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RESUMO

Introducdo: A apneia obstrutiva do sono (AOS) €& um distarbio
respiratorio caracterizado pelo colapso da via aérea superior com importante
prevaléncia na populacdo em geral e especificamente nas doencas
neuromusculares. Objetivo: Verificar a eficacia do teste da pressdo negativa
expiratéria (PNE) como proposta de screening para AOS em pacientes com
Miastenia gravis. Método: Participaram deste estudo 15 pacientes (12
mulheres) provenientes do Setor de |Investigagdo de Doencas
Neuromusculares e Associagdo Brasileira de Miastenia Grave, os quais foram
submetidos a polissonografia basal noturna (PSG), espirometria,
manovacuometria e teste da PNE. Resultados: A média de idade foi de 41,46
+ 11,32 anos, peso médio de 78,4 + 15,28 kg e o indice de massa corporea
médio foi de 29,34 + 5,3kg/m?. As variaveis fisiolégicas do sono observadas na
PSG chamam a atencédo para a saturacao periférica minima de oxigénio, para a
laténcia e tempo total de sono REM, IAH e tempo de ronco. O IAH médio foi de
17,5 + 21,7 sendo a maioria eventos obstrutivos. A analise estatistica para
verificacdo da existéncia de correlacdo entre as variaveis PNE e IAH mostrou
um R de -0,5 com um valor de p= 0,06 e, para PNE/IDO/h um R -0,45 com um
valor de p= 0,08. Quando correlacionamos os valores obtidos no teste de PNE
com pressdes de -6 e -10cm/H20 observamos uma excelente correlacdo de R
= 0,825 com um p = 0,0000. Em relagédo ao questionario clinico de Berlim, dos
quinze pacientes avaliados apenas um apresentou baixo risco para AOS. As
analises estatisticas para verificacdo da existéncia de correlacdo entre as
variaveis antropométricas, fisiolégicas da PSG, escala de Epworth e
questionario de Berlim mostram valores significativos apenas para o IMC,
circunferéncia abdominal e IAH. Concluséao: Pacientes com MG apresentam
reducdo das pressdes maximas ventilatorias associado a funcdo pulmonar
normal. Também apresentam um consideravel IAH associado a queda da
saturacdo da oxihemoglobina e reducdo do sono REM, com consequente
presenca de sonoléncia excessiva diurna e alto risco para AOS. Embora néo
tenha sido observado uma correlacéo entre o teste do PNE com o IAH, nossos
dados mostram que pacientes com Myasthenia gravis com AOS moderada-
grave apresentam grande reducédo do V0,2%.

Palavras-chave: Miastenia gravis; Apneia obstrutiva do sono; Vias aéreas

superiores, Pressdo negativa expiratoria, Screening.
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Abstract

Introduction: Obstructive sleep apnea (OSA) is a breathing disorder
characterized by the collapse of the upper airway and has significant
prevalence in the general population and specifically in neuromuscular
diseases. Objective: To determine the effectiveness of the negative expiratory
pressure (NEP) test as a screening to the OSA in myasthenia gravis patients.
Method: The study included 15 patients (12 women) from the Setor de
Investigacdo de Doencas Neuromusculares and Associacdo Brasileira de
Miastenia  Grave (ABRAMI), which  underwent overnight standard
polysomnography (PSG), spirometry, manovacuometer and NEP test. Results:
The mean age was 41.46 + 11.32 years, mean weight of 78.4 + 15.28 kg and
the mean body mass index was 29.34 + 5,3kg / m2. The physiological variables
of sleep observed in PSG draw attention to the oxygen saturation nadir, for the
sleep latency and total sleep rapid eyes movement (REM) time, apnea-
hypopnea index (AHI) and snoring time. The mean AHI was 17.5 + 21.7, being
most obstructive origin events. Regarding the Berlin Questionnaire, only one of
the fifteen patients evaluated presented low risk for OSA. Regarding the
Epworth Sleepiness Scale, we observed that six patients (40%) did not
presented excessive daytime sleepiness, three (20%) had mild drowsiness, five
individuos presented moderate (33.4%) and only one patient (6.6%) was
classified with severe excessive daytime sleepiness with a score of 22 to a
maximum of 24 points. The statistics analyses verify the existence of correlation
between anthropometric variables, physiological PSG variables, Epworth
Sleepiness Scale and Berlin questionnaire show higher values for body mass
index (BMI), waist circumference and AHI. Conclusion: We can conclude that
patients with MG have lower values of ventilatory maximum pressures
associated with normal lung function. They also feature a considerable number
of sleep disordered breathing associated with fall oxyhemoglobin saturation and
reduced REM sleep, with consequent presence of excessive daytime
sleepiness and high risk for OSA. Although we did not observe a correlation
between the PNE test with AHI, our data show that patients with moderate-
severe OSA have greatly reduced V0,2% (<20%).

Keywords: Negative expiratory pressure, Screening, Obstructive sleep apnea,
Myasthenia gravis, Sleep disturbes.
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1. CONTEXTUALIZACAO
1.1 - Definicéao

A miastenia gravis (MG) € uma doenca crbnica autoimune caracterizada
por fraqueza progressiva e fadiga dos musculos esqueléticos, devido a uma
anormalidade na juncdo sinptica entre o nervo e as fibras musculares. A
gravidade da doenca depende dos grupos musculares envolvidos, variando de
casos leves, com sintomas puramente oculares, para casos graves, com

fraqueza muscular generalizada, incluindo, insuficiéncia respiratéria. (1)

A sua prevaléncia tem sido relatada como 2-7 / 10 000 habitantes no
Reino Unido, (7 - 2) e cerca de 1/ 10 000 em cidadaos americanos entre as
idades de 20 e 40 anos, sendo as mulheres mais comprometidas do que 0s
homens, na proporgéo de 3:2. (2-4) A MG é classificada de acordo com a fase
de inicio, a presenca ou auséncia de anticorpos anti receptores de acetilcolina
(RACh) e guanto a etiologia da doenca. De acordo com o periodo de inicio, a
doenca pode ser classificada como auto-imune neonatal ou adulto transitéria. A
MG neonatal é transitoria devido a transferéncia de anticorpos anti-RACh

maternos através da placenta para o recém-nascido. (5)

Apenas 10 a 15% dos recém-nascidos com estes anticorpos manifestam
os sintomas da doenca (hipotonia, choro fraco e dificuldade respiratéria) nas
primeiras horas de vida. Os sintomas geralmente desaparecem
espontaneamente de 1 a 3 semanas, embora possa ser necessario um

tratamento de suporte temporario e administracao de piridostigmina. (6)

De acordo com a presenca ou auséncia de anticorpos anti-RACh, a
doenca pode ser classificada como soropositiva ou soronegativa. A
soropositiva € a mais comum e mais estudada das MG auto-imune, onde
aproximadamente 85% dos pacientes apresentam a MG generalizada e 50% a
60% a forma ocular com o teste positivo para anticorpos anti-RACh por

radioimunoensaio. A soronegativa, compromete cerca de 10% a 20% dos
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pacientes com MG adquirida, sendo que estes ndo possuem anticorpos anti-
RACh detectaveis por radioimunoensaio. (7)

De acordo com a classificagdo de Osserman, a MG adquirida foi
inicialmente dividida em tipos I, 1I-A e 1I-B, Il e IV, em relacdo ao surgimento
dos sintomas, sua gravidade e distribuicdo anatdmica nos grupos musculares.
(8) Posteriormente, esta classificacdo foi modificada por um comité da
Myasthenia Gravis Foundation of America, visando a padronizacéo para fins de
pesquisa. Temos a Classe I: forma ocular pura; Classe Il: forma generalizada
leve; Classe lll: forma generalizada moderada; Classe IV: forma generalizada
grave; a: predominio apendicular e/ou axial; b: predominio orofaringeo e/ou

respiratério; Classe V: insuficiéncia ventilatoria com ventilagcdo mecanica. (5)

A crise miasténica € uma exacerbacdo da MG levando a paralisia
progressiva transitéria dos muasculos respiratorios, geralmente causada por
infecgOes altas doses de esteroides ou tratamento inadequado, 0 que requer o
suporte ventilatorio urgente, geralmente em unidade de terapia intensiva. Além
de se submeterem a suporte ventilatério e antibidticoterapia, a gestao de
fluidos e terapia medicamentosa anticolinesterase sao necessarios. A
plasmaférese ou tratamento de imunoglobulina intravenosa também pode ser

necessaria para o controle imediato da crise. (9)

1.2 - Diagnostico e Tratamento da MG

Nos dultimos anos, tem se observado avancos significativos no
diagnéstico e tratamento da MG. A doenca geralmente era extremamente
incapacitante e muitas vezes fatal, justificando a denominagao de “gravis” no
passado. O diagnéstico clinico fundamenta-se na histéria do paciente sendo
complementado pela eletroneuromiografia com estimulagéo nervosa repetitiva

e dosagem dos anticorpos contra os RACh. (10)

As opgOes terapéuticas mais modernas tém se mostrado altamente
eficazes. Antes de 1958, a doenca apresentava uma mortalidade cerca de
30%, apesar do tratamento. Esta mortalidade foi reduzida praticamente a zero

com as atuais terapias. No entanto, a imunoterapia moderna tem melhorado
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dramaticamente o prognostico e quase todos os pacientes sdo capazes de
levar uma vida plena e produtiva. (11)

Porém, ainda ndo se sabe quais os fatores que iniciam e mantém a
resposta autoimune na MG. Ainda ndo existe cura para a MG, mas existem
medicamentos que favorecem a permanéncia da acetilcolina na juncao
neuromuscular e outros que reduzem a producdo de anticorpos contra 0s

receptores da acetilcolina.

Os corticosteroides e 0s imunossupressores também sao recursos
farmacoldgicos utilizados no tratamento dessa doenca. A plasmaferese tem-se
mostrado Util em alguns casos, mas apresenta o0 inconveniente de produzir
efeitos de curta duracdo. Os resultados da retirada do timo também sé&o
discutiveis. (11-13)

1.3 - Sinais e sintomas da MG

Normalmente, os pacientes apresentam uma historia de fraqueza e
fadiga dos musculos esqueléticos em atividades sustentadas ou repetidas com
melhora apés o repouso. Os sintomas variam de dia para dia e de hora a hora,
geralmente aumentando ao final do dia e comeco da noite. Os fatores mais
conhecidos por aumentar a fragueza incluem esforcos repetitivos, altas
temperaturas, infeccdes, alteragcbes emocionais, certos medicamentos (por
exemplo, aminoglicosideos, fenitoina, anestésicos locais), pos cirurgias, fluxo
menstrual e gravidez. Os musculos mais comprometidos em ordem
decrescente de frequéncia sdo os elevadores das palpebras, musculos extra-
oculares, musculos proximais dos membros, masculos da expresséo facial e

extensores do pescoco. (8)

Os musculos oculares externos sédo afetados inicialmente em cerca de
50% e na fase avancada em 90% dos casos. A ptose palpebral que muitas
vezes € parcial, podendo ser unilateral, € uma caracteristica de apresentagdo
comum, muitas vezes de natureza flutuante. (14) Inicialmente, os musculos

mais comprometidos sdo o elevador da palpebra, os musculos extra-oculares,
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orbiculares, musculos faciais, musculos da mastigacao, degluticdo, fonacao,

pescoco, ombro e musculos do quadril. (3)

O comprometimento respiratério na MG é geralmente atribuido a
fraqueza do musculo diafragma e dos musculos acessorios da ventilacdo, no
entanto, a obstrucdo das vias aéreas superiores pode ter outra causa de
comprometimento respiratério na MG. (15-17)

1.4 - Associacao dos disturbios do sono e MG

A presenca de distarbios do sono em pacientes com doencas
neuromusculares nem sempre é Obvia, e muitas vezes o0s pacientes atribuem
0s sintomas como sonoléncia diurna e fadiga a sua doenca neurologica de
base. Além disso, os sintomas se desenvolvem frequentemente de forma
progressiva, dificultando a percepcdo, no entanto, os distirbios do sono,
particularmente os distarbios respiratérios do sono (DRS) surgem como uma
das principais causas de morbimortalidade em pacientes com doencas
neuromusculares. Portanto, € extremamente importante que profissionais da

saude conhecam as manifestacdes de distubios do sono nesta populagao.

O sono pode comprometer negativamente a ventilagdo e a mecanica da
respiragdo em pacientes com doengcas neuromusculares, e se existirem
distarbios respiratérios do sono associados pode ocorrer piora da funcdo
cardiopulmonar. Sdo escassos 0s estudos que descrevem a respiracao
durante o sono em pacientes com MG, embora alguns observaram a presenca

dos DRS nesses pacientes. (18-20)

1.5 - Apneia Obstrutiva do Sono

Apneia do sono é definida como a cessacdo completa do fluxo aéreo por
um tempo maior do que 10 segundos, sendo considerada apneia obstrutiva do
sono (AOS) quando associada ao esforgo inspiratorio durante o periodo de
auséncia de fluxo. A hipopneia é definida como uma reducdo de pelo menos

30% no sinal de fluxo respiratério por um tempo maior do que 10 segundos,
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associada a uma dessaturacdo da oxihemoglobina de 4%. O indice de
apneia/hipopneia (IAH) é definido e calculado através do numero total de
eventos respiratorios (apneias e hipopneias) por hora de sono. (21)

Apo6s a doenca pulmonar obstrutiva créonica (DPOC) e a asma, a AOS é
a doenca respiratoria mais importante e difundida, comprometendo de 3% a 7%
da populacdo masculina e 2% a 5 % da populacdo feminina entre os 40 e 65
anos de idade na populacdo geral, no mundo ocidental. (22) No Brasil, um
estudo conduzido na cidade de Sédo Paulo envolvendo 1042 participantes,

submetidos a PSG, mostrou uma consideravel prevaléncia da AOS.

Segundo os autores, a AOS foi observada em 32,8% dos envolvidos,
homens e mulheres com média de idade de 42 + 14 anos. Considerando um
IAH maior de 15, foi observada a prevaléncia de 24,8% (21,0 — 29,1) para
homens e de 9,6% (7,4 — 12,3) para as mulheres. (23)

A AOS tem uma importante implicacdo social relacionada a acidentes
(24), riscos cardiovasculares (25, 26) implicacdes neuropsicologicas (27),
reducdo da qualidade de vida (28) e aumento da utilizacdo dos recursos de

saude (29, 30) que, se subdiagnosticada, pode trazer graves consequéncias.

O aumento da colapsabilidade da via aérea superior, € um dos principais
determinantes da AOS (31, 32), porém, 0 mecanismo responsavel por esse
colapso da faringe durante o sono permanece incerto. Alguns estudos
identificaram como causas, fatores anatémicos (33, 34), alteracdo do controle
neuromuscular (35, 36), acimulo de liquidos e ou tecido adiposo (33, 37) que

podem predispor o colapso da faringe durante o sono em pacientes com AOS.

O diagnéstico padrdo ouro da AOS ¢é realizado através da
polissonografia basal noturna (PSG), que consiste na avaliacdo dos estagios
do sono e da vigilia, respiracéo, funcdo cardiovascular e movimentos corporais
através do registro simultaneo de variaveis do eletroencefalograma, eletro-
oculograma e eletromiograma, além de registros do fluxo aéreo, do esforco
ventilatorio, do eletrocardiograma, da oximetria digital de pulso, da atividade

muscular de membros inferiores, do ronco e da posi¢ao corporal. (38, 39)
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2. FISIOPATOLOGIA DA OBSTRUCAO DA VIA AEREA ALTA

O colapso das vias aéreas superiores (VAS) na AOS tem sua
fisiopatologia heterogénea, ainda n&o completamente compreendida e
multiplas causas podem estar presentes. Portanto, sua patogénese é

multifatorial, apresentando uma grande variedade entre a populagéo. (40)

2.1 - Anatomia das vias aéreas superiores

A faringe, estrutura complexa com diversas fungcbes como degluticao,
respiracdo e fonacdo é composta de mais de 2 dezenas de musculos. Com o
desenvolvimento da fonacdo, a faringe tornou-se mais alongada nos seres
humanos, comparada a outros mamiferos e, como consequéncia 0 0sso hibide
perdeu a conexdo com o processo estiloide, visto em outros mamiferos. O 0sso
hidide exerce importante funcéo estabilizadora da faringe, recebendo insercao
de alguns musculos dilatadores. Desta forma, a faringe tornou-se mais
colapsavel no ser humano, devido a sua mobilidade e falta de conex&o

esquelética do osso hioide. (41, 42)

A anatomia cranio-facial e a sua interacdo com as partes moles das VAS
superiores desempenham papel importante na génese da AOS. Desta forma, a
hipertrofia tonsilar, a retrognatia e a redugcéo do corpo mandibular podem estar
associados a AOS. (43-47)

A distribuicdo central de tecido adiposo pode aumentar a circunferéncia
cervical, ocorrendo deposicdo de gordura na lingua e ao redor das vias aéreas
superiores, além do aumento das paredes laterais da faringe. (48-49) O
aumento das partes moles circundantes pode reduzir o didmetro da VAS,
aumentando o risco para a AOS. (50, 51) Este aumento das partes moles
associado a uma anatomia reduzida (como na retrognatia), aumenta o risco de
AOS. Ao contrario, diante de uma anatomia cranio-facial normal, o mesmo

aumento das partes moles pode representar risco menor para desenvolver
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AOS. (52)

Outro fator muito discutido ultimamente, que pode contribuir para
aumento das partes moles e consequente reducdo do diametro das VAS é o
deslocamento de fluidos corporais dos membros inferiores em direcédo cefalica
durante o sono em decubito, aumentando a circunferéncia cervical devido ao
aumento do volume extraluminal, refletindo em aumento da resisténcia aérea,
predispondo a AOS. White, Bradley e Logan em 2014 observaram uma elevada
prevaléncia de AOS em estados de retencdo de fluidos, incluindo hipertenséao,
associado a uma relacdo direta entre a gravidade da doenca e o volume de

fluido deslocado das pernas para o pescoc¢o durante o sono. (53)

2.2 Obesidade

A obesidade pode reduzir substancialmente os volumes pulmonares,
principalmente em seu extremo, devido aumento do volume abdominal e
impedimento mecanico da caixa toracica, acentuando-se com o decubito. Ela
também produz o aumento da circunferéncia cervical e constitui o principal fator

de risco para AOS.

Com o decubito dorsal durante o sono, os volumes pulmonares reduzem-
se mais ainda, devido ao aumentando da pressdo abdominal e consequente
restricdo de movimentacdo do musculo diafragma. Os volumes pulmonares
normais exercem tracdo traqueal através de estruturas mediastinais que
tensionam as paredes laterais da faringe, aumentando seu diametro. A reducéo
destes volumes compromete a tracdo traqueal durante a negativacdo da
pressao intratoracica devido ao descenso do diafragma, levando a um aumento

da espessura da parede faringea e estreitamento da via aérea. (54, 55)

2.3 — Gravidez e Disturbios respiratérios do Sono

A gravidez esta associada a muitas alteracdes fisioloégicas e hormonais,

comprometendo a estrutura do sono e podendo colocar a mulher gravida em
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risco de desenvolver DRS ou agravar uma AOS preexistente. O ronco, a
manifestagdo mais frequente dos DRS, geralmente se encontra aumentado
durante a gravidez.

A exata prevaléncia da AOS na gravidez, € ainda pouco esclarecida.
Como a reserva de oxigénio é reduzida na gravidez, a presenca de episodios
de apneia, frequentemente associados a dessaturacdes da oxihemoglogbina,
pode ser potencialmente prejudicial ao feto. A AOS esta associada ao risco
aumentado de hipertensdo arterial sistémica na populacdo geral, o que

aumenta o risco de hipertenséo na gestacao e preeclampsia. (56)

As alteracbes hormonais e fisiolégicas que ocorrem durante a gravidez
aumentam o risco para DRS (ins6nia, sonoléncia diurna, SPI) e para os DRS
(ronco, resisténcia aumentada das vias aéreas superiors e apneia obstrutiva do
Sono). Estima-se que 10-27% das mulheres gravidas podem sofrer de ronco
habitual9 e ha cada vez mais evidéncias que sugerem que a apnéia do sono e
ronco durante a gravidez estdo associados com um risco aumentado de
hipertensdo gestacional e pré-eclampsia. SDB e curta duracdo do sono em
mulheres gravidas também podem estar associada com o risco de diabetes

gestacional. (57)

Portanto, ha evidéncias que a curta duracdo do sono e ma qualidade
estdo associados ao sofrimento materno e fetal. Os mecanismos envolvidos
podem incluir a ativagcdo do sistema nervoso simpatico (aumento do tdnus
adrenérgico, que predomina durante a vigilia e despertares), aumento do
estresse oxidativo, inflamacdo e disfuncdo endotelial (relacionados a

morbidade cardiovascular) e resisténcia insulinica. (56, 57)

2.4 - Fatores neuromusculares

O musculo genio-glosso € o principal musculo da lingua e um dos
principais dilatadores da faringe. Durante o ciclo respiratorio os musculos
dilatadores da faringe séo ativados de forma tdnica (continua) e féasica
(intermitente), estabilizando a VAS, evitando o colapso da faringe durante a

inspiragdo, quando é gerada a pressdo negativa na via aérea. Também sdo
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estimuladas as fibras proprioceptivas na faringe, aumentando a atividade
muscular dilatadora (58). Este mecanismo protetor parece estar comprometido
na AOS.

Foi demonstrado que, a atividade dos musculos dilatadores como o
genioglosso e tensor palatino esta aumentada na AOS durante a vigilia,
quando comparado com individuos normais e o tratamento com pressdo
positiva reduz sua atividade. (59) Durante o sono h& perda da aferéncia pré-
motora tonica e da ativagcdo muscular reflexa (proprioceptiva), reduzindo a

atividade eletromiografica, com risco de colapso.

O menor diametro da faringe encontrada nos pacientes com AOS pode
ser responsavel por esta hiperatividade muscular. Com o progredir do sono,
nos estagios 2 e 3 até o sono REM, observa-se a reducdo progressiva da
atividade tonica e fasica dos muasculos dilatadores da faringe, favorecendo ao
colapso da VAS. (60) A oclusado e reabertura ciclica da via aérea pode levar a
lesdo muscular e nervosa, que poderia prejudicar a ativacdo reflexa da

musculatura dilatadora da faringe durante um episodio de apneia. (61)

2.5 - Instabilidade ventilatoria

Durante o sono o0 controle ventilatério € dependente dos
guimioreceptores centrais, com a pressdo parcial arterial de gas carboénico
(PaCO2) variando de acordo com a concentracdo do hidrogénio ionte (H+) e
quimiorreceptores periféricos, variando de acordo com a pressao parcial arterial
de oxigénio (Pa0O2) e PaCO2), perdendo importante influéncia do tdnus de

vigilia.

Com o avancar das fases do sono, observamos o aumento do
relaxamento muscular e da resisténcia das VAS, elevando a PaCO2 alguns
milimetros de mercurio (mmHg) acima do valor basal de vigilia (45 mmHg). O
limiar apneico encontra-se aumentado, favorecendo o aparecimento de eventos

de apneias centrais, caso a PaCO2 desca abaixo deste limiar.

A resposta ventilatéria a uma determinada variacdo na PaO2 ou na

PaCO2, conhecida como quimiosensibilidade, pode variar bastante entre
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individuos e de acordo com a patologia. Altas respostas quimiosensitivas
podem colocar o paciente em risco de instabilidade ventilatoria devido a sua

resposta hiperventilatéria exacerbada a um pequeno estimulo quimico.

A instabilidade ventilatoria também pode ocorrer devido a um retardo do
tempo de estimulo, como nos quadros de insuficiéncia cardiaca. A tendéncia a
instabilidade depende do sistema de controle chamado de loop gain (térmo de
engenharia para sistemas controlados por retorno negativo ou retro-
alimentacédo), como ocorre na resposta ventilatdria a um distdrbio, como um

evento apneico. (62)

Dada a situacédo, pacientes com elevada quimiosensibilidade (alto loop
gain) provavelmente, irdo hiperventilar acentuadamente para um determinado
distarbio, podendo reduzir a PaCO:2 abaixo do limiar apneico, seguido de uma
hipoventilagdo e consequente apneia. Da mesma forma, um paciente com
atraso no sistema de retroalimentacdo, como na insuficiéncia cardiaca, pode
prolongar sua hiperventilacdo e, também, subsequente aumentar a
instabilidade ventilatéria. H4 dois modos de controles do ganho do sistema
controller gain e plant gain, que sdo os maiores determinantes do loop gain e,

portanto, da estabilidade ventilatéria. (63)

O loop gain avalia a resposta ventilatéria em relacdo a um distarbio
ventilatério, como uma apneia e verifica a tendéncia de instabilidade do sistema
de controle. O loop gain é igual a resposta ventilatéria dividida pelo distarbio
ventilatorio e quando maior que 1 reflete uma resposta ventilatoria exagerada
em relacdo ao disturbio primério, indicando instabilidade ventilatéria. Quando o

loop gain € menor que 1, ele reflete a estabilidade ventilatéria. (64, 65)

2.6- Diferenca entre genero

Alguns estudos epidemiologicos mostram maior prevaléncia da AOS
entre os homens, podendo chegar ao dobro das mulheres, embora entre elas
aumente a prevaléncia ap0s a menopausa e outras condicbes como a

sindrome do ovario policistico. (66) Estudos recentes mostraram que a
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colapsabilidade da VAS dos homens é maior do que a das mulheres,
possivelmente por diferengas anatdmicas, como 0 maior comprimento da VAS

nos homens. (67-69)

No entanto, a mulher pdés-menopausa tem a VAS maior quando
comparado com a mulher pré-menopausa. (70) A deposi¢éo central de gordura
com aumento da circunferéncia do pescoco pode refletir a influéncia hormonal.
(71) O limiar de apneia é mais baixo nas mulheres, fazendo com que as
oscilagdes ventilatérias com queda da PaCO:2 mais dificilmente promovam o0s
eventos apneicos, protegendo-as. Estes fatos podem explicar a maior
instabilidade ventilatdria entre os homens, favorecendo a maior prevaléncia de

AOS quando comparados as mulheres. (72)

2.7-ldade

A deposicao de gordura ao redor da faringe aumenta com a idade e
contribui para agravamento da AOS, concorrendo também para este
agravamento a provavel reducéo do reflexo ocasionado pela pressao negativa

nas VAS para evitar o colapso da faringe. (73, 74)

2.8- Determinantes mecanicos da paténcia das VAS

O calibre da faringe humana durante o sono é influenciado por fatores
similares aqueles que determinam o calibre de qualquer tubo colapséavel.
Outros exemplos biolégicos incluem o colapso dos capilares pulmonares no
apice dos pulmdes e o colapso das vias aéreas intratoracicas com a expiracao
forcada. Gold e Schwartz (1996) desenvolveram o modelo do resistor de
Starling, que consiste de um tubo colapsavel (faringe) dentro de uma caixa
selada interposta por dois segmentos rigidos (nariz e laringe), para explicar a

relacéo entre presséo e fluxo na VAS. (75)

A presséo tecidual é constante na auséncia de atividade muscular

dilatadora da faringe, correspondendo a presséo dentro da caixa e fora do tubo
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colapséavel. O colapso ocorre quando a pressao na faringe € menor que a
pressao tecidual. Ao contrario, se a pressado na faringe é maior que a pressao
tecidual, esta permanece aberta. Entdo, a pressao tecidual € igual a pressao
critica de fechamento da faringe (Pcrit), definida como a pressédo nasal em que

ocorre fechamento da faringe e auséncia de fluxo aéreo. (75)

A pressao a montante (nasal) menos a Pcrit define o gradiente de
pressdo durante o fluxo aéreo pelo sistema e ndo sofre influéncia da pressao
traqueal e sim das estruturas anatdbmicas a montante (resisténcia nasal).
Desenvolve-se limitacdo ao fluxo aéreo quando se reduz a pressédo nasal,
diminuindo o gradiente de pressédo. Nesta condicdo de limitacdo ao fluxo, a
pressdo nasal é maior que a presséao traqueal, que é igual Pcrit. A limitacdo ao

fluxo persistird até que a pressao nasal se iguale a Pcrit, quando o fluxo cessa.

Reduzindo-se a pressado nasal até a cessacao do fluxo, determina-se a
Pcrit. Esta medida fornece informacdes importantes sobre o componente
anatbmico na AOS, bem como do componente funcional com a ativacdo da
musculatura dilatadora da faringe. A Pcrit de um individuo acordado é mais
negativa que durante o sono e mais positiva durante a anestesia ou paralisia
muscular. (76)

A Pcrit passiva € mensurada titulando-se o gerador de fluxo com
pressdo positiva continua na via aérea (CPAP) até a "holding pressure”
(auséncia de limitacdo ao fluxo) e reduz-se a pressdo nasal por algumas
respiracdes, realizando-se a avaliacdo da limitacdo ao fluxo sem que haja
tempo para ativar a musculatura dilatadora da faringe. Apés alguns minutos, a

avaliacéo é feita com a ativacdo da musculatura dilatadora (Pcrit ativa). (77)

A Pcrit € progressivamente positiva em individuos normais, com ronco,
hipopnéias e apnéias e pode variar em diversas situacdes como diferenca entre
géneros, entre jovens e idosos, posicao corporal e fases do sono. Para que
ocorra a obstrucdo da VAS, € necessario a interacdo entre predisposicéo
anatdbmica (Pcrit) e o distirbio no mecanismo neuromuscular dilatador da
faringe. (77)
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Assim, individuos obesos, com Pcrit elevada, se tiverem compensacéo
neuromuscular adequada, podem nao apresentar AOS. Por outro lado,
individuos magros, com Pcrit pouco alterada podem desenvolver AOS, caso
tenham compensacéo neuromuscular reduzida.

Os individuos obesos ou com alteracdes cranio-faciais tem maior
predisposicdo para AOS. No entanto, a anatomia desfavoravel pode ser
compensada pelo recrutamento da musculatura dilatadora da faringe. Assim, a
anatomia desfavoravel e a deficiéncia no sistema de controle neuromuscular
presentes simultaneamente, contribuem para o desenvolvimento da AOS. Mais
recentemente, diversos estudos tém mostrado a importancia destes fatores

anatdbmicos e ndo anatdémicos na etiopatologia da AOS. (78)

A presenca de uma faringe reduzida ou mais colapsavel (Pcrit alta ou
mais positiva), uma responsividade reduzida do musculo genioglosso durante o
sono (minimo aumento do EMG ao aumento da pressdo negativa na faringe),
um baixo limiar de despertar a reducdo do calibre da faringe (despertar
prematuro e instabilidade ventilatoria), um drive ventilatério central
hipersensivel (alto loop gain - resposta ventilatéria aumentada a um estimulo

menor).

Portanto, a gravidade da AOS pode ser reduzida através de
intervencgdes que diminuam a Pcrit, aumentem o limiar para despertar, reduzem

o loop gain e aumentem a atividade neuromuscular do genioglosso. (76-79)

Recentemente, alguns estudos se aprofundaram neste discurso e
grupos maiores de pacientes estado sendo estudados. Em 2013, um estudo com
0 objetivo de avaliar a contribuicdo dos diversos fatores, anatdmicos e nao
anatdmicos, na fisiopatologia da AOS foi realizado envolvendo 90 pacientes (69
com AOS e 21 controles). Os pacientes com AOS apresentavam um indice de
massa corporal (IMC) de 356 kgm2 e um IAH mediano de 39 (19, 67).

Um estudo observou que a Pcrit € mais positiva em pacientes com AOS,

comparado aos controles e, que pacientes com Pcrit menor que 2cmH20
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apresentaram AOS acentuada (IAH > 30), pacientes com Pcrit < -5 cmH20 né&o
apresentaram AOS (IAH < 10). Entretanto, houve consideravel sobreposi¢édo na
Pcrit entre os pacientes com AOS e controles na variagdo subatmosférica entre
-2 e -5 cmH20.

Segundo o0s autores, o limiar respiratério para despertar foi
significativamente maior (mais negativa) em pacientes com AOS comparado
aos controles, sendo que 13 destes pacientes apresentaram um baixo limiar
para despertar, responsividade reduzida do musculo genioglosso e grande loop
gain. (80)

Foram descritos quatro fenétipos e novas sugestées terapéuticas
baseadas nas alterac6es fisiopatoldgicas encontradas. A categoria 1, composta
de pacientes com alta Pcrit (positiva >2), 23% do total dos pacientes,
invariavelmente com AOS grave e 23 com vulnerabilidade em uma ou mais
alteracdes ndo anatbmicas (responsividade muscular do genioglosso, limiar

para despertar e loop gain). (80)

Para a categoria 1, foi indicado o uso de CPAP ou intervencao cirdrgica.
Na categoria 2, composta por 58% da amostra envolvida no estudo, pacientes
com Pcrit entre +2 e -2, moderada colapsibilidade e AOS moderadamente
grave. Esta categoria foi dividida em 2 subgrupos: A) auséncia de alteracéo
ndo anatdbmica predispondo a AOS (36%). Além do uso do CPAP alguma
intervencao anatdbmica pode ser requerida, como aparelho intraoral, cirurgia da

faringe, perda de peso e terapia posicional.

O sub grupo B, composto por pacientes com alteracdes funcionais
exercendo papel principal na génese da AOS e as interven¢des sendo dirigidas
a correcdo dos fatores ndo anatémicos. Neste sub grupo B, a oxigenoterapia,
reduz o loop gain, que se encontra aumentado, melhorando a gravidade da
AOS em até 50%. A acetazolamida também reduz o loop gain e a gravidade da
AOS em até 50%. A reinalacdo de CO:2 reduz gravidade da AOS em até 30%
diminuindo o controller gain. O uso do eszopiclone pode aumentar o limiar para

despertar em pacientes com baixo limiar e melhorar a AOS em até 45%.
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Na categoria 3, encontravam-se 19% dos pacientes com AOS,
apresentando uma Pcrit menor que -2 a -5 cmH20, em geral com formas leves
ou moderadas de AOS. Nesta categoria, combinam-se diversas alteracdes
fisiolégicas ndo anatdbmicas e o tratamento deve associar terapias como 0 uso

de oxigénio ou consolidag&o do sono. (80)

3 TESTE DE PRESSAO NEGATIVA EXPIRATORIA — PNE

Inicialmente, o método foi utilizado na avaliacdo da limitacdo ao fluxo
expiratorio (LFE) intratoracico em pacientes sob ventilagdo mecéanica invasiva
em terapia intensiva. (81) Posteriormente, o teste foi utilizado em pacientes
com DPOC, em respiracdo espontanea, sendo considerados fluxo-limitados
quando a aplicacdo da PNE n&o mostrava um incremento no fluxo durante a
por¢cdo terminal do volume corrente expiratorio comparado com valores prévios
da curva fluxo volume. (82, 83) Entretanto, foi observado posteriormente em
um estudo com individuos roncadores e outro envolvendo pacientes com
obstrucdo de VAS durante o sono, que o teste poderia levar a um colapso da
via aérea extratoracica, com uma queda do fluxo expiratério abaixo dos

volumes normais verificados na expiracéo controle precedente. (84, 85)

Mais recentemente, o teste da PNE também foi utilizado para verificar as
propriedades das VAS em sujeitos obesos e/ou AOS, sugerindo que, na
auséncia de obstrucdo aérea intratoracica, a resposta a aplicacdo da PNE

poderia refletir o grau de colapsabilidade da VAS. (86-91)

O teste é realizado aplicando uma pressdo negativa na cavidade oral
durante a expiracdo, com o paciente acordado, sentado ou em decubito dorsal.
O teste é de facil realizacéo, requerendo minima cooperacdo do paciente. A
PNE esta baseada no principio de que, na auséncia de LFE, o aumento no
gradiente de pressédo entre os alvéolos e a via aérea superior aberta causada

pela pressdo negativa pode resultar em um aumento do fluxo expiratorio. (90)
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A aplicacdo da PNE mostra um aumento rapido no fluxo, principalmente
pela compresséo dindmica da via aérea, caindo devido a complacéncia oral e
das estruturas do pescoco, determinada através do modo comum de razédo de
rejeicdo do transdutor diferencial de pressédo utilizado para avaliar o fluxo,
seguido de uma queda no fluxo, denominada delta fluxo (AV") de variavel grau
entre os sujeitos. A subita queda do fluxo é causada pelo aumento da
resisténcia na regido orofaringea, refletindo a colapsabilidade da via aérea

superior. (92)

4 JUSTIFICATIVA

A AOS é um DRS de alta prevaléncia na populacdo mundial, com uma
importante implicacdo social relacionada a acidentes de transito e de trabalho
além de potencilaizar o0s riscos cardiovasculares, com implicacfes
neuropsicolégicas e consequente aumento da utilizagdo dos recursos de
saude. A PSG, diagnostico padrao-ouro para a AOS, € um exame complexo
realizado durante a noite o qual demanda um laboratério bem equipado com
técnico especializado para realizagdo e leitura do exame. E, portanto, um
exame de alto custo e de disponibilidade limitada. A identificacdo de novos

marcadores para a AOS pode ser de grande utilidade e aplicacao clinica.

A utilizacdo do teste de PNE na deteccao da LFE permite a identificacéo
de sujeitos portadores de AOS e seu grau de gravidade. Trata-se de uma
técnica nao invasiva, de facil aplicacdo, baixo custo e que requer o minimo de
cooperacao do sujeito podendo ser utilizada como ferramenta de screening na

identificacdo de sujeitos portadores de AOS.

PropBe-se uma metodologia de baixo custo, rapida aplicabilidade e
realizado em vigilia, com a finalidade de uma nova estratégia de intervencao
preventiva que busque uma reducédo do impacto desta doenca em pacientes

com MG podendo se estender para outras doencas neuromusculares.
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5 OBJETIVOS

5.1 Objetivo Geral
Verificar se 0 método de pressao negativa expiratéria pode ser utilizado

como screening para a AOS em pacientes com MG.

5.2 Objetivos Especificos

1. Avaliar a funcdo pulmonar e as pressdes maximas inspiratéria e
expiratéria em pacientes com MG;

2. ldentificar a qualidade do sono, presenca de sonoléncia excessiva, risco
para AOS e prevaléncia de disturbios do sono em pacientes com MG;

3. Investigar se os valores do volume expirado em 0,2s apds a aplicacao
das pressGes negativas expiratérias de 6 e 10cmH20 na via aérea
superior estdo associados com a presenca e gravidade da AOS em
pacientes com MG.

6 METODO
6.1 Desenho do estudo

Foi realizado um estudo observacional transversal, no Laboratério de
Sono do Programa de Po6s-Graduacdo Mestrado e Doutorado em Ciéncias da
Reabilitagdo da Universidade Nove de Julho — UNINOVE. O desenho,
conducao e divulgacao deste estudo seguiram as normas do “Standards for the

Reporting of Diagnostic accuracy studies (STARD) statement”. (Figura 1).

6.2 Consideracdes éticas

A presente pesquisa obedeceu aos principios da Declaracdo de
Helsinque e as Diretrizes e Normas Regulamentadoras de Pesquisas
Envolvendo Seres Humanos formuladas pelo Conselho Nacional de Saude,
Ministério da Saude estabelecida em dezembro de 2012 no Brasil. Este
protocolo de estudo recebeu aprovacio do Comité de Etica em Pesquisa da
Universidade Nove de Julho (Brasil), sob processo n. 360.488 e esta registrada

junto a Organizagcdo Mundial da Saude (OMS) em Universal Trial Number
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(UTN) U1111-1147-7853 e o Registro Brasileiro de Ensaios Clinicos (REBEC)
RBR-7ckpdd. O Termo de Consentimento Livre e Esclarecido (TCLE) foi
exigido para a realizagdo de todos os procedimentos, sendo permitido o

afastamento a qualquer tempo sem 6nus.

Todos os procedimentos deste protocolo de pesquisa de diagndstico da
eventual presenca da AOS e de sugestdo terapéutica sdo de caracteristica
pessoal e reservada, tipica da relacdo terapeuta/paciente. Os pacientes que
foram diagnosticados com AOS foram encaminhados ao servico de Medicina
do Sono e orientados imediatamente quanto a um tratamento adequado e
idéneo no sentido de corrigir o disturbio do sono.

Elegiveis (n = 27)

Excluidos (n=12)
- Néo atende ram os critérios de
inclusio
- Recusarara participar
- Outros raotvos

Incluidos (n=15)

TCLE
Anaranese
Exame fisico

Espiroraetria
Pressfies ventilatérias radximas Excluidos (n=0)
- Descon@nuaram a pesquisa
-Outras razées

Sem obstrucdo brénquica (n=15) Com obstrucéo brénauica (n=0)

Polissonografia e
Tesie da PNE Questiondrios
{(Epworth e Berlim)

/

Andlise dos dados

Figura 1. Fluxograma do estudo.
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6.3 Populacéao

Foram envolvidos pacientes com MG recrutados prospectivamente do
Setor de Investigacdo de Doencas Neuromusculares da Universidade Federal
de S&o Paulo e encaminhados ao Laboratorio de Sono da UNINOVE. Como
critérios de inclusdo, foram observados que a amostra fosse composta por
pacientes com MG, de ambos o0s sexos, na faixa etaria de 18 a 75 anos,
aceitando participar voluntariamente do estudo, através da leitura e assinatura
do TCLE.

Foram excluidos da pesquisa sujeitos com doencas agudas ou crbénicas
cardiopulmonares que tenham sido submetidos a procedimentos cirdrgicos
recentes na regido da caixa toracica, padrdo ventilatério obstrutivo, historia de

acidente vascular cerebral, usuarios de drogas e abuso no consumo alcodlico.

6.4 Protocolo

Inicialmente, todos os pacientes encaminhados ao Laboratério do Sono
da UNINOVE foram convidados a participar do estudo, sendo esclarecidos
sobre todos os procedimentos. Os pacientes foram submetidos a uma consulta
médica com aprofundamento anamnésico, exame fisico contendo afericdo da
pressao arterial periférica, dados antropométricos, medidas de circunferéncias

(quadril, abdémen e pescoco), indice de Mallampati e avaliacdo de tonsilas.

ApoOs a consulta médica, os participantes deste estudo foram submetidos
a provas de funcdo pulmonar (espirometria), manovacuometria, teste de PNE,
realizacdo de PSG basal noturna e respoderam alguns questionarios de sono.
O teste de PNE foi realizado no laboratério do Sono da Universidade Nove de

Julho no mesmo dia da PSG.
6.5 Exame fisico
A avaliacdo do peso e altura foi realizada através de uma balanca

eletrbnica (modelo 200/5, Welmy Industria e Comércio Ltda, Sdo Paulo, Brasil).

O célculo do IMC foi realizado utilizando a classificagdo da Organizagado
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Mundial da Saude (OMS). (93) Para a avaliacdo dos indices de tonsilas e
Mallampati modificados, os sujeitos, em posicdo sentada, foram instruidos a
abrir a boca e protruir a lingua ao méaximo possivel. (94, 95)

A circunferéncia abdominal foi mensurada com o paciente em posi¢cao
ereta, em pé, no ponto médio entre a margem costal e a crista iliaca, ao final da
expiragdo normal. A circunferéncia de quadril foi verificada com o paciente na
mesma posicdo, ao nivel do trocanter maior. A circunferéncia de pescoco
mensurada com o paciente na posi¢cdo sentada, ao nivel da borda anterior da

cartilagem cricoide, com 0 pesco¢o em posi¢cao neutra.

6.6 Espirometria

As provas de fungdo pulmonar foram realizadas durante o dia, com o paciente
sentado em posicao cdmoda, com corpo ereto, sem apoio de membros superiores, por
meio do espirdmetro KoKo PFT System Versao 4.11 (nSpire Health, Inc; Louisville, CO,
USA) de acordo com as diretrizes nacionais para a realizacéo de provas de funcéo
pulmonar da Sociedade Brasileira de Pneumologia e Tisiologia (96) e European

Respiratory Society. (97)

Todos os exames foram realizados por fisioterapeutas e/ou médicos treinados
para obter a cooperacdo necessaria do paciente e operar apropriadamente o

equipamento visando assegurar resultados acurados e reprodutiveis.

6.7 Manovacuometria

A verificacdo das pressfes maximas ventilatorias inspiratoria (Plmax) e
expiratoria (PEmax) constitui o teste mais fisiologicamente adequado na
determinacao da forca muscular gerada pelos musculos ventilatorios. A PImax
€ um indicador da capacidade de ventilagdo no desenvolvimento de
insuficiéncia respiratoria, sendo indicado na avaliacdo do grau de anormalidade
e monitorizagdo do enfraguecimento dos musculos inspiratorios na evolugéo de

pacientes. (98)
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Os testes ocorreram no mesmo dia em que os pacientes realizaram a
espirometria, utilizando um manovacudmetro aneréide analdgico (GER-AR ®
Comeércio Produtos Médicos Ltda, SP, Brasil) com faixa de operacdo de 0 a £
300 cmH20. Os pacientes se encontravam sentados confortavelmente, com o
tronco em um angulo de 90 graus em relagdo as coxas e respirando em
repouso utilizando um clipe nasal. Foi utilizado um adaptador de bocal,
equipado com um orificio de cerca de 2 mm de diametro e 15 mm de
comprimento, a fim de proporcionar uma fuga de ar e, assim, impedir o
aumento de pressdo na cavidade oral, gerado pela contracdo dos musculos
orbiculares e bucinadores, evitando interferéncia nos resultados, como
recomendado. (99)

A Plmax foi verificada a partir da condicdo de volume residual (VR),
solicitando uma inspiracdo maxima apos uma expiracado maxima. A PEmax foi
obtida partir da capacidade pulmonar total (CPT) apds o paciente realizar uma

inspiracdo maxima. Os pacientes respiravam por alguns instantes em repouso.

A PEmax foi determinada por uma expiracédo forcada subita ap6s uma
inspiracdo méxima, atingindo a capacidade pulmonar total. Em cada caso, 0s
esforcos foram mantidos por pelo menos 1 segundo, sendo repetidos pelo
menos 3 vezes sendo considerado a melhor prestacdo, desde que este nao

seja superior a 10% ao valor da manobra anterior. (99)

6.8 Teste da PNE

O teste da PNE foi realizado através da aplicagdo de uma pressao
negativa na cavidade oral do paciente durante a expiracéo. E um teste pratico,
realizado durante a vigilia e requer pouca cooperacéo do sujeito. E baseado no
principio que, na auséncia de LFE, o aumento da pressao entre o alvéolo e a
via aérea aberta causado pela PNE resulta em um aumento do fluxo

expiratorio.

A PNE é gerada por um dispositivo Venturi circular (AeroMech Devices;
Almonte, ON, Canada) acoplado a um torpedo de ar comprimido conectado a
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uma valvula solendide (Norgren Ltd model 95004, Vimercate, M, Italy) operada
eletricamente. A valvula solendide possui um tempo de abertura de 50 ms,
sendo automaticamente ativada no inicio da expiragdo e permanecendo aberta
por 2s controlada por um software (DirecWin 2.18A; Raytech Instruments;

Vancouver, BC, Canada) (Figura 2).

O pneumotacografo (modelo 3830, Hans Rudolph, Kansas City, MO) é
conectado a peca bocal. O fluxo e pressédo na boca também foram mensurados
pelo pneumotacografo acoplado a um hardware (DirecNEP 200A; Raytech
Instruments) conectado ao software. As pressdes negativas de 10cmH20 séo
realizadas pela ocluséo total do pneumotacografo para o ajuste do fluxo do ar

comprimido para o sistema de Venturi.

‘ Pneumotacégrafo Amplificador de ar

I / / (f on/off _—| Vilvula solendide
| n"" > 5 i

," F'y
/|
| Transdutores
de pressao
Pressao Fluxo
na boca de ar
- v
Conversor A/D = =
fonte de ar
. —
C Oﬂlplltild()l' @ Controle da valvula ‘ toulpl‘llnldo
solendide

Figura 2. Esquema do teste da Pressao Negativa Expiratoria.
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Para este estudo, foram realizadas 10 manobras de aplicacdo de PNE,
sendo que cada uma realizada apds pelo menos quatro respiracdes regulares,
para estabilizacdo do padrdo ventilatorio. Os testes aconteceram com o
paciente na posicdo sentada confortavelmente em uma cadeira, tomando-se o
cuidado para que os pacientes mantivessem uma posi¢cdo comoda e 0 pescoco
em posicado neutra e relaxada, uma vez que a posicdo da cabeca possui
influéncia sobre a colapsabilidade da via aérea superior. (100)

Todas as manobras foram executadas durante respiracao tranquila, com
um clipe nasal e com os pacientes acordados. O sinal de fluxo e pressao na
boca é filtrado e mostrado a 200 Hz. Ambos os sinais digitais foram exibidos

em tempo real na tela e armazenados no computador para posterior analise.

A aplicagéo da PNE durante o volume corrente produz um pico de fluxo
imediato, seguido por uma queda repentina de grau variavel. A colapsabilidade
da via aérea superior € avaliada pelo valor de queda de fluxo (AV") expressa
em porcentagem do pico de fluxo imediatamente ap6s a aplicacdo da PNE.
Para evitar reacfes reflexas e voluntarias ao estimulo da PNE, o fluxo minimo

€ identificado nos primeiros 200ms da aplicacdo da PNE. (92)

A colapsabilidade da via aérea superior também foi avaliada pela medida
do volume expirado a 0,2s (Vo2) imediatamente apds a aplicacdo da PNE
(Figura 3). Estes valores sao expressos como porcentagem do volume
inspiratorio médio das trés respiracfes precedentes a aplicacdo da PNE. Os
volumes mensurados serdao aceitos somente se as diferencas entre inspiracéo
e expiracdo de cada uma das trés respiracdes precedentes forem abaixo de
10%. Os valores de Vo2 e AV’ (%) sdo calculados como a meédia de 7

manobras (31).
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Figura 3. Grafico do teste de Pressao Negativa Expiratéria
Nota: AV' - delta de queda de fluxo; Vo2 — volume expirado a 0,2 segundos

apos aplicacédo da PNE.

6.9Polissonografia basal noturna

O exame de PSG (monitorizacéo padréao — nivel 1) foi realizado utilizando-se um
sistema de analise de sono modelo Embla Somnologica Studio — EMBLA A10, versao
3.1.2. (Flaga hf. Medical Devices, Islandia) composto de 16 canais referentes a
eletroencefalograma, eletrooculograma, eletromiografia submentoniano e tibial,
eletrocardiograma, incluindo canais para oximetria digital, canal para respiracéo nasal
(canula), canal para transdutor de pressdo, canais para movimentos respiratorios

(cintas toracicas e abdominais do modelo Xtrace) e canal de posi¢éo corporal.

Os pacientes foram orientados a ficar de maneira mais relaxada
possivel, tranquilos e que adormecessem naturalmente, como se estivessem
em casa. Todos os sinais foram gravados continuamente durante todo o
periodo do exame de cada paciente. Durante toda a noite de estudo, 0s
pacientes foram acompanhados por um experiente técnico em PSG, o qual
permanecera monitorando o paciente durante toda a noite do exame. A leitura

dos exames foi realizada segundo as Diretrizes da American Academy of Sleep
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Medicine — AASM (38, 39) e critérios da Sociedade Brasileira de Sono,
manualmente por um técnico leitor especializado e os laudos dos exames

foram dados por médico especialista em Medicina do Sono.

6.10 Questionario clinico de Berlim

O questionario clinico de Berlim foi utilizado para identificar o risco de
AOS. Este questionario, de reconhecida eficacia clinica, distingue individuos
com alto risco para AOS, em 10 itens, organizados em trés categorias: ronco e
apnéia (5 itens), sonoléncia excessiva diurna (4 itens) e hipertensdo arterial
sistémica e obesidade. Todas as respostas marcadas sao consideradas
positivas. A pontuacdo é dividida nas seguintes categorias: categoria 1 é
considerado positiva quando ha duas ou mais respostas positivas aos itens 1 a
5; categoria 2, quando h& duas ou mais respostas positivas aos itens 6 a 8; e
na categoria 3, quando a resposta ao item 9 é "sim" ou com IMC 3 30 kg / m2.
Duas ou mais categorias positivas indicam um alto risco de AOS. (101)
6.11 Escala de Epworth

A escala de Epworth € uma escala simples, auto-administrada com itens
gue abordam situacdes que envolvem as atividades da vida diaria e a possivel
ocorréncia de sonoléncia excessiva diurna em adultos. Os pacientes foram
instruidos a classificar a sua probabilidade de cochilar ou dormir em oito
situacdes cotidianas em uma escala de 0 a 3 (0, sem chance de cochilar; 1,
pequena chance de cochilar, 2, possibilidade moderada de cochilar e 3, forte
chance de cochilar). (102)

6.12 Calculo amostral e analise estatistica

O calculo amostral foi baseado no estudo de Quera Salva realizado em
1992, entre MG e indice de distlrbios respiratorios (IDR), sendo calculado o
tamanho da amostra em 19 pacientes, adotando-se um alfa 0,05 e um beta 0,2
com poder 80%. Foram acrescidos mais trés pacientes considerando-se as
possiveis perdas amostrais, totalizando uma amostra de vinte e dois pacientes.

(18) Devido a especificidade e ao fato de n&o termos encontrado estudo
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semelhante na literatura, sera feito um novo calculo amostral para o desfecho

PNE (Vo,2s e do AV %) e IAH baseado nos resultados de um estudo piloto.

A normalidade dos dados foi testada pelo Shapiro Wilk, e quando
paramétrico foram apresentados em média + dp, quando ndo paramétricas
apresentados em mediana (IQ 25-75%). Os valores de Vozs € do AV (%)
foram correlacionados linearmente com o IAH, assim como com outras
variaveis polissonogréficas, utilizando os testes de correlacdo de Pearson ou
de Spearman, de acordo com a distribuicdo da amostra. Para anélise dos
resultados do teste da PNE, também sera realizada regressao logistica para
andlise de fatores continuos com respostas categoéricas. A andlise estatistica
foi realizada com o software Statistical Package for the Social Sciences, versao
22.0 (SPSS Inc., Chicago, IL, USA) considerando-se um valor de significancia

de 5% em um intervalo de confianca de 95%.
7 RESULTADOS
Foram avaliados 15 pacientes com diagnéstico de MG, sendo 12
mulheres (80%). A Tabela 1 contém dos dados demogréaficos e clinicos da
populacdo estudada. Os dados das provas de funcdo pulmonar e testes de

pressdes maximas ventilatorias estdo demonstradas nas tabelas 2 e 3.

Tabela 1. Caracteristicas antropométricas e clinicas.

Variaveis Valores (n=15)
Idade (a) 41 +11
Peso (kg) 78,4 + 15,8
Genero (f/m) 12/3
IMC (Kg/cm?) 29,3+5,4
Circ. Pescoco 41,8 + 16,2
Circ. abdominal 96,7+ 12,1
Tempo de diagnostico (a) 10 (4,0 — 23,0)

Nota: IMC: indice de massa corpérea; a: anos. Dados paramétricos expressos em média e desvio

padrédo e os dados ndo paramétricos expressos em mediana e intervalo interquartilico.
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Pacientes CVF CVI_: CVF VEF1 VEI_:l VEF1 FEV1/CVF FE\_/l/CVF FEV1/CVF
Prev. obtido % do prev. Prev. obtido % do prev. prev. obtido % do prev.
LC 3,32 2,95 89% 2,7 2,47 91% 0,81 0,84 104
ICG 5,06 2,09 41% 4,3 1,51 35% 0,86 0,72 84
SCF 4,53 3,86 85% 3,78 3,15 83 0,83 0,82 98
EFS 3,75 3,84 102% 3,18 3,26 102% 0,85 0,85 100
PCF 3,50 3,57 102% 2,9 3,01 104% 0,82 0,84 102
MO 2,72 2,99 110% 2,23 2,52 113% 0,81 0,84 104
JB 3,07 2,64 86% 2,66 2,15 81% 0,85 0,81 95
TSR 3,29 3,35 102% 2,99 3,26 109% 0,94 0,97 104
MIS 3,66 3,03 83% 3,02 2,63 87% 0,82 0,87 106
ASC 3,33 2,67 80% 2,9 2,29 79% 0,87 0,86 98
MHA 4,11 3,56 87% 3,51 2,78 79% 0,87 0,78 90
MFS 2,76 1,56 57% 2,23 1,28 57% 0,8 0,82 1,02
MCS 3,14 3,47 110% 2,58 2,93 114% 0,81 0,84 104
KO 3,26 2,94 90% 2,72 2,62 96% 0,83 0,89 108
ADF 4,56 4,75 104% 3,76 3,73 99% 0,82 0,79 96
Média(dp) 3,1+0,7 87,621 26+0,6 994:+64 99,4+6,4

Nota: CVF- Capacidade Vital Forcada; VEF; - Volume Expiratério Forgado no primeiro segundo;

Tabela 3. Pressdes maximas ventilatorias.

Pacientes PImax PEmax
LC 50 50
JCG 52 40
SCF 65 120
EFS 60 60
PCF 46 42
MO 56 60
JB 30 50
TSR 52 40
MJS 36 24
ASC 52 16
MHA 20 16
MFS 24 8
MCS 50 60
KO 50 40
ADF 60 70
Previsto (Neder et al. 1999) ©9)
- homen (40-49 anos) 115.8+87.0 126.3 +18.0
- mulheres (40-49 anos) 87.0+9.1 85.4+13.6

Nota: PImax — presséo inspiratria maxima; PEmax — pressdo expiratria maxima.
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Os dados das variaveis fisiolégicas do sono, obtidos através da PSG,
podem ser visualizados na tabela 4. Em relacdo ao questionario clinico de
Berlim, dos quinze pacientes avaliados apenas um apresentou baixo risco para
AOS. Quanto a escala de sonoléncia de Epworth (ESE), de acordo com a
classificacéo proposta por Mitler, Carskadon e Hirshkowitz (2005), observamos
gue seis pacientes (40%) n&o apresentaram sonoléncia excessiva diurna, trés
(20%) apresentaram leve sonoléncia, cinco moderada (33,4%) e apenas um
paciente (6,6%) foi classificado com sonoléncia excessiva diurna grave com um

escore de 22 para um maximo de 24 pontos. [103]

A tabela 5 apresenta os valores referentes ao volume expirado no 0,2s
com pressdes negativas expiratorias de -6 e -10 cm/H20. Estes valores séo
expressos em porcentagem da meédia do volume inspirado nos trés ciclos

respiratérios anteriores a manobra.

Tabela 4: Parametros fisiolégicos da polissonografia.

Variavel Normal Média
TTR (min) - 417,9+46,8
TTS (min) - 353,9+76,3
Lat. Sono (min) ~20 33+57,5
Lat. REM (min) 90-110 142,5+56,6
Eficiéncia (%) > 85 84,6£16,2
NREM1 (%TTS) 3-5 4,5+1,8
NREM2 (%TTS) 45-50 53,9+12,7
NREM3 (%TTYS) 18-20 28,8+13,8
REM (%TTS) 20-25 12,6+4,2
IAH/h 0-5 17,5217
Apneia Obstrutiva - 21,2+61,6

Apneia Central - 5,6+9,7
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Hipopneia
SpO:; basal (%)
SpO, média (%)
SpO2 min (%)
Sp0O2<90% (1)
FC média (bpm)
FC min (bpm)
FC méax (bpm)
T ronco (min)
ESE

Berlim

>94%

>92%

80,4+115,7
95,4+2,8
94,7+3,04
81,6+10,9
9+22,77
66,93+9,11
50,2+12,45
88,13+19,24
53,7+89,3
9,07+5,05
Alto risco (93,33%)

Nota: TTR: tempo total de registro, TTS: tempo total de sono, E1: Estagio do sono 1, NREM: Estagio do sono sem

movimento rapido dos olhos, REM: Estagio do sono com movimento rapido dos olhos, IAH: indice de apneia e

hipopneia, min: minutos. SpO,: saturacao periférica da oxihemoglobina, med: média, min: minima. Bpm: batimentos por

minuto. ESE: Escala de sonoléncia Epworth. Dados paramétricos expressos em média e desvio padréo e os dados ndo

paramétricos expressos em mediana e intervalo interquartilico.

Tabela 5. Volume expirado no 0,2s em relagcdo ao volume inspirado

Pacientes V0,2/-6cmH20 (%) V0,2/-10cmH20 (%)

LC 19,36 21,85
JCG 25,4 17,14
SCF 10,67 12,07
EFS 26,69 28,55
PCF 35,85 35,94
MO 11,85 7,9

JB 10,55 26,16
TSR 49,16 68,75
MJS 35,1 19

ASC 14,82 15,56
MHA 16,4 23,18
MFS 37,1 38,73
MCS 33,28 33,76

KO 13,57 12,95
ADF 31,31 33,73
Media (dp) 24,74 £ 11,5 26,22 + 14,46

Nota: VO0,2: volume expirado no 0,2 segundo; dp: desvio padréo.
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As andlises estatisticas para verificacdo da existéncia de correlacao
entre as varidveis antropométricas, fisiolégicas da PSG, escala de Epworth e
questionério de Berlim mostram valores significativos apenas para o IMC/PNE
-10cm/H20 (R -0,55/p= 0,03), circunferéncia abdominal/PNE -10cm/H20 (R -
0,51/p= 0,05). Quando correlacionamos os valores obtidos no teste de PNE
com pressodes de -6 e -10cm/H20 observamos uma excelente correlagdo de R
= 0,825 com um p = 0,0000.

30
NEP 10

Nota: r=-0,55 e p= 0,03
Figura 4: Correlagao entre IMC e PNE 0,2s/-10cm/H,0

Ciee, Abdomen cm
.
.
»

W 3 40 30 0
NEP 10

Nota: r=-0,51 e p= 0,05

Figura 5: Correlagéo entre circunferéncia abdominal e PNE 0,2s/-10cm/H,0
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Figura 6: Correlagao entre IMC e PNE 0,2s/-6cm/H>O
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Figura 7: Correlagéo entre IAH e PNE 0,2s/-6cm/H.0O
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Figura 8: PNE 0,2s/-6cm/H>0O e PNE 0,2s/-10cm/H.0

Nota: valores expressos em porcentagem.
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Nota: r=-0,82 e p= 0,000
Figura 9: Correlagéo entre PNE 0,2s/-6cm/H,0O e 0,2s/-10cm/H.0

8. DISCUSSAO

A MG é uma doenca cronica, autoimune, caracterizada pela fraqueza
progressiva dos musculos esqueléticos, devido a uma alteracdo na juncdo
sindptica entre os nervos e as fibras musculares. Esta doenca é caracterizada
por fraqueza e fadiga da musculatura esquelética podendo comprometer os
musculos respiratérios. O quadro de comprometimento muscular progressivo
vai gerar uma alteracdo ventilatoria, inicialmente de carater restritivo, com a

instalacdo de uma insuficiéncia respiratoria por hipoventilacéo.

Em relacdo a funcdo pulmonar, pacientes com MG geralmente
apresentam um “Padrdo Miastenico” caracterizado por redugdo dos volumes
ventilatérios e reduzida endurance muscular. Este comprometimento muscular
ventilatorio vai interferir na realizacéo das atividades fisicas e de vida diaria dos
pacientes. (104,105)

A funcdo pulmonar se correlaciona cientificamente com a morbidade e a
expectativa de vida, revelando o estado geral de saude sob o aspecto
cardiopulmonar. (106) A espirometria é recomendada na pratica clinica
pneumoldgica como meio complementar na decisdo quanto a severidade da
doenca e indicacdo terapéutica. Portanto, a avaliacdo da funcdo ventilatoria e

da for¢ga muscular ventilatoria sdo de extrema importancia e utilidade no sentido
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de monitorar a evolugcdo da doenca, prevenir e identificar precocemente

alteracdes da ventilagéo perfusao.

Neste estudo, 02 pacientes eram do tipo MG congénita e os demais
apresentavam a forma auto imune adquirida. Na espirometria, apenas dois
pacientes apresentaram alteracdo do padrdo ventilatério, sendo um padréo
restritivo moderado (57% do previsto para CVF e VEF1) e outro paciente, com
a forma congénita, apresentou um padrao restritivo grave (41% do previsto
para CVF e 35% do previsto para VEF1). Nao foram observados padrées
ventilatérios obstrutivos. A média de nossos resultados da espirometria,
referentes a CVF foi de 94% do previsto para os demais pacientes.

No estudo de Fregonesi et al. (106) envolvendo 20 pacientes com MG
generalizada, com média de idade de 64+11 foi observado um valor médio de
CVF de 2,7£0,7 e VEF1 de 2+0,6. Keenan et al. (107) avaliaram 17 pacientes
com MG com meédia de idade de 46+18 anos observando uma CVF média de
3,4+0,6 e um VEF1 de 2,8+0,5. Estes valores sdo semelhantes aos nossos,
entretanto os observados por Fregonesi et al. sdo inferiores, considerando que
0s pacientes eram mais velhos. Em ambos os estudos também ndo foram

observados padrdes obstrutivos, assim como em nosso estudo.

A Pimax e a Pemax constituem fisiologicamente o mais adequado teste
para verificacdo da capacidade dos musculos ventilatérios, podendo ser
indicada como primeira opcdo. A avaliacdo das pressfées maximas geradas
pelos musculos ventilatérios é um método simples, pratico e ndo invasivo de
verificar a funcdo muscular em varias condi¢cdes patolégicas pulmonares e
neuromusculares. (108, 109) A Pimax é um indicativo da capacidade
ventilatoria e do desenvolvimento de insuficiéncia respiratdria, sendo bastante
indicado na avaliagdo do grau de anormalidade e monitorar o enfraquecimento

dos musculos inspiratorios individualmente na evolucéo de pacientes. (110)

E importante lembrar que, o que realmente se mensura € a pressao e
nao a forga. Portanto, terminologias que utilizam a expressédo for¢ca deveriam

ser abandonadas. Em relacdo a pressdo maxima gerada pelos musculos
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ventilatorios, foi observado o valor médio para a PImax de 45,5 cmH20 entre as
mulheres e o valor de 56 cmH20 para os homens. Para a PEmax observamos o

valor médio de 45 cmH20 para as mulheres e 55 cmH20 para os homens.

Os valores obtidos em nosso estudo para as pressdes maximas
ventilatérias estdo bem abaixo dos valores de normalidade para pessoas
saudaveis da mesma idade e sexo. No estudo de Munhoz-Fernandez (111)
envolvendo 61 pacientes com MG clinicamente estaveis foi observado o valor

de 66,9 cmH20 para a PEmax e de 52 cmH20 para a PImax.

Keenan et al. (107) avaliaram 17 pacientes com MG, sendo treze com a
forma generalizada e observaram os valores de 67cmH20 para a PImax e de
86cmH20 para a PEmax. Os nossos valores sdo muito coincidentes com estes
estudos, mostrando uma consideravel reducdo de pressdes ventilatorias em

pacientes com MG.

De acordo com os resultados da funcdo pulmonar e manovacuometria,
acreditamos que a espirometria isolada n&o seja um marcador de deterioracéo
da condicdo clinica nestes pacientes, pois pacientes com prova de funcdo
pulmonar normal apresentaram consideravel reducdo nas pressées maximas
ventilatorias.

Uma das falhas de nosso estudo foi ndo ter realizado a prova de funcao
pulmonar tipo ventilagdo maxima voluntaria no sentido de investigar os niveis
de fadiga da musculatura ventilatoria. A disfuncdo muscular ventilatoria
predispde o surgimento do padrao miasténico, caracterizado pela reducao dos
volumes pulmonares, colaborando para a piora do quadro clinico geral com
repercussdes respiratérias e consequente comprometimento da qualidade de
vida. (104, 105)

Portanto, podemos afirmar que a avaliacdo da pressdo maxima gerada
pelos musculos ventilatorios € de extrema importancia na avaliacdo e
seguimento de pacientes com MG. Mais estudos sao necessarios no sentido de

mostrar os efeitos de programas de treinamento muscular ventilatorio.
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Especula-se que o0 mecanismo mais provavel para a AOS em MG é o

mecanismo de fraqueza e fadiga dos musculos dilatadores da faringe.

A AOS é um disturbio cardiorrespiratorio do sono de alta prevaléncia na
populacdo mundial, com uma importante implicacdo social em relacdo a
qualidade de vida relacionada a saude e consequente aumento da utilizacao
dos recursos de saude. A PSG, diagndstico padrdo-ouro para a AOS, é um
exame complexo realizado durante a noite o qual demanda um laboratério bem
equipado com técnico especializado para realizacdo e leitura do exame. E,
portanto, um exame de alto custo e de disponibilidade limitada. A identificacdo
de novos marcadores para a AOS é de grande utilidade e aplicacéo clinica.

As variaveis fisiologicas do sono observadas na PSG de nossos
pacientes chamam a atencdo para os valores de saturacdo periférica minima
de oxigénio, para a laténcia e tempo total de sono REM, IAH e tempo de ronco.
A média do IAH foi de 17,5 + 21,7 sendo a maioria dos eventos de origem
obstrutiva. Porém, quatro dos nossos pacientes também apresentaram apneia

central.

Estes resultados coincidem com os de Amino et al. (112) que realizaram
a PSG em 12 pacientes com MG (quatro homens), observando a presenca de
DRS em 09 pacientes considerando um IAH médio de 10,9 + 6,3, sendo que
sete destes pacientes também apresentaram apnéias centrais. Estes valores
de IAH correlacionaram positivamente com o tempo de diagnostico da doenca.

Destacamos também o estudo da Teramoto et al., que investigaram o
envolvimento dos musculos das vias aéreas superiores, especialmente a
laringe, em pacientes com MG, que resultaram na fragueza de abducédo e
aducéo das cordas vocais. Os autores chamam a atencao para 0s sintomas
clinicos respiratorios, presenca de voz grave, aumento da fraqueza muscular e

distarbios de fonacdo que se acentuaram com evolu¢éo da doenca. (113)

Portanto, podemos dizer que a debilidade muscular dos dilatadores da
faringe ird aumentar as chances de colapso da VAS predispondo a um quadro

de AOS, especialmente durante o sono REM, devido atonia e hipotonia.
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A presenca de distarbios do sono em pacientes com doencas
neuromusculares ainda ndo estd bem documentada na literatura cientifica e
muitas vezes 0s sintomas como a sonoléncia diurna e fadiga sao atribuidos a
doenca neuroldgica de base, além do que os médicos estdo pouco treinados
em identificar a AOS e 0 acesso aos metddos diagnosticos é pouco disponivel.
Atualmente, existem poucos estudos realizados através de PSG que

evidenciam a presenca dos DRS em pacientes com MG. (18, 19)

Nossos dados referentes ao IAH confrontam com os de Prudlo et al. ,
que realizaram a PSG em uma amostra de 19 pacientes com MG clinicamente
estaveis (11 mulheres), com idade média de 55,4 + 11,99 anos. (114) Este
estudo ndo observou a presenca de apnéia central e AOS foi detectada em
apenas 4 pacientes. Os autores também observaram uma saturacado basal
média da oxihemoglobina de 95,3 + 1,4%, e saturacdo minima de 89,7 + 5%,
enquanto que nossos valores foram de 94,7 + 3,4% para a saturacdo basal

meédia da oxihemoglobina e de 81,6 + 10,9 % de saturacdo minima.

Podemos observar que 0S nossOs pacientes apresentaram uma maior
gqueda da saturacdo de oxihemoglobina durante o sono, plenamente
justificaveis devido ao maior I1AH registrado. Em relacdo ao IAH de nossos
pacientes, cinco (33,33%) ndo apresentaram eventos apneicos, cinco (33,33%)
apresentaram um IAH leve (05 a 15) e cinco pacientes apresentaram moderado
a grave, maior que 15 eventos por hora.

De Lapiscina et al., avaliaram a qualidade do sono através do
questionario de Pitsburg, ESS e qualidade de vida utilizando o MG-QOL 15 em
23 pacientes com MG, com meédia de idade de 62,7 + 15,9. Quanto a
sonoléncia excessiva diurna, 0S nossos resultados também foram
discretamente mais elevados (9,1 + 0,05). quando comparados a este estudo
(7,2 £ 4,2). Porém, a nossa populagdo é mais jovem (41,66 + 11,32) e
geralmente, idosos ja se encontram aposentados, tendo possibilidade de
dormir durante o dia, apresentando menor chance de cochilos. (115)
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Devido o reduzido numero de pacientes na composi¢cao amostral, néo foi
realizado a curva ROC, para otimizar a sensibilidade e especificidade do teste
da PNE em relacdo ao IAH. As andlises estatisticas para verificacdo da
existéncia de correlacdo entre as variaveis antropométricas, fisioldgicas da
PSG, escala de Epworth e questionario de Berlim mostram valores
significativos apenas para o IMC/PNE -10cm/H20 (R -0,44/p= 0,09),
circunferéncia abdominal/PNE -10cm/Hz20 (R -0,51/p= 0,05), e para a PNE/IAH
-6cm/H20 (R -0,5/p= 0,06), PNE/IDO/h -6cm/H20 (R - 0,45/p= 0,08). Quando
correlacionamos os valores obtidos no teste de PNE com pressdes de -6 e -
10cm/H20 observamos uma excelente correlagdo de R = 0,825 com um p =
0,0000.

Os valores obidos da PNE em nosso estudo, embora ndo foram
significantes, mostraram que 4 pacientes classificados com um IAH>20/h
(média 47/h) apresentaram V0,2 <20% (porcentagem da média de trés
inspirac6es precedentes) indicando uma alta colapsabilidade de vias aéreas
superiores, correlacionando-se com um menor tempo de saturacdo minima da

oxihemoglobina, maior tempo de saturacdo da oxihemoglobina <90%.

Foram observados também dois pacientes com valores de IAH (<5/h),
considerados normais, com V0,2 reduzidas (<20%), sugerindo a participacao
de outros componentes ndo anatomicos, funcionais, que provavelmente
protegem esses pacientes. Devemos considerar também que nossa amostra €
compostas por pacientes com disfungdo neuromuscular, que pode
comprometer a musculatura ventilatoria quanto a musculatura da faringe, em
graus variados e que certamente influenciaram nosso dados.

Observamos um paciente com apneia moderada (IAH 22/h), com intensa
dessaturacéo noturna, apresentando um tempo de saturagéo noturna <90% de
89,6 minutos do tempo total de sono, que corresponde a hipoventilacdo grave
por fraqueza muscular ventilatéria e um acentuada reducdo da qualidade de
sono (ESE= 22), com clara indicacdo para suporte pressoérico noturno com dois

niveis de pressao (BIPAP).
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9 CONCLUSAO

Ao final deste estudo podemos concluir que pacientes com MG
apresentam valores reduzidos de pressfes maximas ventilatoria inspiratérias e
expiratorias associado a funcdo pulmonar normal. Também apresentam um
consideravel indice de disturbios respiratorios do sono associados a queda da
saturacdo da oxihemoglobina e reducdo do sono REM, com consequente

presenca de sonoléncia excessiva diurna e alto risco para AOS.

Embora ndo obtivemos uma correlacao significativa entre o teste do PNE
com o IAH, nossos dados mostram que pacientes com AOS moderada-grave
apresentam grande reducdo do V0,2% (<20%), sendo que dois individuos com
IAH <5/h, apresentaram resultados reduzidos de V0,2, indicando que o
componente anatbmico é menos importante na fisiopatologia da OSA nestes

pacientes.

E importante ressaltar que a populacido apresentada neste estudo foi
composta por um pequeno numero de pacientes, pelo fato de alguns
apresentarem dificuldades de locomocado e outros pela gravidade da doenca,

ainda mais pela necessidade de dormirem uma noite no Laboratoério do Sono.

O teste da PNE é rapido, diurno, de baixo custo, pode ser executado em
posicdo sentada ou deitada, sendo pouco incémodo. Pode ser confiavel para
identificar AOS moderada e grave, como em nosso estudo, embora o pequeno
namero de pacientes ndo tenha permitido a identificacdo de pacientes com
AOS leve e individuos normais.

Espera-se dar continuidade a este protocolo de pesquisa com o objetivo
de encontrar valores preditivos para a AOS por meio do teste da PNE,
contribuindo para o diagndstico precoce e de menor custo possibilitando assim
0 acesso mais rapido, reduzindo o seu impacto e suas complicagbes na

populacdo em geral.
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Contudo, sdo necessarios mais estudos que avaliam a sensibilidade e
especificidade do teste PNE com amostras maiores em individuos com
distarbios neuromusculares, especialmente nos pacientes com miastenia

gravis.
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BACKGROUND

Obstructve sleep apnea (OSA) 5 o common medical con-
dition and s a form of sleep disordensd breathing (SDB)
characterized by repetitive complere and /or pardal collaps-
es (apnen and hypopoes, respectively) of the upper airways,
The disease iy classified a mild, moderate, or severe Based
on the number of episodes of apaiea nnd /or hypopaea per
Bour of sheep, kivowa s the apoeahypopaen index (AT,
The wold standand assessment for sleep disorders is basal
nocumal polysomnography (PSG), which pronades sumulea.
neous recordings of physiological variables during sleep (1],

OSA cun also be defined as a combanaton of sympeorms such
as excessive sleepiness, cognitivebelnioral or respiratory
disorders, as well us repeated episodes of upper airway ol
strucsion during steep {21,

This discase is chavacterized by pharyngeal collapse and
occlusion during sleep, which causes inteomitem hypoxia,
sudddden redaction of intruthoracie pressure, and frequent
wwitkenings with subsequent sleep fragmentation [3]. The
dusorder is the most imporunt and widespeead respiratory
disease and aflecs approximately 15 of middie-aged men
and 29 of nuddieaged women [4]. A recent study tound
thiat the disordes affects 3% 1o 7% of the male populason
and 25 10 5% of the female populaton aged between 40
and 07 vears in the Western hemisphere (5] According o
an epidemiological study conducted in the city of Sao Paulo
(Brazl), the prevalence of moderite OSA s 2485 among
mean and 965 among women [6].

Moreover, OSA has important soctal implicisons relased w0
accidents [ 7], carcliovascular dsk [8.9], neuropsychological
smpadsment [ 10, reduceion i qualiny of lede [ 1], and in-
creased health-care unlization T1215] Teis associaed with
significant morbediey and morealiny [1415]

Unformumedy, O8A disgnostic procedures are expensive and
predictive eriteria are unsatsfacony. Idensifying oew predictive
ks with widespread applicanens would therelore be usefil

| 10, Incressed upper asrway collapsibibiny s one of the nuan
determumimts of OSA [ 17-09] and it bas been suggested th
responses o NEP may reflece upper atowiy collapsibility {201,

The NEP test is performed by applying negative pressire
at the mouth during exgiranon. I is casy m perform and
requires minimd subject cooperation. The test is bised on
the principhe that in the absence of expisiatory How b
von (EFL) the merease i the pressure grdient between
the alveoli and the airway opening cassed by NEP should
resilein increased expirmory flow [15],

The NEP wechindgue been first applied and valubated inomes
chanically ventlued CU patents by concomitant determi.
fation of wovolume How-pressare relatonships {211,

The NEP 1echingue hias also been used o assess upper -
vary collapmibility in patienes with OSAL In these patient,
EFL. presents as a transient or sistained decrease in expi-
cavony flow (Eroquenty below de conerol tdal expizatory
flow) dunng the apphication of NEE. Dyvspaea i obese i
divichuals i refared 1w he increased work of breathing due
10 i decrease b funcrional residual capacity und a resultant
increase in inrarhoracic EFL as well as intrinsic positve end-
expiratory pressure, meneased respieatony dove, and inger
mitent warrowing of collagse of the upper atrway, which
1 aae worse upoc asscning the supine position |22

During the wess, NEP is generaned by a cireubar Venari de-
vice (AeroMech Devices; Almonse, ON, Cansda) atuched w
a tank of compressed air, The Ventur device includes a sole-
noid valve with an opening time of 50 ms; it s automarcally
activated by sfoware duning early expieadon and remiins
open for 28 (DivecWin verson 218 Raviech Instrumenes
Inc., Vancouver, BC, Canada). A poewmotachograph (mod-
el 3830; Hans Rudolph, Kansas City, MO, USA) is conneceed
o the mouthpiece. As shown in Figure 1, flow and wouth
pressure are adso meassired (DireeNEP model 200A; Rayrech
Insernments Ine). The NEP value of 10 anH O i assessed
by occheding the mouthpicce with a ssopper and adjistng
the compressed air flow [ LIS

| s— -
A Feenad vt |
Pesae
D comvession {
Selenold waive control . Compreved a1

Figure 1. Expesimental setup of negatwve
explratoey peessare (NEP) test.
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The application of NEP during early expiranon produces an
mmmediate peak flow and is followed by a sudden decrease
of variable intensity. Upper airway collipsibiliny s evaluas-
ed by measaring flow limition as AVand is expressed as
A percentage of the peak How inmediaely afeer NEP ap-
plication, The minimum flow s idennficd 1o the fipse 200
ms of NEP application o avoid rellex and volunury reace
vons to the NEP stimulus. AVS values are caloulared using
the highest of 7 measurements. Upper airway collapsibilin
1 also evaluared by messuring the expared volume during
the fiest 0.2 5 (V0.2) adeer NEP application. These values are
expressed as a percentige of the mean ispirarony voluime
ol the 3 breahs preveding NEP applicanon. Measured vol-
wmes are accepred only when differences besween mspira-
won and expiration for cach of the S previows breaths ase
less than 10950V, values e calculated ds the meun of 7
meansurements | 14.15] (Figure 2),

NEF waes insnally mrrochiserd s o test to evaduawe merathio-
racic EFL in patients with obstrucdve lung disease, Over the
years, researchers have used the NEP westin different popu-
Lations of patents to wdenufy the best we of the technigue.

Rolouris et al. [20] mitially proposed a simple wechnigue
hear dad not require a body plethysmwgraph or patent co-
operation o venfy flow limitation during rest o patienns
with ¢hromic obstructve pulmonary disease (COPD), The
wechnigue involved the applicaion of a negative pressure at
the mouth dunng udad expiration, Patents in whom NEP
elicited an incresse m How throughout the expirton were
considered not 1o be flow limited and patienss in whom the
apphicanon of NEP did not elicitan inerease in flow during
et or part of the tidal expiration were considered 1o be
Mow Himived. The authors assessed 26 panents with COPD,
11 of whom presenmed with How limigion when seaed as
well as supine; 8 presented with flow Timation only when
supine, and 7 did noe present wirh flow Timianon.

Tantucas et al. (23] seudied 12 healthy men with no histoncal
evidence of sleep discrbance, nocnmal apnea, hypersom-
nolence, or upper airway abnormality w determine whether
NEP nuight fnecrease uppes atrwidy fesistance to soely an ex-
ten as o mask any chie suggesting inathorcic fow i
tavon during e NEP wse. Bed parmers were interviewed
and completed i questonsia Ly anty Bseory of snor-
ing, nocturnal awakening, and excessive davtime sleepiness
o identily snogess (G subjects who only snored occasional
Iy were dessgiared as non-snorers ) and habimal snoreos (6

Wmast mightly sporers), Among the nogsnorers, the flow
was consistenthy higher durg the apphcaton of NEF than
hefove NEP in both the seated and supine posinons, In con-
trast, the snorers exhibited o smaller inceease in expirato-
v Hlow with NEP independent ol the Tevel of NEP applicd,

Baydur et al. [24] sudied obese subjects without a histoey of
obstneeive sheep apnea (OSA) O snoving 10 a supine pos-
tion and noted thiat a NEP <5 cmBLO can be used (0 assess
werathoracic EFL. Since consistent upper alrway fow lny-
ution throughout expiration was rare with NEP, they con-
cluded that a NEP of 5 cnbLO can be wsed (o assess inera
thoracie EFL i i nonOSA popabithon.

Van Meetteghe e al [25) studied saonng in 238 padenes
with suspected OSA and found a correlanon between the
degree of flow hmitaton measared by NEP i the seated
and supine posstiogs and tee AHL the comrelation was sig-
nificantly higher in the supioe posison where an expisatory
flow linvitaton cueoff vidue of 22755 of diwe tdal volunwe
produced i senstiviey of SL9% and o specificiy of #4195
for predicting OSA.

Tamisier etal, [26] investgated uppes airway dymamics dur-
g negtive presure in healthy patients as well oy those with
upper airway resstance ssaddronme, moderate OSA, and se-
vere OSA, They reported that abnormal Howaolume curves
were significamly more frequendy observed among partients
with SDB breathing compared with healthy subjects in botls
the seated and supine positions (<10 cmbl O). Moreover,
the quantituive index decreased with the seventy of SDI
independent of age, hody mass index (BMI), and expira-
WY reserve volume,

Iisalacco ecal [15] studied a popadation of 37 male sub-
jects with suspected OSA and with normal spirometric valies
underwent noctarmal polysomnography and dinrmal NEP
testng at =5 cmHLO and =10 conHL O in seaved and supine
positions. They nonced that in the supine position a NEP
of =10 emH_O was the bese indicator of OSA severiy and
may be parncakarly helpful for nonseverely obese subjects

Ferren eral. [27] determined that the volume exhaled dur-
g ewrly apphicanon of NEP at the onset of quiet expira-
thon it rest differed amony OSA patienes, snorers, and nor-
mul subjects. Fortycight subjects with different severities of
OSA and 7 healthy subjects were subjected 1o NEP at -5 and
=7 emHLO in the seared and supine positions while awake
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after a sheep study, Upper airway collapsibilin was assessed
by companting the volume exhialed during the firse 0.5 s and
| s following the apphicanon of NEP. The researchens to-
ticed that patenss with severe (AHI 330} and mild-to-moder-
ate (CAHE <30 a0d >5) OSA had a lower V, NEP, | thus snos-
crs. They conchuded that the sechndgue appeared o buve
Temated esefuloess as a clinical wol for routine screening of
OSA patienes while awake.

Romuno et al. (28] investigated whether NEP could be used
asascreening test for severe OSA They compared the use
of NEP in 24 pavents with severe OSA and 24 nommal sub-
Jjects. For the first time, they measured the V(%) salue be-
vond the waditiowal AVand Found thia OSA patients expe
nenced a greater decrease in Bow than nocmal subjeces, Tn
additon, patients with severe OSA exhaled during the first
0.2 s of NEP application an average of only 11.2% of the in-
spired volume compared with 3429 among nocmat subjects,

In the same year, Romano et al. [29] carried ot astody aim-
iz o nvestigare the use of NEP as & method o rule ome
obstructive sleep apnea. In this stdy, 155 subjects were in-
volved: 20 had normal AHIL 28 had mild, 34 had moderase,
anel 64 had severe OSAL They founded thar the mean exps
vatory volume ar 0.2 s and 0.5 s were staistically higher in
healthy subjeces than i all obstrucive sleep apnea groups.

The NEF test thus appears o be a suicable miethod for de
tecting upper wirway flow lemitation o mumber of diffes
ent disorders, Numeruns sindies using the NEFP test have
been performed worldwide over the past 2 decades and
have: sdensified diseases ar different levels of severity for
which the wechnique can be used w provide an accarue
disgnosis (Table 1)

The most valnerable section of the upper airway is that locar-
ed behind the base of the tangue and the soft palate, where
i skelewal support is absent. Here, wivwany patency is de
termined by a balance of forces derermined by the interplay
of amaromical facears and dilator maescle activation [140]

During sheep, i progressive loss of upper airway muscle wone
occusy, leaving the pharmx vulnerable w the negarive cok
lapsing pressures that occur during inspiration. This boss of
one is toight w conibute to the deselopment of OSA
Sensory receprors in the upper airway mucosa are activated
by the negative transmural pressures during insgaration and
canse a reflex increase in the activiey of upper arway dilating
muscles. This eedlex response likely plays iorole in prevent-
g upper abrwiy marowing or collapse during sleep [21],

NEP was initally introduced us a test o evaluae imtrho-
racic EFL i patients with obstructive lung disease, Subjects
were considered to be flow limited when NEF application
diel not eficitan increase in Mow (A during the serminal
porton of the tdal exprration compared with the previous
flowsolume loop. Using the NEP techmque, researchers de-
termined the prevalence of EFL dunng resting breathing
i group of stable COPD patients vath varying degrees of
abrway obstue ton, The measurements were mude i both
the seated and supine posinons and revealed a high preva-
lence of How Timitsion in COPD patients at rest, particolarly
whett supine. Thes conchuded thar the NEP wechnique peo-
vides a simple, rapad, and relinble method for detection of

expirmory How limitaton i spontancously breathing sub-
Jeats.which does not require the patient’s co-operation, and
can be applied in diffevent hodv positions both an restand
during muscular exercise [20].

Years Laeer, Taneuees et al, [29) assessed wheeher NEP might
NCrease Uppes airway ressstance 1w stich an extent as t musk
any indicaton of mntrathoracie flow lmicton duting dse NEP
test. The awthors determined the effects of different levels of
NEF on expirmony Hlow ressstance in healthy subjects (both
snoress wud nomesnorens) when awake. At ehie conclusion ol
the study they indicared thar during wakefulness snorers have
upper airwiys thas are more collapsible thin in nonsnorers,

Bavdur etal [24] were among the firse o stody the applica-
tog of the NEP test in obese subjects as well as those with
obsructive and resericuye disorders vather than patents
with COPD alone. Thev assessed the effects of ncreasing
NEP levels oo upper airwiy patency and determined the
Eactors that predaspose mdividuals 1o intrathoracic flow
limizsation or upper airway collapse during NEP apphica-
tlon in different postares, Their subgects included healthy
noteobese and obese sabyects aswell as patients with ob-
strictive amd restncrive respiray disosders. NEP wis ap-
phed atlevels of 5 emH_ O, 10 amHLO, and 175 emFLO with
the subgects i sewed and supine positions and the EFL
was compared hetween pasents with COPD, siple chron-
ic bronchits, or asthuna and healthy nonobese and obese
subyects, Subsects in almost all of the sulyroups exhitat
ed a mransient decrease of flow below the control fevel -
mediaely after the application of NEP during occasional
breathing in both the seated and supine positons, As the
NEP increased, the number of subjecss who exhitvited this
response during all breaths increased.

One of the first siudies to evaliate the application of the NEP
test bn sporers tsar bocloded 2 kage numbes of patients wis
thas of Van Meeraeghe et al {25] full Liboraory polysom-
nography was pedfosmed and a NEP of =5 antlO was ap-
phied o 238 patients wath normal sprrometrc viloes. A sig-
nihicant coreelation between the degree of How limitation
measured by NEP while in the seaed and supine positions
was observed, with the AHI being significantly higher in the
supine posivon. The degree of instabiliy of the upper ai-
way measured by NEP was found oo be conrelased with the
severity of OSA with a modenate sensitvity and specificity.
The researchers suggested thit it could be uselul for pre
dicting the presence of OSA in a chimcbased populason.

The Lamisler etal. [26] sty divided subgects into groups
hased on the severity of sleep disorders 10 determine whether
NEP could be used 10 anticipate SDE severity. Fifrv subjects
from 2 cenres in France were evaluated; a NEP of <5 emH, 0
and =1 emBLO was used with the subjects in both the seat-
ed and supine positions, The researchers found thar abnor-
mal Howwolume curves were signibeantly more roguent
armong pavedts with SDB compared with healthy subjects
tar hoth negative pressires i the seated position and for
<10 cmHLO i the supine posiaon. However, ey conelad
ed dae the application of NEP should be confirmed Iy a
prospecnve study in the general populanon,

Tnsalacen et al [15] ussessedd upper arway flow Taniaton
in a population with suspected OSA, and concluded e

154

73



Nocil SR et. - Negative eqaratory pressume test: A new nethod fo detect apper.

Table 1. Stodkes inchuded in the seview,

Title Authors Subjects Main results
A simple method 1o detect Koulourts et al COPD (n=26] = The KEP technique peovides a simple, rapid, and reliable
explratory fiow Bmitation (1995, Canada) methed for detection of expatary flow [imétation &
during spontaseous breathing spontaneously breathing subjects, which does nat sequire
the patieat’s co-operation, and can be applied In different
body positions both at rest and during muscular esercse
» The tesults abo indicate o high peew ol flow limitation
in COPD patients at rest, particulacly when supine
Etfect of negathve expicatory  Tantucel et al, Nommoees (n=6),  » During wokefulrwess snorers have moee collapsitie uppes
pressute on respiratory system (1999, ltaly, Fance. Monapneic snares amways than non-sneeers
flow resistance in awake and Ginada) (r=86)
snorers and nosnotess
Extiathorack Expiratory Flow  Baydur et . Otese and « Bath seated and supine, subjects exhibited a transient
Limitation i Obestty and {2004, USA} testrkctiees and decrease of Qo helow contrad immediately aftes the
Dostructive and Restrictive obstructives apphication of NEP In occaslonal Beeaths
Disorders diseases « As NEP increased, the number of subjects who exhibited
(=139 1his response In occasional breaths declined, whife the
number of subjects who displayed this pasterm in all breaths
Increased
Operating chasacteristics of the  Van Meerhaeghe Soaring or + The degree of imstability of the upper aitway measured by
negatve expiatory pressure— etal, suspicioes of 05A NEP &5 correlated with the severity of 05A
technique & predicting 12004, Belglum| (n=282) + NEP had moderate sensttivty and specificity and may be
obstructeee sleep apnoea useful in predicting 054 in a clink based population
syndeome in snofing patients
fowake flow Renitation with Tamssier e1 8 Healthy syects = Abrocmal flow: volume curves were sgnificantly more
negative expratory pressuiem (2005, France) (n=15); frequent in patients with SOB than in healthy subjects
sheep disardesed beeathing Yeep-disordered — « The quantitathve index decreased with the seyetity of S08,
breathing (w=35) independently of confounding factoes {age, body mass index
(BMI} and expeatory resesve volurme [ERY))
A New Meghod of Negative lesalaco et al, Obese subjecty + NEP of 10 e 0 ke supine peation was the best indicator
Expiratory Pressure Test (2005, Iealy) =30 of OSA severity and could be adopted as a screening test
Analysis Deteting Upper
Alrway P Limsation To
Revead obstructive Sleep Apnea
Upper alrway dynamics daring  Feqrett &€ al. Control {n=T7); « The NEP technique appears to have a fimted wsefulness as
negative expiatory pressure i {2006, ltaly) Senes (n=14}; dlinical tool fof routine sreening of the G5A patients during
apodc and rona-spnel awake 05Amid (n=15}; wakefuloes
snorers OSAsevere (n=19)
Upper airway collapsibdizy Fomano et al Normal (n=24);  « AV(%) and Vo (%] values weee statistically different
evaluated by a negative {2017, Beazil and Severe 05A (n=24) between normal and 0SA subjects. O5A patients showed 4
cxpliatory pressure test in naly) greater decease in P than normal subjects
Seie skep apeea « The NEP technique s valuable for detecting sevese 0SA
in association with anamnestic duta, such a5 snoting and
hypersomnolence
A negative expiratony pressure  Bonana et al sbijects » Mean explratery vokames at 0.2 and 0.5 s were statstically
test during wabefulosss (2011, leay) (n=29); highet (p<0.01) in healthy subjects than in all chstuctive
for evaluating the risk of 05A (nw=126) sheep apowic groups
obstructive sleep apnea in » NEP appears to be a useful screening test for suspected
patients refersed fos sleep obstrtive sleep apnea
studies

the finding of a high AV ('%6V peak) value afrer NEP appli-
cateon during tidal expiration in patients with suspected
OSA muy eebidorce the susploson oF OSAL while tradiaonal

amabysas by EFL ("0\V1) gives much more approximase indi-
cations. With AV {0V peakd in the supine position, a NEP
of =10 conHLO was the best imdicaror of OSA severiy and
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conld be adopeed as 4 screening test for the evaluanon of
suspected OSA panens.

Ferredi et al, [27] also studied the NEP technicue in OSA
patients, but with a NEP of =5 eonFLO and =7 emILO. The
measurements wese then in U seated and supine posh
tons whilie awike aber a sleep stady. Panents with severe
and mild-e-moderate OSA were found o have lower V)
NEPLS compared o snorers and controls in the supine pe-
sttgon with NEP =5 emH, O, alihough less significan differ-
ences among the nluivlrm groupn for VONEINLS were ob-

served b the seated position with NEP <5 emHLO and 10
bmh positions with NEP =7 cmH O, The illllh(m conelud-
cd that the NEP wechnigue appeass 1o have limied aselul-
mess as it chmical ol for rousine sereening of OSA patients
duning wakefulness.

One of the most recent sdies of NEP in severe OSA s that
of Roamano et ol [28] Their aim was 1o iovestigate the ime-
fulness of measurement of upper airway collapsibifity wich
the applicazion of NEP 10 determine its efficicy is a screen-
ng west for severe OSA They compared the oucomes of the
application of NEP in normal subjects and those with severe
OSA and foand that upper airway collapsibilisy can be eval-
wated by AVand V  diring the NEP est. They determined
that these et are valuable for dewecting severe
OSA aod suggested that the diaguosis cotld he even more
pronver il in association with anumestic data soch as snor-
ing vl Tpersomnotence; funher amalyses of 4 more hes-
evegeneous popilation could ilso be ieful,

Rewmane et al. [29) pecformed another stady i the sune
vear with the same popalation as the preview ssudy (healithy
subjects and OSA) bat with a higher number of subgects,
They applied a NEP of <10 confLO for 7 times, and a mini-
et of 4 valid measires of expiratory volumes an (02 05,
and L0 were averaged dor cach subgecr. They conchisded
that measurement by Voo (%) during wakeliloess sy be
avery eeliable method w identidy obstructive sieep apnea,
Furthermore, they alvo concluded that NEP appears o be a
teseful sereening test for suspected olstruc e sleep agres.

CONCLUSIONS

The NEF test can be adopted as a screening test tor the eval
tation of suspected OSA becatse it appears 1o be avery re-
luable divermal 1ese chin can objecoavely predacs OSAC Tt may
be even more useful when combined with stic data
siich s syiproms of snonng and hypessommolence.
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http://ees.elsevier.com/sieep/automail_query.asp

For guidelines on how to track your manuscript in EES please go the following address:
http://help.elsevier.com/app/answers/detail/p/7923/a_Id/89

Thank you for submitting your work to this journal

Kind regards,

Sleep Medicine

For further assistance, please visit our customer support site at http://help.elsevier.com/app/answers/list/p/7923.
Here you can search for solutions on a range of topics, find answers to freqguently asked questions and learn more

about EES via interactive tutorials, You will also find our 24/7 support contact details should you need any further
assistance from one of our customer support representatives.

77



78

Elsevier Editorial System({tm) for Sleep Medicine
Manuscript Draft

Manuscript Number:

Title: Negative Expiratory Pressure technique as screening to obstructive sleep apnea: A systematic
review.

Article Type: Review Article

Keywords: Negative expiratory pressure; upper airways; sleep; obstructive sleep apnea; screening test.
Corresponding Author: Prof. Luis Vicente Franco Oliveira, PhD

Corresponding Author's Institution: Nove de Julho University - UNINOVE

First Author: Sergio R Nacif, MD

Order of Authors: Sergio R Nacif, MD; Nadua Apostolico, Student; Ezequiel F Oliveira, Student; Nina T
Fonseca, Student; Jessica | Urbano, Student; Salvatore Romano, PhD; Giuseppe Insalaco, PhD; Luis
Vicente Franco Oliveira, PhD

Abstract: Background: Obstructive sleep apnea (0SA) is a type of sleep-disordered breathing
characterized by recurrent partial or complete upper airway collapse during sleep. Several diagnostic
rechniques have been proposed to assess the collapsibility of the upper airway in awake humans, but
sleep-wake comparisons have rarely been attempted, and there are few studies comparing 0SA
patients and control subjects. The aim of this article was to describe the negative expiratory pressure
NEP, a new method assessing expiratory flow limitation during spontaneous breathing used to identify
patients at risk for obstructive sleep apnea. Material and Methods: A bibliographic reference research
was conducted in the main base of journals indexed data, published between January 1, 1994 (when
the technique was started) and December 1, 2014 using NEP technique in subjects with respiratory
sleep disorders. Results: The NEP is a new method to detect upper airway flow limitation and has been
disseminated worldwide over two decades of research. Authors have applied the NEP in different
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ABSTRACT

Background: Negative expiratory pressure (NEP) technique is used to assess upper airway collapsibility
in patients with obstructive sleep apnea, in which expiratory flow limitation has been described as a
transient or sustained decrease in expiratory flow during application of NEP. Objectives: The aim of this
systematic review was to describe the NEP test, a new method to assess expiratory flow limitation during
spontaneous breathing used to identify patients at risk for obstructive sleep apnea. Material and
Methods: A bibliographic reference research was conducted in the main base of journals indexed data,
published between January 1, 1994 (when the technique was started) and March 1, 2015 using NEP
technique in subjects with respiratory sleep disorders. Results: The NEP test has been disseminated
worldwide over two decades of research. Authors have applied the NEP in different subjects such as
healthy individuals, patients with chronic obstructive pulmonary disease, obesity and obstructive sleep
apnea (OSA) to detect upper airway flow limitation. Conclusion: Some studies have been conducted
under different population and have shown that this NEP test is reliable to detect upper airway

collapsibility and could be used as a screening method for diagnostic OSA.

Keywords: Negative expiratory pressure, upper airways, sleep, obstructive apnea, screening test.
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INTRODUCTION

The negative expiratory pressure (NEP) method was introduced nearly 20 years back in 1994 as a
method of detecting limited human intrathoracic expiratory flow under various conditions. NEP uses
negative pressure (typically between -2 and -10 cm H.O) during quiet tidal exhalation to increase the
pressure difference between the alveoli and airway opening; in the absence of flow limitation, the
expiratory flow increases M. The expiratory flow does not increase at any point during expiration tidal in
patients with a flow limitation. The usually transient application of a small NEP at the onset of resting
expiration does not elicit the gag reflex in the genioglossus or change the upper airway resistance in
awake subjects 23,

Obstructive sleep apnea (OSA) is a type of sleep-disordered breathing characterized by recurrent
partial or complete upper airway collapse during sleep. Sleep apnea is defined as the complete cessation
of airflow for longer than 10 seconds and is considered obstructive when it is airflow ®). Several
diagnostic techniques have been proposed to assess the collapsibility of the upper airway in awake
humans, but sleep-wake comparisons have rarely been attempted, and there are few studies comparing
OSA patients and control subjects ©.

This systematic review describes the methods and techniques used over the past 20 years to verify the

presence of negative expiratory pressure, focusing on the diagnosis of OSA.

Definition

The NEP technique was first introduced by Valta et al. in 1994 ®. According to Koulouris et al. @, in
the following year, Valta proposed an alternative technique to detect intrathoracic expiratory flow
limitation that did not require patients to perform forced expiratory maneuvers. Koulouris et al. then
examined the prevalence of expiratory flow limitation during resting breathing in patients with stable
chronic obstructive pulmonary disease (COPD); they showed that the NEP technique was a simple, rapid,
and reliable method, and found a high prevalence of flow limitation in COPD patients.

During the NEP test, negative pressure is applied at the mouth during a tidal expiration, and the
resulting flow-volume (V'-V) curve is compared to the curve generated during the previous control
expiration. The NEP technique is based on the principle that, in the absence of flow limitation, the
increased pressure gradient between the alveoli and airway opening caused by NEP should result in an

increased expiratory flow. NEP does not require forced vital capacity (FVVC) maneuvers or a specific slot;
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the required patient cooperation is minimal, and the technique can be used during exercise and in the

intensive care unit (ICU). NEP was first applied and validated in ICU patients receiving ventilator support

(6-10)

The NEP test was introduced to assess the limitation expiratory flow (EFL) intrathoracic in
patients with obstructive lung disease. These subjects are regarded as flow-limiting implementation of the
NEP did not show an increase in flow during the terminal portion of the expiratory tidal volume
compared with previous values of the flow volume curve. More recently, the NEP test was also used to
verify the properties of the upper airways of subjects with obesity and / or OSA, suggesting that in the
absence of intrathoracic airways obstruction in response to the application of the NEP could reflect
airway collapsibility higher® .

The test is performed applying a negative pressure in the oral cavity during exhalation. This is an
easy maneuver to perform and requires minimal cooperation of the patient. NEP is based on the principle
that, in the absence of LPE, the increase in pressure gradient between the alveoli and the upper airway
open caused by the NEP may result in an increase in expiratory flow®,

The application of NEP shows a rapid increase in the flow, especially for dynamic airway
compression, dropping due to compliance and the oral structures of the neck, determined by the common
mode rejection ratio of the differential pressure transducer used to measure flow, followed by a drop in
the flow, called delta flow (AV") variable degree between subjects. The sudden fall of the flow is caused
by increased resistance in the oropharyngeal region, reflecting the collapsibility of the upper airway
(extrathoracic EFL). Block diagram of the instrument for the analysis of airflow limitation by the

negative expiratory pressure technique showed in Figurel. (213,
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Figure 1: Negative expiratory pressure technique set up.
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NEP is usually set to approximately -5 cm H2O but can be adjusted with a potentiometer in vacuum
devices or by adjusting the Venturi device. When normal breathing is resumed, a number of test cycles
are performed with regular cycles interspersed between, with NEP is applied at the beginning of
expiration and maintained during the entire expiration. Importantly, subjects should be observed during

testing to ensure that there are no leaks in the nozzle. Only tests without air leaks were considered valid

(9.11-13)

The NEP technique has been used to assess the expiratory flow limitation in COPD during exercise
(4, the bronchodilator reversibility in COPD @9, and airway hyper-reactivity 9. The influence of the
NEP technique on spirometry has also been examined @7, Three studies utilized NEP to detect expiratory

flow limitation in children, aged 1.5 to 20 months “9, 1.0 to 6.8 years !®, and 6 to 14 years @9,

Despite these other applications of the NEP technique, it has been used primarily to assess upper
airway collapsibility. The first study of this kind using NEP technique was conducted by Tantucci et al.
@), who examined whether NEP could increase the upper airway resistance in a manner that masked

intrathoracic flow limitation during the examination.

Although the NEP technique has great scientific and clinical potential, it is limited by technical
difficulties and has yet to receive widespread use. In this context, this systematic review describes the
new flexible, open architecture of current NEP instruments. Design details, diagnostic accuracy, and
experimental results in normal subjects, in patients with COPD, obesity, cystic fibrosis, bronchiectasis,

asthma, heart disease, and OSA, and in children and athletes are discussed.

METHODS
Search strategy

The MEDLINE, EMBASE, SciELO (Scientific Electronic Library Online), LILACS (Literatura
Latino-americana e do Caribe em Ciéncias da Salde [Centro Latinoamericano y del Caribe de
Informacion en Ciencias de la Salud]), PUB MED CENTRAL, and Cochrane Central Register of
Controlled Trials databases were searched for eligible studies. The title, abstract, text, and keywords
according to MeSH (Medical Subject Headings) and DECs (Descritores em Ciéncias da Salde) were

searched using the following terms: Obstructive Sleep Apnea OR Obstructive Sleep Apnea; Sleep
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Breathing Disorders; Expiratory flow limitation OR flow limitation; Negative expiratory technique OR
Negative Expiratory pressure OR Negative expiratory method. The last day of the database search was
March 1, 2015.
Study selection

Two independent reviewers performed the initial database search based on the title, abstract, and
keywords of potentially eligible studies. Disagreements between the reviewers were settled in consensus
by a third reviewer. After the articles were identified in the initial search, they were read individually.
Studies were included in the analysis according to the following criteria: controlled and non-controlled
studies (assessing the diagnostic accuracy of the NEP technique in measuring the upper airway
collapsibility) published between January 1, 1994 (when the technique was started) and March 1, 2015.
Review articles, overviews, methodology only, letters to the editor, case reports, and articles in languages

other than English were excluded.

Assessment of methodological quality

This systematic review followed the criteria outlined in the PRISMA @9 statement, which comprises
a checklist and flow diagram (reference the PRISMA). The included articles were analyzed according to
the evaluation criteria outlined in the second STARD @ statement. The objective of the STARD
initiative is to improve the accuracy and completeness in studies of diagnostic accuracy to allow readers
to assess the potential for bias in a particular study (internal validity) and evaluate its generalizability

(external validity).

RESULTS

About 84 studies published between January 1, 1994 and December 1, 2014 were initially identified.
Six articles were excluded because they were written in languages other than English (Table 1). An
additional 21 articles were excluded from the critical analysis for being reviews, descriptive articles,
study protocols, case reports, and editorials, for addressing pathologies other than OSA, or for failing to
meet the eligibility criteria proposed by the STARD statement. Sixteen studies evaluating the diagnostic
accuracy of the NEP technique for OSA were eligible. The flow diagram of study selection showed in

Figure 2.
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Figure 2. Selection process for studies included in this systematic review.

The NEP technique articles included in this systematic review are shown in figure 3. Figure 4

show the main results of the NEP in studies of diagnostic accuracy for OSA patients.

STUDY

AUTHOR

COPD

Koulouris et al.(1995)®; Baydur et al. (1997)?2
Koulouris et al (1997)%4); Murciano et al. (2000)(*3
Diaz et al (2000)?¥; Ninane et al. (2001)?%
Diaz et al (2001)@; Alvisi et al. (2003)(5)
Stevenson et al. (2005)@7; Walker et al.(2007)@®
Tantucci et al. (2013)®; Chiari et al. (2013)©9
Chiari et al. (2014)®Y; Puente-Maestu et al (2006)©?
Koulouris et al.(2012)#;Zhang et al. (2006)©4
Chen et al. (2007)®); Boni et al. (2002)6)
Gold et al. (1996)@7; Calverley et al. (2005)¢®)
Teixeira et al. (2010)¢?

Asthma

Boczkowski et al. (1997)“9); Zhang et al. (2006) ¢4
Kosmas et al (2004)“D; Tantucci et al. (1999)®

Bronquiectasy

Koulouris et al (2003)#2

Cystic fibrosis

Braggion et al (1998)“*% : Goetghebeur et al (2002)“*4
Tauber et al (2003)“%; Holland et al (2006)“®)
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Acuter respiratory failure

Armaganidis et al. (2000)“")

Bronchodilator

Boni et al (2002)®%); Hadcroft et al.(2001)>
Dellaca et al.(2007)“®); Tantucci et al.(1999)®
Sulc et al (1999)“?); Tantucci et al (1998)®@
Ping-Huai Wang et al.(2003)(®)

Heart disease

Duguet et al. (2000)®%; Chiari et al. (2013)¢0)

Koutsoukou et al. (2004)®; Baydur et al. (2004)©%2

Obesity Pankow et al. (1998)¢%)
Elderly Vanpee et al (2002)): Marangoni et al. (2012)®%
Guillot et al. (2010)®%; Vanpee et al. (2005) ©5)
Children Jirickova et al.(2009)®; Jones et al.(2000)10)
D'Angelo et al (2000)°); Tauber et al. (2003) “4
Athletes Mota et al (1999)®"); Guenette et al (2007 (*®)
Healthy subjects Tantucci et al. (1998)@; Sulc et al (1999)“®)

Spinal Cord injury

Alvisi et al. (2012)®%

Sleep

Liistro et al.(1999)®?; Tantucci et al.(1999)®
Verin et al.(2002)6Y; Van Meerhaeghe et al.(2004)(6?)
Tamisier et al.(2005)®; Insalaco et al.(2005)®4
Ferretti et al.(2006)®); Rouatbi et al.(2009)(®)
Carrera et al. (2011)69; Romano et al.(2011)t ©®
Romano et al.(2011)2 ©9; Baydur et al.(2012)%
Montemurro et al. (2012); Corda et al. (2008)(?
Guillot et al. (2010)®8); Hirata et al. (2011)®)
Oliveira et al. (2011)7; Insalaco et al. (2012) />
Insalaco et al. (2012)2 ®); Handa et al. (2012)(""
Togeiro et al. (2010)("®; Ayappa et al.(2003)®)

Malhotra et al. (2001) €%

Figure 3. Studies about NEP test in various conditions.

Authors Classification
and Subjects
Controlled Study
(n=24 OSA,;

n= 24 control)

Romano, 2011

Carrera, 2011 Controlled Study

(n=20 children whit

snoring; n= 20 with
OSA;

n=20 control)

Rouatbi, 2009 Cross-sectional study,
(n=108)
42 OSA patients and 34
with snorers and 32

healthy subjects.

Results
and Conclusion
OSA patients showed a greater decrease in flow than
normal subjects. Sensitivity and specificity for V0,2 and
DV proved precision for severe OSA using NEP test
(95.8 and 91.7 respectively)

NEP compared to tidal breathing (RatioNEP)= in both the
seated and supine positions; P < 0.0001 for all (e.g.,
RatioNEP at —5 cm H20, seated: 1.8 £ 0.5, 2.1 £ 0.4, and
3.0 £ 0.6 for OSAS, snorers, and controls, respectively).
NEP technique does not elicit a different Upper Airway
muscle activity response between controls and children
with SDB.

Apneic patients had lower Drop flow in both positions
with a number of oscillations on the expiratory curve
obtained with NEP and an EFL in the supine position
higher than that of other groups (p < 0.05).NEP

constitutes a simple and useful tool for the screening



Ferreti, 2006

Tamisier, 2005

Tamtucci, 1999

Insalaco, 2005.

Guillot, 2010.

Liistro, 1999.

Prospective, randomized
study (n= 34 OSA,;
n=14 snoring;

n= 7 control)

Controled study
(n=35 SDB;

n= 15 control)

Controled study, (n=12
control;
n= 6 Nonapneics

snorers; n=6 snorers).

Cross-sectional
(n= 37 obese patients
with OSA)
Cohort study (n=448
with OSA)

Cross-sectional
(n=22 OSA)
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OSA by EFL.
An inverse correlation with AHI was found for V,NEPO.5
in the supine position with NEP -5 cmH20 (rs = -0.46, p
< 0.05) in severe OSAH patients.. The NEP technique,
however, appears to have a limited usefulness as clinical
tool for routine screening of the OSA patients during
wakefulness.

Abnormal flow-volume curves were significantly more
frequent in patients with SDB in both negative pressures
and positions. In the supine position, (-5cmH20 and -
10cmH20), thresholds of less than 160 and 180%
respectively identified in 96.6% of SDB, whereas
thresholds of greater than 160 and 180% were adequately
classified in 76.9% of controls. NEP flow-volume curves
during wakefulness is useful method to detect upper
airway collapsibility.

In Non-snoring group was both spontaneously as with
NEP test will -5cmH20, a similar increase V '(3.10 =
0.19 and 3.30 £ 0.18 cm H20, respectively) and the
snoring group there was an the resistance of the
respiratory system at all levels of NEP (p <0.05). In S, V
Increased much less than with NEP in NS and was
sometimes lower than without NEP, Especially in the
supine position. This study Indicates that During
wakefulness nonapneic S have more collapsible upper
airways than the NS, reflected by the marked Increase in
Rint, rs with NEP.

AHI correlated with AV (peak v%) in both sitting and
supine positions during application of NEP.

AV (% V peak) EFL (% VT) can be a marker of OSA.
Low sensitivity (31.4%) and specificity (67.7%) in
predicting OSA. The prevalence of EFL is elevated in
healthy individuals and may not be used to predict the
presence of sleep-related in an older population
disturbances.

The close correlation between % FL supine during
wakefulness and DI during sleep (r = 0.84, p <0.001). All
subjects had obstructive sleep apnea > 30% FL supine.
The implementation of NEP appears to be a useful

method and this study suggests that upper airway



Meerhaeghe, 2008. Cross-sectional study
(n=238) in patients with
OSA.
Romano, 2011. Cross-sectional
(n=155 OSA)
Corda, 2009. Clinical trial non

controlled (n=10 obese

patients)
Verin, 2002. Cross-sectional (n=19
OSA)
Montemurro, 2012. Controled study

(n=10 moderate or
severe OSA; n= 10
snorers without OSA,
n= 29 without OSA)

Baydur, 2012. Cohort study
(n=139 OSA and
DPOC)

Figure 4 — Studies with NEP test in OSA patients.
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collapsibility can be detected.

Significant correlation between the degree of FL
measured by NEP in both positions and the AHI. This
correlation was significantly higher in the supine position
(p, 0.0001). NEP had moderate sensitivity and specificity
and may be useful in predicting OSA in a population with
clinical basis.

The V0.2 (%) for the detection of predictive parameters
were OSA sensitivity (81.1%), specificity (93.1%), VPP
(98.1%), and NPV (52.9%). Sensitivity (96.9%) and NPV
(93.2%) for severe OSA. The NEP seems to be a
screening test for suspected OSA.

V NEP 0.5 was 290 + 73 ml at the start, 291 + 65 ml after
one week and 338 + 67 ml after 6 months (6 months vs.
basal p <0.05; one weeks vs. six months p <0.01). The
data suggest that treatment with CPAP may be effective
in patients with OSA by inducing an improvement in
aspects of upper airway that can be observed during the
(early) anatomical vigil.

Significant correlation between the degree of FL and the
AHI (p <0.05 for both pressure levels) and DI ( p <0.05, a
- 10 cm H20). NEP technique can detect the EFL of the
thoracic and extrathoracic origin.

Snorers > V,NEP0.5 320 + 33 mL (62 + 12% predicted)
and Pcrit of -0.6 + 0.3 cmH20, while V had OSAHS
patients, NEP0.5 295 + 67 mL (48 £+ 12% of predicted)
and Pcrit of 1.0 £ 1.0 cmH20. V, NEP 0.5 expressed as
percent predicted according NF Pcrit reflects strongly in a
wide range of values and may be used as a substitute for
Pcrit evaluate UA collapsibility.

All patients exhibited %EFL values significantly higher
than control subjects, corrected for age and gender.
%AUC/%EFL was significantly higher in mild-moderate
OSA than in COPD only while seated. %AUC or
%AUC/%EFL did not discriminate amongst other cohorts
in either posture. Computation of %AUC and
%AUC/%EFL is useful in determining the magnitude of
extrathoracic FL in individuals with obesity and OSA, but

does not distinguish between cohorts.
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Note- OSA: Obstructive sleep apnea; Vo.: exhaled volume at 0.2 seconds; dV": Flow drop; NEP:
Negative expiratory pressure; SBD: sleep breathing disorder; EFL: Expiratory Flow limitation; AHI:
Apnea—Hypopnea Index; DI: Desaturation index; CPAP: Continuous positive airway pressure; Pcrit:

critical pressure pharyngeal closure; UA: Upper airway; %AUC: NEP curve.

In Table 1 we can identify studies of diagnostic accuracy along with their evaluation by the

STARD statement.

Table 1. Studies of diagnostic accuracy and the STARD classification

STUDY STARD SCORE
Carrera et al. (2011) 16/25
Rouatbi et al. (2009) 14/25
Romano et al. (2011) 16/25
Tamisier et al. (2005) 18/25
Tantucci et al. (1999) 17/25
Insalaco et al. (2005) 20/25
Guillot et al. (2010) 24/25
Liistro et al., (1999) 19/25

Meerhaeghe et al.(2008) 21/25
Romano et al. (2011) 21/25
Corda et al. (2009) 21/25
Veri et al. (2002) 16/25
Montemurro et al.(2012) 22/25
Baydur et al. (2012) 22/25
Ferreti et al. (2006) 24/25
Malhotra et al. (2001) 24/25

DISCUSSION
NEP in chronic obstructive respiratory disease (COPD)

A total 21 studies examined the NEP technique in patients with COPD. All 14 studies performed
NEP at -5 cmH,0 in patients with mild to severe COPD; one study was a controlled clinical trial ¢* and
used the NEP technique to detect Expiratory Flow Limitation (EFL) during exercise. Two studies verified

the presence of flow limitation at rest only, with more than 50% of the subjects presenting expiratory flow
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limitation ?32%, Two studies assessed the flow limitation while patients were seated and supine; at least
50% of subjects in these two studies showed flow limitation when supine or seated 29,

An interesting study by Murciano et al. (2000) @ used NEP to evaluate the flow limitation,
hyperinflation, and dyspnea during global exercise in patients who underwent single lung transplantation
(SLT). They found that patients who received SLT for COPD did not exhibit expiratory flow limitation
and experienced minimal dyspnea at rest. During the study period, the mean +standard deviation (SD) of
forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), functional residual capacity
(FRC), and total lung capacity (TLC) were 55 + 14%, 67 + 12%, 137 + 16%, and 110 + 11% predicted,
respectively.

At rest, none of the patients experienced expiratory flow limitation and dyspnea. At peak exercise,
the maximum mechanical power and maximal oxygen consumption were 72 + 20% and 65 + 8%
predicted, respectively, with a maximum Borg dyspnea score of 6+£3. All except one patient experienced
flow limitation and dynamic hyperinflation, and the end-expiratory lung volume (EELV) and end-
inspiratory lung volume (EILV) totaled 74 + 5% and 95 + 9% of TLC, respectively. Murciano et al.
concluded that most COPD patients undergoing SLT experience expiratory flow limitation and dynamic
hyperinflation during exercise, though the maximum dyspnea varies.

A 2001 study assessed a new method of diagnosing expiratory flow limitation, manual compression
of the abdominal wall (MCA) during expiration ?4. Spontaneous breathing was assessed in 12 patients
with stable COPD and five healthy subjects in supine and sitting postures at rest. In the normal subjects,
MCA was associated with a decreased abdominal AP dimension (mean + SD: -27 + 6%) and increased
PGA (14.7 £ 7.4 cm H20), Pp (6.2 £ 2.2 cm H20), and expiratory flow.

MCA caused similar changes in the abdominal AP dimension and sitting pressures in the COPD
patients, but in six COPD patients (50%), including four patients with an FEV1 < 1 L, the expiratory flow
did not increase. When the patients were in the supine posture, MCA caused an increased expiratory flow
in normal subjects, but four of the COPD patients showed evidence of flow limitation. MCA invariably
increased expiratory flow in patients with OSA while the NEP method suggested a flow limitation in
certain cases. Ninane et al. (2001) @ concluded that MCA is a very simple method permitting detection
of flow limitation in different positions.

In a recent review, Tantucci et al. (2013) @ examined the findings of over 15 years of NEP

experimental and clinical studies. Slight NEP (usually 5 cm H,0) was applied at the mouth at the start of



90

expiration to establish a pressure gradient between the alveoli and airway opening; the maneuver was
maintained during the entire exhalation. In any circumstances, the authors report that EFL predisposes to
pulmonary dynamic hyperinflation and its unfavorable effects such as increased elastic work of breathing,
inspiratory muscles dysfunction, and progressive neuro ventilatory dissociation.

The NEP method has been validated by pressure curves constructed from the iso-volume stream.
NEP does not require cooperation from the patient and can be performed during rest, in any position, and
during exercise. NEP is generally devoid of interpretive problems. NEP is limited only by upper airway
collapse, which may be induced by the technique itself; this can occur in patients with snoring and OSA
and can be partially controlled by repeating the maneuver at less negative pressure. Excessive change

during spontaneous breath-by-breath EELV may produce unclear results using NEP (1314, 22-39).

NEP in cystic fibrosis (CF)

Four studies were performed in patients with cystic fibrosis (CF). One clinical controlled study ©%
applied a NEP of -3 cmH20, -5 cmH20, and -7 cmH,0 to CF patients, asthma patients, and healthy
children. Four of 17 CF patients experienced flow limitation, while none of the asthmatic and control
patients showed flow limitation. A second controlled study “® applied a NEP of -5 cmH,0O to 102 CF
patients and 20 control subjects who were randomly assigned to a sitting or supine position. In the CF
group, 16 patients showed flow limitation during application in the supine position, and 18 patients
showed flow limitation both while seated and supine position.

Flow limitation was also associated with a lower FEV1 when sitting, though patient age also
contributed to the flow limitation. None of the control subjects showed flow limitation. A third study ©“3)
evaluated 10 infants aged 35 + 14 months. The infants were sedated with chloral hydrate, and NEP was
applied at approximately -4 cmH,O in the supine position. Only one infant experienced flow limitation.
The fourth study “* evaluated 22 CF patients aged 6 to 30 years. NEP was applied at -3 cmH0 in the
sitting position, and only three patients experienced expiratory flow limitation. These patients were
unique in showing particularly low FEV1 values (16—27% predicted) and very severe dyspnea.

Recently, a study was conducted in Italy at the Respiratory Medicine Unit, Department of Medical
and Surgical Sciences of the University of Brescia with the goal of determining whether expiratory flow
limitation is a functional marker more associated with pulmonary emphysema rather than with chronic

bronchiolitis in COPD patients with moderate to severe flow obstruction. Forty consecutive stable COPD



91

patients with an FEV1 between 59 and 30% predicted were evaluated. Thirteen patients (33%) in the
sitting position showed flow limitation, and 27 had no limitation. Only the FEV1/FVC, FEV1%, and
MEF25-75 differed between the patients with and without flow limitation (p < 0.01).

Among the seated patients without flow limitation, those who later developed expiratory flow
limitation had significantly lower DLCO and KCO (p < 0.05) and higher MMRC (p < 0.01) than those
who did not develop expiratory flow limitation; the FEV1 was similar between the patients. The authors
concluded that in COPD patients, the expiratory flow limitation while in the sitting position is highly
dependent on the severity of airflow obstruction. Moreover, the occurrence of expiratory flow limitation
while supine is associated with the highest KCO and DLCO, and with chronic dyspnea, which reflects the

prevalent phenotype in emphysematous patients with moderate to severe COPD 0,

NEP in heart disease

Two studies examined NEP in heart disease patients. Orthopnea is a typical symptom of acute left
heart failure (LHF), but its mechanisms are not completely understood. As airway obstruction is common
in acute LHF, postural flow limitation may contribute to orthopnea. Duguet et al. (2000) examined 12
patients with acute LHF aged 40-98 years in both seated and supine positions, and compared them to 10
age-matched healthy subjects. Flow limitation was assessed during quiet breathing by applying NEP at
the mouth throughout tidal expiration, and airflow limitation was assumed when the expiratory flow did
not increase during NEP.

Compared with the control subjects, the LHF patients showed rapid, shallow breathing with slightly
increased minute ventilation and mean inspiratory flow. Expiratory flow limitation was common in the
LHF patients, particularly those with orthopnea. In another study by Chiari et al. (2013), expiratory flow
limitation was assessed in 15 patients with stable chronic systolic heart failure using the NEP technique.
Flow limitation was absent at baseline but was detected during each stage of an exercise load in all

patients examined by NEP (050,

NEP in obesity
Three controlled studies examined obese patients. In one study by Koutsoukou et al. 2004 ®9, the
prevalence of expiratory flow limitation was assessed using NEP in 15 postoperative morbidly obese

subjects who were mechanically ventilated. They found that most of the patients ventilated on zero
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positive end-expiratory pressure (PEEP) showed expiratory flow limitation. The flow limitation, and the
risk of low lung volume injury, dissipated in patients ventilated at appropriate PEEP levels. Impaired gas
exchange was common in all the patients, likely due to atelectasis.

In a second study ©?, 56 patients with obstructive airway disease (21 patients with COPD, 16
patients with simple chronic bronchitis, and 19 patients with asthma) were compared to patients without a
history of snoring or OSA (47 patients with restrictive respiratory disorders, 20 non-obese and healthy
subjects, and nine obese subjects [body mass index [BMI] > 30]). NEP was applied at -5 cmH0, -10
c¢cmH-0, and -15 cmH,0. Only three patients with asthma and four patients with COPD experienced flow
limitation when supine, and three COPD patients experienced flow limitation both in sitting and supine
positions. Ten patients (18%) with obstructive airway disease (including seven COPD patients) exhibited
expiratory flow limitation at an NEP of -5 cm H0.

None of the patients with restrictive disorders or the healthy obese and non-obese subjects showed
expiratory flow limitation at an NEP of -5 cm H,O. The authors concluded that increased NEP only rarely
caused sustained decreased flow below baseline, and in subjects without OSA, intrathoracic expiratory
flow limitation can be validly assessed with NEP in nearly all situations 2,

The third study ©3 applied NEP in eight obese subjects (mean BMI, 44 = 5 km/m?) and six age-
matched normal-weight control subjects. All obese subjects previously underwent polysomnography, and
five obese subjects were diagnosed with mild OSA. Five obese subjects experienced flow limitation only
when supine, while two subjects showed flow limitation in both the supine and sitting positions. None of
the normal weight subjects experienced flow limitation. Obesity appears to promote expiratory flow
limitation with concurrent dynamic hyperinflation, intrinsic PEEP (PEEPI), and risks low lung volume
injury, but the prevalence and magnitude of these respiratory abnormalities have not been studied in

mechanically ventilated morbidly obese subjects ©2),

NEP in elderly patients

Four studies examining the use of NEP in the elderly were found @7-%+%6), In clinical practice, lack of
patient cooperation makes assessment of lung function in elderly patients difficult. Vanpee examined the
utility of NEP during spontaneous breathing in 15 hospitalized elderly patients who were unable to
perform the classic forced expiration maneuver due to poor coordination or cognitive disturbance. In

these patients, NEP was easily and quickly applied during rest without causing collateral damage. During
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the NEP maneuver (-5 cmH,0 and -10 cmH,0), expiratory flow limitation was observed in 6 and 5 of 15
patients, respectively. The mean flow limitation was 60 + 9% and 70 +£15%, respectively, and was
reproducible with repeated NEP testing. The authors concluded that NEP is a simple method for detecting
expiratory flow limitation during spontaneous breathing in uncooperative elderly patients.”.

Vanpee continued his research in a 2005 study 9 that examined whether expiratory flow limitation
measured by NEP during tidal expiration can evaluate respiratory compromise in elderly patients. NEP
was applied at -5 and -10 cm H2O during tidal expiration in 67 consecutive hospitalized elderly patients.
Patients were stratified into two categories according to the NEP results (flow limitation and not flow
limited). The elderly patients were also divided into three groups according to conventional pulmonary
functional parameters (normal, obstructive, restrictive).

The sensitivity, specificity, and positive and negative predictive values for diagnosing an obstructive
syndrome associated with a flow limitation during NEP (-5 cm H,0) were 53, 74, 45, and 79%,
respectively, and during -10 cm H,O were 58, 83, 58, and 83%, respectively. These results indicated a
poor correlation between flow limitation on NEP during spontaneous breathing despite a strong
correlation with the dyspnea score. In clinical examination of dyspneic elderly patients, evaluation of
flow limitation by the NEP technique before attempting conventional maximal expiratory maneuvers
appears to be unreliable for detecting an obstructive functional impairment or identifying the origin of

dyspnea.

NEP in bronchiectasis

Bronchiectasis is characterized by irreversible airway destruction, due primarily to chronic infection.
Although this condition is currently rare in developed countries, particularly in North American countries,
bronchiectasis remains common in underdeveloped countries and causes considerable morbidity and
mortality. Koulouris et al. (2003) “? investigated whether expiratory flow limitation during tidal
breathing occurred in patients with bilateral bronchiectasis and whether this limitation was correlated with
the severity of chronic dyspnea (Medical Research Council [MRC] dyspnea scale), exercise capacity
(maximal mechanical power output, WRmax), and disease severity as assessed by high-resolution
computed tomography (HRCT). NEP at -3.5 cmH,0 was performed in 23 patients with bronchiectasis. In

five patients, flow limitation was only observed in a supine position, while four patients showed flow
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limitation in both seated and supine positions. Of the nine patients with flow limitation, two had

obstructive airway disease and seven showed mixed lung defects.

NEP in athletes

Two studies evaluating athletes were found. In both studies, NEP was applied at -10 cmH>O during
an incremental cycle test to exhaustion. The first study ©” performed NEP in 10 male competitive cyclists
with normal lung function. Only the eldest subject (33 years old) exhibited flow limitation during peak
exercise. The second study ©® evaluated 18 endurance athletes (10 women and eight men). Expiratory
flow limitation occurred in three men and nine women during the final stage of exercise. The single

woman who did not develop flow limitation had the largest lung volume with a FVC at 134% predicted.

NEP in children

Four studies in children were included in the present review @0 181944 n the sole controlled study
(8 NEP at -5 cmH,0 was administered to children with and without respiratory symptoms who were
matched in age, height, body weight, and BMI. The frequency of tidal flow limitation was significantly
higher in children with respiratory symptoms. The other two studies “% 1% examined whether NEP could
be used to assess the performance of forced expiratory maneuvers. In one study @9, NEP was applied at -
5 ¢cmH-0 in four infants aged between 1.5 to 20 months, and the other study ¢ performed NEP at -10
c¢mH20 in 177 normal children aged 6 to 14 years.

In all children in both studies, the peak expiratory flow (PEF) and FEV: increased during NEP,
indicating that PEF occurred during the effort-dependent portion of the forced vital capacity (FVC). The
PEF decreased significantly with increased age (50—20% of FVC from 6—14 y). These findings suggested
that the decreased PEF was due primarily to the poorer coordination of specialized motor acts in young
children, who have an incomplete morphological and lack functional maturity of the central nervous
system (CNS).

In a study by Jirickova et al. (2009) ®®, flow limitation was observed in 48% of children with
respiratory symptoms. None of the patients in the non-respiratory group exhibited flow limitation, with
the difference statistically significant (p < 0.001). The frequency of upper airway collapse was higher in

the respiratory symptoms group (n = 12) than in children without any respiratory symptoms (n = 5).
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The studies concluded that the NEP technique can detect limited expiratory flow in newborns and

pre-school age children and can assess the performance of FVC maneuvers.

NEP in patients administered bronchodilators

The literature search identified seven articles that used NEP to investigate the expiratory flow
limitation in patients administered bronchodilators ¢ 31516364849 Bronchodilator agents are commonly
used in patients with COPD to reduce airway obstruction. Although many COPD patients experience
substantially increased air flow after inhaling a bronchodilator, one third of patients do not exhibit
significant acute spirometric changes. However, it is commonly believed that exercise capacity and
symptoms can improve even in the absence of spirometric improvement 1),

During expiratory flow limitation, expiratory flow can be increased simply by breathing in the upper
lung volume. Thus, expiratory flow limitation promotes dynamic lung hyperinflation, a condition in
which the lung volume at the end of expiration is greater than the amount of stretch or relaxation to
equilibrium (Vr). As a result, PEEP is present in the alveoli (known as intrinsic PEEP [PEEPI]) and acts
as an inspiratory threshold load. Dynamic hyperinflation is not only associated with increased inspiratory
work due to PEEPI, but also with impaired respiratory muscle function (6,

An Italian study @ examined whether the administration of a bronchodilator (short-acting 2-agonist)
to patients with moderate to severe COPD abolished expiratory flow limitation or reduced the lung
volume at the end of expiration during tidal breathing. The pulmonary function and NEP (-3.5 cmH;0)
were examined in 18 patients (age 65 + 2 y; FEV1 = 45 * 4% predicted) at rest in a sitting position before
and 20 min after inhaling 400 pg of salbutamol. Expiratory flow limitation was detected in 11 patients
and persisted after salbutamol administration. After bronchodilator treatment, patients with flow
limitation exhibited a significantly decreased functional residual capacity (FRC) associated with an
increased inspiratory capacity (IC). By contrast, the seven patients without flow limitation did not
experience any changes in the FRC and IC after salbutamol administration. Except for one non-flow
limited patient, the other 17 patients (six non-flow limited and 11 flow limited) did not show reversibility
of their bronchial obstruction (AFEV; <10% predicted). The authors concluded that patients with COPD
and expiratory flow limitation may benefit from bronchodilator treatment, even those with nonresponsive
FEV: values, because treatment allows these patients to breath from the lower lung, though in a flow-

limited manner.
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To establish whether achieving a maximal flow rate during tidal expiration elicited a dynamic
elevation in the lung volume at the end of expiration, Tantucci et al. (1999) ©9 examined the breathing
pattern, change in lung volume at the end of expiration (as indicated by the IC), and the occurrence of
expiratory flow limitation (as indicated by NEP) in 10 stable asthmatic subjects during methacholine-
induced, progressive bronchoconstriction in a seated position. The maximum FEV: decreased a mean
45.2% (p < 0.001 vs. control), while the IC decreased 29.2%, (0.89+0.07 L, p < 0.01 vs. control).

In seven subjects, the lung volume at the end of expiration started to increase before the flow
limitation occurred. The authors concluded that during acute methacholine-induced bronchoconstriction,
dynamic hyperinflation may occur in the absence of expiratory flow limitation and is not triggered by this
flow limitation. In these patients, dyspnea appears to be associated with the increase in end-expiratory
lung volume and not with the onset of expiratory flow limitation.

Sulc et al. (1999) “9 conducted a study assessing whether healthy supine subjects developed tidal
expiratory flow limitation and hyperinflation during standard methacholine challenge (up to 128 mg/mL),
and whether the onset of tidal flow limitation was associated with dyspnea. Flow limitation was assessed
using NEP and hyperinflation based on the decrease in IC in eight healthy subjects. Seven patients
experienced flow limitation at mean methacholine doses of 4 + 64 mg/mL, with flow limitation
encompassing 34 + 84% of the control tidal volume.

In six out of seven patients, the onset of tidal flow limitation was associated with little or no dyspnea
and modest hyperinflation (IC < -0.4 L). In one subject, however, the onset of flow limitation was
associated with a substantial reduction in IC (0.58 L) and moderately severe dyspnea. In all seven
subjects, the flow limitation transiently reversed after an IC maneuver. The authors concluded that most
healthy subjects may develop flow limitation and hyperinflation during the methacholine challenge in a
supine position, and the onset of flow limitation is associated with minimal or no dyspnea, suggesting that
the onset of dynamic airway compression may not elicit significant dyspnea.

In a randomized clinical trial, Hadcroft (2000) % examined 20 patients with clinically stable COPD
(mean age 69.9 + 1.5 years, 15 men, FEV; = 29.5 + 1.6% predicted) with tidal flow limitation as assessed
by the maximum flow-volume loop. The tidal volume and mean expiratory flow increased significantly
after administering patients with a variety of bronchodilators, but dyspnea decreased significantly only
after patients received the combination treatment. The initial NEP score was unrelated to the change in

lung volume. The authors concluded that NEP is not an appropriate measure of acute bronchodilator
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responsiveness. Changes in IC were significantly larger than those in FEV1 and can be more easily
detected. However, there is no evidence for separating patients with reversible and irreversible disease,
regardless of the measured outcome.

In a study conducted by Boni (2002) ©8), 20 subjects (mean age 65 years [range 43—77 years]) with
COPD and a FEV of 47 £ 18% predicted were examined before and after inhaling salbutamol (400 pg).
Expiratory flow limitation was assessed by NEP, and changes in the end expiratory lung volume (EELV)
were inferred from changes in the IC. Flow limitation occurred in 11 of 20 patients. The IC did not
change in patients without flow limitation following salbutamol treatment, but increased 24% (95% CI 15
to 33) in flow limited patients (p < 0.001). The maximal inspiratory pressure (PImax) improved at the end
of expiration from 45 (95% CI 26 to 63) to 55 (95% CI 31 to 79) cm H20O (p < 0.05) after salbutamol
treatment in patients with flow limitation but remained unchanged in patients without flow limitation. The
workload performed during exercise was similar in both groups, at 34 watts (95% CI 27 to 41) and 31
watts (95% CI 21 to 40) in patients without and with expiratory flow limitation, respectively. COPD
patients with expiratory flow limitation may experience less dyspnea after using a bronchodilator than
those without flow limitation, at least during light exercise. This beneficial effect, which was closely
correlated to an increased IC at rest, occurred even in the absence of any significant improvement in
FEV; and was associated with a higher PImax.

Lastly, Dellaca in 2007 “® examined NEP and the forced oscillation technique (FOT) in 21 COPD
patients; 15 patients were administered a bronchodilator, and the tests were repeated afterwards. Five
NEP tests were performed in each patient and condition, and the results were independently scored by
three operators unaware of the FOT results. The author concluded that the NEP and FOT showed good
agreement. As FOT is automatic and can measure multiple breaths over long periods, it is more suitable
for continuously monitoring expiratory flow limitation and identifying patients approaching the onset of

expiratory flow limitation, as intermittent sampling may be insufficient.

Acute respiratory failure and NEP

One study evaluated the static intrinsic positive end-expiratory pressure (PEEP), and expiratory flow
limitation in 32 consecutive acute respiratory failure (ARF) patients who were mechanically ventilated
with a commercial ventilator able to perform NEP. Twelve of 32 patients exhibited tidal expiratory flow

limitation, indicated by the absence of an increase in expiratory flow despite application of an NEP over



98

all or part of the baseline expiratory flow-volume curve. The authors concluded that NEP assessment at

bedside could provide useful information on the respiratory function in mechanically ventilated patients

),

Healthy subjects and the NEP technique

NEP at the end of expiration causes reflex-mediated activation of the genioglossus muscle in awake
humans. We found two studies 48 examining the NEP technique in healthy subjects. The first study used
NEP to examine whether the pharyngeal dilator muscles contracted reflexively in response to early
expiration. The effect on the genioglossus muscle reflex activity was assessed in 10 normal awake
subjects at rest who were administered a 500 ms NEP pulse 0.2 s after the onset of expiration and during
the end-expiratory pause. NEP administered at the end-expiratory pause elicited a consistent reflex
response on electromyography in seven subjects (mean latency of 68 + 5 ms). Reflex activity of the
genioglossus was elicited much more frequently when NEP was performed at the end of expiration rather
than at the onset. These findings suggest that reflex-mediated genioglossus activation may not occur when
NEP is applied during early expiration to detect the intrathoracic flow limitation in the absence of upper
airway collapse, and vice versa @,

A Canadian study in 1999 investigated the use of NEP in healthy supine patients by assessing
whether patients developed tidal expiratory flow limitation and hyperinflation during standard
methacholine challenge (up to 128 mg/mL) and whether the onset of tidal flow limitation was associated
with dyspnea®. The authors found that most healthy subjects developed flow limitation and
hyperinflation during the methacholine challenge but experienced minimal to no dyspnea at the onset of
flow limitation, suggesting that the onset of dynamic airway compression does not automatically elicit

significant dyspnea; most likely, significant dyspnea only occurs during marked dynamic hyperinflation.

Spinal cord injury and the NEP technique

The presence of tidal expiratory flow limitation in patients with low lung volume can indicate cyclic
opening/closing of peripheral airways, which can cause chronic lung injury and inflammation that
contribute to the progressive development of peripheral airway disease. One study was conducted in
patients with spinal cord injury and aimed to characterize the changes in respiratory mechanics using the

NEP technique in patients with middle cervical spinal cord injury (SCI) and to examine the correlation



99

with posture. The authors detected expiratory flow limitation in 32% of supine patients and 9% of semi-
recumbent patients. They concluded that patients with middle cervical SCI can develop tidal expiratory
flow limitation. The presence of flow limitation, which is associated with increased airway resistance,
could increase the work of breathing in patients with respiratory muscles less able to respond to the

increased load €9,

NEP in respiratory sleep disorders

A total 16 articles examined NEP in sleep-disordered breathing patients, including 10 controlled
trials @ 55 6181 The studies applied different magnitudes of NEP from -1-10 cmH.0, and 10 studies
evaluated subjects both in seated and supine positions. Most of the subjects experienced expiratory flow
limitation both while seated and while supine; however, a high percentage of subjects with OSA showed
flow limitation while supine only. Several studies in awake subjects compared healthy subjects with
sleep-disordered breathing, especially with OSA, and found that the greater the OSA severity, the greater
the expiratory flow limitation (6264866571 Stydies by Baydur et al. (2012) ™V and Insalaco et al. (2005)
) also found that OSA was correlated with BMI, and as the OSA severity and BMI increased, the
presence of flow limitation increased. Several studies comparing snoring patients and healthy non-snoring
patients observed a higher prevalence of expiratory flow limitation in snoring patients (:61.67.68),

In patients with OSA, the upper airway resistance is increased, and the upper airway size is
significantly reduced, which favors collapse due to inflammation, edema, and fat accumulation in the
pharyngeal walls . In a 2008 report, Corda et al. examined the change in airway size before and after
continuous positive airway pressure (CPAP) treatment in 10 obese patients (hine men; 55 + 9 years; BMI
35.1 = 6.1; Epworth sleepiness scale 12.3 + 3.6 points; AHI 58.8 £ 27.1). The oropharyngeal junction
(OPJ) area, the mean area of the pharynx (APmean), the maximum area of the pharynx (APmax) by
acoustic pharyngometry, and the expired volume during the first 0.5 s after NEP at -5 cmH,0 (V, NEP
[0.5]) were measured during wakefulness in the supine position at baseline and after 1 week and 6 months
of CPAP treatment (3,

The mean OPJ was 0.74 + 0.28 cm? at baseline, 0.90 + 0.24 cm? after 1 week, and 1.05 + 0.31 cm?
after 6 months (1 week to 6 months vs baseline p < 0.05). The APmax was 2.28 + 0.74 cm? at baseline,
2.79 + 0.90 cm? after 1 week, and 2.94 + 0.33 cm? after 6 months (1 week to 6 months vs baseline p <

0.05). the APmean was 1.43 + 0.46 cm? at baseline, 1.82 + 0.45 cm? after 1 week, and 1.94 + 0.35 cm?
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after 6 months (1 week vs baseline p < 0.01; 6 months vs. baseline, p < 0.05). The V, NEP (0.5) was 290
+ 73 ml at baseline, 291 + 65 ml after 1 week, and 338 = 67 ml after 6 months (6 months vs. baseline p <
0.05, 1 week vs. six months p < 0.01).

The data suggested that CPAP treatment may be effective in patients with OSA not only because it
creates a mechanical splint in the upper airway, but also by improving respiratory function during the
(early) and functional (anatomical vigil later).(™

Montemurro et al. (2012) ™ evaluated the V, NEP (0.5) in 20 normal subjects (eight women; mean
age, 39 + 16 years). The baseline V, NEP (0.5) was 387 + 103 ml (100.1 + 13% predicted), and the Pcrit
was -3.7 = 2.0 cm H20. In snoring patients, the V, NEP (0.5) was 320 + 33 mL (62 + 12% predicted), and
the Pcrit was -0.6 + 0.3 cm H»0, while in the OSA patients, the V, NEP (0.5) was 295 + 67 mL (48 %
12% predicted), and the Pcrit was 1.0 £ 1.0 cmH20. The linear regression analysis showed a strong and
significant correlation between the V, NEP (0.5) and Pcrit predicted (r> = 0.79, p < 0.001). However, the
authors concluded that the V, NEP (0.5), expressed in the percent predicted according to the NF Pcrit,
reflected a wide range of values and may be used as a substitute for Pcrit in evaluating the collapsibility

of the upper airway, regardless of airway size and patient sex.

CONCLUSION

Numerous studies have been conducted in a variety of patient populations and show that NEP is a
reliable method for detecting upper airway collapsibility. The NEP test is fast and could serve as a
screening test to evaluate with suspected OSA and those with severe OSA as it appears to be a very
reliable diurnal test that objectively predicts this respiratory disorder. NEP could be even more powerful
in combination with the clinical history data, such as snoring and excessive sleepiness. Further analysis in

a more heterogeneous population may also be useful.
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