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Dedico esta Tese a todos os
pacientes com disturbios

do sono.
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RESUMO

Introducéo: A prevaléncia da Sindrome Obesidade Hipoventilacdo (SOH) tem
aumentado e esta associada ao desenvolvimento de diversas doencas e a altas
taxas de mortalidade. A terapia com o uso de presséao positiva na via aérea (PAP)
€ o tratamento de escolha para esta sindrome, embora ainda néo esteja evidente
gual o melhor modo ventilatério a ser utilizado nestes pacientes.

Objetivo: Revisar sistematicamente os efeitos do suporte ventilatério com dois
niveis de presséo positiva (Bilevel) em pacientes com SOH, comparando-o a
outras modalidades terapéuticas.

Métodos: Foi realizada uma busca nos bancos de dados eletrénicos (MEDLINE
acessado via PubMed, Cochrane CENTRAL, EMBASE e Lilacs) incluindo
estudos publicados até junho de 2018. A metodologia seguiu as diretrizes do
PRISMA Statement. Estudos randomizados comparando o tratamento com 0 uso
de Bilevel a outras modalidades terapéuticas - como aconselhamento de estilo
de vida, pressao positiva continua em via aérea (CPAP) ou suporte de pressao
com volume médio garantido (AVAPS) — foram incluidos. O desfecho primario
avaliado foi mudanga nos niveis arteriais de dioxido de carbono (PaCO2).
Desfechos secundarios incluidos foram pressdo arterial parcial de oxigénio
(Pa02), bicarbonato sérico (HCO3), porcentagem de tempo total de sono (TTS)
com saturacao de oxigénio <90%, pressao transcutanea de dioxido de carbono
(PtcCO2), Escala de Sonoléncia de Epworth (ESE), Medical Outcome Survey
Short Form (SF36), Functional Outcomes of Sleep Questionnaire (FOSQ),
Severe Respiratory Insufficiency Questionnaire (SRI), adesao ao tratamento e
perda de peso.

Resultados: Dos 176 artigos identificados na busca, sete estudos foram
incluidos. Quando o Bilevel foi comparado a aconselhamento de estilo de vida,
a intervencao foi superior ao aconselhamento em melhorar PaCO2 (-2.90 mmHg;
95%CI -4.28 to -1.52), PaO2 (2.89 mmHg; 95%CI 0.33 to 5.46), HCO3 (-
2.55mmol/L; 95%CI -3.28 to -1.81), porcentagem de TTS <90% (-30.55%; 95%CI
-37.98 to -23.12), ESE (-2.52; 95%CIl -4.16 to -0.88) e FOSQ (6.33; 95%CI 1.78
to 10.88). Entretanto, quando a ventilagdo em dois niveis de pressao padréo foi
comparada a outras modalidades de PAP, ndo houve diferenca em nenhum dos

desfechos avaliados.
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Concluséo: O tratamento utilizando dois niveis de pressao positiva em via aérea
€ superior ao aconselhamento de estilo de vida. Diferentes modalidades de

pressao positiva em via aérea parecem ser igualmente eficazes.
Registro PROSPERO CRD42017065326.
Palavras chave: Sindrome Obesidade Hipoventilacdo; ventilacdo ndo invasiva;

suporte ventilatério com dois niveis de pressao; pressao positiva em via aérea;

revisao.
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ABSTRACT

Introduction: Obesity hypoventilation syndrome (OHS) prevalence has been
increasing and is associated with the development of several diseases and with
high mortality rates. Positive airway pressure (PAP) therapy is currently the
treatment of choice for this disease, although the optimal therapy ventilatory
mode for these patients remains unclear.

Objective: To systematically review the effects of bilevel ventilatory support (BVS)
in patients with Obesity Hypoventilation Syndrome (OHS).

Methods: A search of databases (MEDLINE accessed by PubMed, Cochrane
CENTRAL, EMBASE and LILACS) was conducted from inception to June 2018.
The methodology followed the guidelines of the PRISMA statement.
Randomized trials comparing BVS to other therapeutic modalities such as
lifestyle counseling, continuous positive airway pressure (CPAP) or BVS with
average volume assured pressure support for the treatment of patients with OHS
were included. The primary outcome was change in daytime arterial carbon
dioxide levels (PaC0O2). Secondary outcomes measures included arterial partial
pressure of oxygen (Pa02), blood bicarbonate (HCO3), percentage of total sleep
time (TST) with oxygen saturation <90%, transcutaneous pressure of carbon
dioxide (PtcCO2), Epworth Sleepiness Scale (ESS), Medical Outcome Survey
Short Form (SF36), Functional Outcomes of Sleep Questionnaire (FOSQ),
Severe Respiratory Insufficiency Questionnaire (SRI), compliance to treatment,
and weight loss.

Results: Of 176 articles identified, seven studies were included. When BVS was
compared to lifestyle counseling, the intervention was superior in improving
PaCO2 (-2.90 mmHg; 95%Cl -4.28 to -1.52), PaO2 (2.89 mmHg; 95%CI 0.33 to
5.46), HCO3 (-2.55mmol/L; 95%CI -3.28 to -1.81), percentage of TST<90% (-
30.55%; 95%CI -37.98 to -23.12), ESS (-2.52; 95%CI -4.16 to -0.88) and FOSQ
(6.33; 95%CI 1.78 to 10.88). However, when BVS was compared to other PAP
modalities, there was no difference in any of the outcomes evaluated.
Conclusions: Treatment using BVS therapy is superior to lifestyle counseling.

Different PAP modalities appear to be equally effective in improving outcomes.

PROSPERO registration number: CRD42017065326
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Keywords: Obesity hypoventilation syndrome; non-invasive ventilation; bilevel

ventilatory support; positive airway pressure; review.
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1. INTRODUCAO

A Sindrome da Apneia Obstrutiva do Sono (SAOS) é o mais comum
distarbio respiratério do sono, sendo que sua prevaléncia estimada varia entre
23 e 49% da populacéo (1), podendo atingir valores ainda maiores dependendo
do género, idade, indice de massa corporal e critérios utilizados para o
diagndstico. A prevaléncia de SAOS estimada na populacdo brasileira é de
32,8% (2). A SAOS é caracterizada por episodios recorrentes de obstrucéo
parcial (hipopneia) ou total (apneia) das vias aéreas superiores durante o sono,
apesar da manutencéo dos esforgos inspiratorios (3), resultantes da obstrucéo
da via aérea superior durante o sono, o que ocorre devido ao tébnus motor
inadequado da musculatura da lingua e/ou dos musculos dilatadores da via
aérea (4). O diagndstico de SAOS é realizado pela histéria clinica em associagao
ao exame de polissonografia. O maior fator predisponente para SAOS é o
excesso de peso. Estima-se que cerca de 60% dos casos de SAOS moderada e
severa sejam atribuidos a obesidade (3).

Apesar do distarbio respiratorio do sono, a maioria dos pacientes com
SAOS e obesidade consegue manter niveis diurnos adequados de dioxido de
carbono (CO2). Entretanto, uma pequena porcentagem destes pacientes ira
desenvolver hipercapnia diurna na auséncia de doencas pulmonares ou
neuromusculares subjacentes, sendo diagnosticados com Sindrome Obesidade
Hipoventilacdo (SOH) (5). Os critérios diagnosticos para a SOH incluem a
presenca de hipoventilacdo diurna (PaCO2>45mmHg), obesidade
(IMC=30Kg/m2) e presenca de disturbio respiratério do sono, devendo-se excluir
outras causas de hipoventilagdo, como doengas do paréngquima pulmonar ou da
via aérea, patologias pulmonares vasculares, desordens da parede toracica, uso
de medicacbes, desordens neuroldgicas e musculares ou sindromes congénitas
ou idiopaticas que cursem com hipoventilacdo alveolar central (3). Mais
recentemente, tem sido sugerido que um nivel elevado de bicarbonato sérico
(HCO3) (>27mmol/L), na auséncia de outras causas para alcalose metabdlica,
associado ao nadir de saturacdo de oxigénio durante a noite, poderia ser uma
ferramenta importante na triagem da SOH em pacientes com SAOS, permitindo
um diagnostico mais precoce (6). O HCO3 mostra-se menos sensivel as

mudancas transitorias frequentemente vistas nas medidas de PaCO2,
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relacionadas a dor e a ansiedade provenientes do processo de puncao arterial,
entretanto, ndo ha um consenso sobre a inclusdo deste marcador e valores de
corte nao foram estabelecidos (7-11).

A prevaléncia da SOH na populacéo geral € estimada em torno de 0,15 a
0,6% (10, 12-14) Embora possa existir de forma isolada, a SOH esta
frequentemente associada a SAOS. Aproximadamente 80-90% dos pacientes
com SOH apresentam SAOS associada (3, 15). Cerca de 10-20% dos pacientes
apresentam SOH sem a presenca de apneia obstrutiva do sono. O disturbio do
sono neste pequeno subgrupo de pacientes é marcado pela hipoventilagdo
durante o sono e é definido por um aumento na PaCO2 durante 0 sono
(caracterizado por um aumento de 10mmHg acima do valor da vigilia,
PaCO2>55mmHg por mais de 10 minutos durante o sono, ou dessaturacéo
significativa que nao pode ser explicada pela presenca de apneias ou
hipopneias) (14, 15).

Comparados com obesos sem hipoventilacdo, os pacientes com SOH
utiizam mais recursos médicos, sdo mais comumente hospitalizados e
necessitam mais frequentemente de cuidados em unidades de tratamento
intensivo. O desenvolvimento de hipertensdo pulmonar em pacientes com SOH
€ mais comum e a doenca mostra-se mais severa do que em pacientes com
SAOS isolada. Outras comorbidades comumente encontradas em pacientes
com SOH séo insuficiéncia cardiaca congestiva, diabetes do tipo Il e eritrocitose
(16-18).

Os objetivos do tratamento da SOH sdo reverter as principais
anormalidades fisiol6gicas que déo origem a sindrome, visando normalizar a
respiracéo durante o sono, reduzir o peso corporal e otimizar as trocas gasosas.
O uso de pressao positiva na via aérea (PAP) segue como primeira linha de
tratamento, proporcionando melhorias imediatas nas trocas gasosas durante o
sono. O tratamento pode ser realizado através do uso de pressédo positiva
continua nas vias aéreas (CPAP) ou de ventilagdo nao invasiva (VNI) com dois
niveis de presséo positiva nas vias aéreas (Bilevel), sendo a adesao a terapia
um importante fator na resposta ao tratamento (7, 19).

Uma vez que a obstrucdo das vias aéreas superiores é extremamente
comum nos pacientes com SOH, a terapia com CPAP controla efetivamente as

desordens respiratdrias durante o sono e reverte a insuficiéncia respiratoria
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diurna em grande parte dos pacientes (7, 19-21). A resposta positiva ao uso do
CPAP é mais provavel em pacientes com SAOS grave concomitante (maior IAH),
pacientes menos obesos e com menor tempo total de sono com saturagdo menor
gue 90%, nos quais a obstrucdo da via aérea superior é a principal causa para o
desenvolvimento da hipercapnia (22, 23). Até o momento, ndo h& evidéncias na
literatura que comprovem a superioridade do uso de um modo de pressao

positiva em detrimento ao outro.
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2. REFERENCIAL TEORICO

2.1 Fisiopatologia da sindrome obesidade hipoventilacéo

O mecanismo fisiopatoldgico pelo qual a obesidade leva a hipoventilagédo
€ complexo e ndo completamente compreendido. Varios mecanismos tém sido
propostos na patogénese da SOH, incluindo alteragdes mecanicas respiratorias
secundarias a obesidade, hipercapnia aguda devido aos eventos obstrutivos
durante o sono, hipoventilacao central secundaria a resisténcia a leptina e uma
resposta compensatoria alterada a hipoventilagdo crénica durante o sono (14,
24-29).

Diversas alteracGes na fisiologia respiratoria podem ser explicadas pela
obesidade em si, e estdo relacionadas ndo somente a quantidade de gordura,
mas também ao padrdo de distribuicdo do tecido adiposo. Um padrdo de
distribuicdo centripeto da gordura esta associado a um maior impacto na
mecanica ventilatéria do que um padrao de distribuicdo periférico da gordura,
independente do IMC. Pacientes com SOH tendem a apresentar distribuicao
predominantemente central da gordura (5, 30, 31).

A obesidade impde uma carga mecanica significativa, o que leva a uma
reducdo na complacéncia pulmonar, um aumento da resisténcia pulmonar, e a
um estado de relativa fraqueza muscular, levando ao aumento do trabalho
ventilatério (24, 32-34).

Entretanto, a obesidade ndo parece ser o Unico fator determinante para o
desenvolvimento da hipoventilagéo nesses pacientes, tendo em vista que menos
de 1/3 dos obesos morbidos desenvolvem hipercapnia crénica (12, 24, 35).
Individuos com SOH, quando comparados a obesos mérbidos eucapnicos com
SAQS, apresentam maior resisténcia de via aérea superior (VAS) na posicéo
sentado, e quando comparados a pacientes ndo obesos apresentam maior
resisténcia de via aérea superior tanto na posicdo sentado quanto na posicao
supino. E provavel que este aumento da resisténcia na VAS possa contribuir
para 0 aumento do trabalho respiratério visto nesses pacientes (5, 25). Além
disso, devido a VAS ser uma estrutura maleavel, sem suporte ésseo rigido, esta

se torna suscetivel ao colapso quando submetida a pressdes negativas geradas
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durante a inspiracdo e as pressdes positivas extraluminais exercidas pelo
tecidos. Os musculos dilatadores da VAS sdo responsaveis por manter a
paténcia desta estrutura. Durante a vigilia, esses musculos sédo eficazes em
exercer sua funcao; entretanto, durante o sono, a atividade desses musculos
diminui. Assim, em um individuo suscetivel, essa perda de atividade muscular
durante o sono pode originar eventos respiratorios obstrutivos. Existem pelo
menos 20 musculos dilatadores que circundam as vias aéreas superiores,
atuando sobre a lingua, o palato mole, o osso hidide e a faringe. O papel do
musculo genioglosso tem sido extensamente estudado e acredita-se que este
desempenhe papel chave na patogénese da SAOS (36).

As alteracdes nos volumes pulmonares relacionadas a obesidade séo
mais acentuadas nos pacientes com SOH do que as alteragbes vistas em
pacientes eucapnicos igualmente obesos (34, 37). A complacéncia pulmonar, a
capacidade residual funcional (CRF) e o volume de reserva expiratorio (VRE)
geralmente estdo reduzidos nesses pacientes (11). Baixos volumes pulmonares,
em especial o VRE, favorecem o fechamento da pequena via aérea e podem
culminar em uma inadequada relagdo ventilagdo/perfusdo (5, 11, 38). As
alteracbes na mecanica pulmonar podem se traduzir na espirometria pela
reducdo da capacidade vital forcada (CVF) e do volume expiratorio forcado no
primeiro segundo (VEF1), estando preservada a relacdo VEF1/CVF. Estes
achados espirométricos podem ser explicados pela combinacdo dos
mecanismos respiratérios alterados e da fragueza dos musculos respiratorios
(16, 32, 33, 37, 39-42).

Durante o sono, a disfuncdo respiratéria ja existente nesses pacientes
tende a se tornar ainda mais acentuada, ja que além da reducdo da resposta
ventilatoria a hipoxemia e a hipercapnia que ocorrem fisiologicamente durante o
sono, 0 paciente assume a posicao de decubito dorsal, aumentando o trabalho
respiratorio devido a projecéo cefalica do diafragma causada pela adiposidade
central e pelo aumento de carga, colocando o diafragma em desvantagem
mecanica (11, 43).

A leptina, conhecida como o horménio da saciedade, é produzida pelos
adipécitos e atua na estimulacdo da ventilacdo. A obesidade gera aumento do
tecido adiposo, e, com isso, alteracées na funcéo respiratoria, que culminardo

em acumulo de CO2. Ao mesmo tempo, o0 aumento de tecido adiposo ir4
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aumentar da producdo de leptina, que deve gerar aumento da resposta
ventilatoria com vistas a eliminar o CO2 acumulado. Este € 0 mecanismo pelo
qual a maior parte dos obesos nao desenvolve hipercapnia. Entretanto,
pacientes com SOH parecem desenvolver resisténcia a leptina, e, mesmo com
altos niveis desse hormdnio, ndo apresentam resposta ventilatéria adequada
(14, 44-47).

Um modelo tem sido utilizado para explicar a fisiopatologia da SOH e
propde que, em pacientes com SAOS, a ventilagdo minuto é mantida devido ao
aumento da ventilagdo minuto entre os eventos respiratérios obstrutivos. No
entanto, se esta hiperventilacdo néo for adequada para eliminar o acimulo de
CO2 retido durante os eventos obstrutivos do sono ou se a resposta ao CO2
estiver reduzida, haverd acimulo de CO2. Esta hipercapnia aguda gera uma
reabsorcdo renal de bicarbonato, que visa manter o equilibrio acido-basico,
aumentando o nivel de bicarbonato sérico. Por sua vez, o aumento do
bicarbonato sérico sera responsavel pela retencéo de CO2 durante a vigilia, que
nao é corrigida até o proximo periodo de sono. Assim, uma elevacao sustentada
de bicarbonato se inicia, aumentando a capacidade de tamponamento de CO2,
atenuando a queda do pH no liquido cefaloraquidiano, que normalmente
resultaria em hipercapnia, reduzindo a resposta ventilatoria e levando a

hipercapnia diurna cronica. (11, 24, 48-54) (Figura 1).
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Figura 1. Mecanismos fisiopatoldgicos relacionados ao desenvolvimento da

Sindrome Obesidade Hipoventilacdo — Adaptado de Iftikhar et al. (29).

Os mecanismos pelos quais a hipercapnia diurna melhora com o uso de
PAP séo igualmente complexos e ndo completamente compreendidos. O uso de
pressao positiva pode agir sobre os mecanismos respiratorios alterados, sobre
a resposta central a hipercapnia, sobre a disfungcdo neurohormonal e sobre os
disturbios respiratorios do sono (26, 27). O uso do CPAP age reduzindo a carga
mecanica e impedindo a obstrucdo repetida da VAS durante o sono. O uso de
VNI age reduzindo a atividade muscular inspiratoria e, consequentemente,
reduzindo a carga mecanica, favorecendo o descanso muscular e melhorando a
eficacia muscular no dia seguinte (26, 55). A melhora da eficacia dos musculos
respiratorios e a resolugcdo das areas de atelectasia pode resultar em aumento
dos volumes pulmonares. Entretanto, as evidéncias sobre a melhora dos
parametros na espirometria com o uso de VNI ainda sédo controversos na
literatura (56-60).

Embora a fisiopatologia da SOH n&o seja completamente compreendida,
0s pacientes com SOH apresentam uma falha nos mecanismos compensatorios
gue deveriam ajustar a mecanica ventilatoria ao excesso de peso ao qual o
sistema respiratério esta sendo exposto. Entender que a natureza desta
condicdo € multifatorial e que a contribuicdo de cada fator varia entre os

individuos é fundamental para obter éxito no tratamento desses pacientes (7).

2.2 Modalidades terapéuticas

Deve-se ter em mente que a obesidade, embora ndo possa explicar
completamente a fisiopatologia da sindrome, é o fator desencadeante das
alteracOes respiratorias vistas neste grupo de pacientes. Assim, hdo somente o
tratamento das desordens respiratérias deve ser priorizado, mas também um
manejo multidisciplinar, incluindo a adequada avaliagdo e tratamento da

obesidade e o estimulo as mudancas no estilo de vida.

2.2.1 Tratamento com uso de presséao positiva
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O objetivo da terapia com uso de pressao positiva em pacientes com SOH
estaveis € normalizar a respiracdo durante o sono, consolidando este e
otimizando as trocas gasosas (7). Devido a SOH ser uma desordem bastante
heterogénea, o tratamento deve ser individualizado para cada paciente. As
decisbes acerca de qual modalidade de presséo positiva deve ser utilizada séo
um desafio clinico, principalmente devido a falta de evidéncias robustas na
literatura sobre este tema (61).

Ha uma tendéncia ao uso de VNI em detrimento ao uso de CPAP em
pacientes com SOH. Este fato ocorre devido aos pacientes com SOH
apresentarem hipoventilacéo e hipercapnia, e o CPAP, por definicdo, ndo ser um
ventilador, atuando apenas em alguns dos mecanismos envolvidos na
fisiopatologia da SOH (62). Entretanto, tendo em vista que a imensa maior parte
dos pacientes com SOH apresentam SAOS concomitante, a terapia com uso de
CPAP ¢ eficaz em controlar as desordens respiratorias do sono e reverter a
insuficiéncia respiratéria em 50-80% dos pacientes (7, 19, 20). Além de manter
a paténcia da VAS eliminando os eventos obstrutivos, o efeito de insuflagcdo de
volume melhora a oxigenacdo por meio do aumento da capacidade residual
funcional e da prevencao do fechamento das pequenas vias aéreas (7, 21, 62).
Entretanto, ndo é esperado que o CPAP tenha papel sobre o trabalho respiratorio
aumentado devido a complacéncia toracica reduzida pela sobrecarga causada
pela obesidade nem diretamente corrigindo a hipercapnia através do aumento
do volume corrente (21).

Alguns fatores tém se mostrado marcadores de boa resposta ao uso de
CPAP em pacientes com SOH, sendo eles obesidade menos severa, elevado
indice de apneia-hipoapneia (IAH) e menor tempo de sono com saturacdo de
oxigénio <90% (22, 23). Estas caracteristicas sugerem gque a obstrucédo da via
aérea superior é a principal causa para o desenvolvimento da hipercapnia.
Embora os protocolos de titulagdo de muitos centros orientem a alterar o modo
de ventilagdo de CPAP para Bilevel em caso de ndo corregdo completa da
hipoxemia com o uso do CPAP durante a noite do exame, a falha inicial ao CPAP
em corrigir a troca de gases na primeira noite de uso nao reflete a melhoria
demonstrada com o uso em longo prazo (7, 19, 63, 64). Ha evidéncias da
melhora progressiva nos parametros (saturacao de oxigénio e PaCO2 diurno) no
seguimento de trés meses de tratamento com CPAP em pacientes com SOH,
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sugerindo que muitos pacientes que inicialmente ndo apresentam uma resposta
adequada ao uso do CPAP podem ser tratados eficazmente por este modo de
ventilagdo ap6s um periodo inicial de adaptacao (20, 64). Da mesma forma,
pacientes inicialmente tratados com VNI podem frequentemente ter seu modo
de tratamento trocado para CPAP ap6s um periodo inicial de estabilizacéao (7,
20, 22, 63, 65).

Enquanto a terapia com CPAP fornece um anico nivel de presséo durante
todo o ciclo respiratorio, o Bilevel fornece dois niveis presséricos. O componente
de presséao expiratério (EPAP) tem os mesmos efeitos da terapia com CPAP. Ja
a pressdo inspiratéria (IPAP) tem o papel de aumentar o volume corrente,
atuando diretamente sobre a complacéncia pulmonar. O Bilevel pode ser
utilizado no modo espontaneo (modo S, onde o paciente é responsavel pelos
disparos respiratérios), no modo espontaneo temporizado (modo ST, no qual, na
falta de disparo respiratério pelo paciente em um determinado tempo, o
gual o ventilador é responséavel pelos ciclos ventilatérios). Tanto o modo S quanto
0 modo ST tém sido utilizados para o tratamento de pacientes com SOH, sendo
o modo ST recomendado na presenca de eventos centrais (62, 66). Em
pacientes com SOH, o modo S tem sido associado a um aumento de eventos
respiratérios, principalmente de origem central e mista, comparado com o uso do
modo ST. Este aumento no numero de eventos provavelmente esteja
relacionado ao aumento da ventilagdo, reduzindo a PCO2 abaixo do limiar de
apneia e resultando em episédios de interrupcdo da respiracao (62, 67). Por
outro lado, presenca de assincronias paciente-ventilador e desconforto tém sido
descritos com o uso do modo ST (62, 67, 68). Utilizar o modo ST com uma maior
taxa de backup com vistas a alcancar uma ventilagcdo mais passiva pode trazer
uma respiracao mais estavel, com melhora da hipercapnia diurna (62, 67, 69).

A grande limitacdo ao uso de bilevel com pressdo de suporte fixa € a
inabilidade em manter um volume corrente constante devido as mudancas que
ocorrem no esforgco respiratério, na complacéncia toracica e na posi¢cao do
paciente durante o sono (62, 70). Novos modos ventilatorios tém surgido com o
intuito de melhorar ainda mais o0s parametros respiratérios e a adesao ao
tratamento. Nos Udltimos anos, tem ocorrido uma mudangca nos modos de

ventilacdo controlada por volume para modos de ventilacdo controlada por
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pressdo, permitindo pressées mais baixas e maior conforto ao paciente (71).
Estudos tém evidenciado que ventilagcédo controlada por volume e controlada por
pressao sao igualmente efetivas. Entretanto, enquanto a ventilagéo controlada
por pressao tem se mostrado melhor tolerada pelos pacientes devido a menor
variacdo na pressao de pico inspiratorio, a ventilacdo controlada por volume
oferece maior estabilidade no volume corrente, ja que esta consegue adequar a
pressao de acordo com as variacdes do esforco respiratério, da complacéncia
da parede toracica e da resisténcia da via aérea que ocorrem durante 0 sono
(71-74). Assim, os modos ventilatérios hibridos automaticos com volume pré-
definido pelo ajuste da pressédo de suporte, combinam as vantagens dos dois
modos de ventilagdo (controlado por presséo e controlado por volume) e podem
ser mais efetivos. Estes novos modelos, que incluem o suporte de presséo com
volume meédio garantido (AVAPS), estimam o volume expiratério corrente e
ajustam a pressao positiva inspiratéria (IPAP) para manter o volume ventilatorio
(69).

2.2.2 Ventilagao néo invasiva versus pressao continua na via aérea

Trés ECR compararam o uso de VNI ao uso de CPAP em pacientes
com SOH.

Piper et al. (20) randomizaram 36 pacientes com SOH sem hipoxemia
noturna persistente grave com o uso de CPAP para receber bilevel (modo S) ou
CPAP por um periodo de 3 meses. PaCO2, bicarbonato, SF-36 e ESE
melhoraram em ambos 0s grupos, sem diferenca intergrupos. Adesao ao
tratamento e perda de peso foram semelhantes entre os grupos. Uma limitac&o
do estudo € que estes resultados somente podem ser aplicados a pacientes com
SOH sem hipoventilagao persistente grave durante a titulacao inicial ao CPAP.
Assim, a questao se pacientes com dessaturacao grave persistente a titulacéo
inicial teriam resposta completa a terapia com CPAP no seguimento nao pode
ser determinada a partir deste estudo (61). Outra limitacdo importante diz
respeito ao modo de ventilagéo utilizado, uma vez que o modo S permite falhas
no disparo do estimulo inspiratério ou apnéias centrais. Assim, ndo se pode
afirmar que o fato de o estudo ndo demonstrar diferencga entre o uso de bilevel e

CPAP nao pode ser devido ao uso do modo S.
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Masa et al. (58) realizaram um estudo multicéntrico randomizando 71
pacientes para tratamento com bilevel (modo ST com AVAPS) e 80 pacientes
para tratamento com CPAP (h& ainda um terceiro grupo, que recebeu
aconselhamento de estilo de vida e que serd abordado em outro tépico). N&o
houve diferenca na PaCO2, PaO2, bicarbonato, adesédo ao tratamento, ESE,
FOSQ e SF-36 entre os grupos tratados com CPAP e Bilevel. Este estudo é
muito importante, uma vez que tem um tamanho amostral maior do que outros
estudos randomizados e que n&ao excluiu pacientes com hipoxemia resistente ao
CPAP. Este estudo também mostra que a eficacia noturna foi semelhante nos
grupos que receberam Bilevel e CPAP, mesmo sobre o nivel de oxigénio,
sugerindo que 0s mecanismos subjacentes a hipoxemia resistente ao CPAP
também se aplicam ao tratamento com VNI.

Howard et al. (21) realizaram um estudo multicéntrico duplo-cego,
randomizando 29 pacientes para tratamento com Bilevel (modo ST) e 31
pacientes para tratamento com CPAP. PaCO2, PaO2, bicarbonato, ESE, SF-36,
perda de peso e adesédo ao tratamento foram semelhantes entre 0s grupos apos
3 meses de seguimento. Nao houve diferenca entre a persisténcia de
hipercapnia grave entre o0s grupos. A gravidade inicial da insuficiéncia
respiratoria (PaCO2) foi o Unico preditor para a persisténcia da insuficiéncia
ventilatria apds 3 meses de tratamento. Os achados deste estudo esclarecem
guestdes pendentes do estudo de Piper et al. (20), pois sugerem que o CPAP
pode ser usado com seguranca para tratar todas as gravidades da SOH apés
estabilizacdo inicial destes pacientes, desde que seja realizado um
monitoramento cuidadoso, ja que as duas modalidades terapéuticas mostraram
melhorias semelhantes na faléncia ventilatéria e nos sintomas. Uma importante
precaucdo a ser tomada na analise dos resultados deste estudo € que o projeto
atual ndo teve o poder adequado para discernir se a gravidade da SAOS poderia
predizer o controle da insuficiéncia ventilatoria apenas com CPAP, e a populagéo
deste estudo apresentava SAOS grave. Assim, é possivel que pacientes com
SOH e SAOS leve possam responder diferentemente ao CPAP. Os pacientes
com SAOS grave tendem a apresentar uma resposta melhor ao uso do CPAP,
uma vez que a obstrucdo das vias aéreas superiores tem um papel importante

na insuficiéncia respiratéria em pacientes com alto indice de apneia.
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2.2.3 Ventilacao ndo invasiva versus ventilagdo ndo invasiva com
AVAPS

Trés ECR comparam o uso de Bilevel com presséo fixa ao uso de Bilevel
com AVAPS.

Storre et al. (71) realizaram um estudo randomizado crossover com
seguimento de seis semanas, incluindo dez pacientes que ndo responderam a
terapia com CPAP e compararam dois modos de ventilacéo (Bilevel com e sem
AVAPS). O uso de Bilevel com AVAPS proporcionou uma reducao mais eficiente
na pressao transcutanea de dioxido de carbono (PtcCO2) do que o Bilevel
padrdo; entretanto, essa reducdo nao se refletiu em beneficios clinicos em
relacdo a qualidade do sono ou qualidade de vida quando comparados ao uso
da ventilagdo padréo.

Janssens et al. (75) realizou um ECR com pacientes estaveis com SOH
tratados com Bilevel, submetendo estes pacientes a polissonografia com medida
de PtcCO2 em 2 noites consecutivas, com Bilevel com pressao fixa e com
AVAPS, em sequéncia randomizada. O IPAP médio, o volume corrente e a
ventilacdo total aumentaram significativamente com grupo que usou AVAPS. O
controle da hipoventilagdo noturna foi ligeiramente melhor no grupo que recebeu
AVAPS (PtcCO2 42 +9 vs. 45 £5 mm Hg; p=0,04). No entanto, o tempo total de
sono e o tempo em estagio 2 de sono (N2) foram maiores no grupo sem AVAPS,
e 0 acordar apos o inicio do sono e os despertares>20 segundos aumentaram
com o o0 uso de AVAPS. Subjetivamente, os pacientes descreveram um sSono
mais leve, de menor qualidade e despertares mais frequentes com o uso do
AVAPS. Também, a ventilacao foi percebida como menos confortavel, com uma
percepcdo aumentada de vazamentos e sensacao de "muito ar". Assim, 0 USO
de AVAPS segundo este estudo, tende a um melhor controle da ventilagdo, mas
as custas de uma piora na qualidade do sono e no conforto com o uso do
ventilador.

Murphy et al. (69) randomizaram 50 pacientes estaveis com SOH para
tratamento com Bilevel com presséao fixa ou com AVAPS, demonstrando que a
ventilacdo com AVAPS tem eficacia semelhante a VNI padrdo. Com trés meses
de seguimento, melhorias na PaCO2, bicarbonato, ESS e SRI foram observadas

em ambos os grupos, sem diferenca entre eles. A PtcCO2 apresentou melhora
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ao final de trés meses em relacdo ao valor basal somente no grupo VNI com
pressao fixa, sem diferenca entre os grupos. Esses resultados contrastam com
estudos prévios, que sugerem que VNI com AVAPS proporcionaria melhorias no
controle ventilatorio noturno em relacdo a VNI com presséo fixa (71, 75), com
uma maior reducdo na PtcCO2. No entanto, o estudo de Murphy et al. (69)
utilizou um protocolo de titulagdo para minimizar as diferencas entre os grupos,
ajustando ambos os modos para que entregassem um volume corrente
semelhante aos pacientes. Assim, em estudos anteriores, a configuracdo do
ventilador favoreceu niveis mais altos de pressdo de suporte no braco de
ventilacdo com uso de AVAPS, o que pode ter resultado em maior reducdo na
PtcCO2.

2.2.4 Pressdo positiva na via aérea versus aconselhamento de estilo

de vida

Existem trés ensaios clinicos randomizados (ECR) na literatura
comparando ventilacdo ndo invasiva ao aconselhamento de estilo de vida (AEV).

Borel et al. (76) randomizaram 35 pacientes recém-diagnosticados com
SOH para utilizar Bilevel (modo ST) ou receber aconselhamento de estilo de vida
(AEV) durante um més. O uso de Bilevel foi associado a melhora na presséo
parcial de dioxido de carbono (PaCO2), no bicarbonato e no tempo total de sono
com saturacdo de oxigénio <90% (TST<90%). Nao houve diferenca na pressao
parcial de oxigénio (PaO2) e na escala de sonoléncia de Epworth (ESE) entre os
grupos. Uma diminuicdo significativa no indice de massa corporal (IMC) foi
observada apenas no grupo que recebeu AEV.

Masa et al. (58) compararam o uso de Bilevel (modo ST com AVAPS)
ao uso de CPAP e ao AEV Neste estudo, com dois meses de acompanhamento,
guando o Bilevel (71 pacientes) foi comparada ao AEV (70 pacientes), o Bilevel
foi mais eficaz em melhorar a PaCO2, o bicarbonato, a porcentagem de TST
<90%, a ESE e o FOSQ. Nao houve diferenca intergrupos na PaO2, SF-36 ou
perda de peso.

Masa et al. (59) compararam, em um ECR com seguimento de 2 meses,
0 uso de Bilevel (modo ST com AVAPS) ao AEV, incluindo apenas pacientes
sem SAOS grave. Este estudo € muito importante devido & escassez de
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evidéncias em pacientes com SOH sem SAOS grave. O uso de Bilevel foi
relacionado a uma melhora significativa nos componentes da PaCO2,
bicarbonato, porcentagem de TST <90%, ESE e SF-36 no grupo. Nao houve
diferenca na PaO2, no componente fisico do SF-36, no FOSQ e na perda de
peso entre 0S grupos.

Uma questao importante é que nos estudos realizados por Masa et al.
(58, 59), todos os pacientes receberam orientacdo sobre modificacdo do estilo
de vida (dieta de 1000 calorias, habitos regulares de sono, exercicios fisicos,
evitar sedativos, estimulantes, alcool e tabaco), enquanto em Borel et al. (76)
apenas o grupo de AEV recebeu estas orientacdes (exposicdo sobre dieta,

exercicios fisicos e modificacdo do estilo de vida em geral).
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3. JUSTIFICATIVA

A Sindrome Obesidade Hipoventilagdo (SOH) é uma doenca grave, com
importantes impactos econdmicos e sociais. A prevaléncia da SOH tem
aumentado significativamente, de forma paralela ao aumento global da
obesidade. Em alguns paises, a SOH ja € a mais comum indicacao de ventilacéo
a nivel domiciliar.

O uso de pressao positiva parece ser a pedra angular no tratamento
destes pacientes, tendo impacto importante nas trocas gasosas, na qualidade de
vida e na qualidade do sono.

Muitos dos pacientes com SOH apresentam concomitantemente a
Sindrome da Apneia do Sono (SAOS), e sdo em sua maioria tratados com uso
de ventilacdo com dois niveis de pressdo positiva nas vias aéreas (Bilevel).
Entretanto, estudos tém demonstrado desfechos semelhantes com o uso de
pressdo continua em via aérea (CPAP), sendo este modo de ventilagcdo mais
simples e menos dispendioso.

A motivagdo em realizar esta revisdo da literatura e metanalise se baseia
na falta de evidéncias robustas na literatura até entdo disponivel sobre qual o
método mais efetivo para o tratamento dos pacientes com SOH. Os dados deste
estudo poderao auxiliar no manejo adequado de um grupo de pacientes cada

vez mais prevalente em consultérios médicos e enfermarias.
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4. OBJETIVOS

4.1 Objetivos Gerais

Revisar sistematicamente os efeitos do suporte ventilatorio com dois
niveis de pressao positiva (Bilevel) em pacientes com SOH, comparando-o a

outras modalidades terapéuticas.

4.2 Objetivos Especificos

Avaliar os efeitos do suporte ventilatério com dois niveis de presséo
positiva (Bilevel) em pacientes com sindrome obesidade hipoventilagédo,
comparando-o a outras modalidades terapéuticas quanto a modificacdes em:

- Niveis de diéxido de carbono (PaCO2) e demais gases arteriais.

- Qualidade de vida e a qualidade do sono.

- Sonoléncia diurna.

- Adeséo ao tratamento.

- Perda de peso.
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RESUMO

Introducdo: A prevaléncia da Sindrome Obesidade Hipoventilacdo (SOH) tem
aumentado e esté associada ao desenvolvimento de diversas doencas e a altas
taxas de mortalidade. A terapia com o uso de pressao positiva na via aérea (PAP)
€ o tratamento de escolha para esta sindrome, embora ainda ndo esteja evidente
qgual o melhor modo ventilatorio a ser utilizado nestes pacientes.

Objetivo: Revisar sistematicamente os efeitos do suporte ventilatério com dois
niveis de pressao positiva (Bilevel) em pacientes com SOH, comparando-o a
outras modalidades terapéuticas.

Métodos: Foi realizada uma busca nos bancos de dados eletronicos (MEDLINE
acessado via PubMed, Cochrane CENTRAL, EMBASE e Lilacs) incluindo
estudos publicados até junho de 2018. A metodologia seguiu as diretrizes do
PRISMA Statement. Estudos randomizados comparando o tratamento com o uso
de Bilevel a outras modalidades terapéuticas - como aconselhamento de estilo
de vida, presséo positiva continua em via aérea (CPAP) ou suporte de pressao
com volume médio garantido (AVAPS) — foram incluidos. O desfecho primério
avaliado foi mudanca nos niveis arteriais de dioxido de carbono (PaCO2).
Desfechos secundarios incluidos foram pressdo arterial parcial de oxigénio
(Pa02), bicarbonato sérico (HCO3), porcentagem de tempo total de sono (TTS)
com saturagdo de oxigénio <90%, pressao transcutanea de dioxido de carbono
(PtcCO2), Escala de Sonoléncia de Epworth (ESE), Medical Outcome Survey
Short Form (SF36), Functional Outcomes of Sleep Questionnaire (FOSQ),
Severe Respiratory Insufficiency Questionnaire (SRI), adesdo ao tratamento e
perda de peso.

Resultados: Dos176 artigos identificados na busca, sete estudos foram incluidos.
Quando Bilevel foi comparado a aconselhamento de estilo de vida, a intervencéo
foi superior ao aconselhamento em melhorar PaCO2 (-2.90 mmHg; 95%CI -4.28
to -1.52), PaO2 (2.89 mmHg; 95%CI 0.33 to 5.46), HCO3 (-2.55mmol/L; 95%CI
-3.28 to -1.81), porcentagem de TTS <90% (-30.55%; 95%CI -37.98 to -23.12),
ESE (-2.52; 95%CI -4.16 to -0.88) e FOSQ (6.33; 95%CIl 1.78 to 10.88).
Entretanto, quando a ventilacdo em dois niveis de presséo padrao foi comparada
a outras modalidades de PAP, nao houve diferenca em nenhum dos desfechos
avaliados.
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Concluséo: O tratamento utilizando dois niveis de pressao positiva em via aérea
€ superior ao aconselhamento de estilo de vida. Diferentes modalidades de

pressao positiva em via aérea parecem ser igualmente eficazes.
Registro PROSPERO CRD42017065326.
Palavras chave: Sindrome Obesidade Hipoventilacdo; ventilacdo ndo invasiva;

suporte ventilatério com dois niveis de pressao; pressao positiva em via aérea;

revisao.
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ABSTRACT

Introduction: Obesity hypoventilation syndrome (OHS) prevalence has been
increasing and is associated with the development of several diseases and with
high mortality rates. Positive airway pressure (PAP) therapy is currently the
treatment of choice for this disease, although the optimal therapy ventilatory
mode for these patients remains unclear.

Objective: To systematically review the effects of bilevel ventilatory support (BVS)
in patients with Obesity Hypoventilation Syndrome (OHS).

Methods: A search of databases (MEDLINE accessed by PubMed, Cochrane
CENTRAL, EMBASE and LILACS) was conducted from inception to June 2018.
The methodology followed the guidelines of the PRISMA statement.
Randomized trials comparing BVS to other therapeutic modalities such as
lifestyle counseling, continuous positive airway pressure (CPAP) or BVS with
average volume assured pressure support for the treatment of patients with OHS
were included. The primary outcome was change in daytime arterial carbon
dioxide levels (PaCO2). Secondary outcomes measures included arterial partial
pressure of oxygen (Pa02), blood bicarbonate (HCO3), percentage of total sleep
time (TST) with oxygen saturation <90%, transcutaneous pressure of carbon
dioxide (PtcCO2), Epworth Sleepiness Scale (ESS), Medical Outcome Survey
Short Form (SF36), Functional Outcomes of Sleep Questionnaire (FOSQ),
Severe Respiratory Insufficiency Questionnaire (SRI), compliance to treatment,
and weight loss.

Results: Of 176 articles identified, seven studies were included. When BVS was
compared to lifestyle counseling, the intervention was superior in improving
PaCO2 (-2.90 mmHg; 95%Cl -4.28 to -1.52), PaO2 (2.89 mmHg; 95%CI 0.33 to
5.46), HCO3 (-2.55mmol/L; 95%CI -3.28 to -1.81), percentage of TST<90% (-
30.55%; 95%CI -37.98 to -23.12), ESS (-2.52; 95%CI -4.16 to -0.88) and FOSQ
(6.33; 95%CI 1.78 to 10.88). However, when BVS was compared to other PAP
modalities, there was no difference in any of the outcomes evaluated.
Conclusions: Treatment using BVS therapy is superior to lifestyle counseling.

Different PAP modalities appear to be equally effective in improving outcomes.

PROSPERO registration number: CRD42017065326
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Keywords: Obesity hypoventilation syndrome; non-invasive ventilation; bilevel

ventilatory support; positive airway pressure; review.
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1.INTRODUCTION

The estimated prevalence of obesity hypoventilation syndrome (OHS) in
the general adult population is around 0.3% (1-4). However, in patients with a
body mass index greater than 35 an incidence of over 30% have been reported
(5). Around 80 to 90% of OHS patients have concomitantly obstructive sleep
apnea (OSA), in which recurrent upper airway obstruction results in apneas,
hypopneas and oxygen desaturation (1). The symptoms of OHS are usually more
severe and the cardiovascular consequences more dangerous than those of
OSA, with greater risk of hospitalization and death (6-11).

The pathogenesis of OHS is multifactorial and complex, and it is not fully
understood. It is believed that several mechanisms are involved, such as changes
in the respiratory mechanics secondary to obesity, acute hypercapnia due to
obstructive events during sleep and central hypoventilation secondary to leptin
resistance and to an altered compensatory response to chronic sleep
hypoventilation (12-16).

Early and appropriate treatment of these patients is crucial in reducing the
significant morbidity and mortality associated with OHS. Positive airway pressure
(PAP) therapy for OHS can significantly improve health-related quality of life,
healthcare costs, and even mortality (17). Although in the last years there has
been an increase in the number of randomized controlled trials (RCTs) and
reviews assessing this disorder, optimal therapy for these patients remains
unclear. There are eight RCTs addressing efficacy of different PAP modalities in
patients with OHS. Some of these studies approach the treatment comparing
bilevel ventilatory support (BVS) to lifestyle counseling (6, 18, 19) and are
extremely important since they establish the essential role of PAP treatment in
OHS patients. Some RCTs compare BVS to continuous positive airway pressure
(CPAP) (6, 20, 21) and aim to evidence the superiority of one PAP mode over
another. Others RCTs compare different BVS modalities (22-24) showing the
function of new technologies in OHS treatment. However, there is no meta-
analysis approaching this important question.

Therefore, we report a systematic review with meta-analysis of RCTs
comparing BVS to other therapeutic modalities (lifestyle counseling and other
PAP modalities such as CPAP and BVS with AVAPS [average volume assured
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pressure support]) regarding respiratory failure, sleep quality and daily sleepiness
in patients with OHS.

2.METHODS

This systematic review and meta-analysis followed the recommendations
proposed by Cochrane Collaboration (25) and PRISMA Statement (26). The
study protocol was registered at PROSPERO: CRD42017065326.

2.1.Eligibility criteria

This review included RCTs that compared patients with OHS treated with
BVS to patients treated with lifestyle counseling or other PAP modalities, such as
CPAP and BVS with AVAPS. Outcomes evaluated were change in PaCO:
(daytime arterial carbon dioxide level), PaO: (arterial partial pressure of oxygen),
blood bicarbonate (HCO3s), percentage of total sleep time (TST) with oxygen
saturation <90%, transcutaneous pressure of carbon dioxide (PtcCOz2), Epworth
Sleepiness Scale (ESS), Medical Outcome Survey Short Form (SF36),
Functional Outcomes of Sleep Questionnaire (FOSQ), Severe Respiratory
Insufficiency Questionnaire (SRI), compliance to treatment, and weight loss. In
case of a study with multiple publications (or substudies), the study was included
only once. Eligible studies included OHS patients with stable hypercapnic
respiratory failure. Exclusion criteria were the following: (1) inclusion of subjects
with other causes for chronic respiratory failure than OHS; (2) relevant chronic
obstructive pulmonary disease; (3) follow-up shorter than 4 weeks; and (4) lack

of control group data description.

2.2.Search strategy

A paired, independent search was carried out in the following electronic
databases (from inception to June 2018): MEDLINE (accessed by PubMed),
Cochrane Central Register of Controlled Trials (Cochrane CENTRAL), EMBASE
and LILACS. In addition, a search in the references of the published studies was
performed. The search comprised the following terms: “Obesity Hypoventilation
Syndrome”, “Positive-Pressure  Respiration”, “Noninvasive  Ventilation”,

“Continuous Positive Airway Pressure” combined with a high sensitivity
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combination of words used in the search for RCTs (27). There were no language
or publication status restrictions. The complete search strategy used in PubMed
is shown in Appendix. Details for the other used strategies are available on

request.

2.3.Study selection

Two investigators independently evaluated titles and abstracts of all
articles identified by the search strategy. All abstracts that did not provide
sufficient information regarding the inclusion and exclusion criteria were selected
for full-text evaluation. In the second phase, the same reviewers independently
evaluated the full-text articles and performed their selection according to the

eligibility criteria. Disagreements between reviewers were solved by consensus.

2.4.Data extraction

Using standardized forms, the same two reviewers independently
conducted data extraction regarding to the methodological characteristics of the
studies, interventions and outcomes. Discordances between reviewers were
solved by consensus or by a third reviewer. The primary outcome analyzed was
PaCO2, and secondary outcomes were PaO2, HCOgs, percentage of TST with
oxygen saturation <90%, PtcCO2, ESS, SF36, FOSQ, SRI, compliance to
treatment, and weight loss.

2.5.Assessment of bias risk

Study quality assessment was performed using the Cochrane Risk of Bias
Tool. It included adequate sequence generation, allocation concealment, blinding
of patient, blinding of outcome assessors, use of intention-to-treat analysis, and
description of losses and exclusions. Studies without a clear description of these
features were considered unclear. Use of intention-to-treat analysis was
considered as confirmation on study assessment that the number of participants
randomized and the number analyzed were identical. The same two reviewers

independently performed studies quality assessment.

2.6.Data analysis
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Pooled-effect estimates were obtained by comparing the mean change
from baseline to end of the study for each group, and were expressed as the
weighted mean difference between groups. Studies in which it was not possible
to calculate the standard deviation of the mean change were imputed as directed
in Cochrane Handbook for Systematic Reviews of Interventions (25).
Calculations were performed using a random effects method. P value < 0.05 was
considered statistically significant. Statistical heterogeneity of the treatment
effects among studies was assessed using Inconsistency I? test, in which values
above 25% and 50% were considered indicative of moderate and high
heterogeneity, respectively (28). All analyses were conducted using Review
Manager Version 5.3 (29). We explored heterogeneity between studies re-ran the
meta-analyses removing one paper at a time to check whether some individual

study explained heterogeneity.

2.7.Summary of evidence: GRADE-criteria

We presented the overall quality assessment of the evidence using the
GRADE approach, as recommended by the Cochrane Handbook for Systematic
Reviews of Interventions (25, 30) (Table 3). For each specific outcome, the quality
of the evidence was based on five factors: (1) risk of bias; (2) inconsistency; (3)
indirectness; (4) imprecision, and (5) other considerations (publication bias). The
guality was reduced by one level for each of the lacking factors. The GRADE
approach resulted in four levels of evidence quality of evidence: high, moderate,

low, and very low.

3.RESULTS

3.1.Description of studies

The search strategy yielded 176 abstracts; of these, 10 studies were
considered potentially relevant and retrieved for detailed analysis. Seven of these
studies met the eligibility criteria and were included in the systematic review and
meta-analysis (n = 500) (Figure 1). One of the studies compared three groups —
BVS, CPAP and lifestyle counseling - and was included in two analysis (BVS
versus lifestyle counseling and BVS versus CPAP) (6). Three studies compared
BVS to lifestyle counseling (total n = 264, of which 130 patients were treated with
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BVS) (6, 18, 19). Three trials compared BVS to CPAP (total n = 247, of which
118 were treated with BVS) (6, 20, 21). Two trials compared BVS to BVS with
AVAPS (22, 23) and one of them was a crossover study (23) (total n = 60, of
which 35 were treated with BVS) (Table 1).

3.2.Risk of bias

All studies included in the systematic review described losses to follow-up
and exclusions, and 71.4% presented an adequate sequence generation,
characterizing low bias risk for these items. 42.9% reported allocation
concealment, presented blinded assessment of outcomes, and used the
intention-to-treat principle for statistical analyses, evidencing a moderate risk of
bias; only 28.6% included blinded patients (high risk of bias) (Table 2).

3.3.Effects of Interventions

3.3.1.Daytime Arterial Carbon Dioxide Level

All included studies evaluated PaCO2. BVS was compared to lifestyle counseling
in three studies (6, 18, 19), all of them evidencing superiority of BVS when
compared to lifestyle counseling (-2.90 mm Hg; 95% CI -4.28 to — 1.52; 1°= 0%).
Three studies compared BVS to CPAP (6, 20, 21) (-1.16 mm Hg; 95% CI -2.93
to 0.61; 1°= 0%) and two studies compared BVS to BVS with AVAPS (22, 23)
(1.96 mm Hg; 95% CI -1.87 to 5.78; I°= 35%), showing no difference inter-groups
(Figure 2). Based on the GRADE approach, the quality of the evidence for this
outcome was considered high to BVS versus lifestyle counseling, moderate to
BVS versus CPAP, and very low to BVS versus BVS with AVAPS (Table 3).

3.3.2.Arterial Partial Pressure of Oxygen

All articles included in this meta-analysis evaluated PaO:. Three studies
compared BVS to lifestyle counseling (6, 18, 19), showing a significant
improvement in PaO: in BVS group (2.89 mm Hg; 95% CI 0.33 to 5.46; 1°= 0%).
Three studies compared BVS to CPAP (6, 20, 21) (-0.26 mm Hg; 95% CI -3.40
to 2.88; 1°>= 0%) and two studies compared BVS to BVS with AVAPS (22, 23)
(2.60 mm Hg; 95% CI -3.22 to 8.43; 1= 0%), evidencing no difference between
groups (Figure 3). Based on the GRADE approach, the quality of the evidence
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for this outcome was considered moderate to BVS versus lifestyle counseling and
to BVS versus CPAP, and very low to BVS versus BVS with AVAPS (Table 3).

3.3.3.Bicarbonate

All studies evaluated HCOs. Three articles compared BVS to lifestyle
counseling (6, 18, 19), with a significant improvement in BVS group (-2.55mmol/L;
95% CI-3.28 t0 -1.81, 1°= 0%). Three studies compared BVS to CPAP (6, 20, 21)
(-0.18mmol/L; 95% CI -1.15 to 0.79; 1°= 0%) and two studies compared BVS to
BVS with AVAPS (22, 23) (0.68mmol/L; 95% CI -0.68 to 2.03; 1>= 0%), without
any difference between groups (Figure 4). Based on the GRADE approach, the
quality of the evidence for this outcome was considered high to BVS versus
lifestyle counseling, and moderate to BVS versus CPAP and to BVS versus BVS
with AVAPS (Table 3).

3.3.4.Percentage of total sleep time with oxygen saturation <90%

Three studies comparing BVS to lifestyle counseling measured the
percentage of TST with oxygen saturation <90% (6, 18, 19), showing an inter-
group difference (-30.55%; 95% CI -37.98 to -23.12; 1>= 0%) (Figure 5). Based
on the GRADE approach, the quality of the evidence for this outcome was

considered low (Table 3).

3.3.5.Transcutaneous pressure of carbon dioxide

Two studies comparing BVS to BVS with AVAPS measured PtcCO: (22,
23), without any inter-group difference (2.06 mm Hg; 95% CI -3.02 to 7.14; I°=
12%) (Figure 6). Based on the GRADE approach, the quality of the evidence for

this outcome was considered very low (Table 3).

3.3.6.Epworth Sleepiness Scale

Five studies assessed ESS. Three articles compared BVS to lifestyle
counseling (6, 18, 19), evidencing a significant improvement in this outcome in
BVS group (-2.52; 95% CI -4.16 to -0.88; I°= 51%). The high statistical
heterogeneity is due to the inclusion of the study of Masa et al. (6), which showed
a greater improvement in this outcome in BVS group compared to the other
studies, possibly due to OSA severity and the large apnea-hypopnea index
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reduction, with consequent reduction of arousal index. Removing this study from
the meta-analysis, this heterogeneity was no longer observed (-1.63; 95% CI -
3.08 to -0.19; I>= 0%). In three studies that compared BVS to CPAP (6, 20, 21)
there was no difference between the groups (-0.74; 95% CI -2.13 to 0.66; 1°= 0%)
(Figure 7). Based on the GRADE approach, the quality of the evidence for this
outcome was considered very low to BVS versus lifestyle counseling, and low to
BVS versus CPAP (Table 3).

3.3.7.Medical Outcome Survey Short Form

Five articles assessed SF36, two studies compared BVS to lifestyle
counseling (6, 19) and three studies compared BVS to CPAP (6, 20, 21).
Regarding the physical component, BVS was compared to lifestyle counseling
(1.77; 95% CI -0.42 to 3.96; 1°= 0%) and to CPAP (1.06; 95% CI -3.88 to 5.99;
1°= 41%), with no difference between groups (Figure 8). Based on the GRADE
approach, the quality of the evidence for this outcome was considered low to BVS
versus lifestyle counseling and very low to BVS versus CPAP (Table 3).
Regarding the mental component, BVS was compared to lifestyle counseling
(2.46; 95% CI -1.91 to 6.84; 1°= 49%) and to CPAP (1.58; 95% CI -5.56 to 8.72;
1= 60%), also showing no difference between groups (Figure 9). Based on the
GRADE approach, the quality of the evidence for this outcome was considered
very low to BVS versus lifestyle counseling and to BVS versus CPAP (Table 3).
Statistical heterogeneity in the BVS and CPAP comparison was due to the
inclusion of the study of Piper et al. (20), which was more favorable to BVS group
in this outcome compared to the other studies. Removing this paper from meta-
analysis, there was an absence of heterogeneity for both physical (0.23; 95% CI
-2.38 to 2.84; 1°= 0%) and mental component (-2.16; 95% CI -6.02 to 1.70; I°>=
0%).

3.3.8.Functional Outcomes of Sleep Questionnaire

Two studies comparing BVS to lifestyle counseling assessed FOSQ (6,
19), evidencing an improvement in BVS group when compared to lifestyle
counseling (6.33; 95% CI 1.78 to 10.88; 1°= 0%) (Figure 10). Based on the
GRADE approach, the quality of the evidence for this outcome was considered
low (Table 3).
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3.3.9.Severe Respiratory Insufficiency Questionnaire

Two studies comparing BVS to BVS with AVAPS assessed SRI (22, 23),
without any difference between groups (-3.15; 95% CI -9.64 to 3.35; 1°= 0%)
(Figure 11). Based on the GRADE approach, the quality of the evidence for this

outcome was considered very low (Table 3).

3.3.10.Treatment Compliance

Compliance was evaluated in three studies comparing BVS to CPAP (6,
20, 21), showing no inter-group difference (0.11; 95% CI -0.46 to 0.67; 1°= 0%)
(Figure 12). Based on the GRADE approach, the quality of the evidence for this

outcome was considered moderate (table 3).

3.3.11.Weight Loss

Four studies assessed this outcome. In two studies comparing BVS to
lifestyle counseling (6, 19) (0.39; 95% CI -2.56 to 3.35; 1°= 57%) and in three
studies comparing BVS to CPAP (6, 20, 21) (-0.72; 95% CI -2.38 to 0.95; I1°= 0%),
there was no inter-group difference (Figure 13). Based on the GRADE approach,
the quality of the evidence for this outcome was considered low to BVS versus

lifestyle counseling and moderate to BVS versus CPAP (Table 3).

4.DISCUSSION

In this systematic review, we found that BVS was associated with
significant improvement in PaCO2, PaO2, HCOs, percentage of TST<90%, ESS
and FOSQ when compared to lifestyle counseling in patients with OHS. However,
when BVS was compared to other PAP modalities, there was no evidence of
superiority of one over the other in the analyzed outcomes.

This is the first meta-analysis comparing different treatment modalities in
patients with OHS. The findings of this work are of inestimable importance, since
they reinforce the need of treating sleep disorders in patients with OHS. There
are important issues that should be considered when evaluating the results of this
meta-analysis, such as the heterogeneity of the included patients, which is a
limitation, since some patients presented mild OSA associated to OHS (19) and
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others presented severe OSA. Moreover, in Masa et al. (6, 19), all patients
received orientation about lifestyle modification (1000 calorie diet, regular sleep
habits, exercise, and avoiding sedatives, stimulants, alcohol, and smoking
tobacco), while in Borel et al. (18), only the lifestyle counseling group received
these orientations (exposure about diet, exercises and modification of lifestyle in
general).

Individual analysis of the study limitations can help to understand some
findings of this meta-analysis. The results of Piper et al. (20), for example, cannot
be applied to all patients with OHS, since the trial excluded patients with OHS
with severe persistent hypoventilation during initial CPAP titration. Therefore, it is
not possible to determine if these severe patients would have a complete
response to CPAP therapy (31). Another important limitation is the ventilation
mode used, since S mode permits inspiratory trigger failure or central apneas.
Although ST mode can induce some patient-ventilator asynchronies, backup rate
reduced the number of central and mixed respiratory events compared to
spontaneous ventilation in a randomized study (32). It cannot be asserted that
the fact that the study did not demonstrate difference between PAP modes, could
not be due to the use of S mode. Masa et al. (6) is a very important study, since
it has a higher sample size than the other randomized trials and did not exclude
patients with CPAP-resistant hypoxemia. This study also shows that nocturnal
efficacy was similar in BVS and CPAP groups, even regarding oxygen level,
suggesting that the mechanisms underlying CPAP-resistant hypoxemia also
apply to BVS treatment. The findings of Howard et al. (21) help to clarify pending
issues in the Piper study (20). These authors suggest that CPAP can be safely
used to treat all OHS stages following initial stabilization, with careful monitoring,
since it is similar to BVS in improving ventilatory parameters and symptoms after
3 months of treatment (regardless of the used mode, S or ST). However, it is
noteworthy that the majority of the included population had severe OSA. Thus, it
is possible that patients with OHS and milder OSA may respond differently to
CPAP in comparison to BVS, since recent trials have been showing that those
with severe OSA would have a better response to CPAP than patients with mild-
to-moderate OSA.

New ventilatory modes have been presented with the aim of optimizing the
treatment of patients with ventilatory dysfunction. The concept that the use of
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AVAPS mode would be more effective in OHS patients is based on the fact that,
conceptually, BVS is not able to maintain adequate ventilation during the changes
in pulmonary mechanics that occur throughout sleep. So, an auto titrating hybrid
ventilatory mode that targets a pre-set volume might be more effective (22, 33).
Two studies included in this review compared standard BVS and BVS with
AVAPS, and found no difference between different modalities of noninvasive
ventilation in any of the analyzed outcomes. Thus, current evidence does not
support significant benefits of AVAPS mode over fixed pressure BVS, although it
may be useful in selected cases (34).

Previous studies suggest BVS with AVAPS provided enhanced nocturnal
ventilatory control with a greater reduction in PtcCO2 during ventilation using
AVAPS mode compared to standard BVS (23, 24). These studies used a
ventilator setup that favored higher levels of pressure of support delivered in
AVAPS ventilation arm resulting in greater carbon dioxide clearance. In contrast,
Murphy et al. (22) did not show this superiority of AVAPS mode, probably
because they used a titration protocol to minimize the differences between the
groups.

This review and meta-analysis has some limitations. The review of
literature has evidenced just a few RCTs comparing different treatment modalities
for OHS patients. This reinforces the need for new studies, which should take into
account the heterogeneity of this population. The follow-up of included studies
ranges between 6 to 12 weeks, which can be a short time to evaluate important
outcomes. Although data suggests that a 4-week period may be sufficient to
achieve the full benefits of therapy with regard to changes in blood gases (35,
36), outcomes related to sleep quality and quality of life may require a longer
period to show full effects. Furthermore, there is heterogeneity between patients
included in this study, with a large difference in age and also in OHS and OSA
severity of patients. Another important question is regarding the different titration
models used in studies, since there is not a single method used to perform a PAP
titration.

The big challenge is to know the best form of PAP for a particular patient,
since there is a wide heterogeneity of patients with OHS, and each of these
patients will require adapted management depending on the severity of their
disease. The concept supporting BVS as a treatment of OHS comes from open
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studies (37, 38). However, the majority of patients with OHS appear to respond
to CPAP and, in this subgroup, both CPAP and BVS seem to be equally effective
in improving the analyzed outcomes. Meanwhile, some patients, especially those
with OHS without associated severe OSA, can persist with sleep hypoventilation
and diurnal hypercapnia, showing severe oxygen desaturation on CPAP and
requiring ventilatory support. This study is important, since it is the first meta-
analysis approaching different modalities of treatment for patients with OHS. This
study helps to clarify the best PAP mode for different patients and allows the
clinician to initiate a lower cost therapy with safety, since there is a strict follow-
up. Finally, we do not forget that the success of treatment is based on a
multidisciplinary approach, since the management of this complex condition
includes treating the obesity, encouraging the patients to perform physical
activities according to their capacity, and managing the cardiometabolic
comorbities (39-41).

5.CONCLUSION

This systematic review with meta-analysis suggests that treatment using
BVS therapy is superior to lifestyle counseling, since it provides improvements in
gas exchange, sleepiness and quality of life. Different PAP modalities appear to
be equally effective in improving outcomes. However, larger and long-term

comparative studies are necessary to confirm these findings.
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Table 1. Characteristics of included studies
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Study, . Follow- | Assessed .
N (I/C) [Age (I/C)| Patients | Parameters Conclusion
year up Outcomes
BVS vs Lifestyle Counseling
I- BVS ST When compared with lifestyle counseling, BVS was
IPAP PaCO effective in reducing significantly PaCO2, HCOs and
aCoOgz,
18+3cmH20 a0 TST<90%. Compared to baseline, a significant
a0y,
Borel, 58(11)/ |Patients EPAP11+2c improvement in ESS was seen with BVS, although
19/18 _ 1 month |HCOs, . . )
2012 54(6) with OHS |mH20 the difference between lifestyle counseling and BVS
TST<90% o _
groups was non significant. There was no difference
_ and ESS. |
C- Lifestyle in PaOz2.
counseling
PaCO: improved in both groups, although the
I- BVS ST PaCOz, _ _ _
improvement was greater in BVS group, with a
AVAPS PaO2, o _ _
_ significant difference relative to the control group.
Patients IPAP 20+3 HCOs, _ _
) HCOs, TST<90%, ESS and FOSQ improved only in
Masa, 64(11)/ |[with OHS |EPAP 2 TST<90%, , o o
71/70 BVS group, with statistical significance compared
2015 60(13) and severe [7+2cmH20 |months [ESS, SF36,| . _
with the control group. PaO:2 improved only with
OSA FOSQ and _ o _
_ . BVS, without significant difference compared control
C-Lifestyle weight loss. _ o _
_ group. Weight decreased significantly in BVS and
counseling

control

groups, with no significant differences
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between the groups. There was no improvement in
SF36 in both groups.

PaCO2, HCOs and ESS improved in both groups

L BVS ST although the improvements were significantly
PaCOz, greater in BVS group. PaO:2 improved only in BVS
AVAPS . . . -
_ PaO., group without reaching inter-group statistical
Patients IPAP S _ o
_ HCOs, significance. TST<90% improved just in BVS group,
with OHS |18.2+3.4 . o .
Masa, 67(12)/ _ 2 TST<90%, |with statistical difference between groups.
40/46 without EPAP o _ )
2016 69(15) months |ESS, SF36, | Significant improvement was observed in SF36
severe 7.1+1.8 o
OSA FOSQ and [ mental component for BVS group in intra-group and
, weight loss. | inter-group comparisons. Changes in SF36 physical
C- Lifestyle o
) component and FOSQ were not statistically
couseling o _ _
significant in both groups. Weight loss was
statistically significant only in control group.
BVS vs CPAP
Newly I- BVS ST Paco BVS and CPAP resulted in similar improvements in
aCoOgz, .
diagnosed [IPAP PaCO2, PaO2 and HCOs. ESS and SF36 improved
53.2(10. PaOz2, . .
Howard, OHS 19.3+2.8cm |3 on treatment, without any between-group difference.
29/31 | 7)/ _ HCOs, _ _
2017 patients, H20 EPAP |months Body weight was reduced in both groups.
52.9(10) | _ ESS, SF36, _ o
including all [ 11.9+2.3cm _ Compliance was similar in both groups.
N weight loss
severities |H20
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and
C- CPAP compliance
P 15.2
+2.8cmH20
I- BVS ST
AVAPS PaCO2, PaO2, HCOs, ESS and FOSQ improved in
IPAP PaCOgo, BVS and CPAP treatments, without significant
Patient 20£3cmH20 PaOo, differences between the groups. SF36 mental
atients
_ EPAP HCOs, component improved only in the CPAP group. There
Masa, 64(11)/ [with OHS 2 o o _ _
71/80 7.8£1.8cmH ESS, SF36, [was no statistical significance in the different groups
2015 57(13) and severe months _ ) )
OSA 20 weight loss |[for the outcome SF36 physical component. Only in
and the BVS group, there was a significant weight loss.
C- CPAP compliance | Compliance was the same for both treatments.
P11+2
cmH20
Patients I-BVS S ) _ _
_ PaCOz, PaCO2, HCOs, ESS and weight loss improved in
with OHS | IPAP 16+2 _ _
. . HCOs, both groups, with no difference between groups.
Piper, 47(13)/ | without cmH20 3 _ _
18/18 ESS, SF36, [ There was no difference in SF36 between the two
2008 52(17) |severe EPAP 10+2 |[months . . . _
weight loss, [ groups. There was no difference in compliance for
nocturnal |cmH20 .
compliance | both treatments.

hypoxemia
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C- CPAP
P 14+3
cmH20
BVS vs AVAPS
I- BVS ST
(standard)
IPAP
25+3cmH20
PaCOg, _
EPAP Improvements in PaCO2, HCOs and SRI were
Super PaO2, _ .
10+2cmH20 observed in both groups, but without between-group
Murphy, 56(11)/ [obese 3 HCOs, _ o _
25/25 _ difference. There was no significant change in PaO:
2012 53(9) patients months | PtcCO2z and | ) _
) C-BVS ST in both groups. There was no inter-group difference
with OHS SRI .
AVAPS in PtcCOs..
Vte
657+96ml
EPAP
9+1cmH20
53.5(11. |Patients I- BVS ST PacO PaCO: and HCOs decreased in BVS with AVAPS
aCoOg,
Storre, 10 NI with OHS | (standard) group only (compared with baseline), but without
(crossover) 6 weeks PaOg, o L
2006 53.5 and OSA IPAP HCO statistical significance when compared to BVS
3,
(1.7) who failed |15+2cmH20 group. BVS with AVAPS mode providing a more
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to CPAP
therapy.

EPAP
6+x1cmH20

C-BVS ST
AVAPS

Vte:
608+134ml
IPAP
16+4cmH20
EPAP
6+1cmH20

PtcCO2 and
SRI

efficient reduction in PtcCO:2 than BVS; however,
this reduction did not provide further clinical benefits
regarding sleep quality and SRI compared to
standard BVS. There was no significant change in

PaO: in both groups. SRI improved in both groups.

Age and Parameters are presented as mean (SD). AVAPS, average volume-assured pressure support; HCOs, blood bicarbonate;

BVS, bilevel ventilatory support; C, comparator; CPAP, continuous positive airway pressure; EPAP, expiratory positive airway

pressure; ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of Sleep Questionnaire; I, Intervention; IPAP, inspiratory

positive airway pressure; N, number; OHS, obesity hypoventilation syndrome; OSA, obstructive sleep apnea; P, pressure; PaCOz2,

arterial partial pressure of carbon dioxide; PaO2, arterial partial pressure of oxygen; PtcCO2, transcutaneous pressure of carbon

dioxide; S, spontaneous mode; SF 36, Medical Outcome Survey Short Form 36; SRI, severe respiratory insufficiency questionnaire;

ST, spontaneous timed mode; TST<90%, total sleep time with oxygen saturation < 90%; Vte, estimated tidal volume.



Table 2. Risk of bias of included studies
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Adequate . o Blinding of Description of )
Allocation Blinding of Intention-to-
sequence ) outcome losses and )
. concealment patients . treat analysis
generation assessors exclusions
BVS versus Lifestyle counseling
Borel, 2012 Yes Yes No Yes Yes No
Masa, 2015 Yes No No No Yes Yes
Masa, 2016 Yes No No No Yes Yes
BVS versus CPAP
Howard, 2017 Yes Yes Yes Yes Yes No
Masa, 2015 Yes No No No Yes Yes
Piper, 2008 Yes Yes No Yes Yes Yes
BVS versus AVAPS
Murphy, 2012 No No Yes No Yes No
Storre, 2006 No No No No Yes No




Table 3- Quality of evidence using The GRADE approach
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Certainty assessment N
Risk of . _ - _ _ Absolute | Certainty
N (RCTs) _ Inconsistency | Indirectness | Imprecision | Intervention | Comparation
Bias (95% CI)
PaCO: - BVS vs Lifestyle counseling
2.9 (95%
Not ) ) _
3 ) Not Serious Not Serious | Not Serious 130 134 Cl 4.28- HIGH
Serious
1.52)
PaCO:> - BVS vs CPAP
1.16
Not _ _ _ (95% CI
3 ) Not Serious Not Serious Serious? 118 129 MODERATE
Serious 2.93-
0.61)
PaCO: - BVS vs AVAPS
1.96
. . : . (95% CI
2 Serious® Serious® Not Serious Serious? 35 35 187 VERY LOW
5.78)

PaO. - BVS vs Lifestyle counseling
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2.89
Not _ _ _ (95% CI
3 ) Not Serious Not Serious Serious? 130 134 MODERATE
Serious 0.33 -
5.46)
PaO: - BVS vs CPAP
0.26
Not ) ) _ (95% CI
2 ) Not Serious Not Serious Serious? 100 111 MODERATE
Serious 3.4-
2.88)
PaO: - BVS vs AVAPS
2.6 (95%
: : : Very
2 SeriousP Not Serious Not Serious _ 35 35 Cl 3.22- | VERY LOW
Serious?
8.43)
HCOs - BVS vs Lifestyle counseling
2.55
Not _ _ _ (95% CI
3 ) Not Serious Not Serious | Not Serious 130 134 HIGH
Serious 3.28-
1.81)
HCOs - BVS vs CPAP
Not ) ) . 0.18
3 ) Not Serious Not Serious Serious? 118 129 MODERATE
Serious (95% CI
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1.15-
0.79)
HCOs - BVS vs AVAPS
0.68
| _ _ . (95% Cl
2 SeriousP Not Serious Not Serious | Not Serious 35 35 0.68 MODERATE
2.03)
% TST<90% - BVS vs Lifestyle Counseling
30.35
Not ) ) Very (95% CI
3 ) Not Serious Not Serious . 130 134 LOW
Serious Serious? 37.98 -
23.12)
PtCO, - BVS vs AVAPS
2.06
. _ _ Very (95% CI
2 Serious® Not Serious Not Serious _ 35 35 VERY LOW
Serious? 3.02-
7.14)
ESS - BVS vs Lifestyle counseling
_ ) ) _ 2.52
3 SeriousP Serious Not Serious Serious? 130 134 VERY LOW

(95%Cl
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4.16-
0.88)
ESS - BVS vs CPAP
0.74
3 Serious® Not Serious Not Serious Serious? 118 129 (9251/030' LOW
0.66)
SF-36 physical - BVS vs lifestyle counseling
1.77
2 Serious® Not Serious Not Serious Serious? 111 116 (905?20 LOW
3.96)
SF-36 physical - BVS vs CPAP
1.06
3 Serious® Very Serious® Not Serious Serious? 118 129 (Q:Z)SCI VERY LOW
5.99)
SF-36 mental - BVS vs lifestyle counseling
2 Serious® Serious® Not Serious very 111 116 248 VERY LOW
Serious? (95% CI
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1.91-
6.84)
SF-36 mental - BVS vs CPAP
2.16
_ ) ) Very (95% CI
2 Serious® Serious® Not Serious . 100 111 VERY LOW
Serious? 6.02-
1.7)
FOSQ - BVS vs Lifestyle counseling
6.33
. : : . (95% ClI
2 SeriousP Not Serious Not Serious Serious? 111 116 178 LOW
10.88)
SRI - BVS vs AVAPS
3.15
Very _ _ . (95% CI
2 ) Not Serious Not Serious Serious? 35 35 VERY LOW
Serious® 9.64-
3.35)
Compliance - BVS vs CPAP
Not _ _ _ 0.11
3 ) Not Serious Not Serious Serious? 118 129 MODERATE
Serious (95% CI
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0.46-
0.67)
Weight loss - BVS vs Lifestyle counseling
0.39
Not _ _ _ (95% CI
) Serious® Not Serious Serious? 111 116 LOW
Serious 2.56-
3.35)
Weight loss - BVS vs CPAP
0.72
Not _ _ _ (95% CI
) Not Serious Not Serious Serious? 118 129 MODERATE
Serious 2.38-
0.95)

insufficiency questionnaire; vs, versus.

AVAPS, average volume-assured pressure support; BVS, bilevel ventilatory support; Cl, Confidence Interval; CPAP, continuous
positive airway pressure; ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of Sleep Questionnaire; N, number;
PaCO2, arterial partial pressure of carbon dioxide; PaO2, arterial partial pressure of oxygen; PtcCO2, transcutaneous pressure of

carbon dioxide; RCT, Randomized Clinical Trial; SF 36, Medical Outcome Survey Short Form 36; SRI, severe respiratory

Explanations: a. Large confidence interval (CI); b. Some studies do not report whether there was allocation concealment, whether
there was blinding of patients and outcome assessors and whether the analysis was performed by intention to treat; c. Moderate
heterogeneity (30-50%); d. High heterogeneity (over 50%).
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BVS
Study or Subgroup  Mean SD Total

72

1.1.1 BVS vs Lifestyle counseling

Boreletal, 2012 -49 41 19
Masaetal, 2015 55 7 71
Masaetal 2016 -6 56 40
Subtotal (95% Cl) 130

Heterageneity: Tau®= 0.00; Chi*= 0.53, df= 2 (P = 0.77); F= 0%
Test for averall effect Z= 4.12 (P = 0.0001)

1.1.2 BVS vs CPAP

o

Howard et al, 2016 -58 75 2

Masaetal 2015 5.5 71
Piper et al, 2008 g 7 18
Subtotal (95% Cl) 118

Heterogeneity: Tau*=0.00; Chi*=1.33, df=2 (P =051), F=0%

Testfor overall effect: Z=1.28 (P = 0.20)

1.1.3 BVS vs BVS with AVAPS
Murphy et al, 2012
Storre et al, 2006
Subtotal (95% Cl)
Heterogeneity: Tau®= 2.69; Chi*=1
Test for overall effect: Z

45 75 25 49.9%  0.00[4.36 4.36)
54 56 10 501%  3.90[0.44,8.24]
35 100.0%  1.96[-1.87, 5.78]
df=1(P=0.21); F= 35%

Other Intervention Mean Difference Mean Difference
Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
-1.4 48 18 229% -3.50[6.38,-062) = &
-3.2 6 70 411% -230[4.45-015) -
-2.8 52 46 361% -3.20[-5.50,-0.80] -
134 100.0% -2.90[-4.28,-1.52] &

66 7.7 31 21.2% —p—

-3.7 66 80 : |

-58 84 18 : : —r
129 -1.16 [-2.93, 0.61] &

1

200 10 h] 10
Favours BVS Favours Other

Test for subaroup differences: Chif=6.59, df=2{(P=0.04), F=69.7%

20

Figure 2. Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle

counseling and BVS versus other Positive Airway Pressure (PAP) modalities

regarding PaCO2
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BVS Other Intervention Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 BVS vs Lifestyle counseling
Borel etal, 2012 24 1049 19 0z 15 18 91% 2.20[-6.29,10.69) =
Masa etal, 2015 48 10 7 1.9 8.3 70 : 290[-0.13,593) il
Masa etal, 2016 46 134 40 1.4 14 46 3.20 [-2.60,9.00) e B
Subtotal (95% CI) 130 134 2.89[0.33, 5.46] %
Heterogeneity: Tau*= 0.00; Chi*=0.04, df=2 (P=0898); F=0%
Test for overall effect Z2=2.22 (P=0.03)
1.2.2 BVSvs CPAP
Howard et al, 2016 7 139 29 58 138 31 200% 1.50[-5.51,8.51) e —
Masaetal 2015 48 10 71 5.5 12 20 80.0% -0.70[-4.21,2.81) ‘5
Subtotal (95% CI) 100 111 100.0%  -0.26 [-3.40, 2.88]

Heterogeneity: Tau®= 0.00; Chi*=0.30, df=1 (P =0.58), F=0%

Testfor overall effect: Z=0.16 (P = 0.87)

1.2.3 BVS vs BVS with AVAPS

Murphy et al, 2012 3.45 12 25 1.5 1275
Storre et al, 2006 301 138 10 05 111
Subtotal (95% CI) 35

25 721%

10 27.9%
35 100.0%

Heterogeneity: Tau*= 0.00; Chi*=0.04, df=1 (P=085), F=0%

Test for overall effect Z=088 (P=0.38

[
"
r
o
"
=
(o8]
=

Test for subgroup differences: Chi*= 2.42, df

225 F4.61,8.11)
351 [7.52, 14.54]
2.60[-3.22, 8.43]

20 -0 0 10 20
Favours Other Favours BVS

Figure 3. Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle

counseling and BVS versus other Positive Airway Pressure (PAP) modalities

regarding regarding PaO2



BVS Other Intervention Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 BVS vs Lifestyle counseling

Boreletal, 2012 -22 3 19 -012 2.4 18 18.0% -2.08[3.83,-033 —

Masa etal, 2015 21 32 7 07 3.1 70 506% -2.80[3.84, -1.76) -

Masaetal, 2016 -34 35 40 -1 26 46 31.4% -240[3.72,-1.08] ——

Subtotal (95% Cl) 130 134 100.0% -2.55[-3.28,-1.81] B3
Heterogeneity: Tau®= 0.00; Chi*=055,df=2 (P=0.76), F=0%

Test for overall effect: Z=6.74 (P < 0.00001)

1.3.2 BVS vs CPAP

Howard et al, 2016 29 - 31 169%  -010[-2.46, 2.26) N —

=360

- ™
@

Masaetal 2015 - ; 7 . 3. 80 775%  -0.20[-1.30,0.90]
iper et al, 200¢ -2 : 8 -23 i 18 56% -0.20[4.29 3.89]
Subtotal (95% CI) 118 129 100.0%  -0.18[-1.15,0.79]

Piper et al, 2008 18 2
Heterogeneity: Tau®= 0.00; Chi*=0.01, df= 2 (P=1.00), F=0%
Test for overall effect Z= 037 (P=0.71)

[N R
w

[T
(S |
00
2 =)

(%

1.3.3 BVS vs BVS with AVAPS

Murphy etal, 2012 -3 4 25 -3 3 25 481% 0.00 [-1.96, 1.96]
Storre et al, 2006 -0.2 21 10  -15 2:2 10 51.9% 1.30 [-0.59,3.19]
Subtotal (95% Cl) 35 35 100.0% 0.68 [-0.68, 2.03]

Heterogeneity: Tau®*= 0.00; Chi*= 088, df=1 (P=0.35), F=0%
Test for overall effect Z=0.97 (P = IZI.33)

t +
-10 -5 0 5

Favours BVS Favours Other

Testfor subaroup differences: Chi*= 2410, df= 2 (P < 0.00001), F=91.7%
Figure 4: Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle
counseling and BVS versus other Positive Airway Pressure (PAP) modalities
regarding regarding HCO3
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BVS Lifestyle Counseling Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 BVS vs Lifestyle Counseling
Boreletal, 2 -325 3803 19 34 18 3 ——

ta 34 71 -6.9 70 7 ——
Masa et al, B -36 339 40 -5.7 294 46 302% -30.30[-43.81,- )| =
Subtotal (95% Cl) 130 134 100.0% -30.55[-37.98,-23.12] <5

0, Chi*=040,df= 2 (P=082), F=0%
Test for overall effect: Z= 8.06 (P < 0.00001)
100 -50 0 50 100

) Favours BVS i Favours Lifestyle Counseling
Test for subaroup differences: Not applicable

Figure 5. Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle
counseling regarding Total Sleep Time with Oxigen Saturation <90%



76

BVS BVS with AVAPS Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 BVS vs BVS with AVAPS
Murphy et al, 2012 -3 88 25 -37 8.9 25 T78.4% 0.70[-4.21,561)
Storre et al, 2006 -56 11.8 10 126 122 10 21.6% 7.00[3521752
Subtotal (95% CI) 35 35 100.0% 2.06 [-3.02,7.14]
Heterogeneity: Tau®= 2.31; Chi*=1.13,df=1 {P=0.29), F=12%

9{F=043)

Test for overall effect Z=0.7
100 -0 0 50 100
Favours BVS Favours BVS with AVAPS

Test for subaroup differences: Not applicable

Figure 6. Comparison between Bilevel Ventilatory Support (BVS) versus BVS with
Average Volume Assured Pressure Support (AVAPS) regarding Transcutaneous
Pressure of Carbon Dioxide (PtcCO2)
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BVS Other Intervention Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 BVS vs Lifestyle counseling
Borel etal, 2012 19 =21 5.3 18 161% -1.30[4 —T
Masaetal 2015 71 -1 44 70 42 -380[5 -
Masaetal, 2016 9 3 40 -1.2 35 46 #7% -170[ 012 —
Subtotal (95% CI) 130 134 100.0% -2.52[-4.16,-0.88] B4

Heterogeneity: Tau*=1.03;, Chi*=4.05 df=2 (P=013);F=51%

Test for overall effect: Z=3.01 (P = 0.003)

1.6.2 BVS vs CPAP

Howard et al, 2016 -445 9.1 29
Masa etal, 2015 -48 5 7
Piperetal, 2008 9 § 8
Subtotal (95% CI) 118

8.9 K|
47 20
8 18
129

Heterogeneity: Tau®*= 000, Chi*=1.16, df= 2 (P = 0.56), F= 0%

Testfor overall effect: Z=1.04 (P = 0.30)

100.0%

Testfor subaroup differences: Chi*= 264, df=1{(P=010), F=621%

-0.30 [-4.86, 4.26)
-0.50 [-2.05, 1.08]
-3.00 [-7.36, 1.36)
-0.74[-2.13, 0.66]

+ + + +
-10 -5 0 5 10

Favours BVS ) Favours Other

Figure 7. Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle

counseling and BVS versus Continuous Positive Airway Pressure (CPAP) regarding

Epworth Sleepiness Scale (ESS)



78

BVS Other Intervention Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.7.1 BVS vs lifestyle counseling
Masa etal, 2015 1.8 87 71 0.2 6.8 70 723% 1.60[-0.98, 4.18)
Masaetal, 2016 31 113 40 (K] 78 46 277% 2.20 [-1.96, 6.36) =
Subtotal (95% CI) 1 116 100.0% 1.77 [-0.42, 3.96] 3
Heterogeneity: Tau*= 0.00; Chi*=0.06, df=1{P=081), F=0%
Test for overall effect Z=1.58 (P=0.11)
1.7.2 BVS vs CPAP
Howard et al, 2016 43 141 6.4 31 296% -210[917,4.97]
Masa etal, 2015 18 87 1.2 80 60.3% 060[2.21,3.41)
Piper et al, 2008 20 185 7 18 101% 13.00[-1.44, 27 44)
Subtotal (95% CI) 129 100.0% 1.06 [-3.88, 5.99]
Heterogeneity: Tau®= 847, Chi*= 339, df=2(P=018), F=41%
Testfor overall effect Z=042 (P =

-100 -40 0 A0 100

Test for subaroup differences: Chi*= 007, df=1{(P=080). F=0%

Figure 8. Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle

Favours Other Favours BVS

counseling and BVS versus Continuous Positive Airway Pressure (CPAP) regarding

Medical Outcome Survey Short Form (SF36) — Physical Component
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BVS Other Intervention Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 BVS vs lifestyle counseling
Masaetal 2015 1.7 14 71 132 288 70 0.50 [-3.35, 4.35]
Masaetal 2016 41 134 40 -0.8 95 46 1 6% 5.00[0.02, 9.98)
Subtotal (95% Cl) 11 116 100.0% 2.46 [-1.91, 6.84]

Heterogeneity: Tau®= 4 897, Chi*=1.96, df=1 (P=0.16), F= 49%
Testfor overall effect Z=110{P=0.27)

1.8.2 BVS vs CPAP

Howard etal, 2016 109 188 29 89 194 31 2007931 ——
Masaetal 2015 1.7 14 71 46 12 80 -2.90 [-7.08, 1
Piper etal, 2008 2120 18 12 3.1 18 26.6% 9.00[0897, 18.97)

Subtotal (95% Cl) 118 129 100.0% 1.58 [-5.56, 8.72]

Heterogeneity: Tau®= 23.90; Chi*= 4,98, df= 2 (P=0.08); F=60%

Test for overall effect: Z=0.43 (P = 0.66)

: 100 - —", 0 0 *’.’ 0
. . . o X ) . Favours Other Favours BVS
Test for subgroup differences: ChiF=0.04, df=1 (P=084), F=0%

Figure 9. Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle
counseling and BVS versus other Positive Airway Pressure (PAP) modalities
regarding regarding Medical Outcome Survey Short Form (SF36) — Mental

Component

|
100
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BVS Lifestyle Counseling Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.9.1 BVS vs Lifestyle counseling
Masaetal 2015 43 17 71 1.7 16 70 £.00 [0.55,11.45) | 3
Masaetal, 2016 44 197 40 -27 19.4 46 3 710[1.18,15.39) -
Subtotal (95% CI) 11 116 100.0%  6.33[1.78, 10.88] ®

Heterogeneity: Tau®= 0.00, Chi*=0.05, df=1 (P=0.83), F=0%

Test for overall effect: Z= 2.73 (P = 0.006)

Test for subgroup differences: Not applicahle

Figure 10. Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle

1

I

L
-100

L
-50

t |
a0 100

Favours Lifestyle Counseling - Favours BVS

counseling regarding Functional Outcomes of Sleep Questionnaire (FOSQ)
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BVS BVS with AVAPS Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.10.1 BVS vs BVS with AVAPS

Murphy et al, 2012 7 13 25 11 12 25 87.8% -4.00[-10.94, 2.94]
Storre et al, 2006 15 205 10 12 219 10 12.2% 3.00[1559, 21.59]
Subtotal (95% CI) 35 35 100.0%  -3.15[-9.64, 3.35]

Heterogeneity: Tau®= 0.00; Chi*= 048, df=1 {P=049); F=0%
Testfor overall effect Z= 095 (P =0.34)

100 .50 0 50 100

. . Favours BVS with AVAPS . Favours BVS
Test for subaroup differences: Mot applicable

Figure 11. Comparison between Bilevel Ventilatory Support (BVS) versus BVS with
Average Volume Assured Pressure Support (AVAPS) regarding Severe Respiratory
Insufficiency Questionnaire (SRI)
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BVS CPAP Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.11.1 BVS vs CPAP
Howard et al, 2016 53 26 29 5 24 3N 201% 0.30[-0.97,1.57) v
Masaetal 2015 53 2.3 71 53 24 80 B5.0% 0.00[0.71,0.71)
Piper etal, 2008 61 21 18 58 24 18 149% 030[117,1.77) %
Subtotal (95% CI) 118 129 100.0% 0.11[-0.46, 0.67]

Heterogeneity: Tau®= 0.00; Chi*=0.24, df=2{(P=089), F=0%
Testfor overall effect Z=036(P=072)

Test for subaroup differences: Not applicable

-4 0 2 4
avours CPAP Favours BVS

Figure 12. Comparison between Bilevel Ventilatory Support (BVS) versus Continuous
Positive Airway Pressure (CPAP) regarding compliance to treatment
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BVS Other Intervention Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.12.1 BVS vs Lifestyle counseling
Masa etal, 2015 -24 66 7 -1.6 5 70 B16% -080[273,1.13)
Masaetal, 2016 0.7 103 40 -1.6 5 46 38.4% 2.30[1.20,5.80]
Subtotal (95% CI) 11 116 100.0% 0.39 [-2.56, 3.35]
Heterogeneity: Tau®= 2.72 df=1(P=0.13);P=57%
Test for overall effect
1.12.3 BVS vs CPAP

sard etal, 2016 -6 8 29 -7.4 6.7 31 197% 1.40[-2.35,5.15) S
Wasa etal, 2015 24 6B sl 11 5.6 80 716% -1.30[3.27,067)
Piper etal, 2008 -56 94 8 -49 78 18 87% -0.70[6.34, 494
Subtotal (95% CI) 118 129 100.0% -0.72[-2.38, 0.95]

Heterogeneity. Tau®= 0.00; Chi*=1.56, df= 2 (P = 0.46), F=0%
Test for averall effect: Z=0.84 (P = 0.40)

Test for subaroup differences: Chif=041, df=1{P=052), F=0%

I

-20

10 0 10 20
Favours BVS Favours Other

Figure 13. Comparison between Bilevel Ventilatory Support (BVS) versus lifestyle

counseling and BVS versus Continuous Positive Airway Pressure (CPAP) regarding

weight loss.
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7.CONCLUSAO

Esta revisdo sistematica com metanalise concluiu que, em pacientes com
SOH estaveis, o tratamento com ventilacio n&o invasiva € superior ao
aconselhamento de estilo de vida, uma vez que proporciona melhorias nas trocas
gasosas, ha sonoléncia diurna e na qualidade de vida. Entretanto, as diferentes
modalidades de pressao positiva comparadas parecem ser tao eficazes quanto o uso
de VNI com presséo fixa na melhoria dos resultados analisados. No entanto, estudos
comparativos maiores e de longo prazo sao necessarios para confirmar esses
achados e avaliar o impacto desses desfechos na morbidade e mortalidade de

pacientes com SOH.
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8.CONSIDERACOES FINAIS

A SOH é uma condicao clinica relacionada a grande morbidade e altos custos
em saude, sendo muitas vezes subdiagnosticada. Com o aumento global da
obesidade, a prevaléncia desta sindrome tende a aumentar. Assim, é papel do médico
conhecer os critérios diagnésticos e as condicdes médicas associadas a esta
sindrome com vistas a um diagnéstico precoce e um manejo adequado. A abordagem
desses pacientes deve ser ampla e multidisciplinar, avaliando a obesidade, as
disfuncdes respiratérias e as comorbidades relacionadas.

O tratamento das disfuncbes respiratorias é fundamental neste grupo de
pacientes, tendo em vista a melhora em inUmeros parametros, como por exemplo nas
trocas gasosas, na sonoléncia diurna e na qualidade de vida. Diversos modos de
pressdo positiva tém sido utilizados nesses pacientes visando a estabilidade
respiratoria e melhorias clinicas. Devido a esta condicdo clinica estar muito
frequentemente associada a SAOS, grande parte dos pacientes ira responder ao uso
de CPAP, tendo em vista 0 componente de obstrucdo de via aérea superior. Mesmo
pacientes que inicialmente ndo respondem ao CPAP podem, apds um periodo inicial
de adaptacéao, apresentar bons resultados com o uso deste modo de PAP. Entretanto,
alguns pacientes, especialmente pacientes com SOH sem SAOS grave associada,
podem necessitar de uso de ventilacdo ndo invasiva para obter estabilidade
respiratoria.

Assim, devido a heterogeneidade desta sindrome, cada paciente deve ser
manejado individualmente, ndo havendo um guideline para o tratamento da SOH. Esta
metanalise mostra que a maior parte dos pacientes pode iniciar o tratamento com o
uso de CPAP, um aparelho mais simples e de menor custo, desde que haja um
acompanhamento cuidadoso dos parametros clinicos e laboratoriais.

Novos estudos devem ser encorajados com vistas a esclarecer questdes ainda
pendentes, como os desfechos a longo prazo com o uso de pressao positiva neste

grupo de pacientes.



9.APENDICE

Appendix - Literature search strategy used for the MEDLINE database

#1 | Search ("Obesity Hypoventilation Syndrome"[Mesh] OR "Obesity
Hypoventilation Syndrome" OR “Hypoventilation Syndrome, Obesity” OR
“Syndrome, Obesity Hypoventilation” OR “Pickwickian Syndrome” OR
“Syndrome, Pickwickian” OR “Obesity-Hypoventilation Syndrome”)

#2 | Search ("Positive-Pressure Respiration"[Mesh] OR "Positive-Pressure

Respiration" OR “Positive Pressure Respiration” OR “Positive-Pressure
Respirations” OR “Respiration, Positive-Pressure” OR “Respirations,
Positive-Pressure” OR “Positive-Pressure Ventilation” OR “Positive
Pressure Ventilation” OR “Positive-Pressure Ventilations” OR
“Ventilation, Positive-Pressure” OR “Ventilations, Positive-Pressure” OR
“Positive End-Expiratory Pressure” OR “End-Expiratory Pressure,
Positive” OR “End-Expiratory Pressures, Positive” OR “Positive End
Expiratory Pressure” OR “Positive End-Expiratory Pressures” OR
“Pressure, Positive End-Expiratory” OR “Pressures, Positive End-
Expiratory” OR "Noninvasive Ventilation"[Mesh] OR "Noninvasive
Ventilation" OR “Noninvasive Ventilations” OR “Ventilation, Noninvasive”
OR “Ventilations, Noninvasive” OR “Non-Invasive Ventilation” OR “Non-
Invasive Ventilations” OR “Ventilation, Non-Invasive” OR “Ventilations,
Non-Invasive” OR “Non Invasive Ventilation” OR “Non Invasive
Ventilations” OR “Ventilation, Non Invasive” OR “Ventilations, Non
Invasive” OR "Continuous Positive Airway Pressure"[Mesh] OR
"Continuous Positive Airway Pressure" OR “CPAP Ventilation” OR
“Ventilation, CPAP” OR “Biphasic Continuous Positive Airway Pressure”
OR “Bilevel Continuous Positive Airway Pressure” OR “Nasal
Continuous Positive Airway Pressure” OR “nCPAP Ventilation” OR
“Ventilation, nCPAP” OR “Airway Pressure Release Ventilation” OR
“‘APRV Ventilation Mode” OR “APRYV Ventilation Modes” OR “Ventilation
Mode, APRV” OR “Ventilation Modes, APRV”)



https://www.ncbi.nlm.nih.gov/pubmed
https://www.ncbi.nlm.nih.gov/pubmed

Search ((randomized controlled trial[pt] OR controlled clinical trial[pt] OR
randomized controlled trialsimh] OR random allocation[mh] OR double-
blind method[mh] OR single-blind method[mh] OR clinical trial[pt] OR
clinical trialsfmh] OR (“clinical trial"[tw]) OR ((singl*[tw] OR doubl*[tw] OR
trebl*[tw] OR tripl*[tw]) AND (mask*[tw] OR blind*[tw])) OR
("latinsquare"[tw]) OR placebos[mh] OR placebo*[tw] OR random*[tw]
OR research design[mh:noexp] OR follow-up studiesimh] OR
prospective studiesimh] OR cross-over studies[mh] OR control*[tw] OR
prospectiv*[tw] OR volunteer*[tw]) NOT (animal[mh] NOT human[mh]))

Search #1 AND #2 AND #3
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