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RESUMO

Malbouisson LMS, Humberto F, Rodrigues RR, Carmona MJC, Auler
Jr JOC — Atelectasias durante Anestesia: Fisiopatologia e Trata-
mento.

JUSTIFICATIVA E OBJETIVOS: O colapso pulmonar intra-opera-
tério é uma complicagdo de elevada incidéncia em pacientes
submetidos a interveng&o cirdrgica sob anestesia geral com rela-
xamento/paralisia da musculatura. Essa complicagdo esta asso-
ciada a piora das trocas gasosas no intra-operatdrio e, em alguns
casos, necessidade de suporte respiratorio prolongado no perio-
do pos-operatdrio. Os objetivos deste estudo foram revisar os as-
pectos fisiopatolégicos da formagdo de atelectasias durante
anestesia geral e as possiveis manobras terapéuticas para prevenir
e tratar essa complicagéo.

CONTEUDO: Nesta revisdo, os conceitos sobre a incidéncia de
atelectasias intra-operatdrias, os fatores relacionados com o seu
desenvolvimento, tanto mecanicos quanto associados ao ajuste do
respirador durante procedimento cirtirgico, os aspectos do diagnos-
tico e as estratégias de prevencao e tratamento foram abordados
de maneira sistematica.

CONCLUSOES: A compreensdo dos mecanismos relacionados
com o desenvolvimento do colapso pulmonar durante o periodo
intra-operatdrio, assim como o seu tratamento, pode contribuir para
a reducdo da incidéncia de complicagbes pulmonares pés-opera-
térias, o tempo de recuperagdo e 0s custos hospitalares.
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Unitermos: COMPLICACOES: atelectasia; colapso pulmonar; VEN-
TILACAO: controlada mecanica, manobra de recrutamento alveolar,
presséo positiva ao final da expiragéo.

SUMMARY

Malbouisson LMS, Humberto F, Rodrigues RR, Carmona MJC, Auler
Jr JOC — Atelectasis During Anesthesia: Pathophysiology and
Treatment.

BACKGROUND AND METHODS: The incidence of intraoperative
pulmonary collapse is elevated in patients undergoing surgery under
general anesthesia with muscle relaxation/paralysis. This compli-
cation is associated with worsening intraoperative gas exchange
and, in some cases, the need for prolonged postoperative respi-
ratory support. The objective of this report was to review the
pathophysiological aspects of atelectasis during general anes-
thesia and possible therapeutic maneuvers that could prevent and
treat this complication.

CONTENTS: This review discusses the concepts about the in-
cidence of intraoperative atelectasis, factors that influence their
development, both mechanical and those related to mechanical
ventilator settings during the surgery, diagnostic criteria, and
strategies to prevent and treat this complication.

CONCLUSIONS: Understanding of the mechanisms related with the
development of intraoperative pulmonary collapse, as well as its
treatment, can contribute to reduce the incidence of postoperative
pulmonary complications, the length of recovery and hospital costs.

Key Words: COMPLICATIONS: atelectasis, pulmonary collapse;
VENTILATION: mechanical controlled, alveolar recruitment maneuver,
positive end-expiratory pressure.

INTRODUCAO

Complicag¢des pulmonares pés-operatérias apds interven-
¢Oes cirlrgicas de grande porte tém sido descritas desde o
inicio do século XX, sendo tratadas com o uso de altas con-
centracdes inspiradas de oxigénio 3. Apds a introducéo da
ventilagdo mecanica intra-operatéria na pratica anestésica,
comecou-se a observar reducdo progressiva da complacén-
cia pulmonar e deterioragdo da oxigenacao sangiinea ao
longo de procedimentos cirargicos, mesmo em pacientes
com fungdo pulmonar previamente normal 2. Bendixen e col.
propuseram que essa diminui¢cdo progressiva da compla-
céncia pulmonar e da oxigenacao arterial era causada prin-
cipalmente por colapso dos espacos aéreos e, em parte, por
alteragbes na tenséo superficial pulmonar, introduzindo na
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pratica clinica o conceito de atelectasia intra-operatoria °. No
mesmo ano, Bergman relatou pela primeira vez a diminui-
¢do na capacidade residual funcional (CRF) nos pacientes
submetidos a anestesia e ventilagdo mecanica °. Tal dimi-
nuicdo na CRF foi, entdo, atribuida ao colapso pulmonar e
associada a alteragdo na relacao ventilagcao/perfuséo e hi-
poxemia durante a anestesia "®. Bendixen e col. observaram
que hiperinsuflac6es pulmonares consecutivas durante
anestesia eram capazes de restaurar a oxigenacgao arterial
e a complacéncia pulmonar 5. Desde entdo, diversos estu-
dos tém avaliado os fatores relacionados com o desenvol-
vimento de atelectasias durante o periodo intra-operatorio e
a utilizagdo de manobras de recrutamento alveolar. Este texto
revisou a incidéncia e os mecanismos de colapso pulmo-
nar intra-operatorio e manobras de recrutamento alveolar
com énfase nas interveng@es cirlirgicas cardiotoracicas.

DEFINICAO E INCIDENCIA DA ATELECTASIA
INTRA-OPERATORIA

A atelectasia intra-operatoria é definida como o colapso
pulmonar que ocorre apds indugdo anestésica e que é
clinicamente caracterizado por reducéo da complacéncia pul-
monar e comprometimento da oxigenacao arterial. A ocor-
réncia de atelectasias durante a anestesia é alta, sendo sua
incidéncia estimada entre 50% e 90% nos pacientes adul-
tos submetidos a anestesia geral, tanto em ventilagdo es-
pontanea quanto em ventilagdo mecanica %°. De acordo
com Moller e col., hipoxemia leve a moderada em conse-
gliéncia a colapso pulmonar intra-operatério, definida como
saturagdo da hemoglobina por oxigénio entre 85% e 90%,
ocorre em cerca de metade dos pacientes submetidos a
anestesia geral para procedimento eletivo, apesar do uso
de uma fragdo inspirada de oxigénio de 0,4 °. Utilizando to-
mografia computadorizada de térax, Lundquist e col. estu-
daram 109 pacientes agendados para intervengéo cirirgica
abdominal eletiva sob anestesia geral. Nesse estudo foi
observado que densidades pulmonares dependentes esta-
vam presentes em 95 pacientes (87%), sendo interpreta-
das como atelectasias. Dois tipos diferentes de atelectasia
foram descritos, sendo as densidades pulmonares distribu-
idas de forma homogénea em 78% dos pacientes e de for-
ma ndo-homogénea em 9% *°.

Em pacientes submetidos a procedimento cirirgico cardia-
co, o desenvolvimento de atelectasias € uma complicacéo
freqUente e de dificil reversédo pds-operatéria. Em nossa ins-
tituicdo, hipoxemia leve a moderada no pés-operatério ime-
diato foi detectada em 52% de 461 pacientes submetidos a
revascularizagdo do miocardio (RM) eletiva, sendo as ate-
lectasias a maior causa de hipoxemia e shunt ap6s circu-
lagdo extracorpdrea (CEC), de acordo com Magnusson e
col. 1. Gale e col., investigando a incidéncia de complica-
¢Oes pulmonares apés intervencéo cirtrgica cardiaca com
CEC, encontraram evidéncias radiologicas de atelectasia
em radiografias de térax em 64% de 50 pacientes operados
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consecutivamente 2. No primeiro dia pés-operatério, Tenling
e col. realizaram tomografias computadorizadas do térax em
18 pacientes submetidos a troca valvar mitral ou RM com
circulagdo extracorpérea. Eles observaram densidades pul-
monares dependentes bilaterais em todos os pacientes
com excecdo de um. As densidades pulmonares correspon-
diam a uma frac&o de tecido pulmonar colapsado de cerca de
20% do parénquima pulmonar 2. Estudando complicagfes
pulmonares tardias em 125 pacientes submetidos a CEC,
Vargas e col. observaram que 30 pacientes apresentaram
radiografia de térax normal, 38 apresentaram atelectasias e
57 tiveram derrame pleural apos seis dias da operacao 4.
Esses autores observaram também uma diminuicdo média
da capacidade vital forcada (CVF) em 33,4% e do volume
expirado forcado em 1 segundo (FEV1) em 33,5% nos pa-
cientes com atelectasia. De acordo com 0 mesmo grupo, a
diminuicdo mais importante da CVF ocorre logo apds o pro-
cedimento cirdrgico e melhora gradualmente. Entretanto,
até o décimo pdés-operatério, a CVF ainda permanecia mais
que 30% abaixo dos valores pré-operatérios *°.

MECANISMOS DO COLAPSO PULMONAR
INTRA-OPERATORIO

Os mecanismos envolvidos na formacéo da atelectasia e na
diminuicdo da CRF durante o periodo intra-operatdrio séo
muitos, podendo ser categoricamente divididos em trés
grupos: compressao mecéanica do parénquima pulmonar,
absorgdo do contetdo gasoso alveolar e disfuncdo do sis-
tema surfactante. Do ponto de vista mecénico, o grau de
insuflagdo pulmonar depende da pressédo transpulmonar, ou
seja, pressdo alveolar menos pressao pleural. Fisiologica-
mente, ha aumento da presséo pleural nas regides depen-
dentes e caudais do pulmao, préxima ao diafragma, sendo
observados gradientes anteroposterior e cefalocaudal de
pressao transpulmonar ou de insuflagdo pulmonar. 1sso sig-
nifica que em condi¢des fisiolégicas os alvéolos na base
pulmonar sé&o menos insuflados que no apice. Em pacientes
respirando de forma espontanea durante a fase inspiratoria,
a pressdo pleural é mais negativa nas regides basais, por
causa da contragdo do diafragma, contribuindo para manu-
tencdo da presséo transpulmonar positiva e permeabilidade
das pequenas vias aéreas e alvéolos nessas regides. Apds
a inducao da anestesia, a pressao pleural torna-se positi-
va, em decorréncia do relaxamento da musculatura e des-
locamento para dentro do térax do diafragma relaxado, pelo
peso do coragdo repousado sobre o parénquima pulmonar,
e a compressao das regides dependentes do pulmé&o im-
posta pelo peso do préprio parénquima pulmonar. Quando
0 paciente com pulmdes normais esta em decubito ventral,
o peso do parénquima pulmonar é transmitido para as
pleuras e gera um aumento na pressdo pleural a incremen-
tos de 0,25 g.cm? por centimetro no eixo anteroposterior e
em pacientes com processo inflamatdrio agudo pulmonar
e SARA de 1 g.cm2117 A transmissdo da pressdo imposta
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pelo parénquima pulmonar sobrejacente ira promover com-
pressao das vias aéreas e alvéolos subjacentes levando ao
colapso pulmonar. De maneira concomitante, o diafragma
relaxado apos a inducdo anestésica é deslocado cefalica-
mente sob o peso das visceras abdominais promovendo
compressdo pulmonar e aumento da pressdo pleural, com
consequente reducdo da pressao transpulmonar nas regides
mais dependentes e caudais dos pulmdes *1°. Mesmo em
pacientes acordados, a posi¢do supina esta associada a uma
diminuicdo na CRF de 0,5 a 1 L quando comparada com a
posicdo ortostatica 2°. Elevagdo da cupula diafragmatica
secunddria a anestesia e a paralisia muscular esta asso-
ciada a uma reducéo suplementar de 0,5 a 1 L na CRF com re-
lacdo aos pacientes em decubito dorsal 22, Pacientes
obesos, submetidos a procedimento cirargico abdominal
alto ou laparoscépico podem ter aumentada a participacéo
da elevacao diafragmatica no colapso das regifes dorsais
do pulmé&o em virtude do peso do paniculo adiposo abdo-
minal 24, Outro fator que pode contribuir para a diminui¢édo
na pressao transpulmonar nas regides dependentes e
caudais do pulméo é a compresséo direta dos lobos infe-
riores induzida pelo coracdo e estruturas do mediastino 2577,
Em posicdo supina, o coracdo e as estruturas do medias-
tino repousam sobre as partes mediais dos lobos inferio-
res exercendo pressdo em torno de 5 cmH,O.cm? em
pacientes adultos sem doenga cardiaca, e em torno de 7 a
8 cmH,0.cm? nos pacientes com leséo pulmonar aguda .
Nos pacientes submetidos a anestesia e ventilagdo mecéa-
nica, é provavel que a compressdo mecanica das regides
pulmonares dependentes e caudais seja o fator mais impor-
tante para o colapso pulmonar observado no intra-operaté-
rio 262828 Estudando pacientes submetidos a operacédo
abdominal sob anestesia geral por meio de tomografia com-
putadorizada de térax, Brismar e col. encontraram densida-
des pulmonares maiores nos segmentos mais caudais e
menores nas regides mais cefélicas *°. Resultados seme-
Ihantes foram descritos por Warner e col. em voluntarios
saudaveis submetidos a anestesia geral com halotano 3,
por Tenling e col. em pacientes submetidos a intervencgéo
cirargica cardiaca ** e por Puybasset e col. em pacientes
com lesédo pulmonar aguda no pés-operatério 223233,

A absorgdo do gas alveolar esta também implicada na for-
macdo de atelectasia intra-operatéria mesmo na auséncia
de obstrucdo das vias aéreas. O uso de altas fracdes ins-
piradas de oxigénio também tem sido descrito como fator
para o colapso pulmonar. Joyce e Williams postularam que
apo6s a inducdo anestésica as vias aéreas das regides pul-
monares dependentes se fecham e essas areas se com-
portam como uma cavidade fechada passivel de colapso.
Utilizando um modelo matematico, esses autores propuse-
ram que a oxigenacao prévia e o uso de altas fracdes ins-
piradas de oxigénio aumentam a captacéo de gas das areas
pouco ventiladas do pulméo e eram os principais respon-
saveis pela formacéo de atelectasias *. Rothen e col. obser-
varam em 12 pacientes submetidos a intervencao cirargica
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eletiva sob anestesia geral, que quando FiO, de 1 era utili-
zada apds manobra de expansao pulmonar até a capacida-
de vital (presséo de 40 cmH,O nas vias aéreas), atelectasias
eram observadas em tomografias de térax obtidas em até
cinco minutos. Quando os pacientes eram ventilados com
fracdo inspirada de oxigénio de 40% ap0ls a expanséo pul-
monar, atelectasias eram observadas somente apés 40 mi-
nutos *. Rothen e col. descreveram também em pacientes
cirdrgicos com pulmdes previamente normais submetidos
a anestesia geral que o shunt pulmonar aumentou de 0,3%
para 2,1% e uma pequena quantidade de atelectasia foi de-
tectada em tomografias de térax obtidas apés a inducéo da
anestesia quando os pacientes foram ventilados com uma
FiO, de 0,3. Quando FiO, de 1 foi utilizada em vez de 0,3,
0 shunt pulmonar aumentou para 6,5% e uma proporcao
maior de parénquima pulmonar se tornou colapsado *. Re-
latos entre a associagdo de concentracdes elevadas de oxi-
génio inspirado e colapso pulmonar tém sido descritos ha
pelo menos 50 anos 8. Apesar de os efeitos benéficos se-
rem atribuidos ao uso da concentracdo alta de oxigénio du-
rante a anestesia, como a reducdo de nausea e vOmito
poés-operatério ¥, ao aumento das respostas pro-inflamato-
rias e atividade antimicrobiana dos macréfagos alveolares %,
a possivel diminuicdo na infec¢éo da ferida cirargica no pos-
operatorio * e a prevencao de episodios de hipoxemia, as
atelectasias desenvolvidas no periodo intra-operatério ndo
sdo prontamente revertidas no pés-operatorio e podem per-
sistir por varios dias, aumentando o tempo de ventilagédo
mecanica, a necessidade de fisioterapia respiratoria, a du-
racdo da internacdo hospitalar e os custos. Avaliando cau-
telosamente esses dados, evidéncias atuais ndo sugerem
que possiveis beneficios do uso de altas concentragfes de
oxigénio possam contrabalangar as conseqiiéncias deleté-
rias de complicagBes pulmonares pds-operatorias.

Um terceiro fator também relacionado com o desenvolvi-
mento de atelectasias intra-operatorias € a disfuncao do
sistema surfactante. O surfactante tem um papel importan-
te na prevencado do colapso alveolar, diminuindo a tenséo
superficial alveolar e estabilizando a estrutura do alvéolo “°.
Evidéncias obtidas a partir de estudos experimentais por
meio da andlise das curvas de pressao-volume de pulméo
isolado de cachorro mostraram uma reduc¢édo no volume
pulmonar méaximo proporcional ao aumento do anestésico
inalatério 4. Em criancas submetidas a procedimento cirir-
gico cardiaco com circulagdo extracorporea, Friedrich e col.
observaram profundas alteragdes na composi¢do dos com-
ponentes fosfolipidicos e protéicos do sistema surfactante
apos a CEC “, resultados corroborados por Griese e col.,
gue observaram manutencdo da disfung¢do do surfactante
por um periodo prolongado apés intervencgdo ciriirgica car-
diaca com CEC “. Entretanto, o papel do surfactante no
desenvolvimento de atelectasia intra-operatéria é contro-
verso considerando-se que o seu turnover é de 14 horas,
tempo suficiente para o término da maioria dos procedi-
mentos cirdrgicos.

75



MALBOUISSON, HUMBERTO, RODRIGUES E COL.

Além disso, é importante considerar o papel do anestesio-
logista na génese do colapso pulmonar no intra-operatorio.
Atelectasia tem sido descrita em pacientes submetidos tan-
to & anestesia venosa quanto a inalatéria ou combinada 544
Independentemente da técnica anestésica utilizada, o ajus-
te dos parametros respiratérios apos a intubacéo traqueal
desempenha papel importante na prevencao das atelec-
tasias, sobretudo quando sao utilizadas estratégias venti-
latérias visando protecdo, com volumes correntes baixos
sem a instituicdo de pressao positiva ao final da inspiracdo
(PEEP) em niveis adequados, principalmente em pacien-
tes submetidos a manipulagéo cirirgica em abdome supe-
rior. Certamente, a utilizagdo de volumes correntes elevados
(> 10 mL.kg*) ndo promove protecdo contra colapso pulmo-
nar e pode exacerbar lesdo pulmonar associada a ventila-
¢do mecanica, ndao devendo ser empregados na pratica
clinica “>*. A ndo-utilizacdo de PEEP durante a ventilagéo
mecanica, em paciente submetido a anestesia geral com
fracOes elevadas de oxigénio mesmo em associacdo a vo-
lumes correntes grandes € fator importante na formagéo de
colapso pulmonar intra-operatorio 4.

Nos pacientes submetidos a intervencgao cirlrgica cardiaca,
0 uso de circulagdo extracorpérea, independente da ester-
notomia e manipulagéo toracica, € fator relacionado com o
desenvolvimento de atelectasias intra-operatorias. A aspira-
¢do das vias aéreas, com a retirada do ar dos pulmoes, é
outro fator que pode induzir a formacao de atelectasias.
Estudando o efeito da aspiragdo nas vias aéreas e parén-
quima pulmonar em animais mecanicamente ventilado
com FiO, de 0,3 por meio de tomografia computadorizada
de torax, Lu e col. observaram que a succado endotraqueal
resultou em aparecimento de colapso pulmonar, redugéo no
diametro brénquico médio em 29%, diminuicdo da satura-
¢ao arterial de oxigénio de 95% para 87%, aumento no
shunt de 19% para 31% e aumento na resisténcia das vias
aéreas. De acordo com os dados desses autores, o au-
mento na FiO, teria interacdo sinérgica com a aspiracéo das
vias aéreas, resultando em piora das atelectasias, apesar
da protecao conferida contra a hipoxemia transitéria causa-
da pela succéo “.

CONSEQUENCIAS CLINICAS DAS ATELECTASIAS
INTRA-OPERATORIAS NA EVOLUGAO DO PACIENTE

Em grande parte dos pacientes submetidos a anestesia
geral e que voltaram para a enfermaria apés o procedimento
cirdrgico, com o retorno a respiracdo espontanea e deam-
bular precoce, a maioria das atelectasia desenvolvidas no
periodo intra-operatério € revertida dentro de 24 horas, sem
qualquer sequela clinica ou pulmonar ?*. Contudo, em pa-
cientes submetidos a intervencdes cirargicas de grande
porte, em especial cardiacas e no abdome superior, sao for-
madas grandes areas de atelectasias nos pulmdes, que
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costumam ocasionar maior duracéo de internacdo e neces-
sidade de tratamento respiratério intensivo. Como ja citado,
a reducao da CVF pode persistir até dez dias em pacientes
submetidos a intervengéo cirlrgica cardiaca. A presenca de
atelectasia pode predispor o pulméo a efeitos deletérios
associados a ventilagdo mecénica ou agravar lesfes pul-
monares ja existentes. Alguns estudos demonstraram a
ocorréncia de lesdo pulmonar por distensdo mecanica do
parénquima normalmente inflado. Como a ventilagéo cor-
rente é distribuida ao parénquima pulmonar inflado, quan-
to maior o volume de pulméo colapsado, maior o volume
corrente que ir4 penetrar nas regifes nado-colapsadas, pro-
movendo hiperinsuflagdo sustentada nessas regifes e pos-
sivelmente volutrauma/barotrauma e inflamagdo com suas
consequéncias deletérias ao tecido pulmonar 44°%, O efei-
to nocivo de volumes correntes relativamente aumentados
distribuidos para o parénquima pulmonar ndo-colapsado
esta estabelecido em pacientes com lesdo pulmonar agu-
da 5+%2 e pode ser também verdadeiro em pacientes subme-
tidos a anestesia geral prolongada, em que o colapso dos
pulmdes acontece e pode determinar aumento das compli-
cacgOes respiratdrias pos-operatorias. Outras repercussfes
das complicagGes pulmonares perioperatérias associadas
a atelectasia sdo a necessidade fisioterapia respiratéria
intensiva, permanéncia prolongada na UTI e aumento da in-
cidéncia de pneumonia pés-operatéria .

AVALIACAO CLINICA DAS ATELECTASIAS DURANTE O
PERIODO INTRA-OPERATORIO

Comprometimento na oxigenacgao arterial e diminui¢éo da
complacéncia pulmonar sdo as primeiras alteragdes fisio-
l6gicas sugerindo a presenga de atelectasia apds a indugéo
anestésica. A curva pressdo-volume do sistema respiratorio
também fornece algumas pistas da presenca de atelectasia,
tal como diminuicdo da complacéncia quase-estatica e o
aparecimento de um ponto de inflexdo inferior. A radiografia
de térax convencional pode apresentar linhas ou opacifi-
cacdes, deslocamento das fissuras interlobares, perda de
volume do segmento ou lobo afetado, deslocamento do
mediastino ou do hemidiafragma e diminuicdo no espaco
intercostal ou outros sinais radioldgicos sugestivos de
atelectasia. A radiografia de térax convencional pode nao
detectar o colapso pulmonar de forma adequada em peque-
nas regides do pulmédo ou em zonas onde as imagens es-
tejam sobrepostas.

Apesar de ser 0 exame-padréo para deteccdo de atelecta-
sias, esse exame nao pode ser realizado durante o procedi-
mento cirdrgico, estando o diagndstico de colapso pulmonar
no intra-operatorio fundamentado na diminuicao de compla-
céncia pulmonar e na piora das trocas gasosas, que, uma
vez detectadas, devem sinalizar para a instituicido de mano-
bras de reversédo de atelectasias, além de manobras de pre-
vencao.
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USO DAS MANOBRAS DE RECRUTAMENTO ALVEOLAR
DURANTE A INTERVENCAO CIRURGICA

Desde os primeiros relatos de piora na oxigenagéo arterial
e da diminuicdo da complacéncia pulmonar em modelos
animais, submetidos a anestesia geral com ventilagdo me-
céanica utilizando “ventilagcdo com volume corrente normal”
por Mead e col. e Ferris e col., as manobras de expanséo
pulmonar na forma de inspira¢ges profundas tém sido des-
critas como técnica para reverter a diminuigcdo na oxigena-
¢ao e na complacéncia pulmonar %35 Bendixen e col.
observaram que a diminuicdo na complacéncia pulmonar e
na oxigenacdo arterial, em pacientes cirlrgicos submetidos
a anestesia geral e ventilagdo mecanica controlada, foram
restauradas aos valores normais, quando hiperinsuflagédo
dos pulmdes até atingir a capacidade pulmonar total era
realizada. Eles descreveram a manobra de recrutamento
realizada por meio de trés insuflagcfes inspiratdrias sus-
tentadas com a bolsa de reinalagdo anestésica, sendo a
primeira insuflagdo com uma pressédo de 20 cmH,O duran-
te 10 segundos, a segunda com uma presséo de 30 cmH,O
durante 15 segundos e a terceira com uma presséo de 40
c¢cmH,O durante 20 segundos °. E importante frisar que a
abertura de territorios alveolares colapsados é dependente
de press0es elevadas e também de tempo necessério para
vencer a pressao de abertura.

Desde os relatos iniciais descrevendo os efeitos das ma-
nobras de hiperinsuflacdo para contrabalancar os efeitos
deletérios da atelectasia nas trocas gasosas e na mecani-
ca respiratoria, o uso de manobras de recrutamento tem
sido adjuvante importante para a ventilagdo mecénica duran-
te a anestesia geral. Outros protocolos de recrutamento
pulmonar tém sido descritos por diferentes autores de ma-
neira a reverter o colapso pulmonar intra-operatorio. Entre
esses protocolos o uso de trés hiperinsuflacdes consecu-
tivas sustentadas com presséo inspiratdria de 40 cmH,O
por 30 segundos demonstrou reexpandir virtualmente todas
as areas de pulmonares colapsadas em pacientes com pul-
mao normal submetidos a anestesia geral para operacédo
abdominal ou cardiaca ®¢5". Outra manobra de recrutamento
utilizada no periodo perioperatério foi descrita por Tusman
e col. Por meio do aumento da PEEP de maneira crescente
até 15 cmH,0O e presséo de pico inspiratdria até 40 cmH,0.
Inicialmente a freqiiéncia respiratéria foi ajustada para oito
respiracdes por minuto e a pausa inspiratéria para 20% do
ciclo respiratério. Em um segundo passo, o volume corren-
te foi aumentado até 18 mL.kg? ou limitando um pico de
pressédo inspiratoria até 40 cmH,O e esses ajustes foram
mantidos por pelo menos 10 respiragdes. A PEEP era pro-
gressivamente elevada até 15 cmH,O e mantida por 10 ci-
clos respiratorios. Entdo, o volume corrente foi reduzido para
o valor basal e a PEEP era diminuida em aliquotas de 5
cmH,O até chegar ao valor adequado de PEEP para preven-
¢éo do colapso pulmonar %8, Esse tipo de manobra de recru-
tamento alveolar é interessante pois nao é interrompida a
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ventilacdo, o que poderia, em teoria, prevenir a elevagdo de
CO, e evitaria episodios de hipoxemia.

Um aspecto importante relacionado com a abertura dos pul-
mdes apds a realizagcdo de uma manobra de recrutamento
€ a prevencédo do re-colapso pulmonar. Os mesmos fatores
predisponentes para a formacéo de atelectasia estarédo pre-
sentes apos a aplicacdo de recrutamento alveolar e prova-
velmente perdurardo até o final da anestesia e da fase de
recuperacao anestésica, sendo o uso da PEEP necesséario
para prevenir o re-colapso pulmonar enquanto os pacientes
estiverem intubados. O nivel de PEEP que deve ser usado
ainda é motivo de debate. Como descrito por Brismar e col.,
a aplicacdo de PEEP de 10 cmH,O reduziu em pacientes
ventilados com altas concentracdes de oxigénio o surgi-
mento de novas densidades pulmonares ap6s manobras
de recrutamento e a necessidade de novas manobras de
recrutamento . Entretanto, uma PEEP fixa pode ndo ser
suficiente ou poderia produzir efeitos deletérios na hemo-
dindmica sem promover a resposta esperada na oxigena-
¢do arterial %%, O nivel de PEEP dever ser individualizado e
titulado de acordo com a oxigenagao, a mecéanica respira-
téria e o comportamento hemodinamico durante a interven-
¢do cirargica. Outro ponto a ser enfatizado ap6s a manobra
de recrutamento é o uso da menor fracdo inspirada de oxi-
génio possivel de maneira a diminuir a formacédo de ate-
lectasia por causa da reabsor¢cdo gasosa.

Entretanto, algumas questdes concernentes ao uso das
manobras de recrutamento no intra-operatorio em pacien-
tes anestesiados, sobretudo aqueles submetidos a proce-
dimento cirurgico cardiaco, ainda ndo foram solucionadas:
1) Qual tipo de paciente mais se beneficiard com as mano-
bras de recrutamento? 2) Com base em quais critérios o
protocolo de recrutamento alveolar deverd ser iniciado? 3)
Quantas manobras de recrutamento devem ser realizadas
durante a intervencao cirtrgica? 4) Qual é o intervalo de tem-
po adequado entre as manobras? E provavel que o uso de
manobras de recrutamento seria bem tolerado pela maio-
ria dos pacientes desenvolvendo piora progressiva da
oxigenacao durante a operagdo sem produzir efeitos dele-
térios de curto ou de longo prazo na funcao pulmonar. Por
outro lado, essa manobra pode ser prejudicial em pacien-
tes apresentando disfungdo ventricular direita importante,
hipertensdo pulmonar grave, hipertenséo intracraniana,
baixo débito cardiaco ou choque, ndo-tratados. Embora nao
seja observado com freqiiéncia na pratica clinica, outro cui-
dado a se ter em mente, apés implementagdo de manobras
de recrutamento, é a possibilidade de desenvolvimento de
complica¢cdes como pneumotdrax, pneumomediastino, etc.
Exceto pelas contra-indica¢fes, qualquer paciente cuja
oxigenacgao piore durante o procedimento cirargico deveria
ser submetido a manobras de recrutamento, seguidas de
PEEP em niveis adequados. As manobras de recrutamen-
to podem ser repetidas quantas vezes forem necessarias
pelo anestesiologista. Entretanto, a necessidade de mano-
bras de recrutamento sucessivas pode ser uma indicagao
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de que o nivel de PEEP ajustado ap6s recrutamentos prévios
ndo foi suficiente para prevenir o re-colapso pulmonar. A
monitoragdo da eficacia do recrutamento intra-operatorio
permanece fundamentada em parametros funcionais pulmo-
nares como oxigenacgdo arterial e complacéncia pulmonar.
Os beneficios provaveis das manobras de recrutamento
pulmonar vao além da reversao dos efeitos mecanicos e da
oxigenacado da atelectasia. A homogenizagéo da distribuicdo
da ventilacdo apos a abertura das areas colapsadas asso-
cia-se a reducéo na lesdo pulmonar produzida pela venti-
lacdo e a menor necessidade de ventilagdo mecéanica no
poés-operatdrio. Apesar da auséncia de evidéncias claras
ligando a presenca de atelectasias a pneumonia pds-ope-
ratoria, a reducdo do periodo de ventilagdo mecanica pés-
operatoria esta associada a menor incidéncia de infecgBes
pulmonares, menor tempo de permanéncia na UTI e meno-
res custos hospitalares.

Atelectasis during Anesthesia: Pathophy:-
siology and Treatment

Luiz Marcelo Sa& Malbouisson, TSA, M.D.; Flavio Humberto,
M.D.; Roseny dos Reis Rodrigues, TSA, M.D.; Maria José
Carvalho Carmona, TSA, M.D.; José Otavio Costa Auler Jr.
TSA, M.D.

INTRODUCTION

Postoperative pulmonary complications after major sur-
geries have been described since the beginning of the XX
Century, being treated with high concentrations of inspired
oxygen 3. After the introduction of intraoperative mechanical
ventilation in anesthesia, progressive reduction in elastic
lung recoil and deterioration of blood oxygenation were noted
during surgeries, even in patients with prior normal lung
function 24, Bendixen et al. proposed that this progressive
reduction of elastic lung recoil and arterial oxygenation were
caused, mainly, by a collapse of air spaces and, partly, by
changes in superficial pulmonary tension, introducing the
concept of intraoperative atelectasis in clinical practice °. That
same year, Bergman reported for the first time a reduction in
residual volume (RV) in patients undergoing general anes-
thesia and mechanical ventilation . This reduction in RV
was attributed to pulmonary collapse and associated with
changes in ventilation/perfusion ratio and hypoxemia during
anesthesia "8. Bendixen et al. observed that consecutive
pulmonary hyperinflation during anesthesia was capable to
restore arterial oxygenation and lung recoil 5. Since then,
several studies have evaluated the factors related with the
development of intraoperative atelectasis and the use of
alveolar recruitment maneuvers. In this report, we reviewed
the incidence and mechanisms of intraoperative pulmonary
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collapse and alveolar recruitment maneuvers with emphasis
on cardiothoracic surgeries.

DEFINITION AND INCIDENCE OF INTRAOPERATIVE
ATELECTASIS

Intraoperative atelectasis is defined as pulmonary collapse
that occurs after anesthetic induction being characterized,
clinically, by a reduction in lung elastic recoil and compromi-
sed arterial oxygenation. It is estimated that the incidence of
atelectasis during anesthesia varies between 50% and 90%
of adult patients undergoing general anesthesia, both during
spontaneous and mechanical ventilation °%°. According to
Moller et al., mild to moderate hypoxemia as a consequence
of intraoperative pulmonary collapse, defined as hemoglobin
saturation between 85% and 90%, affects approximately
50% of patients undergoing general anesthesia for elective
surgeries despite the use of an inspired fraction of oxygen
of 0.4 °. Using CT scan of the thorax, Lundquist et al. studied
109 patients scheduled for elective abdominal surgeries
under general anesthesia. In this study, it was observed the
presence of dependent pulmonary densities in 95 patients
(87%), which were interpreted as representing atelectasis.
Two different types of atelectasis were described, pulmonary
densities distributed homogenously in 78% of the patients
and in 9% they were not distributed homogeneously *°.

In patients undergoing cardiac procedures, the development
of atelectasis is a frequent complication and difficult to re-
verse postoperatively. In our institution, mild to moderate
hypoxemia in the immediate postoperative period was de-
tected in 52% of 461 patients undergoing elective myocardial
revascularization (MR), and, according to Magnusson et al. %,
atelectasis were the greatest cause of hypoxemia and shun-
ting after cardiopulmonary bypass (CPB). A study by Gale et
al. on the incidence of pulmonary complications after cardiac
surgery with CPB found radiographic evidence of atelectasis
in 64% of 50 patients operated consecutively 2. On the first
postoperative day, Tenling et al. performed CT scans of the
chest in 18 patients who underwent change of the mitral valve
or MR with cardiopulmonary bypass. They observed bilate-
ral dependent pulmonary densities in all but one patient.
Those pulmonary densities corresponded approximately to
20% of collapsed lung parenchyma 2. A study by Vargas et
al. on late pulmonary complications in 125 patients who
underwent CPB observed that 30 patients had normal chest
X-rays, 38 had atelectasis and 57 had pleural effusion six
days after the surgery **. The authors also observed a mean
reduction in forced vital capacity (FVC) in 33.4% of the pa-
tients and in forced expiratory volume in 1 second (FEV1) in
33.5% of the patients with atelectasis. According to the same
group, the most important reduction in FVC occurs imme-
diately after the surgery, improving gradually. However, until
the tenth postoperative day FVC remained more than 30%
below preoperative values 5.
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MECHANISMS OF INTRAOPERATIVE PULMONARY
COLLAPSE

Several mechanisms are involved in intraoperative atelec-
tasis formation and reduction in functional residual capacity
(FRC), and they can be divided in three groups: mechanical
compression of lung parenchyma, absorption of alveolar ga-
ses and surfactant dysfunction. Mechanically, the degree of
pulmonary insufflation depends on the transpulmonary
pressure, i.e., alveolar pressure minus pleural pressure.
Physiologically, there is an increase in pleural pressure in
dependent and caudal portions of the lungs, close to the
diaphragm, with consequent antero-posterior and cephalad-
caudal transpulmonary pressures gradient or pulmonary
insufflation. Under physiological conditions, alveoli in the
bases of the lungs are less insufflated than those in the
apices. In patients breathing spontaneously, during inspi-
ration the pleural pressure is more negative at the bases due
to the contraction of the diaphragm, contributing for the
maintenance of positive transpulmonary pressure and per-
meability of the small airways and alveoli in those regions.
After induction of anesthesia, pleural pressure becomes
positive due to muscular relaxation and intrathoracic dislo-
cation of the relaxed diaphragm, weight of the heart on the
pulmonary parenchyma and compression of dependent re-
gions of the lung caused by the weight of the lung itself.
When a patient with normal lungs is placed in ventral decu-
bitus, the weight of the pulmonary parenchyma is transmit-
ted to the pleura generating an increase in pressure of 0.25
g.cm? for each centimeter in the antero-posterior axis, while
in patients with an acute inflammatory process and ARDS it
increases by 1 g.cm? %7 The transmission of the pressure
imposed by the overlying lung parenchyma compresses the
airways and alveoli, leading to pulmonary collapse. At the
same time, the relaxation of the diaphragm after anesthetic
induction causes it to be dislocated upwards, under the
weight of the abdominal organs, compressing the lungs and
increasing pleural pressure, with the consequent reduction
in transpulmonary pressure in more dependent and caudal
regions of the lungs #1°. Even in awaken patients, the supine
position is associated with a reduction in FRC of 0.5to 1 L
when compared with the orthostatic position 2. The elevation
of the diaphragm secondary to anesthesia and muscle
paralysis is associated with an additional reduction of 0.5
to 1 L in FRC in patients in dorsal decubitus 22, In obese
patients undergoing upper abdominal surgery or laparos-
copy, the elevation of the diaphragm can be even more
pronounced, worsening pulmonary collapse in the dorsal
areas of the lungs secondary to the weight of the abdominal
adipose tissue 2*. The direct compression of the inferior
lobes by the heart and mediastinal structures is another
factor that can contribute to reduce transpulmonary pressure
in dependent and caudal regions of the lungs %%, In the
supine position, the heart and other mediastinal structures
rest on the medial regions of the inferior lobes, exerting a
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5 cmH,0.cm? pressure in adult patients without cardiac di-
seases, and approximately 7 to 8 cmH,O.cm? in patients
with acute pulmonary lesion 2.

In anesthetized patients on mechanical ventilation, the me-
chanical compression of dependent and caudal lung regions
is probably the most important factor in the development of
intraoperative pulmonary collapse %282, |n a study by Bris-
mar et al. of patients undergoing abdominal surgery under
general anesthesia, CT scan of the chest demonstrated
pulmonary densities that were more pronounced in caudal
regions than in the upper areas of the lungs *. Similar re-
sults were reported by Warner et al. in healthy volunteers
undergoing general anesthesia with halothane 3, by
Tenling et al. in patients undergoing cardiac surgeries 3, and
Puybasset et al. in patients with postoperative acute pul-
monary lesion 228238,

The absorption of alveolar gas is also implicated in the de-
velopment of intraoperative atelectasis, even in the absence
of airways obstruction. The use of high inspired fractions of
oxygen has also been reported as one of the causes of pul-
monary collapse. Joyce and Williams postulated that after
anesthetic induction the airways in the dependent areas
of the lungs behave as a closed cavity, prone to collapse.
Using a mathematical model, the authors proposed that
prior oxygenation and the use of high inspired fraction of
oxygen increased the capture of gas from poorly ventilated
areas of the lungs, being the main factors responsible for
atelectasis formation *. Rothen et al., studying 12 patients
undergoing elective surgery under general anesthesia,
observed that when a FiO, of 1 was used after maneuvers
of pulmonary expansion up to the tidal volume (a 40 cmH,O
pressure in the airways), atelectasis were evident in chest CT
scans in up to five minutes. When patients were ventilated
using an inspired oxygen fraction of 40% after pulmonary ex-
pansion, atelectasis were observed only after 40 minutes .
Rothen et al. also reported an increase in pulmonary shun-
ting from 0.3% to 2.1% in surgical patients with normal lungs
undergoing general anesthesia, and a small proportion of
atelectasis were detected in CT scans of the chest obtained
after anesthetic induction when patients were ventilated
with FiO, of 0.3. Using FiO, of 1, instead of 0.3, increased pul-
monary shunting by 6.5% and atelectasis developed in a
larger proportion of the pulmonary parenchyma . There have
been reports in the literature associating high inspired frac-
tions of oxygen and pulmonary collapse for at least fifty
years 8. Although some benefits have been attributed to the
use of high oxygen concentrations during anesthesia, such
as reduction in postoperative nausea and vomiting ¥,
increase in pro-inflammatory responses and antimicrobiotic
activity of alveolar macrophages 2, possible reduction in
postoperative infection of the surgical wound * and preven-
tion of episodes of hypoxemia, postoperative atelectasis do
not reverse immediately and might persist for several days
increasing the time of mechanical ventilation required, the
need of respiratory therapy, increased length of hospita-
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lization and health care costs. Weighing those data carefully,
current evidence does not indicate that the possible benefits
of the use of high oxygen concentrations can overcome the
detrimental consequences of postoperative pulmonary
complications.

Dysfunction of the surfactant system is a third factor related
with the development of intraoperative atelectasis. The
surfactant plays an important role in the prevention of al-
veolar collapse, reducing alveolar superficial tension and
stabilizing alveolar structures “°. Evidence obtained from
experimental studies of the analysis of pressure-volume cur-
ves of isolated dog lung demonstrated a reduction in ma-
ximal lung volume, which was proportional to the increase
in inhalational anesthetic **. In children undergoing cardiac
surgery with cardiopulmonary bypass, Friedrich et al. ob-
served marked changes in the composition in surfactant
phospholipids and proteins after CPB “2. Those results were
confirmed by Griese et al., who observed prolonged surfac-
tant dysfunction after cardiac surgery with CPB “. However,
the role of the surfactant in the development of intraoperati-
ve atelectasis is controversial, since it has a turnover of 14
hours, which is enough for most surgeries.

Additionally, it is also important to consider the role of the
anesthesiologist on the genesis of intraoperative pulmonary
collapse. Atelectasis have been described in patients un-
dergoing both intravenous and inhalational anesthesia or
combined anesthesia 4. Regardless of the anesthetic
technique used, adjustment of respiratory parameters after
endotracheal intubation has an important role in the pre-
vention of atelectasis, especially when protective ventilatory
strategies are used, with low tidal volumes without positive
end-expiratory pressure (PEEP) on proper levels, especially
in patients undergoing upper abdominal surgeries. Certain-
ly, the use of elevated tidal volumes (> 10 mL.kg?) does not
offer protection against pulmonary collapse and it can exa-
cerbate pulmonary lesions associated with mechanical
ventilation, and, therefore, should not be used in clinical prac-
tice %46, The lack of PEEP during mechanical ventilation of
patients undergoing general anesthesia with high inspired
fraction of oxygen, even when associated with large tidal
volumes, is an important factor for the development of intrao-
perative pulmonary collapse .

In patients undergoing cardiac surgeries, the use of cardio-
pulmonary bypass, independently of the sternectomy and
thoracic manipulation, is related with the development of
intraoperative atelectasis. Aspiration of the airways to remo-
ve the air from the lungs is another factor that can induce
the development of atelectasis. Lu et al., using CT scan of
the chest to study the effects of aspiration of the airways and
pulmonary parenchyma in animals on mechanical ventila-
tion with FiO, of 0.3, observed that endotracheal suctioning
resulted in the development of pulmonary collapse, a mean
reduction in bronchial diameter of 29%, reduction in arterial
oxygen saturation from 95% to 87%, increased shunting from
19% to 31%, and increased airways resistance. According to
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the data of those authors, the increase in FiO, would interact
synergistically with the aspiration of the airways, resulting in
worsening of atelectasis, despite the protection against
transitory hypoxemia caused by suctioning “2.

CLINICAL CONSEQUENCES OF INTRAOPERATIVE
ATELECTASIS IN PATIENT EVOLUTION

In a large proportion of patients undergoing general anes-
thesia and who returned to the general ward afterwards,
after resuming spontaneous ventilation and early ambula-
tion, most of intraoperative atelectasis show reversion within
24 hours, without any clinical or pulmonary compromise .
However, patients undergoing major surgeries, especially
cardiac surgeries and those involving the upper abdomen,
develop large areas of atelectasis, which usually are
responsible for an increase in hospital stay and the need of
intensive respiratory treatment. As mentioned before, a
reduction in FRC can persist for up to 10 days after cardiac
surgeries. The presence of atelectasis predisposes the
lungs to the harmful the effects associated with mechanical
ventilation or worsens preexisting lung lesions. Some stu-
dies have demonstrated the presence of pulmonary lesion
caused by the mechanical distension of normally inflated
parenchyma. Since the tidal volume is distributed to the
inflated pulmonary parenchyma, the tidal volume that will be
distributed to non-collapsed regions of the lungs increases
proportionally to the volume of collapsed lung, leading to
sustained hyperinflation of those regions and possible vo-
lumetric trauma/barotrauma and inflammation, with their
deleterious consequences to the lung tissue 434950, The
noxious effects of relatively increased tidal volume distri-
buted to non-collapsed pulmonary parenchyma has been
established in patients with acute lung lesions 552 and the
same might be true for patients undergoing prolonged ge-
neral anesthesia who develop collapse of certain areas of
the lungs, therefore increasing the incidence of postoperative
respiratory complications. Other repercussions of perio-
perative pulmonary complications associated with ate-
lectasis include the need of intense respiratory therapy,
prolonged stay in the ICU and an increase in the incidence
of postoperative pneumonia %.

CLINICAL EVALUATION OF INTRAOPERATIVE ATELECTASIS

Changes in arterial oxygenation and reduction in pulmonary
elastic recoil are the first physiologic changes that suggest
the presence of atelectasis after anesthetic induction. The
pressure-volume curve of the respiratory system also pro-
vides some clues of the presence of atelectasis, such as an
almost static reduction in elastic recoil and the development
of a lower inflexion point. Conventional chest X-rays may
demonstrate lines or opacification, deviation of interlobar
fissures, and loss of volume of the affected segment or lobe.
Deviation of the mediastinum or of the hemidiaphram and
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the reduction of the intercostal spaces are other radiological
signs suggestive of atelectasis. Conventional chest X-rays
cannot detect properly pulmonary collapse in small areas of
the lungs or in areas with superposition of structures.
Despite being the standard exam to detect atelectasis, this
exam cannot be done during the surgery and, therefore, the
diagnosis of intraoperative pulmonary collapse is based on the
reduction of elastic recoil and worsening gas exchange, which,
once detected, mandate the institution of maneuvers to revert
the atelectasis, besides the use of preventive measures.

ALVEOLAR RECRUITMENT MANEUVERS DURING SURGERY

Since the first reports of worsening arterial oxygenation and
reduction in pulmonary elastic recoil in animal models under
general anesthesia and mechanical ventilation using a “nor-
mal tidal volume” by Mead et al. and Ferris et al., pulmonary
expansion maneuvers, like deep inspirations, have been
described as capable of reversing the reduction in oxyge-
nation and elastic recoil ***°. Bendixen et al. observed that the
reduction in pulmonary elastic recoil and arterial oxygenation
in surgical patients under general anesthesia and controlled
mechanical ventilation returned to normal values when the
lungs were hyperinflated up to the total lung capacity. They
described the recruitment maneuver performed with three
sustained inspirations with the reinhalation anesthetic bag,
with a pressure of 20 cmH,O for 10 seconds in the first insuf-
flation, 30 cmH,O for 15 seconds on the second insufflation,
and 40 cmH,O for 20 seconds®. One should note that
opening of collapsed alveoli depends on elevated pressures
and the time necessary to overcome the opening pressure.
Since the first reports of hyperinsufflation maneuvers to
counteract the harmful effects of atelectasis on gas exchan-
ge and in respiratory mechanics, the use of recruitment
maneuvers has become an important adjuvant of mecha-
nical ventilation during general anesthesia. Other pulmonary
recruitment protocols have been described by several au-
thors to revert intraoperative pulmonary collapse. Among
them, the use of three consecutive and sustained hyperin-
sufflations with an inspiratory pressure of 40 cmH,O for 30
seconds has demonstrated to be capable of re-expanding
virtually all collapsed pulmonary areas in patients with normal
lungs under general anesthesia for abdominal or cardiac
surgeries %657, Another perioperative recruitment maneuver
was described by Tusman et al., increasing PEEP up to
15 cmH,0 and peak inspiratory pressure up to 40 cmH,O.
Initially, the respiratory rate was adjusted to 8 breaths per
minute with an inspiratory pause for 20% of the respiratory
cycle. On a second step, the tidal volume was increased to
18 mL.kg* or the peak inspiratory pressure was limited to 40
c¢cmH,0, and those parameters were maintained for at least
10 breaths. Positive end-expiratory pressure was increased
progressively up to 15 cmH,O and maintained for 10 breaths.
Afterwards, the tidal volume was decreased to baseline
values by decrements of 5 cmH,O until achieving a level of

Revista Brasileira de Anestesiologia
Vol. 58, N° 1, Janeiro-Fevereiro, 2008

PEEP that would prevent pulmonary collapse “. This type of
alveolar recruitment maneuver is interesting because ven-
tilation is not interrupted, which could, in theory, prevent ele-
vation of CO, and avoid episodes of hypoxemia.

An important aspect related with the reopening of collapsed
lung parenchyma after a recruitment maneuver is the pre-
vention of relapse. The same factors predisposing the de-
velopment of atelectasis will be present after the alveolar
recruitment maneuver and will, most likely, be present until
the end of anesthesia and the phase of anesthetic recovery,
and the use of PEEP is necessary to prevent relapses in
pulmonary collapse while patients remain intubated. The
level of PEEP that should be used is still a question of deba-
te. As described by Brismar et al., a PEEP of 10 cmH,O redu-
ced the development of new pulmonary densities in patients
ventilated with high oxygen concentrations after the recruit-
ment maneuver as well as the need of further recruitment
maneuvers . However, a fixed PEEP might not be enough
or could have harmful hemodynamic effects without impro-
ving arterial oxygenation %%, The level of PEEP should be
individualized and titrated according to the level of oxyge-
nation, respiratory mechanics and hemodynamic response
during the surgery. It should also be emphasized that, after
recruitment maneuvers, the lower inspired oxygen fraction
possible should be used to decrease the formation of ate-
lectasis secondary to gas reabsorption.

Nonetheless, some questions concerning the intraoperative
use of recruitment maneuvers in anesthetized patients,
especially those undergoing cardiac surgery, have not been
answered yet: 1) Which patient will benefit more from re-
cruitment maneuvers? 2) Which protocol should be used for
those maneuvers? 3) How many recruitment maneuvers
should be performed during the surgery? 4) What is the ade-
quate time interval between maneuvers? It is most likely that
recruitment maneuvers would be well tolerated by most
patients who develop progressive worsening of oxygenation
during the surgery without short or long-term harmful effects.
On the other hand, this maneuver might be harmful to pa-
tients with untreated marked right ventricular dysfunction,
severe pulmonary hypertension, increased intracranial pres-
sure, low cardiac output, or shock. Although frequently
observed in clinical practice, one should never forget that
pneumothorax, pneumomediastinum, and etc might occur
after the implementation of recruitment maneuvers. Except
for some contraindications, recruitment maneuvers, followed
by the adequate use of PEEP, should be performed in any
patient whose oxygenation worsens during surgery. Recruit-
ment maneuvers can be repeated as often as necessary by
the anesthesiologist. However, the need of successive re-
cruitment maneuvers should indicate that the PEEP selected
after prior recruitments maneuvers was not enough to pre-
vent relapse of pulmonary collapse. Specific monitoring of
intraoperative recruitment is based on functional pulmona-
ry parameters, such as arterial oxygenation and pulmonary
elastic recoil.
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The probable benefits of alveolar recruitment maneuvers for
atelectasis go beyond the mechanical and oxygenation
effects. Homogenous distribution of ventilation after the
opening of collapsed areas is associated with a reduction in
pulmonary lesion caused by ventilation and reduced need of
postoperative mechanical ventilation. Despite the lack of clear
evidence linking the presence of atelectasis with postope-
rative pneumonia, the reduction of postoperative mechanical
ventilation is associated with a reduced incidence of res-
piratory infections, reduced stay in the ICU and reduction in
health care costs.
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RESUMEN

Malbouisson LMS, Humberto F, Rodrigues RR, Carmona MJC, Auler
Jr JOC — Atelectasias Durante Anestesia: Fisiopatologia y
Tratamiento.

JUSTIFICATIVA Y OBJETIVOS: El colapso pulmonar intraopera-
torio es una complicacion de elevada incidencia en pacientes
sometidos a la intervencion quirdrgica bajo anestesia general con
relajamiento/paralisis de la musculatura. Esta complicacion esta
asociada al empeoramiento de los cambios de gas en el intraope-
ratorio y en algunos casos, necesidad de soporte respiratorio pro-
longado en el periodo postoperatorio. Los objetivos de este estudio
fueron los de revisar los aspectos fisiopatolégicos de la formacion
de atelectasias durante anestesia general y las posibles manio-
bras terapéuticas para prevenir y tratar esa complicacion.

CONTENIDO: En esta revision, los conceptos sobre la incidencia
de atelectasias intraoperatorias, los factores relacionados a su
desarrollo, tanto mecanicos como los relacionados al ajuste del
respirador durante el procedimiento quirtirgico, los aspectos del di-
agnostico y las estrategias de prevencion y tratamiento fueron abor-
dados de manera sistematica.

CONCLUSIONES: La comprension de los mecanismos relaciona-
dos al desarrollo del colapso pulmonar durante el periodo intrao-
peratorio, como también su tratamiento, pueden contribuir para la
reduccion de la incidencia de complicaciones pulmonares post-
operatorias, el tiempo de recuperacion y los costes de las in-
ternaciones en los hospitales.
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