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LISTA DE ABREVIATURAS

(em ordem alfabética)

- DRGE: doenca do refluxo gastroesofagico

- EELI: esfincter esofagico inferior

- ELISA: enzyme-linked immunosorbent assay

- GER: gastroesophageal reflux

- ICU: Intensive Care Unit

- MIl-pH: Impedancio-pHmetria intraesofagica prolongada (multichannel intraluminal
impedance)

- PA: pulmonary aspiration

- PVM: pneumonia associada a ventilagdo mecanica
- RGE: refluxo gastroesofagico

- UTI: unidade de terapia intensiva

- VAP: ventilation associated pneumonia



RESUMO

Introdugdo: Os pacientes criticamente doentes em ventilagdo mecéanica apresentam
risco elevado de refluxo gastroesofagico (RGE) e de aspiracdo pulmonar, conhecidos
fatores de risco para pneumonia nosocomial.. Acredita-se que haja associacdo entre a
ocorréncia de RGE e aspiracdo pulmonar. A deteccdo de pepsina na via aérea tem sido
apontada como o elemento chave para o diagndstico dessa associa¢do. As caracteristicas
e a gravidade do RGE nessa populacdo sdo pouco conhecidas. Apesar de largamente
utilizada, a pesquisa de pepsina na via aérea apresenta varias limitacOes relativas a
coleta das amostras, a sua analise laboratorial e a sua interpretacdo clinica. Objetivos:
Avaliar as caracteristicas do RGE quanto ao seu pH (acido e ndo acido) e quanto a
altura atingida pelo material refluido (proximal e distal), bem como detectar a presenca
de pepsina A e pepsina C na secrecdo traqueal em criangas criticamente doentes em
ventilagdo mecénica e dieta enteral. Num subgrupo dos pacientes com diagnostico de
bronquiolite viral aguda, tivemos como objetivos: correlacionar o nimero de episodios
de RGE e a concentracdo de pepsina na secrecdo traqueal, e a influéncia desses eventos
no desfecho dos pacientes. Metodologia: Trinta e seis criangas - internadas em unidade
de terapia intensiva (UTI) em ventilacdo mecénica e dieta enteral plena - foram
submetidas a MIl-pHmetria e a coleta de secrecdo traqueal para analise quantitativa
(ELISA) e qualitativa (Western-Blot) de pepsina. Os parametros de RGE analisados
foram: nimero total de episddios de RGE, numero de episddios acido e ndo &cido,
namero de episodios proximal e distal e indice de refluxo acido. Os valores de pepsina
nas amostras foram correlacionados com o nimero de episédios de RGE. Foi avaliada a
associacdo do desfecho clinico dos pacientes (nimero de dias em ventilacdo mecéanica e

tempo de internagdo em UTI) com a concentracdo de pepsina nas amostras € com 0S



parametros de RGE. Resultados: Foram incluidas 34 criangas, com mediana de idade
de 4 meses (1-174 meses). Dois pacientes foram excluidos devido a artefatos
apresentados no tracado de MIl-pHmetria. MIl-pHmetria detectou 2172 episddios de
RGE, sendo 77.0% ndo &cidos e 71.7% proximais. A mediana (percentil 25-75) do
namero total de episodios de RGE/paciente foi 59,5 (20,3-85,3). O numero de episddios
de RGE néo &cido/paciente foi maior de que o nimero de &cido [43,5 (20,3-68,3) vs 1,0
(0,0-13,8), p<0,001]. Pepsina A foi detectada em 100% das amostras e pepsina C, em
76.5%. O uso de anti-acidos e a posicao da sonda de alimentacdo ndo tiveram influéncia
aos resultados. Nos 23 pacientes com bronquiolite, a concentragdo mediana de pepsina
nas amostras foi 4,76ng/mL (variando de 0,49 a 136,97 ng/mL). N&o houve associacao
entre a concentracdo de pepsina e os parametros de RGE teoricamente associados ao
risco de aspiracdo pulmonar: nimero total de episddios de RGE (p=0,068) e nimero de
episodio de RGE proximal (p=0,064). O nimero total de episodios de RGE e o nUmero
de episédios de RGE proximal ndo influenciaram o tempo em ventilagio mecéanica
(p=0,778 e p=0,643, respectivamente) e nao influenciaram o tempo de permanéncia em
UTI (p=0,542 e p=0,612, respectivamente). Também ndo houve associacdo entre 0s
niveis de pepsina e o desfecho clinico dos pacientes, tempo em ventilagdo mecanica
(p=0.289) e tempo de permanéncia em UTI (p=0.304). Discussdo e conclusdes:
Aspiracdo pulmonar esteve presente em 100% das criancas, porém esse fato nao
atribuiu piora no desfecho clinico dos pacientes. A presenca de pepsina C em quase
80% das amostras reitera a necessidade da diferenciacdo entre pepsina A e C para um
acurado diagnostico de aspiracdo de contetdo gastrico. Os métodos que avaliam RGE
ndo foram capazes de predizer aspiracdo pulmonar. A interpretacdo da presenca de

pepsina na via aérea, do ponto de vista clinico, deve ser realizada com cautela.



Palavras-chave: refluxo gastroesofagico; pneumonia aspirativa; pepsina; ventilacdo

mecanica



INTRODUCAO

Os pacientes criticamente doentes podem apresentar risco aumentado de refluxo
gastroesofagico (RGE) e de aspiracdo pulmonar. Dessa forma, tornam-se suscetiveis a
pneumonia associada a ventilagdo mecanica, condicdo que contribui para maior
morbimortalidade aqueles pacientes. Apesar de muito estudada, a complexa relacdo
entre RGE e doencgas pulmonares ainda néo foi claramente elucidada. A auséncia de um
teste padrdo ouro para diagnosticar a aspiragdo pulmonar de conteudo gastrico é
empecilho para decifrar esse dilema. A pesquisa de pepsina na via aérea tem sido
considerada um promissor biomarcador para o diagnostico de refluxo extraesofagico.
Embora seja conhecida a suscetibilidade ao RGE e a aspira¢do pulmonar em pacientes
criticamente doentes, sabe-se pouco a respeito das caracteristicas e das repercussoes
desses eventos no desfecho clinico desses pacientes. Acredita-se que o RGE seja fator
de risco para a ocorréncia de aspiracdo pulmonar. No entanto, a relacdo entre esses

eventos ainda ndo foi claramente demonstrada nesse grupo de pacientes.
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REVISAO BIBLIOGRAFICA

1- O paciente criticamente doente

Os pacientes criticamente doentes em ventilagdo mecanica apresentam
alteracOes do trato gastrointestinal que cursam com dismotilidade esoféagica, gastrica e
intestinal (1,2). A dismotilidade esofagica resulta de alteracdes da frequéncia e da
amplitude das contragdes do corpo esofagico, traduzidas como diminuicdo da peristalse
(3,4). O clareamento esofagico também é afetado, provavelmente por alteracdes da
producdo da saliva e dismotilidade do corpo esofagico (4). O retardo no esvaziamento
gastrico ocorre devido a alteracbes motoras, possivelmente relacionadas a disturbios
bioguimicos, ao uso de medicacOes e ao estresse secundario a dor e sepse (1,5-7).
Consequentemente, esses pacientes se tornam mais vulneraveis ao refluxo
gastroesofagico, a aspiracdo pulmonar, a diarréia, a desnutricdo, ao supercrescimento

bacteriano e a sepse (1,2) (Figura 1).
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Figura 1- Complicagdes secundarias a dismotilidade gastrintestinal em pacientes

criticamente doentes - Adaptado de Ritz et al (1)

2- Refluxo gastroesofagico (RGE)

O refluxo gastroesofagico (RGE) é definido como o retorno passivo do contetido
gastrico para o esdfago (8). O RGE € universalmente presente em lactentes e criangas,
sendo na maioria das vezes fisiologico, seguindo um curso benigno e autolimitado.
Quando associado a complicacdes, 0 RGE passa a denominar-se doenca do refluxo
gastroesofagico (DRGE). A DRGE pode apresentar manifestacdes esofagicas ou extra
esofagicas (respiratérias, otorrinolaringoldgicas, nutricionais, neurocomportamentais,
odontoldgicas) (8). Quando o conteudo gastrico refluido ultrapassa o esfincter esofagico

superior, atingindo a cavidade oral e a via aérea, denomina-se refluxo extraesofagico

8).
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O RGE pode ser classificado, de acordo com o pH do material refluido, em
acido (quando pH<4.0) e ndo acido (quando pH>4.0). Ambos ocorrem com frequéncia
semelhante em adultos e criancas, saudaveis e com DRGE (9-11). No entanto, em
lactentes, os episddios de RGE ndo &cidos sdo mais frequentes (12,13), pois, além de
apresentarem menor producdo de &cido pelas células parietais, os lactentes recebem
dieta lactea a cada 2 a 3 horas, 0 que pode tamponar o pH gastrico por longos periodos
(14,15). O conteudo gastrico refluido, independentemente do pH, é capaz de
desencadear inflamacdo tecidual e produzir sintomas esofagicos e extraesofagicos
(14,16-21).

Em Pediatria, a avaliacdo e 0 manejo do RGE dependem de sua apresentacéo
clinica. De acordo com o ultimo consenso da North American Society of Pediatric
Gastroenterology, Hepatology and Nutrition (NASPGHAN) e European Society for
Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN), a pHmetria
esofagica € um teste Gtil na selecdo de lactentes e criangas com sintomas respiratorios
em que o RGE ¢ possivel fator agravante (8). Varios autores tém utilizado a pHmetria
em estudos de associacdo de RGE com sintomas respiratorios, tais como sibilancia (22),
tosse cronica (23) e apneia (24). No entanto, esse método € incapaz de detectar RGE
com pH>4 e a sua capacidade de predizer aspiracao é questionada (25,26).

A impedancio-pHmetria intraesofagica prolongada (MIll-pHmetria) é uma
técnica capaz de detectar o movimento do bolo alimentar retrogrado e anterogrado em
qualquer nivel do eséfago (13,27). Além disso, ela demonstra a altura atingida pelo
material refluido (eséfago distal, médio ou proximal) e caracteriza o conteldo desse
refluxo (liquido/gasoso e acido/ndo acido/fracamente &cido) (28,29). Seu principio

basico é o registro de variacdes da impedancia elétrica no limen esofagico ocasionadas
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pela passagem de diferentes alimentos (tais como o liquido, o solido ou até mesmo o
ar), os quais possuem diferentes condutividades.

O aparelho de MII-pHmetria € composto por uma sonda constituida de sete
sensores de impedanciometria distantes 1.5cm (sonda para lactentes - ZIN), 2.0 cm
(sonda para criancas maiores - ZPN) ou 2.5cm (sonda para adultos — ZAN) entre sie um
eletrodo de pH localizado entre os dois sensores mais distais (Sandhill Scientific Inc,
Highlands Ranch, Colorado-USA) (Figura 2). Cada par de sensores representa um
segmento de medida de impedancia e corresponde a um canal de leitura. As
informaces captadas pela sonda sdo transferidas a um registrador ao qual esta
conectada e, ao final do exame, os dados sdo transferidos para um computador para

analise dos resultados por meio de um programa especifico. (Figura 2)

18cme--fp-
16cmr -~
14 cme -« the

12cm -+

10cm- the

Figura 2: A) Sondas de MII-pHmetria (ZAN, ZPN e ZIN). B) Aparelho registrador
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Uma das limitagbes do uso da MIl-pHmetria € a falta de par@metros de
normalidade nos grupos etarios pediatricos (30), exceto em neonatos (12). Recente
publicacdo do German Pediatric Impedance Group (PIG) relatou grande série de casos
de criancas com sintomas sugestivos de DRGE e considerou como MIl-pHmetria
anormal quando algum dos seguintes critérios estivesse presente: indice de sintomas
(nimero de sintomas associados a episodios de RGE dividido pelo nimero total de
sintomas x 100) acima de 50% ou aumento do nimero total de episddios de refluxo
durante 24h, arbitrariamente definido como maior de 100 episddios de RGE em
lactentes e maior que 70 em criancas maiores de 1 ano de idade (31). Além disso, 0 seu
alto custo também restringe o uso na pratica clinica.

Apesar de suas limitagGes, a combinacdo da impedanciometria com a pHmetria
tem sido considerada uma técnica Util na investigacdo do RGE e suas complicacfes
(13). As principais indicacdes para esse teste sdo: RGE refratario a terapia convencional
com anti-acido, avaliagdo da associacdo entre RGE e sintomas episodicos (dor toracica,

tosse cronica, apneia, estridor) e controle de terapia anti-acida (30,32).

RGE no paciente criticamente doente

Nos pacientes criticamente doentes em ventilacdo mecéanica, a diminuicdo ou
auséncia de pressdo basal do esfincter esofagico inferior (EEI) e as alteracdes da
motilidade esofagica e gastrica sdo 0s principais mecanismos na patogenia do RGE
(2,4). Em contrapartida, nos adultos e nas criancas com diagnéstico de DRGE, o

relaxamento transitorio do EEI é o principal mecanismo de RGE (33,34).
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Fatores inerentes & condicdo clinica desses pacientes, como, por exemplo, 0 uso
de drogas (broncodilatadores, drogas vasoativas, opidides), a alteracdo do gradiente de
pressdo gastroesofagico secundario a ventilagdo mecéanica, a presenca de sonda para
alimentacédo, a hipotensdo e a sepse também contribuem para as alteragdes da pressdo
basal do EEI e, consequentemente, aumentam o risco de RGE (4,35). Além do maior
risco de ocorréncia de RGE nesses pacientes, o conteldo gastrico refluido tende a
permanecer mais tempo no corpo esofagico em virtude da diminuicdo do peristaltismo e
do clareamento esoféagico (2,3,4).

Esofagite erosiva e aspiracdo pulmonar de contetido gastrico sdo as principais
complicacbes do RGE neste grupo. Esofagite erosiva foi detectada em 48% dos
pacientes, mesmo em uso de supressdo acida, e € causa frequente de sangramento
gastrintestinal (36).

Apesar do elevado risco e da magnitude das complicacdes do RGE nos pacientes
criticamente doentes, pouco se sabe sobre suas caracteristicas e gravidade. Em
prematuros internados em UTI, foi descrito indice de refluxo &cido positivo em 35%
dos casos (37). Em adultos criticamente doentes, um estudo com monitorizacdo de 6
horas de MII-pHmetria demonstrou longos periodos de exposicdo &cida esofagica, e
52% dos episddios de RGE detectados foram ndo acidos (4). Refluxo duodenogastrico
foi descrito em 48% dos pacientes adultos com ventilacdo mecanica em uso de
supressdo acida (36). Em criangas criticamente doentes em ventilagdo mecanica, foi
encontrada uma média de 9.3 episodios de RGE/paciente, sendo que 80% desses
episodios foi de conteddo ndo 4cido e 4.7% atingiu o esdfago proximal (38). E
importante ressaltar, contudo, que nesse estudo o0s pacientes ndo estavam sendo

alimentados e o jejum pode subestimar a ocorréncia de RGE.
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3- Aspiracao pulmonar

Aspiracdo € definida como a passagem de contetdo orofaringeo ou géastrico para
0 trato respiratério. Em condi¢bes normais, mecanismos de defesa aerodigestivos,
mecanicos e imunoldgicos, em varios niveis da via aérea, estdo envolvidos na protecdo
contra a aspiracao (39,40). Ainda que ocorra aspiracao para os pulmdes, 0s mecanismos
de clareamento pulmonar e de defesa celular impedem o desenvolvimento de
complicaces (39).

Na via aérea superior, a glote e a laringe funcionam como barreiras anatdmicas
contra grande quantidade de material (macroaspiracdo) e o reflexo de tosse minimiza a
penetracdo de particulas (microaspiracdo) (39,40). Mesmo se aspirada alguma
quantidade de material, mecanismos de defesa celulares e humorais protegem o trato
respiratorio inferior contra colonizacdo bacteriana patoldgica e consequente infeccédo
(39). A secrecdo tragueobrénguica e o movimento ciliar sdo responsaveis pelo
clareamento pulmonar. Ainda que alcancem os alvéolos, as bactérias sdo fagocitadas
pelos macréfagos alveolares e posteriormente removidas por leucdcitos
polimorfonucleares localmente recrutados (39).

Podem ocorrer episddios de macroaspiracao - com risco de obstrucdo mecanica
da via aérea e morte - como de microaspiracdo, que costumam ser silenciosos. N&o
somente a acidez (41), mas todos os componentes do suco gastrico (pepsina, tripsina,
particulas de alimentos, &cidos biliares) sdo capazes de levar a lesdo tecidual quando em
contato com a mucosa nao gastrica (42,43). Desta forma, a aspiracdo de contetdo
gastrico acido ou ndo acido pode causar reacdo inflamatdria na via aérea com liberacao

de mediadores inflamatorios, resultando em dano tecidual (41,43-46). Além disso, a
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presenca do contetdo gastrico no pulmdo pode diminuir o clareamento pulmonar e
contribuir para o desenvolvimento de pneumonia bacteriana (47).

Do ponto de vista clinico, a aspiracdo pulmonar pode ser assintomatica, sem
repercussdo clinica (48-50), ou pode causar danos em graus variaveis, como por
exemplo: hipoxemia transitéria, pneumonite quimica e pneumonia (51,52). A
ocorréncia e a magnitude das complicacBes pulmonares apds aspiracdo pulmonar
dependem de fatores relacionados ao paciente e ao evento aspirativo. A integridade do
tecido pulmonar e dos seus mecanismos de defesa, a idade do paciente e a presenca de
imunossupressao sdo fatores importantes (53). A frequéncia dos eventos aspirativos, a
composicdo e o volume do material aspirado sdo, também, elementos cruciais a

determinacgéo da ocorréncia de complicacdes pulmonares (39,51).

Aspiracdo pulmonar no paciente criticamente doente

Os pacientes criticamente doentes em ventilacdo mecanica estdo sob
circunstancias que diminuem seus mecanismos fisiologicos de protecdo das vias aereas
e os tornam vulneraveis a aspiracdo pulmonar. Entre os fatores relacionados ao aumento
de risco de aspiracdo nesses pacientes podem ser citados: presenca de doenca pulmonar
crbnica, tragueostomia, sedacdo, retardo do esvaziamento gastrico, posicdo supina,
auséncia do reflexo de degluticdo e uso de medicacGes que relaxam o EEI (39,51-53). A
presenca de sonda para alimentacdo é também um possivel fator de risco para aspiracao
pulmonar. A literatura é controversa em relacdo ao risco de aspiracdo atribuido ao

posicionamento da sonda para dieta. Ndo ha consenso se ha aumento do risco de
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aspiracdo em pacientes em uso de dieta por via gastrica em relagcdo aqueles em uso de
dieta por via pos-pildrica (6,54-59).

Na maioria das vezes, 0s pacientes criticamente doentes apresentam episddios de
microaspiracdo, que costumam ser silenciosos e de dificil reconhecimento, sendo
tardiamente diagnosticados a partir de suas complica¢des clinicas. A frequéncia de
aspiracdo nesses pacientes é variavel na literatura: em prematuros, foi demonstrada
prevaléncia de aspiracdo de 92% a 100% (60,61); em criancas maiores, a frequéncia de
aspiracdo variou de 13.5% a 70% (35,62); também em adultos ha uma grande
variabilidade dos resultados, de 16% a 92% (51,52,55). A discrepancia desses
resultados provavelmente é devida a falta de padronizacdo nas defini¢fes de aspiracao e
nos métodos para sua deteccdo em relacdo a coleta e a analise laboratorial das amostras
(35,51).

A principal complicacdo da aspiracdo pulmonar nos pacientes criticamente
doentes € a pneumonia associada a ventilagdo mecanica (53,55,63). Essa € uma
pneumonia nosocomial que acomete pacientes em 48 a 72 horas apds inicio de
ventilagio mecanica, considerada a principal causa de infeccdo em pacientes
criticamente doentes (64). A ocorréncia dessa complicacdo acarreta maior
morbimortalidade, podendo resultar em maior tempo de ventilagdo mecanica e de

internacdo hospitalar, assim como maior demanda de recursos médicos (39,55).

A deteccdo precoce da aspiracdo pulmonar é primordial para que possa haver
implementacdo de medidas preventivas, a fim de evitar novos eventos aspirativos e, por
conseguinte, prevenir possiveis complicacdes respiratdrias e a piora da evolugéo clinica

dos pacientes.
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3- Refluxo gastroesofagico x Aspiracéo pulmonar

A associacdo entre RGE e doencas respiratorias tem sido amplamente estudada
(65-67). Tosse cronica (16,21,68), fibrose cistica (69,70), asma (17,71),
pneumonia/pneumonite aspirativa (39,53), doenca pulmonar obstrutiva crénica (72,73),
doencas pulmonares intersticiais (76,77), complicacbes poOs transplante pulmonar
(76,77) e displasia broncopulmonar (60) sdo alguns destes exemplos. A ligacéo
fisiologica entre esses dois eventos pode ser elucidada pela ocorréncia de aspiracdo de
conteudo gastrico para a via aérea (“teoria do refluxo”) e por mecanismos reflexos, tais
como reflexo vagal esofagobronquico e hipersensibilidade bronquica (“teoria do
reflexo”) (65,78).

Acredita-se que 0 RGE possa desencadear ou exacerbar sintomas respiratorios.
Por outro lado, pacientes com doenca respiratdria crénica podem apresentar RGE
secundario ou agravado pela propria doenca pulmonar. A disfuncdo diafragmatica
secundaria a hiperinsuflacdo pulmonar, a alteracdo do gradiente de pressdo tdraco-
abdominal, a presenca de tosse e 0 uso de medicagdes que agem no EEI sdo alguns dos
fatores que podem desencadear RGE nos pacientes com pneumopatia crénica (26,79).
Ou ainda, RGE e sintomas respiratorios podem simplesmente coexistir, sem associacdo
causal. Muitos estudos demonstraram a ocorréncia de doencas respiratdrias cronicas em
pacientes com diagnostico de RGE. No entanto, eles ndo definiram se ha relacdo causal
ou se apenas coexistem (68,80,81). Da mesma forma, a relacdo entre RGE e aspiracdo
pulmonar, apesar de fortemente sugerida, até 0 momento ndo teve a sua associacdo

causa/efeito claramente demonstrada. A complexa relacdo entre RGE e doenca
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pulmonar e a falta de um teste diagnostico considerado padrdo ouro dificultam o estudo
de causalidade entre eles (82).

Apesar da suposta relacdo entre RGE e aspiracdo pulmonar, as medicacgdes anti
acidas utilizadas no tratamento para as complicagdes do RGE (inibidores da bomba de
prétons e blogueadores H2) ndo parecem proteger 0s pacientes contra aspiracao
pulmonar (76).

O diagnéstico da relacdo causal entre RGE e aspiracdo pulmonar é um desafio.
A pHmetria e a MIl-pHmetria sdo considerados testes sensiveis para o diagnéstico de
DRGE (8). Entretanto, a capacidade desses métodos em predizer aspiragdo pulmonar é
questionada. Varios estudos detectaram a presenca de aspiracdo na vigéncia de
parametros normais de RGE em alguns pacientes, e a auséncia de aspiracdo em
pacientes com diagnostico de DRGE (22,25,26,76,78,83-88). Dessa forma, mesmo na
presenca de parametros considerados fatores de risco para aspiracéo, tais como: numero
total de episodios de refluxo e presenca de refluxo proximal, esses testes podem ser
considerados como marcadores de risco de aspiracdo, sem, contudo, implicar real
aspiracao (82,89,90).

Vaérios testes ja foram propostos para o diagndstico de aspiracao pulmonar de
conteddo gastrico: uso de corantes na férmula enteral (91,92), deteccéo de glicose e de
amido em aspirado traqueal (93, 94), uso de tracadores radioativos (86) e analise
microbiolégica (95). Porém, a sensibilidade e especificidade desses testes sdo
controversas. A pesquisa de macrofago ligado a gordura (Lipid-Laden Macrophage
Index — LLMI) é um teste amplamente utilizado. Ele consiste na deteccdo e
quantificacdo de lipidios, oriundos da dieta refluida e aspirada. Os lipidios depositados

no citoplasma dos macréfagos alveolares sdo corados com a substancia Oil Red (96,97).
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No entanto, sua baixa especificidade e a alta variabilidade entre os observadores tornam
0 seu uso discutivel (78,98,99).

O prot6tipo do teste ideal para o diagnéstico de aspiracdo do contetudo gastrico
seria um teste ndo invasivo, especifico para refluxo/aspiracdo, detectavel mesmo apoés a
ocorréncia da aspiracdo e capaz de quantificar o conteldo aspirado. A pesquisa de
pepsina na via aérea tem sido sugerida como promissor biomarcador de refluxo extra
esofagico e também elemento chave na relagdo entre RGE e doencas respiratorias

(35,51,62,77,78,83,100-103).

4) A pesquisa de pepsina na via aérea

A pepsina é uma enzima proteolitica primaria da familia das proteinases
asparticas envolvida na digestdo dos alimentos. Sua atividade depende do pH, sendo
méaxima em pH 2,0 e progressivamente diminuida até ser inativada em pH 6.5. Em meio
com pH entre 6,5 e 8,0, a pepsina permanece latente, podendo ser reativada mediante
reacidificacdo; e, em pH acima de 8,0, torna-se permanentemente inativa (104). A
pepsina tem a capacidade de permanecer estavel em pH 7,0 a 37°C por 24 horas,
podendo ser reativada e recuperar aproximadamente 80% da sua atividade (105). A
reativacdo enzimatica pode ocorrer de duas formas: quando hd uma reacidificacdo
secundaria a um novo episédio de RGE ou quando em contato com o baixo pH do meio

intra-celular apés endocitose (105,106).
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S&o conhecidos cinco zimogénios do pepsinogénio: pepsinogénios A, B, C
(progastricsina), F e prochimosina (107). O pepsinogénio A, precursor da pepsina A, é
produzido exclusivamente no estdbmago pelas células parietais e convertido em pepsina
ativa em meio 4cido pela via da autdlise. O pepsinogénio C, precursor da pepsina C,
pode ser identificado no estdbmago, pulmao, intestino, pancreas, prostata e em algumas
neoplasias (107-109). O pepsinogénio C pulmonar, expresso por pneumacitos tipo I, é
estruturalmente idéntico ao gastrico e estad envolvido na producdo de surfactante B
(108,1010,111). O suco gastrico é composto por 80% de pepsina A e cerca de 20% de
pepsina C (112).

A presenca de pepsina na via aérea é capaz de induzir a produgdo de macrofagos
polimorfonucleares e de aumentar a expressdo de citocinas e de receptores pro-
inflamatdrios, exacerbando o efeito nocivo causado pela acidez do material aspirado
(42,45,70). Além disso, a pepsina é capaz de inibir a expressdo de proteinas de defesa
celular (mucinas, anidrase carbdnica, entre outros) (113-115) e parece ter acdo na
permeabilidade paracelular (116). A capacidade citotdxica da pepsina € mantida mesmo
em ambiente ndo &cido, como o0 encontrado em pacientes em uso de medicacdo
antiacida (42,44,45,115,117).

A pesquisa de pepsina tem sido utilizada como marcador de aspiracdo pulmonar
em pacientes com tosse cronica (83), em transplantados de pulméo (76,77,118), em
criticamente doentes (51,55) e naqueles com doenca pulmonar intersticial (74). Na
populacdo pediatrica, a pepsina foi estudada para detec¢do de aspiracdo pulmonar em
criancas criticamente doentes (35,62), assim como para avaliacdo da associacdo de RGE
com sintomas respiratérios (78,103,119) e com problemas otorrinolaringolégicos

(120,121).
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Teoricamente, a pepsina atende aos critérios de exceléncia como marcador de
aspiracdo pulmonar (78,100,105,117), quais sejam: a) € ausente no pulmdo e na arvore
traqueobronquica, e presente apenas na secrecdo gastrica (pepsina A); b) permanece
detectavel apds aspiracdo independentemente do pH do meio; c) é sempre presente no
suco gastrico, em contetdo &cido e ndo acido, podendo ser usada em pacientes em uso
de antiacido; d) pode ser recuperada do pulmd@ com procedimento minimamente
invasivo; e) permite avaliacdo de RGE in loco; f) permanece detectavel, por método
imunoldgico, mesmo apds longo periodo de armazenamento da amostra. No entanto,
esse método também apresenta falhas.

A pepsina ja foi detectada em secrecdo de ouvido médio (85,122), laringe (115),
traquéia (51,60,61), lavado broncoalveolar (76,118), escarro (123,124) e saliva (125). A
secrecdo traqueal é considerada representativa do lavado broncoalveolar, podendo
substitui-lo na préatica clinica (126). A técnica de coleta de secrecédo traqueal apresenta a
vantagem de ser mais simples e menos invasiva. As amostras coletadas de escarro e de
saliva tém sido questionadas como preditoras de aspiracdo pulmonar (124,127). Ainda,
apenas a coleta de lavado broncoalveolar possui padronizacdo (101). As coletas das
demais secrecdes ndo sdo padronizadas, ndo havendo uniformidade na quantidade e
diluicdo das amostras, o que possivelmente leva a variabilidade nos resultados (128).

Em relacdo a analise laboratorial, as técnicas enzimatica e imunoldgica possuem
limitacBes. A primeira sofre influéncia de condicdes que diminuem a atividade da
enzima (pH do meio, armazenamento da amostra, quantidade de proteina da amostra) e
pode, também, sofrer interferéncia pela sintese local de pepsina (pepsinogénio C), bem
como pela contaminacdo com pepsinogénio sérico e reacdo cruzada com outras
proteases (100,129). Outra limitacdo dessa técnica € detectar apenas a pepsina

proteoliticamente ativa e a atividade da pepsina na via aérea reduz progressivamente ao
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longo do tempo (130). A técnica imunoldgica, realizada por ELISA (enzyme-linked
immunosorbent assay) ou por Western-Blot, depende da qualidade e da especificidade
do anticorpo utilizado, que podem conferir risco de reacdo cruzada com outras
proteinas. O método ELISA é capaz de quantificar a pepsina na amostra, mas sem
diferencia-la em pepsina A e C. Outra limitacdo desse método € o uso frequente de um
ELISA “in house”, pois existe apenas um kit comercialmente disponivel (USCN Life
Science). O Western-Blot diferencia as proteinas de acordo com seu peso molecular e
permite a distingdo entre pepsina A e pepsina C. No entanto, € um método semi-
quantitativo (129).

Em relacdo a interpretacdo da presenca de pepsina na via aérea, antes de valora-
la do ponto de vista clinico, é necessario ponderar alguns fatores: a) individuos
saudaveis podem apresentar episodios assintomaticos de aspiracdo pulmonar (48-50); b)
0s testes que detectam pepsina total, sem diferencia-la em A e C, podem superestimar a
prevaléncia de aspiracdo pulmonar (131); c) a evolucdo clinica dos pacientes com
presenca de pepsina na via aérea € desconhecida (132); d) a auséncia da pepsina em
uma amostra ndo exclui a possibilidade de aspiracdo, devido ao comportamento
intermitente ou esporadico do evento aspirativo; e) o desconhecimento da meia-vida da
pepsina e do seu comportamento apOs repetidas aspiracGes limita sua avaliacdo
quantitativa (51,128).

A avaliacdo da pepsina do ponto de vista quantitativo tem resultados
controversos. A presenca de niveis elevados de pepsina em uma amostra pode significar
maior frequéncia/volume de aspiracdo, maior concentracdo da amostra ou diminuicao
do clareamento pulmonar (82,133). Nesse sentido, a interpretacdo do seu resultado
quantitativo deve ser realizada com cautela. Em pacientes com doenca pulmonar

cronica, maiores concentracfes de pepsina foram associadas a maior gravidade de
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doenca, piores parametros de RGE, aumento de neutréfilos teciduais, maior liberagéo de
mediadores inflamatdrios e maior dano celular oxidativo (25,60,70,77,78,83). Contudo,
outros autores ndo encontraram associagdo dos niveis de pepsina com a gravidade de
doenca pulmonar, e com o RGE diagnosticado por MIl-pHmetria e endoscopia
digestiva alta (76,83,88,89,101,123).

Poucos estudos abordam o seguimento clinico dos pacientes com pepsina
detectada na via aérea. A maioria deles € transversal e ndo tem poder de estabelecer
relacdo causal entre a presenca da enzima na via aérea e 0 desenvolvimento de dano
tecidual. Além disso, esses estudos foram realizados em pacientes com doencga
pulmonar crénica e em populacdes heterogéneas (25, 60, 70, 74, 77). Acredita-se que
episodios repetidos de microaspiracdo possam trazer danos pulmonares a longo prazo,
associados a mecanismos de remodelacdo celular (101), entretanto, as repercussdes
clinicas da aspiracdo pulmonar nos pacientes agudamente doentes e sem
comprometimento pulmonar prévio ndo sdo conhecidas. A evolucgéo clinica de doencas
pulmonares comuns em pediatria (como a bronquiolite viral aguda) pode ser
influenciada pela integridade funcional do tecido pulmonar. Dessa forma, apesar de ser
plausivel gque episodios de aspiracdo pulmonar e consequente dano tecidual atuem
negativamente na evolucdo clinica dos pacientes, essa relacdo ainda ndo foi
demonstrada.

Em suma, apesar do conhecido potencial citotoxico da pepsina, antes de inclui-la
em um contexto clinico, varios aspectos podem ser questionados: existe um nivel de
pepsina na via aérea que possa ser considerado ‘aceitavel’ ou ‘fisiologico’? Qual a
frequéncia de aspiracédo e qual a quantidade de material aspirado necessario para causar
doenca? A presenca da pepsina na via aérea pode ser um marcador de doenca pulmonar

secundaria a aspiragdo de contetdo gastrico?
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JUSTIFICATIVA

Apesar do elevado risco para ocorréncia de RGE no paciente criticamente doente
mecanicamente ventilado com dieta enteral plena, os padrbes de refluxo quanto a sua
frequéncia, pH e altura atingida pelo material refluido ndo sdo bem conhecidos.

A prevaléncia de aspiragdo pulmonar em lactentes e criangas criticamente
doentes foi medida por ensaios enzimaticos ou por testes semiquantitativos (35,60,62), e
0 uso dessas técnicas apresenta as limitagdes ja discutidas.

H& um crescente interesse no estudo das repercussdes extraesofagicas do RGE e
sua potencial relagdo causal com as doengas respiratorias. Aspiracdo pulmonar é o
principal fator de risco para pneumonia associada a ventilagdo mecénica (PVM), uma
condicdo que exerce um forte impacto negativo no desfecho dos pacientes criticamente
doentes. Ocorre que as estratégias para sua prevencdo séo falhas. Para a elaboracdo de
planos de prevencao efetivos contra PVM, faz-se necessaria a realizacdo de adequados
estudos para ampliar o conhecimento dos seus fatores de risco modificaveis, tais como
aspiracdo pulmonar (64). Desse modo, é de fundamental importancia a busca de um
teste padréo-ouro para diagnosticar a aspiracdo pulmonar.

A deteccdo de pepsina na secre¢do traqueal tem sido considerada um promissor
biomarcador de aspiracdo pulmonar de contetudo gastrico. No entanto, os estudos nao
demonstraram relacdo consistente entre a deteccdo da pepsina e a monitorizacao de
RGE (60-62,76,103). Os estudos apenas demonstraram a coexisténcia da presenca de
pepsina na via aérea com doenca pulmonar, sem demonstrar relacdo causal. A falta de
diferenciacdo entre pepsina A (exclusivamente gastrica) e C (potencialmente expressa
pelos pneumdcitos tipo Il) constitui outra limitacdo aos estudos realizados até o

momento, 0 que pode superestimar o diagnostico de aspiracdo pulmonar.
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Diante do exposto, permanece a duvida em relacdo ao significado clinico-
patoldgico acerca da presenca da pepsina na via aérea e o0 seu real impacto no desfecho

clinico dos pacientes agudamente doentes, sem antecedentes de doenca pulmonar

cronica.
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OBJETIVOS

Geral

Avaliar a associacdo entre RGE avaliado por impedancio-pHmetria esofagica e a
presenca de pepsina no aspirado traqueal em criangas criticamente doentes internadas

em UTI pediatrica, em uso de ventilacdo mecanica e dieta enteral plena.

Especificos

Estudo 1. Em criancas criticamente doentes internadas em UT]I pediatrica, em uso
de ventilacdo mecanica e dieta enteral plena:

1. Descrever os padroes de RGE avaliados por MIl-pHmetria esofagica: nimero
total de episddios de RGE, nimero de episodios de RGE acido e ndo &cido, numero de
episodios de RGE proximal e distal e indice de refluxo acido.

2. Avaliar a presenca de pepsina A e pepsina C, por Western Blot, em secrecao

traqueal.

Estudo 2: Em criancas criticamente doentes, em ventilacdo mecéanica e dieta
enteral plena e sem historia prévia de doenca pulmonar (com diagnostico de

bronquiolite viral aguda):
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1. Avaliar a associacdo entre a quantificacdo de pepsina, por ELISA, no aspirado
traqueal e os pardmetros de RGE (numero total de episddios de RGE e numero de
episddios de RGE proximal).

2. Avaliar a associacdo entre a quantificacdo de pepsina, por ELISA, no aspirado
traqueal e o desfecho clinico dos pacientes na UTI (nimero de dias em ventilagdo
mecanica e numero de dias de internagdo em UTI).

3. Avaliar a associacdo entre parametros de RGE (numero total de episddios de
RGE e numero de episodios de RGE proximal) e o desfecho clinico dos pacientes na

UTI (nimero de dias em ventilagdo mecanica e nimero de dias de internagdo em UTI).
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ABSTRACT
Background: Gastroesophageal reflux (GER) and pulmonary aspiration (PA) are
frequent in intensive care unit (ICU) patients. The presence of pepsin in airways seems
to be the link between them. However, pepsin isoforms A (gastric specific) and C
(pneumocyte potentially derived) needs to be distinguished. This study aimed to
evaluate GER patterns and to determine the presence of pepsin A and C in tracheal
secretion of critically ill mechanically ventilated children.
Methods: All patients underwent multichannel intraluminal impedance-pH monitoring
(MI11-pH). Tracheal secretion samples were collected from each patient to determine the
presence of pepsin. Pepsin A and C were evaluated by Western-Blot. MII-pH
parameters analysed were number of GER episodes (NGER), acid and nonacid GER
episodes; proximal and distal GER episodes.
Results: Thirty-four patients, median age 4(1-174) months were included. MII-pH
detected 2172 GER episodes: 77.0% were nonacid and 71.7% were proximal.
Median(25:-75wpercentile) of NGER episodes/patient was 59.5 (20.3-85.3). Number of
nonacid reflux episodes/patient was higher than acid episodes/patient [43.5 (20.3—
68.3)vs1.0 (0.0-13.8), p<0.001]. Pepsin A was found in 100% of samples, pepsin C in
76.5%.
Conclusion: The majority of GER episodes of ICU children were proximal and
nonacid. All patients had aspiration of gastric contents detected by pepsin A in tracheal
fluid. A specific pepsin assay should be performed to establish gastropulmonary
aspiration since pepsin C was found in more than 70% of samples.

Key words: gastroesophageal reflux, aspiration, pepsin, critically ill, children,

biomarkers
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INTRODUCTION

Intensive care unit (ICU) patients suffer from several disturbances that may
cause gastrointestinal motility abnormality and increase the risk of gastroesophageal
reflux (GER) and pulmonary aspiration (PA). Swallowing dysfunction, impaired
esophageal clearance, reduced activity of lower esophageal sphincter (LES) function,
slow gastric emptying and impairment of small intestinal motility are some of these
abnormalities’. In addition, several factors may contribute to the high risk of GER and
PA, such as the presence of a nasogastric tube, supine positioning, LES relaxing
medication, sedation, and mechanical ventilation®*.

GER is a common problem in ICU patients and may lead to erosive esophagitis
and PA*°. Although the mechanisms that cause GER in critically ill ventilated patients
are well studied®, the patterns regarding pH (acid/nonacid) and the height reached by the
refluxate (proximal/distal) in the esophagus have not yet been described.

PA of gastric contents may result in a range of lung injuries. Large-volume PA
may cause mechanical obstruction and life-threatening pneumonia. Microaspiration may
be silent and asymptomatic; nevertheless, if sustained, may lead to lung injury as a
consequence of chemical damage and release of proinflammatory mediators’®.
Ventilator-associated pneumonia is the major consequence of PA, and is one of the
most frequent causes of hospital infection in ICU patients, increasing the length of
hospital stay and the use of medical resources™®.Early diagnosis of GER and PA is
essential to establish treatment and to prevent their complications.

Pepsin has been regarded as an important biomarker of extraesophageal reflux
and gastric content aspiration*®**. Its presence has been shown in trachea, lungs, larynx,
middle ear and saliva**™®. Five types of pepsin are known. Pepsinogen A, precursor of

pepsin A, is found exclusively in the stomach. Pepsinogen C, precursor of pepsin C or
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gastricsin, is also found in sites distant from the gut such as lungs, pancreas, and
seminal vesicle'’.

PA and GER are common problems in ICU patients and may worsen their
clinical outcome”***®. Pepsin seems to be the link between these events, but this
association has not been clearly demonstrated. Previous reports did not show a
relationship between the presence of pepsin in the airways of critically ill children and
the presence of GER. The prevalence of PA in critically ill patients has been assessed by
a non-specific pepsin assay, not distinguishing between pepsin A and pepsin C.

This study aimed to a) evaluate the GER patterns (acid and nonacid; proximal
and distal) assessed by multichannel intraesophageal impedance-pH monitoring in
critically ill mechanically ventilated children, and b) to determine the presence of pepsin

A and pepsin C in the tracheal secretion of these patients.
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METHODS

This study was approved by the Ethics and Research Committee of the Hospital
de Clinicas de Porto Alegre (protocol no. 09/631). Informed and written consent were
obtained from all parents or legal guardians.

A prospective observational study was performed including patients admitted to
the Pediatric Intensive Care Unit (PICU) requiring mechanical ventilation, between
January 2011 and December 2012. All patients were under sedation and on full enteral
feeding. Patients were separated as on or off anti-acid madications (protons pump
inhibitor or H2-blocker). Enteral feeding was given by gastric or post-pyloric tube.
Patients who had contraindications for the insertion of a nasogastric tube (orofacial
problems, gastrintestinal bleeding or severe coagulopathy) or who had previous surgery

at the gastroesophageal junction were excluded.

Study protocol

Multiple intraesophageal impedance-pH monitoring (MIl-pH monitoring): all

patients underwent MII-pH monitoring during a period of at least 20 hours. All
procedure were performed by the same examiner, with age-appropriate probes with 7
impedance sensors 1.5cm apart or 2.0cm apart and 1 distal pH sensor (Sandhill
Scientific, Inc; Highlands Ranch, CO, USA). The pH electrode was calibrated in buffers
pH 4 and 7 at the beginning of each study. The catheter was inserted transnasally and
positioned according with modified Strobel’s formula™ and set at two vertebral bodies
above the diaphragmatic angle. The pH probe location was confirmed by chest x-ray
and adjusted if necessary. The probe was connected to an ambulatory device containing

the amplifiers that recorded data (Sleuth, Sandhill Scientific, Inc; Highlands Ranch, CO,
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USA). An external reference electrode was attached to the patient’s abdomen wall. The
recording was uploaded onto a personal computer and data were manually analyzed
independently by two trained examiners (CH and HG), using the BioVIEW Analysis
software, version 5.6 (Sandhill Scientific). The MII-pH data were analyzed following
criteria described elsewhere”®. The agreement between both examiners was analyzed
and the disagreement was resolved by consensus. MII-pH parameters analyzed were:
number of total episodes of GER (NGER); height of refluxate (proximal or distal);
reflux content (acid, when pH<4 or nonacid, when pH>4); and acid reflux index (ARI)
percentage of time when pH<4. Distal reflux was considered as that reached the most
two distal impedance channels (channels 1 and 2) and proximal reflux was defined as
that reached the most proximal channels (channels 3 and upwards). ARI was considered
altered when >10% in children under 1 year of age and >5% in those older than 1
year®’.

Tracheal secretion samples: Tracheal aspirates were collected using the standard

method. A suction catheter 6F or 8F size was passed down until the end of endotracheal
tube, without previous saline solution according with the local routine standards. After
that, the tube was immediately flushed with normal saline 1mL to collect the residual
sample in the catheter. The samples were centrifuged at 4° C for 10 min at 3000rpm*™.
The supernatant fluid was collected and stored at -80°C for further analysis. Three
tracheal secretion samples were collected from each patient: at the beginning, mid-MlI-

pH monitoring period and at the end of the study period.
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Western blot analysis

Western blot was performed to test for pepsin A and C by a study investigator
who was blinded to the clinical data. Samples containing up to 80 pg of protein were
separated on NuPAGE 12% Bis-Tris gel (Life Technologies™) using the
XCellSureLock® Mini-Cell electrophoresis system (Life Technologies™) and then
transferred to a PVDF membrane (Millipore®) at 30V, 400 mA constant current, for 90
min. Briefly, the membrane was blocked with 5% non-fat milk in Tris-buffered saline
(pH 7.5) containing 0.1% Tween-20 for 1 hour and probed with 1:500 diluted mouse
anti-human pepsin C antibody (Santa Cruz Biotechnology Inc.) and 1:500 diluted
mouse anti-human pepsin A antibody (Santa Cruz Biotechnology Inc.) for 16 hours.
The immuno reaction was detected by using HRP-conjugated goat anti-mouse antibody
(Santa Cruz Biotechnology Inc.) and ECL Western blot detection reagents (Millipore®).

Positive control for Pepsin A was a sample of gastric fluid from a normal subject.

Statistical analysis

Interobserver agreement of MII-pH monitoring analysis was assessed by using
the Cohen’s kappa (k) coefficient. Wilcoxon test was used to compare acid and nonacid
GER, and proximal and distal GER. The following variables were considered for
association analysis: use of antiacid medicines (yes or no) and placement of enteral
feeding tube (gastric or post-pyloric).Mann-Whitney U test was used to compare the
GER parameters of patients on and off antiacid medicines, and of patients with gastric
and post-pyloric feeding. The difference was considered significant at p<0.05.

Statistical software SPSS 18.0, SPSS, Chicago, IL was used for all analyses.
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RESULTS

Thirty-six patients were enrolled in the study (2 were excluded due to artifact in
the tracings). Then, 34 were finally included (24 boys and 10 girls). Median age was 4
months old (range 1-174 months). Two patients were in use of cuffed endotracheal tube
and 32 in use of uncuffed endotracheal tube. All patients were in supine position while
on the ventilator. Twenty-nine patients had post-pyloric tube feeding and 5 had
nasogastric tube feeding. Ten patients were using omeprazole and 9 were using

ranitidine as anti-acid treatment. Demographic and clinical data are presented in table 1.

MII-pH monitoring:

There were 2172 reflux episodes detected in the study (Figure 1). Of those, 1672
(77%) were classified as nonacid GER; 1557 (71.7%) reached the proximal esophagus.
From the nonacid episodes, 1199 (71.7%) reached the proximal impedance channels.
Similarly, 358 of the acid episodes (71.6%) reached the proximal channels.

The median (25¢-75¢ percentile) of the total GER (acid and nonacid)
episodes/patient was 59.5 (20.3 - 85.3). Nonacid GER episodes/patient were
significantly more frequently than acid GER episodes/patient [median (25¢-75
percentile) 43.5 (20.3 — 68.3) vs 1.0 (0 — 13.8), respectively], p<0.001. Only 3 patients
had acid reflux index altered (44.9%, 12.7%, and 13.6%), all off antiacid drugs. The
agreement between the examiners was substantial (Kappa coefficient value of 0.704) .

There was no significant difference in any GER parameters in the patients on
and off antiacid medicines (Table 2). There was no significant difference in any GER

parameters in the patients with gastric feeding and postpyloric feeding (Table 2).
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Pepsin assay:

All patients had Pepsin A positive in tracheal secretion on Western-Blot.
Twenty-six patients had positive Pepsin C (76.5%) and 8 (23.5%) had negative Pepsin

C. (Figure 3)

DISCUSSION

This study assessed the patterns of gastroesophageal reflux and the presence of
pepsin A and C in tracheal secretion of critically ill ventilated children. We found that
GER episodes were predominantly proximal and nonacid, and all patients had pepsin A
in tracheal secretion. To our knowledge, this is the first study that evaluated GER by
prolonged esophageal MII-pH monitoring and distinguished pepsin A from C in the
airways of critically ill tube-fed ventilated children.

This study showed a median of 59.5 GER episodes/patient. In a recent study of
critically ill children, only 2 GER episodes/patient were detected, but the patients were
at postsurgical period and with no enteral feeding?’. In regard of the height reached by
the refluxate, 71% of all GER episodes of this study were proximal. This might have
occurred due to the supine position and the lack of defense mechanisms in these
patients. Similarly, other authors showed greater prevalence of proximal reflux in
children and the proximal extent of reflux has been associated with increased risk of
pulmonary aspiration**?%?3,

In regard of the pH of the refluxate, 77% of GER episodes of this study were

nonacid. Nonacid reflux has been frequently shown in children with GER and
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respiratory diseases®*. Our finding may be explained by the fact that the majority of
patients in our study were infants, who may present low acid output. Additionally, they
receive frequent feeding that might buffer the gastric pH inducing a less acid refluxate®.
Nonacid refluxate can also be aspirated into the lungs, inducing a bronchial
inflammatory reaction®.

Pepsin has been considered a biological marker of pulmonary aspiration and is
present in acid and nonacid reflux®”. Therefore, it can be detected in refluxate of patients
on antiacid medications. Pepsin can be detected after a reflux event for at least 24 hours
even in a nonacid environment, and may be reactivated in the airways. The reactivation
of pepsin may occur by a subsequent acid reflux event or by acid intracellular
environment, after endocytosis™*.Previous studies demonstrated that the presence of this
enzyme in the airways may induce tissue damage, with release of proinflammatory
cytokines, and may cause depletion of protective proteins®***"2%,

Pulmonary aspiration in ICU patients has been evaluated by the detection of
pepsin in the tracheal secretion or in bronchoalveolar lavage. In intensive care neonates,
PA is a widespread phenomenon and pepsin was detected in up to 100% of patients***®,
In ICU children, previous studies showed 70% prevalence of PA detected by pepsin?®
whereas in ICU adults, pepsin ranged from 16 to 92%"°*°. The variability of results
may be due to non-standardization of assay.

The detection of pepsin in the airways, without distinction between pepsin
isoforms A and C might not be a specific marker of gastropulmonary aspiration, since
pepsin C can be expressed from Type Il pneumocytes®®. Therefore, identification of
pepsin A in the airways is warranted to ensure the presence of gastric content in the

airways. In our study we found that 100% of patients had pepsin A in tracheal secretion.

Nonetheless, more than 70% of patients also had pepsin C detectable. We could not
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assure the source of detected pepsin C, whether it was produced in the lungs or in the
stomach. However, the detection of pepsin A in the airways confirmed the aspiration of
gastric content in our patients. Previous studies that evaluated the prevalence of
aspiration in critically ill patients detected the presence of total pepsin, with no
distinction between pepsin A and C"121829%0,

In regard of the use of anti-acid medications, we found that patients on and off
anti acid therapy did not show differences in the GER parameters and detection of
pepsin A in tracheal fluid. Similarly, Blondeau et al showed that the use of proton pump
inhibitor did not prevent nonacid reflux and pulmonary aspiration in lung transplant
patients®. In regard of tube feeding placement, we found that patients using gastric or
post pyloric tube had similar GER parameters and all had presence of pepsin A in
tracheal secretion. Previous studies found that the risk of aspiration/pneumonia in the
airways is not different in patients treated with gastric or post-pyloric tube®*.

The main limitation of our study is related to the small number of patients and
the lack of long-term clinical outcome. However, the strength of this study is that it is
the first to differentiate the presence of pepsin isoforms A and C in tracheal secretion of

critically ill patients. The impact of the presence of pepsin A in 100% of the patients’

airways in a clinical setting is unknown.

CONCLUSION

We found that the majority of reflux episodes in critically ill children are
proximal and nonacid. All patients had gastropulmonary aspiration, detected by gastric
specific pepsin A in the airways. Pepsin C was detected in more than 70% samples

suggesting that a more specific pepsin assay should be performed to establish
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gastropulmonary aspiration. Further studies are needed to better understand, in a clinical
context, the role of the airway pepsin in the aspiration-related lung disease and its

contribution to the patient’s outcome.
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FIGURE LEGENDS

Figure 1: Impedance-pH recording of a patient with nonacid distal reflux episode (A):
retrograde drop in the two distal impedance channels, with pH above 4. Another tracing
with proximal acid reflux episode (B): retrograde drop in impedance up to the proximal

impedance channel, with a pH below 4.

Figure 2: Analysis of MIl-pH monitoring values: number of episodes of
gastroesophageal reflux acid vs nonacid. There was significant difference between GER

parameters (p<0.001)

Figure 3: Representative Western blot results of pepsin A and pepsin C. Western blots
of samples 23 and 26 (pepsin A + pepsin C +) and sample 26 (pepsin A+, pepsin C -),
probed with anti- pepsin A (pepA) and anti-pepsin C (pepC). (C+): positive control for

pepsin A.
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Table 1: Summary of study subjects.

66

Patients

Total (n=34)

Age(months)(median — range)

<

ale

Admitting Diagnosis
Respiratory disease
Neurologic disease
Sepsis
Cancer

Tube feeding
Gastric

Post pyloric

Antiacid medication
Omeprazole
Ranitidine

4 (1-174)

70.6%

26 (76.5%)
5 (14.7%)
2 (5.9 %)
1 (2.9%)

5 (14.7%)
29 (85.3%)

19/34
10/19 (52.6%)
9/19 (47.4%)
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Table 2: Gastroesophageal reflux parameters in patients on/off anti acids and in patients

on gastric/post pyloric tube feeding

Antiacid Tube feeding
on off gastric post pyloric
GER* (n=19) (n=15) px* (n=5) (n=29) p=
NGER 63(21-88) 41(13-67) 0302 81(48-124) 58(16-85)  0.179
AGER 3(0-21) 00-1) 0.060 2 (1-40) 0(0-14) 0.420
NAGER 58(21-86) 32(13-56)  0.077 58(46-92)  37(16-67)  0.163
PGER 44 (16-63) 34(10-54) 0372 57(36-92)  37(10-58)  0.149
DGER 14 (4-26)  12(3-21) 0515 24(12-32)  12(4-21) 0.213

*values are expressed as median (percentilezsi-7st). ** Mann-Whitney test

GER: gastroesophageal reflux; NGER: number of total episodes of gastroesophageal

reflux; AGER: number of acid gastroesophageal reflux; NAGER: number of nonacid

gastroesophageal reflux; PGER: number of proximal gastroesophageal reflux; DGER:

number of distal gastroesophageal reflux
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ABSTRACT

Objective: To analyse the relationship between pepsin levels in tracheal secretion and
patterns of gastroesophageal reflux (GER) in critically ill tube-fed mechanically
ventilated infants with acute bronchiolitis, and the impact of those events in their
clinical outcome.

Design: Prospective observational study conducted over a 2-yr period.

Setting: Pediatric intensive care unit in a university-affiliated hospital.

Patients: Children aged 0-12 months old admitted to the Pediatric Intensive Care Unit
(PICU) requiring mechanical ventilation with diagnosis of bronchiolitis were enrolled.
All were tube-fed and under sedation.

Interventions: none

Measurements and main results: Twenty three children, median age 3 months old
(range 1-12 months) underwent multiple intraesophageal impedance-pH monitoring
(MI1-pH monitoring). All had 3 samples of tracheal secretion collected to assay pepsin
by ELISA. GER was predominantly nonacid (72.1%) and proximal (72.5%). The
median pepsin levels were 4.76ng/mL (all had pepsin A). The pepsin concentration did
not correlate with GER patterns. The clinical outcomes (the duration of mechanical
ventilation and the length of UCI stays) did not correlate with GER patterns or with
levels of pepsin.

Conclusions: The severity of GER may not predict pulmonary aspiration. Pepsin is a
biomarker of gastric-to-pulmonary aspiration. Nonetheless its presence in airways may
not predict worse clinical outcome.

Key words: gastroesophageal reflux, aspiration, pepsin, critically ill, bronchiolitis,

children
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INTRODUCTION

Critically ill mechanically ventilated tube-fed patients are predisposed to
gastroesophageal reflux (GER) and are at increased risk for pulmonary aspiration (PA)
(1,2). The relationship between GER and respiratory diseases has been extensively
assessed and PA seems to be a link between these events (3,4). Most critically ill
patients experience unobserved aspiration episodes of gastric contents that may evolve
to harmful consequences, such as pneumonitis and nosocomial pneumonia (5,6).
Ventilator-associated pneumonia (VAP) is the major cause of ICU infection and
increases mortality, duration of mechanical ventilation, length of hospital stay and use
of medical resources (7,8).

The prevalence of PA in critically ill is variable in the literature. In premature
infants, the presence of pepsin in the airways is high ranging from 92% (9) to 100%
(20). In critically ill children, the positivity of pepsin in airways was variable, from
13.5% (11) to 70% (12). In critically ill adults, the prevalence is also variable, from
16.6% to 92% (5,6,13). This variability may be due to the lack of standardization of
assays and sample collection. Early diagnosis of PA is crucial so that interventions can
be implemented to prevent its complications and the poor patient outcome.

The detection of pepsin in the airways has been proposed as a sensitive and
quantifiable biomarker of pulmonary aspiration of gastric content, considered a key to
reflux-related lung disease (14,15). In theory, pepsin fulfills criteria to be considered a
biomarker of gastropulmonary aspiration; however, it has limitations regarding the
standardization of sample collection and assay analysis, and regarding its interpretation
in a clinical setting (16-18).

Some authors suggest that pepsin is useful to monitor gastric content aspiration,

and to indicate intervention to prevent pulmonary deterioration (12). Pepsin is cytotoxic
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in the airways, leads to inflammation with release of pro-inflamatory mediators, inhibits
expression of protective proteins and cause intracellular injury via a mechanism
involving receptor mediated endocytosis (19-21). Nonetheless, cross-sectional studies
are unable to establish a causal relationship between the presence of the enzyme in
airways and lung damage. Additional research is needed to associate clinical outcomes
and the presence of pepsin in airways, to better understand the possible consequences of
microaspiration (6,12). To date, however, there are no prospective studies measuring the
impact of aspiration on clinical outcomes of critically ill children.

The primary aim of the present study was to analyze the relationship between
pepsin levels in tracheal secretion and GER patterns in critically ill tube-fed
mechanically ventilated infants with bronchiolitis, and the impact of those events in
their clinical outcome. This study also aimed to characterize the prevalence and patterns
of GER (acid and nonacid, proximal and distal) and its correlation with clinical outcome

of patients.
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PATIENTS AND METHODS

This study was approved by the Ethics and Research Committee of the Hospital
de Clinicas de Porto Alegre (protocol no. 09/631). Informed and written consent were
obtained from all parents or legal guardians.

A prospective observational study was performed including patients admitted to
the Pediatric Intensive Care Unit (PICU) requiring mechanical ventilation, between
January 2011 and December 2012. Inclusion criteria were: diagnosis of acute
bronchiolitis (22) and history of no underlying pulmonary disease. All patients were
under sedation and on full enteral feeding. Patients were separated as on or off anti-acid
madications (protons pump inhibitor or H2-blocker). Enteral feeding was given by
gastric or post-pyloric tube. Patients who had contraindications for the insertion of a
nasogastric tube (orofacial problems, gastrintestinal bleeding or severe coagulopathy) or

who had previous surgery at the gastroesophageal junction were excluded.

Study protocol

Multiple intraesophageal impedance-pH monitoring (MII-pH monitoring): all

patients underwent MII-pH monitoring during a period of at least 20 hours. All
procedures were performed by the same examiner, with age-appropriate probes with 7
impedance sensors 1.5cm apart and 1 distal pH sensor (Sandhill Scientific, Inc;
Highlands Ranch, CO, USA). The pH electrode was calibrated in buffers pH 4 and 7 at
the beginning of each study. The catheter was inserted transnasally and positioned
according with modified Strobel’s formula (23), set at two vertebral bodies above the

diaphragmatic angle. The pH probe location was confirmed by chest x-ray and adjusted
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if necessary. The probe was connected to an ambulatory device containing the
amplifiers that recorded data (Sleuth, Sandhill Scientific, Inc; Highlands Ranch, CO,
USA). An external reference electrode was attached to the patient’s abdomen wall. The
recording was uploaded onto a personal computer and data were manually analyzed by
two trained examiners (CH and HG), using the BioVIEW Analysis software, version 5.6
(Sandhill Scientific). The MII-pH data were analyzed following criteria described
elsewhere (24). Mll-pH parameters analyzed were: number of total episodes of GER
(NGER); height of refluxate (proximal or distal); reflux content (acid, when pH<4 or
nonacid, when pH>4); and acid reflux index (ARI) percentage of time when pH<4.
Distal reflux was considered as that reached the most two distal impedance channels
(channels 1 and 2) and proximal reflux was defined as that reached the most proximal

channels (channels 3 and upwards). ARI was considered altered when >10% (24).

Tracheal secretion samples: Tracheal aspirates were collected using the standard

method. A suction catheter 6F or 8F size was passed down until the end of endotracheal
tube, without previous saline solution according with the local routine standards. After
that, the tube was immediately flushed with normal saline 1mL to collect the residual
sample in the catheter. The samples were centrifuged at 4° C for 10 min at 3000 rpm
(9). The supernatant fluid was collected and stored at -80°C for further analysis. Three
tracheal secretion samples were collected from each patient: at the beginning, mid-MlI-

pH monitoring period and at the end of the study period.

Enzyme Linked Immuno Sorbent Assay

The pepsin assays were performed by an investigator who was blinded to the

clinical data. Samples were analyzed in duplicate by ELISA (E90632Hu; USCN Life
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Science Inc.) according to manufacturer instructions. Pepsin concentration was
measured in units of 1.6ng/mL. Western blot analysis was performed to ensure the

presence of pepsin A (data submitted for publication).

All patients were reassessed at the time they were weaned from mechanical
ventilation and at discharge from ICU. Then, the clinical outcomes were considered as
the duration of mechanical ventilation (in days), length of ICU stays (in days) and

mortality.

Statistical analysis

Spearman correlation test was used to compare pepsin levels and GER patterns;
pepsin levels and clinical outcomes; GER patterns and clinical outcomes. The following
variables were considered for association analysis: use of antiacid medicines (yes or no)
and placement of enteral feeding tube (gastric or post-pyloric). Wilcoxon test was used
to compare acid and nonacid GER, and proximal and distal GER. Mann-Whitney U test
was used to compare the GER parameters and pepsin values of patients on and off
antiacid medicines, and to compare the GER parameters and pepsin values of patients
with gastric and post-pyloric feeding. The difference was considered significant at

p<0.05. Statistical software SPSS 18.0, SPSS, Chicago, IL was used for all analyses.

RESULTS
Twenty three patients were enrolled in the study (17 boys and 6 girls) and the

median age was 3 months old (range 1-12 months). All patients were in use of uncuffed
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endotracheal tube and were in supine position while on the ventilator. The majority had
tracheal secretion culture positive for microorganisms. Nineteen patients had post-
pyloric tube feeding and 4 had nasogastric tube feeding. Four patients were using
omeprazole and 6 were using ranitidine as anti-acid treatment. Demographic and
clinical data are presented in table 1. The median time on ventilator at the study period
was 2.5 days (range 1 — 9 days). The mean duration of mechanical ventilation was 7.3
days (range to 1 — 17 days) and the mean length of ICU stay was 11.3 days (range to 2 —

25 days). None had ventilator-associated pneumonia or died.

MII-pH monitoring

There were 1,252 reflux episodes detected in the study. Of those, 903 (72.1%)
were classified as nonacid GER; 908 (72.5%) reached the proximal esophagus. The
median (25:-75w percentile) of the total GER (acid and nonacid) episodes/patient was
36.0 (12.0 - 85.0). Nonacid GER episodes/patient were significantly more frequently
than acid GER episodes/patient [median (25¢-75¢ percentile) 32.0 (12.0 — 58.0) vs 1.0
(0 — 16.0), respectively], p<0.001 (Figure 1). Only 2 patients had acid reflux index
altered (44.9% and 13.6%), both off antiacid drugs.

The number of total reflux or proximal reflux did not correlate with clinical
outcomes (duration of mechanical ventilation and length of ICU stay) (Table 2). There
was no significant difference in GER parameters in the patients on and off antiacid
medicines, except for acid reflux burden. There was no significant difference in any
GER parameters in the patients with gastric feeding and postpyloric feeding (data not

shown).
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Pepsin assay

The median of pepsin concentration in tracheal secretion was 4.76ng/mL (range
to 0.49 — 136.97). All patients had Pepsin A positive in tracheal secretion on Western-
Blot. Pepsin levels did not correlate with number of total reflux or with proximal reflux
(Table 3). There was no significant correlation of pepsin levels with duration of
mechanical ventilation or the mean of length of ICU stays (Table 3). There was no
significant difference in pepsin concentration in the patients on and off antiacid
medicines (data not shown). The pepsin levels were higher in patients with postpyloric

feeding (data not shown).
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DISCUSSION

This study assessed the relationship between pepsin levels in tracheal secretion
and patterns of gastroesophageal reflux assessed by MII-pH monitoring in ICU infants
with no pulmonary chronic disease, with acute bronchiolitis and their impact on the
clinical outcome. Pepsin levels were not correlated with GER patterns. The short term
clinical outcome was neither correlated with GER patterns nor with pepsin levels.

We found a median of 36.0 GER episodes/patient. Previous study that described
GER Dby MIl-pHmetry in critically ill children detected median values of 2 GER
episodes/patient, but the patients were at postsurgical period and were fasting (25). The
majority of GER episodes were proximal (72.5%), that might be explained due to the
supine position and the lacking anti-reflux defense mechanisms. All patients were
younger than 1 year of age and they received frequent feeding that might had buffered
the gastric pH and they might also had presented low acid output (26,27). This might
explain that in this study GER was predominantly nonacid (72.1%).

The total number and the number of proximal episodes of GER are patterns
attributed to a higher risk of PA (28). This present study did not find association
between these GER patterns and pepsin levels in tracheal secretion. Similarly, other
studies failed to demonstrate this association, suggesting that aspiration might occur in
the context of normal or even a reduced number of reflux events (29-31). Additionally,
MIl-pHmetry may lack sensibility and specificity to diagnosis PA. MIl-pHmetry only
evaluates the number of reflux episodes in the esophagus and it cannot ensure whether
the refluxate will be aspired (32). A further issue to be considered is that the half-life of

pepsin in the lungs is unknown (16), then it is possible that pepsin detected in tracheal
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samples of patients during the reflux monitoring might have been aspirated previously
to the current esophageal monitoring.

This study did not find significant association between pepsin levels and
patients’ outcome as assessed by duration of mechanical ventilation and length of ICU
stay. Several studies suggested that pepsin levels detected in airways is associated with
severity of pulmonary disease. High levels of pepsin were seen in preterm infants with
severe bronchopulmonary dysplasia (10) and lung transplant recipients with acute
rejection (33). Nonetheless, another study showed that lung transplant patients with
bronchiolitis obliterans syndrome had neither increased GER nor elevated pepsin in
bronchoalveolar lavage fluid (30). The majority of these findings are based on cross-
sectional studies, for which there is no patient follow-up. Then, it is not clear whether
pepsin actually contributes to lung pathology and worsens the patient’s outcome
(16,34).

Several authors demonstrated the use of pepsin as a biomarker of PA.
Nonetheless this technique has not been fully translated to the clinical setting. The
presence of pepsin in the airway must be cautiously interpreted. First, the pepsin assay
has limitations regarding the sample collection, characteristics of the sample (dilution,
pH, amount of protein, bleeding), lack of standardization of assays and possibility of
cross-reactivity with several proteins (16). Second, some aspects must be considered to
determine if this presence is always indicative of pulmonary disease: a) aspiration of
small volumes of gastric contents may be unrecognized in healthy subjects (35,36); b)
considering the possible existence of enzimatically active pepsin C in the lungs (37,38),
even in healthy subjects (34), it is essential to detect pepsin A (gastric specific) to
determine actual aspiration of gastric contents; c) the presence of pepsin in airways

might not indicate a causal relationship with airway damage (14); d) several factors
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regarding the characteristics and frequency of aspiration and the host defenses are
involved in the development or not of pulmonary complications and their severity (6,8).

The main limitation of our study is related to the small number of patients.
However, the strength of this study is that it is the first to correlate GER patterns and the
pepsin levels and to analyze the effect of these events with clinical outcome in a
homogeneous and otherwise healthy population. Additionally, we analyzed the presence

of pepsin A in samples to ensure gastro-pulmonary aspiration.

CONCLUSION

The severity of GER may not predict pulmonary aspiration. Pepsin is a
biomarker of gastric-to-pulmonary aspiration, however its presence in the airways may
not predict worse clinical outcome in patients with no history of pulmonary disease.
Further studies are needed to investigate the relationship between airway pepsin and
respiratory pathological outcomes, and also to search for a marker that best predicts

adverse outcomes with a prognostic and therapeutic role in a clinical setting.
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FIGURE LEGENDS
Figure 1: Analysis of MIl-pH monitoring values: number of episodes of
gastroesophageal reflux acid vs nonacid. There was significant difference between GER

parameters (p<0.001).



TABLES

Table 1: Summary of study subjects.
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Patients

Total (n=23)

Age(months)(median — range)

Male

Tracheal secretion culture
RSV
Adenovirus
Parainfluenza
Pertussis
HIN1
Negative

Tube feeding
Gastric

Post pyloric

Antiacid medication
Omeprazole
Ranitidine

3 (1-12)

73.9%

A FLPDNMNDNWE

4 (17.4%)
19 (82.6%)

10/23 (43.5%)
410 (40%)
6/10 (60%)




Table 2: Correlation between GER patterns and clinical outcome of patients.

MV ICU

Spearman’s Correlation

GER Proximal -0,102 (p=0,643) 0.112 (p=0,612)

Total -0.62 (p=0,778) 0.134 (p=0,542)

GER: gastroesophageal reflux; MV: mechanical ventilation (days);
ICU: length of ICU stay (days).
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Table 3- Correlation of pepsin levels and GER patterns and clinical outcome of patients.

Spearman’s Correlation

GER Proximal -0.393 (p=0,064)

Total -0.387 (p=0,068)
MV (d) -0.231 (p=0,289)
ICU(d) -0.224 (p=0,304)

GER: gastroesophageal reflux; MV (d): mechanical ventilation (days);
ICU (d): length of ICU stay (days).
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CONCLUSOES E PERSPECTIVAS

Nas criancas criticamente doentes avaliadas, o refluxo gastroesofagico foi
predominantemente proximal e ndo &cido.

Aspiracdo pulmonar - diagnosticada pela presenca de pepsina A na secregdo
traqueal - foi detectada em 100% das criancas. A presenca de pepsina C em quase 80%
das amostras reitera a necessidade da diferenciacdo entre pepsina A e C para um
acurado diagnostico de aspiracdo de contetdo gastrico.

Nos pacientes com bronquiolite viral aguda, ndo encontramos associacdo entre a
concentracdo de pepsina nas amostras e 0s parametros de RGE sugeridos como fator de
risco para aspiracdo pulmonar (nimero total de episddios de refluxo e nimero de
episodios de refluxo proximal). O desfecho clinico dos pacientes, medido como numero
de dias em ventilagdo mecanica e tempo de permanéncia em UTI, ndo foi influenciado

pela concentracdo de pepsina nas amostras, nem pelos parametros de RGE.

Ainda existem vaérias indagacfes a serem equalizadas, em especial no que
concerne a origem, a meia vida e ao potencial efeito lesivo da pepsina no epitélio da via
aérea. Novos estudos sdo necessarios para suprir a guestionamentos clinicos ainda
pendentes: existe um nivel aceitavel de pepsina na via aérea? A presenca de pepsina nos
pulmdes pode ser considerada como preditora de doenca pulmonar? Quais pacientes

desenvolverdo sindrome aspirativa? Quais pacientes e como devem ser tratados?
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Acreditamos que o desenvolvimento de um marcador que defina quais 0s
pacientes e quando desenvolverdo doenga pulmonar tenha maior utilidade do ponto de

vista clinico, tendo um papel no progndstico do paciente e na tomada de decisdes.

ORCAMENTO

Orcamento

O material utilizado para pesquisa de pepsina foi financiado pelo FIPE. O
aparelho e as sondas de MII-pHmetria j& estavam disponiveis.

Material para pesquisa de pepsina:

Human Pepsin ELISA kit — R$ 4280,00

Taxa de bancada CTG — R$ 720,00
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Anexo 1: TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Projeto: AVALIAGAO DE REFLUXO GASTROESOFAGICO E ASPIRAGAO
PULMONAR EM CRIANCAS CRITICAMENTE DOENTES INTERNADAS EM UNIDADE DE
TERAPIA INTENSIVA

Pesquisadores: Dra Cristiane Hallal e Dra Helena Goldani (responséavel)

Estamos realizando um estudo na Unidade de Terapia Intensiva Pediatrica do Hospital
de Clinicas de Porto Alegre e estamos convidando vocé a autorizar a participacéo de seu filho
nesse estudo.

Seu filho esta respirando com a ajuda de um tubo, que entra pela boca ou nariz e vai
até a traquéia. Este tubo é fundamental agora para o tratamento do seu filho, mas pode facilitar
a ocorréncia de refluxo gastroesofagico, ou seja, 0 retorno do material do estdmago até a
garganta. Este refluxo pode trazer danos, como a ida deste material para o pulméo. O objetivo
do nosso estudo é avaliar a presenca do refluxo gastroesofagico e a relacdo dele com a
aspiracdo pulmonar (ida da secrecéo do estbgamo para o pulmé&o).

Para avaliarse seu filho teve refluxo gastroesofagico faremos um exame chamado
impedanciopHmetria, enquanto ele estiver intubado. Para isso passaremos uma sonda
pequena pelo nariz até a entrada do estdbmago. Durante a passagem desta sonda podera haver
pequeno sangramento nasal (que normalmente para espontaneamente, e pode ser evitado
com cuidados no momento da passagem), diminuicdo passageira da saturacdo e agitacdo.Para
ver a posicao correta desta sonda, faremos um RX de térax. O seu filho ficard com essa sonda
por 24 horas e, com esta sonda, nds veremos quantas vezes o conteldo do estdbmago voltara
para o esdfago. A presenca desta sonda ndo machuca o seu filho e ndo havera necessidade
de sedacéo adicional.

Para avaliar se seu filho teve aspiracéo pulmonar, a secrec¢éo do tubo, que é coletada
rotineiramente varias vezes ao dia pela equipe de enfermagem, sera encaminhada ao
laboratério para analise.

Se vocé nado concordar em participar do estudo isso ndo vai atrapalhar qualquer
atendimento da nossa equipe que seja necessario para o seu filho. Em qualquer momento do
estudo vocé pode retirar sua participacdo, sem qualquer prejuizo ao atendimento do seu filho.

Se vocé concordar em participar podera entrar em contato com os pesquisadores
através do telefone (053) 8124 78 56 — Dra. Cristiane Hallal ou 9974 09 91 — Dra Helena
Goldani.

Este documento possui duas vias, uma ficard com vocé e outra com o pesquisador.

Data:

ASS:

Nome do Pai/M&e ou Responsavel

Dra Cristiane Hallal - pesquisadora



