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RESUMO

Luz HLM, Auler Jr JOC - Temperatura e Alteragées no Equilibrio
Acido-Base de Pacientes Submetidos a Cirurgia Cardiaca com
Circulagao Extracorpoérea, sob Normotermia e Hipotermia

Justificativa e Objetivos - A circulagcao extracorporea (CEC)
associa-se a vérias mudancgas na fisiologia normal. As
multiplas causas destas alteragdes interagem e representam
um numero de rotas potenciais para a disfungdo orgénica
poés-operatoria. O objetivo deste trabalho é investigar as
alteragbes de seus parametros indicadores durante a
circulagdo extracorpérea em hipotermia e compara-las
aquelas ocorridas em normotermia.

Método - Foram selecionados 30 pacientes adultos, de ambos
0s sexos, com idades entre 41 e 78 anos, indicados para
revascularizag&o cirtrgica do miocardio, operados com auxilio
de CEC, sob normotermia ou hipotermia. Foram avaliados os
seguintes pardmetros: concentragcdo de hemoglobina e dos
gases sanglineos, pH, bicarbonato, excesso de bases, hiato
anibnico, ion lactato, pardmetros de oxigenagéo tecidual e os
indices de fluxo e de resisténcia vascular sistémica.
Resultados - Ndo houve diferenga estatisticamente
significativa entre os grupos normotermia e hipotermia, em
relagdo ao pH arterial, ao bicarbonato arterial, as
concentragbes plasmaticas dos ions sédio e cloreto, ao “anion
gap”, a pressdo parcial de gas carbdnico e ao contetdo arterial
de oxigénio. Houve efeito de tempo em todas essas variaveis
exceto para as varidveis excesso de bases e “anion gap”. O
excesso de bases e a concentragdo de potassio mostraram
valores inferiores no grupo hipotérmico. O lactato sérico
aumentou nos dois grupos do tempo antes para o apés a CEC
sendo que o grupo hipotermia apresentou valores mais
elevados.

Conclusées - Hipotermia leve parece ndo modificar
substancialmente o equilibrio acido-base, quando comparado
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a valores normais de temperatura, durante a CEC. Entretanto,
o ion lactato elevou-se significativamente nos pacientes
operados sob hipotermia, sugerindo que o transporte de
oxigénio para a periferia ndo foi adequado durante o periodo de
observagdo proposto. A diminuigdo da temperatura, embora
discreta, parece ndo ter conferido o grau de protec¢do celular
esperada ao fluxo sangtiineo da CEC.

UNITERMOS - CIRURGIA, Cardiaca: circulacgéo
extracorpérea; EQUILIBRIO ACIDO-BASE; HIPOTERMIA;
MONITORIZACAOQ: temperatura

SUMMARY

Luz HLM, Auler Jr JOC - Temperature and Acid-Base Balance in
Coronary Bypass Grafting with Cardiopulmonary Bypass, un-
der Hypothermia and Normothermia

Background and Objectives - Cardiopulmonary bypass
(CPB) is related to several changes in normal physiology. The
multiple causes of these changes interact and are a potential
risk for postoperative organic dysfunction. This study aimed at
investigating changes in acid-base and metabolic balance dur-
ing cardiopulmonary bypass with hypothermia and at compar-
ing them to those observed in patients submitted to
normothermal cardiopulmonary bypass.

Methods - Participated in this study 30 adult patients of both
genders, aged 41 to 78 years, scheduled for coronary bypass
grafting with CPB, under normothermia or hypothermia. The
following parameters were evaluated: hemoglobin and blood
gases concentration, pH, bicarbonate, base excess, anion gap,
lactate ion, tissue oxygenation parameters and flow and sys-
temic vascular resistance.

Results - There were no statistically significant differences in
arterial pH, arterial bicarbonate, Na* and CI” plasma concentra-
tions, anion gap, carbon dioxide partial pressure and arterial
oxygen content between Normothermia and Hypothermia
Groups. A time-effect was observed for all variables except for
base excess and anion gap. Base excess and K concentration
were lower in the hypothermia group. Serum lactate increased
in both groups when comparing time before CPB to after CPB,
with higher levels in the hypothermia group.

Conclusions - Mild hypothermia does not seem to substan-
tially change acid-base balance as compared to normal temper-
ature during CPB. Plasma lactate, however, has significantly
increased in patients under hypothermia, suggesting inade-
quate oxygen transport to periphery during the proposed obser-
vation period. Low temperature, although mild, does not seem
to offer the expected degree of cell protection to CPB blood
flow.

KEY WORDS - ACID-BASE BALANCE; HYPOTHERMIA;
MONITORING: temperature; SURGERY, Cardiac:
cardiopulmonary bypass
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INTRODUGAO

circulagdo extracorporea (CEC) associa-se a varias

mudancgas na fisiologia normal. As multiplas causas
destas alteragdes interagem e representam um numero de
rotas potenciais para a disfungédo organica pés-operatéria ',
Durante a hipotermia, as variacbes do pHtémgénese bioqui-
mica independente das variacées da PaCO, 2.
Jaem 1948 demonstrava-se elevagao do pH com a diminui-
¢ao da temperatura, independente de quaisquer alteragcdes
nas concentragdes de bicarbonato, hemoglobina ou protei-
nas do plasma .
Quando setratadetemperaturas anormais - sendo a hipoter-
mia o melhorexemplo -avariagdo do pH pode significar ape-
nas adaptacéo dafisiologia celular e sangulinea 40 comple-
xo imidazol-histidina, além de conferir neutralidade sanguii-
neacomligeiraalcalinidade sobre o pHda agua, mantémdu-
rante as variagdes da temperatura, uma faixa de oscilagéo
paralela e semelhante ada agua®. As vantagens fisiologicas
do controle tipo “alfa-stat”, para o homem, que é animal ho-
meotérmico, podemserdeduzidas de pesquisas experimen-
tais &7.
Acirculagao extracorporea é sistematicamente acompanha-
da poralgum grau de disfungé@o miocardica, mesmo quando
ahipotermian&o éempregada ®. Independente datempera-
tura atingida ou do protocolo de determinagao acido-base
usado (pH-statou pH alfa stat) durante a circulagéo extracor-
porea, aofinaldoreaquecimento, pHde 7,4 e PaCO, superior
a35mmHgséodesejaveis paradesconexao seguradabom-
ba. A presencga de acidose pode deprimir adicionalmente a
contragdo miocardica, diminuindo a agéo de inotrépicos e
aumentando a resisténcia vascular pulmonar.
Tendo em vista as modificagdes fisiolégicas da circulagao
extracorpérea nos pacientes em cirurgia cardiaca e as pos-
siveis modificagées no equilibrio acido-base e metabdlico, o
objetivodestetrabalho éinvestigarasalteragdes de seus pa-
rametrosindicadores durante acirculagaoextracorpéreaem
hipotermia e compara-las aquelas ocorridas nos pacientes
submetidos a circulagédo extracorpérea em normotermia.

METODO

Apés seraprovada pela Comiss&o de Etica, esta pesquisafoi
realizada prospectivamente em 30 pacientes submetidos a
cirurgia cardiaca com circulacéo extracorpérea no Instituto
do Coragao do Hospital das Clinicas da Faculdade de Medi-
cinadaUniversidade de Sao Paulo, noperiodode outubrode
1999 a junho de 2000.

Selecionou-se 30 pacientes adultos, de ambos os sexos,
comidadesentre41e78anos,indicados pararevasculariza-
¢ao cirurgica do miocardio. Foram excluidos desse estudo
pacientes portadores de diabetes mellitus, insuficiéncia re-
nal ou hepatopatias.

Os pacientes foram divididos em dois grupos de acordo com
a temperatura utilizada durante circulagdo extracorporea.
Grupo Normotermia (N), com pacientes submetidos a cir-
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culagéo extracorpérea em normotermia (t =37 °C) e Grupo
Hipotermia (H), submetidos a circulagéo extracorpérea em
hipotermia (tentre 32 e 33 °C).Atemperatura do paciente foi
monitorizada com sensor posicionado na nasofaringe, obti-
da no intraoperatério de forma continua. O estudo transcor-
reudurante o periodointraoperatério, com avaliagdo nos se-
guintes momentos:

M1 - Antes da circulagcédo extracorpérea;

M2 - Apd6s 15 minutos de circulagéo extracorporea;

M3 - Apds 30 minutos de circulagéo extracorporea;

M4 - Apo6s 60 minutos de circulagéo extracorpérea;

M5 - Ao final da circulagéo extracorporea (tempo padroni-
zado em 15 minutos apds a administragéo de protami-
na).

Foram colhidas amostras de sangue arterial e venoso dos
pacientes, para medida da concentragcao de hemoglobina
(Hb), dos gases sangliineos e equilibrio acido-base: medi-
¢ao das pressbes parciais do oxigénio no sangue arterial
(PaO;)evenoso (Pv0O,), das saturagdes do oxigénio arterial
(Sa0,)evenoso (Sv0,), das pressdes parciais de gas carb6-
nico arterial (PaCO;) e venoso (PvCO,); do pH arterial (pHa)
e venoso (pHv), do bicarbonato arterial (Bic art) e venoso
(Bic ven), e do excesso de bases arterial (BEa) e venoso
(BEvV).

Também foi calculado o hiato anidnico ou “anion gap” (VN =
10a12 mmoI.L’1) para se verificar as possiveis alteragdes
metabdlicas do pH. Como aférmula para o calculoé AG=Na"
- (CI'+ HCO3"), foram dosados no plasma o ion sédio (foto-
metriade chama, VN=133a145mmol.L™")e o cloreto (méto-
do calorimétrico, VN =98 a 119 mmoI.L'1).

O ion lactato foi determinado apenas no sangue arterial nos
momentos pré-CEC e p6s-CEC pelo método enzimatico ul-
travioleta.

Osparametros de oxigenagaoteciduale osindicesdefluxoe
de resisténcia vascular sistémica foram calculados para os
trés periodos de CEC a partirde formulas apropriadas paraa
obtencédo dos mesmos:

e conteudo de oxigénio
(Ca03, VN =17 a 20 ml/dl e CvO, VN =12 a 15 ml/dl),
CaO, = (Hb.Sa0,.1,34/100) + (Pa0,.0,0031);

e diferenca arteriovenosa de oxigénio (DavO,, VN =4 a5
mi/dl), DavO,=Ca0,-CvOy;

e extracdo de oxigénio (EO,, VN = 24 a 28%),
EO,=(Ca0,-Cv0,)/Ca0y;

e indice de transporte de oxigénio (iTO,, VN = 550 a 650
ml/min.m?), iTO,=(Ca0,.Fluxo)/(SupCorp.100);

e indice de consumo de oxigénio (iVO,, VN = 115 a 165
ml.min"".m?), iVO,=(DavO,.Fluxo)/(SupCorp.100);

e indice de fluxo, iFluxo=Fluxo/SupCorp;

e indice de resisténcia vascular
iRVS=(PAM.80.1000)/(Fluxo/SupCorp).

sistémica,

O tratamento estatistico dos dados consistiu na analise dos
perfis médios de cada grupo (normotermia e hipotermia)
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considerado ''. Avariavel-resposta adotada foi o desvio em
relacao a medida pré-CEC, ou seja, a resposta no tempo x
(minutos) é adiferencaentre oobservadono tempo xe ame-
dida pré-CEC.

Mediante essaanalise, as observagdes pés-CEC foramdes-
consideradas, uma vez que as mesmas ocorreram em tem-
posdistintos de paciente para paciente. O modelo estatistico
utilizado contemplou possiveis correlagdes entre observa-
¢oes realizadas num mesmo individuo; para tal, utilizou-se
uma estrutura de correlacéo néo estruturada °. Foram reali-
zadostestes paraalgumas hip6teses de interesse como, por
exemplo, a de igualdade de comportamento entre grupos
nos tempos estudados (teste de coincidéncia de perfis mé-
dios) '°. O nivel de significancia utilizado foi de 5%.

RESULTADOS

Natabelal,osgruposnormotermia(N),comtotalde 14 paci-
entes, e hipotermia (H), com 16, estdo expostos com os da-
dos referentes a idade, peso, altura e superficie corporea,
nao havendo diferencga estatistica entre os grupos.

Tabela | - Dados Demograficos (Média + DP)

Grupo N Grupo H
Idade (anos) 60,6 9,2 62,5+ 10,3
Peso (kg) 776 £6,8 75,9+ 14,8
Altura (m) 1,69 + 0,05 1,68 + 0,06
Superficie corporea (m?) 1,87+ 0,11 1,86 £ 0,21

N - Normotermia; H - Hipotermia

Os valores médios do tempo de circulagéo extracorpérea e
da temperatura minima durante circulagéo extracorporea
encontram-se na tabela Il. A duragao da CEC foi maior no
grupo H.

Tabela Il - Parametros da Circulagao Extracorporea (Média

+ DP)
Grupo N Grupo H
Duragéao da CEC (min) 87 +19 105+ 25
Temperatura minima durante a CEC (°C)  35,2+1,2 31,9+1,6

N - Normotermia; H - Hipotermia

Apresséo arterial média, o fluxo arterial e a resisténcia vas-
cular sistémica foram avaliados durante os trés tempos
pré-determinados (15, 30 e 60 minutos) de circulagéo extra-
corporeanos dois grupos estudados e os valores médios es-
tdonatabelalll. Apressédoarterialmédiae ofluxoarterial ser-
viram para o calculo de outras variaveis e nao foram analisa-
dos estatisticamente. Mesmo sem analise estatistica, os va-
lores obtidos de resisténcia vascular periférica nesse traba-
Iho mostraram-se mais elevados durante a CEC no grupo hi-
potermia.

Tabela Il - Parametros Fisioldgicos Durante a CEC
CEC-15min CEC-30min CEC -60 min
Pressao arterial média (mmHg)
61,2+13
61,2+9.3

56,6 +1,3
56,3 +9,3

59,997
60,0+9,7

Grupo N
Grupo H

indice de fluxo arterial na circulagéo extracorpérea (L.min™".m?)
2575,5+523 2708,2+471 2648,9 + 556
2497,8 £+ 350 2533,9+380 2414,6+332

Grupo N
Grupo H

indice de resisténcia vascular sistémica (dyn.seg.cm™)
2011,1+399 1868,8 £586 2134,8+719
2128,4 +378 1957,9 +454 2169,7 + 533

Grupo N
Grupo H

Os dados comparativos das pressoées parciais de O,,CO,, e
os parametros de oxigenacéo tecidual estdo apresentados
nas tabelas IV, V e VI.

Tabela IV - Parametros de Oxigenacao e Ventilagdo (Média + DP)

Pré-CEC CEC- 15 min CEC - 30 min CEC - 60 min P&s-CEC
Pressao parcial de O, no sangue arterial (mmHg)
Grupo N 207,9 £ 82,3 200,3+724 168,8 + 66,2 187,3 £ 60,4 129,3+43,8
Grupo H 200,0 £ 69,0 179,7 £ 78,9 175,7 £ 56,3 179,0 £ 64,5 143,3 £ 68,5
Pressao parcial de O, no sangue venoso (mmHg)
Grupo N 43,3+5,8 40,9+6,4 42,0+ 5,6 40,8 £5,3 46,4 £7,2
Grupo H 46,3+6,5 459+6,6 48174 43,8+8,6 51,1177
Pressao parcial de CO, no sangue arterial (mmHg)
Grupo N 31,5+£3,7 379+33 40,0 +4,7* 39,6 +5,1 36,0+ 3,8
Grupo H 35,7+6,0 39,9+5,6 41,6 +6,1* 38,8+6,0 38,1+3,1
Pressao parcial de CO, no sangue venoso (mmHg)
Grupo N 40,8 +3,4 41526 443 +3,6 449 +4,0 43,7 £2,7
Grupo H 42,4 +51 42,9+6,7 44777 435+5,8 42,5+4,2

* p < 0,05 para variagédo ao longo do tempo
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Tabela V - Parametros de Oxigenacgao Tecidual em todo o Periodo de Estudo (Média + DP)

Pré-CEC CEC - 15 min CEC - 30 min CEC - 60 min Po6s-CEC

Conteudo arterial de O, (ml/dl)
Grupo N 18,10 £ 1,53 13,14 + 2,61 12,92 +1,75 13,58 + 1,69* 15,83+ 1,25
Grupo H 19,43 £2,80 12,75+ 1,28 12,91 +1,08 13,48 £ 1,40* 14,24 + 1,39
Contetdo venoso de O, (ml/dl)
Grupo N 13,83 £ 1,80 9,86 £ 2,17 9,49 £ 1,80 9,76 £ 1,91 10,89 + 1,11
Grupo H 15,70 + 2,92 9,80+ 1,61 10,16 + 1,09 10,05 + 1,57 11,76 £ 1,34
Diferencga arteriovenosa de O, (ml/dl)
Grupo N 4,27 +1,18 3,56 + 1,02 3,43+0,88 3,82+0,75 2,93+0,92
Grupo H 3,73+ 1,02 2,95+0,72 2,75+ 0,64 3,43+0,65 2,48+0,76
* p<0,05 para variagéo ao longo do tempo
Tabela VI - Parametros de Oxigenacao Tecidual durante a CEC (Média + DP)

CEC - 15 min CEC - 30 min CEC - 60 min
indice de resisténcia vascular sistémica (din/s/cm®)
Grupo N 2011,1 £ 399,0 1868,8 + 585,7 2134,8 +718,6
Grupo H 2128,4 +377,7 1958,0 + 454,5 2169,7 + 533,3
indice de transporte de O, (ml/min/m?)
Grupo N 323,32+ 107,95 333,62 + 90,60 344,18 + 103,32
Grupo H 297,43 + 48,51 306,29 + 55,72 303,60 + 48,39
indice de consumo de O, (ml/min/m?)
Grupo N 92,00 + 31,01 91,92 + 26,28 99,67 + 22,86
Grupo H 75,19 + 28,84 69,04 + 17,36 81,84 + 14,58
Extragdo de O, (%)
Grupo N 27,35+ 6,62 26,87 + 7,50 28,59 + 6,61
Grupo H 23,51+6,76 21,31+4,94 25,59 + 5,69

As variaveis PaO,, PvO,, PvCO,, CvO,, DavO,, iTO, e EO,
nao foram analisadas estatisticamente e serviram apenas
para o calculo de outros dados.

A presséo parcial de CO, arterial tem seus perfis médios re-
presentados na figura 1. As curvas obtidas mostraram para-
lelismo, além de coincidéncia entre elas. A média geral dos
desvios nos dois grupos aumentou nointervalo entre 15e 30
minutos de CEC, sem alteragdes significativas no periodo
seguinte.

O conteudo arterial de O, oscilou de modo semelhante nos
dois grupos, e as curvas foram coincidentes, mostrando que
nao houve diferenca estatisticamente significativa nos valo-
res dessa variavel entre os dois grupos, com o grupo hipoter-
mia apresentando valores mais baixos. Entre 30 e 60 minu-
tos ocorreu elevagédo do conteudo arterial de oxigénio em
ambos 0s grupos.
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Desvio PaCO, (mmHg)
[} oo

Tempo (minutos)

‘ —4—Normotermia - Hipotermia ‘

Figura 1 - Perfis Médios para a Variavel PaCO,
*p< 0,05
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Tabela VII - Indicadores do Equilibrio Acido-Base (Média + DP)

Pré-CEC CEC - 15 min CEC - 30 min CEC - 60 min P&s-CEC
PH arterial
Grupo N 7,45 + 0,068 7,37 £ 0,068 7,36 £ 0,077 7,37 +£0,071 7,35+ 0,077
Grupo H 7,46 + 0,039 7,39 £ 0,031 7,37 £ 0,042 7,38 £ 0,049 7,38 £ 0,035
Excesso de bases arterial (mmol.L™)
Grupo N -0,29 £ 1,79 -1,76 £ 2,12 -1,42 + 2,04 -1,25+1,78 -3,03 + 2,06™
Grupo H 1,85 + 3,01 -2,04 + 2,07 -2,00 + 2,50 -2,11+£2,92 -3,97 + 3,83*
Concentragao de Na* (mmol.L™)
Grupo N 137,86 + 1,41 129,36 + 3,20 130,00 + 2,25 131,00 + 2,18* 133,21+ 3,84
Grupo H 137,62 + 2,09 130,81 + 3,21 130,69 + 2,12 131,75 +1,73* 131,00+ 2,18
Concentragao de K* (mmol.L™)
Grupo N 3,74+0,43 4,28 + 0,39 4,36 £ 0,47 4,66 + 0,48 3,77 £0,41**
Grupo H 3,90 £ 0,30 3,82 + 0,50 4,16 £ 0,67* 4,50 + 0,60* 3,76 + 0,36*
Concentragéo de CI" (mmol.L™)
Grupo N 101,43 + 3,91 97,93 + 3,07 97,57 + 2,82 98,93 + 2,30 100,07 + 2,61
Grupo H 100,56 + 2,13 98,87 + 2,75 98,62 + 2,36 99,50 + 2,78 100,69 + 2,50
Concentragao de HCO'; arterial (mmol.L™)
Grupo N 23,00+ 1,75 21,57 + 1,88 22,01 £2,01* 22,31+ 2,09 19,94 + 2,09
Grupo H 23,30+ 2,16 22,77 + 1,38 23,24 + 1,54 23,01 £ 2,01 21,44 + 2,85
Anion Gap (mmol.L™")
Grupo N 13,43+ 2,85 9,86 + 3,05 10,41 £ 2,83 9,76 £ 3,07 13,20 + 5,54
Grupo H 13,76 + 3,51 9,16 + 3,06 8,82 + 2,68 9,24 + 2,85 13,43 +4,22
ion lactato (mmol.L™")
Grupo N 15,27 + 6,04 25,43 + 11,16**
Grupo H 16,72+ 8,18 44,84 + 29,15*

* p<0,05 para variacéo ao longo do tempo
** p<0,05 para diferenga entre os grupos

Avariavel consumo de oxigénio, apesar de ndo submetida a
analise estatistica, mostrou valores em média mais eleva-
dos no grupo normotermia nos momentos estudados duran-
te a CEC.

O pH sangliineo e o excesso de bases foram analisados no
sangue arterial e venoso e os dados obtidos estéo na tabela
VIl. Foram obtidos parametros referentes as concentragdes
de sodioionizado, ioncloreto e bicarbonato parao calculodo
hiato de aniénico (ou “anion gap” ou AG). As concentracdes
de lactato medidas nos periodos pré-CEC e pés-CEC tam-
bém encontram-se na tabela VII.

A concentragao do ion sédio no sangue arterial variou de
modo semelhante entre os dois grupos, com as curvas obti-
das coincidentes estatisticamente. Em relagao a variagéo
temporal, apenas ocorreu aumento significativo nas médias
gerais dos desvios no intervalo entre 30 e 60 minutos de
CEC.

Em relagdo ao ion potassio, sua concentragéo sérica variou
de modo semelhante; no entanto, os valores médios foram
estatisticamente diferentes entre os dois grupos, com o gru-
ponormotermiaapresentando valores mais elevados duran-
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tea CEC. Houve aumento da média geral aolongo do tempo,
demonstrando o efeito temporal.

Para aconcentragdo do anion cloreto também foram obtidas
curvas paralelas e coincidentes, sendo que a alteragcéo tem-
poral foi estatisticamente significativa apenas entre 30 e 60
minutos de CEC.

O pH arterial variou de modo semelhante entre os dois gru-
pos e as curvas dos perfis médios ao longo do tempo (Figura
2)foram coincidentes a partir da analise estatistica. Entre 15
e 30 minutos de CEC houve diminui¢géo dos valores médios
gerais e, apesarde nao ter sido detectada variagéo estatisti-
camente significativa entre 30 e 60 minutos, a média geral
neste ultimo tempo foi igual & do tempo 15 minutos.
Comrelagdoaoexcessode basesnosangue arterial, as cur-
vas de desvio dos grupos foram paralelas ndo coincidentes,
além de ndo ter sido detectada alteracéo ao longo do tempo
(Figura 3).

O bicarbonato arterial apresentou variagao semelhante en-
tre ostempos nos dois grupos. Também néo houve diferenca
estatisticamente significativa entre os valores médios de
cadacurva, isto &, elas foram coincidentes. Entre 15 e 30 mi-
nutos de CEC ocorreu elevagédo da média geral. No entanto,
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Figura 3 - Perfis Médios para o Excesso de Bases no Sangue
Arterial

no intervalo entre 30 e 60 minutos, ndo foi detectada altera-
céo estatisticamente significativa. Apesar disso, quando
comparada ao tempo 15 minutos, amédia geral notempo 60
minutos foi a mesma pela analise estatistica.

Avariavel “anion gap” (Figura 4) apresentou coincidénciana
evolucédo e na média dos desvios médios entre os grupos
sem, no entanto, ter sido detectado efeito de tempo (médias
dos tempos 15, 30 e 60 minutos nao tiveram diferenga esta-
tisticamente significativa). O desvio médio geral ( erro pa-
drao) estimado (T) € igual a -4,06 + 0,76.

Comrelagédo avariavellactato, as medidas pré-CEC de cada
grupo apresentam médias iguais (p=0,5780), o mesmo néo
ocorrendo com as medidas p6s-CEC (p=0,0137). Os des-
vios médios de cada grupo parecem ser diferentes
(p=0,0159). Houve aumento significativo do lactato no grupo
operado sob hipotermia.
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Figura 4 - Desvios Médios dos Valores do “Anion Gap” em Relagéo
ao Tempo

DISCUSSAO

Nesse estudo naoforamencontradas diferengas estatistica-
mente significativas entre o grupo normotermia e o grupo hi-
potermia nos parametros pH arterial, bicarbonato plasmati-
co, concentragdes dos ions sddio e cloreto, e conteudo arte-
rial de oxigénio. Quanto a presséao parcialde CO,, parametro
indicativo de possiveis alteragbes no pH por alteragdes ven-
tilatorias, também nado houve diferenca estatisticamente sig-
nificativa entre os dois grupos. As curvas para o excesso de
bases e “anion gap” ndo apresentaram efeito de tempo, ao
contrario das outras variaveis.

Adespeito daigualdade entre os dois grupos para esses pa-
rametros, houve diferenca estatisticamente significativa na
concentracdo plasmatica de potassio e noexcessodebases
arteriais, ambos com valores médios menores no grupo hi-
potermia.

As técnicas de anestesia venosa total e balanceada mos-
tram semelhanca nas alteragdes do equilibrio acido-base e
doionlactato durante circulagédo extracorpérea com hipoter-
miamoderada . Acirculagéo extracorpéreaproporcionare-
lativamanipulacadodoindice defluxo arteriale dapressaoar-
terial sistémica através do fluxo dabomba de perfusao, além
dainfusao de farmacos vasoativos. Neste estudo, o fluxo foi
mantido acima de 2 L.min™".m™, durante a hipotermia, para
proporcionar seguranca adequada quanto a aumentos ines-
perados no consumo ou diminuigdo na liberagéo de oxigé-
nio.

Emrelacdo aconcentracdodelactato nosangue arterial, ob-
servou-se elevagao dessa variavel no periodo pés-CEC em
relagdoaocontrole pré-CEC, sugerindo que, apesarda hipo-
termia, o fluxo arterial foiinadequado. Também observou-se
diferenca significativa neste parametro entre os grupos no
tempo p6s-CEC, com valor médio mais elevado no grupo hi-
potermia, possivelmente indicando influéncia da temperatu-
ra. A explicagdo para esse efeito indesejavel seria a eleva-
¢ao daresisténcia vascular sistémica levando a diminuigao
daperfusaotecidual com concomitante aumento do metabo-
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lismo anaerdbio e acimulo de metabdlitos acidos '2. Mesmo
sem analise estatistica, os valores obtidos de resisténcia
vascular periférica nesse trabalho mostraram-se mais ele-
vados durante a CEC no grupo hipotermia. Avariavel consu-
mo de oxigénio, apesarde ndo submetida a analise estatisti-
ca, mostrou valores em média mais elevados no grupo nor-
motermianos momentos estudados durantea CEC. Jafoire-
latado na literatura que, durante a CEC realizada pela técni-
ca de hipotermia moderada, o consumo corporeo de oxigé-
niodiminuiquando atemperatura corporea éreduzidae que,
além disso, a redugéao do fluxo a taxas de 1,2 L/min/m? sob
condigdes moderadamente hipotérmicas nao alteram o con-
sumo de oxigénio *°.

N&o se observoudiferenga estatisticamente significativaen-
tre os grupos normotermia e hipotermiaemrelagdo ao pHar-
terial, bicarbonato arterial, concentragbées plasmaticas dos
ions sodio e cloreto, “anion gap”, pressao parcial de gas car-
boénico e conteudo arterial de oxigénio. Houve efeito de tem-
poemtodasessasvariaveis, exceto paraasvariaveis exces-
so de bases e “anion gap”.

O excesso de bases e a concentragao de potassio variaram
diferentemente nos grupos estudados, com o grupo hipotér-
mico apresentando valores inferiores aos do grupo normo-
térmico em todo periodo de circulagao extracorporea para
ambas variaveis. O lactato sérico aumentou nos dois grupos
do tempo Pré-CEC para o Pds-CEC e o grupo hipotermia
apresentou valores mais elevados. Hipotermia leve, confor-
me utilizada neste trabalho, parece ndo modificar substanci-
almente o equilibrio acido-base, quando comparado a valo-
res normais de temperatura, durante a circulagao extracor-
porea. Entretanto, o ion lactato, que reflete o metabolismo
aerobico celular, elevou-se significativamente nos pacien-
tes operados sob hipotermia. Esta elevacédo pode sugerir
que o transporte de oxigénio para a periferia ndo foi adequa-
dodurante periodode observagéo proposto. Adiminuigdoda
temperatura, embora discreta, parece nao ter conferido o
graude protegao celularesperado ao fluxo sangtineo calcu-
lado da circulagao extracorporea.

Temperature and Acid-Base Balance in
Coronary Bypass Grafting with
Cardiopulmonary Bypass, under
Hypothermia and Normothermia

HugoLeonardode MouralLuz,M.D., José Otavio CostaAuler
Junior, TSA, M.D.

INTRODUCTION

Cardiopulmonary bypass (CPB) is associated to several
physiological changes. The multiple causes of these
changes interact and are potential routes for postoperative
organic dysfunction .
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During hypothermia, pH variations are biochemically inde-
pendent of PaCO, variations 2,

Increased pHwithdecreasedtemperature, regardless ofany
changes in bicarbonate, hemoglobin or plasma protein
changes, hasbeenshownasearlyasin 1948 3 Incase ofab-
normaltemperatures-andhypothermiais the bestexample -
pH changes may only mean cell and blood physiology adap-
tation 4. The imidazol-histidin complex, in addition to deter-
mining blood neutrality with mild alkalinity over water’s pH,
maintains, during temperature variations, an oscillation
range, which is parallel and similar to water 5, Physiological
advantages of “alpha-stat” type control in men, who are
homothermal animals, may be observed in experimental
studies .

Cardiopulmonary bypass is always followed by a certain de-
gree of myocardial dysfunction, evenin the absence of hypo-
thermia 8. Regardless of temperature or of the protocol to
determine acid-base (pH-stat or alpha-stat) during CPB, pH
of 7.4 and PaCO; above 35 mmHg is desirable at the end of
rewarming for a safe pump disconnection. Acidosis may ad-
ditionally depress myocardial contraction, decreasing
inotropic action and increasing pulmonary vascular resis-
tance.

Considering cardiopulmonary bypass physiological
changes in cardiac surgery patients and possible changes
in acid-base and metabolic balance, this study aimed at in-
vestigating changes in indicated parameters during
cardiopulmonary bypass in hypothermia and at comparing
them to those obtained in patients submitted to CPB under
normothermia.

METHODS

Afterthe Ethics Committee approval, this study was prospec-
tively performed with patients submitted to myocardial
revascularization under cardiopulmonary bypass in the
Heart Institute, Hospital das Clinicas, Faculdade de
Medicina, Universidade de Sao Paulo, from October 1999 to
June 2000.

Participated in this study 30 adult patients of both genders,
aged 41 to 78 years, scheduled for myocardial
revascularization. Exclusion criteria were diabetes mellitus,
renal failure or liver diseases.

Patients were distributed intwo groups, according tothe tem-
perature used during cardiopulmonary bypass.
Normothermia Group (N) - patients submitted to CPB in
normothermia (t = 37 °C) and Hypothermia Group (H) - pa-
tients submitted to CPB in hypothermia (tbetween 32 and 33
°C). Patients’temperature was monitored withanasopharyn-
geal sensor and continuously obtained during surgery. The
study was performed in the intraoperative period and the fol-
lowing moments were evaluated:

M1 - Before cardiopulmonary bypass;
M2 -15 minutes after CPB;
M3 -30 minutes after CPB;
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M4 -60 minutes after CPB;
M5 - At the end of CPB (standardized in 15 minutes after
protamine administration).

Arterial and venous blood samples were collected to mea-
sure hemoglobin (Hb), blood gases concentration and
acid-base balance; arterial and venous oxygen partial pres-
sures (PaO; and PvO,), arterial and venous oxygen satura-
tion (Sa0, and SvO,), arterial and venous carbon dioxide
partial pressures (PaCO, and PvCO,); arterial and venous
pH (pHa and pHv), arterial and venous bicarbonate (Art bic
andvenbic), and excess arterial and venous bases (BEaand
BEv).

The aniongapwasalsocalculated (VN=10to12mmol.L")to
check possible metabolic pH changes. Since the formula is
AG=Na"-(ClI"+HCOj3"), plasmasodiumion (flame photome-
try, VN = 133 to 145 mmol.L™") and chloride (calorimetric
method, VN = 98 to 119 mmol. L") were dosed.

Lactate ion was determined only for arterial blood in mo-
ments pre-CPB and post-CPBbythe UV enzymatic method.
Tissue oxygenation and systemic vascular flow and resis-
tance were calculated by adequate formulas for the three
CPB periods:

e oxygen content
(Ca0,, VN = 17 to 20 ml/dl and CvO,, VN = 12 to 15
mi/dl), CaO, = (Hb.Sa0,.1.34/100) + (Pa0,.0.0031);

e arteriovenous oxygen difference (DavO,, VN = 4 to 5
ml/dl), DavO; = Ca0,-CvOy;

e oxygen extraction (EO;, VN = 24 to 28%), EO, =
(Ca0,-Cv0,)/Caly;

e« oxygen transportindex (iTO,, VN =550 to 650 ml/min.m?),
iTO, = (CaO,Flow)/(BodyArea.100);

e oxygen consumption index (iVO,, VN = 115 a 165
ml.min"".m?), iVO,=(DavO,.Flow)/(BodyArea.100);

o flow index, iFlow=Flow/SupCorp;

e systemic vascular resistance index, iRVS =
(MBP.80.1000)/(Flow/SupCorp).

Statistical analysis consisted of mean profile analysis of each
group (normothermiaand hypothermia)”.Thevariable stud-
ied was the deviation of the measurement compared to
pre-CPBvalue, thatis, responsein time x (minutes)is the dif-
ference between the value observed in time x and pre-CPB
value.

Post-CPB observations were not considered since they oc-
curredindifferenttimes depending on the patient. The statis-
tical model adopted has contemplated possible correlations
between observations in the same patient; for such, a
non-structured correlation was used °. Some interesting hy-
pothesis were tested, such as, equal behavior between
groups in moments studied (mean profiles coincidence
test) 10, Significance level was 5%.
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RESULTS
Table | shows demographic values for both normothermia (n
=14) and hypothermia (n = 16) groups. No statistical differ-

ences were observed between groups.

Table | - Demographics Data (Mean + SD)

Group N Group H
Age (years) 60.6 £9.2 62.5+10.3
Weight (kg 776+68 75.9+14.8
Height (m) 1.69 + 0.05 1.68 + 0.06
1.87 +0.11 1.86 +0.21

Body surface (m?)

N - Normothermia; H - Hypothermia

Mean CPB time and lowest temperature during CPB are
shown in table Il. CPB duration was longer for group H.

Table Il - Cardiopulmonary Bypass Parameters (Mean + SD)

Group N Group H
CPB duration (min) 87 19 105+ 25
Lowest temperature during CPB (°C) 3562+1.2 31.9+1.6

N - Normothermia; H - Hypothermia

Mean blood pressure, arterial flow and systemic vascular re-
sistance were evaluated during the three predetermined CPB
moments (15, 30 and 60 minutes) for both groups and mean
values are shownintablelll. Meanblood pressure and arterial
flowwere usedto calculate othervariables and were not statis-
tically analyzed. Even without statistical analysis, peripheral
vascular resistance was higher in group H during CPB.

Table Il - Physiological Parameters During CPB
CPB -15min CPB-30min CPB - 60 min

Mean blood pressure (mmHg)
61.2+1.3
Group H 61.2+9.3
Arterial flow during CPB (L.min"".m)
2575.5+523 2708.2+471 2648.9 + 556
2497.8 + 350 2533.9+380 2414.6+332

56.6 +1.3
56.3+9.3

59.9+97
60.0+9.7

Group N

Group N
Group H

Systemic vascular resistance (dyn.seg.cm®)
2011.1+£399 1868.8 +586 2134.8+719
2128.4+378 1957.9 +454 2169.7 + 533

Group N
Group H

Comparative data of O, and CO; partial pressures and tissue
oxygenation parameters are shown in tables IV, V and VI.
Variables PaO,, PvO,, PvCO,, CvO,, DavO,, iTO, and EO,
were not statistically analyzed and were only used to calcu-
late other data.

Mean arterial partial CO, pressures are shown in figure 1.
Curves show parallelism and coincidence among them. The
mean deviation increased in both groups in the interval be-
tween 15 and 30 CPB minutes without significant changesin
the following period.
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Table IV - Oxygenation and Ventilation Parameters (Mean + SD)

Pre-CPB CPB - 15 min CPB - 30 min CPB - 60 min Post-CPB

Arterial partial O, pressure (mmHg)

Group N 207.9+82.3 200.3+72.4 168.8 + 66.2 187.3 £+ 60.4 129.3+43.8
Group H 200.0 £69.0 179.7 £78.9 175.7 £ 56.3 179.0 £ 64.5 143.3 £68.5
Venous partial O, pressure (mmHg)

Group N 43.3+58 40.9+6.4 42056 40.8+5.3 46.4+7.2
Group H 46.3+6.5 459+6.6 48174 43.8 £ 8.6 51177
Arterial partial CO, pressure (mmHg)

Group N 31.5+37 379+33 40.0+4.7* 39.6+5.1 36.0+3.8
Group H 35.7+6.0 39.9+56 416+6.1* 38.8+6.0 38.1+3.1
Venous partial CO, pressure (mmHg)

Group N 40.8+34 415+26 443+36 449+4.0 43.7+27
Group H 424 +51 429+6.7 44777 43.5+538 425+4.2
* p < 0.05 for variation along time

Table V - Tissue Oxygenation Parameters Throughout the Study Period (Mean + SD)

Pre-CPB CPB - 15 min CPB - 30 min CPB - 60 min Post-CPB

Arterial O, content (ml/dl)

Group N 18.10 + 1.53 13.14 £ 2.61 12.92 £1.75 13.58 + 1.69* 15.83+1.25
Group H 19.43 £2.80 12.75+1.28 12.91+£1.08 13.48 + 1.40* 14.24 +1.39
Venous O, content (ml/dl)

Group N 13.83 +1.80 9.86 +£2.17 9.49 + 1.80 9.76 + 1.91 10.89 + 1.11
Group H 15.70 £ 2.92 9.80 £ 1.61 10.16 £ 1.09 10.05 +1.57 11.76 £ 1.34
Arteriovenous O, difference (ml/dl)

Group N 4.27+1.18 3.56 + 1.02 3.43+0.88 3.82+0.75 2.93+0.92
Group H 3.73+1.02 2.95+0.72 2.75+0.64 3.43+0.65 2.48 £0.76
* p < 0.05 for variation along time
Table VI - Tissue Oxygenation Parameters During CPB (Mean + SD)

CPB - 15 min CPB - 30 min CPB - 60 min

Systemic vascular resistance (din/s/cm®)

Group N 2011.1 £ 399.0 1868.8 + 585.7 2134.8+718.6
Group H 2128.4 +377.7 1958.0 + 454.5 2169.7 + 533.3

0, transportation (ml/min/m?)

Group N 323.32+107.95 333.62 + 90.60 344.18 + 103.32
Group H 297.43 + 48.51 306.29 + 55.72 303.60 + 48.39

0, consumption (ml/min/m?)

Group N 92.00 + 31.01 91.92 + 26.28 99.67 + 22.86
Group H 75.19 + 28.84 69.04 + 17.36 81.84 + 14.58
O, extraction (%)

Group N 27.35 +6.62 26.87 +7.50 28.59 + 6.61

Group H 23.51+£6.76 21.31+4.94 25.59 +5.69
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Figure 1 - Mean PaCO, Profiles
*p<0.05

O, arterial content was similar for both groups and curves
were coincident, showing no statistically significant differ-
ences between groups, with lower values for the hypother-
mia group. Between 30 and 60 minutes increase in arterial
oxygen content was observed in both groups. Although not
submitted to statistical analysis, oxygen consumptionwas, in
average, higher in the normothermia group during CPB.

Table VII - Acid-Base Balance Indicators (Mean + SD)

Blood pH and base excess were analyzed in arterial and ve-
nous blood and results are shown in table VII. Data onion so-
dium, ion chloride and bicarbonate concentrations were ob-
tained to calculate ion gap (AG). Lactate concentrations
measured pre and post-CPB are also shown in table VII.
Arterial sodium ion concentration had a similar variation in
both groups with statistically coincident curves. A significant
increase in the mean deviation occurred in the interval be-
tween 30 and 60 minutes after CPB.

Potassiumion had asimilarvariationin serum concentration;
however, mean values were statistically different between
both groups with higher values during CPB for the
normothermiagroup.Anincrease ofthe meanvalueswasob-
served along time, showing a time-effect.

Chloride anion concentration has also shown parallel and co-
incident curves and temporal changes that were statistically
significant only between 30 and 60 minutes after CPB.
Arterial pH had a similar variation between groups and
mean profile curves along time (Figure 2) were coincident.
Between 15and 30 minutes of CPB adecrease ofthe mean
values was observed although not statistically significant
between 30 and 60 minutes, the last value being equal to
that of 15 minutes.

Pre-CPB CPB - 15 min CPB - 30 min CPB - 60 min Post-CPB
Arterial pH
Group N 7.45 +0.068 7.37 £0.068 7.36 £0.077* 7.37 £0.071 7.35+0.077
Group H 7.46 £ 0.039 7.39 + 0.031 7.37 + 0.042* 7.38 + 0.049 7.38 + 0.035
Arterial base excess (mmol.L-")
Group N -0.29 £1.79 -1.76 £2.12 -1.42+2.04 -1.25+1.78 -3.03 £ 2.06**
Group H 1.85 + 3.01 -2.04 +2.07 -2.00 + 2.50 -2.11+£2.92 -3.97 + 3.83**
Na* concentration (mmol.L™)
Group N 137.86 + 1.41 129.36 + 3.20 130.00 + 2.25 131.00 + 2.18* 133.21+3.84
Group H 137.62 + 2.09 130.81 + 3.21 130.69 + 2.12 131.75+ 1.73* 131.00 +2.18
K" concentration (mmol.L™")
Group N 3.74£0.43 4.28 £ 0.39* 4.36 +0.47* 4.66 + 0.48* 3.77 £ 0.41**
Group H 3.90 + 0.30 3.82 + 0.50* 4.16 + 0.67* 4.50 + 0.60" 3.76 + 0.36™*
CI concentration (mmol.L™)
Group N 101.43 £ 3.91 97.93 £ 3.07 97.57 £2.82 98.93 + 2.30* 100.07 +2.61
Group H 100.56 + 2.13 98.87 + 2.75 98.62 + 2.36 99.50 + 2.78* 100.69 + 2.50
Arterial HCO; concentration (mmol. L)
Group N 23.00 £1.75 21.57 +1.88 22.01+2.01* 22.31+£2.09 19.94 +2.09
Group H 23.30 £ 2.16 22.77 +1.38 23.24 + 1.54* 23.01 + 2.01 21.44 +2.85
Anion Gap (mmol.L™")
Group N 13.43+£2.85 9.86 + 3.05 10.41+£2.83 9.76 + 3.07 13.20 £ 5.54
Group H 13.76 + 3.51 9.16 + 3.06 8.82 +2.68 9.24 £2.85 13.43 +£4.22
Lactate ion (mmol.L™)
Group N 15.27 £ 6.04 2543 £ 11.16**
Group H 16.72 + 8.18 44.84 +29.15*

* p < 0.05 for variation along time
** p < 0.05 for difference between groups
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Figure 2 - Mean Deviation Curves Related to Time for Arterial pH
*p <0.05

As to arterial bases excess, deviation curves for both groups
were parallel and non-coincidentand no changes along time
have been detected (Figure 3).

Arterial BE Deviation (mmol.L™)

Time (minutes)

‘—0— Normothermia - Hypothermia ‘

Figure 3 - Mean Arterial Base Excess Profiles

Arterial bicarbonate had similar variation along time for both
groups. No statistically significant differences were ob-
served between meanvaluesofeachcurve, thatis, theywere
coincident. Between 15 and 30 minutes after CPB an in-
crease of the mean value was observed. Between 30 and 60
minutes no statistically significant changes were detected,
however, when compared to 15 minutes, the 60 minutes
mean value was statistically the same.

Anion gap (Figure 4) did not differ between groups (means at
15,30and 60 minutes were not statistically different). The es-
timated mean deviation (+ standard deviation) (T) was equal
to -4.06 £ 0.76.
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Figure 4 - Mean Anion Gap Deviations as Compared to Time

As to lactate, pre-CPB values did not differ between groups,
the same being not true for post-CPB values (p = 0.0137).
Mean deviations for each group are different (p = 0.0159).
There hasbeenasignificantlactate increase inthe hypother-
mia group.

DISCUSSION

Our study has not found statistically significant differences
between groups in arterial pH, plasma bicarbonate, sodium
and chloride ion concentrations and oxygen arterial content.
The CO; partial pressure, whichis anindicator of possible pH
changes caused by ventilatory changes, did not show statis-
tically significant differences between groups. Base excess
and anion gap curves have not shown a time-effect, as op-
posed to other variables.

In spite of the equality between both groups for those parame-
ters, a statistically significantlower mean value of potassium
plasma concentration and arterial base excess was ob-
served in the hypothermia group.

Total and balanced venous anesthesia techniques are simi-
lar in acid-base and lactate ion balance changes during
cardiopulmonary bypass withmoderate hypothermia ".cpB
allowsforarelative manipulation of arterial flow and systemic
arterial pressureindices through the perfusion pump, in addi-
tion to the infusion of vasoactive drugs. In our study, the flow
was maintained above 2 L.min"".m during hypothermia to
provide an adequate protection against unexpected in-
creases in oxygen consumption or decreases in oxygen re-
lease.

Arterial lactate concentration wasincreasedin the post-CPB
period as compared to pre-CPB, suggesting that, in spite of
hypothermia, arterial flow has been inadequate. There has
also been a significant post-CPB difference in such parame-
terbetweengroups, withahighermeanvalueinthe hypother-
miagroup, which couldindicate theinfluence oftemperature.
The explanation for such undesirable effect would be an in-
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crease in systemic vascular resistance leading to a de-
creased tissue perfusion with a simultaneous increase in an-
aerobic metabolism and building up of acid metabolytes 2
Even without statistical analysis, peripheral vascular resis-
tance in this study was higher during CPB in the hypothermia
group. Oxygen consumption, although not submitted to sta-
tistical analysis, showed higher mean values in the
normothermia group during CPB. It has been reported in the
literature that during CPB performed by the moderate hypo-
thermia technique, body oxygen consumption is decreased
whentemperature is decreased and that, in addition, flow de-
creaseto 1.2L.min.m?under moderately hypothermal condi-
tions does not change oxygen consumption 2.

There were no statistically significant differences between
groups of the arterial pH, arterial bicarbonate, sodium and
chloride ion plasma concentrations, anion gap, carbon diox-
ide partial pressure and arterial oxygen content. Except for
base excessandaniongap, allothervariables showed atime
dependent effect.

Base excess and potassium concentration varied differently
between groups, withlower values forthe hypothermia group
as compared to the normothermia group throughout
cardiopulmonary bypass. Serum lactate increased in both
groups atpre-CPB andpost-CPBwith highervaluesinthe hy-
pothermia group. Mild hypothermia, as used in this study,
doesnotseemtosubstantially change acid-base balance, as
compared to normal temperature values during cardiopulmo-
nary bypass. Lactate ion, however, which reflects cell aero-
bic metabolism, was significantly higherin patients under hy-
pothermia. Thisincrease may suggest that oxygen transpor-
tationto periphery was notadequate during the proposed ob-
servation period. Adecrease in temperature, although mild,
does not seem to have provided adequate cell protection
against calculated blood flow of cardiopulmonary bypass.
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RESUMEN

Luz HLM, Auler Jr JOC - Temperatura y Alteraciones en el Equi-
librio Acido-Base de Pacientes Sometidos a Cirugia Cardiaca
con Circulacion Extracorporea, bajo Normotermia e Hipotermia

Justificativa y Objetivos - La circulacién extracorpérea (CEC)
se asocia a varios cambios en la fisiologia normal. Las
multiplas causas de estas alteraciones interaccionan y
representan un numero de rutas potenciales para la disfuncién
orgénica pos-operatoria. El objetivo de este trabajo es
investigar las alteraciones de sus parametros indicadores du-
rante a circulacion extracorporea en hipotermia y compararlas
a aquellas ocurridas en normotermia.

Método - Fueron seleccionados 30 pacientes adultos, de
ambos sexos, con edades entre 41y 78 anos, indicados para la
revascularizaciéon quirtrgica del miocardio, operados con
auxilio de CEC, bajo normotermia o hipotermia. Fueron
evaluados los siguientes parametros: concentraciéon de
hemoglobina y de los gases sanguineos, pH, bicarbonato,
exceso de bases, hiato anidnico, ion lactato, parametros de
oxigenacion tecidual y los indices de flujo y de resistencia vas-
cular sistémica.

Resultados - No hubo diferencia estadisticamente
significativa entre los grupos normotermia e hipotermia, en
relacion al pH arterial, al bicarbonato arterial, a las
concentraciones plasmaticas de los ions sodio y cloreto, al
“anion gap”, ala presién parcial de gas carboénico y al contenido
arterial de oxigeno. Hubo efecto de tiempo en todas esas
variables excepto para las variables exceso de bases y “anion
gap”. El exceso de bases y la concentracion de potasio
mostraran valores inferiores en el grupo hipotérmico. El lactato
sérico aumentdé en los dos grupos del tiempo antes para el
después la CEC siendo que el grupo hipotermia presento
valores mas elevados.

Conclusiones - Hipotermia leve parece no modificar
substancialmente el equilibrio acido-base, cuando comparado
avalores normales de temperatura, durante a CEC. Entretanto,
el ion lactato se elevo significativamente en los pacientes
operados sobre hipotermia, sugiriendo que el transporte de
oxigeno para la periferia no fue adecuado durante el periodo de
observacion propuesto. La disminucion de la temperatura, aun
cuando discreta, parece no haber conferido el grado de
proteccion celular esperada al flujo sanguineo de la CEC.
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