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RESUMO

Carmona MJC, Barboza Jr LCM, Buscatti RY, Gaiotto FA, Hueb AC,
Malbouisson LMS — Avaliacédo do Gradiente Pressérico Aorto-Ra-
dial em Pacientes Submetidos a Intervengédo CirGrgica com Circula-
¢ao Extracorporea.

JUSTIFICATIVA E OBJETIVOS: Diversos estudos tém demonstra-
do diferenca significativa entre a pressdo adrtica e a pressao ra-
dial em pacientes submetidos a circulagcdo extracorporea (CEC).
Os objetivos deste estudo foram avaliar o comportamento da dife-
rencga entre pressdo arterial radial e a pressdo adrtica durante
revascularizagdo do miocardio (RM) com CEC e sua correlagdo
com resisténcia vascular sistémica.

METODO: Apés aprovagdo pelo Comité de Etica Hospitalar, 16 pa-
cientes submetidos a RM com CEC hipotérmica foram estudados.
Pressbes sistdlica, diastélica e média foram obtidas na raiz da
aorta e na artéria radial, através de cateteres especificos. Débito
cardiaco foi obtido com o uso de cateter de artéria pulmonar ou di-
retamente da maquina de CEC e resisténcia vascular sistémica
indexada (RVSI) foi calculada nos momentos pré-CEC, inicio da
CEC, apos a ultima RM, no fim da CEC e pds-CEC. A andlise es-
tatistica foi realizada por meio de Anélise de Varidncia para medi-
das repetidas e correlagdo de ordem de Spearman e o nivel de
significancia foi fixado em 0,05.
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RESULTADOS: Apds o inicio da CEC, a press&o arterial radial foi
sistematicamente menor que a pressdo adrtica em 3 a 5 mmHg.
Foi observada correlagdo significativa entre o gradiente médio de
pressdo aorto-radial e a RVSi somente apés a ultima RM, corres-
pondendo ao aquecimento do paciente (Rho = 0,67, p = 0,009).

CONCLUSOES: A medida de pressdo na arterial radial subesti-
mou sistematicamente a pressao arterial na raiz da aorta apos a
CEC e a RVSi ndo forneceu estimativa acurada da magnitude do
gradiente de pressao aorto-radial.

Unitermos: CIRURGIA, Cardiaca: circulagdo extracorpérea, revas-
cularizagdo miocardica; MONITORACAO: gradiente de pressao
aorto-radial, resisténcia vascular sistémica.

SUMMARY

Carmona MJC, Barboza Jr LCM, Buscatti RY, Gaiotto FA, Hueb AC,
Malbuisson LMS — Evaluation of the Aorta-to-Radial Artery Pressure
Gradient in Patients Undergoing Surgery with Cardiopulmonary
Bypass.

BACKGROUND AND OBJECTIVES: Several studies have demons-
trated a significant difference between the aortic and radial artery pres-
sures in patients on cardiopulmonary bypass (CPB). The objectives
of this study were to evaluate the behavior of the aorta-to-radial artery
pressure gradient during myocardial revascularization (MR) with
CPB and its correlation with the systemic vascular resistance.

METHODS: After approval by the Ethics Committee of the hospi-
tal, 16 patients undergoing MR with hypothermic CPB were studied.
Systolic, diastolic and mean blood pressures were obtained at the
root of the aorta and in the radial artery by using specific catheters.
The cardiac output was obtained using a pulmonary artery catheter
or from the CPB equipment, and the systemic vascular resistance
index (SVRI) pre-CPB, at the beginning of CPB, after the last MR,
at the end of the CPB, and post-CPB was calculated. Statistical
analysis was done with Analysis of Variance for repeated measu-
rements and Spearman correlation, and a level of significance of
0.05 was established.

RESULTS: After beginning CPB, the radial artery pressure was
systematically lower than the aortic pressure by 3 to 5 mmHg. A sig-
nificant correlation between the mean aorta-to-radial artery pressure
gradient and SVRI was observed only in the last MR, corresponding
to the rewarming of the patient (Rho = 0.67, p = 0.009).

CONCLUSIONS: Measurement of the radial artery pressure unde-
restimated, systematically, the arterial pressure at the root of the
aorta after CPB and the SVRI did not provide an accurate estimate
of the magnitude of the aorta-to-radial artery pressure gradient.

Key Words: MONITORING: aorta-to-radial artery pressure gradient,
systemic vascular resistance; SURGERY, Cardiac: cardiopulmonary
bypass, myocardial revascularization.
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AVALIACAO DO GRADIENTE PRESSORICO AORTO-RADIAL EM PACIENTES SUBMETIDOS A INTERVENCAO CIRURGICA
COM CIRCULACAO EXTRACORPOREA

INTRODUCAO

Diversos estudos tém identificado diferenga entre a medida
da presséo arterial na raiz da aorta e na artéria radial em
pacientes submetidos a cirurgia cardiaca, sobretudo duran-
te e ap0ds a circulagdo extracorpdrea (CEC). A etiologia da
diferenca, embora controversa, tem sido atribuida a uma
associagdo entre alteragbes do estado contratil das artérias
e arteriolas periféricas, a hipotermia e a condi¢do volémica
do paciente. Alguns autores tém sugerido que o decréscimo
na resisténcia vascular do membro superior ou na mao, se-
cundéria a vasodilatacdo, poderia ser responsavel pelo gra-
diente pressorico aorto-radial 2. Baba e col. e Nakayama e
col., por outro lado, relataram que 0 mecanismo responsa-
vel pelo aparecimento da diferenca pressorica entre a aorta
e a artéria radial seria vasoconstricdo/vasoespasmo relacio-
nado com a circulagdo extracorpérea ou farmacos vasopres-
sores 5. Sustentando essa hipétese, Rich e col. e De Hert
e col. observaram que o aparecimento desse gradiente es-
tava associado ao inicio da circulagdo extracorporea .
Essa diferenca entre a pressdo atual medida na raiz da aorta,
que determina a presséo de perfusdo orgénica e a pressao
medida na artéria radial, pode resultar em ajustes inadequa-
dos na hemodinamica de pacientes com funcao cardiovas-
cular comprometida, levando a hipoperfusdo orgéanica ou a
aumentos desnecessarios do consumo miocardico de oxigé-
nio que poderiam ocasionar isquemia miocardica. A medi-
da da resisténcia vascular sistémica fornece uma estimativa
indireta da vasoconstricdo arterial e arteriolar e que poderia
estar correlacionada com o gradiente de pressédo aorto-ra-
dial e, assim, contribuir para uma melhor adequacgéo do es-
tado hemodinamico depois da saida de CEC, minimizando
0 risco.

Os objetivos deste estudo foram avaliar o comportamento da
diferenca entre a medida da presséo arterial medida na ar-
téria radial e a presséo atual na raiz da aorta antes, duran-
te e depois de CEC hipotérmica em pacientes submetidos
a revascularizacéo cirdrgica do miocéardio (RM) e sua correla-
¢do com resisténcia vascular sistémica em cada momento.

METODOS

O tamanho da amostra de 16 individuos foi calculado con-
siderando-se um poder de teste de 95% e um nivel de sig-
nificancia de 5%. Apos aprovacao do projeto de pesquisa
pela Comisséo Cientifica do Instituto do Coragéo e pela Co-
missdo de Etica Médica do Hospital das Clinicas da Facul-
dade de Medicina da USP, foram estudados 16 pacientes
submetidos a revascularizacdo do miocardio sob circulagao
extracorpdrea. Os critérios para inclusdo foram: 1) primeira
intervengdo cirdrgica para revascularizacdo do miocardio; 2)
procedimento eletivo; 3) auséncia de doenca vascular arte-
rial periférica. Os critérios para exclusdo foram: 1) procedi-
mentos cirdrgicos associados, como revascularizacao e
troca valvar na mesma operacao; 2) dissec¢ao ou pungao
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prévia da artéria radial a ser cateterizada para o procedimen-
to cirargico; 3) presencga de aneurisma de ventriculo esquerdo;
4) disfuncéo importante de ventriculo direito ao ecocardiogra-
ma; 5) complica¢gdes mecénicas de infarto como insuficién-
cia mitral ou rotura de septo interventricular; 6) portadores de
disfun¢éo orgénica associada; 7) disfungéo ventricular es-
guerda com fracdo de eje¢do < 0,35; 8) curva de pressao
arterial achatada ao monitor ou oclusdo precoce do cateter;
9) necessidade de suporte circulatério mecénico com baldo
intra-adrtico.

Cada paciente recebeu midazolam 0,1 a 0,2 mg.kg? por via
oral como medicagéo pré-anestésica 30 minutos antes da
operagdo. Apdés admissdo ao centro cirargico, 0s pacientes
foram monitorizados com cardioscopio (derivacdes DIl e V5)
e oximetro de pulso utilizando-se um monitor multiparamé-
trico Siemens modelo SC7000 (Siemens Medical, Berlim,
Alemanha). O acesso venoso com cateter de teflon de cali-
bre 16G foi obtido em cada paciente. A monitoracao da pres-
sdo arterial média foi obtida por puncdo da artéria radial
direita sob anestesia local, utilizando-se cateter de teflon de
calibre 20 G. Apds verificagdo de fluxo através do cateter, a
linha arterial era conectada a um transdutor de pressao des-
cartavel Edwards TRUWAVE (Edwards Lifesciences, Irvine,
CA, EUA) com precisdo de = 1 mmHg. A calibragéo foi reali-
zada a pressdo ambiente e a altura da linha axilar média. A
indugdo anestésica foi realizada com midazolam na dose
de 0,3 a 0,5 mg.kg?, fentanil 20 a 30 pg.kg*e pancurénio 0,1
mg.kg?. A anestesia foi mantida com inalacdo de isoflurano
em concentragfes variaveis e doses suplementares de fen-
tanil. Durante a CEC, doses suplementares de midazolam
e blogueador neuromuscular foram administrados para ma-
nutencao de hipnose e relaxamento muscular. Apés a in-
ducao anestésica, foi instalado cateter de artéria pulmonar
(CCO/SvO,/VIP™ TD catheter, Edwards Healthcare Co.,
Irvine, CA, USA) através de pung¢édo da veia jugular interna
direita. Termdmetro esofagico e sonda vesical foram também
instalados apds a indugdo anestésica. O volume corrente foi
ajustado entre 6 e 8 mL.kg? e a frequéncia respiratoria en-
tre 10 e 14 inspiragBes por minuto para manter uma PaCoO,
entre 30 e 40 mmHg na gasometria arterial. O tempo inspi-
ratorio foi mantido em 33% do tempo total do ciclo respira-
tério. A presséo expiratéria final positiva foi ajustada entre 3
e 5 cmH,O de maneira a ndo atrapalhar a visualizagdo do
campo cirdrgico.

ApOs toracotomia e administracdo de heparina 500 Ul.kg?,
uma cénula arterial dotada de conexdo lateral tipo luer-lock
na sua porgdo proximal foi inserida na aorta ascendente e
canulas venosas foram inseridas na veia cava superior e
inferior. A circulagéo extracorporea foi realizada com fluxo
nao-pulsatil sob hipotermia moderada utilizando oxigenador
de membrana OXI Master Century (Braile, Sdo José do Rio
Preto, SP, Brasil), circuito preenchido com solugdo de Ringer
com lactato e 50 g de manitol a 20%. Apds inicio da CEC, a
temperatura central dos pacientes foi reduzida e mantida en-
tre 32° e 34°C. O fluxo programado da CEC foi de 100 mL.kg*
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e aferido diretamente do fluxdmetro do equipamento de cir-
culacdo extracorpdrea, correspondendo, naquele momento,
de forma indireta, ao débito cardiaco do paciente. Apos o fi-
nal das anastomoses, a temperatura central do paciente era
elevada até 37°C e a assisténcia circulatéria promovida pelo
equipamento de circulagdo extracorpdrea era reduzida gra-
dualmente até o retorno pleno da circulacao fisioldgica.
Farmacos vasoativos e vasodilatadores eram infundidos em
doses varidveis para facilitar a saida de CEC. Apds o térmi-
no da operacao, os pacientes foram transportados para a
unidade de terapia intensiva.

Para investigar o impacto da circulagcdo extracorpérea e hi-
potermia sobre o comportamento temporal do gradiente de
pressdo entre a aorta e a artéria radial, logo apés a instala-
¢do da canula na raiz da aorta, o cirurgido conectou uma linha
de monitorizag@o de pressdo a conexdo lateral da canula
aértica. Para coleta dos dados hemodinamicos, os transdu-
tores de pressao arterial radial, aortica, da linha arterial pul-
monar e da presséo de atrio direito foram simultaneamente
calibrados. A coleta dos dados hemodinamicos para a fina-
lidade deste estudo foi realizada nos seguintes momentos:
1) ap6s a colocagdo da canula de aorta, antes do inicio da
CEC; 2) antes do pingamento adrtico, apos resfriamento do
paciente a 32°C; 3) apo6s a Ultima anastomose, com tempe-
ratura central mantida em 32°C e 4) no final da CEC, apds
reaquecimento do paciente até 37°C e antes do inicio do
desmame da CEC e 5) 10 minutos depois da saida de CEC,
tendo o paciente reassumido a circulagdo espontanea, apos
a infusdo de protamina.

Além das medidas de pressdo nas artérias radial e adrtica,
foram realizadas avaliagdes da resisténcia vascular sisté-
mica indexada (RVSi). Para realizacéo dos calculos da RVSi,
o indice cardiaco foi computado a partir da média de trés in-
jecdes de solugdo glicosada a 5% a temperatura ambiente
(em torno de 21°C) por meio da técnica de termodilui¢éo &°
nos momentos pré-CEC e p6s-CEC. Durante a CEC, o in-
dice cardiaco foi computado a partir do fluxo total fornecido
pelo equipamento de CEC. A drenagem venosa foi ajusta-
da de maneira a se obter uma pressao de valor zero no atrio
direito (PAD). A resisténcia vascular sistémica indexada foi
calculada utilizando a formula seguinte:

RVSi = PAM - PAD x 80
IC

A distribuicdo normal dos dados hemodinamicos colhidos
foi testada utilizando o teste de Kolmogorov-Smirnov. A
comparacao dos valores da diferenca de presséo arterial
média, sistélica e da resisténcia vascular sistémica ao lon-
go do estudo foi avaliada pela Analise de Variancia para
medidas repetidas. Concordancia no comportamento tem-
poral da diferenca de presséo aorto-radial média e da re-
sisténcia vascular sistémica indexada foi avaliada pela
presenca de interacdo na andlise de duas vias para me-
didas repetidas. Para esse fim, as analises do fator
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intergrupo (entre RVS e gradiente de pressdo aorto-radial)
e do fator intragrupo (tempo) foram desconsideradas, sen-
do levada em consideragdo apenas a andlise de interacao.
Caso houvesse interacédo, significando n&do-concordancia
entre o comportamento temporal das variaveis estudadas,
seriam realizados testes de correlagdo entre as variaveis
nos diversos momentos estudados através do teste de
Spearman. O nivel de significancia foi fixado em 0,05 e as
correlagdes foram consideradas significativas quando o
coeficiente Rho foi maior que 0,5. Os dados estédo apre-
sentados como média + desvio-padréo.

RESULTADOS

Os dados referentes ao sexo, idade, peso, altura e superfi-
cie corpOrea dos pacientes podem ser vistos na tabela I. A
figura 1 mostra o comportamento da pressao arterial ao lon-
go dos momentos experimentais. Como pode ser observa-
do, houve diminuig&o significativa dos valores de presséo
arterial média tanto na raiz da aorta quanto na artéria radi-
al, logo apds o inicio da circulagcdo extracorpoérea, que foram
restabelecidos aos valores iniciais nos momentos seguin-
tes. Como esperado, houve uma reducéo significativa da
temperatura de 35,1 + 0,8°C para 33 + 1°C ap@s o inicio da
CEC (p < 0,001) e a temperatura foi normalizada (36,6 +
0,7°C) no final da CEC e mantida ap0s a saida de CEC. Em
todos os momentos estudados, exceto logo apds o inicio da
circulacdo extracorporea, a medida de pressdo média arte-
rial obtida na raiz da aorta foi menor que a medida obtida na
artéria radial (Figura 2). Quando a resisténcia vascular sis-
témica foi estuda, observou-se um comportamento tempo-
ral inverso ao comportamento do indice cardiaco (Figura 3)
Por outro lado, a resisténcia vascular sistémica indexada
apresentou variagdes concordantes com a variacao do gra-
diente pressorico aorto-radial médio, exceto no momento fi-
nal, apés a saida de CEC. Contudo, apenas ho momento
apols a realizacdo da ultima anastomose no miocérdio foi
observada correlacdo significativa entre a resisténcia
vascular sistémica indexada e o gradiente de presséo aorto-
radial (Rho = 0,67, p = 0,009) (Figura 4)

Tabela | — Dados Demogréficos

Idade (anos)* 63 + 10,40
Peso (kg)* 70 + 10
Altura (m)* 1,66 + 0,08
Superficie corporea (m?)* 1,82 + 0,19
Sexo
Masculino 14
Feminino 2

* Valores expressos em Média + DP.
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DISCUSSAO

Os principais resultados deste estudo foram: 1) a presséo
arterial média medida na artéria radial subestima a pressao
arterial mensurada na raiz da aorta apos o inicio da CEC;
contudo, essa diferenca de pressdo gira em torno de 3 a 5
mmHg, em valores médios; 2) ndo houve correlagdo consis-
tente entre o gradiente pressoérico aorto-radial e o indice de
resisténcia vascular sistémica apds a instalacdo de circu-
lagdo extracorporea.

A monitoracéo invasiva da presséo arterial radial é realizada
de forma rotineira em pacientes submetidos a intervencao
cirdrgica cardiaca com circulacéo extracorpdrea, em decor-
réncia da necessidade de controle em tempo real da pressao
de perfusdo orgéanica, facilidade de instalacao do cateter e
baixa incidéncia de complicagbes. Com base nos valores da
pressdo da artéria radial sdo indicados farmacos vaso-
pressores ou vasodilatadores, com o intuito de ajustar a re-
sisténcia vascular sistémica e manter adequado balango
entre o maior débito cardiaco possivel e a presséo de
perfusdo para os 6rgaos. Nessa populacao especifica de
pacientes submetidos a intervengédo cirdrgica cardiaca sob
circulacdo extracorpérea hipotérmica, diversos estudos tém
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demonstrado discrepéncia entre a medida da pressédo na
artéria radial e a medida da presséo na raiz da aorta 61012
0 que poderia contribuir para o manuseio inadequado da
hemodinamica, podendo levar ao aumento inapropriado do
consumo de oxigénio pelo miocéardio quando a pressao ra-
dial subestima a pressao aodrtica ou hipoperfusdo tecidual
em pacientes nos quais a pressao da arterial radial é su-
perior & pressdo aortica ®*. Neste estudo, foi observado
apos o inicio da CEC que a presséao arterial média na raiz
da aorta foi inferior a presséo radial em média 1,2 mmHg.
Esse gradiente foi invertido nos momentos seguintes, sendo
a pressao aédrtica média 3 a 5 mmHg maior que a pressao
arterial radial média. Em situa¢des nas quais é necessaria
infusdo de altas concentracdes de vasopressores, esse gra-
diente pode ser ainda mais acentuado.

Em virtude da falta de acuracia da medida de presséo arte-
rial radial em refletir a pressdo atual na raiz da aorta, outros
indices, como a resisténcia vascular sistémica, poderiam
teoricamente fornecer estimativas da magnitude da diferen-
¢a entre a pressdo aodrtica e a presséo radial durante e apés
a fase hipotérmica da CEC e propiciar avaliacdes mais ade-
guadas para os ajustes hemodindmicos necessarios. Ape-
sar do comportamento temporal da RVSi ser concordante
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com o gradiente de pressdo aorto-radial na maioria dos mo-
mentos, como observado na figura 3, observou-se apenas
correlacdo entre a resisténcia vascular sistémica e o gradi-
ente de pressao aorto-radial no momento apés a realizacdo
da ultima anastomose miocardica, quando o paciente ja
estava sendo aquecido e recebendo infusdo de farmacos
vasoativos. A resisténcia vascular sistémica calculada por
medidas de hemodindmica invasiva a beira do leito com
cateteres intravasculares é computada como a razdo entre
a diferenca pressdrica da arterial radial para pressédo no
atrio direito e o fluxo sistémico, refletindo principalmente a
impedancia promovida pela microcirculagéo arteriolar e ter-
ritério venoso ao fluxo sangiineo. A auséncia de correlacdo
sugere que outros fatores além desse componente resistivo
arteriolar e venoso possam contribuir para a génese do gra-
diente pressoérico aorto-radial. Contudo, além desse compo-
nente resistivo circulatério microvascular, sobretudo apés o
inicio da CEC, outros fatores parecem também estar rela-
cionados com a modulacéo da transmissédo de pressao nas
artérias, ndo permitindo inferéncias da magnitude do gradi-
ente pressorico aorto-radial a partir da RVSi.

Diversos mecanismos tém sido propostos alternativamente
para explicar a diferenga aorto-radial de pressdo em pacien-
tes submetidos a CEC, sendo a hipotermia, a instabilidade
hemodinamica, a mudanca do regime de fluxo pulsatil para
fluxo continuo n&do-pulsétil e a variagdo do calibre de grandes
artérias devido a alteracéo da elasticidade arterial induzida
pela CEC ou pelo uso de altas doses de farmacos vaso-
moduladores os mais citados. Logo ap6s o inicio da CEC,
a pressdo na artéria radial foi discretamente superior a raiz
da aorta. Nesse momento, ocorre intensa hemodiluicdo por
causa da entrada na circulacdo de 2 litros de solugéo de
Ringer com lactato, causando diminuicdo abrupta do hema-
técrito e consequente redugdo da viscosidade sanglinea e
da resisténcia vascular sistémica 3, o que poderia compen-
sar a vasoconstricdo induzida pela hipotermia e pela libera-
¢do de mediadores inflamatérios durante a CEC &7. Durante
o transcurso da CEC, em geral grande parte do fluido
cristaléide constituindo o perfusato extravasa para o espa-
¢o extravascular em conseqiiéncia a resposta inflamatéria
sistémica induzida pela CEC %, o que poderia causar um
aumento do hematdcrito e viscosidade sangiliinea, contri-
buindo para o aumento da resisténcia vascular arterial nas
artérias de menor calibre, e que justificaria o inicio e a manu-
tengdo do gradiente aorto-radial em valores de 3 a 5 mmHg
constantes mesmo apés o desmame da CEC *°. De Hert e
col., por outro lado, ndo observaram correlacdo entre a mag-
nitude do gradiente de presséo e as alteragBes observadas
no hematdcrito e na temperatura sangliinea em uma ca-
suistica de 68 pacientes 7. Outro fator possivelmente relacio-
nado com a génese do gradiente de pressdo aorto-radial
seria o calibre das grandes artérias. Estudando 12 pacientes
submetidos a intervencgao cirdrgica cardiaca com CEC, Ka-
nazawa e col. observaram que sete apresentaram diferenca
de presséo aorto-radial superior a 10 mmHg apds a CEC 2.
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Essa diminuicdo de pressdo na artéria radial em relacéo a
aorta estava associada a uma diminuigdo progressiva na ve-
locidade da onda de pulso em direcao a periferia. Usando
a equacgéao proposta por Moens-Korteweg para o célculo da
elasticidade arterial a partir da velocidade da onda de pul-
so 16, esses autores computaram uma diminui¢do na elas-
ticidade, que poderia levar a um amortecimento da onda de
pulso e da pressao arterial ao nivel radial, explicando o apa-
recimento do gradiente aorto-radial de presséo *2. Essa al-
teracdo do tbnus vascular poderia ser secundaria a liberagédo
de substancias vasoativas, em geral observada apdés o ini-
cio da CEC . Finalmente, alterages anatdbmicas, como 0s
ateromas arteriais, poderiam contribuir para a diminui¢cdo da
pressao radial em relagcdo a presséo adrtica. Por causa da
inversdo do gradiente pressdrico logo apds o inicio da CEC,
sugerindo auséncia de estenose arterial, a presenga de al-
teragBes anatdmicas ndo parece ser fator contributivo impor-
tante para a génese do gradiente aorto-radial neste estudo.
Nos casos em que a condi¢cao da artéria radial pode ser
considerada fator importante na génese do gradiente, a
monitorizacao pode ser substituida por puncao de artéria
braquial ou femoral 7.

Em concluséo, a pressao radial subestimou sistemati-
camente a pressdo na raiz da aorta apos a instalacao de
circulagdo extracorpérea hipotérmica em pacientes subme-
tidos a revascularizagdo do miocardio, sendo esse gradiente
pressorico de 3 a 5 mmHg neste estudo. Apesar de peque-
na, essa diferenga pode levar a condutas ndo-apropriadas
ou eventualmente deletérias. A resisténcia vascular sisté-
mica ndo permite uma estimativa acurada da magnitude do
gradiente de pressado aorto-radial, devendo essa diferenca
de 3 a 5 mmHg entre a presséo aodrtica e a pressao radial
ser levada em conta no momento da tomada de decisdes
terapéuticas em pacientes submetidos a revascularizagéo
do miocardio com CEC hipotérmica.

Evaluation of the Aorta-to-Radial Artery
Pressure Gradient in Patients undergoing
Surgery with Extracorporeal Circulation

Maria José Carvalho Carmona, TSA, M.D.; Luiz Carlos de
Melo Barboza Junior; Roberto Yara Buscatti, M.D.; Fabio An-
ténio Gaiotto, M.D.; Alexandre Ciappina Hueb, M.D.; Luiz Mar-
celo Sa Malbouisson, TSA, M.D.

INTRODUCTION

Several studies have identified differences between the ar-
terial pressure measured at the root of the aorta and in the
radial artery in patients undergoing cardiac surgery, parti-

cularly during and after cardiopulmonary bypass (CPB). The
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etiology of the difference, although controversial, has been
attributed to an association between the state of contractility
of the peripheral arteries and arterioles, hypothermia and the
blood volume of the patient. Some authors have suggested
that a reduction in vascular resistance in the upper limb or in
the hand, secondary to vasodilation, could be responsible for
the aorta-to-radial artery pressure gradient 3. On the other
hand, Baba et al. and Nakayama et al. reported that the me-
chanism responsible for the pressure gradient between the
aorta and radial artery could be the vasoconstriction/vaso-
spasm related with the cardiopulmonary bypass or vaso-
pressors 4. To support this hypothesis, Rich et al. and De
Hert et al. observed that the development of this pressure
gradient was associated with the beginning of the cardiopul-
monary bypass 7.

This difference between the pressure measured at the root
of the aorta, which determines the perfusion pressure of the
body, and the pressure in the radial artery can result in ina-
dequate adjustments in the hemodynamic parameters of
patients with compromised cardiovascular function, leading
to hypoperfusion and unnecessary increases in myocardial
oxygen consumption that could lead to myocardial ischemia.
Measurement of the systemic vascular resistance provides an
indirect estimate of the arterial and arteriolar vasoconstriction
that could be related to the aorta-to-radial artery pressure
gradient and, therefore, contribute for a better accommodation
of hemodynamic parameters after removal of CPB, minimi-
zing the risk.

The objectives of this study were to evaluate the behavior of
the pressure gradient between the radial artery and the root
of the aorta before, during, and after hypothermic CPB in
patients undergoing surgical myocardial revascularization
(MR) and its correlation with the systemic vascular resistance
at each moment,

METHODS

The size of the study population, 16 patients, was determi-
ned considering a test power of 95% and a level of signi-
ficance of 5%. After approval of the research project by the
Scientific Commission of the Instituto do Corag&o and by the
Medical Ethics Commission of the Hospital das Clinicas da
Faculdade de Medicina da USP, 16 patients undergoing
myocardial revascularization with cardiopulmonary bypass
were enrolled. Inclusion criteria were: 1) first myocardial revas-
cularization; 2) elective surgery; and 3) absence of peripheral
artery disease. Exclusion criteria included: 1) associated sur-
geries, such as revascularization and change of valve in the
same surgery; 2) dissection or prior puncture of the radial
artery that supposed to be catheterized during the surgery; 3)
presence of aneurysm of the left ventricle; 4) electrocardio-
graphic evidence of important right ventricular dysfunction; 5)
infarct-related mechanical complications, such as mitral re-
gurgitation or rupture of the interventricular septum; 6) pre-
sence of associated organic dysfunction: 7) left ventricular
dysfunction with ejection fraction < 0.35; 8) blunted arterial
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pressure curve on the monitor or early occlusion of the ca-
theter; and 9) need of mechanical circulatory support with
aortic balloon counterpulsation.

Each patient was medicated with oral midazolam, 0.1 to
0.2 mg.kg? 30 minutes before the surgery. After admission
to the operating room, patients were monitored with a cardio-
scope (DIl and V5 derivations) and pulse oximetry with a
multiparametric Siemens monitor model SC7000 (Siemens
Medical, Berlin, Germany). Venipuncture with a 16G teflon
catheter in every patient. To monitor the mean arterial pres-
sure a 20G teflon catheter was introduced in the right radial
artery. After confirmation of the proper positioning by the
backflow of blood through the catheter, the arterial line was
connected to a disposable Edwards TRUWAVE pressure
transducer (Edwards Lifesciences, Irvine, CA, USA) with
precision of + 1 mmHg. Calibration was done at ambient
pressure, and at the level of the middle axillary line. Induction
of anesthesia was accomplished with midazolam, 0.3 to
0.5 mg.kg?, 20 to 30 pg.kg? of fentanyl and 0.1 mg.kg* of pan-
curonium. Anesthesia was maintained with variable concen-
trations of inhalational isoflurane and supplementary doses
of fentanyl. During the CPB, supplementary doses of mida-
zolam and neuromuscular blocker were administered to
maintain hypnosis and muscular relaxation. After induction,
a pulmonary artery catheter (CCO/SvO2/VIP™ TD catheter,
Edwards Healthcare Co., Irvine, CA, USA) was introduced in
the right internal jugular vein. An esophageal thermometer
and bladder catheter were also introduced after anesthetic
induction. Tidal volume was set between 6 and 8 mL.kg* and
respiratory rate between 10 and 14 inspirations per minute
to maintain PaCO, between 30 and 40 mmHg. Inspiration was
set as 33% of the respiratory cycle. Positive end-expiratory
pressure was set between 3 and 5 cm H,O to avoid hindering
visualization of the surgical field.

After thoracotomy and administration of 500 1U.kg? of he-
parin, an arterial cannula with a lateral luer-lock connection
at the proximal end was inserted in the ascending aorta and
venous cannulas were introduced in the superior and infe-
rior vena cava. Cardiopulmonary bypass was performed with
a non-pulsatile flow under moderate hypothermia using a
membrane oxygenator OXI Master Century (Braile, Sdo José
do Rio Preto, SP, Brazil), the circuit was filled with Ringer’s
lactate and 50 g of 20% mannitol. After starting the CPB, the
core temperature of the patient was reduced and maintained
between 32° and 34°C. The programmed flow of the CPB
was 100 mL.kg* and was checked directly from the flow me-
ter of the cardiopulmonary bypass equipment corresponding
indirectly to the cardiac output of the patient. After the end of
the anastomosis, the core temperature of the patient was
elevated to 37°C and the cardiocirculatory assistance of the
cardiopulmonary bypass equipment was gradually reduced
until full return of the physiological circulation. Variable doses
of vasoactive and vasodilator drugs were infused to facilitate
removal of the CPB. After the end of the surgery, patients
were transported to the intensive care unit.
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To investigate the impact of the cardiopulmonary bypass and
hypothermia on the temporal behavior of the aorta-to-radial
artery pressure gradient, immediately after insertion of the
cannula in the root of the aorta, the surgeon connected a
pressure monitoring device to the lateral connection of the
aortic cannula. To collect hemodynamic data, the transducers
of radial and aortic pressures, arterial pulmonary pressure,
and right atrial pressure were calibrated simultaneously.
Hemodynamic data were recorded at the following times: 1)
after placement of the aortic catheter, before beginning CPB;
2) before occlusion of the aorta, after cooling the patient
to 32°C; 3) after the last anastomosis, with core temperature
at 32°C; 4) at the end of CPB, after rewarming the patient to
37°C and before removing the CPB; and 5) 10 minutes after
removal of the CPB, after the patient had resumed sponta-
neous circulation, and after the administration of protamine.
Besides measurement of radial artery and aortic pressures,
the systemic vascular resistance index (SVRI) was evalua-
ted. To calculate the SVRI the cardiac index was determined
as the mean of three injections of D5W at room temperature
(around 21°C) by thermodilution &° pre- and post-CPB.
During CPB, the cardiac index was determined from the to-
tal flow provided by the CPB equipment. Venous drainage
was adjusted in order to obtain a pressure of zero in the right
atrium (RAP). The systemic vascular resistance index was
calculated according to the following formula:

SVRI=_PAM — PAD x 80
Cl

The normal distribution of the hemodynamic data gathered
was determined with the Kolmogorov-Smirnov test. Com-
parison of the difference of mean and systolic blood pres-
sure, and of the systemic vascular resistance throughout the
study was done by Analysis of Variance for repeated measu-
rements. Concordance of the temporal behavior of the aorta-
to-radial artery pressure gradient and systemic vascular
resistance index was evaluated by the presence of interaction
in the two-way analysis of repeated measurements. For this
purpose, only the interaction analysis, and not the analysis
of intergroup factors (between SVR and aorta-to-radial artery
pressure gradient) and intragroup (time), was considered. If
interaction were present, i.e., the absence of concordance in
the temporal behavior of the parameters, correlation tests
among the parameters at different moments were conduc-
ted using the Spearman test. The level of significance was
set at 0.05 and the correlations were considered significant
when the Rho coefficient was greater than 0.5. Data are
presented as mean + SD.

RESULTS
Table | shows the data regarding gender, age, weight, height,

and body surface area. Figure 1 shows the behavior of the
blood pressure at the different moments of the experiment.
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Table | — Demographic Data

Age (years)* 63 + 10,40
Weight (kg)* 70+ 10
Height (m)* 1.66 + 0.08
Body surface area (m?)* 1.82 £0.19
Gender
Male 14
Female 2

* Values expressed as Mean + SD.
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and Radial Artery (closed circles) at Different Moments of the
Surgery. ns = non-significant.
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As can be observed there was a significant reduction in
mean arterial pressure, both at the root of the aorta and in
the radial artery, immediately after starting CPB, returning to
normal afterwards. As it was expected, there was a significant
reduction in body temperature from 35.1 + 0.8°C to 33 + 1°C
after the institution of the CPB (p < 0.001); temperature
brought to normal values (36.6 + 0.7°C) at the end of CPB,
which was maintained after discontinuation of CPB. The
mean arterial pressure at the root of the aorta was smaller
than in the radial artery in all moments of the study except
immediately after the initiation of the CPB (Figure 2). The
temporal behavior of the systemic vascular resistance was
opposite of the cardiac index (Figure 3). On the other hand,
the systemic vascular resistance index showed variations in
accordance with the variation of the mean aorta-to-radial
artery pressure gradient, except for the final moment, after
discontinuation of CPB. However, only after the last anasto-
mosis in the myocardium a significant correlation between
the systemic vascular resistance index and the aorta-to-radial
artery pressure gradient was observed (Rho = 0.67, p = 0.009)
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DISCUSSION inadequate hemodynamic management; this can lead to an
inappropriate increase in myocardial oxygen consumption
The main results of this study were: 1) the mean arterial when the radial pressure underestimates the aortic pressure
pressure in the radial artery underestimates the arterial pres- or tissue hypoperfusion in patients whose radial artery
sure at the aortic root after beginning the CPB; however, this pressure is greater than the aortic pressure 8. In this study,
difference is approximately 3 to 5 mmHg; 2) a consistent it was observed that, after beginning CPB, the mean arterial
correlation between the aorta-to-radial artery pressure pressure at the root of the aorta was smaller than in the ra-
gradient and the vascular systemic resistance index after dial artery by a mean of 1.2 mmHg. This gradient was inver-
beginning cardiopulmonary bypass was not observed. ted in posterior moments, in which the mean aortic pressure
Invasive monitoring of the radial artery pressure is routinely was 3 to 5 mmHg greater than the mean radial artery pres-
done in patients undergoing cardiac surgery with cardiopul- sure. In situations in which high concentrations of vasopres-
monary bypass, due to the need of real-time control of the sors are needed, this gradient might be even greater.
perfusion pressure, the catheter is easily inserted and the Due to the lack of accuracy of the pressure measured in the
incidence of complications is low. Based on the radial artery radial artery to reflect the pressure at the root of the aorta,
pressure, vasopressors or vasodilators are prescribed to other indices, such as systemic vascular resistance could,
adjust the systemic vascular resistance and to maintain ade- in theory, provide estimates of the degree of difference bet-
quate balance between the greater cardiac output possible ween the aortic and radial artery pressures during and after
and the perfusion pressure. In this specific population of pa- the hypothermic phase of the CPB and provide more ade-
tients undergoing cardiac surgery with hypothermic cardio- guate evaluations for the hemodynamic adjustments neces-
pulmonary bypass, several studies have demonstrated a sary. Despite the temporal behavior of the SVRI being in
discrepancy between the radial artery pressure and the pres- agreement with the aorta-to-radial artery pressure gradient
sure at the aortic root ¢1%12 which could contribute for the in most moments, as can be observed in figure 3, the
Revista Brasileira de Anestesiologia 627
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correlation between the systemic vascular resistance and
the aorta-to-radial artery pressure gradient was observed
only after the last anastomosis in the myocardium, when the
patient was being rewarmed and receiving vasoactive drugs.
The systemic vascular resistance calculated through inva-
sive hemodynamic measurements at the bedside with intra-
vascular catheters is computed as the ratio between the
radial artery-to-right atrium pressure gradient and the sys-
temic flow, reflecting mainly the impedance promoted by the
arteriolar microcirculation and the venous bed to the blood
flow. The absence of correlation suggests that other factors
besides the resistive arteriolar and venous components
might contribute to the genesis of the aorta-to-radial artery
pressure gradient. However, besides this resistive microvas-
cular circulatory component after beginning CPB, other
factors also seem to be related with the modulation of pres-
sure transmission in the arteries, which does not allow
interferences from the magnitude of the aorta-to-radial artery
pressure gradient from the SVRI.

Several mechanisms have been proposed to explain the
aorta-to-radial artery pressure gradient in patients undergoing
CPB, and hypothermia, hemodynamic instability, change
from pulsatile to continuous non-pulsatile blood flow, and the
variation in the caliber of the great vessels due to a change
in arterial elasticity induced by the CPB or by high doses of
vasomodulator drugs are mentioned more often. Immedia-
tely after beginning CPB, the radial artery pressure was
slightly higher than the pressure in the aortic root. At this mo-
ment there is severe hemodilution due to the 2 liters of Rin-
ger’'s lactate added to the circulation, causing an abrupt
reduction in hematocrit and consequent reduction in blood
viscosity and systemic vascular resistance 3, which could
compensate the vasoconstriction induced by hypothermia
and release of inflammatory mediators during CPB ®7. Du-
ring the CPB, great part of the crystalloid in the perfusate
leaks to the extravascular space as a consequence of the
systemic inflammatory reaction induced by the CPB %4, which
might increase the hematocrit and blood viscosity, contribu-
ting to the increase in vascular resistance in the smaller
arteries, which would justify the beginning and maintenance
of the aorta-to-radial artery pressure gradient at 3 to 5 mmHg,
even after discontinuation of the CPB . On the other hand,
De Hert et al. did not observe a correlation between the mag-
nitude of the pressure gradient and the changes in the
hematocrit and blood temperature in 68 patients 7. Another
factor possibly associated with the genesis of the aorta-to-
radial artery pressure gradient is the caliber of the large arte-
ries. Studying 12 patients undergoing cardiac surgery with
CPB, Kanazawa et al. observed that 7 patients had an aorta-
to-radial artery pressure gradient greater than 10 mmHg after
CPB 2, This reduction in radial artery pressure in relation to
the aortic pressure was associated with a progressive
reduction in the velocity of the pulse wave towards the peri-
phery. Using the equation proposed by Moens-Korteweg to
calculate the arterial elasticity based on the velocity of the
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pulse wave?®, those authors observed a reduction in elasticity
that could lead to a dampening of the pulse wave and of the
arterial pressure at the level of the radial artery, thus explaining
the aorta-to-radial artery pressure gradient 2. This change in
vascular tone could be secondary to the release of vasoactive
substances, commonly observed after beginning CPB 4. Fi-
nally, anatomical changes, such as arterial atheromas, could
contribute to the reduction in radial artery pressure in relation
to the aortic pressure. Due to the inversion of the pressure
gradient immediately after beginning CPB, suggesting the
absence of arterial stenosis, the presence of anatomical
alterations does not seem to be an important contributing
factor for the genesis of the aorta-to-radial artery pressure
gradient in the present study. In cases in which the condition
of the radial artery might be an important factor in the ge-
nesis of the pressure gradient, monitoring could be done by
puncturing the brachial or femoral artery 7.

To conclude, the radial pressure underestimated systema-
tically the pressure at the root of the aorta after the beginning
of hypothermic cardiopulmonary bypass in patients under-
going myocardial revascularization and this pressure gradient
was between 3 and 5 mmHg. Although small, this difference
can lead to inappropriate or even harmful management con-
ducts. Systemic vascular resistance does not provide an
accurate estimate of the magnitude of the aorta-to-radial
artery pressure gradient, and this difference of 3 to 5 mmHg
between the aortic and radial artery pressures should be
considered when making therapeutic decisions in patients un-
dergoing myocardial revascularization with hypothermic CPB.
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RESUMEN

Carmona MJC, Barboza Jr LCM, Buscatti RY, Gaiotto FA, Hueb AC,
Malbouisson LMS — Evaluacién del Gradiente Presérico Aorto-Ra-
dial en Pacientes Sometidos a la Intervencion Quirdrgica con Cir-
culacion Extracorpoérea.
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JUSTIFICATIVA Y OBJETIVOS: Diversos estudios han demos-
trado diferencia significativa entre la presion adrtica y la presion
radial en pacientes sometidos a la circulacion extracorporea (CEC).
Los objetivos de este estudio fueron evaluar el comportamiento de
la diferencia entre presion arterial radial y la presién adrtica duran-
te revascularizacion del miocardio (RM) con CEC y su correlacion
con la resistencia vascular sistémica.

METODO: Después de la aprobacién por el Comité de Etica
hospitalaria, 16 pacientes sometidos a la RM con CEC hipotérmica
fueron estudiados. Presiones sistdlica, diastdlica y media fueron
obtenidas en la raiz de la aorta y en la arteria radial, a través de
catéteres especificos. Débito cardiaco se obtuvo usando catéter
de arteria pulmonar o directamente de la maquina de CEC y
Resistencia Vascular Sistémica indexada (RVSI) fue calculada en
los momentos pre-CEC, inicio de la CEC, después de la ultima RM,
al final de la CEC y pos-CEC. El anélisis estadistico se realizé a
través de Andlisis de Variancia para medidas repetidas y correla-
cion de orden de Spearman y el nivel de significancia se establecio
en 0,05.

RESULTADOS: Después del inicio de la CEC, la presion arterial
radial fue sistematicamente menor que la presion adrtica en 3 a 5
mmHg. Se observé correlacion significativa entre el gradiente
medio de presion aorto-radial y la RVSi solamente después de la
ultima RM, correspondiendo al calentamiento del paciente (Rho =
0,67, p = 0,009).

CONCLUSIONES: La medida de presion en la arterial radial su-
bestimo sistematicamente la presion arterial en la raiz de la aorta
después de la CEC y la RVSi no suministro estimacion puntual de
la magnitud del gradiente de presién aorto-radial.
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