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RESUMO

Nora FS, Klipel R, Ayala G, Oliveira Filho GR — Remifentanil: O Regi-
me de Infus@o Faz Diferenga na Prevengéo das Respostas Circula-
térias & Intubagao Traqueal?

JUSTIFICATIVA E OBJETIVOS: Os opidides em doses elevadas
diminuem a resposta circulatoria a intubagao traqueal. Entretanto,
o lento perfil de recuperagdo dos opidides tradicionais pode limi-
lar a utilizagcdo em altas doses. O remifentanil possui tempo de ini-
cio e de término de acao rapidos e previsiveis, o que o diferencia
dos demais. O objetivo primdrio deste estudo foi verificar a hipd-
tese de que ndo hd necessidade de iniciar a administragdo de
remifentanil antes da indug&o com o propofol.

METODO: Foram avaliados 30 pacientes, divididos em dois gru-
pos, que receberam anestesia geral venosa total. No Grupo 1, a
infusdo de remifentanil (0,3 pg.kg’.min’) foi iniciada dois minutos
antes da indugéo e, no Grupo 2, juntamente com a indugdo. Foram
avaliadas as pressobes arteriais sistdlica, diastdlica e média (PAS,
PAD, PAM), freqtiéncia cardiaca (FC), concentragdes no local efetor
de propofol (CEF-prop) e de remifentanil (CEF-remi) em trés mo-
mentos: basal (M0); apds a perda do contato verbal (M1); e apds
a intubagéo traqueal (M2).

RESULTADOS: As pressées arteriais apresentaram redugées sig-
nificativas em ambos os grupos, em M1 e M2. A CEF-remi foi maior
no Grupo 1, em M1 e maior, no Grupo 2, em M2 (p < 0,05). Houve
correlagbes estatisticas significativas entre o indice de sobrecar-
ga vascular (ISV) e a variagdo tensional sistdlica apds perda do con-
tato verbal, no Grupo 1 (r = -0,80; p < 0,01), e apds a intubagdo
traqueal, no Grupo 2 (r = -0,60; p < 0,01).
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CONCLUSOES: O remifentanil, administrado dois minutos antes
da indugéo, com o propofol, ndo causou protegdo cardiovascular
adicional as manobras de intubagédo traqueal. Isso sugere que o
inicio da infusgo de remifentanil dois minutos antes da indugédo seja
desnecessario.

Unitermos: ANALGESICOS, Opidide: remifentanil; ANESTESICOS,
Venoso: propofol; TECNICAS ANESTESICAS, Geral: venosa total.

SUMMARY

Nora FS, Klipel R, Ayala G, Oliveira Filho GR — Remifentanil: Does
the Infusion Regimen Make a Difference in the Prevention of
Hemodynamic Responses to Tracheal Intubation?

BACKGROUND AND OBJECTIVES: High doses of opioids de-
crease the hemodynamic response to tracheal intubation. However,
the slow recovery profile of traditional opioids may limit the use of
high doses. Remifentanil has a fast time of onset and is short acting,
which differentiates it from the other drugs in this class. The primary
objective of this study was to verify the hypothesis that there is no
need to initiate the administration of remifentanil before the
induction with propofol.

METHODS: Thirty patients, divided in two groups, who received total
intravenous anesthesia, were evaluated. In Group 1, the infusion of
remifentanil (0.3 ug.kg’.min"") was initiated two minutes before
induction, and in Group 2, at the same time of the induction. Sys-
tolic, diastolic, and mean arterial blood pressure (SBP, DBF, MAP),
heart rate (HR), concentration of propofol (CEF-prop) and
remifentanil (CEF-remi) in the effector area in three moments:
baseline (M0), after losing verbal contact (M1), and after tracheal
intubation (M2) were evaluated.

RESULTS: There were significant reductions in blood pressure in
both groups at M1 and M2. CEF-remi was greater in Group 1, at M1,
and greater in Group 2, at M2 (p < 0.05). There was a significant
statistical correlation between the vascular overload index (VOI)
and the variation of the systolic pressure after the loss of verbal
contact in Group 1 (r =-0.80; p < 0.01) and in Group 2 after tracheal
intubation (r = -0.60; p < 0.01).

CONCLUSIONS: Remifentanil administered two minutes before
induction with propofol did not offer additional cardiovascular
protection to tracheal intubation. This suggests that it is not
necessary to start the infusion of remifentanil two minutes before
anesthetic induction.

Key Words: ANALGESICS, Opioid: remifentanil; ANESTHETICS,
Intravenous: propofol; ANESTHETIC TECHNIQUES, General: total
intravenous.
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INTRODUCAO

Diversos autores tém descrito que a diminuigdo da res-
posta ao trauma, durante anestesia geral, pode ser
obtida por meio da utilizagdo de opidides por via venosa em
doses elevadas. Entretanto, grandes doses de opidides po-
dem ocasionar efeitos adversos importantes, além de pro-
longar o tempo de recuperacao.

Meia-vida contexto-dependente é o tempo que um agente
leva para diminuir a sua concentragdo plasmatica para a
metade daquela que vinha sendo mantida, a partir do mo-
mento em que sua administracdo foi interrompida. E o
parametro mais utilizado, em anestesia venosa, para deter-
minar o tempo previsto para o término de acdo de um
farmaco venoso administrado em infusdo continua '. Con-
centragcOes plasmaticas de sufentanil, fentanil e alfentanil
capazes de oferecer boa protecao aos estimulos nocicep-
tivos intra-operatdrios, durante infusdo continua, possuem
meias-vidas contexto-dependentes, que variam entre 35 a 45
minutos. Por causa desse lento perfil de recuperagéo, as-
sociado ao aumento do numero de procedimentos ambu-
latoriais, bem como a possibilidade de extubacéo precoce
em procedimentos cirdrgicos de grande porte, surgiu o
remifentanil. O remifentanil, pelas suas caracteristicas far-
macocinéticas, foi desenvolvido para administragdo continua
e possui tempo de inicio e de término de agéo rapidos e pre-
visiveis 2.

Entre os efeitos adversos dos opidides podem ser descri-
tas a bradicardia, a hipotenséo arterial, a rigidez de térax, a
depressao respiratéria e a depressdo miocardica. Ocorrem
em maior ou menor intensidade, de acordo com a velocidade
de injecdo, dose, estado fisico, doengas concomitantes, po-
téncia e interagédo farmacoldgica. Durante a inducéo da
anestesia geral, os opidides séo utilizados no intuito de pro-
teger as respostas a laringoscopia e intubagao traqueal e
devem ser utilizados com cautela. Devido ao prolongado
tempo de laténcia de alguns opidides é rotina a utilizagao
desses agentes minutos antes da indugao. O inicio de acédo
de um opidide depende, entre outros fatores, do seu KeQ —
variavel farmacocinética que determina a velocidade na qual
0 opidide se desloca do plasma até o compartimento efetor
ou receptor. Quanto maior a velocidade de entrada no recep-
tor mais rapido sera o inicio de acdo. Assim, o remifentanil
e o alfentanil tém inicio de agdo mais rapido; o sufentanil e
o fentanil, mais lentos 23,

Este trabalho postulou a hipétese de que ndo ha necessi-
dade de utilizar bolus iniciais ou doses iniciais em infusao
continua de remifentanil prévios a indugao, uma vez que o
inicio e o pico de agao deste farmaco séo rapidos.

Foi objetivo secundario determinar se a utilizagdo de remi-
fentanil, prévia a indugdo, causaria maior depressao hemo-
dindmica quando comparada a utilizagdo concomitante ao
inicio da indugéo.
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METODO

Com aprovagdo do Comité de Etica e consentimento infor-
mado, 30 pacientes participaram do estudo, todos em regi-
me ambulatorial, com tempo de jejum adequado. Nenhum
paciente recebeu medicacdo pré-anestésica. Apés monito-
racdo com aparelho nédo-invasivo para a medida da presséao
arterial sistolica (PAS), diastdlica (PAD) e média (PAM),
oximetro de pulso e eletrocardiografia na derivacdo D, para
andlise do eletrocardiograma e da freqiiéncia cardiaca (FC),
foi realizada vendclise com cateter 20G e solucéo fisioldgi-
ca a 0,9% administrada com a maxima vazao permitida pelo
dispositivo em todos os casos. Foi utilizada uma solu¢do de
remifentanil, por via venosa, na concentragao de 0,1 mg.mL".
A velocidade de infusdo do remifentanil foi de 0,3 pg.kg™.
min-' com auxilio de uma bomba de infusdo mecéanica
(Santronic®) em ambos os grupos. Os pacientes foram divi-
didos, por sorteio, em dois grupos. No Grupo 1 (n = 16),
quando os pacientes chegavam a sala cirurgica, foram ano-
tadas as PAS, PAD, PAM e FC com o paciente acordado —
medida basal (MO0). A infusao de remifentanil era iniciada
dois minutos antes da indugéo e foram anotadas as PAS,
PAD, PAM, FC e a dose infundida de remifentanil em mL.
Posteriormente, foram estimadas quais as concentragdes
eram obtidas no compartimento efetor (CEF-remi) de acordo
com o tempo de infusédo *°. Esses dados foram fornecidos
por meio da utilizagdo de um software chamado TIVATRAI-
NER®, cujos parametros farmacocinéticos utilizados para o
célculo das concentragdes previstas estdo descritos na
tabela I. Apds este periodo de dois minutos foi iniciada a in-
fusdo de propofol com auxilio de bomba de infusao alvo-
controlada (Diprifusor®). O alvo plasmatico de propofol inicial
foi de 4 pg.mL"' com o tempo de infusdo no modo flash. A
concentracdo no local efetor foi fornecida pela bomba de
propofol. Para o propofol, o modelo farmacocinético de pre-
visdo da concentracdo no local efetor foi 0 mesmo incorpo-
rado a bomba de infusdo e descrito por Marsh e col. 87, cujos
atributos estdo descritos na tabela I. Quando o paciente per-
dia o contato verbal eram anotadas PAS, PAD, PAM, FC, vo-
lume infundido de remifentanil (mL) e concentracédo de
propofol no local efetor (fornecido pela bomba de infusédo)
(M1). Apds a perda do contato verbal era administrado
rocurdnio, por via venosa, na dose de 0,6 mg.kg'. A ventila-
¢do manual com oxigénio e por mascara facial foi iniciada
e mantida até que a concentragdo estimada de propofol no
local efetor alcangasse 2,7 pg.mL'. Neste momento, a
intubagao traqueal foi realizada. Imediatamente apds foram
anotados PAS, PAD, PAM, FC e volume de remifentanil in-
fundido em mL (M2). O estudo foi interrompido apds essas
medidas e a anestesia seguia conforme preferéncia do
anestesiologista. No Grupo 2 (n = 14) os mesmos dados
foram coletados nos mesmos momentos (MO, M1 e M2). A
unica diferenga no Grupo 2 foi que o inicio da infusdo de
remifentanil ocorria concomitantemente ao inicio da infusdo
de propofol.
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Tabela | — Pardmetros Farmacocinéticos para Infuséao
Continua de Remifentanil e Propofol

Variavel Farmacocinética Remifentanil 4° Propofol 87
T1/2 Ke0 1,5 min 2,6 min
K12 0,294 min-! 0,112 min-!
K21 0,169 min™! 0,055 min™!
K13 0,011 min"! 0,042 min™
K31 0,01 min” 0,003 min!
K10 0,472 min™! 0,119 min™!
vdi 5,031 L 18,411 L
Vd2 8,748 L 37,492 L
Vd3 542 L 46,286 L
CL1 142,506 L.h" 131,457 L.h
CL2 88,686 L.h 123,724 L.h"'
CL3 3,272 L.h 46,286 L.h

T1/2 KeO = tempo médio para equilibrio entre a concentragéao
plasmatica e no compartimento efetor; K = constante de tempo de
transferéncia entre os compartimentos, cujos numeros representam
os compartimentos e a diregao da transferéncia; Vd = volume de
distribuicdo, os nimeros representam os compartimentos; CL =
depuragéo, os numeros representam os compartimentos.

Para a andlise demogréfica foi utilizado o teste t de Student
(variaveis continuas) e teste Exato de Fisher (variaveis cate-
goricas). As comparagdes entre os grupos, em cada mo-
mento do estudo (intergrupos) e dos momentos dentro de
cada grupo (intragrupo) foram feitas com Andlise de Variancia
bifatorial para medidas repetidas seguida pelo teste post hoc

de Student-Newman-Keuls para PAS, PAD, PAM, FC e CEF-
remi (M1 e M2, apenas). Foi calculado o Delta PAS através
do calculo: Delta PAS = ((PAS momento — PAS basal) / PAS
basal) x 100. O célculo do indice de sobrecarga vascular
(ISV = 1,33 PAS — 0,33 PAD — 133) também foi realizado 8.
Foi realizada anélise de regresséo linear entre ISV e CEF-
remi (independentes) e Delta PAS nos momentos M1 e M2
em cada grupo.

RESULTADOS

Os grupos foram demograficamente homogéneos (Tabela
I1). As pressdes arteriais sistolica, diastdlica e média apre-
sentaram redugdes com diferenca estatistica significativa
em ambos 0s grupos, apos a perda do contato verbal (M1)
e apés a intubacao traqueal (M2), quando comparadas as
medidas basais (M0), sem diferengas entre os grupos (Fi-
guras 1 a 3). Nao ocorreram diferengas na freqiiéncia car-

Tabela Il — Dados Demograficos
Grupo 1 Grupo 2 p
Idade (anos)* 38,19 + 19,83 42,86 + 17,63 0,68
Sexo (M/F) 12/4 12/2 0,39
Estado fisico
ASA (I/11) 9/7 8/6 0,62
Peso (kg)* 62,13 + 13,06 66 + 14,48 0,70
Altura (cm)* 164 + 8 161 +8 0,96
indice de sobrecarga 27,38 + 29,86 22,42 + 21,37 0,23

vascular*

* Valores Expressos em Média + DP
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Figura 1 — Presséao Arterial Sistélica. Foram observadas diminuicdes com diferenga estatistica significativa entre os valores médios de PAS
apos a indugdo (M1) e apds a intubagao traqueal (M2) em ambos os grupos, sem diferengas significativas nas comparacdes intergrupos.

* =p < 0,05 comparado a MO

Revista Brasileira de Anestesiologia
Vol. 57, N° 3, Maio-Junho, 2007

249



NORA, KLIPEL,

AYALA E COL.

90

85

80

75

70

PAD (mmHg)

65

60

55

50
MO

MA1 M2
Momentos

|+ Grupo 1 -#- Grupo 2 |

Figura 2 — Pressao Arterial Diastdlica. Foram observadas diminuigdes com diferenga estatistica significativa entre os valores médios de PAD
apos a indugdo (M1) e apds a intubagao traqueal (M2) em ambos os grupos, sem diferengas significativas nas comparacdes intergrupos.

* =p < 0,05 comparado a MO
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Figura 3 — Presséao Arterial Média. Foram observadas diminuicdes com diferenca estatistica significativa entre os valores médios de PAM apds
a indugdo (M1) e apds a intubacéo traqueal (M2) em ambos os grupos, sem diferengas significativas nas comparagdes intergrupos.

* =p < 0,05 comparado a MO

diaca em nenhum momento e nem entre os grupos (Figu-
ra 4). A andlise do Delta PAS nao apresentou diferenca es-
tatistica em nenhum momento e nem mesmo entre os
grupos (Figura 5). A CEF-remi apresentou diferenga estatis-
tica entre os grupos e entre os momentos avaliados. Apds
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a perda do contato verbal (M1), a CEF-remi foi maior (4 - 5,8
ng.mL™") no Grupo 1 (remifentanil iniciado dois minutos an-
tes da indugéo) quando comparada ao Grupo 2 (3,0 - 6,5
ng.mL"). Apds a intubacao traqueal (M2), a CEF-remi foi
menor no Grupo 1 quando comparada ao Grupo 2 (Figura 6).
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Figura 4 — Frequéncia Cardiaca. Nao foi observada diferenca estatistica significativa entre os valores médios de FC apds a inducdo (M1) e
apos a intubacgao traqueal (M2) em ambos os grupos, sem diferengas significativas nas comparacdes intergrupos.
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Figura 5 — Percentuais de Variagdo Tencional Sistélica ap6s a Indugdo (M1) e apds a Intubacao Traqueal (M2). Nao foram observadas
diferengas estatisticas significativas entre os valores médios da variacdo tensional sistdlica apés a indugao (M1) e apds a intubagao

traqueal (M2) nas comparagdes inter-grupos.

Revista Brasileira de Anestesiologia 251

Vol. 57, N° 3, Maio-Junho, 2007



NORA, KLIPEL, AYALA E COL.

ng.mL"

Momentos

Grupo 1 ® Grupo 2 |

Figura 6 — Concentragbes Estimadas de Remifentanil no Compartimento Efetor (CEF-remi) apds a Indugao (M1) e apds a Intubacdo Traqueal
(M2). Nao foram observadas diferengas estatisticas significativas entre os valores médios das concentragbes estimadas de remifentanil
no compartimento efetor (CEF-remi) apés a inducdo (M1) e apds a intubagao traqueal (M2) nas comparagdes intergrupos.

Houve correlagbes estatisticas significativas entre o ISV e a
variagéo tensional sistdlica apds perda do contato verbal, no
Grupo 1 (r =-0,80; p < 0,01) e apds a intubagéo traqueal, no
Grupo 2 (r = -0,60; p < 0,01) (Figura 5).

DISCUSSAO

As alteragdes hemodindmicas decorrentes da indugéo
anestésica durante anestesia geral sdo comuns. A utilizagéo
de opidides durante a inducgdo, entre outros aspectos, aju-
da a bloquear os reflexos decorrentes da laringoscopia e da
intubacéo traqueal. Os maiores problemas associados aos
opidides relacionam-se as doses necessdrias para a obten-
¢éo de protecdo adequada e aos efeitos cardiovasculares
decorrentes do aumento da dose. Para uma protecao mais
efetiva contra os reflexos de laringoscopia e intubagao
traqueal sdo necessarias doses maiores. Os opidides de
longa duracdo de agéao, utilizados em doses maiores, po-
dem causar bradicardia e hipotensao arterial, além de de-
pressao respiratoria tardia. O remifentanil, um opidide de
inicio e de término de acéo rapidos, pode ser uma opgao
vantajosa, quando comparado aos demais opidides em uso
clinico. As formas de administragdo e as doses de remi-
fentanil a serem utilizadas em anestesia geral sdo motivos
de controvérsia. Alguns autores sugerem doses de infuséo
elevadas (1 pg.kg™.min") e outros recomendam doses me-
nores (0,3 a 0,5 pg.kg™'.min") *. O momento para o inicio
da administracdo de remifentanil ndo tem sido descrito pela
literatura. Nas condi¢des deste estudo, foi possivel demons-
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trar que, quando a administragdo de remifentanil foi feita
dois minutos antes da indugcdo com o propofol, ndo houve
protegdo cardiovascular adicional as manobras de intuba-
¢éo traqueal. A administragdo prévia de remifentanil ndo
causou alteragbes circulatdrias diferentes das causadas
pela administragéo simultédnea do propofol. Isso sugere que
a administragéo de remifentanil dois minutos antes da in-
ducéo anestésica é desnecessaria. A hipétese de que a ad-
ministragao prévia de remifentanil pudesse ocasionar maior
depressao cardiovascular ndo foi comprovada muito embo-
ra as correlagdes entre o ISV e a variagéo tensional sistdlica
tenham sido significativas em alguns momentos. Assim,
nos pacientes que recebiam remifentanil, dois minutos an-
tes da indugéo, durante a perda do contato verbal (M1), o in-
dice de sobrecarga ventricular associou-se inversamente
com a diminuicdo tensional sistélica. A mesma correlagéo
de ISV e Delta PAS pb6de ser observada no Grupo 2 apés a
intubacao traqueal. Note-se que, no Grupo 2, apds a
intubagao traqueal, a CEF-remi foi mais elevada quando
comparada ao Grupo 1, 0 que poderia explicar a maior re-
ducdo da tensdo sistdlica nesses pacientes. Foi surpresa
uma CEF-remi maior no grupo de pacientes em que o tem-
po de infusédo foi menor.

Tal fato pode ser explicado pela forma como as simulagdes
para a obtengdo das CEF-remi foram realizadas. Os volumes
de remifentanil administrados no momento das medidas
foram usados para obter, através da simulacao, as CEF-
remi. Embora n&o tenha ocorrido diferenca estatistica entre
0s grupos quando comparadas as idades, quando a simu-
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lacdo é realizada no TIVATRAINER, ele altera os pardmetros
farmacocinéticos como volume de distribuicdo nos compar-
timentos e Ke0, quando a idade do paciente é informada.
Dessa forma, pacientes acima de 50 anos possuem volu-
mes de distribuigdo no primeiro compartimento e KeO me-
nores quando comparados aos pacientes mais jovens.
Neste estudo, a dose administrada de remifentanil foi a
mesma para ambos 0s grupos, o que pode ter ocasionado
uma maior concentragdo plasmatica no Grupo 2, a despeito
do tempo de infuséo, por causa da idade. Embora o estudo
nédo tenha encontrado diferengas importantes entre os gru-
pos quando analisou as idades, as médias de idades maio-
res no Grupo 2 podem ter ocasionado esse resultado, uma
vez que o simulador altera os pardmetros farmacocinéticos,
para o remifentanil, quando a idade é informada. O aumen-
to do tamanho da amostra talvez pudesse evidenciar isso.
Ainda assim, esse resultado refor¢a de forma muito impor-
tante a necessidade da utilizagdo de bombas de infuséo
alvo-controladas para o remifentanil. Muito embora os per-
fis de inicio e de término de agdo do remifentanil sejam pou-
co alterados pelas doses utilizadas, as alteragbes nas
concentragdes no local efetor geradas por causa da idade
justificam a correcédo desta varidvel no célculo das doses de
infus@o a fim de diminuir os efeitos colaterais resultantes
da utilizagdo do remifentanil. De fato, diversos autores tém
demonstrado que as doses de remifentanil, durante a
indugdo, em pacientes acima de 50 anos devem ser redu-
zida em 50%, e para pacientes acima de 80 anos em até
66% 2. O numero absoluto de pacientes acima de 50 anos,
no Grupo 2, foi maior que no Grupo 1, no entanto as doses
administradas nao foram reduzidas. Quando a simulacéo foi
realizada para a obtencdo da CEF-remi, as concentragbes
geradas nos pacientes acima de 50 anos foram maiores, o
que explica a diferenga do Grupo 2 em relacdo ao Grupo 1,
independentemente do tempo de infuséo. A diluigéo eleva-
da de remifentanil (0,1 mg.mL") utilizada no estudo pode ter
limitado a vazédo da bomba de infuséo e, por isso, ter gera-
do variagbes maiores nos volumes administrados ao longo
do tempo. Isso pode ter ocasionado maior distor¢do na
extrapolagcdo do volume administrado para posterior simu-
lacdo para a obtengdo da CEF-remi. A distor¢gdo farmacoci-
nética ocasionada pela variabilidade interpessoal e pelo
modelo farmacocinético utilizado sao outros fatores que po-
dem ter contribuido para esses resultados. Diversos auto-
res ressaltam a importancia da utilizagdo de sistemas de
infusdo computadorizados para os farmacos venosos a fim
de evitar flutuagdes nos niveis plasmaticos durante aneste-
sia venosa total 23, As variagdes hemodinamicas encontra-
das foram significativas e semelhantes em ambos os grupos
e compativeis com as descritas na literatura. Da mesma for-
ma, ha controvérsias em relagdo a utilizagdo de bolus de
remifentanil durante a indugéo anestésica 1415,

Glass e col. descreveram que doses minimas de infusdo
entre 0,1 a 0,3 pg.kg™".min"" de remifentanil devem ser adminis-
tradas durante a indugdo anestésica a fim de manter adequa-
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da protegéo 3°. Myre e col., estudando dois regimes dife-
rentes de administracdo de remifentanil, encontraram resulta-
dos semelhantes quanto a protegéao dos reflexos de 10T 6. A
dose administrada por esses autores foi de 0,13 pg.kg'.min"
em um grupo de pacientes e de 0,39 pg.kg'.min"' em outro
grupo. Perceba que eles utilizaram a segunda casa deci-
mal, para mostrar as doses administradas em cada grupo.
Pequenas variagbes na administracdo do remifentanil sdo
responsaveis por rapidas e maiores variagdes na concen-
tracdo plasmatica deste farmaco devido ao perfil de distri-
buicdo. Nas condi¢cbes deste estudo, concluiu-se que a
administracdo prévia de remifentanil ndo causou alteragdes
circulatérias diferentes das que ocorreram quando o remi-
fentanil foi iniciado concomitantemente ao propofol. As alte-
ragdes circulatdrias, apds a intubagao traqueal, foram as
mesmas, independentemente do momento de inicio de in-
fusdo do remifentanil. A maior incidéncia de bradicardia e
hipotensao arterial, com a administracao prévia do remi-
fentanil, ndo se confirmou, conforme suspeita inicial. A ad-
ministragdo simultanea de remifentanil, durante a indugéao, foi
tao eficaz quanto a administragéo prévia. Ocorreram redu-
¢oes significativas da PAS, da PAD, e da PAM apds a inducédo
e apos a intubagéo traqueal em ambos os grupos. O indice
de sobrecarga vascular prediz a reducgao tensional sistélica
apo6s a indugdo apenas quando o remifentanil € administra-
do antes. Quando ele é administrado simultaneamente, sé
prediz a redugédo tensional sistdlica apos a intubagéo tra-
queal. A medida direta da concentragéo plasmatica poderia
explicar esse resultado.

Este estudo permitiu concluir que a administragao prévia
de remifentanil durante a indugdo nao ocasionou beneficios
adicionais quando comparada a administragdo concomitan-
te a inducgéo. A administragéo prévia de remifentanil ndo causou
maior depressao cardiovascular quando a administragao foi
comparada concomitante a indugéo. A corre¢ao dos parame-
tros farmacocinéticos de infusao do remifentanil, de acordo
com a idade, realizada pelas bombas de infusdo alvo-con-
troladas podem fazer diferenca quando comparadas com as
infusdes manuais.

Remifentanil: Does the Infusion Regimen
Make a Difference in the Prevention of
Hemodynamic Responses to Tracheal
Intubation?

Fernando Squeff Nora, TSA, M.D.; Rodrigo Klipel, M.D_;
Gustavo Ayala, M.D.; Getulio Rodrigues de Oliveira Filho,
TSA, M.D.

INTRODUCTION

Several authors have described that the reduction of the res-
ponse to trauma during general anesthesia may be obtained
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by the use of high doses of intravenous opioids. However,
high doses of opioids may cause important side effects,
besides prolonging recovery time.

Context-dependent half-life is the time it takes to decrease
the plasma concentration of an agent to half of what had
been maintained after its administration has been discon-
tinued. It is the parameter used most often, in intravenous
anesthesia to determine the predicted time to the end of the
action of a drug administered by continuous intravenous
infusion '. Plasma concentrations of sufentanil, fentanyl, and
alfentanil capable of providing good protection against intrao-
perative nociceptive stimuli, during continuous infusion, pre-
sent context-dependent half-lives that vary from 35 to 45
minutes. Due to this slow recovery profile, associated with an
increase in the number of outpatient procedures, as well as
the possibility of early extubation in large size surgeries,
remifentanil was developed. Due to its pharmacokinetic
characteristics, it was developed for continuous adminis-
tration, which demonstrated predictable fast onset and end
of action 2.

Among the adverse effects of opioids are bradicardia, hy-
potension, thoracic rigidity, respiratory depression, and myo-
cardial depression. Their severity varies according to the
speed of the injection, dose, physical status, concurring di-
seases, potency, and pharmacologic interaction. During
induction of general anesthesia, opioids are used to protect
against the responses to laryngoscopy and intubation, and
should be used carefully. Due to the prolonged latency time of
some opioids, they are routinely used a few minutes before
induction. The onset of action of an opioid depends, among
other factors, on its Ke0 — pharmacokinetics variable that
determines the speed in which an opioid moves from the plas-
ma to the effector or receptor compartment. The faster the
speed of entrance in the receptor, the faster the onset of action.
Thus, remifentanil and alfentanil have a faster onset of action,
while sufentanil and fentanyl have a slower onset of action 23.
This work postulated the hypothesis that it is not necessary
to administer an initial bolus or initial doses in continuous
infusion of remifentanil before induction, once its onset of
action and peak action are fast.

The secondary objective of this work was to determine
whether the use of remifentanil before induction would cau-
se greater hemodynamic depression when compared with
its administration at the beginning of induction.

METHODS

After approval by the Ethics committee and signing of the
informed consent, 30 patients were enrolled in the study, as
outpatients, after the appropriate time of fasting. Patients did
not receive any preanesthetic medication. Monitoring inclu-
ded non-invasive systolic (SBP), diastolic (DBP), and mean
arterial (MAP) blood pressure, pulse oxymetry, electrocar-
diogram on D, derivation, and heart rate (HR). Venoclysis
was performed with a 20G catheter and normal saline was
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administered at the highest rate allowed by the device in
every patient. Intravenous remifentanil was used at a concen-
tration of 0.1 mg.mL". It was administered at 0.3 pg.kg™'.min"
with a mechanical infusion pump (Santronic®) in both groups.
Patients were randomly divided in two groups. When the pa-
tients in Group 1 (n = 16) arrived at the operating room, SBP,
DBP, MAP, and HR were recorded with the patient awake —
baseline measurements (MO0). The infusion of remifentanil
was initiated two minutes before induction and SBP, DBP,
MAP, HR, and the dose of remifentanil infused in mL were
recorded. Afterwards, the concentrations obtained in the
effector (CEF-remi) compartment were calculated based on
the time of infusion *°. These data were obtained using a
software called TIVATRAINER®, whose pharmacokinetic
parameters used to calculate the concentrations expected
are described in table I. After this two-minute period, the in-
fusion of propofol was initiated with a target-controlled
infusion pump (Diprifusor®). The initial plasma target of
propofol was 4 pyg.mL" with the infusion time on the flash
mode. The concentration in the effector area was provided by
the propofol pump. For propofol, the pharmacokinetic model
to predict the concentration on the effector area was the same
incorporated to the infusion pump and described by Marsh
et al. 87, whose attributes are described in table I. When the
patient lost verbal contact, SBP, DBP, MAP, HR, volume of
remifentanil infused (mL), and concentration of propofol in the
effector area (provided by the infusion pump) were recorded
(M1). After losing verbal contact, 0.6 mg.kg" of rocuronium

Table | — Pharmacodynamic Parameters for the Continuous
Infusion of Remifentanil and Propofol

Pharmacokynetic Variable Remifentanil 45 Propofol &7
T1/2 KeO 1.5 min 2.6 min
K12 0.294 min™' 0.112 min™
K21 0.169 min™ 0.055 min™
K13 0.011 min” 0.042 min™
K31 0.01 min~ 0.003 min™
K10 0.472 min™ 0.119 min™
Vdi1 5.031L 18411 L
Vd2 8.748 L 37492 L
Vd3 542 L 46.286 L
CL1 142.506 L.h" 131.457 L.h"
CL2 88.686 L.h" 123.724 L.h"
CL3 3.272 L.h 46.286 L.h!

T1/2 KeO = mean time to achieve the concentration equilibrium
between the plasma and the effector compartment; K = time
constant of transference between compartments whose numbers
represent the compartments and the direction of transference; Vd
= volume of distribution, numbers represent the compartments; CL
= clearance, numbers represent the compartments.
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was administered intravenously. Manual ventilation with
oxygen using a facemask was initiated and maintained until
the estimated concentration of propofol in the effector area
achieved 2.7 pg.kg'. At this moment, the patient was in-
tubated. SBP, DBP, MAP, HR, and volume of remifentanil in
mL were recorded immediately afterwards (M2). The study
was interrupted after those measurements were obtained
and the anesthesia proceeded according to the preference
of the anesthesiologist. In Group 2 (n = 14), the same data
were collected at the same moments (MO, M1, and M2). The
only difference was that the infusion of remifentanil was
initiated at the same time as the infusion of propofol.

The test t Student (continuous variables) and Fisher Exact
test (categorical variables) were used to analyze the de-
mographic data. The comparison between groups at each
moment of the study (intergroups) and of the moments in
each group (intragroup) was done by the bifatorial Analysis
of Variance for repeated measurements followed by the post
hoc Student-Newman-Keuls test for SBP, DBP, MAP, HR,
and CEF-remi (M1 and M2 only). The Delta SBP was cal-
culated according to the formula: Delta SBP = ((SBP at the
moment — baseline SBP) / baseline SBP) x 100. The vas-
cular overload index was also calculated (VOI = 1.33 SBP —
0.33 DBP — 133) &.

Linear regression analysis between VOI and CEFI-remi (inde-
pendent) and Delta SBP at M1 and M2 in each group was
also done.

RESULTS

Both groups were demographically homogenous (Table II).
The systolic, diastolic, and mean arterial blood pressures

Table I — Demographic Data

Group 1 Group 2 p

Age (years)* 38.19 £ 19.83 42.86 + 17.63  0.68
Gender (M/F) 12/4 12/2 0.39
Physical Status

ASA (I/11) 9/7 8/6 0.62
Weight (kg)* 62.13 + 13.06 66 + 14.48 0.70
Height (cm)* 164 + 8 161 +8 0.96
Vascular overload 27.38 +29.86 2242 +21.37 0.23

index*

* Values expressed as Mean = SD

presented statistically significant reductions in both groups
after loss of verbal contact (M1) and after tracheal intubation
(M2) when compared with baseline measurements (MO0), but
there were no differences between the groups (Figures 1 to
3). There were no differences in heart rate at any time and
between both groups (Figure 4). Analysis of Delta SBP did
not show any statistically significant difference at any time
or between both groups (Figure 5). CEF-remi showed statis-
tically significant differences between the groups and at the
moments evaluated. After loss of verbal contact (M1), CEF-
remi was greater (4 - 5.8 ng.mL") in Group 1 (remifentanil
was initiated two minutes before induction) when compared
with Group 2 (3.0 - 6.5 ng.mL"). After tracheal intubation (M2),
CEF-remi was smaller in Group 1 than in Group 2 (Figure 6).
There were statistically significant correlations between
VOI and the variation of systolic blood pressure after loss of
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Figure 1 — Systolic Blood Pressure. There were statistically significant reductions among the mean values of SBP after induction (M1) and
after tracheal intubation (M2) in both groups, but no statistically significant differences intergroups.

* =p < 0.05 compared to MO
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Figure 2 — Diastolic Blood Pressure. There were statistically significant differences between the mean values of DBP after induction (M1) and
after intubation (M2) in both groups, but no statistically significant differences intergroups.
* = p < 0.05 compared with MO
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Figure 3 — Mean Arterial Pressure. There were statistically significant differences between the mean values of MAP after induction (M1) and
after tracheal intubation (M2) in both groups, without statistically significant differences intergroups.
* = p < 0.05 compare with MO

Revista Brasileira de Anestesiologia

256
Vol. 57, N° 3, Maio-Junho, 2007



REMIFENTANIL: DOES THE INFUSION REGIMEN MAKE A DIFFERENCE IN THE PREVENTION OF HEMODYNAMIC
RESPONSES TO TRACHEAL INTUBATION?

110
100
90
€
Q. 4 >
£ 80
£
[
____________ R L |
70
60
50
MO M1 M2
Moments
——Group1 -#- Group 2

Figure 4 — Heart Rate. There were no statistically significant differences between the mean HR values after induction (M1) and after tracheal
intubation (M2) in both groups or in the intergroup comparison.
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Figure 5 — Percentage of the Variation of Systolic Pressure After Induction (M1) and After Tracheal Intubation (M2). There were no statistically
significant differences between the mean values of the variation of systolic pressure after induction (M1) and after tracheal intubation

(M2) in the intergroup comparison.
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Figure 6 — Estimated Remifentanil Concentration in the Effector Compartiment (CEF-remi) after Induction (M1) and after Intubation (M2). There
were no statistically significant differences between the mean values of the estimated concentrations of remifentanil in the effector
compartment (CEF-remi) after induction (M1) and after tracheal intubation (M2) in the intergroup comparison.

verbal contact, in Group 1 (r = -0.80; p < 0.01), and after
tracheal intubation in Group 2 (r = -0.60; p < 0.01) (Figure 5).

DISCUSSION

Hemodynamic changes secondary to anesthetic induction
during general anesthesia are common. The use of opioids
during induction, among other aspects, helps to block the
reflexes secondary to laryngoscopy and tracheal intubation.
The major problems associated with the use of opioids are
related to the doses needed to achieve adequate protection
and to the cardiovascular effects secondary to increasing the
dose. Higher doses are necessary for a more effective pro-
tection against the reflexes of laryngoscopy and tracheal
intubation. Long-acting opioids used in higher doses can
cause bradycardia and hypotension, besides respiratory
depression. Remifentanil, an opioid with fast onset of action
and short acting, can be a good option when compared to
the other opioids in clinical use. The routes of administration
and the doses of remifentanil to be used in general anes-
thesia are controversial. Some authors recommend elevated
infusion doses (1 pg.kg'.min"') while others recommend
smaller doses (0.3 to 0.5 pg.kg'.min") ®'". The time to begin
the administration of remifentanil has not been described in
the literature. Under the conditions of this study, it was pos-
sible to demonstrate that, when remifentanil was admi-
nistered two minutes before induction with propofol, there
was no additional cardiovascular protection against the
maneuvers of tracheal intubation. The prior administration of
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remifentanil did not cause circulatory changes different than
those observed with the simultaneous administration of
propofol. This suggests that the administration of remi-
fentanil two minutes before anesthetic induction is not ne-
cessary. The hypothesis that the prior administration of
remifentanil could cause greater respiratory depression was
not confirmed, although the correlations between VOI and
the variation of the systolic blood pressure were significant
at some moments. Thus, in patients who received remifen-
tanil two minutes before induction, during the loss of verbal
contact (M1) the ventricular overload index was inversely
proportional to the systolic blood pressure. The same corre-
lation between VOI and Delta SBP could be observed in
Group 2 after tracheal intubation. Note that, in Group 2, after
tracheal intubation CEF-remi was more elevated than in
Group 1, which could explain the greater reduction in systolic
pressure in those patients. The higher CEF-remi in the group
of patients with smaller infusion time was a surprise.

This can be explained by the way the simulations to obtain
the CEF-remi were performed. The volumes of remifentanil
administered at the moments of the measurements were
used to obtain, through a simulation, the CEF-remi. Although
there were no statistically significant differences between
both groups regarding age, when the simulation is perfor-
med in the TIVATRAINER it alters pharmacokinetic para-
meters, such as volume of distribution in the compartments
and KeO when the age of the patient is informed. Therefore,
patients older than 50 years have smaller volumes of
distribution in the first compartment and Ke0 when compared
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with younger patients. In this study, the dose of remifentanil
administered was the same in both groups, what could have
caused a greater plasmatic concentration in Group 2, des-
pite the length of infusion, due to age. Although we did not
find important differences between both groups when age
was analyzed, the higher mean age in Group 2 could have
caused this result, since the simulator alters the pharma-
cokinetic parameters of remifentanil when the age of the
patient is informed. Increasing the size of the study sample
might prove that. Nevertheless, this result is an important
reinforcement of the need to use target-controlled infusion
pumps for remifentanil. Although the profiles of beginning
and end of action of remifentanil show little change with the
doses used, the changes in the concentration in the effector
area generated by age justify the correction of this variable
when calculating the dose of infusion in order to decrease
the side effects of remifentanil. Several authors have
demonstrated that the dose of remifentanil during anesthetic
induction in patients older than 50 years should be reduced
by 50% and, for patients above 80, it should be reduced by
66% 2. The absolute number of patients above 50 years in
Group 2 was greater than in Group 1; however, the doses
used were not reduced. When the simulation was run to
calculate CEF-remi, the concentrations generated in patients
older that 50 years were higher, explaining the differences
between Groups 1 and 2, regardless of the duration of the
infusion. The elevated dilution of remifentanil (0.1 mg.mL")
used in this study could have limited the flow of the infusion
pump and, therefore, generated greater variations in the to-
tal volume administered. This could have caused greater
distortion when extrapolating the volume administered for
later simulation to obtain the CEF-remi. The pharmacokinetic
distortion caused by the interpersonal variability and phar-
macokinetic model used are other factors that could have
contributed for these results. Several authors indicated the
importance of using computerized infusion systems for
intravenous drugs to avoid fluctuations in plasma levels
during total intravenous anesthesia '2'3. The hemodynamic
variations were significant and similar in both groups and
compatible with those described in the literature. Likewise,
there are controversies regarding the use of a bolus dose of
remifentanil during anesthetic induction 1415,

Glass et al. described that minimal doses remifentanil,
between 0.1 and 0.3 pg.kg™.min"', should be administered by
infusion during anesthetic induction to maintain adequate
protection 3°. Myre et al. studied two different administration
regimens of remifentanil and found similar results regarding
protection of tracheal intubation reflexes 6. They adminis-
tered a dose of 0.13 pg.kg'.min"" to a group of patients and
0.39 pg.kg™'.min" to another group. Note that they used the
second decimal to demonstrate the doses for each group.
Small variations in the administration of remifentanil are
responsible for faster and greater variations in plasma con-
centration due to its distribution profile. Under the conditions
of this study, we concluded that the prior administration of
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remifentanil did not cause circulatory changes different from
those when remifentanil was initiated at the same time as
propofol. The hemodynamic changes after tracheal intuba-
tion were the same, regardless of when the infusion of remi-
fentanil was initiated. The greater incidence of bradicardia
and hypotension with the prior administration of remifentanil,
as originally suspected, did not occur. The simultaneous ad-
ministration of remifentanil during induction was as effective
as the prior administration of this drug. There were significant
reductions in SBP, DBP, and MAP after induction and after
tracheal intubation in both groups. The vascular overload
index predicts the reduction in blood pressure after induction
only when remifentanil is administered before induction.
When it is administered simultaneously with propofol it only
predicts the reduction of the systolic pressure after tracheal
intubation. The direct measurement of the plasma concen-
tration could explain this result.

This study allowed us to conclude that the prior adminis-
tration of remifentanil during induction did not bring additional
benefits. The prior administration of this drug did not cause
greater cardiovascular depression when compared with the
simultaneous administration. The correction of the pharma-
codynamic parameters of infusion of remifentanil for age,
done by the target-controlled pumps, can make a difference
when compared with manual pumps.
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RESUMEN

Nora FS, Klipel R, Ayala G, Oliveira Filho GR — Remifentanil: ¢ El Ré-
gimen de Infusion es la diferencia en la Prevencion de las Res-
puestas Circulatorias a la Intubacién Traqueal?

JUSTIFICATIVA Y OBJETIVOS: Los opioides en dosis elevadas
disminuyen la respuesta circulatoria a la intubacion traqueal. Sin
embargo, el lento perfil de recuperacion de los opioides tradicio-
nales puede limitar la utilizacion en altas dosis. El remifentanil
posee tiempo de inicio y de término de accion rapidos y previsibles,
lo que lo diferencia de los demas. El objetivo primario de este
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estudio fue verificar la hipdtesis de que no hay necesidad de inici-
ar la administracion de remifentanil antes de la induccion con el
propofol.

METODO: Fueron evaluados 30 pacientes, divididos en dos gru-
pos, que recibieron anestesia general intravenosa total. En el Grupo
1, la infusién de remifentanil (0,3 ug.kg'.min") se inicié dos minu-
tos antes de la induccion y, en el Grupo 2, conjuntamente con la
induccion. Se evaluaron las presiones arteriales sistdlica, diastdlica
y promedio (PAS, PAD, PAM), frecuencia cardiaca (FC), concentra-
ciones en el local efector de propofol (CEF-prop) y de remifentanil
(CEF-remi) en tres momentos: basal (M0); después de la pérdida
del contacto verbal (M1); y después de la intubacion traqueal (M2).

RESULTADOS: Las presiones arteriales presentaron reducciones
significativas en los dos grupos: M1y M2. La CEF-remi fue mayor
en el Grupo 1, en M1y mayor en el Grupo 2, en M2 (p < 0,05). Hubo
correlaciones estadisticas significativas entre el indice de sobre-
carga vascular (ISV) y la variacion de tension sistdlica después de
la pérdida del contacto verbal en el Grupo 1 (r=-0,80; p < 0,01) y
después de la intubacion traqueal en el Grupo 2 (r = -0,60; p < 0,01).

CONCLUSIONES: El remifentanil administrado dos minutos antes
de la induccion con el propofol no causd proteccion cardiovascu-
lar adicional a las maniobras de intubacion traqueal. Eso nos
sugiere que el inicio de la infusion de remifentanil dos minutos an-
tes de la induccion sea innecesario.
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