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RESUMO

Malbouisson LMS, Brito M, Carmona MJC, Auler Jr JOC — Impacto
Hemodinamico de Manobra de Recrutamento Alveolar em Pacientes
Evoluindo com Choque Cardiogénico no P6s-Operatério Imediato de
Revasculariza¢éo do Miocéardio.

JUSTIFICATIVA E OBJETIVOS: Manobras de recrutamento
alveolar (MRA) utilizando pressbes de 40 cmH,0O nas vias aéreas
sdo efetivas em reverter as atelectasias apos revascularizagdo ci-
rargica do miocardio (RM), contudo ndo existem estudos avalian-
do o impacto hemodindmico dessa manobra em pacientes que
evoluiram com choque cardiogénico. O objetivo foi testar a toleran-
cia hemodinamica a MRA em pacientes evoluindo com choque
cardiogénico apés RM.

METODO: Apés admissédo na UTI e estabilizagdo hemodindmica,
foram estudados dez pacientes hipoxémicos e em choque cardio-
génico apos RM. Os ajustes ventilatorios foram volume corrente de
8 mL.kg", PEEP 5 cmH,0O, FR de 12 ipm e FiO, de 0,6. Press&o
continua de 40 cmH,O foi aplicada nas vias aéreas por 40 segun-
dos em trés ciclos. Entre os ciclos, os pacientes foram ventilados
por 30 segundos e apds o ultimo ciclo a PEEP foi ajustada em 10
¢mH,0O. Foram obtidas medidas hemodindmicas apds 1, 10, 30 e
60 minutos da MRA e colhidas amostras sangliineas arteriais e
venosas para mensuracdo de lactato e gases sangliineos 10 e 60
minutos apds. Dados analisados por meio de ANOVA e teste de
Friedman. Valor de p fixado em 0,05.

RESULTADOS: A MRA aumentou a relagdo PaO /FiO, de 87 para
129,5 apds 10 minutos e 120 apds 60 minutos (p < 0,05) e reduziu
o shunt pulmonar de 30% para 20% (p < 0,05). N&o foram detecta-
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das alteragbes hemodindmicas ou no transporte de oxigénio ime-
diatamente ou em até 60 minutos apés a MRA.

CONCLUSOES: Em pacientes que evoluiram com choque cardio-
génico apés RM e hipoxemia, a MRA melhorou a oxigenagéo e foi
bem tolerada sob o ponto de vista hemodinamico.

Unitermos: CIRURGIA, Cardiaca: revascularizagdo do miocérdio;
COMPLICAGOES: atelectasia; colapso pulmonar; VENTILACAO: ma-
nobra de recrutamento alveolar, mecéanica, pressao positiva no final
da expiracéo.

SUMMARY

Malbouisson LMS, Brito M, Carmona MJC, Auler Jr JOC — Hemo-
dynamic Impact of Alveolar Recruitment Maneuver in Patients Evol-
ving with Cardiogenic Shock in the Immediate Postoperative Period
of Myocardial Revascularization.

BACKGROUND AND OBJECTIVES: Alveolar recruitment maneu-
ver (ARM) with pressures of 40 cmH,O in the airways is effective
in the reversal of atelectasis after myocardial revascularization
(MR), however, there is a lack of studies evaluating the hemody-
namic impact of this maneuver in patients who evolve with cardio-
genic shock after MR. The objective of this study was to test the
hemodynamic tolerance to ARM in patients who develop cardiogenic
shock after MR.

METHODS: Ten hypoxemic patients in cardiogenic shock after MR
were evaluated after admission to the ICU and hemodynamic stabi-
lization. Ventilatory adjustments included tidal volume of 8 mL.kg?,
PEEP 5 cmH,O, RR 12, and FiO, 0.6. Continuous pressure of 40
cmH,O was applied to the airways for 40 seconds in three cycles.
Between cycles, patients were ventilated for 30 seconds, and after
the last cycle, PEEP was set at 10 cmH,O. Hemodynamic mea-
surements were obtained 1, 10, 30, and 60 minutes after ARM, and
arterial and venous blood samples were drawn 10 and 60 minutes
after the maneuver to determine lactate levels and blood gases.
ANOVA and the Friedman test were used to analyze the data. A p
of 0.05 was considered significant.

RESULTS: Alveolar recruitment maneuver increased the ratio PaO,/
FiO, from 87 to 129.5 after 10 minutes and to 120 after 60 minutes
(p < 0.05) and reduced pulmonary shunting from 30% to 20% (p < 0.05).
Hemodynamic changes or changes in oxygen transport immediately
after or up to 60 minutes after the maneuver were not detected.

CONCLUSIONS: In patients who evolved to cardiogenic shock and
hypoxemia after MR, ARM improved oxygenation and was well tole-
rated hemodynamically.

Key Words: COMPLICATIONS: atelectasis; pulmonary collapse;
SURGERY, Cardiac: myocardial revascularization; VENTILATION:
alveolar recruitment maneuver, mechanical, positive end-expiratory
pressure.
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INTRODUCAO

O desenvolvimento de atelectasias é observado com fre-
gliéncia em pacientes submetidos a intervencdes cirlrgicas
cardiacas, sendo a causa mais importante de hipoxemia e
shunt ap6s circulagéo extracorpérea (CEC) *. A incidéncia de
atelectasias em pacientes submetidos a intervencgéo cirur-
gica cardiaca com CEC ¢é alta, variando entre 60% e 90% em
casuisticas relatadas 22. Avaliando tomografias computa-
dorizadas de térax em 18 pacientes submetidos a troca
valvar mitral ou revascularizacao do miocardio (RM) com
CEC no primeiro dia p6s-operatério, Tenling e col. observa-
ram densidades pulmonares dependentes bilaterais em
todos os pacientes com excegdo de um. As densidades pul-
monares correspondiam a uma fragcdo de aproximadamente
20% do parénquima pulmonar *.

Em pacientes que evoluiram com disfungéo ventricular gra-
ve e choque cardiogénico, a presenca de hipoxemia secun-
daria ao colapso pulmonar pode contribuir para aumentar a
resisténcia e pressdo da artéria pulmonar, piorando o de-
sempenho do ventriculo direito e perpetuando o estado de
baixo débito cardiaco. A associagéo de hipoperfuséo teci-
dual, determinada pelo baixo débito cardiaco e contetido ar-
terial de oxigénio reduzido, secundario a hipoxemia, pode
contribuir para o desenvolvimento de les6es organicas a
distancia. Por outro lado, a possibilidade de efeitos deleté-
rios sobre o sistema cardiovascular limita a eficacia do uso
de pressao positiva ao final da expiracio (PEEP) elevada por
periodos prolongados necessarios para a reversao das
atelectasias nessa populacdo de pacientes. Manobras de
recrutamento alveolar com pressdes de 40 cmH,O nas vias
aéreas por curtos periodos tém sido descritas como efetivas
em reverter virtualmente todo o colapso pulmonar observa-
do apds CEC 5. Contudo, a aplicacédo de pressfes elevadas
pode levar a colapso cardiovascular agudo. O objetivo des-
se estudo foi avaliar o impacto da aplicagdo de manobra
de recrutamento alveolar com pressées elevadas nas vias
aéreas sobre a oxigenacdo e o desempenho hemodina-
mico em pacientes evoluindo com disfungdo miocérdica gra-
ve no periodo pds-operatério imediato de revascularizacéo
do miocérdio.

METODO

Apos aprovacdo do Comité de Etica hospitalar e obtencéo
do consentimento livre e esclarecido assinado pelo familiar
responsavel, foram estudados dez pacientes que evolui-
ram com disfungdo miocardica e que necessitavam de su-
porte inotrépico e/ou circulatério mecanico no periodo
pés-operatério de revascularizagdo do miocardio eletiva com
circulacéo extracorpérea. Os critérios de inclusdo no estu-
do foram: a) infusdo continua de dobutamina em doses de
20 pg.kg.min? e/ou de milrinona 0,5 pg.kg.min?; b) satura-
¢do venosa mista < 75% apds otimizagdo hemodinamica; c)
auséncia de hipovolemia definida como presséo de oclusao
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da artéria pulmonar (POAP) < 15 mmHg; e d) hipoxemia
grave caracterizada por relagéo PaO,/FiO, inferior a 150 na
gasometria arterial colhida no momento da admissao do pa-
ciente na unidade de terapia intensiva. Foram excluidos do
estudo: pacientes com hipertensdo pulmonar grave, com
pressdo média na artéria pulmonar > 40 mmHg; pacientes
com suspeita de hipertenséo intracraniana ou com sindrome
de fuga aérea (pneumotérax e pneumomediastino a radio-
grafia de térax ou “borbulhamento” pelos drenos toracicos);
pacientes com doengas pulmonares necessitando de oxi-
génio suplementar no periodo pré-operatério.

Conforme o protocolo institucional, cada paciente recebeu
midazolam 0,1 a 0,2 mg.kg? por via oral como medicagéo
pré-anestésica 30 minutos antes da intervengéo cirargica.
Apo6s admissdo no centro cirdrgico, 0s pacientes foram moni-
torados com cardioscopio (derivagdes D, e V5) e oximetro
de pulso utilizando monitor multiparamétrico Siemens mo-
delo SC7000 (Siemens Medical, Berlim, Alemanha). Acesso
venoso com cateter de teflon de calibre 16G foi obtido em
cada paciente. A monitoragdo da pressédo arterial média foi
obtida por puncédo da artéria radial direita sob anestesia lo-
cal, utilizando-se cateter de teflon de calibre 20G. Apés a
inducdo anestésica, foi instalado cateter de artéria pulmo-
nar (CCO/SvO,/VIP™ TD catheter; Edwards Healthcare Co.,
Irvine, CA, EUA) por meio de puncdo da veia jugular interna
direita, devido a fragcdo de ejecéo reduzida dos pacientes,
conforme o protocolo do servico de Anestesiologia e Terapia
Intensiva. Em todos os pacientes, foi instalada circulacao
extracorpérea com fluxo ndo-pulsatil sob hipotermia mode-
rada utilizando oxigenador de membrana OXI Master Century
(Braile, Sdo José do Rio Preto, SP, Brasil), circuito preen-
chido com solucdo de Ringer com lactato e manitol 50 g.
Nos pacientes com dificuldade de saida de circulacédo extra-
corporea apés maximizagdo do suporte farmacologico, foi
instalado baldo intra-adrtico de contrapulsagdo. Ao final do
procedimento, os pacientes foram transportados para a uni-
dade de terapia intensiva.

Apés admissdo na unidade de terapia intensiva, estabiliza-
¢do hemodinamica e instalagdo do suporte ventilatério, era
colhida gasometria arterial e obtidas medidas hemodina-
micas iniciais. Os parametros iniciais utilizados na ventilacéo
mecanica eram frequéncia respiratoria de 12 ipm, volume
corrente de 8 mL.kg? na modalidade ventilagdo com presséo
controlada, tempo inspiratério de 30% do ciclo respiratério,
PEEP de 5 cmH,0 e FiO, de 0,6. O ajuste hemodinamico era
feito num primeiro momento por meio de adequagéo da
volemia visando a manter POAP superior a 18 mmHg e, se-
cundariamente, com otimizagdo de farmacos vasoativos e
do suporte circulatério mecanico com objetivo de manter o
indice cardiaco acima de 2,5 L.mint.m2 e PAM maior que 65
mmHg. Uma vez obtida estabilizacdo hemodinamica, eram
obtidas gasometrias arteriais e venosas, avaliagdo hemo-
dindmica completa e era realizada manobra de recrutamento
alveolar (MRA) que consistia na aplicagdo de pressédo con-
tinua nas vias aéreas (CPAP) de 40 cmH,O durante 40 se-
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gundos em trés ciclos. Nos intervalos entre cada ciclo era
instituida ventilagdo mecanica com os mesmos ajustes
prévios por 30 segundos, com o objetivo de remover o CO,
alveolar. Apés o ultimo ciclo, a PEEP era ajustada em 10
cmH,O. Apds a MRA, foi obtida radiografia de térax para
avaliagdo da presenca de pneumotdrax ou outras sindro-
mes de fuga aérea. Medidas hemodinamicas completas fo-
ram obtidas por meio da técnica-padréo de termodiluicdo
(inje¢cBes de solugdo glicosada 5% a temperatura ambien-
te em triplicata) 1, 10, 30 e 60 minutos apos a MRA. Gaso-
metrias arteriais e venosas foram colhidas nos momentos
10 e 60 minutos apds a MRA.

A distribuicdo normal dos dados hemodindmicos e gaso-
métricos colhidos foi testada com a utilizacao do teste de
Kolmogorov-Smirnov. Os dados foram analisados por meio
de Analise de Variancia de uma via para medidas repetidas
ou por meio do teste de Friedman, seguidos do teste de
multiplas comparagdes (Student-Neumann-Keuls ou Wilco-
xon), conforme a distribuicdo dos dados. O nivel de sig-
nificancia foi fixado em 0,05. Os dados estdo apresentados
como média + erro-padrdo, ou discriminados se apresen-
tados de forma diferente.

RESULTADOS

Apés admisséo e estabilizacdo hemodinamica inicial dos
pacientes na unidade de terapia intensiva por um periodo
médio de 2 horas, 10 pacientes que se mantinham com
hipoxemia grave foram estudados. A tabela | mostra os da-
dos hemodindmicos, de oxigenagdo e as necessidades de
suporte circulatério farmacoldgico e mecanico dos pacientes
imediatamente antes da realizacdo da manobra de recruta-
mento alveolar. Os pacientes apresentavam indice cardiaco
medio de 2,6 L.mint.m?, SvO, de 64% (valor normal: 75%),
extracdo de oxigénio de 34% (valor normal: 25%) e lactato
arterial de 31,6 mg.dL* (valor normal: até 14 mg.dL™?) carac-
terizando choque cardiogénico. Todos receberam infusdo de
dobutamina em doses de 20 pg.kg?.min?, sete recebiam
infuséo de milrinona em doses até 0,7 pg.kg*.min? e oito re-
cebiam infusdo de noradrenalina (0,1 + 0,03 pg.kgt.min?).
Cinco dos pacientes necessitaram de assisténcia circula-
téria mecanica com baldo intra-aértico de contrapulsagéo
devido a faléncia do uso isolado de suportes farmacologicos
inotropico e vasopressor. Como pode ser observado, apos
otimizacéo inicial, a saturacdo venosa mista média era de
64%, extracdo de oxigénio de 34% e lactato arterial de 31,6
mg.dL?. Nos pacientes selecionados para participar do es-
tudo, a relagdo PaO,/FiO, mediana, logo apds a estabiliza-
¢do hemodinamica, foi de 87 e a complacéncia estatica foi
de 36 + 2 mL.cm*H,O".

N&o foram detectados pneumotérax ou sinais de fuga aé-
rea em radiografia de térax obtida ap6s a manobra. Como
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Tabela | — Dados Antropométricos, Hemodinamicos e
Respiratérios apés a Inclusdo no Estudo
Peso (kg)* 73,2+ 39
Altura(cm)* 50,5 + 24,9
Idade (anos)* 73+6
Relagéo PaO,/FiO, 87,0 (69 — 122)
Shunt pulmonar* 30,2+4,4
Complacéncia estatica (mL.cmH,0™%)* 36+2
PAM (mmHg)* 70,6 + 3,1
POAP (mmHg)* 19,6 + 1,3
indice cardiaco (L.min.m2)* 26+02
RVS (dinas.seg.cm®)* 1625 + 132
ITVSE (gm*.m2.batimento)* 19,3+ 2,0
Extracao de oxigénio (%)* 34+3
Saturacdo venosa mista (%)* 64,1+ 22
Lactato arterial (mg.dL)* 316 +175
Dose de dobutamina (pg.kg™.min; n = 10) 20
Dose de milrinona (ug.kg*.min; n = 7)* 0,6 + 0,005
Dose de noradrenalina (pg.kg*.min; n = 8)* 0,1+ 0,03
Assisténcia circulatéria mecanica (n) 5

* Valores expressos em Média + Erro-Padréo.

PAM — presséao arterial média; POAP — presséo de oclusdo da
artéria pulmonar; RVS - resisténcia vascular sistémica; ITSVE —
indice de trabalho sistolico do ventriculo esquerdo.

pode ser observado no painel superior da figura 1, houve
significativo aumento dos valores medianos da relacdo
PaO,/FiO, para 129,5 ap6s 10 minutos da MRA, valores que
se mantiveram em 120 ap6s 1 hora, enquanto houve redu-
¢80 no shunt pulmonar de 30% para 20% apds 10 minutos
da MRA e que se manteve em 23% apds 60 minutos. Nao
foram observadas variagGes hemodinamicas significativas
imediatamente e até 60 minutos apos a realizacdo da MRA.
O indice cardiaco e a PAM mantiveram-se em niveis estaveis
em todos os momentos do estudo (painel inferior — Figura
1). Nao foram observadas altera¢des significativas na pres-
sdo de artéria pulmonar, pressao de oclusdo da artéria pul-
monar, pressao venosa central, freqiiéncia cardiaca e nos
indices de trabalho dos ventriculos esquerdo e direito (Figu-
ra 2), assim como nas resisténcias vascular pulmonar e
sistémica a manobra de recrutamento alveolar (painel infe-
rior — Figura 3). Nao houve alterages significativas, do ponto
de vista estatistico, nas variaveis de transporte de oxigénio
(painel superior — Figura 3).
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Figura 1 — O painel superior mostra o comportamento
do Shunt Pulmonar (diamantes abertos) e da
relagcdo PaO,/FiO, (barras cinzas) ao longo do
tempo ap6s manobra de recrutamento alveolar. O
painel inferior mostra o comportamento temporal da
pressao arterial média (PAM) (circulos fechados)
e do indice cardiaco (IC) (circulos abertos) ao longo
do tempo ap6s manobra de recrutamento alveolar.
Né&o foram observadas altera¢des significativas
nas variaveis hemodinamicas.

(*) relagéo PaO,/FiO, diferente dos valores basais.

(#) shunt pulmonar diferente dos valores basais.

Figura 2 — O painel superior mostra 0 comportamento
temporal da Pressao de Artéria Pulmonar (PAP)
(circulos semifechados), Pressdo Venosa Central
(PVC) (circulos abertos), Pressdo de Oclusdo da
Artéria Pulmonar (POAP) (circulos fechados) e da
Freqiiéncia Cardiaca (FC) (quadrados fechados) ao
longo do tempo apds manobra de recrutamento
alveolar. O painel inferior mostra o comportamento
temporal dos indices de trabalho sistélico de
ventriculo esquerdo (ITSVE) (circulos fechados) e
do ventriculo direito (ITSVD) (circulos abertos) ao
longo do tempo apds manobra de recrutamento
alveolar. Ndo foram observadas alteracdes
significativas nas variaveis hemodinamicas.

115



MALBOUISSON, BRITO, CARMONA E COL.

0,40 .
® EO, 50 75
~ Lactato
= SvO -
g T 2 T i 170 o
< 0,35 s
Q ~
= . 40 = 3
S % fes £
3 ’ 1 3 g
o 0,30 1 3B T °
o E 18
g g |00 g
g 30 S %
% 0,25 0
u 25 f55
+~ RVS
2000 ® RVP 320
= 300 % _ _ _
G 1800 G Figura 3 — O painel superior mostra o com-
15 ™ . 280 2 portamento temporal do Lactato Arterial
2] 17} . ~
@ 1600 | b (circulos abertos), Taxa de Extracao de
_E . 260 _g Oxigénio (circulos fechados) e Saturagdo
Z v . = Venosa Mista (quadrados abertos) ao
2 1400 240 % longo do tempo. O painel inferior mostra o
24 . 24 comportamento temporal da resisténcia
1200 220 vascular pulmonar (RVP) (circulos fe-
chados) e resisténcia vascular sistémica
1000 (RVS) (circulos aberto) ao longo do tempo.
basal 1 n.win 10 .min 30' min 60 min 200 Ndo foram observadas alteragbes
significativas nas variaveis estudadas.
DISCUSSAO bilidade hemodinamica, o uso de fracdo inspirada de oxigé-

Neste estudo, foi observado que em pacientes evoluindo
com choque cardiogénico no periodo pos-operatorio imedi-
ato de revascularizagdo do miocardio a aplicagdo de mano-
bra de recrutamento alveolar com pressdes nas vias aéreas
de 40 cmH,O promoveu melhora da oxigenacdo sem indu-
zir alterag@es significativas no desempenho hemodindmico
imediatamente ou em até 60 minutos apos.

O colapso alveolar, seguido de hipoxemia, € uma compli-
cagdo frequiente nos pacientes submetidos a intervengéo
cirtrgica cardiaca 8. As areas de atelectasia aparecem prin-
cipalmente nas regides pulmonares dependentes e cau-
dais, nos primeiros momentos apos a infusdo de farmacos
anestésicos e relaxamento da musculatura, podendo aco-
meter até 20% de todo o parénquima pulmonar, em até 5
minutos apos indugdo anestésica 7. Nos pacientes sub-
metidos a intervencao cirdrgica cardiaca com circulacédo ex-
tracorpdrea, o aumento do volume de agua extravascular
pulmonar e alteracdo na atividade normal do sistema
surfactante, secundarios a ativacdo das cascatas inflama-
toéria e da coagulagdo pelo contato do sangue com superfi-
cies ndo-endotelizadas, contribuem para o aumento do
peso do parénquima pulmonar e colapso adicional de uni-
dades alveolares, diminuindo ainda mais a eficiéncia das
trocas gasosas °. Em pacientes hipoxémicos com insta-
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nio elevada para compensar a intolerdncia hemodinamica
a PEEP também pode contribuir para a formacéo de atelec-
tasias **. Neste estudo, foi observado shunt pulmonar médio
de 30% apods a estabilizacdo hemodinamica dos pacientes
na unidade de terapia intensiva e relagcdo PaO,/FiO, media-
na de 87, configurando situacdo de lesdo pulmonar aguda
grave.

A aplicacdo de manobra de recrutamento alveolar resultou
em aumento significativo dos valores medianos da relacao
PaO,/FiO, em 48%, que se mantiveram por pelo menos 60
minutos e reducéo significativa e duradoura do shunt pulmo-
nar em 10%, refletindo abertura parcial de territérios pulmo-
nares colapsados. Estudos em animais de experimentacéo
e em seres humanos com fung¢des pulmonar e cardiovas-
cular normais submetidos a circulagdo extracorpérea sob
anestesia geral mostram que pressfes de 40 cmH,O sdo
efetivas em re-expandir virtualmente todas as zonas de co-
lapso pulmonar *'213, assim como PEEP de 10 cmH,0 em
prevenir o novo colapso pulmonar . Apesar de evidéncias
de melhora observada nas trocas gasosas apos a aplica-
¢do de MRA e implementacdo da PEEP em 10 cmH,O, pro-
vavelmente algumas regifes de parénquima pulmonar
persistiram colapsadas e incapazes de realizar trocas ga-
sosas adequadas, uma vez que a relagédo PaO,/FiO, man-
teve-se inferior a 200 e o shunt pulmonar estava em torno
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de 20%, sugerindo presenca de desacoplamento residual
entre ventilacéo e perfusdo. Nesse grupo de pacientes evo-
luindo com choque cardiogénico, edema alveolar %, altera-
¢do da vasorregulagédo pulmonar induzida pela CEC ¢ ou
uso de pressdes de vias aéreas aquém das pressdes ne-
cessarias para abrir e/ou manter abertos os territérios pul-
monares previamente colapsados podem explicar a
presenca de hipoxemia residual. Provavelmente, a repeti¢cdo
da manobra de recrutamento alveolar seguida de aplicacéo
de PEEP em valores mais elevados talvez promovesse me-
Ihoras suplementares da oxigenagéo.

Do ponto de vista mecanico, a pressao aplicada nas vias
aéreas para reverter o colapso pulmonar deve ser superior
as pressfes que determinam a formacédo de atelectasias.
Em outras palavras, a presséo alveolar tem de ser superior
ao somatorio das componentes responsaveis pelo aumen-
to da presséo pleural, nominalmente, a pressdo imposta
pelo peso do parénquima pulmonar edemaciado 7, a
compressao dos lobos inferiores induzida pelo peso do
coragdo ® e a compresséo das regides caudais determina-
da pelo peso das visceras abdominais *°. A aplica¢éo de
pressdes de 40 cmH,O nas vias aéreas, necessarias para
reverter as atelectasias, pode, contudo, levar a colapso he-
modinamico, sobretudo em pacientes evoluindo com dis-
funcdo miocardica grave apoés circulagéo extracorpoérea,
sendo evitadas na pratica clinica. Neste estudo, apesar de
0s pacientes estarem evoluindo em choque com sinais de
hipoperfusao tecidual, caracterizado por indice cardiaco
médio de 2,6 L.mint.m2 em vigéncia de suporte circulatério
farmacologico maximizado e mecéanico, SvO, de 64% (valor
normal: 75%), extragcdo de oxigénio de 34% (valor normal:
25%) e lactato arterial de 31,6 mg.dL? (valor normal: até 14
mg.dL?), a aplicacdo da MRA foi bem tolerada. Como pode
ser observado nas figuras, o comportamento hemodinamico
manteve-se estavel, imediatamente e até 60 minutos apos
a realizacdo da MRA, sem deterioragcdo dos indices de
contratilidade, aumento da resisténcia vascular pulmonar ou
piora na oferta tecidual de oxigénio.

Elevagbes importantes na pressao intratoracica promovem
reducdo no retorno venoso, redu¢do do volume de sangue
intratoracico e aumento da impedancia a eje¢do do ventri-
culo direito, independentes da compresséo direta do cora-
¢do na fossa cardiaca causada pela acentuada expanséo
pulmonar . As consequéncias instantédneas da aplicagdo
de manobra de recrutamento alveolar sao diminui¢cdes
abruptas dos volumes sangiiineos dos ventriculos direito e
esquerdo, aumento da resisténcia vascular pulmonar e redu-
¢ao secundéria do débito cardiaco por causa da reducgdo do
retorno venoso e do volume de sangue nas camaras cardi-
acas. A tolerancia hemodinamica a MRA observada nos pa-
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cientes em choque circulatério poderia ser explicada, em
parte, por reducéo da transmissdo das pressfes aplicadas
nas vias aéreas para o sistema cardiovascular, devido a
baixa da complacéncia do parénquima pulmonar. Teboul e
col. 2 demonstraram relagéo proporcional entre o impacto
causado pela elevagéo nas pressdes de vias aéreas sobre
as pressfes de enchimento cardiaco e a complacéncia es-
tatica do sistema respiratério. A complacéncia estatica mé-
dia do sistema respiratorio foi de 36 mL.cmH, O, valores
muito abaixo do esperado para pacientes com pulmdes
normais, que estéo acima de 100 mL.cmH,O*. Outro meca-
nismo que explica a tolerdncia hemodinamica a MRA é a oti-
mizacgao da volemia, reduzindo a interferéncia da manobra
no retorno venoso e, por conseqiiéncia, no débito cardiaco.
Michard e col. 22 observaram em pacientes, evoluindo em
choque séptico e insuficiéncia respiratoria, que a interferén-
cia ventilatéria sobre o desempenho hemodinamico era
maior em pacientes hipovolémicos, causando diminuigbes
ciclicas no débito cardiaco. Jellinek e col. 2 observaram
que PVC abaixo de 12 mmHg estava correlacionada com a
reducdo do débito cardiaco quando era realizada hiperin-
suflagdo pulmonar com pressdes de 30 cmH,O nas vias aé-
reas, enquanto os pacientes com PVC acima de 12 mmHg
apresentavam menor interferéncia no débito cardiaco.
Neste estudo, todos 0s pacientes tiveram suas pressdes de
enchimento ventricular otimizadas antes da realizacdo da
MRA, com POAP média de 19,6 mmHg em vigéncia de PEEP
de 5 cmH,0. Além disso, nos pacientes nos quais o indice
cardiaco ndo atingiu 2,5 L.mint.m?2 apenas com infusédo de
volume, a infusdo de farmacos vasoativos foi aumentada,
sendo atingidos os objetivos hemodinamicos em todos os
pacientes antes da realizacdo da MRA. Provavelmente, a
associagdo entre hemodinamica otimizada e reducgédo da
complacéncia estatica do sistema respiratério permitiu a
realizacdo da MRA sem conseqiiéncias hemodinamicas 4.
De acordo com os resultados deste estudo, a aplicagcdo da
manobra de recrutamento alveolar em pacientes evoluindo
com choque circulatério apos revascularizagdo do miocéardio
com CEC promoveu significativa melhora na oxigenagdo sem
causar prejuizos ao desempenho hemodinamico. Os bene-
ficios da MRA vé&o além da reversdo das atelectasias. Pro-
movendo melhor distribuicdo da ventilagdo para as areas
previamente colapsadas, pode-se reduzir a possibilidade de
volutrauma, reduzir a resisténcia vascular pulmonar associa-
da a hipdxia, melhorando o desempenho do ventriculo direito
e diminuindo a necessidade de ventilagdo mecéanica no pe-
riodo pos-operatdrio. Contudo, estudos sdo necessarios
para pesar os beneficios da MRA contra o risco de eventos
adversos, como pneumotoérax e lesdo pulmonar inflamaté-
ria associada a hiperinsuflagdo pulmonar sustentada.
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INTRODUCTION

The development of atelectasis is commonly seen in patients
undergoing cardiac surgery, representing the most important
cause of hypoxemia and shunt after cardiopulmonary bypass
(CPB) . The incidence of atelectasis in patients undergoing
cardiac surgery with CPB is high, varying from 60% to 90%
in the studies reported in the literature 23, Evaluating chest
CT scans of 18 patients on the first postoperative day of mitral
valve replacement or myocardial revascularization (MR) with
CPB, Tenlig et al. observed the presence of bilateral depen-
dent pulmonary densities in all but one patient. Those pul-
monary densities corresponded to approximately 20% of the
lung parenchyma “.

In patients who evolved with severe ventricular dysfunction
and cardiogenic shock, the presence of hypoxemia secon-
dary to pulmonary collapse can increase pulmonary artery
resistance and pressure, impairing right ventricular perfor-
mance and perpetuating the state of low cardiac output. The
association of tissue hypoperfusion secondary to a low car-
diac output, and the reduced arterial oxygen content se-
condary to hypoxemia can contribute to the development of
distant organic lesions. On the other hand, the possibility of
noxious effects on the cardiovascular system limits the
efficacy of elevated positive end-expiratory pressure (PEEP)
for the length of time necessary to reverse atelectasis in
this population of patients. Alveolar recruitment maneuver
with 40 cmH,O pressure in the airways for brief moments
has been described as effective to reverse virtually all
pulmonary collapse observed after CPB °. However, the use
of elevated pressures can cause acute cardiovascular collap-
se. The objective of this study was to evaluate the impact of
alveolar recruitment maneuver with elevated pressures on
oxygenation and hemodynamic performance in patients
developing severe myocardial dysfunction in the immediate
postoperative period of myocardial revascularization.

METHODS
After approval by the Ethics Committee of the hospital and

signing of the informed consent by the family member
responsible for the patient, 10 patients who developed
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myocardial dysfunction and required inotropic support and/
or mechanical circulatory support after elective myocardial
revascularization with cardiopulmonary bypass were eva-
luated. Inclusion criteria were as follows: a) continuous infu-
sion of 20 pg.kg.min? of dobutamine and/or 0.5 pg.kg.min
of milrinone; b) mixed venous saturation < 75% after hemo-
dynamic optimization; c) absence of hypovolemia, defined as
pulmonary capillary wedge pressure (PCWP) < 15 mmHg; and
e) severe hypoxemia, characterized by a PaO,/FiO, below
150 in the arterial blood at the time the patient was admitted
to the intensive care unit. Patients with severe pulmonary hy-
pertension with mean pulmonary artery pressure > 40 mmHg;
patients with suspected intracranial hypertension; patients
with air-leaking syndrome (pneumothorax and pneumome-
diastinum on chest X-ray or bubbles draining out of the chest
tubes); patients with pulmonary diseases requiring preope-
rative oxygen supplementation were excluded from the study.
According to the protocol of the institution, each patient was
pre-medicated with 0.1 to 0.2 mg.kg* of midazolam PO 30
minutes before the surgery. After arrival to the operating
room, patients were monitored with cardioscope (D, and V5
derivations) and pulse oximetry using a multiparametric
Siemens monitor model SC7000 (Siemens Medical, Berlin,
Germany). A 16G Teflon® catheter was used for the periphe-
ral venipuncture. The right radial artery was punctured under
local anesthesia with a 20G Teflon® catheter to monitor the
mean arterial pressure. After anesthetic induction, a pul-
monary artery catheter was introduced (CCO/SvO2/VIP™ TD
catheter; Edwards Healthcare Co., Irvine, CA, USA) in the right
jugular vein, due to the reduced ejection fraction of the pa-
tients, according to the protocol of the Anesthesiology and
Intensive Care Department. Non-pulsatile flow cardiopulmo-
nary bypass under moderate hypothermia, with an oxygenator
membrane OXI Master Century (Braile, Sdo José do Rio Pre-
to, SP, Brazil), was applied to all patients with the circuit filled
with Ringer’s lactate and 50g of mannitol. Intraaortic balloon
counterpulsation was used in patients difficult to wean off
cardiopulmonary bypass after maximizing the pharmaco-
logical support. At the end of the procedure, patients were
transferred to the intensive care unit.

After admission to the intensive care unit, hemodynamic sta-
bilization and ventilatory support, arterial blood gases and
initial hemodynamic parameters were obtained. Initial
ventilatory parameters included pressure-controlled mode,
respiratory rate of 12 bpm, tidal volume 8 mL.kg?, inspiratory
time 30% of the respiratory cycle, PEEP 5 cmH,0, and FiO,
0.6. Hemodynamic adjustment was done initially by optimi-
zing the blood volume aiming at maintaining PCWP above 18
mmHg and by the administration of vasoactive drugs and use
of mechanical circulatory support to keep the cardiac index
above 2.5 L.mint.m2 and MAP above 65 mmHg. When the
patient was hemodynamically stable, arterial and venous
blood gases were obtained, a complete hemodynamic eva-
luation was undertaken and the alveolar recruitment ma-
neuver (ARM) consisting of applying continuous 40-cmH,O
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pressure to the airways (CPAP) during 40 seconds for three
cycles was performed. During the interval between each cycle,
mechanical ventilation was resumed for 30 seconds with the
same initial parameters to remove alveolar CO2. After the last
cycle, PEEP was adjusted to 10 cmH,O. After ARM, a chest
X-ray was obtained to evaluate the presence of pneumo-
thorax or other air-leaking syndromes. Complete hemody-
namic measurements were obtained by the thermodilution
technique (3 injections of D5W at room temperature) 1, 10,
30, and 60 minutes after the ARM.

The Kolmogorov-Smirnov test was used to evaluate the nor-
mal distribution of the hemodynamic parameters and blood
gases. The one-way Analysis of Variance for repeated mea-
surements or the Friedman test, followed by the multiple
comparison test (Student-Neumann-Keuls or Wilcoxon test)
was used to analyze the data according to their distribution.
It was considered a level of significance of 0.05. Data are
presented as mean * standard error or discriminated if pre-
sented in a different form.

RESULTS

After admission to the intensive care unit and initial hemo-
dynamic stabilization for a mean period of two hours, 10
patients who remained severely hypoxemic were enrolled in
the study. Table | shows hemodynamic and oxygenation
parameters and the need of pharmacological and mecha-
nical circulatory support of patients immediately before the
alveolar recruitment maneuver. Patients had a mean cardiac
index of 2.6 L.min.m?, SvO, 64% (normal: 75%), oxygen ex-
traction 34% (normal: 25%), and arterial lactate 31.6 md.dL*
(normal: up to 14 mg.dL?), characterizing cardiogenic shock.
All patients received infusion of 20 ug.kgt.min? of dobuta-
mine, seven received infusion of up to 0.7 pg.kg*.min* of mil-
rinone, and eight received infusion of noradrenaline (0.1 +
0.03 pg.kgt.min?). Five patients required mechanical circu-
latory support with intraaortic balloon counterpulsation due
to failure of inotropic and vasopressor pharmacologic sup-
port. After the initial optimization, mean mixed venous
saturation was 64%, oxygen extraction 34%, and arterial
lactate 31.6mg.dL?. In patients selected for this study, mean
PaO,/FiO, immediately after hemodynamic stabilization
was 87 and static complacency 36 + 2 mL.cm™H,0™.

Pneumothorax or other signs of air leakage were not detec-
ted on the chest X-ray done after the maneuver. As can be
seen in the upper panel of Figure 1, there was a significant
increase in the mean values of PaO,/FiO, to 129.5 10 mi-
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Table | — Anthropometric, Hemodynamic, and Respiratory
Data After Enroliment in the Study.

Weight (kg)* 73.2+39
Height (cm)* 50.5 + 24.9
Age (years)* 73+6
Pa0,JFiO, 87.0 (69 - 122)
Pulmonary shunt* 30.2+44
Static compliance (mL.cmH,0™%)* 36+2
MAP (mmHg)* 706 +3.1
PCWP (mmHg)* 19.6 + 1.3
Cardiac index (L.min*t.m?)* 26+0,2
SVR (dinas.seg.cm®)* 1625 + 132
LVSWI (gm*.m2.beat)* 19.3+2.0
Oxygen extraction (%)* 34+3
Mixed venous saturation (%)* 64.1+2.2
Arterial lactate (mg.dL1)* 316 +175
Dose of dobutamine (ug.kg*.min; n = 10) 20
Dose of milrinone (ug.kg*.min; n = 7)* 0.6 + 0.005
Dose of noradrenaline (ug.kg*.min; n = 8)* 0.1+ 0.03
Mechanical circulatory support (n) 5

* Values expressed a Mean + Standard Error.

MAP — mean arterial pressure; PCWP — pulmonary capillary
wedge pressure; SVR — systemic vascular resistance; LVSWI —
left ventricular systolic work index.

nutes after ARM, which was maintained at 120 one hour
after the maneuver; and reduction in pulmonary shunting
from 30% to 20% ten minutes after ARM, which was maintai-
ned at 23% sixty minutes after the maneuver. Significant
hemodynamic changes immediately after and 60 minutes
after ARM were not observed. Cardiac index and MAP remai-
ned stable at all study moments (Figure 1 — lower panel).
Significant changes in pulmonary artery pressure, pulmonary
capillary wedge pressure, central venous pressure, heart
rate, and left and right ventricular work load indexes (Figure 2)
were not observed, and the same is true for systemic and pul-
monary vascular resistance (Figure 3 — lower panel). There
were no statistically significant changes on oxygen transpor-
tation (Figure 3 — upper panel).
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Figure 1 — The upper panel shows the behavior of the
Pulmonary Shunt (opened diamonds) and PaO,/FiO,
(gray bars) along the experiment after alveolar
recruiting maneuver. The lower panel shows the
temporal behavior of the mean arterial pressure
(MAP) (closed circles) and cardiac index (ClI)
(opened circles) along the experiment after
alveolar recruiting maneuver. Significant hemo-
dynamic changes were not observed.

(*) PaO,/FiO, differs from baseline values.

(#) pulmonary shunt is different from baseline values.

Figure 2 — The upper panel shows the temporal
behavior of the Pulmonary Artery Pressure (PAP)
(closed semi-circles), Central Venous Pressure
(CVP) (opened circles), Pulmonary Capillary Wedge
Pressure (PCWP) (closed circles), and Heart Rate
(HR) (closed squares) along the experiment after
alveolar recruiting maneuver. The lower panel
shows the temporal behavior of the left ventricular
systolic work index (LVSWI) (closed circles) and
right ventricular systolic work index (RVSWI)
(opened circles) along the study after alveolar
recruiting maneuver. Significant changes in
hemodynamic parameters were not observed.
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DISCUSSION development of atelectasis ™. In the present study, it was ob-

In this study, we observed that in patients who develop car-
diogenic shock in the immediate postoperative period of
myocardial revascularization, alveolar recruitment maneuver
with airways pressures of 40 cmH,O improved oxygenation
without significant changes in hemodynamic performance,
immediately or up to 60 minutes after the maneuver.

Alveolar collapse followed by hypoxemia is a common
complication in patients undergoing cardiac surgeries °.
Atelectasis develop especially in dependent and caudal pul-
monary regions during the first moments of anesthetic
infusion and muscular relaxation, affecting up to 20% of the
pulmonary parenchyma, up to 5 minutes after anesthetic
induction 47, In patients undergoing cardiac surgery with
cardiopulmonary bypass, the increase in pulmonary extra-
vascular water and changes in the normal activity of the sur-
factant system, secondary to the activation of inflammatory
and coagulation cascades by the contact between the blood
and non-endothelial surfaces, contribute to the increased
weight of the pulmonary parenchyma and additional alveolar
collapse, further decreasing the efficacy of gas exchange 8°.
In hypoxemic patients with hemodynamic instability, the use
of increased inspired fraction of oxygen to compensate the
hemodynamic intolerance to PEEP, can also contribute to the
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served a mean pulmonary shunt of 30% after hemodynamic
stabilization in the intensive care unit, and mean PaO,/FiO,
of 87, which configure severe acute pulmonary lesion.

Alveolar recruitment maneuver resulted in a significant
increase of mean PaO,/FiO, values of 48%, which were main-
tained for at least 60 minutes, and a significant and lasting
reduction in pulmonary shunting by 10% reflecting the partial
opening of collapsed lung areas. Experimental animal
studies and studies in humans with normal pulmonary and
cardiovascular functions undergoing cardiopulmonary by-
pass under general anesthesia demonstrated that pres-
sures of 40 cmH,O are effective in re-opening virtually all
areas of lung collapse 5213, as well as the efficacy of a PEEP
of 10 cmH,O in preventing new areas of pulmonary collap-
se 4. Despite the evidence of improved gas exchange after
ARM and implementation of PEEP of 10 cmH,0, it is most
likely that some areas of the pulmonary parenchyma re-
mained collapsed and were unable to provide adequate gas
exchange, since PaO,/FiO, remained below 200 and pulmo-
nary shunting remained around 20%, suggesting the pre-
sence of residual ventilation/perfusion imbalance. In this
group of patients who evolved with cardiogenic shock, alveo-
lar edema %, changes in pulmonary vascular regulation in-
duced by the CPB 6, or the use of elevated pressures in the
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airways below those necessary to open and/or maintain
opened previously collapsed pulmonary areas can explain
the presence of residual hypoxemia. It is possible that
repeating the alveolar recruiting maneuver followed by higher
PEEP would have lead to supplementary improvement in
oxygenation.

The pressure applied on the airways to reverse the pulmo-
nary collapse should be higher than the pressures that
caused the atelectasis. In other words, the alveolar pressure
has to be higher than the sum of the components responsible
for the increase in pleural pressure, namely the pressure
imposed by the weight of the edematous lung parenchy-
ma %17, compression of the lower lobes by the weight of the
heart 8, and compression of caudal regions by the weight of
the abdominal viscera °. However, the use of 40 cmH,O-
pressures on the airways, necessary to reverse atelectasis,
can cause hemodynamic collapse especially in patients who
develop severe myocardial dysfunction after cardiopulmona-
ry bypass and, therefore, it is avoided. In this study, although
patients were evolving with shock and had signs of tissue
hypoperfusion, characterized by a mean cardiac index of 2.6
L.mint.m? in the presence of maximal pharmacological and
mechanical circulatory support, SvO, 64% (normal: 75%), oxy-
gen extraction 34% (normal: 25%), and arterial lactate 31.6
mg.dL? (hormal: up to 14 mg.dL?), ARM was performed with-
out deterioration of contractility indexes, increase in pulmo-
nary vascular resistance or worsening tissue oxygenation.
Important elevations in intra-thoracic pressure cause a re-
duction in venous return and the volume of intra-thoracic
blood, and increase impedance to right ventricular ejection,
independent of the direct compression of the heart in the
cardiac groove caused by the increased pulmonary expan-
sion . Immediate consequences of the alveolar recruitment
maneuver include sudden reduction in right and left ven-
tricular blood volume, increase in pulmonary vascular re-
sistance, and reduction in cardiac output secondary to the
reduced venous return and blood volume in the cardiac
chambers. The hemodynamic tolerance to ARM observed in
patients in circulatory shock can be partly explained by a
reduction in the transmission of the airways pressure to the
cardiovascular system due to the low pulmonary compla-
cency. Teboul et al. 2 demonstrated a proportional relation-
ship between the impact caused by an elevation of airways
pressure on cardiac filling pressures and static complacency
of the respiratory system. The mean static complacency of the
respiratory system was 36 mL.cmH, O, much lower than
expected for patients with normal lungs whose pressures
are above 100 mL.H,O*. Another mechanism that explains
the hemodynamic tolerance to ARM is the optimization of
blood volume, which reduces the interference of the maneu-
ver on venous return and, consequently, on cardiac output.
Michard et al. ??> observed, in patients with septic shock and
respiratory failure that the ventilatory interference on hemo-
dynamic performance was greater in hypovolemic patients
causing cyclic reductions in cardiac output. Jellineck et al. #
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observed that a CVP below than 12 mmHg was associated
with a reduction in cardiac output with pulmonary hyperinsu-
flation with pressures of 30 cmH,O in the airways, while this
interference was less accentuated in patients with CVP
higher than 12 mmHg. In the present study, ventricular filling
pressures were optimized in all patients before ARM, with a
mean PCWP of 19.6 mmHg in face of a PEEP of 5 cmH,0.
Besides, in patients whose cardiac index did not reach 2.5
L.mint.m2 just with volume replacement, the infusion of
vasoactive drugs was increased and the hemodynamic
goals were achieved in all patients before ARM. It is possible
that the association of optimized hemodynamic parameters
and the reduction in the static complacency of the respira-
tory system allowed for ARM without hemodynamic conse-
quences %,

According to the results of the present study, alveolar re-
cruitment maneuver in patients with circulatory shock after
myocardial revascularization with CPB promoted a significant
improvement in oxygenation without jeopardizing the hemo-
dynamic performance. The benefits of the ARM go beyond
reversion of atelectasis. By promoting better distribution of
the ventilation to previously collapsed areas, it reduces the
possibility of volumetric trauma, reduces pulmonary vascular
resistance associated with hypoxia, improves right ventri-
cular performance and reduces the need for postoperative
mechanical ventilation. However, further studies are neces-
sary to compare the benefits of ARM to the risks of adverse
events, such as pneumothorax and inflammatory lung da-
mage associated with sustained pulmonary hyperinflation.
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RESUMEN

Malbouisson LMS, Brito M, Carmona MJC, Auler Jr JOC — Impacto
Hemodinamico de Maniobra de Reclutamiento Alveolar en Pacientes
Evolucionando con Choque Cardiogénico en el Postoperatorio
Inmediato de Revascularizaciéon del Miocardio.

JUSTIFICATIVA Y OBJETIVOS: Maniobras de reclutamiento al-
veolar (MRA) utilizando presiones de 40 cmH,O en las vias aéreas
son efectivas en revertir las atelectasias después de la revascula-
rizacion quirdrgica del miocardio (RM), sin embargo, no existen es-
tudios que evaliden el impacto hemodinamico de esta maniobra en
pacientes que evolucionaron con choque cardiogénico. El objeti-
vo fue probar la tolerancia hemodinamica a la MRA en pacientes
que evolucionan con choque cardiogénico después de la RM.

METODO: Después de la entrada en la UCI y de la estabilizacion
hemodinamica, se estudiaron 10 pacientes hipoxémicos y en cho-
que cardiogénico después de RM. Los ajustes de ventilacion fueron
volumen corriente de 8 mL.kg*, PEEP 5 cmH,O, FR de 12 ipm y
FiO, de 0,6. Presion continua de 40 cmH,O se aplic en las vias
aéreas por 40 segundos en tres ciclos. Entre los ciclos, los pacien-
tes fueron ventilados por 30 segundos y después del tltimo ciclo,
la PEEP fue ajustada en 10 cmH,O. Fueron obtenidas medidas
hemodinamicas después de 1, 10, 30 y 60 minutos de la MRA y re-
cogidas muestras de sangre arteriales y venosas para la medida
de lactato y de los gases sanguineos 10 y 60 minutos después.
Datos analizados a través de ANOVA y test de Friedman. Valor de
p fijado en 0,05.

RESULTADOS: La MRA aumentd la relacion PaO./FiO, de 87 para
129,5 después de 10 minutos y 120 después de 60 minutos (p <
0,05) y redujo el shunt pulmonar de 30% para 20% (p < 0,05). No
se detectaron alteraciones hemodinamicas o en el transporte de
oxigeno inmediatamente o en hasta 60 minutos después de la MRA.

CONCLUSIONES: En pacientes que evolucionaron con choque

cardiogénico después de RM e hipoxemia, la MRA mejord la oxige-
nacion y fue bien tolerada hemodinamicamente.
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