comportamento da dinamica néo linear da frequéncia cardiaca
(FC) em repouso com o surgimento de sinais e sintomas durante um programa de
reabilitacdo cardiovascular (PRC), e analisar se ap0s o periodo de 8 meses de realizagdo
do programa houve modificacdo nas respostas da dinamica da FC e da ocorréncia de
sinais e sintomas. Materiais e métodos: Neste estudo de delineamento longitudinal
observacional, foram analisados 65 pacientes com doencas cardiovasculares ou fatores de
risco para seu desenvolvimento. Foi realizada a analise da dindmica da FC, por meio dos
indices ndo lineares da variabilidade da FC [Analise simbdlica (0V%, 1V%, 2LV%,
2ULV%), analise de flutuacdo depurada de tendéncia (DFA Total, Alfal e Alfa2) e a
Entropia de Shannon], e posterior acompanhamento de 24 sessdes do PRC para
monitorizacdo da ocorréncia de sinais e sintomas. Apds 8 meses de participacdo no
programa, o protocolo de avaliagdo e monitoramento foi novamente realizado. A
comparagéo entre as diferengas (A) das variaveis foi realizada pela ANOVA de Medidas
Repetidas e Post-hoc de Bonferroni. A correlagdo entre o A do nimero de sinais/sintomas
e A das variadveis autonomicas foi analisada pela correlagdo de Spearman. O nivel de
significancia estatistica considerado foi de p<0,05. Resultados: Houve correlacdo
significante entre a ocorréncia de sinais e sintomas e a Entropia de Shannon (r=-0,283;
p=0,022), o que ndo foi observado para os demais indices da dinamica néo linear da FC.
Apobs 0s 8 meses de acompanhamento, ndo houveram modificacBes significantes nos
indices autondmicos analisados, contudo a ocorréncia de sinais e sintomas durante o PRC
reduziu significantemente (6,26+0,86 vs. 3,18+0,50; p<0,000). Conclusdo: O PRC foi
capaz de promover a diminuigdo na ocorréncia de sinais e sintomas, e manter a resposta
da dindmica néo linear da FC. Além disso, houve correlagdo negativa significante entre a
Entropia de Shannon e o surgimento de sinais e sintomas, porém auséncia de significancia

para os demais indices.

Palavras-Chave: Dindmica N&o Linear; Reabilitagdo Cardiaca; Sinais e Sintomas;

Sistema Nervoso Auténomo.
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INTRODUCAO

O sistema nervoso auténomo (SNA) atua na regulacéo de diversos 6rgaos, funcdes
corporais e parametros cardiovasculares, como a frequéncia cardiaca (FC), pressédo
arterial (PA) e temperatura corporal®. Assim, analisar a dindmica deste sistema é uma boa
opcAao para se verificar o estado clinico do paciente?2,

Dos diversos métodos de avaliacdo do SNA, a variabilidade da FC (VFC), obtida
por meio de metodos lineares e ndo lineares, tem sido amplamente utilizada. Os métodos
ndo lineares fornecem indices que permitem a andlise da previsibilidade, fractalidade e
complexidade da FC*. Esses indices sdo (teis na interpretacdo, explicacdo e previsdo de
comportamentos dos fendmenos bioldgicos e dos sistemas dindmicos complexos do
organismo humano® tanto em repouso quando durante o exercicio fisico.

Durante a préatica de exercicios fisicos, como os realizados dentro dos programas
de reabilitacdo cardiovascular (PRC), podem ser geradas diversas modificacfes benéficas
a modulacdo autondmica cardiaca. Promovendo melhora no equilibrio simpatovagal e na
complexidade da VFC®’, melhora no quadro de sintomatologia do paciente cardiaco,
assim como aumento na tolerancia ao esforco, percepcéo de saude e qualidade de vida®.
Apesar disso, a participacdo nestes programas esta relacionada a ocorréncia de sinais e/ou
sintomas durante seu desenvolvimento®*°

Nos PRC podem ocorrer intercorréncias que vdo desde paradas
cardiorrespiratdrias e infarto agudo do miocardio até distarbios de ritmo (arritmias), dor
muscular e fadigal™. Apesar das implicacdes clinicas agudas destas ocorréncias se
diferirem, elas representam alteracbes do organismo, que se ndo monitoradas e
acompanhadas com cuidado podem gerar repercussdes de alta complexidade!*?,

Essas intercorréncias, principalmente o surgimento dos sinais e sintomas, podem
estar relacionadas a incapacidade do organismo em realizar as adaptacGes necessarias
para a manutencdo de respostas adequadas frente a fontes de estresse, como o exercicio
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fisicol®. No paciente cardiaco, é provavel que os sistemas responsaveis pela regulagio
dos parametros cardiovasculares estejam de alguma forma envolvidos no aparecimento
dessas intercorréncias®®4,

Considerando que a participacdo nos PRC faz parte do tratamento indicado aos
pacientes cardiacos, e conforme relatado na literatura ha diversos beneficios autonémicos
e cardiorrespiratorios gerados, esses pacientes ainda podem apresentar sinais e sintomas
durante sua realizagdo. Até 0 momento ndo é do nosso conhecimento se ha uma relacéo
entre a melhora que os PRC podem promover em individuo cardiopata, como a reducéo
na sintomatologia, e a dindmica da FC apresentada por estes individuos durante o estado
de repouso.

Hipotetizamos que existe uma correlagéo entre a variagdo da dindmica ndo linear
da FC e a varia¢do no surgimento de sinais e sintomas dos pacientes durante um PRC, e
que uma possivel melhora no quadro clinico, sendo expressa pela redugdo do sinais e
sintomas, pode se relacionar com a melhora nos indices nédo lineares.

O objetivo do estudo foi correlacionar o comportamento da dinamica néo linear
da FC em repouso, com o surgimento de sinais e sintomas ao longo da realizacdo de 24
sessdes de um PRC. Além disso, pretende-se ainda verificar se ha mudancgas no nimero
de ocorréncia dos sinais e sintomas e na dinamica ndo linear da FC, ap6s 8 meses de

realizacéo da reabilitagcdo cardiovascular.

MATERIAIS E METODOS

Casuistica

Trata-se de um estudo de coorte longitudinal observacional, onde foram incluidos
pacientes que participam de um PRC a pelo menos trés meses, com DCV diagnosticada

ou fatores de risco para seu desenvolvimento, independente do sexo. O calculo do
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tamanho amostral foi descrito no estudo de Vanzella et al. 2019°, que demonstrou a
necessidade de 44 participantes.

Né&o foram incluidos no estudo individuos com alteragdes que contraindicassem a
captacdo da VFC, como fibrilagdo atrial e/ou marcapasso cardiaco®®. Foram excluidos
individuos que apresentaram mais de 5% de erro na captacdo da série de intervalos RR,
que foram coletadas para avaliagdo da modulagdo autondmica ou aqueles que néo
completassem algum estagio da etapa inicial do protocolo proposto.

Os pacientes foram informados sobre os objetivos e procedimentos do estudo e
assinaram o Termo de Consentimento Livre e Esclarecido. Todos os procedimentos
utilizados foram aprovados pelo Comité de Etica em Pesquisa da Universidade Estadual
Paulista (UNESP), Faculdade de Ciéncias e Tecnologia, Presidente Prudente, Sdo Paulo,
Brasil (CAAE: 79213417.0.0000.5402) e estdo de acordo com a Declaragdo de Helsinki.
O protocolo completo da pesquisa ao qual este estudo pertence esta registrado na

plataforma ClinicalTrials (NCT03446742).

Delineamento experimental

A primeira sequéncia de avaliacdo foi realizada para obtencdo dos dados de
caracterizacdo da amostra e avaliacdo da dindmica ndo linear da FC em repouso. Em
seguida, os pacientes foram acompanhados por um periodo de 24 sessoes,
aproximadamente 2 meses, durante a rotina do PRC para avaliacdo dos sinais e sintomas.

Apds isso, 0s pacientes permaneceram 8 meses em suas rotinas normais do PRC,
para em seguida ser realizada a segunda sequéncia de avalia¢Ges, para nova avaliacdo da
dindmica ndo linear da FC. Assim, como foi realizado ap6s a primeira sequéncia, 0s
pacientes foram monitorados por 24 sessGes do programa para obtenc¢do dos sinais e
sintomas (Figura 1). Todos os avaliadores foram previamente treinados sobre 0s

procedimentos a serem seguidos para obtengdo dos sinais e sintomas.
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1st Sequence of Assessments 2nd Sequence of Assessments

Cardiorespiratory parameters Cardiorespiratory parameters

Autonomic parameters Autonomic parameters
.
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I Normal cardiovascular I
rehabilitation program roufine
Signs and Symptoms Identification Signs and Symptoms Identification

Monitoring for 24 sessions of the Monitoring for 24 sessions of the
cardiovascular rehabilitation program cardiovascular rehabilitation program

Figura 1. Fluxograma do protocolo de avaliagdes realizadas

Caracterizacdo dos pacientes

Idade, sexo, diagndstico clinico principal, tempo de participacdo no PRC,
comorbidades, fatores de risco [hipertensdo arterial (HA), historico familiar, diabetes
mellitus (DM), dislipidemias (hipercolesterolemia e hipertrigliceridemia) estresse
excessivo e tabagismo] e medicamentos em uso, foram utilizadas para caracterizacao da
amostra®®. O diagndstico clinico foi classificado como: ICO (insuficiéncia coronariana);
PV (trabalho preventivo para o desenvolvimento de DCV); Outra DCV (outras doencas
cardiacas diagnosticadas).

Foram mensuradas a estatura e a massa corporal obtidas, respectivamente, por
meio de um estadiébmetro (Sanny, ES 2020, Brasil) e uma balan¢a digital (Balmak,
Premium Bk—200Fa, Brasil). A partir destes foi calculado o indice de massa corporal
(IMC)*’.

Todas avaliacdes foram realizadas em uma sala com temperatura controlada entre
21° e 24° C e umidade entre 40% e 60%, entre as 14h00 e 18h00, afim de evitar as

variagoes do ciclo circadiano.

Avaliacéo dos indices autondémicos

A avaliacdo da modulacdo autondmica seguiu os procedimentos de padronizagéo

estabelecidos previamente na literatura®. A FC foi registrada batimento a batimento por
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meio do cardiofrequencimetro Polar® V800, com o paciente em posicdo supina, em
repouso, acordado e em respiracdo espontanea por 30 minutos®®,

Inicialmente as séries de intervalos RR foram filtradas por via manual e,
posteriormente, por via digital com um filtro moderado para eliminacdo de batimentos
ectopicos prematuros e artefatos, utilizando o software Kubios HRV Standard — versdo
3.0.0 (Kubios, Biosignal Analysis and Medical Image Group, Department of Physics,
University of Kuopio, Finlandia). Para anélise dos dados foram utilizados 1000 intervalos
RR consecutivos do periodo mais estavel da série. Foram utilizados para analise da VFC
indices ndo lineares obtidos pela andlise de flutuacdo depurada de tendéncia (Detrended
Fluctuation Analysis - DFA), analise simbdlica e Entropia de Shannon (ES).

Para o DFA foram calculados o DFA total, o exponente fractal de curto prazo,
correspondente ao periodo de 4 a 11 batimentos (alfa 1), e o exponente fractal de longo
prazo, correspondente aos periodos acima de 11 batimentos (alfa 2)°. Para analisar o

DFA foi utilizado um software disponivel na PhysioNet (http://www.physionet.org/).

Pela analise simbdlica foram obtidos os indices 0V%, 1V%, 2LV% e 2ULV%,
que sdo grupamentos representando: padrGes sem variacdo [0V] (trés simbolos iguais);
padrGes com uma variacdo [1V] (dois simbolos subsequentes iguais e outro diferente);
padrGes com duas variagfes similares [2LV] (trés simbolos formando uma rampa
ascendente ou descendente); e padrdes com duas variagOes diferentes [2ULV] (trés
simbolos formando um pico ou um vale) e, por fim, foi obtida também a ES. A obtencéo
destes indices foi realizada por meio do software Symbolic Analysis fast version — versao

4.0 (Universita’ degli Studi di Milano, 1talia)?.

Protocolo de reabilitacdo cardiovascular

O PRC foi realizado com frequéncia de trés vezes semanais em dias alternados,

com duragdo de aproximadamente 60 minutos por sessdo, em um ambiente com

90


http://www.physionet.org/

temperatura controlada entre 21° a 24°C e foi composto pelas etapas: repouso inicial
(estdgio 1; 5min), estdgio de aquecimento (estdgio 2; 15min), estagio de resisténcia
aerdbia (estagio 3; 30min) e estagio de relaxamento (estagio 4; 10min)*®. O programa foi
desenvolvido em um centro de estudos e atendimento, de uma instituicdo publica de
ensino superior. Todos o0s atendimentos ocorriam de modo supervisionado por
professores e alunos de pos-graduacéo.

A intensidade de treinamento foi determinada individualmente para cada paciente
utilizando a reserva de FC?! e a intensidade de treinamento foi fixada entre 40% a 70%
da reserva de FC para pacientes com diagnostico de DCV, pulmonares ou metabdlicas, e

60% a 80% da reserva de FC para pacientes com presenca exclusiva de fatores de risco.

Identificacdo dos sinais e sintomas

Para monitorizagdo da ocorréncia de sinais/sintomas foram considerados os mais
frequentes nos PRC?, sendo para sintomas: fadiga, dor muscular em membro periféricos,
angina estavel, tontura, caimbra e ndusea (avaliados por checklist ao final de cada fase da
sessdo), e para sinais: alteracdes de pulso, aumentos anormais da pressdo sistolica e/ou
diastélica durante exercicio (valores registrados >200/120 mmHg)?, taquipneia (>20
respiracfes por minuto durante periodo de repouso/recuperacgdo) e palidez (observado ou
mensurado por terapeutas treinados para essa finalidade).

A monitorizacdo dos sinais/sintomas foi realizada ao longo de 24 sessdes apds a
primeira e a segunda sequéncia de avaliacdo autondmica (Figura 1). Os sinais e sintomas
foram contabilizados por sessdo, independentemente do nimero de vezes em que 0

mesmo sinal ou sintoma ocorreu durante 0 mesmo dia de atendimento®.
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Analise de dados

A normalidade dos dados foi verificada pelo teste de Shapiro-Wilk. As variaveis
de caracterizacdo da amostra foram apresentadas em media, desvio-padrdo, mediana e
intervalo interquartil. A esfericidade dos dados foi verificada pelo teste de Mauchly, e
quando a esfericidade foi violada, a correcdo de Greenhouse-Geiser foi aplicada.

A comparacéo entre os diferentes momentos da quantidade de sinais e sintomas
e dos indices autondmicos [ES, 0V%, 1V%, 2LV%, 2ULV%, DFA Total, Alfa 1 e Alfa
2] foi realizada pela ANOVA de medidas repetidas e quando significantes a diferenca
entre os momentos foi determinada pelo Post-hoc de Bonferroni. As medidas do tamanho
de efeito foram obtidas por meio do eta-squared (baixo efeito para valores <0,059;
moderado efeito para valores de 0,06 a 0,13; e alto efeito para valores de >0,14)%3,

Na presenca de individuos que ndo possuissem dados apds os 8 meses de
acompanhamento, por desisténcia na participacdo no PRC ou impossibilidade de realizar
as avaliacdes por questdes pessoais, foi aplicada uma anélise de intencdo de tratamento
em suas variaveis. Onde os valores foram duplicados a partir das informacdes obtidas na
primeira sequéncia de avaliacdo?®, prévia aos 8 meses de acompanhamento.

O célculo da variacdo dos parametros autondmicos e dos sinais e sintomas entre
0s momentos de avaliacdo (avaliacdo inicial e pds 8 meses), foi obtido por meio do A,
que representa a diferenca entre o momento final subtraido do momento inicial. A
correlagdo de Spearman foi utilizada para obtencdo das relagdes entre A do niimero de
sinais e sintomas dos pacientes ¢ A das variaveis avaliadas. Nao foi possivel aplicar a
regressdo linear nos dados, pois estes ndo respeitaram 0s critérios necessarios para
aplicacdo do teste (dispersao linear dos dados e homocedasticidade).

Os resultados foram discutidos no nivel de 5% de significancia e a analise dos
dados foi realizada por meio do Statistical Package for the Social Sciences — verséo 25.0

(SPSS Inc., Chicago, EUA).
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RESULTADOS

Foram recrutados para participacdo do estudo 78 pacientes do PRC. Destes, 8 ndo
foram incluidos, pois 6 possuiam contraindicacdes para realizar a avaliacdo autonémica
por meio da captacdo dos intervalos RR com o cardiofrequencimetro e 2 pacientes se
recusaram a participar do estudo. Assim, foram alocados 70 individuos na amostra, sendo
que 5 foram excluidos. Desses pacientes excluidos, trés apresentaram mais de 5% de erro
na série de intervalos RR e dois deles ndo completaram a avaliacao inicial dos dados.

Portanto, a amostra final foi constituida por 65 pacientes (Figura 1).

Avaliados para elegibilidade (n= 78)

[ Recrutamento ]

N&o incluidos (n= 8)

— | ¢ Recusou participar do estudo (2)

¢ Contraindicado a realizagdo da
captacdo dos intervalos RR (6)

[ Alocacao ] Alocados para intervencgéo (n=70)
Excluidos (n=5)
> | & Erro>5%na captacdo da VFC (3)
¢ Nao completaram  avaliacdo
inicial dos dados (2)
v
[ Anélise ] Analisados (n= 65)

Figura 1. Fluxograma de participantes do estudo

Na Tabela 1 observamos os dados de caracterizagéo clinica e fisica dos pacientes
deste estudo. A amostra foi composta por pacientes com meédia de idade de 64,26£11,73

anos, com sobrepeso (28 kg/m?) e tempo de participacdo no PRC de 5 anos em média. O
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diagnostico clinico mais recorrente dos participantes foi o de ICO, e os fatores de risco
mais prevalentes foram HA, histérico familiar e hipercolesterolemia. Quanto a medicagéo
observa-se 0 predominio de antiagregante plaquetérios, estatinas, beta bloqueadores e

inibidores da enzima conversora de angiotensina II.

Tabela 1. Caracteristicas clinicas e fisicas dos pacientes (n = 65)

Variaveis

64,26 + 11,73

Idade (anos
( ) 66 [57,50 — 72,00]

Sexo [% (n)] 44,6 (29) mulheres
76,08 + 14,40
Peso (Ko) 75,40 [64,95 — 85,55]
Altura (m) 1642009
1,65 [1,57 — 1,72]
IMC (Kg/m?) 28,13+411
28,16 [25,63 — 30,73]
5,96 + 6,06

Tempo de PRC (anos) 5 [0,00 — 10,50]

Diagnostico Clinico [% (n)]

ICO 66,20 (43)
PV 18,50 (12)
Outras DCV 15,40 (10)

Fatores de risco [% (n)]

Hipertensdo Arterial 83,10 (54)
Histdrico Familiar 75,40 (49)
Hipercolesterolemia 63,10 (41)
Diabetes Mellitus 38,50 (25)
Estresse Excessivo 38,50 (25)
Hipertrigliceridemia 32,30 (21)
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Tabagismo 6,20 (4)
Comorbidades [% (n)]
Disturbios Ortopédicos 36,90 (24)
Distarbios Cardiacos 18,50 (12)
Disturbios Neuroldgicos 13,80 (9)
Disturbios Metabdlicos 10,80 (7)
Distarbios Respiratorios 6,20 (4)
Outros Disturbios 24,60 (16)
Medicamentos em uso [% (n)]
Antiagregante Plaquetario 72,30 (47)
Estatina 66,20 (43)
Beta Bloqueador 66,20 (43)
IECA II 60,00 (39)
Hipoglicemiante 27,70 (18)
Bloqueador de Canais de Ca?* 24,60 (16)
Diurético 26,20 (17)
Vasodilatador 23,10 (15)
Digitalico 7,70 (5)
Antiarritmico 7,70 (5)
Anti-Isquémico 4,60 (3)
Antagonista de Aldosterona 3,10 (2)

(Continuacéo)

Valores expressos em: médiatdesvio padrdo; mediana [intervalo interquartil (25% — 75%)] ou
porcentagem e nimero total. Legenda: n = nimero de participantes; Kg = quilogramas; m = metros; IMC
= indice de massa corporal; % = porcentagem; PRC = programa de reabilitacdo cardiovascular; ICO =
insuficiéncia coronariana; PV = trabalho preventivo ao desenvolvimento de doencas cardiovasculares;
DCV = doengas cardiovasculares; IECA 1l = Inibidores da enzima conversora de angiotensina Il; Ca?* =
célcio.

A Tabela 2 apresenta os valores das comparagfes entre os momentos avaliados

dos sinais e sintomas e dos indices ndo lineares da VFC. Foi necessario aplicar a intengéo

de tratamento nos dados de 10 pacientes, que por motivos diversos ndo completaram
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alguma etapa da segunda sequéncia de avaliacdes. Ap6s 0s 8 meses de realiza¢do do PRC,
foi observado que houve uma reducéo significativa (p valor 0,000; tamanho de efeito alto)
na ocorréncia dos sinais e sintomas dos pacientes durantes as sessdes do PRC. Entretanto,
quantos aos valores dos indices ndo lineares, ndo houveram modifica¢Ges significantes

ao longo da realizagdo do programa.

Tabela 2. Comparacdes entre os sinais e sintomas e indices ndo lineares da VFC ap6s 8 meses de
participagcdo em um PRC (n = 65)

Média Erropadrdo pvalor EtaSquared Tamanho de efeito

Quantidade de sinais e sintomas

12 avaliacdo 6,26 0,86
0,000* 0,230 Alto
2% avaliacao 3,18 0,50
Entropia de Shannon
12 avaliagdo 3,17 0,07
0,739 0,002 Baixo
2% avaliacao 3,19 0,06
0V%
12 avaliacdo 37,36 2,23
0,846 0,001 Baixo
2% avaliacao 36,95 1,89
1V%
12 avaliacdo 40,88 1,10
0,193 0,026 Baixo
2% avaliacao 42,27 0,92
2LV%%
1% avaliacdo 4,61 0,53
0,846 0,001 Baixo
2% avaliacao 4,50 0,47
2ULV%
12 avaliacdo 17,14 1,49
0,534 0,006 Baixo
2% avaliacao 16,27 1,32
DFA Total
12 avaliacdo 0,95 0,01
0,538 0,006 Baixo
2% avaliacao 0,94 0,01
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(Continuacéo)

Alfal
12 avaliacdo 0,98 0,03
0,243 0,021 Baixo
2% avaliacdo 1,01 0,02
Alfa 2
12 avaliagdo 0,90 0,01
0,252 0,020 Baixo
2% avaliacao 0,88 0,01

* = p<0.05. Legenda: 0V% = padrdes simbdlicos sem variacdo; 1V% = padrdes simbolicos com uma variagao; 2LV% =
padrbes simbdlicos com duas variacfes similares; 2ULV% = padrdes simbolicos com duas variagdes diferentes; Alfa 1 =
exponente fractal de curto prazo; Alfa 2 = exponente fractal de longo prazo.

Quanto as analises de correlagdao do A de ocorréncia de sinais e sintomas com o A

dos indices néo lineares da VFC, foi observado a auséncia de correlacdes significantes

das variaveis, com excecdo da ES com o surgimento dos sinais e sintomas.

Tabela 3. Correlagdes entre A dos indices ndo lineares da VFC com A do surgimento de sinais e sintomas,
apos 8 meses de PRC

A Entropia . . . . A DFA
deshannon  A0V%  AIV%  AZLV%  A2ULV% oot AANal  AAlfa2
ASinaise ~ -0283 0166 -0150 -0116 0108 -0056 0065 0,025

sintomas  (0,022¥)  (0,185) (0,233) (0,356)  (0,392)  (0,659)  (0,608) (0,845)

Valores expressos em: coeficiente de correlagéo (p valor). * = p<0.05. Legenda: A = delta (diferenca Pos 8 meses - Inicial); 0V%
= padrdes simbélicos sem variac¢do; 1V% = padrdes simbdlicos com uma variagéo; 2L V% = padrfes simbolicos com duas variacoes
similares; 2ULV% = padrdes simbolicos com duas variagbes diferentes; Alfa 1 = exponente fractal de curto prazo; Alfa 2 =
exponente fractal de longo prazo.

DISCUSSAO

O presente estudo identificou a presenca de correlacdo negativa entre a ES com o
surgimento de sinais e sintomas analisados ao longo do acompanhamento de um PRC.
Isto indicou que pacientes com menor complexidade do seu sistema autondmico cardiaco
apresentaram maior ocorréncia de sinais e sintomas. Os demais indices da dindmica ndo
linear da FC ndo apresentaram correlagcdes significantes. Ainda, todos os indices
utilizados ndo apresentaram mudancas significantes apds 8 meses de tratamento no PRC,

0 que pode indicar a estabilizacdo do quadro autondmico destes individuos, e associado
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a isso, houve reducéo significante na ocorréncia de sinais e sintomas, o que pode nos
indicar uma melhora no quadro clinico destes pacientes.

Os pacientes inseridos no PRC analisado eram predominantemente individuos
acima de 64 anos, com sobrepeso e com diagndstico clinico de ICO. Essas caracteristicas
estdo de acordo com aquelas observadas em participantes de PRC descritas na literatura®®-
27, A média do tempo de participagdo no PRC foi de 5,96 anos, indicando um bom nivel
de engajamento ao tratamento por estes individuos e que estes se encontraram na fase 11
dos PRC, que é também denominada de fase de manutencao.

Quando comparadas as incidéncias de sinais e sintomas prévio e apds 8 meses de
participacdo no PRC, observamos que houve uma reducdo significante da quantidade
relatada/observada, o que pode indicar melhora na condi¢do clinica dos pacientes. A
queda em praticamente metade do valor inicial de sinais e sintomas (6,26 £+ 0,86 vs. 3,18
+ 0,50), é um indicador direto de como a pratica de exercicios supervisionados, mesmo
em fase de manutencao, é capaz de promover efeitos benéficos nos pacientes. Este fato
pode ser explicado pela continua adaptacéo do organismo a préatica de exercicios, como é
apontado pela literatura'®. E importante destacar ainda que os exercicios sdo realizados
em faixas de intensidade seguras e efetivas aos pacientes cardiopatas?®.

Assim, mesmo considerando que a grande maioria dos pacientes participava das
atividades no PRC ha alguns anos, portanto se encontravam em fase de manutencéo do
tratamento, o programa ainda foi capaz de gerar o continuo efeito de melhora clinica
nestes individuos, o que a longo prazo pode evitar 0 aparecimento precoce de
complicacdes induzidas pelo curso natural das doencas cardiovasculares?.

Ja em relacdo a dindmica néo linear da FC, ndo foram observadas variagdes
significantes dos seus valores ap0s o periodo de acompanhamento. O que pode estar

relacionado ao descrito acima, ou Seja, como 0S pacientes em sua maioria ja se
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encontravam em fase de manutencdo do tratamento, impactos com significancia
estatistica na modulagdo autondémica cardiaca ndo foram gerados.

A literatura descreve que o treinamento fisico promove melhoras significantes na
complexidade e na variabilidade da FC®3°3! entretanto a maioria dos pacientes
analisados nesse estudo sdo individuos que estdo no PRC a um longo tempo (5,96 + 6,06)
e 0s ganhos autondmicos foram menos expressivos.

Apesar de ndo ter ocorrido melhora na dinamica da FC, a propria manutencao
destes indices indica que ndo houve declinio da complexidade e fractalidade da FC, o que
é relevante clinicamente, pois individuos diagnosticados com doencas cardiovasculares
tendem a apresentar piores condigdes na dindmica da FC, com reducdo da sua
complexidade e fractalidade®>%,

Nossos dados ainda apontam que houve correlagdo significante apenas entre a
variagdo do surgimento de sinais e sintomas e a variagdo observada na ES. Essa entropia
esta relacionada com a complexidade das informac6es globais da modulagdo autonémica
cardiaca®®, desse modo, um individuo com menor complexidade estd mais propenso a
desenvolver algum tipo de sinal ou sintoma durante o PRC. Sendo assim, este indice se
torna uma variavel que deve ser levada em consideracdo na avaliagdo de nossos pacientes,
ja que fatores naturais, como o envelhecimento®, levam a reducio da complexidade da
resposta do nosso sistema autondmico, o que tornaria este paciente um individuo em
maior risco de apresentar sinais e sintomas.

Considerado tudo o que foi exposto, podemos reafirmar os beneficios que a pratica
de exercicios fisicos dentro dos PRC é capaz de gerar. E que mesmo para aqueles
individuos que ja exercem a atividade a maior tempo, ainda é possivel a obtencdo de

ganhos ao seu organismo, ja que a propria estabilizagéo das respostas autonémicas podem
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ser um indicativo de reducdo da evolucdo gradual e natural das DCV. Levando a crer que
estes individuos podem permanecer clinicamente estaveis por um periodo maior.

Como fator limitante do estudo, podemos apontar que as analises foram feitas em
um Unico PRC, portanto generaliza¢Bes devem ser vistas com cuidado. Além disso, ndo
foi realizado um acompanhamento diério dos valores da dindmica da FC, o que permitiria
avaliar se flutuagBes diarias podem estar correlacionadas com o surgimento destes sinais
e sintomas, nos fornecendo informacgdes com maior grau de especificidade.

Acreditamos que estudos futuros possam ser realizados afim de acompanhar por
um periodo maior de tempo estes pacientes, para que sejam verificadas se mudancas no
perfil da dinamica na linear da FC ao longo dos anos pode estar ligada a maiores riscos
destes pacientes dentro do ambiente do PRC, e também quanto ao risco de mortalidade
dessa populacao.

Os resultados deste estudo permitem concluir que o PRC realizado foi capaz de
promover a manutencéo da dindmica ndo linear da FC e reduzir o nimero de ocorréncia
de sinais e sintomas. Apesar de néo ter ocorrido correlagdo significantes entre a maioria
dos indices que expressam a dindmica da FC e o surgimento de sinais e sintomas, a
variavel ES, apresentou resultados significantes. O que apontou a presenca de
significativa correlagdo negativa entre o surgimento de sinais e sintomas e a
complexidade da FC. Servindo como um indicador que pode nos auxiliar clinicamente
durante a avaliagdo de pacientes, para identificacdo de individuos em maior risco durante

a préatica dos PRC.
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A partir dos achados, conclui-se que:

I.  Os pacientes do PRC com maior ocorréncia de sinais/sintomas apresentaram menores
valores nos pardmetros cardiorrespiratorios analisados pelo estudo, havendo exce¢éo para
FC e SatO2. Ainda, os dados expressaram que quanto menor os valores de CVF, VEF1 e
VEF1/CVF (Pre#1) em repouso, e quanto maior o valor de FC, maior séo as chances de

ocorréncia de sinais/sintomas durante o programa.

Il. Ao longo daanélise de um periodo de 8 meses de participacdo no PRC, ndo houveram
efeitos significantes nos parametros cardiorrespiratérios e autondémicos lineares, contudo,
reduziu significantemente o surgimento de sinais e/ou sintomas. E as variagdes desses

parametros ao longo do tempo néo se relacionaram com a redugéo dos sinais/sintomas.

I1l. A participagdo em um PRC foi capaz de promover a manutencdo das respostas
autondmicas, impedindo o declinio da dindmica ndo linear da FC, e diminuir a ocorréncia
de sinais e/ou sintomas ao longo de sua realizacdo. Ainda, a ES, um indice que indica a
complexidade do organismo, apresentou uma correlagcdo negativa significante com a

ocorréncia dos sinais e/ou sintomas destes individuos.
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