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RESUMO
Fernandes CR — A Importancia da Pressao Pleural na Avaliagdo da
Mecénica Respiratoria

JUSTIFICATIVA E OBJETIVOS: Para a particdo das medidas de
mecanica do sistema respiratdrio em seus componentes pulmao
e parede tordcica, faz-se necessdrio o conhecimento da pressdo
pleural. A finalidade desta revis&o foi discutir sobre medidas alter-
nativas & obtengdo da presséo pleural para o calculo da mecénica
pulmonar, relatar as peculiaridades do método do baldo esofdagico
para obtengéo indireta da pressao pleural, as particularidades da
obtengdo da medida da pressao esofdgica em pacientes sedados
ou anestesiados, discorrer sobre a medida direta da pressdo
pleural e sua correlagdo com a pressdo esofdagica, assim como
relatar sobre o reflexo da PEEP nas pressées pleural e esofdgica.

CONTEUDO: A variacdo da pressao intra-esofdgica reflete a varia-
¢8o da presséo intrapleural, podendo ser usada como medida al-
ternativa a pressao pleural direta, no estudo da mecanica dos
componentes pulméo e parede do sistema respiratorio. A medida
da pressdo esofdgica pode ser realizada por meio de um delicado
baléo posicionado no interior do eséfago. O método e a técnica fo-
ram observados e validados em seres humanos e animais em di-
ferentes condigcbes e posturas corporais. O emprego da PEEP em
pacientes sob ventilagdo controlada mecénica esta consolidado;
no entanto, existem controvérsias da correlagdo proxima entre a
pressdo esofdgica e a pressao pleural em pacientes ventilados com
PEEP, o que pode resultar em erros de cdlculo de mecénica res-
piratdria considerando a pressdo esofdgica.

CONCLUSOES: O método do baldo esofdgico é o mais utilizado
para a obtencéo da medida indireta da presséo pleural. Em pacien-
tes sedados ou anestesiados sem alteragées significativas da com-
placéncia respiratdria, a variagdo da presséo esofdgica corresponde
a variagdo da pressao pleural quando a PEEP é aplicada.

Unitermos: FISIOLOGIA, Pulmonar: cavidade pleural, mecanica res-
piratéria; VENTILACAQ: pressao positiva no final da expiragdo
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SUMMARY
Fernandes CR — Importance of Pleural Pressure for the Evaluation
of Respiratory Mechanics

BACKGROUND AND OBJECTIVES: Pleural pressure has to be
known for the partitioning of respiratory system mechanical measu-
rements into their lung and chest wall components. This review
aimed at discussing alternative methods to obtain pleural pressure
to calculate pulmonary mechanics, at reporting peculiarities of the
esophageal balloon method for obtaining indirect pleural pressure,
peculiarities of esophageal pressure measurement in sedated or
anesthetized patients, at discussing direct pleural pressure and its
correlation with esophageal pressure, in addition to reporting on the
impact of PEEP on pleural and esophageal pressures.

CONTENTS: Esophageal pressure variation reflects pleural
pressure variation and may be used as alternative to direct pleural
pressure in the study of lungs and chest wall mechanics. Eso-
phageal pressure may be obtained with a delicate balloon placed
inside the esophagus. Method and technique were observed and
validated in humans and animals in different conditions and body
positions. PEEP is a consolidated method for patients under
mechanically controlled ventilation, however there are controversies
about the close correlation between esophageal and pleural
pressure in patients ventilated with PEEP, which may result in
wrong respiratory mechanics calculation based on the esophageal
pressure.

CONCLUSIONS: The esophageal balloon is the most common me-
thod to obtain indirect pleural pressure. In sedated or anesthetized
patients without major respiratory compliance changes, esophageal
pressure variation corresponds to pleural pressure variation when
PEEP is applied.

Key Words: PHYSIOLOGY, Pulmonar: pleural cavity, respiratory
mechanics; VENTILATION: positive end expiratory pressure.

INTRODUCAO

Para a particdo das medidas de mecéanica do sistema
respiratdrio em seus dois componentes (pulmao e pa-
rede toracica) em estudos clinicos, faz-se necessario conhecer
a pressao pleural (Ppl). Entretanto, o acesso a cavidade
pleural para a sua medida direta apresenta desvantagens,
por ser invasivo e pelo risco de pneumotoérax. Neste senti-
do, buscaram-se alternativas, como a medida da pressao
esofagica (Pes). Sabe-se ha mais de um século que a va-
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riacdo da pressdo intra-esofagica reflete a variagcdo da pres-
sdo intrapleural ', podendo ser usada como medida alter-
nativa & presséo pleural direta, no estudo da mecéanica dos
componentes pulméao e parede do sistema respiratério,
como também na avaliagdo do calculo do trabalho respira-
tério durante ventilacdo assistida ou esponténea.

A medida da pressao esofagica, por meio de um delicado
baldo posicionado no interior do es6fago, foi descrita pela
primeira vez ha mais de 50 anos 2. A partir de entéo, varios
estudos em seres humanos e animais foram feitos confron-
tando-se as duas pressdes esofagica e pleural, tentando
validar o método %*. Outros estudos foram realizados vali-
dando a técnica do baldo esofagico *%.

O emprego da PEEP em pacientes mantidos sob ventilagdo
controlada mecanica, seja em anestesia ou em terapia in-
tensiva, estd consolidado. No tratamento da sindrome da
angustia respiratoria seu uso é inquestionavel 8. Sendo o
estudo da mecéanica respiratéria e dos seus subcompo-
nentes pulmao e parede, fundamental para compreender de-
terminadas situagdes clinicas, o uso da pressao esofagica
para se obter, indiretamente, a presséo pleural, tornou-se fre-
qliente ®'°. Nesse contexto, ainda existem controvérsias da
correlagéo proxima entre a pressdo esofagica e a presséao
pleural em pacientes ventilados com PEEP, sob sedagéo ou
anestesia, ou mesmo em diferentes posturas corporais .
Isso é importante, pois valores alterados de pressao esofa-
gica podem resultar em erros de calculo de mecénica respi-
ratdria, acarretando erros de interpretacéo, o que pode levar
a conduta equivocada. O objetivo deste estudo foi discorrer
sobre medidas alternativas a obtencao da pressao pleural
para o calculo da mecéanica pulmonar, relatar as peculiarida-
des do método do baldo esofagico para obtencéo indireta da
presséo pleural, as particularidades da obtencdo da medida da
pressao esofagica em pacientes sedados ou anestesiados,
discorrer sobre a medida direta da pressao pleural e sua cor-
relacdo com a pressado esofagica, assim como relatar sobre
o reflexo da PEEP nas pressdes pleural e esofégica.

ALTERNATIVAS A MEDIDA DA PRESSAO PLEURAL

Ha mais de 120 anos sabe-se que as variagdes na pressao
intratoracica refletem-se na presséo esofagica. Luciani, em
1878 1, foi o primeiro a reportar estudos envolvendo medidas
de pressao intra-esofagica, embora a descoberta do méto-
do tenha sido creditada a Ceradini, que ndo publicou seus
resultados.

Na busca de método alternativo para a obtengcéo da pressao
intratoracica, Otis e col. demonstraram que é possivel corre-
lacionar o aumento da pressdo venosa com o aumento da
presséo intrapulmonar, por meio da colocagao de cateter na
veia cubital; entretanto, a validade desta técnica se mostrou
duvidosa 2.

Em 1949, Buytendijk introduziu a técnica da medida da pres-
séo esofagica por meio de um baldo posicionado no interior
do esofago 2.
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Dornhorst e col. obtiveram a medida da presséo intra-eso-
fagica por meio de sistema com cateter preenchido de flui-
do ™. Outros autores observaram que este sistema é
comparavel com o baldo esofagico; entretanto, apresenta
maior sensibilidade a ruidos do tipo batimentos cardiacos .
Este método tem sido usado sobretudo em recém-nascidos
e criangas pequenas para determinacado da mecéanica dos
subcomponentes do sistema respiratério 1516,

Clarysse e col. mediram a presséo intra-esofagica por meio
de dois baldes em um sé cateter, separados 10 cm um do
outro 7. Rajacich e col. idealizaram um modelo de monito-
rizacdo da pressdo esofdgica composto de um balao irriga-
do por solugéo fisiolégica '®. Karason e col. usaram sonda
gastrica de duplo lumen preenchida de liquido para medi-
da da presséo esofagica. A eficacia desta sonda foi compa-
rada com o balao esofagico °.

Mais recentemente, o cateter flexivel com microtransdutor
na extremidade tem-se tornado disponivel para a monito-
rizacdo da presséao intra-esofagica 2. Alguns autores mediram
diretamente a pressao intrapleural por meio de microtrans-
dutores acoplados na ponta de cateteres 2'22, outros por
meio de sensores de pressao planos e flexiveis .

Tobin e col. relataram que a pletismografia indutiva de super-
ficie é alternativa para medida indireta da pressao intrapleu-
ral, por meio de transdutor posicionado na fossa esternal 2.
Entretanto, apresenta algumas limitacdes, tais como a cor-
reta posicdo do transdutor na fossa, o tamanho da concavi-
dade esternal e a fixagdo correta da cabeca e do pescocgo
do paciente.

Outros investigadores estudaram o gradiente transpulmonar,
por meio do registro da presséo pleural, usando uma téc-
nica minimamente invasiva, com a implantacéo de capsu-
las nas costelas, a fim de proporcionar minima distor¢céo do
espaco pleural 2526,

O METODO DO BALAO ESOFAGICO

O método mais difundido para medida da presséao esofa-
gica consiste na utilizacdo do sistema baldo-cateter de
latex preenchido com ar e conectado a um transdutor de
pressao .

O eso6fago é um tubo musculo-membranoso, localizado na
cavidade toracica, que mede em torno de 4 cm de didmetro
e cerca de 25 cm de comprimento. Mantém-se em estado
colapsado, esta conectado a outras estruturas do medias-
tino por tecido conectivo e pequenos musculos. Em suas
extremidades ha esfincteres funcionais. As variagdes de
pressao no eséfago sdo de origem intrinseca e extrinseca.
As pressdes extrinsecas sdo aquelas que se originam na
cavidade toréacica, enquanto as intrinsecas sao essencial-
mente de dois tipos: espasmos localizados ou mudancgas
de tbnus do 6rgdo que podem se tornar generalizados e as
ondas peristalticas 2.

Mead e col. compararam o uso do balédo esofégico curto (3 cm
de comprimento e 1 cm de didmetro) com o baldo longo (16
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cm de comprimento e 0,8 cm de didmetro). Verificaram que
o baléo longo oferece menos variagdo nos registros de pres-
sdo com a modificacdo da sua posi¢cao no interior do esé-
fago ™. Outros autores 2 também afirmaram que o registro da
pressdo com o baldo longo é mais fidedigno; entretanto, re-
lataram que os melhores resultados sdo obtidos quando as
medidas sado realizadas no terco médio do es6fago, mos-
trando que nesta regido o formato da curva pressao-volume
nédo é muito afetado por mudangas na postura do corpo.
Petit e Milic-Emili estudaram as propriedades mecénicas da
parede do es6fago humano por meio da utilizagdo de baldes
esofagicos de varios diametros. Observaram que baldes
esofagicos com perimetro maior que 4,8 cm sdo os ideais,
pois sao flacidos e transmitem com mais precisdo as varia-
cbes de tenséo da parede esofégica. Foi notado por esses
autores que a elastancia especifica do es6fago nao é uni-
forme, tem valor mais baixo no tergo inferior, aumentando
progressivamente no sentido cefalico. A diferenca histologica
da camada muscular em diferentes regides do esbéfago
(musculatura estriada no terco superior, musculatura lisa na
extremidade inferior e mista no terco meédio), com corres-
pondentes diferencas na atividade muscular, pode explicar
as diferentes propriedades elasticas encontradas. Os auto-
res inferem que por causa das diferengas na elastancia es-
pecifica ao longo da parede do esbfago, a diferenca entre a
variacdo da presséo intratoracica e a intra-esofagica vai de-
pender da posi¢éo do baldo no 6rgdo, e serd& menor quando
este for posicionado no terco inferior, onde a distensibilidade
é maior. Nesse mesmo estudo, foram observadas ondas
peristalticas mais freqlientes com o paciente na posicao
supina. Entretanto, quando se usou baldo de maior didme-
tro e comprimento, o efeito das ondas peristalticas na pres-
sdo esofagica foi substancialmente reduzido 2.

A hipétese de que a postura corporal pudesse afetar a fide-
lidade da medida da pressao esofagica no que diz respei-
to a medida da pressao pleural levou alguns autores a
realizarem diversas investigacdes. Ferris e col. estudaram
seis pacientes adultos normais, mantidos em ventilacao
espontanea, medindo a pressado esofagica por meio de ba-
lao posicionado no terco inferior do eséfago, em diferentes
posi¢cbes corporais. Observaram que o valor da pressao
esofagica nas posi¢cbes prona e lateral se assemelharam
ao valor na posicédo ereta, enquanto na posi¢cao supina a
pressao esofagica se mostrou bem mais elevada, supon-
do que este aumento estaria relacionado com a compres-
séo esofagica exercida pelo coragdo e grandes vasos pela
acao da gravidade . Knowles e col. avaliaram o comporta-
mento da pressdo esofdgica, obtida de baldo de 5,5 cm, em
quatro pacientes, em diferentes posi¢des — sentada, supina
com inclinacdo cefalica de 30° e prona — em diferentes vo-
lumes pulmonares, observaram que em baixos volumes
pulmonares, ou seja, 20% da capacidade vital (CV) na po-
sicdo supina, o registro da pressédo esofagica se mostrou
mais positivo. Também atribuiram este fato a compressao
do esbfago pelo conteudo mediastinal, sobretudo o coragéo,
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que é movido para as proximidades do baldo pelo desloca-
mento do diafragma .

Milic-Emili e col. demonstraram que a presséo do baldo eso-
fagico é idéntica a pressao pleural, quando a diferenca da
pressédo através de todas as suas estruturas, ou seja, pa-
rede do balado, parede do es6fago e as diversas estruturas
mediastinais, é zero 3'. A pressdo no baldo aumenta com o
volume. Analisando este aspecto, os autores avaliaram a
pressédo esofagica em oito pacientes, em crescentes volu-
mes pulmonares, com o baldo preenchido com diferentes
volumes de ar. Todas as medidas foram feitas na posicao
ereta. Os resultados indicaram que o efeito do volume do
baldo na presséo esofagica € maior em ambos os extremos
de capacidade vital, sobretudo em altos volumes pulmona-
res, 20% acima da CV. Concluiram que o preenchimento do
balao com baixo volume, em torno de 0,2 mL de ar, reflete
com mais precisdo a pressao pleural. A quantidade ideal de
volume para o adequado preenchimento do baldo esofagico
deve ser conseguida pela curva de complacéncia do balao,
nos baldes longos o platd desta curva encontra-se geral-
mente dentro dos valores de 0,2 a 5 mL de ar 2%,
Gerhardt e Bancalari observaram que a porcentagem da
pressao de via aérea (Pva) transmitida para o es6fago de-
pende da complacéncia pulmonar. Estudaram 26 recém-
nascidos prematuros e verificaram baixa correla¢do entre a
variagdo da Pva e a Pes. Apenas 5% da Pva foi transmitida
para o es6fago em criancas com doenga da membrana hialina,
e 12% em recém-nascidos com canal arterial patente 3.
Sempre procurando validar a posicao correta do cateter-ba-
lao dentro do es6fago, varios testes foram propostos. A va-
lidade da medida da Pes pode ser obtida pela realizagdo da
manobra estatica de Valsalva ou Mueller, contra a via aérea
ocluida. Uma concordéncia aproximada entre a variagdo da
pressao esofagica (APes) e presséo traqueal (APtr) — pres-
séo de via aérea indica posi¢édo satisfatéria do baldao. Uma
vez que muitos individuos ndo treinados tinham dificuldades
em realizar essa manobra estatica, Baydur e col. introduziram
uma alternativa dindmica para solucionar esse problema. O
“teste de oclusdo”, que consiste na oclusdo da via aérea no
final da expiragdo, permitindo o paciente a realizar trés a cin-
co esforgos inspiratdrios com a via aérea ocluida. Esta téc-
nica foi realizada em 10 voluntérios, nas posi¢cdes sentada,
decubito lateral direito e esquerdo e supina, com o baldo
esofagico situado a 10 cm acima do cardia. Os autores ob-
servaram que, nas posi¢cdes sentada e de decubito lateral
a relacao APes/APtr foi proxima da unidade, enquanto na
posicéo supina a APes/APtr foi menor que a unidade em sete
dos dez voluntarios. Essas mudancas na pressdo esofégica
foram atribuidas principalmente aos artefatos cardiacos. Os
autores concluiram que, em alguns individuos na posicéao
supina, a medida da pressao esofagica com o baldo colo-
cado na posicdo convencional nao reflete presumivelmente
a pressao de superficie pleural. Com o reposicionamento
do baldo num nivel diferente, 5 ou 15 cm acima do cardia, uma
posicdo pode ser encontrada onde a relagao APes/APtr é
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préxima da unidade. Medidas de mecéanica pulmonar esti-
mando a pressdo pleural sdo presumivelmente validas,
com base na pressao esofdgica a partir desse local *. Esse
teste também foi validado em pacientes anestesiados, ndo-
paralisados, sob ventilagdo espontanea °. Fonseca-Costa e
Nardi também aplicaram o “teste de oclusdo” para validar a
pressao esofagica em oito voluntarios em diferentes postu-
ras: sentado com o térax na posigao vertical (90%), e em angu-
los de 452, 02 e -102, com o balédo posicionado 10 cm acima
do cardia. Concluiram que reposicionando o cateter cui-
dadosamente apés cada mudanga de &ngulo corporal é
possivel obter medidas aceitdveis em todas as posi¢des
verificadas. A maior dificuldade do estudo foi observada nas
posicdes horizontal e céfalo-declive, em razdo da maior in-
terferéncia dos batimentos cardiacos. Asher e col. estuda-
ram esse mesmo teste para validar o cateter preenchido
com liquido em seis recém-nascidos saudaveis, nas posi-
cOes lateral direita, prona e supina. Inferiram que o cateter
posicionado no terco inferior do eséfago é o mais acurado
para se determinar indiretamente a variacdo da pressao
pleural nesses pacientes *. Coates e col. também valida-
ram a medida da Ppl pelo “teste de oclusdo” usando cate-
ter preenchido de liquido. O estudo foi realizado em oito
recém-nascidos intubados, sendo as medidas realizadas
na posicao supina. Pressdes suaves foram aplicadas na
laringe durante o teste para prevenir o vazamento de ar. “Tes-
tes de oclusdo” foram realizados no segmento inferior do
esofago, iniciando a partir do cardia até o nivel onde APes/
APtr foi menor ou proximo da unidade. Em todos eles hou-
ve uma faixa entre o cardia e a carina onde APes/APtr foi
muito préxima da unidade . Esse teste também tem sido
usado para validar a posi¢éo de cateter preenchido de liqui-
do com a finalidade de medir a pressédo esofagica em pe-
quenos animais %,

O “teste de oclusado” para validagéo da técnica do baldo eso-
fagico também pode ser usado na vigéncia de ventilagéo
controlada mecénica sob uso de bloqueadores neuromus-
culares. Nessa condi¢éo, ndo é possivel a realizagao de esfor-
¢os inspiratdrios espontaneos, entdo o registro das pressoes
de via aérea e esofagica somente é possivel por meio de
compressdes toracicas ou abdominais. Lanteri e col. reali-
zaram oclusao da via aérea associada a compressdes su-
aves do abdémen superior ou costelas de caes paralisados,
e mantidos sob ventilagdo controlada mecénica. Nesse es-
tudo, puderam ser registradas as oscilagbes concomitantes
das pressdes esofagica e de via aérea, validando a posicéo
do balao esofagico %. Barnas e col. realizaram compressdes
abdominais, associadas a oclusdo da via aérea em 13 pa-
cientes anestesiados e paralisados no pds-operatério de
cirurgia cardiaca, validando a técnica do baldo .

Estudo realizado utilizando sistema cateter-balao de 1,5 cm,
posicionado no es6fago, em intervalos de 2 cm, analisou a
pressao esofagica ao longo dos segmentos intratoracicos
e cervical em seres humanos saudaveis. Observaram que
a pressao esofagica se tornara progressivamente mais ne-
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gativa da regiéo intratoracica para a cervical, ou seja, existe
um gradiente pressoérico no interior do eséfago .
Clarysse e col. usaram para medir a pressado esofagica,
dois balées em um sé cateter, separados 10 cm um do ou-
tro, o balao mais inferior ficou posicionado 5 cm acima do
céardia. Investigaram alteragcbes na pressao transpulmonar
antes e depois de girar o corpo em 180°. Observaram que
a pressao transpulmonar é mais positiva no baldo mais su-
perior, em ambas as posturas, isto é, no es6fago médio na
postura ereta e no es6fago distal na postura de cabeca para
baixo. Observaram ainda que houve aumento no gradiente
de pressao transpulmonar com o decréscimo de volume
pulmonar entre 80% e 20% da CV, implicando que mudan-
cas de pressdao acompanham mudancgas globais de volu-
me. Encontraram também um gradiente inverso de pressao
esofagica na postura de cabeca para baixo .

Dechman e col. investigaram a influéncia da postura do corpo,
posicéo do balao e volume do pulméo no “teste de ocluséao”
em caes anestesiados, respirando espontaneamente e pa-
ralisados em ventilagao controlada mecéanica. Especularam
que a presséo esofagica reflete a pressédo pleural com mais
precisdo durante a inspiragcdo que durante a expiragao. Ob-
servaram que a relagdo APes e APir € mais proxima da uni-
dade no estado paralisado, indicando que a Pes reflete com
mais precis@o a Ppl na vigéncia de paralisia muscular . Uma
possivel explicagdo para esse resultado é o fato de o eso6-
fago canino, como o do homem, ser composto de musculatu-
ra estriada. As medidas da Pes realizadas no tergo superior
do esobfago refletiram com menos acuracia a Ppl, o contrario
foi observado no terco distal do érgéo. Na posicédo supina,
em ventilacdo espontanea, a alca Pes versus Ptr frequen-
temente diferiu da unidade, enquanto sob paralisia muscular
o resultado foi consistentemente muito proximo da unidade.
Esse estudo sugeriu que o peso do conteido mediastinal nao
é responsavel pelos pobres resultados do “teste de oclusao”
durante respiragdo esponténea, na posi¢cao supina.
Baydur e col. analisaram a presséo esofagica de voluntari-
0s sob respiragdo esponténea, em trés niveis diferentes (5,
10 e 15 cm acima do cardia), na vigéncia de diferentes vo-
lumes pulmonares, nas posturas sentada e supina. Obser-
varam que em respiragdes tranquilas, a medida da pressao
esofdgica apresentou variacao de 30% maior no esbfago
inferior com relagéo a regido superior. Durante a manobra
de Valsalva, a APes/APtr permaneceu préxima da unidade
na maioria dos volumes pulmonares, exceto na posi¢céo
sentada em volumes préximos a 20% da CV 1.
Ingimarsson e col. investigaram as possiveis diferengas na
Pes resultando da mudanca de posi¢do do corpo. Estuda-
ram 17 criangas (1,5 més a 15,5 anos) anestesiadas e pa-
ralisadas, nas posi¢cdes supina e decubito lateral direito. Foi
realizada curva pressao-volume e observado que quando
Pva = 30 cmH,0, a Pes foi muito similar em ambas as po-
si¢bes, em torno de 11 cmH,O. Entretanto, quando Pva = 0
cmH,0, a Pes foi distintamente positiva na posi¢éo supina
(6,6 = 2,2 cmH,0), e proximo de zero na posigao lateral (1,1
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£ 1,9 cmH,0) “. Com os resultados desse estudo tornou-
se dificil conciliar a hipétese de que a Pes é representativa
da Ppl global na posicdo supina.

Quanto as dimensoes ideais do baldo esofagico usado em
adultos, atualmente sabe-se que seu perimetro deve
corresponder ao do esbfago, entre 4 e 4,8 cm. Na pratica,
baldes de latex delgados, apresentando 0,1 mm de espes-
sura, 5 a 10 cm de comprimento, com perimetro variando de
3,2 a 4,8 cm sdo adequados. Os cateteres convencional-
mente usados sédo de polietileno, com didmetro interno de
1,4 mm e comprimento de 100 cm (Figura 1). O volume de
ar deve obedecer a curva de complacéncia do baldo, na
grande maioria volume de 0,5 mL é adequado para realiza-
cao das medidas “®. Em recém-nascidos, tém sido encon-
tradas medidas satisfatérias com balées de 30 a 50 mm de
comprimento, didmetro de 7,6 mm e espessura de 0,045 a
0,075 mm. O volume de ar a ser usado deve ser determina-
do pela curva pressao-volume realizada in vitro, antes de
sua introdugdo no esodfago .

Figura 1 — Cateter-Balao Esofagico Usado em Adultos

A MEDIDA DA PRESSAO ESOFAGICA E O PACIENTE
ANESTESIADO

Nos mais diversos estudos sobre a mecéanica do sistema
respiratério e seus subcomponentes no paciente aneste-
siado, foi utilizado o sistema cateter-baldo, considerado-se
ser o valor da pressado esofagica como estimativa da pres-
sé@o pleural. Embora alguns trabalhos suscitem duvidas
quanto a validagdo da pressao esofagica, o que causaria
problemas quanto ao calculo da mecanica respiratdria.

Higgs e col. estudaram 10 pacientes submetidos a aneste-
sia geral com oxigénio, 6xido nitroso e halotano e mantidos
sob ventilagao espontanea. Com o baldo convencionalmen-
te posicionado (10 cm acima do cardia), realizaram o “teste
de oclusdo”, mostraram que a diferenca entre a Pes e a Ptr
foi menor que 10% na maioria dos pacientes. Estes auto-
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res evidenciaram a presenca de artefatos em consequén-
cia dos batimentos cardiacos, determinando problema para
o calculo da mecénica respiratéria, havendo necessidade
de reposicionar o baldao em alguns casos °.

Alguns autores realizaram calculos de mecéanica respirato-
ria, em pacientes anestesiados, através da medida da pres-
séo esofagica, relatando apenas que fixaram o baldo a 35
cm dos labios em todos os pacientes *; ou a 40 cm da na-
rina 6, independente da altura dos pacientes. Nao realiza-
ram método adicional para validagcao da correta posicao do
balao. Outros fixaram o baldao no ponto onde a maxima va-
riacdo da pressdo esofagica foi encontrada e um constan-
te aumento nesta presséao foi registrada, durante a ventilagcao
com pressao positiva 4748,

Outros pesquisadores °%° realizaram o “teste de oclusao”
para validar a técnica do baldo em pacientes anestesiados
nao paralisados, com vistas ao calculo de mecanica respi-
ratéria durante sedagéo ou anestesia. D’Angelo e col. reali-
zaram o “teste de oclusdo” na posi¢céo supina, antes da
inducdo anestésica °'. Em alguns estudos de mecénica res-
piratéria em pacientes anestesiados, ndo foram relatados
pormenores sobre a validagdo da técnica do balao esofa-
gico antes da obtencédo da presséo esofagica 3392,

Pelosi e col. em investigacdo da mecénica do sistema res-
piratério em 10 pacientes obesos moérbidos anestesiados,
validaram a posi¢éo do baldo antes da paralisia muscular
através do “teste de ocluséo”, quando ainda ocorriam alguns
esforgos respiratorios, também utilizaram a radiografia de
térax, para confirmar a posi¢cdo do cateter-baldo no terco
médio do esbfago 2.

Vérios métodos de estudo foram desenvolvidos para a ob-
tencdo da variagcdo da pressdo esofagica para a efetuacéo
do calculo de mecénica pulmonar, em pacientes sob venti-
lagéo controlada mecénica. O método de Unica respiracéo
single-breath, descrito por Zin e col. % usado para medir as
propriedades passivas do sistema respiratério 5%, a técni-
ca de interrupgéo " e o método da oclusédo no final da inspi-
racdo (MOFI) sdo exemplos. Dentre estes, o MOFI com fluxo
constante tem sido o mais utilizado. O MOFI é fundamentado
no desenvolvimento tedérico proposto por Bates e col. %859,
baseado nos trabalhos pioneiros de Don e Robson, Ratten-
borg e Holaday ®°¢'. A partir destes estudos pode-se descrever
o sistema respiratério como sendo constituido de mdltiplos
compartimentos, ligados em paralelo, cada qual com dife-
rentes tempos de esvaziamento, definidos como constantes
de tempo. Em um dado momento zero da inspiragéo, com
a ocluséo da entrada do fluxo por tempo determinado (p. ex.:
4 segundos), pode-se entdo observar rapida diminuicdo da
pressao que anteriormente estava sendo gerada. O valor
desta diminuicéo representa a pressao resistiva do sistema,
apos esta rgpida diminuicao observa-se declinio gradual da
curva pressoérica até que se atinja um platd, que represen-
ta a pressé@o de recolhimento elastico. Esta variagdo é mais
evidente no tragado de via aérea e menos evidente na cur-
va de pressdo esofagica. Os dois subcomponentes repre-

291



FERNANDES

sentam processos fisiologicos diversos durante a distribui-
cdo dos gases no pulmao. O primeiro caracterizado por di-
minuicéo rapida e homogénea da pressdo, representa a
pressao necessaria para vencer a resisténcia das vias aé-
reas. O segundo, mais lento e ndo homogéneo %%, compre-
enderia os fenémenos de pendelluft e de stress relaxation.
Pendelluft é o processo de redistribuicdo do gas inspirado
que ocorre entre as unidades que apresentam constantes
de tempo desiguais. Ocorre durante a fase de fluxo zero.
Provavelmente as constantes de tempo sao desiguais pelo
fato de diferentes compartimentos pulmonares apresenta-
rem constituicdes fibro-elasticas diversas. O fenémeno de
stress relaxation é a propriedade que o pulm&o apresenta
de, ao ser inflado e mantido com volume constante, mostrar
diminuicdo na pressao de distenséo criada com a expansao
pulmonar. A diminui¢do na pressdo seria ocasionada por
duas razoes. Por um lado, haveria o re-alinhamento das fibras
elasticas da matriz fibrilar intesticial do parénquima pulmo-
nar, por outro, ocorreria a reorganizacao do filme alveolar
intersticial, que provocaria a diminuicdo das forcas geradas
pela tensdo superficial %2. O stress relaxation. representa a
acomodacgdo dos pulmdes a pressao intra-alveolar positiva.
Jonson e col. encontraram que a constante de tempo vis-
coelastica em adultos normais é 0,82 + 0,11 segundos 9.
Isto implica que um tempo de oclusdo de mais de 2 segun-
dos é necessario para obter uma verdadeira presséo de
platd, necessaria aos célculos de mecénica.

Auler Jr. e col. utilizaram o referido método para calcular as
propriedades elasticas e resistivas do pulméo e da parede
toracica de pacientes obesos modrbidos, e pacientes de
peso normal anestesiados e paralisados, usando pausa
inspiratéria de 5 segundos .

AMEDIDA DIRETA DA PRESSAO PLEURAL E A
COMPARACAO COM A PRESSAO ESOFAGICA

O acesso a cavidade pleural para a obtencdo de medidas
de pressdo apresenta desvantagens, por ser um método
invasivo e pelo grande risco de pneumotérax. Do ponto de
vista ético, isso seria quase impossivel, exceto quando ja
existe um dreno colocado na espaco pleural %. Por essa ra-
z&o0, a pressao intra-esofagica tem sido usada como méto-
do para inferir a pressao intrapleural. Para avaliar a validade
da presséao intra-esofagica como medida da pressao
intratoracica, Fry e col. estudaram a relagdo entre as duas
pressdoes de duas maneiras. O primeiro método consistiu
na medida simultdnea das pressdes intra-esofagica e
intrapleural em trés individuos em ventilacdo espontéanea.
Concluiram que a presséo intra-esofagica € uma maneira
acurada de se obter variagdes da pressao intratoracica. O
segundo método do estudo consistiu no registro simultaneo
das duas pressdes de um homem jovem com pequeno
pneumotdrax, concluindo que a mudanca relativa na pres-
sao intrapleural foi quantitativamente refletida pela pressao
intra-esofagica. Observaram também que a pressao intra-
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pleural foi um pouco mais negativa que a esofagica. Os au-
tores inferiram que a medida da presséo intra-esofagica re-
flete com segurancga e acurécia as variagdes pressoricas
estatica e dindmica da cavidade pleural °.

Cherniack e col. compararam a pressao esofagica e intra-
pleural de 14 pacientes, dos quais oito foram estudados sob
anestesia e seis estavam conscientes durante o procedi-
mento. Observaram que durante ventilagdo espontanea a
pressao pleural foi consistentemente mais negativa do que
a esofagica. Durante ventilagdo controlada, as flutuagdes da
pressdo esofagica ndo foram maiores do que a intrapleural
na inspiragdo ou na expiragao. O estudo foi realizado com
0s pacientes na posigao supina, por isso os autores aventam
a possibilidade de o peso do mediastino exercer influéncia no
esofago e resultar numa pressédo mais positiva. Concluiram
que a pressao esofagica ndo é idéntica a pressao pleural
e ndo segue uma relagdo paralela. Além disso, observaram
que ha extrema variag@o na relacédo entre essas duas pres-
sdes de individuo para individuo, sugerindo que os resulta-
dos de mecéanica pulmonar devem ser interpretados com
cautela ®. No ano seguinte, Attinger e col. mediram simul-
taneamente as pressodes intra-esofagica e intrapleural em
quatro pacientes (dois com pneumotérax espontaneo com
10% de colapso pulmonar e outros dois com efuséo pleural)
em ventilacao espontanea em diferentes posi¢cdes. Obser-
varam que a variagdo da presséao intrapleural quase sem-
pre foi maior do que a variagao da pressao intra-esofagica.
A diferenga variou de paciente para paciente, o que dependeu
da posicao corporal. A presséo intrapleural expiratéria final
foi, em geral, mais negativa do que a presséao intra-esofagica
expiratéria final. Ambas as pressdes obtidas ao final da
expiragdo foram consistentemente mais negativas na posi-
¢éo sentada do que na supina, e na maioria dos pacientes
foi mais negativa na posi¢cao prona do que na sentada .
Mead e Gaensler em 1959, registraram as pressoes pleural
e esofagica simultaneamente em sete pacientes na postu-
ra ereta e em cinco destes na posicao supina. Observaram
que, na posicao supina as oscilagdes cardiacas tinham
uma variagdo de amplitude trés vezes maior do que na ere-
ta, isto poderia contribuir em parte para maior diferenca ob-
servada nesta posicdo. Também observaram que a melhor
correspondéncia entre as pressoes esofagica e pleural foram
obtidas na postura ereta ®. Os valores pressoricos absolu-
tos na posicao supina mostraram pressao esofagica con-
sistentemente mais positiva, possivel explicacado para isto
€ a compressao do esOfago por estruturas mediastinais, o
que poderia interferir nos calculos de complacéncia pulmo-
nar e resisténcia.

Daly e Bondurant, em 1963, estudaram simultaneamente a
pressdo pleural em diferentes espagos intercostais (3¢, 5°
e 892) e a pressdo esofagica, em seres humanos volunta-
rios, na posi¢do sentada. Observaram que a variagdo da
pressao intrapleural diferiu conforme o local de medida, e
que esses valores foram maiores na regido toracica inferior
em relacdo a superior. Mesmo com pneumotdrax de 200 mL,
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nédo foram observadas diferencas nas pressoées intrapleural
e esofagica ®°. A maioria destes estudos considerou os va-
lores absolutos das pressbes para comparacédo das medi-
das de pressao pleural e esofagica. Sabe-se atualmente
que esta comparagéo deve ser feita relacionando a variagéo
das pressoes.

O REFLEXO DA PEEP NAS
PRESSOES PLEURAL E ESOFAGICA

O emprego da PEEP em ventilagdo controlada mecéanica,
seja durante a anestesia ou em Terapia Intensiva, é inques-
tionavel. O entendimento da mecéanica respiratéria em qual-
quer condicdo clinica é essencial para a promog¢éo do
tratamento adequado. O uso da pressédo esofagica como
medida indireta da pressao pleural € uma alternativa menos
invasiva para o calculo das propriedades elasticas e resis-
tivas do sistema respiratério. Neste sentido, é importante
entender se a PEEP interfere na correspondéncia da pres-
sdo esofagica em relacdo a pleural.

Chapin e col. investigaram as mudangas na complacéncia
toracica (Ct) e pulmonar (Cp) e o nivel de PEEP exigido para
estabelecer adequada expansao pulmonar, em 10 porcos
anestesiados, ventilados com 10 cmH,O de PEEP, com
monitorizagdo da Ppl. Observaram que, em condi¢des de
complacéncia toracica e complacéncia pulmonar normais,
aproximadamente metade (52% + 9%) da pressdo de via
aérea (Pva) aplicada foi transmitida para o espaco pleural,
esta aumentou para 65% + 9% quando a Cp foi normal e a
Ct foi reduzida por aplicagéo de garrote pneumatico no abdé-
men e no térax. A instilagdo pulmonar de acido cloridrico cau-
sou diminuicdo na Cp, a esternotomia mediana provocou
aumento na Ct, nesta situacdo a transmissédo da Pva para
o espago pleural foi reduzida para 11% + 6%. Os resultados
indicaram que ambas as Cp e Ct realizam significativo pa-
pel na determinagéo do grau de expansao pulmonar e trans-
missdo de pressdo para estruturas intratoracicas durante a
aplicacao de PEEP 22. Entretanto, neste estudo néo foi
monitorizada a pressao esofagica.

Craven e Wood realizaram estudo em seis caes aneste-
siados, comparando a presséo esofagica com a presséo
pleural préximo ao coragéo, na posicdo de decubito lateral
direito. Evidenciaram que a pressdo esofagica é muito simi-
lar a pressao existente entre o pulméo e o pericardio es-
querdo nos niveis de PEEP 0, 10 e 20 cmH,O. Enquanto a
pressao extrapericardica direita é 4,5 a 5 vezes mais positi-
va, os autores relacionaram esses resultados ao peso di-
reto do coragéo sobre o espacgo do pericardio 7. Marini e col.
examinaram o efeito da PEEP nas pressdes justacardiaca
e esofagica de oito cées, nas posi¢cdes prona e supina. Na
posicéo supina, a pressao justacardiaca excedeu em mui-
to a esofdgica, enquanto na posicao prona nao houve dife-
renga estatistica significativa entre as pressdes. Nesse
mesmo estudo, os autores registraram a pressado esofagica
em trés seres humanos nas posi¢des supina, prona e la-
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teral, com 0, 10 e 20 cmH,O de PEEP. Observaram elevagéo
do coracdo e aumento significativo da presséo esofégica
durante a elevacéo da PEEP. Esse aumento foi maior nas
posicbes prona e lateral do que na supina ™.

O’Quin e col. estudaram céaes e analisaram a relagdo entre
a variagéo da Pes e Ppl medida no espaco justacardiaco, du-
rante diferentes condi¢ées de complacéncia pulmonar e
toracica, em diferentes niveis de PEEP (5, 10, 15 e 20 cmH,0),
todos na posicao supina. As comparacdes foram feitas ao
final da expiracdo. Em todas as condi¢des de complacéncia
a variacao da Ppl excedeu em muito a Pes. Essa diferenca
dependeu da Cp e Ct, entretanto ndo dependeu do nivel de
PEEP aplicado. Durante Cp normal, 61% do valor da PEEP
aplicada refletiu-se no espaco pleural no final da expiracao,
enquanto 52% desse valor foi refletido pela presséo intra-
esofagica. Apos diminuigéo da Cp, 55% e 46% da PEEP
aplicada foram transmitidas para os espacos pleural e eso-
fagico, respectivamente 2.

Smiseth e col. estudaram a relagdo entre a pressao eso-
fagica e as pleurais justacardiacas durante ventilagdo com
PEEP de 10, 20 e 30 cmH,0, aplicados em ambos os pulm&es
e seletivamente em um s6 pulméo de oito caes, na posicao
supina. Observaram que a PEEP bilateral de 10, 20 e 30
cmH,O causou progressivo e similar aumento nas pressoes
pleurais direita e esquerda. Concluiram que o balao esofa-
gico ndo reflete o acentuado incremento regional na pres-
sao pleural, quando aplicado PEEP seletivo em um pulmao
e consistentemente subestima as pressdes pleurais quan-
do aplicado PEEP nos dois pulmdes 7.

Importante salientar que esses autores levaram em conta os
valores pressoricos absolutos e ndo a variagéo das pressoes.
Klingstedt e col. avaliaram em oito seres humanos, na po-
sicdo de decubito lateral, o efeito da aplicagédo da PEEP (8
e 16 cmH,0) unicamente no pulméo dependente, na com-
placéncia e resisténcia do mesmo hemitérax. Observaram
que na aplicagdo de PEEP seletivo de 8 cmH,O, a compla-
céncia do hemitérax dependente aumentou, enquanto o
n&o-dependente n&o se modificou. Com PEEP de 16 cmH,0,
a complacéncia dos dois hemitérax foi praticamente a
mesma. A resisténcia inspiratéria também decresceu de for-
ma progressiva com aumento seletivo de PEEP, sendo sig-
nificativa com PEEP de 16 cmH,O. A presséo esofagica foi
medida pelo baldo, os autores concluiram que a variagcdo da
pressdo esofagica nao refletiu de modo fidedigno a variagdo
da presséo pleural quando aplicada PEEP seletiva na po-
sicdo lateral “°.

Jardin e col. verificaram o efeito da transmissdo da pressao
de via aérea para a esbéfago em 19 pacientes portadores de
insuficiéncia respiratéria aguda, divididos em trés grupos,
com leve, moderada e acentuada diminuicdo da complacén-
cia total do sistema respiratério. As observagdes foram fei-
tas em trés niveis de PEEP: ZEEP, 10 e 20 cmH,0. A variagéo
das medidas foram verificadas no final da expiragéo e final
da inspiracdo. Em cada paciente a Pes foi correlacionada li-
nearmente com a pressao traqueal. No grupo com leve di-
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minuicdo da Csr, a variagdo da Pes foi de 2,73 + 0,45, rela-
cionada com transmiss&o da Pt girando em torno de 37%.
No grupo apresentando moderada diminuicdo da Csr, a va-
riacdo da Pes foi de 3,14 + 1,04 e a transmisséo da Pt foi
de 32%. No grupo com importante diminuigdo da Crs, a va-
riacdo foi de 4,13 + 1,55 e a porcentagem da Pt transmitida foi
de apenas 24%. A transmissdo da pressdo da via aérea
para o eséfago foi reduzida quando grave deterioracdo da
complacéncia do sistema respiratério esteve presente “.
Bonnet e col. determinaram a magnitude das mudancas
nas pressdes justacardiacas por meio das pressdes
esofagica, pericardica e pleural mediastinal, relacionado
com aumento de 0 a 20 cmH,O de PEEP, em 11 pacientes
submetidos a cirurgia cardiaca. Em todos os pacientes hou-
ve elevacdo das pressoes intratoracicas com aumento do
nivel do PEEP. As altera¢des na pressao esofagica foram
menos importantes; entretanto, apresentaram correlagéo li-
near com mudangas na pressao pleural ™.

Rajacich e col. estudaram em pacientes no pds-operatério
de cirurgia de revascularizacdo do miocérdio a variagédo da
pressdo esofdgica por PEEP aplicada (0, 5, 10, 15 e 20
¢mH,0). Observaram que o valor da Pes aumentou de forma
acentuada nas PEEP 10, 15 e 20 cmH,0, com o paciente na
posi¢édo supina 8.

Smiseth e col. mediram diretamente a pressao pleural extra-
cardiaca em oito pacientes submetidos a cirurgia cardiaca.
Foi aplicada PEEP de 5, 10 e 15 cmH,0, e as medidas fo-
ram feitas no periodo expiratério. Observaram que a aplica-
cdo de PEEP causou progressivo aumento na pressao
pleural extracardiaca ™.

Pelosi e col. estudaram seis cdes com insuficiéncia respi-
ratdria provocada por acido oleico sob anestesia e paralisia
muscular, na posicao supina. Mediram a pressao esofagica
e a pressao pleural simultaneamente, nas regides apical e
média, e na regidao mais dependente da cavidade tor&cica,
apos aplicagcéo de 5 e 15 cmH,O de PEEP, associada a di-
ferentes volumes correntes (baixo, médio e alto). Observa-
ram que a pressao de superficie pleural é subestimada pela
pressao esofagica quando se aumentou a pressao de via
aérea. Demonstraram que o valor absoluto da Pes apenas
serve como uma boa estimativa da Ppl para a regiao pulmo-
nar média, sendo consistentemente diferente dos valores
das regides dependentes e nao-dependentes pulmonares.
Entretanto, do ponto de vista estatistico ha boa correlagao
entre a variagcdo da Pes e Ppl em todas as regides do pul-
mao 2. Auler Jr. e Fernandes observaram que em pacientes
anestesiados e paralisados no pds-operatdrio de cirurgia
cardiaca, existiu 6tima correlagado entre pressdes esofa-
gica e pleural com niveis intermediarios de PEEP (5 e 10
cmH,0); entretanto, com PEEP zero essas presses ndo
sao correspondentes 5.

Mais estudos precisam ser realizados em seres humanos
para validar o uso do baldo esofagico em pacientes com al-
teragcdes da complacéncia pulmonar em uso de PEEP. Algu-
mas recomendacgdes para uso do baldo esofagico em

294

pacientes sedados em ventilagdo controlada mecénica ou

sob efeito da anestesia devem ser seguidas :

e Apropriado posicionamento do baldo no terco médio do
esOfago, confirmado por meio do “teste de oclusao”;

e A posicdo do sistema cateter-baldo deve ser verificada
por meio de radiografia de térax, uma vez que a maioria
dos cateteres sdo radiopacos;

e Preenchimento do baldo com volume apropriado, obtido
por meio do teste de complacéncia do baldo, com o ob-
jetivo de registrar os valores pressoricos reais obtidos
do espaco intra-esofégico;

e Recomenda-se que as medidas de pressdo esofdgica
em pacientes anestesiados e paralisados devam ser
obtidas na posi¢do supina com PEEP acima de 5
cmH,0, ja que nessa situagéo em ZEEP as pressbes eso-
fagica e pleural néo correspondem. PEEP de 10 cmH,0O
oferece a melhor correspondéncia entre essas duas
pressodes;

e A correta escolha do equipamento para monitorizagdo
dos sinais e a alta sensibilidade dos transdutores séo
fundamentais, assim como a calibragcdo do equipamento
deve ser efetuada antes de cada uso.

O calculo preciso das propriedades elasticas e resistivas do
pulmao e da parede toracica somente é possivel com a ob-
tencdo acurada da pressao pleural.
O baléao esofagico € o método mais difundido e utilizado para
obtencédo da medida indireta da presséo pleural. O “teste
de oclusao” é fundamental para o posicionamento correto
do baldo. Com niveis intermediarios de PEEP 5 a 10 cmH,0,
obtém-se adequada correlagé@o entre variagdo das pressoes
esofdgica e pleural em pacientes sedados ou anestesiados,
destituidos de comprometimento importante da complacén-
cia pulmonar.

Importance of Pleural Pressure for the
Evaluation of Respiratory Mechanics

Claudia Regina Fernandes, TSA, M.D.
INTRODUCTION

Pleural pressure (Ppl) has to be known for the partitioning of
respiratory system mechanics measurements into its lungs
and chest wall components. However, the access to pleural
cavity to obtain direct measurement has disadvantages for
being invasive and for the risk of pneumothorax. So, alterna-
tives were sought, such as esophageal pressure (Pes). It is
known for more than one century that intra-esophageal pres-
sure variation reflects pleural pressure variation ' and may be
used as alternative to direct pleural pressure to study lungs
and chest wall mechanics and to evaluate respiratory work
during assisted or spontaneous ventilation.
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Esophageal pressure measurement through a delicate
balloon placed in the esophagus was firstly described more
than 50 years ago 2. Since then, several human and animal
studies were conducted comparing esophageal and pleural
pressures to try to validate the method 3#. Other studies were
performed to validate the esophageal balloon technique 5€.
PEEP in patients under mechanically controlled ventilation is
consolidated both for anesthesia and intensive care. It is
mandatory in the treatment of respiratory distress syndrome
78, Being the study of respiratory mechanics and its sub-
components lungs and walls critical to understand some
clinical situations, esophageal pressure to indirectly obtain
pleural pressure has become a popular method °™. In this
context, there are still controversies about the close corre-
lation between esophageal and pleural pressures in PEEP
ventilated patients, under sedation or anesthesia, or even
with different body positions " This is important because
abnormal esophageal pressure values may result in errors
in respiratory mechanics calculation and interpretation,
which may lead to inadequate management.

This review aimed at discussing alternative methods to
obtain pleural pressure to calculate pulmonary mechanics,
at reporting peculiarities of the esophageal balloon method
to obtain indirect pleural pressure, peculiarities of esopha-
geal pressure measurement in sedated or anesthetized
patients, at discussing direct pleural pressure measurement
and its correlation with esophageal pressure, in addition to
reporting on the impact of PEEP on pleural and esophageal
pressures.

ALTERNATIVES TO PLEURAL PRESSURE MEASUREMENT

It is known for more than 120 years that chest pressures
variations affect esophageal pressure. Luciani, in 1878 ', was
the first to publish studies involving esophageal pressure
measurements, although the discovery of the method is
credited to Ceradini, who has not published his results.

In the search for an alternative method to obtain intra-thoracic
pressure, Otis et al. have shown that it is possible to
correlate increased venous pressure to increased pulmo-
nary pressure by placing a catheter in the cubital vein; ho-
wever, the validity of this technique was questionable ™.

In 1949, Buytendijk has introduced esophageal pressure
measurement technique with a balloon in the esophagus 2.
Dornhorst et al. have obtained esophageal pressure with a
liquid-filled catheter 3. Other authors have observed that this
system is comparable to esophageal balloon; however it is
more sensitive to noises such as heart beats . This method
has been primarily used in neonates and infants to determine
the mechanics of respiratory system sub-components 516,

Clarysse et al. have measured esophageal pressure with
two balloons in a single catheter, separated 10 cm from each
other 7. Rajacich et al. have created a method to monitor eso-
phageal pressure with a balloon irrigated with saline solu-
tuion . Karason et al. have used a double-lumen liquid-filled
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gastric tube to obtain esophageal pressure. The efficacy of
this method was compared to the esophageal balloon °.
More recently, the flexible catheter with a microtransducer at the
edge was made available to monitor esophageal pressure 2.
Some authors have directly measured pleural pressure with
microtransducers coupled to the edge of catheters 22?2, and
others with flat and flexible sensors 23. Tobin et al. have repor-
ted that surface inductive plethysmography is an alternative for
indirect pleural pressure measurement through a transducer
placed in the sternal fossa 2. However it has some limita-
tions, such as adequate transducer positioning in the fossa,
sternal cavity size, adequate fixation of patient’s head and neck.
Other investigators have studied transpulmonary gradient
through pleural pressure recording, using a minimally inva-
sive technique with rib capsules to promote minor pleural
space distortion 2526,

ESOPHAGEAL BALLOON METHODS

The most popular esophageal pressure method is the latex
air-filled balloon-catheter connected to a pressure transducer
system ™.

The esophagus is a muscle-membranous tube located in the
chest and measuring approximately 4 cm diameter and 25 cm
length. It is maintained collapsed and is connected to other
mediastinal structures by connective tissue and small muscles.
There are functional sphincters on its edges. Esophageal
pressure variations may be intrinsic or extrinsic. Extrinsic
pressures are those originating in the chest, while intrinsic
pressures are essentially two: located spasms or changes in
tone which may be generalized, and peristaltic waves 2.
Mead et al. have compared short (3 cm length and 1 cm dia-
meter) and long (16 cm length and 0.8 cm diameter) eso-
phageal balloons and have observed that the long balloon
shows lower pressure variations with changes in position
inside the esophagus '*. Other authors %" have also stated that
pressure measurement with long balloons is more accurate;
however they reported that the best results were obtained
when measures were taken in the esophageal medium third,
showing that in this region the shape of the pressure-volume
curve is not significantly affected by changes in body position.
Petit and Milic-Emili have studied the mechanical properties
of human esophageal wall using esophageal balloons of
different diameters. They have observed that esophageal
balloons with perimeter above 4.8 cm are ideal because they
are flaccid and more accurately transmit esophageal wall
tension variations.

These authors have noted that specific esophageal elastance
is not uniform, has lower value in the lower third and progres-
sively increase in the cephalad direction. The histological diffe-
rence of muscles in different esophageal regions (striated
muscles in the upper third, smooth muscles in the lower
edge and mixed muscles in the medium third), with corres-
ponding muscle activity differences, may explain different
elastic properties.
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The authors infer that, due to differences in specific elastance
along the esophageal wall, the difference between intra-
thoracic and intra-esophageal pressures will depend on the
position of the balloon, and will be lower when it is placed
in the lower third where there is more distensibility. This
same study has observed more frequent peristaltic waves
with the individual in the supine position. However, when a
wider and longer cuff was used, the effect of peristaltic waves
on esophageal pressure was substantially decreased 22.
The hypothesis that body position could affect the fidelity of
esophageal pressure measurement with regard to pleural
pressure has led some authors to perform several investi-
gations. Ferris et al. have studied six normal adult patients
maintained under spontaneous ventilation and measuring
esophageal pressure through a balloon placed in the lower
third of the esophagus, in different body positions.

They have observed that esophageal pressure values in the
prone and the lateral positions were similar to the value in
the upright position, while in the supine position esophageal
pressure was much higher, supposing that this increase was
related to esophageal pressure exerted by the heart and
great vessels by the action of gravity . Knowles et al. have
evaluated esophageal pressure obtained with a 5.5 cm
balloon in four patients in different positions — sitting, supine
with 30° cephalic inclination and prone — in different pulmo-
nary volumes and have observed that in low pulmonary volu-
mes, that is, 20% of vital capacity (VC) in the supine position,
esophageal pressure was more positive. They have also
attributed this fact to esophageal compression by medias-
tinal content, especially the heart which is moved closer to
the balloon by diaphragm displacement .

Milic-Emili et al. have shown that esophageal balloon pres-
sure is identical to pleural pressure when pressure difference
throughout its structures, that is balloon wall, esophageal
wall and different mediastinal structures, is zero ®'. Balloon
pressure increases with volume. Analyzing this aspect,
authors have evaluated esophageal pressure in eight
patients with increasing pulmonary volumes, and with the
balloon filled with different volumes of air. All measures were
obtained in the upright position. Results indicated that the
effect of balloon volume on esophageal pressure is higher
in both vital capacity extremes, especially with high pulmo-
nary volumes 20% above VC. They have concluded that the
balloon filled with low volumes, approximately 0.2 mL of air,
will more accurately reflect pleural pressure. The ideal volu-
me for the adequate filling of the esophageal balloon should
be obtained through the balloon compliance curve. In long
balloons, the plateau of this curve is in general between 0.2
to 0.5 mL of air 3233,

Gerhardt and Bancalari have observed that airway pressure
percentage (Paw) transmitted to the esophagus depends on
pulmonary compliance. They have studied 26 premature
neonates and have observed low correlation between Paw
and Pes variation. Only 5% of Paw was transmitted to the
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esophagus of children with hyaline membrane disease, and
12% to neonates with patent ductus arteriosus 3.

Always trying to validate the adequate catheter-balloon posi-
tion in the esophagus, several tests were proposed. Pes
validity may be obtained by static Valsalva or Mueller maneu-
vers against the occluded airway. An approximate matching
between esophageal (APes) and tracheal (APtr) pressure
variation — airway pressure — indicates satisfactory balloon
positioning. Since many untrained individuals find difficulties
in performing this static maneuver, Baydur et al. have
introduced a dynamic alternative to solve this problem. The
“occlusion test” consists on airway occlusion at the end of
expiration, allowing the patient to do three to five inspiratory
efforts with occluded airways.

This technique was tested in 10 volunteers in the sitting, right
and left lateral and supine position with the esophageal
balloon placed 10 cm above the cardia. Authors have ob-
served that in the sitting and lateral positions the APes/APtr
ratio was close to the unit, while in the supine position APes/
APtr was lower than the unit in seven out of ten volunteers.
These esophageal pressure changes were primarily attri-
buted to cardiac artifacts. Authors have concluded that in
some individuals in the supine position, esophageal pres-
sure measured with conventionally placed balloon does not
presumably reflect pleural surface pressure. With the reposi-
tioning of the balloon in a different level, 5 or 15 cm above the
cardia, a position may be found where APes/APtr ratio is close
to the unit. Pulmonary mechanics measurements estimating
pleural pressure are presumably valid, based on esopha-
geal pressure as from this site %. This test was also validated
in anesthetized non-paralyzed patients under spontaneous
ventilation °.

Fonseca-Costa and Nardi have also applied the “occlusion
test” to validate esophageal pressure in eight volunteers in
different positions: sitting with the chest in the vertical posi-
tion (90°) and in 45°, 0° and -10° angles with the balloon
placed 10 cm above the cardia. They have concluded that by
carefully repositioning the catheter after each change in body
angle, it is possible to obtain acceptable measurements in all
studied positions. Major difficulty of the study was observed
in the horizontal and head-down positions due to higher inter-
ference of heartbeats. Asher et al. have studied this same
test to validate the liquid-filled catheter in six healthy neo-
nates in the right lateral, prone and supine positions. They
inferred that the catheter placed in the lower esophageal third
is more accurate to indirectly determine pleural pressure
variation in those patients .

Coates et al. have also validated Ppl measure by the “occlu-
sion test” using liquid-filled catheter. The study was performed
with eight intubated neonates and measures were obtained
in the supine position. Mild pressures were applied to the
larynx during the test to prevent air leakage. “Occlusion tests”
were performed in the lower esophageal third starting from
the cardia until the level where APes/APtr was lower than or
close to the unit. All them presented a range between the
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cardia and the carina where APes/APtr was very close to the
unit 5. This test has also been used to validate the position
of liquid-filled catheter aiming at measuring esophageal
pressure of small animals ¥.

The “occlusion test” for esophageal balloon validation may
also be used during mechanically controlled ventilation under
neuromuscular blockers. In this condition it is not possible
to perform spontaneous inspiratory efforts so the recording
of airway and esophageal pressure is only possible through
chest or abdominal compressions. Lantieri et al. have
applied airway occlusion associated to mild upper abdomen
or rib compressions in paralyzed dogs maintained under
mechanically controlled ventilation. They were able to record
concomitant oscillations of esophageal and airway pressures,
thus validating esophageal balloon position . Barnas et al.
have performed abdominal compressions associated to
airway occlusion in 13 anesthetized paralyzed patients in the
postoperative period of cardiac procedures, validating the
balloon technique *°.

A study with 1.5 cm catheter-balloon system positioned in the
esophagus at 2-cm intervals has analyzed esophageal pres-
sure along intra-thoracic and cervical segments of healthy
humans. They have observed that esophageal pressures
were progressively more negative from the intra-thoracic to
the cervical region, that is, there is a pressure gradient inside
the esophagus .

Clarysse et al. have used two balloons in a single catheter,
placed 10 cm apart from each other to measure esophageal
pressure. The lowest balloon was positioned 5 cm above
the cardia. They have investigated changes in transpulmo-
nary pressure before and after turning the body 180°. They
have observed that transpulmonary pressure is more positive
in the upper balloon in both positions, that is, in the medium
esophagus in the upright position and in the distal esopha-
gus in the head down position. They have also observed that
there was increased transpulmonary pressure gradient with
decreased pulmonary volume from 80% to 20% of VC, im-
plying that pressure changes follow global volume changes.
They have also found a reverse esophageal pressure
gradient in the head down position 7.

Dechman et al. have investigated the influence of body
position, balloon position and lung volume in the “occlusion
test” of anesthetized dogs spontaneously breathing and
paralyzed under mechanically controlled ventilation. They
speculated that Pes more precisely reflects Ppl during ins-
piration as compared to expiration. They have observed that
APes/APtr ratio is closest to unit in the paralyzed state, indi-
cating that Pes more precisely reflects Ppl in the presence
of muscle paralysis “°.

A possible explanation for this finding is the fact that the
canine esophagus, as well as man’s, is made of striated
muscles. Pes measured in the upper esophageal third less
accurately reflects Ppl as opposed to what has been obser-
ved in the distal third. In the supine position in spontaneous
ventilation, the Pes versus Ptr loop has often differed from
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the unit, while under muscle paralysis the result was con-
sistently very close to the unit. This study has suggested that
mediastinal content weight is not responsible for poor
“occlusion test” results during spontaneous ventilation in the
supine position.

Baydur et al. have analyzed esophageal pressure of volun-
teers under spontaneous ventilation in three different levels
(5, 10 and 15 cm above the cardia) in the presence of different
pulmonary volumes in the sitting and supine positions. They
observed that during relaxed breathings esophageal pres-
sure has varied 30% more in the lower esophagus as com-
pared to the upper region. During Valsalva’s maneuver, APes/
APtr remained close to the unit in most pulmonary volumes,
except for the sitting position in volumes close to 20% VC 4.
Ingimarsson et al. have investigated possible differences in
Pes resulting from changes in body position. They have
studied 17 anesthetized paralyzed children (1.5 month to
15.5 years) in the supine and left lateral position. Pressure-
volume curve was obtained and it was observed that when
Pva = 30 cmH,0, Pes was very similar in both positions, appro-
ximately 11 cm H,0O. However, when Pva = 0 cmH,O, Pes was
very positive in the supine position (6.6 + 2.2 cmH,0) and
close to zero in the lateral position (1.1 = 1.9 cmH,0) 2. These
results have impaired the validation of the hypothesis that
Pes is representative of global Ppl in the supine position.
As to ideal esophageal balloon size for adults, it is currently
known that its perimeter should correspond to that of the eso-
phagus, between 4 and 4.8 cm. In practice, thin latex balloons
with 0.1 mm thickness, 5 to 10 cm length and perimeter
varying from 3.2 to 4.8 cm are adequate. Conventional cathe-
ters are made of polyethylene with internal diameter of 1.4
mm and 100 cm length (Figure 1). Volume of air should follow
balloon’s compliance and in the vast majority, 0.5 mL is
adequate for measurements 4. Satisfactory measurements
have been obtained in neonates with 30 to 50 mm length, 7.6
mm diameter and 0.045 to 0.075 mm thickness balloons. Air

Figure 1 — Esophageal Catheter-Balloon used in Adults
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volume should be determined by the pressure-volume cur-
ve in vitro, before its introduction in the esophagus “.

ESOPHAGEAL PRESSURE MEASUREMENT AND THE
ANESTHETIZED PATIENT

The catheter-balloon system has been used in most diffe-
rent studies on respiratory system and its sub-component
mechanics in the anesthetized patient, considering esopha-
geal pressure value as pleural pressure estimate, although
some studies question esophageal pressure validation, which
would pose problems for ventilatory mechanics calculation.
Higgs et al. have studied 10 patients submitted to general
anesthesia with oxygen, nitrous oxide and halothane and
maintained under spontaneous ventilation. With the balloon
conventionally positioned (10 cm above the cardia) they
performed the “occlusion test” and showed that the difference
between Pes and Ptr was below 10% in most patients. These
authors have evidenced the presence of artifacts caused by
heartbeats and posing problems for ventilatory mechanics
calculation with the need to reposition the balloon in some
cases °.

Some authors have calculated ventilatory mechanics in anes-
thetized patients through esophageal pressure measure-
ment and reported only that they have fixed the balloon 35 cm
apart from the lips of all patients “°; or 40 cm above the nose
46 regardless of patients’ height. No additional test was
performed to validate the correct position of the balloon.
Others have fixed the balloon at the point where the highest
esophageal pressure variation was found, and a constant
increase in this pressure was recorded during positive pres-
sure ventilation 4748,

Other investigators “°%° have performed the “occlusion test” to
validate the balloon technique in anesthetized non-paralyzed
patients to calculate ventilatory mechanics during sedation
or anesthesia. D’Angelo et al. have performed the “occlusion
test” in the supine position before anesthetic induction 5. In
some studies on ventilatory mechanics in anesthetized pa-
tients, no details were reported on the validation of the
esophageal balloon technique before obtaining esophageal
pressure 3352,

Pelosi et al. investigating ventilatory system mechanics in 10
morbidly obese patients have validated the position of the
balloon before muscle paralysis through the “occlusion test”,
when there were still some ventilatory efforts, and have also
used chest X-rays to confirm catheter-balloon position in the
medium third of the esophagus .

Several methods were developed to obtain esophageal pres-
sure variation to calculate pulmonary mechanics in patients
under mechanically controlled ventilation. The single breath
method described by Zin et al. * to measure passive ventila-
tory system properties %%, the interruption technique % and the
end inspiratory occlusion method (EIOM) are examples. Among
them, EIOM with constant flow has been the most widely
used method. EIOM is based on the theoretical development
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proposed by Bates et al. %%, based on pioneer studies by Don
and Robson, Rattenborg and Holaday °¢'. As from those
studies, the ventilatory system may be described as being
made of multiple compartments connected in parallel, each one
with different emptying times defined as time constants.

At a certain zero inspiration moment with flow entry occlusion
for a certain period of time (e.g.: 4 seconds), a fast decrea-
se may be observed in the pressure which was previously
being generated. This decrease represents the resistive
pressure of the system and after this fast decrease there is
a gradual pressure curve decrease until a plateau is reached
which represents elastic shrinkage pressure. This variation
is more evident it the airway trace and less evident in the
esophageal pressure curve. Both sub-components represent
different physiological processes during gases distribution
in lungs. The first is characterized by fast and homogeneous
pressure decrease and represents the pressure needed to
overcome airway resistance.

The second, slower and not homogeneous %%, would involve
pendelluft and stress relaxation phenomena. Pendelluft is
the inspired gas redistribution process seen between the
units and with unequal time constants during the zero flow
phase. It is possible that time constants are unequal due to
different lung compartments presenting different fibro-elastic
constitutions. The stress relaxation process is the property
of the lung of decreasing pressure and distention created
with pulmonary inflation when it is inflated and maintained at
a constant volume. Pressure decrease would have two
reasons. On one hand there would be a realignment of in-
terstitial fibrillar matrix elastic fibers of the pulmonary paren-
chyma; on the other hand there would be interstitial alveolar
film reorganization which would decrease forces generated
by superficial stress 2. Stress relaxation represents the
accommodation of lungs to positive intra-alveolar pressure.
Jonson et al. have found that viscoelastic time constant in
normal adults is 0.82 = 0.11 seconds ®. This implies an occlu-
sion time above 2 seconds to obtain the true plateau pres-
sure needed for mechanic calculations.

Auler Jr. et al. have used this method to calculate lung and
chest wall elastic and resistive properties of morbidly obese
patients and of normal weight patients anesthetized and
paralyzed using 5 seconds inspiratory pause 5.

DIRECT PLEURAL PRESSURE MEASUREMENT AND
COMPARISON WITH ESOPHAGEAL PRESSURE

The access to pleural cavity for pressure measurement has
disadvantages because it is invasive and has a high risk of
pneumothorax. Ethically, this would be virtually impossible,
except when there is already a pleural space drain %. So, eso-
phageal pressure has been used to infer pleural pressure.
To evaluate esophageal pressure validity as pleural pressure
measurement, Fry et al. have studied the relationship bet-
ween both pressures in two manners. The first method con-
sisted on the simultaneous measurement of esophageal
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and pleural pressure in three individuals under spontaneous
ventilation. They concluded that esophageal pressure is an
accurate method to obtain pleural pressure variations. The
second method consisted on the simultaneous recording of
both pressures of a young man with minor pneumothorax
and they concluded that relative pleural pressure changes
were quantitatively reflected by esophageal pressure. They
have also observed that pleural pressure was slightly more
negative than the esophageal pressure. Authors have
inferred that esophageal pressure safely and accurately
reflects static and dynamic pleural pressure variations 3.
Cherniack et al. have compared esophageal and pleural
pressure of 14 patients, of whom eight were studied under
anesthesia and six were conscious during the procedure.
They have observed that pleural pressure was consistently
more negative during spontaneous ventilation as compared
to esophageal pressure. Esophageal pressure variations
were not higher than pleural pressure variations under
controlled ventilation, both during inspiration and expiration.
Since patients were in the supine position, authors have
raised the possibility of mediastinal weight influencing the
esophagus and resulting in more positive pressure. They
concluded that esophageal pressure is not identical to pleural
pressure and does not follow a parallel ratio. In addition, they
observed extreme individual variations in both pressures
ratio, suggesting that pulmonary mechanics results should
be carefully interpreted . One year later, Attinger et al. have
simultaneously measured esophageal and pleural pressure
in four patients (two with spontaneous pneumothorax with
10% pulmonary collapse and two with pleural effusion) in
spontaneous ventilation and in different positions. They have
observed that pleural pressure variation was usually higher
as compared to esophageal pressure.

The difference has varied in a patient-by-patient basis and
depended on body position. End expiratory pleural pressure
was in general more negative as compared to end expiratory
esophageal pressure. Both end expiratory pressures were
consistently more negative in the sitting position as com-
pared to the supine position, and in most patients it was
more negative in the prone position as compared to the
sitting position 7.

Mead and Gaensler, in 1959, have simultaneously recorded
pleural and esophageal pressures in seven patients in the
upright position and in five patients in the supine position.
They have observed that cardiac oscillations were three ti-
mes higher in the supine position as compared to the upright
position and that this could partially contribute for the higher
difference found in this position. They have also observed
that the best correspondence between esophageal and
pleural pressure was obtained in the upright position ©8.
Absolute pressure values in the supine position have shown
consistently more positive esophageal pressure, which may
be explained by esophageal compression by mediastinal
structures interfering with pulmonary compliance and resis-
tance calculations.
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Daly and Bondurant, in 1963, have simultaneously studied
pleural pressure in different intercostal spaces (3", 5" and
8") and esophageal pressure in human volunteers in the
sitting position. They observed that pleural pressure has
varied according to measurement site, and that such values
where higher in the lower thoracic region as compared to
upper chest. Even with 200 mL pneumothorax, there were no
differences in pleural and esophageal pressures . Most
studies have considered absolute pressure values to com-
pare pleural and esophageal pressures. It is currently known
that this comparison should be performed by relating
pressure variations.

EFFECT OF PEEP ON PLEURAL AND
ESOPHAGEAL PRESSURES

PEEP in mechanically controlled ventilation, both during anes-
thesia or Intensive Care is unquestionable. Respiratory me-
chanics understanding in any clinical condition is critical for the
adequate treatment. Esophageal pressure as indirect pleural
pressure measurement is a less invasive alternative to
calculate respiratory system elastic and resistive properties.
So, it is important to understand whether PEEP interferes with
the correspondence of esophageal and pleural pressures.

Chapin et al. have investigated changes in chest (Cc) and
pulmonary (Cp) compliance and the required PEEP level to
establish adequate pulmonary expansion in 10 anesthetized
pigs ventilated with 10 cmH,O PEEP and Ppl monitoring.
They have observed that in normal chest and pulmonary com-
pliance conditions, approximately half (52% =+ 9%) of applied
airway pressure (Paw) was transmitted to the pleural space,
but has increased to 65% * 9% when Cc was normal and Cp
was decreased by pneumatic tourniquet applied to abdomen
and chest. Pulmonary hydrochloric acid instillation de-
creased Cp, median sternotomy increased Cc and in this
situation, Paw transmission to pleural space was decrea-
sed to 11% * 6%. Results indicated that both Cc and Cp are
significantly important to determine the level of pulmonary
expansion and pressure transmission to intrathoracic struc-
tures during PEEP 2. This study, however, has not monitored
esophageal pressure.

Craven and Wood have studied six anesthetized dogs com-
paring esophageal and pleural pressure close to the heart
in the right lateral position. They have observed that eso-
phageal pressure is very similar to the pressure between the
lung and the left pericardium with PEEP levels of 0, 10 and
20 cmH,0O. Although right extra-pericardial pressure is 4.5 to
5 times more positive, authors have related this fact to direct
heart weight on pericardial space 7°. Marini et al. have exa-
mined the effect of PEEP on juxtacardiac and esophageal
pressures of eight dogs in the prone and supine positions.
Juxtacardiac pressure was significantly higher than esopha-
geal pressure in the supine position, while there has been
no statistically significant difference between pressures in
the prone position. In this same study, authors have recor-

299



FERNANDES

ded esophageal pressure of three humans in the supine,
prone and lateral positions, with 0, 10 and 20 cmH,O PEEP.
They have observed heart elevation and significant eso-
phageal pressure increase during PEEP increase. This in-
crease was higher in the prone and lateral positions as
compared to the supine position 7.

O’Quin et al. have studied in dogs the ratio between Pes and
Ppl measured in the juxtacardiac space during different pul-
monary and chest compliance conditions in different PEEP
levels (5, 10, 15 and 20 cmH,0), all in the supine position.
Comparisons were made at the end of expiration. In all
compliance conditions, Ppl variation was significantly higher
as compared to Pes. This difference depended on Cp and
Cc, however it was independent of PEEP. During normal Cp,
61% of applied PEEP was reflected in the pleural space at
the end of expiration, while 52% was reflected by esophageal
pressure. After Cp decrease, 55% and 46% PEEP were
transmitted to pleural and esophageal spaces, respectively 72.
Smiseth et al. have studied the ratio between juxtacardiac
esophageal and pleural pressures during 10, 20 and 30
c¢mH, O PEEP ventilation applied to both lungs, and selec-
tively in a single lung, in eight dogs in the supine position.
They have observed that bilateral 10, 20 and 30 cmH,O PEEP
has promoted progressive and similar right and left pleural
pressures increase. They concluded that the esophageal
balloon does not reflect sharp regional pleural pressure
increase when selective PEEP is applied to one lung, and
that it consistently underestimates pleural pressures when
PEEP is applied to both lungs . It is important to stress that
these authors considered absolute pressure values rather
than pressure variation.

Klingstedt et al. have evaluated in eight humans in the late-
ral position the effect of PEEP (8 and 16 cmH,0) solely in the
dependent lung, on the compliance and resistance of the
same hemithorax. They have observed that selective 8
c¢mH,0 PEEP increased dependent hemithorax compliance
while the non dependent remained unchanged. With 16
c¢mH,0 PEEP, both hemithoraces compliance were virtually
the same. Inspiratory resistance has also progressively
decreased with selective PEEP increase, being significant
with 16 cmH,O PEEP. Esophageal pressure was measured
with the balloon and authors concluded that esophageal pres-
sure variation does not truly reflect pleural pressure variation
when selective PEEP is applied in the lateral position .
Jardin et al. have observed the effect of airway pressure
transmission to the esophagus in 19 acute respiratory failure
patients divided in three groups, with mild, moderate and severe
total respiratory system compliance decrease. Observations
were made at three PEEP levels: ZEEP, 10 and 20 cmH,O. Mea-
surement variations were checked at the end of expiration and
at the end of inspiration. Pes was linearly correlated to tracheal
pressure in all patients. In the group with mild Crs decrease,
Pes variation was 2.73 + 0.45%, related to Pt transmission in
approximately 37%. In the group with moderate Crs decrease,
Pes variation was 3.14 £ 1.04 and transmitted Pt was 32%. In
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the group with important Crs decrease, variation was 4.13 +
1.55 and transmited Pt was just 24%. Airway pressure trans-
mission for the esophagus was decreased in the presence
of severe respiratory system compliance deterioration “.
Bonnet et al. have determined the magnitude of juxtacardiac
pressure changes through esophageal, pericardial and
mediastinal pleural pressures, related to 0 to 20 cmH,0
PEEP, increased in 11 patients submitted to cardiac proce-
dures. There has been intra-thoracic pressure increase with
increased PEEP levels in all patients. Changes in esopha-
geal pressure were less important, however they presented
linear correlation with pleural pressure changes ™.
Rajacich et al. have studied the variation of esophageal pres-
sure per applied PEEP (0, 5, 10, 15 and 20 cmH,0O) of patients
in the postoperative period of mycardial revascularization
procedures. They have observed that Pes was significantly
increased at 10, 15 and 20 cmH,O PEEP with patients in the
supine position 8.
Smiseth et al. have directly measured extracardiac pleural
pressure in eight patients submitted to cardiac procedures.
Measurements were obtained in the expiratory period with 5,
10 and 15 cmH,O PEEP. They have observed that PEEP has
progressively increased extracardiac pleural pressure 7.
Pelosi et al. have studied six dogs with respiratory failure
caused by oleic acid under anesthesia and muscle paralysis
in the supine position. They have simultaneously measured
esophageal and pleural pressures in the apical and median
region and in the more dependent region of the chest, after
5 and 15 cmH,O PEEP associated to different tidal volumes
(low, medium and high). They have observed that pleural
surface pressure is underestimated by esophageal pressure
when airway pressure is increased. They have shown that
absolute Pes value is only useful as a good Ppl estimate for
the medium pulmonary region, being consistently different
from pulmonary dependent and non dependent region values.
However there is satisfactory statistical correlation between
Pes and Ppl variation in all pulmonary regions 2. Auler Jr and
Fernandes have observed that in anesthetized paralyzed
patients in the postoperative period of cardiac surgeries,
there was excellent correlation between esophageal and
pleural pressures with intermediate PEEP levels (5 and 10
cmH,0); however, with zero PEEP these pressures were not
correspondent
Further studies are needed in humans to validate the esopha-
geal balloon in patients with pulmonary compliance changes
under PEEP. Some recommendations for the use of esopha-
geal balloon in sedated patients under mechanically con-
trolled ventilation or under anesthesia should be followed :
e Adequate balloon positioning in the medium third of the
esophagus, confirmed by the “occlusion test”;
e Catheter-balloon system position should be confirmed
by chest X-rays, since most catheters are radiopaque;
e Balloon filling with adequate volume, obtained by balloon
compliance test, aiming at recording actual pressure
values obtained in the intra-esophageal space;
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It is recommended that esophageal pressure measure-
ments in anesthetized paralyzed patients should be obtai-
ned in the supine position with PEEP above 5 cmH,0,
since in this situation, in ZEEP, esophageal and pleural
pressures do not correspond. The best correspondence bet-
ween both pressures is achieved with 10 cmH,O PEEP.
Adequate choice of signals monitoring equipment and
high sensitivity of transducers are fundamental, in addi-
tion to gauging the equipment before each use.

Accurate lung and chest wall elastic and resistive properties
calculation is only possible with accurate pleural pressure.

The esophageal balloon is the most popular method to
obtain indirect pleural pressure values. The “occlusion test”
is critical for adequate balloon positioning. With intermediate
5 to 10 cmH,O PEEP levels, there is adequate correlation
between Pes and Ppl variation in sedated or anesthetized
patients without major pulmonary compliance impairment.
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RESUMEN
Fernandes CR - La Importancia de la Presién Pleural en la Evaluacién
de la Mecanica Respiratoria

JUSTIFICATIVA Y OBJETIVOS: Para la particion de las medidas
de mecanica del sistema respiratorio en sus componentes pulmon
y pared tordcica, se hace necesario el conocimiento de la presion
pleural. La finalidad de esta revision fue la de discutir sobre las me-
didas alternativas para la obtencion de la presion pleural para el
célculo de la mecanica pulmonar, relatar las peculiaridades del
método del globo esofagico para la obtencion indirecta de la presion
pleural, las particularidades de la obtencion de la medida de la
presion esofdgica en pacientes sedados o anestesiados, discurrir
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sobre la medida directa de la presion pleural y su correlacion con
la presion esofagica, como también relatar sobre el reflejo de la
PEEP en las presiones pleural y esofdgica.

CONTENIDO: La variacion de la presion intra esofdgica refleja la
variacion de la presion intrapleural, pudiendo ser usada como me-
dida alternativa a la presion pleural directa, en el estudio de la
mecdnica de los componentes pulmdn y pared del sistema
respiratorio. La medida de la presion esofdgica puede ser realiza-
da a través de un delicado globo posicionado en el interior del
esofago. El método y la técnica fueron observados y validados en
seres humanos y animales en diferentes condiciones y posturas
corporales. El empleo de la PEEP en pacientes bajo ventilacion
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controlada mecanica estd consolidado, sin embargo existen con-
troversias de la correlacion proxima entre la presion esofagica y
la presion pleural en pacientes ventilados con PEEP, lo que puede
resultar en errores de calculo de mecanica respiratoria conside-
rando la presion esofdgica.

CONCLUSIONES: EI método del globo esofdgico es el mds utili-
zado para la obtencion de la medida indirecta de la presion pleural.
En pacientes sedados o anestesiados sin importantes alteraciones
de la complacencia respiratoria, la variacion de la presion eso-
fagica corresponde a la variacion de la presion pleural cuando se
aplica a PEEP.
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