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Anesthetic Potency of Remifentanil in Dogs
Luis G. Michelsen, M.D.,* Markku Salmenperd, M.D.,t Carl C. Hug, Jr., M.D., Ph.D.,% Fania Szlam, M.M.Sc.,§

Dirk VanderMeer, M.D. ||

Background: Remifentanil is an opioid that is rapidly inac-
tivated by esterases in blood and tissues. This study examined
the anesthetic potency and efficacy of remifentanil in terms
of its reduction of enflurane minimum alveolar concentration
(MAC) in dogs.

Methods: Twenty-five dogs were anesthetized with enflurane.
One group received incremental infusion rates of remifentanil
from 0.055 to 5.5 pug-kg™'-min~'. A second group received
constant rate infusions of remifentanil of 1.0 ug-kg™*- min*
for 6-8 h. Enflurane MAC was measured before, hourly during
remifentanil infusion, and at the end of the experiment after
naloxone administration. A third group received alternating
infusions of 0.5 and 1.0 ug- kg !'-min~! with MAC determina-
tions made 30 min after each change in the infusion rate. Heart
rate, mean arterial pressure, and remifentanil blood concen-
trations were measured during MAC determinations.

Results: Enflurane MAC was reduced up to a maximum of
63.0 + 10.4% (mean + SD) in a dose-dependent manner by
remifentanil infusion. The dose producing a 50% reduction in
the enflurane MAC was calculated as 0.72 pg-kg ' -min* and
the corresponding blood concentration was calculated as 9.2
ng/ml. Enflurane MAC reduction remained stable during con-
tinuous, constant rate infusions for periods of 6-8 h without
any signs of tolerance. Recovery of enflurane MAC to baseline
occurred in 30 min (earliest measurement) after stopping the
remifentanil infusion.

Conclusions: Remifentanil is equally efficacious and about
half as potent as fentanyl, judging from the blood concentra-
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tions causing equivalent reductions in enflurane MAC in the
dog. The characteristics of MAC reduction are similar to those
of other opioids, including the ceiling effect. Recovery from
remifentanil anesthesia is much more rapid than for any other
opioid studied to date, especially after continuous infusions
maintained for 6 or more h. (Key words: Anesthetics, intra-
venous: remifentanil. Anesthetics, volatile: enflurane. Antag-
onists: naloxone. Opioids: remifentanil. Potency: minimum
alveolar concentration.)

THE use of opioids in anesthetic practice is predicated
on their ability to block sympathetic (hypertension,
tachycardia) and somatic (coughing, movement) re-
sponses to noxious stimulation. Administration of an
opioid to a target range of plasma concentrations can
block responsiveness to nociceptive stimuli for many
patients."? However, the use of opioids alone to pre-
vent responses to noxious stimulation requires the ad-
ministration of large doses for a prolonged time in some
patients, resulting in accumulation of opioid and pro-
longed recovery from its effects, especially respiratory
depression.

Remifentanil, the hydrochloride salt of 3-[4 -methoxy-
carbonyl-4-[(1-oxopropyl) phenylamino]-1-piperidine]
propanoic acid methyl ester, formerly designated as
GI87084B, is a new synthetic opioid exhibiting u-
opioid receptor-mediated effects, analogous to those
of structurally related phenylpiperidine derivatives
such as fentanyl and sufentanil.> The unique charac-
teristic of remifentanil is the propanoic acid methyl
ester linkage on the piperidine nitrogen, which renders
it susceptible to metabolism by nonspecific esterases
in blood and tissues. The terminal half-life of remifen-
tanil in humans ranges from 10 to 21 min, and a com-
puter simulation showed that its context-sensitive half-
time is less than 5 min no matter how large the dose
or how long the infusion.” Remifentanil is distinguished
from the rest of the phenylpiperidine opioids by not
only having a rapid onset and a short latency to its peak
effect but also a rapid recovery. With these character-
istics, remifentanil should facilitate administration by
either variable-rate infusion titrated to individual pa-
tient needs or a constant-rate infusion targeted at the
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EC,, (the drug concentration that will produce a given
effect in 99% of the subjects) for suppression of re-
sponses to all intensities of noxious stimulation.

The minimum alveolar concentration (MAC) at which
an inhaled anesthetic agent suppresses the response to
a standard stimulus in 50% of the subjects is used as a
measure of anesthetic potency. The ability of opioids
to reduce the MAC of enflurane in dogs facilitates com-
parisons of opioids and other drugs in terms of their
anesthetic potency and efficacy.””’ For drugs with con-
trasting pharmacokinetic profiles (e.g., fentanyl vs. re-
mifentanil), a comparison can be established by main-
taining stable plasma concentrations. Responses to tail-
clamping in dogs seems also to allow extrapolation to
the equivalent stimulus of skin incision in humans.®

Materials and Methods

The study was approved by the Emory University An-
imal Use and Care Committee and followed the guide-
lines established by the National Institutes of Health
for the ethical use of animals in research.

Mongrel dogs (N = 25) weighing 19.9 * 3.3 kg (SD)

were given an intravenous dose of 0.1 mg/kg succi-
nylcholine mixed with 0.015 mg/kg glycopyrrolate,
and anesthesia was simultaneously induced with 5%
enflurane in oxygen using a specialized mask and a Bain
anesthesia circuit. Succinylcholine permitted imme-
diate administration of a high concentration of enflur-
ane and facilitated a rapid induction without the po-
tential discomfort that the animal may experience while
struggling during a slower induction.” A cuffed tube
was placed in the trachea and mechanical ventilation
was controlled by a Harvard respirator (South Natick,
MA), adjusted to maintained normocarbia as deter-
mined by arterial blood gases. Lactated Ringer’s solu-
tion was infused through a foreleg intravenous cannula
at a rate of 4 ml-kg '-h™'. An esophageal probe al-
lowed monitoring of body temperature, which was
maintained through the use of a warming blanket within
1°C of the temperature measured after induction of
anesthesia. The electrocardiogram was monitored con-
tinuously. A percutaneous femoral artery catheter was
used for continuous blood pressure monitoring on a
strip chart recorder and for periodic sampling of arterial
blood for gas analysis and determination of whole blood
concentrations of remifentanil and its principal metab-
olite (GR90291). The blood volume removed was re-
placed by an equal volume of 5% albumin injected in-
travenously after each sample.

Anesthesiology, V 84, No 4, Apr 1996

Assessment of Anesthesia

End-tidal enflurane concentration was measured
with a Beckman LB-2 (Fullerton, CA) infrared ana-
lyzer calibrated before each experiment. The tail-
c'lamp method was used to determine enflurane
MAC.° Expired enflurane was adjusted in 0.2% incre-
ments or decrements. Minimum alveolar concentra-
tion was defined as the end-tidal concentration mid-
way between the end-tidal concentrations of enflur-
ane at which the animal did and did not move in
response to the applied stimulus.

To determine the concentrations of remifentanil and
its main metabolite in whole blood, 1-ml aliquots of
arterial blood were immediately placed in two volumes
of acetonitrile (first 11 animals) or 50% citric acid so-
lution (last 14 animals) to arrest esterase activity fol-
lowed by four volumes of methylene chloride to extract
remifentanil and the metabolite into the organic phase.
The samples were then stored at —70°C until the time
of analysis. Blood concentrations of remifentanil were
determined by gas chromatography with high-resolu-
tion mass spectrometry and selective ion monitoring
(GC-HRMS-SIM)'? and duplicate samples were analyzed
by high-pressure liquid chromatography (sce Appen-
dix) and verified by the manufacturer (Glaxo, Research
Triangle Park, NC).

Experimental Protocol

After waiting at least 1 h after the induction of en-
flurane anesthesia, control enflurane MAC was deter-
mined. In the first set of experiments, six dogs received
incremental infusions of remifentanil (Glaxo) at rates
from 0.055 t0 5.5 ug-kg ' - min~'. When each infusion
rate had been constant for 30 min, enflurane MAC was
determined and an arterial blood sample was obtained
for remifentanil assay. After the entire infusion se-
quence was completed, the infusion rate was decreased
to that previously causing a 30-40% decrease of en-
flurane MAC, and MAC was again determined at that
infusion rate. Finally, the remifentanil infusion was
stopped and the last measurement of MAC was obtained
30 min later.

In the second set of experiments, the stability of re-
mifentanil blood concentrations and the MAC-reducing
effect were evaluated during a prolonged constant rate
infusion of 0.6 ug-kg™'-min~' in five dogs, and 1.0
pg-kg ' -min~' in eight dogs. Remifentanil concentra-
tions and enflurane MAC were determined before and
every hour after starting the infusion.
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ANESTHETIC POTENCY OF REMIFENTANIL IN DOGS

In the third set of experiments, infusions of 0.5 and
1.0 ug-kg ' -min~' were alternated repeatedly in six
dogs to determine the consistency of the MAC reduction
with each infusion rate and blood concentration over
time. Remifentanil concentration and enflurane MAC
were determined at least 1 h after each change in the
infusion rate.

At the end of either a continuous infusion or an al-
ternating sequence of infusion rates, 0.1 mg/kg nal-
oxone was given, enflurane MAC determined and com-
pared to the control MAC in 13 of the dogs. In six dogs,
the remifentanil infusion was stopped, and 30 min later
MAC was determined and compared to control MAC.

Data Analysis and Statistics

Remifentanil infusion rates and blood concentrations
versus enflurane MAC reductions were fitted to a non-
linear E ., regression model'':

E o Emax % C'Y
ECss” +C”

where E = % reduction of enflurane MAC, C = remi-
fentanil blood concentration, E,,,, = maximum obtain-
able enflurane MAC reduction, and ECs, = remifentanil
blood concentration when enflurane MAC was reduced
by 50% and vy = dimensionless exponent that deter-
mines the slope of the concentration-effect curve. In
the dose-response analysis, concentrations of remifen-
tanil were replaced by the infusion/rates dose. Linear
regression was used to assess the correlations between
remifentanil infusion rate and its blood concentrations.
Analysis of variance followed by Scheffe’s F test was
used to compare values at the different measurement
points, and P < 0.05 was considered statistically sig-
nificant. Values are expressed as mean * SD.

Results

Incremental changes in the remifentanil infusion rate
produced proportional increases in remifentanil con-
centrations in blood (fig. 1). Control enflurane MAC
before remifentanil administration was 2.1 = 0.2%. En-
flurane MAC was reduced by all remifentanil doses, with
a 63.0 + 10.4% reduction at the infusion rate of 1.0
ug-kg '-min '. Higher infusion rates produced only
small additional decreases in MAC that were not statis-
tically significant. When infusion rates were related to
the corresponding enflurane MAC reductions in a non-
linear E model. 2 maximum reduction of 71.4% was

“max
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Fig. 1. Correlation between remifentanil infusion rate in mi-
crograms per kilogram per minute and blood concentration
of remifentanil in nanograms per milliliter using linear
regression (R = 0.88).

predicted (fig. 2). The dose producing a 50% reduction
in the enflurane MAC solved from the same regression
equation was 0.715 ug-kg™'-min~' (95% confidence
limits 0.687-0.743 ug-kg™'-min™"). A ceiling to the
enflurane MAC reduction also was apparent when blood
concentrations were at and greater than 10-15 ng/ml
(fig. 3). The concentration versus response curve de-
scribing the E.,, model predicted a maximum MAC
reduction of 75.1%. The ECs, was 9.2 ng/ml (95%
confidence limits 8.39-10.01 ng/ml). The MAC mea-
sured at the end of the experiments after stopping re-
mifentanil infusion with and without injection of nal-
oxone was 2.1 = 0.19%, which was not different from
the control enflurane MAC.

The main hemodynamic change produced by remi-
fentanil was a dose-dependent decrease in heart rate,
which was reduced by approximately 35% compared
to the baseline heart rate with enflurane alone. Near
maximal decreases occurred at infusion rates of 0.6
ug-kg™'-min~! or less (fig. 4). The mean arterial pres-
sure did not vary significantly with remifentanil, al-
though there was a tendency toward higher systolic
and lower diastolic arterial pressures along with the
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Fig. 2. Remifentanil dose versus effect: infusion rate in micro-
grams per kilogram per minute versus percent reduction of
enflurane minimum alveolar concentration relationship as
analyzed by nonlinear regression. EDs, is the dose causing
50% reduction of enflurane minimum alveolar concentration.

slower heart rate. Naloxone completely antagonized
the heart rate reductions caused by remifentanil.

Prolonged infusions of remifentanil produced a per-
sistent reduction of enflurane MAC with no trend or
significant change in the degree of MAC reduction over
time (fig. 5). There was a statistically significant dif-
ference between the MAC reduction produced by an
infusion of 0.5 pg-kg '-min~' and that of 1.0
pg-kg ' -min~' of remifentanil, and this difference was
maintained over time even when the infusion rates were
alternated (fig. 6).

Analysis of the principal metabolite of remifentanil
(GR90291) in the dogs receiving prolonged infusions
showed that its concentration increased over time
reaching a plateau 4 or 5 h after starting the infusion
of remifentanil. The peak concentrations measured
were 77.0 £ 4.4 ng/ml (fig. 7). The concentration of
GR90291 started to decline at 450-500 min, the pe-
riod when remifentanil was decreased to 0.5
pg-kg ' -min~', and continued to decrease slowly after
discontinuation of remifentanil.

Anesthesiology, V 84, No 4, Apr 1996

Discussion

The ability to reduce the MAC of volatile anesthetics
is a measure of the anesthetic activity of all central
nervous system depressants, and it allows comparisons
of both potency (dose or concentration for a given MAC
reduction) and efficacy (maximum obtainable MAC re-
duction). In the standard dog model of MAC reduction,
we found that remifentanil had significant anesthetic
activity. Table 1 compares the enflurane MAC reduction
produced by different opioids in the same dog
model.'>5~7 Like other opioids, the maximum MAC re-
duction approximated 70%, which was unchanged by
two or three times larger doses (ceiling effect). Al-
though the extremely rapid clearance of remifentanil
allows a rapid recovery even after large doses are given,
it is unlikely that this drug alone could be used as a
complete anesthetic because the limiting factor will
be the maximum intrinsic activity inherent in all u-
type opioids.
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Fig. 3. Remifentanil concentration versus effect (blood con-
centration in nanograms per milliliter versus percent reduc-
tion of enflurane minimum alveolar concentration) relation-
ship as analyzed by nonlinear regression. ECs, is the concen-
tration causing 50% reduction of enflurane minimum alveolar
concentration.
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Fig. 4. Heart rate and reduction of enflurane minimum alveolar
concentration as functions of remifentanil dose rate in mi-
crograms per kilogram per minute. Each line represents data
for an individual animal (n = 6, the first set of experiments).

Prolonged infusions of remifentanil resulted in a sus-
tained MAC reduction over time and there was no ev-
idence of tolerance. The use of alternating rates showed
that the amount of MAC reduction for a given infusion
rate remained unchanged and predictable throughout
the experiment. This confirms the lack of remifentanil
accumulation at the doses and time intervals used in
these experiments. No trends were evident to suggest
that either tolerance to or accumulation of remifentanil
would occur at other infusion rates or duration of in-
fusion.

The rapid clearance of remifentanil is dependent on
enzymatic hydrolysis by esterases. At the extremely high
infusion rates used in some of our experiments, there
was no evidence of saturation of the enzymatic process;
recovery to control enflurane MAC occurred in less than
30 min, the earliest time at which MAC measurements
were made after stopping infusion of remifentanil.

# Egan TD, Lemmens HJM, Fiset P, Muir KT, Hermann DJ, Stanski
DR, Shafer SL: The pharmacokinetics and pharmacodynamics of
GI87084B (abstract). ANESTHESIOLOGY 1992; 77:A369.
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The main remifentanil metabolite is the deesterified
carboxylic acid (GR90291). It is a pure u-agonist with
a potency 1/2000 to 1/4000 that of remifentanil !3-!5
Pharmacokinetic analysis in humans shows that this
metabolite has a terminal half-life six or seven times
longer and a steady-state concentration 12 times higher
than that of remifentanil.* In theory, if enough metab-
olite accumulates it could bind to the u-TECEPLors, pro-
ducing a long-lived duration of effect. That the effect
of remifentanil did not change during prolonged in-
fusions and that the MAC reduction seen paralleled the
concentration of remifentanil and not that of GR90291
suggests that the metabolite does not alter the effect of
remifentanil administered in this dose range and over
a 6-8-h duration of the infusion. The concentrations
of metabolite measured during the study did not exceed
80 ng/ml whereas simultaneous remifentanil concen-
trations were 9-12 ng/ml. Because the metabolite is
such a weak agonist, these concentrations are too low
to provide any significant additive effect to the action
of remifentanil.

Titration of remifentanil to effect is facilitated by a
rapid blood-brain equilibration.# Rapid clearance from
effect sites (context sensitive half-time = 3.7 min) even
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Fig. 5. Enflurane minimum alveolar concentration reduction
with remifentanil over time: effect of 1.0 ug-kg '-min ' (n =
8). Error bars represent + the SD.




870

MICHELSEN ET AL.

90

e

80
70 |

\
60 Q
50
40 \ o @

30 1

% ENFLURANE MAC REDUCTION

20 -
5 REMIFENTANIL 1.0 pg kg' min’”

e REMIFENTANILOS5 g kg’ min’

TIME IN HOURS

Fig. 6. Consistency of enflurane minimum alveolar concentra-
tion reduction with remifentanil infusion of 1.0 (open circles)
and 0.5 (dark circles) microgram per kilogram per minute.
Error bars show + SD for the eight dogs.

after large doses and long infusions suggests that re-
mifentanil may be suitable for long surgical procedures
and postoperative sedation.? Two-stage infusion
schemes may not be necessary, because, during con-
stant rate infusion, 50% of the target blood concentra-
tion is reached in 1.3 min.* Virtual steady-state con-

5 & 8 8 8

GR90291 ng/ml of blood

0 ¥ T T T T T T T T T T

centrations undoubtedly prevailed in this study in
which MAC determinations were not done until 30 min
had elapsed from the change in the infusion rate and
no differences were noted when subsequent MAC mea-
surements were made at the same infusion rate. The
reduction of enflurane MAC by remifentanil completely
disappeared either after administration of naloxone or
less than 30 min (earliest measurement) after stopping
the infusion.
The use of opioids in anesthetic practice is predicated
on their ability to block sympathetic (hypertension,
tachycardia) and somatic (coughing, movement) re-
sponses to noxious stimulation. For a number of reasons
(variability in dosage requirements among patients and
within an individual patient; variable intensities of
stimulation; lack of a graded method to monitor opioid
effect, especially in a paralyzed patient; greater diffi-
culty in reversing a response to stress than in preventing
it: and absence of dose-related side effects and toxicity
in a tracheally intubated patient whose lungs are me-
chanically ventilated), the anesthesiologist finds it more
reliable and convenient to employ opioids in large
doses as primary anesthetic agents and to maintain
opioid concentrations at the upper levels of their ther-
apeutic ranges. The larger the dose and the longer the
maintenance of high concentrations of presently avail-
able opioids, the greater their accumulation in the body
and the longer the time required for recovery from
their effects, especially ventilatory depression.”" Pre-
cise titration of opioid administration according to the
individual patient’s needs is difficult for the reasons
cited earlier and often is impractical because of the

Fig. 7. Concentration in nanograms per
milliliter of blood of the main metabolite
of remifentanil (GR90291) over time (in
min) in dogs receiving prolonged infu-
sions of remifentanil (n = 6). The dotted
area represents the period where the re-
mifentanil infusion was decreased by
50%. After measuring minimum alveolar
concentration at this level, the remifen-
tanil infusion was stopped.
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ANESTHETIC POTENCY OF REMIFENTANIL IN DOGS

Table 1. Enflurane Minimum Alveolar Concentration Reduction in Dogs with Different Opioids

Maximum % Enflurane

Highest Plasma

Drug MAC Reduction Largest Dose Cor}ﬁzr/t;ﬁtion (T:Eg?;‘ol)
Morphine' 67 +3 27 mg/kg NA NA
Alfen.tanil5 70+ 2 720 pg/kg + 80 ug-kg™' - min~ 2,613 + 247 54
Remifentanil 68 + 2 5.5 ug-kg™'-min 103 + 10.6* 92+
Fentanylf 66 + 2 270 ug/kg + 3.2 ug-kg™' - min~" 97 + 318 55
Sufentanil” 78 +2 501 ug/kg 51+ 47 0.7

NA = not applicable.
* Whole blood.

pharmacokinetic characteristics of the opioids that are
currently available. Remifentanil provides an attractive
alternative because the effects of large doses that de-
Crease or suppress responses to stimulation in the ma-
jority of the patients (EC99) disappear rapidly once
the infusion of remifentanil is stopped.

The steady-state plasma concentrations required to
suppress the response to a given stimulus are used to
compared the anesthetic potency of drugs. In terms of
MAC, tail clamping in dogs is believed to be a stimulus
equivalent to surgical skin incision in humans.® En-
flurane MAC reduction by different opioids provides a
basis for comparison of their potency, and this datum
also suggests that the anesthetic potencies of opioids
in humans and dogs are similar."® Because of the way
remifentanil is metabolized, the concentration of re-
mifentanil has to be measured in whole blood instead
of plasma, and the distribution of remifentanil between
blood cells and plasma is not known. The blood con-
centration of remifentanil causing 50% enflurane MAC
reduction (EC50) was 9.2 ng/ml, whereas this same
effect is produced by a fentanyl plasma concentration
of 5.5 ng/ml in the dog.'® Using the established par-
tition coefficient of fentanyl and mean hematocrit value
for dogs (0.49 + 0.05), a plasma fentanyl concentration
of 5.5 ng/ml would correspond to a whole blood con-
centration of 5.16 ng/ml.'” On this basis, remifentanil
appears to be about one half as potent as fentanyl. Ap-
plying the same logic to alfentanil (EC50 = 54 ng/ml

" Glass PSA, Kapila A, Muir KT, Hermann DJ, Shiraishi M: A model
to determine the relative potency of mu opioids: Alfentanil versus
remifentanil (abstract). ANESTHESIOLOGY 1993; 79:A378.

tt Pitts MC, Palmore MM, Salmenpera MT, BA Kirkhart, CC Hug
Jr: Pilot study: Hemodynamic effects of intravenous GI87084B in
patients undergoing clective surgery (abstract). ANESTHESIOLOGY 1992;
77:A101.
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of plasma or 33.6 ng/ml of whole blood), the corre-
sponding blood concentration ratio between alfentanil
and remifentanil should be 3.6:1. So far, there are lim-
ited studies to compare these results. Studies showing
a remifentanil EC50 of 14.7-19.5 ng/ml for shifting
of the spectral edge in human volunteers are in accor-
dance with our results.'®# However, a potency ratio
of 32:1 between alfentanil and remifentanil blood con-
centrations was found in a study achieving equivalent
depression of the respiratory minute-volume.** Clearly,
valid comparisons of the relative potencies of opioids
mandate the use of similar endpoints or stimuli against
which those comparisons are made.

Remifentanil, like other opioids, caused a dose-de-
pendent reduction of the heart rate. Most of this effect
was evident at small doses and the dose-response curve
for heart rate reduction had a steeper slope and peaked
at a lower concentration than the anesthetic-sparing
effect. A decrease in heart rate was typically observed
when remifentanil was administered with isoflurane for
induction of anesthesia in humans.tt No consistent
changes in blood pressure were observed in this study
in which the measurements were always made at
equivalent (1 MAC) levels of anesthesia.

In conclusion, the potency of remifentanil is about
one half that of fentanyl, judging by the blood concen-
trations producing equivalent decreases in the enflur-
ane MAC in dogs. Remifentanil is no more efficacious
than other opioids of the piperidine family, with a ceil-
ing effect close to 70%. Its effect over time is sustained
and recovery is rapid even after prolonged infusion.
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Appendix

Blood samples (3 ml) were collected in heparinized Vacutainer tubes
(Becton-Dickinson, Rutherford, NJ). A 1-ml aliquot was pipetted into
a glass tube containing 20 pul of 50% citric acid and vortexed to
ensure mixing. Samples were kept frozen at —70°C until analysis
(1-8 weeks). At the time of analysis, 2 ml acetonitrile and 50 ng
fentanyl (as an internal standard) were added to each sample. After
vortexing, 5 ml methylene chloride was added. Samples were mixed
by vortexing, and centrifuged for 5 min at 1000g to aid in clean
separation of the layers. The lower organic layer was removed and
applied to a Extrelut QE column (EM Separation, Gibbstown, NJ).
After 5 min equilibration, remifentanil and fentanyl were eluted with
additional 5 ml methylene chloride. Organic solvent was evaporated
to dryness at 45°C under a gentle stream of nitrogen. The samples
were reconstituted with 40-60 ul toluene, transferred to gas chro-
matography vials, which were loaded onto an autosampler, and 1-pl
aliquots were injected into an HP-5890GC (Hewlett-Packard, Palo
Alto, CA) equipped with a nitrogen-phosphorus detector operated
at 250°C. Injector temperature was maintained at 250°C. Separation
was accomplished using fused silica megabore methyl silicone (HP-
1) column (10 m X 0.53 mm ID, 2.65-um film thickness; Hewlett-
Packard). Oven temperature was kept isothermal at 235°C for 14
min and then ramped to 270°C, at 8°C per min. The carrier and
makeup gas for the detector was ultrapure grade helium at a flow of
6.5 ml/min, and 30 ml/min, respectively. Under these chromato-
graphic conditions, remifentanil eluted at ~7.2 min and the internal
standard (fentanyl) at ~11.2 min.

fashion as described earlier using drug-free whole blood spiked with
known concentrations of remifentanil (0-100 ng/ml). The concen-
trations of remifentanil in blood samples were calculated using the
regression parameters obtained from the calibration curve. The lower
limit of detection was 4.0 ng/ml and the coefficient of variation was
11.0% at 5 ng/ml, 6.8% at 50 ng/ml, and 5.0% at 100 ng/ml.
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