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RESUMO

Esta tese resultou na elaboracdo de dois estudos, cujos objetivos foram: Estudo I: avaliar a
reprodutibilidade teste reteste do incremental Shuttle Walk Test (ISWT) para a distancia
percorrida no ISWT (DP-ISWT), respostas cardiorrespiratorias, metabolicas e percepg¢do de
esforco em adultos jovens asmaticos controlados. Estudo Il — avaliar a reprodutibilidade e
validade do ISWT em detectar o broncoespasmo induzido pelo exercicio (BIE) em adultos
jovens asmaticos controlados. Participaram 34 individuos asmaticos, sendo que para o
segundo estudo, participaram 32 asmaticos. Foram submetidos no primeiro dia a um teste de
funcdo pulmonar pré e pos-broncodilatador (BD) e o primeiro ISWT para familiarizacdo. No
segundo dia, foi realizado um teste de exercicio cardiopulmonar incremental (TECPI) e ap6s
um intervalo de 48 horas foi realizado no terceiro dia um teste de exercicio cardiopulmonar
constante (TECPC), ambos foram executados com temperatura e umidade do ar controlado
segundo as recomendacdes para teste de exercicio cardiopulmonar (TECP). No quarto dia, foi
realizado o segundo ISWT (ISWT-2) em um corredor plano e coberto e ap6s um intervalo
minimo de 48 horas e maximo de sete dias no quinto dia foi realizado o terceiro ISWT
(ISWT-3) nas mesmas condi¢bes e ambos foram conduzidos pelo mesmo avaliador. Além
disso, para realizacdo de todos os testes foi utilizado um sistema portatil de telemetria para
captacdo das variaveis ergoespirométricas respiracdo-a-respiracdo. Este sistema também foi
utilizado para realizar o teste de funcdo pulmonar por meio de uma mascara facial e também
foram realizadas manobras de capacidade vital forcada (CVF) para obtencdo dos valores de
volume expiratorio for¢cado no primeiro segundo (VEF;) sendo trés manobras reprodutiveis
antes dos testes e uma manobra nos 5°, 10°, 15°, 20’ e 30’ minutos apos os testes, exceto para
o TECPI, a fim de avaliar a ocorréncia do BIE. Os valores do coeficiente de correlacdo
intraclasse (CCIl) foram maiores do que 0,75 (p <0,001) para a DP-ISWT, a captacdo de
oxigénio absoluto (ml/min) e corrigido pela massa corporal (ml/kg/min) (VO), producéo de
dioxido de carbono (ml/min) (VCO,) e ventilagdo minuto (I/min) (Vg). Os gréaficos de Bland-
Altman apresentaram erro médio proximo de zero e limites de concordancia dentro dos
limites aceitaveis de variagdo com excecdo da sensacdo de dispneia (SD) que apresentou um
erro médio distante de zero e limites de concordancia altos, mostrando que a SD foi maior no
terceiro ISWT em relacdo ao segundo ISWT. A analise da reprodutibilidade para deteccéo do
BIE foi fraca (k=0,24; p>0,169). Para as analises de validade encontramos um valor fraco
entre 0 ISWT-2 e o TECPC (k=0,059; p>0,618) e um valor moderado entre 0 ISWT-3 e 0
TECPC (0,46; p < 0,002). Foi verificada também uma associacdo significativa moderada
entre 0 ISWT-3 e o TECPC (r=0,51; p<0,01). Sobre as respostas fisioldgicas, o tempo de
ventilacdo durante os testes acima de 40% da ventilacdo voluntaria maxima (VVM) foi menor
no ISWT-2 e no ISWT-3 em relacdo ao TECPC (p=0,000; p=0,000), foi encontrada uma
diferenca significativa para o0 momento em que foi atingida uma Ve > 40% da VVVM no grupo
de BIE positiva (p=0,000; p=0,000) e BIE negativa (p=0,044; p=0,028) entre o ISWT-2 vs
TECPC e ISWT-3 vs TECPC, respectivamente, ou seja, os individuos asmaticos levaram
mais tempo para atingir a demanda ventilatoria no ISWT-2 e ISWT-3 do que no TECPC e a
frequéncia respiratoria (FR) foi maior no ISWT-3 em relagdo ao TECPC para o grupo BIE
positiva (p=0,010).

Palavras-chave: Asma induzida por exercicio, fisioterapia, reprodutibilidade, validade, teste
de esforgo.



ABSTRACT

The present thesis has a result two studies in which the aims were: Study | — to evaluate
the reliability test retest of the incremental Shuttle Walk Test (ISWT) for the walked distance
in ISWT (ISWTD), cardiorespiratory responses, metabolic responses and effort perception in
young adults with asthma control. Study Il — to evaluate the reliability and validity of the
ISWT in detecting exercise-induced bronchospasm (EIB) in young adults with asthma
control. Thirty-four asthmatic subjects participated in this study, and for the second study, 32
asthmatics participated. On the first day, a pre-and post-bronchodilator (BD) lung function
test was performed and the first ISWT for familiarization. On the second day, an incremental
cardiopulmonary exercise test (ICPET) was performed and after a 48-hour interval on the
third day a constant cardiopulmonary exercise test (CCPET) was performed, both were
performed with temperature and humidity of the controlled air according to recommendations
for cardiopulmonary exercise (CPET). On the fourth day, the second ISWT (ISWT-2) was
performed in a flat and covered corridor and after a minimum interval of 48 hours and a
maximum of seven days on the fifth day the third ISWT (ISWT-3) were performed under the
same conditions and both were conducted by the same evaluator. In addition, a portable
telemetry system was used to capture the breath-to-breath ergospirometry variables. This
system was also used to perform the pulmonary function test using a facial mask and forced
vital capacity maneuvers (FVC) were also performed to obtain forced expiratory volume
values in the first second (FEV;), with three reproducible maneuvers before Tests, and a
maneuver at 5', 10, 15, 20" and 30' minutes after the tests, except for the ICPET, in order to
evaluate the occurrence of EIB. The values of the intraclass correlation coefficient (ICC) were
higher than 0.75 (p <0.001) for ISWTD, the absolute oxygen uptake (mI/min) and corrected
by body mass (ml / kg / min) (VO,), carbon dioxide (ml/min) and minute ventilation (I/min)
(VE). The Bland-Altman plots presented mean error and limits of agreement within acceptable
limits of variation with the exception sensation of dyspnea (SD), which presented a mean
error far from zero and high agreement limits, showing that SD was higher in the third ISWT
compared to the second ISWT. Reliability analysis for EIB detection was weak (k=0.24;
p>0.169). For the validity analyzes we found a weak value between ISWT-2 and CCPET
(k=0.059; p>0.618) and a moderate value between ISWT-3 and CCPET (0.46; p<0.002).
There was also a significant moderate association between ISWT-3 and CCPET (r=0.51,
p<0.01). Regarding the physiological responses, the ventilation time during the tests above
40% of the maximum voluntary ventilation (MVV) was lower in ISWT-2 and ISWT-3 than in
CCPET (p=0.000; p=0.000), a significant difference was found for the moment when an Vg >
40% of the MVV was reached in the positive EIB group (p=0.000; p=0.000) and negative EIB
(p=0.044; p=0.028) between the ISWT-2 vs CCPET and ISWT-3 vs CCPET, respectively, in
other words, asthmatic individuals took longer to achieve ventilatory demand in ISWT-2 and
ISWT-3 than in CCPET and the respiratory rate (RR) was higher in the ISWT-3 compared to
the CCPET for the positive EIB group (p=0.010).

Key Words: Asthma, exercise-induced, physical therapy, reproducibility, validity, exercise
test
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A asma é uma doenca heterogénea, geralmente caracterizada por uma inflamagédo
cronica das vias aéreas e afeta 1-18% da populacdo em diferentes paises, atingindo valores
superiores a 10% no Brasil, Austrdlia e Canada. Estima-se, atualmente, que 300 milhdes de
individuos sejam acometidos pela doenga, com uma projecdo global para 400 milhdes em
2025. E definida pela historia de sintomas respiratorios como chiado, falta de ar, aperto no
peito e tosse que variam ao longo do tempo e intensidade, juntamente com a limitagdo do
fluxo aéreo expiratorio variavel. Estas variacdes sdo muitas vezes desencadeadas por fatores
como exposicao a alérgenos ou irritantes, mudancas no tempo, infecgdes respiratorias virais e
exercicio fisico (GINA, 2016).

O exercicio fisico € um grande estimulo aos sintomas da asma para muitos pacientes,
caracterizados por um estreitamento das vias aéreas que ocorre tipicamente durante ou apds a
cessacdo do exercicio, mais comumente conhecido como broncoespasmo induzido pelo
Exercicio (BIE) (GINA, 2016, DE FUCCIO et al., 2005). A prevaléncia do BIE varia de
aproximadamente 5% a 20% na populacdo em geral, para talvez 30% a 70% em atletas de
elite de inverno e atletas que participam de esportes de resisténcia no verdo e em pelo menos
90% dos individuos com asma persistente (WEILER et al., 2007).

Ainda, é provavel que quase todos os individuos que tém asma crénica serdo induzidos
a ter um ataque da asma com um teste de exercicio adequado, embora alguns estudos sugerem
uma prevaléncia do BIE de apenas 50% a 90% nesta populagdo (ANDERSON et al., 2010;
RUNDELL e JENKINSON, 2002), além disso, o BIE tem sido demostrado em individuos
sem diagndstico de asma com uma prevaléncia de 20% (PARSONS et al., 2013).

Embora a patogénese do BIE nédo esteja completamente elucidada, provavelmente é

causada pela hiperventilacdo induzida pelo exercicio e alteragcbes correspondentes na
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fisiologia das vias aéreas (McFADDEN, 1999; RUNDELL et al., 2000; WEILER et al.,
2007).

Um aumento da taxa ventilatoria é necessario para atender as exigéncias de oxigénio
muscular durante o exercicio. Este aumento da taxa ventilatoria desafia a capacidade das vias
aéreas para condicionar o ar inalado para a umidade correta e niveis de calor antes que o ar
chegue aos alvéolos. O exercicio vigoroso resulta na inalagdo de um volume aumentado de ar
relativamente frio e seco e na perda de calor da mucosa respiratoria, o que induz mudancas de
osmolaridade na superficie das vias aéreas que, por sua vez, podem ativar mastocitos e células
epiteliais para liberar mediadores pro-inflamatérios tais como histamina, leucotrienos e
quimiocinas (WEILER et al., 2007).

O BIE é um grande fator de risco para morte slUbita na populacdo asmatica,
principalmente em atletas. Um estudo retrospectivo (AMITAL et al., 2004) realizado com 151
jovens militares que tiveram morte subita inexplicada, encontraram que o0s eventos cardiacos
sdo a principal causa de morte subita nesta populagdo, seguida pela asma e hemorragia
cerebral. Outro estudo de revisdo (BECKER et al 2004), identificou que 61 mortes por asma
ao longo de um periodo de sete anos ocorreram em associacao ao exercicio fisico e 10% das
mortes ocorreram em individuos sem historia de asma ou do BIE.

Os sintomas do BIE sao variaveis e inespecificos, e a presenca ou auséncia de
sintomas respiratérios especificos tem um valor preditivo muito baixo para confirmar
objetivamente o BIE. Para tanto, o diagnéstico do BIE é estabelecido pelas mudancas na
funcdo pulmonar ap0s o exercicio e ndo baseado nos sintomas (PARSONS et al., 2007;
HALLSTRAND et al., 2002). MedicGes da funcdo pulmonar em série apds um exercicio
fisico especifico sdo utilizadas para determinar se hd presenca de BIE e quantificar a

gravidade do disturbio, e para isso recomenda-se avaliar o volume expiratorio forgado no
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primeiro segundo (VEF1) uma vez que essa variavel tem melhor repetibilidade (ENRIGHT et
al., 2004).

Normalmente sdo realizadas manobras de VEF; nos 5, 10, 15 e 30 minutos ap6s o
exercicio fisico, mas pode ser extendido para mais de 30 minutos a monitoracdo se for
esperada uma reposta severa. A diferenca entre o valor do VEF; pré-exercicio e o menor valor
do VEF; registado dentro de 30 minutos ap0s 0 exercicio é expressa como uma porcentagem
do valor pré-exercicio. O critério para a queda percentual do VEF; usado para diagnosticar o
BIE é > 10% em algumas diretrizes (CARLSEN et al., 2008; NEDER e NERY, 2002;
CRAPO et al., 2000; ROCA et al., 1997; STERK et al., 1993). Esse valor foi baseado na
média, mais dois desvios padrdes (DPs) da queda percentual do VEF; em individuos
saudaveis normais sem historia familiar de asma, atopia ou infeccdo recente do trato
respiratorio superior (ANDERSON et al., 2010).

A gravidade do BIE pode ser classificada como leve, moderada ou grave se a queda
percentual do VEF; no nivel pré-exercicio for > 10% mas < 25%, > 25% mas < 50% ¢ >
50%, respectivamente (FREED e ANDERSON, 2008; ANDERSON e BRANNAN, 2003).
Esta classificacdo baseou-se na gama de valores medidos para o BIE e antes do uso
generalizado de esterdides inalados. Atualmente, um declinio no VEF; > 30% em uma pessoa
tomando esteroides inalatérios é considerado grave. Normalmente a queda do VEF; ocorre
dentro de 5 a 10 minutos apds o exercicio, embora em algumas ocasifes ocorra até 30
minutos ap6s a cessacdo deste (IV DIRETRIZES PARA O MANEJO DA ASMA, 2006;
CRAPO et al., 2000). A recuperacdo do BIE geralmente é espontanea e o VEF; retorna para
95% do valor basal em 30-90 minutos.

Os testes de broncoprovocacdo séo frequentemente utilizados para avaliar individuos
com asma. O estimulo usado para induzir a obstrugdo das vias aéreas pode ser categorizado

como direto ou indireto. Os testes diretos de broncoprovocagdo atuam nos receptores do
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musculo liso das vias aéreas (por exemplo, acetilcolina e analogos muscarinicos nos
receptores muscarinicos, histamina nos receptores H;) para induzir a broncoconstricao,
independente da inflamacdo das vias aéreas, tendo como método a inalacdo de metacolina
(PAUWELS et al., 1988; COCKCROFT e DAVIS, 2009).

Ja os testes indiretos envolvem uma via intermediaria, como a liberacdo de mediadores
osmoticos ou ndo-osmoticos de células inflamatorias, estimulacdo nervosa sensorial entre
outros, e 0s métodos utilizados sdo: exercicio fisico, hiperpneia voluntaria eucapnica,
adenosina monofosfato e manitol. Os autores que inicialmente desenvolveram o conceito
direto-indireto sugerem que a hiper-reatividade das vias aéreas avaliada pelos testes diretos
pode induzir a um resultado falso-positivo e ressaltam a eficiéncia dos métodos indiretos para
a confirmacao do BIE (PAUWELS et al., 1988; COCKCROFT e DAVIS, 2009).

Tem sido sugerido na literatura que o treinamento fisico aerébio reduz a atividade
inflamatdria das vias aéreas e consequentemente o BIE em asmaticos (MENDES et al, 2011),
sendo necessaria avaliacdo da presenca do BIE em todos os pacientes com diagndstico de
asma. Dessa forma, a avaliacdo do BIE permite monitorar o controle da asma, determinar a
eficacia e as dosagens ideais dos medicamentos prescritos para prevenir o BIE, diagnosticar a
asma ocupacional e a relacionada ao exercicio fisico, evitando eventos graves.

Nesse contexto, o protocolo ideal para detectar o BIE envolve um rapido aumento da
intensidade do exercicio ao longo de aproximadamente 2-4 minutos para atingir um elevado
nivel de ventilacdo. A maioria dos protocolos recomenda a respiracdo de ar seco (<10 mg
H,O/L) com um clipe nasal no local durante a corrida ou ciclismo em uma carga suficiente
para elevar a frequéncia cardiaca para 80-90% do maximo previsto (frequéncia cardiaca
maxima prevista =~ 220 — idade em anos) ou ventilacdo para alcancar 17,5 — 21 vezes VEF;.
Uma vez que este nivel de exercicio fisico € alcancado, o sujeito deve sustentar o exercicio a

esse nivel elevado por mais 4-6 minutos (PARSONS et al., 2013; ANDERSON et al., 2010).
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Dessa forma, o tipo, a duracdo, a intensidade do exercicio, a temperatura e teor de
agua do ar inspirado sdo determinantes importantes da resposta das vias aéreas ao exercicio
(BAR-OR et a., 1977; ANDERSON et al., 1979). O tempo do exercicio também é importante,
porque alguns individuos tornam-se refratarios a outro estimulo de exercicio por até 4 horas
(ANDERSON et al., 1982). Além disso, os dois determinantes mais importantes do BIE sdo a
ventilacdo alcancada e sustentada num alto nivel durante o exercicio e o teor de agua do ar
inspirado (KIVITY e SOUHRADA, 1980; PARSONS et al., 2013). Com isso, a mensuracao
da ventilacdo durante os testes para detectar o BIE permite comparar o efeito do mesmo
estimulo ao longo do tempo e entre os individuos (ANDERSON et al., 2001).

Sabe-se que a ocorréncia do BIE associado ao grau de obstrucdo das vias aéreas no
repouso, a diminuicdo da capacidade ventilatdria e a maior sensacdo de dispneia vivenciada
ao exercitar-se ou 0 medo de vivencia-la sdo fatores que limitam a pratica de exercicio fisico
regular e determinam uma interrupcdo precoce do exercicio nos individuos asmaticos,
fazendo com que estes adotem um estilo de vida mais sedentario e consequentemente tenham
uma menor tolerancia ao exercicio (RUBIN et al., 2002; PIANOSI e DAVIS, 2004). Além
disso, a diminuicdo da capacidade de exercicio e a gravidade da doenca podem afetar a vida
social e emocional, fazendo com que os individuos asmaticos tenham significativamente
menor qualidade de vida quando comparado aos individuos ndo asmaticos (EVERHART e
FIESE, 2008).

Nesse sentido, além dos tratamentos farmacoldgicos, a exercicio fisico pode ser
considerado relevante, pois ajuda a melhorar o controle dos sintomas e/ou reduzir riscos
futuros. Para tanto, os individuos asmaticos devem ser incentivados a praticar exercicio fisico
regular devido aos seus beneficios como a prevencdo e controle do BIE e melhora da
capacidade aerobia (GINA, 2016). Outros estudos demonstram ainda, que quando esses

individuos estdo clinicamente estaveis, o nivel de atividade fisica parece ser o fator
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determinante para que os individuos asmaticos alcancem intensidades semelhantes de
exercicio que os ndo asmaticos, mesmo para aqueles que ocorre o BIE (CLARK e
COCHRANE, 1988; LAMAR-FILHO et al., 2001).

Dessa forma, torna-se indispensavel a avaliacdo da capacidade de exercicio, bem

como do BIE em individuos com asma, a fim de identificar a real influéncia dos fatores
clinicos, fisicos e fisioldgicos frente a realizacéo das atividades fisicas.
‘ Nesse contexto, estudos sobre a avaliacdo da capacidade de exercicio em individuos
asmaticos por meio do teste de exercicio cardiopulmonar (TECP), em relacdo ao
comportamento das variaveis fisiologicas, em especial da captacdo de oxigénio (VO,), tém
demonstrado resultados conflitantes (VERMEULEN et al., 2016), mas alguns estudos
(KOCH et al., 2009; LAVENEZIANA et al., 2006) tém demonstrado que o valor do VO, pico
tem se mostrado normal para os individuos asmaticos classificados de leve a moderado.

Quanto aos asmaticos mais graves existem poucos estudos, mas BARREIRO et al.,
2004 demonstraram que o valor do VO, foi baixo num grupo de individuos asmaticos com
histéria de asma quase fatal. Sobre o comportamento da ventilacdo durante o teste de
exercicio em cicloergbmetro em individuos com asma persistente MAHLER et al., 2007
observaram que um rapido aumento da ventilagio minuto (Vg) durante o teste esta
relacionada a cessacdo precoce do exercicio.

OCHMANN et al., 2013 encontraram que a distancia percorrida (DP) no teste de
caminhada de seis minutos (TC6) apresentou uma correlacdo significativa com a carga
méaxima obtida no TECP em um grupo de individuos asmaticos e com isso, verificaram que
uma variagdo de 50 metros esta relacionada com uma mudanca de carga maxima num total de
11,6 watts. Outro estudo (MARCON et al.,, 2013) verificou que a DP no TC6 foi
significativamente menor no grupo de individuos com asma leve (-17,1; 1C95%: -28,3 a -5,8

m) quando comparado a um grupo controle (604 £ 68 metros em média) (p=0,01).
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Diante do exposto e para melhor avaliar os individuos asmaticos, medidas objetivas
sdo importantes para determinar a capacidade de exercicio, e assim, orientar na prescri¢do de
um programa de reabilitacdo adequado as limitacdes individuais e a gravidade da asma. Para
tanto, os testes de exercicio cardiopulmonar incremental maximo (TECPI) em esteira ou
cicloergdbmetro sdo os mais utilizados por permitir determinar a intensidade necessaria para a
realizacdo de exercicios prolongados e quantificar os fatores limitantes do exercicio, como o
BIE (SOUZA e PEREIRA, 2005).

Nesse contexto, embora ndo haja um consenso sobre os protocolos de testes de
exercicio ja citados na literatura (NEDER e NERY, 2002), preconiza-se que o teste adequado
para avaliacdo do BIE seja realizado em esteira ou cicloergdmetro (CROPP, 1979; CRAPO et
al., 2000), sendo o teste convencional em esteira preferivel por aumentar mais rapidamente a
Ve (CRAPO et a., 2000), além disso, foi mostrado que os testes incrementais rapidos séo
igualmente eficazes aos testes com carga constante quando a questdo é a avaliacdo do BIE
(DE FUCCIO, 2005).

Porém, como sdo onerosos e requer equipe treinada e capacitada, uma alternativa seria
a utilizacdo dos testes de campo, e um deles é o teste de caminhada com velocidade
controlada e progressiva, o Incremental Shuttle Walking Test (ISWT) que é um teste simples,
reprodutivel, pode ser realizado em qualquer local plano, ndo necessita de ergdmetro
especifico e avalia respostas diferentes da capacidade de exercicio quando comparado ao TC6
(SINGH et al., 1992, MORALES et al., 2000).

O ISWT foi desenvolvido usando um formato incremental como possivel substituto
para o teste de exercicio maximo limitado por sintoma e tem sido utilizado para avaliar a
capacidade de exercicio na reabilitacdo pulmonar para pacientes com doenca pulmonar
obstrutiva cronica (DPOC) e em outras condi¢cbes (PARREIRA et al., 2014; DOURADO et

al., 2010). Além disso, os testes de campo sdo capazes de detectar o BIE e permitir o
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diagnostico precoce das limitagbes no exercicio fisico (BATTILANI et al., 2004; DAL
CORSO et al., 2007).

Dessa forma, o ISWT desempenha papel fundamental na avaliacdo da capacidade de
exercicio funcional, na avaliacdo de prognostico, na determinacdo de resultados de ensaios
clinicos e na avaliacdo da resposta ao tratamento de uma ampla gama de doencas
respisratorias (SINGH et al., 2014), exceto para asma, onde encontramos apenas o estudo de
DYER et a., 2002 que tiveram por objetivo testar a reprodutibilidade da distancia caminhada
no ISWT com idosos asmaticos.

SINGH et al., 2014 afirmam que de sete estudos com DPOC, quatro destes (LUXTON
et al., 2008; ARNARDOTTI et al., 2006; TUNER et al., 2004; ONORATI et al., 2003)
apresentaram uma correlacdo forte entre o0 VO, ou a carga de trabalho entre 0 TECP e o
ISWT (r=0.75 — 0,88), e trés estudos ndo apresentaram diferenca para 0 VO, entre os testes
(HILL etal., 2012; ZAINULDIN et al., 2012; PALANGE et al., 2000).

Nesse sentido, HILL et al., 2012 desenvolveram um estudo com pacientes portadores
de doenca pulmonar obstrutiva crénica (DPOC), e verificaram por meio de uma analise
minuto a minuto que tanto o ISWT como o teste de exercicio cardiopulmonar (TECP)
demostraram uma resposta linear para a captacdo de oxigénio (VO;) no pico dos testes,
sugerindo que os dois testes provocam uma resposta cardiopulmonar similar.

Diante de todo o contexto explorado, embora existam estudos que avaliam a
capacidade de exercicio em diversas populacdes de doencas respiratorias cronicas, bem como,
a ocorréncia do BIE nos individuos com asma por meios testes diretos e indiretos, ha uma
escassez de estudos que utilizaram o teste de campo com velocidade controlada, como ISWT,
para testar a reprodutibilidade na avaliacdo da capacidade de exercicio, e além da
reprodutibilidade, também a validade na detec¢do do BIE nessa populagdo. Além disso, 0s

estudos de validagdo sdo mais escassos, talvez devido ao fato de que o ISWT é um
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instrumento que foi desenvolvido mais recentemente, em comparacdo ao TC6. Com isso
também verificar se o ISWT traria beneficios em termos de aplicabilidade clinica, como mais
um instrumento para avaliar a capacidade de exercicio dessa populacdo em especial e com
isso permitir o desenvolvimento de novas estratégias terapéuticas para melhorar o
condicionamento fisico bem promover adaptacdes para 0s asmaticos.

Dessa forma, a realizacdo desse estudo permitiu avaliar e testar a reprodutibilidade do
ISWT quanto a sua eficiéncia para avaliar a capacidade de exercicio de adultos asmaticos e
testar também a reprodutibilidade e validade desse mesmo teste quanto ao seu papel clinico e
verificar sua eficiéncia comparado ao padrdo-ouro referenciado na literatura para detectar o
BIE nessa populacéo.

Sendo assim, foram elaborados dois estudos que compBem a presente tese de
doutorado e que serdo descritos nas sessfes subsequentes, cujos possibilitaram a elaboragédo
de dois estudos, cujos titulos sdo:

Estudo I: Reliability of the Walked Distance, Cardiorespiratory, Metabolic and
Perceptual Responses in Incremental Shuttle Walk Test in Asthmatics Adult.
Estudo II: Is Incremental Shuttle Walking Test reliable and valid to detect exercise-

induced bronchospasm in adult asthmatics?
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2.0BJETIVOS

1- Avaliar a reprodutibilidade teste reteste da distancia caminhada no Incremental Shuttle
Walk Test (ISWT), respostas cardiorrespiratorias, metabdlicas e percepcdo de esforco em

adultos jovens asmaticos controlados.

2- Avaliar a reprodutibilidade e validade do ISWT em detectar o BIE em adultos jovens

asmaticos controlados.
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ESTUDO I

Reliability of the Walked Distance, Cardiorespiratory, Metabolic and Perceptual Responses in
Incremental Shuttle Walk Test in Asthmatics Adult.

Manuscrito submetido ao periddico Physical Therapy Journal (Anexo I1).
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ABSTRACT

Background: Incremental Shuttle Walking Test (ISWT) is reliable and valid to evaluate the
exercise capacity in particular of patients with respiratory diseases. However, there are no
studies evaluating the clinical applicability of ISWT in young adults with controlled asthma.
Objective: The aim of this study was to assess the test-retest reliability of ISWT for the
walked distance (ISWTD) and cardiorespiratory, metabolic and perceived exertion responses
in young adults with controlled asthma. Design: A reliability assessment was conducted.
Methods: 34 subjects diagnosed with asthma participated in the study. They performed three
ISWT on different days, with a minimum interval of 48 hours and up to one week between
second and third ISWT. For the reliability analysis, the values of the second and third ISWT
were used, eliminating the influence learning effect of the first test. Results: The intraclass
correlation coefficient values were higher than 0.75 (P <0.001) for ISWTD, speed (km/h),
absolute oxygen uptake (ml/min) and adjusted for body mass (ml/ kg/min), carbon dioxide
production (mL/min) and minute ventilation (I/min) in the ISWT peak. The Bland-Altman
plot presented a mean error close zero and the distributions of the measurements were within
acceptable limits of variation.

Limitations: We find difficulty comparing our results with other findings, because some
studies conducted two ISWTs with 30-minute intervals, but our experimental procedure did
not allow two tests to be conducted on the same day, because we could not predict whether
the first test would trigger the exercise-induced bronchospasm.

Conclusion: The ISWT presented excellent reliability for the ISWTD and the metabolic
responses. Nevertheless, the cardiorespiratory exertion and perceived responses presented
moderate to excellent reliability. Thus, we conclude that ISWT presented test-retest reliability

for in young adults with controlled asthma.
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Key words: Asthma, cardiopulmonary response, physiotherapy, exercise test, walking,
reliability

INTRODUCTION

Asthma is a major chronic disease characterized by airways’ inflammation, which is
associated with expiratory flow limitation and bronchial hyperresponsiveness.! Subjects with
chronic lung diseases are more likely to have lower exercise tolerance, not only by previous
airflow limitation, but also due to systemic manifestations that commonly coexist in these
subjects, as peripheral muscle dysfunction.? In this context, subjects start to adopt a more
sedentary lifestyle, predisposing them to early fatigue and exercise intolerance.!

However, regular physical training seems to be the cornerstone in the rehabilitation
process, suggesting that increased exercise capacity plays an important modulatory role in
reducing the degree of systemic inflammation, with a potential to reduce the severity of the
disease,® as well as the use of corticosteroids® acting beneficially in improving of the
psychosocial factors® and reducing the risks of exacerbation.®

In this context, exercise capacity assessment is fundamental to determine the systemic
consequences in asthmatics, as well as to propose intervention strategies to promote positive
adaptations. Although cardiopulmonary exercise test is the gold standard for determining
exercise intolerance, it is expensive and requires skilled staff and also presents risks inherent
in its implementation because it is a maximal test.”®

Therefore, field tests have been widely used because they are less expensive, they
requires minimal staff for their execution and are safer since they induce submaximal stress.’
The Incremental Shuttle Walking Test (ISWT)! is an alternative, which is considered a
reliable, valid and safe instrument for assessing exercise capacity in subjects with chronic

obstructive pulmonary disease (COPD)! and it can be considered maximum®® or
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submaximal®

depending on the assessed population. In addition, it was developed using an
incremental format as a possible surrogate for laboratory-based symptom-limited maximal
exercise tests.'’ Some studies show that oxygen uptake peak VO, showed moderate to strong
correlations with measures of maximal exercise performance on cardiopulmonary exercise
test (CPET) (SINGH et la., 2014). Dyer and colleagues'* studied a small sample of asthmatic
elders with other associated comorbidities, in addition, some volunteers were smokers and ex-
smokers, and they verified that the reliability for walking distance on the ISWT was weak.

However, there are no studies yet that has evaluated the reliability of the ISWT as well
as its efficacy in assessing the exercise capacity of asthmatic adult. Therefore, the aim of
present study was to analyze the test-retest reliability of the walked distance,
cardiorespiratory, metabolic and perceived exertion responses in young adults with controlled
asthma. The authors admitted as hypothesis that the ISWT presented good reliability for the

walked distance, cardiorespiratory, metabolic and perceived exertion responses in an

asthmatic adult sample.

MATERIAL AND METHODS

Study Design and Participants

This is an observational, comparative, inter-methodological study conducted by the
Spirometry and Respiratory Physiotherapy Laboratory (LEFIR) and the Cardiopulmonary
Physiotherapy Laboratory (LACAP) from the Federal University of Sdo Carlos. The study
included 34 asthmatic individuals’ men or women, who were 18 to 45 years old during the
period March 2012 to December 2015 and were allocated or contacted through physician
referral, posters in the University, on local radio, television and newspapers. Contacts were
made by telephone and email, and if they would fit the inclusion criteria they were invited to

participate.
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Subjects were eligible to participate in the study if they presented clinical and
functional diagnosis of asthma, classified according to its severity as intermittent and as its
level of control as controlled. The subjects had less than two daytime symptoms per week, no
use of medicines prophylactically, only for the relief of symptoms. The subjects had no
limitations during mild exertion, no nocturnal symptoms and normal spirometry, according
the criteria established by the Global Initiative for Asthma.® Furthermore, the subjects should
present an absence of an exacerbation (unscheduled medical appointment) during the past
three weeks (PEREIRA et al., 2002), with a regular follow-up by the pneumologist. They
were not considered eligible for the study when they presented other respiratory, metabolic or
cardiovascular diseases, that could cause or aggravate the sensation of dyspnea during efforts
as well as those who presented any other contraindications to perform cardiopulmonary
exercise test,” such as musculoskeletal diseases, neurological, artery diseases, inflammatory
diseases, kidneys, liver, diabetes mellitus with diabetic neuropathy, difficulty of
understanding and/or adherence to the study procedures, declared users of illegal drugs and
pregnancy. All volunteers were informed of all experimental procedures and signed a consent
form of a broader study, which included all evaluations and analyzes used in present study.
The study was approved by the university human ethics committee (decision number

018/2012).

Experimental Procedure

All asthmatic subjects underwent three assessment days in the afternoon period, with a
minimum interval of 48 hours between the first and second day. On the first day clinical and
physiotherapeutic evaluation, pre and post bronchodilator (BD) pulmonary function test were
conducted. Moreover, in the same day they underwent the first ISWT, in order to become

familiar with the test. Additionally, they received recommendations prior to the test, such as
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avoiding consumption of stimulating beverages 48 hours before the test, not performing
physical activity 24 hours before the test, light meals and sleeping properly in the night before
the test (at least 8 hours). In this study, short-acting BD were suspended for at least 6 hours
and long acting BD were suspended for 12 hours before all the assessments because the same
subjects were examined for heart rate variability, which had already been published by our
group.’® On the second day, the second ISWT was conducted and, after a minimum of 48
hours and a maximum of one week, subjects underwent the third ISWT. All tests were
conducted by the same assessor in a plan hallway, and used a cardiopulmonary exercise
testing portable system (Oxycon Mobile®, Mijnhardt/Jager, Wirzburg, German), and an
oronasal mask as interface (Figure 1. A and 1. B), which was used to capture the ventilatory,
cardiorespiratory and metabolic responses. The equipment collected the variables breath-by-
breath. Furthermore, subjects’ responses were collected at rest, during the tests and in the
recovery period. In order to eliminate the learning effect, only the parameters from the second

and third ISWT were used in the reliability analysis.

Figure 1. A: Portable ergospirometry system for cardiopulmonary testing. B: Oronasal mask
as interface.
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Incremental Shuttle Walking Test (ISWT)

The ISWT consists of walking on a 10-meters corridor, which was delimited by two
cones (Figure 2). The walking was in a progressive speed, which increased 0,17m/s every
minute via beep. The subjects were instructed, every minute, to increase walking speed during
the 12 stages of the test, so that reached maximum effort. The test end was determined by
interruption the subjects, when they reported intense sensation of dyspnea (SD), pain, lower
limbs fatigue (LLF) and/or any other symptoms that prevent them from continuing the tests.

In addition, the assessor interrupted the test when the subject could no longer
maintain the required speed for two consecutive laps, in which was considered a criteria to be
more than 0.5 meters away from the cone when the beep sounded.’® If subjects had reached
the cone before the beep, they were instructed to remain close to the cone and wait for the
signal.

The subjects were monitored at rest, immediately after the testing and on the fourth
minute of passive recovery. The monitored variables were heart rate (HR) using a
cardiofrequencimeter (Polar®, RS800 CX), blood pressure (BP) by auscultation, oxygen
saturation pulse (Portable oxymeter, Nonin® 8500A) and subjective sensation of dyspnea and
LLF by the Borg scale.™ In addition, the following cardiorespiratory and metabolic variables
were recorded at rest, during the test and at the recovery period: minute ventilation (Vg), VO,
peak (Maximum oxygen consumption in absolute value and corrected for body weight),
VCO; (carbon dioxide production) and Ve/VCO, (ventilatory equivalent carbon dioxide). In
addition, we selected for analysis of the variables mentioned in the paragraph above the
highest values recorded in the last six seconds of the peak of all the tests. The maximum HR
was calculated using the equation 220 - age (men) and 210 - age in years (women). The total
distance was recorded in meters and the data of the second and third tests were used for

reliability analysis. The percentage of walked distance during the ISWT (ISWTD) was
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determined by the following predictive equation: [347.7 — (7.2 X age) - (3 x weight) + (472.3

x height) + (137.2 x gender)]."’

,nﬁ ‘ :.‘”
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Figure 2: It illustrates the location and layout of the Incremental Shuttle Walking Test.

Spirometry

We performed the pulmonary function test using a portable ergoespirometry system
(Oxycon Mobile®, Mijnhardt/Jager, Wirzburg, German). Slow vital capacity (SVC), forced
vital capacity (FVC) and maximal voluntary ventilation (MVV) maneuvers were performed.
Pre and post bronchodilator forced expiratory volume in the first second (FEV;) and
FEV1/FVC were used to verify airway obstruction Technical procedures, acceptability and
reliability criteria followed the guidelines of the American Thoracic Society/European
Respiratory Society (ATS/ERS).™ Spirometric indices were presented in absolute values and

as a percentage of the reference values.™
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Statistical Analysis

Approximately 19 asthmatic subjects were required as the minimum sample size to
perform the proposed reliability analysis,”® considering @<0.05 and B<0.2, two tests as the
number of repetitions, the null hypothesis as intraclass correlation coefficient (ICC) <0.7 and
the expected hypothesis as ICC=0.9. In addition, a sample with 30 individuals to perform
these analyzes is considered moderate and acceptable according to the COSMIN checklist
(Consensus-based Standards for the selection of health status Measurement Instruments).**
The expected ICC value was consistent with the ICC Mean value for the walked distance in
ISWT verified in third studies that tested its reliability, which ranged from 0.80 to 0.99.%%%*

The Shapiro-Wilk test was performed in order to verify the normality of data. Data
were organized in tables and graphs. Moreover, they were presented as meanzstandard
deviation or median (interquartile range) for parametric variables and nonparametric
respectively. The significance level was p<0.05 and the statistical program Statistical Package
for Social Sciences (SPSS) for Windows, version 17.0 were used.

Firstly, we conducted a variance analysis comparing ISWTD, cardiorespiratory,
metabolic and perceived exertion responses between the second and third ISWT using the t
test paired or its corresponding nonparametric test, the Wilcoxon test.

To test the reliability we use the following analyzes: the ICC, and its results were
classified as low reliability when values were less than 0.4, good reliability when values were
between 0.4 and 0.75 and excellent when values were above 0.75.” Furthermore, we
calculated the coefficient of variation (CV)® which is the standard deviation expressed as a
percentage of the mean (CV = ISWTD / mean). The error analysis between the second and
third test was conducted using the mean error and its 95% limits of agreement presented in a
Bland-Altman plot expressed as a percentage of the mean (Error%: [(ISWT-3 —ISWT-

2)I(ISWT-3 + ISWT-2)/2] x 100, the standard error of measurement (SEM) [SEM = SD x
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\(1-1CC)], the minimal detectable difference (MDD) [MDD = 1.64 x \(2) x SEM] and the
95% confidence interval of the mean ISWTD by the formula [95% Cl-mean = ISWT meters) =

(SEM x 1,96 x \2)].%’

RESULTS

The sample characteristics are shown in Table 1. The figure 3 is a flowchart
illustrating the number of individuals who were contacted, ineligible, excluded, with the final
sample of 34 asthmatics (20 women). Medications received included short-acting [2-
adrenergics (n = 13), long-acting B2-adrenergics (n = 8), anticholinergic (n = 2), inhaled
corticosteroids (n = 1), oral corticosteroid (n = 1), theophylline (bronchodilator action) (n =

1), and nine subjects did not receive any type of medication.

Not elegible (n= 46) 91 individuals

were contacted

v 17 for not returning an
answer;

v' 06 do not show interest;

v 07 lived in another city; Excluded
v 07 ex-smokers; (n=11)
v' 01 athlete;
v" 01 pregnant woman; v 10 for giving up in
v" 01 over 45 years; the  midst of
v" 01 under 18 years old; evaluations;

v" 01 bronchiectasis
v 03 hypertension (SAH) and v 01 by ankle
tachycardia at rest associated sprain;

with obesity;

v 01 Asthma exacerbation. 34 individuals
evaluated

Figure 3: Study Flowchart.
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Table 1: Demographic, anthropometric and spirometric characteristics of the assessed

asthmatic subjects.

Characteristics

Asthmatic Subjects

(N=34)

FEV1/FVC pre-BD (% predicted)

FEV1/CVF post-BD (% predicted)

Age (years)
Height (cm)
Body Mass (kg)

BMI (Kg/m?)
ISWTD (predicted, m)
FEV; pre-BD (I)

FEV, pre-BD (% predicted)
FEV; post-BD (I)
FEV; post-BD (% predicted)
FVC pre-BD (I)

FVC pre-BD (% predicted)

MVV (% predicted)

27 (24.0 - 38.3)
1.69 (1.62 — 1.77)
72.7+14.7
25.0 (21.7 - 29.4)
762.0+102.8
3.3+0.9
92.5+19.2
3.5+0.9
97.4+16.6
5.1+1.4
116.4 (95.1 - 127.1)
71.8+18.5
91.4 (83.2 — 100.6)
102.0 (84.4 — 148.8)

71.8+18.5

Results expressed as mean + SD or median (interquartile range). BMI: Body mass index; ISWTD:

incremental shuttle Walking test distance; FVVC: forced vital capacity, FEV: forced expiratory volume

in the first second; MVV: Maximum voluntary ventilation; pre-BD: pre-bronchodilator; post-BD:

post-bronchodilator.
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ISWT was reliable to measure ISWTD in meters and some cardiorespiratory,
metabolic and perception effort responses. The variables that presented ICC values greater
than 0.75 (P<0.001) were walked distance, speed, absolute VO,, VCO,, VO, corrected by the
body mass and Vg, which was classified as excellent reliability. Furthermore, some variables
presented ICC values greater than 0.4 and lower than 0.75 (P<0.001), such as HR, dyspnea

and lower limb fatigue, which is classified as good reliability (Table 2).

Table 2: Reliability Analysis for ISWTD, cardiorespiratory, metabolic and perceived

exertion responses between the second and third Incremental Shuttle Walking Test.

Variables ICC (95% CI) Cv*
ISWTD, m 0.85 (0.72 - 0.82) 0.08
Speed, km/h 0.86 (0.74 — 0.93) 0.04
VO, ml min* 0.95 (0.89 — 0.97) 0.08
VCO, ml min™ 0.94 (0.89 — 0.97) 0.10
VO, ml kg™ min™ 0.88 (0.76 — 0.94) 0.09
Ventilation, | min™ 0.88 (0.77 — 0.94) 0.12
HR (bpm) 0.68 (0.45 — 0.83) 0.12

SD 0.48 (0.17 — 0.70) 0.46

LLF 0.62 (0.36 — 0.79) 0.44

ICC: Intra-class correlation coefficient; 95% CI: 95% confidence interval;
*CV: Coefficient of variation; ISWTD; incremental shuttle walking test
distance; VO,, oxygen uptake; VCO,, carbon dioxide production; VO,
oxygen uptake; VCO,, carbon dioxide production; HR: Heart rate; SD:

Sensation of dyspnea; LLF: lower limbs fatigue.
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Considering other reliability aspects, no significant difference between the ISWTD on
the ISWT-2 and ISWT-3 and between the percentage of predicted ISWTD for ISWT-2 and
ISWT-3 (P>0.05) were found. A statistically significant difference in heart rate at rest was
verified, as well as for dyspnea at peak between ISWT-2 and ISWT-3, however, these results
were clinically less relevant (Table 3).

The walked distance in ISWT presented as error values DMD = 91.08 meters, SEM =
39.3 meters. On mean, subjects walked 541.7 m (95% CI 432.8 to 650.6) in ISWT-2 and
540.0 m (95% CI 431.1 to 648.9) in ISWT-3. In the Bland Altman plot expressed as a
percentage of the mean the ISWTD showed a mean error in the test-retest comparison of
0.03% m with limits of agreement of -23.0% m to 23.1% m. This indicates that in the retest,
95% of subjects should be able to walk a distance ranging from less 23.0% to more 23.1%,

than ISWT-2 (Figure 4).
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Table 3: Comparative assessment of the second and third Incremental Shuttle Walking
Test (ISWT-2 and ISWT-3) for ISWTD, cardiorespiratory and metabolic responses and

perceived exertion.

Variables ISWT-2 ISWT-3 P
ISWTD, m 541.7£102.5 540.0+101.9 0.90
ISWTD% predict,% 71.0+10.1 70.8 +8.9 0.88
Speed, km/h 6.1(565-6.7) 6.1(55-6.7) 051
VO,, ml min™ 1870.8 £552.9 1849.3+556.4 0.50
VCO,, ml min™ 1933.4 £607.9 1920.2+703.7 0.63
VO,, ml kgt min* 259+5.9 253+7.0 0.28
Ventilation, | min™ 61.1+17.5 61.6+21.9  0.97
Heart rate rest, bpm 86.2+12.1 82,4+12.0* 0.05

Heart rate peak, bpm 151.9+21.2 148.2 +23.8 0.24

Heart rate max, predict, %  83.9+10.7 81.1+1 0.13
SD rest 0.0(0.0-0.0) 0.0(0.0-0.5) 0.30

SD peak 2.0(09-3.0) 2.8(1.0-3.3) 0.04

LLF rest 0.0(0.0-0.0) 0.0(0.0-0.0) 0.5

LLF peak 25(1.0-35) 25(05-50) 0.21

Results expressed as mean + SD or median (interquartile range). ISWTD: incremental shuttle Walking
test distance; VO,: oxygen uptake; VCO,: carbon dioxide production; HR: Heart rate; SD: Sensation
of dyspnea; LLF: lower limbs fatigue. *: different compared to the mean value of the ISWT-2 by the
paired t de Student (p<0.05); # different compared to the median value of the ISWT-2 by the

Wilcoxon test (p<0.05).
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Figure 4: Reliability by Bland-Altman plot for asthmatic subjects. Performance expressed as
percentage of the mean (walking distance) in meters between the second and third ISWT.
ISWT-2: Second Incremental Shuttle Walking Test; ISWT-3: Third Incremental Shuttle

Walking Test; Bias: Mean differences between the means.

The mean error and the limits of agreement by Bland Altman plot for heart rate, VO,
corrected for body mass, sensation of dyspnea and perceived exertion in the lower limbs at the
peak of ISWT-2 and ISWT-3 are shown in (Figure 5).

HR at the peak of ISWT was in Mean 151.9 bpm (95% CI 116.6 to 187.2) in ISWT-2
and 148.2 bpm (95% CI 113.0 to 183.5) in ISWT-3. A mean error expressed in percentage of
-5.7 bpm with limits of agreement -46.8 to 35.3 bpm was found, namely, it indicates that in
the retest, 95% of subjects who underwent ISWT, will present a mean LLF value in a range of
46.8 lower to 35.3 higher than the mean ISWT-2 HR.

Regarding the VO, peak in ISWT, its Mean value was 25.9 ml/kg/min (95% CI: 19.7
to 32.1) in ISWT-2 and 25.3 ml kg/min (95% CI: 19. 1 to 31.5) in ISWT-3. A mean error

expressed in percentage of -3.9 ml kg™ min™ in percentage with limits of agreement of -37.8
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to 30.1 ml kg* min™ was found, which indicates that in the retest, 95% of subjects who
underwent ISWT, will present a man VO, value in a range of 37.8 ml kg/min lower to 30.1
ml kg/min higher than the mean ISWT-2 VO..

The SD peak ISWT was in mean of 2.0 (95% CI: -1.20 - 5.20) in ISWT-2 and 2.6
(95% CI: -0.60 - 5.80) in ISWT-3. A mean error expressed in percentage of 19.2 with limits
of agreement of -156.2 to 194.7 was found, which indicates that in the retest, for 95% of
subjects who underwent ISWT, it is expected that SD is assessed as 156.2 lower to 194.7
higher than the mean ISWT-2 SD.

Lastly, LLF at peak ISWT presented a mean value of 2.5 (95% CI: -1.09 - 6.09) in
ISWT-2 and 2.9 (95% CI: -0.69 - 6.49) in ISWT-3. A mean error expressed in percentage of
5.4 with limits of agreement of -146.2 to 157.0 was found, which indicates that in the retest,
95% of subjects who underwent ISWT, will present a mean LLF value in a range of 146.2

lower to 157.0 higher than the ISWT-2 LLF.
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Figure 5: Reliability by Bland-Altman plot expressed as percentage of the mean for asthmatic
subjects. A: HR peak for ISWT. B: VO, (ml kg-' min-!) peak for ISWT. C: SD peak for
ISWT. D: LLF peak for ISWT.

ISWT-2: Second Incremental Shuttle Walk Test; ISWT-3: Third Incremental Shuttle Walk

Test; Bias: Mean differences between the means.

DISCUSSION

The present study aimed to assess the test-retest ISWT values reliability, such as
distance cardiorespiratory, metabolic and perceived exertion responses in asthma patients.

Thus we find as outcomes that most of the assessed variables were highly reliable. ISWT has
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been used to assess the exercise capacity of patients with COPD. In addition, there are several
studies tested its reliability in other populations.®

However, our study was the first to test the ISWT reliability in asthmatic adults using
as methods of analysis the ICC, SEM, DMD, CV and the mean error, with their limits of
agreement by Bland-Altman. Only the study Dyer, et al** tested the ISWT reliability in
elderly asthmatic, but their results were presented only by comparing means using an analysis
of variance, and with a small sample.

The ISWT test-retest reliability presented ICC values higher than 0.75 for walked
distance, which indicate excellent reliability. Third studies tested the test-retest reliability for
walked distance in ISWT, and the ICC ranged between 0.80 to 0.99.2** Thus, this confirms
our study findings in other chronically ill populations. In this context, we can say that the
ISWT is a reliable instrument to evaluate exercise capacity based on the results found in our
study regarding the walked distance in the ISWT and the cardiorespiratory, metabolic and
perceived exertion responses of controlled asthmatics.

Among the above mentioned studies, two conducted two tests, and of these, one was
with an interval of 30 minutes between them,?® other was carried out with an interval of 8
weeks between tests.?* Other study®® conducted three tests on different days, two tests on the
same day with 30-minute interval, and the third test with an interval of 2 to 7 days.?

Furthermore, we found low CV values (0.08 or 8.0%), which indicates that the
variability between means are homogeneous and dependent on the application method over
time. One study verified the ISWT reliability in subjects with chronic heart failure*® and
found CV values similar to those found in our study (6.9).

However, the error value, which is another form of analysis to determine the
reliability, was high in the test-retest analysis of the ISWT, since MDD was greater than the

minimum clinically important difference 36.7m,*” 47.5m.*® When assessed by SEM, the
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walked distance error (ISWTD) found by other authors was lower for one study (12m)* and
higher for another one (109m)*® when compared to our results.

PEPERA, et al** when studying subjects with clinically stable cardiovascular disease,
found a mean error -7m with limits of agreement (Bland-Altman analysis) -203 to 189m.
Hence the magnitude of these values 386m was higher than the ones found in the present
study, which was 60.1m. Moreover, Jiirgensen, et al*® conducted a study with obese women
and found a mean error of -5.9 with limits of agreement of -82.0 to 70.2m, and the values’
amplitude were between them was 148.2m, which is higher than the value found by our study
(60.1m).

Another study®® conducted with subjects with bronchiectasis without cystic fibrosis
found a mean error of -4.4m and limits of agreement between -57 to 48 m, which were lower
values than those found in our study. Furthermore the tests were performed on the same day

with 30-minute interval between them. Van Bloemendaal, et al*

conducted a study with
subjects after stroke and found a mean error of 27.4 error and limits of agreement -272.3 to
327.0m, however, the authors do not make clear how long was the time interval between tests.

Regarding the comparisomed by analysis of variance, there was no significant
difference between test-retest for the ISWTD. Additionally, we found only one study? that
found similar findings to our study and also performed the reliability analysis with a week as
maximum interval.

The ISWT speed reliability was excellent (ICC=0.86), which was similar to the study
Jirgensen, et al?® that presented (ICC=0.84). In addition, the CV value was low (0.04 or
4.0%), indicating that the mean of the two measures are homogeneous, however, we were not
able to find any other study that had conducted this analysis. Moreover, there was no

statistically significant difference (p=0.50) in the comparison of the speed in the two tests,

which was also similar to the study Jiirgensen, et al? (p=0.85).
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Regarding the cardiorespiratory responses during the ISWT, the HR presented good
reliability (ICC=0.68). However, Camargo, et al* found excellent values test-retest reliability
(ICC=0.92). Nevertheless, in that study, the tests were performed on the same day, different
from the experimental procedure of our study. The found CV value in the present study was
low (0.12 or 12.0%), which indicates low dispersion of the mean. Thus, our results were
homogeneous. Green, et al®® also found low CV values (5.2%).

We found a HR mean error value of -5.7 bpm, which is close to zero, and limits of
agreement ranging from -46.8 to 35.3 bpm. These values, were similar to other two

studies®*

which found a mean error closer to zero and lower limits of agreement compared
to our results. However, the distribution of measures was similar to our study since
heterogeneity of the data was also found. Moreover, the expected HR was in a range of 110-
190 bpm, which is similar to the one found by Jiirgensen, et al®* (120 a 180 bpm), but was
different from the one of Booth & Adams* (80 to 140 bpm). In addition, in the present study,
the distributions occurred within acceptable limits of variation, which allows us to state that
the two measures showed similar behavior, and therefore, are reliable.

The subjective feeling of SD during the ISWT presented moderate reliability (ICC =
0.48), however, the value of the CV was high (0.46 or 46.0%), which indicates that the
variability between the measurements was higher than the acceptable. Moreover, no studies
were found that had assessed the reliability of this measure. The test-retest comparison
between the means revealed no significant difference (p=0.88) between them, which agrees
with the findings of other study (p=0.38).*® Regarding the mean error, we find a value fairly
far from zero (19.2%), and the agreement limits were high ranged from -156.2 to 194.7, so we

can say that the two measures did not agree among themselves, in other words, they were not

reliable, since the individuals presented a higher SD in ISWT-3 than ISWT- 2, but the
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distributions occurred within acceptable limits of variation, except for one of the points that is
close to the acceptable lower limit.

The subjective LLF report showed moderate reliability (ICC=0.62), but the CV values
were high (0.44 or 44.0%), which indicates a high variability between the measurements,
which was different of another study®® that found low value (4.5%). However, the test-retest
comparison between means verified no significant difference for rest and peak LLF. In the
agreement analysis, we found a mean error close to zero (5.4%) and the limits of agreement
were high, ranging from -146.2 to 157.0, but the distributions occurred within acceptable
limits of variation except one point that is near the acceptable upper limit and two points that
are close to the acceptable lower limit. However, there is a lack of studies that have already
assessed this variable reliability during the ISWT.

Regarding the metabolic variables, VO2 (ml kg™ min™) had excellent reliability
(ICC=0.88) in the test-retest comparison, similar to the study of Jirgensen, et al*® (ICC=0.90).
Moreover, the CV value was low (0.09 or 9.0%), which indicates homogeneity of the
measures. About the analysis variance there was no significant difference (p = 0.28), which
was also similar to the study that was previously cited (p = 0.86). Furthermore, we found a
mean error close to zero (-3.9%), indicating that measures agree one with each other, and the
limits of agreement were low ranging from -37.8 to 30.1 and although our Bland Altman has
been plotted by percentage, we believe that our results were similar to those found by

Jirgensen, et al®

(mean error=-0.5 and limits of agreement = -4.5 to 3.5) in terms of
interpretation. Nonetheless, in present study the distributions occurred within acceptable
limits of variation, except one point that is below the acceptable lower limit, showing that the
two measures have similar results.

The VO, (ml/min™) during the ISWT showed excellent reliability (ICC=0.95), which

was similar to the study Jirgensen, et al?®> (ICC=0.89), and the CV value was low (0.08 or
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8.0%) indicating homogeneity between measurements. As for VCO, (ml/min™) the reliability
was also excellent (ICC = 0.94) and also similar to that study®® (ICC = 0.86). In addition, the
measures were homogeneous since CV was low (0.10 or 10.0%). Regarding the ventilation (I
min™) the reliability was also excellent (ICC = 0.88), which was similar to the above cited
study®® (ICC = 0.77). Additionally, CV value was low (0.12 or 12.0%), which indicates that
the measures were homogeneous. Lastly, the comparison of the means presented no
statistically significant differences between test-retest for any of the above mentioned
measures (p=0:50; p=0.63; p=0.97) respectively. This was similar to the findings of
Jurgensen, et al* (p=0.60; p=0.62; p=0.33).

Thus, the clinical relevance of our results is clear, since it presents that walked
distance, cardiorespiratory, metabolic and perceived exertion responses were reliable during
ISWT the test retest analysis. However, we assume that the tests may be compared after one
week interval. Moreover, the strong point of our study was testing the ISWTD, the
cardiorespiratory, metabolic and perceived exertion responses reliability during the ISWT in

adult asthmatic, which, in our knowledge, was the first time it was done.

Study Limitations

We find difficulty comparing our results with other findings, because some studies
conducted two ISWTs with 30-minute intervals, but our experimental procedure did not allow
two tests to be conducted on the same day, because we could not predict whether the first test

would trigger the exercise-induced bronchospasm (EIB).
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CONCLUSION

The ISWT presented excellent reliability for walked distance and for metabolic
responses. Nevertheless, cardiorespiratory responses and perceived exertion presented
moderate to excellent reliability. Thus, we conclude that the ISWT presented test-retest

reliability in young adults with controlled asthma.
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ESTUDO Il

Is Incremental Shuttle Walking Test Reliable and Valid to Detect Exercise-Induced
Bronchospasm in Adult Asthmatics?

Manuscrito submetido ao periédico Brazilian Journal of Physical Therapy. (Anexo IlI).
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ABSTRACT

Background: Exercise-induced bronchospasm (EIB) presents an elevated prevalence in
asthmatic patients. Its diagnosis is done considering the clinical history and EIB-inducing
exercise tests. Nevertheless, EIB assessment reliability and validity by the Incremental Shuttle
Walk Test (ISWT) has not been assessed yet. Objective: To verify the EIB assessment
reliability and validity using the ISWT in young adults with controlled asthma. Methods: 32
individuals with asthma diagnosis were enrolled in the study. An incremental
cardiopulmonary exercise test (ICPET) was conducted, followed by a constant
cardiopulmonary exercise test (CCPET) after 48 hour. Three ISWTs were conducted by the
same assessor, with between tests interval time varying from 48h to a week. Results: EIB
detection reliability was considered weak (k=0.24; p>0.169). The validity analysis revealed a
weak value between the ISWT-2 and the CCPET (k=0.059; p>0.618) and a moderate value
between the ISWT-3 and the CCPET (r=0.51; p<0.01). When analysing the physiologic
responses we found a significant difference in the time with ventilation above the 40% of the
maximum voluntary ventilation (MVV) inter-tests in the positive EIB and negative EIB
between the ISWT-2 and ISWT-3 vs. CCPET (p=0.000 e p=0.000). Moreover, there was a
difference in the moment when the Veg> 40%MVV was achieved during the tests in the
positive EIB group between the ISWT-2 vs CCPET and ISWT-3 vs CCPET (p=0.000;
p=0.000) and in the negative EIB group between the ISWT-2 vs CCPET and ISWT-3 vs
CCPET (p=0.044; p=0.028). Conclusion: We conclude that the ISWT was not reliable and

valid to assess EIB in young adults with controlled asthma.

Key Words: Exercise test, reproducibility, validity, asthma exercise-induced, walking.
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INTRODUCTION

Asthma is a chronic respiratory condition, which affects 1-18% of the population of
different countries and is characterized as wheezing, breathlessness, chest tightness and/or
cough symptoms. Moreover, asthma presents varied airflow limitation®. Thus, asthmatic
individuals may present lower exercise tolerance due to factors such as diminished ventilator
capacity, increased dyspnea and the occurrence of exercise-induced bronchospasm (EIB),
which determine early exercise interruption and a sedentary life-style®>.

Around 90% of the asthmatic individuals suffer with EIB, who are mostly young-adult
athletes, and 10% of EIB occurrences affect individuals without asthma diagnosis®. Airways
narrowing and their increased resistance during and after the exercises may be a result of a
low airway’s humidity, causing a hyperosmolar environment, which releases cellular
mediators. Nevertheless, regular exercise is known to reduce the systemic inflammatory state
Hence, it potentially improves exercise capacity and quality of life®.

Therefore, objective measures are necessary to determine EIB occurrences, aiming at
assessment and exercise-prescription improvements in an exercise program fitted to
individual limitations and the severity of the disease®. The use of the incremental (ICPET) and
constant cardiopulmonary exercise tests (CCPET) are indicated to assess this condition, since
they are valid and reliable in EIB detection®.

Nevertheless, these tests present high cost and demand a specialized team, and an
alternative would be the use of a walk test with controlled and progressive speed, such as the
Incremental Shuttle Walk Test (ISWT), since it leads to a symptom limited maximum
response and was created to assess exercise capacity of patients with chronic obstructive
pulmonary disease (COPD)"®.

The ISWT is a reliable, valid and safe test to assess exercise capacity of individuals
with diverse health conditions, especially respiratory diseases’. Additionally, ISWT was
developed in an incremental protocol as a possible replacement of the symptom-limited
maximum effort tests as well as presenting low cost, easy applicability and few equipments'®.
However, until this moment, there is a lack of studies testing the validity and reliability of the
ISWT to detect EIB.

Thereafter, the aim of the present study was to assess the reliability and validity of EIB
detection by the ISWT. Our hypothesis was that ISWT was reliable in the test-retest analysis

and valid to diagnose EIB in young adults with controlled asthma.
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METHOD

Individuals and Study Design

This was an observational cross-sectional study, conducted in the Spirometry and
Respiratory Physiotherapy Laboratory and in the Cardiopulmonary Rehabilitation Laboratory.
This study had as purpose to verify the clinimetrics characteristics (reliability and validity) of
the ISWT in assessing EIB occurrence.

32 asthmatic individuals (men and women) were included in the study with their age
ranging from 18-45 years. The enrolment period was from March 2012 to December 2015
and they were contacted by advertisements on the university, local radio, television and
newspapers. The contact was established using telephone and email, and if they met the
inclusion criteria they were invited to participate in the study.

Individuals were considered apt to participate in the study when (1) they presented
clinical and spirometric asthma diagnosis, and classified as symptom controlled and without
exacerbation risk factors according to the criteria established by the Global Initiative for
Asthma'; (2) absence of exacerbation (non-scheduled medical visit) during the past three
weeks before their inclusion®!, and with a regular follow-up with a pneumologist; (3) they
were not current or previous smokers and did not present pregnancy or skeletal muscle,
neurologic, arterial, renal, hepatic disorders, as well as diabetes mellitus with diabetic
neuropathy. Moreover, the individuals were excluded when were drug users or the ones who
presented other respiratory, metabolic or cardiovascular diseases that could lead to dyspnea
during effort; those individuals who presented any contraindications to undergo a
cardiopulmonary exercise test®, as well as the individuals who presented comprehension and
adherence difficulties. The study was approved by the university ethics committee (n
018/2012).

Experimental Procedure

The asthmatic individuals underwent a five-day assessment (Figure 1), with a
minimum interval of 48h between the first and second day. In the first day, clinical,
physiotherapy assessments, pulmonary function test and a familiarization first ISWT were
conducted. Moreover, they received instructions to avoid drink caffeinated beverages, do not
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perform physical activities and to have light meals and have an eight-hour sleep in the day
prior to the test. Furthermore, short action bronchodilators were suspended six hours, and the
long-actions bronchodilators were suspended 12 hours prior to the tests, since they were also
assessed regarding the heart rate variability, which was published by our group elsewhere®?.
In the second day the individuals underwent an ICPET and after an interval (minimum 48
hours — maximum a week) they performed a CCPET in the third day. In the fourth day
patients performed a second ISWT and after an interval (minimum 48 hours — maximum a
week) the individuals performed a third ISWT (figurel).

2 r 3
1 st. Day 2 st. Day 3 st. Day
v Anamnesis: - ICPET maximum CCPET -  infensity
an 5 Modified Balke - between 40 a 60% of
¥ Spirometry pre and post-BD; . ‘e .
v 1st ISWT for familiarization 48 hour with physician’s 81 ventilatory demand
: +o hour supervision . 10U (VE/VVM) at the ICPET
interval interval
4 st. Day 3 st. Day
ISWIT-2 ISWI-3
Interval of
2 to 7 days

Figure 1. Experimental procedure timeline
Post-BD: post bronchodilatador; ISWT-2: second incremental Shuttle Walking Test; ISWT-3:
third incremental Shuttle Walking Test; ICPET: incremental cardiopulmonary exercise test;

VE/MVV: ventilator demand; CCPET: constant cardiopulmonary exercise test.

Pulmonary function test

We conducted the pulmonary function tests according to the recommendations
American Thoracic Society/European Respiratory Society guideline’® using a portable
ergospirometric system (Oxycon Mobile®, Mijnhardt/Jager, Wirzburg, German) with
oronasal mask (Figure 2. A and 2. B). Slow vital capacity (SVC), forced vital capacity
(FVC) and maximum voluntary ventilation (MVV) manoeuvres were performed to determine
the pre and post bronchodilator forced expiratory volume in the first second (FEV:) and
FEV1/FVC ration and the MVV. The spirometric values were presented in absolute and
percentage of the predicted values'. Individuals also performed three acceptable FVC

manoeuvres before each exercise test and after the 5, 10", 15", 20", 30" recovery minute.
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An EIB occurrence was considered positive when there was at least a 10% decrease on the

after test FEV; baseline values®

Figure 2. A: Portable ergospirometry system for cardiopulmonary testing. B: Oronasal mask
as interface.

Incremental Shuttle Walk Test (ISWT)

The ISWT was conducted according to Singh et al.” (Figure 3). The physiological
responses were monitored at rest, immediately after the test and in the fourth passive-recovery
minute. The assessed responses were heart rate (HR) using a cardiofrequencimeter, systolic
and diastolic blood pressure (SBP and DBP) by auscultatory method, pulse oximetry was
obtained by a pulse oximeter, subjective dyspnea (SD) and lower limb fatigue (LLF) was
assessed by the Borg CR-10 scale™® In order to perform the reliability and validity analysis,
the EIB determination using the change on FEV; was assessed in the second and third test.

The first ISWT was used to diminish the learning effect.
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Figure 3: It illustrates the location and layout of the Incremental Shuttle Walking Test.

Incremental Cardiopulmonary Exercise Test (ICPET)

The ICPET was conducted in a treadmill (Inbrasport ATL, Inbramed, Porto Alegre,
RS, Brazil) by a physiotherapist and a physician. The individuals were instructed to walk in
the speed and inclination determined by the assessor according to the Modified Balke
Protocol®®®. After the fourth minute of the test, the treadmill speed was maintained constant
and the inclination was increased 2% each two minutes (Figure 4). The individuals were
familiarized with the treadmill and the Borg scale prior to the test. The test was interrupted in
the appearance of limiting symptoms, such as LLF, general tiredness, dizziness, nausea,
cyanosis, arrhythmia, angina, oximetry lower than 90% or reaching the maximum predicted
HR.
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During the test, the individuals were monitored by an electrocardiogram using CM5,
modified DIl and V2 leads; HR; SBP; DBP; pulse oximetry; SD and LLF. These variables
were monitored at rest, each three minutes during the test, immediately after the test and at the

first active recovery minute and at the fourth passive recovery minute.

Figure 4: Illustrates the incremental cardiopulmonary exercise test on the treadmill.

Constant Cardiopulmonary Exercise Test (CCPET)

This test was conducted aiming to detect EIB by a physiotherapist. The individuals
were instructed to walk in the treadmill according the specific constant workload protocol to
assess EIB"*® (Figure 5). The intensity of the CCPET was determined maximum workload
achieved in the ICPET using the ventilatory demand (VE/MVV) between 40% and 60%. The
test was sustained during 4-6 minutes in the pre-determined load (with a total test time of 7-9

minutes), thus the determined load was gradually introduced in a 3 minutes period. The
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interruption and the cardiorespiratory-variable monitoring were the same as the ICPET,
except for the electrocardiogram.

The ICPET and the CCPET were conducted in a controlled environment'®, while the
ISWT was conducted without environmental control. A portable ergospirometric systems was
used in all exercise tests (Oxycon Mobile®, Mijnhardt/Jager, Wirzburg, German) to obtain
the minute ventilation (Vg), oxygen consumption (VO,) and carbon dioxide production
(VCO,) breath-by-breath, during the period of the test, including the register in the moment of

each load increment and at recovery time.

Figure 5: lllustrates the constant cardiopulmonary exercise test on the treadmill.

Statistical Analysis

Regarding the reliability analysis, an a: 0.05, a power (1- B error): 0.80 and one as
liberty degree were considered to verify the sample size. A critical value of * =3.84 and a

noncentrality parameter A of 7.84 was found. Thereafter, if we had found a y* higher than the
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critical value, this condition indicated that the sample size was sufficient. The statistical
package software used was the GPower 3.1. Moreover, a sample with 30 individuals was
considered a moderate sample size, which was fair assessed by the COSMIN checklist
(Consensus-based Standards for the selection of health status Measurement Instruments)™.

The Shapiro-Wilk test was used to assess the normality of the data. The descriptive
statistics were conducted to characterize the sample, in which the data was expressed as
meanzxstandard deviation or median (25-75% interquartilic range) for the parametric and non-
parametric data, respectively. The adopted significance level was p<0.05, and the statistical
software used was the Statistical Package for the Social Sciences (IBM SPSS) for Windows,
version 23.0.

An intra-test comparison (ISWT2, ISWT3 e CCPET) between the individuals with
positive and negative EIB was performed to compare the physiological responses using the
independent T Student test and its corresponding non-parametric test, the Mann-Whitney test.
In the inter-tests analysis (ISWT2 vs ISWT3, ISWT2 vs CCPET and ISWT3 vs CCPET), for
the individuals with positive EIB and negative EIB, the ANOVA One-way with post hoc de
Scheffe, and its non-parametric equivalent (Kruskal-Wallis test) was used for the comparison
of the physiologic responses.

Comparisons between the proportions of EIB detection found in the second
Incremental Shuttle Walk Test (ISWT-2) and the third Incremental Shuttle Walk test (ISWT-
3), in the ISWT-2 and the CCPET and in the ISWT-3 and CCPET were done. The differences
were assessed by the Chi squared test (y°), using the FEV; decrease as a dichotomized
variable (10% decrease of the absolute FEV; value) in positive and negative EIB occurrence.
In addition, the kappa coefficient was used to assess the agreement level to detect EIB and
assess the test-retest agreement, which was classified as weak (0.0-0.2), reasonable (0.21-0.4),
moderate (0.41-0.6), substantial (0.61-0.8) and almost perfect (0.81-1)%.

The validation to detect EIB was verified using the concurrent criteria validity. In
order to do so, Spearman correlation coefficient was used to verify the association between
the highest level of FEV; decrease on ISWT and on CCPET?*??, The classification of this

coefficient adopted the criteria r>0.7 as indicating validity®.

RESULTS
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The general sample characteristics are in table 1. The figure 6 is a flowchart
illustrating the number of individuals who were contacted, ineligible, excluded, with the final
sample of 32 asthmatics (19 women).

The asthmatic individuals reported at least two day symptoms per week, used the
medication only to relieve symptoms, except for two individuals who did a profilatic drug
treatment. Moreover, they were not limited during light effort, did not present night symptoms
and had normal spirometric values. The drug treatment they received were short-acting .-
adrenergic (n=11), long-acting B,-adrenergic (n=7), anticholinergic (n=2), inhaled corticoid
(n=16), nasal corticoid (n=3), anti-histaminic (n=1), oral corticoid (n=1) and nine individuals
had not undergone in any drug treatments.

Not elegible (n= 46) 91 individuals

v 17 for not returning an were contacted

answer;

v' 06 do not show interest;
v 07 lived in another city; Excluded
v 07 ex-smokers; (n=11)
v" 01 athlete;
v 01 pregnant woman; v 12 for giving up in
v 01 over 45 years; the  midst of
v" 01 under 18 years old,; evaluations;

v 01 bronchiectasis
v 03 hypertension (SAH) and v 01 by ankle
tachycardia at rest associated sprain;

with obesity;

v" 01 Asthma exacerbation. 32 individuals
evaluated

Figure 6: Study Flowchart.

Table 1: Demographic, anthropometric, exercise capacity and spirometric characteristics the

total sample and the individuals with positive EIB and negative EIB in the CCPET*.
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TECPC
Characteristics Total sample (n=32) Positive EIB (n=24) Negative EIB (n=08)
Age, years 31.1+8.8 29.0£8.1 35.5+9.3
Height, m 1.69+0.0 1.69+0.1 1.71+0.1
Weight, kg 72.7£14.7 71.1+15.2 75.4413.9
BMI, kg/m? 25.2+4.0 24.9+4.3 25.7+3.6
FEV; pre-BD (% predicted) 92.5+19.2 90.3+19.1 103.0+15.5
FEV; post-BD (% predicted) 97.4+16.6 98.0+15.3 102.3+14.8
FEV1/FVC post-BD (%) 87.1+17.9 88.7+15.4 87.1+15.7
MVV (I/min) 115.6+39.7 113.6+35.4 122.6+50.0
A FEV1% CCPET 13.3+10.6 17.0£8.97 2.0£6.8

*Data was expressed as mean = SD; BMI: body-mass index; CCPET: constant cardiopulmonary exercise test; ICPET:
incremental cardiopulmonary exercise test; FVC: forced vital capacity; FEV,: Forced expiratory volume in the first second,;
MVV: maximum voluntary ventilation; pre-BD: pre-bronchodilator; post-BD: post-bronchodilator; A FEV1 % CCPET: highest
decrease of the FEV; in percentage of the absolute value in the CCPET; f: difference compared the the median value of negative
EIB group using the Mann-Whitney test (p<0.05).

Reliability tests of EIB provoking

Twenty one individuals (65.6%) presented EIB in the ISWT-2 or ISWT-3. Among
them, eight presented EIB in both tests [3* = 1.05; k = 0.18 p > 0.305, with (95%CI -0.160 —
0.522)] presenting reasonable agreement (Table 2). Six individuals presented EIB only after
the ISWT-2 and seven only after the ISWT-3.

Table 2: Test-retest reliability of EIB occurrence (10% decrease on post-test FEV; compared
to pre-test) after the ISWT-2 and ISWT-3.

ISWT-3
ISWT-2 Positive EIB Negative EIB Total
Positive EIB 8* 6 14
Negative EIB 7 11* 18
Total 15 17 32

*Kappa, 0.18 (p>0.305).
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ISWT-2 and ISWT-3 performance in detecting EIB

Twenty six individuals (79.4%) presented EIB on the ISWT-2 or CCPET. EIB was
detected in both tests in 11 individuals [y* = 0.17; k = 0.059 p > 0.681, (95CI% -0.218 —
0.336)], which was classified as weak agreement. Thirteen individuals only presented EIB
after the CCPET and three only after the ISWT-2.

A total of twenty four individuals (70.5%) presented EIB on ISWT-3 or CCPET. EIB
was detected in both tests in 15 individuals [x2 = 9.41; « = 0.46 p <0.002 (95%IC 0.201 —
0.708)], which was classified as moderate agreement. Among the disagreements, nine
individuals presented EIB only after the CCPET (Table 3).

The absolute values of the highest decrease of the FEV; presented a positive moderate
correlation between the ISWT-3 and the CCPET (r=0.51; p<0.01).

Table 3: Inter-tests agreement on EIB detection (10% decrease on post-test FEV; compared
to pre-test) between ISWT-2 and CCPET and between ISWT-3 and CCPET.

CCPET
ISWT-2 Positive EIB Negative EIB Total
Positive EIB 11* 3 14
Negative EIB 13 5* 18
Total 24 8 32
ISWT-3
Positive EIB 15+ 0 15
Negative EIB 9 8 17
Total 24 8 32

*Kappa, 0.059 (p>0.681).
TKappa, 0.46 (p <0.002).
Physiological responses in the different exercise tests

A significant statistical difference was found for the period of time with VE > 40% of
the MVV in both positive EIB and negative EIB in the comparisons ISWT-2 vs CCPET and
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ISWT-3 vs CCPET (p=0.000; p=0.000 respectively). Furthermore, a difference was
also found in the moment when VE/VVVM reached a value above 40% in positive EIB for the
comparisons ISWT-2 vs CCPET and ISWT-3 vs CCPET (p=0.000; p=0.000 respectively) and
in the negative EIB group for the comparisons ISWT-2 vs CCPET and ISWT-3 vs CCPET

(p=0.044; p=0.028 respectively). Additionally, a significant difference was found for the
respiratory rate in positive EIB group between the ISWT-3 and the CCPET (p=0.010).

Absolute and weight-corrected VO, behaviour showed similar exercise intensity between
ISWT-2, ISWT-3 and CCPET. Lastly, the tests increased HR in a similar way, reaching up to
80% of the maximum predicted HR (Table 4).

Table 4: Physiologic responses on peak ISWT-2, ISWT-3 and CCPET with asthmatic

individuals grouped by the presence or absence of EIB (10% decrease on post-test FEV1

compared to pre-test)*

Variable ISWT-2 ISWT-3 CCPET
Positive EIB  Negative EIB  Positive EIB  Negative EIB  Positive EIB  Negative EIB
(n=14) (n=18) (n=15) (n=17) (n=24) (n=28)
Total time, min 7.910.9 8.2+0.8 8.1+0.9 8.1£1.02 10.8+1.4 10.9£1.3
Time with Vg
>40% of MVV, 1.4+1.4 1.3+1.3 1.4+1.1 1.0+1.2 5.242.6% 5.5+2.5%
min
Moment Vg>40%
of MVV. min 6.5+1.2 6.2+1.6 6.0+1.3 6.4£1.7 4.2+1.4% 4.3+1.8%
VO, ml/min 1790.9+389.5 1903.3+631.2 1726.9+399.6 1933.3+685.6 1720.3+471.5 1876.4+629.5
VO, ml kgt min™  25.0245.2 26.5%6.5 24.245.2 26.2+8.6 24.4+4.9 24.745.8
Vg L/min 59.0+16.5 64.1+18.9 60.9+18.6 63.4+25.8 59.8+19.9 67.3£19.3
VEIMVV, % 55.2+16.8 56.3+15.1 61.2+18.7 50.5+11.0 53.6+11.8 57.9+11.1
RR, rpm 35.6+7.9 38.8+7.9 41.0+5.7 35.6+9.2 34.1+6.27 35.346.3
HR, % of
81.9+10.6 86.0+£10.9 83.0+£11.2 79.31£12.2 82.2+19.6 87.4+13.7
predicted
WD, meters 527.9+95.9 567.8+88.4 544.7+89.7 546.5+£109.7 = --m-mmmemmem e
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*Data expressed as mean+SD; Time with VE >40% of MVV: period of time (in minutes) with ventilatory demand above 40% of the

maximum voluntary ventilation; Moment VE>40% of MVV: moment when ventilatory demand started being above 40% of the
maximum voluntary ventilation; VO,: Absolute and weight-corrected oxygen consumption; Vg: minute ventilation; Ve/MVV ventilator
demand; RR: respiratory rate; %HR: percentage of the predicted heart rate; WD: walked distance; 1 difference when compared to the
mean ISWT-3 (ANOVA one-way test) (p<0.05); i:difference when compared to the median value of the ISWT-2 and ISWT-3 for
positive EIB and negative EIB (Kruskal-Wallis test).

DISCUSSION

Our study was the first to test the test-retest reliability and validity of the ISWT for the
EIB detection (10% decrease on post-test FEV; compared to pre-test). We found only a
study®® which assessed the reliability and the clinical role in assessing EIB of an incremental
workload test (IWT) using as a standard a constant workload test (CWT), both conducted in
ergometric bicycle. However, based in our results, we may affirm the ISWT was not reliable
and valid to detect EIB.

EIB is a common clinical condition and contributes to a sedentary health style, social
isolation and deficiency®. Therefore, the symptoms relieve is an important characteristic of
most drugs available to asthma treatment, and there is great interest in the development of
new therapeutic strategies to this condition?®. Considering this context, we decided to assess
the clinical role of the ISWT with the purpose to verify if this field test was as effective as the
gold standard test to detect EIB presence.

In the reliability analysis, we found six individuals presented EIB after the ISWT-2
and seven presented this condition after the ISWT-3, of a total sample of 32 individuals. The
reliability presented a kappa index of 0.18 (p>0.305), even though our post-test spirometric
measures were executed following the necessary standards to EIB diagnosis using a
cardiopulmonary exercise test (CPET).

In the validity analysis, we assumed the CCPET as standard test and, in this test, 24
individuals presented positive EIB. We verified 11 individuals presented positive EIB in the
ISWT-2 and CCPET and 15 individuals in the ISWT-3 and CCPET. Hence, we found a weak
value between the ISWT-2 and CCPET with a kappa index of 0.059 (p>0.618) and a
moderate value between the ISWT-3 and CCPET with a kappa index of 0.46 (p<0.002).
However, De Fuccio et al.** had as aim to assess if the IWT would be as effective as the CWT
to determine EIB in susceptible individuals. They verified IWR presented similar results to
detect EIB and was reliable, in comparison to the CWT.
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Regarding the correlations results, we found a moderate value between the ISWT-3
and the CCPET considering the highest FEV; decrease (r=0.051, p<0.01). Nevertheless, in
order to consider the ISWT as a valid test, an r > 0.7 was necessary>.

Furthermore, in the present study, EIB was detected in three asthmatic individuals
only in the ISWT-2. Taking this result into consideration, we infer the CCPET may not be the
gold standard to detect EIB in these individuals. Thus, we suggest future studies should be
conducted with the Endurance Shuttle Walking Test in an intensity to maintain the Ve/VVM
> 40% in the ISWT, with a constant workload, aiming to investigate this test may be valid and
reliable to detect EIB.

Moreover, some tests were developed to replace the exercise test to detect EIB. Some
include dry-air voluntary hyperpnea and hyperosmotic inhaling (4.5% of physiological
solution) or dry-powder mannitol. Nevertheless, none of this substitutes bronchoprovoking
tests are completely sensitive and specific to EIB, but all of them had the utility to detect
airways’ hyperresponsiveness, which would be consistent to an EIB diagnosis®’.

In this context, a study verified mannitol, metacholine, exercise test and clinical
diagnosis sensitivity and specificity to detect EIB in individuals with normal FEV;, mild
symptoms and hyperreactivity and the authors concluded all the methods were equivalent®.
In addition, although there is no consensus about the exercise protocols described in literature,
the available evidence indicates a specific exercise test (incremental or constant) should be
conducted to an adequate EIB detection, since they allow the precise ventilator stress®.

We verified, in the present study, all variables in table 4, presented similar behaviour
in the comparisons between the positive EIB vs negative EIB (intra-test) for the ISWT-2,
ISWT-3 and CCPET. An important issue stated in our study was the intensity of the tests lead
to similar VO, on ISWT-2, ISWT-3 and CCPET. Moreover, the tests were capable of
increasing similarly the HR to a value of 80% of the maximum predicted HR, which
promoted a similar workload. Hence, this confirms the importance in assessing exercise
capacity in controlled asthmatic adults.

On the inter-tests comparisons, to both positive EIB and negative EIB groups, we
found a significant difference in the time of Ve/VVM > 40% on the CCPET when compared
to ISWT-2 and ISWT-3 and a significant difference of respiratory rate in EIB positive group
between ISWT-3 and CCPET.

All three tests were able to generate Ve/VVM > 40%, which is similar to what was
found by De Fuccio et al.*. Nevertheless, the time with maintained Ve/VVM > 40% in the

ISWTs were lower than two minutes for the time of maintained Veg/VVM > 40% on the
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CCPET both to positive and negative EIB groups. De Fuccio et al.?* affirmed that and quick-
incremented test, which do not last more than 12 minutes may induce at least two high-
intensity ventilation.

We also found a significant difference to the moment the Vg started being >40%
during the tests, both in positive and negative EIB groups between the ISWT-2 vs CCPET and
ISWT-3 and CCPET. Furthermore, as soon as they achieved Ve/VVM > 40%, all assessed
individuals (except one man, who did not achieved a Ve/VVM > 40% during the ISWT-2 and
ISWT-3), did not sustained constantly this Ve/VVM throughout the tests, and this condition
was more evident during the ISWT-2 and ISWT-3.

Therefore, these results may be explained by the ISWT-speed increment
characteristics that occurs every minute, corresponding to the test stage, since the first five
levels do not impose a quick speed increment to generate a Ve/MVV > 40% to detect EIB. In
the present study, we verified individuals reached the necessary Ve/VVM after the sixth
ISWT stage of the tests.

272930 the achieved and sustained Ve at a

Considering this situation, two studies affirm
high level during exercise and the water content of inspired air are a primary determinant to
identify EIB. Considering this, we believe the moment the Ve/VVM > 40% achieved, the
non-sustentation of this ventilation for a minimum period of time during the tests, added to
the fact that environmental conditions were not controlled were the contributors to ISWT
validity and reliability were not acceptable to detect EIB.

RUNDELL et al.* assessed two running exercise modalities, one conducted in the a
laboratory (LET) and other field exercise test (FET) and verified FET lasted for a range
period of 1.5-60 minutes, and LET maintained a constant time of eight minutes. They
considered the intensity (high ventilation ratios and not total ventilations during the test) and
environmental conditions determined EIB occurance. Another study?’ also affirmed that the
ideal EIB detection protocol involves a rapid exercise intensity increase, which should last for
2-4 minutes to achieve an elevated ventilation level.

Although our experimental procedure followed a rigorous standardization, we believe
our study presented as limitation the fact that we did not assess EIB during the ICPET, since
this test is also considered as gold standard to detect EIB. Because of that, we were not able to
compare it with the ISWT. Additionally, we were not able to control temperature and
humidity during the ISWT since it is a field test, even though it was conducted in a roofed

corridor.
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Nevertheless, although the ISWT did not present validity and reliability for detecting
EIB, the obtained results regarding the other test variables do not diminish its role in the
assessment of exercise capacity of asthmatic individuals. In addition, we believe that the
ISWT can be considered an excellent instrument and a safe method to assess the exercise

capacity of young adults with controlled asthma.

CONCLUSION

We conclude the ISWT was not reliable and valid to detect exercise-induced

bronchospasm in young adults with controlled asthma.
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3. CONSIDERACOES FINAIS E DESDOBRAMENTOS
FUTUROS
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Embora o presente estudo ndo tenha comprovado a hipotese central do projeto maior,
que foi avaliar a reprodutibilidade e validade do Incremental Shuttle Walking Test (ISWT)
para detectar o broncoespasmo induzido pelo exercicio (BIE) em adultos asmaticos, este
trouxe importantes contribuicGes no que diz respeito a capacidade de exercicio da populagéo
estudada.

Sendo assim, é importante considerar que: o ISWT e o Teste de Exercicio
Cardiopulmonar Constante (TECPC) apresentaram comportamentos semelhantes em termos
de capacidade de exercicio, ou seja, ambos 0s testes foram capazes de gerar uma mesma
intensidade de exercicio (VO,) e estresse cardiaco (até 80% da frequéncia cardiaca maxima
prevista) nos individuos avaliados nesse estudo, e com isso, pudemos concluir que o ISWT é
um excelente método para avaliar a capacidade de exercicio de adultos asmaticos controlados.

Diante destas consideracGes e questionamentos que ainda cercam o0 presente estudo,
acreditamos que a continuidade do mesmo € extremamente valida. Assim futuros desdobramentos
serdo importantes:

Nesse contexto, sugerimos que estudos futuros sejam conduzidos com o Endurance Shuttle
Walking Test (ESWT) em uma intensidade de exercicio que faga com que o individuo mantenha uma
demanda ventilatéria > 40% da ventilagdo voluntaria méxima (VVM) alcancada no ISWT e assim
permitir avaliar se essa demanda ventilatdria serd alcangada e sustentada por um periodo de tempo de
4-6 minutos durante 0 ESWT, pois sabe-se que essas duas condi¢Bes sdo determinantes primarios para
avaliar o BIE e com isso verificar se esse instrumento é confidvel. Além disso, tendo o TECPC como
teste padrdo, avaliar se 0 ESWT ¢é valido para detectar o BIE em individuos adultos asmaticos

controlados.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Consentimento informado de participacio no projeto intitulado “AVALIACAO
DA REPRODUTIBILIDADE E DA VALIDADE DO TESTE DE CAMINHADA COM
VELOCIDADE CONTROLADA (SHUTTLE WALK TEST). PARA DETERMINAQAO DA
BRONCOCOSTRICAO INDUZIDA PELO EXERCICIO”
Responsaveis:
Pesquisadora: Ms. Adriana Sanches Garcia de Araujo

Orientadora: Profa. Dra. Valéria Amorim Pires Di Lorenzo

Eu )
RG , Estado Civil, , idade anos,
residente na , n° ,
Bairro , Cidade , Telefone ,

concordo voluntariamente em participar do projeto de pesquisa “AVALIACAO DA
REPRODUTIBILIDADE E DA VALIDADE DO TESTE DE CAMINHADA COM
VELOCIDADE CONTROLADA (SHUTTLE WALK TEST). PARA DETERMINACAO
DA BRONCOCOSTRICAO INDUZIDA PELO EXERCICIO”

O trabalho tem o objetivo de avaliar e comparar as variaveis cardiorrespiratorias e a sensacao
de dispnéia e cansaco de membros inferiores em individuos com e sem Asma.

Comparar estas variaveis durante um teste de caminhada com velocidade controlada com as
respostas apresentadas no teste de esforco maximo realizado em esteira ergométrica.

O programa constard de um teste de esforco em esteira, trés testes de caminhada no solo em
dias diferentes com intervalos de dois dias no minimo e cinco no maximo entre cada teste, e
quatro testes de fungdo pulmonar. Este teste consta de pelo menos trés manobras expiratorias
forcadas aceitaveis e reprodutiveis antes e apds os testes no 5° 15° e 30° minutos de
recuperacdo. A minha participagdo como voluntario devera ter a duracdo de aproximadamente
40 minutos por teste, e ao participar dessa pesquisa 0 risco de vida é minimo sendo que
receberei um acompanhamento e monitoriza¢do constante, com critérios de seguranca. Serdo
questionados, antes do treinamento fisico, possiveis sinais clinicos (falta de ar, cansaco em
membros inferiores, palpitacdes (batedeira), como tambeém durante e ap0s os testes. Durante
0s testes sera realizada monitorizagcdo constante da frequéncia cardiaca, saturacdo periférica
de oxigénio (Sp02), e sera aferida pressdo arterial antes e ap0s os testes. O teste sera
interrompido na iminéncia de sinais e ou sintomas limitantes tais como: fadiga de membros
inferiores, cansaco fisico geral, tonturas, nauseas, cianose, presenca de arritmias, angina, ou
gueda na SpO2. Ao participar desse trabalho estarei contribuindo para proporcionar maiores
esclarecimentos sobre a eficdcia de um teste de caminhada detectar asma induzida pelo
exercicio. Entretanto, sei que estou sujeito a riscos momentaneos como aumento da
frequéncia cardiaca, respiratéria, da falta de ar, bem como chiado do peito, e que serei
prontamente assistido se caso ocorrer alguns destes sintomas. Eu entendo que ndo existe
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nenhum tipo de seguro de saude ou de vida, bem como qualquer outra compensacao
financeira que possa vir a me beneficiar em funcdo da minha participacdo neste estudo.. Estou
ciente ainda, de que as informacOes obtidas durante todo o tratamento serdo mantidas em
sigilo e ndo poderdo ser consultadas por pessoas leigas, sem a minha autorizacdo. As
informacBes assim obtidas, no entanto, poderdo ser usadas para fins de pesquisa cientifica,
desde que minha privacidade seja sempre resguardada. Li e entendi as informacoes
precedentes, bem como, eu e 0s responsaveis pelo projeto ja discutimos todos os riscos e
beneficios decorrentes deste, sendo que as ddvidas futuras que possam vir a ocorrer, poderao
ser prontamente esclarecidas, bem como o acompanhamento dos resultados obtidos durante a
coleta dos dados. E, além disso, todas as ddvidas que me ocorreram j& foram esclarecidas por
completo. Estou ciente também que poderei desistir de participar do projeto a qualquer
momento, mediante aviso prévio ao pesquisador e sem qualquer tipo de 6nus a minha pessoa.

Eu estou de acordo com a minha participacao
neste estudo de livre e espontanea vontade e entendo sua relevancia. Comprometo-me,
na medida das minhas possibilidades, prosseguir com as avaliacdes até a sua finalizacao,
visando além dos beneficios trazidos com estes, colaborar para um bom desempenho do
trabalho cientifico dos responsaveis por este projeto.

Julgo que é meu direito manter uma cépia deste consentimento.
Para quest@es relacionadas a este estudo, contate:

Adriana Sanches Garcia de Aradjo: Fone: (16) 3351-8343, (16)81587480
e-mail: garciadrica@hotmail.com

Valéria Amorim Pires Di Lorenzo: Fone: (16) 3371-3444; (16) 3351-8343.
e-mail: vallorenzo@power.ufscar.br

Assinatura do VVoluntario

Pesquisadores Responsaveis

Adriana Sanches Garcia de Araujo Profa. Dra. Valéria Amorim Pires Di Lorenzo

Sao Carlos, .............. e, de 20............
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. Universidade Federal de Sdo Carlos
APENDICE 1l o )
Departamento de Fisioterapia

Laboratorio de Espirometria Fisioterapia Respiratdria
Laboratdrio de Fisioterapia Cardiovascular P

Ficha de Avaliacéo Fisioterapéutica Grupo:

Data / / Hora:
Nome: Data Nasc:
Idade: Sexo: Peso: Altura: IMC:
Profisséo: Procedéncia:
Endereco:
Telefone:
Unidade de Referéncia: Médico:
Data Diagnostico Asma:
Tem crises de Asma? Frequéncia:

Fatores relacionados as crises:

As crises estdo associadas ao esforco fisico?

Doencas Anteriores:

Tabagismo () maco/ dia/ anos Alergias ()
Medicac¢des em uso:

EXAME FiSICO

Sinais Vitais: FC: bpm FR: rpm PA X mmHg
Dispneia: Nao () Sim( )

Padrdo Ventilatorio: Ritmo Respiratorio:
Expansibilidade: Deformidades:

Simetria Torécica: Percussdo Torécica:

Presenca de Tosse: Ndao () Sim( )
Presenca de Secregdo: Ndo () Sim( )
Ausculta Respiratoria:
Espirometria — Data: / /

Pré-BD P6s-BD Pred%o

CVF
VEF,
VVM

Fisioterapeuta/carimbo
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Laboratorio de Espirometria Fisioterapia Respiratoria

Laboratorio de Fisioterapia Cardiovascular
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e
Teste de Exercicio Cardiopulmonar Incremental
Data:
Nome: Idade : Sexo:
D. Nascimento:
Grupo de Pesquisa:
Medicamentos:
FC max prevista idade:
FC submaxima 80 - 90%:
Polar:
VVM: Carga para 60% VVM:
VE/ - . S
VVM Estagio Tempo Velocidade | Inclinagcdo | SpO, FR FC PA IPE
Fadi Dor
(min) (Km/h) (%) (%) | (@pm) | (bpm) | (mmHg) | Cansaco 13[1\/1[%? no
peito
Repouso
Recuperagéo 1
21
31
4’
Umidade do ar: Temperatura:

Teste Interrompido por:
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R Universidade Federal de Sdo Carlos
APENDICE IV . :
Departamento de Fisioterapia
Laboratorio de Espirometria Fisioterapia Respiratoria

Laboratorio de Fisioterapia Cardiovascular

L]
Teste de Exercicio Cardiopulmonar Constante
Data:
Carga: Km/h: Inclinagao:
VE/ . . R
VVM Estagio Tempo Velocidade | Inclinagéo | SpO, FR FC PA IPE
Fadi Dor
(min) (Km/h) (%) (%) (rpm) | (bpm) | (mmHg) | Cansago 13[1\/1[%? no
peito
Repouso
Recuperacéo 1
2/
3/
4/
Umidade do ar: Temperatura:
Teste Interrompido por:
5 10° 15’ 20° 30 PRE PICO
ALCA-
VEF; FLUXO

VOLUME
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APENDICE V Departamento de Fisioterapia
Laboratorio de Espirometria Fisioterapia Respiratoria
Laboratdrio de Fisioterapia Cardiovascular

-
Protocolo - Incremental Shuttle Walk Test (ISWT)
Nome:
Avaliador- Voltas | Tempo
' Nivel | Veloc. | Veloc | por de Distancia
FC max prevista: nivel | volta
(m/is) | (Km/h) () (m)
ISWT 1 Data : / / 1 0.5 1,8 3 20.0 30
2 067 |24 4 115.0 |70
3 0.84 3,0 5 12.0 120
SHUTTLE 1 4 1.01 3,6 6 10.0 180
5 118 [4,2 7 8.6 250
Basal Final
SpO, (%) %) 6 1.35 4,85 8 7.5 330
EC (bpm ) (bpm) 7 152 |55 9 6.7 420
PA (Mm Hg) (mmHg) 8 169 |61 10 6.0 520
Dispneia (Borg) (Borg) 9 186 |67 11 55 630
FadigaMMII Bor Bor
g (Borg) (Borg) 10 [203 |73 12 5.0 750
Distancia total caminhada (m)
L ] 11 |22 7.9 13 4.6 880
Ultimo Nivel Completado
12 (237 |85 14 43 1020
Nivel SHUTTLE 1
Voltas (10m cada uma) Distancia PA FC | BorgD aﬂﬂ
1 1{2|3 Acompanhar o paciente
2 1(2|3|4
3 123|415
4 1(2(3|4|5]|6
5 1|2(3|4|5|6|7
6 1|2|3|4|5|6|7]|8
7 1(2(3|4|5|6|7|8|9
8 1(2|3|4|5|6|7|8|9|10
9 112|3|4|5(6(7|8|9|10|11
10 112|3(4|5(6(7(8[|9(|10|11(12
11 112(3(4(5(6(7|8|9|10|11|12|13
12 112(3(4|5(6(7(8(9|10(11(12(13|14
Final
Recuperagéo 1’
Recuperagéo 2’
Recuperagéo 5
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Nome:
ISWT 2 Data: / /
Voltas Tempo
Nivel | Veloc. | Veloc | por P Distancia
. de volta
nivel
SHUTTLE 2
(m/s) | (Km/h) ) (m)
Basal Final 1 (o5 |18 |3 20.0 30
SpO % %
P (%0) (%) 2 067 |24 4 115.0 70
FC (bpm ) (bpm)
3 0.84 |30 5 12.0 120
PA (Mm Hg) (mmHg)
Dispneia (Borg) ( Borg) 4 1.01 3,6 6 10.0 180
FadigaMMII (Borg) (Borg) 5 118 142 7 8.6 250
Distancia total
caminhada ( m ) 6 1.35 4,85 8 7.5 330
Ultimo Nivel
Completado 7 152 |55 9 6.7 420
8 1.69 6,1 10 6.0 520
9 1.86 6,7 11 5.5 630
10 2.03 7,3 12 5.0 750
11 2.2 7,9 13 4.6 880
12 (237 |85 14 43 1020
Nivel SHUTTLE 2
s oA Borg
Voltas (10m cada uma) Distancia PA FC | BorgD MMl
1 1{2|3 Acompanhar o paciente
2 1(2|3|4
3 123|415
4 1(2|3|4|5|6
5 1|2(3|4|5|6|7
6 1(2|3(4|5|6|7|8
7 1(2(3|4|5|6|7|8|9
8 1(2|3|4|5|6|7|8|9|10
9 112|3|4|5(6(7|8|9|10|11
10 1(2|3|4|5|6|7|8|9|10]11|12
11 1(2|3|4|5|6|7|8|9|10|11|12|13
12 112|3(4|5(6(7(8[|9|10(11(12(13|14
Final
Recuperagéo 1’
Recuperagéo 2’
Recuperagéo 5
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Nome:
. Voltas | Tempo
ISWT3 Data' / / Nivel | Veloc. | Veloc | por de Distancia
nivel volta
(m/s) | (Km/h) (s) (m)
SHUTTLE 3
1 0.5 18 3 20.0 30
Basal Final
2 067 |24 4 1150 |70
Spo (%) (%)
3 0.84 |30 5 12.0 120
FC (bpm ) (bpm)
4 1.01 3,6 6 10.0 180
PA (Mm Hg) (mmHQg)
Dispneia (Borg) ( Borg) 5 118 |42 7 8.6 250
FadigaMMI| (Borg) (Borg) 6 1.35 |4,85 8 7.5 330
Distancia total
caminhada (m) 7 152 |55 9 6.7 420
Ultimo Nivel
Completado 8 1.69 |61 10 6.0 520
9 1.86 6,7 11 55 630
10 2.03 7,3 12 5.0 750
11 2.2 7,9 13 4.6 880
12 237 |85 14 4.3 1020
Nivel SHUTTLE 3
A Borg
Voltas (10m cada uma) Distancia PA FC Borg D MMl
1 1|23 Acompanhar o paciente
2 112(3|4
3 112|345
4 1/2|3|4(5]|6
5 1/2|3|4(5|6|7
6 1/2|3|4(5|6|7|8
7 1{2|3(4(5|6|7|8]|9
8 1/2|3|4(5|6|7|8|9]|10
9 1/2|3|4(5|6|7(8|9]|10]|11
10 1|2(3(4|5|6|7|8|9|10|11|12
11 1|2(3(4|5(/6|7|8(9|10|11|1213
12 1|2(3(4|5|6|7|8[9|10|11|12(13|14
Final
Recuperagéo 1’
Recuperagéo 2’
Recuperagéo 5




