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SANT’ANNA, Thais Jordao Perez. Criacdo do Londrina Activities of Daily Living
Protocol (LAP) e arelacdo entre a dessaturacédo de oxigénio durante o protocolo
e na vida diaria em pacientes com DPOC. 2015. 101 f. Tese (Doutorado em
Ciéncias da Saude) — Universidade Estadual de Londrina, Londrina, 2015.

RESUMO

Contextualizacdo: Pacientes com doenga pulmonar obstrutiva crénica (DPOC)
apresentam manifestacdes fisiopatoldgicas pulmonares e extra-pulmonares que
podem levar a ocorréncia de hipoxemia. A hipoxemia pode influenciar negativamente
em desfechos naturais no curso da doenca e pode ser representada por dessaturagao
de oxigénio avaliada por meio de oximetria de pulso. Adicionalmente, as
manifestagdes da DPOC levam a sintomas como dispneia e fadiga que podem limitar
a realizacdo de atividades da vida diaria (AVDs) nesses pacientes. Porém, os
meétodos utilizados atualmente para a avaliacdo das AVDs em pacientes com DPOC
apresentam limitagdes. Além disso, ndo se sabe se possiveis episodios de
dessaturagdo de oxigénio durante um protocolo de AVDs em laboratério estariam
associados a dessaturacdo de oxigénio na vida diaria dessa populagédo. Objetivos:
Desenvolver um novo protocolo para a avaliacdo do desempenho durante AVDs em
pacientes com DPOC (Londrina Activities of Daily Living [ADL] Protocol — LAP) e
avaliar a validade critério e a reprodutibilidade deste protocolo na mesma populagao.
Adicionalmente, investigar se ha relagdo entre a dessaturagao de oxigénio durante a
realizacao deste protocolo e na vida diaria dos pacientes. Métodos: No primeiro
estudo, foi realizada pesquisa bibliografica e reunides entre os autores do presente
estudo para a selegdo das atividades a serem incluidas no novo protocolo (LAP).
Apds a definigdo do protocolo, 20 pacientes com DPOC foram submetidos a
realizacao de quatro repeticdes do LAP, além da avaliacdo da qualidade de vida e do
estado funcional por meio de questionarios, avaliagcdo da capacidade funcional de
exercicio por meio do Teste de Caminhada de 6 minutos (TC6min) e avaliagcado da
atividade fisica na vida diaria (AFVD) por meio de sensores de movimento. No
segundo estudo, 20 pacientes foram submetidos a oximetria de pulso durante a
realizagdo do LAP e durante 48 horas na vida diaria, com monitorizagdo concomitante
da AFVD. Resultados: No primeiro estudo foi definida a composi¢ao do LAP incluindo
cinco atividades baseadas em AVDs, envolvendo atividades de membros superiores,
membros inferiores e flexao/inclinagao de tronco. O LAP foi reprodutivel (ICC>0,90,
P<0,001). O desempenho no LAP se correlacionou com as variaveis de estado
funcional e qualidade de vida (0,32 <r < 0,59) e com a distancia percorrida no TC6min
(r = -0,64). A intensidade de movimento durante o LAP correlacionou-se com a
intensidade de movimento na vida diaria (r=0,71). No segundo estudo, os episédios de
dessaturagdo de oxigénio durante o LAP correlacionaram-se com os episédios de
dessaturagao de oxigénio na vida diaria (0,45 < r < 0,59). Conclusdes: O LAP é um
protocolo valido e reprodutivel para avaliar o desempenho nas AVDs em pacientes
com DPOC. Os episddios de dessaturagao durante um protocolo de AVDs realizado
em laboratoério estdo moderadamente relacionados aos episddios de dessaturacédo na
vida diaria desses pacientes.

Palavras-chave: Doenga pulmonar obstrutiva cronica. Atividades cotidianas.
Atividade motora. Oximetria.



SANT'ANNA, Thais Jordao Perez. Development of the Londrina Activities of
Daily Living Protocol (LAP) and the relationship between oxygen desaturation
during the protocol and in daily life in patients with COPD. 2015. 101 p. Thesis
(Doctoral degree in Health Sciences) — Universidade Estadual de Londrina,
Londrina, 2015.

ABSTRACT

Background: Patients with chronic obstructive pulmonary disease (COPD) present
pathophysiological pulmonary and extra-pulmonary features which could lead to the
occurrence of hypoxemia. Hypoxemia can lead to negative influence on the
outcomes of the disease’s natural course, and can be represented by oxygen
desaturation assessed by pulse oximetry. Additionally, COPD manifestations lead to
symptoms such as dyspnea and fatigue which can impair activities of daily living
(ADL) performance in these patients. However, methods for ADL assessment in
patients with COPD present some limitations. Furthermore, it is not clear whether
possible episodes of oxygen desaturation during an ADL laboratory-based protocol
present association with episodes of oxygen desaturation in daily life in this
population. Objectives: To develop a new protocol to evaluate ADL performance in
patients with COPD (Londrina ADL Protocol [LAP]) and to assess the criterion validity
and the reliability of the protocol in the same population. Additionally, to investigate
the relationship between oxygen desaturation during the protocol and in patients’
daily life. Methods: In the first study, a bibliographic research and meetings among
the authors of the present study were done to establish the activities to be included in
the new protocol (LAP). After defining the protocol, 20 patients with COPD were
submitted to four repetitions of the LAP, besides the assessment of quality of life and
functional status by questionnaires, functional exercise capacity by the Six-minute
Walking Test (6MWT) and physical activity in daily life (PADL) by motion sensors. In
the second study, 20 patients with COPD were submitted to pulse oximetry while
performing the LAP and during 48 hours in daily life, with simultaneous PADL
monitoring. Results: In the first study, the composition of the LAP was defined
including five activities based on ADL, involving movements of upper limbs, lower
limbs and trunk flexion/inclination. The LAP was reliable (ICC>0.90, P<0.001).
Movement intensity during the LAP was highly correlated with movement intensity
during daily life (r=0.71). Performance in the LAP was correlated with functional
status and quality of life outcomes (0.32 < r < 0.59) and with the distance walked in
the 6MWT (r = -0,64). In the second study, the episodes of oxygen desaturation
during the LAP were correlated with episodes of oxygen desaturation in daily life
(0,45 <r < 0,59). Conclusions: The LAP is a valid and reliable protocol to evaluate
ADL performance in patients with COPD. Episodes of oxygen desaturation during an
ADL laboratory-based protocol are moderately related to episodes of oxygen
desaturation in daily life in this population.

Keywords: Chronic obstructive pulmonary disease. Activities of daily living. Motor
activity. Pulse oximetry.
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1. INTRODUGAO

DOENGA PULMONAR OBSTRUTIVA CRONICA (DPOC):

Atualmente, a DPOC ¢é a quarta principal causa de morte no mundo e,
provavelmente, ocupara a terceira posicéo dentro dos proximos anos*. Sua principal causa é
o tabagismo, mas individuos ndo-fumantes também podem ser acometidos pela doenga por
diversas outras causas como asma ou infecgbes respiratorias na infancia, poluicdo do ar,
exposicdo ocupacional a poeiras e tabagismo passivo, entre outras® 3. Ela é definida como
uma doenca prevenivel e tratavel caracterizada por limitacao persistente ao fluxo aéreo que
€ usualmente progressiva e associada a uma resposta inflamatoria cronica das vias aéreas
e dos pulmdes a particulas nocivas e gases®. A obstrucdo cronica é causada pela
associacdo entre o dano das pequenas vias aéreas e a destruicdo do parénquima pulmonar,
sendo que a contribuicdo de cada tipo de acometimento varia entre os individuos portadores
da doenca’. Adicionalmente, exacerbagdes e comorbidades contribuem para a gravidade da
doenca®.

Dispneia, tosse e acumulo de secre¢do nas vias aéreas sdo sintomas caracteristicos
da DPOC. A dispneia é o principal sintoma relacionado a doenca, sendo tipicamente

”

descrita pelos pacientes como “sensacao de esforgo para respirar’, “aperto no peito

fome

de ar” ou estar “ofegante”

. A tosse é com frequéncia o primeiro sintoma que 0s pacientes
com DPOC desenvolvem, mas eles costumam associd-la a uma simples consequéncia do
habito tabagico. Inicialmente, a tosse é esporadica, intermitente, mas, com o passar do
tempo, torna-se um sintoma diario, podendo inclusive contribuir com a piora da limitacdo ao
fluxo aéreo®. De maneira geral, o pacientes com DPOC costumam deslocar pequena
guantidade de secreg¢do espessa das vias aéreas apds episodios de tosse. Pacientes que
produzem grande quantidade de secrecdo nas vias aéreas podem ter complicacbes
associadas, como a bronquiectasia. Além disso, 0 aumento da quantidade e a alteracdo no
aspecto da secrecdo podem indicar uma exacerbacdo da doenca®.

Em pacientes que apresentam dispneia, tosse crénica e producdo de secre¢do nas
vias aéreas o diagndstico clinico de DPOC deve ser considerado. Porém, a espirometria €
necessaria para a confirmagcdo do diagnostico neste contexto, devendo 0s pacientes
apresentarem uma relacao entre o Volume Expiratério Forcado no Primeiro Segundo e a
Capacidade Vital For¢cada (VEF; / CVF) menor que 0,70 ap6s o uso de medicacdo
broncodilatadora, de acordo com diretrizes internacionais* " 8.

Apesar de sua definicdo estar associada ao acometimento das vias aéreas, a DPOC

apresenta manifestacdes sistémicas importantes que em conjunto com o comprometimento
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respiratorio prejudicam a capacidade de exercicio dos pacientes. Além de apresentarem
limitacdes na ventilagcdo pulmonar® e nas trocas gasosas’®, os pacientes podem apresentar
disfuncdo cardiaca, especialmente sobrecarga do ventriculo direito™*. Outra manifestacéo
extrapulmonar comum € a disfuncdo muscular periférica, que pode ser atribuida a
inflamacdo sistémica, uso de corticoesterdides, estresse oxidativo e reducdo da massa
muscular'?. Pacientes com DPOC também costumam desenvolver anormalidades na
composicdo corporal, como perda de peso e reducdo da porcentagem de massa magra®.
Essas caracteristicas contribuem para a sensacao de dispneia e fadiga, frequentemente
relatada pelos pacientes, inclusive durante a realizacdo de simples atividades da vida diaria

nos casos mais graves™,

DPOC E HIPOXEMIA:

Hipoxemia pode ser definida como uma reducdo da pressao parcial arterial de
oxigénio (Pa0,), abaixo dos valores normais™. As alteracbes no sistema respiratorio
decorrentes da DPOC podem resultar em hipoxemia, o que colabora com o surgimento e a
evolucdo de comorbidades extrapulmonares que caracterizam a DPOC™®. O fator que mais
contribui  com a hipoxemia nessa populacdo €é o desequilibrio na relacdo
ventilagdo/perfusdo, resultado da limitacdo progressiva ao fluxo aéreo e da destruicédo
enfisematosa do leito capilar pulmonar'’. O controle ventilatério prejudicado é outro
componente que contribui para a ocorréncia e a persisténcia de hipoxemia em pacientes
com DPOC, sendo que a chave deste problema parece ser a hiperinsuflacdo pulmonar
consequente & disfuncdo muscular inspiratéria e & obstrucéo das vias aéreas™.

Dentre as comorbidades que podem ser desenvolvidas ou agravadas por conta da
hipoxemia, encontra-se a hipertensdo pulmonar. Um fator importante para o aumento da
resisténcia vascular pulmonar € a vasoconstricdo pulmonar hipéxica, causada pela hipoxia
alveolar'®, Em outras palavras, a hipoxemia leva a reducéo da oxigenacao tecidual alveolar
(hipbxia) e a vasculatura pulmonar “responde” com sua vasoconstricao, levando ao aumento
da pressdo nos vasos pulmonares. Outra consequéncia indesejada da hipoxemia é a
policitemia, caracterizada pelo aumento do hematécrito acima dos valores normais. Ela
ocorre devido a resposta desequilibrada do Fator Induzido por Hipdxia (HIF-1) a hipoxemia.
Na presenca de hipoxemia, o HIF-1 pode induzir adaptagdes no Fator de Crescimento
Endotelial Vascular (VEGF) e na eritropoetina’®. Essa resposta desequilibrada, com atuacao
exacerbada do HIF-1 pela hipoxemia, gera policitemia nos pacientes com DPOC®. A
inflamac&o sistémica, naturalmente presente em pacientes com DPOC?, pode ser agravada

pela presenca de hipoxemia®. A hipoxemia induz respostas do Fator Nuclear Kappa B (NF-
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kB), um fator de transcricdo que regula a resposta inflamatéria, controlando a expressédo de
citocinas, como o Fator de Necrose Tumoral Alfa (TNFa) e a interleucina-8**. Na presenca
de hipoxemia, o NF-kB atua de maneira exacerbada, estimulando a expressao de citocinas
pro-inflamatorias®. A hipoxemia também contribui com o desenvolvimento de uma das mais
importantes manifestacdes extrapulmonares da DPOC: a disfungéo muscular esquelética®.
A piora da inflamacédo sistémica causada pela hipoxemia, como descrito anteriormente,
contribui com a disfuncdo muscular esquelética. Isso ocorre porque o TNFa pode provocar
apoptose celular e degradacédo de proteinas®. Além disso, os niveis de TNFa e outras
citocinas inflamatdrias, como a interleucina-8, mostraram estar correlacionados com o grau
de disfuncdo muscular em pacientes com DPOC?. Mais um possivel fator que contribui para
a disfungdo muscular esquelética € o estresse oxidativo, que ocorre quando ha um
desequilibrio entre a geracédo de espécies reativas de oxigénio e a capacidade oxidativa'®.
Isso dificulta a contragdo muscular e é tipicamente encontrado em pacientes hipoxémicos
crénicos®®.Tanto a inflamacao sistémica quanto o estresse oxidativo, ambos associados &
hipoxemia, sédo sugeridos como mecanismos que levam a lesdo neuronal. Adicionalmente, a
disfuncdo de enzimas dependentes de oxigénio pode levar a deplecdo de
neurotransmissores. Tais acontecimentos podem causar disfuncdo neurocognitiva nos
pacientes com DPOC, quadro relativamente comum nessa populacdo™® 2" %,

O perfil de saturacdo de oxigénio na vida diaria verificado por meio da oximetria de
pulso pode oferecer informacdes relevantes em grupos de pacientes que apresentam
valores similares entre si de PaO, e de valor basal de saturacdo de oxigénio no sangue por
meio da oximetria de pulso (Sp0O,)**. Sabendo que a hipoxemia contribui para o
desenvolvimento de manifestacdes extrapulmonares da DPOC™, métodos de avaliacdo que
contribuam com a identificacdo do perfil de saturacdo/dessaturacdo de oxigénio na vida
diaria sdo Uteis para o manejo da doenca. Considerando que a verificagdo da oximetria de
pulso no dia-a-dia do paciente pode ser incbmoda ou até mesmo interferir em suas AVDs,
seria de grande valia que tal avaliacdo pudesse ser realizada em laboratério e mesmo assim
representar a oximetria na vida diaria do paciente. Adicionalmente, a possibilidade de se
realizar a avaliacdo do perfil de saturacédo/dessaturacao de oxigénio em laboratério, sem a
necessidade de longas avaliagcdes durante a vida diaria, otimizaria o tempo do profissional
avaliador e também dos pacientes, que obteriam os resultados da investigacdo com mais

rapidez.



17

DPOC E ATIVIDADES DE VIDA DIARIA (AVDS):

Além do acometimento pulmonar, a DPOC também leva a ocorréncia de
manifestacdes extrapulmonares como inflamacéo sistémica, aumento do estresse oxidativo,
alteragbes na composi¢do corporal, fraqueza muscular® e até mesmo distlrbios
psicolégicos como ansiedade e depressdo®. As caracteristicas da doenca, pulmonares e
extrapulmonares, levam a sensacao de fadiga e dispneia, sintomas comumente relatados
pelos pacientes durante a realizacéo de atividades fisicas, inclusive AVDs™. Sendo assim,
os individuos portadores da DPOC passam a evitar a realizacdo de atividades fisicas no
intuito de reduzir os sintomas, tornando-se cada vez mais descondicionados e menos ativos
fisicamente. Com a reducdo na realizacdo de atividades fisicas e a consequente piora do
condicionamento fisico, os pacientes desenvolvem cada vez mais sintomas, o que, por sua
vez, dificulta progressivamente a realizacdo de atividades fisicas®’. Por essa razdo,
pacientes portadores de DPOC séo significativamente menos ativos quando comparados a
idosos saudaveis® .

AVDs sdo atividades relacionadas a rotina do individuo, geralmente ligadas a
atividades domésticas, cuidado pessoal, lazer e atividades relacionadas ao trabalho. As
AVDs podem ser classificadas como “basicas” ou “instrumentais”. As AVDs consideradas
basicas séo aquelas essenciais para a vida diaria, como higiene pessoal, mobilidade, vestir-
se e comer. JA as AVDs instrumentais representam atividades como cozinhar, realizar
servicos domésticos, dirigir um automoével e lavar a louca. Diferentemente das AVDs
basicas, as AVDs instrumentais podem ser opcionais ou variar de acordo com a condi¢cao
social e financeira do individuo®. Com a piora dos sintomas, pacientes com DPOC podem
reduzir a quantidade de AVDs realizadas, tanto basicas quanto instrumentais. Em
consequéncia, ocorre reducdo da qualidade de vida, desfecho associado as limitagdes na
realizacdo de AVDs*. Considerando a importancia da limitacdo na performance de AVDs
em pacientes com DPOC, a correta avaliagdo deste desfecho nessa populacdo é
fundamental.

A maneira mais comum de avaliar-se as AVDs é utilizando questionarios. Alguns
questionarios sdo mundialmente utilizados na préatica clinica e em pesquisas cientificas,
especificamente para avaliacdo das AVDs em pacientes com DPOC. Séo eles o Pulmonary

.36 0 London

Functional Status and Dyspnea Questionnaire-versao modificada (PFSDQ-M)
Chest Activity of Daily Living questionnaire (LCADL)®*" *®. Por meio desses questionarios, o
paciente relata o quanto seus sintomas interferem na realizacdo de AVDs. Apesar de
qguestionarios serem Uteis para demonstrar como 0 paciente se vé frente as suas

limitacdes®, uma medida objetiva é importante para complementar a andlise dessas
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limitacOes, considerando que pacientes com DPOC podem apresentar dificuldade em relatar
corretamente e quantitativamente a sua performance no dia-a-dia®” “°.

Um método objetivo criado para a avaliagdo do estado funcional de pacientes com
DPOC, relacionado a performance de AVDs, é o Glittre ADL-test. Neste protocolo, o
paciente deve caminhar por um corredor de 10 metros, realizando diferentes atividades
baseadas em AVDs ao longo do caminho, indo e voltando cinco vezes consecutivas. O
percurso todo deve ser realizado com a maior velocidade possivel e o tempo gasto para se
completar o teste é o principal desfecho utilizado*. Devido ao perfil do teste, que deve ser
realizado com a maior velocidade possivel, é questionavel o fato de que é um protocolo que
representa as AVDs de pacientes com DPOC. Uma informacdo que reforca essa hipétese é
a alta correlagéao entre o Glittre ADL-Test e o Teste de Caminhada de 6 Minutos (TC6min),
um teste que sabidamente faz com que pacientes com DPOC atinjam alta porcentagem do
seu consumo maximo de oxigénio (VO,méax)*, pois também exige que o individuo caminhe
0 mais rapido que puder®. Além disso, o Glittre ADL-Test n&o inclui uma avaliagéo
aprofundada e objetiva das AVDs que envolvem os membros superiores, que também estéo
comumente afetadas negativamente em pacientes com DPOC*.

O estudo de desfechos relacionados a performance de AVDs (hiperinsuflagdo
dindmica, dessaturacdo de oxigénio ou gasto energético, por exemplo) tem recebido
consideravel atencdo da literatura mundial. Como a investigacado desses desfechos ao longo
da rotina do paciente tende a ser intrusiva e pouco viavel, protocolos de laboratério tém sido
criados para que tais analises sejam possiveis*>*'. Entretanto, na maioria das vezes, esses
protocolos ndo tém suas propriedades psicométricas avaliadas, ndo sendo possivel inferir se
realmente representam a vida diaria dos pacientes. Adicionalmente, cada estudo elabora
seu proéprio protocolo de AVDs, dificultando comparacdes entre estudos.

Considerando a falta de um protocolo de laboratério padréo para a avaliacdo mais
completa do desempenho de pacientes com DPOC durante a realizacdo de AVDs, assim
como a importancia da verificacdo simplificada do perfil de saturacdo/dessaturacdo de
oxigénio durante a vida diaria dessa populacdo, a presente tese visa preencher essas
lacunas na literatura. Para isso, foram realizados dois estudos, os quais estdo descritos em
forma de artigos cientificos e formatados de acordo com as normas dos periddicos para 0s

guais serdo submetidos para publicacao.
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2. OBJETIVOS

Objetivos gerais:

1) Criar e validar um protocolo para a avaliagdo do desempenho de pacientes com
DPOC durante a realizacdo de AVDs.

2) Analisar a relacdo entre os episédios de dessaturacdo de oxigénio durante o
protocolo de AVDs realizado em laboratério e na rotina de vida diaria em

pacientes com DPOC.

Objetivos especificos:
1) Investigar a validade critério e a reprodutibilidade desse novo protocolo de AVDs.
2) Verificar se é possivel determinar a ocorréncia de episddios de dessaturacao de
oxigénio na vida diaria com base em um protocolo de laboratério em pacientes

com DPOC.
3) Verificar se os episodios de dessaturagéo de oxigénio estdo associados ao nivel

de atividade fisica na vida diaria em pacientes com DPOC.
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3. METODOS

Para a criacdo de um novo protocolo para a avaliagdo do desempenho de pacientes
com DPOC durante a realizacdo de AVDs, foi realizada, inicialmente, uma busca
bibliografica a estudos que aplicaram diferentes protocolos de AVDs nessa populagdo. Com
base nesses estudos, foram registradas as AVDs incluidas nos protocolos existentes e
verificadas as AVDs que mais se repetiam entre os diferentes protocolos. Posteriormente,
foram realizadas reunifes entre os autores do presente estudo, onde discutia-se sobre as
AVDs normalmente incluidas nos estudos ja existentes na literatura cientifica. Essas
discussfes tiveram como objetivo eleger as atividades que deveriam ser incluidas no novo
protocolo de AVDs. Os critérios utilizados para a selecdo das atividades a serem incluidas
no protocolo foram: atividades que fizessem do protocolo um teste simples e pratico de ser
realizado; atividades que envolvessem a utilizacdo de membros superiores, membros
inferiores e flexao/inclinacdo de tronco; atividades que reproduzissem o que comumente é
realizado no dia-a-dia da maioria das pessoas; atividades que pudessem ser realizadas da
maneira mais real possivel, evitando simulacdes (por exemplo: solicitar ao paciente que finja
estar tomando banho, que finja estar varrendo algo no chao, que finja estar fazendo a barba,
etc.). Por fim, antes de se analisar as propriedades psicométricas do novo protocolo de
AVDs, ele foi aplicado em alguns adultos jovens saudaveis e em pacientes com DPOC, para
gue limitagBes praticas do protocolo fossem identificadas e corrigidas. Este novo protocolo
foi denominado Londrina Activities of Daily Living (ADL) Protocol (LAP), pois seu processo
de criacdo ocorreu no Laboratério de Pesquisa em Fisioterapia Pulmonar da Universidade

Estadual de Londrina, Brasil.

Vinte e um pacientes com DPOC foram incluidos para a realizacdo da presente tese.
Como critérios de inclusédo, eles deveriam apresentar o diagnostico da doenca de acordo
com critérios internacionais®, estabilidade clinica (pelo menos trés meses sem exacerbacdes
graves da doenca), auséncia de distirbios neuromusculares ou esqueléticos que pudessem
interferir na performance de AVDs e ndo apresentar valores basais de PaO, e SpO,
compativeis com indicacdo para oxigenoterapia domiciliar. A pesquisa foi aprovada pelo
Comité de Etica da Universidade Estadual de Londrina, Brasil (031/2013) e todos os

participantes assinaram o Termo de Consentimento Livre e Esclarecido.

As avaliacbes foram realizadas em quatro momentos: na primeira visita ao
laborat6rio, os pacientes foram submetidos a coleta de dados antropométricos, medida da
SpO, basal na posicéo sentada, avaliacdo da funcéo pulmonar por meio de espirometria® *,
impacto da doenca no estado de satde por meio do COPD Assessment Test (CAT)*® e

estado funcional por meio do LCADL®" *® e do PFSDQ-M* *®. Na segunda visita, os
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pacientes realizaram o LAP quatro vezes, com intervalos suficientes para recuperarem 0s
valores basais de SpO,, frequéncia cardiaca (FC) e esfor¢co percebido (Escala de Borg
Modificada)>*. Duas dessas realizacdes do LAP ocorreram com os pacientes utilizando uma
mascara conectada a um analisador de gases portatil que pesa em torno de 2 kg (Oxycon ™
Mobile Device, CareFusion, Estados Unidos da América)55, registrando o consumo de
oxigénio (VO,). A ordem das realizacdes do LAP (com e sem mascara para andlise de
gases) foi determinada por meio de aleatorizacdo. Durante todas as realizacdes do LAP,
SpO, e FC foram monitoradas continuamente por meio de oximetro de pulso (Nonin
WristOx2 ™ 3150, Estados Unidos da América). Além disso, gasto energético (por meio do
SenseWear® armband [SWA], Body Media, Estados Unidos da America)® e intensidade de
movimento (por meio do DynaPort Move Monitor® [DMM], McRoberts, Holanda)®’ foram
registrados. Antes e depois dos LAPs, as sensacdes de fadiga e dispneia também foram
avaliadas por meio da Escala de Borg Modificada®. O principal desfecho proveniente do
LAP é o tempo gasto pelos pacientes para realizar o protocolo, i.e., a “duracdo do LAP”.
Apés a realizagdo dos quatro LAPs, os pacientes relataram o grau de dificuldade em cada
realizacdo do LAP, de acordo com uma escala Likert. Essa escala apresenta valores de 0 a
10, onde O representa “nenhuma dificuldade” e 10 representa “dificil demais”. Na terceira
visita, os pacientes foram submetidos a avaliacdo da capacidade funcional de exercicio por

43,58 & receberam os dois monitores

meio do Teste de Caminhada de Seis Minutos (TC6min)
de atividade fisica e o oximetro de pulso utilizados durante o LAP. Quarta e Ultima visita: os
pacientes trouxeram de volta os monitores de atividade fisica e o oximetro de pulso. Nesta
mesma visita os pacientes foram submetidos a coleta de sangue para realizacdo de
gasometria arterial®.

Apesar da composicgédo final do LAP ser um dos resultados do primeiro estudo desta
tese, optamos por descrevé-lo nesta sessao de métodos, no intuito de esclarecer ao leitor

como o protocolo foi realizado durante a investigacéo de sua validade e reprodutibilidade:

Londrina ADL Protocol (LAP): E composto por cinco atividades e organizado em
“‘estacdes” dentro de uma sala. A posicdo das “estacbes de atividade” e a distancia entre
elas estdo representadas ao longo da descricdo dos artigos cientificos descritos

posteriormente nesta tese. A sequéncia das estacdes é:

1) Movendo objetos sobre a mesa: O paciente senta-se em uma cadeira de frente
para uma mesa onde hd uma linha demarcada separando a mesa em duas
metades (esquerda e direita). A mesa contém 10 objetos sobre ela (4 objetos de
250g, 4 objetos de 500g e 2 objetos de 1kg), todos juntos na metade esquerda da
mesa. O paciente pega os objetos, um de cada vez, com as duas maos, e 0s
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coloca na metade direita da mesa. Posteriormente, o paciente retorna todos os
objetos da mesma maneira para a metade esquerda da mesa novamente. Nao ha
uma sequéncia padronizada para a organizacdo do objetos sobre a mesa, nem
posicao especifica para cada objeto, devendo o paciente apenas reposiciona-los

no lado direito e depois no lado esquerdo da mesa.

Caminhando com sacolas: O paciente caminha sobre uma faixa de 6 metros de
comprimento desenhada no chédo, trés vezes consecutivas, carregando duas
sacolas, uma em cada mdo. Dentro das sacolas hd uma carga representando

10% do peso corporal do paciente, 5% em cada sacola.

Posicionando objetos em prateleiras: O paciente posiciona-se em frente a
quatro prateleiras, uma sobre a outra, com uma mesa ao lado. Sobre a mesa ha
12 objetos (4 objetos de 250g, 4 objetos de 500g, 2 objetos de 1kg e 2 objetos de
2kg). O paciente pega os objetos, um de cada vez, com as duas maos, e 0s
coloca nas prateleiras. O paciente deve organizar os objetos nas prateleiras de
forma que hajam trés objetos em cada prateleira. Quando todos 0s objetos estédo
posicionados nas prateleiras, 0 paciente coloca-os novamente sobre a mesa da
mesma maneira. Nao h&d uma sequéncia padronizada para a colocacdo dos

objetos nem prateleira e/ou posi¢do especifica para cada um.

Pendurando roupas no varal: O paciente psociona-se em frente ao varal, que
deve estar posicionado na altura dos olhos do paciente. Ha uma bacia/cesto no
chéo, ao lado do paciente, contendo 10 pecas de roupas variadas. O paciente
pega as pecas de roupa, uma de cada vez, com as duas maos e as pendura no
varal. Ap6s pendurar todas as roupas, 0 paciente as retorna para a bacia/cesto,

uma de cada vez, com as duas maos.

Caminhando: O paciente caminha novamente sobre a faixa de seis metros

descrita na atividade 2, trés vezes consecutivas, mas sem carregar as sacolas.

As atividades sao realizadas consecutivamente, em velocidade usual. Entre

as “estacdes de atividade”, o paciente também caminha em velocidade usual. Antes

do paciente realizar o LAP, o avaliador demonstra as atividades na ordem de

realizacdo, explicando como elas devem ser realizadas. As instrugdes fornecidas ao

paciente sdo: “Realize essas atividades como se vocé as estivesse realizando em

casa, no seu dia-a-dia. Vocé pode parar para descansar se sentir que é necessario.

N&o se preocupe com a ordem das atividades, porgue nés o lembraremos qual é a

préxima atividade ao longo do protocolo”. Durante o protocolo, apenas a préxima
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atividade é lembrada ao paciente, mas nenhum encorajamento € realizado. Caso o
paciente opte por descansar durante o protocolo, o tempo continuara sendo

registrado normalmente, sem pausa no cronémetro.

Avaliacdo da atividade fisica na vida diaria (AFVD): Os monitores de
atividade fisica (SWA e DMM) foram utilizados simultaneamente durante dois dias

consecutivos da semana, 24 horas por dia®®

. Os dias de avaliacdo foram
considerados validos se o paciente utilizasse os monitores durante pelo menos 80%
do tempo requerido de medida. Eles foram instruidos a retirar 0s monitores para o
banho e a manter sua rotina. Os dois monitores séo leves, ndo oferecem nenhum
risco aos pacientes e sdo amplamente utilizados em pesquisas. O SWA é utilizado
no braco esquerdo, sobre a regido do triceps. Os dados sdo coletados com base nos
registros de um acelerbmetro triaxial e sensores fisioldgicos. Os principais desfechos
provenientes deste monitor sdo o gasto energético total, 0 gasto energético durante
atividades fisicas, a média de equivalentes metabdlicos (MET), o tempo gasto em
atividades fisicas e o tempo gasto em atividades de diferentes intensidades®. O
DMM é um acelerdmetro triaxial utilizado sobre a regido lombar, fixado por uma cinta.
As principais variaveis fornecidas por ele sdo o tempo gasto em diferentes atividades
e posturas como caminhar, ficar em pé, sentar e deitar e também a intensidade de
movimento®’. Os resultados provenientes do SWA e do DMM sdo baseados na

média dos dois dias de medida.

Avaliacdo da SpO.,: Para todas as medidas de SpO, realizadas neste estudo,
0 mesmo oximetro de pulso foi utilizado. O WristOx2 ™ 3150 (Nonin Estados Unidos
da América) é um oximetro de pulso utilizado no punho, como um relégio. O sensor é
posicionado em um dos dedos da méo e é confeccionado de material emborrachado.
Ele foi utilizado pelos pacientes tanto durante o LAP como durante as 48 horas de
avaliagdo da AFVD, sempre no membro superior ndo-dominante, com o sensor
posicionado no dedo de preferéncia do paciente. Os pacientes foram instruidos a
retirar o aparelho sempre que tivessem contato com agua ou quando fossem ao
banheiro. O oximetro possui uma memoria interna capaz de registrar dados por até
45 dias. O aparelho possui um recurso em seu software, ndo descrito em detalhes
pelo fabricante, que identifica movimentacbes do tipo artefato e minimiza a
probabilidade destes artefatos serem interpretados como pulso de boa qualidade. Os
dados sao transferidos para um computador para analise por meio do software que
acompanha o oximetro. As principais variaveis fornecidas pelo aparelho que foram

utilizadas no presente estudo sdo o0 numero de episodios de dessaturacdo de
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oxigénio > 4% por dia (ED>4%) e o numero de episédios de SpO, abaixo de 88% por

dia (ED<88%), levando em consideragédo a média dos dois dias de medida.

Célculo do tamanho amostral (estudo 1): A intensidade de movimento
durante a vida diaria, desfecho registrado objetivamente por meio de monitorizacao
da atividade fisica, foi eleita a principal variavel para se verificar a validade do LAP
como um protocolo que representa a performance real dos pacientes durante AVDs.
Uma amostra de catorze pacientes seria necessaria para encontrar uma correlagdo
de ao menos 0,70 entre a intensidade de movimento durante o LAP e a intensidade
de movimento durante a vida diaria, considerando a = 0,05 e 3 = 0,80. Este calculo
foi realizado por meio do programa BioStat 3.0. Apesar da intensidade de movimento
ter sido a principal variavel para a avaliacdo da validade do LAP, outras variaveis,
provenientes de outros instrumentos, também foram incluidas nas analises, com o

objetivo de se obter uma analise mais ampla do protocolo.

Célculo do tamanho amostral (estudo 2): Para ser possivel encontrar uma
correlagdo de 0,60 entre os episédios de dessaturacao durante o LAP e durante a
vida diaria, seriam necessarios 20 pacientes compondo a amostra do estudo. O
célculo foi realizado considerando-se a = 0,05 e = 0,80, por meio do programa
BioStat 3.0.

Analise estatistica (estudo 1): A distribuicdo dos dados foi analisada por
meio do teste de Shapiro-Wilk. De acordo com a normalidade na distribuicdo dos
dados, estes foram descritos como média e desvio-padrdo ou mediana e intervalo
interquartilico, as correla¢des entre as variaveis verificadas por meio dos coeficientes
de Pearson ou Spearman e as comparac¢des por meio do Teste T de Student
pareado ou teste de Wilcoxon. A reprodutibilidade e a concordancia do LAP foram
verificadas por meio do Coeficiente de Correlagéo Intraclasse do tipo two-way mixed,
single measurement (3,1), e da andlise grafica de Bland & Altman, respectivamente.
A significancia estatistica foi estabelecida em P<0,05. As analises foram realizadas

utilizando-se os programas SPSS 20.0 e GraphPad Prism 6.0.

Andlise estatistica (estudo 2): A distribuicdo dos dados foi verificada por
meio do teste de Shapiro-Wilk. De acordo com a normalidade na distribuicdo dos
dados, estes foram descritos como média e desvio-padrdo ou como mediana e
intervalo interquartilico e as correlacdes verificadas por meio dos coeficientes de
Pearson ou Spearman. Para se investigar se os desfechos da oximetria durante o

LAP podem influenciar os mesmos desfechos na vida real, foi realizada anélise de
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regresséo linear univariada. A significancia estatistica foi estabelecida em P<0,05 e
0s programas estatisticos utilizados para a andlise foram o SPSS 20.0 e o GraphPad
Prism. 6.0.
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ABSTRACT

Introduction: As a consequence of increased symptoms, patients with chronic
obstructive pulmonary disease (COPD) reduce the amount of activities of daily living
(ADL). Hence, this leads to a reduction in quality of life, which is associated with
limitations to perform ADL. Considering the impact of a limited ADL performance on
the daily life of patients with COPD, it is relevant for clinical practice to be able to
evaluate ADL performance in a standardized manner in this population. Objectives:
To develop a new protocol to evaluate ADL performance in patients with COPD
(Londrina ADL Protocol [LAP]) and to assess the criterion validity and the reliability
of the protocol in this population. Methods: Twenty subjects with COPD (12 men,
70+7 years old, FEV1=54+15% predicted) performed the LAP four times, two of
them wearing a portable gas analyzer. During the LAP performance they wore two
motion sensors simultaneously. They were also submitted to assessments of lung
function, functional exercise capacity, functional status, impact on health status and
physical activity in daily life. Results: LAP duration presented high values of
intraclass correlation coefficient, even using a mask for gas analisys (ICC>0.90,
P<0.001). Intensity of movement during the LAP performance was highly correlated
to intensity of movement in daily life (r=0.71). LAP duration was correlated with
functional status and impact in health status variables from questionnaires (0.32 <r
< 0.59). There was also a correlation between functional exercise capacity and LAP
duration (r=-0.64). Conclusion: The LAP is a valid and reliable protocol to evaluate
ADL performance in patients with COPD. It is a protocol which can be used in
clinical practice and in future studies in order to investigate ADL outcomes, including
those studies which require gas analysis and the need for wearing a mask.

Key Words: Chronic obstructive pulmonary disease, Activities of daily living,
Functionality impaired elderly, Motor activity, Chronic limitation of activity,

Symptoms.

28



29

INTRODUCTION

Dyspnea and fatigue are the most common symptoms reported by patients with
chronic obstructive pulmonary disease (COPD)?*, a progressive disease, with pulmonary and
extra-pulmonary manifestations®. Therefore, patients involve themselves in a negative spiral,
reducing participation in physical activities intending to avoid symptoms?®. However, the less
they perform physical activities, the higher is the worsening in physical conditioning and
symptoms®. This vicious cycle affects even simple features such as activities of daily living
(ADL)*. ADL are activities related to subject’s routine and are generally linked to domestic
tasks, personal care, leisure and work-related activities. ADL are commonly classified as
basic or instrumental. Basic ADL are those essentially required for daily life, such as
personal hygiene, toileting, dressing, eating and physical mobility. On the other hand, many
of the instrumental ADL are optional, depending on the social and financial condition.
Examples of these activities are housework, driving a car, cooking, gardening and doing the
laundry®. As a consequence of increased symptoms, patients reduce the amount of all ADL,
both basic and instrumental. Hence, this leads to a reduction in quality of life, which is
associated with limitations to perform ADL®. Considering the impact of a limited ADL
performance on the daily life of patients with COPD, it is relevant for clinical practice to be
able to evaluate ADL performance in a standardized manner in this population.

A term often used to describe the level of ADL impairment and performance is

"6 The most common instruments available to evaluate ADL and functional

“functional status
status are questionnaires. Examples of widespread used questionnaires for these purposes,
validated for use in patients with COPD, are the Pulmonary Functional Status and Dyspnea
Questionnaire-Modified version (PFSDQ-M)” ® and the London Chest Activity of Daily Living
questionnaire (LCADL)® °. In these questionnaires, patients report to which degree
symptoms interfere on their ADL performance. Although it is very important to know how

patients perceive their own ADL performance and limitations, an objective assessment of this

outcome can provide valuable complementary information. The Glittre ADL-test is a protocol
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created to assess functional status in patients with COPD. For this, individuals perform four
different activities (rising up from sitting position, walking, interposing a two-step staircase
and organizing objects on shelves) through a 10-meter corridor, going back and forth five
times along the corridor. The protocol has to be performed as fast as possible and the time
spent to complete it is the test's main outcome™. However, the Glittre ADL-test does not
comprise an in-depth and objective assessment of problematic activities involving the upper
limbs, which are often limited in patients with COPD*. Furthermore, it was shown that the
Glittre ADL-test induces a higher oxygen uptake than the 6-minute walking test (6MWT)*3, an
exercise capacity test. Moreover, the Glittre ADL-test does not correlate well with a functional
status questionnaire but rather correlates more strongly with 6MWT™. Since it is known that
the 6MWT frequently makes patients with COPD achieve their near-maximal oxygen
consumption during the test™, it is then questionable to associate the Glittre-ADL test to a
real life ADL representation but more likely to associate it with a test of functional exercise
capacity.

Another gap in the literature is that when researchers want to investigate any
outcome coming from or associated to ADL (e.g., dynamic hyperinflation, SpO, or energy
expenditure), it is common to create ADL protocols specifically for their studies™%. This
leads to a lack of standardization in the objective assessment of ADL in patients with COPD.
Furthermore, almost all of these protocols did not have their psychometric properties
evaluated. Obviously, this is a practice which imposes a methodological bias in scientific
investigations, hindering comparisons among different studies.

Summarizing the limitations in ADL performance assessment in patients with COPD
identified in the literature, it is clear that subjective methods only partially investigate the
subjects’ performance during ADL, only looking at the subjects own perspective about their
performance; the objective method available for the assessment of ADL performance has
few upper limbs movements in its composition (movements that are predominant during ADL

in real life) and presents characteristics that could define it as an exercise capacity
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evaluation method, instead of a method representing ADL; and there are several studies in
the literature investigating outcomes coming from ADL performance based on different
protocols without assessment of psychometric properties, impairing comparisons among
studies and imposing methodological bias to their results. Therefore, the development of a
laboratory-based protocol that indeed reflects ADL, that is reliable and that objectively
guantifies ADL performance would be useful to standardize the assessment of ADL
performance and consequently contribute to the in-depth evaluation of patients with COPD.
For these reasons, we propose a new protocol of objective ADL assessment in patients with
COPD, the Londrina ADL protocol (LAP), which intends to counteract the disadvantages of
the available tools. After creating the protocol, the present study investigated the validity and

reliability of this new protocol in the same population.
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METHODS

For the development of a new protocol to assess ADL performance in patients with
COPD, a hibliographic research was undertaken in order to find studies which used different
ADL protocols in this population. Based on these studies, the ADL included in those
protocols were registered and the most prevalent ADL were verified. After that, meetings with
the authors of the present study were undertaken to discuss the ADL normally included in the
previous studies. These meetings had the objective of defining the activities that should be
included in the new ADL protocol. The criteria used to select the activities to be included in
the new protocol were: activities that could compose a simple and feasible protocol; activities
that involved upper limbs, lower limbs and trunk flexion/inclination; activities that reproduced
what is commonly performed on the day-by-day of most of people; activities that could be
performed in the highest possible “real life” way, avoiding simulations (i.e., avoiding activities
in which it might be necessary to “pretend”, such as having a shower, sweeping the floor,
shaving, etc.). It is important to highlight that each activity included in the LAP does not
represent the intention to evaluate the subject’s performance in that specific activity, but in
activities with similar movements to that one. In other words, when an activity such as
‘hanging clothes in a clothes line” was included, the objective was not to evaluate subject’s
performance only while hanging clothes in a clothes line, even because several subjects
never do it in daily life. Actually, the objective was to evaluate the subject’s performance
during an activity which includes upper limbs movement sustained above the head and
associated with trunk movement on the standing position. Finally, before investigating
psychometric properties of the new protocol, it was applied in a few young healthy adults and
patients with COPD in order to identify practical limitations of the protocol and to correct
them. The new protocol was hamed Londrina ADL Protocol (LAP), because it was created in
the Laboratory of Research in Respiratory Physiotherapy, from the Londrina State University,

Brazil.
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For the analysis of LAP’s criterion validity and reliability, twenty subjects with COPD
were included. As inclusion criteria, they presented diagnosis of COPD according to the
GOLD criteria 2, clinical stability (at least three months without severe exacerbation of the
disease), absence of neuromuscular or skeletal disorders that could impair ADL
performance, and not having resting PaO, and SpO, values consistent with indication of
long-term oxygen therapy (PaO, < 55 mmHg or Sa0, < 88%). Subjects would be excluded if
they were not able to execute the proposed evaluations. This research was approved by the
Ethics Committee of the State University of Londrina, Brazil (031/2013) and all participants
provided informed consent.

Assessments were done in three moments: At the first visit to the laboratory, subjects
had their anthropometric data collected, were submitted to assessment of lung function by
spirometry?> #, impact on health status by the COPD Assessment Test (CAT)* and
functional status by the PFSDQ-M" ® and the LCADL® *°. At the second visit, subjects
performed the LAP four times, with sufficient intervals to recover basal SpO,, heart rate (HR)
and perceived effort (Modified Borg Scale)®. Two of these LAP tests occurred with patients
wearing a portable gas analyzer (Oxycon™ Mobile Device, CareFusion, United States of
America)®, registering the oxygen consumption (VO,). The portable gas analyzer weighs
around 2 Kg and requires wearing an oral-facial mask. The order of LAP tests (with and
without the mask) was randomized. During all LAP tests, SpO,, HR, energy expenditure
(SenseWear® armband [SWA], Body Media, United States of America)?’ and intensity of
movement (DynaPort Move Monitor® [DMM], McRoberts, The Netherlands)® were
registered. Before and after the LAPs, dyspnea and fatigue were also assessed by the
Modified Borg Scale?. The main outcome gathered from the LAP is the time spent by
patients to perform the protocol, i.e., the LAP duration. After performing the four LAPS,
subjects reported the degree of difficulty in performing each protocol by grading a Likert
scale. This scale ranged from 0 to 10, where O represents “not difficult at all” and 10

represents “too much difficulty”. At the third visit, patients were submitted to assessment of
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functional exercise capacity by the 6MWT?® and received the two activity monitors (SWA and
DMM). Subjects wore the devices during two consecutive weekdays, 24 hours/day. The main
outcomes from the activity monitors were the total energy expenditure by the SWA and the
movement intensity from the DMM.

Sample size calculation: The intensity of movement during daily life, an outcome
registered objectively by physical activity monitoring, was selected as the main variable in
order to study the LAP’s validity as a method which represents patients’ actual ADL
performance. A sample of fourteen subjects would be necessary to find a correlation of at
least 0.70 between movement intensity during the LAP and movement intensity during daily
life, considering a = 0.05 and B = 0.80. The calculation was done using the BioStat 3.0
software. Although movement intensity was the main outcome to evaluate the LAP’s validity,
other variables, provided from other instruments, were also studied with the aim of having a
more in-depth analysis of the new protocol’s characteristics.

Statistical analysis: Data distribution was analyzed by the Shapiro-Wilk test.
According to normality in data distribution, data were described as mean and standard
deviation or median and interquartile range. Correlations between outcomes were verified
using Pearson or Spearman coefficients and comparisons were done using paired Student
T-Test or Wilcoxon test. Reproducibility of the LAP was verified using two-way mixed, single
measure, Intraclass Correlation Coefficient (ICC [3,1]), whereas agreement was studied by
Bland and Altman plots. Statistical significance was set at P < 0.05. The analysis was

performed using SPSS 20.0 and GraphPad Prism 6.0.
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RESULTS

Five activities based on ADL were included in the LAP. It was possible to include
activities which involve upper limbs, lower limbs and trunk flexion/inclination. It was also
possible to include activities that can be completely and realistically performed (i.e., without
“pretending”). Additionally, all the activities included are simply organized.

During the LAP application in three healthy young adults and three patients with
COPD to identify limitations in the protocol, some original characteristics were adapted. For
example: it was realized that some subjects used only one hand to perform some upper limb
activities to avoid other body movements (e.g., trunk movement). For this reason, the
instruction of “moving objects with both hands” was included. The order of the activities
during the protocol was also adapted due to the fact that, in the first version of the protocol,
the proposed order of the activities was leading to upper limbs fatigue in the patients and to
the need of frequent resting intervals.

The final version of the LAP is described below:

Londrina ADL Protocol (LAP): It is composed by five activities and organized in
“stations” inside a room (Figure 1). The room requires space enough to accomodate the
distances between the “stations”. The position of the “activity stations” and the distance
among them are shown in Figure 2. The sequence of the stations is:

1) Moving objects on a table: subject sits on a chair in front of a table with a drawn

line separating it in two halfs (left and right). The table has 10 objects above it (4
objects of 250¢, 4 objects of 500g and 2 objects of 1kg), all together on the left
half of the table. Subject takes the objects, one by one, with both hands, and puts
them all on the right half of the table. After that, subject returns all the objects in
the same way to the left side of the table again. There is no standardized order for

objects positioning.

2) Walking with handbags: Subject walks over a line of 6 meter of length, three

consecutive times, carrying two handbags, each one in one hand. Inside the
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handbags there are loads representing 10% of patient’s body weight, 5% in each

handbag.

3) Placing objects in shelves: Subject stays in front of four shelves, one above the
other, with a table next to it. On the table, there are 12 objects (4 objects of 250g,
4 objects of 500qg, 2 objects of 1kg and 2 objects of 2kg). Subject takes the
objects, one by one, with both hands, and put them on the shelves. Subject
organizes the objects on the shelves in a way that three objects are placed on
each shelve. When all the objects are placed on the shelves, subject returns the
objects again to the table in the same way. There is no standardized order for

objects positioning.

4) Hanging clothes in a clothes line: Subject stays in front of a clothes line,
positioned at the eye level. There is a bowl/basket on the ground, next to the
patient, containing 10 items of clothes. Subject takes all the items, one by one,
with both hands, and hangs them on the clothes line. After hanging all the items,
subject returns them to inside the bowl/basket again, taking it one by one and with

both hands.

5) Walking: Subject walks again on the same 6-meter line described in activity 2,

three consecutive times, but without carrying the handbags.

The activities are performed consecutively, at a normal (i.e., “usual’) pace. Between
the “activity stations”, the subject also walks at the usual pace. Before the subject starts to
perform the LAP, the evaluator demonstrates the activities in the order they will be
performed, explaining how they have to be performed. The instructions given to the subject
are: “Perform these activities as if you were doing them at home, in your usual day-by-day.
You are allowed to stop to rest if you feel it is necessary. Do not worry about the order of the
activities, because we will remind you the next activity as long as the protocol goes”. During

the protocol, the next activity is reminded to the patient but no encouragement is given.
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For the criterion validity and reliability analysis twenty subjects with COPD were
included in the study. Characteristics of the participants are described in Table 1. All patients
were in the registers of the research laboratory as currently involved, previously involved or
interested in being involved in a pulmonary rehabilitation program.

Results described in Table 2 concern LAP’s reliability when the subjects were not
wearing the portable gas analyzer. Reliability of LAP duration is also shown in Figure 3
(Panel A). There was no difference in LAP duration between test 1 and test 2 (6 minl18 sec
[5:54 — 7:06] vs 6 min 12 sec [5:36 — 7:00]; P=0.10). Moreover, Figure 3 (Panel B) illustrates
the reliability of the reported difficulty in the two LAPs performed.

Also when patients were using a mask, LAP duration was reproducible (ICC=0.97,
Cl195%][0.93 — 0.99]; P<0.001), presenting a small difference between test 1 and test 2 (7 min
00 sec = 0:18 vs 6 min 36 sec = 0:18; P = 0.06). From the LAPs performed using the portable
gas analyzer, peak VO, during the protocol was obtained, and it was also shown to be
reproducible (ICC=0.89, C195%][0.53 — 0.98]; P=0.002). There was no difference in peak VO,
between test 1 and test 2 (14 + 0.63 vs 13 = 0.64 ml.kg™.min"; P=0.70).

LAP duration was reproducible between protocols performed with and without a mask
for gas analysis, presenting 1ICC=0.94, CI95%][0.85 — 0.98]; P<0.001 (Figure 3, Panel C).
However, as expected, the energy expenditure and the difficulty reported by patients showed
lower reproducibility between protocols performed with and without the mask (ICC=0.73,
Cl195%[0.29 — 0.90]; P=0.005 and ICC=0.70, CI95%][0.21 — 0.88]; P=0.008, respectively).

For correlation analysis, the first LAP without the mask was used. Patient's movement
intensity during LAP performance was well correlated with patient's movement intensity
during locomotion in daily life (r = 0.71, P = 0.001) (Figure 4). Correlations between LAP
duration and other outcomes are described in Table 3 and some of them are illustrated in
Figures 5 and 6. There was no correlation between LAP duration and lung function

outcomes.
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The domains of questionnaires which better correlated with the difficulty reported by
patients regarding LAP performance was “fatigue” from PFSDQ-M (r = 0.53, P = 0.01),
whereas the same LAP outcome was also correlated with “dyspnea” and “activities” from
PFSDQ-M, “physical activity” and total score from LCADL (r = 0.38, 0.33, 0.38 and 0.33,
respectively, P<0.05 for all). Reported difficulty, differently from LAP duration, was correlated
with FEV; (r = 0.43 and 0.31 for absolute and percentage of predicted values, respectively;
P<0.05) and was not correlated with 6MWT (r = 0.12; P=0.60).

Relative peak VO, achieved during LAP performance was correlated with movement
intensity (r = 0.62; P=0.02) and, consequently, inversely correlated with LAP duration (r = -
0.42; P=0.01). Peak VO, was very modestly correlated with 6MWT (r = 0.30; P=0.01). No
other correlations were found with relative peak VO,. Finally, there was no correlation
between the energy expenditure in daily life and the energy expenditure during LAP

performance (r=-0.19; P=0.40).
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DISCUSSION

This study introduces a new protocol developed to evaluate ADL performance in
patients with COPD, the LAP. It provides the possibility of applying a standardized method to
assess several outcomes during the performance of ADL in this population. LAP is a reliable
test, since it has shown high test-retest ICC values. The fact of being highly reproducible
suggests that LAP can be performed only once, even if a mask for gas analysis is being used
for obtaining further outcomes. This is a useful finding, as studies have shown that dynamic
hyperinflation plays a role in ADL performance™ *, and for measuring dynamic
hyperinflation, a mask may be necessary. Therefore, the LAP duration has shown not to be
jeopardized by the use of a face mask. However, researchers should remember that, using a
mask makes LAP a more energy consuming and difficult protocol for patients with COPD.
Considering that mean LAP duration is around 6 to 7 minutes, the whole protocol can be
applied in 10 to 15 minutes (including the initial explanation to the patients). The above
mentioned characteristics associated to the simplicity of the protocol, using simple objects
and logistics, indicate the LAP as a feasible option for ADL performance evaluation in
patients with COPD.

LAP is a valid ADL protocol, since there was high correlation between movement
intensity in daily life and movement intensity during the LAP. This indicates that LAP
represents patient’s real life and is registering the subject’'s performance during ADL as it
happens in real daily life. This was possibly achieved because the instructions given to the
patients were to perform the activities at the usual pace, as they do in their homes on their
day-by-day. Intensity of movement provided by the DMM is based on acceleration. This is an
interesting outcome, as walking speed is associated with survival in the elderly according to
the study by Studenski and colleagues. That study showed that the lower is the walking
speed, the lower is the survival in this population®. Even with the correlation between
movement intensity at home and during LAP performance, there was no correlation between

energy expenditure on these two situations. An hypothesis to explain these findings is that
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LAP duration was too short to present a correlation with the total energy expenditure
measured by the SWA during ADLs in real life.

Moreover, the LAP is correlated with widely used functional status questionnaires,
and even with a questionnaire that investigates COPD heath status impact. Although
correlations between LAP and questionnaires are moderate, these are relevant results. The
main LAP outcome (LAP duration) is an objective outcome and questionnaires present
subjective outcomes, since they are based on patient's memory and feeling about their
experiences in daily life. Thus, expecting high correlations between these instruments would
not be realistic. It could be expected, therefore, that the Likert scale of difficulty for LAP
performance correlated better with the questionnaires. It was not the case, probably because
of the differences in design and recall period between instruments.

Although LAP was correlated with the 6MWT, an important outcome to characterize
functional capacity, this correlation was less intense in comparison to another ADL protocol
available in the literature®. The Glittre ADL-test is highly correlated with the 6BMWT, possibly
because of the test design, which stimulates patients to walk as fast as possible (the same
instruction given to patients for the 6MWT). Taking into account that 6MWT represents the
functional exercise capacity”® and LAP represents functional performance, a very high
correlation between these tests was not expected, since these tests investigate different
concepts®. It also suggests that LAP is better representative for ADL performance than the
above mentioned tests. According to Kocks and colleagues, an indication of the limitations
that patients experience in daily life (functional performance) can be more informative for
clinical management than functional capacity alone, both composing the functional status
concept®. The functional capacity is defined as “one’s maximum potential to perform
activities”. On the other hand, functional performance is “the physical, psychological, social,
occupational and spiritual activities people actually do in the normal course of their lives to

meet basic needs”*.
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There are several studies in the literature which aimed at investigating outcomes
derived from ADLs™?!. To accomplish this goal, authors commonly create ADL protocols
specifically for their studies. However, almost all of these protocols did not have their
psychometric properties evaluated. Then, from the scientific point of view, it is not possible to
affirm that they represent patients’ real ADL performance. Another problem is that, with each
study having its own protocol, this hinders comparisons between studies. By developing and
describing the LAP’s psychometric properties we expect to provide a valid, standardized,
simple and useful tool to be used in clinical studies, circumventing the limitations of the
Glittre ADL-test (i.e., little involvement of the upper limbs, and ADLs performed at the
maximum and not the usual speed).

A limitation of the present study is that a gold-standard method for the analysis of the
LAP validity was not used. However, to the best of the authors’ knowledge, a gold-standard
measure for ADL performance does not exist. Therefore, the option was to use movement
intensity in daily life (objectively measured in real life by motion sensors) and questionnaires
which are widely known as providing an evaluation of functional status related to ADL
performance. Furthermore, in the present investigation it was not possible to study the LAP’s
responsiveness to interventions, reference values and minimal important difference. Future
studies on these matters are welcome.

In conclusion, the LAP is a simple, valid and reliable protocol to evaluate ADL
performance in subjects with COPD. It is a protocol which can be used in clinical practice
and in future studies in order to investigate ADL outcomes, including those studies which

require gas analysis and the need for wearing a mask.



42

REFERENCES

1. Restrick LJ, Paul EA, Braid GM, Cullinan P, Moore-Gillon J, Wedzicha JA.
Assessment and follow up of patients prescribed long term oxygen treatment. Thorax
1993;48(7):708-13.

2. Global Strategy for the Diagnosis, Management, and Prevention of COPD, Global
Initiative for Chronic Obstructive Lung Disease (GOLD) 2015. Available from:
http://www.goldcopd.org/.

3. Folgering H, von Herwaarden C. Exercise limitations in patients with pulmonary
diseases. Int J Sports Med 1994;15(3):107-11.

4. Polkey MI, Moxham J. Attacking the disease spiral in chronic obstructive pulmonary
disease. Clin Med 2006;6(2):190-6.

5. Reardon JZ, Lareau SC, ZuWallack R. Functional status and quality of life in chronic
obstructive pulmonary disease. Am J Med 2006;119(10 Suppl 1):32-7.

6. Lareau SC, Breslin EH, Meek PM. Functional status instruments: outcome measure
in the evaluation of patients with chronic obstructive pulmonary disease. Heart Lung
1996;25(3):212-24.

7. Lareau SC, Meek PM, Roos PJ. Development and testing of the modified version of
the pulmonary functional status and dyspnea questionnaire (PFSDQ-M). Heart Lung
1998;27(3):159-68.

8. Kovelis D, Segretti NO, Probst VS, Lareau SC, Brunetto AF, Pitta F. Validation of the
Modified Pulmonary Functional Status and Dyspnea Questionnaire and the Medical
Research Council scale for use in Brazilian patients with chronic obstructive pulmonary
disease. J Bras Pneumol 2008;34(12):1008-18.

9. Garrod R, Bestall JC, Paul EA, Wedzicha JA, Jones PW. Development and validation
of a standardized measure of activity of daily living in patients with severe COPD: the London

Chest Activity of Daily Living scale (LCADL). Respir Med 2000;94(6):589-96.



43

10. Pitta F, Probst VS, Kovelis D, Segretti NO, Mt LA, Garrod R et al. [Validation of the
Portuguese version of the London Chest Activity of Daily Living Scale (LCADL) in chronic
obstructive pulmonary disease patients]. Rev Port Pneumol 2008;14(1):27-47.

11. Skumlien S, Hagelund T, Bjortuft O, Ryg MS. A field test of functional status as
performance of activities of daily living in COPD patients. Respir Med 2006;100(2):316-23.
12. Meijer K, Annegarn J, Lima Passos V, Savelberg HH, Schols AM, Wouters EF et al.
Characteristics of daily arm activities in patients with COPD. Eur Respir J 2014;43(6):1631-
41.

13. Karloh M, Karsten M, Pissaia FV, de Araujo CL, Mayer AF. Physiological responses
to the Glittre-ADL test in patients with chronic obstructive pulmonary disease. J Rehabil Med
2014;46(1):88-94.

14. Casas A, Vilaro J, Rabinovich R, Mayer A, Barbera JA, Rodriguez-Roisin R et al.
Encouraged 6-min walking test indicates maximum sustainable exercise in COPD patients.
Chest 2005;128(1):55-61.

15. Silva CS, Nogueira FR, Porto EF, Gazzotti MR, Nascimento OA, Camelier A et al.
Dynamic hyperinflation during activities of daily living in COPD patients. Chron Respir Dis
2015;12(3):189-96.

16. Castro AA, Porto EF, lamonti VC, de Souza GF, Nascimento OA, Jardim JR. Oxygen
and ventilatory output during several activities of daily living performed by COPD patients
stratified according to disease severity. PLoS One 2013;8(11):e79727.

17. Lahaije AJ, van Helvoort HA, Dekhuijzen PN, Vercoulen JH, Heijdra YF. Resting and
ADL-induced dynamic hyperinflation explain physical inactivity in COPD better than FEV1.
Respir Med 2013;107(6):834-40.

18. SantAnna T, Escobar VC, Fontana AD, Camillo CA, Hernandes NA, Pitta F.
Evaluation of a new motion sensor in patients with chronic obstructive pulmonary disease.

Arch Phys Med Rehabil 2012;93(12):2319-25.



44

19. Hannink JD, van Helvoort HA, Dekhuijzen PN, Heijdra YF. Dynamic hyperinflation
during daily activities: does COPD global initiative for chronic obstructive lung disease stage
matter? Chest 2010;137(5):1116-21.

20. Velloso M, Stella SG, Cendon S, Silva AC, Jardim JR. Metabolic and ventilatory
parameters of four activities of daily living accomplished with arms in COPD patients. Chest
2003;123(4):1047-53.

21. Cavalheri V, Donaria L, Ferreira T, Finatti M, Camillo CA, Cipulo Ramos EM et al.
Energy expenditure during daily activities as measured by two motion sensors in patients
with COPD. Respir Med 2011;105(6):922-9.

22. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A et al.
Standardisation of spirometry. Eur Respir J 2005;26(2):319-38.

23. Pereira CA, Sato T, Rodrigues SC. New reference values for forced spirometry in
white adults in Brazil. J Bras Pneumol 2007;33(4):397-406.

24. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N. Development and
first validation of the COPD Assessment Test. Eur Respir J 2009;34(3):648-54.

25. Borg GA. Psychophysical bases of perceived exertion. MedSciSports Exerc
1982;14(5):377-81.

26. Salier Eriksson J, Rosdahl H, Schantz P. Validity of the Oxycon Mobile metabolic
system under field measuring conditions. Eur J Appl Physiol 2012;112(1):345-55.

27. Hill K, Dolmage TE, Woon L, Goldstein R, Brooks D. Measurement properties of the
SenseWear armband in adults with chronic obstructive pulmonary disease. Thorax
2010;65(6):486-91.

28. Langer D, Gosselink R, Sena R, Burtin C, Decramer M, Troosters T. Validation of two
activity monitors in patients with COPD. Thorax 2009;64(7):641-2.

29. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D et al. An official
European Respiratory Society/American Thoracic Society technical standard: field walking

tests in chronic respiratory disease. Eur Respir J 2014;44(6):1428-46.



45

30. Garcia-Rio F, Lores V, Mediano O, Rojo B, Hernanz A, Lopez-Collazo E et al. Daily
physical activity in patients with chronic obstructive pulmonary disease is mainly associated
with dynamic hyperinflation. Am J Respir Crit Care Med 2009;180(6):506-12.

31. Studenski S, Perera S, Patel K, Rosano C, Faulkner K, Inzitari M et al. Gait speed
and survival in older adults. JAMA 2011;305(1):50-8.

32. Leidy NK. Functional status and the forward progress of merry-go-rounds: toward a
coherent analytical framework. Nurs Res 1994;43(4):196-202.

33. Kocks JW, Asijee GM, Tsiligianni IG, Kerstjens HA, van der Molen T. Functional
status measurement in COPD: a review of available methods and their feasibility in primary

care. Prim Care Respir J 2011;20(3):269-75.



Table 1. Subjects characteristics (N = 20)
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Gender (male/female)
Age (years)
BMI (kg/m?)
FEV: (% predicted)
6MWT (meters)
6MWT (% predicted)
LAP duration (minutes)
LAP duration with mask (minutes)
Peak VO, (ml.kg™*.min™)
LCADL (points)
Health care
Domestic
Physical activity
Leisure
Total
PFSDQ-M (points)
Dyspnea
Fatigue

Activities

12/8

70+7

26 +5

54 + 15

504 + 83

95 [66 — 104]
6.3[5.9—7.1]
7+0.3

14 +2

5[4 — 7.5]
6[2.5-9.7]
5[3-5.7]
3.5[3-4.7]
18 [16 — 23.7]

7[2.7-17]
5[3.2 -11.7]
8[3.2-21.2]

Data described as frequency, mean = standard deviation or
median [interquartile range 25% - 75%]. BMI = Body Mass Index;
FEV; = Forced Expiratory Volume on the first second; 6MWT =
distance walked in the 6-minute walking test; LAP = Londrina
ADL-Protocol; Peak VO, = Peak of oxygen consumption; LCADL
= London Chest Activities of Daily Living scale; PFSDQ-M =
Pulmonary Functional Status and Dyspnea Questionnaire —

modified version.



Table 2. Reliability values of LAP outcomes

Variable ICC Cl 95% P value
LAP duration 0.90 0.74 - 0.96 <0.001
Difficulty 0.96 0.90 - 0.98 <0.001
Energy expenditure 0.83 0.57-0.93 <0.001
Baseline SpO, 0.89 0.71-0.96 <0.001
Baseline HR 0.90 0.74 - 0.96 < 0.001
Baseline Borg dyspnea 0.95 0.88 - 0.98 <0.001
Baseline Borg fatigue lower limbs 0.95 0.87-0.98 <0.001
Baseline Borg fatigue upper limbs 0.88 0.70-0.95 <0.001
Final SpO, 0.84 0.60 -0.94 <0.001
Final HR 0.86 0.65-0.95 <0.001
Final Borg dyspnea 0.92 0.81-0.97 <0.001
Final Borg fatigue lower limbs 0.83 0.56-0.93 <0.001
Final Borg fatigue upper limbs 0.84 0.60-0.94 <0.001

LAP = Londrina ADL Protocol; SpO, = Oxygen blood saturation registered by pulse oximetry;
HR = Heart rate.



Table 3. Correlations of LAP duration with different outcomes .

LAP duration versus: r
CAT 0.41
LCADL
Health care 0.59
Physical activity 0.44
Total Score 0.48
PFSDQ-M
Dyspnea 0.48
Fatigue 0.36
Activities 0.47
6MWD (% predicted) -0.64

P value
0.03

<0.001
0.004
0.03

0.006

0.02

0.01
<0.001

Correlations analyzed with the Spearman coefficient. LAP = Londrina
ADL Protocol; CAT = COPD Assessment Test; ADL = Activities of Daily
Living; LCADL = London Chest Activities of Daily Living Questionnaire;
PFSDQ-M = Pulmonary Functional Status and Dyspnea Questionnaire —
modified version; 6MWD = 6-minute walking distance on the 6-Minute

Walking Test.
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Figure 1. Activities composing the LAP.
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Figure 2. “Activity stations” positioning.

2
Begining of walking
with handbags

End of walking
(station 5)

FINISH

1.5 meter

1
Objects
on the

table 3 meters

6 meters

4 meters

3.5 meters

4
Clothes
line

1.5 meter

End of walking with
handbags (station 2)

G

3
Begining of walking

50



51

Figure 3. Bland and Altman plots showing agreement between the LAP outcomes in the first

and second tests.
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LAP duration with and without a mask for gas analysis. UL = Upper

limit; LL = Lower limit.
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Figure 4. Correlation between movement intensity during the LAP and movement intensity in
daily life (r =0.71; P = 0.001).
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Figure 5. Correlation between LAP duration and LCADL items.
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Figure 6. Correlation between LAP duration and PFSDQ-M items.
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QUICK LOOK

Current Knowledge:

Dyspnea and fatigue are the most common symptoms reported by patients with chronic
obstructive pulmonary disease (COPD). As a consequence of increased symptoms, patients
reduce the amount of activities of daily living (ADL). Considering the impact of a limited ADL
performance on the daily life of patients with COPD, it is relevant for clinical practice to be

able to evaluate ADL performance in a standardized manner in this population.

What this paper contributes to our knowledge:

During the Londrina ADL Protocol (LAP) performance, patient's movement intensity was
highly correlated to their movement intensity in daily life. Moreover, LAP duration was
correlated to traditional functional status and quality of life questionnaire measurements. It
was also a reliable test, also when patients were using a mask for gas analysis. It is a
protocol which can be used in clinical practice and in future studies in order to investigate
ADL outcomes, including those studies which require gas analysis and the need for wearing
a mask. Therefore, the present study contributes to the current knowledge by creating the
LAP and showing its validity and reliability, providing a useful standardized method for the

assessment of ADL performance in patients with COPD.
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ABSTRACT

Introduction: The progressive airflow limitation and emphysematous destruction of
pulmonary capillary bed leads to ventilation/perfusion mismatch, contributing to hypoxemia in
patients with chronic obstructive pulmonary disease (COPD). Alveolar hypoxia can contribute
to several factors which lead to these patients’ impairment in daily life. Objective: To analyze
the relationship between oxygen desaturation episodes during a laboratory-based protocol of
activities of daily living (ADL) and in real life routine in patients with stable COPD. Methods:
Twenty patients with stable COPD (12 men, 70+7 years, FEV,% 54+15 predicted) with no
indication for long-term oxygen therapy (LTOT) were submitted to assessments including
ADL performance by the Londrina ADL Protocol (LAP) and level of physical activity in daily
life for two days, both while submitted to simultaneous activity and pulse oximeter monitoring.
Results: Episodes of desaturation 24% (ED=24%) during LAP was correlated with ED=4% in
daily life (r=0.45) and number of episodes of SpO, under 88% (ED<88%) in daily life (r=0.59)
ED<88% during the LAP was also correlated with ED<88% in daily life (r=0.51), explaining
43% of its variance. Conclusion: In stable patients with COPD and no indication of LTOT,
episodes of desaturation during a lab-based ADL protocol are moderately related to episodes

of desaturation in daily (real) life, especially those episodes under 88%.

Key Words: Chronic Obstructive Pulmonary Disease, Activities of Daily Living, Pulse

Oximetry, Motor Activity.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is characterized by pulmonary and
extra-pulmonary manifestations®. The progressive airflow limitation and emphysematous
destruction of the pulmonary capillary bed leads to ventilation/perfusion mismatch,
contributing to hypoxemia in this population?. This occurs even in patients with mild COPD?
and increases with disease progression®.

Alveolar hypoxia can contribute to several factors which lead to the impairment of
patients with COPD, such as polycythemia and pulmonary hypertension> ®. Hypoxemia at
rest also appears to be a factor contributing to neurocognitive dysfunction in patients with
COPD’. Furthermore, one of the most important extra pulmonary consequences of COPD,
skeletal muscle dysfunction, can also be aggravated by low levels of oxygen, since patients
with COPD and chronic hypoxemia present accentuated muscle dysfunction which is partially
reversed with supplemental oxygen therapy® °. Moreover, evidence shows that hypoxemia
may also lead to an increase of symptoms, decrease in quality of life, higher predisposition to
acute exacerbations and increase in risk of death™®.

The dynamic oxygen saturation profile assessed by pulse oximetry in daily life can
offer important information in patients with similar pattern of resting arterial oxygen partial
pressure (PaO,) and basal oximetry-measured blood oxygen saturation (SpO,)'.
Considering the important influence of hypoxemia in the extra pulmonary manifestations of
COPD, evaluation methods which contribute to identifying the profile of oxygen
saturation/desaturation in daily life might be useful in the management of the disease.
Furthermore, the relationship between oxygen desaturation and physical activity in daily life
(PADL), another important prognostic factor of COPD, has not yet been investigated.

PADL = Physical activity in daily life; SWA = SenseWear armband; DMM = DynaPort Move Monitor;

LAP = Londrina ADL Protocol; ED24% = Number of episodes of oxygen desaturation of at least 4%;
ED<88% = Number of episodes of desaturation under 88%.



59

The main objective of the present study was to analyze the relationship between
oxygen desaturation episodes during a laboratory-based protocol of activities of daily living
(ADL) and in real life routine in patients with stable COPD. Additionally, the relationship
between the profile of oxygen desaturation and the level of PADL in this population was also

investigated.
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MATERIAL AND METHODS

In this cross-sectional study, 21 patients with COPD were included. All patients were
in the registers of the research laboratory as patients currently involved, previously involved
or interested in being involved in a pulmonary rehabilitation program. As inclusion criteria,
they presented diagnosis of COPD according to the GOLD criteria’, clinical stability (at least
three months without severe exacerbation), absence of neuromuscular or skeletal disorders
that could impair PADL and PaO, and SaO, values not consistent to indication for long-term
oxygen therapy (LTOT). Patients would be excluded if they were not able to execute the
proposed evaluations. This research was approved by the Ethics Committee of the State
University of Londrina, Brazil (031/2013) and all participants provided informed consent.

Assessments were done in four moments: at the first visit to the laboratory, patients
had their anthropometric data collected, basal SpO, registered on the sitting position, and

14, 15

were submitted to assessment of lung function by spirometry , impact on health status by

COPD Assessment Test (CAT)™ and functional status by two questionnaires: London Chest

17, 18

Activities of Daily Living Questionnaire (LCADL) and modified version of the Pulmonary
Functional Status and Dyspnea Questionnaire (PFSDQ-M)* ?°. At the second visit, patients
performed the LAP, and during its performance SpO, was continuously registered by a
portable pulse oximeter (Nonin WristOx2™ 3150, United States of America). Moreover,
patients wore two activity monitors during the LAP: SenseWear® armband (SWA, Body
Media, United States of Ameri(:a)21 and DynaPort Move Monitor® (DMM, McRoberts, The
Netherlands)?. Before and after the LAP, dyspnea and fatigue were measured by the
Modified Borg Scale %. At the third visit, patients were submitted to assessment of functional
exercise capacity by the Six-minute Walking Test (6MWT)* and received (to be used at
home) the same activity monitors and pulse oximeter used during the performance of the
LAP. At the fourth and last visit, patients brought back the activity monitors and pulse

oximeter. At this visit, they were submitted to collection of resting arterial blood for blood gas

analysis®.
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Londrina ADL Protocol (LAP): The LAP is a new protocol of activities of daily living

developed in the Laboratory of Research in Respiratory Physiotherapy, State University of

Londrina, Brazil. It is composed by five activities (Figure 1) and organized in “stations” inside

a room. The position of the “activity stations” and the distance between them are shown in

Figure 2. The sequence of the stations is:

1)

2)

3)

4)

Objects on the table: patient sits on a chair in front of a table with a line separating
it in two halfs (left and right). The table has 10 objects above it (4 objects of 2509,
4 objects of 500g and 2 objects of 1kg), all together on the left half of the table.
Patient takes the objects, one by one, with both hands, and puts them all on the
right half of the table. After that, patient returns all the objects in the same way to

the left side of the table again.

Walking with handbags: Patient walks over a line of 6 meter of length, three
consecutive times, carrying two handbags, each one in one hand. Inside the
handbags there are loads representing 10% of patient’s body weight, 5% in each

handbag.

Shelves: Patient stays in front of four shelves, one above the other, with a table
next to it. On the table, there are 12 objects (4 objects of 250g, 4 objects of 5009,
2 objects of 1kg and 2 objects of 2kg). Patient takes the objects, one by one, with
both hands, and put them on the shelves. Patient organizes the objects on the
shelves in a way that three objects are placed on each shelve. When all the
objects are placed on the shelves, patient returns the objects again in the same

way to the table.

Clothes line: Patient stays in front of a clothes line, positioned at the eye level.
There is a bowl/basket on the ground, next to the patient, containing 10 items of

clothes. Patient takes all the items, one by one, with both hands, and hangs them
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on the clothes line. After hanging all the items, patient returns them to inside the

bowl/basket again, taking it one by one and with both hands.

5) Walking: Patient walks again on the same 6-meter line described in activity 2,

three consecutive times, but without carrying the handbags.

The activities are performed consecutively, at a normal (i.e., “usual’) pace. Between
the “activity stations”, the patient also walks at the usual pace. Before the patient starts to
perform the LAP, the evaluator demonstrates the activities in the order they will be
performed, explaining how they have to be performed. The instructions given to the patient
are: “Perform these activities as if you were doing them at home, in your usual day-by-day.
You are allowed to stop to rest if you feel it is necessary. Do not worry about the order of the
activities, because we will remind you the next activity as long as the protocol goes”. During
the protocol, only the next activity is reminded to the patient but no encouragement is given.
The main outcome of the test is its duration (LAP duration).

Assessment of physical activity in daily life (PADL): The activity monitors (SWA and
DMM) were used simultaneously during two consecutive week days, 24 hours per day® #’.
An assessment day was considered valid if patients accomplished at least 80% of the
requested measurement time. Patients were instructed to take the monitors off only for
bathing and to strictly maintain their routine. Both monitors are lightweight, do not offer any
risk for patients and are widespread used in researches. SWA is worn on the left arm, on the
triceps region. Data are registered based on a triaxial accelerometer and physiologic
sensors. Main outcomes provided by this monitor are total energy expenditure, activity
energy expenditure, average of metabolic equivalents (MET), total time spent in physical
activity and time spent in different intensities of activities?. DMM is a triaxial accelerometer
worn on the lower back region, to which it is fixed by a belt. Its main outcomes are the time
spent in different activities and postures such as walking, standing, sitting and lying, besides
the movement intensity®”. Results of SWA and DMM were based on the average of the two

assessment days.
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Assessment of SpO,: For all SpO, registration done in this study, the same pulse
oximeter was used. The WristOx2™ 3150 (Nonin, United States of America) is a pulse
oximeter worn on the wrist, as a watch. The sensor is placed on a finger, involved by a
rubber material. It was used by patients both during LAP performance and during the 2-day
PADL assessment, always on the non-dominant hand, with the sensor positioned on the
preferable finger chosen by patient. Patients were instructed to take the device off every time
they had to lead with water and also when they had to use the toilet. The oximeter has an
internal memory capable of recording data for up to 45 days. The device has motion tolerant
software which minimizes the likelihood of motion artifact being misinterpreted as good pulse
quality. Data is downloaded to a computer by the software accompanying the device. The
main outcomes from the oxymeter applied in the present study were the number of episodes
of oxygen desaturation 24% (ED 24%) and the number of episodes of SpO, under 88%
(ED<88%), which are the desaturation thresholds provided by the device. For the 2-day
assessment in daily life, the variables were calculated taking into account the average of the
two assessment days.

Sample size calculation: To be able to find correlations of at least 0.60 between
episodes of desaturation during the LAP and during daily life, twenty patients would be
necessary to compose the sample of the present study. This calculation was performed
considering a = 0.05 e B = 0.80, by the BioStat 3.0 software.

Statistical analysis: Data distribution was analyzed by the Shapiro-Wilk test.
According to normality in data distribution, data were described as mean and standard
deviation or median and interquartile range, whereas correlations between outcomes were
verified using Pearson or Spearman coefficients. To investigate if the oximetry outcomes
during LAP explain the same outcomes in real life, linear regression analysis was performed.
Statistical significance was set at P < 0.05, and analysis was performed using SPSS 20.0

and GraphPad Prism 6.0.
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Out of the 21 patients included in the study, one did not conclude the assessments

due to difficulties in transportation to return to the visits. Patients’ characteristics are

described in Table 1.

Table 1. Patients’ characteristics (N = 20)

Gender (male/female)
Age (years)
BMI (kg/m?)
FEV; (% of predicted)
6MWD (meters)
6MWD (% of predicted)
PaO, (mmHg)
Sa0, (%)
Basal SpO, (%)
Pulse oximetry monitoring
Total time of desaturation in daily life
(minutes/per day)
ED = 4% per day in daily life
ED<88% per day in daily life
LAP
LAP duration (minutes)
ED = 4% during the LAP
ED<88% during the LAP
PADL
Time spent walking per day (hours)
Time spent sitting per day (hours)
Total energy expenditure per day (calories)
Average METs
Time spent in moderate physical activites per day
(hours)
Sedentary time per day (hours)
LCADL
Health care
Domestic
Physical activity
Leisure
Total
PFSDQ-M
Dyspnea
Fatigue
Activities

12/8

70+7

26 +5

54 + 15

504 + 83

95 [66 — 104]
76 [64 — 80]
95 [93 — 96]
95 [92 — 96]

75 [38 — 136]

93 [57 — 236]
13 [5 — 93]

6.3[5.9 - 7.1]
1[0-2]
0[0-1]

1:28 +£ 0:46
7:53 + 1:59
2034 + 457
1.4+0.4

1:27 £ 1:16
21:27 [20:28 — 23:16]

5[4 - 7.5]
6[2.5-9.7]
5[3-5.7]
3.5[3-4.7]
18 [16 — 23.7]

7[2.7-17]
5[3.2 - 11.7]
8[3.2 — 21.2]

Data described as frequency, mean * standard deviation or median [interquartile range 25% - 75%.
BMI = Body Mass Index; FEV; = Forced Expiratory Volume on the first second; 6MWD = 6-minute
walking distance; LAP = Londrina ADL-Protocol; PADL = Physical activity in daily life; Total ED = total
episodes of desaturation; ED<88% = episodes of desaturation under 88%; LCADL = London Chest
Activities of Daily Living scale; PFSDQ-M = Pulmonary Functional Status and Dyspnea Questionnaire —

modified version.

All patients included in the study presented episodes of oxygen desaturation in daily

life. Resting SpO, (from oximetry) was correlated with resting arterial oxygen saturation
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(Sa0,, from blood gas analysis) (r = 0.73, P=0.001) and with ED<88% in daily life (r = -0.52,
P<0.001). ED 24% in daily life correlated with ED<88% in daily life (r = 0.84, P<0.001) and
with ED 24% during the LAP (r = 0.45, P=0.04). ED 24% in daily life was correlated with the
leisure domain of the LCADL (r = 0.48, P=0.04).

ED<88% in daily life was correlated to baseline PaO, and SaO, (r = -0.63 and 0.64,
respectively, P<0.001) and to variables from the LAP: ED<88%, ED 24% and final Borg
fatigue scale for the upper limbs (r = 0.51, 0.59 [figure 3] and 0.48, respectively; P<0.005 for
all). ED<88% in dalily life was also correlated to the ‘physical activity’ and ‘leisure’ domains of
the LCADL (r = 0.50 and 0.51, respectively, P=0.003).

When ED 24% during the LAP was included in a linear regression analysis, it was not
able to significantly predict ED 24% in real life (R> = 0.13, P = 0.09). On the other hand,
ED<88% during the LAP presented an R? = 0.43 (P<0.002) when explaining ED<88% in daily
life.

There was no significant correlation between oximetry measurements and any PADL

variable, neither with the PFSDQ-M and the CAT (0.09 <r<0.21, P > 0.10).

Figure 3. Correlation between ED >4% during the LAP and ED<88% in daily life (r=0.59).
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DISCUSSION

The present study showed that although there is no correlation between oxygen
desaturation and variables of PADL, oximetry outcomes during a laboratory-based ADL
protocol are related to oximetry in daily life in patients with COPD. Moreover, oxygen
desaturation during the ADL protocol was able to explain 43% of desaturation episodes in
daily life. A study which investigated if the time to oxygen desaturation during the 6MWT is
associated with 24-hour oxygen desaturation in daily life found a negative correlation of r = -
0.42 between these outcomes, showing that many patients with COPD who present oxygen
desaturation in the first minute of the BMWT also present oxygen desaturation in daily life?®.
However, another study, investigating the lowest oxygen desaturation during 6MWT and its
relationship with ambulatory oximetry, did not find a correlation between them?. Indeed,
there are controversial results and variation in methodology regarding SpO, during 6MWT
and daily life. The present study found an association between the episodes of low SpO,
during an ADL protocol and in real life. The correlation between ED 24% during the LAP and
ED<88% in daily life (r = 0.59) was higher than the correlations found in the above mentioned
study. One possible explanation for that is that patients’ movement intensity during the ADL
protocol used in this study, the LAP, presented a good correlation with movement intensity in
daily life, as shown in another research of our group (unpublished data). This means that the
LAP could possibly represent better the performance in day-by-day activities than the 6MWT,
a test aimed at assessing exercise capacity which demands very fast walking from patients®.
Additionally, as the LAP is a test performed at the patient’s usual pace, it could be better
tolerated by patients with very severe disease in comparison to the 6MWT. It is important to
highlight, however, that the present study does not aim at suggesting the replacement of the
6MWT by the LAP since these tests have different outcomes and aim at different purposes.

A simple measurement as resting SpO, presented a negative correlation with

ED<88% in daily life. This is an useful finding, since ED 24% and ED<88% in real life were
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highly correlated, suggesting that, in general, the majority of episodes of desaturation 24%
reaches values under 88%.

Although no patient participating in this study presented low resting SpO, and also
none of them used or had PaO, and SaO, values consistent with indication to LTOT, all of
them presented episodes of oxygen desaturation in daily life. This finding is in agreement
with the study by Casanova and colleagues, which has shown that stable patients with
COPD without indication for LTOT present episodes of oxygen desaturation in daily life,
suggesting that 24-hour oximetry could provide valuable information for a comprehensive
evaluation of this population’*. The same was shown in several studies investigating the
utility of 24-hour oximetry in patients with COPD; these studies reported oxygen desaturation
in most of the patients during ADL performance, even presenting good oxygenation at rest®*
¥ 1t is important to highlight that some of these studies also included hypoxemic patients
using LTOT, differently from the present study. Another study investigated the oximetry
profile of hypoxemic patients with COPD, all of them under LTOT. Besides concluding that
SpO, monitoring in daily life is a feasible evaluation in hypoxemic patients with COPD, they
surprisingly found that even while using the prescribed amount of oxygen, patients still
presented several episodes of SpO2<90% during ADLs*®. Therefore, according to the body
of evidence, patients with COPD, either hypoxemic or not, are likely to present oxygen
desaturation in daily life. Nevertheless, although all patients presented episodes of oxygen
desaturation, the total time of desaturation for each 24 hours of assessment in the present
study represented only 5% of the assessment time per day (as noted in Table 1: 75 [38-136]
minutes/day), what does not characterize these patients as “desaturators” (considered as
presenting 30% of the day with oxygen desaturation)**. This is in agreement with other study
which evaluated the profile of oxygen desaturation in stable patients with COPD not receiving
oxygen therapy. They also found that occurrence of oxygen desaturation in those patients

was infrequent (3% of the patients presenting SpO, below 90% during the day)®.
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A previous study has shown that exercise-induced desaturation is correlated with the
number of steps per day in daily life in patients with COPD (r = -0.31) **. Taking into account
that step counting is not the most indicated physical activity outcome for this population®” %,
the present study investigated the relationship between oximetry and other PADL variables in
daily life. The lack of correlation between oximetry and PADL can be explained by a few
hypothesis. It is possible that while some patients with COPD present oxygen desaturation
episodes because they are very active, other patients can present a lower level of PADL
because they present more episodes of oxygen desaturation and, possibly, more symptoms.
This two-way possible oximetry/PADL characteristic could neutralize an expected correlation.
Casanova and colleagues also did not find association between oxygen desaturation and
clinical expressions of COPD. Although they did not investigate PADL, their hypothesis can
be applied to the present results. They suggest that the body can adjust itself to some
degree of transitory hypoxemia'!. Moreover, patients with COPD participating in the present

study presented a higher level of PADL than the expected for this population® *°

, although it
has been shown that Brazilian patients with COPD might present a higher PADL level in
comparison to patients from Central Europe, for example*’. Nevertheless, oxygen
desaturation in daily life was correlated with ‘physical activity’ and ‘leisure’ domains from a
functional status questionnaire. These results suggest that subjective assessment, showing
how patients feel during ADLs, is more associated to episodes of oxygen desaturation than
objective measurements of PADL. One hypothesis could be that the oxygen desaturation can
initiate respiratory symptoms and it could be better reflected when patients report how they
feel in daily life during their day-by-day activities.

We did not separate episodes of desaturation that happened during the day and
during the night, and therefore we are not able to establish in which period of the day
desaturation mostly occurs. However, the initial purpose of this study was to investigate a

possible relationship between desaturation during an ADL protocol and total episodes of

desaturation in real life. Future studies can be performed investigating if this relationship is
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different when separating oximetry during the day and during the night. Additionally, further

research could analyze if this relation is different in hypoxemic patients.
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CONCLUSIONS

In conclusion, episodes of desaturation during a lab-based ADL protocol are
moderately related to episodes of desaturation in daily life, especially those under 88%, in
stable patients with COPD with PaO, and SaO, values not consistent to LTOT indication. All
patients included in the study presented episodes of oxygen desaturation, even presenting
resting Sp0,>90% and not having PaO, and SaO, consistent to LTOT indication.
Nevertheless, considering the small period of the day they presented oxygen desaturation,
they are not characterized as “desaturators”. There was no correlation between oxygen

desaturation and the objectively measured level of physical activity in daily life.
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6. CONSIDERACOES FINAIS

De acordo com os resultados dos estudos que compdem a presente tese, pode-se
concluir que o LAP é um protocolo valido e reprodutivel para avaliar o desempenho nas
AVDs de pacientes com DPOC. E um protocolo que pode ser utilizado na pratica clinica e
em futuras pesquisas com o objetivo de investigar desfechos relacionados a AVDs, incluindo
aqueles desfechos que requerem analise de gases e o uso de uma mascara.
Adicionalmente, conclui-se que episddios de dessaturagcdo de oxigénio durante a realizagcéo
do LAP sdo moderadamente relacionados a episodios de dessaturacéo de oxigénio na vida
diaria, especialmente aqueles abaixo de 88%, em pacientes com DPOC estavel e sem
valores de PaO, e SaO, compativeis com indicacao de oxigenoterapia domiciliar. Entretanto,
o curto periodo do dia em que os pacientes apresentaram dessaturagdo de oxigénio ndo os
caracteriza como “dessaturadores”. Por fim, ndo houve correlacdo entre a dessaturagao de
oxigénio e o nivel de atividade fisica na vida diaria.

Durante a realizacdo desta tese de doutorado, algumas dificuldades foram
encontradas e enfrentadas. Ndo é missdo facil encontrar pacientes com DPOC que se
disponham a colaborar com uma pesquisa cientifica que envolve varios dias de avaliacdes e
testes que geram sensacgfes desconfortaveis, como dispneia, fadiga e até mesmo a dor de
uma coleta de sangue arterial. Por conta disso, temos imensa gratiddo pelos pacientes que
aceitaram participar do presente estudo. A fase da coleta de dados da tese também exigiu
muita perseveranca dos pesquisadores envolvidos no estudo, que, em meio a diversas
outras atividades e trabalhos, sempre conseguiam disponibilizar parte especial do dia para a
avaliacdo dos pacientes incluidos na pesquisa. Esses sdo apenas alguns exemplos das
dificuldades enfrentadas durante o desenvolvimento deste trabalho. Porém, nenhum esforgo
foi em vao. Hoje, temos as primeiras evidéncias cientificas a respeito do LAP, um protocolo
padronizado de avaliacdo de AVDs para pacientes com DPOC, que pode favorecer
grandiosamente a literatura cientifica e a pratica clinica.

Pesquisas futuras ainda sdo necessarias para que seja possivel verificar se o LAP
também ¢é valido e reprodutivel na avaliacdo de pacientes com DPOC mais graves. Além
disso, sera necessario estabelecer o valor de referéncia para a “duragao do LAP”, para que
seja possivel definir o que representa bom ou mau desempenho na realizacdo do protocolo.
Futuros estudos também poderdo verificar se o LAP € responsivo a tratamentos

medicamentosos e ndo medicamentosos (i.e., Reabilitagdo Pulmonar).
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Jones & Bartlett; 2012:735-764.

Online Material

Static material must be listed in the References and include the digital object identifier (DOI).
Use a DOI for content published online only. Because these items are static, there is no need
to include an access date:

Ng S, King CS, Hang J, Clifford R, Lesho EP, Kuschner RA, et al. Severe cavitary
pneumonia caused by a non-equi Rhodococcus species in an immunocompetent patient.
Respir Care 2013;58(4):e47-e50. doi:10.4187/respcare.02017

Frequently changing material, such as an organization’s homepage, should be cited in the

text using the URL and access date. Do not include in References:
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“....as recommended by the American Association for Respiratory Care
(http://www.aarc.org, Accessed January 27, 2015) ...”

News sources:

Productivity at work improved for sleep apnea patients using CPAP. Medical News Today:
April 15, 2013. http://www.medicalnewstoday.com/releases/259016.php Accessed January
27, 2015.

Unpublished Work

Manuscript accepted but not yet published. A copy of cited unpublished manuscripts should

be uploaded:

Strickland SL. Year in review: airway clearance. Respir Care 2015 (in press).

Research not yet accepted for publication should be cited in the text as personal
communication. You must obtain written permission from the authors to cite unpublished
data.

“Recently, Smith et al found this treatment effective in 45 of 83 patients (Smith R, personal
communication, 2015).”

Your own unpublished work that has not been accepted for publication should be mentioned
in the text: “We found this type of aerosol is no more effective than placebo (unpublished
data).”

Quick Look

The Quick Look boxes in Respiratory Care provide readers with the concise take-home

message of the study. Only Original Research articles have Quick Look boxes. Quick Look

boxes have 2 headings, the first is Current Knowledgeand the second is What This Paper
Contributes To Our Knowledge.

Include your Quick Look text at the end of your main manuscript text file (after the

References and any Figure Legends) under the heading Quick Look. Double-space all text.
Current Knowledge

Write 2—4 declarative sentences summarizing current understanding of the topic being
studied. Think of it as defining the state of the art or establishing equipoise.

DO - State the current evidence on the subject

DO - Provide clear declarative statements

DO NOT — Ask a question

DO NOT - State what is not known or that a topic “requires further study” or “remains to be
elucidated”

What This Paper Contributes To Our Knowledge


http://www.aarc.org/
http://www.medicalnewstoday.com/releases/259016.php
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Write 2—4 declarative sentences summarizing the take-home message of the study. Use past
tense. Provide only information supported by the data. Do not overstate the importance of
your results and do not suggest further research; this section is about the paper at hand.

DO - Describe the main take-home points and findings

DO - Describe the environment (eg, if a lung model was used)

DO — Write statements that can be understood without re-stating the data

DO NOT - Allude to further work that needs to be accomplished

DO NOT - Overstate the importance of the findings or speculate. (eg, The use of APRV
improved oxygenation [data from the study]. Due to improved oxygenation, APRV might
reduce mortality in ARDS [speculation]).

DO NOT - Include statistics or numerical data

The Editors reserve the right to edit Quick Look boxes for accuracy, style, and length.
Example Quick Look

Current knowledge

The endotracheal tube cuff allows positive pressure ventilation and protects the airway from
aspiration. Standard cuff pressures of 20-30 cm H,O are typically used to prevent leakage of
fluid around the cuff and to prevent mucosal injury. In recent years, laboratory evaluations of
cuffs in glass models have demonstrated reduced fluid leakage, but clinical studies have not
confirmed these findings in vitro.

What this paper contributes to our knowledge

In a realistic viscoelastic model of the trachea, endotracheal tube cuffs of different designs
provided an adequate seal at a pressure of 12 cm H,O. With increased PEEP, higher cuff
pressures were required. Tubes with a subglottic suction channel performed best in the
lateral position.

Figures

Use of Figures is encouraged. Include only Figures that clarify and augment the text. All
Figures must be called-out in the text. Number consecutively as Figure 1, Figure 2, etc.

The first Figure in the report of a clinical trial must be a flow diagram showing phases of the
trial (ie, enrollment, subject allocation, follow-up, and analysis). See CONSORT.

Each Figure must be uploaded to Manuscript Central as a separate image file, NOT
embedded in the text.

Minimum 1200 dpi required for line art (graphs or drawings), 600 dpi required for images with
labeling, and 300 required dpi for images (color or black and white) without labeling
Radiographs must clearly identify the relevant details and contain no patient identifiers.

Any identifiable image must be accompanied with written consent (see Ethics of

Investigation).


http://www.consort-statement.org/consort-statement/flow-diagram
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Identify stains and magnifications for all photomicrographs.

Arrows, numbers, letters, lines and other markers used to identify parts of a Figure must be
defined in the Figure Legend.

Figures are redrawn for stylistic consistency. Contact the Editorial Office if you would like
assistance in creating an original Figure.

Figure Legends

Every Figure must have a legend explaining every component of the Figure. The legend
should be self-sufficient and allow the reader to understand the figure without referring to the
text.

Legends are placed at the very end of the manuscript text file. Do not include legends in the
Figure image files.

Tables

Each Table must be uploaded to Manuscript Central as a separate Microsoft Word file, NOT
embedded in the text. Tables must have a title. The title should be self-sufficient and allow
readers to understand the Table without referring to the text.

Tables should be numbered and cited consecutively in the text, Table 1, Table 2, etc. Any
abbreviations and symbols must be explained in footnotes at the bottom of the Table. For
footnotes use the following symbols, superscripted, in the following order: *, 1, £, §, ||, 1T, **,
tt.

Borrowed Figures and Tables

To include previously published Figures and Tables, you must obtain permission from the
original copyright holder. Provide the reference citation in the Table footer so that appropriate
credit can be acknowledged in accordance with copyright law.

Copyright is most often held by the publisher of the journal or book in which the Figure or
Table originally appeared. It is the author’s responsibility to secure permission. Payment of
any fees required for borrowed material is the responsibility of the author.

Upload permissions documentation with your manuscript files.

Acknowledgements

Names of persons not eligible for authorship, and their contribution and institutional affiliation,
should be listed in the Acknowledgments. You must obtain written permission from all
individuals named in the Acknowledgments because inclusion can be taken as the
individuals’ approval of the paper’s contents.

Equations

Write equations as normal text. Do not use the equation function in Microsoft Word or other
mathematics software.

Statistical Analysis
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For original research papers, the Editor recommends working with a biostatistician to assure
appropriate analysis. The Editor may request a letter from your biostatistician assuring that
the analysis is correct.

In the Methods section, identify the statistical tests used to analyze the data. Indicate the P-
value that was taken to indicate significance. State whether tests were one-tailed or two-
tailed; justify the use of one-tailed tests. ldentify post-hoc analyses. Cite references to
support your choice of tests and identify any statistical analysis software used. Indicate how
the power analysis was conducted to determine appropriate sample size.

Report measurements with an appropriate degree of precision. Report both numerators and
denominators for percentages.

For continuous data, description statistics should be expressed as mean and standard
deviation (not standard error). For ordinal data, median and interquartile range should be
reported.

For ratios (odds ratio, relative risk, etc.), provide 95% confidence interval.

Report actual P values rather than thresholds. Example: write “P = .18”, not “P > .05” or “P =
NS.” Note that P cannot equal O or 1.

P values should be expressed to 2 digits for P =2 .01. P <.001, rather than P <.0001 or P =
.00001. If P > .99, P = .999 for example, it should be expressed as P > .99.

An exception is P values between .07 and .03, which the Journal expresses to 3 digits. This
is to preserve potential meaning of values near .05.

Authors are encouraged to enlist the expertise of a local statistician. If questions arise during
the peer review process regarding the statistical analysis, the Editor may ask for proof of
input from a statistician when the revised manuscript is submitted.

Units of Measurement

Always report the units of measurement according to current scientific usage. Standard units
of measurement and scientific terms may be abbreviated without explanation (eg, L/min, mm
Hg, pH, O,). The Journal uses most values in Systeme Internationale (SI) units. For blood
gas values, we prefer mm Hg to kPa. For airway pressure, we prefer cm H,O rather than
millibars.

Pulmonary Terms and Symbols

Use the Preferred Pulmonary Terms and Symbols (Appendix 1). Use abbreviations sparingly.
Do NOT invent new abbreviations for terms with long-held standard abbreviations. Use an
abbreviation only if the term occurs 4 or more times in the manuscript.

The following commonly used abbreviations do not need to be defined: ARDS, CI, COPD,
CPAP, DNA, FDA, FEV4, Fioa, FVC, ICU, Pao2, Pacoz, Poz, Pcoz, PEEP, SD, Sy0,. We also do

not define units (eg, mL, cm, um, pL).
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Drugs and Commercial Products

Precisely identify all drugs and chemicals, doses, and methods of administration.

Use generic names instead of trade (proprietary) names for both drugs and equipment.

At first mention, trade names may be given parenthetically after generic names, including the
name and location of the manufacturer. For equipment, provide model numbers if available.
Subjects versus Patients

Individuals enrolled in research are referred to as subjects, not patients. This applies to both

retrospective and prospective studies.
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ANEXO 2 - Normas para submissao de artigo cientifico para publicacéo no periédico
Respiratory Medicine

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your
manuscript as a single file to be used in the refereeing process. This can be a PDF
file or a Word document, in any format or lay-out that can be used by referees to
evaluate your manuscript. It should contain high enough quality figures for refereeing.
If you prefer to do so, you may still provide all or some of the source files at the initial
submission. Please note that individual figure files larger than 10 MB must be

uploaded separately.

References

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be

highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract,
Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should
be included in your initial submission for peer review purposes.

Divide the article into clearly defined sections.
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Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to

the relevant text in the manuscript, rather than at the bottom or the top of the file.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide
us with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with

Elsevier: =+ http://www.elsevier.com/guidepublication). See also the section on
Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and

‘grammar-check’ functions of your word processor.

Article structure

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief
heading. Each heading should appear on its own separate line. Subsections should
be used as much as possible when cross-referencing text: refer to the subsection by

heading as opposed to simply 'the text'.

Introduction

State the objectives of the work and provide an adequate background, avoiding a

detailed literature survey or a summary of the results.


http://www.elsevier.com/guidepublication
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Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should be

described.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and
Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and

family name(s) of each author and check that all names are accurately spelled.
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Present the authors' affiliation addresses (where the actual work was done) below the
names. Indicate all affiliations with a lower-case superscript letter immediately after
the author's name and in front of the appropriate address. Provide the full postal
address of each affiliation, including the country name and, if available, the e-mail
address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that the e-mail
address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address.

Superscript Arabic numerals are used for such footnotes.

Structured abstract

A structured abstract, by means of appropriate headings, should provide the context
or background for the research and should state its purpose, basic procedures
(selection of study subjects or laboratory animals, observational and analytical
methods), main findings (giving specific effect sizes and their statistical significance, if
possible), and principal conclusions. It should emphasize new and important aspects

of the study or observations.

A list of three to six keywords should be supplied: full instructions are provided when

submitting the article online.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure

consistency of abbreviations throughout the article.

Acknowledgements
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Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).

Units

Follow internationally accepted rules and conventions: use the international system of

units (SI). If other units are mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in line with normal text where possible and use the solidus (/) instead of a
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
presented in italics. Powers of e are often more conveniently denoted by exp.
Number consecutively any equations that have to be displayed separately from the

text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes in the text and

present the footnotes themselves separately at the end of the article.

Artwork

Electronic artwork

General points
* Make sure you use uniform lettering and sizing of your original artwork.
* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol,

Courier.
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* Number the illustrations according to their sequence in the text.

*» Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

» For Word submissions only, you may still provide figures and their captions, and
tables within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in
separate source files.

A detailed guide on electronic artwork is available on our website:

=+ http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are
given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please
'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of
300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a
minimum of 500 dpi is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

» Supply files that are too low in resolution.

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in

color in the printed version. For color reproduction in print, you will receive
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information regarding the costs from Elsevier after receipt of your accepted
article. Please indicate your preference for color: in print or online only. For further
information on the preparation of electronic artwork, please

see =+ http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color
figures to 'gray scale’ (for the printed version should you not opt for color in print)

please submit in addition usable black and white versions of all the color illustrations.

Illustration services

Elsevier's WebShop (=+ http://webshop.elsevier.com/illustrationservices) offers
Illustration Services to authors preparing to submit a manuscript but concerned about
the quality of the images accompanying their article. Elsevier's expert illustrators can
produce scientific, technical and medical-style images, as well as a full range of
charts, tables and graphs. Image 'polishing’ is also available, where our illustrators
take your image(s) and improve them to a professional standard. Please visit the

website to find out more.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title
(not on the figure itself) and a description of the illustration. Keep text in the

illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.

Please avoid using vertical rules.

References
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Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item

has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting and
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the

DOl is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates, reference
to a source publication, etc.), should also be given. Web references can be listed
separately (e.g., after the reference list) under a different heading if desired, or can be

included in the reference list.

Reference management software

Most Elsevier journals have a standard template available in key reference
management packages. This covers packages using the Citation Style Language,
such as Mendeley (=+ http://www.mendeley.com/features/reference-manager) and

also others like EndNote (=+ http://www.endnote.com/support/enstyles.asp) and
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Reference Manager (=+ http://refman.com/support/rmstyles.asp). Using plug-ins to
word processing packages which are available from the above sites, authors only
need to select the appropriate journal template when preparing their article and the
list of references and citations to these will be formatted according to the journal style
as described in this Guide. The process of including templates in these packages is
constantly ongoing. If the journal you are looking for does not have a template
available yet, please see the list of sample references and citations provided in this

Guide to help you format these according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the
reference style for this journal by clicking the link below:

=+ http://open.mendeley.com/use-citation-style/respiratory-medicine

When preparing your manuscript, you will then be able to select this style using the
Mendeley plug-ins for Microsoft Word or LibreOffice. For more information about the

Citation Style Language, visit = http://citationstyles.org.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/book title, chapter title/article title, year of publication,
volume number/book chapter and the pagination must be present. Use of DOI is
highly encouraged. The reference style used by the journal will be applied to the
accepted article by Elsevier at the proof stage. Note that missing data will be
highlighted at proof stage for the author to correct. If you do wish to format the

references yourself they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors can be referred to, but the reference number(s) must always be given.
Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different
result ....'

List: Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:


http://refman.com/support/rmstyles.asp
http://open.mendeley.com/use-citation-style/respiratory-medicine
http://citationstyles.org/
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Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific
article, J. Sci. Commun. 163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York,
2000.

Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in:
B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc.,
New York, 2009, pp. 281-304.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word

Abbreviations: =+ http://www.issn.org/services/online-services/access-to-the-Itwa/.

Video data

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a
preferred maximum size of 150 MB. Video and animation files supplied will be
published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect: =+ http://www.sciencedirect.com. Please supply 'stills' with
your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to
your video data. For more detailed instructions please visit our video instruction
pages at =+http://www.elsevier.com/artworkinstructions. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text
for both the electronic and the print version for the portions of the article that refer to

this content.
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AudioSlides

The journal encourages authors to create an AudioSlides presentation with their
published article. AudioSlides are brief, webinar-style presentations that are shown
next to the online article on ScienceDirect. This gives authors the opportunity to
summarize their research in their own words and to help readers understand what the
paper is about. More information and examples are available

at =+ http://www.elsevier.com/audioslides. Authors of this journal will automatically
receive an invitation e-mail to create an AudioSlides presentation after acceptance of

their paper.

Supplementary material

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets, sound
clips and more. Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including

ScienceDirect: = http://www.sciencedirect.com. In order to ensure that your
submitted material is directly usable, please provide the data in one of our
recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file.
For more detailed instructions please visit our artwork instruction pages

at =+ http://www.elsevier.com/artworkinstructions.
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