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RESUMO

Auler Jr JOC, Nozawa E, Toma EK, Degaki KL, Feltrim MIZ, Mal-
bouisson LMS — Manobra de Recrutamento Alveolar na Reversao
da Hipoxemia no Pds-Operatério Imediato em Cirurgia Cardiaca.

OBJETIVO: Avaliar os efeitos da manobra de recrutamento alveolar
na oxigenacéo e volume corrente exalado em pacientes com hipo-
Xemia no pds-operatorio imediato de intervengéo cirdrgica cardiaca.

METODO: Estudo prospectivo, consecutivo. Dentre 469 interven-
¢bes cirdrgicas cardiacas no periodo de fevereiro a abril de 2006,
foram incluidos no protocolo 40 pacientes (8,5%), que na primeira
avaliagcdo na admissdo da unidade de terapia intensiva cirdrgica
apresentavam relagdo PaO/FiO, < 200. Nesse grupo de pacien-
tes aplicou-se prospectivamente protocolo padronizado de mano-
bras de recrutamento alveolar com pressao nas vias aéreas de 20
¢mH,O na vigéncia de relagédo PaO,/FiO, < 200, 30 cmH,O na re-
lagdo PaO,/FiO, < 150 e 40 cmH,O quando a relagdo PaO,/FiO,
persistisse inferior a 150 apds manobra de recrutamento com pres-
540 nas vias aéreas de 30 cmH,O. A presséo aplicada por meio
do ventilador mecénico foi na modalidade press&o positiva conti-
nua nas vias aéreas, por trés vezes, com duragdo média de 30 se-
gundos cada uma. Os parametros de oxigenagéo e volume corrente
exalado foram comparados antes e imediatamente apds as mano-
bras de recrutamento.

RESULTADOS: Dos 40 pacientes estudados, 30 responderam de
modo favordvel a manobra de recrutamento com pressdo de 20
¢mH,O e em 10 houve necessidade de 30 cmH,O. Nenhuma vez
foi necessario aplicar manobra de recrutamento com pressdo de
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40 cmH,0. Apds aplicagdo da manobra de recrutamento houve me-
lhora significativa da oxigenagdo caracterizada por aumento da re-
lagdo PaO/FiO, (p = 0,001), saturagéo periférica de oxigénio (p =
0,004) e do volume corrente exalado (p = 0,038).

CONCLUSAO: As manobras de recrutamento alveolar foram efe-
tivas na corregdo da hipoxemia e aumento do volume corrente exa-
lado em pacientes sob ventilagdo mecénica no pds-operatdrio
imediato de interveng&o cirdrgica cardiaca.

Unitermos: CIRURGIA, Cardiaca; COMPLICACOES: hipoxemia; VEN-
TILACAO: controlada mecanica, pressao positiva, manobra de recru-
tamento alveolar.

SUMMARY

Auler Jr JOC, Nozawa E, Toma EK, Degaki KL, Feltrim MIZ, Mal-
buisson LMS — Alveolar Recruitment Maneuver to Reverse Hypo-
xemia in the Immediate Postoperative Period of Cardiac Surgery.

BACKGROUND AND OBJECTIVES: To evaluate the effects of the
alveolar recruitment maneuver on oxygenation and exhaled tidal vo-
lume, in patients with hypoxemia, in the immediate postoperative
period of cardiac surgery.

METHODS: This is a prospective, consecutive study. Among the
469 cardiac surgeries performed from February to April 2006, 40 pa-
tients (8.5%) who, at the time of admission to the surgical intensive
care unit, presented PaO,/FIO, < 200, were included in the protocol.
A standard prospective protocol of alveolar recruitment maneuvers
with pressure of 20 cmH, 0O in the upper airways in the presence of
the ratio PaO,/FIO, < 200, 30 cmH,0 with PaO/FIO, < 150, and 40
c¢mH, O when Pa,O,/FIO, remained below 150 after recruitment
maneuver with pressure of 30 cmH,0, was applied to this group of
patients. Continuous positive pressure was applied to the airways
with a mechanical ventilator, 3 times, for approximately 30 seconds
each. Parameters of oxygenation and exhaled tidal volume were
compared before and immediately after the recruitment maneuvers.

RESULTS: Of the 40 patients in the study, 30 showed good
responses to recruitment maneuvers with 20 cmH,0O, and 10 cases
required 30 cmH, 0. It was not necessary to apply pressure of 40
¢mH,O. There was a significant improvement in oxygenation after
the recruitment maneuvers, demonstrated by an increase in PaO,/
FIO, (p = 0.001), peripheral oxygen saturation (p = 0.004), and
exhaled tidal volume (p = 0.038).

CONCLUSIONS: Alveolar recruitment maneuvers were successful
on correcting hypoxemia and increasing the exhaled tidal volume
in patients on mechanical ventilation in the immediate postoperative
period of cardiac surgery.

Key Words: COMPLICATIONS: hypoxemia; SURGERY, Cardiac; VEN-
TILATION: mechanic, positive pressure, alveolar recruitment maneuver.
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INTRODUGCAO

A aplicacao da manobra de recrutamento alveolar (MRA),
isolada ou associada a pressao positiva no final da expi-
racdo (PEEP), para corre¢cao de hipoxemia decorrente de
colapso alveolar permanece controversa .

Varios sao os fatores que contribuem para o colapso
alveolar ou atelectasia no periodo intra-operatério, causa
comum de hipoxemia no pds-operatério de operagdes que
manuseiam o abdome superior ou a cavidade toracica. En-
tre eles, citam-se o deslocamento cefalico do diafragma
causado pelos anestésicos e bloqueadores neuromus-
culares e a compressdo dos pulmdes por estruturas do
mediastino 2. No caso particular das intervengdes cirurgicas
cardiacas também contribuem para areas de atelectasia a
inatividade dos pulmd&es durante a circulagdo extracorporea,
0 manuseio cirurgico da cavidade pleural e as reagdes in-
flamatdrias provocadas pela circulagdo extracorpodrea 34.
A presenca de regides pulmonares colapsadas tem sido
associada ao aumento do risco de infecgdes respiratdrias
no periodo pds-operatério, bem como a hipoxemia por au-
mento do shunt *. A sua reexpansao torna-se necessaria
para melhorar a oxigenagéo e reduzir o risco de pneumonia,
viabilizando o desmame da ventilacdo mecénica e a
extubacéo. Para o recrutamento com expanséo dos alvéo-
los colapsados tem sido utilizada a pressao positiva no fi-
nal da expiracdo (PEEP) ® em niveis crescentes, de forma
isolada ou associada as manobras de recrutamento
alveolar (MRA) 6.

As manobras de recrutamento alveolar sdo procedimentos
rotineiros em casos de sindrome da angustia respiratoria
do adulto (SARA) com hipoxemia refrataria a aplicagéo de
PEEP 7, embora alguns estudos mostrem que nas fases ini-
ciais da SARA a MRA nao mantém a oxigenagéo 8. Por outro
lado, ainda que enfatizada quanto a sua importancia, o uso
da MRA durante ou no término da anestesia geral ndo tem
sido habitual. Nessa situacédo, a MRA teria como objetivo
desfazer atelectasias e aumentar a superficie alveolar dis-
ponivel para troca gasosa °. A grande polémica atual € como
e quando utiliza-la, quais os valores de presséo positiva
intra-alveolar sdo necessarios para desfazer as areas
colapsadas e como medir sua eficacia. Uma vez que a MRA
implica em grande pressurizagao intra-alveolar, ha riscos
inerentes, como rotura de alvéolos causando pneumotdrax
e hipotensao arterial por reducdo do retorno venoso duran-
te a sua aplicacdo. Apesar do assunto relacionado com o
uso da MRA ser muito estudado, em situagdes de grave
hipoxemia como na SARA °, ainda é assunto controverso no
periodo pos-operatério imediato de intervengao cirurgica
cardiaca ®".

O objetivo deste estudo foi avaliar a eficacia da MRA na re-
versao da hipoxemia em pacientes no pds-operatério ime-
diato de intervencgdo cirurgica cardiaca, bem como propor a
padronizagdo do método.
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METODO

Apds aprovacao da Comisséo de Etica Institucional, foram
estudados 40 (8,5%) pacientes de um total de 469 subme-
tidos a intervengdes cirurgicas no coragédo, admitidos na UTI
cirurgica, sendo 29 do sexo masculino e 11 do sexo femini-
no, no periodo de fevereiro a abril de 2006. Todos os paci-
entes incluidos neste estudo apresentaram hipoxemia,
caracterizada por relagdo PaO,/FiO, menor que 200. Outros
pacientes do periodo com PaO,/FiO, menor que 200, mas
que apresentavam enfisema subcutaneo, fistula bronco-
pleural, baixo débito cardiaco e hipertensao pulmonar nao
foram incluidos no estudo.

Todos os pacientes foram classificados como estado fisico
ASA 1l ou lll e receberam midazolam por via oral nas doses
de 5 a 10 mg, dependendo da idade e do estado fisico, uma
hora antes da operacdo. A técnica de anestesia foi seme-
Ihante para todos os pacientes, padronizada na instituicédo.
Dependendo da fragéo de ejecédo (FE) pré-operatéria foram
utilizados etomidato (FE menor ou igual a 0,5) ou propofol,
para a indugdo da anestesia, e associados ao cloridrato de
fentanila ou sufentanila, em doses apropriadas ao caso. O
bloqueador neuromuscular usual foi brometo de pancurénio
ou besilato de atracurio na presenca de disfungéo renal. A
manutencédo da anestesia foi feita com isoflurano, e doses
adicionais de opioide, a critério do médico assistente.

A monitoragéo foi a usual para esse tipo de procedimento,
consistindo em ECG com cinco derivacdes, pressao arte-
rial invasiva, pressao venosa central, temperatura nasofa-
ringeana e oximetro de pulso (Monitor Siemens); quando
indicado, cateter de artéria pulmonar também foi utilizado.
Capnografia, concentracdes inspiradas e expiradas de oxi-
génio e isoflurano, foram obtidas diretamente do painel do
aparelho de anestesia (Cicero — Drager Luebek, Alemanha).
No centro cirdrgico os pacientes foram ventilados na moda-
lidade volume controlado (volume corrente de 8 mL.kg") com
fracdo inspirada de oxigénio (FiO,) de 0,5 (mistura de ar e
oxigénio) e PEEP de 5 cmH,O (Cicero — Drager Luebek, Ale-
manha). Nao foram realizadas MRA no centro cirurgico.
Quando necessario variou-se a FiO, para aumento da
oxigenacgéo sanglinea, mantendo-se a oximetria de pulso
maior ou igual a 95%.

Todos os pacientes dessa série foram operados com auxi-
lio de circulacao extracorpdrea (CEC) e do sistema oxige-
nador de membrana — adulto (OXI Master Century — Braile
Biomédica, Sao José do Rio Preto). Empregou-se hipoter-
mia leve, minimo de 32°C, e hemodiluigdo normovolémica
com Ringer com lactato. Concentrado de hemacias ficou a
critério da equipe, em geral foi utilizado quando o hematé-
crito era inferior a 28%. Durante a CEC o ventilador meca-
nico foi desativado, ficando os pulmdes despressurizados.
Ao término da CEC a ventilagdo mecénica foi reiniciada nos
parametros anteriores, sem realizar-se MRA.

Os pacientes foram admitidos na Unidade de Terapia Inten-
siva (UTI) provenientes do centro cirurgico, ainda sob efeito
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anestésico, sendo mantidos em ventilagdo controlada me-
cénica na modalidade volume controlado (Ventilador Veolar
— Hamilton Rahzuns, Suica). Inicialmente, os pardmetros fo-
ram ajustados com volume corrente de 8 mL.kg™", freqiiéncia
respiratoria (f) de 12 rpm, FiO, de 0,6 e PEEP de 5 cmH,0,
procurando-se manter saturagéo periférica de oxigénio (SpO,)
maior ou igual a 95%, conforme rotina da unidade. Quinze
minutos apds ajuste do ventilador mecénico coletou-se
amostra de sangue arterial para analise dos gases sanglii-
neos (Aparelho de gasometria Radiometer, model ABL 715,
Copenhagem). Constatando-se hipoxemia PaO,/FIO, < 200
0 paciente, caso preenchesse os critérios clinicos estabe-
lecidos, era incluido no protocolo de recrutamento.

Para este estudo foram selecionados trés ventiladores me-
canicos da mesma marca que tiveram os seus transdutores
de fluxo e presséao calibrados e aferidos, utilizando-se para
isso um analisador de calibracdo (Respical-Timeter, mod.
T300, Allied Healthcare, EUA) com certificagé@o internacional
e nacional (Inmetro). Esse procedimento foi realizado por
um técnico em eletrdnica com especializagdo no equipa-
mento. O intuito dessa calibragdo foi garantir a acuracia do
volume exalado e das pressdes utilizadas para pressurizar
as vias aéreas. Cuidados foram tomados quanto a presen-
ca de quaisquer vazamentos que pudessem prejudicar a
leitura do volume exalado e da manutencdo da pressdo nas
vias aéreas.

A MRA neste trabalho foi semelhante, porém com pequenas
modificagcdes ao método preconizado na literatura 2. Apds

verificagdo de que o paciente ainda permanecia sob efeito
anestésico, foi realizado a MRA, que consistia em trés
insuflagdes sustentadas com pressao nas vias aéreas, de
20, 30 ou 40 cmH,O com duragé@o de 30 segundos cada
insuflacdo (Figura 1). Para essa manobra, o ventilador foi
ajustado na modalidade pressao positiva continua nas vias
aereas (CPAP) acionando-se o comando PEEP, com FiO, a
0,6. A insuflacdo das vias aéreas foi realizada de maneira
continua, a partir de 5 cmH,O de PEEP, até atingir-se o va-
lor de 20, 30 ou 40 cmH,0O. Nos intervalos de cada manobra
de 30 segundos, o ventilador era convertido para a modali-
dade inicial com pressé&o controlada com PEEP de 5 cmH,0,
FiO,de 0,6, f de 12 rpm, durante cinco ciclos. O valor da pres-
séo de insuflagdo nas vias aéreas (PVA) de 20, 30 ou 40
¢mH,O era selecionado de acordo com a PaO,/FiO,. A PVA de
20 cmH,0 foi aplicada quando PaO,/FiO, fosse menor que
200 e maior que 150, 30 cmH,O se PaO,/FiO, fosse menor
que 150 e 40 cmH,O se PaO,/FiO, fosse menor que 150,
mesmo apds a aplicagdo de MRA a 30 cmH,O. O volume
corrente exalado foi obtido diretamente do painel do ventila-
dor antes e imediatamente apdés as MRA na modalidade vo-
lume controlado. A saturacéo periférica de oxigénio foi obtida
por meio do oximetro de pulso (Oxyplenth, mod. DX2405 —
Dixtal, Sdo Paulo), antes e logo apds a MRA.

Restaurando-se a oxigenac¢ao apds a MRA, o desmame do
ventilador mecénico seguiu protocolo ja padronizado na UT],
a partir de ventilagdo com presséo controlada, com ventila-
¢ao mandatodria intermitente sincronizada (VMIS) associada

PEEP cmH,0

MRA 20 cm H,0

MRA 30 cm H,0
MRA 40 cm H,0

—_— | S —
30 segs 5 ciclos

Figura 1 — Diagrama Esquematico da Manobra de Recrutamento Alveolar.
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a presséo de suporte (VPS). Apés a MRA, a PEEP foi rea-
justada de modo aleatério entre 6 e 8 cmH,O. Durante todo
o procedimento de MRA os valores de pressao arterial e
freqliéncia cardiaca foram observados e, caso houvesse ins-
tabilidade hemodindmica, as manobras eram interrompidas.
Para o prosseguimento ou ndo do desmame ventilatério e
extubacgéo foram verificados a estabilidade hemodindmica
e a eletrolitica, a auséncia de disritmias cardiacas, o débito
urinario, a perda de sangue pelos drenos toracicos e a tem-
peratura corpoérea > 36°C.

Durante o desmame, os pacientes foram reavaliados a in-
tervalos de 5 a 15 minutos. Os critérios para reducéo da fre-
qgliéncia respiratdria do ventilador foram: estado de alerta e
presenca de respiragbes espontaneas, intercaladas com
as fornecidas pelo ventilador; a oximetria de pulso foi o cri-
tério para a redugédo gradativa de FiO,. A freqliéncia respira-
téria do ventilador mecéanico obedeceu sempre a mesma
sequliéncia para reducao: de 12 para 10 rpm, depois para
8 rpm, posteriormente para 5 rpm e finalizando em 2 rpm. Ao
mesmo tempo, era verificado o nivel de resposta do pacien-
te e o seu comando respiratdrio até atingir os parametros
ventilatérios determinados para a extubagéo. O desmame da
ventilacdo mecénica foi realizado de forma gradativa até a
obtencao dos seguintes pardmetros: modalidade presséo
controlada com ventilagdo mandatdria intermitente sincroni-
zada (VMIS) associada a ventilagdo com presséo suporte
(VPS); f: 2 rpm; FiO,: 0,4; PEEP: 5 cmH,O; VPS: 10 cmH,0;
VC exalado > 5mL.kg"; PPl < 25 e f/VC (indice de respira-
cao rapida e superficial Tobin) < 100. Com esses resultados
o paciente era extubado.

Todas as variaveis foram descritas com média e desvio-pa-
drao. Como as variaveis apresentavam distribuicdo normal
optou-se por teste paramétrico. As variaveis estudadas an-
tes e apds as manobras de recrutamento alveolar foram
analisadas pelo teste t de Student. O nivel de significancia
estatistico adotado foi de p < 0,05.

RESULTADOS

Dos 469 pacientes submetidos a intervengao cirdrgica car-
diaca, no periodo de fevereiro a abril de 2006, 40 (8,5%) pa-
cientes foram incluidos no protocolo e prospectivamente
avaliados. As caracteristicas demograficas e cirurgicas es-
t&o descritas nas tabelas | e Il. Na tabela Ill estédo descritos
o valor da PVA e o nimero de MRA aplicados, de acordo com
0 numero de casos. Vinte e nove necessitaram MRA de 20
cmH,O e dez de 30 cmH,0. Um dos pacientes programado
para MRA de 30 cmH,O apresentou instabilidade hemodi-
namica sendo realocado para o grupo PVA 20, totalizando
20. Nenhum paciente apresentou evidéncia de pneumotorax
antes e depois do estudo. Dos 40 casos estudados, dois
apresentaram presenca de bolhas de ar pelo dreno pleural
apd6s a MRA. Nenhum dos pacientes necessitou pressao de
40 cmH,0.
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Tabela | — Caracteristicas Demograficas e Clinicas

Caracteristicas n =40
Idade (anos)* 62 + 12
Peso (kg)* 72 + 12
Altura (cm)* 166 + 7
IMC (kg.m?)* 26 +4
Sexo (M/F) n 29/11

Tempo de CEC (min)* 94 + 30

IMC - indice de massa corpdrea; CEC — circulagdo extracorpdrea.
* Valores expressos em Média + DP.

Tabela Il — Tipos de Procedimento Cirurgico

Procedimento cirdrgico n = 40 (%)
Revascularizagao do miocardio 22 (55%)

Troca valvar 10 (25%)

RM + troca valvar 3 (7,5%)

RM + correcao de aneurisma de aorta 2 (5%)
Corregao de aneurisma de aorta 3 (7,5%)

RM = revascularizagdo do miocardio.

Tabela Ill — Numero de Manobra de Recrutamento Alveolar

Necessario para Extubagao

MRA N"MRA Ne pacientes (%)
20 cmH,0 1 10/30 (33,3%)
2 6/30 (20%)
3 7/30 (23,3%)
>3 7/30 (23,3%)
30 cmH,0 1 5/10 (50%)
2 2/10 (20%)
3 2/10 (20%)
>3 1/10 (10%)

Verificou-se aumento significativo nos valores de SpO,
(p = 0,004), volume corrente exalado (p = 0,038) e PaO,/FiO,
(p = 0,001) antes e ap6s a MRA, conforme tabela IV. A com-
paracéo entre MRA de 20 e 30 cmH,O em relagéo as varia-
veis de oxigenacao sangiinea e volume corrente exalado
esta demonstrada nas figuras 2, 3 e 4 e na tabela IV.

O tempo médio de intubacao dos pacientes com pressao de
recrutamento de 20 cm de H,O foi de 438 minutos ou 7,3
horas. Naqueles que necessitaram pressao de recrutamen-
to de 30 cm de H,O o tempo foi de 474 minutos ou 7,9 horas,
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PEEP 20 cmH,0 PEEP 30 cmH,0
-1 00 r * 100 r T*
95 - I I 95 - I T
90 90
L 85 & 85|
¥ 80 Q 80
(@)
& 751 @ 75 ¢
70 | 70
65 | 65 |
60 60
Antes Depois Antes Depois
Figura 2 — Saturagéo de Oxigénio com PEEP 20 cmH,0 e 30 cmH,0.
PEEP 20 cmH,0 PEEP 30 cmH,0
350 ) 350 | .
300 | [ 300 f T
QN 250 1 Qm 250 [ J
§“ 200 . %“ 200
100 - 100 +
50 - 50 F
0 0
Antes Depois Antes Depois
Figura 3 — Relagao PaO,/FiO, com PEEP 20 cmH,O e 30 cmH,0O.
PEEP 20 cmH,0 PEEP 30 cmH,0
700 1 7007 "
600 T 600 [ T
500 - T I 500 T I
2 4007 1 4001 1
300 ¢ = 300t
200 - 200
100 100+
0 0
Antes Depois Antes Depois
Figura 4 — Volume Corrente Expirado com PEEP 20 cmH,0O e 30 cmH,0.
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Tabela IV — Comparagéo entre Manobra de Recrutamento Alveolar de 20 e 30 cmH,0 em Relagéo as Variaveis de Oxigenagéo

e ao Volume Corrente Exalado

Parametros MRA Pré-MRA Pés-MRA p
Sp0, (%) 20 cmH,0 94 +2 95+ 2 < 0.001*
30 cmH,0 94 +2 96 + 2 < 0.001*
PaO,/FiO, 20 cmH,0 154 = 21 245+ 79 <0.001*
30 cmH,0 129 + 21 251 £ 77 < 0.001*
VC exalado (mL) 20 cmH,0 462 £ 77 501 + 92 < 0.001*
30 cmH,0 469 + 13 514 + 102 < 0.001*

MRA — manobra de recrutamento alveolar; VC — volume corrente.
* Significancia estatistica: p < 0,05.

nao havendo diferenca estatistica significativa (p > 0,05) en-
tre ambos os grupos.

Todos os pacientes apresentaram evolugéo clinica satisfa-
téria, tendo sido extubados e recebendo alta da UTI no pe-
riodo de 48 horas.

DISCUSSAO

Os resultados deste estudo mostraram que o uso aleatdrio
de PEEP no valor de 5 cmH,0O utilizado no protocolo de pds-
operatério imediato ndo € suficiente para reverter a hipo-
xemia. Os dados demonstraram melhora significativa da
oxigenagao apds a realizagdo da MRA nos grupos submeti-
dos a pressdo nas vias aéreas de 20 e 30 cmH,O. Alguns
estudos tém dado importancia significativa na oxigenagéao
arterial utilizando MRA em pacientes no pos-operatério de
intervengdes cirdrgicas cardiacas 5'3'4. A semelhanca dos
trabalhos citados, no presente estudo a MRA aumentou a
oxigenagéao arterial em pacientes hipoxémicos demonstra-
do por aumento da relagcdo PaO,/FiO, e saturagéo periférica
de oxigénio. Esse fato indica que a pressao de recrutamento
alveolar determinou a abertura de territérios broncoalveo-
lares colapsados, promovendo melhora na oxigenacgéo ar-
terial. Esse aumento na oxigenagao depois da MRA também
sugere um melhor acoplamento entre a ventilagcéo e a
perfusdo pulmonar. Ha alguma controvérsia quanto a mai-
or ou menor efetividade da MRA para corrigir a hipoxemia,
quando aplicada de forma isolada ou em conjunto com a
PEEP ou a PEEP de maneira isolada em procedimentos ci-
rdrgicos cardiacos e pulmonares %1516 Em investigacao
pregressa, também em pacientes no pés-operatério de in-
tervencao cirurgica cardiaca, demonstrou-se que a aplica-
¢éo progressiva da PEEP até 15 cm de H,O foi efetiva em
aumentar a oxigenagdo com minimos efeitos hemodina-
micos negativos 5. Embora nédo seja o escopo do presente
trabalho, aumentar a oxigenacéo e reabrir unidades alveo-
lares em atelectasias, com diferentes estratégias, tem sido o
grande paradigma em pacientes acometidos por SARA 1722,
Lachman foi um dos pioneiros em difundir o conceito e es-
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tratégia para abrir unidades alveolares colapsadas e man-
té-las abertas 7. Como foi comentado, toda essa estratégia
de aplicagdo da PEEP e MRA para desfazer areas de colap-
so alveolar apresentou enorme crescimento cientifico nos
ultimos anos, em sua quase totalidade com enfoque em
pacientes com SARA. Embora ainda nao haja consenso de
valores empregados na MRA e PEEP, muitos desses estu-
dos, embasados em métodos por imagem, mostraram a
importancia da MRA na melhoria da oxigenagao '#%. Mesmo
sendo a fisiopatologia da SARA diferente, a estratégia para
tratamento da hipoxemia nestes pacientes, que inclui MRA
822 bem como estudos especificos em cirurgia cardiaca uti-
lizando a mesma técnica ¢, referendaram e motivaram a
condugédo dessa presente investigacdo. Mesmo em numero
muito menor, quando comparados com os estudos condu-
zidos em pacientes com SARA, varias s@o as investigacoes
que discorrem sobre a fisiopatologia e o tratamento das
atelectasias durante o periodo intra-operatério. Segundo o
estudo classico de Rothen e col. °, verificou-se que a velo-
cidade de formacéo da atelectasia é trés vezes maior com
a FiO, a 1,0 do que a 0,3 durante a anestesia geral. Tusman
e col. ', em pacientes durante anestesia geral para cirurgia
toracica, demonstraram que MRA promoveu melhoria na tro-
ca gasosa e ventilagdo pulmonar, suficiente para aumentar
a oxigenagao e diminuir o espagco morto. Pacientes subme-
tidos a intervengéo cirurgica cardiaca sdo particularmente
propensos a desenvolver atelectasias, sendo a sua fisiopa-
tologia multifatorial *%. Os principais fatores que podem con-
tribuir para a formagéo de atelectasias nessa situagdo sao:
reacdo inflamatdria da circulag@o extracorpdrea 323, hipoter-
mia, esternotomia, manipulacdo das cavidades pleurais,
uso de bloqueadores neuromusculares e ventilagdo com
altas fragbes de oxigénio inspiradas durante o periodo intra-
operatério. O peso do coragdo também tem papel preponde-
rante na formacao de atelectasias, conforme demonstrado
em investigacdo conduzida por Malbouisson e col. 2.

Observou-se no presente estudo que a oxigenacao aumen-
tou de forma simultanea com elevagéao do volume corrente
exalado, demonstrando que o recrutamento de alvéolos
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colapsados contribuiu para a melhora da troca gasosa. Re-
sultados semelhantes foram descritos em pacientes de
pos-operatdrio de intervengéo cirurgica cardiaca com a téc-
nica de recrutamento alveolar na modalidade CPAP de pres-
s&@o de via aérea de 45 cmH,O associada a PEEP de 12
cmH,O ™. Claxton e col. ' estudaram populagéo e periodo
de acompanhamento semelhantes, porém com valores de
PEEP de 15 cmH,0O, permitindo pico de pressao inspiratoria
de 40 cmH,O. Houve melhora significativa da oxigenagéo
aferida pela relagédo PaO,/FiO, no grupo de recrutamento, 30
minutos € uma hora apés, quando comparados com 0s gru-
pos sem PEEP e com PEEP de 5 cmH,0.

Valta e col. ® e Michalopoulos e col. ™, estudando os efeitos
da PEEP na oxigenagéo de pacientes apds intervengéo ci-
rurgica cardiaca, demonstraram que valores inferiores a
10 cmH,0O n&o s&o efetivos para abrir unidades alveolares
colapsadas. O uso de diferentes niveis de PEEP (5, 10 e
15 ¢cmH,0) em pacientes no pés-operatorio imediato de pro-
cedimento cirdrgico cardiaco resultou em redugéo da resis-
téncia ao fluxo de ar e da complacéncia, refletindo melhora
da mecanica respiratéria, bem como do transporte de oxi-
génio °.

Como pode ser observado nas figuras 2 a 4, a técnica de
MRA empregada no atual estudo foi suficiente para melho-
rar a oxigenagdo. Apds a intervencéo, a oxigenacgao arterial
aumentou imediatamente mantendo-se adequada, permi-
tindo o desmame da ventilagdo mecéanica e extubacéo. Es-
ses resultados indicam que sé@o necessarias pressdes
mais elevadas para a abertura de unidades alveolares co-
lapsadas no pos-operatério, quando comparadas com os
valores convencionais de PEEP ao redor de 5 cmH,0O. Mes-
mo assim, os valores de MRA apds anestesia geral séo
controvertidos. Rothen e col. ° relataram que séo necessa-
rios 40 cmH,O por um periodo de 7 a 15 segundos para re-
crutar alvéolos colapsados de individuos higidos ap6s 20
minutos de anestesia geral. Tusman e col. registraram va-
lores semelhantes de pressao nas vias aéreas na melho-
ra da oxigenagado apds anestesia para cirurgia geral. Ha
poucos relatos da utilizagdo da MRA em procedimentos ci-
rurgicos cardiacos ™'2. Dyhr e col. ¢ definiram a MRA como
sendo a aplicagdo de quatro insuflagbes sustentadas com
presséo nas vias aéreas de 45 cmH,O por 10 segundos
cada, na modalidade CPAP do ventilador. O intervalo entre
as insuflagdes foi de 20 segundos, sendo os pacientes ven-
tilados na modalidade volume controlado com PEEP (0 ou
12 cmH,O). Esses autores verificaram que no pés-operato-
rio de intervengéo cirdrgica cardiaca a MRA combinada com
a manutencéo de PEEP resulta em aumento do volume pul-
monar exalado e melhora da oxigenagédo, apds recrutamen-
to. Quanto a hemodinémica, Villagra e col. 2!, em pacientes
com SARA, e Claxton e col. 2, em pacientes submetidos a
procedimento cirurgico cardiaco, nao verificaram alteragdes
importantes nos parametros circulatérios durante a aplica-
¢éo da MRA. Também no atual estudo nao foram observa-
das intercorréncias, somente dois pacientes apresentaram
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saida de bolhas de ar pelo dreno pleural que foram consi-
deradas como previamente acumuladas, fato que nao inter-
feriu na evolugéo do desmame da ventilagdo mecénica.
Em conclusdo, a MRA pode ser considerado um método ra-
pido e facil, sendo efetivo na correcao da hipoxemia e res-
tauracéo do volume corrente exalado, facilitando o desmame
da ventilacdo mecénica no pdés-operatdrio em cirurgia car-
diaca. Valores ideais de PVA e a padroniza¢éo da técnica de
recrutamento alveolar ainda persistem sem um consenso
na literatura especializada.

Alveolar Recruitment Maneuver to
Reverse Hypoxemia in the Immediate
Postoperative Period of Cardiac Surgery

José Otavio Costa Auler Junior, TSA, M.D.; Emilia Nozawa,
M.D.; Eliane Kobayashi Toma, M.D.; Karin Lika Degaki, M.D.;
Maria Ignéz Zanetti Feltrim, M.D.; Luiz Marcelo Sa
Malbouisson, TSA, M.D.

INTRODUCTION

Alveolar recruitment maneuver (ARM), isolated or associated
with positive end-expiratory pressure (PEEP), to correct
hypoxemia secondary to alveolar collapse remains con-
troversial .

Several factors contribute to the development of alveolar
collapse, or atelectasis, in the intraoperative period, a
common cause of postoperative hypoxemia in surgeries of
the upper abdomen and thoracic cavity. Among them we
should mention the cephalad dislocation of the diaphragm,
caused by anesthetics and neuromuscular blockers, and
compression of the lungs by mediastinal structures 2. In the
case of cardiac surgeries, the inactivity of the lungs during
extracorporeal circulation, surgical handling of the pleural
cavity, and inflammatory reactions caused by the extra-
corporeal circulation, also contribute to the formation of
atelectasis 34. The presence of collapsed regions in the lungs
has been associated with an increased risk of pulmonary
infections in the postoperative period, as well as hypoxemia
due to the increase in shunt *. The re-expansion of those
areas is necessary to improve oxygenation, reduce the risk
of pneumonia, making it possible to extubate the patient.
Positive end-expiratory pressure (PEEP) has been increa-
singly used to expand the alveoli %, by itself or associated with
alveolar recruitment maneuver (ARM) ¢.

Alveolar recruitment maneuver have been used routinely in
the acute respiratory distress syndrome (ARDS) with hypo-
xemia refractory to PEEP 7, although some studies have
demonstrated that, in the early stages of ARDS, oxygenation
is not sustained after ARM 2. On the other hand, even though
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its importance might have been emphasized, the use of ARM
during or at the end of general anesthesia has not been a
routine. In this situation, the aim of ARM would be to reverse
atelectasis and to increase the alveolar surface available for
gas exchange °. The current polemic is how and when to use
it, which values of intra-alveolar positive pressure are ne-
cessary to open collapsed areas, and how to measure its
efficacy. Since ARM causes large intra-alveolar pressuriza-
tion, it has inherent risks, such as alveolar rupture, leading
to pneumothorax, and hypotension, secondary to the reduction
of venous return during its use. Although ARM related issues
have been extensively studied, in situations such as hypo-
xemia and ARDS 0, its use is still a controversial issue in the
immediate postoperative period of cardiac surgeries ®'.
The objective of this study was to evaluate the efficacy of
ARM on reverting hypoxemia in patients in the immediate
postoperative period of cardiac surgeries, as well as to
propose a standardization of the method.

METHODS

After approval by the Institutional Ethics Committee, 40
(8.5%) patients, from a total of 469 patients undergoing
cardiac surgeries and admitted to the surgical ICU, 29 ma-
les and 11 females, from February to April 2006, participated
in this study. All patients included in this study presented
hypoxemia, characterized as a PaO,/FIO, below 200. During
this period, other patients with a PaO,/FIO, below 200 with
concurrent subcutaneous emphysema, bronchopleural
fistula, low cardiac output, and pulmonary hypertension, were
not included in the study.

All patients were classified as ASA |l or lll and received oral
midazolam, ranging from 5 to 10 mg, depending on age and
physical status, one hour before surgery. The anesthetic
technique was similar for all patients, standardized by the
institution. Depending on the preoperative ejection fraction
(EF), etomidate (EF below or equal to 0.5) or propofol was
used for induction, associated with appropriated doses of
fentanyl citrate or sufentanil citrate. The neuromuscular
blocker used was pacuronium or, in the presence of renal
failure, atracurium. Maintenance was accomplished with
isoflurane and additional doses of the opioid, as deemed
necessary by the attending physician.

Monitoring included a 5-lead ECG, invasive blood pressure,
central venous pressure, naso-pharyngeal temperature, and
pulse oximetry (Siemens monitor); when indicated, a
pulmonary artery catheter was used. Capnography, and
inspired and expired concentrations of oxygen and Isoflu-
rane, were obtained directly from the panel of the anesthesia
equipment (Cicero — Drager Luebeck — Germany).

In the operating room, respirator settings included volume-
controlled (tidal volume of 8 mL.kg™), inspired oxygen
concentration (FIO,) of 0.5 (air-oxygen mixture), and PEEP of
5 cmH,O (Cicero — Drager Luebek — Germany). Alveolar
recruitment maneuver were not done in the operating room.
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When necessary, FIO, was adjusted to increase blood oxyge-
nation, maintaining pulse oximetry equal or greater than 95%.
Cardiopulmonary bypass (CPB) and membrane oxygenator
system — adult (OXI Master Century — Braile Biomédica, Sao
José do Rio Preto) were used in every patient in this series.
Mild hypothermia, with a minimum of 32°C, and normovo-
lemic hemodilution with Ringer’s lactate were also used.
Packed red blood cells were, as a rule, transfused when the
hematocrit was below 28%. During CPB, the mechanical res-
pirator was turned off, and lungs remained depressurized. At
the end of CPB, mechanical respiration was re-started using
the same settings, without ARM.

Patients were admitted to the Intensive Care Unit (ICU) still
under anesthesia, maintaining volume-controlled settings
(Ventilador Veolar — Hamilton Rahzuns, Switzerland). Initially,
parameters included tidal volume of 8 mL.kg™", respiratory
rate (f) of 12 bpm, FIO, of 0.6, and PEEP of 5 cmH,0, to keep
peripheral oxygen saturation (SpO,) equal or greater than
95%. Fifteen minutes after adjusting ventilator settings, arte-
rial blood was collected for determination of arterial blood ga-
ses (Radiometer, model ABL 715, Copenhagen). If it
demonstrated the presence of hypoxemia (PaO,/FIO, < 200)
and if the patient fulfilled the criteria, the patient was included
in the protocol.

Three mechanical ventilators, of the same mark and model,
whose flow and pressure were calibrated with a calibrator
analyzer (Respical-Timeter, mod. T300, Allied Healthcare,
USA), with international and national (Inmetro) certifications,
were selected for this study; the procedure was done by an
electronics technician specialized on the equipment. Cali-
bration was done to assure the accuracy of the exhaled vo-
lume and pressures used to pressurize the airways. Special
care was taken to detect any leaks that might hinder the
determination of the exhaled volume and to maintain airways
pressure.

In this study, alveolar recruitment maneuver were similar to,
but with small modifications, the method described in the
literature 2. Alveolar recruitment maneuver were performed
after determining whether the patient was still anesthetized,;
it consisted of three sustained insufflations with 20, 30, or 40
cmH,O of pressure in the airways, lasting 30 seconds each
(Figure 1). For this maneuver, ventilator settings were adjus-
ted to continuous positive airways pressure (CPAP) activating
PEEP control, and FIO, of 0.6. Insufflation of the airways was
continuous, starting with a PEEP of 5 cmH,O and increasing
up to 20, 30, or 40. Between each 30-second maneuver,
ventilator settings returned to pressure controlled with PEEP
of 5 cmH,0, FIO, of 0.6, and f of 12 bpm during five cycles.
Pressure of airways insufflation of 20, 30, or 40 was selected
according to the PaO,/FIO,. Pressure of 20 cmH,O was
used when PaO,/FIO, was below 200 and greater than
150, 30 cmH,0O when it was below 150, and 40 cmH,O when
PaO,/FIO, remained below 150 after application of ARM with
30 cmH,0. Exhaled volume was obtained directly from the
panel of the ventilator before and immediately after ARM in
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Figure 1 — Schematic Diagram of Alveolar Recruitment Maneuver.

the volume-controlled setting. Peripheral oxygen saturation
was determined by pulse oximetry (Oxyplenth, mod. DX2405
— Dixtal, Sao Paulo), before and after ARM.

If oxygenation was restored after ARM, weaning off mecha-
nical ventilation followed the standard protocol of the ICU,
starting with pressure-controlled ventilation, and synchro-
nized intermittent mandatory ventilation (SIMV) associated
with pressure support (VPS). After ARM, PEEP was readjusted
randomly between 6 and 8 cmH,O. During ARM, blood
pressure and heart rate were observed and, if hemodynamic
instability was present, the maneuvers were discontinued. To
decide whether to continue or not weaning off mechanical
ventilation and extubate the patient, it was necessary the
presence of: hemodynamic and electrolyte stability, absence
of cardiac arrhythmias, urine output, bleeding through chest
tubes, and body temperature > 36°C.

During the process of weaning off mechanical ventilation,
patients were evaluated at 5- to 15-minute intervals. The
criteria to reduce respiratory frequency of the ventilator
included level of consciousness; presence of spontaneous
breathing intercalated with those provided by the ventilator;
and pulse oximetry guided the reduction of FIO,. Reduction
of the respiratory frequency of the mechanical ventilator
followed always the same sequence: from 12 to 10 bpm,
then to 8 bpm, 5 bpm, and finally 2 bpm. At the same time,
the level of response and respirations of the patient were
observed until s/he presented the parameters necessary for
extubation. Weaning off mechanical ventilation was gradual,
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until the following parameters were achieved: pressure-con-
trolled ventilation with synchronized intermittent mandatory
ventilation (SIMV) associated with pressure support (VPS); f:
2 bpm; FIO,: 0.4; PEEP: 5 cmH,0; VPS: 10 cmH,O; exhaled
TV > 5 mL.kg"; PPI < 25; and f/TV (Tobin index) < 100. The
patient was extubated when he achieved these parameters.
All parameters are expressed as mean and standard
deviation. Since parameters were within normal limits, we
decided to use the parametric test. Parameters evaluated
before and after alveolar recruitment maneuvers were ana-
lyzed by the Student t test. A p < 0.05 was considered sta-
tistically significant.

RESULTS

Forty (8.5%) of 469 patients undergoing cardiac surgery, from
February to April 2006, were included in the protocol. Tables
I and Il show the demographic and surgical data. Table Il
describes the values of airways pressure (AP) and the num-
ber of ARMs applied, according to the number of cases.
Twenty-nine patients needed ARM with 20 cmH,O, while 10
needed 30 cmH,O. One of the patients scheduled for ARM
with 30 cmH,O developed hemodynamic instability and was
re-classified to the AP 20 group, for a total of 20 patients.
Patients did not have any evidence of pneumothorax before
and after this study. Two out of the 40 patients in the study
presented air bubbles in the chest tube after ARM. The
pressure of 40 cmH,O was not necessary in this group.
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Table | — Demographic and Clinical Data

Characteristics n =40
Age (years)* 62 + 12
Weight (kg)* 72 +£12
Height ( cm)* 166 + 7
BMI (kg.m2)* 26 +4
Gender (M/F) n 29/ 11
Duration of CPB (min)* 94 + 30

BMI — body mass index; CPB — cardiopulmonary bypass.
* Values expressed as Mean + SD.

Table Il — Types of Surgeries

Surgical Procedures n =40 (%)
Myocardial Reperfusion 22 (55%)
Change of Valve 10 (25%)
MR + Change of Valve 3 (7.5%)
MR + Correction of Aneurysm of the Aorta 2 (5%)

Correction of Aneurysm of the Aorta 3 (7.5%)

MR — myocardial reperfusion.

Table Ill — Number of Alveolar Recruitment Maneuver
Necessary to Extubate Patients

ARM N° ARM Ne patients (%)
20 cmH,0 1 10 / 30 (33.3%)
2 6 / 30 (20%)
3 7/ 30 (23.3%)
>3 7 /30 (23.3%)
30 cmH,0 1 5 /10 (50%)
2 2/10 (20%)
3 2/10 (20%)
>3 1/10 (10%)

There was a significant increase in SpO, values (p = 0.004),
exhaled tidal volume (p = 0.038), and PaO,/FIO, (p = 0.001)
after ARM, which can be observed in table IV. Figures 2, 3,
and 4 and table IV show a comparison between ARM of 20
and 30 cmH,O regarding parameters of oxygenation and
exhaled tidal volume.

The mean duration of intubation in patients with ARM of
20 cmH,O was 438 minutes, or 7.3 hours. In patients who

Table IV — Comparison Between Alveolar Recruitment Maneuver with 20 and 30 cmH,O Regarding Oxygenation and Exhaled

Tidal Volume

Parameters ARM PRE-ARM POST-ARM p
SpO, (%) 20 cmH,0 94 £2 95+ 2 < 0.001*
30 cmH,0 94 +2 96 + 2 < 0.001*
PaO,/FiO, 20 cmH,0 154 + 21 245 + 79 < 0.001*
30 cmH,0 129 + 21 251 £ 77 < 0.001*
Exhaled VT (mL) 20 cmH,0 462 £ 77 501 + 92 < 0.001*
30 cmH,0 469 + 13 514 + 102 < 0.001*
ARM - alveolar recruitment maneuver; VT — tidal volume.
* Statistical significance: p < 0.05.
PEEP 20 cmH,0 PEEP 30 cmH,0
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Figure 2 — Oxygen Saturation with PEEP 20 cmH,0O and 30 cmH,0.
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Figure 3 — PaO,/FiO, with PEEP 20 cmH,O and 30 cmH,0.
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Figure 4 — Expired Tidal Volume with PEEP 20 cmH,0 and 30 cmH,0.

needed ARM of 30 cmH,O, it was 474 minutes, or 7.9 hours.
This difference was not statistically significant (p > 0.05).

All patients had a good clinical evolution, and were extu-
bated and discharged from the ICU within 48 hours.

DISCUSSION

The results of this study demonstrate that the random use
of PEEP of 5 cmH,O in the protocol of the immediate
postoperative period is not enough to reverse hypoxemia.
The data demonstrated a significant improvement in
oxygenation after ARM in groups exposed to airways
pressures of 20 and 30 cmH,O. Some studies on the use of
ARM in the postoperative period of cardiac surgeries con-
sider arterial oxygenation an important parameter '3, Simi-
lar to the studies mentioned, in this study ARM increased
arterial oxygenation in hypoxic patients, demonstrated by an
increase in PaO,/FIO, and peripheral saturation of oxygen.
This indicates that the pressure of alveolar recruitment
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resulted in the opening of collapsed broncho-alveolar areas,
improving arterial oxygenation. This increased in oxygenation
after ARM also suggests an improvement in the ratio bet-
ween ventilation and pulmonary perfusion. There are con-
troversies regarding the degree of effectiveness of ARM used
by itself, associated with PEEP, or PEEP alone to correct
hypoxemia after cardiac and pulmonary surgeries 51516, A
prior study, also with patients in the postoperative period of
cardiac surgery, demonstrated that the progressive use of
PEEP until 15 cmH,O increased oxygenation with minimal
negative hemodynamic effects 5. Although it was not the
scope of the present study, increasing oxygenation and
reopening of collapsed alveolar units, with different metho-
dologies, has been the greatest paradigm in patients with
ARDS 722, Lachman was one of the pioneers who disse-
minated the concept and strategy to open collapsed alveolar
units and to keep them opened 7. As mentioned, the strategy
of using PEEP and ARM to revert areas of alveolar collapse
has shown a huge scientific growth in the past few years,
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and almost exclusively in patients with ARDS. Although there
is still no consensus about the values of ARM and PEEP, many
of those studies, based on imaging techniques, showed the
importance of ARM in improving oxygenation '¢2°. Even though
the physiopathology of ARDS is different, the strategy to
treat hypoxemia in these patients, which includes ARM 1822,
as well as specific studies about cardiac surgery using the
same technique &, confirmed and motivated the conduction
of the present study. There are several studies with smaller
numbers of patients, when compared with those with ARDS
patients, on the physiopathology and treatment of atelec-
tasis in the intraoperative period. According to the classic
study of Rothen et al. °, the speed of atelectasis formation is
three times greater with FIO, of 1.0, than with 0.3, during ge-
neral anesthesia. Tusman et al. ' demonstrated that, during
general anesthesia for thoracic surgery, ARM promoted an
improvement in gas exchange and lung ventilation in such
a way, that it increased oxygenation and decreased dead
space. Patients undergoing cardiac surgeries are especially
prone to develop atelectasis, and its physiopathology is
multifactorial 3®°. The main factors that contribute to the
formation of atelectasis are: inflammatory reaction caused by
the extracorporeal circulation 323, hypothermia, sternotomy
handling of the pleural cavities, use of neuromuscular blo-
ckers, and ventilation with high fraction of inspired oxygen in
the intraoperative period. According to a study by Malbuisson
et al., the weight of the heart is also important in the genesis
of atelectasis 2.

In the present study, we observed that oxygenation increased
simultaneously with the increase in exhaled tidal volume,
demonstrating that the recruitment of collapsed alveoli con-
tributed for an improvement in gas exchange. Similar results
were reported in patients in the postoperative period of
cardiac surgery with the use of alveolar recruitment with CPAP
with 45 cmH,O of airways pressure associated with PEEP of
12 cm H,0O ™. Claxton et al. " studied a similar population
and period of follow-up, but with PEEP of 15 cmH, O, allowing
for a peak inspiratory pressure of 40 cmH,O. There was a
significant improvement in oxygenation, demonstrated by the
Pa,O/FIO,, in the group undergoing alveolar recruitment, 30
minutes and 1 hour after the maneuvers when compared to
the group without PEEP and with PEEP of 5 cmH,0.

Valta et al. ' and Michalopoulos et al. ', studying the effects
of PEEP on oxygenation after cardiac surgery, demonstrated
that values below 10 cmH,O are not effective in opening
collapsed alveolar units. The use of different levels of PEEP
(5, 10, and 15 cmH,0) in patients in the immediate postope-
rative period of cardiac surgery resulted in a reduction in the
resistance to the airflow and of complacency, reflected on the
improvement of respiratory mechanics, as well as oxygen
transportation 5.

As can be observed in figures 2 to 4, the technique of ARM
used in the present study improved oxygenation. After the
intervention, arterial oxygenation increased immediately after
ARM, and remained elevated, allowing weaning the patient
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off mechanical ventilation. These results indicate that more
elevated pressures are necessary to open collapsed alveolar
units in the postoperative period, when compared with con-
ventional values of PEEP, around 5 cmH,O. But the values of
ARM after general anesthesia are still controversial. Rothen
et al. ® reported that 40 cmH,O for 7 to 15 seconds are neces-
sary to recruit collapsed alveoli after 20 minutes of general
anesthesia in healthy individuals. Tusman et al. reported si-
milar values of pressure in the airways in the improvement
of oxygenation after anesthesia for general surgery. There
are very few reports on the use of ARM in cardiac surgery "2,
Dyhr et al. © defined ARM as the application of four sustained
insufflations with airways pressure of 45 cmH,0, for 10 se-
conds each, with the ventilator on CPAP. During the interval
between insufflations, of 20 seconds, patients were ven-
tilated on volume-controlled with PEEP (0 or 12 cmH,0). The
authors verified that, in the postoperative period of cardiac
surgery, ARM combined with maintenance of PEEP, resulted
in increased exhaled lung volume and improved oxygenation.
Regarding hemodynamics, Villagra et al. 2!, in patients with
ARDS, and Claxton et al. %, in patients undergoing cardiac
surgery, did not see important changes in circulatory
parameters during the application of ARM. In the present
study, we did not observe any intercurrence, except for the two
patients who presented air bubbles in the chest tube,
considered to have been accumulated prior to the use of
technique, which did not interfere in weaning off mechanical
ventilation.

In conclusion, ARM can be considered a method that is fast
and easy to use, being effective in the correction of hypoxe-
mia and restoration of the exhaled tidal volume and, thus,
facilitating weaning patients off mechanical ventilation after
cardiac surgery. There is still no consensus in the literature
on the ideal values of AP and the standardization of alveolar
recruitment maneuvers.
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RESUMEN

Auler Jr JOC, Nozawa E, Toma EK, Degaki KL, Feltrim MIZ, Mal-
bouisson LMS — Maniobra de Reclutamiento Alveolar en la Reversion
de la Hipoxemia en el Postoperatorio Inmediato en Cirugia Cardiaca.

JUSTIFICATIVA Y OBJETIVOS: Evaluar los efectos de la
maniobra de reclutamiento alveolar en la oxigenacion y volumen
corriente exhalado en pacientes con hipoxemia en el postoperatorio
inmediato de intervencion quirdrgica cardiaca.

METODO: Estudio prospectivo, consecutivo. Entre 469 interven-
ciones quirdrgicas cardiacas entre febrero a abril de 2006, fueron
incluidos en el protocolo 40 pacientes (8,5%), que en la primera
evaluacion en la admision de la unidad de terapia intensiva
quirdrgica presentaban relacion PaO,/FiO, < 200. En ese grupo de
pacientes se aplicd prospectivamente protocolo estandarizado de
maniobras de reclutamiento alveolar con presion en las vias aé-
reas de 20 cmH,0O en la vigencia de relacion PaO,/FiO, < 200,
30 cmH,O en la relacion PaO,/FiO, < 150, y 40 cmH,O cuando la
relacion PaO,/FiO, se mantuviese inferior a 150 después de la ma-
niobra de reclutamiento con presion n la vias aéreas de 30 cmH,O.
La presion aplicada por medio del ventilador mecanico fue en la
modalidad de presion positiva continua en las vias aéreas, por tres
veces, con una duracion promedio de 30 segundos cada una. Los
pardmetros de oxigenacion y volumen corriente exhalado fueron
comparados antes e inmediatamente después de las maniobras de
reclutamiento.

RESULTADOS: De los 40 pacientes estudiados, 30 respondieron
favorablemente a la maniobra de reclutamiento con presion de
20 cmH,0 y en 10 hubo necesidad de 30 cmH,O. Ninguna vez
fue necesario aplicar maniobra de reclutamiento con presion de
40 cmH,O. Después de la aplicacion de la maniobra de
reclutamiento hubo una mejoria significativa de la oxigenacion ca-
racterizada por aumento de la relacion PaO,/FiO, (p = 0,001),
saturacion periférica de oxigeno (p = 0,004); y del volumen corriente
exhalado (p = 0,038).

CONCLUSIONES: Las maniobras de reclutamiento alveolar fueron
efectivas en la correccion de la hipoxemia y aumento del volumen
corriente exhalado en pacientes bajo ventilacion mecanica en el
postoperatorio inmediato de intervencion quirdrgica cardiaca.
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