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Resumo

Introducédo: Uma porcentagem significativa de pacientes que obtém sucesso no teste
de respiracdo espontanea (TRE) é reintubada devido a incapacidade de proteger as
vias aéreas. Esta revisao sistematica foi realizada para analisar a capacidade do pico
de fluxo da tosse (PFT) em predizer o desfecho da extubagcdo em pacientes que
passaram no TRE. Métodos: A pesquisa abrangeu as bases de dados cientificos
MEDLINE, EMBASE, LILACS e IBECS, Scopus, Cochrane, Web of Science, CINAHL,
SciELO e literatura cinzenta. O instrumento de avaliacdo Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) foi utilizado para avaliar a qualidade
metodoldgica e o risco de viés do estudo. A heterogeneidade estatistica atraves do
likelihood e odds ratio foi avaliada usando grafico de forest plot e através da estatistica
Q de Cochran, e calculou-se a curva SROC (summary receiver operating
characteristic) utilizando multiplos pontos de corte. Resultados: Muitos estudos
apresentaram “risco incerto” de viés nos critérios de “selegcao de pacientes” e “fluxo e
tempo”. Dos 12 estudos incluidos, 7 apresentaram “alto risco” e 5 “risco incerto” no
item “padrao de referéncia”, devido a falta de critérios clinicos objetivos para
reintubacao, uso de terapia de resgate e ndo exclusdo de pacientes que reintubaram
por laringoespasmo. A predicdo diagndstica da PFT para o resultado da extubacéo foi
baixa a moderada, considerando os resultados de todos os estudos incluidos. Uma
analise de subgrupo incluindo apenas os estudos com ponto de corte entre 55-65
L/min mostrou um desempenho um pouco melhor, porém ainda moderado.
Conclusao: A avaliacdo do PFT considerando um ponto de corte entre 55-65 L/min
pode ser Gtil como uma medida complementar antes da extubacéo. Sdo necessarios
mais estudos com protocolos bem estabelecidos para elucidar o melhor método e
equipamento para registrar o PFT, bem como o melhor ponto de corte.

Palavras-chaves: Desmame; Extubacéo; Ventilacdo mecanica; Tosse.



ABSTRACT

Background: A considerable proportion of patients who succeed in the spontaneous
breathing trial (SBT) are reintubated because of the incapacity to protect their airways.
This systematic review was designed to assess the cough peak flow CPF usefulness
to predict the extubation outcome in patients who passed an SBT. Methods: The
search covered the databases MEDLINE, EMBASE, LILACS and IBECS scientific
databases, CINAHL, SciELO, Cochrane, Scopus, Web of Science, and gray literature.
The Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) was used to
assess the methodological quality and risk of study bias. The statistical heterogeneity
of likelihood and diagnostic odds ratios was evaluated using forest plots and the
Cochran’s Q statistic, and a crosshair summary receiver operator characteristic
(SROC) plot using the multiple cutoffs model was calculated. Results: Many studies
presented unclear risk of bias in the “patient selection”, and “flow and time” criteria. Of
the 12 included studies, 7 presented “high risk” and 5 a “unclear risk” in the item
“‘Reference Standard”, because of lack of objective clinical criteria for reintubation, use
of rescue therapy and non-exclusion of patients who reintubated for laryngospasm.
The diagnostic performance of CPF for extubation outcome was low to moderate when
considering the results from all included studies. A subgroup analysis including only
the studies with a cutoff between 55-65L/min showed a slightly better performance,
however, still moderate. Conclusion: The CPF assessment considering a cutoff
between 55-65L/min may be useful as a complementary measurement prior to the
extubation. More well-designed studies are needed to elucidate the best method and
equipment to record CPF, as well as the best cutoff.

Keywords: Extubation, mechanical ventilation; weaning; Cough.
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Capitulo 1 Reviséo de Literatura

1.1 Questao Clinica

1.1.1  Ventilagdo mecénica invasiva e desmame ventilatorio

Nos ultimos anos, diversos foram os avanc¢os no tratamento das doencas e dos
instrumentos utilizados na unidade de terapia intensiva (UTI) e no ambito da ventilagéo
mecanica (VM), levando a maior sobrevida de pacientes criticos (BRAUNER et al,
2015; ADLER & MALONE, 2012). A VM invasiva tem como finalidade manter uma
adequada aeracao alveolar, fornecer oxigénio, restabelecer o equilibrio acido-base e
suprir as demandas ventilatorias, diminuindo o esforco ventilatorio do paciente (TOFT
et al, 2014; KRESS, 2009).

O suporte ventilatério invasivo se faz necessario principalmente no tratamento
da insuficiéncia respiratéria em pacientes com doencas agudas ou crbnicas
agudizadas; contudo, a descontinuacdo da VM continua sendo o objetivo primordial
no cuidado diario de pacientes intubados na UTI (TANIOS et al, 2006; MACINTYRE
et al, 2001). Ou seja, uma vez que houver a resolucdo do fator que motivou a
intubacado, o préximo passo € a remocao do tubo endotraqueal de maneira segura
para o paciente.

A liberacédo dos pacientes da VM faz-se através de dois processos: em primeiro
lugar, a remocéo do suporte ventilatorio para que o mesmo respire sem assisténcia;
em segundo lugar, a remocéao do tubo endotraqueal ou extubac&o. Considerando que
a descontinuidade da VM se refere a remocéao do tubo endotraqueal, o desmame trata-
se da retirada gradual do suporte ventilatério, para que o paciente possa tolerar um
ambiente sem a necessidade do suporte mecanico (ESTEBAN et al, 1999; ESTEBAN
et al, 1995; ELY et al, 1996).

Os parametros mais frequentemente utilizados para avaliar a capacidade de
ventilacdo espontdnea e o potencial para desmame sdo a relacdo da frequéncia
respiratoria e do volume corrente, denominado indice de respiracdo rapida e
superficial (IRRS) e o teste de respiracdo espontanea (TRE) (SMAILES et al, 2013;
BEURET et al, 2009; KHAMIEES et al, 2001).
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Atrasos no processo do desmame podem levar a diversas complicacdes, como
pneumonia associada a ventilacdo mecanica, lesdo pulmonar associada ao ventilador,
atelectasias, miopatia, dentre outras. Entretanto, a descontinuacao prematura da VM
pode ocasionar a reintubagéo associada a maior morbidade e aumento do tempo de
internacdo hospitalar, podendo acarretar aumento da mortalidade em 25% a 50%
(THILLE et al., 2013; MACINTYRE et al, 2001).

1.1.2 Teste derespiracao espontanea

O TRE é um dos métodos para avaliar a interrupcéo da ventilagdo mecanica,
sendo considerado uma das técnicas mais eficazes para o desmame. Pode ser
realizado através de duas maneiras: retirada total do suporte ventilatorio mecéanico,
adaptando-se uma pecga em forma de “T” através do tubo endotraqueal com uma fonte
enriquecida de oxigénio ou promovendo diminui¢cao da pressao de suporte ventilatorio
(PSV) até 7 cmH-0 no ventilador mecanico. E considerado positivo quando o paciente
consegue tolerar 30 minutos ou mais, em qualquer uma das técnicas, de maneira
estavel (SMAILES et al, 2013; BOLES et al, 2007).

Diretrizes para o0 desmame de VM recomendam a remocao do tudo
endotragueal, quando o paciente obtém resultado positivo no TRE, entretanto, uma
parcela destes pacientes necessita de restabelecimento do suporte ventilatério,
embora tenham obtido sucesso no teste (BOLES et al, 2007; MACINTYRE et al, 2001).

1.1.3 Falha naextubacao

Decisbes sobre o0 momento da extubacdo sdo importantes no manejo dos
pacientes em terapia intensiva porque o aumento na duracdo da ventilacdo mecéanica
estd associado ao aumento da mortalidade (EPSTEN, 2009). Portanto, se faz
necessaria a descontinuidade da VM assim que possivel. No entanto, pacientes que
falham no processo de extubacao tém desfechos mais desfavoraveis do que aqueles
gue sédo bem-sucedidos (FRUTOS-VIVAR et al, 2011; TORRES et al, 1995).

Estudos apontam que 12,4% a 21% dos pacientes necessitam de reintubacao

dentro de 48 a 72 horas, ainda que tenham passado no teste de respiracao
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espontanea (HAYASHI et al, 2013; LIU et al, 2010; SOLSONA et al, 2009; NAVALESI
et al, 2008; EL SOLH et al, 2004). Diversos estudos relatam que a reintubacao resulta
de muitas razdes, dentre elas tosse ineficaz, grande quantidade de secrecéo, idade
avancada, comprometimento do estado neuroldgico e/ou laringoespasmo. (SALAM et
al, 2004; SMINA et al, 2003; ROTHAAR & EPSTEN et al, 2003; KHAMIEES et al,
2001; EPSTEN & CIUBOTARU, 1998).

EPSTEN (2002) relata que existem trés causas principais para a falha na
extubacdo: desequilibrio entre a capacidade muscular respiratéria e a carga
mecanica, obstrucdo das vias aéreas superiores, e a incapacidade de eliminar as
secrecdes respiratérias.

Segundo MENON e colaboradores (2012), a reintubacéo esta associada com
um aumento de cinco vezes nas chances relativas de morte e um aumento de duas
vezes no tempo de permanéncia na UTI, além dos custos institucionais elevados.

Percebe-se entdo que, embora o TRE seja amplamente utilizado para
demonstrar a capacidade de ventilacdo espontanea dos pacientes, este procedimento
nao evidencia se 0S mesmos permanecerdo sem o suporte ventilatorio e/ou se estao
capacitados a protegerem as vias aéreas inferiores (ROTHAAR & EPSTEN et al,
2003). Logo, sdo necessarios parametros mais acurados para a tomada de deciséo
do desmame nessa populacéo.

Assim sendo, se faz necessario evitar a reintubacéo através da avaliacao de
outros parametros vitais neste processo, para garantir o sucesso da extubacéo e por

conseguinte seguranca e bem-estar do paciente.

1.1.4  Secrecéo

O muco ou secrecdo é produzido por células caliciformes, plasmaticas,
pneumacitos tipo Il e glandulas. Trata-se de um coloide hidrofilico, cuja composicao
compreende 95% de agua, 1% de proteinas, 0,9 % de carboidratos e 0,8% de lipideos
(WIDDICOMBE et al, 1995). Em condic¢es fisiologicas, sdo produzidos diariamente
cerca de 100 ml de muco no trato respiratorio inferior, esta producao € levada ao trato
respiratorio superior pelo aparelho mucociliar, onde sofre o processo de degluticéo,
sem causar sintomas (WANNER et al, 1996).
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Pacientes em VM comumente evoluem com retengao de secregao pulmonar, o
que é exacerbado pela presenca da via aérea artificial e a utilizacdo de altos fluxos
inspiratérios, os quais comprometem a depuracao mucociliar (SILVA et al, 2008;
CHANG et al, 2005). A ventilacdo com elevadas concentracdes de oxigénio e uso de
sedativos também sdo fatores que expdem o paciente a maior retencéo de secrecao
(SCHETTINO et al., 2007).

Tanto o aprisionamento de secrecdo nas vias aéreas quanto a producao
excessiva deste muco associada a agentes biolégicos agressores, favorecem o
aumento da resisténcia das vias aéreas, ocasionando esforco muscular
compensatorio. De maneira que, se 0s musculos respiratérios ndo estiverem aptos a
mudanca de impedéancia pulmonar, condi¢ées de hipoventilacdo e fadiga muscular
podem agravar o quadro (SCHETTINO et al, 2007). Em funcéo disto, a dificuldade de
clearance das vias aéreas dificulta o desmame ventilatério, ou, uma vez que 0O
paciente seja extubado, eleva as chances de falha no processo (MARTIN et al, 2013,
MACHT et al, 2012).

1.1.5 Forcadatosse

Existem dois mecanismos de depuragdo para protecdo das vias aéreas com
relacéo a entrada de particulas provenientes do meio externo: o clearance mucociliar
e a tosse. No clearance mucociliar, 0s movimentos ciliares impulsionam, no sentido
cranial, uma fina camada de muco contendo as particulas a serem depuradas. A tosse
€ o principal mecanismo fisiolégico responsavel pelo clearance de secrecfes das vias
respiratérias e de defesa pulmonar (FREITAS et al, 2010; CHANG, 2006). Através da
manobra de tosse é possivel aferir o fluxo expiratério maximo, denominado pico de
fluxo de tosse (PFT) (WINCK et al, 2015).

A tosse € um mecanismo complexo de protecéo da arvore brénquica, podendo
ser iniciada de forma voluntaria ou involuntaria. Na tosse voluntaria é necessaria uma
eficaz coordenacdo e atividade neuromuscular respiratéria preservada, pois ela é
controlada pelo coértex cerebral sendo iniciada por irritacdo ou acdo voluntaria
consciente. Entretanto pacientes criticos muitas vezes estdo expostos a sedacao
residual ou outros fatores que podem comprometer a avaliagdo voluntéaria, a tosse

involuntéria é controlada pelo tronco cerebral e s6 € iniciada quando o estimulo atinge
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um limiar reflexo, onde a avaliacdo da forca da tosse esta associada a intensidade da
irritacdo (DUAN et al, 2014; SMINA et al, 2003).

A efetividade da remocdo do muco depende da magnitude do pico de fluxo
gerado durante a tosse. A partir de uma inspiracao profunda ocorre a elevagao da
pressao intrapulmonar, fechamento da glote, contragdo muscular expiratéria o que
proporciona altos fluxos na fase explosiva da tosse, removendo corpos estranhos ou
secrecdes (SULEMAN et al, 2004; ISHII, 2004).

1.1.6 Pico de fluxo da tosse

Os primeiros estudos voltados para avaliar a forca da tosse datam da década
de 1950. Na revisao sobre o tema, FREITAS et al (2010) citam estudos que avaliaram
as variacoes na pressao pleural e do fluxo de ar na boca durante a tosse, ao mesmo
tempo em que realizavam radiografias de torax seriadas. A avaliacdo da forca da tosse
deve ser incorporada na decisdo quanto ao processo de extubacdo de um paciente
(SMAILES et al, 2013).

O PFT é o fluxo expirado maximo medido durante uma manobra de tosse, e é
uma medida da capacidade de limpar secrecdes e proteger as vias aéreas. Trata-se
de um procedimento de medicéo simples, barato e facilmente reproduzivel, podendo
ser aferido de maneira voluntaria (necessita da cooperacdo do paciente) ou
involuntéria (estimulo através de cateter ou instilacdo de solucéo salina) (JIANG et al,
2017; KUTCHUAK et al, 2015; DUAN et al, 2014). Sua afericdo pode ser obtida com
auxilio de um aparelho eletrébnico denominado Peak Flow Meter ou através do
ventilador mecéanico diretamente (BAl & DUAN, 2017; SMAILES et al, 2013; FREITAS
et al, 2010) (Figura 1).

O PFT medido antes da extubacao tem sido utilizado como variavel preditora
da extubacdo bem-sucedida de pacientes em ventilacdo mecéanica (KUTCHUAK et al,
2015; WINCK et al, 2015; SU et al, 2010; DUAN et al, 2014; BEURET et al, 2009;
SMINA et al, 2003; SALAM et al, 2004). O PFT é um preditor de reintubacao,
apresentando sensibilidade e especificidade de moderada a alta para distinguir se a
extubacgdo serd ou ndo bem-sucedida (BAlI & DUAN, 2017; DUAN et al, 2015; DUAN
et al, 2014).
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Figura 1: Medida de Pico de Fluxo da Tosse com Piko 1.

Fonte: Ferraris Respiratory, Hertford, UK.

1.2 Revisao sistematica e meta-analise

1.2.1 Definicédo de reviséo sistematica

Revisdo sistematica trata-se de um estudo secundario que tem por objetivo
reunir estudos semelhantes, publicados ou ndo, por meio de metodologia confiavel,
rigorosa e reprodutivel. E localizar, avaliar criticamente e interpretar todos os estudos
disponiveis para uma determinada questdo de pesquisa, area do conhecimento ou
fendmeno de interesse. O resultado dessa revisdo apresenta o atual conhecimento
sobre determinado fator de exposicdo (sintese qualitativa) (HALLIGAN, 2005;
CLARKE et al, 2001). As revisdes sistematicas sao imprescindiveis para os envolvidos
em processo de tomada de decisédo relacionada a condutas de salde (CLARKE et al,
2001).

1.2.2 Revisao sistematica de estudos observacionais
comparativos sobre prognadstico

Com o surgimento da préatica baseada em evidéncias, se fez necessaria uma
sintese de evidéncias confidveis e respostas rapidas as questdes clinicas para
embasar a tomada de decisdo em saude. Um ensaio clinico randomizado é o
delineamento de pesquisa ideal para a avaliacdo dos efeitos de intervencdes.



21

Contudo, estes ndo sdo adequados ou viaveis para responder determinadas questbes
de pesquisa, principalmente sobre fatores de risco ou prognéstico (MINISTERIO DA
SAUDE, 2014).

Progndéstico, de maneira simples, é a predicdo do curso de uma doenca ou
exposicdo, apOs sua instalacdo. Inicialmente uma amostra de pessoas com
caracteristicas em comum é observada prospectivamente por um periodo pré-
determinado para avaliacdo da ocorréncia do desfecho pré-determinado. Revisdes
sistematicas relacionadas a fatores de risco e prognéstico incluem frequentemente
estudos observacionais comparativos, que sado aqueles nos quais o pesquisador
observa e compara os eventos enquanto eles ocorrem, coletando assim os dados.
Esse tipo de estudo enfrenta diferentes desafios, como ponto de corte distintos para
resultado positivo ou negativo, forma em que os exames foram avaliados, 0 acaso e

as diferencgas de delineamento, entre outros (DINNES et al, 2005).

1.2.3 Definicdo de meta-analise

Meta-analise € um método estatistico que combina os resultados de dois ou
mais estudos independentes, gerando uma Unica medida estimativa de efeito (COOK
et al, 1997). Para que seus resultados tenham significado aplicado, os estudos que
compde os dados da meta-analise devem ser o resultado de uma revisao sistematica
(COOK et al, 1997; MULROW, 1994).

Segundo o MINISTERIO DA SAUDE (2014), a escolha acerca de qual método
€ 0 mais apropriado para a realizar a meta-analise esta diretamente relacionada com
0 grau de heterogeneidade entre os estudos incluidos na revisdo sistematica. A
precisao da estimativa nhormalmente aumenta com a quantidade de dados, conferindo
maior poder a meta-analise para detectar diferencas reais na acuracia entre testes de
estudos isolados e podendo gerar estimativas mais precisas de sensibilidade e
especificidade esperadas (THE COCHARENE COLLABORATION, 2010).
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1.3 Justificativas

1.3.1 Relevancia para as Ciéncias da Reabilitacao

Pacientes que evoluem com a necessidade de suporte ventilatorio mecanico
invasivo estdo mais expostos ao surgimento de complicacdes quando comparados a
pacientes criticos ndo entubados. Levando-se em consideracdo essa probabilidade,
um passo crucial para a transi¢cao da ventilacdo mecanica para a extubacéo é o bom
desempenho obtido no teste de respiracdo espontanea. No entanto, isso ndo garante
gue a extubacédo serd bem-sucedida, pois ainda permanece o risco da reintubacao. A
avaliacdo do pico de fluxo da tosse tem se mostrado promissora e com potencial para,
em conjunto com outros meétodos, predizer 0 sucesso no processo da extubacao
através da avaliacdo da forca da tosse.

Apesar dos resultados promissores, a avaliacdo do PFT é pouco utilizada nas
UTI. Na literatura vigente existem varios aspectos metodolégicos a serem
considerados nos estudos, bem como diferencas quanto a acuracia diagnéstica, o
melhor valor de corte para prever o sucesso na extubacédo e qual a melhor maneira
de realizar a medi¢cdo. Deste modo, a possibilidade de compilar os achados em um
Unico estudo, juntamente com uma analise estatistica objetivando sumarizar as
medidas de progndstico apresentadas em uma unica medida, justifica a necessidade
e a importancia da realizacdo de uma reviséo sistematica com meta-analise sobre o

tema.

1.3.2 Relevancia para a Agenda de Prioridades do Ministério da

Saude

A avaliacdo do PFT para predizer o sucesso no processo da extubacéo pode
ser inserida no eixo 7 da Agenda de Prioridades do Ministério da Saude?! que aborda
0 tema economia e gestdo em em saude. O item 7.9 trata da analise da relacao entre

custos hospitalares e melhoria dos desfechos do cuidado em ambito nacional, e uma

! http://bvsms.saude.gov.br/bvs/publicacoes/agenda_prioridades_pesquisa_ms.pdf


http://bvsms.saude.gov.br/bvs/publicacoes/agenda_prioridades_pesquisa_ms.pdf
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vez que o PFT se apresente como bom preditor do processo de extubacao, isso pode

acarretar menor tempo de estadia na terapia intensiva e no ambiente hospitalar.
1.3.3 Relevancia para o Desenvolvimento Sustentavel

O 3° Objetivo do Desenvolvimento Sustentavel? contempla a “Salde e Bem
Estar”, e o escopo deste trabalho é justamente otimizar os cuidados de saude
aplicados aos pacientes criticos promovendo maior qualidade e precisdo nas decisées

a serem tomadas.
1.4 Objetivos

1.4.1 Primario

Elaborar uma revisdo sistematica objetivando localizar, avaliar criticamente e
interpretar os resultados dos estudos que avaliaram a forca da tosse como preditora

no sucesso da extubacé&o orotraqueal.
1.4.2 Secundario

Compilar os resultados dos estudos encontrados em uma Unica analise
estatistica, meta-analise, a fim de aumentar o entendimento e aplicacéo clinica no dia-

a-dia.

2 https://nacoesunidas.org/pos2015/0ds3/


https://nacoesunidas.org/pos2015/ods3/
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Capitulo 2 Participantes e Métodos

2.1 Aspectos éticos

Por se tratar de um estudo de dados secundarios publicos, este protocolo de
pesquisa esta isento de submissdo ao Comité de Etica de acordo com a Resolucéo
466/2012 da Comissao Nacional de Saude.

2.2 Delineamento do estudo

Trata-se de uma revisdo sistematica com meta-analise. O manuscrito foi
relatado seguindo o Preferred reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) (Figura 2).

Elaboragdo da Elaboragao do Busca de
questdo da Definicao PECO protocolo da potenciais
pesquisa revisao estudos elegiveis

Exclusdo artigos
ndo relacionados
ao tema

Metanalise dos
dados

Definicdo dos
artigos que serao
incluidos

Discussdo dos
achados

Extraicao dos
dados dos
estudos

Avaliagdo critica
dos estudos

Figura 2: Fluxograma resumido da estratégia da revisao sistematica.

PECO: Populacéo; Exposicéo; Controle; Desfecho (Outcome).

Fonte: adaptado de Ministério da Saude, 2014
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2.2.1 Local derealizacédo do estudo

Este estudo foi conduzido no Laboratério de Desempenho Cardiorespiratorio
do Centro Universitario Augusto Motta (UNISUAM).

2.2.2 Registro do protocolo

O protocolo de pequisa foi registrado no International Prospective Register of
Ongoing Systematic Reviews (PROSPERO) (https://www.crd.york.ac.uk/prospero/)
sob o numero de registro CRD42019143195, cujo objetivo é garantir que o estudo seja
conduzido de acordo com o plano inicial do protocolo, independentemente dos

resultados obtidos serem positivos ou néo.

2.3 Definicao da questéo da pesquisa estruturada no

acréonimo PECO

Para realizacdo de uma revisédo sistematica € necessario que se inicie com a
exposicdo de uma ideia clara e objetiva. O conceito da questdo de pesquisa foi
introduzido em 1995, com o intuito de identificar as palavras-chave que representem
a questao clinica a ser estudada (RICHARDSON et al, 1995). A fim de orientar este
processo, convencionou-se basear nos componentes do acrénimo PECO, onde cada
letra representa uma questdo a ser analisada (MINISTERIO DA SAUDE, 2014).

Para cada elemento do acrénimo PECO é proposto o seguinte: P - Populagéo:
abordagem de um grupo especifico a ser estudado, com suas caracteristicas e sua
situacdo clinica (population). E — Exposicao/Avaliacdo: o fator de exposi¢cdo ou
avaliacdo deve ser definido claramente, incluindo critérios para sua afericao,
dose/quantidade da exposicao, entre outros. C — Controle: deve-se estabelecer um
comparador ou controle definido. O- Desfecho (Outcome): definicdo de desfecho
clinico. Podem estar associados a mortalidade, morbidade, quantidade de vida ou
desfechos substitutos que fornegcam informacgdes relevantes sobre determinada area
do conhecimento (MINISTERIO DA SAUDE, 2014). O Quadro 1 Apresenta com o foi

definida a questao da pesquisa baseada no PECO.


https://www.crd.york.ac.uk/prospero/
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Quadro 1. Estratégia PECO para formulacdo da questdo de pesquisa. Fonte:
adaptado de Ministério da Saude, 2014.
P Populagéo de Pacientes em VM que passaram no TRE
interesse

E  Exposicdo/Avaliacdo Avaliacao do PFT

Controle Sucesso ou insucesso na extubacgao
O Desfecho Capacidade de avaliagao do PFT para predizer o sucesso na
extubacéo

2.4 Amostra

2.4.1 Tipos de estudo incluidos

Foram incluidos estudos observacionais do tipo coorte os quais avaliaram o

pico de fluxo da tosse antes do processo de extubacéo.

2.4.2 Critérios de inclusdo dos estudos

1. Estudos prospectivos ou retrospectivos revisado por pares em inglés,
portugués ou espanhol,

2. Pacientes maiores de 18 anos submetidos a ventilagdo mecanica por mais de
24 horas;

3. Pacientes submetidos a avaliacdo do pico de fluxo da tosse previamente ao
processo de extubacéo;

4. Pacientes que obtiveram sucesso no Teste de Respiracdo Espontanea com

peca “T” ou PSV baixo, aptos a serem extubados;

2.4.3 Critérios de exclusao dos estudos

Inclusdo de pacientes tragueostomizados na amostra;
Inclusdo de pacientes extubados para conforto clinico na amostra;
3. Resumos, cartas, editoriais, opinides de especialistas, criticas e casos

relatorios.
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2.5 Procedimentos

2.5.1 Buscade potenciais estudos elegiveis

A busca foi abrangente o suficiente para assegurar a recuperacao de todas as
evidéncias disponiveis para a questdo da pesquisa, podendo ser reprodutivel, para
garantir a validade. A pesquisa foi realizada nas bases de dados consideradas
essenciais, além de fonte de dados nédo publicados e literatura cinzenta.

2.5.2 Elaboracéo da estratégia e termos de busca

No Quadro 2 encontra-se a construcdo da estratégia de busca detalhada. A
estratégia de busca foi componente chave da revisdo, sendo baseada na questao da
pesquisa. Foi utilizado o vocabulario controlado, que é o descritor de assunto no qual
o artigo foi indexado na base. Foram utilizados o Medical Subject Headings (MeSH) e

os Descritores em Ciéncias da Saude (DeCS).

Quadro 2 — Construcdo da estratégia de busca baseado na questdo da

pesquisa. Fonte: Elaboracéo proépria.

Descritores em | Sindnimo | Descritores | Entry terms
portugués portugués | eminglés (Sinénimo
inglés)
“Respiration, Artificial” OR
“Artificial Respiration” OR

“‘Respiracao Artificial” OR
“‘Respiracion artificial” OR

~

POPULACAO

“Artificial Ventilagao
Mecanica” OR Intubacdo OR
Intubacion OR “Cuidados
Criticos” OR “Cuidado
Intensivo” OR “cuidados
intensivos” OR “terapia
intensiva”

“Artificial Respirations” OR
“Respirations Atrtificial” OR
“Ventilation Mechanical” OR
“Mechanical Ventilations” OR
“Ventilations Mechanical” OR
“Mechanical Ventilation” OR
Intubation OR Intubations OR
“spontaneous breathing trial”
OR “critical care” OR
“intensive care” OR “Care,
Critical” OR “Care Intensive”
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Tos OR Tosse OR “Pico do Cough OR Coughs OR “Peak
Fluxo Expiratério” OR “Apice | Expiratory Flow Rate” OR

del Flujo Espiratorio” PEFR OR “Flow Rate, Peak
Expiratory” OR “Expiratory
Peak Flow Rate”

~

EXPOSICAO

Extubacdo OR “Extubacion “Airway Extubation” OR
Traqueal” OR “desmame do | weaning OR weanings OR
respirador” OR “Retirada do | extubation OR extubations
Respirador” OR “Retirada do | OR “Ventilator Weaning”
Ventilador” OR “Desconexién
del Ventilador” OR desmame

CONTROLE/
DESFECHO
(OUTCOME)

2.5.3 Processo de busca nas bases de dados

A primeira busca bibliogréafica foi realizada em 28/06/2019 as 11 horas com
auxilio de duas bibliotecarias experientes no processo de elaboracdo de revisao
sistematica e uma atualizacdo da busca em 04/03/2020 as 14 horas. Efetuada no
Portal da Biblioteca Virtual em Saude (BVS) abrangendo as bases de dados cientificas
Literatura Latino Americana em Ciéncias da Saude (LILACS) e indice Bibliografico
Espanhol em Ciéncias da Saude (IBECS), e nas bases de dados da area Ciéncias da
Saude Medical Literature Analysis and Retrieval System Online (MEDLINE) via
Pubmed, Excerpta Medical Database (Embase) e Cumulative Index to Nursing and
Allied Health Literature (CINAHL). No portal de revistas cientificas Scientific Electronic
Library Online (SciELO), no Registro Central Cochrane de Estudos Controlados
(Cochrane) e na literatura cinzenta. Além das bases multidisciplinares SciVerse
Scopus (Scopus) e Web of Science. Na Tabela 1 encontram-se os enderecos das

bases de dados.

Tabela 1: Bases de dados e respectivos acessos eletrénicos.

Bases de dados pesquisadas Endereco eletrénico
MEDLINE/PubMed www.pubmed.gov

Embase www.embase.com

Portal BVS https://bvsalud.org

Scopus http://scopus.com/home.url
CINAHL www.cinahl.com



http://www.pubmed.gov/
http://www.embase.com/
https://bvsalud.org/
http://scopus.com/home.url
http://www.cinahl.com/
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Cochrane https://www.cochranelibrary.com
Web Of Science https://login.webofknowledge.com
SciELO https://scielo.org

A estratégia de busca detalhada, assim como o quantitativo de estudos
encontrados em cada base de dados, encontra-se no Apéndice 1.

2.5.4 Fontes de dados néo publicados, em andamento e

literatura cinzenta

Estudos finalizados e ndo publicados foram buscados na base de registro de
protocolos: ClinicalTrials.gov (https://clinicaltrials.gov). A busca pela literatura
cinzenta, que néo é indexada em periddicos que publicam formalmente a literatura
cientifica, foi considerada segundo indicacdo do HANDBOOK da COCHRANE.

2.5.5 Avaliacéo da elegibilidade dos estudos

O total de artigos recuperados em todas as bases de dados foi registrado no
software EndNote Web e o processo de remocdo de duplicatas deu-se parte no
EndNote, parte através de busca manual. Apds estes registros, dois revisores (FG e
NF) realizaram a triagem dos artigos, primeiro com leitura dos titulos e resumos, e
apo6s com a leitura dos textos completos, removendo as referéncias que nado se
enquadravam nos critérios de elegibilidade estabelecidos pela revisdo. Estas etapas
foram realizadas pelos revisores FG e NA, de maneira independente e seus resultados
posteriormente confrontados a fim de chegar ao consenso dos estudos incluidos na

revisao.

2.5.6 Extracao de dados

Os revisores FG e NF realizaram a extracdo dos dados dos estudos incluidos,
guiados por uma ficha padronizada, construida em forma de planilha eletrénica
(Microsoft Excel, E.U.A.). Discrepancias entre os dois revisores foram resolvidas por

consenso. Foram coletadas todas as variaveis consideradas importantes para


https://www.cochranelibrary.com/
https://login.webofknowledge.com/
https://scielo.org/
https://clinicaltrials.gov/
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interpretacdo, calculo e aplicabilidade dos resultados para cada estudo incluido
(Quadro 3).
Quadro 3: Variaveis consideradas para extracao de dados.

* Numero (N) de * Delineamento dos  Coleta de variaveis
participantes; estudo; categoéricas e

« Média de idade; « Método de aplicagdo numericas;

« Comorbidades: do teste; * Medidas sumarias de

« Parametros clinicos de « Instrumento utilizado; desempenho no teste;
interesse para a * Presenca de terapia * Numero de pacientes
situacao clinica; de resgate. excluidos por

« Caracterizacéo da resultados
amostra. inconclusivos.

2.5.7 Avaliacédo da qualidade metodoldgica dos estudos e viés de

publicacéao

Dentre as ferramentas disponiveis para avaliar a qualidade metodoldgica dos
estudos, recomenda-se a utilizacdo do Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2). Trata-se da versdo atual da ferramenta mais comumente
utilizada em revisdes sistematicas de estudos de acuracia diagnostica.

Foi utilizado o QUADAS-2 para avaliar o risco de viés dos estudos
selecionados. O QUADAS-2 atual esta estruturado em quatro dominios-chave, que
representam as principais fontes de vieses. Esses dominios referem-se a: 1) Selecéo
de pacientes, 2) Teste indice, 3) Padrdo de referéncia e 4) Fluxo e tempo. Cada
dominio é avaliado em termos de risco de viés e, exceto para o dominio “fluxo e
tempo”, em termos de aplicabilidade do teste (WHITING et al, 2011).

Na avaliacéo do risco de viés, para cada um dos quatro dominios, as questdes
devem ser respondidas como “sim”, “ndo” ou “incerto”. Se todas as respostas forem
“sim”, significa baixo risco de viés; se qualquer questao for respondida como “nao”,
alerta para o risco de viés. Ao final das respostas, julga-se o risco de viés como

“baixo”, “alto” ou “incerto”, sem atribuicdo de pontuacdes.
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2.6 Analise dos dados

2.6.1 Plano de analise estatistica

A andlise estatistica foi realizada usando o Projeto R verséo 3.6.2 (R CORE
TEAM, 2019) e os pacotes diagmeta (RUCKER et al, 2019) e mada (DOEBLER,
2019), conforme recomendado (WANG & LEEFLANG, 2019).

Razdes de verossimilhanca positiva e negativa (+ LR e -LR, respectivamente;
trata-se da magnitude pela qual a probabilidade de extubagdo em um determinado
paciente é modificada pelos resultados do teste de pico de fluxo da tosse [PFT]) e a
razdo de chances de diagnostico (Odds ratio; razdo das chances de um resultado
positivo em um paciente com extubacdo bem-sucedida em comparacdo com um
paciente com extubacdo sem sucesso) foram calculados para cada estudo. O
agrupamento dos indices foi feito usando o modelo bivariado de Zwindermann &
Bossuyt (ZWINDERMAN & BOUSSUYT, 2008). Intervalos de confianca (IC 95%)
foram calculados usando o método de Wilson. A heterogeneidade estatistica da
probabilidade e razdo de chances de diagndstico foi avaliada usando grafico de florest
plot e a estatistica Q de Cochran, na qual cada estudo foi ponderado pelo uso de um
modelo de variancia inversa com heterogeneidade significativa quando p <0,05. Para
guantificar a extensao da heterogeneidade, a estatistica 12 de Higgin foi usada para
medir a porcentagem de variabilidade entre os indices sumarios causados pela
heterogeneidade e ndo pelo acaso (0% a 25%, pode nao ser importante; 25% a 50%,
pode representar baixa heterogeneidade; 50% a 75%, pode representar
heterogeneidade moderada; 75% a 100%, alta heterogeneidade) (HIGGINS et al,
2003).

Os valores de sensibilidade e especificidade emparelhados de cada estudo
foram apresentados através da curva SROC (summary receiver operating
characteristic) usando o modelo de pontos de multiplos cortes (STEINHAUSER et al,
2016). Uma curva suavizada foi ajustada entre os estudos para representar a relacéo
entre as fracdes positivas positivas e falsas positivas (1 - especificidade) de cada
estudo, a partir das quais foi calculada a area sob a curva ROC (AUROC). Uma anélise
de subgrupo foi realizada com estudos que relataram o valor de corte na faixa de 55
a 65 L/min.
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2.6.2 Disponibilidade e acesso aos dados

Os dados da pesquisa serdo disponibilizados, caso seja necessario, para

complementar o entendimento.
2.7 Orcamento e apoio financeiro

Todos os gastos com material de consumo foram custeados pelo pesquisador
principal e pelo patrocinador secundério.

Este estudo foi financiado pela Coordenacgéo de Aperfeicoamento de Pessoal
de Nivel Superior - Brasil (CAPES) - Cadigo Financeiro 001.

Quadro 4: Apoio financeiro.

CNPJ Nome Tipo de E-mail Telefone
Apoio
financeiro
00889834/0001- | CAPES | Bolsa prosup@capes.gov.br | (061) 2022-
08 6250
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Capitulo 3 Producéo Intelectual

3.1 Manuscrito #1

3.1.1 Metadados do manuscrito #1.

Journal: | Journal of Intensive Care

Two-year Impact Factor (YEAR)®: | 1.096

Classificacdo Qualis (ANO)*: | A2

Submetido/Revisado/Aceito em: | Submetido em 22 de junho

3.1.2 Contribuicdo dos autores do manuscrito #1 de acordo com

a proposta Contributor Roles Taxonomy (CRediT)>.

Iniciais dos autores, em ordem: | NAF | ASF | FSG
Concepcéo X X
Métodos X X X
Programacéo X X X
Validagao X X X
Analise formal X X X
Investigacao X X
Recursos X X X
Manejo dos dados X X X
Redacao do rascunho X X X
Reviséo e edigcdo X X X
Visualizagdo X X X
Supervisao X X X
Administracéo do projeto X X X
Obtencéo de financiamento X X X

% Disponivel para consulta em: www.scimagojr.com
4 Disponivel para consulta em: www.sucupira.capes.gov.br
5 Detalhes dos critérios em: https://doi.org/10.1087/20150211


http://www.scimagojr.com/
http://www.sucupira.capes.gov.br/
https://doi.org/10.1087/20150211
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Abstract

Background: A considerable proportion of patients who succeed in a spontaneous breathing
trial (SBT) are reintubated because of incapacity to protect their airways. This systematic
review was designed to assess the usefulness of cough peak flow (CPF) to predict the extubation
outcome in patients who passed an SBT.

Methods: The search covered the scientific databases MEDLINE, LILACS, IBECS, CINAHL,
SciELO, Cochrane, Scopus, Web of Science and gray literature. The Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) was used to assess the methodological quality and
risk of study bias. The statistical heterogeneity of likelihood and diagnostic odds ratios was
evaluated using forest plots and the Cochran’s Q statistic, and a crosshair summary receiver
operating characteristic (SROC) plot using the multiple cutoffs model was calculated.
Results: We initially retrieved 3522 references from the databases; from these, 12 studies
including 1757 subjects were selected for the qualitative analysis. Many studies presented
unclear risk of bias in the “patient selection” and “flow and time” criteria. Of the 12 included
studies, seven presented “high risk” and five “unclear risk on the item “reference standard.”
The diagnostic performance of CPF for extubation outcome was low to moderate when we
considered the results from all included studies, with a +LR of 1.360 (95% CI 1.240-1.530),
—LR of 0.218 (95% CI 0.159-0.293) and DOR of 6.450 (95% CI 4.490-9.090). A subgroup
analysis including only the studies with a cutoff between 55 and 65L/min showed a slightly
better, though still moderate, performance, with a +LR of 1.390 (95% CI 1.270-1.540), —LR of
0.176 (95% CI 0.109-0.267) and DOR of 8.400 (95% CI 4.740-13.600).

Conclusion: A CPF assessment considering a cutoff between 55 and 65L/min may be useful
as a complementary measurement prior to extubation. More well-designed studies are needed

to elucidate the best method and equipment to record CPF as well as the best cutoff.

Keywords: Extubation; mechanical ventilation; weaning; cough.
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BACKGROUND

Mechanical ventilation (MV) is essential in approaching respiratory failure; however,
the decision on the ventilatory support interruption is paramount in the care of critically ill
patients. Increases in MV duration are associated with increased mortality and complications
such as ventilator-associated pneumonia, ventilator-associated lung injury, atelectasis and
pneumothorax, among others [1-3]. Therefore, the discontinuation of MV should be provided
as soon as possible. On the other hand, early extubation may lead to reintubation, which also
results in increased morbidity, increased length of hospital stay and mortality [4,5].

With the goal of avoiding the complications resulting from the unnecessary permanence
and precocious withdrawal of the endotracheal tube, a spontaneous breathing trial (SBT) is
recommended in the current weaning guidelines to assess the patient’s ability to breathe
spontaneously [1,6,7]. This can be accomplished in two ways: through total removal of the
mechanical ventilatory support by connecting a T-shaped piece in the endotracheal tube with
an enriched oxygen source, or through a reduction in ventilatory pressure support to about 7
cmH20. A trial is considered successful when the patient tolerates 30 minutes or more of either
technique [6,8]. Although the SBT has proven high accuracy in predicting the weaning
outcome, 12.4% to 21% of patients who succeed in this test require reintubation within 48 to
72 hours [6-13]. One of the main reasons reported for reintubation is ineffective coughing,
resulting in secretion retention in the post-extubation period, which cannot be predicted by the
SBT [14-16].

Many studies have reported that cough strength assessment by measurement of cough
peak flow (CPF) is highly accurate in predicting the extubation outcome [17-20]. Moreover,
this assessment is advocated as objective, easy to perform, inexpensive and reproducible
[21,22]. Despite these promising results, though, there are several methodological aspects to be

considered in related studies, as well as differences regarding the accuracy, the best cutoff value
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to predict extubation success and how to obtain the measurement. Therefore, we decided to
systematically review the literature to assess the accuracy of CPF measurement and the best

cutoff point, as well as technical issues regarding the procedure.

METHODS

The review methodology was defined prior to the start of data research. The protocol has been
registered in the International Prospective Register of Ongoing Systematic Reviews
(registration number CRD42019143195). Changes were made in the initial protocol to include
further subgroup analyses. The systematic review was reported according to the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist [23].

Search strategy

Electronic searching in databases was carried out on 04/03/2020 and guided by two
experienced librarians and two researchers (FG and NA). It covered the following databases
and portals: MEDLINE via Pubmed; BVS Portal, including LILACS and IBECS scientific
databases; CINAHL; SciELO; Cochrane; Scopus; Web of Science; EMBASE; and gray

literature. Additionally, we searched a clinical trials registry (http://clinicaltrials.gov) for

unpublished and ongoing studies.

The search strategy used the following keywords: (“artificial respiration” or “ventilation
mechanical” or “intubation” or “spontaneous breathing trial” or “critical care” or “intensive
care”) and (cough or “peak expiratory flow rate”) and (“airway extubation” or weaning or
“ventilator weaning” or extubation). For the EMBASE database, the search strategy was
((“artificial ventilation” or intubation or “intensive care”) and coughing or “peak expiratory

flow”) and weaning or “ventilator weaning” or “extubation failure.”
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The research was designed to obtain the highest possible sensitivity, while specificity
was warranted by manual reviews of the retrieved results. FG and NA independently examined
the titles and abstracts resulting from the electronic search to exclude obviously irrelevant
articles. After this stage, the full texts of the other studies were evaluated. The two reviewers

discussed the texts to reach a consensus when there was disagreement.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) type of study: prospective or retrospective
peer-reviewed studies in English, Portuguese or Spanish; (2) population: patients older than 18
years under MV for more than 24 hours who were successful in the spontaneous breathing test
(SBT) and considered able to be extubated; (3) index test/assessment: measurement of CPF
prior to the extubation process; and (4) predefined results: the expected outcome of CPF
assessment’s ability to predict extubation success or failure. The following were excluded: (1)
abstracts, letters, editorials, expert opinions, reviews and case reports; (2) studies with

tracheotomized patients; and (3) studies with patients extubated for clinical comfort.

Data extraction

Two reviewers (FG and NA) extracted data independently using a predefined data
extraction form. Data extracted included the first author’s name, year of publication, study
design, cough assessment method (voluntary or involuntary), instrument used for measurement,
use of rescue therapy (yes or no, device), sample size (N), extubation failure or success (N),
sensitivity and specificity, cutoff, area under the receiver operating characteristic curve (AUC),
positive and negative predictive value, relative risk, odds ratio and positive and negative
likelihood ratios. Articles by the same author were carefully examined to avoid duplication of

included studies, and any disagreement was resolved by consensus.
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Quality assessment and publication bias

The Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) [24] was used to
assess the methodological quality and risk of study bias. The tool is structured in four domains
that present the main sources of bias, including patient selection, index testing, reference
standard and flow and time. Each domain is assessed for bias risk and, except for the flow and

time domain, for test applicability.

Statistical analysis

Statistical analysis was performed using R Project version 3.6.2 [25] and packages
diagmeta [26] and mada [27], as recommended [28].

Positive and negative likelihood ratios (+LR and —LR, respectively; the magnitude by
which the probability of extubating in a given patient is modified by the results of the CPF test)
and the diagnostic odds ratio (DOR; the ratio of the odds of a positive result in a patient with
successful extubation compared with a patient with unsuccessful extubation) were calculated
for each study. Pooling of the indices was done with the bivariate model of Zwindermann &
Bossuyt [29]. Confidence intervals (95%CI) were calculated using Wilson’s method. The
statistical heterogeneity of likelihood and DORs was evaluated using forest plots and the
Cochran’s Q statistic, in which each study was weighted by use of an inverse variance model
with significant heterogeneity when p < 0.05. To quantify the extent of heterogeneity,
we used Higgins’s I? statistic to measure the percentage of variability among summary indices
that was caused by heterogeneity rather than chance (0% to 25%, may not be important; 25%
to 50%, may represent low heterogeneity; 50% to 75%, may represent moderate heterogeneity;

75% to 100%, may represent high heterogeneity) [30].
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The paired sensitivity and specificity values of each study were presented on a crosshair
summary receiver operating characteristic (SROC) plot using the multiple cutoffs model [31].
A smoothed curve was then fitted across studies to represent the relationship between true
positive and false positive (1-specificity) fractions of each study, from which the area under the
ROC (AUROC) curve was calculated. To investigate whether variation in the diagnostic
threshold affected the shape of the SROC curve, the threshold effect was tested using the
regression equation log (DOR) = a + bxS, where S is a measure of the diagnostic threshold (null
hypothesis: b=0). A subgroup analysis was conducted with studies that reported a cutoff value

in the range of 55 to 65 L/min.

RESULTS

Literature search results

We initially identified 3522 references in the databases, and after the removal of 818
duplicates, we obtained 2704 studies. Of these, we discarded 2654 articles after reading the
titles and abstracts. We examined the full texts of 50 articles and excluded 38 that did not meet
the inclusion criteria. After all these processes, 12 articles were selected for inclusion in this
review (Figure 1).

Characteristics of the studies

The main individual characteristics of the studies are summarized in Table 1. Among
the 12 included studies [8,17-19,22,32-38], two had their results divided for analysis [33,36].
Thus, 14 set of results are presented in Table 2, with one (8%) study published in the years
2003, 2004, 2009, 2010, 2013, 2014, 2016 and 2018; two (17%) studies published in 2015; and
two (17%) studies published in 2017. The total sample size from the included studies was 1757

(range 88 to 356) participants, of whom 135 were classified as neurological and 125 were
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classified as burned. Cough assessment was performed voluntarily in nine articles and
involuntarily in two articles, and one article compared the two forms. Four articles used
noninvasive ventilation (NIV) as rescue therapy, and one of those also used mechanically
assisted cough. Two studies assessed CPF with a mechanical ventilator, and one of those
compared the evaluation of the CPF through the spirometer and ventilator. The post-extubation
observation period was up to 72 hours in seven studies, up to 48 hours in four studies and up to
hospital discharge in one study. In the studies in which there was not a contingency table, we
e-mailed the authors to ask for data to construct 2 X 2 tables.

The ROC curve was calculated in seven studies, while the cutoff point was defined “a
priori” in five studies. Specificity and sensitivity values ranged from 55.1 to 87 and from 69 to
85, respectively. The area under the ROC curve ranged from 0.61 to 0.83, and the averaged
cutoff value for CPF was 59.3 £ 9.9 L/min (range 35 to 80 L/min). Ten (71%) results from nine
studies used cutoff values in the range of 56 to 62.4 L/min. The total number of successful cases
was 1677 (84%), with an average CPF value of 83.6 £ 17.9 L/min (range 63.6 to 125.8 L/min).
The total number of failures was 321 (16%), with an average CPF value of 55.5 £ 11.1 L/min
(range 36.3 to 75.8 L/min). Details of all included studies are shown in Table 1 and 2.

Quality assessment in included studies

Most studies presented a low to unclear risk of bias in the overall analysis, except for
the item “reference standard.” Of the 12 included studies, seven presented a “high risk” and
five an “unclear risk” due to lack of objective clinical criteria for reintubation and non-exclusion
of patients who were reintubated for laryngospasm. The use of NIV as rescue therapy was
observed in four studies, being classified as “unclear risk” for bias in the item “flow and time”.
Three studies including reintubated patients were also assigned as having “unclear risk” in the

item “flow and time.” Three studies reported that patients were ready to wean but did not
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describe specific criteria, so we assigned them the “unclear risk” classification in the item

“patient selection” (Figure 2).

Quantitative data synthesis

Regarding the confusion matrix analysis, 10 (71%) results reported sensitivity and
specificity values alongside the area under the ROC curve. Four (29%) results reported positive
and negative predictive values. Five (36%) results reported positive likelihood values, and four
(29%) negative ones. Five (36%) studies also reported relative risk, whereas only three (21%)
reported the odds ratio. The pooled summary probabilities (Figures 3 and 4) showed that the
diagnostic performance of CPF for extubation was low to moderate, with a +LR of 1.360 (95%
Cl 1.240-1.530), —LR of 0.218 (95% CI 0.159-0.293) and DOR of 6.450 (95% CI 4.490—
9.090). No evidence of heterogeneity was observed for the +LR (Cochran’s Q = 9.426, p =
0.399, 12 = 4.5%), —LR (Cochran’s Q = 7.493, p = 0.586, 1> = 0%) or DOR (Cochran’s Q =
7.889, p = 0.545, 12 = 0%).

The SROC curve yielded a maximum sensitivity of 0.767 (95% CI 0.353-0.967) and
specificity of 0.536 (95% CI 0.158-0.882) and an area under the curve of 0.696 (given
sensitivity: 95% CI 0.088 to 0.015; given specificity: 95% CI 0.441 to 0.980), consistent with
the moderate diagnostic accuracy of CPF for extubation (Figure 4, left panel). We observed no

evidence of a threshold effect (b = —0.007, p = 0.668).

Subgroup analysis

Six (43%) studies reported a cutoff value in the range of 55 to 65 L/min. The pooled
summary probabilities showed that the diagnostic performance of CPF for extubation was
slightly higher than the overall quantitative synthesis, with a +LR of 1.390 (95% CI 1.270—

1.540), —LR of 0.176 (95% CI 0.109-0.267), and DOR of 8.400 (95% CI 4.740-13.600). No
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evidence of heterogeneity was observed for the +LR (Cochran’s Q = 4.417, p = 0.491, 12 = 0%),
—LR (Cochran’s Q = 4.339, p = 0.501, 12 = 0%), or DOR (Cochran’s Q = 4.827, p = 0.437, 12 =
0%). Due to the limited number of studies, no subgroup analysis was conducted for the SROC

curve. Likewise, we observed no evidence of a threshold effect (b = —0.155, p = 0.182).

DISCUSSION

The current recommendations for the extubation readiness testing are focused on the
SBT performance; however, it is known that this trial cannot assess individuals’ capacity to
protect their airways, which is directly related to the extubation outcome. Therefore,
considering that extubation failure is associated with increased mortality and MV stay in ICU
patients[1,15], a number of studies aimed at improving the prediction of the extubation outcome
have assessed cough strength in patients who succeed in an SBT. However, such studies used
different methods, populations and devices to perform the measurement. These differences
between studies and some methodological limitations make it difficult to determine clinical
guidelines to record CPF and the best cutoff associated with the weaning outcome.

The evaluation of CPF is an objective method to predict successful extubation, which
can be carried out voluntarily or involuntarily. Most of the studies in this review evaluated
voluntary coughing, which depends on the patient’s motivation, effective coordination and
preservation of respiratory neuromuscular activity. Two studies evaluated the patients in an
involuntary way—i.e., one triggered by the cough reflex [32,35]. Su et al. considered this
method more natural, being similar to the physiological cough and having the advantage of
covering uncooperative patients who do not want or are unable to produce a cough voluntarily
[32]. Duan et al. in a study with 115 patients (5 of whom were noncooperative) compared

voluntary and involuntary cough assessment (by instilling 2ml of saline), concluding that
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voluntary coughing is not invasive and has a greater capacity to predict extubation failure than
involuntary coughing in cooperative patients [33]. As the cough reflex response may be directly
proportional to the stimulation, it is not known if a stronger stimulus, such as mechanical
stimulation with a catheter or instilling a higher saline volume, would produce better results.
Nevertheless, the instillation of saline solution could be uncomfortable and could lead to
transitory desaturation. Thus, voluntary measures would be more suitable for cooperative
individuals, whereas involuntary stimulation could be reserved for noncooperative patients.
Another alternative is using voluntary testing at first in cooperative patients. If the CPF were to
be below the success threshold, an involuntary effective stimulation would be applied to discard
false-negative results due to low motivation of patients.

Most of the studies used an external spirometer to record CPF. However, two studies
used the mechanical ventilator display. Bai et al. concluded in a study that both methods had
good predictive accuracy for reintubation (AUC=0.79 for the spirometer vs AUC=0.83 for the
ventilator, P = 0.26) [36]. Similarly, Gobert et al. used a flow meter built into a ventilator,
showing good predictive capacity (AUC=0.61) and highlighting the advantage of not requiring
additional costs to purchase a device or having to disconnect the patient [37]. Although the
measure using the mechanical ventilator is more practical, some aspects must be taken into
account, such as how much the ventilator circuit resistance reduces the CPF (perhaps
determining a lower cutoff), what frequency response and sampling frequency are needed in
the ventilator acquisition system and what the most appropriate ventilatory parameters would
be to perform the measurement. Other technical aspects can also affect the reliability of CPF
measurements, regardless of whether they are made with a ventilator or with an external device.
The European Respiratory Society [39] carried out a complete—though not specifically
designed to the target population of our study—update on respiratory muscle tests since its last

recommendations in 2002, advising on the importance of standardization in the peak expiratory
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flow measurements. Aspects such as the quantity of maneuvers, patient position and possible
discrepancies between different measurement instruments were pointed to as important
contributors to different results across the studies. The authors of the articles selected for this
review used different measurement instruments, and there was no detail for the most part on
how the maneuvers were performed. The position of the patients, level of consciousness,
endotracheal tube size, number of measurements and the interval(s) between them, acceptability
criteria for the measurements, and how the researchers performed the verbal stimulation are
examples of data not reported in most studies. Corroborating the editorial letter published earlier
this year [40], we believe that despite the potential of CPF for predicting the extubation
outcome, studies are needed to investigate the relationship between the test results,
measurement instruments and protocol used so that future research can be standardized,
resulting in more consistent evidence within the clinical practice.

Among the studies included in this review, that by Beuret et al. presented the lowest
CPF cutoff value at 35L/min, which may be considered an outlier compared to the other values
[18]. This difference could be attributed to the abovementioned issues and lack of information
about how long the patients remained in an SBT, since a longer time might have predisposed
patients to fatigue prior to the assessment, resulting in lower CPF values. Moreover, the use of
NIV as rescue therapy may also have postponed the reintubation of patients with low CPF,
causing them to be reintubated beyond the 48 hours that determined extubation failure in their
study. In this way, the cutoff associated with the failure may have been shifted down. Finally,
in this study, there were no objective clinical criteria for reintubation, which may also have
been a source of bias.

At the other end, the cutoff value of 80 L/min found in the study of Kutchak et al. may
also be an outlier compared to the values of other studies in this review [35]. Some factors that

may have contributed to this result include patients who were younger than in the other studies
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and mostly male and the use of the Mini Wright flowmeter, which may result in overreading
and measurement bias [41,42]. Interestingly, this is the only paper in the review that measured
CPF by using catheter stimulation. Another hypothesis is that the catheter provided a highly
effective stimulation, resulting in CPF values greater than those obtained by saline stimulation
or voluntary coughing.

When we analyzed the risk of bias, the “reference standard” criterion presented “high
risk” or “unclear risk” in most studies. For this review, the reference standard was considered
as the outcome of extubation—that is, as essential to calculating the predictive power of CPF.
Unfortunately, seven [8,18,19,32,34,35,37] of the 12 included studies did not report the criteria
that guided the decision-making respecting the reintubation. Also, the authors did not exclude
reintubations due to laryngospasm and laryngeal edema, which are relatively common causes
of extubation failure and are not related to patients’ ability to eliminate secretions.

The inclusion of patients who had already been extubated was scored as “unclear risk”
in the “flow and time” criterion [8,17,33], since reintubation is associated with a longer duration
of intensive care and hospital stay, increased incidence of ventilator-associated pneumonia,
laryngeal edema and increased mortality [43,44]. Although the evidence is scarce regarding the
use of NIV to prevent reintubation, [44] four studies [18,22,33,37] in this review have included
this procedure as rescue therapy. Even when NIV is not effective at preventing reintubation, its
use may delay it. Therefore, as the “reference standard” uses a 48- or 72-hour time criterion,
we considered that the use of NIV during the post-extubation period represents an “unclear”
risk of bias in the “flow and time” criterion. In three studies [18,34,35], “unclear risk’ was given
in the “patient selection” criterion. These studies did not describe sufficiently the parameters
for considering patients ready to wean, the criteria for interrupting the SBT or that patients had

to pass the SBT to be included. Studies that did not sufficiently describe how the CPF
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measurement was performed or that established the cutoff a priori (and not from the ROC curve)
also received an “unclear” or “high risk” rating in the “index test” criterion.

Despite the methodological limitations, different measurement instruments and way in
which the CPF was measured, we observed that nine of the 12 studies in this review had CPF
cutoff values between 56 and 62.4 L/min, presenting high sensitivity and specificity to predict
success in planned extubation [8,17,19,32-34,36-38]. Among these nine studies, five calculated
the cutoff from the ROC curve [17,32-34,36]. Because of these results strongly suggesting that
the best cutoff to predict the outcome of extubation is around 60L/min, some authors who
determined the cutoff a priori in their studies adopted this threshold [8,19,37,38]. No study
considered the factors of age, sex or endotracheal tube size, which might be confounders, on
determining the best cutoff. Age and sex are directly related to the predicted peak expiratory
flow. Therefore, it is likely that women and older people may have CPF that is lower but within
a normal range. Moreover, endotracheal tubes with smaller diameters may determine a lower
CPF for the same individuals. We hope that these aspects may be considered in future studies,
perhaps bringing new insights to established individualized CPF thresholds and improving their
predictive power. These possible sources of bias together with the abovementioned
methodological limitations and differences were probably responsible for the moderate
diagnostic accuracy observed in the statistical analysis. When we analyzed the subgroup of
studies with cutoff values between 55 and 65L/min, the diagnostic performance of CPF was
slightly higher than the overall quantitative synthesis, reinforcing the current assumption that
the best cutoff is around 60L/min.

The rationale of CPF as a predictor of extubation outcome in patients who succeed in
an SBT is based on the secretion retention during the post-extubation period due to cough
ineffectiveness. Therefore, measures should be taken to optimize airway clearance and to

prevent reintubation in patients who present low CPF. Some evidence reinforces this premise,
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such as a study from Duan et al. , who divided their sample of 356 individuals who succeeded
in an SBT into patients eligible for treatment with NIV or conventional oxygen therapy (control
group) [22]. Their results showed that for patients with CPF < 70L/min, NIV reduced
reintubation by comparison to the control group (9% vs 35% post-extubation up to 72 hours, p
< 0.01). Patients with CPF > 70 L/min did not benefit from NIV, which strengthens the
hypothesis that NIV as rescue therapy may have been a source of bias in another three CPF
studies included in this review [18,33,37]. Notwithstanding this favorable result from Duan et
al. it was not clear by what mechanisms the NIV may have prevented intubation in patients with
reduced CPF [22]. On the other hand, a study from Goncalves et al. that included a sample of
75 patients showed that mechanically assisted cough in the post-extubation period was
associated with a significant lower reintubation rate than in control patients [45]. It is likely that
the patients who benefited the most from mechanically assisted cough were those with reduced
CPF.

From the results of this review, it is possible to infer that CPF recording is promising
for improving approaches to patients in the process of mechanical ventilation withdrawal. The
studies included in this review make it very clear that reduced CPF values are associated with
extubation failure. The cutoff of about 60L/min seems to be the one with the best accuracy.
However, recommendations on how to perform the measurement are necessary so that well-
designed studies using standardized protocols can in the future determine the best cutoff

associated with the extubation outcome.
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Table 1 Characteristics of the included studies
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Study N Age, years Duration of MV, days Cough Assessment Measuring Instrument Definition of Rescue Cutoff from
Extubation Failure Therapy ROC curve
. Extubation failure: 62.5+5.82 Extubation failure: 3.7+0.12 . . . .

Sminaetal., 115 Eyiubation success: 64.1+1.72 Extubation success: 3.3+0.22 Voluntary (coached) Peak flow meter (non-specified model) Reintubation within No Yes
2003Y 72 hours
Salamet al., 88 Extubation failure: 62.0+4.72 Extubation failure: 6.3+1.92 Voluntary (coached) Pneumotachograph (Aztech peak flow Reintubation within No No
2004% Extubation success: 62.4+1.92 Extubation success: 5.6+0.62 meter) 72 hours
Beuretetal., 130  Extubation failure: 70 (16)° Extubation failure: Voluntary (coached) Pocket spirometer (Piko-1) Reintubation within Yes, NIV Yes
20098 Extubation success: 9.5 (7-18)¢ 48 hours

62 (17)° Extubation success:

8 (4-16)°

Suetal, 150  Extubation failure: Extubation failure: Involuntary (saline Hand-held respiratory mechanics Reintubation until No Yes
2010% 68.0 (20.0-88.0)¢ 4.5 (3.0-28.0)¢ instillation) monitor (non-specified model) hospital discharge

Extubation success: Extubation success:

66.0 (20.0-95.0)¢ 4.0 (3.0-24.0)¢
Smailes et 125  Extubation failure: Extubation failure: Voluntary (coached) Mini-Wright peak flow meter Reintubation within No No
al., 20138 44 (27-70.4)¢ 20 (13.3-28)¢ 48 hours

Extubation success: Extubation success:

38 (34-43.6)° 6 (4-7)¢
Duanet al., 115  Extubation failure: Extubation failure: Voluntary and Spirometer (Chest- graph HI-101) Reintubation within Yes, NIV Yes
2014% 73.95 +15.43" 9.58 +5.84 Involuntary (saline 72 hours

Extubation success: Extubation success: instillation)

68.42 +15.12° 5.80 +5.55
Duanetal., 186  Extubation failure: Extubation failure: Voluntary (coached) Spirometer (Chest- graph HI-101) Reintubation within No Yes
2015% 73.6 (14.0)° 8.6 (5.3)° 72 hours

Extubation success: Extubation success:

68.3 (16.0)° 7.4 (10.5)°
Kutchak et 135  Extubation failure: Extubation failure: 11.46+6.26° Involuntary (saline Mini-Wright peak flow meter Reintubation within No Yes
al., 2015% 49.82+16.93° Extubation success: 7.21+4.85° instillation and catheter) 48 hours

Extubation success:

48.17+17.50°
Duanetal., 356  CPF <70L/min (NIV): CPF < 70L/min (NIV): 8+12° Voluntary (coached) Spirometer (Chest- graph HI-101) Reintubation within Yes, NIV No
2016% 73+120 CPF < 70L/min (Control): 75> 72 hours

CPF < 70L/min (Control): CPF > 70L/min (NIV): 7x5b

74+13P CPF > 70L/min (Control): 545

CPF > 70L/min (N1V):

671140

CPF > 70L/min (Control):

58+19°
Bai & Duan., 126  Extubation failure: 77+13° Extubation failure:9.3+4.4° Voluntary (coached) Mechanical ventilator display (PB840, Reintubation within No Yes
2017% Extubation success: 66+14° Extubation success: 4.9+4.1° Covidien) and Spirometer (Chest- graph 72 hours

HI-101)
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Study N Age, years Duration of MV, days Cough Assessment Measuring Instrument Definition of Rescue Cutoff from
Extubation Failure Therapy ROC curve

Gobertet al., 92 Extubation failure: Extubation failure: Voluntary (coached) Built-in flow meter (hot wire Reintubation within Yes, NIV No
2017% 71 (65-78)° 8 (5-11)¢ technology, Spirlog, EvitaXL, Drager) 48 hours and MI-E

Extubation success: Extubation success:

69 (60-75)° 4 (3-11)°
Xiao & 139  Extubation failure: 77+11° Extubation failure: Voluntary (coached) Spirometer (Chest- graph HI-101) Reintubation within No No
Duan., 2018%* Extubation success: 63+19° 9.045.6° 72 hours

Extubation success: 5.7+4.3"

N= Number; MV= Mechanical ventilation; ROC= Receiver Operating Characteristic; CPF= Cough Peak Flow; NIV = Noninvasive Ventilation; MI-E=Mechanical Insufflation-Exsufflation; 2Mean+SE; °Mean+SD;

°Median (interquartile range); “Median (range); ¢eMean or median (95% Cl).



Table 2 Predictive Power of Cough Peak Flow from the Included Studies
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Study Cut-off AUC (%) Sensitivity Specificity Predictive Predictive Likelihood Likelihood Relative risk  Odds ratio
(L/min) (%0) (%) value + value - ratio + ratio -

Smina et al., 2003 60.0 70.0 69.0 74.0 - - - - 5.100 -
Salam et al., 2004 60.0 - 76.9 65.7 - - 2.200 - 4.800 -
Beuret et al., 2009 35.0 - 79.0 71.0 - - 2.720 0.290 6.900 -
Su et al., 2010 58.5 80.2 78.8 78.1 93.0 50.0 - - - 0.950
Smailes et al., 2013 60.0 - - - - - - - 9.100 1.060
Duan et al., 20142 62.4 74.3 85.0 64.2 - - - - - -
Duan et al., 2014° 49.8 63.2 70.0 66.3 - - - - - -
Duan et al., 2015 62.4 67.8 82.1 55.1 - - 1.830 0.320 - -
Kutchak et al., 2015 80.0 - - - - - - - 3.600 -
Duan et al., 2016 70.0 - - - - - - - - -
Bai & Duan., 2017¢ 56.4 79.0 73.0 87.0 42.3 96.0 5.430 0.310 - -
Bai & Duan., 2017¢ 56.0 83.0 73.0 85.0 39.3 95.9 4.790 0.310 - -
Gobert et al., 2017 60.0 61.0 70.4 63.6 93.4 22.6 - - - -
Xiao & Duan., 2018 60.0 - - - - - - - - 0.975

%\Voluntary cough; ° Involuntary cough; °Spirometer; “Mechanical Ventilation.
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Figure 3 Pooled Sumary of Positive and Negative Likelihood Ratio of the Included Studies.
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Figure 4 Diagnostic accuracy of cough peak flow for the extubation outcome: pooled odds ratio and summary ROC curve (SROC).
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FATORES DETERMINANTES DO PROGNOSTICO
FUNCIONAL DO PACIENTE CRITICO SOB
INTERVENCAO FISIOTERAPEUTICA

AUTORES: Natalia de Araujo Ferreira*, Agnaldo José Lopes* *, Arthur de Sa Ferreira* *,
Jerffeson de Oliveira Dias’, Fernando Silva Guimaraes™

* Hospital Barra D'Or

** Centro Universitario Augusto Motta - UNISUAM

INTRODUCAO

A imobilizacdo @ uma causa de
descondicionamento muscular periférico. Prever
o progresso funcional de pacientes internados
por meio de seu perfil clinico podera fornecer
expectativas realistas quanto aos resultados,
alem de contribuir para a reabilitacéo
individualizada. Este estudo objetivou investigar
os fatores associados ao progresso funcional de
pacientes ap@s internacdo em uma unidade de
terapia intensiva (UTI).

METODOS

Estudo de coorte retrospectivo com dados de
198 pacientes hospitalizados sem ventilacéo
mecanica. 0 modelo linear generalizado foi usada
para identificar os principais efeitos das variaveis
clinicas e demaograficas sobre as resultados de
funcionalidade (indice de Independéncia nas
Atividades de Vida Diaria, KATZ) e forca
muscular (Escala Medical Research Council,
MRC). As covariaveis identificadas camao
preditores independentes no modelo faram
analisadas utilizando a curva Receiver Operating
Characteristic (ROC). A analise diferenciou os
periodos na UTI, na enfermaria (ENF) e no tempa
total de internacao (TOT).

Tabela 1: Analise da curva ROC (receiver aperator characteristic
curve) dos fatores preditores dos resultados funcionais
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RESULTADOS

Considerando o desfecho funcional [AKATZ), as
variaveis que contribuiram para o modelo
(P<0,05) foram KATZ e MRC na admisséo,
idade, auséncia de sepse e TOT. Em relacéo a
forca muscular [AMRC), os preditores foram
MRC na admissao, Escore Agudo Simplificado I
(SAPS 3), Acidente Vascular Cerebral (AVC)
anterior, TOT e sexo (feminino). A variavel idade
[AUC = 0,684) discriminou o AKATZ,,. As
variaveis idade (AUC =0,712), KATZ na UTI (AUC
=(0,590]) e na enfermaria (AUC = 0,748), e MRC
na enfermaria (AUC = 0,721) foram
discriminativas para AKATZ,,.. Para AKATZ,; as
variaveis KATZ na admissdo da UTI (AUC =
0,621) e TOT [AUC = 0,617]) foram
discriminativas. Para A MRC,,, as variaveis
SAPSII (AUC = 0,661) e MRC na admissao na
UTI [(AUC = 0,653) foram discriminativas.
A MRC na UTI (AUC = 0,681) e admissao na
enfermaria (AUC = 0,553) foram discriminantes
para AMRC,,.. TOT (AUC = 0,649) e MRC na
admissao da enfermaria (AUC = 0,686] foram
discriminativas para o AMRC,; (Tabela 1).

CONCLUSAQ

Melhor condicéo funcional, baixa gravidade da
doenca, auséncia de sepse e AVC, maior tempo
total de estadia e idade inferior a 78,5 anos sé&o
preditores favoraveis de progresso funcional dos
pacientes durante a internacao.
Palavras-chaves: Forgca muscular; Terapia
Intensiva; Reabhilitacao.
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Capitulo 4 Consideracgctes Finais

4.1 Sintese

Em conclusdo, a partir dos resultados desta revisdo sistematica é possivel
inferir que o registro do PFT é promissor para melhorar a deciséo clinica a respeito da
extubac&o em pacientes sob ventilagdo mecanica. E notdrio que valores reduzidos de
PFT estdo associados a falha na extubacgéo, e o ponto de corte de 60 L/min parece

ser o de melhor acuracia.
4.2 Perspectivas para pesquisa

A avaliacdo do PFT apresentou-se como preditor baixo a moderado no
processo de extubacao, e devemos ser cautelosos a cerca da precisao das diferentes
medicdes do PFT. NOs acreditamos que nosso estudo reforca a importancia e
beneficios de sua utilizacdo, assim como explicita as divergéncias e limitacdes
existentes. Esperamos que futuras pesquisas possam contribuir no sentido de definir
a melhor forma de medicdo do PFT, assim como seus valores de referéncia para a

prética clinica.
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Apéndice 1 — Estrategias de busca por base eletronica de dados bibliograficos

BASES DE DADOS CONSULTADAS

BASES DE DADOS

ESTRATEGIAS

TOTAL

Portal da BVS

tw:((“respiracao artificial” OR “respiracion artificial” OR “artificial ventilagdo mecanica” OR
intubagao OR intubacion OR “cuidados criticos” OR “cuidado intensivo” OR “cuidados
intensivos” OR “terapia intensiva”) AND (tos OR tosse OR “pico do fluxo expiratério” OR “apice
del flujo espiratorio”) AND (extubagdo OR “extubacién traqueal” OR “desmame do respirador”
OR “retirada do respirador” OR “retirada do ventilador” OR “desconexion del ventilador” OR
desmame)) AND (instance:"regional”) AND ( db:("CUMED" OR "LILACS" OR "BINACIS" OR
"IBECS"))

tw:( (“respiration, artificial” OR “artificial respiration” OR “artificial respirations” OR “respirations
artificial” OR “ventilation mechanical” OR “mechanical ventilations” OR “ventilations mechanical’
OR “mechanical ventilation” OR intubation OR intubations OR “spontaneous breathing trial” OR
“critical care” OR “intensive care” OR “care, critical” OR “care intensive”) AND (cough OR
coughs OR “peak expiratory flow rate” OR pefr OR “flow rate, peak expiratory” OR “expiratory
peak flow rate”) AND (“airway extubation” OR weaning OR weanings OR extubation OR
extubations OR “ventilator weaning”)) AND (instance:"regional") AND ( db:("LILACS"))




70

PUBMED

(("Respiration, Artificial"[All Fields] OR "Artificial Respiration”[All Fields] OR "Artificial
Respirations"[All Fields] OR (("respiration"[MeSH Terms] OR "respiration"[All Fields] OR
"respirations"[All Fields]) AND Atrtificial[All Fields]) OR "Ventilation Mechanical"[All Fields] OR
"Mechanical Ventilations"[All Fields] OR "Ventilations Mechanical"[All Fields] OR "Mechanical
Ventilation"[All Fields] OR (("intubation"[MeSH Terms] OR "intubation"[All Fields]) AND
("intubation"[MeSH Terms] OR "intubation"[All Fields] OR "intubations"[All Fields])) OR
"spontaneous breathing trial"[All Fields] OR "critical care"[All Fields] OR "intensive care"[All
Fields] OR "Care, Critical"[All Fields] OR "Care Intensive"[All Fields] OR "Care Surgical
Intensive"[All Fields]) AND ("Airway Extubation"[All Fields] OR ("weaning"[MeSH Terms] OR
"weaning"[All Fields]) OR ("weaning"[MeSH Terms] OR "weaning"[All Fields] OR "weanings"[All
Fields]) OR ("airway extubation"[MeSH Terms] OR ("airway"[All Fields] AND "extubation"[All
Fields]) OR "airway extubation"[All Fields] OR "extubation"[All Fields]) OR ("airway
extubation"[MeSH Terms] OR ("airway"[All Fields] AND "extubation"[All Fields]) OR "airway
extubation"[All Fields] OR "extubations"[All Fields]) OR "Ventilator Weaning"[All Fields])) AND
(("cough”[MeSH Terms] OR "cough”[All Fields]) OR ("cough"[MeSH Terms] OR "cough"[All
Fields] OR "coughs"[All Fields]) OR "Peak Expiratory Flow Rate"[All Fields] OR ("peak expiratory
flow rate"[MeSH Terms] OR ("peak"[All Fields] AND "expiratory"[All Fields] AND "flow"[All Fields]
AND "rate"[All Fields]) OR "peak expiratory flow rate"[All Fields] OR "pefr"[All Fields]) OR ("peak
expiratory flow rate"[MeSH Terms] OR ("peak”[All Fields] AND "expiratory"[All Fields] AND
"flow"[All Fields] AND "rate"[All Fields]) OR "peak expiratory flow rate"[All Fields] OR ("flow"[All

341
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Fields] AND "rate"[All Fields] AND "peak"[All Fields] AND "expiratory"[All Fields])) OR "Expiratory
Peak Flow Rate"[All Fields])

SCOPUS

(( TITLE-ABS-KEY ( "Respiration, Artificial" OR "Artificial Respiration” OR "Artificial
Respirations" OR "Respirations Artificial* OR "Ventilation Mechanical® OR "Mechanical
Ventilations" OR "Ventilations Mechanical® OR "Mechanical

Ventilation" OR intubation OR intubations) OR TITLE-ABS-KEY ( "spontaneous breathing
trial" OR "critical care” OR "intensive care" OR "Care, Critical" OR "Care

Intensive” ) )) AND ( TITLE-ABS-

KEY (weaning OR weanings OR extubation OR extubations)) AND ( TITLE-ABS-

KEY (cough OR coughs OR "Peak Expiratory Flow Rate” OR pefr OR "Flow Rate, Peak
Expiratory” OR "Expiratory Peak Flow Rate" ) )

448

WEB OF SCIENCE

TOPICO: (“Respiration, Artificial” OR “Artificial Respiration” OR “Artificial Respirations” OR
“‘Respirations Atrtificial” OR “Ventilation Mechanical” OR “Mechanical Ventilations” OR
“Ventilations Mechanical” OR “Mechanical Ventilation” OR Intubation OR Intubations OR
“spontaneous breathing trial” OR “critical care” OR “intensive care” OR “Care, Critical” OR “Care
Intensive”) AND TOPICO: (weaning OR weanings OR extubation OR extubations) AND
TOPICO: (Cough OR Coughs OR “Peak Expiratory Flow Rate” OR PEFR OR “Flow Rate, Peak
Expiratory” OR “Expiratory Peak Flow Rate”)

312

CINAHL

( “Respiration, Artificial” OR “Atrtificial Respiration” OR “Atrtificial Respirations” OR “Respirations

Artificial” OR “Ventilation Mechanical” OR “Mechanical Ventilations” OR “Ventilations

126
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Mechanical” OR “Mechanical Ventilation” OR Intubation OR Intubations OR “spontaneous
breathing trial” OR “critical care” OR “intensive care” OR “Care, Critical” OR “Care Intensive” )
AND ( “Airway Extubation” OR weaning OR weanings OR extubation OR extubations OR
“Ventilator Weaning” ) AND ( Cough OR Coughs OR “Peak Expiratory Flow Rate” OR PEFR OR
“‘Flow Rate, Peak Expiratory” OR “Expiratory Peak Flow Rate” )

SCIELO.ORG (Tosse OR “Pico do Fluxo Expiratério”) AND (“ventilacao mecanica” OR intubacao OR cuidado |21
OR cuidados)

COCHRANE Cochrane Reviews matching “Respiration, Artificial” OR “Atrtificial Respiration” OR “Artificial 2

LIBRARY Respirations” OR “Respirations Artificial” OR “Ventilation Mechanical” OR “Mechanical

Ventilations” OR “Ventilations Mechanical” OR “Mechanical Ventilation” OR Intubation OR
Intubations OR “spontaneous breathing trial” OR “critical care” OR “intensive care” OR “Care,
Critical” OR “Care Intensive” in Title Abstract Keyword AND “Airway Extubation” OR weaning OR
weanings OR extubation OR extubations OR “Ventilator Weaning” in Title Abstract Keyword
AND Cough OR Coughs OR “Peak Expiratory Flow Rate” OR PEFR OR “Flow Rate, Peak
Expiratory” OR “Expiratory Peak Flow Rate” in Title Abstract Keyword - (Word variations have

been searched)

“‘Respiration, Artificial” OR “Artificial Respiration” OR “Artificial Respirations” OR “Respirations
Artificial” OR “Ventilation Mechanical” OR “Mechanical Ventilations” OR “Ventilations
Mechanical” OR “Mechanical Ventilation” OR Intubation OR Intubations OR “spontaneous

breathing trial” OR “critical care” OR “intensive care” OR “Care, Critical” OR “Care Intensive” in

310
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Title Abstract Keyword AND “Airway Extubation” OR weaning OR weanings OR extubation OR
extubations OR “Ventilator Weaning” in Title Abstract Keyword AND Cough OR Coughs OR
“Peak Expiratory Flow Rate” OR PEFR OR “Flow Rate, Peak Expiratory” OR “Expiratory Peak

Flow Rate” in Title Abstract Keyword - (Word variations have been searched)

EMBASE

(Cartificial ventilation':ti,ab,kw OR intubation:ti,ab,kw OR 'intensive care':ti,ab,kw) AND
coughing:ti,ab,kw OR 'peak expiratory flow'"ti,ab,kw) AND weaning:ti,ab,kw OR 'ventilator
weaning':ti,ab,kw OR 'extubation failure:ti,ab,kw

1955
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