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RESUMO

Barbosa RAG, Carmona MJC - Avaliagao da Fungao Pulmonar
em Pacientes Submetidos a Cirurgia Cardiaca com Circulacao
Extracorporea

Justificativa e Objetivos - As complicagbes pulmonares
permanecem como um grande problema no pés-operatério de
cirurgia cardiaca com circulagdo extracorpérea (CEC). O
objetivo do presente estudo foi avaliar as alteragées da fungéo
pulmonar ocorridas em pacientes submetidos a cirurgia
cardiaca de revascularizagdo miocardica, comparando-os
aqueles submetidos a cirurgia cardiaca de troca valvar.
Método - Quinze pacientes submetidos a revascularizagdo
(Grupo RM) e 15 pacientes submetidos a troca valvar (Grupo
TV) foram avaliados através da relagdo entre a pressao arterial
de oxigénio e sua fragéo inspirada (PaO,/FiO,), do gradiente
alvéolo-arterial de oxigénio (GA-a0,), do shunt pulmonar, da
PEEP de melhor complacéncia e da complacéncia estatica,
avaliados no pré-operatoério, apds a indugdo da anestesia, 1, 3
e 6 horas de pés-operatorio e no 1°e 2° dias de pés-operatorio.
Os dados foram analisados através da analise de variancia
para medidas repetidas (p < 0,05).

Resultados - Os resultados mostraram valores de gradiente
alvéolo-arterial de oxigénio e shunt pulmonar
significativamente maiores para o grupo RM em relagdo ao
grupo TV. A relagdo PaO,/FiO; foi significativamente maior no
grupo TV. Os grupos néo diferiram quanto a complacéncia
estatica. No grupo RM, a PEEP de melhor complacéncia obtida
no pés-operatério foi significativamente maior que no grupo
TV.

Conclusées - No presente estudo observamos que 0s
pacientes submetidos a cirurgia cardiaca de revascularizagdo
miocardica apresentam alteragbées da funcdo pulmonar
diferentes daqueles submetidos a cirurgia cardiaca de troca
valvar
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SUMMARY

Barbosa RAG, Carmona MJC - Evaluation of Pulmonary Functi-
on in Patients Undergoing Cardiac Surgery with Cardiopulmo-
nary Bypass

Background and Objectives - Pulmonary complications are
still a major postoperative problem for cardiac surgeries with
cardiopulmonary bypass (CPB). This study aimed at evaluating
pulmonary function changes in patients undergoing myocardial
revascularization, as compared to those submitted to valve re-
placement.

Methods - Participated in this study patients undergoing myo-
cardial revascularization (MR Group, n=15) and valve replace-
ment (VR Group, n=15) who were evaluated by the ratio
between oxygen blood pressure and its inspired fraction
(PaOy/FiO,), oxygen alveolar-arterial gradient (GA-a0,), pul-
monary shunt, best compliance PEEP and static PEEP, evalu-
ated in the preoperative period, after anesthetic induction, 1, 3
and 6 postoperative hours and 1% and 2™ postoperative days.
Data were analyzed by analysis of variance for repeated mea-
sures (p < 0.05).

Results - Alveolar-arterial gradient and pulmonary shunt re-
sults were significantly higher for the MR group as compared to
the VR group. PaO,/FiO;ratio was significantly higherin the VR
group. There were no differences between groups in static com-
pliance. Postoperative best compliance PEEP was significantly
higher in the MR group as compared to the VR group.
Conclusions - Our study has shown that patients submitted to
myocardial revascularization presented pulmonary function
changes different from those submitted to valve replacement.

KEY WORDS: SURGERY, Cardiac: cardiopulmonary bypass

INTRODUGAO

s complicagdes pulmonares sdo causas importantes de

morbidade e mortalidade nos pacientes submetidos a
cirurgia cardiaca, com circulacéo extracorpérea (CEC). Um
grande numero de mediadores produzidos durante a CEC
podem causar diminuigdo da contratilidade ventricular, au-
mento da permeabilidade vascular e alteragao da resistén-
cia vascular em varios érgéos '. Na circulagao pulmonar ha
aumento da dgua extravascular com preenchimento alveo-
lar por células inflamatérias que levam a inativagao do sur-
factante pulmonar e colabamento de algumas areas, com
modificagdo na relagdo ventilagdo/perfusao pulmonar, di-
minuicao de sua complacéncia e aumento do trabalho respi-
ratério no periodo pos-operatorio 2.
O grau de alteracgao funcional pulmonar depende de varios
fatores, como a fungao pulmonar pré-operatoria, o tipo de
cirurgia, o tempo de circulagéo extracorporea, a intensida-
de da manipulacéo cirurgica, o numero de drenos pleurais
colocados e o tempo de cirurgia >. Uma assisténcia ventila-
téria adequada utilizada durante o periodo per-operatério
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pode minimizar as alteragdes da fungéo pulmonar, fazendo
com que haja uma diminui¢do nas complicacdes pds-ope-
ratérias.

O objetivo deste estudo foi avaliar as alteragbes da fungao
respiratéria ocorridas em pacientes submetidos a cirurgia
cardiaca de revascularizagdo miocardica, comparando-os
aqueles submetidos a cirurgia cardiaca de troca valvar, am-
bos com circulagao extracorporea.

METODO

O protocolodo estudofoiaprovado pela Comissao Cientifica
do Instituto do Coracéo e pela Comissao de Etica Médica do
Hospitaldas Clinicas da Faculdade de Medicina da Universi-
dade de Sdo Paulo. Foram estudados 30 pacientes com ida-
de inferior a 75 anos, com fragédo de ejegao de ventriculo es-
querdo superior a 40% divididos em dois grupos :

Grupo RevascularizagdoMiocardica (Grupo RM) (n=15): pa-
cientes submetidos a cirurgia de revascularizagdo miocardi-
ca com utilizagao de circulagao extracorpérea.

Grupo Cirurgiade Troca Valvar (Grupo TV) (n=15): pacientes
submetidos acirurgiade troca valvarcom utilizagcao de circu-
lagéo extracorporea.

O estudo foi iniciado na entrevista com os pacientes no dia
anterioracirurgia, quando se obteve a autorizagéo por escri-
to pararealizagao do mesmo. Nesta ocasido foi colhida uma
amostra de sangue para a analise da gasometria arterial. O
trabalhoestendeu-se até osegundodiade pds-operatorio.
Todos os pacientes foram submetidos a mesma técnica
anestésica. Amedicagéao pré-anestésica consistiu de mida-
zolam (0,1 a 0,2 mg.kg™") por via oral, 30 minutos antes da
operacgao, até adose maximade 15 mg. Apds a pré-oxigena-
¢éo, aindugado da anestesia foi realizada com fentanil (20 a
50 ug.kg™') e midazolam (0,3 a0,5mg.kg™"), seguido de rela-
xamento muscular com brometo de pancurénio (0,1 a 0,2
mg.kg‘1). Foiaplicadaventilacdo manual sob mascaraeintu-
bacgéo traqueal com tubo de didmetro adequado, instalan-
do-se a seguir ventilagao controlada mecénica com volume
corrente de 10 mI.kg'1, freqléncia respiratéria de 10 por mi-
nuto, relagéol:E=1:2e FiO,=0,6 (oxigénio e arcomprimido).
Apo6s aindugdo anestésica realizou-se pungéo venosa cen-
tral, com passagem de cateter até o atrio direito. Amanuten-
caodaanestesiafoirealizadacomdosesfracionadasde fen-
tanil, midazolam e brometo de pancurdnio. Utilizou-se tam-
bém concentragdes variaveis de isoflurano na manutencao
da anestesia. Todos os pacientes foram submetidos a circu-
lacdo extracorpdérea com oxigenador de membrana (Braile,
Brasil) comfluxo n&o pulsatil. Ao final do procedimento cirur-
gico, os pacientes foram transferidos sob ventilagado manual
aUnidade de Terapia Intensiva e instalada ventilagao meca-
nica posteriormente.

Apés indugéo anestésica, e nos momentos definidos pelo
estudo, foram colhidas amostras sangliineas arterial e veno-
sapararealizagcaode gasometrias e dosagemde hemoglobi-
na.Através das dosagensrealizadas foram obtidos os calcu-
los dos seguintes parédmetros:
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1. Relagao entre a presséao arterial de oxigénio e a fragao
inspirada de oxigénio: obtido diretamente pela relacéo
entre a PaO,/FiO,. Este atributo foi calculado no dia an-
terior a cirurgia, apds a indugédo da anestesia, 1 hora
apo6s o término da cirurgia, 3 horas apds o término da ci-
rurgia, 6 horas apdés o término da cirurgia, no 1° dia de
pos-operatorio e no 2° dia de pos-operatorio.

2. Gradiente alvéolo-arterial de oxigénio (GA-a0,): foi cal-
culado através da seguinte formula:

GA-a0, = PAO, - Pa0O,

Sendo PaO; = {(PB-PH,0)x FiO,}-PaCO,, PB = pres-
sao barométrica, PH,O = pressao de vapor de agua,
FiO, = fragao inspirada de oxigénio e PaCO, = presséao
arterial de CO,. Este atributo foi calculado no dia anterior
a cirurgia, apds a inducao da anestesia, 1 hora apos o
término da cirurgia, 3 horas apds o término da cirurgia, 6
horas ap6s o término da cirurgia, no 1° dia de pés-opera-
tério e no 2° dia de pds-operatério.

3. Shunt pulmonar: foi calculado através da seguinte for-
mula:

Shunt = (CcO, - Ca0,) / (CcO, - CvO,)

Sendo: CcO, = conteudo capilar de oxigénio, CaO, =
conteudo arterial de oxigénio e CvO; = conteudo venoso
de oxigénio. O conteudo capilar de oxigénio é calculado
pela seguinte formula:

CcO; = (Hb x 1,34) + (PAO, x 0,0031)

Sendo: Hb = hemoglobina e PAO, = pressao alveolar de
oxigénio (o calculo deste parametro ja foi mostrado an-
teriormente). Este atributo foi calculado apés a indugéao
da anestesia, 1 hora apds o término da cirurgia, 3 horas
apods o término da cirurgia, 6 horas apds o término da ci-
rurgia, no 1° dia de pés-operatério e no 2° dia de
pos-operatorio.

Acomplacéncia estaticafoiavaliada no periodo pés-opera-
torio e foi obtida através do calculo da variagéo do volume
pulmonar em relagdo a variagao da pressao pulmonar
(complacéncia = alteragéo de volume / alteracao de pres-
saopulmonar)obtidaem ZEEP (pressdozeroaofinaldaex-
piracao).

Para que fossem obtidas as medidas de complacéncia pul-
monar estatica, os pacientes foram mantidos sedados e cu-
rarizados através do uso de midazolam e brometo de pancu-
rénio, e ventilados com um volume corrente de 4 ml.kg™" em
ventilagado controlada a volume, com fluxo de onda quadra-
da, com freqUénciarespiratoria de 10 respiragdes por minu-
to. Este atributo foi avaliado ao término da cirurgia apds a ad-
missdona Unidade de Recuperagéo Cardiaca, 1 horaapoéso
término da cirurgia e 3 horas apds o término da cirurgia.
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A avaliacdo da PEEP de melhor complacéncia foi realizada
no periodo pos-operatorio. Foi avaliado o valor da presséao
positiva expiratoria final (PEEP) no qual foi obtida a melhor
complacéncia pulmonar nos pacientes dos dois grupos.
Paraquefosseobtidoovalorda PEEP de melhorcomplacén-
ciapulmonar, os pacientes foram mantidos sedados e curari-
zados através do uso de midazolam e brometo de pancurd-
nio, e ventilados com um volume corrente de 4 ml.kg'1 em
ventilagdo controlada a volume, com fluxo de onda quadra-
da, com freqiiéncia respiratéria de 10 respiragdes por minu-
to. APEEP foiaumentadade 2em2cmH,0,de0a 14, sendo
mantidos na respectiva PEEP durante 5 minutos e realizada
a medida da complacéncia estatica diretamente do ventila-
dor mecanico (variagédo de volume / variagdo de pressao).
FoianotadoovalordaPEEP noqual se obteve amelhorcom-
placéncia pulmonar. Este atributo foi avaliado ao término da
cirurgia, apos a admissao na Unidade de Recuperacao Car-
diaca, 1 horaapods o término da cirurgia e 3 horas apds o tér-
mino da cirurgia.

Os pacientes foram mantidos sob sedagao até o término do
estudo, entrando a seguirno protocolo habitualde desmame
daassisténciaventilatoriaaté aextubacédo. Aanalise estatis-
tica foi realizada através de analise de variancia para medi-
das repetidas, considerando-se significativo p<0,05*°.

RESULTADOS
Os dados demograficos dos dois grupos, o tempo de cirurgia

e o tempo de circulagéo extracorpérea encontram-se na ta-
bela I.

Tabela | - Dados Demograficos

Grupo RM Grupo TV p
(n=15) (n=15)
Idade (anos) * 62,80 £ 9,62 54,20 £ 14,24 0,063
Peso (kg) * 80,86 £ 12,32  63,40+12,50 0,0006
Altura (cm) * 166,00 + 8,63 165,00 + 8,37 0,84
IMC * 29,04 £ 3,14 23,29+3,72  <0,001

447,00 + 44,00 387,00+76,78 0,014
103,80 +26,00 103,60 £36,60 0,99

Tempo de cirurgia (min) *
Tempo de CEC (min) *

Os dados referentes as médias e desvios-padréo dos valo-
res de PaO,/FiO, dos dois grupos nos diferentes momentos
do estudo encontram-se na tabela Il e na figura 1.

500+
*
400+
300+
200+ -+ Grupo RM
& Grupo TV
100
A B C D E F G

Figura 1 - Relagdo PaO,/FiO,
A= pré-operatério; B=apods aindugéo; C = 12horado pds-ope-
ratorio (PO); D =3%horado PO;E =6%horado PO; F=1°diado
PO; G =2°diado PO; *=p < 0,05 (diferenca significativa entre
0s 2 grupos)

Os dados referentes as médias e desvios-padréo dos valo-
res de gradiente alvéolo-arterial de oxigénio dos dois grupos
de pacientes nos diferentes momentos do estudo encon-
tram-se na tabela Il e nas figuras 2 e 3.

Tabela lll - Gradiente Alvéolo-Arterial de Oxigénio(GA-a0y)

Sexo
Masculino
Feminino

"
4

12

* Valores expressos pela Média + DP

Tabela Il - Relagdo PaO,/FiO, (Média + DP)

PaOQ / F|02

Grupo RM

Grupo TV

Pré-operatdrio (A)
Apos indugéo (B)

363,20 + 34,75
235,20 £ 35,57

391,70 + 32,49
291,73 £ 75,65

12h PO (C) 227,30 £ 56,74 264,33 + 59,47
32h PO (D) 237,37 + 46,60 278,13 £ 76,73
6°h PO (E) 221,87 £ 29,10 281,67 49,54
1° PO (F) 313,20 £ 25,31 321,86 = 27,92
2°PO (G) 341,00 + 32,65 348,36 + 37,05

(Média + DP)
GA-a0, Grupo RM Grupo TV
Pré-operatério (FiO, = 0,21) (A) 24,07 £6,15 20,13 £ 6,62
Apds indugédo (FiO, = 1) (B) 372,73 +35,88 329,40 +61,85

12 h PO (FiO, = 1) (C)
32h PO (FiO, = 1) (D)
62 h PO (FiO, = 1) (E)

373,60 £ 58,27
372,33 £ 55,06
383,00 £ 29,33

329,40 £ 61,85
324,00 £ 79,08
324,07 + 49,07

1° PO (FiO, = 0,21) (F) 33,3+4,27 30,63 + 7,59
2° PO (FiO, = 0,21) (G) 25,43 + 5,76 25,8 + 9,69
40 -
35
30+
(=)
£ 251
IS
20 -
154 - Grupo RM
= Grupo TV
10 .
A F G
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Figura 2 - Gradiente Alvéolo-Arterial de Oxigénio (GA-a0,),

FiO, = 0,21

A = pré-operatério; F = 1° dia do PO; G = 2° dia do PO
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500+
450+ * *
* *
400
D
£
£ 3504
3004 I—I\.—T
250 -+ Grupo RM
-& Grupo TV
200 : : :
B C D E

Os dados referentes as médias e desvios-padréo dos valo-
res da avaliagdo do PEEP de melhor complacéncia dos dois
grupos de pacientes nos diferentes momentos do estudo en-
contram-se na tabela V e na figura 5.

Tabela V - PEEP de Melhor Complacéncia (Média + DP)

Figura 3 - Gradiente Alvéolo-Arterial de Oxigénio (GA-a0,),
FiO, =1
B = apds a indugéo; C = 12 hora do PO; D = 32 hora do PO;
E = 62 hora do PO
*p < 0,05 em todos os momentos

Os dados referentes as médias e desvios-padrao dos valo-

resde shuntdos dois grupos de pacientes nos diferentes mo-
mentos doestudoencontram-se natabelalVenafigura4.

Tabela IV - Shunt Pulmonar (Média + DP)

Grupo RM Grupo TV
Pré-operatdrio (A) - -
Ap6s indugdo (B) 23,95+ 3,43 21,07 £6,43
12h PO (C) 24,24 +4,13 22,03 £5,93
32h PO (D) 23,65 + 4,62 22,39 £ 4,97
62 h PO (E) 25,09 + 3,82 20,99 + 5,58
1° PO (F) 20,80 + 6,56 18,65 + 6,88
2° PO (G) 19,24 £ 5,07 17,24 £ 5,70
35 -
30 -
*
25 4
20
15
10
5 | -+ Grupo RM
-& Grupo TV
0 r r r r r
B C D E F G

Figura 4 - Shunt Pulmonar
B = apods a indugédo; C = 12 hora do pés-operatério (PO); D = 32
horado PO; E=62horadoPO;F=1°diado PO; G=2°diado PO
*p < 0,05 (diferenga significativa no 2° PO em relagao ao mo-
mento apods inducao nos 2 grupos); Efeito de tempo (apods in-
ducéo) x (2° dia do PO) nos dois grupos
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Grupo RM Grupo TV
Final da cirurgia (H) 6,93 +2,71 5,07 £2,12
12h PO (C) 7,47 £3,16 4,40 £ 2,03
32h PO (D) 6,40 + 1,88 5,20 + 2,37
12,001
*
10,001 *
8,00 1
Q
I
€ 6,00 1
(]
4,00 1
2,00 1 - Grupo RM
= Grupo TV
0,00 T T
H C D

Figura 5 - PEEP de Melhor Complacéncia
H = final da cirurgia; C = 12 hora do PO; D = 32 hora do PO
*p<0,05

Os dados referentes as médias e desvios-padréo dos valo-
res da complacéncia estatica dos dois grupos de pacientes
nos diferentes momentos do estudo encontram-se na tabela
VI e na figura 6.

Tabela VI - Complacéncia Estatica (Média + DP)

Grupo RM Grupo TV
Final da cirurgia (H) 48,47 £ 11,30 47,53 £ 14,28
12h PO (C) 51,40 + 12,83 51,40 + 14,52
32h PO (D) 51,20 + 12,51 51,20 + 14,35
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80 -
o
= 60 -
S
o
E
40 -
=+ Grupo RM
= Grupo TV
20 : .
H C D

Figura 6 - Complacéncia Estatica
H = final da cirurgia; C = 12 hora do (PO); D = 32 hora do PO

DISCUSSAO

As alteracdes dafungao pulmonarem pacientes submetidos
a cirurgia cardiaca com circulagdo extracorpdrea sao em
grande parte responsaveis pela morbidade desses pacien-
tes ®. As atelectasias sao as complicacdes mais freqiientes ’,
ocasionadas por diminuigdo da capacidade residual funcio-
nal®, pelas alteragdes damecanicada caixatoracicae dote-
cido pulmonar?, por aumento da resisténcia das vias aéreas
% pela dor pés-operatoria "' e por paralisia do nervo frénico
1214 dentre outros fatores.

A comparacéao dos dois grupos estudados em relagéo a ida-
de,aalturaeaotempode circulagaoextracorpéreando mos-
trou diferenca significativa. Todavia, quando analisamos os
grupos quanto ao peso e ao indice de massa corporea, ob-
servamos comportamento distinto. Os pacientes submeti-
dos arevascularizagdo miocardica apresentaram peso e in-
dice de massa corpdrea superiores ao grupo TV. Tal achado
relaciona-se aos fatores de risco para coronariopatia, espe-
cialmente obesidade '°, enquanto os pacientes submetidos
acirurgiade trocavalvar apresentavam mais freqientemen-
te diminuigdo de peso e mesmo caquexia devido a propria
doenca '®. A obesidade esta associada a diminuigdo da ca-
pacidaderesidual funcional comgeracaode areas de atelec-
tasia, alteragdes no gradiente alvéolo-arterial de oxigénio e
no shunt pulmonar '*>'’. Estas caracteristicas inerentes aos
dois grupos podem ter contribuido para as diferentes altera-
¢des encontradas na fungéo pulmonar no periodo pés-ope-
ratorio.

Emrelagdo aavaliagaodafungéo pulmonar, observou-se di-
minuicao da relagao entre a pressao arterial de oxigénioe a
fracao inspirada de oxigénio (PaO,/FiO;), desde o periodo
pré-operatorio até o 2° dia do pds-operatério, nos dois gru-
pos estudados. Adiminuigao ocorreu provavelmente por di-
minuigao da capacidade residual funcional %!, pelas micro-
atelectasias "% e pelas alteragdes nas propriedades elas-
ticas e nas caracteristicas fluxo-resistivas do sistema respi-
ratério com seus dois componentes, pulmao e parede toraci-
ca '9?*2° Estas alteracdes podem causar modificacdes na
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distribuicdo dos gases inspirados bem como nas trocas ga-
sosas, levando ao aparecimento de hipoxemia. Adicional-
mente, a circulagao extracorpdrea ocasiona resposta infla-
matoria sistémica que pode contribuir para a diminui¢ao da
Pa0,/FiO,%%?” Neste estudo, encontramos diferenca signi-
ficativanos valores de PaO,/FiO; nos dois grupos apds indu-
¢adodaanestesia, 1,3e6horasapodsacirurgia. No 1°PO e 2°
PO n&o ocorreram diferengas significativas entre os grupos,
observando-se que arelacdo PaO,/FiO, ndoretorna aos va-
lores encontrados no periodo pré-operatério, em concor-
dancia com os dados da literatura %.

Analisando-se o Gradiente Alvéolo-Arterial de Oxigénio
(GA-a0,), nos momentos apodsindugao, ThPO,3hPOe6h
PO, cuja fracao inspirada de oxigénio foi de 1, nota-se que o
grupo RMtem comportamento estatistico diferente do grupo
TV. O maioraumentono GA-aO,nogrupo RM pode serexpli-
cado pelo maior tempo cirurgico neste grupo, pelas condi-
¢des clinicas pré-operatérias dos pacientes e pela presenca
deobesidade emalguns pacientes deste grupo. Aobesidade
esta associada a uma diminuigao da capacidade residual
funcional, com maiores areas de atelectasias, alteragdes no
GA-a0,e do shuntpulmonar '*'". Através da analise dos re-
sultados visualiza-se que ambos os grupos tém um aumento
nos valores do shuntpulmonarlogo apés aindugao da anes-
tesia, mantém este aumento até 6 horas apds a cirurgia e di-
minuino 1°PO e 2° PO. Arecuperagao anestésica, permitin-
do que o paciente reassuma a ventilagao espontanea, tem
papel fundamental em promover a restauragdo da fungao
pulmonar. Embora a avaliagao do shunt pulmonar ndo tenha
sidorealizada no pré-operatério, devido anadorealizagao de
gasometriavenosa, podemosobservarque no2°PO os valo-
res do shunt pulmonar sdo menores se comparados aos va-
lores apds ainducéo da anestesia, com diferencga significati-
vaentreogrupoRMe TV. Provavelmente o emprego de ven-
tilagdo mecéanica com utilizagcdo da PEEP no periodo
pos-operatorio permitiu aredugao de atelectasias, aintensi-
dade do shunt e contribuiu para a melhora da fungéo pulmo-
nar 15,17.

Alguns autores demonstram shunt pulmonar mais acentua-
do em pacientes submetidos a cirurgia cardiaca de troca de
valvar, em relagédo aos pacientes submetidos a revasculari-
zagao miocardica 2 As diferengas nos resultados que ocor-
reramentreopresente estudoeode outros autores ?° podem
ser explicadas pelo fato de no presente estudo os pacientes
dogrupovalvarndo seremexclusivamente pacientes que re-
alizaram troca de valva mitral, mas também pacientes que
realizaramtroca de valva adrtica e trocade valva mitral asso-
ciada a troca de valva aértica. Além disso, no grupo RM ob-
servou-se maior numero de pacientes com obesidade no pe-
riodo pré-operatorio.

Apesar de os pacientes do grupo RM possuirem indice de
massa corporea e peso maiores, maior numero de drenos e
serem submetidos a dissecgao da artéria toracica interna,
nao foi observadadiferenga significativa entre este grupoeo
detrocavalvar,quantoacomplacénciaestatica. Todavia, no-
tamos que a complacéncia estatica nos dois grupos apre-
sentou valores menores no momento final da cirurgia em
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comparagdocom 1 hPO e 3hPO. Este aumento nacompla-
céncia durante a evolugéo pds-operatdria pode ser justifica-
do pelo término dos efeitos da circulagdo extracorpérea
(CEC) sobre a funcéo pulmonar ?®?’, pela atenuacéo dos
efeitos da anestesia geral sobre o sistema respiratério ao fi-
nal do procedimento '° e pelo recrutamento alveolar promo-
vido pela assisténcia ventilatéria e por este protocolo de es-
tudo, que utilizou PEEP crescentes para avaliagao da PEEP
de melhor complacéncia.

Em relagéo a PEEP de melhor complacéncia, vimos que o
comportamento de ambos os grupos foi diferente nos mo-
mentos final da cirurgiae 1 h PO com valores maiores no gru-
po RM emrelagdo ao grupo TV. Este valorde PEEP superior
no grupo RM pode estar relacionado a fatores como o maior
tempo cirurgico e o maior indice de massa corporea neste
grupo. Aobesidade leva a diminuigdo da capacidade residu-
al funcional com maiores areas de atelectasia e diminuigao
dacomplacénciapulmonar. Este fato justificaanecessidade
de maiores valores de PEEP para recrutamento adequado
das unidades alveolares """, Deve-se considerar, também,
que os pacientes do grupo RM tiveram relagdo PaO,/FiO,
menor e com maior gradiente alvéolo-arterial de oxigénio.
Considerando-se os objetivos deste estudo, podemos con-
cluir que os pacientes submetidos a cirurgia de revasculari-
zacgdo miocardica apresentam alteragdes dafungao respira-
toria diferentes daqueles submetidos a troca valvar e tais di-
ferengas devem ser consideradas quando da realizagado da
assisténcia ventilatoria no periodo pés-operatorio.

Evaluation of Pulmonary Function in Pa-
tients Undergoing Cardiac Surgery with
Cardiopulmonary Bypass

Ricardo Antonio GuimaraesBarbosa, TSA,M.D., MariaJosé
Carvalho Carmona, TSA, M.D.

INTRODUCTION

Pulmonary complications are major causes of morbidity and
mortality in patients submitted to cardiac surgery with
cardiopulmonarybypass (CPB). Alarge numberofmediators
produced during CPB may decrease ventricular contractility,
increase vascular patency and change vascular resistance
inseveralorgans ! Thereis anincrease in extravascularwa-
terinthe pulmonary circulation with alveolarfilling by inflam-
matory cells which lead to pulmonary surfactant inactivation
and collapse of some areas, with changes in the pulmonary
ventilation/perfusion ratio, decreased compliance and in-
creased postoperative respiratory work 2

Pulmonary function changes depend on several factors,
such as preoperative pulmonary function, type of surgery,
cardiopulmonary bypass duration, surgical manipulation in-
tensity, number of pleural drains and surgery duration . An
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adequate perioperative ventilatory support may minimize
pulmonary function changes with less postoperative compli-
cations.

This study aimed at evaluating pulmonary function changes
in patients submitted to myocardial revascularization, as
compared to those undergoing valve replacement, both with
cardiopulmonary bypass.

METHODS

The protocol was approved by the Scientific Committee,
Instituto do Coragéo and by the Ethical Committee, Hospital
das Clinicas, Faculdade de Medicina, Universidade de Sao
Paulo. Participatedin this study 30 patientsagedlessthan 75
years, with left ventricular ejection fraction above 40%, who
were distributed in two groups:

Myocardial Revascularization group (MR group) (n=15): pa-
tients submitted to myocardial revascularization with
cardiopulmonary bypass.

Valve Replacement group (VR group) (n = 15): patients sub-
mitted to valve replacement with cardiopulmonary bypass.
The study started by interviewing patients the day before sur-
gery, when their written consent was obtained. Ablood sam-
ple was collected at that time for arterial gases measure-
ment. The study continued until the 2" postoperative day.
All patients were submitted to the same anesthetic tech-
nique. Premedication consisted of oral midazolam (0.1t0 0.2
mg.kg™") 30 minutes before surgery, up toamaximum dose of
15 mg. After preoxygenation, anesthesia was induced with
fentanyl (20 to 50 pg.kg™') and midazolam (0.3 to 0.5
mg.kg™"), followed by muscle relaxation with pancuronium
(0.1t0 0.2 mg.kg™"). Patients were kept in manual ventilation
undermaskandwereintubatedwithatube ofadequate diam-
eter. Following, mechanically controlled ventilation was in-
stalled with a tidal volume of 10 mI.kg'1, respiratory rate of 10
per minute, |:E ratio = 1:2 and FiO, = 0.6 (oxygen and com-
pressed air). After induction, a central venous puncture was
performed and a catheterwasinsertedintherightatrium. An-
esthesia was maintained with fentanyl, midazolam and
pancuronium fractionated doses. Variable isoflurane con-
centrations were also used for anesthesia maintenance. All
patients were submitted to cardiopulmonary bypass with
membrane oxygenator (Braille, Brazil), with non-pulsatile
flow. At surgery completion patients were transferred to the
Intensive Care Unit under manual ventilation and mechani-
cal ventilation was installed later.

After anestheticinduction and in the moments defined by the
study, arterial and venous blood samples were collected for
blood gas and hemoglobin dosage. The following parame-
ters were calculated as from those dosages:

1. Oxygen blood pressure/oxygen inspired fraction ratio: di-
rectly obtained from the PaO,/FiO; ratio. This attribute
was calculated the day before surgery, after anesthetic
induction, 1 hour after surgery completion, 3 hours after
surgery completion, 6 hours after surgery completion, in
the 1% postoperative day and in the 2n postoperative
day.
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2. Oxygen alveolar-arterial gradient (GA-a05): calculated
by the following formula:

GA-a0; = PAO; - PACO,

Being PaO, = {(BP - PH,0) x FiO,} - PaCO,, BP = baro-
metric pressure, PH,O = water vapor pressure, FiO, =
oxygen inspired fraction and PaCO, = CO, blood pressu-
re.

This attribute was calculated the day before surgery, af-
ter anestheticinduction, 1 hour after surgery completion,
3 hours after surgery completion, 6 hours after surgery
completion, in the 15! and 2™ postoperative days.

3. Pulmonary shunt: calculated by the following formula:
Shunt = (CcO; -Ca0,) / (CcO; - CvO,)

Where CcO; = capillary oxygen content, CaO, = arterial
oxygen content, and CvO; = venous oxygen content.
Capillary oxygen content is calculated by the following
formula:

CcO, = (Hb x 1.34) + (PAO, x 0.0031)

Where Hb = hemoglobin and PAO, oxygen alveolar pres-
sure (the calculation of this parameter has already been
shown).

This attribute was calculated the day before surgery, af-
ter anestheticinduction, 1 hour after surgery completion,
3 hours after surgery completion, 6 hours after surgery
completion, in the 15! and 2™ postoperative days.

Staticcompliance was evaluatedinthe postoperative period.
Static compliance was obtained by calculating pulmonary
volume as a function of pulmonary pressure variation (com-
pliance = volume change / pulmonary pressure change) ob-
tained in ZEEP (zero end expiratory pressure).

For static compliance measurements, patients were main-
tained sedated and curarized with midazolam and
pancuronium and ventilated with a tidal volume of 4 ml.kg ™ in
volume-controlled ventilation with square wave flow and re-
spiratory rate of 10 breaths per minute. This attribute was
evaluated at surgery completion after admission to the Car-
diac Recovery Unit, 1 hour after surgery completion and 3
hours after surgery completion.

Best compliance PEEP was evaluated in the postoperative
period. Positive end expiratory pressure (PEEP) was evalu-
ated to obtain the best pulmonary compliance of patients of
both groups. To obtain best compliance PEEP, patients were
maintained sedated and curarized with midazolam and
pancuronium and ventilated with a tidal volume of 4 ml.kg ™ in
volume-controlled ventilation with square wave flow and re-
spiratory rate of 10 breaths per minute. PEEP was increased
in increments of 2 cmH,0, from zero to 14. Patients were
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maintained in their respective PEEP for 5 minutes and static
compliance was measured directly from the mechanical ven-
tilator (volume variation/pressure variation). PEEP value
with the best pulmonary compliance was recorded. This at-
tribute was evaluated at surgery completion after admission
tothe CardiacRecovery Unit, 1 houraftersurgery completion
and 3 hours after surgery completion.

Patients were maintained sedated until the end of the study
when they were placed in the normal protocol of weaning and
ventilatory support until extubation. Statistical analysis was
performed by the analysis of variance for repeated mea-
sures, considering significant p < 0.05 *°.

RESULTS

Demographics data, surgery duration and cardiopulmonary
bypass duration are shown in table I.

Table | - Demographics Data of MR and VR Group Patients

MR Group VR Group
(n=15) (n=15)

Age (years) * 62.80 + 9.62 54.20 £ 14.24  0.063
Weight (kg) * 80.86 + 12.32 63.40 £ 12.50  0.0006
Height (cm) * 166.00 + 8.63 165.00 + 8.37 0.84
BMI * 29.04 £ 3.14 23.29+£3.72  <0.001
Surgery duration (min) * 447.00 +44.00 387.00+76.78 0.014
CPB duration (min) * 103.80 +£26.00 103.60 £36.60  0.99
Gender

Male 1 12

Female 4 3

* Values expressed in Mean + SD

PaO,/FiO, means and standard deviations for both groupsin
differentmoments ofthe study are shownintable Il and figure

1.

Table Il - PaO,/FiO, Ratio (Mean + SD)

PaO, / FiO, MR Group VR Group
Preoperative (A) 363.20 + 34.75 391.70 £ 32.49
After induction (B) 235.20 + 35.57 291.73 £ 75.65

1h PO (C) 227.30 £ 56.74 264.33 £ 59.47
3hPO (D) 237.37 +46.60 278.13 +£76.73
6 h PO (E) 221.87 £29.10 281.67 +49.54
1 PO (F) 313.20 £ 25.31 321.86 £ 27.92
2" PO (G) 341.00 = 32.65 348.36 + 37.05
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500+
*
400 -
300
200 + MR Group
& VR Group
100 : : : : : :
A B C D E F G

Figure 1 - Pa0,/FiO, Ratio
A = preoperative, B = after induction, C = 1 hour after post(!)e-
Epatwe(PO% D= 3h|gLC|;after PO,E= 6 hour after PO, F =1

*p<0.05 (S|gn|f|cant difference between groups)

Table Il - Oxygen Alveolar-Arterial Gradient (GA-a0,)
(Mean + SD)

GA-a0, MR Group VR Group

24.07 £6.15
372.73 + 35.88
373.60 = 58.27

20.13 £6.62
329.40 £61.85
329.40 £61.85

Preoperative (FiO, = 0.21) (A)
After induction (FiO, = 1) (B)
1h PO (FiO,= 1) (C)

)

3h PO (Fi0,= 1) (D 372.33+55.06  324.00 79.08
6 h PO (Fi0, = 1) (E) 383.00 £29.33  324.07 +49.07
1% PO (|=|o2 =0.21) (F) 33.3+4.27 30.63 + 7.59
2" PO (FiO, = 0.21) (G) 25.43 576 25.8 + 9.69

500+
450 * *
* *
400+
D
E
£ 3504
300+ I—I\.—T
250+ -+ MR Group
& VR Group
200 : : :
B C D E

Figure 3 - Oxygen Alveolar-Arterial Gradient (GA-a0,;), FiO, =1
B = after induction, C = 1 hour after postoperative (PO); D =3
hour after PO, E = 6 hour after PO
*p <0.05in all moments

Shunt means and standard deviations for both groups in dif-

ferent moments of the study are shown in table IV and figure
4.

Table IV - Pulmonary Shunt (Mean + SD)

Oxygen alveolar-arterial gradient means and standard devi-
ations for both groups in different moments of the study are
shown in table Ill and figures 2 and 3.

40 -

354

30 4

25

mmHg

20 {

-+ MR Group
-& VR Group

A ' F ' G

Figure 2 - Oxygen AIveoIar-ArterlaI Gradlent(GA a0,), Fi0,=0.21
A = preoperative, F = 15 day PO, G = 2™ day PO
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MR Group VR Group
Preoperative (A) - -
After induction (B) 23.95+343 21.07 £6.43
1hPO (C) 2424 +413 22.03 £5.93
3h PO (D) 23.65+4.62 22.39 +4.97
6 h PO (E) 25.09 +3.82 20.99 + 5.58
1% PO (F) 20.80 +6.56 18.65 + 6.88
2" PO (G) 19.24 £ 5.07 17.24 +5.70
35 -
30 -
*
25 -
20 -
15
10
5 4 <+ MR Group
& VR Group
0 T T T T T
B C D E F G

Figure 4 - Pulmonary Shunt
B = after induction, C = 1 hour after postoperatlve (PO); D 3
hour after PO, E = 6 hour after PO, F = 15'day PO, G = 2" day
PO
*p <0.05 (significant difference in the Z”dday PO as compared
to moment after induction in both groups)
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Best compliance PEEP means and standard deviations for
both groups in differentmoments of the study are shown in ta-
ble V and figure 5.

Table V - Best Compliance PEEP (Mean + SD)

MR Group VR Group
End of surgery (H) 6.93 £2.71 5.07£2.12
1h PO (C) 7.47 £3.16 4.40+2.03
3 h PO (D) 6.40 + 1.88 5.20 + 2.37
12.001
*
10.001 *
8.00 1
ON
I
£  6.00
)
4.00 1
2.00 7 -+ MR Group
- VR Group
0.00 g .
H C D

Figure 5 - Best Compliance PEEP
H = end of surgery, C = 1 hour after postoperative (PO); D =3
hour after PO
*p<0.05

Static compliance means and standard deviations for both
groupsindifferent moments of the study are shownintable VI
and figure 6.

Table VI - Static Compliance (Mean + SD)

MR Group VR Group
End of surgery (H) 48.47 £ 11.30 47.53 +14.28
1h PO (C) 51.40 £12.83 51.40 £ 14.52
3 h PO (D) 51.20 + 12.51 51.20 + 14.35
DISCUSSION

Pulmonary function changes in patients submitted to cardiac
surgery with cardiopulmonary bypass are largely responsi-
ble for morbidity in those patients ®. Atelectasis is the most
frequent complication ” and is caused by functional residual
capacity decrease 8 by mechanical chestand pulmonary tis-
sue changes °, by increased airway resistance '°, by posto-
perative pain ' and by phrenic nerve palsy '>'*, among other
factors.
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€
40
&+ MR Group
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20 - -
H C D

Figure 6 - Static Compliance
H = end of surgery, C = 1 hour after postoperative (PO); D =3
hour after PO

The comparison of both groups as to age, height and cardio-
pulmonary bypass duration has shown no significant diffe-
rences. However, the comparison of weight and body mass
index had adifferentbehavior. Patients submitted to myocar-
dial revascularization had higher weight and body mass in-
dex as compared to the VR group. Such finding is related to
coronary artery disease risk factors, especially obesity '’
while patients submitted to valve replacement more often
presented lower weight and even cachexia due to the disea-
seitself '°. Obesity is associated to functional residual capa-
citydecrease with areas of atelectasis, changesinoxygenal-
veolar-arterial gradient and in pulmonary shunt '*'" These
changes, inherent for both groups, may have contributed for
different postoperative changes in pulmonary function.
There has been a decrease in oxygen arterial pressure/oxy-
geninspired fraction ratio (PaO,/FiO;) from the preoperative
period to the 2" postoperative day in both groups. This was
probably due to a decrease in functional residual capacity
1821 to microatelectasis "> and to changes in elastic pro-
perties and flow-resistive characteristics of the respiratory
system with its two components, lung and chest wall '92425,
These changes may cause modifications in inspired gases
distribution and in gaseous changes, leading to hypoxemia.
In addition, cardiopulmonary bypass leads to systemic in-
flammatory response which may contribute for the decrease
in Pa0,/FiO, ?*%". In our study, there has been a significant
difference in PaO,/FiO, for both groups after anesthetic in-
duction, 1, 3 and 6 hours after surgery. There were no signifi-
cantdifferences between groupsinthe 15tand 2" postopera-
tive days and PaO,/FiO;has notreturned to preoperative va-
lues, as shown by the literature 2.

Analyzing oxygen alveolar-arterial gradient (GA-aO;) during
moments afterinduction, 1%, 3™ and 6" postoperative hours,
where oxygen inspired fraction was 1, it was observed that
the MR group was statistically different from VR group. The
steepest GA-aO; increase in group MR may be explained by
the longer surgery duration in this group, by preoperative cli-
nical conditions and by the obesity of some patients in this
group. Obesity is associated to a decrease in functional resi-
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dual capacity, with larger areas of atelectasis, changes in
GA-a0, and pulmonary shunt '*'". The analysis of results
shows thatboth groups hadincreased pulmonary shuntvalu-
es soon after induction, maintained this increase up to 6
hours aftersurgery and decreased theminthe 1°'and 2" pos-
toperative days. Anesthetic recovery allowing patients to re-
turn to spontaneous ventilation is paramount to pulmonary
function recovery. Although no preoperative shunt evaluati-
on due to the lack of venous gas analysis, it was possible to
observe that pulmonary shunt values were lower in the 2™
postoperative day as compared to post-anesthetic induction
values, with significant differences between MR and VR
groups. Itis possible that postoperative mechanical ventilati-
onwith PEEP has promoted less atelectasis and shuntinten-
sity, thus contributing to pulmonary function improvement
15,17

Some authors have shown more severe pulmonary shuntsin
patients submitted to valve replacementas compared to pati-
ents submitted to myocardial revascularization 2 Differen-
ces between our study and those of other authors 2 may be
explained by the factthatin our study, patientsinthe valvere-
placement group were not exclusively patients submitted to
mitral valve replacement, but also patients replacing aortic
valve and replacing the mitral valve with association to aortic
valve replacement. In addition, there has been alarger num-
ber of patients with preoperative obesity in the MR group.
Although higher body mass indices and weights in the MR
group, withalarge numberofdrains and to be submitted toin-
ternal thoracic artery dissection, there were no statistically
significant differences between this and the valve replace-
ment group as to static compliance. However, we have noti-
ced that static compliance for both groups was lower at sur-
gery completion as compared to the 1°'and 2n postoperative
days. Thisincrease in compliance during postoperative evo-
lution may be justified by the end of cardiopulmonary bypass
(CPB)effects overthe pulmonary function 6%, by the attenu-
ation of general anesthesia effects on the respiratory system
atthe end ofthe procedure ', by the alveolar recruitment pro-
moted by ventilatory assistance, and by this protocol which
has used incremental PEEP to evaluate best compliance
PEEP.

As to best compliance PEEP, both groups were different at
surgery completionand during the 1%' postoperative day, with
highervalues forthe MR group as compared tothe VR group.
Thishigher MR group PEEP may berelated tofactors such as
longer surgery duration and higher body mass index in this
group. Obesity leads to functional residual capacity decrea-
se with larger areas of atelectasis and decreased pulmonary
compliance. This justifies the need for higher PEEP values
foradequate alveolarrecruitment '*' . Italso has to be consi-
deredthatMR group patientshad alower PaO,/FiO;ratioand
a higher oxygen alveolar-arterial gradient.

Considering the objectives of this study, it is possible to con-
clude that patients submitted to myocardial revascularizati-
onpresentedrespiratory functionchangesdifferentfrom tho-
se submitted to valve replacement and that such differences
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should be considered during postoperative ventilatory assis-
tance.
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RESUMEN

Barbosa RAG, Carmona MJC - Evaluacion de la Funcién Pul-
monar en Pacientes Sometidos a Cirugia Cardiaca con Circula-
cién Extracorpérea

Justificativa y Objetivos - Las complicaciones pulmonares
permanecen como un grande problema en el pés-operatorio de
cirugia cardiaca con circulaciéon extracorpérea (CEC). El
objetivo de este actual estudio fue evaluar las alteraciones de
la funcion pulmonar ocurridas en pacientes sometidos a cirugia
cardiaca de revascularizacion miocardica, comparandolos a
aquellos sometidos a cirugia cardiaca de cambio valvar.
Método - Quince pacientes sometidos a revascularizacion
(Grupo RM) y 15 pacientes sometidos a cambio valvar (Grupo
TV) fueron evaluados a través de la relacién entre la presion ar-
terial de oxigeno y su fraccién inspirada (PaO./FiO,), del
gradiente alvéolo-arterial de oxigeno (GA-a0,), del shunt
pulmonar, de la PEEP de mejor Complacencia y de la
Complacencia Estatica, evaluados en el pré-operatorio,
después de la induccién de la anestesia, 1, 3 y 6 horas de
poés-operatorio y en el 1°y 2° dias de pés-operatorio. Los datos
fueron analizados a través del analisis de variancia para
medidas repetidas (p < 0,05).

Resultados - Los resultados mostraron valores de gradiente
alvéolo-arterial de oxigeno y shunt pulmonar
significativamente mayores para el grupo RM con relacién al
grupo TV. La relacion PaO,/FiO, fue significativamente mayor
en el grupo TV. Los grupos no difirieron en cuanto a la
complacencia estatica. En el grupo RM, la PEEP de mejor
complacencia obtenida en el pds-operatorio fue
significativamente mayor que en el grupo TV.

Conclusiones - En el presente estudio observamos que los
pacientes sometidos a cirugia cardiaca de revascularizacion
miocardica presentan alteraciones de la funcién pulmonar
diferentes de aquellos sometidos a cirugia cardiaca de cambio
valvar.
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