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RESUMO

A maior causa de mortalidade no mundo é devido as doencgas cardiovasculares.
Uma das formas para o tratamento dessas doencgas € a cirurgia de revascularizagéo
do miocardio (CRM). A fisioterapia tem um papel essencial no pds-operatorio dos
pacientes apés CRM e mostra-se como uma ferramenta eficaz para minimizar as
alteracdes decorrentes da cirurgia. O método Pilates é um recurso terapéutico para
individuos saudaveis e com diversos tipos de doencas, porém nao existem
evidéncias sobre o efeito dos exercicios baseados no método em pacientes apods
CRM. Portanto, o objetivo desse estudo foi verificar o efeito adicional dos exercicios
baseados no método Pilates comparado com a fisioterapia convencional sobre a
capacidade funcional e forgca muscular periférica e respiratéria apés CRM. Foram
realizadas avaliagcbes no pré-operatorio, primeiro e sexto dia de pds-operatorio da
capacidade funcional, por meio do teste de caminhada de seis minutos, forca
muscular respiratoria, por meio da manovacuometria e forgca muscular periférica pelo
teste de preensdo manual. Os pacientes foram randomizados apos a CRM em dois
grupos: grupo fisioterapia convencional (GC=16) e grupo exercicios baseados no
método Pilates associado a fisioterapia convencional (GP=16). O avaliador dos
desfechos foi cegado e a técnica de randomizacédo foi realizada por meio da
randomizacao eletrénica. As intervengdes do GP aconteceram durante o tempo de
internagdo hospitalar, duas vezes ao dia, durante seis dias. O GC manteve a sua
rotina padrdo de atendimento de fisioterapia respiratéria e motora e o GP
acrescentou a rotina de fisioterapia padrao exercicios baseados no método Pilates.
ApoOs a randomizagao as caracteristicas clinicas e funcionais foram similares nos
dois grupos. Na comparagéo entre os grupos néo houve diferenca nos desfechos
avaliados. Em relagao a capacidade funcional o GP demonstrou um efeito deletério
menor na redugao deste desfecho entre o pré-operatério e o sexto dia de pods-
operatorio, sendo as distancias percorridas 451m (+£76,34) e 388,83m (£79,92)
respectivamente, (p=0,056). O GC apresentou uma redugao significativa da
capacidade funcional neste mesmo momento de comparacéo, sendo as distancias
percorridas 500,07m (£109,66) e 394,13m (+83,38); (p=0,006). Em relagdo ao
desfecho de forca muscular periférica e respiratéria ndo foram encontradas
diferengcas entre os grupos estudados. Os resultados demostraram um efeito



preventivo dos exercicios baseados no Método Pilates, mesmo em curto tempo de
intervencgao, sobre a diminuicdo da capacidade funcional.
Palavras — chave: técnicas de exercicio e de movimento; doencas cardiovasculares;

fisioterapia; cirurgia toracica; exercicios baseados no Pilates;



ABSTRACT

Cardiovascular diseases are the main cause of mortality worldwide. Cardiac surgery
is one of the treatments available for patients with heart disease. Physical therapy is
essential during the postoperative period for patients after cardiac surgery, and it is
effective to minimize post-surgical alterations. The Pilates method is a therapeutic
tool for individuals with several diseases or healthy, but there is no evidence
regarding use of the method in patients after cardiac surgery. Therefore, the aim of
this study was to investigate the effect of additional exercises based on the Pilates
method compared with conventional physiotherapy on functional capacity and
peripheral and respiratory muscle strength after CABG Functional capacity was
evaluated using the six-minute walk test, respiratory muscle strength using
manovacuometry and peripheral muscle strength by the handgrip test by a blinded
assessor during the preoperative period on the first and sixth post-operative days
after CABG. Patients were randomly allocated into two groups: Conventional
Physiotherapy Group (CG=16) and Pilates-Based exercises associated with
conventional physiotherapy group (PG=16). The outcomes assessor was blinded and
the randomization was performed electronically. The interventions occurred during
hospitalization, twice a day a day for six days. The CG maintained the usual routine
of respiratory and motor physical therapy and the PG maintained the same routine
plus the Pilates-based exercises. After randomization, clinical and functional
characteristics were similar in both groups. There was no significant difference to
outcomes evaluated between CG and PG. Comparing the pre-operative and the sixth
post-operative day, the PG showed no statistical difference (p= 0.056) between the
results in the six minute walk test, from 451 m (£76.34 m) to 388.83 m (£79.92 m),
respectively, while the CG showed a statistical difference (p=0.006), decreasing the
values from 500.07 m (x109.66 m) to 394.13 m (83,38 m), respectively (p=0.006).
This is the first study to include Pilates-based exercises in an intensive care unit in
the treatment of patients after CABG. Data demonstrated the preventive effect of
Pilates-based exercises, in a short time intervention, on the reduction of functional
capacity after CABG.



Key-words: exercise movement techniques, cardiovascular diseases and

thoracic surgery, physical therapy modalities; Pilates-based Exercises;
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INTRODUGAO

A maior causa de mortalidade no mundo €& devido as doencas
cardiovasculares (Ribeiro, Cotta et al. , Turkoglu, Arslan et al. 2003, Ribeiro, Cotta et
al. 2012). No Brasil essas doengas ocupam a lideranga das causas de o6bito e
internagéo, sendo responsaveis por cerca de 20% de todas as mortes em individuos
acima de 30 anos e caracterizando-se como o maior problema de saude publica no
mundo (Ribeiro, Cotta et al. , Almeida, Barreto et al. 2003, Araujo and Ferraz 2005,
Belardinelli, Georgiou et al. 2012, Andrade, Piva e Mattos et al. 2013). As cirurgias
cardiacas sao uma das formas utilizadas para o tratamento dos pacientes com
doencgas cardiacas e a frequéncia dos procedimentos cirurgicos tem aumentado

progressivamente nas ultimas décadas (Leguisamo, Kalil et al. 2005).

As cirurgias cardiacas ocasionam alteragdes na capacidade pulmonar e na
forca muscular respiratéria dos pacientes, levando a um decréscimo na fungéo
pulmonar. Além disso, a imobilidade do paciente contribui para o declinio funcional,
aumento dos custos assistenciais, reducédo da qualidade de vida e mortalidade pods-
alta (Borghi-Silva, Mendes et al. 2005, Pasquina, Tramer et al. 2006, Franga, Ferrari
et al. 2012). Para o tratamento de complicagbes pulmonares como atelectasias,
derrame pleural e pneumonia e no auxilio da recuperagdo da fungéo pulmonar a
fisioterapia é frequentemente utilizada no pés-operatério. (Romanini, Muller et al.
2007, Cavenaghi, Ferreira et al. 2011).

A fisioterapia € capaz de promover a recuperagao e preservacao da
funcionalidade, e ainda reduzir mortalidade em pacientes cardiopatas por meio da
reabilitacdo cardiaca (RC) (Araujo, Carvalho et al. 2004). Além disso, esta
intervengcdo ainda promove inumeras mudangas hemodinamicas, metabdlicas,
vasculares, alimentares e psicoldgicas que favorecem o controle dos fatores de risco

e melhora a qualidade de vida desses pacientes (Castro 2005).

Em relacdo aos pacientes em pods-operatério de cirurgia cardiaca,
principalmente de cirurgia de revascularizagdo do miocardio o objetivo principal da
fisioterapia € a redugcdo das complicagdes pds-operatdérias e do tempo de
permanéncia no hospital (Stein, Maia et al. 2009). Em um ensaio clinico
randomizado o programa de reabilitacdo cardiaca de curto prazo, realizado em

pacientes que foram submetidos a cirurgia de revascularizagdo do miocardio,
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demonstrou que ocorre atenuacao das redugdes da forca muscular respiratéria e da
capacidade funcional (Stein, Maia et al. 2009) evidenciando a importancia da

reabilitacdo cardiaca no pds — operatorio precoce desses pacientes.

O treinamento fisico nos pacientes apresenta melhora de diversos aspectos,
sendo eles a melhora da qualidade de vida, do desempenho funcional, da tolerancia
ao exercicio, dos sintomas e do perfil lipidico. Acrescido disso, ele € considerado
seguro e nao aumenta a mortalidade, sendo, portanto considerado como a principal
intervengdo no processo de reabilitagdo cardiaca e associado ao sucesso
terapéutico para pacientes com doencga cardiaca (2006, Ricardo and Araujo 2006)
(Bocchi, Braga et al. 2009, Liu, Monti et al. 2013). Além disso, ocorre reduc¢ao das
taxas de hospitalizagdo, do estresse, do consumo de cigarros e prevengao
secundaria da doencga cardiovascular (Araujo, Carvalho et al. 2004, Wenger 2008,

Dalal, Zawada et al. 2010, McMurray, Adamopoulos et al. 2012).

O método Pilates vem sendo estudado como uma opcéo de treinamento fisico
em individuos saudaveis e com diversas doencas. O método foi criado por Joseph
Pilates e engloba movimentos da ginastica, danga, artes marciais e yoga com
nogoes filosoficas (Cruz-Ferreira, Fernandes et al. 2011). O método Pilates Inclui os
principios tradicionais de centralizagdo, concentragao, controle, precisdo, fluxo e
respiracdo (Latey 2002). E uma modalidade de exercicio que requer forca,
flexibilidade, respiragao caracteristica do método e controle postural refinado, sendo
0s exercicios realizados no solo ou com o uso de equipamentos especiais (Wells,
Kolt et al. 2012).

A popularidade maior do método Pilates na reabilitagdo ocorreu apos 70 anos
da sua criacdo. Na década de 90 o método ja estava sendo utilizado nas diversas
areas da reabilitagdo, incluindo a ortopedia, geriatria, neurologia, entre outras
(Anderson and Spector 2000). O uso do método Pilates na reabilitagdo tem sido bem
documentado na area da traumato-ortopedia no que diz respeito a dor lombar (Lim,
Poh et al. 2011, Aladro-Gonzalvo, Araya-Vargas et al. 2013, da Luz, Costa et al.
2013, Miyamoto, Costa et al. 2013, Wells, Kolt et al. 2013), escoliose (Blum 2002,
Alves de Araujo, Bezerra da Silva et al. 2012) e reabilitagdo do joelho e do quadril
(Levine, Kaplanek et al. 2009). Existem ainda evidéncias cientificas do método
Pilates em pacientes no pds-operatorio de cancer de mama (Keays, Harris et al.

2008, Eyigor, Karapolat et al. 2010), esclerose multipla (Freeman, Fox et al. 2012),
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fibromialgia (Altan, Korkmaz et al. 2009) e espondilite anquilosante (Altan, Korkmaz
et al. 2012).

Um estudo realizado em 2003 (Mallery, MacDonald et al. 2003) utilizou os
exercicios baseados no método Pilates como opcdo de exercicios de resisténcia
para pacientes adultos hospitalizados e verificou que € viavel inserir essa
modalidade de exercicios no ambiente hospitalar. No que diz respeito a inser¢céo do
método na area da cardiologia, recentemente foi publicado um estudo que verificou
uma melhora significativa no pico de consumo de oxigénio no grupo Pilates em
comparagao ao grupo reabilitacdo convencional (Guimaraes, Carvalho et al. 2012).

Com a notoriedade do método Pilates e a sua grande aceitagdo entre os
individuos, espera-se que ele possa ser utilizado beneficamente em pacientes no
poOs-operatorio de cirurgia cardiaca. Porém as evidéncias na literatura a cerca desse

assunto sao inexistentes.

Os exercicios baseados no método Pilates caracterizam-se pela utilizagao de
exercicios de fortalecimento e alongamento associados a um treino especifico da
musculatura respiratéria. Sendo assim, este método, associado com a fisioterapia
respiratoria convencional, podera ser um recurso adicional utilizado pela fisioterapia
na reabilitacdo de pacientes em pds-operatério de cirurgia de revascularizagado do
miocardio, pois podera proporcionar uma melhora na capacidade funcional e no

condicionamento da musculatura periférica e respiratéria nos pacientes.

Portanto, sabendo-se da alta mortalidade das doencas cardiacas e os efeitos
deletérios nos pacientes que realizam procedimentos cirurgicos, a importéncia da
RC para os pacientes cardiopatas, a baixa adesdo aos programas de exercicios
tradicionais e as evidéncias cientificas favoraveis em relacao a utilizagdo do método
Pilates acredita-se que este seja uma ferramenta de grande valia no manejo do

paciente em pos-operatorio de cirurgia cardiaca.

A partir do exposto, o objetivo desse estudo foi verificar o efeito adicional dos
exercicios baseados no método Pilates comparado com a fisioterapia convencional
sobre a capacidade funcional e forga muscular periférica e respiratéria apés cirurgia

de revascularizacdo do miocardio.
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REVISAO DE LITERATURA

2.1 Cirurgia de revascularizagdo do miocardio e doenga arterial coronariana

A cirurgia de revascularizagdo do miocardio (CRM) é uma das mais
frequentes cirurgias realizadas em todo o mundo e a principal indicagdo esta
associada a doenca arterial coronariana (DAC) (Lima Rde, Kubrusly et al. 2004,
Belczak, Tyszka et al. 2009). Esta cirurgia é indicada quando o tratamento clinico
nao € mais eficaz em controlar a angina pectoris ou para os pacientes que possuem
elevado grau de obstrugdo de artérias coronarias principais levando ao risco de
morte.

A DAC secundaria a aterosclerose destaca-se como a principal causa de
morbidade e mortalidade nas sociedades industrializadas, sendo a primeira causa de
morte na populagdo com 60 anos ou mais (Romaldini, Issler et al. 2004, Lima 2011).
A fisiopatologia envolve causas multifatoriais, como mecanismos de resposta a
injuria e atividades imunoinflamatdria, lipogénica e infecciosa (Zanella 2012). A
aterosclerose pode ser definida como um processo dinamico, evolutivo, a partir de
dano endotelial de origem multifatorial, com caracteristicas de reparagao tecidual
(Santos 2001).

Em geral as manifestagdes clinicas da DAC sao infarto do miocardio, acidente
vascular cerebral e doencga vascular periférica, tendo inicio a partir da meia idade. A
aterosclerose esta correlacionada com a DAC, sendo a dislipidemia um fator de risco
importante para o desenvolvimento de complicagdes da aterosclerose (Santos 2001,
Romaldini, Issler et al. 2004). O estilo de vida dos pacientes tem uma influéncia
importante no desenvolvimento e evolugao das cardiopatias (Rebelo, Garcia Ados et
al. 2007). Uma forma de melhorar a qualidade de vida dos pacientes acometidos
pela doenga aterosclerética € a realizagdo da CRM (Magedanz, Bodanese et al.
2010).

No Brasil, a DAC representa um ter¢co de todos os o6bitos e quase 30% do
total de mortes na faixa etaria de 20 a 59 anos de idade, atingindo a populagéo
adulta em plena fase produtiva (Andrade, Piva e Mattos et al. 2013). Em relagao ao
custo direto relacionado ao manejo da DAC no Brasil é sabido que ele é elevado,
com impacto significativo no orgamento dos o6rgaos financiadores de saude,

principalmente em se tratando dos custos com medicagao, internacdo e na atengao
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de alta complexidade. Em 2009 foram registradas 91.970 internagbes por doenca
cardiovascular, totalizando um custo de R$165.461.644,33, segundo o Ministério da
Saude (DATASUS) (Andrade, Piva e Mattos et al. 2013).

No ano de 2003, o SUS financiou a realizagdo de 30.666 angioplastias
coronarianas com implante de stent e 19.909 cirurgias de revascularizagdo do
miocardio, totalizando aproximadamente R$ 281 milhdes de gastos (Araujo and
Ferraz 2005). No Brasil, o custo da intervengao coronaria percutanea com colocagao
de apenas um stent com eluicdo de medicamento é de aproximadamente R$
16.000,00. Com este recurso, caso a reabilitacdo custasse R$ 300,00 mensais,
seriam possiveis mais de 04 anos de programa supervisionado para um paciente, e
o atendimento de mais do que 50 pacientes/més em programa estruturado de
reabilitagdo cardiopulmonar (2006).

Em 2008 foi publicado um estudo que teve como objetivo avaliar os custos da
cadeia de procedimentos para tratamento do infarto agudo do miocardio e foi
constatado que o custo total dos procedimentos que integram o tratamento-padrao,
assim chamado pelos autores, do IAM, totalizou R$ 12.873,69 se a intervencao
coronaria percutdnea nao envolver utilizagdo de stent. Caso este se torne
necessario, o custo se eleva para R$ 23.461,87 (Marques, Mendes et al. 2012).
Novamente, devido aos grandes investimentos realizados no tratamento desses
pacientes, enfatiza-se a importancia da utilizagcao de condutas de qualidade e baixo

custo.

2.1.1 Caracteristica, Diagnostico e Prognostico

A avaliacdo pré-operatéria € de suma importancia e tem como finalidade
minimizar os riscos cirurgicos e, também, prevenir as complicagbes pds-operatorias.
Em relagéo a avaliagao clinica é importante considerar historia clinica, exame fisico
e exames complementares. Na histéria clinica sdo investigados os fatores de risco,
intervengao cardiovascular prévia, histéria de doengas pregressas e caracteristica da
dispneia e da dor toracica. No exame fisico é avaliada a pressao arterial do paciente,
a palpacao dos pulsos periféricos e carotideos e a ausculta cardiaca. Nos exames
complementares sa&o avaliados os exames laboratoriais, raios-X, ecocardiograma e

cinecoronariografia (Lima Rde, Kubrusly et al. 2004).
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Anestesia geral, incisdo cirurgica, disfungdo do nervo frénico, tempo de
isquemia, numero de drenos toracicos e o trauma cirurgico podem levar ao
desenvolvimento de complicagdes na fungédo pulmonar do paciente com um prejuizo
importante na musculatura respiratoria apds a cirurgia cardiaca. Essas alteracdes
provocam um decréscimo no volume residual, capacidade pulmonar total,
capacidade vital, capacidade residual funcional, na forca muscular respiratoria e
acarretam no desenvolvimento subsequente de atelectasias (Borghi-Silva, Mendes
et al. 2005, Pasquina, Tramer et al. 2006, Romanini, Muller et al. 2007).

A CRM tem demonstrado ser capaz de reduzir angina e risco de morte em
pacientes com doenca coronariana obstrutiva multiarterial, disfungado ventricular
esquerda e angina estavel. E considerada a possibilidade de revascularizacdo do
miocardio, seja ela percutadnea ou cirurgica, em pacientes que apresentem ambos os
sintomas de insuficiéncia cardiaca e angina pectoris ou que possuam doencga arterial
coronariana subjacente sem angina (Lima Rde, Kubrusly et al. 2004, Bocchi, Braga
et al. 2009).

A revascularizagdo cirurgica pode ser de urgéncia ou eletiva. A
revascularizag&o cirurgica de urgéncia inclui revascularizagdo primaria na vigéncia
de episddio de infarto; revascularizagado apds angioplastia coronariana sem sucesso;
revascularizagdo por angina recorrente e revascularizagdo associada a corregao das
complicagdes mecanicas do infarto. J& a revascularizagdo cirurgica eletiva do
miocardio em pacientes que apresentaram infarto agudo do miocardio é geralmente
considerada naqueles que apresentam: lesdo de tronco de coronaria esquerda,
doenca triarterial, doencga biarterial com estenose proximal do ramo interventricular
anterior ou doenca biarterial ndo passivel de tratamento por angioplastia percutanea
e comprometimento importante da fungao ventricular (2004).

A revascularizagdo cirurgica do miocardio pode ser realizada de maneira
isolada, com ou sem o uso da circulagao extracorpérea (2004, Lima Rde, Kubrusly et
al. 2004). Ha uma forte associagdo entre o uso da circulagdo extracorpérea e as
complicagdes pulmonares apods cirurgia cardiaca. As lesdes pulmonares apds a
circulagdo extracorpérea sao evidentes na presenga de comprometimentos
funcionais, fisiologicos, bioquimicos e histologicos (Ng, Wan et al. 2002).

Em se tratando das complicagdes pulmonares, as evidéncias demostram que
os pacientes no periodo pds-operatorio de cirurgia cardiaca apresentam reducgéo

importante nos volumes e capacidades pulmonares, assim como da forga muscular
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respiratoria. Portanto a fisioterapia apresenta-se como um recurso importante no

manejo do paciente apds cirurgia cardiaca (Morsch, Leguisamo et al. 2009).

2.2 Fisioterapia no pos-operatorio de cirurgia cardiaca

Historicamente, a fisioterapia respiratéria tem sido realizada em pacientes apods
cirurgia cardiaca para diminuir o risco de complicagées pulmonares pos-operatorias
(Brasher, McClelland et al. 2003). Ela também & frequentemente utilizada na
prevencao e tratamento de complicacdes pos-operatorias como: hipoxemia arterial,
retengao de secrecgao, atelectasias e pneumonia (Westerdahl, Lindmark et al. 2005).

A fisioterapia respiratéria é parte fundamental e importante no manejo tanto
no pré quanto no pos — operatério de pacientes submetidos a cirurgia cardiaca, pois
contribuiu significativamente para um melhor prognostico do paciente (Leguisamo,
Kalil et al. 2005). Em relagao ao pds-operatorio a fisioterapia atua utilizando técnicas
de manobra de higiene e reexpansao pulmonar com enfoque na prevencao das
complicagbes pulmonares e ainda utiliza exercicios para fortalecimento da
musculatura respiratéria. Evidéncias cientificas demonstram que o treinamento da
musculatura inspiratoria nos pacientes apoOs cirurgia cardiaca, promove efeitos
benéficos na ventilagdo pulmonar pelo aumento da capacidade vital forcada e
ventilacdo voluntaria maxima (Ferreira, Rodrigues et al. 2009) e que o uso de
exercicios respiratérios profundos podem diminuir atelectasias e melhorar a funcéo
pulmonar no pdés-operatério de cirurgia cardiaca (Leguisamo, Kalil et al. 2005,
Westerdahl, Lindmark et al. 2005, Cavenaghi, Ferreira et al. 2011).

2.3 Reabilitagdo cardiaca

A reabilitacdo cardiaca caracteriza-se por ser um processo multidisciplinar
para desenvolvimento e manutencdo dos niveis de atividade fisica, social e
psicolégica, apos o inicio de doengas multifatoriais (Rebelo, Garcia Ados et al.
2007). No que compete a reabilitagdo cardiaca ha modificagbes benéficas nos
fatores de risco e redugcdes na morbidade e mortalidade mostrando excelente custo-
efetividade para tratamento de pacientes com doencgas cardiacas evidenciando

ainda modificagdes clinicas favoraveis em relagao ao perfil lipoprotéico plasmatico,
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pressao arterial sistémica e tolerdncia ao esfor¢co fisico, sem relacdo com
modificacdo de medicamentos (2005, Rebelo, Garcia Ados et al. 2007). Além do
exercicio fisico, o programa de reabilitagdo cardiaca compreende um processo
educativo no qual o paciente deve ser provido de informagdes a respeito da
fisiopatologia da doenca, relacdo da doenga com atividade fisica, atividade sexual e
trabalho, mecanismos de agao dos farmacos, reformulagdo dos habitos alimentares,
controle e reducao do nivel de estresse, aconselhamento psicossocial e manejo de
fatores de risco tais como diabetes, obesidade, tabagismo, hipertensédo arterial e
dislipidemia (Araujo, Carvalho et al. 2004, Leon, Franklin et al. 2005, 2006). A RC
por meio do exercicio fisico, educacdo do paciente, aconselhamento
comportamental e apoio psicossocial apresentam-se como terapias mais vantajosas
em comparagdo a outras terapias de prevengdo secundaria, como O manejo
farmacologico para fatores de risco como a aterosclerose e depressédo (Stewart,
Badenhop et al. 2003).

A fisioterapia apresenta-se como um dos constituintes importantes na
reabilitacdo cardiaca, pois abrange a fisioterapia respiratéria e motora com
resultados favoraveis na mecanica respiratoria, higiene brénquica e forga muscular
periférica e respiratéria. Nos pacientes apés CRM acredita-se que a incis&o cirurgica
€ um fator limitante para a realizacdo do exercicio fisico, sendo atividades da baixa
atividade aceitaveis entre 24 e 48 horas apds a cirurgia (Fletcher, Balady et al.
2001).

Dentre as condutas fisioterapéuticas apos a cirurgia de revascularizagdo do
miocardio pode-se destacar as manobras de higiene brénquica e expansao
pulmonar, pressao positiva expiratoria, respiragdo com pressao positiva intermitente
e 0 uso de inspirbmetro de incentivo que podem prevenir a deterioracdo da fungéo
pulmonar e reduzir a incidéncia de complicagdes pulmonares (Borghi-Silva, Mendes
et al. 2005, Romanini, Muller et al. 2007).

Os beneficios do exercicio fisico incluem: deteccdo de sinais e sintomas
cardiacos antes que ocorram complicagbes mais graves, modificacdo favoravel dos
fatores de risco relacionados com a doenga, aumento da capacidade de exercicio,
reducdo dos sintomas durante o exercicio, manuteng¢ao e perda de peso corporal,
melhora da qualidade de vida, da capacidade aerdbica e funcional e redugéo da

atividade do sistema nervoso simpatico (Kwan and Balady , Stewart, Badenhop et al.
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2003, Ricardo and Araujo 2006, Negrao and Middlekauff 2008, Tabet, Meurin et al.
2009, Lainscak, Blue et al. 2011). Além dos exercicios aerdbicos e de forca
muscular, sugere-se para os pacientes cardiopatas o treinamento da musculatura
respiratoria (Sbruzzi, Dal Lago et al. 2012). Evidéncias sugerem fortemente que o
baixo desempenho dos musculos inspiratorios esta associado com dispneia,
diminuicdo da tolerancia do exercicio e do status funcional em pacientes com
cardiopatias (Cahalin, Arena et al. 2013). Do mesmo modo, ja esta evidenciado que
programas de reabilitagdo cardiaca precoce em pacientes que foram submetidos a
procedimentos cirurgicos sdo tdo seguros e efetivos quanto a reabilitagdo mais
tardia, demonstrando nos pacientes que realizaram o programa mais precocemente
melhora na capacidade funcional (Macchi, Fattirolli et al. 2007). Além dos desfechos
favoraveis encontrados na intervengao precoce por meio da reabilitacdo cardiaca
também existem evidéncias na literatura comprovando que um programa de
reabilitagdo com duragdo de dois meses apos cirurgia de revascularizagdo do
miocardio também podera melhorar a capacidade funcional (Ghashghaei, Sadeghi et
al. 2012). Um estudo demonstrou também que os pacientes em pds — operatério de
revascularizagdo do miocardio ou troca valvar que apresentavam uma maior
capacidade de deambulagdo no periodo pds-operatério apresentavam um menor
tempo de internagao hospitalar (Oliveira, Silva et al. 2009).

O programa é dividido em quatros fases, podendo ser classificado como
reabilitacdo na fase hospitalar e ambulatorial. A fase hospitalar compreende as
condutas realizadas entre o inicio do evento coronariano até a alta hospitalar e a
fase ambulatorial corresponde a reabilitagdo apos a alta hospitalar (2004, 2006). Um
programa supervisionado no hospital ou na clinica que assegure que os pacientes
estdo recebendo uma prescricdo de exercicio adequada em um ambiente seguro
com programas de modificagdo do estilo de vida representa a melhor oportunidade
para o sucesso do paciente (Stewart, Badenhop et al. 2003).

A fase | da reabilitagcao diz respeito ao periodo de internacdo hospitalar em
que sao feitas todas as avaliagbes iniciais e tracadas as estratégias e metas
individuais. Nesta fase, o paciente recebe todas as orientacbes para controle do
estresse e educacado em relagao aos fatores de risco, atendimento fisioterapéutico
para inicio do seu condicionamento ou recondicionamento fisico. O exercicio fisico

inicia-se ap6s o paciente ter sido considerado compensado clinicamente e é
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considerado de baixa intensidade. A reabilitagdo nessa fase tem como objetivo que
0 paciente tenha alta hospitalar com as melhores condigdes fisicas e psicoldgicas
possiveis. A duragao desta fase tem decrescido nos anos recentes, em decorréncia

de internagdes hospitalares mais curtas (Cortez 2006).

A fase Il inicia-se imediatamente apos a alta hospitalar, tem duracdo média de
até seis meses e tem como principal objetivo contribuir para o mais breve retorno do
paciente as suas atividades sociais e laborais, nas melhores condi¢des fisicas e
emocionais possiveis. E nessa fase que se inicia o treinamento fisico individualizado
em termos de intensidade, duracdo, frequéncia, modalidade de treinamento e
progressdo com maior énfase (Cortez 2006).

A fase lll é a que da franco aprimoramento do condicionamento fisico dos
pacientes e tem duragdo de seis meses a um ano. Durante as fases Il e Ill, o
paciente deve realizar os treinamentos de 2 a 3 vezes por semana, com duragao
meédia de 30 a 50 minutos por sessdo. A fase IV €, na verdade, a continuidade do
condicionamento fisico do paciente, que deve acontecer de forma mais
independente, além do acompanhamento clinico que deve fazer parte de todas as

etapas do programa (Cortez 2006).

2.4 Método Pilates

Joseph Pilates comecou a aplicacdo do seu método com énfase na
reabilitacdo durante a Primeira Guerra Mundial com o objetivo de reabilitar os
lesionados da guerra (Anderson and Spector 2000). No seu estudio em Nova York,
ele utilizou o seu método entre os anos de 1920 a 1960 e seu sistema de exercicios,
chamado por ele de contrologia foi introduzido com o uso do solo e de equipamentos
especificos (Latey 2001, Muscolino and Cipriani 2004). O método conta com mais de
500 exercicios de alongamento e fortalecimento muscular. Os aparelhos, as molas e
a gravidade utilizados no método eram destinados a auxiliar individuos com lesdo a
realizar movimentos com qualidade. Seus exercicios tinham como objetivo melhorar
a forga, flexibilidade e o condicionamento fisico sendo inicialmente praticados
principalmente por dangarinos. Nos dias atuais, ndo s6 os dangarinos e atletas tem
utilizado o método, mas o publico em geral esta utilizando-o com o objetivo de

manutengao ou melhora do condicionamento fisico e na reabilitagao fisica (Anderson
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and Spector 2000, Lange 2000, Latey 2002, Muscolino and Cipriani 2004, Altan,
Korkmaz et al. 2009, Levine, Kaplanek et al. 2009). Além de o método apresentar
melhora em diversos desfechos clinicos é importante destacar que apresenta um
custo acessivel para os servigos de saude, sendo cada vez mais comum a utilizacao

de praticas que visam reducao de custos assistenciais.

Os principios do método sdo a concentragdo, controle, centralizacao,
precisdao, fluxo e a respiragdo. A concentracao deve ser priorizada durante os
movimentos ja que o método é considerado uma coordenacgéo total entre corpo-
mente e espirito; controle € a capacidade de realizar os movimentos com intengao
consciente; centralizagdo é o principal foco do método, sendo que o centro refere-se
ao centro do corpo e € conhecido como power house; precisdo define qualidade ao
movimento executado no método; respiragdo € avaliada como o principio mais
importante devido ao fato de que todos os exercicios devem ser realizados no ritmo
da respiracdo e a fluidez compreende a realizacdo de exercicios por meio de
movimentos brandos com o objetivo de apresentar uma harmonia na execugao dos
movimentos (Latey 2001, Latey 2002, Muscolino and Cipriani 2004, Levine,
Kaplanek et al. 2009).

A power house é a regiao situada entre o diafragma e o assoalho pélvico. Ela
possui uma funcdo essencial no controle dos movimentos, assim como no
fortalecimento e alongamento dos musculos. Os principais grupos musculares
envolvidos sao os flexores e extensores de tronco, flexores e extensores do quadril e
a musculatura do assoalho pélvico. Uma contragdo adequada desta musculatura
pode facilitar o controle dos movimentos (Anderson and Spector 2000, Muscolino
and Cipriani 2004).

O meétodo pode ser dividido em dois estilos, sendo um deles considerado
original e o outro moderno. O método original caracteriza-se como um método mais
classico e executa os exercicios da mesma forma que a do criador do método,
sendo os exercicios realizados em sequencias definidas com pequenas alteracoes.
Ja o método moderno, utiliza também os principios criados por Joseph Pilates com
uma introdugdo mais gradual dos movimentos que € chamada de exercicios de pré —
Pilates, incluindo adaptagcbdes e desenvolvendo uma conexdo com a melhora da
consciéncia corporal. Ocorre uma introdugao mais ampla dos movimentos de acordo

com a situacdo de saude do individuo e os exercicios mais tradicionais s6 serao
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inseridos quando houver uma apropriada respiragdao, alinhamento e controle
muscular (Latey 2001, Latey 2002). O Pilates moderno tem sido influenciado por
diferentes métodos de reabilitagdo, fornecendo um novo olhar para a fisioterapia,
visto que os principios do método tém sido utilizados no treinamento fisico em geral.
Sendo assim, o método Pilates considerado moderno € ideal para prevencao de
lesdes e condi¢cbes pds-operatdrias evitando dores ou lesdes e demonstrando uma

excelente aplicabilidade na pratica clinica (Latey 2001).

Os exercicios baseados no Pilates podem ser realizados no solo, modalidade
que utiliza principalmente a gravidade e nos aparelhos, em que se faz uso das molas
que dificultam ou facilitam um movimento. A progressao dos exercicios no método
ocorre por intermédio do aumento do desafio da gravidade no movimento e de
mudanca da tensao da mola utilizada (Anderson and Spector 2000, Johnson, Larsen
et al. 2007). Os movimentos apresentam diferentes graus de dificuldades, que sao
adequados a cada praticante de acordo com a sua evolugdo no método e suas

caracteristicas individuais (Sacco, Andrade et al. 2005).

As primeiras evidéncias do método Pilates abordavam essa modalidade de
exercicio fisico ou reabilitagao fisica com a populagao de bailarinos, demonstrando
melhora na forga muscular, flexibilidade e controle estatico e dinamico (Self 1996,
Hall 1999). Com base nos resultados obtidos com essa populagdo, ocorreu uma
expansdo da utilizagdo do método em diversas areas, mas principalmente na
traumato-ortopedia tornando-se padrdo ouro no manejo da dor lombar de origem
nao especifica por meio de ensaios clinicos randomizados e revisdes sistematicas
bem delineadas (Lim, Poh et al. 2011).

Na traumato-ortopedia encontram-se os artigos mais numerosos e com 0s
delineamentos de pesquisa com maior poder de evidéncia. Envolvem populacdes
com escoliose (Alves de Araujo, Bezerra da Silva et al. 2012), espondilite
anquilosante (Altan, Korkmaz et al. 2012) e artroplastia de quadril e joelho (Levine,
Kaplanek et al. 2009). Em relagdo aos desfechos no grupo de pacientes com
espondilite anquilosante observa-se melhora significativa no grupo Pilates em
relagdo a mobilidade de coluna e expansibilidade do torax. Nos individuos com
escoliose houve redugédo significativa da dor, diminuicdo significativa do angulo de

Cobb e aumento significativo da amplitude de movimento de flexao de tronco.
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Outras populagdes de individuos foram pesquisadas, tais como, pacientes
com cancer de mama demonstrando que o grupo Pilates apresentou melhora no
teste de caminhada de seis minutos, qualidade de vida e indice de depresséao
(Keays, Harris et al. 2008, Eyigor, Karapolat et al. 2010). Existem também estudos
com idosos evidenciando melhora do equilibrio, mobilidade, estabilidade postural e
diminuicdo do risco de quedas (Pata, Lord et al. 2014). O desfecho que apresentou
melhora nos individuos com fibromialgia foi a dor na maioria dos estudos existentes
(Altan, Korkmaz et al. 2009).

Além disso, existem publicagdes concisas com individuos saudaveis. Uma
revisdo sistematica evidenciou que o método Pilates apresenta evidéncias fortes e
moderadas para incremento de flexibilidade, balango dindmico e resisténcia

muscular em individuos saudaveis (Cruz-Ferreira, Fernandes et al. 2011).

Também existe evidéncia a cerca da utilizagdo do método Pilates em
individuos atletas, demonstrando incremento de flexibilidade em atletas juvenis de
futsal, representado pelo aumento estatisticamente significativo da flexibilidade no

pos-imediato (Bertolla, Baroni et al. 2007).

No que diz respeito ao ambiente hospitalar existe um ensaio clinico
randomizado que incorporou alguns exercicios do método Pilates no programa de
exercicios de resisténcia de pacientes hospitalizados ha uma semana e verificou que
€ viavel inserir os exercicios baseados no método neste ambiente (Mallery,
MacDonald et al. 2003). Em se tratando da area da reabilitagdo cardiaca e o método
Pilates, recentemente foi desenvolvido um estudo piloto que investigou o uso do
meétodo Pilates em pacientes com insuficiéncia cardiaca incorporado a reabilitacao
cardiaca ambulatorial. Os pacientes com insuficiéncia cardiaca classe | e Il da New
York Heart Association foram randomizados no grupo Pilates solo ou programa de
reabilitacdo cardiaca tradicional. Os individuos realizaram o teste de exercicio
cardiopulmonar e o grupo Pilates solo apresentou uma melhora significativa no
consumo do pico de oxigénio, tolerancia durante o teste cardiopulmonar e no pulso
de oxigénio. Em comparagao ao outro grupo, o grupo Pilates apresentou uma
melhora significativa no pico de consumo de oxigénio (Guimaraes, Carvalho et al.
2012).

A aplicagao dos exercicios do método Pilates em ambiente hospitar apresenta

evidéncias escassas na literatura. Um estudo realizado com individuos acima de 70
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anos e hospitalizados ha pelos menos um més utilizou um treinamento de
resisténcia que incorporou alguns exercicios do método Pilates com o objetivo de
verificar se os individuos conseguiriam realizar exercicios de resisténcia durante a
internacdo hospitalar. Os individuos foram randomizados no grupo exercicio de
resisténcia ou grupo amplitude de movimento passiva e os resultados apontaram
que é viavel e seguro realizar os exercicios de resisténcia durante a internagéo
hospitalar (Mallery, MacDonald et al. 2003).

Os estudos que envolvem o método Pilates abordam desfechos e populacdes
diversificadas. Alguns autores ja investigaram em individuos saudaveis o efeito do
meétodo na fungdo da musculatura respiratéria demonstrando incremento da pressao
inspiratéria e expiratdria maxima antes e apds a aplicacdo do método comprovando
assim a efetividade dessa técnica para aumento da for¢ca muscular respiratoria

(Fonséca, Gomes et al. 2012, Quirino, Teixeira et al. 2012).

A importéncia desse estudo decorre da inexisténcia de estudos que avaliem
os efeitos dos exercicios baseados no método Pilates em pacientes na fase | da
reabilitacdo cardiaca. Sendo assim, acredita-se que o0s exercicios baseados no
método poderdo ser uma opgao para reabilitagao fisica em diversas populagdes e
apresenta a possibilidade de investigar a resposta em diferentes desfechos que
podem ser abordados.
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ABSTRACT

Objective: The purpose of this study was to assess the effects of Pilates-based
exercises associated with conventional physiotherapy compared with conventional
physiotherapy on functional capacity, respiratory and peripheral muscle strength in
patients after coronary artery bypass grafting (CABG). Design: 37 patients after
CABG, with ejection fraction of 58%, mean age of 57.43 + 7.15 years, 92.6% male,
were randomly allocated into two groups: Conventional Physiotherapy Group (CG)
and Pilates-Based exercises associated with conventional physiotherapy group (PG)
which performed the appropriate Pilates-based exercises 2 times a day for six days.
Functional capacity was evaluated using the six-minute walk test, respiratory muscle
strength using manovacuometry and peripheral muscle strength by the handgrip test
by a blinded assessor on the pre operatory, on the first and sixth postoperative days
after CABG. Results: Clinical and functional characteristics were similar in the 2
groups. There was no significant difference in outcomes evaluated between CG and
PG. Comparing the preoperative and the sixth postoperative day, the PG showed no
statistical difference (p= 0.056) between the results in the six minute walk test, from
451 m (£76.34 m) to 388.83 m (£79.92 m) respectively, while the CG showed a
statistical difference (p=0.006), decreasing the values from 500.07 m (x109.66 m) to
394.13 m (£83.38 m) respectively. Regarding the outcome of peripheral muscle
strength and respiratory strength there were no differences between groups.
Conclusion: This is the first study to include Pilates-based exercises in an intensive
care unit in the treatment of patients after CABG. The data demonstrated the
preventive effect of Pilates-based exercises, even in a short time intervention, on the
reduction of functional capacity after CABG.

Clinical Trials: 02109055

Key-words: exercise movement techniques, cardiovascular diseases and

thoracic surgery, physical therapy modalities; Pilates-based Exercises
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Introduction

Cardiovascular diseases are the main cause of death worldwide. They are
characterized as the largest public health problem in the world [1-3]. Cardiac surgery
is one of the treatments available for patients with heart disease and the frequency of
these procedures has increased progressively in recent decades [4].

Cardiac surgeries cause changes in lung capacity and respiratory muscle
strength of patients, leading to a decrease in lung function. Furthermore,
immobilization of the patient contributes to functional decline, increased healthcare
costs, reduced quality of life, and post-high mortality [5-7]. For the treatment of
pulmonary complications such as atelectasis, pleural effusion and pneumonia and
aid recovery of lung function physiotherapy is often used postoperatively [8, 9]. Also,
cardiac surgery causes changes in lung capacity and respiratory muscle strength of
patients, leading to a decrease in lung function [5, 6].

The main goal of physical therapy after coronary bypass is the reduction of
postoperative complications and length of stay in hospital [10]. The benefits of CR for
patients who have suffered myocardial infarction and underwent coronary artery
bypass grafting or have stable angina have been known for many years [11]. In a
randomized clinical trial the CR program, the short duration program for patients who
underwent coronary artery bypass, showed that there is a mitigation of the reduction
in respiratory muscle strength and functional capacity [10], highlighting its importance
during the early post-operative period of these patients.

Physical training in patients is considered the main intervention process of CR
and it is necessary for therapeutic success in patients with heart disease [12, 13]. Itis
safe, does not increase mortality, improves quality of life, functional performance,
exercise tolerance, symptoms and lipid profile [14, 15].

The Pilates method has been studied as an option for physical training in
various diseases and healthy individuals [16, 17]. It is a form of exercise that requires
strength, flexibility, breathing specific to the method and refined postural control, and
exercises performed on the ground or with the use of special equipment [18].

Since the Pilates method has become well known and is widely accepted
among individuals it is expected that it can be used beneficially in postoperative
cardiac surgery patients. But there is scarce evidence in the literature regarding this

topic. Recently, a pilot study investigating the use of the Pilates method was
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developed in patients with heart failure who were participating in outpatient cardiac
rehabilitation and showed positive preliminary results regarding functional capacity,
and the Pilates group showed a significant improvement in VO? peak compared to
the conventional group [16]. With respect to the hospital environment there is a
randomized clinical trial which incorporates some Pilates exercises into a resistance
exercise program hospitalized patients in a week and found that it is feasible to
include the exercises based on the method in this environment [19].

Therefore, knowing the high mortality from heart disease and its deleterious
effects on patients undergoing surgical procedures, the importance of CR for
patients, poor adherence to traditional exercise programs and favorable scientific
evidence regarding the use of the Pilates method, the aim of this study was to
determine the effects of Pilates-based exercises associated with conventional
physiotherapy compared with conventional physiotherapy on functional capacity and
respiratory and peripheral muscle strength in patients after coronary artery bypass

grafting.

Methods

Study design

This was a randomized clinical trial conducted in patients undergoing CABG in
a hospital in Porto Alegre, Rio Grande do Sul, Brazil. The study was approved by the
Research Ethics Committee of the Universidade Federal de Ciéncias da Saude de
Porto Alegre (Protocol 362.797) and all participants signed a consent form agreeing
to participate in the study. The methodological design was based on the
determinations of the CONSORT Statement [20] and the Clinical Trials Register
Number is 02109055.
Participants

This study enrolled 37 patients of both sexes undergoing coronary artery
bypass grafting (CABG), aged between 40 and 75 years, extubated within 24 hours
after surgery, hemodynamically stable, with no ischemic changes and/or complex
arrhythmias on electrocardiogram, who have undergone the first surgery and surgery
alone. The exclusion criteria were the following: patients with decompensated heart

failure, presence of any comorbidity, such as unstable angina; associated
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neurological disease; acute respiratory dysfunction; active infectious disease or fever;
disabling peripheral vascular disease, unstable ventricular arrhythmia; depression or
other cognitive limitation that could interrupt the intervention, skeletal muscle disease
that limits the practice of physical therapy, Pilates-based exercises or the

implementation of the assessments.
Procedures

A simple randomization schedule was performed using electronic
randomization (www.randomization.com) by an independent researcher who would
not be involved in participant recruitment and assessments. After the initial
assessment, the participants were referred to the physiotherapist overseeing the
intervention and were randomly allocated to one of two groups: Conventional
Physiotherapy Group (CG) or Pilates-based exercise associated with Conventional
Physiotherapy group (PG). The PG subjects performed the Pilates-based exercises
during the stay in hospital associated with a conventional physical therapy routine
and CG performed only a conventional physical therapy routine.

Trainers were informed of group allocation by telephone or e-mail after
baseline testing. To keep the assessors blinded, participants were reminded before
each measurement not to reveal the nature of their treatment. Due to the nature of
the interventions it was not possible to blind the participants or the physiotherapist.
They were informed about the existence of two intervention groups but not about the
study hypothesis. All investigators, staff, and participants were kept blinded with
regard to the outcome measurements.

Patients were assessed by outcome assessors who were unaware of the
patient's allocation. This assessor determined the eligibility of the patients and also
collected the study outcomes. Outcomes were collected preoperatively and on the 1%
and 6" postoperative days. Subjects were recruited over a 4-month period, from

March to July of 2014, and followed-up until the six day postoperatively.
Sample size allocation

Sample size was calculated based on the study [10] which showed an

increase of 28.8% in the variable distance covered in the six-minute walk test with a
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power of 80% and 5% error calculated. The minimum sample size was 11 patients in
each group, but considering losses and exclusions, the total sample size calculated
was 32 subjects. This study included 16 patients in each group predicting possible
losses and exclusion. The 32 patients were randomly divided into two groups 1 - CG
(n=16) and 2 - PG (n=16).

Intervention

Sessions were held during the hospitalization period for six days, two sessions
per day, totalizing 12 additional sessions of Pilates-based exercises. Therefore, the
PG performed 18 physical therapy sessions over 12 sessions of Pilates-based
exercises. The CG held the 18 sessions of conventional physical therapy proposed
by the hospital's physical therapy program. The conventional physiotherapy group
performed the hospital routine consisting of respiratory therapy and motor. Physical
therapy is performed through vibration control and thoracic compression, cough
guidance, exchange of decubitus and general exercises for strengthening and
stretching.

The intervention in the PG began on the first day after surgery and each
session lasted about 20 minutes. In the first three days of intervention 10 repetitions
of each exercise were performed and in the remaining three days a total of 15
repetitions of each movement were performed. One set of each exercise was
performed a range of up to two minutes between exercises.

The physiotherapy group associated with the Pilates-based exercises included
12 sessions and all patients” protocols include at least 10 sessions. In the
conventional therapy group the protocol consisted of 18 physical therapy sessions,
held three times a day and all patients underwent at least 16 physical therapy
sessions.

The program may not exceed a 30% heart rate reserve of the patient that was
calculated by the Karvonen formula. The Karvonen (Heart Rate Reserve Method)
was used to determine subjects’ target heart rate (THR). This method was developed
by Karvonen and consists of calculating what is referred to as the heart rate reserve
(HRR). Therefore, THR = (heart rate maxima — heart rate rest) x % of heart rate
reserve recommended + heart rest [21], based on a previous study [22, 23]. All

participants were treated based on the Pilates principles and the exercises were
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conducted at the patient's bedside, using light resistance springs representing the
lowest possible burden of springs to be used in the Pilates method (Figure 1).

The exercises were performed on the upper limbs alternating between the left
and right upper limb and the same was done with the lower limbs by means of a
protocol consisting of four exercises. During the implementation of the exercise
protocol the patient variables of heart rate, blood pressure, feeling of perceived
exertion and peripheral oxygen saturation are monitored and exacerbations occur in
the heart rate above 30% of the heart rate reserve, an increase above 25% in systolic
blood pressure and 10% diastolic blood pressure, a sense of effort in the modified
Borg scale above seven and a decrease in peripheral oxygen saturation 90%.

Exercises were stopped until the values were normalized and the exercises
continued to be performed. If it did not occur, standardization exercises were stopped
for that day. Regarding upper limb exercises the limit of flexion and abduction was
less than 90°, with the exercises involving only the movement of flexion and
extension of elbow and shoulder were obeyed. Along with patient data there was an
exercise protocol based on the Pilates exercises that were performed by a trained
team of physiotherapists. Before and after the exercises the data on heart rate, blood
pressure, oxygen saturation and subjective feeling of perceived exertion using the
Modified Borg were listed. The descriptions of all exercises performed are in Table 2.
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Outcomes

Assessments

An assessor previously trained and blinded regarding interventions, obtained
the participants” demographic and anthropometric data using a questionnaire
developed specifically for this study. This questionnaire also included questions
about prior use of medication by the participants and was utilized throughout the
study. Respiratory muscle strength and peripheral muscle strength were assessed
preoperative, on the 1% postoperative and on the 6™ postoperative days after surgery
and functional capacity was assessed preoperatively and on the 6" postoperative
day.

Participants were asked to report their perceived exertion using the Modified
Borg scale, which is a method that assesses the perceived effort using a numerical
scale of 11 points (0-10), where 0 represents "no effort" and 10 "maximum possible
effort". After the end of the assessment the participants were asked again about their
perception of effort.

The functional capacity of the participants was assessed using the six-minute
walk test that was performed according to the American Thoracic Society (ATS)
recommendations [24].

Respiratory muscle strength was assessed by measurements of maximal
inspiratory pressure (MIP) and maximal expiratory pressure (MEP) following the ATS
criteria [25]. Individuals remained seated, with elbows flexed and with a nose clip.
The test was repeated 3 times with an interval of one minute between each attempt.
The highest value was considered since there are no differences greater than 10%
between the two highest values. The digital manometer MVD 300 (Microhard
System, Globalmed, Porto Alegre, Brazil) was used.

Peripheral muscle strength was assessed by the handgrip test, whose principle
is to estimate the function of skeletal muscle through Dayhome (EH-101 model).
Participants were placed in a chair with straight trunk, and instructed to keep the
elbow flexed at 90° supported by the body. The test consisted of three consecutive
repetitions for three seconds of contraction with an interval of 15 seconds between
the measurements and was performed bilaterally, starting with the dominant upper
limb. The values found in the three maneuvers were recorded and the greatest

amount of force was considered.
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Statistical analysis

The Shapiro-Wilk test was used to assess the normality of variables
distribution. Means and standard deviations were to describe the samples. The One-
way and Two-way ANOVA test was used to compare means and was followed up
with Bonferoni post-hoc. For this analysis the Statistical Package for Social Sciences

(SPSS) version 19 was used. Statistical significance was set at p <0.05.
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Results

Five of the 37 patients who were recruited for the study were not randomly
assigned to groups because they were excluded after presenting complications
during the surgical procedure (Figure 2). Analysis indicated no significant difference
between the groups regarding baseline characteristics, considering the analyzed
individuals (Table 1). The study sample represented a population undergoing CABG,
aged 57.43 * 7.15 years, 92.6% male. There were no adverse effects or
complications associated with the Pilates-based exercises during the study.

Preoperative vs 1% postoperative day: There was a significant decrease in the
values of outcomes evaluated, except for the 6MWT, which was not performed on the
1% postoperative day because the patients were not able to perform it in the intensive
care unit. The decrease of values occurred in PG and CG, demonstrating that all
individuals had a significant loss of respiratory muscle strength and peripheral
strength (Table 3).

1%t vs 6™ postoperative day: There was a significant increase in the respiratory
muscle strength (Plmax and PEmax) for PG and CG. However, there was no
significant improvement in peripheral muscle strength for both groups (Table 3).

Preoperative vs 6% postoperative day: There was no significant difference for
6MWT in PG (p=0.056). The mean difference showed no deleterious effect for this
group. The CG showed a statistical difference between the mean distance walked on
the preoperative and the 6™ postoperative day (p=0.006). The mean difference
shows that there is a significant decrease in distance performed in the six minute
walk test for this group during the study period. Respiratory muscle strength
demonstrated a significant decrease in the values, and peripheral muscle strength
showed no significant difference in values in this period. There was no significant
difference in outcomes evaluated after the intervention between groups (PG and CG)

on the 6" operative day (Table 3).
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Discussion

This is the first study to include additional sessions of Pilates-based exercises

in the treatment of patients after cardiac surgery.

There are previous studies in the literature showing that CR programs used
different protocols, such as the study where patients with heart failure danced the
waltz as an alternative to aerobic exercise training [26]. This study found
improvement in functional capacity and endothelial function of the patients. It is
known that even with all the beneficial effects demonstrated by CR, patient
participation still remains suboptimal [27]. It is believed that different programs may
be similarly effective, but with an increased patient adherence to treatment.

The main result found in this study was that the Pilates group associated with
conventional physical therapy showed no statistical difference between the mean
distance on preoperative and the 6™ postoperative day. It is known that during the
postoperative period patients experience a considerable reduction in functional
capacity [28]. The introduction of the Pilates-Based exercises associated with
conventional physiotherapy provided the prevention of reduced functional capacity
which was verified by the maintained performance of the 6MWT.

Studies on similar populations show that the Pilates method can improve
functional capacity. Recently, a pilot study investigating the use of the Pilates method
in patients with heart failure who were undergoing cardiac rehabilitation showed
positive preliminary results regarding functional capacity, and the Pilates group
compared to the conventional group showed a considerable improvement in VO
peak [16].

A study demonstrated that some exercises based on the Pilates method could
be performed in hospitalized patients [29]. This study may demonstrate that cardiac
patients in the postoperative period can also do exercises based on the Pilates
method in an intensive care unit followed by an open unit. These findings are very
important to take decisions in health-care services that want to use Pilates-based
exercises in intensive care units, since they are simple to introduce in these units and
are not expensive.

Some studies showed that the improved performance on the 6MWT is an

independent protective factor for mortality in patients with HF [30, 31]. Exercise
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capacity and tolerance are the most important factors in assessment of the clinical
condition and prognosis of patients with cardiovascular and pulmonary diseases [30].

Both groups showed the same results for peripheral muscle strength assessed
by handgrip. The significant decrease shown from the preoperative to the 1% day
after surgery is expected. There was a small, non-statistical, increase in peripheral
muscle strength from the 1% to the 6™ postoperative day. This small increase was
sufficient to augment handgrip values making the 6™ postoperative day not
statistically different from the preoperative day, for both groups. In other words, both
groups showed a decrease on the 1% postoperative day, and they had a small
increase until the 6™ postoperative day, sufficient to make them comparable to the

preoperative results of the handgrip assessment.

Comparing the PG with CG on the 6™ postoperative day, there is no additional
effect of the Pilates method on peripheral muscle strength. It is possible that the short
period of Pilates-based exercise training proposed by the researchers of this study
lead to these results. It is observed in the literature that studies comprising a long
period of exercises based on the Pilates method training show a significant

improvement in the parameters evaluated by the handgrip [22].

A study on healthy subjects assessing respiratory muscle strength showed an
increase of the maximum inspiratory and expiratory pressure after applying the
Pilates method for twelve weeks [32]. The present study showed a significant
decrease from the preoperative to the 1% postoperative day, which is also expected
after cardiac surgery. There was a significant increase from the 1% to the 6"
postoperative day for both groups, but this improvement was not sufficient to make
the preoperative and 6™ postoperative day equal, since there are significant
differences in both groups. The exercises based on the Pilates method did not have
an additional effect on this outcome. There was no additional increase in respiratory
muscle strength in PG because of the short period of intervention, since it is known
that breathing is one of the principles of the method that the patient takes longer to
perform with quality and this principle can be strongly linked to increasing muscle
strength.

Therefore, this study could provide a better understanding of the application of
the Pilates-based exercises in patients after coronary artery bypass grafting. The

results may help health-care professionals in clinical decision-making and in
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demonstrating that the Pilates could be applied safely and effectively in patients after
coronary artery bypass grafting.

Although the literature lacks evidence on the effects on the Pilates patients
after cardiac surgery, this study showed that Pilates-based exercises can benefit
patients in maintaining functional capacity. Also, it is safe and it did not lead to any
adverse effects or complications.

The study has certain limitations such a small sample size and a short
intervention time without a longer follow-up period. Further research is needed to

confirm these findings with a larger sample size and longer duration training.
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Conclusion

This study demonstrated the preventive effect of Pilates-based exercises
associated with Conventional Physiotherapy, in a short duration intervention, on the
reduction of functional capacity in patients after coronary artery bypass grafting. No
additional effect of exercises based on the Pilates method in relation to the outcomes
of peripheral and respiratory muscle strength was found but it is believed that the
intervention time and the clinical characteristics of patients may have influenced this

result.
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Table and figures

Figure 1. Execution of the exercises based on the Pilates method on the first day
after surgery.

Figure 2. Study design and diagram of study.

Table 1. Subject characteristics and demographic data for Pilates associated with
Conventional Physiotherapy (PG) or Conventional Physiotherapy (CG).

Table 2. Training program of the Pilates group.

Table 3. Intra-group differences on the pre, 1st and 6th postoperative day, and
between groups on the 6th postoperative day, for all the outcomes assessed
(p<0.05).



Figure 1 - Execution of the Pilates-based exercises on the first day after surgery
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Figure 2. Study design and diagram of study
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Table 1. Subject characteristics and demographic data for Pilates-based
exercises associated with Conventional Physiotherapy (PG) or

Conventional Physiotherapy (CG)

Characteristics PG (n=12) CG (n=15)
Age (years) 57.00+7.42 57.86 + 6.88
Gender

Female 0 1

Male 12 14
BMI (Kg/m?) 28.23 + 3.29 30.25 £ 5.07
SBP (mmHg) 123.08 + 14.2 130.67 £ 13.25
DBP (mmHg) 77.33+12.89 88.11+10.13

Values are mean = SD. BMI — body mass index; SBP - systolic blood
pressure; DBP - diastolic blood pressure; 6MWT: six minute walk test;
PEmax: maximal expiratory pressure; Plmax: maximal inspiratory
pressure.

No significant differences between groups.

54
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Table 2. Training program of the Pilates group

Upper exercises

1. Bending elbow

Starting position: Supine, neutral pelvis, knees bent with your feet flat on the stretcher
and aligned with the hip and elbow on the table forearm supination and hand holding
the hand straps suspended by the spring.

Movement: To inspire the initial position; expire to flex the elbow and inspire to

extend the elbow.

2. Elbow extension

Starting position: Supine, neutral pelvis, knees bent with your feet flat on the stretcher
and aligned with the hip and elbow on the table forearm in pronation and hand
holding the hand straps suspended by the spring.

Movement: To inspire the initial position; expire to extend the elbow and inspire to

flex the elbow.

Lower limb exercises

1. Hip Extension

Starting position: Supine, neutral pelvis, knee extended and foot positioned in the
foot strap to the upper suspended by the spring member;

Movement: To inspire the initial position; expire to perform the hip extension and
inspire to return to starting position.

2. Extension of hip and knee

Starting position: Supine, neutral pelvis, knee bent and foot positioned in the foot
strap to the upper suspended by the spring member;

Movement: To inspire the initial position; expire to perform the extension of the hip
and knee and inspire to return to starting position.

All movements will be carried out unilaterally.
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Table 3 — Differences intra groups on the pre, 1st and 6th operative day, and

between groups on the 6th operative day, for all the outcomes assessed (p<0.05)

P (ANOVA)
. Mean - 6
Mean — Pre- Mean — 1° t between
oS
Variable  Group Operative post operative P . groups on 6™
operative
day post operative
day
day
BMWT PG 451.00 -- 388.83
0.865
(m) CG 50007 . 394.13*
1 *H#
MIP PG 96.42 34.58 65.25
0.602
(€mH0) o5 9180 30.72" 61.07+*
1 *H#
MEP PG 128.91 48.75 87.00
0.487
(emH0) o5 13227 52 53" 93.80**
t
Handgrip PG 38.77 27.28 35.80
0.437
(Kgf) CG 3980 32.63" 38.34

Values are mean; 6MWT: six minute walk test; MIP: maximal inspiratory pressure;
MEP: maximal expiratory pressure.

T Significant differences between the pre and 1% post operative day

* Significant differences between the pre and 6™ postoperative day

* Significant differences between the 15t and 6" post operative day
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5 CONCLUSAO GERAL

O objetivo principal proposto para este estudo foi atingido, pois foi possivel
observar um efeito deletério menor em relagdo a capacidade funcional no grupo
exercicios baseados no método Pilates. Esperava-se um efeito adicional dos
exercicios baseados no método Pilates em relagdo aos desfechos de forga muscular
periférica e respiratoria, porém acredita-se que o tempo de intervencdo e as
caracteristicas clinicas dos pacientes podem ter interferido nesse resultado.

Este é o primeiro estudo a incluir os exercicios baseados no método Pilates
como recurso adicional da fisioterapia em uma unidade de terapia intensiva no
tratamento de pacientes apés CRM. Foi possivel demonstrar que essa intervengao
pode ser realizada na unidade de terapia intensiva com facilidade e baixo custo.
Além, disso, o método mostrou-se seguro e viavel ndo havendo intercorréncias com
os pacientes do estudo.

Sa0 necessarios mais estudos que utilizem o método Pilates na populagao de
cardiopatas e em individuos em pds-operatorio de cirurgia cardiaca com poder

estatistico maior para avaliar esses e outros desfechos de interesse.
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Normas de formatag&o do periddico American Journal of Physical Medicine &

Rehabilitation

Categories of Manuscripts - The American Journal of Physical Medicine &
Rehabilitation invites submission of original papers, particularly in the categories
below, for  consideration to publish in order  of  preference.
1. Scientific Research Article: Original scientific investigations that advance the field
of physiatric medicine. These papers include in order of preference: (1) Cohort
studies, such as randomized, controlled trials and longitudinal studies; (2) Case-
control studies; (3) Historical prospective studies; (4) Cross-sectional studies; and (5)
Radiologic  Studies. LIMITS: 6,000 words; 7 Tables; 7  Figures
File Formats: Following the guidelines for manuscript preparation, text and tables

should be prepared using Microsoft Word.

Manuscript Guidelines: Refer to previously published issues of the Journal
for the current format for each category of article. A sample issue is available
at www.AJPMR.com. Each component of the manuscript should be in the same
document in the following sequence: Title Page, Abstract and Key Words, Text,

Acknowledgments, References, Figure Legends.

The Title Page should only appear in the non-blinded version of your
manuscript and should be prepared as follows: (1) Title; (2) Authors: Full names
and academic degrees of each author; (3) Affiliations: Clearly explain the
institutional, university, or hospital affiliations of each author; In the event an author
changes institutional affiliation after submission but before publication, please provide

both the institutional affiliation where the research was conducted, along with the
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current institutional affiliation of the author. (4) Correspondence: Name, mailing
address, phone number, fax number, and email address for the corresponding
author; (5) Author Disclosures: Include an explanation of the following: (5.1)
funding or grants or equipment provided for the project from any source; (5.2)
financial benefits to the authors; (5.3) details of any previous presentation of the

research, manuscript, or abstract in any form.

The Abstract Page should be prepared as follows:
Begin the Abstract page with the full manuscript title at the top.
Structured abstracts are required for Research Articles, must be double spaced, and
should succinctly address, in 200 words or less, the following four
categories: Objective, Design, Results, and Conclusions. Refer to current copies

of the Journal for examples.

Traditional one-paragraph abstracts should succinctly summarize the paper in
150 words or less and are required for Brief Report, Case Report, Education &
Administration, Literature Review, Analysis, and Perspective articles.
Abstracts are NOT required for Commentaries, Clinical Notes, Letters to the Editor,

and Visual Vignettes.

Key Words: Authors must include four Key Words (so labeled) on the line
after the end of the abstract. Use appropriate MeSH subject headings as listed by the

National Library of Medicine. For more information visit www.nlm.nih.gov/mesh/

Preparation of the Manuscript Text: Refer to recently published issues of
the Journal for the appropriate formatting and style of each section of the manuscript

text. Software preference is Microsoft Word for document text and tables. All sections
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of the manuscript should be double spaced. Pages should be numbered

consecutively and have continuous line numbering throughout the text.

AMA Style: Use generic names of drugs, unless there is a specific trade
name that is directly relevant. Use only standard abbreviations as listed in the AMA
Manual of Style, Ninth Edition. The full term for which an abbreviation stands should
precede the abbreviation's first use in the text, except in the case of a standard unit

of measurement. Avoid using abbreviations in the title and abstract.

Writing Quality: All manuscripts must be thoroughly edited for spelling and
American English grammar by the authors and/or an expert in American English
medical writing before submission. Manuscripts submitted with incorrect American
English grammar will not be considered. Avoid using first person language, such as |,

we, and our. Please use third person, such as "this study" instead of "our study".

Methodology and Statistics: Any statistical analyses in the research or
manuscript should be reviewed and verified for accuracy by the authors and/or a
statistician before submission. Describe statistical methods with enough detail to
enable the knowledgeable reader with access to the original data to verify the
reported results. When possible, quantify research findings with appropriate
indicators of measurement error or uncertainty (such as confidence). Avoid sole
reliance on statistical hypothesis testing, such as the use of P values, which fails to
convey important quantitative information. Discuss eligibility of experimental subjects.
Give details about randomization. Describe the methods for, and success of, any
blinding of observations. Report treatment complications. Give specific numbers of
observations. Report any losses to observation (such as dropout from a clinical trial).

References for study design and statistical methods should be to standard works
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(with pages stated) when possible, rather than to papers in which designs or methods

were originally reported. Specify any computer programs used.

Units of Measure: Measurements of length, height, weight, and volume
should be reported in metric units. Temperatures should be written in degrees
Celsius. Blood pressures should be given in millimeters of mercury. All hematologic
and clinical chemistry measurements should be reported in the metric system in the

terms of the International System of Units (SI).

Ethics: When reporting experiments on human subjects, indicate in the
methods section of the manuscript whether the procedures followed were in
accordance with the ethical standards of the responsible committee on human
experimentation (institutional or regional) or with the Helsinki Declaration of 1975, as

revised in 1983.

The authors must state in the methods section of the manuscript that any
investigation involving human subjects or the use of patient data for research
purposes was approved by the committee on research ethics at the institution in
which the research was conducted in accordance with the Declaration of the World
Medical Association (www.wma.net) and that any informed consent from human
subjects was obtained as required. Failure to indicate Institutional Review Board
approval of human experimentation and informed consent from subjects will result in

rejection upon initial review.

Also indicate in the methods section whether the institution's or the National
Research Council's guidelines for, or any national laws on, the care and use of

laboratory animals were followed.
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Do not use subjects' or patients’ names, initials, or hospital numbers in the

text, tables, figures, or legends.

References: References should begin on a separate page following the conclusion
of the manuscript. Authors should cite relevant references from previously published
articles. Number references in the order in which they are mentioned in the text (do
not alphabetize). Identify references with Arabic superscript numerals in the text,
tables, and legends. References should follow the current AMA style. Abbreviate the
names of journals according to the format given in Index Medicus. References cited
separately as footnotes in tables or figure legends should be numbered in
accordance with a sequence established by the first identification of the particular
table or figure in the text. Refer to current copies of the Journal for examples of the

various types of references.

All manuscripts except for extensive reviews of the literature should be limited
to no more than 30 references. Authors may be asked to limit the number of
references to conserve space. Previously published articles in this Journal are

searchable by author and topic at www.AJPMR.com

Figure Legends: Figure Legends should begin on a separate page following the
reference section of the manuscript. Each Figure Legend should describe the content
of the appropriate figure and be numbered in order of location in the manuscript as
Figure 1, Figure 2, etc. To conserve space, do not duplicate information in the text

and figure legends.
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Consideragoes sobre os Termos de apresentagao cbrigatoria:

Aprasentou os termos de apresentagio obrigatdria.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

O projeto atende as exigéncias em seus aspecios eticos e metodoldgicos.
Situagdo do Parecer:

Aprovado

MNecessita Apreciagac da CONEP:

Mao

PORTO ALEGRE, 16 de Agosto de 2013

Assinador por:
José Geraldo Vernet Taborda
[Coordenador)
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DADOS DO PARECER

Numero do Parecer: 400.854
Data da Relatoria: 211032013

Apresentagio do Projeto:

trata-se de um ensaio clinico randomizado no qual ser3o avaliados duas tecnicas fisioterapicas em
pacientes de po opertaorio de cirurgia cardaica.

CObjetivo da Pesquisa:

Verificar os efeitios dos exercicios baseados no método Pilates associade 3

fisioterapia convencional na capacidade funcional em pacientes no pas-operatorio de

cinugia de revascularizagdo do miocardio,

Avaliagdo dos Riscos & Beneficios:

riscos:dor de cabega, nauseas & mal estar em algumas avaliagies que exigem esforgo fisico & um
descenforto muscular leve apds a realizagdo dos exercicios do método Filates.

beneficios: conhecer sua situacio de salde a partr das avaliaches, receber um tratamento fisioterapéutico
adicional, melhorar a sua capacidade fisica.

Comentarios & Consideragies sobre a Pesquisa:

Durante a execugdo oo protocoio de exercicios o pacents s5tard com as varidveis de frequéncia cardiaca,
pressao arterial, sensagac de esforgo percebido e saturagdo perférica de oxigénio monitoradas e se
pcorrem exacerbagbes na frequéncia cardiaca acima de 30% da frequéncia
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cardiaca de reserva, um aumento acima de 20% na press3o artenal, uma

sensagdo de esforgo na escala de Borg Modificada acima de sete & uma queda na saturagio
periferica de 90% os exercicios serdo interrompidos até que haja uma nomalzagio desses
valores para que os exercicios continuem sendo realizades. Se essa normalizacio ndo

acorrer os exercicios serio intemompidos naguele dia

Consideragdes sobre os Termos de apresentagic obrigatoria:
adequados

Recomendaghes:

nao ha.

Conclusdes ou Pendéncias e Lista de Inadequagoes:
slp.

Situagio do Parecer:
Aprovadao

Mecessita Apreciagao da COMEP:
Mao

Consideragoes Finais a critéric do CEP:

PORTO ALEGRE, 18 de Setembro de 2013

Assinador por:
Leonardo Martins Pires
{Coordenador)
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