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RESUMO

Base tedrica: A sindrome da angustia respiratéria aguda (SARA) é
caracterizada por intensa resposta inflamatoéria e a ventilagdo mecanica (VM)
protetora é fundamental. A presenca da ventilacdo espontanea tem efeitos
benéficos, porém em casos mais graves pode ser deletéria. A repercussao da
ventilagcdo espontanea durante o desmame da VM dos pacientes com SARA

ainda é pouco entendida e estudada.

Objetivo: Avaliar o desmame da VM em pacientes com SARA através da
tomografia de impedancia elétrica (TIE) associado a parametros clinicos e

ventilatorios.

Métodos: Estudo de coorte prospectivo de pacientes com SARA que tiveram
critérios de melhora e foram definidos pela equipe assistente aptos para
suspender o uso de blogueador neuromuscular (BNM) e sedativos e iniciar o
desmame da VM. Os dados da TIE e da mecanica pulmonar foram coletados em
quatro momentos: basal (Tpre) e apds 30 minutos (T30min), 2 horas (T2h) e 24
horas (T24h) apds a troca do modo ventilatério controlado (VCV ou PCV) para

modo ventilatorio espontaneo (PSV).

Resultados: o estudo incluiu 25 pacientes entre julho/2017 e fevereiro/2019. Os
pacientes foram divididos conforme o tipo de desmame: 09 simples, 08 dificil e
08 prolongado. A duracédo da VM, delirium, agitacdo, fraqueza adquirida na UTI,
tragueostomia, tempo de internacdo na UTI foram significantemente maiores no
grupo de desmame dificil e prolongado. O volume corrente (VC) e a driving
pressure (AP) aumentaram significantemente durante mudanga do modo

ventilatorio controlado para espontaneo no grupo de desmame quando



comparado com o desmame simples (p tempo=0,0001). Os pacientes com
desmame prolongado apresentaram maiores volumes pulmonares apds o inicio
da ventilacdo espontanea(p=0,02). Os pacientes com desmame prolongado
tiveram uma tendéncia de maior de ventilacdo em regides posteriores e reducao

da relacao ventral/dorsal (V/D) visualizados pela TIE.

Concluséo: O desmame da VM de pacientes com SARA tem elevada proporgéo
de desmame dificil e prolongado associados com piores desfechos clinicos. As
alteracGes pulmonares visualizada através da TIE e da avaliagdo da mecénica
pulmonar mostraram ser relevantes no grupo de desmame prolongado da VM e
poderiam ser monitorizadas rotineiramente. Mais estudos poderiam ser
realizados para avaliar a ventilacdo espontanea e o desmame da VM em

pacientes com SARA para continuar a proteger os pulmoes.

Palavras chave: sindrome da angustia respiratéria aguda; desmame da

ventilacdo mecanica; tomografia de impedancia elétrica; mecanica pulmonar



ABSTRACT

Background: The acute respiratory distress syndrome (ARDS) is characterized
by an intense inflammatory response and protective mechanical ventilation (MV)
is essential. The presence of spontaneous breathing has beneficial effects,
however, it can be harmful in more severe cases. The repercussion of
spontaneous breathing and its repercussion during weaning from MV in patients
with ARDS is still poorly understood and studied.

Objective: Evaluate weaning from MV in patients with ARDS using electrical
impedance tomography (EIT) with clinical and ventilatory parameters.

Methods: Prospective cohort study of patients with ARDS who presented
improvement criteria and were judged by the attending team to be able to
suspend the use of neuromuscular blocker (NMB) and sedatives, and start
weaning from MV. The EIT and pulmonary mechanics data were collected at
baseline (Tpre) and after 30 minutes (T30min), 2 hours (T2h) and 24 hours (T24h)

after changed from controlled mode (VCV or PCV) to spontaneous mode (PSV).

Results: The study included 25 patients between July,2017 and February,2019.
The patients were 09 simple, 08 difficult and 08 prolonged weaning. The duration
of MV, delirium, agitation, intensive care unit-acquired weakness (ICU-AW),
tracheostomy, length of stay (LOS) and mortality of the ICU were higher difficult
and prolonged weaning group. The tidal volume (TV) and driving pressure(AP)
increased when changing from controlled to spontaneous mode, mainly in the
prolonged weaning group when compared with simple weaning group (p
time=0.0001). The patients with prolonged weaning presented larger total

volumes after begin of the spontaneous ventilation (p=0.02). The prolonged



weaning group had a tendency more posterior region ventilation and reduction of

the ventral/dorsal(V/D) ratio visualized by EIT.

Conclusion: The weaning from MV of patients with ARDS has a high proportion
of difficult and prolonged weaning associated with worse clinical outcomes. The
pulmonary changes seen by EIT and assessment of pulmonary mechanics
showed to be relevant in the prolonged and difficult weaning group and could be
monitored routinely. Further studies should be realized to evaluate the
spontaneous breathing and weaning from MV in ARDS to continue to protect the

lung.

Key Words: Respiratory Distress Syndrome, Adult; Ventilator Weaning;

Respiratory Mechanics; Electric Impedance Tomography
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1. INTRODUCAO

Desde a descricéo inicial da sindrome da angustia respiratéria aguda (SARA),
em 1967, por Ashbaug et al., houve varios avancos do entendimento e manejo
da SARA durante as ultimas décadas(1). Dentre as descobertas relacionadas a
fisiopatologia estdo os estudos de imagem pela tomografia computadorizada
(TC) mostrando a heterogeneidade pulmonar e a formulacdo do conceito de
Baby Lung(2-4). Outro aspecto da fisiopatologia esta relacionada a lesao
inflamatoria causada pelo fator desencadeante da SARA e o desenvolvimento
do entendimento da lesdo causada pela ventilacdo mecéanica (VM), chamada
Ventilator-Induced Lung Injury(VILI)(5-8). Através desse entendimento,
puderam-se ventilar os pacientes com SARA através de maneiras mais racionais
e protetoras dos danos relacionados a VILI(9). Essas estratégias usam volumes
correntes (VC) mais baixos que os usados para pacientes com pulmdes normais
e podem ser ajustados conforme os limites de pressdes de platd, driving
pressure(AP) e mechanical power(10, 11). As estratégias ventilatérias protetoras
também permitem o uso de hipercapnia permissiva e ajustes de positive end
expiratory pressure(PEEP), associados, em casos mais graves, a posicao
prona, e, nos casos refratarios, o uso de extracorporeal membrane
oxygenation(ECMO)(12-19). Porém, ha evidéncias que a estratégia ventilatoria

protetora pode nao ser suficientemente protetora em alguns pacientes(20).

A eliminacdo dos esforcos ventilatérios espontaneos nas fases precoces da
SARA tem mostrado reducdo da mortalidade(21). Entretanto, ha estudos
mostrando que a preservacdo da ventilagdo espontanea melhora as trocas
gasosas em formas menos graves da SARA (22, 23). Papazian et al. demonstrou

0 beneficio do emprego de bloqueador neuromuscular (BNM) na face precoce
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da SARA o0 que poderia ser explicado pelo melhor controle da contratura da
musculatura respiratoria, estabilizacdo de unidades alveolares instaveis e
reducdo da VILI(21). Porém, o estudo ROSE trial ndo mostrou diferencas
significativas nos desfechos para pacientes que usaram BNM comparados com
os controles(24). Devido a esses resultados conflitantes, ainda ha na literatura
um debate sobre o real beneficio do BNM na SARA através da abolicdo dos
movimentos ventilatérios espontaneos e assincronias do pacientes com a
VM(25). Brochard et al. tem preconizado em pacientes com SARA a instituicéo
de VM para minimizar os efeito deletérios da ventilacdo espontanea em fases
iniciais dos pacientes com SARA, o chamado Patient-Self Inflicted Lung Injury(P-
SILI)(26). Apesar desse conhecimento nas fases iniciais da SARA, estudos em
fase tardia da SARA em que geralmente estd ocorrendo o processo de desmame
da VM nao tém sido realizados. Postulamos que durante o processo de
desmame da VM pode ocorrer piora do quadro pulmonar devido a perda parcial
ou completa do controle da estratégia ventilatéria protetora e,
consequentemente, falha do desmame da VM em alguns pacientes. Essas
alteracdes durante o desmame da VM dos pacientes com SARA necessitam ser
mais estudadas assim com o desenvolvimento de novas ferramentas poderiam

ser de grande valia no entendimento desse processo e suas repercussdes(27).

O uso da tomografia de impedancia elétrica (TIE) tem demonstrado ser uma
ferramenta auxiliar na avaliagdo e monitorizagao de pacientes com SARA(28). A
avaliacdo nédo invasiva da TIE abrange a visualizagdo em tempo real das
imagens pulmonares assim como auxilia na titulagdo da PEEP, monitorizacéo
dos volumes e pressBes pulmonares, identificacdo de pneumotorax,

assincronias, pendelluft, estimativa da perfusdo pulmonar e débito cardiaco(29-
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32). Apesar dos poucos estudos do uso de TIE no processo desmame da VM,
essa ferramenta parece ser promissora na avaliacdo pulmonar nos pacientes

com SARA em desmame da VM(33).

Portanto, o estudo da influéncia da ventilagdo espontanea e suas repercussoes
no momento do desmame do suporte ventilatorio dos pacientes com SARA é
necesséario e fundamental para evitar danos relacionados a VILI e P-SILI. O
presente estudo tem por finalidade a avaliagéo do processo de desmame da VM
em pacientes com SARA e suas repercussdes através do uso da TIE e de

parametros clinicos e ventilatorios da mecéanica pulmonar.
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2. REVISAO DA LITERATURA

2.1 Estratégias para localizar e selecionar as informagdes

A revisédo da literatura foi realizada visando 0s aspectos relacionados a avaliagéo
do desmame da VM em pacientes com SARA, VILI e uso de TIE. Foi realizado
busca no periodo de 1967 a 2020 e nas seguintes bases de dados eletrénicas:
MEDLINE, LILACS, Pubmed e CAPES e sites de ciéncia relevantes. A busca foi
limitada a artigos em lingua inglesa e/ou portuguesa e usamos 0s vocabularios
controlados quando possivel. Foram usados os seguintes Mesh terms do
MEDLINE: (1)"'Respiratory Distress Syndrome, Adult"[Mesh], (2)"Ventilator
Weaning"[Mesh], (3)"Respiratory Mechanics"[Mesh], (4)"Ventilator-Induced
Lung Injury"[Mesh], (5)"Tomography"[Mesh], (6)‘Electric Impedance"[Mesh].
ApOs os resultados, foram selecionados os artigos de relevancia ao tema do

estudo proposto conforme a figura 1.
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Figura 1: Estratégia de Busca de Referéncias Bibliograficas

Em cada box central os nimeros indicados correspondem aos descritores do fator de
estudo:(1)'Respiratory Distress  Syndrome, Adult”.(2)"Ventilator Weaning™, (3)"Respiratory
Mechanics®, (4)"Ventilator-Induced Lung Injury”, (5)Tomography® e (6) "Electric Impedance®;
*Critérios de exclusdo dos artigos: tema ndo relacionado aos objetivos da pesquisa; artigos ndo
disponiveis na integra; artigos ndo disponiveis em inglés e/ou portugués
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2.2 Revisao da Literatura

2.2.1 SARA: Resposta Inflamatdria ao Fator Desencadeador

A SARA é uma sindrome descrita desde 1967 e se caracteriza por intensa
resposta inflamatéria pulmonar(1, 34, 35). Posteriormente, um consenso definiu
melhor os seus critérios em 1994 e foram atualizadas suas definicbes pelo
consenso de Berlim em 2012(36, 37). E caracterizada por infiltrado pulmonar
bilateral de causa n&o cardiogénica associado a hipoxemia e reducdo da
complacéncia pulmonar(34). A importante resposta inflamatéria é desencadeada
por fatores predisponentes de multiplas etiologias. As etiologias podem ser de
causas diretas pulmonares, como uma pneumonia ou aspiracdo pulmonar, ou de
causas indiretas nao pulmonares, como uma sepse nao pulmonar, politrauma ou
pancreatite(34). No entanto, a presen¢ca de um fator desencadeador ndo é
suficiente para o desenvolvimento da SARA. Isso sugere que é necessario que
outros fatores como genéticos, viruléncia de patégenos, condi¢cdes coexistentes
e fatores comportamentais contribuam para o desenvolvimento desse quadro
pulmonar(34, 38). A histologia tipica da lesdo pulmonar caracteriza-se por dano
alveolar difuso e é causada pela liberacdo de citoquinas pré-inflamatérias tais
como fator de necrose tumoral, interleucinas 6 e 8(34). O aumento dessas
citoquinas leva a ativagéo de neutrofilos e liberacdo de mediadores toxicos como
espécies reativas de oxigénios e proteases lesando o endotélio capilar e epitélio
alveolar. O dano endotelial e epitelial associados a restos celulares e a saida de
fluidos ricos em proteinas para o espaco alveolar confluem para o
desenvolvimento de edema alveolar. Esse edema alveolar juntamente com a

perda da surfactante pulmonar gera colapso alveolar levando a piora do shunt
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pulmonar, hipoxemia e reducdo da complacéncia pulmonar(34). Apesar dos
avancos no seu entendimento e cuidados desde a sua descrigdo inicial, € uma
sindrome frequente de admissdo na unidade de terapia intensiva (UTI) com

elevada mortalidade e morbidade(39-43).

2.2.2 SARA: Leséao induzida pelo ventilador - VILI

A VM é usada para preservar a vida e manter as trocas de gases e a homeostase
acido-base. Ela € uma ferramenta de suporte ventilatorio até a recuperacéao do
paciente diante de uma disfuncao respiratdria aguda ou crénica secundaria a um
insulto pulmonar ou sistémico(44). A VM invasiva ganhou destaque desde a
epidemia de poliomielite na década de 50. Naquela epidemia os pacientes
tratados com traqueostomia e pressdo positiva a mortalidade reduziu de 87%
para em torno 40%(45). A VM foi originalmente instituida em pacientes com
pulmdes normais em pacientes comatosos durante procedimentos cirargicos ou
poliomielite. Nesses casos, a VM era realizada com baixos niveis pressfes e era
relativamente segura visto ser usada na maioria em pacientes com pulmdes
normais.

No entanto, a VM pode néo ser tdo benéfica e segura em todos os aspectos de
pacientes graves com lesdo pulmonar. Pode haver melhora das trocas de gases
e do equilibrio &cido-basico, porém em casos com dano pulmonar grave ha a
necessidade de parametros ventilatorios elevados para essa corregcdo. Os
respiradores podem gerar grandes pressodes pulmonares aumentando o risco de
lesdo secundaria, denominada barotrauma(45). Webb e Tierney avaliaram, na
década de 70, através de experimentos em ratos que o uso de elevadas

pressodes de distensao pulmonar levava a edema pulmonar e lesdes pulmonares
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semelhantes a SARA(46). Dreyfuss et al. mostraram que a presenca de volumes
pulmonares elevados também podem causar lesdo pulmonar através de
hiperdistensdo alveolar, o chamado volutrauma(8, 47). No final da década de 90,
demonstrou-se que a lesao pulmonar associado a VM deletéria gerava liberacao
de mediadores inflamat6rios do pulméo para outros O6rgdos ocasionado ou
perpetuando a disfuncdo de mudltiplos o6rgdos e sistemas, o chamado
biotrauma(6, 7, 48, 49). Essa lesdo poderia ser por hiperdistensdo alveolar ou
por outro mecanismo deletério ocasionado pela abertura e fechamento ciclico
alveolar, o atelectrauma(8).

Além da inflamacéo relacionado ao fator desencadeador da SARA, a VM per se
também pode ser um causador e perpetuador da lesdo pulmonar inflamatoria.
Por isso, os mecanismos classicos descritos acima de barotrauma, volutrauma,
atelectrauma e biotrauma, levam ao que chamamos de lesé&o induzida pela VM
— VILI(8). Ranieri et al. também sugeriu que a VILI poderia desenvolver e
propagar a inflamag&o em pacientes com SARA(50). Muitos fatores podem estar
relacionados ao seu desenvolvimento e estratégias protetoras de VM baseadas
em reducéo do VC e das pressfes nas vias aéreas foram formuladas baseadas
no conceito do “Baby Lung” e comprovadas na reducéo dos efeitos deletérios da
VM(2, 8, 13, 14, 51). Além disso, as alteracbes hemodinamicas relacionadas a
relacéo entre coracao/pulméao de pacientes com VM podem ocasionar alteracdes
no fluxo sanguineo pulmonar e disfungcdo do ventriculo direito e também estar
correlacionados na formacédo do edema e lesédo pulmonar(52, 53). Portanto, o
entendimento das for¢cas aplicadas nos pulmdes — stress — e a deformacéo
resultante — strain — aliados aos conceitos de VILI sdo essenciais para protecéo

pulmonar dos efeitos nocivos da VM(54).
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2.2.3 SARA: Lesao Pulmonar Induzida pelo Paciente — P-SILI

A escolha da melhor maneira de ajustar a VM tem avancado através de
estratégias ventilatorias protetoras principalmente em pacientes com leséo
pulmonar(55). O objeto da VM nao se restringe somente em adequar as trocas
gasosas, mas em ajustar a VM baseados em parametros para prevencao de
VILI(56). Diante disso, o VC e os niveis da PEEP podem estar implicados na
melhor estratégia de VM para cada paciente. No entanto, a gravidade da lesao
pulmonar associado a fatores do paciente como nivel de sedacao, presenca de
ventilagdo espontdnea e uso de BNM véo influenciar na avaliagdo e,
consequentemente, na melhora ou piora da resposta inflamatoéria pulmonar e
sistémica. Recentemente, Brochard et al. tem mostrado que um novo fator
relacionado ao esfor¢o ventilatorio do paciente pode causar leséo inflamatoria, a
denominada P-SILI(57). Em pacientes com insuficiéncia respiratéria (IRp), a
presenca de intensos esforcos ventilatérios do préprio paciente causa lesdo
pulmonar e piora o quadro respiratério. Esses intensos esfor¢os ventilatérios
geram elevados VCs e movimentos estruturais multidirecionais - swings -
pulmonares e sdo relacionados ao aumento do estimulo central do sistema

nervoso central — drive - respiratério de forma inapropriada(26, 58).

Papazian et al. avaliou em pacientes com SARA precoce o uso de BNM —
Acurasys trial — e mostrou reducdo da mortalidade e efeitos adversos
relacionados a VM(21). Essa intervencao tem mostrado que a presenca de
grandes esforcos ventilatérios espontaneos pode ser deletéria em pacientes
mais graves e que o uso do BNM ajuda na abolicdo desses esforgos ventilatorios.
Entretanto, Moss et al. - ROSE trial - ndo conseguiu 0s mesmos resultados com

0 uso do BNM em pacientes com SARA(24). Em editorial de Slutsky e Villar, a
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falta de desfechos similares dos dois estudos com o uso de BNM em SARA
estava relacionado a exclusédo de pacientes com uso prévio de BNM, ao uso de
critérios diferentes para definicdo de SARA, a falta de avaliacdo das assincronias
dos pacientes com o respirador e do esforco ventilatério espontaneo(25). Chang
et al. realizou meta-andlise do uso BNM em SARA e mostra reducdo da
incidéncia de barotrauma e mortalidade em pacientes que usaram BNM(59).
Além de ensaios clinicos, ha dados na literatura mostrando que persistentes e
intensos esfor¢cos inspiratérios aumentam o stress tecidual e a pressao
transvascular, fluxo vascular, edema alveolar e, consequentemente, a lesao
pulmonar(26, 60-62). Por isso, os mecanismos da leséo inflamatoria causada
pelo fator desencadeador, pelo respirador e esforco do paciente devam ser
contemplados, entendidos e controlados desde o inicio da VM até o desmame

do suporte ventilatorio para o0 melhor manejo dos pacientes com SARA(27).

2.2.4 Ventilacdo Controlada x Espontanea na SARA

Diante da presenca de potenciais efeitos adversos da VM e o possivel efeito
benéfico do BNM em alguns pacientes, tem se discutido na literatura o real
impacto da ventilacdo espontanea, principalmente, em pacientes com SARA. O
objetivo da respiracdo é permitir que o ar chegue aos alvéolos e haja troca
gasosa. Do ponto de vista fisiol6gico, nosso sistema respiratério esta evoluido
apos milh6es de anos para ventilagdo espontanea em comparacdo a curta
evolucdo a partir da metade do século 20 da VM controlada e com pressao

positiva(23, 45).
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A ventilacdo se faz pelas diferencas de presséo criadas no sistema respiratorio
para que a chegada do VC da atmosfera chegue até os alvéolos. Em ventilacdes
espontaneas ndo assistidas esse gradiente pressoérico é criado somente pelo
trabalho da musculatura respiratéria. Na VM, o respirador é um gerador do
gradiente de presséo associados a musculatura respiratéria. Na VM controlada
a pressao positiva direciona o VC para os alvéolos pois a musculatura esta em
posicdo passiva(63). Portanto, fisiologicamente a insuflacdo pulmonar ocorre na
presenca da pressao nas superficies pulmonares com pressdo negativa na
ventilacdo espontanea e positiva em VM. Em pacientes com VM, a presenca da
ventilacdo espontanea gera pressOes negativas que acopladas a pressao
positiva do respirador, potencializam a presséo transpulmonar (Palv = pressao
via aérea — pressdo pleural). Por isso, a avaliacdo da mecénica ventilatoria
através da avaliacdo das pressdes e volumes do sistema respiratério é de grande
valia para entendimento do estado pulmonar e sua capacidade de tolerar a
ventilacdo espontanea especialmente nos pacientes com SARA(63, 64).
Dependendo da condicdo do paciente e o modo ventilatorio, as pressdes
determinadas pelo respirador mecanico sao determinadas pela equacéao: Pav(t)
+ Pmus(t) = PEEP + (Esr x VC(t)) + (Rrs x Flow(t)), onde a Pav = pressao de
abertura via aérea, Pmus = pressao gerada pela musculatura respiratéria, PEEP
= pressao no final da expiracdo da Pav, Ers= elastancia do sistema respiratério,
VC =volume corrente, Rsr = resisténcia do sistema respiratorio, Fluxo = fluxo via
aérea. Na equacao, (Esr x VC(t)) + (Rrs x Flow(t)) representa os componentes
elasticos e resistivos das pressdes gerada através do sistema respiratorio pelo
volume inspirado e expirado do ciclo respiratorio. Durante a ventilacao

espontanea nao assistida por VM, a Pav maxima é igual a PEEP (se presente)
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ou a pressao atmosférica, e, portanto, PEEP (ou zero) + Pmus é a pressao total
do sistema respiratorio. Na inspiracdo, a Pmus reduz a presséao pleural (Ppl), e
a Pmus é a diferenca da presséo da caixa toracica relaxada e a mudanca da Ppl
para o volume de gés. As medidas da pressao esofagica (Pesof) ajudam a avaliar
a Ppl e consequentemente da elastancia da parede toracica (Ew) na avaliacao a
beira leito(63). Essas avaliacbes podem ser relevantes para avaliacdo e
estimativa da pressdo gerada pela musculatura inspiratéria e o trabalho
respiratorio  principalmente em pacientes que tenham alteracbes
pulmonares(65). Além disso, em pacientes que tenham aumento do trabalho
respiratério e intensos esforcos inspiratérios podem gerar amplos swings
negativos de pressdes. Esses swings negativos transmitem pressbes das
regioes pleurais para regides pulmonares e podem causar edema pulmonar por

pressdes negativas(66-68).

Quando héa a ventilacdo espontanea adicionada a presséao positiva da VM, a Pav
aumenta ocasionando aumento da pressao total do sistema respiratério com
elevados fluxos e elevados VCs. Essas alteracdes podem determinar em
pacientes que foram trocados da ventilagdo controlada para espontanea a
ocorréncia de barotrauma e volutrauma. Outro aspecto que pode haver esta
relacionado ao risco de colapso e exsudato alveolar que é gerado do aumento
da pressao transpulmonar e amplificado pela presenca de elevadas Pmus do
intenso esforgo ventilatorio. Em pacientes com intensos esfor¢cos espontaneos
durante o modo ventilatério pressdo de suporte ventilatério (PSV), a presséo
transpulmonar pode ficar abaixo da PEEP ajustada e levar a perda de
recrutamento alveolar(69). Essas alteracdes podem levar a ciclos ventilatorios

com swings de Pmus e assincronia do paciente com o respirador. A avaliagéo
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da Pmus a beira leito através da medida do uso de cateter esofagico ou da
pressao gerada pela oclusdo breve da via aérea sdo medidas Uteis para estimar
do esforco ventilatério do paciente e pode guiar a ajustar ventilacdo e evitar
subassisténcia ou superassisténcia(70, 71). Outra ferramenta interessante para
avaliacdo do esforgo ventilatorio € a presséo gerada durante os primeiros 100ms
contra a via aérea ocluida, a “P0.1"(72). Essa medida pode ser utilizada para
avaliacdo do drive respiratério aumentado em pacientes com SARA(58, 73).
Amato et al. tem mostrado através de uma analise de 3562 pacientes com SARA
a relevancia da medida da pressao de distensdo — driving pressure - AP (Pav =
VC / Csr = Presséo de Platd — PEEP) nos desfechos de SARA(10). A AP pode
ser uma forma de monitorizacao do strain aplicado no pulméao pelo VC ajustado.
No entanto, a sua avaliagdo na presenca de ventilacdo espontanea € mais dificil
pois o paciente pode gerar esfor¢o inspiratério, fluxo aéreo e presséo no sistema
durante a avaliacdo(74). No entanto, Bellani et al. avaliou e demonstrou ser
possivel medir a AP em alguns pacientes em PSV o que é interessante visto a
necessidade da monitorizacdo das alteracdes da mecéanica pulmonar de

pacientes com SARA ndo somente durante o uso da ventilagéo controlada(75).

Em pacientes com SARA, outra alteracdo vista principalmente na retirada do
BNM e liberacdo da ventilacdo espontanea do paciente sdo as assincronias do
paciente com o respirador. Esse achado deriva da interagcdo do esfor¢co do
paciente e o quanto o respirador consegue suprir as elevadas necessidades
respiratérias desses pacientes. A relacdo da assincronia em pacientes com
SARA pode néo estar relacionado somente a aspectos do ajuste do respirador
mas a fatores relacionados ao paciente como o aumento do drive respiratério(73,

76). A presenca de assincronias de duplo disparo e disparo reverso podem
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causar consecutivos disparos inspiratérios com acumulo de VCs sobrepostos
gerando uma terceira forma de assincronia que € o empilhamento - breath-
stacking(BS). Esse volume pulmonar gerado pelo empilhamento ou acumulo de
VCs ocasiona VC mais elevados do que o ajustado e pode estar acima dos VCs
preconizados para um estratégia ventilatéria protetora de pacientes com SARA
(77-80). As assincronias também causam dispneia, aumento do desconforto e
trabalho respiratorio do paciente e podem causar piora da troca gasosa e gerar
auto-PEEP. Nos casos de pacientes que apresentam elevada quantidade de
assincronias e que sua correcao é dificil pode haver a necessidade de sedac¢éo
profunda e uso de BNM. E esta relacionada a desmame da VM prolongado,
aumento do tempo de VM, e mortalidade nos casos mais graves(81, 82). Um dos
motivos que causa assincronia em pacientes com SARA é a reducdo da
complacéncia pulmonar associados a aumento do drive respiratério(73). A
assincronia € mais frequentemente percebida quando ha retirada do BNM e
reducdo da sedacdo para desmame da VM. A mudanca do modo ventilatério
controlado para modo ventilatério PSV € uma das medidas para tentar reduzir
as assincronias nesse periodo inicial de desmame da VM quando a ventilagdo
espontanea € mais presente. Devido as propriedades do sistema respiratoério, a
pressdo negativa gerada pela contracdo da musculatura inspiratéria pode
dificultar a mudancas do fluxo e do disparo — trigger - do respirador. Nesses
pacientes pode haver um retardo do disparo relacionado a reducdo da
complacéncia pulmonar. Essa reducdo da complacéncia pulmonar acarreta uma
reducao rapida do fluxo inspiratério apds atingir o pico inspiratorio. Essa rapida
reducdo do fluxo inspiratério pode gerar os efeitos indesejados da assincronia.

No entanto, mesmo em modo PSV pode ocorrer a perpetuacao da presenca de
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assincronias, taquipneia, esforco ventilatorio excessivo e perda da estratégia
ventilatéria protetora. Mauri et al. avaliou a assincronia entre modo ventilatério
PSV e Neurally Adjusted Ventilatory Assist (NAVA) em pacientes com SARA com
reduzida complacéncia pulmonar e mostrou uma redugao das assincronias de
ciclagem prematura, disparo inefetivo, auto disparo e duplo disparo quando
utilizado o modo NAVA comparado a PSV(83). O uso do modo NAVA tem
demonstrado reducédo de assincronias com melhora da interacdo do paciente
com o respirador(84-87). A promocéao de ventilagdes espontaneas assistida pelo
respirador € essencial a otimizacdo da interacdo do paciente com o
respirador(88). Entretanto, a avaliagdo da ventilagao espontanea e assincronias

é dificil de estimar a sua magnitude pelo profissional a beira leito e novas

ferramentas de monitorizagédo e quantificacdo deveriam ser empregados(89).

Durante a VM, a presenca da ventilagdo espontanea pode ocasionar intensos e
descontrolados esforcos ventilatorios levando a grandes VCs e diferencas
regionais de ventilacdo podendo ser deletérios aos pulmdes(90). Em alguns
pacientes pode haver perda do controle do VC ajustado e preconizado para
pacientes com SARA e, consequentemente, os riscos de VILI e P-SILI,
principalmente, nas formas mais graves de SARA(91, 92). Yoshida et al. avaliou
em animais a influéncia da presenca da ventilacdo espontanea em lesdo
pulmonar leve e grave(93). Nos animais com lesé&o pulmonar leve a ventilagdo
espontanea melhorou a oxigenacéo, a aeracdo pulmonar e a redistribuicdo de
VC em regifes dependentes. No entanto, a presenca de esforgcos ventilatérios
espontaneos nos animais com lesdo pulmonar grave ocasionou aumento da
pressao transpulmonar e AP com aumento das atelectasias e do colapso

ciclico(93). Yoshida et al. avaliou a ventilagdo espontanea com VC baixos versus
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moderados. O grupo com baixos VC teve melhor oxigenacdo, complacéncia
pulmonar e aeracdo e, no grupo VC moderado, houve a presenca de mais
atelectasias pulmonares(94). Yoshida et al. mostraram em animais e um
paciente com SARA que somente a limitacdo de VC ndo é suficiente para
eliminar os efeitos deletérios a menos que os esfor¢cos espontaneos e o estresse
local pulmonar sejam reduzidos(95). Forel et al. randomizaram 36 pacientes com
SARA para usar BNM. Nos pacientes que usaram BNM houve reducdo de
citoquinas e melhora da hipoxemia(96). Além disso, os esforcos espontaneos
causaram uma grande insuflacdo e recrutamento de regides dorsais apesar do
VC e presséo transpulmonar iguais dos animais paralisados. O efeito do stress
local em regibes dorsais dependentes € diretamente relacionado ao
comportamento solido - solid-like - gerado pela Ppl durante o esforco
ventilatério(65). Esse comportamento esta relacionado a dano pulmonar onde o
parénquima € heterogéneo com regides ndo aeradas como uma consolidacdo
pulmonar. Essa Ppl negativa gerada pela intensa contracao diafragmatica resulta
em amplificagdo da pressdo transpulmonar distribuidas de forma né&o
homogénea no pulmé&o de comportamento solid-like. Nesse comportamento de
lesdo pulmonar, as pressdes geradas principalmente em regides dorsais sao
maximizadas pela ventilagdo espontanea causada pela intensa contracao
diafragmética e, consequentemente, risco de P-SILI. A mesma pressao gerada
em pulmdes normais, comportamento liquido - fluid-like, & distribuida de forma
mais homogénea no sistema respiratorio ndo gerando maiores danos como no

comportamento solid-like(65).

Outro aspecto adicional relacionado ao esfor¢co ventilatorio espontaneo

descontrolado com possivel dano pulmonar pode estar relacionado ao fenbmeno
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de movimento aéreo pendular - pendelluft. Esse fenbmeno é o movimento
pendular de ar entre as diferentes regides pulmonares. O pendelluft pode ser
causado por um esforgo excessivo induzindo redistribui¢céo de gas intrapulmonar
antes de iniciar uma nova insuflagdo pulmonar. Essa redistribuicdo de gas pode
gerar pressoes diferentes em regides pulmonares ndo aeradas com risco de
lesdo pulmonar(77). Nesse fenbmeno ha uma insuflacdo das regides dorsais
(mais negativa) durante a acdo diafragmatica com concomitante desinsuflacéo
da regido ventral (menos presséo negativa) gerando um gradiente e o movimento
do gas pendular(77). Em pacientes com pulmao normal e comportamento fluid-
like, a contracdo diafragmatica e o pendelluft ndo gera tantas oscilacdes
pressoricas negativas quanto nos pulmdes com lesdo e comportamento solid-
like(97). O fendbmeno de pendelluft pode levar a hiperinsuflagdo dorsal com risco
de piora da lesdo pulmonar e consequentemente perda da capacidade de troca
gasosa com retencao de CO2, aumento do esfor¢o ventilatério do paciente e
falha do desmame da VM. Coppadoro et al. avaliaram 20 pacientes com teste de
respiracdo espontdnea (TRE) em modo ventilatério PSV a presenca de
pendelluft através da TIE, mostrando o fendmeno em 40% dos pacientes e com
predominéancia da falha ao teste de TRE no grupo dos que tinham maior volume
de pendelluft. Houve também uma maior retencdo de CO2 no grupo de elevado
pendelluft sugerindo maior esforco ventilatério e falha de desmame da VM(98).
Santini et al. mostraram em 10 pacientes com SARA que aumentos dos niveis
de fluxo inspiratorio levaram a aumento do pendelluft enquanto diferentes niveis
de PEEP néo teve efeito igual(99). Esse fendmeno é dificil de ser diagnosticado

com as ferramentas usuais e a TIE pode mostrar e quantificar esse fendmeno.
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Entretanto, h4 poucos estudos clinicos na literatura sobre o real impacto do

fendmeno de pendelluft em pacientes com SARA e desmame da VM.

Apesar dos riscos da ventilagcdo espontdnea, ainda ha muitas questdes
controversas na literatura sobre as reais vantagens e desvantagens de manter a
ventilacdo espontanea em pacientes com IRp. Em pacientes com IRp com
necessidade de VM invasiva, os modos controlados parecem ser o ideal na fase
inicial visto a necessidade de restabelecer as trocas gasosas, descanso da
musculatura respiratdria e tempo para correcdo da causa da IRp. Apos essa fase
inicial, a mudanca de modos ventilatérios controlados para espontaneos €
comum no ambiente de terapia intensiva. Estudos experimentais e clinicos

sugerem os efeitos benéficos do uso de ventilacdo espontanea(23, 90, 100).

Wrigge et al. avaliaram 24 porcos com SARA induzida e mostraram melhora da
oxigenacdao relacionada a recrutamento de areas dorsais ndo aeradas quando
preservado a ventilacdo espontanea(101). Neumann et al. e mostraram o efeito
benéfico em porcos do shunt intrapulmonar e oxigenacao com a preservacao da
ventilacdo espontanea em modo ventilatério airway pressure-release ventilation
(APRV) sendo explicada pelo aumento da ventilacdo em areas dependentes e
abertura de regides ndo aeradas(102). Moraes et al. avaliaram os suspiros em
modo PSV e PCV e houve reducao do colapso alveolar e pressao transpulmonar
em ratos sendo que ha uma reducéo da inflamagé&o pulmonar em PSV e suspiros
sugerindo o efeito benéfico da ventilacdo espontanea em SARA leve(103).
Putensen et al. avaliaram 24 pacientes com SARA e mostrou melhora da relacao
ventilagdo/perfusdo com a presenca de ventilagdo espontdnea em modo
ventilatério APRV quando comparado a auséncia de ventilacdo

espontanea(104). No entanto, nos pacientes em modo ventilatério PSV esse
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efeito ndo foi demonstrado(104). Radke et al. avaliaram 30 pacientes cirlrgicos
com o uso da TIE e mostrou uma redistribuicdo da ventilacdo durante os modos
ventilatérios PCV e PSV. Nos pacientes sem a presenca da VM onde foi
preservado a ventilacdo espontanea ndo houve modificacdo da distribuicdo da
ventilagcdo(105). Mauri et al. avaliaram o uso de suspiros em modo ventilatorio
PSV em 20 pacientes e houve melhora da oxigenagéo, do volume pulmonar no
final expiratério das regides ndo dependentes e dependentes e,
consequentemente, recrutamento e reducdo da heterogenicidade
pulmonar(106). Putensen et al. compararam ventilagéo controlada e espontanea
em 30 pacientes com trauma em risco de SARA. Houve reducéo do tempo de
VM e UTI, melhora hemodinamica e das trocas gasosas nos pacientes que
mantiveram ventilacdo espontanea e niveis de sedacdo menor em relacédo ao
pacientes em ventilacdo controlada(22). van Haren et al. realizaram uma coorte
prospectiva em 459 UTIs em pacientes com SARA e mostraram que nos
pacientes que tinham ventilagdo espontanea preservada em VM apresentaram

menos dias de VM e internag&o na UTI(107).

Outro efeito benéfico da ventilagdo espontanea durante a VM é o aumento da
atividade da musculatura ventilatoria ativa e reducéo da atrofia diafragmatica. A
fraqueza diafragmatica esta associada a desmame dificil da VM e aumento do
tempo de internacdo e mortalidade(108). A atividade diafragmatica reduz
rapidamente apés o inicio da VM e evolui para disfuncdo diafragmética(109).
Entretanto, o excesso de carga na musculatura diafragmatica pode também
causar fragueza muscular aguda e desenvolver inflamacdo muscular e
protedlise(110). Pellegrini et al demonstraram em porcos com SARA que o

diafragma age ativamente mesmo durante a expiracdo reduzindo a formacéo de
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atelectasias(111). Além da preservacdo do tdnus muscular, a ventilacdo
espontanea preserva a expansao pulmonar e as trocas gasosas de areas com
risco de colapso pulmonar. Em situacbes de aumento do volume minuto
pulmonar por aumento da demanda metabdlica (por exemplo febre ou doenca
pulmonar em atividade), dor ou agitacdo podem desencadear aumento da
atividade muscular expiratéria e da contracdo diafragmatica. Essa atividade
muscular diafragmética aumentada desloca o diafragma cefalicamente e por
consequéncia reduz o volume pulmonar expiratorio final e prejudica as trocas

gasosas.

2.2.5 Desmame da VM na Populacdo Geral da UTI — o que €&, como
avaliamos, classificamos e procedemos a retirada do suporte ventilatorio

O processo de desmame da VM engloba a retirada do suporte ventilatorio. Esse
processo comeca tao logo a causa da IRp melhora ou € resolvida(112). A falha
do desmame da VM é geralmente definida quando ocorre falha ao TRE ou
necessidade de reintubacao e reinicio de VM dentro das primeiras 48 horas apds
a extubacao(113, 114). A falha de desmame da VM esta correlacionada direta
ou indiretamente a piores desfechos como aumento do tempo de VM, internacéo
hospitalar e mortalidade(115, 116). A causa da falha do desmame pode estar
relacionada a disfuncbes (respiratéria, muscular, cardiaca, neurologica,
enddcrina, metabolicas e iatrogénicas) individuais ou em associa¢do(117, 118).
Entretanto, o entendimento da fisiopatologia da falha do desmame da VM pode
ser complexa em alguns casos sendo que nem sempre € entendida na sua
totalidade fazendo que o seu tratamento se torne dificil. A avaliagdo da causa de

falha do desmame da VM em alguns pacientes comparados ao grupo de sucesso
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tem sido estudada desde a década de 70 e 80(119-122). Milic-Emilic alertava
que o desmame da VM parecia mais arte do que ciéncia diante do pouco
conhecimento da época e que estudos cientificos deveriam ser realizados sobre
o assunto(123). No final da década de 80 e inicio da década de 90, houve a
producéo de ensaios clinicos em desmame da VM voltados sobre o melhor modo
de realizar a retirada do suporte ventilatério através de tubo T ou modo

ventilatério PSV(124-127).

O desmame da VM pode ser classificado conforme consenso internacional em
trés tipos: simples, dificil ou prolongado(113). O desmame simples sdo 0s
pacientes que tiveram sucesso no primeiro TRE e foram extubados sem
dificuldades. O desmame dificil sdo os pacientes que falharam ao primeiro TRE
ou precisaram até trés TREs ou até sete dias para o desmame da VM. E o
desmame prolongado sé@o pacientes que necessitam mais de sete dias para o
desmame da VM. Estudos clinicos que usaram essa classificacdo tém mostrado
gue nos pacientes classificados como desmame prolongado, hd uma associacdo
de aumento da morbidade e mortalidade(128-133). Em estudo multicéntrico
“WIND” propds uma nova classificacdo baseada na duracdo do processo de
desmame da VM (134). Essa classificacdo néo considera o TRE na classificacédo
do tipo de desmame da VM. Os autores propdem essa nova classificacdo pois
engloba todos os pacientes que recebem VM. Estudos mostram também que
essa classificacao inclui os pacientes que morriam antes de comecar o desmame
da VM, tragueostomizados, tinham uma extubacdo n&o planejada ou eram
transferidos para outra instituicdo ndo contemplados na outra classificacdo de

consenso internacional(135, 136).
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Além do critério da resolugdo ou melhora da causa da IRp para a retirada do
suporte ventilatério, sdo usados rotineiramente também a estabilidade
hemodindmica, habilidade de tossir e manejar secrecdes respiratérias pelo
paciente, estado neurolégico adequado e melhora da hipoxemia. A avaliagdo da
hipoxemia € realizada através da relagdo pressdo parcial arterial de oxigénio
(Pa02) / fragao inspirada de oxigénio (FiO2) adequada associados a FiO2 <40%
e PEEP<6 cmH20. Durante essa avaliagdo o paciente é trocado de modo
ventilatério controlado a volume (VCV) ou pressdo (PCV) para um modo
espontaneo que é geralmente o modo PSV. Apds o paciente alcancar esses
critérios, o paciente realiza um TRE em PSV ou tubo T durante 30-120 minutos.
Apés essa avaliagao é definido como apto ou ndo a extubagédo(112, 137). A troca
gasosa é geralmente considerada essencial na avaliacdo para a decisao de
retirada do suporte ventilatorio para exclusdo da persisténcia da hipoxemia e
falha do desmame da VM. Entretanto, ainda ha poucos estudos na literatura
consistentes de niveis exatos de PaO2 e relacdo PaO2/FiO2 que podem predizer
0 sucesso ou falha do desmame da VM(138-140). Assim como, essa avaliagédo
pode ser influenciada pelos niveis de oxigénio ofertado e outros fatores na
afericdo ndo sendo considerada uma boa variavel quando usada
isoladamente(141). Ha varios preditores para tentar avaliar o sucesso ou falha
do desmame da VM(142). A frequéncia respiratéria/volume corrente é o teste
preditor mais difundido na pratica clinica do desmame da VM(139). Esse preditor
tem sido objeto de discusséo da sua aplicabilidade e se mostra o mais sensivel
para avaliacdo do desmame da VM, porém ndo demonstra reducéo do tempo de
VM(143-145). Outros preditores como volume minuto, capacidade vital, pressao

inspiratoria maxima, pressao de oclusédo da via aérea também foram avaliados
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mas com resultados variaveis e frustrantes para predizer o sucesso ou falha do

desmame da VM(131, 142).

Apesar dos critérios usados acima estarem definidos em alguns guias e
consensos de desmame da VM(113, 134, 146, 147), ainda ha nesse processo
lacunas de definicdo e uma larga variagdo de formas de abordagem na pratica
clinica(148). Esse problema é relevante pois ha uma grande parcela de doentes
criticos que passam por esse processo com riscos de complicacbes e
prolongamento da internag&o. Outro aspecto € que ha uma grande variedade de
pacientes com diferentes patologias que levam a IRp e VM. Assim como ha uma
perda da individualizacdo do processo em diferentes condi¢cdes contribuintes
para a IRp e desmame da VM. Por exemplo, um paciente com pneumopatia
cronica em desmame da VM é diferente de um paciente com alteracédo

neurolégica em VM ou num caso de SARA.

2.2.6 Desmame da VM em pacientes com SARA - influéncia da ventilagao
espontanea no processo de desmame da VM

Diante da complexidade dos pacientes com SARA seja pelo seu fator
desencadeador, patologias prévias e ajuste do respirador durante a suas fases,
o desmame da VM ndo poderia ser menos complexo tanto na sua avaliacéo
como na sua abordagem. Entretanto, essas particularidades tornam o assunto
muito desafiador para o estudo desse grupo especifico de pacientes criticos. A
busca de preditores e o entendimento das particularidades do desmame da VM
de pacientes com SARA se tornam necessarios e relevantes para uma melhor
abordagem do profissional a beira leito. No entanto, os consensos sobre

desmame da VM néo contemplam esse grupo especifico de pacientes(113, 146,
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147). Assim como, os preditores e o entendimento da falha do desmame da VM
também ndo tem sido estudados. Consenso publicado por Sahn et al. na década
de 70 citou essa subpopulacéo e ja havia uma preocupacado sobre como realizar
o desmame da VM(119). Era sugerido iniciar com a melhora da complacéncia
pulmonar, FiO2 < 40% e cuidar os niveis de PEEP. A duragédo do desmame da
VM dos pacientes com SARA estava relacionado a gravidade, doenga pulmonar
de base, idade e condi¢des gerais do paciente. Os autores também ressaltavam
que o periodo de desmame da VM era geralmente prolongado devido a
resolucéo lenta da lesdo pulmonar(119). Burns et al. em revisdo de desmame da
VM em SARA ndo mostraram dados diferentes de outros pacientes criticos em
desmame da VM(149). Penuelas et al. avaliaram a populacéo geral de pacientes
em desmame da VM e, no grupo de pacientes com SARA, houve 70% de
desmame dificil ou prolongado(129). Jeong et al. avaliaram o desmame da VM
na UTI e encontraram 43% dos pacientes com SARA evoluiram com desmame
dificil ou prolongado da VM(132). O desmame da VM dos pacientes com SARA
inicia-se geralmente com a reducdo da sedacdo e troca do modo ventilatério
controlado para modo ventilatério PSV quando a respiragdo espontanea é
presente(27). Ha poucos estudos de uso de PSV em pacientes com SARA.
Durante o modo PSV, se o fluxo aéreo inspiratério € presente apds o fim da
Pmus, swings pressoéricos durante a inspiracdo podem ocorrer. A falha do
meétodo ventilatorio espontaneo em modo PSV pode ser ocasionado por um
retardo do disparo que é causado por um atraso do inicio e um término precoce
do suporte ventilatorio(150). Outro aspecto da falha do método em modo PSV é
que o nivel de assisténcia ventilatoria esta frequentemente relacionado a

contracao diafragmatica e consequente falha do desmame da VM(151, 152).
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Além disso, a presenca de assincronias e volumes gerados por BS e pendelluft
podem levar a piora da leséo pulmonar e falha do desmame da VM(77). Pinto et
al. mostraram em animais com SARA leve que no modo PSV houve maiores AP
para um mesmo VC em comparacdo com o modo PCV(153). No entanto,
Magalh&es et al. ndo encontraram diferencas significativas entre os modos PSV
e PCV(154). Portanto, o desmame da VM em pacientes com SARA ainda
permanece um assunto a ser melhor estudado tanto os motivos da falha assim
como o melhores métodos para avaliagdo e manejo desse subgrupo de

pacientes(27).

2.2.7 Tomografia de Impedéancia Elétrica na SARA e Desmame da VM

Ha varias formas de monitorizar os pacientes com SARA(155). A TIE € um
meétodo ndo invasivo, livre de radiacdo que avalia em tempo real e continuamente
os pulmd@es durante a ventilacdo invasiva ou espontanea(28, 30, 31, 156, 157).
Esse método dinamico avalia a distribuicdo do ventilacdo em areas pulmonares
dependentes e ndo dependentes assim como recrutabilidade pulmonar para
ajustes ventilatorios como o da PEEP(158-162). A TIE permite a visualizacéo de
diferencas regionais ocasionado por mudancas dos niveis de PEEP(163-165).
Além disso, a ferramenta permite a avaliacdo das medidas fisioldgicas
pulmonares, pneumotorax, perfusdo pulmonar, débito cardiaco e estado do

volume intravascular(32, 166-168).

A avaliacéo regional através da TIE durante a presenca de esforgos ventilatorios
espontaneos pode mostrar alteragcbes com a visualizacdo da ventilacdo e

aeracdo em regides pulmonares. Elevados niveis de PSV ou VCs aumentam a
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ventilacdo ventral e hiperdistenséo das regides ndo dependentes(27, 33). Mauri
et al. avaliaram 10 pacientes em recuperacao de SARA com diferentes niveis de
PEEP e PSV(169). Em niveis baixos de PSV houve maior esfor¢co da contragcédo
diafragmatica visto na TIE através aumento do VC em areas dependentes em
relacdo as ndo dependentes. A falha do desmame da VM pode ser atribuido a
situacdes de intensa contracdo da musculatura diafragmatica e na presenca de
swings de pressdo(77). Blankman et al. avaliaram 20 pacientes em pos-
operatorio de cirurgia cardiaca com o uso de TIE e mostrou resultados similares
com uso de PSV(170). Houve também uma ventilagdo mais homogénea quando
usado VC < 8ml/kg de peso predito em relacdo a VC maiores. Radke et al. em
estudo com seis pacientes cirargicos em PSV e TIE mostraram também uma
redistribuicdo da ventilacdo ventral com a mudanca desse modo em relacdo ao
modo controlado(171). Blankman et al. avaliaram 10 pacientes com SARA e
houve uma melhor ventilagéo das regides dependentes e assisténcia da VM com
modo NAVA em relacdo ao modo PSV vistas através da TIE(172). Becher et al.
demonstraram ser possivel avaliar diferentes niveis de PEEP em 18 pacientes

em PSV através do uso de TIE(173).

Bickenbach et al. avaliaram 31 pacientes em desmame prolongado da VM com
o TIE e ha durante TRE uma perda de homogeneidade pulmonar nos pacientes
gue falham no desmame da VM(174). Esse dado foi visto através do indice de
nao-homogenidade com uma sensibilidade de 85% e os autores sugerem que
esse achado poderia auxiliar na decisdo do desmame da VM. Lima et al.
avaliaram com TIE 42 pacientes que realizaram TRE e o0s pacientes que se
submeteram a teste com tubo T ocorreu perda da aeragdo em comparagao ao

TRE com modo PSV principalmente nos pacientes que falharam o TRE(175).
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Zhao et al. avaliaram 30 pacientes com o uso TIE e mostrou associagao de
sucesso de desmame da VM ha uma redistribuicdo de ventilacdo nas regides
dorsais com baixos niveis de PSV(176). Hsu et al. mediram em 16 pacientes o
uso de compensac¢ao automéatica do tubo durante o TRE através da TIE sendo
que, quando usado, foi efetivo para ativagcéo da ventilagdo(177). Longhini et al.
avaliaram 78 pacientes que realizaram TRE e houve mais perda de recrutamento

e heterogenicidade pulmonar no grupo com falha ao teste(178).

A TIE permite também a visualizacdo da plestimografia e as curvas do
respirador(29). Como j& discutido acima, essa ferramenta pode avaliar as
assincronias e BS secundario a duplo disparo e disparo reverso. Além disso, a
avaliacdo da plestimografia poder estimar a capacidade residual funcional e a
avaliacdo do VC gerado também poderia ser uma ferramenta para estimar sua
variabilidade durante o tempo. Estudos tem relacionado a variabilidade com
evolucdo do desmame da VM(179-182). Outro ponto também ja discutido € a
avaliacdo do pendelluft através da TIE e risco de hiperdistensado regional de

regides dependentes vistas pela TIE(77).

Desde a inicial descricdo dos 12 pacientes por Ashbaugh e colegas em 1967(1),
a SARA tem sido um assunto ao mesmo tempo interessante e desafiador. O
estudo do seu desmame da VM néo tem sido menos oportuno visto as multiplas
particularidades da sua fisiopatologia e a influéncia da VM e respiragdo
espontanea(183). Por isso, diante da atual discussdo das repercussdes da
ventilagdo espontanea em pacientes com SARA, novos estudos relacionados ao
tema devam ser realizados visando o estudo dessa lacuna no desmame da VM

de pacientes com SARA.
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3. MARCO CONCEITUAL

O marco conceitual do estudo mostra a sequéncia do desmame da VM dos
pacientes com SARA evoluindo com aumento do VC e AP, pendelluft e P-SILI.
Essas alteracdes levam a piora da lesdo pulmonar inicial e, consequentemente,

piora da hipoxemia e da mecanica pulmonar e falha do desmame da VM.

SARA
VILI

Desmame VM:
Esfor¢os Ventilatorios Esponténeos

Falha do Desmame da VM

) P-SILI
) Plora‘ _da ML 11Volume Corrente
Piora Mecanica Pulmonar 11Driving Pressure
Hipoxemia

Pendelluft

Figura 2: Marco Conceitual Esquematico
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4. JUSTIFICATIVA

A SARA é uma sindrome de fisiopatologia complexa e a influéncia da VM e
esforcos espontaneos podem ser deletérios em alguns pacientes através da VILI
e P-SILI. O desmame da VM ainda é um tema que requer mais estudos para
entendimento da falha do processo e melhores estratégias para ajudar esse
grupo de pacientes. Por isso, 0 estudo do desmame da VM de pacientes com
SARA é um tema pertinente e necessita de estudos para permitir um
entendimento melhor da sua avaliacdo visto que ha poucos dados na literatura
sobre esse processo nesse estagio da SARA e suas repercussoes clinicas. Além
disso, o presente estudo prop6s o emprego de TIE como uma nova ferramenta
para avaliar melhor a repercussédo da ventilacdo espontanea no processo de
desmame dos pacientes com SARA. Também foram avaliados os métodos
usuais para o desmame da VM para fornecer dados adicionais de uma avaliagcéo
mais precoce das alteracbes pulmonares dos pacientes com SARA em

desmame da VM.
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5. OBJETIVOS

5.1 Objetivo Primario

- Avaliar o desmame da VM em pacientes com SARA e suas repercussoes

através do uso da TIE associados a parametros clinicos e ventilatorios.

5.2 Objetivos Secundarios

- Avaliar o processo de desmame da VM(simples, dificil e prolongado) nos

pacientes com SARA com o uso da TIE;

- Medir a mecéanica pulmonar dos pacientes na SARA durante os estagios

do processo de desmame da VM,;

- Avaliar os volumes pulmonares usuais e causados por assincronias e
pendelluft através do emprego da TIE durante o processo de desmame da VM

em pacientes com SARA;

- Mensurar com a TIE a quantidade de assincronias e pendelluft durante

o desmame da VM dos pacientes com SARA,

- Comparar os dados clinicos e da mecanica pulmonar dos tipos de

desmame da VM de pacientes com SARA;
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ABSTRACT

Background: The acute respiratory distress syndrome (ARDS) is characterized
by an intense inflammatory response and protective mechanical ventilation (MV)
is essential. The presence of spontaneous breathing has beneficial effects,
however, it can be harmful in more severe cases. The repercussion of
spontaneous breathing and its repercussion during weaning from MV in patients
with ARDS is still poorly understood and studied.

Objective: Evaluate weaning from MV in patients with ARDS using electrical
impedance tomography (EIT) with clinical and ventilatory parameters.

Methods: Prospective cohort study of patients with ARDS who presented
improvement criteria and were judged by the attending team to be able to
suspend the use of neuromuscular blocker (NMB) and sedatives, and start
weaning from MV. The EIT and pulmonary mechanics data were collected at
baseline (Tpre) and after 30 minutes (T30min), 2 hours (T2h) and 24 hours (T24h)

after changed from controlled mode (VCV or PCV) to spontaneous mode (PSV).

Results: The study included 25 patients between July,2017 and February,2019.
The patients were 09 simple, 08 difficult and 08 prolonged weaning. The duration
of MV, delirium, agitation, intensive care unit-acquired weakness (ICU-AW),
tracheostomy, length of stay (LOS) and mortality of the ICU were higher difficult
and prolonged weaning group. The tidal volume (TV) and driving pressure(AP)
increased when changing from controlled to spontaneous mode, mainly in the
prolonged weaning group when compared with simple weaning group (p
time=0.0001). The patients with prolonged weaning presented larger total

volumes after begin of the spontaneous ventilation (p=0.02). The prolonged
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weaning group had a tendency more posterior region ventilation and reduction of

the ventral/dorsal(V/D) ratio visualized by EIT.

Conclusion: The weaning from MV of patients with ARDS has a high proportion
of difficult and prolonged weaning associated with worse clinical outcomes. The
pulmonary changes seen by EIT and assessment of pulmonary mechanics
showed to be relevant in the prolonged and difficult weaning group and could be
monitored routinely. Further studies should be realized to evaluate the
spontaneous breathing and weaning from MV in ARDS to continue to protect the

lung.

Key Words: Respiratory Distress Syndrome, Adult; Ventilator Weaning;

Respiratory Mechanics; Electric Impedance Tomography
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Introduction

Protective mechanical ventilation (MV) is a supportive therapy in critically ill
patients and during the last decades reduced mortality mainly with acute
respiratory distress syndrome (ARDS)[1, 2]. The use of neuromuscular blocker
(NMB) to abolish the presence of spontaneous breathing during early stages of
ARDS has been widely debated[3-5]. The spontaneous breathing show beneficial
effects as a homogeneous distribution of pulmonary aeration, improvement of
gas exchange, increases contraction and reduces diaphragmatic inactivity, need
of sedation and, consequently, decreased time of the MV and intensive care
unit(ICU)[6-9]. However, the deleterious effect of uncontrolled spontaneous
breathing can cause or worsen lung and diaphragmatic injury by ventilator-related
mechanisms (ventilator-induced lung injury - VILI) and by the patient-related

mechanisms (patient self-inflicted lung injury -P-SILI)[10-13].

Nevertheless, the effects of spontaneous breathing and its repercussion on the
weaning of the MV of patients with ARDS is still poorly studied and need studies
to better assess its consequences. Therefore, we postulate that some patients
with ARDS may fail the weaning process of MV due to partial or complete loss of
well-defined protective ventilatory strategy control at the beginning of MV.
Epidemiological studies of MV weaning poorly differentiate patients with ARDS
and consequently the understanding of the pathophysiology of ventilatory support
discontinuation failure in patients with ARDS is not fully understood[14, 15]. In
addition, weaning from MV in ARDS patients has been used conventional
methods for any critically ill patient[16, 17]. However, there has been great
progress in understanding of pulmonary behavior through imaging methods such

as the use of chest tomography and electrical impedance tomography (EIT)[18,

77



19]. Therefore, the study of these tools associated with conventional methods
may allow better understanding, monitoring and management of cases of ARDS

during weaning from MV[19, 20].

Therefore, the study of the influence of spontaneous ventilation and its
repercussions at the time of weaning from the ventilatory support of patients with
ARDS is necessary and essential to avoid damage related to VILI and P-SILI.
The present study aims to evaluate the weaning from MV in patients with ARDS
and its repercussions through the use of EIT and clinical and ventilatory

parameters of pulmonary mechanics.

Methods

Study design and Setting

A prospective observational cohort study was conducted between July 2017 and
February 2019 in the ICU of the Hospital de Clinicas de Porto Alegre, Brazil. The
ethical committee of Hospital de Clinicas de Porto Alegre approved the study
(Project number:15-0571). The study was submitted to Brazilian Registry of
Clinical Trials — ReBEC (Id number: RBR-35qvjy). The STROBE tool was used

for the study development[21].

Participants

All patients diagnosed with ARDS defined by the Berlin criteria were followed[22].
Consecutively, the patients defined by the ICU team who were considered ready
to begin the MV weaning process were included. Informed consent was obtained

from the family member. Exclusion criteria were: patients who were already in
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spontaneous ventilatory mode, family member or legal representative who did not
consent to participate in the study, pulmonary fistulas that made it difficult to
measure respiratory mechanics, use of cardiac pacemaker, damage to the rib
cage that makes it impossible to place the EIT electrodes or inability to perform

the evaluation for reasons that may hinder the patient's evolution.

Date Collection

The following data were collected from the patient's record: age, gender, height,
ideal weight, body mass index, source of hospitalization, comorbidities, Simplified
Acute Physiology Score 3 (SAPS 3), etiology and severity of ARDS, time of
diagnosis of ARDS start of MV weaning, use of sedatives and NMB, vasoactive
drugs, prone position, dialysis and extracorporeal membrane oxygenation.
During follow-up were collected: MV dates, the number of spontaneous breathing
trial (SBT), weaning type (easy, difficult or prolonged)[23], MV weaning success
or failure (reintubation within 72 hours after extubation), delirium[24], agitation,
intensive care unit—acquired weakness (ICU-AW), tracheostomy, length of stay
(LOS) in ICU and hospital, time of the MV and mortality in ICU and hospital.
Agitation was defined as the need for sedation or mechanical restraint to control
patient agitation during weaning from MV and whether or not they had criteria for
delirium. Muscle strength was evaluated with the use of the Medical Research
Council (MRC) scale and ICU-acquired paresis was an MRC score of less than

48[25].

Study Protocol

After the initial screening, a basal collection (Tpre) was performed in a controlled

ventilatory mode (Volume Controlled Ventilation - VCV or Pressure Controlled
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Ventilation - PCV) during 30 minutes before changed to spontaneous mode
(Pressure Support Ventilation - PSV). Arterial blood gases and MV data were
collected. After EIT installation, 10 minutes was recorded for later offline analysis
of the file. The EIT electrodes were positioned on the thorax in the supramamilar
position and continuous acquisition was started image acquisition was done
using a 32-electrode EIT device (Timpel Enlight 1800®) composed of 32
electrodes and with 50Hz acquisition frequency. The data obtained were
analyzed in offline mode through specific program in Labview environment
developed by our group. EIT parameter analysis was performed (Delta Z (AZ),
ventilation distribution in the zones 1-4, ventral and dorsal ratio (V/D ratio),
pendelluft volume and analysis of the ventilation curves acquired in the device to
identify and quantify breath staking (BS), reverse triggering, double-triggering

and asynchrony index.

After this initial evaluation period, the ICU team performed switching from
controlled to spontaneous ventilation mode (PSV 8-12 cm H20), with the patient
in a semirecumbent position and fractional inspired oxygen concentration set at
the same level. Arterial blood gases, MV and EIT data were collected after 30
minutes (T30min) and two hours (T2h), 24 hours (T24h). Data related to EIT
images were collected in real time over 10-minute periods. For the evaluation of
pulmonary mechanics, small doses of sedatives and short-acting NMB (propofol
10mg IV and if necessary, succinylcholine 20mg IV) may be given by the medical

team according to the researchers.

The criteria used by the medical staff were based on the MV institutional weaning

protocol according to the current guidelines (see Appendix 1)[16, 17]. The initial
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SBT lasted 30 minutes and consisted of breathing with a T-tube or using 5-8
cmH20 pressure support with positive end expiratory pressure (PEEP) 5-8
cmH20 was performed. When a patient successfully passed the SBT according
to the criteria, extubation was performed. The final decision to extubate was made
by the attend physician. When a patient failed the initial SBT, MV was reinstituted
and reviewed the possible reversible causes for the failure. The spontaneous
breathing trial was repeated on the next day, if the patient was again ready-to
wean. The a priori criteria for weaning failure were tachypnea, increased
accessory muscle activity, diaphoresis, facial signs of distress, cyanosis,
tachycardia, arrhythmias, and hypotension. Patient-related decisions were all

made by the medical staff and researchers did not influence decisions.

Statistical analysis

We defined to collect consecutively 25 cases as there were no specific ARDS
weaning studies for sample calculation. Variables categories were presented as
relative and absolute frequencies. Continuous variables are reported as mean *
sd or median and interquartile ranges for nonnormal distributions. In
nonparametric data was performed Mann-Whitney and Kruskal-Wallis test.
Quantitative continuous variables were compared among the three groups
(simple, difficult and prolonged weaning) using one-way analysis of variance, with
Tukey post hoc comparisons. To compare categorical variables, the x2 test was
used, except when expected frequencies in contingency tables were less than 5,
in which case the Fisher exact test or the Monte Carlo method was used. The
generalized linear mixed models were used to evaluate interaction weaning type

with time of weaning (TPre, T30min, T2h and T24h). All P-values were two-sided,
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with P-values less than 0.05 considered as statistically significant. Statistical

analyses were performed with SPSS 17.0 program (SPSS, Chicago, IL).

Results

Population

During the study period, 37 patients were evaluated and 25 patients were
consecutively enrolled in the study (Figure 1). The patients were classified
according to the type of MV weaning: 09 simple, 08 difficult and 08 prolonged
weaning. The general characteristics and outcomes of the patients according
each type of weaning were shown in Table 1. This table showed duration of MV,
delirium, agitation, ICU-AW, tracheostomy, LOS and ICU mortality higher difficult

and prolonged weaning group (others dates see Appendix 2).

Gas Exchange, Ventilatory, and Respiratory Mechanics.

The table 2 and figure 2 showed parameters during MV weaning. The tidal
volume(TV) increased when changing from controlled to spontaneous mode,
mainly in the prolonged weaning group. The during time of controlled to
spontaneous mode showed differences with TV, respiratory rate(RR) and driving
pressure(AP). The TV and AP levels were higher mainly in difficult and prolonged
weaning groups (see figure 2 and figure 2).The values of DP in the simple
weaning had not higher values than 13.9. Blood gas and MV data during

hospitalization and weaning previous were shown in Appendix 3.

Asynchronies e Pulmonary Volumes
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Table 3 showed the amount of the double trigger, reverse trigger and BS during
MV weaning. The asynchronous numbers are high in prolonged weaning in the
initial time. After to change to spontaneous mode, the asynchronies had a
reduction with increasing pulmonary volumes paradoxically. In the figure 3
showed evaluation of the total, normal pulmonary, BS and pendelluft volumes
generated every 10 minutes. The patients with prolonged weaning presented
larger total volumes during all times. The volumes generated by BS secondary
asynchronies were more prolonged compared simple weaning. The pendelluft

volumes were more difficult and prolonged compared simple weaning(Figure 3).

Imaging Dates

The figure 4 showed the ventilation distribution by EIT the groups of the type
weaning during ARDS weaning. Patients on prolonged weaning have greater
posterior ventilation seen in the lower V/D ratio compared to the difficult and
simple weaning. When divided into slices 1-4, ventilation on slice 4 was greater

in this region in patients with prolonged weaning.

Discussion

Our study showed the behavior weaning from MV of the ARDS patients during
changing from controlled to spontaneous ventilation mode after withdrawal of the
sedation and NMB. We studied a specific subpopulation of patients with ARDS
who could have influenced spontaneous breathing in the MV weaning process.
Our results suggest that patients with ARDS have a higher proportion of difficult
and prolonged weaning (64% cases studied). Pefuelas et al. showed almost 70%
difficult and prolonged weaning in the ARDS patients in the study of the MV

weaning[15]. Previous studies show a higher proportion of simple weaning
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because they evaluated only general ICU patients weaning from MV][26].
However, the patients with prolonged weaning had higher mortality and worse

others outcomes as previous studies[15, 26, 27].

Our study showed mainly in patients with prolonged weaning the loss of
protective ventilation during weaning of the MV with higher TV and AP. The
recommended levels of protective ventilation are lost during weaning in some
patients who show high values of VT and AP, causing a risk of VILI due to
volutrauma and barotrauma|11, 28]. Initially, the patients showed the presence
of high asynchrony indices into 26% any patients that correlate with previous
study of increased mortality with asynchrony index higher 10%[29]. The presence
of excessive asynchrony seen in our data generated volumes by BS and
consequent additional volumes of the adjusted for protective values. After the
beginning of the spontaneous ventilatory mode a reduction of the asynchrony
occurred. However, there was a significant increase in TV and AP to non-
protective levels in complicated weaning. These findings may be complex
understanding. One explication may be increased “inappropriate” respiratory
drive especially in the prolonged weaning group and ARDS[30, 31]. The
respiratory drive abnormally high may be resulting high inspiratory effort,
dyspnea, patient—ventilator dyssynchrony, lung (i.e. P-SILI) and respiratory
muscles injury (i.e, myotrauma) and consequently adverse clinical outcomes[12,
13, 32, 33]. These findings have also been shown during the COVID-19 pandemic
with the potential difficulty of weaning from MV[34]. We assessed total lung
volume during and showed a significant increase in patients with prolonged
weaning. There are no reports of studies that globally assessed volume and its

correlation with weaning from MV. In addition, our study showed the volumes
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produced by pendelluft that are most prominent in groups with complicated
weaning. These volumes can lead to dorsal hyperinflation, large swings and
cause negative pressures that can be deleterious in lungs with solid-like
behavior[35]. Coppadoro et al. showed that the phenomenon of pendelluft
through EIT is frequent (40%) and more failure to wean from MV due to increased

ventilatory effort as well as in our patients[36].

Our results showed increased TV during ventilatory mode change (PCV or VCV
to PSV) with increased ventilation in dorsal visualized by the EIT. Blankman et
al. showed similar results by the EIT[37]. However, our cases had more severe
ARDS and a higher risk of unfavorable outcome related with spontaneous
breathing during MV weaning. The levels of the PSV or PEEP can influence
diaphragmatic contraction and ventilation in dependent areas viewed by EIT and
the use higher PEEP strategy could be help spontaneous breathing in severe
ARDS [38-40]. Additionally, when TV values lower than 8ml/kg of predicted
weight show more homogeneous ventilation when there are higher TV[37]. Our
study demonstrated higher TVs with a lower V/D ratio showing increased risk of
the dorsal injury influenced by increased diaphragmatic contraction, more
negative pleural pressures with increased degree of swing and risk of pulmonary
edema and overuse injury diaphragmatic.[41, 42] The features visualizable by
EIT could be to influenced the failure and success weaning. Furthermore,
sedation and NMB strategies could reduce muscle overload and use of higher
PEEP could be beneficial for stabilizing unstable alveoli and ventilation in more

dorsal regions[20, 43, 44].

The use of EIT to assess weaning from MV has still been poorly evaluated and

studies suggest loss of pulmonary homogeneity during weaning from MV[45, 46].
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The present study suggests that monitoring of the weaning from ARDS could be
reassessed. The creation of better tools for assessing weaning in ARDS as well
as the proper evaluation of the resolution of the cause of hypoxemia and
pulmonary inflammation are necessary[13, 47]. The present study showed occult
findings by EIT that the bedside clinical evaluation has not been performed
routinely. The EIT tool could be potential to use in ARDS weaning by real-time
monitoring, optimize MV settings and detect complications[19]. Early studies on
weaning from MV already suggested that patients with ARDS could be better
evaluated and the time to recover from the injury respected[48]. Given the current
understanding of the influence of spontaneous breathing on this group of patients,
weaning from MV may be complicated. Since it is an evaluation of heterogeneous
patients, weaning has multiple causes of weaning failure that are related to the
complex pathophysiology of ARDS. This pathophysiology does not only include
the pulmonary aspect but there are other aspects such as the presence of

delirium and ICU-AW shown in our population as well as in other studies[49, 50].

The aspects studied related to weaning from MV in patients with ARDS have
proved to be important, such as large lung volumes, increased AP, asynchrony
and change of ventilation to posterior regions secondary to intense inspiratory
effort. These findings in weaning from MV could cause lung injury and
consequently lead to failures in spontaneous breathing tests and worsening
outcomes, especially in patients with ARDS. Therefore, weaning from MV could
progress to a lung injury that is not well resolved, which could be called “Weaning
Induced Lung Injury - WILI” added to the well-known VILI and P-SILI. However,
more studies in multiple centers could be performed to identify this related

phenomenon of weaning from MV causing worsening of lung injury. In addition,
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through a better understanding of the pathophysiology of weaning failure, more

individualized strategies could be developed to address this clinical context.

Limitations

First, this study was observational and there was a risk that the selection of cases
could influence the results of the study. However, patients were selected
consecutively according to the inclusion and exclusion criteria. Second, the study
was conducted at a single center and the management of patients could be
different when compared to other centers. However, patient care protocols were
based on the guidelines of the main intensive care societies, and researchers did
not influence patient therapy decisions. Third, there was no consideration of the
use of non-invasive ventilation or high-flow oxygen therapy in the study. This
could have less severe patients and change study outcomes. In our study, we
had few patients with mild ARDS and the impact of the spontaneous breathing
could be not dangerous as severe types of ARDS. The other factor may be
influence of the results that most of sample was primary cause of ARDS and
pneumonia. Our ICU is reference center for clinical patients and not trauma and
surgical center. Fourth, other factors could cause failure in weaning such as
obstructed tubes, sedatives, diaphragmatic dysfunction, respiratory drive,
phenotypes in addition to the heterogeneity of patients with ARDS. Fifth, the
definition of the type of weaning from VM could not include all aspects of weaning
from VM including its outcomes. However, when the study was designed, it was
the classification used in the current literature at the time to assess weaning from

MV.
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Conclusions

The present study evaluated weaning from MV of patients with ARDS. The
patients with difficult and prolonged weaning were associated with worse clinical
outcomes. Patients with worse outcomes had larger lung volumes and pressures
and more ventilation in dorsal regions related to excessive spontaneous effort
viewed by EIT and mechanics pulmonary. The findings of pulmonary changes
could be monitored mainly EIT and assessment of pulmonary mechanics. Further
studies should be realized to evaluate the spontaneous breathing and weaning

from MV in ARDS to continue to protect the lung.
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Table 1. Main Characteristics of the All Patients and Simple, Difficult and Prolonged Weaning Groups

Characteristics All (n=25) Simple (n=9) Difficult (n=8) Prolonged (n=8) P value
Age - yr 43.9+19.5 36.8+20.7 42.8+17.2 53.1+19 0.28
Male sex 32% 33.3% 37.5% 25% 0.87
SAPS 3 64.7+15.4 63.6+21.4 58.1+8.2 72.5+10.1 0.13
Body mass index, kg/m2 26.5+6.4 27.5t5.4 26.9+5.8 25.3+8.2 0.52
Clinical 96% 100% 87.5% 100% 0.35
Comorbidity -
Cardiovascular disease 24% 33.3% 12.5% 25% 0.62
COPD 8% 0% 12.5% 12.5% 0.56
Cancer 16% 0% 12.5% 37.5% 0.11
SIDA 16% 11.1% 25% 12.5% 0.71
Hematologic disease 16% 0% 25% 25% 0.28
Imussupresion 32% 0% 37.5% 62.5% 0.02
Etiology of ARDS 0.35
Primary, infectious 96% 100% 87.5% 100% -
Extrapulmonary, noninfectious 4% 0% 12.5% 0% -
ARDS Severity 0.35
Mild 12% 22.2% 12.5% 0% -
Moderate 60% 55.6% 75% 50% -
Severe 28% 22.2% 12.5% 50% -
PaO2/FiO2 initial, mmHg 141.8450 147.1+51 152.3+48 125.4455 0.46
Cstat/PBW initial, ml/cmH20/kg 0.53+0.1 0.44+0.1 0.57+0.2 0.58+0.1 0.2
T_ARDSweaning, days 4.9+2 4.1+1.6 4.8+1.3 6.0+£2.8 0.23
Prone Position 40% 33.3% 37.5% 50% 0.78
ECMO 8% 11.1% 12.5% 0% 0.61
Neuromuscular Blocker 84% 77.8% 87.5% 87.5% 0.82
Delirium 56% 22.2% 75% 75% 0.04
Agitation 76% 44.4% 100% 87.5% 0.02
ICU-AW 44% 22.2% 25% 87.5% 0.01
Duration of MV, days 12.8+9.3 6.3+2.3 10.9+5.1 22.0£10.4 0.00
Tracheostomy 12.5% 0% 0% 37.5% 0.03
LOS ICU, days 16.4+10.4 9.2+3.2 14.145.2 26.8+11.8 0.00
LOS Hospital, days 32.4+19.4 21.2+13.6 27.6+£10.4 49.8+20.9 0.01
Mortality ICU 20% 0% 12.5% 50% 0.03
Mortality Hospital 24% 11.1% 12.5% 50% 0.12

Legend: SAPS 3 = Simplified Acute Physiology Score 3; COPD= Chronic obstructive pulmonary disease; SIDA = Acquired Immunodeficiency Syndrome; ARDS= Acute
Respiratory Distress Syndrome; PaO2/FiO2 = pressure arterial oxygen/fractional inspired oxygen concentration; Cstat/PBW = Static Compliance/Predict body weight;

T_ARDSweaning = time of ARDS diagnosis to initiation of weaning from MV; ECMO= extracorporeal membrane oxygenation; MV= Mechanical Ventilation; ICU-AW = intensive
care unit-acquired weakness; ICU=Intensive Care Unit; LOS=Length of stay; Valor p compare simple versus difficile versus prolonged weaning; Data are expressed as mean +
SD or %. Kruskal-Wallis Test or Chi-Square or Fisher Test. This table shows all patients and simple, difficult and prolonged weaning groups. Subgroups were divided according
weaning classification. The duration of MV, delirium, agitation, ICU-AW, tracheostomy, length of stay and mortality ICU higher with difficult and prolonged weaning.



Table 2: Gasometric, Ventilatory, and Respiratory Mechanics During Mechanical Ventilation Weaning

Parameters Simple(n=9) Difficult (n=8) Prolonged (n=8) p type p time p interaction
PaO2/FiO2 ratio, mmHg 0.2 0.3 0.3
TPre 348.4+27 322.94£29 290.5+£29
T30min 332.7£34 337.8+36 285.0+£36
T2h 329.8+36 318.1+38 277.6+£38
T24h 398.4+38 346.8+39 261.0+£39
TV/ideal weight, ml 0.02 0.000 0.8
TPre 5.9+0.4 6.9+0.3 7.5+0.4
T30min 8.4+1.0 10.4+1.1 10.5+1.1
T2h 7.9+0.9 10.3£1.0 10.1+£1.0
T24h 7.7+0.7 9.6+0.8 10.0+0.8
Respiratory rate, breath/min 0.2 0.001 0.15
TPre 26.2+1.4 21.2+1.5 23.3t1.5
T30min 17.4+2.1 16.91+2.2 19.0+2.2
T2h 19.1+2.8 16.0+£3.0 25.9+3.0
T24h 24.3+2.3 20.9+2.4 23.3+x2.4
Plateau pressure, cm H20 0.7 0.048 0.15
TPre 19.8+1.1 18.5+1.2 19.3+1.2
T30min 20.8+1.8 23.0£1.9 21.8+1.9
T2h 19.0+1.6 22.8+1.7 21.4+1.7
T24h 20.0+1.9 22.5+1.9 20.1+1.8
PEEP, cm H20 0.1 0.9 0.34
TPre 9.0+0.5 8.4+0.6 8.5+0.6
T30min 8.2+0.5 8.4+0.6 8.4+0.6
T2h 8.2+0.5 8.4+0.6 8.3+0.6
T24h 8.1+0.5 7.9+0.6 7.5+0.5
Static compliance, ml/cm H20 0.6 0.7 0.1
TPre 35.1+4.1 40.6%4.1 34.8+4.4
T30min 37.1+4.8 43.0+4.8 36.745.2
T2h 36.3+4.7 42.9+4.7 36.0+5.0
T24h 37.715.0 40.1+5.0 36.5+5.4
AP, cm H20 0.5 0.000 0.8
TPre 10.4+0.9 10.6+0.9 11.5+£1.0
T30min 13.9+1.5 15.6x1.5 15.5+1.6
T2h 13.0£1.3 15.4+1.3 15.3+1.4
T24h 12.74£1.6 15.6+1.5 15.0+1.7

Legend: TV=tidal volume; RR=respiratory rate; PEEP = Positive End Expiratory Pressure; AP=Driving pressure; Tpre = baseline collection performed in a
controlled ventilatory mode (VCV or PCV). T30min = 30 minutes after changed to spontaneous mode PSV; T2h= two hours after changed to PSV; T24h= 24
hours after changed to PSV. Data are reported as mean + std. error (SE). Valor p compare the type of weaning (simple versus difficile versus prolonged) and
time of weaning (Tpre versus T30min versus T2h versus T24h) and interaction type with time weaning; This table shows parameters of the gas exchange,
ventilatory, and mechanical respiratory for the types of the weaning (simple, difficult and prolonged). The type of simple compared difficult and prolonged
weaning showed more higher TV. The during time of controlled to spontaneous mode showed differences with TV, RR and DP.
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Table 3: Asynchronies, Breath Staking and Pendelluft During Mechanical Ventilation Weaning

Parameters TPre T30min T2h T24h p
Asynchrony Index % NS
Simple Weaning 0.5[0-7.9] 0.8[0-1.4] 0.8[0-3.2] 0[0-0.2]
Difficult Weaning 0.5[0-15] 0[0-5] 0[0-1.6] 1.1[0-3.7]
Prolonged Weaning 15.4[0-26] 0.5[0-1.6] 2.0[0-6.9] 0[0-3.6]
Double Trigger, n NS
Simple Weaning 1[0-3] 0[0-2] 0[0-3] 0[0-7]
Difficult Weaning 0[0-2] 0[0-3] 0[0-2] 1[0-1]
Prolonged Weaning 33[1-52]* 0[0-0.2] 3[0-7] 0[0-1.5]
Reverse Trigger, n NS
Simple Weaning 0[0-25] 0[0-2] 0.5[0-3] 0[0-0]
Difficult Weaning 0[0-20] 0[0-1.5] 0[0-0] 1[0-5]
Prolonged Weaning 0[0-5] 0[0-1] 0[0-2] 0.5[0-5]
Breath Staking, n NS
Simple Weaning 3[0-33] 1[0-3] 2[0-3] 0[0-10]
Difficult Weaning 4[0-33] 2[0-6] 9[0-4] 5[1-10]
Prolonged Weaning 51[2-73] 1[0-3] 6[0-18] 5[0-14]
Pendelluft, n NS
Simple Weaning 0[0-0] 0[0-0] 0[0-0] 0[0-0]
Difficult Weaning 0[0-0] 0[0-0] 0[0-5.8] 0[0-13]
Prolonged Weaning 0[0-0] 0[0-5.3] 2[0-11.8] 0[0-15.8]

Legend: Tpre = baseline collection performed in a controlled ventilatory mode (VCV or PCV). T30min = 30 minutes after changed to spontaneous mode PSV;,
T2h= two hours after changed to PSV; T24h= 24 hours after changed to PSV. Data are reported as Median/IQ interval. Kruskal-Wallis Test. Valor p compare
simple versus difficult versus prolonged weaning; This table shows asynchronies index, types of asynchronies, breath staking, pendelluft during 10 minutes
each time of the study; *=p<005; NS = non-significant.
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Screening 37 Cases of Weaning ARDS
Jul/17-Feb/19

Exclusion

- 04 Cardiac Pacemaker

- 02 Pulmonary Fistule

- 02 PSV previous

- 01 Severe Cutaneous Injury

- 02 Not Completed Evaluation
- 01 Not Accept Study

25 Cases Included

09 Simple Weaning 08 Difficult Weaning 08 Prolonged Weaning
Duration of MV: 6,3+2 37 9 days Duration of MV: 10,9+5 1 days Duration of MV: 22 0+10 4 days
Mortality ICU: 0% Mortality ICU: 12,5% Mortality ICU: 50%

Figure 1: Study flowchart
Legend: ARDS= Acute Respiratory Distress Syndrome; PSV = Pressure Support Ventilation; MV= Mechanical Ventilation; ICU= Intensive Care Unit
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Figure 3: Volume Produced During Evaluation of Weaning Mechanical Ventilation

Legend: Tpre = baseline collection performed in a controlled ventilatory mode (VCV or PCV). T30min = 30 minutes after changed to spontaneous mode PSV;
T2h= two hours after changed to PSV: T24h= 24 hours after changed to PSV. Data are reported as mean. Kruskal-Wallis Test. Valor p compare simple versus
difficult versus prolonged weaning; This figure shows volumes during 10 minutes each time collected of the evaluation. The types of the weaning (simple, difficult
and prolonged) showed tidal volume measured and breath staking providing of asynchronies (double trigger and reverse trigger) and pendelluft. The group with

more volumes produced were prolonged and difficult weaning.
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Figure 4: Ventilation Distribution by Electrical Impedance Thomography
Legend: EIT = Electrical impedance thomography; Tpre = baseline collection performed in a controlled ventilatory mode (VCV or PCV). T30min = 30 minutes
after changed to spontaneous mode PSV; T2h= two hours after changed to PSV; T24h= 24 hours after changed to mode PSV. The Ventral/Dorsal represents
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weaning has higher posterior ventilation seen in the Ventral/Dorsal ratio compared to difficult and simple. When assessed by zones 1-4, ventilation on zone 4 is
greater in this region in patients with prolonged weaning.




8. CONSIDERACOES FINAIS

O presente estudo demonstrou que o0s pacientes com SARA apresentaram
uma grande proporcdo de desmame prolongado e dificil com piores
desfechos clinicos. No grupo de desmame prolongado houve um aumento
significativo dos volumes e pressfes pulmonares quando comparado ao
desmame simples sugerindo grande comprometimento pulmonar e nao
resolucdo do processo inflamatorio da SARA. A TIE demonstrou que o0s
pacientes que evoluiram com desmame prolongado apresentaram maiores
ventilacbes em regides dorsais e aumento relacdo V/D sugerindo intenso
esforco ventilatorio espontdneo e comprometimento das regides
pulmonares dependentes. Esses achados mostraram o quanto foi relevante
a avaliacdo da perda da ventilacdo protetora e a influéncia da ventilacao
espontanea nos casos mais graves de desmame da VM. O estudo permitiu
através das alteracbes pulmonares um melhor entendimento na
fisiopatologia da falha do desmame da VM em pacientes com SARA.
Apesar das limitacdes ja descritas do estudo, poderiam ser desenvolvidos
novos estudos utilizando a TIE associados a avaliacdo rotineira da
mecanica pulmonar para uma nova abordagem mais detalhada desse

momento crucial da retirada do suporte ventilatorio



9.PERSPECTIVAS FUTURAS

O estudo apresentado nesta tese de doutorado mostrou novos dados
pertinentes ao assunto do tema da pesquisa. Os achado principais da TIE
associado aos dados clinicos e da mecanica pulmonar foram de grande
valia para a formulac&o de novas pesquisas sobre o0 assunto. As alteracdes
pulmonares do aumento do VC e DP deveriam ser melhor testadas em
novos estudos de forma multicéntrica para confirmar os resultados
mostrados nessa amostra de pacientes. O emprego da TIE em pacientes
mais graves que estdo evoluindo com desmame prolongado e que
apresentaram reducdo da relacdo V/D com aumento da ventilacdo em
regides posteriores deveria também ser testada num ndmero mairo de
pacientes. Durante a coleta foi também obtido amostras de plasma que
possibilitariam a dosagem de biomarcadores e possivel hipotese que o
desmame da VM pode ter efeito na inflamacéo pulmonar gerando risco da
piora do quadro inflamatério da SARA. Outra perspectiva bem plausivel é
a formulacdo de um escore com o uso da TIE associado a outros dados
clinicos para desmame em pacientes com SARA baseado nos principais
achados do estudo (aumento do VC, DP e reducdo da relacdo VD
associados assincronias e achados clinicos como delirum e fraqueza
adquirida na UTI) que poderiam identificar de forma mais precoce 0s
pacientes que irdo falhar no desmame da VM. Essa identificacdo precoce
€ pertinente para formulacdo de um plano terapéutico mais adequado e

individualizado para essa parcela de pacientes.
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10.ANEXOS E/OU APENDICES

Appendix 1 - Protocol of the Weaning from MV in Adults HCPA

Patient 2 48 hours of MV with resolution of
the cause of respiratory failure through the
clinical julgment and daily suspension of
sedation
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Protocol RSBI (1st and final test) <105 intolerance to the T-
PiMax (1st test) <-20 cm H20 tubs test
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Appendix 2: Main Characteristics of the Study Population

Patient Age* Gender BMC SAPS I Etiology of ARDS ARDS Type PaO2/FiO2 PaO2/FiO2 Weaning MV Time Outcome Outcome
No. diagnosis** weaning** Type ICU Hospital
#1 20 M 19,9 76 Primary, infectious Moderate 126 337 Simple 10 Survivor Survivor
#2 18 F 16,1 81 Primary, infectious Severe 56 350 Prolonged 28 Suvivor Survivor
#3 23 M 26,5 48 Primary, infectious Severe 50 372 Difficult 9 Survivor Survivor
#4 15 F 21,8 39 Primary, infectious Moderate 146 387 Simple 5 Survivor Survivor
#5 61 F 26,7 73 Primary, infectious Severe 95 280 Prolonged 29 Survivor Survivor
#6 29 F 29,4 54 Primary, infectious Mild 228 225 Simple 6 Survivor Survivor
#7 37 F 43 56 Primary, infectious Moderate 183 407 Prolonged 14 Died Died
#8 75 F 28,9 73 Primary, infectious Severe 96 349 Prolonged 16 Died Died
#9 76 F 33,1 80 Primary, infectious Moderate 120 540 Simple 7 Survivor Survivor
#10 21 F 28,7 39 Primary, infectious Severe 87 343 Simple 6 Survivor Survivor
#11 51 M 20 77 Primary, infectious Mild 222 280 Prolonged 11 Survivor Survivor
#12 19 F 24,8 74 Primary, infectious Moderate 191 247 Difficult 9 Survivor Survivor
#13 36 M 24,1 76 Primary, infectious Moderate 137 229 Prolonged 15 Survivor Survivor
#14 46 F 28,1 64 Primary, infectious Moderate 180 420 Difficult 23 Died Died
#15 72 F 22,3 85 Primary, infectious Moderate 134 209 Prolonged 21 Died Died
#16 38 M 25,9 54 Primary, infectious Mild 226 223 Simple 5 Survivor Died
#17 50 F 20,5 59 Primary, infectious Severe 80 220 Prolonged 42 Died Died
#18 29 M 23,1 92 Primary, infectious Moderate 162 397 Simple 4 Survivor Survivor
#19 57 M 19,4 56 Primary, infectious Mild 203 330 Difficult 8 Survivor Survivor
#20 41 F 30 55 Primary, infectious Moderate 124 307 Difficult 10 Survivor Survivor
#21 32 M 38,4 53 Primary, infectious Moderate 153 233 Difficult 7 Survivor Survivor
#22 39 F 37,4 47 Primary, infectious Moderate 138 298 Simple 4 Survivor Survivor
#23 66 F 21 62 Primary, infectious Moderate 160 366 Difficult 9 Survivor Survivor
#24 58 M 26,5 53 Extrapulmonary,noninfectious Moderate 157 308 Difficult 12 Survivor Survivor
#25 64 F 28,6 91 Primary, infectious Severe 91 295 Simple 10 Survivor Survivor

MeanzSD 43,9+19 9M/16F 26,616 64,7115 24 primary/1 extrapulmonary; 4 Mild 141,8 +50,8 321,7+82,4 09 Simple 12,8 £9,3 20 survivor 19 Survivor
24 infectious/1 noninfectious 14 Moderate 08 Difficult 5 Died 6 Died
7 Severe 08Prolonged

Legend: M=male; F=female; BMC= Body Mass Index (Kg/m2); SAPS3 = Simplified Acute Physiology Score 3; ARDS= Acute Respiratory Distress Syndrome; MV= Mechanical
Ventilation; ICU=Intensive Care Unit; *years; **mm Hg; This table showed main characteristics of the all patients included of the study;



Appendix 3: Ventilator Parameters during ICU

Parameters General (n=25) Simple(n=9) Difficult (n=8) Prolonged (n=8) P value
pHD1 7.29+0.1 7.25+0.11 7.31+0.08 7.30+0.08 0.41
pHD3 7.3310.1 7.35+0.04 7.32+0.07 7.31+0.06 0.18
pHD7 7.39+0.1 7.33+0.01 7.41+0.04 7.38+0.09 0.12
PCO2D1 50.1+13 55.7+18.2 46.816.2 48.4+10.8 0.32
PCO2D3 48.9+10 49.7+13.5 45.9+3.6 51.1+11.2 0.61
PCO2D7 45.6+9 52.5+12.0 40.91+6.7 47.9+10.5 0.18
PaO2/Fi0O2D1 141.8+51 147.1+51.3 152.3+48.1 125.4+55.5 0.46
PaO2/Fi0O2D3 263.7+117 316.0+£140.6 296.3+80.1 172.4+58.4 0.03
PaO2/Fi0O2D7 288.7+97 234.0£107.5 339.4+99.3 258.0+83.6 0.38
PaO2D1 81.9+32 81.8+11.3 85.8145.4 78.1+34.4 0.84
Pa02D3 102.2+35 116.5+49.2 106.3+22.3 82.0+13.1 0.12
Pa0O2D7 96.0+39 78.1+21.1 119.0+40.9 80.3+£32.0 0.11
FiO2D1 62.4+22 61.6+23.5 61.3+26.3 64.4+19.6 0.81
FiO2D3 41.8+12 38.4+9.1 37.5+10.4 50.0+£10.4 0.03
FiO2D7 35.9+13 30.3+9.5 33.3t6.2 40.3+£17.0 0.50
TVD1 6.4+0.8 5.9+0.6 6.6+0.6 6.8+0.9 0.02
TVD3 6.3+1.2 5.5+1.3 6.6+0.9 6.9+1.0 0.05
TVD7 7.9+2.3 8.0+4.3 7.9+1.8 7.9+2.0 0.85
RRD1 28.9+4.3 29.2+3.2 28.5+5.9 28.91+4.3 0.57
RRD3 27.6+x4.9 25.3+5.3 27.9+4.7 30.0+£3.8 0.09
RRD7 25.046.2 25.3+4.2 24.1+6.8 25.8+6.9 0.87
PPlat6D1 24.815.2 26.3+5.5 23.3+4.9 24.615.5 0.58
PPlat6D3 23.0+3.8 22.6+4.2 22.5+3.7 24.0+3.9 0.37
PPlat6D7 21.0+4.9 24.5+0.7 20.4+4.2 20.745.9 0.39
PEEPD1 11.6+2.7 11.4+2.4 11.0+2.4 12.3+3.5 0.50
PEEPD3 10.9+2.8 11.2+3.3 10.3+2.3 11.3+3.0 0.65
PEEPD7 8.612.4 8.714.6 7.9+£1.7 9.3+2.2 0.48
PIPD1 31.4+7.1 30.0+6.9 31.1+8.7 33.36.0 0.39
PIPD3 30.745.9 28.0+6.7 30.1+6.1 32.6+4.6 0.18
PIPD7 24.916.1 22.0+£10.0 26.4+4.0 25.04£5.9 0.71
CStatD1 29.8+9.7 25.1+6.6 35.0+12.6 29.8+7.5 0.28
CStatD3 31.0+9.8 28.619.1 35.6+11.8 29.0+£7.6 0.29
CStatD7 43.6+30 27.5+2.1 42.2+17.7 49.3+40.2 0.38
CDynD1 19.846.2 20.1+7.2 21.5+6.7 17.6x4.1 0.39
CDynD3 19.746.6 21.3+8.0 21.3t7.9 16.9+2.6 0.41
CDynD7 26.5+9.3 20.5+3.5 26.4+7.3 28.7+12 0.49
APD1 13.2+3.4 14.7+3.7 12.3+3.1 12.4+3.1 0.27
APD3 12.0+2.4 11.6+2.1 12.0+2.9 12.5+2.3 0.81
APD7 12.0+4.5 12.5+2.1 12.445.4 11.6+4.8 0.93

Legend: MV = mechanical ventilation; D1 = day 1 MV, D3 = day 3 MV; D7 = day 7 MV; FiO2 = inspired oxygen fraction; RR = respiratory ratio; PEEP = positive

end-expiratory pressure; CStat = Static Compliance; Cdyn = Dynamic Compliance; AP = driving pressure
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Apéndice 4: Review Article: “Weaning from Mechanical Ventilation in ARDS:
Aspects to Think about for Better Understanding, Evaluation, and

Management”
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Weaning from Mechanical Ventilation in ARDS:
Aspects to Think about for Better Understanding,
Evaluation, and Management
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1. Imireduction prokonged

Since the creatton of the inlensive care unil {HCU), the o=
of mechanizl ventdlation (MY} has been evalualed basically patient,
with regard to three aspecis of debaie 1] The firsl 1s when  wihich bas provided a redudson tn mortality, but 2 portion of
should MV Be staried, dther tmasive or noninvastee The  patients progress to chronic criticl illness |7, &].

muﬁrhmﬂjﬂﬁ.'ﬂmﬂ:dﬂmnfﬂlﬂm sidies and guidebines for MV harve btile oom-

mode is made mdm‘iﬂmq:ﬂ:ﬂr
uated. These adjusiments were I.hu.n:l:'r:b:-u-:lﬁrl]t
descriptson of “wentilator- inducsd. hung injury™ (¥ILL), whene

‘e third subgect of defate, which is no less challenging,
is whem would be the Best ttme for withdrawal of wenidladory
support, so-c@led weaning from MV |5 MY weaning
has heen studied for several years and has gome from 2
sizie of the arl to 2 sdence afler formelbting more defined

m‘pl:mdnaﬂ.l.cﬁnﬁcll:l-::] stndies. MV weaning cn
be stmple tn most cses, but there may be cases of dificult or

cem for distingeishing the peculiarities of
[2-13]. There 1smo individmltzation of 2 patient with chrondc
ohstrucifee disezse (DOPLY) or acule respiratory
{ARDS). The first shows the changes of 2

This siudy proposes a review of the main aspecis for
the undersanding of ARDS during weaning of MV as well
= pvaluating and mamaging this phase of withdrawal of
ventilatory supporl. The review of the lierature was caried



ot Zlming at the aspects related to the evaluation of weanling
of MV In patlents with ARDS Search was conducted 1n
the pertod from 1967 to 2018 and the following electromic
databases: MEDLINE, EMBASE, LILACS, and Cochrane
Central Register of Contralled Trials (CENTRAL) and rel-
evant sclence siies. The following “Mesh terms™ are from
MEDLINE: “Resplratory Distress Syndrome, Adult™[Mesh],
“ventilabor Weaning™[Mesh]. After the resulis, the articles of
refevance to the theme of the propossd study wers salected.

2. Mechanical Ventilation in ARDS: Start,
Transition, and End of Weaning Process

The tnitial evaluation and treatment of the patient with ARDS
begin with the correction of the Inflammatory mechanism
that triggered the process, Le, sepsis and the declsion to start
ventilatory support [17, 18). This ventllatory support can be
provided as supplemental oxygen, high-fiow nasal oxypen
therapy, and nonlnvaste MV and 1o most cases \mvasive
MV [19-21]. Ancther Important Iniial aspect of ventilstory
suppart Is the cholce of ventilatory mode (controlled versus
spontansous) and paramater settings to adopt the “lung-
protecttve ventllation™ ¢ This protective ventilation
consists in the adjustment of low tidal volume {TW) on the
basls of predicted weight and elevated levels of positive end-
axplratary pressure (FEEF) with respiratory regulstion (RR),
consldering not only the correction of hypozemis, but 1o
the care of the targets of pulmonary pressures and volumes
tor avodd volutrauma and slelectrauma [22-24]. In the most
severe cases, the use of neuromusculr blockade (MMED,
prome position, and extracorporeal membrane cxygenation
(EC30) will be evaliusied when there s refractory hypos-
emiz [25-28). These Inlilal strategies are key to swocessful
tregtment of patlents with ARIX and therefore weaning
success and reduction In MV dme

After a fow days with assumed Improvement In Inflamma-
tory status and gas exchangs, the cliniclan at bedside begins
to think of withdrawing ventilatory support First. NME
and sedation are provided untf] spontaneous ventilstson
marrements are detected. Afterwards, spontaneous breathing
trizls {5BTs) are conducted to evalieste the withdrawal of
MWV The T tube test or pressure sgpport ventllstion (PSV)
madaltites are usaful for &l types of MV weaning patients
[12]. Im recent years, the influence of spontaneoss ventl-
latlon has besn better evalusted In pattents with ARDS.
Imitlal studies suggest the beneficial effect of spontanecus
ventilaton o both improvement of hypozemila and pul-
mma:rmmphmudmdummjnaumhrufremmm
muscles, malnly disphragmatic [30-33]. However, animal
stsdles show the opposite with increased transpulmonary
pressure, worsening of asynchrony (flow starvetlon, short
cycling, and double-triggering), bresth stacking, pendel-
lufi phenomenon, disphragmatic iojury, and worsening of
Inflammatary response and WILD (Flgures 1 and 2) [15, 16,
34-37). Spontaneous efforts may cause swings and heart-
lung imbalances with worsening of pulmonary edema and
Injury, mainly due to excessive negattve pleural pressura (Ppl)
[38, 35]. During weanlng, excessive resplratory drive and
high ventilatory demands increase dyspnea and may lead to
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Fiauee £ Double-triggering oocurs when a spontanemnss etfort
triggers a (sacond) ventilator breath before the initial breath has
completely exhaled [armow]). The pressure-lime trace {upper panel)
and flow-time trace {mid panel} demonstrate the ooourrence of the
additicnal breath, but do not give a sense that both inspirations are
sammed; this is apparent from the volume-time {kower panel) trace
mhll:;ﬂllﬁ:dnﬁl&tnmmnﬂamlmhﬂmu:ﬂvhrgu

(potentially infuricess) VT (red) compared with regulir triggering
(Bluzz). Lagend: VT tidal velume. 'I'ﬁh:l.ﬂlmr:pem &L

weaning fEllure and/or fallure to infubate and may present
“alr hunger” [40]. The high respiratory drive leads tovigorows
imspiratory efforts that result in excesstve global or reglonal
pulmonary distension due to 3 nonhomogensous distribo-
thon of siress and sirain. A mechanism recently termed
“pattent self-inflicted lung injury” (P-SI1L1) may create a
wiclous circle of worsening infury, resulting 1n higher TWsand
imjuriows lung stress [19). Paparian et al showed a2 reduction
in mortzlity and Inflammattion in moderate and severs ARDE
with the use of WME In the sarly siages, suggesting the
attenuation of lung Injury with NME [25, 41]. Thesa findings
related to the presence of spontansmes movements 1o Injunad
lungs should be constderad tn patients with ARDE, who are
starting weaning from MV, Despie the great interest in this
areq, therte ars fow studies that definttively assess the trus
impact of spontanecus ventilabon dwring weaning from kMY
in patiants with ARDS (Figure 3).

3, Monitoring MV Weaning in ARDS

The usual parameters for the evalustion of MV weanlng are
in regard to clinical, gasometry, ventilatory mechanics, and
radiologlcal data. These parameters can assess the overall
improvement tn the casse of respiratory failare. However,
they may be unsble to predict pablents with MV weaning
fallure.

The use of freguency-to-idal volume ratlo (GVT) Is
the most widespread predictor of weaning and has hetter
prediction than other prediction methods. Howewer, the
fvT a5 well as the other methods have faflares to pradsct
the withdrawal of the MWV New applcations of weaning
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Ficuuzs 2: Dynamic CT scan in end-expiration (left panel) d

rates that the d lung (hiue) is dependent, while the depend

lung is densely atelectatic (red). At end-inspiration during 2

spontaneous
mldhng(ﬁn:)&edcpmdmt lung, peeviously densdy atelectatic (red) is now partially d (gr

breath (mid panel), mullﬂkmmww

pmm(nghlpund)mwﬁn&emwupxﬂm&emddeums(m)mrwﬂ?plﬂgl;h”\sm
uqurumn Hmthe “swing" in regional Ppl is greater (x2) than the “swing™ i Pes, indicating that dizphragm contraction results in

wadmlberwnlhngw&:dnybnpncaqunﬂ“hﬂmpmhmnﬂdb&emdudme
hmg(u.?ﬁ).Pp&, Ip Pes: esophageal p s HU: H
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Ficuus 3 Weaning failure in ARDS. ARDS “Acute Respiratory
Distress Syndrome™; VILI: “Ventiator-Induced Lung Injury™; MV:
“Mechanical Ventilation™; TV: *Tidal Volume™; DP- “Driving Pres-
sure”; P-SILI: “patient self-inflicted lung injury”™.

predictors In this scenarso must be explorad In future stusd-
les [65]. During the weaning of ARDS patients in PSV,
1t was observed In a pilot study In ARDS patlents with
weaning fallure that TV Increases without changes In RR
patients as generzlly described by Tobln [5, 58]. These
alterations—raduced TV and Increasad RR—assoclated with
other signs of fallure—arterial hypertension, sweating, acces-
sory musculature utilizatson, and drowslness—usually occur
in later phases of MV weaning fatlure.

The evaluation of hypoxemia is generally used to classify
the severity of ARDS and monitor the progression of lung
Inpury [66, 67]. At weaning from MYV, usually 3 Pa0Q,/F1O,
ratio over 200 Is considered the criterton for the start of the
MV weaning process [13]. Nevertheless, hypoxemia 1s not 2
specific marker of the Inflammatory response [68].

ficld Units, with authors permassion [15].

Another polnt to emphasize 1s that, during spontaneots
ventliation tests, there 5 the Inability to evaluate transpul-
monary pressure or driving pressure (DP) [56, 69]. Durlng
spontaneous ventilation after withdrawal of NMB, other pres-
sures involved—pleural and muscular pressure—inflsence
the evaluation of pulmonary mechanics [70]. Ptlot study for
early weaning evalustion was seen to be Increased D For the
evaluation of pulmonary mechanics during study, small doses
of sadatives or short-acting NMBs (propofol 10mg 1V and if
necessary succinylchollne 2-4mg I'V) may be given [58].

The evaluations of airway pressures usuzlly employad in
MYV weaning assessment are the levels of PEEP and peak and
plateau pressures. The target generally recommended to start
weaning from MV is a PEEP level of 5-8 cmH, O and pressure
support levels to maintain adeguate ventflation.

In patients with ARDS there is a wide vartation of
radiological findings seen on conventlonal chest radsography
compared with computed tomography [71]. There Is also
a discrepancy of the observers In the Interpretation of the
presence of edema seen In the chest radlograph [18].

4. Potential Methods for Predicting MV
Weaning in ARDS

The purpose of this topic Is to present some methods that
have been the subject of debate in the Iterature and that
could be better evaluated for weaning prediction In ARDS
patlents (Tsble 1). However, the magnttude of weaning from
MV specifically In patients with lung Injury as well as new
methods should be further studled. However, cliniclans nead
new parameters at badside to better pradict MV weaning
because of the unigue pathophystology of patsents with ARDS
compared to other causes of respiratory fatlure
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Tasik I: Potential methosds for predicting weaning in ARIDE.

Poleniial Method Adwantage Dhiszdvantages
Pressure measurement s with sponianeous iffeculty in positioning the catheter and
ventilation its accuracy for measuring esophageal
presmurs{dl, 43] Croantification of pulmonary swings pressurs
Help in the visualization of asynchrony Minimally [masive
. . . Failure of previous studies as a predictor
PO 44, 45] Evaluation of ventilatory drive of | weaning Eilare
Naon-immvasive Oiperator dependent
}':E““J]“m'd Cruntification of aeration and collapse Skin |esions may make it impossible to
during weaning perionm the best
Evaluation of the keart-lung interaction Sarme as ahove
Echocardingraphy|49] Measures l=ft and right ventrioolar Cardiac images are difficult to visnalize in
function some patients
Crantification of asynchrony and betier . . .
Asynchrony|36, 50| adjusiment of parameters and modes of Ad.l:ual .@mnhniladﬁ:r
michamical ventilation during weamning 1A5E 20E MESEIE
Naon-imvasive and radixtion-free . . .
el time visnaFiztian of som and Arhﬁ.chaﬁbfd:ﬂ:gﬁmﬂ'mnc
EIT]50-54] -::il:]x-::i lung and swings dunng shape, P:.u III Lree a‘mwnhmb-eusmmlﬂ-
Evaluation of pulmonary perfusion i
e fers]55] Evaluation of VILI and P-5SIL] wors=ning Imfluence by extrapulmanary
135) during machamical ventilation weaming inflammatary response

EIT: Elertnicad impadance Tomograpky: VILL: ¥entllaior- induced Leng Infery; P-SILE: pattent sell- infictad lung tnpery.

4L Monlforing Mechanical Venilleliion Prrameters. The
mantioring of pulmonary pressures through the uswsl
pressure curves shown by ventllabors during weaning is
mized by the presence of spontaneouss veniflation. The
pressures abolished by the effect of the BNM appear after
thelr withdrawal and can influence the lung lesion a5 well
gs during the transition from controlled to sponianecus
[7a, 72]. Amato et &l 1n a large retrospective analysts showsd
the Increase 1n DF as 2 worse predictor of cutcome In patients
with ARDE [56]. Al weaning from MYV, the persistence of the
Inflammatory response could Increase DF This alieration
could be better evaluated as 3 new marker of complicated
weaning In lungs that still had woresolved “occult™ lung
Injury.

The use of esophages] manometry has besn wsed In
respiratory physiology ressarch, but s clinical wse 15 ot
commaon. The evalustion of esophageal pressure (Pes) using
esophageal manometry helps In the estimation of pleural
pressunes because s measurement can be influenced by the
effects of the chest wall and lungs [42]. There 1s a gradual
redusction 1n ventllstory support and Increased patlent effort
during weaning from M. The Pes Increases progressively In
patients who fall weaning, while the success of weaning does
oot oocur significant changes in Pes [73, 74). The continsous
evaluation of Pes variations 2 batter sucoess or fallure
gt MV weaning than §T [74]. Yoshida et al suggest the
use of the esophages] manometry to gulde PEEP sattings
to redwce VILI [57]. Pes monlioring may be a wsefil tool
and part of the Intensivist's clinical armamentarum to show

The pressure devaloped In the accluded 2irway 100 ms
after the onset of an Inspiratory effort (POU) 15 another
miezsure that could help as 2 weaning predicior in patlents
with ARDE P was Initlally described more than 40 years
aga |75] and may be used to assess simply and nonlovasively
the Increasad ventilatory drive in ARDS and 1ts deleterioes
consequences 1n injured lungs [40]. PoU s Independent of
resplratory mechanics and the patlent’s reaction, and I s,
importantly, unaffected by resplratory miscle weakness. The
optimal target range for respiratory drive and insplrafory
effort durlng MV 1s uncerizin. In healthy subjects breathing
at rest, PO varles betwesn 0.5 and LS cnH 0 [44]. PO c&an
bie useful to adjust the level of ventiltory support due to
its close correlation with Inspiratory effort. Higher values of
1.1 Indbcate Insuificient levels of support, while lower values
correspond to excessive assistance. P00 has been
studled a5 a predictor of weaning suocess or fallure [5]. A
high P0.1 during a spontanecus breathing tris] 1s associated
with fzilure, suggesting that 2 high respiretory drive could
pradict weaning fallure. P01 alone can prowide diniclans
with Information regarding thelr patients drive, where it
is sensitive to ventlator setiings and may be ussful during
weaning [45].

4.2 Imaging Momlforing Lung wlirasound can be a pood
alternative to chest radlography or computed tomograpiny
sCan In many cases. Bedside lung ulirasound In the evaluation
of patients with respiratory fallure has been well established
|76, 77]- In ARDE there are several Eudlugslntepu].mn.ua:f
glirasound [71]. The evaluatlon of seration can

success or fEilure of weaning from MW [46—48]. memlad
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showed to be accurate the uss of the lng witrasound reser-
atlon score for the wse of antibotics In ventilator-associated
preumonia |60]. Ha)l et al. showed parameters lung {loss of
aeration score of the left and right anterior and lateral reglons)
and parameters cardiac through diastolic dysfunction (left
girial area, E/E', interatria] septal nghtward fixed curvature)
to help predict falled extubstion [49]. Echocardiography
shiould be further explored in this population because the risk
of swings and changes In heart-lung interaction can influsnce
the success of weanlng from MV [38, 78]. The lung ulirasound
examination has some Hmitations: i cannot detect lung over-
Inflation; subcutaneous emphysema and the presence of Large
tharacic dressings may preclsde propagation of ultrasoand
beams to the lung surface, with severe chest trasma or
brurns; 1t may be Hmited by the patlents pain and dlscomfort;
tralning Is requirad to correctly perform the examinston and
Interpret Its findings and # 1s not 2 continuows monttoring
toel [71]. Lung ultrasound and echocardiography are still
uncertzin methods in the evaluation of weaning In ARDS and
require more specific studles for thelr present application.
Another imaging tool to wse at bedssde is elactrical
impadance tomography (EI1T), which &5 a nonlnvastye Imag-
Ing methad [79]. EIT &5 a radiaton-fres, nonlnvastve tech-
nlque for comtlmeous monforing of ng volume during
ventilation and possthly a guide for the weaning process
[51, 52, 80]. The dynamic resl-time evaluation of zerated and
nonzerated areas oould show the pulmonary swings and thelr
correlation with the course of MY weaning (see Flgure ).
Blankman &t al compared the effects of pressure control
ventilaton (PCV) and PEV on the distribistion of ventilstion
with the e of EIT. There was Improved ventilation of the
dependent lung reglon during PS5V duee to the contribubion
of the diaphragm resuiting in a distribution shifted to the
nondependent lung with devated TV [81]. Bickenbach et
&l showed changes In reglonzl ventflstion of the lung and
heterpgenelty In prolongsd weaning undergoing T-plece
trizls In real #ime [53]. Regional EIT monforing during
edema formeatson reveals a decreass In lung zeration in dorsal
regions, assoclated with a decrease In regional ventilatson. In
association with such changes, EIT typlcally discloses com-
pensatory Increasss In regional ventilzton of veniral regions.
The presence of spontanesus ventllstory MOVemenls causes
Increasad ventlistion In dorsal reglons. This ventllatlon i
an effect of apposition of the dorsal dlaphragm and zlso
gravitatsonal effect, leading the dependent lung to a greater
regional complacency [5-4]. Incontrast, high pressure support
lewels or TVs are assoctated with Increased ventral ventilation
and stgnals of nondependant lung overdistension (Flgures 4
and 5. When pendalluft oocurs, the possihility of overstratch
of the dependent lung 85 strongly suggested by EIT, even
In patients subjected to low TV ventllatlon [82]. Impedance
properties are sansithve to the difference between blood and
alr; therefore, EIT has also bean stisdied to assess the regional
distribution of perfuston and 1ts relationship with ventilation.
The lung pulszeility method has so far been shown to provide
gualttative Informatson ahout lung perfuston, &g, following
the activation of hypoxic pulmonary vaseoonstriction [83].
Another evaluation during weaning from MV s the usa of
plethysmography, a tool to assess functional resldis] capactty,

TV, and varability over time. Studies with pulmonary vari-
abiitty have cormelated with success or fatlure of 30V weaning
in patients In general [B4-86]. Studies have been carried
out recently with the wse of EIT, buf thare 1s still 2 need to
improve imags reconstruction and to create algorthms for
applications in weaning evalsation a3t bedside [&7].

4.3, Monlforing Asyachrony. Ventllstor ssynchrony 1s asso-
clated with Inoressed MOU stay and mortzlity. During
eplsodes of asynchrony may oocur worsening hypoaxemia znd
increased resplratory muscle work [50, 59, 8], There s alse
increasing concern that asynchrony may causelange transpul-
monary pressure swings and inappropristely large TV that
may be especially harmful in crmically 11 patlents who ane
receiving lung-protective venfllation [36]. The presence of
asynchromy during the weaning of ARDS patlents from AV
could be batter quantified and distinguished. Inaddition, the
types of asynchrony could also be evaluated. The presence
asynchrony, both quanttty and type. could be considered at
bedslde as a predictor MV weaning fzilure In patients with
ARDS

4.4, Blomurkers. ABRDE |s characterized by Intense Infamma-
tory responss with relesse of several Inflammatory medlztors
during the course of this response, exudative, prollferative,
and fibrotic pheses of ARDS [18]. Increased levels of plasma
blomarkers, incleding markers of systemic Inflammation
{Interleukin-6 and Interleukin-g), epithelial and endothelial
imjury, along with markers of dysregulated coagulation, have
been associated with adverse outcomes of AR [18, &3, 20].
haring the weaning process, SETS involve cardiopulmonary
stress for ventllated patients; interleukin-6, 8 major moda-
Iator of the stress response, has besn shown to be higher
in COPD patlents durlng weaning fzllure [21]. Yang ot al
showed reduced lewels of serum inflammatory cytokines,
especially [L-6, with successful weaning in septic patients on
ventilstors [55]. Other more spectfic lung blomarkers could
also be evaluated durtng weaning from MY In patients with
ARDE, Le, amphiregulin and type I procolagen [92, 93]
However, there are still no studles that define the role of
bilomarker mezsurement In the evaluation of MY weaning In
ARDE patlents.

5. Innovative Therapies to Treat ARDS with
Complicated Weaning

There have heen fow studies specifically on the subject of
weaning ARIDS patlents from MV and on thelr approach
as waell [94, 95]. Table 2 has fisture potential suggestions to
resume the actual moment in research that & waiing ressanch
to confirm this evaluation in Wi weaning for ARDS, Wean-
Ing that does not progress should be evaluated for any Bcotors
that perpetuate the infl e.g. uncontrolled
Infection. Iovasive ventllatton itself can lead to latrogenic
damage to the lungs slready with lung infury, and therefore,
caution with the Influence of spontanecus ventilzison can
lead to more lung Injury and disphragmatic dysfunction.
Mew pocult mechanlsms Increasing the risk of VILI during
asslsted spontaneous bresthing (eg., oocult pendellufi and
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threshold, 22 on H20) was used. The EIT image was divided into four zones, each covering 25% of the ventrodorsal diameter (zones 1-4).
During controlled ventilation (under muscle paralysis), sisnultaneces inflation of each of the ditferent lung regions was observed, although
at diferent inflation rates. In ¢ when sp etforts were present, two observations were noted. First, in the initial stages of the
bmhmmdutamdn‘mdd:pmdﬂlhmgw(ndmmsS;ml().whdlnsmm&ccumlhdm
S d, the easly i joa in the dependent region was accompanied by concomitant { ) & dent region (red
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Frcusz 5 Electrical Impedance Tomography. Example of the visualization of the variation in pulmonary ventilation seen through EIT of MV
weaning in two ARDS patients in the first 2 hoars. Image an the Joft indicates the gain in ventilation in green with an increase in TV fram 6
to 12 mi’kg The patient on the right showed weaning faiure and prolonged weaning from MV, Image displays an increase in TV from 6to 8
mikg and loss of vemtilation variation in red; the patient showed simple weaning fram MV.
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Tanig Z Future potential suggestions io evalmbion in VM weaning for ARDE.

WEANING [N ARDS

{1} Contral of the llines (redocing inflammatioa)
(1) Pa0X' P2 200 and PEEP<10 cmH 20
{3) Evaluate:

(2} Pulmonary mechanics during the spontaneous ventilation best-
(i) Measare TY ¢ OF - cantion TY >Bml'kg and'or D13 [56)

(i} If mvailable - monitoring Pes [42, 57]

(i) Bedside alernative for the evahstion of pulmonary mechanics: Administration of small doses of
sedatives and short-acting NME (propofiol Hlmg IV and if necessary sucrinylcholine 2-d4mg [V} and change io

VOV to measurements [558]
(b)) Asynchroay and Ventilatory Drive:
(i) Asymchrany Index (faihere if>10%)]59]
(i) P01 {consider high drive ifs 3044, 45]
(<) Imaging Momitoring:
(i) FIT (tidal variation of i
failure if global inhomogeneity index (1) valoe: 40 [53]

(TIV), the changes in end-expiratory lung impedance (AEFLT) -

(i) U5 (fung =core » 7 is pradictive of postertshation distress |49, 607)
(iif} Bchocardiagraphy (qualitative right ventricular failure and diastolic dysfunction) [89]
{4} Maragrment with High T, DB Asynchrony Index. P01 or worse of regional aeration:
(i) Eliminate stress Gctors (pain, anxiety and deirfom) and ssdation adjnstreent - try dexmedstamidine or

propofol. Avaid bolas of fentamyd {an lower BR and increas= TV}
(1i) Test imcrement tn FEEP to CRemH 200

(i) Ahernative ventillatory modes to improve asymchronies - PAY [61) or NAVA [&X]
(iv} Patients with refractory weaning: nse partial NMB [63] and BCMO [64]

ARDE: acute respiratory distress syndrome; M V- mechanicl venlllaior; FEEP: positive end-cxpimalory prossece; TV: Udal volumes; DP: driving pressure; Pes-

esophageal pressure;: PO.E prossare 100 ms afier the onset of an Inspiralory effory; EIT: dedrical Impedance Lomo : VW= volume control vensiation; US:
ukrascund; IPAY: proporional-assid wentibon; MAVA- newerally adnsied wentibior asdsi; KM B: nouromuscular ECMCk extracorporeal membrane
axygenalion

salid-like lung behavior) ane extremely difficult to recognize
&t bedstde, but clinically, they should be suspected In patienis
with more severe lung Injury (eg., patlents with

low compliance) andfor with siremwsous Insplratory effort
[72].

50 New Vemtilatory Modes. The ventllaion mode showld
be eveluated to improve patient-ventllator synchrony. When
pressure suppart 1s added to spontanenas breathing, the same
principles apply, but tots] pressure across the respiratory

system and transpulmanary pressure incresse, gemerating
additionz] flow and volume. Dwuring pressure support,

Inspiratary atrflow extsts after the end of respiratory muscular
pressure, Pes/Ppl can result In positive swings along Insplra-
ton, where ventllation Is a hybrid of active (during the first
part) and passive (towards the end) phenomena [70].

An altermative ventilziory mode that the vemilator gen-
erates pressure in proportion to the patient’s effort 1s the
propartional-zssist ventilstion (FAV) mode The synchrooy
can lmprove because the RE 15 determined by the patient’s
own resplratory drive of the patient and the wentilatory
asslstance terminates with the end of the inspiratory effort.
The different approaches used in PSV and FAV 10 pressurize
the ung coald theoretically lead to marked differences In

responss bo these variations In respiratory system impedance.
Hesplratory loading has often been used to simulste changes

in respiratory Impedance and to evaluate the corseguences of
such changes on ventilatory patterns and resplratory muscle
performance [£1].

Another ventllziory mode that 1s adjuested to the newral
outpust of the patient’s resplratory center 1s neurally adjusted
ventllsior asslst (MAVA]) The pressure 5 regulated by the
iotegral of the ectrical activity of the dlaphragm (EAdL)
and therefore better between the patlent and the
vemtllsior. Sudles show thai MAVA protects agalnst excess
pressure and TV when compared to PSV. The Herlng-Breusr
reflex may be implicated 1o the shssnce of 3 TV Increase
with MAVA levels [06]. Terzl & al. evaluated ARDS patlents
and showed recovery and lmproved the spnchromy comparad
PRV [62]. Thersfore, MAVA I5 znother veniilstion mode
that improwes patient-ventilator synchrony in these patlents
during the weaning process [£3, 97-04].

5.2 Partial Neuromuscilor Bloctede, An alternative but sl
exparimental spproach with merramuscular block-
ade” proposed by Doorduin et sl in 10 patients with ARDS
during PEV 5 Innovative and deserves attention [100]. This
siudy showed a reduction In TV, EAdY, and transpulmonary
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pressure with subtherapeutic doses of rocuromum without
changes I pH and diaphragm activity. In other words,
strong spontaneowss breathing efforts were abolished, but a
significant degree of dlaphragm activity was matntalned An
asslsi-conirolled mode under these conditbons resulted 1o
severe breath stacking, which 1s assoclated with high Tw [31].
A change of mode of ventilablon to controlled ventilation and
adjustment of sedattves (propafiol or dexmedetomidine, for

example} could help in controlling the high resplratory drive.

5.3 Extracorporeal Membrane Oxpgenaiion. Another device
that has geined ground 1o intenstve therapy 18 BCMOL. After
2 sories of cases with HINI and the CESAR study, lis wuse
higs been more widespread and studied [27]. Authors suggest
that wltra-protective MV can be betier performed with this
device especially in patlents with spontanemas ventllztory
mavements and control of ventilatory drive in patients with
ARIIS |64, 101-104]. 1ts use In pattents with difficulty in wean-
Ing needs to be better studled because there 1s physlologlcal
and protective ratlonzle as 3 whols. However, the risks of the
procedure and the absence of robust studies 1o this situation
do not allow s routins wse In weaning patlents with ARDS.

6. Conclusion

Weaning ARDS patlents from MW still neads to be better
debated and studied. Mew knowledge related to the presence
of sponteneous ventilaon znd the risk of Inflammatory
worsening are imporiant in this debate. Practifloners could
conslder weaning in ARDS to contimue to protect the lung.
Mew methods to evaluation of weaning of the patients with
ARDNE 35 wall a8 more ratlonal approaches based on patho-
physlology should be performed for success in withdrawal of
wventilatory support and Improvement of thelr oabommes.

AbL . e
ARDS:  Acufe respiratory distress syndrome
BV Mechanical ventilator

VILL:  Ventllator-indwsced Lung Injury
COPD: Chronic ohstructive pulmonary dissase
™ Tidal volumes

PEEPF: Posiitve end-explratary pressure

RR:  Respiratory rate

MME: Meuromuscular blockade

ECMO: Extracorporez]l membrane oxygenzstion
SAT:  Spontanecis breathing trisl

PEV:  Pressure support ventilaton

Ppk

P-EILE  Patlent self-inflicted lung Injury

fivT:  Frequency-to-tidal volume ratio

DF  Driving pressura

Pax Esaophageal pressurs

POl Pressure 100 ms sfter the onset of an
Insplratory etfort

EIT:  Electrical impedance tomography

POV Pressure controd ventilation

BloMed Research Intermational

PAY:-  Proportionzl-assist ventilation
MAVA- Neurally adjusted ventilator assist
Eadr Electrical activity of the diaphragm.
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Apéndice 5: Termo de Consentimento Livre e Eclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

N® do projeto CAAE: J16T8415.8 (WM. 3327

Titulo do Projeto: Avaliagdo da Mecanica Pulmonar em Pacientes com SARA no Processo
de Desmame da Ventilagio Mecanica.

A pessoa pela qual vocé @ responsavel estd sendo convidada a participar de uma
pesquisa cujo objetivo € avaliar a mecinica pulmonar, ou seja, o funcionamento dos
pulmdes em pacientes com SARA (Sindrome da Anglstia Respiratdria Aguda que & uma
inflamagdo de ambos os pulmdes) durante o processo de desmame da ventilagdo
mecanica. Esta pesqguisa esta sendo realizada pelo Servigo de Medicina Intensiva do
Hospital de Clinicas de Porto Alegre (HCPA).

O paciente pelo qual vocé é responsavel esta atualmente dependendo de aparelhos
com a indicag3o do médico responsavel. Normalmente, durante este processo de retirada
podem ocomrer falhas e até piora nos casos mais graves. Atualmente essa avaliagdo é
realizada de rotina através de coletas de sangue e raio X de torax, assim como utilizando
05 dados no monitor do respirador, 0s quais nem sempre mostram as causas de falha da
retirada do respirador.

Se vocé concordar com a pariicipago na pesquisa, os procedimentos envolvidos sdo os
seqguintes: iremos consultar nos dados de prontudrio os resultados dos exames realizados
de rotina do paciente e realizar uma coleta de sangue adicional, que sera realizada
preferencialmente afravés de cateteres que o paciente j& tenha implantado para outros
procedimentos assistenciais. Para melhor avaliagdo da mecdnica pulmonar podera ser
realizada a administrac3o de pequenas doses de sedativos, o que sera conduzido pela
equipe de pesquisadores e em caso de qualquer complicag3o serd interrompida a
avaliagdo. Também sera realizada uma tomografia de impedancia elétrica. A tomografia é
um metodo para coleta de imagens do pulm3o, sendo que as fomografias tradicionais
usam radiagdo e sdo realizadas em locais fora da UTI, aumentando os riscos e
desconfortos do transporte. A tomografia por impedancia elétrica & um método que mede
as comentes elétricas naturais do corpo e ndo causam danos conhecidos. E realizada no
proprio leito, usando firas parecidas com os pequenos adesivos que ja sdo utilizados para
a verficagdo dos batimentos do coragdo. O paciente permanecera com estas tiras por um
periodo de 2 (duas) horas para coletar as imagens do pulmao.

Durante a coleta de dados ndo serdo modificados ou interrompidos nenhum procedimento
de rotina que o paciente possa estar realizando de acordo com a indicagdo médica, como
coletas de sangue, uso de medicamentos ou aparehos ja em uso. Se o paciente
apresentar alguma intercoméncia durante o estudo, todo o procedimento sera intermrompido.
Cuanto a0 uso da tomografia de impedancia elétrica, trata-se de um procedimento livre de
radiagdo, indolor & sem qualquer sensacdo desagradavel conhecida ao usuario. Os
adesivos com gel aplicado na pele do paciente também n3o causam nenhum dano
esperado ao paciente, se houver qualguer reacdo, como por exemplo, alérgica, o
procedimento sera imediatamente interrompido. A coleta de sangue pode causar algum
desconforto como o causado para coleta de exames de rofina, que sera minimizado por
utilizar acessos que o paciente ja tenha para coletas. A ufilizagdo adicional de sedativos
podera causar sonoléncia, queda da pressao arterial, necessidade de ficar no respirador o
que geralmente sdo fransitorias e de curta durag3o e serdo cuidados pela equipe.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

A parficipag3o na pesquisa n3o trara beneficios diretos aos parficipantes, porém,
contribuird para o aumento do conhecimento sobre o assunto estudado, e podera
beneficiar futuros pacientes com este mesmo quadro.

A participagdo na pesquisa & totalmente voluntaria, ou seja, ndo & obrigatoria. Caso
vocé decida ndo autorizar a participag3o, ou ainda, refirar a autorizagdo apos a assinatura
desse Temo, ndo havera nenhum prejuizo ao atendimento que o participante da pesquisa
recebe ou possa vir a receber na instituicio.

N3o esta previsto nenhum tipo de pagamento pela participag3o na pesquisa e n3o
havera nenhum custo com respeito aos procedimentos envolvidos.

Caso ocoma alguma intercorméncia ou dano, resultante da pesquisa, o participante
recebera todo o atendimento necessanio, sem nenhum custo pessoal.

Os dados coletados durante a pesquisa ser8o sempre tratados confidencialmente.
Os resultados serdo apresentados de forma conjunta, sem a identificacdo dos
participantes, ou seja, 0s nomes ndo aparecerao na publicagdo dos resultados.

Caso vocé tenha dividas, podera entrar em contato com o pesquisador responsavel
Dr. luri Christmann Wawrzeniak, pelo telefone (51) 33598639 ou com o Comité de Etica em
Pesquisa do Hospital de Clinicas de Porto Alegre (HCPA), pelo telefone (51) 33597640, ou
no 2* andar do HCPA, sala 2227, de segunda 3 sexta, das 8h as 17h.

Esse Termo & assinado em duas vias, sendo uma para o participante e seu
responsavel e outra para os pesquisadores.

Nome do participante da pesquisa:

Nome do responsavel

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:

Rubrica do responsavel Rubrica do pesquisador Pagina 1 de 1
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Apéndice 6:The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational

studies

STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
Objectives 3 State specific objectives, including any prespecified hypotheses
Methods
Study design 4 Present key elements of study design early in the paper
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data
collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of participants. Describe
methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and control
selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic
criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe
measurement comparability of assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were
chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Continued on next page

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking account of sampling strategy

(e) Describe any sensitivity analyses
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Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential
data confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval).
Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and
magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the
present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional

studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent

reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at

http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the

STROBE Initiative is available at www.strobe-statement.org.
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