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RESUMO

Introducéo: A Avaliacdo de Tecnologia em Saude (ATS) € definida como um
conjunto de métodos de pesquisa responsavel pelo processo continuo de
avaliacdo sistematica dos desfechos gerados pela utilizacdo de determinada
tecnologia, a fim de gerar evidéncias cientificas para as tomadas de decisfes
clinicas e politicas. O tratamento de pacientes com insuficiéncia respiratoria
pode ser feito por meio do uso da ventilacdo mecanica (VM), sendo 0 processo
de transicdo para o retorno & respiracdo espontanea um ponto que necessita
de novas tecnologias buscando garantir melhores condi¢cdes de avaliacdo e
previsdo de desfechos positivos. Os métodos de avaliacdo atuais permitem
analise de indices momentaneos que nao sdo capazes de identificar o
comportamento de evolucdo de variaveis respiratérias. Objetivos: desenvolver
inovacdo tecnoldgica no ambito de avaliacdo e monitoramento respiratorio,
além do desenvolvimento de evidéncias a respeito do assunto com revisdo
sistematica. Resultados: foram desenvolvidas evidéncias cientificas sobre
avalicdo e monitoramento respiratorio de pacientes com doenca neuromuscular
em desmame da VM: (1) protocolo de revisao sistematica intitulado “Weaning
from mechanical ventilation in people with neuromuscular disease: protocol for
a systematic review; (2) submissao de artigo cientifico intitulado “Weaning from
mechanical ventilation in people with neuromuscular disease: systematic
review”; além de (3) desenvolvimento e depésito de patente de inovacédo
tecnoldgica intitulada “Dispositivo para avalicdo e monitoramento respiratério”.
Conclusao: o dispositivo apresentado na tese, de carater inovador, permite
analise continua e detalhada de variaveis como: presséo, fluxo e volume,
podendo identificar precocemente alteracdes do padrdo respiratorio. Tal
dispositivo contribuird significativamente para aplicacao clinica em ambientes
hospitalares, ambulatoriais e domiciliares de pacientes em VM. A elaboracédo
das evidéncias cientificas esclareceu a caréncia de um protocolo adequado
para avaliacdo de condicbes do desmame em pacientes com doenca

neuromuscular.
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ABSTRACT

Introduction: Health Technology Assessment (HTA) is defined as a set of
research methods responsible for the continuous process of systematic
assessment of the outcomes generated by the use of technology provided, in
order to generate scientific evidence for clinical and political decisions. The
treatment of patients with respiratory failure can be done through the use of
mechanical ventilation (MV), and the transition process to return to spontaneous
breathing is a point that needs new technologies seeking to ensure better
conditions for the assessment and prediction of positive outcomes. Current
assessment methods allow analysis of momentary indices that are unable to
identify the evolution of the behavior of respiratory variables. Objectives: to
develop technological innovation in the scope of respiratory assessment and
monitoring, in addition to the development of evidence on the subject with
systematic review. Results: scientific evidence on evaluation and respiratory
monitoring of patients with neuromuscular disease weaning from MV was
evidenced: (1) systematic review protocol entitled “Weaning from mechanical
ventilation in people with neuromuscular disease: protocol for a systematic
review; (2) submission of a scientific article entitled “Weaning from mechanical
ventilation in people with neuromuscular diseases: systematic review”; in
addition to (3) development and filing of an innovation patent entitled “Device
for respiratory assessment and monitoring”. Conclusion: the device presented
in the thesis, of an innovative character, allows continuous and detailed
analysis of variables such as pressure, flow and volume, being able to identify
early changes in the breathing pattern. Such a device will contribute to clinical
applications in hospital, outpatient and home environments of patients on MV.
The evidence from scientific evidence clarified the lack of an adequate protocol

for assessing weaning conditions in patients with neuromuscular disease.
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INTRODUCAO

Apesar de todo o avanco tecnoldgico que marca a geragdo atual de
assisténcia a saude, o processo de incorporacdo das novas tecnologias
encontra dificuldades em relagdo aos custos progressivamente crescentes e a
escassez de recursos financeiros disponiveis (Jakovljevic e Yamada, 2017).

A compreensdo das diferentes fases do ciclo de vida de uma nova
tecnologia € um dos objetos de estudo da Avaliagdo de Tecnologia em Saude
(ATS). A ATS, de forma geral, abrange diferentes areas e é definida como
conjunto de métodos de pesquisa responsavel pelo processo continuo de
avaliacdo sistematica dos desfechos, em curto e longo prazo, gerados pela
utilizacdo de determinada tecnologia, considerando aspectos clinicos, sociais,
éticos, legais e econdbmicos a fim de gerar evidéncias cientificas para as
tomadas de decisdes clinicas e politicas (Goodman, 1998; Ministério da Saude,

2006; Ministério da Saude, 2009; Elias et al., 2016).

A ventilacgdo mecéanica (VM), que pode ser definida como uma
terapéutica especifica para o tratamento de pacientes com insuficiéncia
respiratdria aguda ou crbnica agudizada (Barbas et al., 2013), eleva
significativamente os custos diarios em uma unidade de terapia intensitva (UTI)
em até 25% (com estimativa de gasto diario de € 1.654,00 na Franca) (Kayer et
al., 2019). As tecnologias de avaliagdo e monitorizacdo respiratoria que
permitam avaliar as condicbes do paciente para o processo de retorno a
ventilacdo espontanea necessitam de submissao ao processo de avaliacao de
tecnologia em saude. Neste aspecto devemos considerar ndo apenas a
avaliacao tecnoldgica de saude relacionada aos equipamentos, mas também a

geracado de evidéncias cientificas para tomada de decisdes clinicas.



Apesar dos beneficios, a VM deve ser retirada do paciente o mais
brevemente possivel, quando o quadro clinico torna-se estavel e o desmame
da ventilagdo, considerando diferentes parametros vitais, torna-se clinicamente
viavel (Brochard et al., 1994; Esteban et al.,, 1995). Diante desta viabilidade
clinica o paciente submetido ao suporte ventilatorio deve ser minuciosamente
avaliado sobre a aptiddo para a respiragcdo espontanea. Esta avaliacdo
geralmente é realizada por meio de um teste de respiracdo espontanea (TRE)
com monitorizagcdo continua, seja em pressao de suporte minima, em peca “T”
ou mesmo em uso de pressdo positiva continua (CPAP) (Barbas et al., 2014;

Burns, et al., 2017).

Mesmo com a descricdo de elementos preditores favoraveis a
interrupgéo da VM, alguns pacientes vao evoluir com necessidade de retorno
para o suporte ventilatério dentro de 48 horas apés a sua retirada. E por este
fator os pacientes identificados como de grupo de risco para falha do desmame
e desenvolvimento de insuficiéncia respiratoria pdés extubacdo carecem de
avaliacbes mais especializadas e que promovam melhor predicdo sobre o
sucesso do desmame. Neste grupo incluem-se o0s pacientes com doenca

neuromuscular ou os pneumopatas cronicos.

Atualmente a decisdo de evoluir para a retirada do suporte ventilatorio
se baseia em indices ou avaliagbes momentaneas, como o indice de
respiracdo rapida e superficial (IRRS), que identifica se a relacdo entre a
frequéncia respiratéria e 0 volume corrente gerado sdo adequadas ou
preditivas de fracasso da retirada da VM. Este indice, que é o mais utilizado na

pratica clinica, leva em consideracdo somente o momento pontual da



avaliagao, ndo identificando o comportamento de evolugdo das variaveis

respiratorias (Nemer et al., 2009).

Portanto, o presente trabalho integra trés itens independentes e
interconectados na mesma tematica em busca de fundamento teorico para
criagdo e desenvolvimento de uma inovacdo tecnoldgica de avaliacdo e
monitoramento respiratério, envolvendo: 1) desenvolvimento tecnolégico com
deposito de patente de um dispositivo que capaz de avaliar de forma continua
o fluxo respiratério, a pressdo respiratéria e o volume corrente, para avaliagdo
e monitoramento respiratério, em diferentes cenarios (ambientes hospitalares
ou nao hospitalares) de pacientes com ventilagio mecanica invasiva,
ventilagdo ndo invasiva e ventilacdo espontanea; 2) protocolo de revisédo
sistematica a respeito de diferentes protocolos de desmame para pacientes
com doenca neuromuscular submetidos a ventilagdo mecéanica invasiva
publicado no BMJ Open e 3) reviséo sistematica sobre protocolos de desmame

para pacientes com doenca neuromuscular submetidos a ventilacdo mecanica

invasiva submetido para publicacéo no Plos One.



Objetivo Geral

Desenvolver inovacdo tecnolgécia no éambito de avaliacdo e
monitoramento respiratorio assim como evidéncia cientifica sobre

desmame de suporte ventilatério.

Objetivos Especificos

Criar um dispositivo de inovagdo tecnologica de avaliagdo e
monitoramento respiratério, por analise constante de pressdo e fluxo
gerados pelos individuos e depositar a inovacao no Instituto Nacional da
Propriedade Industrial (INPI).

Desenvolver fundamentos sobre formas disponiveis de avaliacdo e
monitoramento respiratorio para pacientes em desmame ventilatorio.
Gerar evidéncia cientifica através de publicacdo de protocolo de revisédo
sistematica e revisdo sistematica sobre a comparacdo de diferentes
protocolos de desmame ventilatério em pacientes ventilados
mecanicamente com doenca neuromuscular para fundamentar um grupo

de necessidade de monitoramento especifico do sistema respiratorio.



REVISAO DE LITERATURA

Avaliacdo de Tecnologias em Saude (ATS)
O avango tecnolégico em saude € indiscutivel, seja para paises

desenvolvidos como para paises em via de desenvolvimento. Porém, a
incorporacao de novas tecnologias nos servigos, principalmente no ambito da
salide publica brasileira por meio do Sistema Unico de Saude (SUS), é um
processo desafiador para os gestores, profissionais de salde e membros da
sociedade (Lessa e Ferraz, 2017).

No Brasil hA uma destinacdo de aproximadamente 8% do produto
interno bruto (PIB) a saude, seguindo a proporcdo encontrada em paises
desenvolvidos que promovem acesso universal de qualidade a saude, como
Canada ou Reino Unido. Porém ainda se faz necessaria a analise continua e
adequada dos dados de saude do pais para organizacéo futura do sistema de
saude, evitando a atual ineficiéncia dos gastos, inclusive com novas
tecnologias (Saldiva e Veras, 2018).

Alguns aspectos devem ser considerados no processo de avaliacdo das
tecnologias a serem incorporadas nos sistemas de saude: (1) avaliacdo da
necessidade da sociedade, que abrange as possiveis solucbes para
determinados problemas de saude; (2) seguranca e eficacia, relacionadas com
a pré-existéncia de pesquisas sobre o tema ou a producdo de novas pesquisas
que visam responder a estas questdes; (3) avaliacdo do custo-efetividade da
nova tecnologia comparada as demais; (4) tomada de decisdo do gestor do
sistema de saude, envolvendo a demanda, o orgamento, os fatores politicos

envolvidos e os estudos; e (5) acesso da populagédo a nova tecnologia.



Dentre os resultados produzidos durante um processo de Avaliacédo de
Tecnologia em Saude podemos encontrar: ensaios clinicos, estudos
observacionais, estudos econdémicos e revisdes sistematicas. Sendo que as
revisbes sdo as mais relevantes para reunir informacgdes de estudos cientificos

de forma organizada sobre um tipo de tratamento (REBRATS, 2014).

A revisdo sistemética € um método de sintese da literatura, reprodutivel,
que possibilita que achados de estudos independentes sejam extrapolados,
considerando a consisténcia e as inconsisténcias de cada um deles (Mulrow,
1996; Viana et al., 2006; Ministério da Saude, 2009). Adicionalmente, a meta-
analise € um método estatistico aplicado a revisdo sistemética que integra os

resultados de dois ou mais estudos (Petitti, 1994).



Sistema Respiratorio
O sistema respiratério € uma estrutura anatémica que, por meio do seu

funcionamento, permite que aconteca troca gasosa adequada entre o
organismo e o ambiente. O controle desse processo de respiracdo €
caracterizado por ser complexo e multifatorial, além de responsavel pela
manutencdo da homeostase e de suprimento de oxigénio aos 0rgaos e tecidos

corporais (Douglas, 2011; Wasserman et al., 1986).

A ventilacdo acontece mediante diferenca de presséo entre as estruturas
gque compdem o sistema respiratério, com reducdo da pressao no interior do
sistema, pela contracdo da musculatura inspiratoria, em relacdo a abertura das
vias aéreas. Esta diferenca de pressado se torna responsavel pelo movimento
de ar suficiente para a geracdo de volume. Este movimento de ar é
conceituado como fluxo. A integracdo destas variaveis: pressdo, fluxo e

volume, é responsavel pela manutencao da respiracao.

A sincronia deste mecanismo se da pelo controle e ajuste fisiol6gico da
respiracdo, através de interacfes entre as tensdes dos gases sanguineos
(oxigénio e gas carbonico), a mecanica respiratéria (complacéncia e
resisténcia) e o sistema nervoso central (centro controlador da respiragéo)
(Calverley, 2005). As possiveis alteragdes que acometam esse mecanismo
auto-ajustavel podem levar ao desenvolviento da insuficiéncia respiratoria, seja
ela hipoxémica (presséo arterial de oxigénio (PaO;) < 60 mmHg), hipercapnica
(pressao arterial de gas carbodnico (PaCO;) > 45 mmHg) ou até mesmo

combinada (Intensive Care Foundation, 2015).



Ventilagdo Mecanica
Nas condicdes de perda da capacidade de funcionamento adequado do

sistema respiratério a ventilacdo mecanica é indicada como forma de suporte
terapéutico para melhorar as trocas gasosas, diminuir o trabalho respiratério e
otimizar a funcéo cardiaca (Barbas et al., 2013). Apesar de todo o potencial
beneficio adquirido com o suporte ventilatério mecanico, existe a possibilidade
de lesdo pulmonar induzida pelo ventilador, com necessidade de constante
avaliacao clinica e identificacdo diaria dos pacientes elegiveis para o desmame
ventilatorio, procedimento conhecido como busca ativa para minimizar a
probabilidade de lesdo (Ely et al., 1996; Blackwood et al., 2011; Barbas et al.,

2013).

Uma vez identificados os critérios de indicacdo de evolucdo do
desmame da VM, tais como: resolucdo ou estabilizacdo da doenca de base,
tosse adequada, auséncia de gquantidade excessiva de secrecdo traqueal,
adequada troca gasosa e estabilidade hemodinamica (Epstein, 2009; Boles et
al., 2007), o paciente deve ser submetido a realizacdo de um TRE por um
periodo entre 30 minutos a 2 horas, com monitorizacdo continua (Epstein,
2009; Barbas et al., 2014; FigueroaCasas et al., 2015) para acompanhar a
evolucdo e a resposta do paciente em realizar a respiragdo sem auxilio do

equipamento de VM.

Esse teste pode ser realizado de diversas maneiras, como por exemplo:
com o paciente respirando por uma peca “T” ou utilizando uma modalidade
ventilatoria com pressao de suporte que possibilita, geralmente, ao paciente
respirar com auxilio de uma pressao inspiratéria de suporte de 5 a 7 cmH20

(Barbas et al., 2014; Burns, et al., 2017). Também hé& descricdo na literatura de



possibilidade do TRE em modo CPAP (pressdo positiva continua nas vias
aéras), sem auxilio de uma pressao de suporte inspiratéria (Dres, et al., 2014;

Sklar, et al., 2017).

Duas revisdes sistematicas avaliaram os resultados de diferentes testes
de respiracdo espontdnea. Os autores Sklar e colaboradores (2017)
compararam o trabalho da respiracdo antes e apds a extubacédo em TRE com
peca T, com pressao de suporte ou com CPAP. Os autores identificaram que
tanto a peca T como o CPAP apresentava o mesmo nivel de trabalho
respiratério antes e apds a extubacao, porém a pressao de suporte minimizava
significativamente o esforco e o trabalho respiratério. Ja Burns e colaboradores
(2017) compararam o TRE em peca T e em pressao de suporte em relacdo ao
sucesso da extubacdo e encontraram que o teste em pressao de suporte, na

primeira tentativa, aumenta a chance de sucesso em aproximadamente 6%.

Independentemente do tipo de teste a ser escolhido, € considerado
sucesso no TRE quando o paciente for capaz de manter durante o teste a
frequéncia respiratdria (f) < 35 rpm, a saturacao periférica de oxigénio (Sp02) >
90%, a frequéncia cardiaca (FC) < 140 bpm, a presséo arterial sistdlica (PAS) <
180 mmHg ou > 90 mmHg, além de auséncia de agitacdo, sudorese, alteracao
do nivel de consciéncia ou utilizacdo de musculatura acesséria para a
respiragcdo (Brochard et al., 1994; Esteban et al.,, 1995; Ely et al., 1996;
Blackwood et al., 2011; Barbas et al., 2014; Figueroa-Casas et al., 2015).
Assim determina-se sucesso no desmame quando o0 paciente consegue tolerar
o0 TRE, e sucesso de extubagdo quando o paciente que, apos o teste, for
extubado e ndo necessitar de reintubacdo orotraqueal nas préximas 48 horas

(Boles et al., 2007; Nemer e Barbas, 2011; Barbas et al., 2014).



10

O desmame da VM pode ser classificado como simples, dificil e
prolongado (Boles, et al., 2007). O desmame é considerado simples quando o
paciente tolera o primeiro TRE realizado; é considerado dificil quando h&a uma
falha inicial e, portanto, sdo necessarias pelo menos mais trés novos testes ou
até sete dias para o sucesso; e é considerado prolongado quando ocorre a
falha em trés testes e existe a necessidade de mais de sete dias de VM para o

desmame com sucesso (Boles, et al., 2007; Nemer e Barbas, 2011).

Diante desta classificacdo é comum encontrar, na pratica clinica, a
utilizacdo do TRE em peca T para pacientes de desmame dificil ou que
apresentem caracteristicas que indiquem necessidade prolongada de
ventilagdo mecanica. Os grupos de pacientes que se apresentam em tal
condicdo sao: cardiopatas, idosos, pneumopatas e pacientes com doenca
neuromuscular. Porém ainda ndo existem evidéncias suficientes de que tal

teste possa avaliar de maneira mais precisa esses pacientes.

A observacao das alteracdes dos parametros avaliados durante o teste é
de extrema importancia para o resultado, porém a magnitude e o momento em
que as mudancas ocorrem durante os 30 minutos iniciais podem nao ser
identificados pelo profissional de saude (Figueroa-Casas et al., 2015),
principalmente pela alta carga de trabalho programado e ndo programado para
os profissionais encontrada nas UTI atualmente (Ford, 2011). Portanto, o
processo de extubagao ndo somente exige que o0 paciente esteja apto devido a
caracteristicas clinicas, mas também depende de um protocolo adequado e do
monitoramento, realizado pelo profissional, estrito e continuo principalmente

nos primeiros 30 minutos segundo o protocolo.



11

Inclusive existem evidéncias, segundo revisdo publicada na Cochrane,
de que a utilizagdo de protocolos, quando comparada a desmame sem
protocolos, reduz significativamente o tempo de ventilagio mecéanica
(aproximadamente 25%) e o tempo de desmame (aproximadamente 78%)

(Blackwood et al., 2011).

Apesar do desmame considerado simples ser o mais comum entre 0s
pacientes (Funk et al., 2010), os pacientes com desmame prolongado séo
expostos a maiores riscos com maior mortalidade na UTI, podendo chegar a
42% nos casos de desmame prolongado (Girard e Ely, 2008). E, apesar de
alguns pacientes cumprirem todos o0s sinais de tolerancia ao TRE,
aproximadamente 13% dos pacientes falham na extubacéo, necessitando de

retorno a VM em até 48 horas (Frutos-Vivar et al., 2006).

Os pacientes com doencgas neuromusculares, por exemplo, apresentam
maior probabilidade de desenvolver insuficiéncia respiratéria com necessidade
de VM e consequente aumento do tempo de internacdo, custos hospitalares,
declinio funcional e mortalidade (Benditt e Boitano, 2013; Lou et al., 2017;

Schoser et al., 2017).

A necessidade de VM prolongada por estes pacientes é um grande
desafio para os profissionais de salude, com a busca de melhor monitorizacdo
da capacidade de ventilacdo espontanea no momento adequado. Os pacientes
com doencas neuromusculares que apresentam reducéo da capacidade vital (<
25 ml/kg na primeira semana de VM) ou idade > 50 anos estdo propensos a
VM prolongada (Mehta, 2006; Racca et al.,, 2020). Mesmo estes pacientes

apresentando caracteristicas clinicas especificas, a dificil avaliacdo do
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7

momento de retirada do suporte ventilatério é realizada por métodos

convencionais utilizados para os demais grupos de pacientes.

Assim, deveria ser questionado quais os parametros ventilatorios que
poderiam predizer o desmame da VM com sucesso. Potencialmente, a
atividade ventilatéria durante o TRE ou a capacidade dos musculos em resistir
a cargas respiratorias poderiam ser considerados adequados como método de
avaliacdo. Assim na literatura, estao claros os protocolos Uteis para 0 desmame
e extubacdo, entretanto a capacidade de predizer o éxito ou fracasso

dependente de indices preditivos.
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indices preditivos de desmame
Em busca do momento ideal para retirada do suporte ventilatorio alguns
indices de desmame foram desenvolvidos. Os indices visam estabelecer
prognaéstico para o processo de desmame com intuito de proporcionar menor
mortalidade e identificar os motivos de intolerancia (Epstein, 2009; Nemer et
al., 2009; Nemer e Barbas, 2011), avaliando uma ou mais func¢des fisiologicas

relacionadas a respiracdo (Nemer e Barbas, 2011).

Na rotina de diversas UTI o indice mais conhecido e utilizado na pratica
clinica € o Indice de Respiracdo Rapida e Superficial (IRRS) ou relagéo
frequéncia respiratoria/volume corrente (f/VC). Também é amplamente utilizada
na pratica clinica a avaliacdo da pressao inspiratoria maxima (PIméax). Porém,
segundo Epstein (2009) a maioria dessas avalia¢cdes ou indices ndo possui boa
acuracia, ndo podendo ser recomendados para a decisdo clinica como ideal

(Eskandar e Apostolakos, 2007).

A relagéo f/VC (volume corrente em litros) é o indice mais utilizado de
desmame e avalia 0 desenvolvimento da respiracao rapida e superficial. O
resultado acima de 105 rpm/L est4 associado ao fracasso do processo de
desmame (Boles, et al.,, 2007; Eskandar e Apostolakos, 2007; Epstein, 2009;
Nemer et al., 2009; Barbas et al., 2014). Para se obter este indice € necessario
utilizar um ventildmetro, equipamento mecéanico, para mensuracao do volume
minuto e da frequéncia respiratoria. Dividindo-se o volume minuto pela
frequéncia respiratoria encontra-se o volume corrente médio (em litros). Mas,
como o célculo deste indice é aferido somente em um Gnico momento, 0 seu
padrao nao-dinamico impede que o indice seja adequado unicamente como

preditivo de falha no desmame (Schultz, 2010).
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Nemer el al., (2009), baseado nessas informagfes, propés um indice
que integrasse parametros fisioldégicos significantes do desmame para melhor
predizer os desfechos do desmame, o Integrative Weaning Index (IWI), ou
indice Integrativo de Desmame. O IWI avalia, em uma Unica equacdo, a
mecanica respiratéria pela complacéncia estatica (Cst), a oxigenacao pela
saturacédo arterial de oxigénio (Sa0,) e o padréo respiratério pela relagéo f/VC.
Seu resultado em valores superiores a 25 indicam uma predicdo de sucesso

para o desmame ventilatério. A formula se da da seguinte maneira:
IWI = Cst x Sa0, / (f/VC)

Considerando que observacdes dinamicas dos parametros ventilatérios
podem ser superiormente determinantes para o desfecho do TRE (Teixeira et
al., 2008; Segal et al., 2010) e que prejuizos progressivos dos parametros
ventilatorios ndo reconhecidos podem levar a assincronias e fadiga muscular
respiratoria prolongada (Laghi et al., 1995; Holanda, et al., 2018), favorecer a
falha da extubacdo e a utilizacdo da VM por longos periodos, € de suma
importancia um processo de monitorizacdo respiratéria continua e minuciosa,

capaz de identificar precocemente estas alteracoes.

A monitorizagcdo continua da atividade ventilatoria, através da avaliagdo
de fluxo, pressao e volume corrente desenvolvidos pelos pacientes, antes da
extubacdo e durante o TRE, pode oferecer melhores informacfes sobre a
ventilacdo e atividade dos musculos inspiratérios, especialmente a capacidade

dos musculos respiratérios em manter a ventilacao fisiologicamente adequada.

Tal avaliagdo tem mais significancia em pacientes de desmame dificil ou

prolongado como o0s cardiopatas, pneumopatas ou pacientes com doengas
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neuromusculares. Adicionalmente, também pode ser aplicada a avaliagdo e
monitorizacdo em outras condi¢des distintas do TRE, em ambientes
hospitalares, ambulatoriais ou domiciliares. A identificagdo precoce de
distarbios da ventilacdo podem indicar tratamentos mais efetivos e
individualizados, com possivel reducdo de complicacdes e desfechos

negativos, como a mortalidade.

Apesar dos avangos tecnolégicos na éarea de microeletrbnicos nos
altimos 20 anos, especialmente em relacdo aos transdutores de pressdo e
sensores de fluxo, e da diminuicdo dos custos, ndo h4 atualmente no mercado
nacional ou internacional um dispositivo de avaliacdo confidvel e portatil que

integra a medida do fluxo, pressao e volume corrente.
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RESULTADOS

Os resultados e as discussdes a respeito dos achados da tese seréo
apresentados em formato de depdsito de patente e artigos cientificos dispostos
abaixo segundo o modelo de Tese do programa RENORBIO (Anexo 1):

1. Depdsito de patente no Instituto Nacional da Propriedade Industrial
(INPI) sob nimero BR 10 2020 019252 3, intitulado “Dispositivo para avaliacdo

e monitoramento respiratério” (Anexo 2).

2. Artigo Cientifico publicado no periddico cientifico BMJ Open, intitulado
“‘Weaning from mechanical ventilation in people with heuromuscular disease:
protocol for a systematic review” (Anexo 3).

3. Artigo Cientifico submetido ao periddico cientifico PlosOne, intitulado
“‘Weaning from mechanical ventilation in people with nheuromuscular disease:

systematic review” (Anexo 4).
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1. RELATORIO DESCRITIVO DE PATENTE
Depdésito de patente no Instituto Nacional da Propriedade Industrial (INPI) sob o

numero BR 10 2020 019252 3.

Foi desenvolvida uma patente e depositada no INPI. O dispositivo
criado, considerado uma inovacado tecnoldgica, encontra-se em nivel de
maturidade TRL 4 - Validacdo funcional dos componentes em ambiente de
laboratério, segundo o nivel de maturidade tecnoldgica (Technology Readiness

Level — TRL) (ISO/FDIS, 2013), conforme tabela abaixo (Tabela 1).

NiVEL DE MATURIDADE TECNOLOGICA

TRL 1 - Principios basicos observados e reportados

TRL 2 - Formulacdo de conceitos tecnologicos e/ou de aplicacdo

TRL 3 - Estabelecimento de funcdo critica de forma analitica ou experimental e/ou prova de conceito

TRL 4 - Validacdo funcional dos componentes em ambiente de laboratério

TRL 5 - Validacdo das funcdes criticas dos componentes em ambiente relevante

TRL 6 - Demonstracao de fungdes criticas do protdtipo em ambiente relevante

TRL 7 - Demonstracao de prototipo do sistema em ambiente operacional

TRL 8 - Sistema qualificado e finalizado

TRL 9 - Sistema operando e comprovado em todos o0s aspectos de sua missao operacional

Tabela 1 — nivel de maturidade tecnoldgica (ISO/FDIS, 2013).

Dispositivo para avaliacdo e monitoramento respiratorio
Saint-Clair Bernardes, George Nascimento, illia Lima, Guilherme Fregonezi,
Vanessa Resqueti, Andrea Aliverti

RESUMO
Patente de invengdo do “Dispositivo para avaliagdo e monitoramento
respiratorio”

A presente patente de invencdo refere-se a construcdo de um

dispositivo, na érea de tecnologia em saude, de avaliagcdo respiratoria continua
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de fluxo respiratorio, pressao respiratdria e volume corrente durante o uso de
ventilagdo mecéanica invasiva, ventilagdo ndo invasiva ou monitoramento de
respiragdo espontanea em diferentes ambientes, hospitalares ou n&o
hospitalares. O dispositivo é conectado a um amplificador de sinal, em uma
caixa compacta, para transmissao em tempo real via comunicacao sem fio para
dispositivo com Hardware e Software para armazenamento e andlise dos
dados. O objetivo do equipamento é realizar uma avaliacdo minuciosa e
completa do comportamento das variaveis respiratérias propostas
continuamente, com potencial identificacdo de probabilidade de sucesso ou
fracasso do desmame, ou utilizada para avaliacdo e monitorizacdo de
pacientes em ventilagdo mecanica invasiva, ventilacdo ndo invasiva ou
respiracdo espontanea Atualmente, os aparelhos disponiveis sdo capazes de
fazer avaliagbes momentaneas de variaveis Unicas, sem a possibilidade de
analise do comportamento continuo.
CAMPO DE INVENCAO

A presente patente de invencdo é direcionada ao desenvolvimento de
um dispositivo na area de tecnologia em saude para uso na avaliagdo e no
monitoramento de parametros respiratorios, in situ ou de forma remota, durante
uso de ventilacdo mecanica invasiva (VMI), ventilacdo nao invasiva (VNI) ou
monitoramento de respiracdo espontanea em diferentes ambientes,
hospitalares ou ndo hospitalares, baseado na avaliacdo conjunta de fluxo,
pressao e volume corrente.
FUNDAMENTO DA INVENQAO

Em muitos procedimentos de monitoramento respiratorio, € crucial o

conhecimento de parametros importantes como a avaliagcdo conjunta de fluxo,
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pressao e volumes respiratérios. Os principais procedimentos sao uso de VMI,
VNI ou até mesmo em monitorizacdo de suporte ventilatério domiciliar de forma
presencial ou remota. Um exemplo disso se da durante o Desmame da
Ventilagdo Mecanica Invasiva, que € um procedimento que exige uma
avaliacdo minuciosa para a eleicdo dos pacientes aptos a realizar o desmame
do ventilador. Pardmetros como fluxo respiratério, pressao respiratoria e
volume sdo determinantes para esta avaliacdo, porém, atualmente, as
avaliacbes sao clinicas e subjetivas, utilizando paréametros isolados para a
selecéo dos pacientes.

A observacao das alteracBes dos parametros avaliados é de extrema
importancia, porém a magnitude e o momento em que as mudancas ocorrem
durante os 30 minutos iniciais do Teste de Respiracdo Espontanea
preconizado podem ndo ser identificados pelos profissionais. Durante o TRE, é
possivel obter informacdes sobre a ventilacdo e atividade dos musculos
inspiratérios, especialmente sobre a capacidade dos musculos respiratorios em
manter a ventilacado fisiologicamente adequada e predizer a capacidade de
ventilacdo espontanea apdés a retirada do suporte ventilatério.

A monitorizacdo continua da atividade ventilatéria, através da avaliagdo
de fluxo, pressdo e volumes respiratdrios realizados pelos pacientes, é
extremamente importante para diferentes doencas que acometem a ventilacao,
assim como para poder monitorar de forma remota pacientes que recebem
suporte ventilatério em casa ou em ambiente hospitalar em central de
monitoramento de pacientes.

Uma das formas de avaliacdo do paciente € a utilizacdo do equipamento

Manovacudmetro, disponivel no mercado na forma analégica ou digital. O
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equipamento avalia as pressdes respiratérias maximas - inspiratéria e
expiratoria. A avaliacdo € realizada por meio de uma peca de plastico, com
abertura universal, pela boca ou conectada ao tubo orotraqueal (TOT) ou
traqueostomia (TQT), conectado a uma valvula de plastico com abertura para
ventilagdo, conectada a uma mangueira de borracha e a um mandmetro de
pressdo que varia de 0 cmH20 a 300 cmH20. O individuo faz uma inspiracéo
méxima a partir do volume residual (expiragcdo méxima) com forca maxima e
sustentada por aproximadamente 3 segundos para a determinagédo da Presséo
Inspiratoria Maxima (PIméx). E para a determinacdo da Pressdo Expiratéria
Maxima (PEméax) é realizada uma expiracdo forcada méxima a partir da
capacidade pulmonar total, sendo sustentada também por aproximadamente 3
segundos.

O Manovacubmetro € capaz de identificar a pressdo méaxima gerada
somente em um Unico momento, sendo que é realizada em condi¢do extrema
de necessidade de aumento do trabalho respiratério (ap6s oclusao da abertura
para ventilacao) e capacidade maxima ou minima pulmonar. O aparelho nédo é
capaz de identificar a pressdo respiratoria gerada durante a respiracdo
tranquila ou suas variagcdes durante o uso de VNI, VMI ou mesmo durante o
TRE.

O aparelho Ventilometro realiza avaliagdo do volume corrente gerado
durante a respiracéo tranquila dos individuos. O aparelho possui um marcador
gradativo de volume (em Litros) que & conectado ao TOT ou TQT. Existem
duas saidas, em formato de “T”, sendo que uma pode realizar medida do
volume expirado e a outra do volume inspirado. Possui um botdo de trava para

interromper a leitura do volume corrente e outro para reiniciar a medicao e €
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feito de metal. E indicado que seja conectado ao paciente no ramo de medicéo
inspiratéria e que a medida seja feita por 1 minuto, sendo identificada a
frequéncia respiratéria, o volume total do periodo (Volume-Minuto) e,
posteriormente, € calculado o volume corrente.

O Ventildbmetro é capaz de determinar o volume corrente somente no
momento da avaliagdo, néao refletindo o comportamento durante o uso da VNI,
VMI ou mesmo TRE, sendo possivel haver uma queda (diminuicdo da
capacidade inspiratéria do individuo) ou aumento (aumento do trabalho
respiratorio, provavelmente por aumento da demanda ventilatéria do individuo)
consideravel.

BREVE DESCRICAO DA INVENCAO

A presente patente propde o registro de um dispositivo, montado em um
sistema compacto ndo volumoso e de facil manuseio pelos seus operadores
em domicilio, em ambulatérios, em ambientes hospitalares, como enfermaria
ou unidade de terapia intensiva (UTI), ou mesmo em ambientes de transporte
de pacientes. Este dispositivo tem capacidade de registrar a pressdo de
abertura das vias aéreas e o fluxo inspiratério de ar, tendo como variavel
consequente o volume corrente de ar. Tudo isto por meio da utilizacdo de um
sensor de fluxo (2) e um adaptador de captacéo de pressao (3), conectados ao
paciente (1) na abertura da boca ou conectados ao tubo traqueal dos pacientes
em ventilacdo mecanica, todos conectados entre si e ligados a uma placa
microcontroladora (11) localizada em um caixa compacta (10) feita a medida de
material rigido ou semirrigido. A placa converte sinais analégicos em digitais e
vice-versa, além de transferir os dados para um computador pessoal ou outro

dispositivo mével, como tablete, via comunicagcédo sem fio. Ao mesmo tempo, o
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dispositivo que estar4 conectado a internet, transferirq, automaticamente, os
dados a plataformas e interfaces graficas em modalidade nuvem, permitindo o
acesso dos dados de forma remota on-line em tempo real. Desta forma, é
possivel analisar as varidveis continuamente em um monitor localizado
geograficamente em qualquer lugar do mundo com acesso a internet.

DESCRICAO DOS DESENHOS

Figura 1 — visao geral do dispositivo.
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Figura 3 — fluxograma que representa o dispositivo em conexdao com um

paciente e com um computador, exemplificando o seu funcionamento.

ADAPTADOR DE
CAPTACAO DE PRESSAO

PLACA
PACIENTE - | MICROCONTROLADORA

SENSOR DE FLUXO

TRANSMISSAO
SEM FIO

PC

DESCRICAO DETALHADA DA INVENCAO

A presente patente traz o “Dispositivo para avaliacdo e monitoramento
respiratorio” que é composto por um sensor de fluxo (2) e um adaptador de
captacao pressao (3), em conexdo com o paciente (1) na via aérea, fisioldgica
ou natural, para mensuracdo continua do fluxo, pressdo e volume gerados
durante a respiracdo. O sensor e o trandutor se conectam a uma placa
microcontroladora (11), disposta em uma caixa (10) de material rigido ou
semirrigido, juntamente com dois sensores de pressdo (5 e 7). A caixa
apresenta trés saidas, sendo a saida (4) para conexao com o sensor de fluxo
(2), a saida (6) para conexdo com o transdutor de pressdo, com origem no
sensor de pressdo 1 (5), e a saida (8) com origem no sensor de pressao 2 (7)
gue pode ser utilizado para medida de pressfes auxiliares. O dispositivo é
alimentado por um sistema de baterias (9) e esta conectado a um amplificador
de sinal para transmissdo sem fio, em tempo real, de dados para outro

dispositivo com hardware e software para interpretacdo e armazenamento das
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variaveis coletadas. A placa converte os sinais analégicos em digitais e vice-
versa.

O dispositivo € mantido em funcionamento por um sistema de baterias
(9) de longa duracédo ou pode ser o conectado, através de conversor, a rede
elétrica para seu funcionamento continuo.

A medida da pressao é possivel por meio de um adaptador de captacéo
de presséo (3) que detecta uma deformacao de um elemento mecéanico devido
as forcas de pressao e converte em um sinal. A medida é realizada de maneira
pouco invasiva, com a aplicacdo de um tubo conectado ao sensor de pressao
(5), que pode ser avaliado via oral ou conectado ao tubo traqueal do paciente
mecanicamente ventilado.

Os sensores de pressao (5 e 7) sdo do tipo sensores de silicone
piezoresistivo ou outra tecnologia similar que seja capaz de avaliar a pressao
de forma analdgica ou digital. Os sensores do tipo de silicone piezoresistivo,
possuem uma saida analdgica ratiométrica de leitura da pressdo. Os valores de
saida calibrados para pressao sao atualizados em aproximadamente 1 kHz. O
sensor projetado para uso com gases nao corrosivos e néo ibnicos, como ar e
outros gases secos.

Um sensor de pressao é utilizado para a mensuragdo da pressda na
abertura das vias aéreas (5). O outro sensor de pressao (7) pode ser utilizado
para mensuracdo da pressao esofagica, intratoracica, gastrica ou abomdinal,
sendo conectado a uma sonda de silicone ou material semelhante, com um
transtudor de presséo acoplado na sua extremidade distal.

Foi adicionado ao sensor um filtro sem amplificacdo tipo Sallen-Key e a

frequéncia de corte utilizada para medi¢cdes adequadas € de aproximadamente
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25 Hz. O sensor é estabilizado e colocado em uma caixa apropriada para se
manter protegido.

Os sensores utilizados para avaliar a pressao no sistema devem ser
caracterizados por terem uma faixa de pressdo adequada a respiracdo
fisiologica, entretanto com a capacidade de captar, também, pressdes que
podem ser determinadas por ventiladores mecanicos.

O fluxo de ar pode ser medido usando sensores chamados medidores
de vazdo, que se baseiam em: (a) pressdo diferencial (também conhecidos
como pneumotacoégrafos), onde uma queda de pressdo sobre um elemento
resistivo € induzida quando o fluxo est4 passando, permitindo obter o fluxo
relativo; ou (b) principio térmico, no qual um elemento sensivel muda sua
temperatura quando atravessado por um fluxo e essa variacdo de temperatura
é traduzida em sinal elétrico proporcional ao fluxo.

O dispositivo utiliza um sensor de fluxo (2) capaz de medir a vazao de
gases com precisdo muito alta e utiliza do principio térmico para afericdo do
fluxo. Ele é confiavel e facilmente conectado a circuitos respiratorios padroes.
Dentre as suas vantagens encontram-se 0 espago morto muito pequeno e a
capacidade autoclavavel do material. O sensor de fluxo (2) é dotado de um
microchip que €é composto por um elemento sensor que realiza o
processamento do sinal e a calibracédo digital, conferindo processamento do
sinal de maneira muito rapida. O microchip e o0 sensor sdo combinados
utilizando a tecnologia CMOSens®.

O principio de medicdo térmica utilizado € mais evoluido que o

anemoOmetro de fio quente, pois possui um elemento ajustavel de aguecimento

posicionado no centro de uma membrana estabilizada por pressdo, com um
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sensor de temperatura acima e abaixo da membrana na direcdo do fluxo de
gas, que permite identificar o desequilibrio da temperatura pelo movimento de
fluxo de gas. Toda informacdo captada € distribuida para um conversor
analdgico-digital, para um amplificador de sinal, para um sensor de temperatura
e uma célula de memoaria tipo EEPROM, assim o sinal é calibrado, linearizado
e compensado pela temperatura.

Caracteristicas técnicas do sensor de fluxo devem permitir que a
avaliacdo do fluxo seja realizada adequada a respiracao fisiol6gica, entretanto,
com a capacidade de captar também pressdes que podem ser determinadas
por ventiladores mecéanicos.

O volume pulmonar (inspiratério ou expiratorio) pode ser obtido
indiretamente por ser parte integrante do fluxo durante o tempo. A técnica
utilizada para aquisicdo do volume corrente foi o método do retangulo, que
utiliza a area sob a curva do sinal de fluxo durante o tempo. E feita a
subdivisdo desta area em diferentes retangulos, sendo a altura deles
determinada pela curva do sinal de fluxo, e a largura pelo intervalo de tempo
entre determinados pontos. O somatério das é&reas de cada retangulo
representa o volume total.

Ha observacdo de uma pequena variacdo entre volume inspirado e
expiratorio (inspirado > expirado) devido ao aquecimento e umidificacdo do ar
pela passagem nas vias aéreas.

Todos os sensores sdo conectados entre si e se ligam a uma placa
microcontroladora (11). A placa deve possuir entrada/saida digitais (4, 6 e 8) e

analdgicas assim como uma conexao USB, uma tomada de forga, um
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cabecalho ICSP e um botdo de redefinicdo. A placa pode ser programada
atraves do software.

A placa tem fungao de apresentar amostras dos sinais provenientes dos
sensores, converter os sinais analégicos em digitais e ser capaz de também
converter sinais digitais em analdgicos. A placa também tem funcdo de
conectar-se a modulos de transferéncia de dados como a comunicagédo sem fio
conectado a internet ou outra tecnologia de transferéncia de dados. Estara
presente na caixa (10) do dispositivo uma luz (12) indicadora de que o sistema
esta em execucao.

Os dados séo transmitidos do dispositivo para computador pessoal ou
outro dispositivo mével como tablete ou outro dispositivo via comunicacdo
Bluetooth ou comunicagéo via internet sem fio para visualizagdo em tempo real
ou armazenamento na nuvem e interface da rede mundial de computadores.

O dispositivo proposto possui a capacidade de avaliacdo dinamica e
continua, além da interpretacdo em tempo real das variaveis (fluxo respiratério,
pressao respiratéria e volume corrente), além de ser portatil e de baixo custo.

A placa microcontroladora (11) serd programada através de firmware
com duas funcdes basicas: (a) funcéo setup, que é executada na inicializacdo
do firmware quando ele é carregado e que define a taxa de transmissao de
dados, a frequéncia de envio de uma rotina de servi¢o interrupto, a porta de
entrada para aquisicao de sinais e a porta de saida para ativacdo do LED; e (b)
fungéo loop, que funciona apos a inicializagéo e é ciclada continuamente, lendo
sinais analdgicos e convertendo-os para digitais ou convertendo sinais digitais

em analogicos.
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O software tera linguagem de programacdo simples e intuitiva, além de
poder ser adequado as necessidades do servico onde o paciente est4 sendo
avaliado, seja em domicilio, ambulatério, enfermaria hospitalar ou UTI.
Também permite a representacdo grafica em tempo real apds envio para
computador pessoal ou outros dispositivos moveis, como tablete, ou dispositivo
via comunicagcdo Bluetooth ou comunicacdo via pela rede mundial de
computadores sem fio.

A avaliagdo dinamica proposta pelo dispositivo em questao possibilita a
identificacdo da magnitude e o momento de possiveis alteracdes
imperceptiveis aos métodos disponiveis para monitorar VMI, VNI e até mesmo
respiragdo espontanea em diferentes ambientes, domiciliar, ambulatorial e
hospitalar.

A interpretacdo das variaveis encontradas e seus comportamentos,
quando correlacionados as avaliacdes atuais disponiveis (ex. ventilometria e
manovacuometria), poderdo identificar e monitorar pacientes em tratamento
com VMI e VNI em diferentes ambientes, domiciliar, ambulatorial e hospitalar.
Adicionalmente, serd relevante para monitorar 0s pacientes suscetiveis ao
fracasso ou ao sucesso do processo de desmame da ventilagdo mecanica.

A propriedade dos materiais, tamanho e elementos de composi¢cdo do
equipamento sdo passiveis de modificacdo para aprimoramento sem prejuizo
funcional a natureza da técnica de avaliacdo de fluxo respiratorio, presséo
respiratoria e volume corrente proposto.

REIVINDICACOES
1. “Dispositivo para avaliacdo e monitoramento respiratério” caracterizado por

compreender um sensor de fluxo (2) e um adaptador de captacdo de presséo
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(3), acoplados a uma placa microcontroladora (11), disposta em conjunto com o
sensor de pressao (5) e o sensor de pressao (7), em uma caixa (10) fabricada
em material rigido ou semirrigido, sendo que no sensor de fluxo ha uma
abertura (1) para conexdo com o paciente e o dispostivo € alimentado por um
sistema de baterias (9).

2. “Dispositivo para avaliagcdo e monitoramento respiratorio”, de acordo com a
reivindicacdo 1, caracterizado pelo fato da abertura (1) ser para conexdo do
dispositivo na via aérea, fisiolégica ou artificial, do paciente para mensuragao
continua de fluxo, pressdo e volume respiratérios gerados durante a
respiracao.

3. “Dispositivo para avaliagcdo e monitoramento respiratorio”, de acordo com a
reivindicacdo 1, caracterizado pelo fato do dito dispositivo ser conectado a um
amplificador de sinal para conversdo dos sinais analogicos em digitais e vice-
versa, e para transmissdo, sem fio e em tempo real, de dados para outro
dispositivo com hardware e software.

4. “Dispositivo para avaliagdo e monitoramento respiratorio”, de acordo com a
reivindicagdo 1, caracterizado pela alimentacdo de energia do dito dispositivo
poder ser feita através da rede elétrica, através de conversor, para seu
funcionamento continuo.

5. “Dispositivo para avaliagcdo e monitoramento respiratorio”, de acordo com a
reivindicacdo 1, caracterizado pelo fato dos sensores de presséao (5 e 7) serem
do tipo sensor de silicone piezoresistivo.

6. “Dispositivo para avaliacdo e monitoramento respiratorio”, de acordo com a
reivindicacdo 1, caracterizado pelo fato do sensor de fluxo (2) estar

interconectado ao adaptador de captacdo de pressdo (3) e ao sensor de
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pressdo (5) e ambos ligados a placa microcontroladora (11), a qual possui trés
saidas, digitais e analdgicas, sendo a saida (4) para conexdao com o sensor de
fluxo (2), a saida (6) para conexdo com o transdutor de pressdo, com origem
no sensor de presséo (5), e a saida (8) com origem no sensor de presséao (7)
que pode ser utilizado para medida de pressdes auxiliares, uma conexédo USB,

uma tomada de forca, um cabecalho ICSP e um botéo de redefinigéo.



31
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ABSTRACT

Introduction Neuromuscular diseases (NMD) are characterized by progressive
muscular impairment. The muscle weakness is directly related to respiratory
muscles weakness, causing reduction in vital capacity, especially when
associated with mechanical ventilation (MV). Conventional MV weaning in NMD
is generally difficult. Weaning process can be conducted in protocols such as:
‘T’ piece or Pressure Support Ventilation. Weaning failure is frequent because
of muscle weakness. Protocol aim is to assess the effects of different weaning
protocols in NMD patients receiving invasive MV in weaning success rate,
duration of weaning, intensive care unit (ICU) stay, hospital stay and ICU
mortality. Methods and analysis A search will be carried in the Cochrane
Neuromuscular Specialized Register, MEDLINE, EMBASE, Web of Science,
Scopus, United States National Institutes of Health Clinical Trials Registry,
ClinicalTrials.gov and WHO International Clinical Trial Registry Portal, of
randomized controlled trials (RCTs) and quasi-RCTs. Inclusion criteria of
individuals are adults (above 16 years old) and children (from 5 to 16 years old),
with clinical diagnosis of NMD (muscular dystrophy, amyotrophic lateral
sclerosis, congenital myasthenia, myasthenia gravis, congenital myopathy,

spinal muscular atrophy, Guillian Barré Syndrome, severe inherited
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neuropathies, metabolic myopathies, inflammatory myopathies, mitochondrial
diseases) of any gender. All patients ventilated for at least 48 hours due to
respiratory failure and clinically considered ready for weaning. Other respiratory
or cardiovascular diagnosis associated will not be included. Intervention
assessed will be weaning from MV using a protocol with 30 min to 2 hours of
spontaneous breathing trial at the end point. All comparisons of different
protocols will be considered. Ethics and dissemination Formal ethical
approval is not required as primary data will not be collected, since it will be a
systematic review. All studies included should have ethical committee approval.
The results will be disseminated through a peer-reviewed publication and in
conferences and congresses or symposia. PROSPERO registration number
CRD42019117393 (Anexo 5).

INTRODUCTION

Neuromuscular disease (NMD) can be defined as a chronic and
progressive disease, which may present with different clinical characteristics, in
which its pattern is based on the location where the injury occurs in a motor
unit.®?> NMD are characterized by progressive muscular impairment, with
difficulty in ambulation, swallowing and ventilation, with progressive reduction of
vital capacity and increased work of breathing.® These changes lead to the
development of chronic respiratory insufficiency, which is an important cause of
prolonged ventilatory dependence.’

Muscle weakness is directly related to weakness of respiratory muscles,
especially the diaphragm. Diaphragmatic weakness, often found in patients with
NMD causes a reduction in the capacity to generate force, especially when
associated with the use of controlled mechanical ventilation.”

Intensive care unit (ICU) admission, regardless of the presence of NMD,

may be a cause of neuromuscular disorders that lead to muscle impairment.® It
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is estimated that such a condition occurs in up to 62% of critically ill patients in
the ICU.” The NMD patients experience this respiratory impairment, in general,
by a large proportion of motor units that innervate the respiratory muscles
affected.?

Some risk factors such as use of sedatives, malnutrition, systemic
inflammation and prolonged mechanical ventilation may further impair the
neuromuscular performance of people admitted to ICU.2

The majority of critically ill patients admitted to ICU require ventilatory
support for acute or chronic respiratory failure,® specially the NMD ones. In
addition, the pattern of neuromuscular abnormalities associated with critical
illness, defined as ICU-acquired weakness (ICUAW),* can lead to prolonged
mechanical ventilation, a longer hospital stay and increased ventilation.,

The emergence of respiratory symptoms, with progressive hypercapnia,
can lead to death from respiratory failure.® Long-term invasive or non-invasive
mechanical ventilation is the main intervention for people who present with
acute respiratory acidosis; progressive decline in vital capacity (<10-15 mL/kg);
or progressive decline in maximal inspiratory pressure (<20-30 cmH20).%?

Weaning from mechanical ventilation is the process of transition to
spontaneous ventilation.’® In people with NMD, conventional weaning is
generally not possible.**

Weaning difficulty may occur in different populations, such as elderly with
prolonged ICU hospitalization, people with chronic respiratory diseases or
NMD.*? Therefore, the decision to progress to extubation is more challenging in
this group of people with advanced respiratory muscle weakness, and this can

lead to a need for tracheostomy and prolonged mechanical ventilation.*
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Difficult weaning can be defined as the requirement of up to three
spontaneous breathing trials (SBT) in a period of no longer than 7 days of
mechanical ventilation to achieve extubation.***?

The weaning process may be conducted in different protocols such as
the following:

e ‘T’ piece: in which the patient receives only supplemental oxygen through

a T-shaped tube connected to an endotracheal tube (orotracheal or

tracheostomy).*°

e Continuous positive airway pressure (CPAP): the weaning protocol
involves using a continuous pressure, equal to the previous positive end-
expiratory pressure level used before.1

e Pressure support: the use of progressive lower levels of inspiratory
pressure support until it reaches 5-8 cmH20.°

Successful weaning is defined as the ability to maintain spontaneous
ventilation without the need for reintubation and invasive mechanical ventilation
for 48 hours after extubation.10 For patients with NMD, due to the difficulty of
weaning, it may be also defined as the absence of a need for tracheostomy and
mechanical ventilation for 5 days after extubation.*

Post weaning monitoring should observe whether two of the following
findings are present: respiratory acidosis (pH <7.35; PaC02>45 mm Hg);
Sp02<90% or Pa02<60 mm Hg with FiO2>50%; RR >35 rpm; decreased level
of consciousness, restlessness or excessive sweating; or signs suggestive of
respiratory muscle fatigue, such as the use of accessory muscles or paradoxical
movement of the abdomen, in order to determinate the need to re-establish

mechanical ventilation again.**°
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Weaning failure from invasive ventilation is frequent in people with NMD
due to muscle weakness and gradual hypercapnia.* In this way, the non-
invasive ventilation, even after weaning failure, is an option. And a future
weaning can be conducted when and if clinically possible.**? Although this
whole process significantly increases health costs with this patient population.
Objectives

The aim of this systematic review is to assess the effects of different
weaning protocols in people with NMD receiving invasive mechanical
ventilation. Our secondary aim is to assess how the different protocols affect
weaning success, duration of weaning, duration of stay in the ICU, duration of

hospital stay, ICU mortality and also to assess adverse effects.

METHODS
Eligibility criteria

Studies will be selected according to the criteria outlined below.
Study designs

We will include randomized controlled trials (RCTs) and quasi-RCTs
(experimental study with participants subjected to some type of intervention or
control group, and with the same outcome of interest measured. But in this kind
of study, also known as non-randomized trial, populations are subjected to any
of the groups using other methods of allocating, usually not truly random). Other
study types, such as non-randomized trials, crossover studies and case—control
studies will be described in the ‘Discussion’ section of the review, but they will

not be included in the Results section. We will include studies reported as full-
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text, those published as abstract only and unpublished data. There will be no
restrictions as to language.
Participants

We will consider for inclusion adults (above 16 years old) and children
(from 5 to 16 years old) people with a clinical diagnosis of a NMD (muscular
dystrophy of any origin including Duchenne muscular dystrophy, amyotrophic
lateral sclerosis, congenital myasthenia, myasthenia gravis, congenital
myopathy, spinal muscular atrophy, Guillian Barré Syndrome, severe inherited
neuropathies, metabolic myopathies (Pompe disease), inflammatory
myopathies and mitochondrial diseases) of any gender.

We will consider all patients ventilated for at least 48 hours with
orotracheal tube or tracheostomy because of acute respiratory failure, and
considered by physicians to be ready for weaning according to clinical criteria
and weaning parameters. No patients with other respiratory or cardiovascular
clinical diagnosis associated will be included, nor patients with mixed NMD
diagnosis.

If any subset of participants with NMD is analyzed, these patients will be
included.

Interventions

The intervention assessed will be the process of weaning from
mechanical ventilation in people with NMD using a protocol with criteria for
deciding if the patient is ready for extubation with 30 min to 2 hours SBT at the
end point of the protocol.

We will consider the following protocols for inclusion.

1. Pressure support ventilation, with gradual reduction of the support pressure.
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2. Synchronized intermittent mandatory ventilation, with gradual reduction of
respiratory rate and support pressure.

3. CPAP, with gradual reduction of applied pressure.

4. ‘T’ piece, with progressive increase of spontaneous ventilation time.
Comparators

We will consider any comparisons of the different protocols.

The protocols will also be compared in relation to the classification of
weaning outcomes, in order to identify which protocols develop better
outcomes.

e Simple—successful after first attempt.
e Difficult—require up to three attempts (or less than 7 days to reach
success).
e Prolonged—require more than 7 days to reach success.
Outcomes

Primary outcome

Weaning success is defined as the ability to maintain spontaneous ventilation
without the need for reintubation and invasive mechanical ventilation for 48
hours after extubation.®

Secondary outcomes

e Duration of weaning in patients with acute and prolonged mechanical
ventilation—defined as the time between the weaning protocol initiation
and the moment of extubation.

e Duration of ICU stay in patients with acute and prolonged mechanical
ventilation—defined as the time between ICU admission and ICU

discharge.
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e Duration of hospital stay in patients with acute and prolonged mechanical
ventilation—defined as the time between hospital admission and hospital
discharge.

e |CU mortality rate in patients with acute and prolonged mechanical
ventilation—defined as the mortality rate during ICU stay.

¢ Incidence of pneumothorax during mechanical ventilation period.

¢ Incidence of ventilation associated pneumonia.

Language

We will include articles reported in English and other languages. There
will be no restrictions.
Information sources

Electronic searches

We will search the Cochrane Neuromuscular Specialized Register (The
Cochrane Library, current issues), MEDLINE, EMBASE, Web of Science and
Scopus. We will scan conference abstracts for relevant studies.

We will also search the United States National Institutes of Health
Clinical Trials Registry, ClinicalTrials. gov ( ClinicalTrials. gov) and the WHO
International Clinical Trials Registry Portal ( apps. who. int/ trialsearch/).

We will search all databases from January 2009 to December 2019, and
we will impose no restriction on language of publication.

We will identify non-randomized studies for inclusion in the discussion
from the same search results.

We will search reference lists of all relevant and included trials and
review articles for additional references. We will search for errata or retractions

of included trials. We will also search relevant manufacturers’ websites for trial
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information. And we will search grey literature, in reports of technical research
and projects related to government program, to identify other studies.

We will contact study authors of included trials to identify additional trials
whether published or unpublished.

If no RCTs or quasi-RCTs in this area are found, the authors will review
other well-designed observational studies, where the population (NMD),
intervention (mechanical ventilation weaning) and outcome (weaning success)
are clearly documented, in the ‘Discussion’ section of the review. We will
identify these (non-randomized studies) via a search in MEDLINE (from
inception to the present), EMBASE (from inception to the present), Web of
Science (from inception to the present) and Scopus (from inception to the
present). This will be done in order to give a comprehensive descriptive
narrative of any non-randomized data.

Search strategy

Search terms will include: ‘neuromuscular disease’ or all other terms
compatible with clinical diagnoses of these types of diseases, such as ‘muscular
dystrophy’, ‘Duchenne muscular dystrophy’, ‘amyotrophic lateral sclerosis’,
‘congenital myasthenia’, ‘myasthenia gravis’, ‘congenital myopathy’, ‘spinal
muscular atrophy’, ‘Guillian Barré Syndrome’, ‘severe inherited neuropathies’,
‘metabolic myopathies’, ‘Pompe disease’, ‘inflammatory myopathies’ and
‘mitochondrial diseases’ combined with ‘mechanical ventilation’ or ‘artificial
respiration’ or ‘mechanical ventilation weaning’ or ‘ventilator weaning’ or
‘respirator weaning’ and all the combination between them.

An example of the search strategy is available as an online

supplementary file.
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Study records

Selection of studies

Two review authors (SCBN and RTC) will independently screen titles and
abstracts of all the potential studies retrieved by the search for inclusion and
code them as ‘retrieve’ (eligible or potentially eligible/unclear) or ‘do not
retrieve’. We will identify and exclude duplicates and collate multiple reports of
the same study so that each study rather than each report is the unit of interest
in the review. We will retrieve full-text study reports/publications, and two review
authors (SCBN and RTC) will independently screen the full text and identify
studies for inclusion, and identify and record reasons for exclusion of the
ineligible studies.

We will resolve any disagreements through discussion or, if required,
through consultation with a third review author (GAFF).

We will report the selection process in sufficient detail to complete a
Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols
flow diagram and ‘Characteristics of excluded studies’ table.

Data extraction and management

We will use a data extraction form that we will initially pilot on at least one
trial included in the review to collect study characteristics and outcome data.
One review author (SCBN) will extract study characteristics from included trials.
We will collect information on study design and setting, participant
characteristics (including disease severity and age), study eligibility criteria,
details of the intervention(s) given, the outcomes assessed, the source of study

funding and any conflicts of interest stated by the investigators.
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Two review authors (SCBN and RTC) will independently extract outcome
data from included trials. We will note in the ‘Characteristics of included studies’
table if the trials did not report outcome data in a usable way. We will resolve
any disagreements by consensus or consult a third review author (GAFF). One
review author (SCBN) will transfer data into Review Manager (RevMan) V.5.3.*
A second review author (RTC) will check the outcome data entries.

The same review author (RTC) will spot-check study characteristics for
accuracy against the trial report. When reports require translation, the translator
will extract data directly using a data extraction form. To minimize bias in the
review process, the review authors will not screen studies for inclusion, extract
data, or assess the risk of bias in trials they themselves have authored. In such
circumstances, we will involve a third review author (GAFF).

Risk of bias individual studies

Two review authors (SCBN and RTC) will independently assess risk of
bias for each study using the criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions.”®> These authors will resolve
disagreements by discussion or by involving another review author (GAFF).

We will assess the risk of bias according to the following domains:

1. Random sequence generation.

2. Allocation concealment.

3. Blinding of participants and personnel.
4. Blinding of outcome assessment.

5. Incomplete outcome data.

6. Selective outcome reporting.

7. Other bias.
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We will grade each potential source of bias as high, low or unclear and
provide a quote from the study report together with a justification for our
judgement in the ‘Risk of bias’ table. We will summarize the risk of bias
judgements across different studies for each of the domains listed. We will
consider blinding separately for different key outcomes where necessary (eg,
for unblinded outcome assessment, risk of bias for all-cause mortality may be
very different than for a patient-reported pain scale). Where information on risk
of bias relates to unpublished data or correspondence with a trialist, we will note
this in the ‘Risk of bias’ table. When considering treatment effects, we will take
into account the risk of bias for the studies that contribute to that outcome.

If we are able to pool a sufficient number of studies, that is more than 10
trials,™ we will create and examine a funnel plot to explore possible small study
biases.

DATA SYNTHESIS
Measures of treatment effect

We will analyze dichotomous data as risk ratios (RR) with corresponding
95% CI and continuous data as mean difference (MD) with 95% CI, or as
standardized mean difference with 95% CI for results across studies with
outcomes that are conceptually the same but measured in different ways. We
will enter data presented as a scale with a consistent direction of effect.

We will undertake meta-analyses only where this is meaningful, that is if
the treatments, participants and the underlying clinical question are similar
enough for pooling to make sense. This will be identified if there are two or

more trials with comparable populations and interventions.
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Where a single trial reports multiple trial arms, we will include only the
arms relevant to the review question.

All data will be pooled according to age group, dividing them into two
groups (adults—over 16 years old, and children—between 5 and 16 years old).
After this grouping, the analysis will be done, first, comparing the success rate
and failure rate in each of the groups. Subsequently, the data will also be
evaluated taking into consideration the weaning outcomes in simple, difficult
and prolonged (as described in the types of interventions).

Unit of analysis issues

We do not expect to have any crossover or cluster randomized controlled
trials, since weaning is a one-off event and also due to the lack of control group,
since all patients are submitted to the same intervention, which is weaning from
mechanical ventilation.

If we are able to find cluster randomized controlled trials with different
clusters of different NMD, we will conduct this analysis.

Assessment of heterogeneity

We will use the |2 statistic to measure heterogeneity among the trials in
each analysis. If we identify substantial unexplained heterogeneity, we will
report random-effects results and explore possible causes by prespecified
subgroup analysis.

We will be following the rough guide to interpretation outlined in the
Cochrane Handbook for Systematic Reviews of Interventions.

o 0%-40%: might not be important;
e 30%—-60%: may represent moderate heterogeneity;

e 50%-90%: may represent substantial heterogeneity and
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e 75%-100%: considerable heterogeneity.

Data synthesis

If the review includes more than one comparison that cannot be included
in the same analysis, we will report the results for each comparison separately.

‘Summary of findings’table

e We will create a ‘Summary of findings’ table using the following
outcomes.

e Weaning success.

e Duration of weaning (time difference between weaning protocol initiation
and the moment of extubation moment).

e Duration of ICU stay.

e Duration of hospital stay.

e ICU mortality rate in patients with acute and prolonged mechanical
ventilation—defined as the mortality rate during ICU stay.

¢ Incidence of pneumothorax during mechanical ventilation period.

¢ Incidence of ventilation associated pneumonia.

We will use the five GRADE considerations (study limitations,
consistency of effect, imprecision, indirectness and publication bias) to assess
the quality of a body of evidence (studies that contribute data for the
prespecified outcomes). We will use methods and recommendations described
in the Cochrane Handbook for Systematic Reviews of Interventions™ using
GRADEpro software (GRADEpro GDT). We will justify all decisions to
downgrade or upgrade the quality of studies using footnotes, and we will make

comments to aid readers’ understanding of the review where necessary. Two



45

authors will independently grade the quality of the evidence. They will resolve
disagreements by discussion and by consultation with a third review author.

Subgroup analysis and investigation of heterogeneity

e We plan to perform the following subgroup analyses.

e Simple weaning: successful after first attempt.

¢ Difficult weaning: require up to three attempts.

e Prolonged weaning: require more than 7 days to reach success.

e Children: from 5 to 16 years old.

e Adults: above 16 years old.

We will use both primary and secondary outcome measures in all

subgroup analyses. We will use the formal test for subgroup interactions in
Review Manager V.5.3.*

Sensitivity analysis

We plan to undertake the following sensitivity analyses.

Repeat the analysis by excluding studies at high risk of bias (sequence
generation, allocation concealment, blinding of personnel, outcome assessment
and attrition).

If there are one or more very large trials, we will repeat the analysis by
excluding them to examine how much they dominate the results.

Reaching conclusions

We will base our review conclusions only on findings from the
quantitative or narrative synthesis of included trials. We will avoid making
recommendations for practice. Our implications for research will suggest

priorities for future research and outline the remaining uncertainties in the area.
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Patient and public involvement

In the present protocol of systematic review and in the subsequent
systematic review, there will be no involvement of patients or public.

The paper proposes to use results previously authorized and published
by other authors, without there being any need for patient or public involvement.
The research question was developed based on the questions raised by other
authors, most of the time according to the clinical difficult and necessity of
improving the weaning protocols for this population.

The results of the present study will be published in indexed journal so it
can be available for NMD patients, in general, and public, especially health

professionals.

CONCLUSION

This systematic review will provide evidence in different weaning
protocols that can be applied to the NMD patients, analyzing the weaning
success rate, leading to extubation. The hypothesis is that one specific protocol
has higher success weaning rates.

Where sufficient data are available, we will conduct a meta-analysis to
confirm the relationship between the different protocols and duration of
weaning, duration of stay in the ICU, duration of hospital stay and ICU mortality.
It will also be able to assess adverse effects of weaning protocols that fail to
lead to extubation.

Moreover, if the hypothesis is confirmed, the review will clarify the

reasons any weaning strategy interfere to higher success weaning rates.
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Overall, the review will complement the evidence based on mechanical
ventilation weaning for NMD patients.
Strengths and limitations of this study
e This study will help to identify the best way to conduct mechanical
ventilation (MV) weaning in patients with neuromuscular diseases
(NMD), improving the outcomes of this population when using MV.
o |t will be difficult to find articles that meet the inclusion criteria leading to
greater difficulty for statistical analysis.
e There are very different approaches in the weaning process of patients
with NMD, and that will bring difficult to compare the protocols.

e Too many NMD will need to be included because of NMD heterogeneity.

Contributors SCBN: screen titles, abstracts and full text to identify studies for
inclusion or exclusion; extract study characteristics; extract outcome data;
transfer data into RevMan,; assess risk of bias. RTC: screen titles, abstracts and
full text to identify studies for inclusion or exclusion; extract outcome data;
check outcome data entries; spot-check study characteristics for accuracy;
assess risk of bias. IL: development of the text; statistical analysis and revision
of the final text. VRR: development of the text; statistical analysis, revision of
the final text. GAFF: discussion about the disagreements the two authors have
in any issues; screen studies the other two authors have authored.

Funding The authors have not declared a specific grant for this research from
any funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.

Patient consent for publication Not required.
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ABSTRACT

Background: Neuromuscular diseases (NMD) are associated with acute or
chronic respiratory failure, highly associated with prolonged mechanical
ventilation requirement, and repeated extubation fails. Objectives: This
systematic review aimed to assess the effects of different weaning protocols in
people with NMD receiving invasive mechanical ventilation, searching for the
best one, and how different protocols can affect outcomes as weaning success,
duration of weaning, ICU and hospital stay, and mortality. Methods: The review
protocol was registered on PROSPERO (Registration  Number:
CRD42019117393). Electronic databases (MEDLINE, EMBASE, Web of

Science, and Scopus) were searched from January 2009 to August 2020


mailto:netosam@gmail.com

51

without language restriction. We searched for randomized controlled trials and
quasi-RCTs that evaluated NMD patients (adults and children from 5 years old)
in the weaning process managed with a protocol (pressure support ventilation,
synchronized intermittent mandatory ventilation, continuous positive airway
pressure or ‘T’ piece) with weaning success as the main outcome. Results: We
found no studies that fulfilled the inclusion criteria. Conclusions: The absence
of studies about different weaning protocols for NMD patients does not allow
concluding the superiority of any specific weaning protocol for patients with
NMD or determining the impact of different types of protocols on other

outcomes. The result of this review encourages further studies.

INTRODUCTION

Neuromuscular disease (NMD) can be defined as a chronic and
progressive disease, which may present with different clinical characteristics, in
which its pattern is based on the location where the injury occurs in a motor
unit.%? NMD are characterized by progressive muscular impairment, difficulty in
ambulation, swallowing, and ventilation, with progressive reduction of vital
capacity and increased work of breathing.®> These changes lead to acute and
chronic respiratory failure, which is an important cause of prolonged ventilatory

dependence®®, associated with increased healthcare costs.®

Three main components may contribute to respiratory failure and the
need for mechanical ventilation in these patients: (1) inspiratory muscle
weakness, (2) expiratory muscle weakness, (3) upper airway compromise.’
The NMD patients experience this respiratory impairment, in general, by a large
proportion of motor units that innervate the respiratory muscles affected.?

The majority of critically ill patients admitted to ICU require ventilatory

support for acute or chronic respiratory failure,® especially the NMD ones.?%*2
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Besides, the pattern of neuromuscular abnormalities associated with a critical
illness, defined as ICU-acquired weakness (ICUAW), can lead to prolonged

mechanical ventilation, a longer hospital stay and increased ventilation.*

The emergence of respiratory symptoms, with progressive hypercapnia,
can lead to death from respiratory failure.*” Long-term invasive or non-invasive
mechanical ventilation is the main intervention for people who present with
acute respiratory acidosis, progressive decline in vital capacity (<10-15 mL/kg),

or progressive decline in maximal inspiratory pressure (<20-30 cmH,0).>%%

Weaning from mechanical ventilation is the process of transition to
spontaneous ventilation.** In people with NMD, conventional weaning is
generally not possible.’® Weaning difficulty may occur in different populations,
such as the elderly with prolonged ICU hospitalization, people with chronic
respiratory diseases, or NMD.'® Therefore, the decision to progress to
extubation is more challenging in this group of people with advanced respiratory
muscle weakness, leading to a need for tracheostomy and prolonged

mechanical ventilation.*

The weaning process may be conducted in different protocols such as

the following:

e ‘T’ piece: in which the patient receives only supplemental oxygen through
a T-shaped tube connected to an endotracheal tube (orotracheal or

tracheostomy).*

e Continuous positive airway pressure (CPAP): the weaning protocol
involves using a continuous pressure, equal to the previous positive end-

expiratory pressure level used before.'*
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e Pressure support: the use of progressive lower levels of inspiratory

pressure support until it reaches 5-8 cmH,0.*

Successful weaning is defined as the ability to maintain spontaneous
ventilation without the need for reintubation and invasive mechanical ventilation
for 48 hours after extubation.'* For patients with NMD, due to weaning's
difficulty, it may also be defined as the absence of a need for tracheostomy and

mechanical ventilation for five days after extubation.*

Post-weaning monitoring should observe whether two of the following
findings are present: respiratory acidosis (pH <7.35; PaCO,>45 mmHg);
Sp0,<90% or Pa0,<60 mmHg with FiO,>50%; RR >35 rpm; decreased level of
consciousness, restlessness or excessive sweating; or signs suggestive of
respiratory muscle fatigue, such as the use of accessory muscles or paradoxical
movement of the abdomen, in order to determinate the need to re-establish

mechanical ventilation again.***

Weaning failure from invasive ventilation is frequent in people with NMD
due to muscle weakness and gradual hypercapnia.* In this way, non-invasive
ventilation, even after weaning failure, is an option. Moreover, a future weaning
can be conducted when and if clinically possible.**® Although this whole

process significantly increases health costs with this patient population.
Objectives

This systematic review aimed to assess the effects of different weaning
protocols in people with NMD receiving invasive mechanical ventilation. Our

secondary aim was to assess how the different protocols affect weaning
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success, duration of weaning, duration of stay in the ICU, duration of hospital

stay, ICU mortality, and also to assess adverse effects.

METHODS
Protocol and registration

This systematic review was registered on PROSPERO (Registration
Number: CRD42019117393. The review authors followed the Cochrane
Handbook for Systematic Reviews of Interventions'’ and the PRISMA

Statement.'®
Eligibility criteria for inclusion
Population

Adults (above 16 years old) and children (from 5 to 16 years old) people
with a clinical diagnosis of a NMD (muscular dystrophy of any origin including
Duchenne muscular dystrophy, amyotrophic lateral sclerosis, congenital
myasthenia, myasthenia gravis, congenital myopathy, spinal muscular atrophy,
Guillian Barré Syndrome, severe inherited neuropathies, metabolic myopathies
(Pompe disease), inflammatory myopathies and mitochondrial diseases) of any

gender.

All patients ventilated for at least 48 hours with orotracheal tube or
tracheostomy because of acute respiratory failure and considered by physicians
to be ready for weaning according to clinical criteria and weaning parameters.
No patients with other respiratory or cardiovascular clinical diagnoses

associated were considered, nor patients with mixed NMD diagnosis.
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Intervention

The intervention assessed was the process of weaning from mechanical
ventilation in people with NMD using a protocol with criteria for deciding if the
patient is ready for extubation with 30 min to 2 hours SBT at the endpoint of the

protocol. The following protocols were considered for inclusion:

1. Pressure support ventilation, with gradual reduction of the support

pressure.

2. Synchronized intermittent mandatory ventilation, with gradual

reduction of respiratory rate and support pressure.
3. CPAP, with gradual reduction of applied pressure.
4. ‘T’ piece, with a progressive increase of spontaneous ventilation time.
Comparison

Any comparison between the different protocols was considered. If the
studies classified the weaning based on the outcomes: simple (successful after
the first attempt of spontaneous breathing trial); difficult (requiring up to three
attempts or less than seven days to reach success; prolonged (requiring more

than seven days to reach success), comparisons would also be considered.
Outcomes
Primary outcome

Weaning success, defined as the ability to maintain spontaneous
ventilation without the need for reintubation and invasive mechanical ventilation

for 48 hours after extubation.*
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Secondary outcomes

e Duration of weaning in patients with acute and prolonged mechanical
ventilation - defined as the time between the weaning protocol initiation

and the moment of extubation.

e Duration of ICU stay in patients with acute and prolonged mechanical
ventilation - defined as the time between ICU admission and ICU

discharge.

e Duration of hospital stay in patients with acute and prolonged mechanical
ventilation - defined as the time between hospital admission and hospital

discharge.

e |CU mortality rate in patients with acute and prolonged mechanical

ventilation - defined as the mortality rate during ICU stay.
¢ Incidence of pneumothorax during mechanical ventilation period.
¢ Incidence of ventilation-associated pneumonia.

Study designs

To ensure this evidence synthesis is based upon the highest quality of
evidence, we only considered including randomized controlled trials (RCTs) and
quasi-RCTs (experimental study with participants subjected to some
intervention or control group, and with the same outcome of interest measured).

There were no restrictions on language in the study selection.
Search method

Electronic databases were searched from 1% January 2009 up to 31%

August 2020: Cochrane Neuromuscular Specialized Register (The Cochrane
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Library, current issues), MEDLINE, EMBASE, Web of Science, and Scopus.
Additionally, we searched the United States National Institutes of Health Clinical
Trials Registry, Clinical Trials. gov (ClinicalTrials. gov) and the WHO

International Clinical Trials Registry Portal (apps. who. int/ trialsearch/).

Search terms included were: ‘neuromuscular disease’ or all other terms
compatible with clinical diagnoses of these types of diseases, such as ‘muscular
dystrophy’, ‘Duchenne muscular dystrophy’, ‘amyotrophic lateral sclerosis’,
‘congenital myasthenia’, ‘myasthenia gravis’, ‘congenital myopathy’, ‘spinal
muscular atrophy’, ‘Guillian Barré Syndrome’, ‘severe inherited neuropathies’,
‘metabolic myopathies’, ‘Pompe disease’, ‘inflammatory myopathies’ and
‘mitochondrial diseases’ combined with ‘mechanical ventilation’ or ‘artificial
respiration’ or ‘mechanical ventilation weaning’ or ‘ventilator weaning’ or
‘respirator weaning’ and all the combination between them. The search strategy

is available as an online supplementary file (Anexo 6).
Study selection

Two review authors (SCBN and IL) performed the search. Two review
authors (SCBN and RTC) assessed the titles and the abstracts for inclusion
independently and induplicate. When the full text was assessed for eligibility
criteria, it was performed independently as well. The disagreements were
resolved through consultation of a third review author (IL). All references were

exported to Rayyan Web software
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RESULTS

After searching scrutinously all the databases proposed from January
2009 to August 2020. The initial search found a total of 5,598 studies; 4,727
studies remained after removing duplicates. After abstract and title screening,
4,703 studies were excluded. Twenty-four full texts remained, which were
assessed for eligibility. We excluded 18 studies due to wrong design, and six
due to not compare weaning protocols. No studies fulfilled the inclusion criteria
regarding different weaning protocols on neuromuscular disease patients
receiving mechanical ventilation for respiratory failure. The authors responsible
to assess the studies for eligibility criteria had an excellent agreement of 99,5%.

A flowchart shows the detailed process of selection (Figl).
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DISCUSSION

We found no high-quality evidence either for or against any of the
weaning protocols proposed (PSV, SIMV, CPAP or ‘T’ piece) in MND patients
under mechanical ventilation. The decision about the ideal time to extubate
these patients and wean them from ventilatory support is much harder for the
patients that deal with respiratory muscle weakness and chronic ventilatory
failure, increasing repeated extubation fails and tracheotomies rates.* According
to the studies observed during the search, weaning has been studied and
applied to this population in any of the aforementioned types of protocols.
However, the results are not satisfactory for any of them, with high failure rates

in the process anyway.

The search for the best way to promote weaning from mechanical
ventilation for the population of patients with NMD has led professionals and
researchers to focus on the use of NIV as a way of progressing and continuing
weaning from MV.*'® This type of approach is justified by the absence of
studies with an appropriate methodology that identifies a better way to conduct
weaning in these patients. The combination of NIV with invasive MV has led to
a reduction in reintubation rates, despite the increase in the number of patients
dependent on this therapy.*?° This observation was also described even for

prolonged MV patients with NMD.*®

Although NIV has been described as an excellent alternative for weaning
in patients who fail in the conventional conditions for evaluating weaning®
(protocols proposed for analysis), it seems to be more efficient when installed

immediately after MV removal and not after the appearance of respiratory
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failure, when it would be, especially for patients with NMD, associated with a

greater probability of failure and the need to return to invasive MV.*

Xu e colaboradores® observed, in a series of cases of infantile and
juvenile patients with Pompe disease, that after conducting weaning in CPAP or
PSV, the use of NIV immediately after extubation led to an improvement in
respiratory muscle strength, with better respiratory conditions after extubation.
Nevertheless, the result reported by the authors reinforces that the conventional

assessment on weaning does not seem to be sufficient for patients with NMD.

Another important consideration is that respiratory failure in patients with
NMD is not only due to impaired respiratory muscle strength, but also due to
bulbar dysfunction. Traditional methods of assessing the progression of
weaning and extubation have important limitations in determining these
changes. Craig et al. even conditioned the removal of MV and placement in NIV
to heal the weaning to conventional parameters of spontaneous breathing

conditions and safe bulbar function.®
Implications for practice and limitations of the study

We found no relevant evidence, so we cannot make any
recommendations about better weaning protocols for neuromuscular disease
patients. The guidelines about ventilatory support management for NMD
patients should be more explicit and clear about the basis of the

recommendations regarding weaning protocols.
Implications for research

Given the high incidence of NMD patients requiring mechanical

10,11

ventilation for acute or chronic respiratory failure there is much space for
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randomized controlled trials, with high methodological rigor to better define the
best weaning protocol in this population to ensure better outcomes, mainly in

the weaning success.
Funding

The study received financial support from the Coordenagédo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES), PGCI CAPES
054/2014 - 23038.007514/2014-78. GAFF received a grant from CNPq number

312876/2018-1, and VRR received a grant from CNPqg number 315580/2018-6.
CONCLUSION

The absence of studies presenting the proposed inclusion criteria does
not allow concluding the superiority of any specific weaning protocol for patients
with NMD or determining the impact of different types of protocols on other
outcomes such as duration of mechanical ventilation and weaning, duration of
ICU or hospital stay, mortality or complications. This review encourages other
authors and researchers to develop specific research and with an adequate

methodology to seek better answers on weaning protocols in this population.
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CONCLUSAO

Esta tese teve a proposta de apresentar a criagdo de um dispositivo de
avaliacdo e monitoramento respiratorio a fim de permitir analise continua e
detalhada de variaveis como: presséo, fluxo e volume com objetivo de permitir
identificacbes precoces de alteracdes do padrdo respiratorio, podendo
contribuir para diagndsticos e monitoramento em ambientes hospitalares,
ambulatoriais e domiciliares, principalmente para pacientes que usem
ventilacdo mecanica.

Além disto, o embasamento para o desenvolvimento do dispositivo,
associado ao desenvolvimento de Avaliagdo de Tecnologia em Saulde,
promoveu o produto de um protocolo de revisao sistematica sobre técnicas de
desmame em pacientes com doenca neuromuscular submetidos a ventilacdo
mecanica, publicado em revista A1 e a revisdo sistematica, submetida em
revista Al para publicacéo.

Ambos os artigos destacaram a dificuldade de evoluir o processo de
retirada da VM em pacientes com doenca neuromuscular segundo condi¢cfes
tradicionalmente utilizadas para avaliar as condicGes respiratérias. A revisao
sistematica vazia, sem estudos que preencheram os critérios de seguranca,
esclarece a necessidade urgente de producao cientifica de qualidade e destaca
possibilidade de avaliagbes diferentes de monitorizacdo para este gupo de

pacientes, como o dispositivo proposto.
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ANEXOS

Anexo 1

Modelo de Tese do programa de Doutorado em Biotecnologia da Rede
Nordeste de Biotecnologia

@renorbio

rede nordeste de biotecnologia

Programa de Pés-Graduacao em Biotecnologia

A Rede Nordeste de Biotecnologia, aceita dois modelos de Tese de

doutorado para ser entregue na coordenagao da mesma e na biblioteca.
MODELO 1 - FORMATO DE TESE CONVENCIONAL
— PARTE EXTERNA

o Capa (obrigatoria)
o Lombada (opcional)

— PARTE INTERNA
o Elementos pré-textuais

= Folha de rosto (obrigatério)

= Dados internacionais de catalogacdo - ficha catalografica
(obrigatorio)

= Errata (opcional)

= Folha de aprovagao (obrigatorio) - Modelo RENORBIO

= Dedicatéria (opcional)

= Agradecimentos (opcional)

= Epigrafe (opcional)

= Resumo em lingua vernacula (obrigatério)

= Resumo em lingua estrangeira (obrigatério)

= Lista de ilustragdes (opcional)

= Lista de tabelas (opcional)

= Lista de abreviatura e siglas (opcional)

= Lista de simbolos (opcional)

= Sumario (obrigatério)

o Elementos textuais



@renorbio

rede nordeste de biotecnologia

Programa de Pés-Graduacao em Biotecnologia

= Introdugéo, incluindo objetivos (obrigatério)
= Desenvolvimento (obrigatorio)
e Revisdo de literatura (quando necessario)
e Materiais e Métodos
e Resultados
e Discussgo

= Conclusdo (obrigatério)
o Elementos pés-textuais

= Referéncias (obrigatério)
= Glossario (opcional)

= Apéndices (opcional)

= Anexos (opcional)

= indice (opcional)

MODELO 2 - TESE EM FORMATO DE ARTIGO

PARTE EXTERNA

o Capa (obrigatoria)
o Lombada (opcional)

PARTE INTERNA
o Elementos pré-textuais
= Folha de rosto (obrigatério)
= Dados internacionais de catalogacdo - ficha catalografica

(obrigatorio)

= Errata (opcional)
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@renorbio

rede nordeste de biotecnologia

Programa de Pés-Graduacao em Biotecnologia

Folha de aprovacao (obrigatorio) - Modelo RENORBIO
Dedicatéria (opcional)

Agradecimentos (opcional)

Epigrafe (opcional)

Resumo em lingua vernacula (obrigatério)

Resumo em lingua estrangeira (obrigatério)

Lista de ilustragdes (opcional)

Lista de tabelas (opcional)

Lista de abreviatura e siglas (opcional)

Lista de simbolos (opcional)

Sumario (obrigatério)

o Elementos textuais

(o]

Introdugéo, incluindo objetivos (obrigatério)
Revisao de Literatura (obrigatério)
Capitulos
e Artigos submetidos, aceitos ou publicados
elou
e Patente

Conclusao (obrigatorio)

o Elementos pés-textuais

(o]

Referéncias (obrigatério)
Glossario (opcional)
Apéndices (opcional)
Anexos (opcional)
e Comprovantes de submissao e/ou aceitagédo dos artigos
e Comprovante de pedido de deposito de patente junto ao
NIT

= indice (opcional)
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Comprovante de artigo (protocolo de revisao sistematica) publicado no
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ABSTRACT
Introduction Neuromuscular diseases (NMD) are
characterised by progressive muscular impairment. The
muscle weakness is directly related to respiratory muscles
weakness, causing reduction in vital capacity, especially
when associated with mechanical ventilation (MV).
Conventional MV weaning in NMD is generally difficult.
Weaning process can be conducted in protocols such as:
‘T piece or Pressure Support Ventilaton. Weaning failure is
frequent because of muscle weakness. Protocol aim is to
assess the effects of different weaning protocols in NMD
patients receiving i MVin ing rate,
duration of weaning, intensive care unit (ICU) stay, hospital
stay and ICU mortality.
Methods and analysis A search will be carried in the
Cochrane Neuromuscular Specialised Register, MEDLINE,
EMBASE, Web of Science, Scopus, United States National
Institutes of Health Clinical Trials Registry, ClinicalTrials.
gov and WHO International Clinical Trial Registry Protal,
of randomised controlled trials (RCTs) and quasi-RCTs.
Inclusion criteria of individuals are adults (above 16 years
old) and children (from 5 to 16 years old), with clinical
diagnosis of NMD (muscular dystrophy, amyotrophic lateral
clerosis, congenital myasthenia, myasthenia gravis,
congenital myopathy, spinal muscular atrophy, Guillian
Barré Syndrome, severe inherited neuropathies, metabolic
myopathies, inflammatory myopathies, mitochondrial
diseases) of any gender. All patients ventilated for at
least 48 hours due to respiratory failure and clinically
considered ready for ing. Other respiratory or
cardiovascular diagnosis associated will not be included.
Intervention assessed will be weaning from MV using a
protocol with 30 min to 2 hours of spontaneous breathing
trial at the end point. All comparisons of different protocols
will be considered.
Ethics and dissemination Formal ethical approval is
not required as primary data will not be collected, since
it will be a systematic review. All studies included should
have ethical committee approval. The results will be
disseminated through a peer-reviewed publication and in
conferences and congresses or symposia.
PROSPERO registration number CRD42019117393.

INTRODUCTION

Neuromuscular disease (NMD) can be
defined as a chronic and progressive disease,

which may present with different clinical

Strengths and limitations of this study

-

» This study will help to identify the best way to con-
duct mechanical ventilation (MV) weaning in patients
with neuromuscular diseases (NMD), improving th
outcomes of this population when using MV.

» [t will be difficult to find articles that meet the inclu-
sion criteria leading to greater difficulty for statistical
analysis.

» There are very different approaches in the weanil
process of patients with NMD, and that will bri
difficult to compare the protocols.

» Too many NMD will need to be included because of
NMD heterogeneity.

characteristics, in which its pattern is based
on the location where the injury occurs in
a motor unit.' > NMD are characterised by
progressive muscular impairmem, with diffi-
culty in ambulation, swallowing and venti-
lation, with progressive reduction of vital
capacity and increased work of breathing.g
These changes lead to the development of
chronic respiralory insufficiency, which is
an important cause of prolonged ventilatory
dependence.'

Muscle weakness is directly related to
weakness of respiratory muscles, especially
the diaphragm. Diaphragmatic weakness,
often found in patients with NMD causes a
reduction in the capacity to generate force,
especially when associated with the use of
controlled mechanical ventilation.”

(ICU) admission,
regardless of the presence of NMD, may be a

Intensive care unit
cause of neuromuscular disorders that lead to
muscle impairment.li It is estimated that such
a condition occurs in up to 62% of critically
ill patients in the ICU." The NMD patients
experience this respiralory impairment,
in general, by a large proportion of motor
units that innervate the respiratory muscles
affected.”

BM)

Bernardes Neto SCG, et al. BMJ Open 2019;0:¢029890. doi:10.1136/bmjopen-2019-029890 1
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Anexo 4
Comprovante de submissé&o de artigo (revisdo sistematica) ao Plos One —
Qualis Al
11/11/2020 Gmail - Submission Confirmation for PONE-D-20-35483 - [EMID:a20404fbb2ef901a]
M Gma[l Saint-Clair Neto <netosam@gmail.com>
Submission Confirmation for PONE-D-20-35483 - [EMID:a20404fbb2ef901a]
1 mensagem
PLOS ONE <em@editorialmanager.com> 11 de novembro de 2020 11:41

Responder a: PLOS ONE <plosone@plos.org>
Para: Saint Clair Gomes Bernardes Neto <netosam@gmail.com>

PONE-D-20-35483

Weaning from mechanical ventilation in people with neuromuscular disease: a systematic review
PLOS ONE

Dear Dr. Bernardes Neto,

Thank you for submitting your manuscript entitied 'Weaning from mechanical ventilation in people with neuromuscular
disease: a systematic review' to PLOS ONE. Your assigned manuscript number is PONE-D-20-35483.

We will now begin processing your manuscript and may contact you if we require any further information. You will receive
an update once your manuscript passes our in-house technical check; you can also check the status of your manuscript
by logging into your account at https://www.editorialmanager.com/pone/.

If during submission you selected the option for your manuscript to be posted on the bioRxiv preprint server

(http://biorxiv.org), we will be assessing the manuscript for suitability shortly. If suitable, your preprint will be made publicly

available on bioRxiv and you will receive an email confirmation from them when it has posted. Please check your
response to this question and email us as soon as possible at plosone@plos.org if it has been answered incorrectly.
Further information about our partnership with bioRxiv to facilitate the rapid availability of life sciences research is
available at http:/journals.plos.org/plosone/s/preprints.

If you have any inquiries or other comments regarding this manuscript please contact plosone@plos.org.
Thank you for your support of PLOS ONE.

Kind regards,
PLOS ONE

In compliance with data protection regulations, you may request that we remove your personal registration details at any
time. (Use the following URL: https://www.editorialmanager.com/pone/login.asp?a=r). Please contact the publication
office if you have any questions.
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Comprovante de registro da revisao sistematica no PROSPERO

PROSPERD Registration message [1173593]
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Anexo 6
Estratégia de busca da revisao sistematica

Estratégia de busca para MEDLINE

1 - exp Neuromuscular Diseases/co, di, mo, nu, pa, ph, pp, pc, rh, th [Complications, Diagnosis,
Mortality, Nursing, Pathology, Physiology, Physiopathology, Prevention & Control, Rehabilitation,
Therapy]

2 - Myotonic Dystrophy/ or Muscular Dystrophy, Duchenne/ or dystrophy.mp. - 46861

3 - muscular dystrophy.mp. or exp Muscular Dystrophies/ - 32736

4 - Myasthenia Gravis/ or myasthenia.mp. - 17216

5 - congenital myasthenia.mp. or exp Myasthenic Syndromes, Congenital/ - 654

6 - myopathy.mp. or *Muscular Diseases/ - 31947

7 - Myopathies, Structural, Congenital/ or congenital myopathy.mp. - 1225

8 - inflammatory myopathy.mp. or *Myositis/ - 7195

9 - metabolic myopathy.mp. or Mitochondrial Myopathies/ - 1972

10 - pompe disease.mp. - 1063

11 - spinal muscular atrophy.mp. or exp Muscular Atrophy, Spinal/ - 6338

12 - Polyradiculoneuropathy/ or exp Guillain-Barre Syndrome/ or guillian barre.mp. or
Polyneuropathies/ - 13731

13 - Peripheral Nervous System Diseases/ or severe inherited neuropathy.mp. - 22861

14 - amyotrophic lateral sclerosis.mp. or exp Amyotrophic Lateral Sclerosis/ - 24339
15-10or2or3ordor5or6or7or8or9or10or11or12or13or 14 - 270807

16 - Positive-Pressure Respiration/ or Respiration, Artificial/ or Ventilator Weaning/ - 65155

17 - Weaning/ or weaning.mp. - 33982

18 - Airway Extubation/ or spontaneous breathing trial.mp. - 1798

19-16 or 17 or 18 - 95029

20-15and 19

Estratégia de busca para EMBASE

#1 - 'neuromuscular disease' OR 'muscular dystrophy' OR myasthenia OR myopathy OR 'glycogen
storage disease type 2' OR 'muscle atrophy' OR polyradiculoneuropathy OR 'peripheral neuropathy'
OR 'amyotrophic lateral sclerosis' - 159,527

#2 - 'artificial ventilation' OR 'ventilator weaning' OR extubation OR 'spontaneous breathing trial' -
5,215
#3 - #1 AND #2 AND [2009-2020]/py



Estratégia de busca para WEB OF SCIENCE

#1 - Todos os campos: (neuromuscular disease) OR Todos os campos: (muscular dystrophy) OR
Todos os campos: (myasthenia) OR Todos os campos: (myopathy) OR Todos os campos: (glycogen
storage disease type 2) OR Todos os campos: (muscle atrophy) OR Todos os campos:
(polyradiculoneuropathy) OR Todos os campos: (peripheral neuropathy) OR Todos os campos:
(amyotrophic lateral sclerosis) indices=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI
Tempo estipulado=2009-2020 - 100.078

#2 - Todos os campos: (artificial ventilation) OR Todos os campos: (ventilator weaning) OR Todos os
campos: (extubation) OR Todosos campos: (spontaneous breathing trial) indices=SCI-EXPANDED,
SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Tempo estipulado=2009-2020 - 9.840

#3 - #1 AND #2 - indices=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Tempo
estipulado=2009-2020

Estratégia de busca para SCOPUS

('artificial AND ventilation' OR 'ventilator AND weaning’ OR extubation OR 'spontaneous AND
breathing AND trial' ) AND ( 'neuromuscular AND disease’ OR 'muscular AND dystrophy' OR
myasthenia OR myopathy OR 'glycogen AND storage AND disease AND type AND 2' OR
'muscle AND atrophy’ OR polyradiculoneuropathy OR ‘peripheral AND neuropathy’ OR
‘amyotrophic AND lateral AND sclerosis') AND ( LIMIT-TO ( PUBYEAR, 2020 ) OR LIMIT-TO (
PUBYEAR, 2019 ) OR LIMIT-TO ( PUBYEAR, 2018 ) OR LIMIT-TO ( PUBYEAR, 2017 ) OR
LIMIT-TO ( PUBYEAR, 2016 ) OR LIMIT-TO ( PUBYEAR, 2015) OR LIMIT-TO ( PUBYEAR,
2014 ) OR LIMIT-TO ( PUBYEAR , 2013 ) OR LIMIT-TO ( PUBYEAR, 2012 ) OR LIMIT-TO (
PUBYEAR, 2011 ) OR LIMIT-TO (PUBYEAR, 2010 ) OR LIMIT-TO ( PUBYEAR , 2009 ))
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